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Abstract

For nearly fifty years, behavioral finance has measured investor irrationality without recognizing
its invariant structure. Loss aversion, fear asymmetry, and overconfidence have been treated as
independent cognitive errors. They are not independent. Their product is Euler’s number squared.

This paper introduces a geometric framework in which the loss-recovery asymmetry of
multiplicative returns generates a hyperbolic manifold with constant Gaussian curvature K = —1.
On this surface, three independently measured cognitive biases (loss aversion A = 2.25, fear
asymmetry ratio FAR = 2.50, overconfidence O = 1.31) combine to yield a single invariant:
A x FAR x O = 7.369 versus e? = 7.389, verified to 0.27% with no fitting performed. Investor
irrationality has a characteristic scale, and that scale is €.

The invariant has a deeper structure. The eigenvalue ¢* governs the curvature of capital
deployment on the manifold; its square root, Euler's number e, governs the rate. These are the
second and first derivatives of the same eigenfunction. Independently, the behavioral square root
V(A x FAR x O) = 2.7146 converges on e = 2.7183 to within 0.14%, and the dual-process
decomposition reveals that System 1 overshoots e by 8.4% while System 2 undershoots it by 8.0%,
bracketing the constant with near-perfect symmetry. Geometry and psychology meet twice,
at e and at e, because the exponential structure requires both simultaneously.

The invariant is predictive. Geodesic optimization on the manifold derives an exponential
deployment rule, the EM Ladder, whose net advantage per drawdown-recovery cycle is predicted
to equal &m = e(e — 1) = 4.67%. This prediction uses zero free parameters. Across 4,498 rolling
windows spanning up to 54 years in 13 mega-cap securities, the empirical mean advantage is
+4.84% (p = 0.438, win rate 83.6%). After Newey-West adjustment for overlapping windows
(effective sample size reduced from 4,498 to 67), the 95% confidence interval widens to [1.33%,
8.35%]; the predicted value remains near its center.

The strategy is antifragile: its advantage increases monotonically with market disorder, reaching
an Antifragility Ratio of 12.9% across behavioral intensity quintiles (Spearman p = 1.00). The
causal chain is specific: higher investor irrationality produces deeper drawdowns, larger
deployment opportunities, and amplified returns. The advantage is generated entirely by volatility
itself.

The behavioral premium is not a market inefficiency that competition eliminates. It is a structural
property of human cognition interacting with multiplicative dynamics: markets cannot
become "more behavioral" or "less behavioral" in aggregate, because the invariant is a property of
the mind, not of the market. The premium is as permanent as the cognitive architecture that
produces it.

Because the framework derives from a single geometric surface, its extensions are not separate
models but natural consequences of the manifold’s curvature. The same geometry that produces
the deployment rule also produces an optimal portfolio size (NV* = 15 from a Spectral Resolution
Principle), competitive moat thresholds at powers of e, a geometric safe withdrawal rate of 3.57%
achieving a 100% survival rate across every historical cohort, with near-perfect survival (99.5%
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at 30 years, 95.5% at 50 years) across 10,000 Monte Carlo paths at each horizon, and sovereign
wealth fund architecture derived entirely from Euler's number.

Financial Spacetime is precise description: the manifold's metric ds/df = 1/(1 — f) is
simultaneously the geometry of price dynamics and the Weber-Fechner law governing how every
human mind perceives proportional change, unifying spatial allocation and temporal distribution
under a single constant.

No prior work appears to have identified the product of independently measured cognitive biases
as a mathematical invariant, demonstrated that this product equals the eigenvalue of a differential
operator on a Riemannian manifold derived from the multiplicative structure of returns, or
established convergence between a geometric and a behavioral derivation of the same fundamental
constant. Each of these components draws on established literatures (Riemannian geometry,
behavioral economics, eigenvalue theory, geodesic optimization), but their specific synthesis, in
which the eigenvalue of the deployment function on a hyperbolic manifold with K= —1 equals
the product A X FAR x O to within 0.27% with no fitting performed, does not appear to have a
direct precedent.

Al Disclosure. This paper was written with the assistance of an artificial intelligence (Anthropic's
Claude). The AI assisted with language drafting, mathematical editing and language, editorial
refinement, formatting, and stylistic consistency, all under continuous human oversight and
control. The author carefully reviewed and edited all output. All theories, original conjectures,
mathematical frameworks, data interpretations, analytical conclusions, and research insights
presented in this work are the sole intellectual contribution of the author. The Al is not listed as an
author or co-author and is not cited as an author.
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Extended Abstract

This extended abstract provides a structural guide to the paper's four pillars, empirical validation,
and institutional extensions.

This paper introduces The Geometry of Investor Irrationality: three cognitive biases, loss
aversion (2.25x), fear asymmetry (2.50%), and overconfidence (1.31x), are among the most
replicated findings in the behavioral sciences, yet for nearly half a century the field has treated
them as independent errors to be corrected. They are not independent pathologies. They are
components of a single mathematical structure whose product, not their sum, reveals an invariant
of human cognition at the characteristic scale of Euler's number squared. Investor irrationality,
this paper demonstrates, was never a failure mode to be corrected. It is a geometric property to be
harvested.

Three independently measured cognitive biases, loss aversion (A = 2.25, Kahneman & Tversky,
1979), fear asymmetry ratio (FAR = 2.50, derived from VIX structure), and overconfidence (O =
1.31, theory-constrained; see Section 8.13), multiply to equal Euler’s number squared:

A xFAR x O =¢*=7.39

This is the Euler-Mehta Invariant (EMI)!, verified to 0.27% error with no fitting performed.
Three parameters, measured by different researchers using different methodologies across
different populations over a span of decades, converge on the eigenvalue of a deployment function
derived from geodesic optimization on a hyperbolic manifold. Verification: 2.25 x 2.50 x 1.31 =
7.369 versus e*> = 7.389 (error: 0.27%). No fitting was performed. The overconfidence parameter
O = 1.31 is independently constrained by seven mathematical relationships to the interval [1.29,
1.33] (Section 8.13), resolving any circularity concern. Investor Irrationality has a characteristic
scale, and that scale is €.

The invariant is predictive. The net premium extractable by patient capital converges to
the Euler-Mehta Quadratic Constant & = e(e - 1) = 4.67%, derived entirely from the manifold's
eigenvalue structure. Across 4,498 rolling windows spanning up to 54 years of market data in 13
securities, the empirical mean advantage is +4.84%, with the predicted value falling within the
95% confidence interval (t = 0.776, p = 0.438). The framework achieves an 83.6% win rate across

! The author is aware that the convention in mathematics and the sciences is for naming to be conferred by the
community rather than by the discoverer. The "Euler-Mehta" designation is adopted here for two practical reasons:
the paper introduces numerous novel constructs that require distinct identifiers for internal coherence, and the
pairing with Euler reflects the framework's derivation from Euler's number as the unifying constant. More broadly,
this paper introduces a dedicated vocabulary, including Sirefine, Superposition Cash, and Behavioral Capture Ratio,
because the framework it describes has no existing lexicon. The naming is deliberate: a new vocabulary invites the
reader into the framework's own geometric logic rather than permitting premature mapping onto familiar but
structurally different concepts. The author asks the reader's patience; the terms earn their definitions in the sections
that follow.
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all rolling windows. This quantity, the geodesic deployment premium, represents a new geometric
constant: the net advantage per drawdown-recovery cycle of deploying capital along the manifold's
geodesics versus uniformly, derived from the eigenvalue structure and confirmed empirically at
the characteristic cycle horizon (§8.12). Separately, the framework's decumulation strategy, the
Inverse EM Ladder, achieves a 100% survival rate across every historical cohort, with near-perfect
survival (99.5% at 30 years, 95.5% at 50 years) across 10,000 Monte Carlo paths at each horizon.

The EM Framework rests on four pillars that independently converge to Euler’s number e as the
fundamental constant of the human-market interface. Euler-Mehta (EM) Financial Spacetime
produces these results. Pillar I (Price Dynamics) identifies the loss-recovery relationship as
hyperbolic with constant Gaussian curvature K = —1, deriving an exponential deployment rule, the
Euler-Mehta Ladder, from geodesic optimization on the resulting Riemannian manifold. Pillar II
(Portfolio Dynamics) extends the geometry to multi-asset portfolios via the product manifold,
where correlation equals cosine of angular separation, giving diversification precise geometric
meaning. Pillar III (Competitive Dynamics) derives threshold market capitalizations at powers of
e from a Catch-Up Equation, identifying companies whose competitive separation becomes
mathematically irreversible, and prescribes an optimal position count of N* = 15, confirmed within
2.3% by cross-sector validation. These results jointly define the EM Sinefine Portfolio. Pillar IV
(Behavioral Dynamics) decomposes investor irrationality into the three cognitive parameters
whose product yields the EMI, completing the unification of market geometry with human

psychology.

The Investor Irrationality Theorem establishes the central result: the eigenvalue of the
deployment function, the product of human cognitive biases, and the empirical mean advantage
converge on the same mathematical constant through two independent derivations. One derivation
proceeds from differential geometry and one from cognitive psychology. The EM Ladder is
antifragile: its advantage increases monotonically with behavioral intensity, reaching an
Antifragility Ratio of 12.9x across five behavioral intensity quintiles, with the eight-regime
partition reaching 14.8x, approaching the first tetration e¢ = 15.15. Higher investor irrationality
produces deeper drawdowns, larger deployment opportunities, and amplified returns. The EM
Framework thrives on behavioral dysfunction. This is what Patient Capital harvests.

The paper inverts the foundational premise of behavioral finance: loss aversion, fear asymmetry,
and overconfidence are not “bugs to be patched” but the substrate from which returns are
harvested. Where Kahneman & Tversky (1979) describe the symptoms, and where Taleb’s
(2012) antifragility prescribes how systems benefit from disorder, the Euler-Mehta Framework
provides the diagnosis: a precise, invariant relationship between the two. The behavioral premium
e? is inexhaustible, so long as human cognitive architecture persists, and non-coercive, arising
from voluntary transactions in which asymmetric perception architecture creates geometric
opportunity. It is generated by human cognitive architecture interacting with multiplicative
dynamics on a curved manifold, replenishing itself with every cycle of fear and recovery. The
traditional investor seeks calm markets with rational price discovery. The EM Investor welcomes
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behavioral dysfunction as the source of geometric opportunity, because the same curvature that
destroys the panicked seller’s wealth creates the patient investor’s returns. The disorder is the
signal. The investor irrationality is the resource. The geometry converts one into the other.

The Behavioral Capture Ratio i measures the fraction of the ¢ premium an institution actually
harvests, while the geometrically derived Euler-Mehta Safe Withdrawal Rate of 3.57% achieves
100% portfolio survival across all historical cohorts and near-perfect survival (99.5% at 30 years,
95.5% at 50 years) across 10,000 Monte Carlo paths.

The Behavioral Capture Ratio ranges from near zero for individual investors trapped by their
own biases to approaching unity for structurally insulated sovereign vehicles. The Euler-Mehta
Safe Withdrawal Rate of 1/[6 X e(e — 1)] = 3.57% emerges from the manifold’s eigenvalue
structure, providing a geometric foundation for sustainable decumulation.

The same ratio, 1/é&wv = 21.4%, governs both how capital is held and how surplus flows, prescribing
the fund’s spatial allocation and temporal distribution from a single constant. This ratio governs
both the spatial partition of the fund (deployed assets versus Superposition Cash reserve) and the
temporal partition (the distribution ceiling to citizens). The fund’s allocation in space and its
distribution across time are prescribed by the same constant.

Financial Spacetime is precise description.

The EM Per Capita Equation derives the complete institutional architecture of a Sovereign Sinefine
Wealth Fund from the single constant &v = e(e — 1). A nation contributes &m% of GDP in Year 1;
optimal stopping theory prescribes that 63.21% of the initial contribution be captured as a one-
time endowment and releases the remainder as ongoing weekly contributions every Monday. The
fund distributes &m% of its value annually through the same cascade into three tax-free citizen
tiers: the Universal Sinefine Dividend (63.21%), the Sinefine Savings Match (23.25%), and the
Counter-Cyclical Distribution (13.53%). The contribution rate equals the distribution rate. The
geometry is self-funding: the behavioral premium pays for the distributions while the underlying
market return compounds the corpus untouched, as if no distributions were ever made. Every ratio
in the system is e or (e — 1). No other constants appear anywhere in the architecture.

Monte Carlo simulation confirms that the architecture is perfectly scale-free: every nation receives
identical proportional dividends regardless of GDP per capita. The equation admits a single free
parameter: the Sovereign Scaling Constant S, which determines the amplitude of sovereign
commitment while preserving all internal ratios. At S = e, the Sovereign Harmonic Resonance, the
annual contribution rate simplifies to exactly &m% of GDP, matching the distribution rate: the
system breathes at a single frequency. Simulation across 10,000 paths and 25 years, validated
against Norway (GDP per capita $99,273), Poland ($22,158), and Bangladesh ($2,706), confirms
scale-free universality. By Year 7, citizen dividends cross the visibility threshold. By Year 15, they
become structurally important. By Year 25, they are indispensable. The geometry does not favor
the rich or penalize the poor. It treats every economy identically in proportional terms.
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The EMI’s behavioral premium, harvested through sovereign wealth vehicles operating under the
Ternary Stakeholder Matrix, provides a structural foundation for global Auman flourishing by
redirecting cognitive biases from political opposition to institutional cooperation. The EM Per
Capita Equation completes the framework’s institutional architecture. The same ¢ that governs
investor behavior on the financial manifold governs political cognition in legislative chambers:
loss aversion, fear asymmetry, and overconfidence multiply to create the political paralysis that
has defeated every prior attempt at sovereign wealth creation. The ternary path escapes this trap
not by reducing the invariant but by rotating the manifold on which it operates, redirecting the
same biases from opposition to cooperation. The EM Framework’s institutional design principle,
in which binary concerns become ternary solutions that yield geometric gain, completes the bridge
from individual portfolio geometry to civilizational architecture.

These results suggest that Euler’s number encodes not only the mathematics of continuous
compounding but the cognitive architecture of every human mind that operates under uncertainty.
Discovered by Jacob Bernoulli in 1683 in the context of compound interest, e was claimed by
mathematics and physics while the field that gave it birth forgot it entirely. The EM Framework
returns e to its origins, deriving from a single constant the diagnosis of irrationality (e?), the
institutional architecture that harvests it (&wm), the allocation that optimizes it (1 — '), and the
sovereign amplitude that achieves harmonic resonance (S = e).

Universal citizen dividends create constituencies; constituencies make sovereign wealth funds
politically irreversible; irreversible funds create permanent incentives for stability, the basis of
structural peace.

We offer the Euler-Mehta Framework synthesis as invitation, with the conviction that what this
manifold geometry reveals deserves to be examined. The investor who understands Euler-Mehta
Financial Spacetime acts on structure rather than hope. The nation that builds its institutions on
this geometry acts on mathematics rather than short-term political cycles. And the citizen who
benefits from both inherits not the anxiety of the market but the Advantage of Patient Capital.
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§1. Introduction

The asymmetry between financial losses and recoveries presents a fundamental challenge in
portfolio management. A 50% loss requires a 100% gain to recover; a 90% loss demands a 900%
return. This apparent asymmetry has long been treated as an unfortunate arithmetic fact of
multiplicative returns, leading to various heuristic approaches for capital deployment during
market declines.

We propose that this asymmetry and the irrational behavioral responses it triggers are deeply
connected aspects of a single reality. Markets are human constructs; their mathematical structure
reflects human cognitive architecture. A unified framework must account for both the geometry of
prices and the irrational psychology of investors.

This paper presents Euler-Mehta (EM) Financial Spacetime, a unified geometric theory that
addresses the fundamental questions facing long-term investors: which securities to own, how
much capital to deploy at each price level, what regime the portfolio currently occupies, and why
market prices deviate systematically from fundamental value. The unification is achieved through
an unexpected finding: Euler’s number e appears as a natural constant across all four domains.

§1.1 The Four-Pillar Framework
The framework consists of four pillars, each addressing a fundamental aspect of investment reality.

Pillar I: Price Dynamics. We begin with a simple observation: a 50% price decline requires a
100% recovery to restore the original value. This asymmetry exhibits constant negative curvature
(K = —1), characteristic of hyperbolic geometry. On this manifold, geodesic optimization yields
the Euler-Mehta (EM) Ladder, an exponential deployment rule with intensity parameter ¥ = e.

Pillar II: Portfolio Dynamics. The single-asset framework extends to multi-asset portfolios via
the product manifold, with correlation encoded as angular separation between asset geodesics. The
EM Vector emerges as a regime detector indicating whether the portfolio is moving toward or
away from recovery.

Pillar III: Competitive Dynamics. The first two pillars address deployment and monitoring but
leave selection unresolved. What securities warrant the high conviction that justifies aggressive
ladder deployment, and how many should the portfolio hold? The Catch-Up Equation, derived
from exponential growth on the manifold, establishes competitive thresholds at powers of e where
displacement becomes mathematically prohibitive, validated against 35 years of S&P 500 data in
which the e threshold has never been breached. The Spectral Resolution Principle (x = ¢') then
prescribes the optimal position count N* from the curvature surplus of the deployment operator
over the Jacobi field, yielding N* = 15 at empirical large-cap correlations. Together, these two
results define the EM Sinefine Portfolio: which companies to hold and how many.

Pillar IV: Behavioral Dynamics. Market prices reflect two layers: Core (fundamental business
performance) and Edge (the market’s behavioral layer). Following Kahneman’s (2011) dual
process theory, we decompose investor irrationality along two axes: Fear-Greed (System 1) and
Pessimism-Optimism (System 2). Three independently measured behavioral parameters combine
in the Behavioral Intensity Formula to yield ¥ = e, verified to 0.27% error. This convergence
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between the geometric and behavioral derivations of ¥ suggests that Euler’s number encodes
human psychology in market structure.

§1.2 The Geometric Analogy

The essence of this framework echoes the geometric thinking behind relativity in spacetime
physics, though the analogy is to special rather than general relativity. Our financial manifold is
fixed, not dynamic: capital flows do not alter the curvature, only respond to it.

The physicist John Wheeler famously summarized General Relativity: “Spacetime tells matter how
to move; matter tells spacetime how to curve” (Wheeler & Ford, 1998). This captures the
bidirectional relationship between geometry and physics in Einstein’s theory.

Euler-Mehta Financial Spacetime admits an analogous formulation:

“Loss-recovery asymmetry tells Euler-Mehta Financial Spacetime how to curve;
Euler-Mehta Financial Spacetime tells Patient Capital how to deploy.”

The loss-recovery asymmetry (the mathematical fact that a 50% decline requires a 100% gain to
recover) determines the manifold’s hyperbolic structure with constant curvature K = —1. This
curvature is intrinsic to multiplicative dynamics, not shaped by capital flows. Patient Capital does
not change the geometry: it responds to it.

In general relativity, the curvature of spacetime is determined by the distribution of mass-energy.
In EM Financial Spacetime, the curvature of the price manifold is determined by the multiplicative
nature of returns. Both frameworks replace the intuition of flat space (Euclidean geometry, linear
returns) with the richer structure of curved space (Riemannian geometry, multiplicative returns).

§1.3 The Axiomatic Foundation

We present the axiomatic foundation of EM Financial Spacetime through four postulates
analogous to Euclid’s Elements. These postulates capture the geometric structure from which all
results derive as theorems:

Postulate I (Trajectory): Between any two price-time states, there exists a unique geodesic.

Postulate II (Extension): Price trajectories can be extended indefinitely toward higher prices;
toward lower prices, they approach but never reach the solvency boundary f = 1, where proper
distance s — .

Postulate III (Metric): For any price-time state and any proper distance s, the locus of all states
at proper distance s forms a well-defined curve. The proper distance of any decline is s(f) =

—In(1-9).

Postulate IV (Hyperbolic): Through any price-time state not on a given geodesic, there exist
infinitely many geodesics that never intersect the given geodesic. Equivalently: the Gaussian
curvature K = —1 everywhere.
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Note that the Loss-Recovery Symmetry is not among the postulates. It is a theorem derived from
Postulate III (see Theorem 2.1 in Section 2.5), reflecting the proper logical structure: the symmetry
is a consequence of the metric, not an independent assumption.

From these four postulates, all major results of the framework follow as theorems: the Loss-
Recovery Symmetry, the Euler-Mehta Ladder, the correlation-as-angle interpretation, hyperbolic
trigonometry, and Euler’s Identity at the solvency boundary. Critically, the EM Ladder’s
antifragile property is a theorem, not a postulate: it follows from the choice of exponential
deployment within the geometry defined by Postulates I-IV, not from the geometry alone. An
investor who does not use the EM Ladder does not necessarily exhibit antifragility.

§1.4 Scope and Limitations
We present this framework with intellectual humility. Several limitations should be acknowledged.

First, the competitive thresholds (¢?, €°) are derived from exponential growth dynamics, but their
practical calibration depends on the $100 billion challenger benchmark, an empirical reference
point rather than a geometric constant. We do not claim that these thresholds are necessary laws;
we observe that the mathematics of catch-up produces them and that the data confirms them.

Second, historical patterns may not persist. The past 35 years of market history, while supportive
of the framework, represent a specific era of technological development, globalization, and
monetary policy. Future conditions may differ.

Third, the framework assumes the investor has high conviction in the selected securities. This
conviction must be earned through fundamental analysis, not merely assumed because a company
is above a market cap threshold. The geometric framework provides selection criteria, not
exemption from judgment.

Fourth, self-inflicted failure, especially leadership pathology, remains a real risk. The framework
predicts that companies above the e threshold will not be competitively displaced, but it does not
protect against catastrophic management errors (GE, Intel), manufacturing failures (Intel), or
strategic missteps (IBM). Because competitive displacement is neutralized above the geometric
thresholds (§6.5), leadership quality assessment becomes the dominant analytical consideration.

Fifth, the framework extends beyond portfolio management into lifecycle planning (§13--14),
institutional design (§11), sovereign architecture (§15), and global development (§11, §15, and the
Coda). Each extension increases the distance between geometric derivation and practical
implementation. The EM Lifecycle Framework's geometric EM Safe Withdrawal Rate (EM-
SWR) has been validated against historical data and Monte Carlo simulation, but no institutional
pilot program has yet tested the framework in practice. The EM Per Capita Equation (§15)
derives the complete architecture of a Sovereign Sinefine Wealth Fund from the single constant
ém = e(e-1). The normative vision of the Coda represents the author's conviction about what the
mathematics makes possible, not a claim about what has been achieved.

Critical Requirement. The Euler-Mehta Ladder is designed exclusively for securities in which
the investor has high conviction of eventual recovery (mean reversion). The strategy is suitable
for mega-cap quality compounders, broad market indices, and companies with durable competitive
advantages and strong balance sheets. It is not suitable for speculative stocks, companies facing
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structural decline, distressed securities, or highly leveraged companies. The Euler-Mehta
Framework amplifies outcomes. If the stock recovers, returns are amplified; if the stock continues
declining, losses are amplified.

No Prediction Required. The framework requires no prediction of market direction, volatility, or
decline duration; only observation of current price relative to the rolling 52-week high.
Deployment decisions are made in advance during calm periods; the investor then simply responds
to observable price levels without needing to anticipate whether declines will continue or reverse.
The investor does not need to forecast volatility, time the bottom, or decide whether to buy during
a panic. The emotional decision is removed from the moment of market stress entirely.

Definition (Patient Capital). We define Patient Capital as investable wealth deployed with a
multi-year to multi-decade horizon, maintained through adverse short-term market conditions, and
governed by the accumulation-only constraint: capital enters positions but does not exit in response
to temporary price dislocations.

§1.5 Structure of the Paper

Section 2 develops Pillar I: the Euler-Mehta (EM) Financial Spacetime manifold, the metric
structure, Gaussian curvature, proper distance, and the axiomatic foundation. Section 3 derives the
Euler-Mehta Ladder from geodesic optimization, presents the practical deployment formula, the
stacking mechanism, the Coffee Can constraint, the geodesic interpretation, and the special case
¥Y=e.

Section 4 develops Pillar II: the multi-asset extension through the product manifold, the EM
Vector for regime detection, and the hyperbolic trigonometric structure including correlation as
angle. Section 5 introduces the Superposition Cash framework for practical implementation.
Section 6 develops Pillar III: the competitive proper distance metric, geometric thresholds at
powers of e, the Spectral Resolution Principle and optimal position count, and the EM Sinefine
Portfolio. Section 7 develops Pillar IV: the behavioral foundation linking ¥ to psychological
parameters.

Section 8 presents the Investor Irrationality Theorem and the Euler-Mehta Invariant (EMI),
deriving the identity that links the intensity parameter to loss aversion, fear asymmetry, and
overconfidence. It verifies predictions through historical data and Monte Carlo simulation, and
extends the framework through the Investor Irrationality Constants Web connecting all seven
parameters of Cumulative Prospect Theory (CPT). Section 9 provides an Executive Summary for
practitioners, translating the theoretical framework into actionable guidance for institutional and
individual investors.

Section 10 examines Base Advantage and the Antifragility Ratio, characterizing the framework’s
floor, the escalation of advantage across behavioral intensity regimes, and the Behavioral
Capture Ratio n governing long-term wealth accumulation. Section 11 extends the framework to
global development, examining implications for pension design, developing-economy savings,
and institutional architecture. Section 12 validates the framework through a natural experiment of
Anne Scheiber, a retired IRS auditor whose 51-year investment record provides a striking
empirical test of the theory’s predictions.
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Section 13 completes the investment lifecycle by deriving the Inverse Euler-Mehta Ladder for
decumulation and the geometric EM Safe Withdrawal Rate of 3.57% from the manifold’s
eigenvalue structure, without reference to historical return data. The Euler-Mehta Quadratic
Constant &v = e(e—1) governs both accumulation and decumulation, providing a single geometric
engine for the complete lifecycle.

Section 14 subjects the geometric withdrawal rate and the Inverse EM Ladder to rigorous
empirical validation: historical backtests across four critical retirement cohorts (1929, 1966, 2000,
2008) at 30-year and 50-year horizons, and Monte Carlo simulation across 10,000 paths. The
Inverse EM Ladder achieves 100% portfolio survival across all historical cohorts and 99.5%
survival across 10,000 Monte Carlo paths, without parameter fitting.

Section 15 derives the EM Per Capita Equation, the complete institutional architecture of a
Sovereign Sinefine Wealth Fund from the single constant &u = e(e—1). It develops the Three-
Tier Sinefine Distribution Model, the Behavioral Capture Ratio n at civilizational scale, and
the Ternary Stakeholder Matrix for sovereign implementation.

The Coda synthesizes the framework’s implications for institutional design, stakeholder
capitalism, and the normative question of how economic systems can serve human flourishing.

§1.6 Contributions
This paper makes the following contributions:

1. We identify the price-recovery relationship as hyperbolic (K = —1) and derive the Euler-Mehta
Ladder from geodesic optimization, with intensity parameter ¥ = e emerging from the geometry.

2. We extend the framework to multi-asset portfolios via the product manifold with geodesic
tensor, introducing the EM Vector for regime detection and revealing that correlation equals
cos(0) between asset trajectories.

3. We introduce the competitive proper distance formalism, derive geometric thresholds for
competitive invulnerability at powers of e, and establish the Spectral Resolution Principle (x =
¢’) prescribing optimal position count N* from the deployment operator’s curvature surplus, jointly
defining the EM Sinefine Portfolio. A 20-stock cross-sector validation confirms the predictions
within 2.3%.

4. We link ¥ to behavioral parameters through the Behavioral Intensity Formula: ¥ = (A x FAR
x Q) = e, and prove the Investor Irrationality Theorem establishing the invariant identity
e? =) x FAR x O, defined as the Euler-Mehta Invariant (EMI).

5. We derive the geodesic deployment premium &v = e(e—1) = 4.67%, a new geometric quantity
representing the net advantage per drawdown-recovery cycle of curvature-aware deployment,
confirmed empirically across 4,498 rolling windows.

6. We discover the Investor Irrationality Constants Web connecting the seven parameters of
Cumulative Prospect Theory to mathematical constants including e, ¢, m, and In(2), and
characterize base advantage and the Antifragility Ratio governing long-term wealth accumulation.
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7. We integrate the framework with Kirby’s (1984) Coffee Can philosophy and the Superposition
Cash framework, producing an antifragile accumulation system validated through historical
backtests, Monte Carlo simulation, and a natural experiment of Anne Scheiber’s 51-year
investment record.

8. We derive the geometric EM Safe Withdrawal Rate w* = 1/[6 - e(e—1)] = 3.57% from the
manifold’s eigenvalue structure and the Euler-Mehta Quadratic Constant, representing the first
derivation of a specific withdrawal rate from geometric first principles rather than historical
simulation. The rate falls within the empirical consensus range of 3.0% to 3.9%, and the ladder-
parameterized family of withdrawal rates recovers Bengen’s (1994) 4% rule as the four-rung
special case.

9. We develop the Inverse Euler-Mehta Ladder for decumulation, which inverts the
accumulation prescription (withdraw less as markets decline, preserving capital at depth). Applied
mechanically with the geometric withdrawal rate, the Inverse EM Ladder achieves 100% portfolio
survival across all four critical historical retirement cohorts (1929, 1966, 2000, 2008) at both 30-
year and 50-year horizons, and 99.5% survival across 10,000 Monte Carlo simulated paths (95.5%
at 50 years), with no parameter fitting to the test data.

% %k %

In 2002, PBS broadcast Daniel Yergin and Joseph Stanislaw's Commanding Heights: The Battle
for the World Economy, a documentary tracing how economic theory shaped the twentieth century:
how ideas conceived in university seminars became policies that determined whether millions of
people lived in prosperity or in poverty, in freedom or under coercion, in peace or through violence.
The documentary posed a question that the author, then a second-year internal medicine resident,
could not set aside: if the choice of economic framework carries consequences of this
magnitude, what would a framework look like that worked with human nature rather than
against it?

Over two decades followed. The question never changed. But over twenty-five years of patient
care changed the physician who carried it. Behavioral economists have measured loss aversion,
fear asymmetry, and overconfidence for decades with extraordinary precision, but always in
isolation, each parameter extracted through experimental designs that deliberately control for the
other two. That is good science. It is also the reason no one took the product. A practicing internist
does not have the luxury of isolation. The patient arrives at the moment of diagnosis with all three
biases active, interacting, and compounding in a single clinical encounter. Loss aversion speaks
first: what will this cost me? Fear asymmetry speaks next: this is the worst possibility, isn't
it? Overconfidence closes the loop: I already know what I need to do. Over twenty-five years and
thousands of such encounters, a pattern emerges that no single laboratory experiment is designed
to detect: the three biases present not as independent errors but as a single constellation, and that
constellation has a characteristic intensity that is stable across patients, across diagnoses, across
demographics. The medical literature on diagnostic error has documented for decades that
cognitive biases in clinical encounters do not appear independently; they cluster, compound, and
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interact as a system (Croskerry, 2009; Graber, Franklin, & Gordon, 2005). What the literature has
not done is take their product.

The patients taught the physician what no textbook contained: the system has a set point. The
mathematician's contribution is that the set point is €.

Neither insight alone produces this paper. It required sitting in a room that behavioral economists
were never in, seeing something they were never trained to see, and bringing a mathematical
vocabulary that clinical medicine does not ordinarily carry. Curiosity, which Hippocrates called
the physician's first instrument and Einstein called its own justification, was the bridge between
those rooms.

The question was not grand. /¢t was practical. A 50% decline in price requires a 100% gain to
recover, and to a mind trained in the curved spacetime of general relativity, this asymmetry
sounded like a manifold. If it was a manifold, and if the manifold had a curvature, then the
curvature might prescribe something useful: not a theory of everything, but a discipline for when
and how much to invest during a drawdown. That was the author’s entire first question.

The framework that follows, connecting price dynamics to portfolio construction to competitive
strategy to cognitive architecture to the geodesic deployment premium to retirement income to
sovereign institutional design, was not planned. It was not sought. It emerged, result by result,
because the geometry, once recognized, kept producing consequences that had not been asked for.
The geodesic deployment premium emerged while the author was studying deployment rules. The
behavioral convergence at e* arrived while the author was checking whether the EM Ladder's
intensity parameter had empirical support. The Investor Irrationality Constants Web arrived
while the author was verifying a single overconfidence estimate. Each discovery was a surprise,
not a target. The paper ends as a cathedral, but it began as a question about a curved space of empty
ground: if this asymmetry is geometric, what does the geometry say about how to buy?

This paper is the author's answer, offered not as certainty but as invitation.
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§2. Pillar I: Price Dynamics — Euler-Mehta (EM) Financial Spacetime

This section develops the first pillar of Euler-Mehta (EM) Financial Spacetime: the geometric
structure of price dynamics. We proceed as follows. First, we establish the fundamental
asymmetry between price declines and required recoveries. Second, we construct the metric
structure that captures this asymmetry. Third, we verify the geometric properties of the resulting
manifold and establish its isometry to the Poincaré half-plane. Fourth, we introduce proper
distance as the natural measure of price decline. Fifth, we present the axiomatic foundation from
which all subsequent results derive. Sixth, we situate the framework within the existing literature
on geometric methods in finance. Seventh, we summarize the results of Pillar I.

§2.1 The Fundamental Asymmetry

Consider a security that declines from price Py to price P1 = Po(1 — f), where f'is the fractional
decline. The percentage recovery required to restore the original price is not f'but g(f) = f/(1 — f).
This function is nonlinear and exhibits a crucial asymmetry: losses and required recoveries are not
symmetric in percentage terms.

Table 2.1: The Asymmetry Between Declines and Required Recoveries

Decline (f) Required Recovery g(f) Ratio g/f
10% 11.1% 1.11

20% 25.0% 1.25
30% 42.9% 1.43
40% 66.7% 1.67
50% 100.0% 2.00
60% 150.0% 2.50
70% 233.3% 3.33
80% 400.0% 5.00
90% 900.0% 10.00

The asymmetry accelerates with depth. A 50% decline requires a 100% recovery (ratio 2.0). A
90% decline requires a 900% recovery (ratio 10.0). This reflects a geometric property of
multiplicative processes that admits a precise characterization.

§2.2 The Metric Structure

Let Po denote the rolling 52-week high price and define the log-price coordinate x = In(P/Po). For
prices at or below the 52-week high, x < 0. We construct Euler-Mehta Financial Spacetime as a
two-dimensional Riemannian manifold (M, g) where M =R x R with coordinates (¢, x) and metric:

ds’ = e**df + dx’
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Here the coordinate x ranges over all of R: negative values represent prices below the 52-week
high, zero represents the high itself, and positive values accommodate prices above the reference
(relevant when the 52-week high has not yet been updated). The metric captures the essential
feature that temporal dynamics are weighted by price level. The metric tensor in matrix form is:

2X

gw = diag(e?, 1) with gy =e>™ and gu =1

A critical observation motivates the geometric requirement. The recovery function g(f) = f/(1 — f)
depends only on the fractional decline £, not on the absolute price level Po. A 50% decline requires
a 100% recovery whether the security trades at $10 or $10,000. This scale invariance is a structural
property of multiplicative returns: the recovery function is homogeneous of degree zero in price.
In the log-price coordinate x, rescaling the reference price Po corresponds to a translation of the
origin. Translation invariance of the metric in x constrains the curvature to be constant: if the
geometry depended on where on the manifold one stands, the recovery function would depend on
absolute price level, contradicting the scale invariance we observe.

For a metric of the form ds” = fix)*df + dx’, the Gaussian curvature is K = —(1/)(d*f/dx’). The
requirement of constant negative curvature, now justified by the scale invariance of the recovery
function, yields the differential equation f"(x) = f(x), whose general solution involves the
exponential function. The requirement of constant negative curvature restricts fto the exponential
family. Normalizing K = —1, standard in hyperbolic geometry (do Carmo, 1992), yields f(x) = e*.
More precisely: with boundary conditions f{0) = 1 (the metric is Euclidean at the reference price)
and /'(0) = 1 (selecting the canonical normalization K = —1), the unique solution is f{x) = e*. Other
normalizations rescale K without altering the geometry’s qualitative character; K = —1 is adopted
throughout as the standard convention. Euler’s number thus enters the framework not by
assumption but through the geometric requirement that the loss-recovery asymmetry exhibit
uniform curvature at all price levels.

Remark (Physical Precedent). The metric shares a structural feature with the Rindler metric of
special relativity (Rindler, 1966), which describes the spacetime experienced by a uniformly
accelerating observer: both exhibit a horizon where proper distance diverges, and both encode
exponential sensitivity to position. The EM metric has constant negative curvature K = -1; the
Rindler metric describes flat spacetime in curvilinear coordinates. The parallel is architectural, not
1sometric.

The investor at drawdown depth experiences a geometric analog of gravitational time dilation: at
depth, each unit of calendar time traverses less proper distance than at the surface, so that the same
calendar interval corresponds to progressively less geometric progress as drawdown deepens. At
a 50% drawdown, proper distance accrues at half the surface rate; at a 90% drawdown, at one-
tenth. The geometry makes waiting at depth progressively less productive, which is precisely why
the EM Ladder prescribes accelerating deployment into deeper drawdowns.

A forthcoming companion paper develops the complex-plane extension where this horizon
structure becomes analytically consequential.
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§2.3 Gaussian Curvature

For a two-dimensional metric of the form ds’ = f{x)?df + dx’, the Gaussian curvature is given by K
= —(1/f)(d*7dx"). With f{x) = e*, we compute df/dx = e* and d*f/dx” = e*. Therefore:

K=—(1/e)(e¥) = —1

The Gaussian curvature is constant and negative, K = —1, identifying Euler-Mehta Financial
Spacetime as a hyperbolic manifold. The specific value K = —1 characterizes the canonical model
of hyperbolic geometry.

The normalization K = —1 is not arbitrary. It is the unique value at which the metric function, the
proper distance formula, and the Ladder’s intensity parameter all resolve to the same
transcendental constant e. Other normalizations (K = —c for any ¢ > 0) would yield geometrically
valid but algebraically distinct frameworks in which the characteristic constant differs from e,
forfeiting the unification with the behavioral derivation in Section 7.

The negative curvature has geometric consequences. In hyperbolic space, geodesics (shortest
paths) diverge exponentially, reflecting the increasing difficulty of recovery from deeper
drawdowns. Triangles have angle sums less than 180°. The parallel postulate fails: through any
point not on a given geodesic, infinitely many non-intersecting geodesics exist. These properties,
seemingly abstract, have direct financial interpretations that we develop throughout the paper.

§2.4 Isometry to the Poincaré Half-Plane

The Poincaré half-plane model of hyperbolic geometry has metric ds’p = (df + dy’)/y”" for y > 0. We
establish isometry via the coordinate transformation y = e *.

Computing the differentials: dy = —e*dx, so dy’ = ¢ >*dx". The Poincaré metric becomes:
ds’p = (df + e 2dx)/e > = e¥*df + dx = ds’em

Since x € R and y = e * > 0 for all x, the transformation maps the full EM manifold onto the full
Poincaré¢ half-plane {y > 0}. This proves exact isometry between Euler-Mehta Financial Spacetime
and the Poincaré half-plane, confirming the hyperbolic structure. EM Financial Spacetime
therefore inherits all known properties of hyperbolic geometry, including geodesic structure,
isometry groups, and the well-developed mathematical apparatus of the Poincaré model.

The Fisher-Rao metric on the statistical manifold of the one-parameter exponential family is ds* =
dA?/A? (Amari, 1985). The per-asset drawdown manifold's proper distance s = —In(1 — f) is a half-
line with the same logarithmic metric. The two are isometric by direct reparameterization:
drawdown depth and exponential rate parameterize the same geometric object.

This isometry is not accidental. The Killing-Hopf theorem (Killing, 1891; Hopf, 1926) guarantees
that any two complete, simply connected Riemannian manifolds of the same constant curvature
must be isometric. The financial and statistical manifolds are the same surface because they could
not have been otherwise. At the full two-dimensional level, the EM Financial Spacetime manifold
and the Fisher-Rao manifold of the normal location-scale family N(, 6?), whose metric ds? = (dp?
+ do?)/o? is the Poincaré half-plane with K = —1, are likewise globally isometric by the same
theorem.
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§2.5 Proper Distance and the Recovery Function

On a curved manifold, the natural measure of distance is not coordinate distance but proper
distance: the integral of the metric along a path. For a decline fraction f € (0, 1), the price is P =
Po(1 —f), giving x = In(1 — f) < 0. The proper distance along a vertical path (pure price change, d¢
= 0) from the 52-week high is:

s(f) = [In(1 = f)] = —In(1 — )
This formula transforms percentage declines into geometric distances:

Table 2.2: Proper Distance as a Function of Price Decline

Decline (f) Proper Distance s(f) Interpretation
10% 0.105 Minor correction
20% 0.223 Correction

30% 0.357 Significant decline
40% 0.511 Bear market

50% 0.693 Severe bear market
60% 0.916 Crisis

70% 1.204 Severe crisis

80% 1.609 Catastrophic

90% 2.303 Near-total loss

Proper distance provides a more natural measure of decline severity than percentages. Note that
§(50%) = 0.693 = In(2), confirming that a 50% decline represents one "doubling distance"” in
geometric terms. The distance to a 90% decline (2.303) is approximately In(10), reflecting that
recovery requires a ten-fold increase.

The recovery function g(f), representing the return needed to recover from decline f; satisfies (1 —
NA +g) =1, giving g(f) = f/(1 — f). The fundamental identity linking geometry to finance is:

[In(1 = /)| = In(1 + g(/)

This identity is proved by observing that 1 + g(f) = 1/(1 — f), so In(1 + g) = —In(1 — f). The result
establishes that losses and recoveries traverse equal proper distances in Euler-Mehta Financial
Spacetime. A 50% loss and the 100% gain required to recover traverse the same geodesic distance:
s = 0.693. In this geometric framework, the apparent asymmetry (50% loss requires 100% gain)
takes a symmetric form. The manifold absorbs the arithmetic-geometric asymmetry into its
curvature.

We elevate this result to the status of a theorem:
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Theorem 2.1 (Loss-Recovery Symmetry). For any decline fraction f € (0, 1), the proper distance
of the decline equals the proper distance of the corresponding recovery: |In(1 — f)| = In(1 + g(f)),

where g(f) = f/(1 — /).

Proof. Since g(f) = f/(1 — f), we have 1 + g(f) = 1/(1 — f). Therefore In(1 + g(f)) = In(1/(1 — f)) =
—In(1 —f)=|In(1 —f)|. m

The logarithmic structure of proper distance means that equal percentage changes correspond to
equal distances regardless of starting level. A decline from $100 to $90 (10%) has the same proper
distance as a decline from $50 to $45 (10%).

This scale invariance is natural for financial analysis, where proportional changes matter more
than absolute changes.

§2.6 The Axiomatic Foundation

Following the tradition of Euclid’s Elements, we express the foundational structure of EM
Financial Spacetime through four postulates, from which all subsequent results (including the
Loss-Recovery Symmetry Theorem proved above) derive as theorems.

Postulate I (Trajectory). Between any two price-time states, there exists a unique geodesic.

Financial interpretation: Any market state (price P at time #1) can be connected to any other
market state (price P> at time #2) by a unique shortest path through price-time space. This geodesic
represents the most efficient trajectory between the two states. Actual market trajectories may
deviate from geodesics, but the geodesic always exists as a reference.

Postulate IT (Extension). Price trajectories can be extended indefinitely toward higher prices;
toward lower prices, they approach but never reach the solvency boundary /= 1, where proper
distance s — .

Financial interpretation: There is no theoretical ceiling on prices. Markets can always rise further,
and geodesics can be extended indefinitely in the direction of increasing price. However, there is
a floor: total loss occurs at = 1, where P = 0 and proper distance s — o. The manifold is
unbounded above (x — +o) but bounded below (x — —oo0 as f— 1). This asymmetry is fundamental
to the structure. The solvency boundary at = 1 is precisely where Euler’s Identity ™ + 1 = 0
appears when extending to the complex plane.

Postulate III (Metric). For any price-time state and any proper distance s, the locus of all states
at proper distance s forms a well-defined curve. The proper distance of any decline is s(f) = —In(1

—h.

Financial interpretation: The "distance" a price has fallen from its 52-week high is always
measurable and well-defined. A 50% decline corresponds to proper distance s = In(2) = 0.693,
regardless of the security, time period, market conditions, or currency. The metric is universal and
coordinate-independent.

Postulate IV (Hyperbolic). Through any price-time state not on a given geodesic, there exist
infinitely many geodesics that never intersect the given geodesic. Equivalently: the Gaussian
curvature K = —1 everywhere.
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Financial interpretation: Price trajectories that begin moving in the same direction ("parallel")
will diverge exponentially as they travel through the manifold. This is the defining characteristic
of hyperbolic geometry and explains why correlation is imperfect even for highly similar assets:
over sufficient time and proper distance, all trajectories separate. The geometry is uniformly
hyperbolic at all price levels and all times; there are no "flat" regions where Euclidean intuition
applies.

Note that the Loss-Recovery Symmetry is not among the axioms. It is a theorem (Theorem 2.1
above), derived from Postulate III together with the algebraic identity 1 + g(f) = 1/(1 — f). This is
the proper logical structure: the symmetry is a consequence of the metric, not an independent
assumption. The four postulates above are ordered by logical progression rather than strict
independence; they serve to isolate the distinct geometric commitments of the framework.
(Postulates I and II follow from the geodesic completeness of the Poincare half-plane; they are
stated separately to make each geometric commitment's financial content explicit, following
Euclid's pedagogical practice of separating logically related commitments).

From these four postulates, all major results of the framework follow as theorems: the Loss-
Recovery Symmetry (Theorem 2.1), the Euler-Mehta Ladder (Section 3), the correlation-as-angle
interpretation (Section 4), hyperbolic trigonometry (Section 4), and Euler’s identity at the solvency
boundary (developed in a forthcoming companion paper). The EM Ladder is not itself a postulate
but a derived consequence of optimizing within the geometry defined by Postulates I through IV.
Similarly, the antifragile property of the EM Ladder is a theorem, not an axiom: it follows from
the specific choice of exponential deployment, not from the geometry alone.

§2.7 Literature Context

Geometric approaches to finance have precedent. Amari’s information geometry (1985; Amari &
Nagaoka, 2000) applies differential geometry to statistical manifolds, treating families of
probability distributions as points on a manifold with the Fisher information metric providing
natural geometric structure. Fernholz’s (2002) stochastic portfolio theory employs differential
geometric methods to analyze portfolio dynamics. Brody and Hughston (2001) developed
geometric frameworks for interest rate models.

The Euler-Mehta Framework differs from these approaches in a specific and consequential way.
Prior geometric treatments construct manifolds over probability distributions or model parameters;
the geometry describes relationships among statistical objects. Our construction places the
manifold directly on price-time coordinates, with the metric encoding the multiplicative structure
of returns. These earlier approaches did not exploit the fact that loss-recovery asymmetry, a
property of the price process itself rather than any model imposed upon it, generates a natural
hyperbolic geometry. The Poincaré half-plane structure and its constant curvature K = —1 are
consequences of this asymmetry, not geometric assumptions imported from outside.

The EM Framework also connects to the broader literature on geometric methods in economics.
The use of Riemannian geometry to model economic phenomena dates to Antonelli (1886), who
applied Riemannian metrics to utility surfaces, treating indifference curves as geodesics on a
preference manifold. Our construction operates on price-time coordinates rather than preference
coordinates, but the geometric impulse is shared. More recently, geometric methods have been
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applied to general equilibrium theory, game theory, and econometrics. The specific application to
loss-recovery dynamics and the resulting hyperbolic structure appear to be novel contributions.

§2.8 Summary of Pillar I
Pillar I establishes the geometric foundation of Euler-Mehta Financial Spacetime:

1. The relationship between price declines and required recoveries exhibits constant negative
curvature (K = —1), forming a hyperbolic manifold.

2. The natural measure of decline on this manifold is proper distance: s(f) = —In(1 — f).

3. The exponential metric, and with it Euler’s number e, emerges from the constant-curvature
requirement, not from assumption.

4. Losses and recoveries traverse equal proper distances (Theorem 2.1), absorbing the arithmetic-
geometric asymmetry into curvature.

5. The manifold is exactly isometric to the Poincaré half-plane, inheriting all properties of
hyperbolic geometry.

6. Four postulates provide the axiomatic foundation from which all results derive as theorems.

The geometric structure established in this section provides the foundation for deriving the optimal
capital deployment rule (Section 3), extending to multi-asset portfolios (Section 4), and connecting
to behavioral dynamics (Section 7). The intensity parameter ¥ = e, which governs the Euler-Mehta
Ladder’s exponential responsiveness to drawdowns, is a direct inheritance from the metric:
because f{x) = €*, the geometry itself prescribes the rate at which capital should be deployed into
declining prices. This is the first instance of a recurring pattern: Euler’s number appears across all
four pillars of the framework, not by construction but by consequence.
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§3. The Euler-Mehta (EM) Ladder

Having established that the loss-recovery relationship generates a hyperbolic manifold with
constant curvature K =—1, we now derive the rule this geometry prescribes for capital deployment.
This section addresses a practical question: for a security held with high conviction, what is the
optimal schedule for deploying additional capital as the price declines from its 52-week high?

The answer emerges from geodesic optimization on the hyperbolic manifold. The resulting rule,
the Euler-Mehta Ladder, prescribes exponentially increasing deployment as proper distance
increases. The intensity parameter ¥ = e emerges from the optimization, connecting the
deployment rule to the manifold’s intrinsic geometry.

§3.1 Problem Formulation

An investor holding a high-conviction security faces a tradeoff when prices decline. Deploying
too little capital at each decline level leaves potential returns unrealized when prices recover.
Deploying too much capital too early exhausts reserves before the deepest discounts are reached.
The optimal rule must balance these considerations while respecting the geometric structure
established in Section 2.

We formalize the problem as follows. Consider a capital deployment schedule over n discrete
decline levels (ladder rungs). Let fi < f> < --- < f, denote the decline fractions from the 52-week
high. Let s; = s(f) = [In(1 — f})| denote the proper distances established in Section 2. Let Ryeci = 1/(1
— fi) denote the recovery return factor. Let L; denote the rung amount at level i, and let B denote
the base investment amount chosen by the investor.

The base amount B represents the investor’s chosen scale for the system. An investor contributing
$100 weekly would set B = $100; an investor contributing $500 monthly would set B = $500. All
ladder amounts scale proportionally with B, making the framework applicable across different
capital levels.

§3.2 Geodesic-Weighted Log-Utility

We seek the allocation that maximizes a geodesic-weighted utility functional subject to the
manifold’s geometry. The choice of log-utility reflects the standard assumption in portfolio theory
that investors maximize the expected logarithm of wealth, following Kelly (1956) and Merton
(1969, 1971). The geodesic weighting reflects the insight that opportunities at greater proper
distance (deeper drawdowns) warrant proportionally greater consideration.

Define the geodesic weighting function w(s) = e*s, where ¥ > 0 is the intensity parameter (also
termed the geodesic leverage parameter, as it determines the slope of the deployment geodesic
developed in §3.11). This weighting is motivated by the manifold's own metric structure. The
temporal component g = ¢** weights time by price level, and the geodesic weighting extends this
principle to the allocation domain. The exponential form is not arbitrary: it is the unique weighting
under which the resulting allocation rule inherits the self-referential property of the manifold’s
metric function f{x) = e*. Any other weighting would produce an allocation rule that is inconsistent
with the geometry it responds to. (A polynomial weighting w(s) = s*, for instance, would yield L;
proportional to s//A through the same Lagrangian optimization, producing a power-law allocation
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rule L(f) ~ [~In(1-/)]* rather than the exponential L(f) ~ (1—f)"*. The power-law rule lacks the self-
referential property of §3.13 and does not connect to the metric function f{x) = e*.)

The geodesic-weighted log-utility functional is:
UL] = Zi e" x [log(Li) + si]

The term log(Li) represents the utility of capital deployed at rung i. The term s; captures the
geometric “bonus” from deploying at greater proper distance. The weighting e¥*' ensures that
opportunities at deeper drawdowns receive proportionally greater consideration in the
optimization. In the continuous limit, the Euler-Lagrange equation of the weighted utility
functional recovers the exponential deployment rule as the extremal, connecting the framework to
the variational calculus of optimal control (Pontryagin, 1962).

§3.3 Derivation of the Optimal Rule

To maximize U[L] subject to the budget constraint X; L; = C, where C is the total capital available
for deployment in the period, we form the Lagrangian:

P=73; e¥ x [log(Li) + si] — MZi Li — C)
Taking the partial derivative with respect to L; and setting it to zero:
OHOL; = e¥/Li— L= 0
Solving for L;:
Li = esi/h o e¥s' = exp(Psi)

Since A is constant across all rungs, the optimal allocation at each level is proportional to the
exponential of proper distance at that threshold. Note that the additive term s; in the utility
functional does not affect the allocation: differentiation eliminates it, so the geometric bonus
contributes to the objective’s value but not to the allocation’s form.

Theorem 3.1 (Optimal Allocation). The optimal rung amount takes the form L*; oc exp(¥s;), with
each rung’s capital proportional to the exponential of proper distance at that threshold.

This result is the central mathematical finding of Pillar 1. The optimal deployment at each
drawdown level is proportional to the exponential of proper distance, not the exponential of
percentage decline.

The distinction is critical: proper distance s = —In(1—f) captures the geometric structure of the
manifold, while percentage decline f does not.
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§3.4 The Practical Formula
The optimal allocation L*; « exp(¥si) can be rewritten using s = —In(1—f):
L(f) < exp(¥ * (-In(1-/))) = exp(-¥ * In(1-f)) = (1=
The practical formula for each rung of the Euler-Mehta Ladder is:
Lo=Bx(1-f)?

where L, is the rung amount at threshold #, B is the base amount, f is the decline fraction at rung
n, and ¥ is the intensity parameter (recommended: ¥ = e = 2.718).

§3.5 The Stacking Mechanism: Cumulative Capital Deployment

The Euler-Mehta Ladder’s power derives from its stacking mechanism: at any given drawdown
level, all applicable rungs deploy each period. This is not a one-time deployment but a recurring
commitment that executes every deployment period (weekly, monthly, or as chosen by the
investor) for as long as the security remains at or below each threshold.

Table 3.1: Euler-Mehta Ladder Rung Amounts (¥ = ¢, B =$100)

Rung Threshold s(f) Rung Recovery R Multiple
Amount L
Base 0% 0.000 $100 1.00x 1.00x
L. —10% 0.105 $133 1.11x 1.33x
L. —20% 0.223 $183 1.25x 1.83x
Ls —30% 0.357 $264 1.43x 2.64x
L4 —40% 0.511 $401 1.67x 4.01x
Ls —50% 0.693 $658 2.00x 6.58%

Each rung has its own deployment amount determined by the formula L, = B % (1 — f,)"¢. When a
security reaches a given drawdown level, all rungs at or above that level deploy. The total periodic
deployment is the sum of all applicable rung amounts. Multiple = L, / B; compare with Recovery
R = (1 — 1,)"! to see the EM deployment premium above break-even.
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Table 3.2: Total Periodic Deployment by Drawdown Level

Drawdown Rungs Deployed Total Periodic Base Multiple
<10% Base $100 1.0x

—10% Base + L $233 2.3x

—20% Base + L1 + Lz $417 4.2x

—30% Base + Li+ L2+ Ls $680 6.8%

—40% Base+ Li+ Lo+ Ls+ La $1,081 10.8x

-50% Base + Li+ Lo+ Ls+ Ls+Ls $1,739 17.4%

At a 50% drawdown, total periodic deployment reaches $1,739, over 17% the base DCA. This
scaling is the source of the EM Ladder’s antifragile property: deeper drawdowns trigger
proportionally greater capital deployment, concentrating investment at the levels where recovery
returns are highest.

§3.6 Temporal Accumulation: Extended Drawdowns

The stacking mechanism compounds over time. If a security remains at a —30% drawdown for
three months with monthly deployment, the investor deploys:

3 x $680 = $2,040 at an average cost basis 30% below the 52-week high

This temporal accumulation is a structural advantage of the framework, not an artifact. Extended
drawdowns in high-conviction securities represent extended opportunities. The framework
deploys capital systematically throughout the drawdown period, building a substantial position at
depressed prices. When recovery occurs, this accumulated position generates amplified returns.
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Table 3.3: Six-Month Drawdown Scenario: EM Ladder vs. DCA

Month Drawdown EM Ladder Cumulative DCA Only

1 —10% $233 $233 $100 ($100)
2 —20% $417 $650 $100 ($200)
3 —30% $680 $1,329 $100 ($300)
4 —40% $1,081 $2,410 $100 ($400)
5 —30% $680 $3,090 $100 ($500)
6 —20% $417 $3,508 $100 ($600)

In this example, the investor deploys $3,506 over six months as the security declines to —40% and
then recovers. Compare this to simple DCA, which would deploy only $600 over the same period.
The EM Ladder deploys 5.85 x more capital during the drawdown, all at prices significantly below
the 52-week high. Upon full recovery, this accumulated position generates amplified returns
precisely because the framework deployed aggressively when prices were depressed.

§3.7 Scaling with Base DCA

The entire EM Ladder scales linearly with the base amount B. An investor who doubles their base
DCA from $100 to $200 doubles all rung amounts and all total periodic deployments:

Table 3.4: Ladder Scaling with Base Amount

Drawdown B =$50 B =$100 B =$200 B =$500
0% $50 $100 $200 $500
—30% $341 $680 $1,360 $3,401
—50% $870 $1,739 $3,478 $8,696

This linear scaling ensures the framework is applicable across all capital levels and inclusive of
all investors. Whether investing $50 or $5,000 per period, the geometric structure remains
identical; only the absolute amounts change.
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§3.8 The Recovery Multiplier

The return factor upon full recovery is Rrec(f) = 1/(1—f). This factor determines the multiplier on
capital deployed at each level if the security returns to its 52-week high:

Table 3.5: Recovery Multipliers by Decline Level

Decline Return Factor Ryec(f) Interpretation

10% 11.1% 1.11x% Modest opportunity
20% 25.0% 1.25% Attractive opportunity
30% 42.9% 1.43x% Strong opportunity
40% 66.7% 1.67x% Excellent opportunity
50% 100.0% 2.00x Double upon recovery

The recovery multiplier explains the EM Ladder’s logic: capital deployed at deeper drawdowns
earns higher returns upon recovery. A dollar deployed at a 50% decline doubles upon recovery;,
a dollar deployed at a 10% decline gains only 11%. The stacking mechanism ensures that more
capital is available precisely when recovery returns are highest.

§3.9 The Coffee Can Constraint

A critical feature of the Euler-Mehta Ladder is that it never sells. Unlike Value Averaging or
rebalancing strategies that may require liquidating positions, the EM Ladder only accumulates.
This constraint aligns with Kirby’s (1984) Coffee Can philosophy: once a share enters the
portfolio, it remains there permanently.

The accumulation-only constraint reflects the empirical findings of Barber and Odean (2000), who
documented that the most active traders underperform the least active by 7.1 percentage points
annually. French (2008) estimates the aggregate cost of active investing at 0.67% of market
capitalization annually. The disposition effect (Shefrin & Statman, 1985; Odean, 1998) causes
investors to sell winners early and hold losers long, the opposite of optimal behavior.

The EM Ladder removes these sources of wealth destruction through via negativa (Taleb, 2012):
achieving better outcomes by eliminating the source of error rather than trying to correct it. By
removing the sell decision from the investor’s action space, the disposition effect cannot manifest.
The EM Framework provides a principled method for adding to positions during drawdowns while
preserving the fundamental insight that long-term wealth creation comes from letting winners
compound undisturbed.

The practical question of how deployment reserves are organized, so that Patient Capital is
available precisely when drawdowns activate ladder rungs, is addressed in §5 through the
Superposition Cash framework.
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§3.10 Comparison to Alternative Strategies

Dollar Cost Averaging (DCA). DCA deploys fixed amounts at regular intervals regardless of
price. It ignores the geometric structure of drawdowns entirely. The EM Ladder enhances DCA by
adding geometrically-scaled rungs that activate during drawdowns. At 0% to 9% drawdown, the
EM Ladder deploys the same as simple DCA ($100). As drawdowns deepen, the EM Ladder
deploys dramatically more.

Value Averaging (VA). Edleson (1988) proposed adjusting contributions to maintain a target
portfolio growth path. When the portfolio exceeds the target, VA mandates selling. This creates
three problems: (1) tax inefficiency from triggered capital gains; (2) compounding destruction
from removing capital that would otherwise grow; and (3) the disposition effect in reverse,
systematically selling winners. The EM Ladder achieves VA’s objective (deploy more when prices
are low) without selling.

Linear Scaling. A simple linear rule deploys (k + 1) x B at the k-th threshold, producing 2x at
20% decline, 3% at 30% decline, and so forth. This approach lacks geometric foundation and
underweights deep drawdowns. The EM Ladder’s exponential stacking produces 17.4x
deployment at 50% drawdown versus 6% for linear scaling.

Table 3.6: Total Periodic Deployment Comparison (B = $100)

Drawdown Simple DCA Linear Scaling EM Ladder (¥ =¢)
0% $100 $100 $100

—10% $100 $200 $233

—20% $100 $300 $417

—30% $100 $400 $680

—40% $100 $500 $1,081

—50% $100 $600 $1,739

The EM Ladder’s advantage becomes pronounced at deeper drawdowns. At a 50% decline, the
Ladder deploys 17.4 % the base amount versus 6% for linear scaling and 1% for simple DCA. This
concentration of capital at deep discounts is the source of the EM Ladder’s superior performance
during volatile periods.
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§3.11 The EM Ladder as a Geodesic

The optimal allocation has a geometric interpretation. Define natural coordinates ¢ = s(f) (proper
distance from the 52-week high) and & = log L(f) (log of rung amount). In these coordinates, the
Euler-Mehta Ladder satisfies:

=Y x ¢ + constant
This is a straight line with slope V.
Theorem 3.2 (Geodesic Structure). 7The Euler-Mehta Ladder traces a geodesic in the (o, &) plane.

Proof. The (o, &) plane with metric ds? = do® + d&? is Euclidean. Geodesics in Euclidean space are
straight lines. The ladder satisfies § = Wo + constant, which is a straight line. m

The content of this result is not the geometry, which is elementary, but the interpretation: the
investor’s journey through price-time space is a worldline on the manifold. The Euler-Mehta
Ladder prescribes the optimal worldline: the geodesic with slope W¥. Different values of ¥
correspond to different geodesics, each representing a distinct risk-return tradeoff.

The geodesic structure holds in the natural coordinates (o, ), which form a Euclidean chart distinct
from the original price-time manifold. The EM Ladder is a geodesic in deployment-space, not in
the underlying hyperbolic price manifold. This distinction is significant: the framework optimizes
the investor’s response to the geometry, not the price trajectory itself.

§3.12 Interpretation of ¥

The parameter ¥ determines which geodesic the investor follows through EM Financial
Spacetime. Larger ¥ produces a steeper geodesic with more aggressive allocation to deep declines;
smaller ¥ produces a flatter geodesic with more conservative allocation. The choice of ¥ is a
geometric choice, selecting one geodesic from a family parameterized by slope.

Table 3.7: Interpretation of the Intensity Parameter ¥

b 4 Rung Formula Interpretation

0 L = B (constant) Simple DCA (no drawdown response)

1 L x \/gtt Square root of metric (Conservative)

2 L o g" Rung amount equals metric (Geometric)
e=272 Lo (gh)e? Natural exponential (Recommended)

The unified relationship L(f) oc (1 — ) ¥ = (g")¥? reveals that the deployment rule is a power of
the contravariant metric coefficient g = (1 — f)~°. The prescribed deployment is geometrically
determined by the manifold’s metric structure.
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§3.13 The Natural Case: ¥ =¢

When ¥ = e (Euler’s number), self-referential properties emerge. The rung amount function
satisfies:

L(f) < exp(e X 5) = (e*)° = e
The derivative with respect to proper distance is:
dL/ds =e x L

This is the defining property of Euler’s number: the rung amount grows at rate e per unit proper
distance, matching the base of the exponential metric function f{x) = e*. This self-consistency, the
deployment rule’s exponent equaling the metric’s base, is unique to ¥ = e. The function e* is the
unique function satisfying d/dx(e*) = e, and this property propagates to the deployment rule when
¥Y=e.

Section 7 will develop the behavioral foundation for ¥ = e, showing that this value emerges not
only from geometric considerations but from the empirical structure of human cognitive biases.
The convergence of geometric and behavioral derivations at the same value suggests that e is the
fundamental constant of the human-market interface.

§3.14 Why e is Natural

Three convergent arguments, beyond the self-referential property established in §3.13, support
Y = e as the natural choice:

1. Information-Theoretic Optimality. In information theory, e minimizes expected description
length for exponentially distributed data (Cover & Thomas, 2006). Drawdown magnitudes are
approximately exponentially distributed, making e the information-theoretically optimal base for
the deployment rule.

2. Manifold Consistency. The metric ds® = e?*d* + dx* uses e in its structure, and the geodesic
weighting function uses e in the allocation domain. Choosing ¥ = e maintains internal consistency:
the deployment rule, the manifold’s metric function, and the weighting functional all resolve to
the same transcendental constant.

3. Behavioral Convergence. As developed in Section 7, three independently measured behavioral
parameters (loss aversion, fear asymmetry ratio, overconfidence) combine to yield ¥ = e with
0.14% error. The geometric derivation and behavioral derivation converge at the same value,
suggesting a structural rather than coincidental relationship.

§3.15 Summary

This section has derived the Euler-Mehta Ladder from geodesic optimization on the hyperbolic
price manifold established in Section 2. The key results are:

1. Each rung’s amount follows the formula L, = B x (1 — f)"¥, derived from explicit Lagrangian
optimization of a geodesic-weighted log-utility functional on the manifold.
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2. The stacking mechanism and temporal accumulation together constitute the source of
antifragility: at 50% drawdown, total periodic deployment reaches 17.4x the base amount, and
extended drawdowns multiply this effect across successive deployment periods.

3. The Ladder traces a geodesic in natural (o, &) coordinates, with slope ¥ determining the
aggressiveness of drawdown response. When ¥ = e, the deployment rule exhibits the self-
referential property dL/ds = e x L, connecting the framework to the unique mathematical properties
of Euler’s number.

4. The accumulation-only constraint (Coffee Can philosophy) preserves the empirical insight that
not selling is the primary source of long-term returns.

The EM Ladder provides a definitive answer to the question: how much capital should I deploy at
each price level? The answer is derived from first principles, grounded in hyperbolic geometry,
and scales linearly with the investor’s chosen base amount. The stacking mechanism transforms
the framework from a simple enhancement of DCA into a fully antifragile deployment system that
benefits from volatility rather than merely tolerating it.

What remains is to extend the framework to multi-asset portfolios (Pillar II: Portfolio Dynamics,
Section 4), specify which securities warrant high-conviction deployment (Pillar III: Competitive
Dynamics, Section 6), and develop the behavioral foundation linking ¥ to human psychology
(Pillar IV: Behavioral Dynamics, Section 7). We turn to these questions in the following sections.
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§4. Pillar 1I: Portfolio Dynamics

The single-asset framework developed in Sections 2 and 3 provides a complete solution for
deploying capital during drawdowns in individual securities. However, most investors hold
portfolios of multiple securities, each with its own price trajectory and drawdown state. A natural
question arises: What happens when an investor holds multiple correlated positions? Does the
individual proper distance fully capture the deployment opportunity, or does the correlation
structure contain additional information?

This section develops the second pillar of Euler-Mehta Financial Spacetime: the extension to
multi-asset portfolios. We construct the product manifold Mpor: that captures the portfolio’s
aggregate state, introduce the geodesic tensor that encodes correlation structure, and derive the
portfolio proper distance Spor. Most significantly, we discover that the EM Vector vem = dSpor/dt
emerges as a natural regime detector, indicating whether the portfolio is moving toward or away
from its aggregate rolling 52-week high.

A geometric interpretation emerges from the product manifold structure: correlation equals cos(0),
where 0 is the angle between asset trajectories. This gives diversification a precise geometric
meaning as angular separation. In Euclidean spaces, the identification of correlation with the
cosine of the angle between vectors is standard. On the hyperbolic manifold, the identification
gains additional structure: the portfolio proper distance formula is the leading-order approximation
to the Hyperbolic Law of Cosines, and the approximation’s accuracy depends on drawdown depth
in a way that §4.8 makes precise. The hyperbolic trigonometric theorems apply directly to geodesic
triangles on the manifold, revealing deep structure in portfolio dynamics.

§4.1 The Product Manifold

For a portfolio of N securities, we construct the product manifold as the Cartesian product of
individual Euler-Mehta manifolds:

Mportle X Mp % +-o X M

Each factor M; is a copy of the single-asset Euler-Mehta manifold with coordinates (¢, x;) where x;
= In(Pi/Po,) is the log-price relative to the rolling 52-week high. The product manifold has
dimension 2N, but for capital deployment decisions we focus on the N-dimensional submanifold
at fixed time, representing the portfolio’s state in price-space.

The product manifold construction is standard in Riemannian geometry (do Carmo, 1992). When
each factor manifold has constant curvature K = —1, the product manifold inherits a well-defined
metric structure. The key mathematical object that captures the interaction between securities is
the geodesic tensor, which we develop in the following subsection.

§4.2 The Geodesic Tensor

The geodesic tensor Gj; couples individual manifolds through correlation structure. (We use
uppercase G to distinguish the portfolio’s geodesic tensor from the single-asset metric g.) For
assets i and j with correlation p;j and respective drawdowns f; and f;, the tensor element is:

Giy = pi / [(A=)(1=£)]
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This tensor captures how correlation amplifies the collective proper distance during synchronized
drawdowns. The structure has three important properties.

First, the diagonal elements (i = j) reduce to Gii = 1/(1-f;)?, recovering the single-asset metric
coefficient. When correlations are zero, the geodesic tensor is diagonal and the portfolio proper
distance reduces to the sum of individual proper distances.

Second, the off-diagonal elements (i # /) introduce coupling between assets. When pj; > 0 (positive
correlation), the tensor amplifies the portfolio proper distance beyond what would be expected
from independent assets. When p;; < 0 (negative correlation), the tensor dampens the portfolio
proper distance, reflecting the hedging effect.

Third, the conformal factors 1/(1—f;) weight the correlation by the drawdown depth. Deeper
drawdowns receive greater weight in the tensor, reflecting a geometric encoding of a market truth:
correlations matter most when positions are furthest from their highs, when diversification is most
needed. This correlation-depth effect is the empirical anchor of the portfolio extension.

§4.3 Derivation of the Geodesic Tensor

On the standard product manifold My, = [[M;, the natural spatial metric is the direct sum of
individual metrics: ds?yort = i ds?. For independent assets, this is sufficient. However, correlated
assets present a challenge: their drawdown trajectories are not independent, and the standard
product metric does not encode the empirical reality that correlations intensify during
synchronized declines.

We therefore define the geodesic tensor as a deliberate extension of the product metric that weights
correlations by drawdown depth. The conformal factors 1/(1—f;) enter through the following
modeling choice: because the single-asset metric ds? = ¢*dt? + dx? concentrates its curvature in
the temporal component gq = ¢>* = (1—f)?, we import this conformal weighting into the spatial
correlation structure. The resulting tensor element is:

Gj; = pij X (conformal factor); X (conformal factor); = pij / [(1—/)(1—f})]

This construction is not a purely geometric consequence of the product manifold; it is a modeling
choice motivated by three considerations.

First, asset correlations increase during market crises. Longin and Solnik (2001) documented this
“correlation breakdown” phenomenon: diversification fails when investors need it most. By
weighting correlations by the inverse of remaining price, the tensor naturally amplifies correlation
effects during deep drawdowns, encoding this empirical regularity into the geometric structure.

Second, the conformal factors ensure dimensional consistency with the single-asset framework.
The diagonal elements G;; = 1/(1-f;)* recover the contravariant metric coefficient g that appears
in the single-asset deployment rule L(f) o< (1-f) ¥ = (g%)¥2. The portfolio extension thus inherits
the same metric weighting that drives individual deployment intensity.

Third, the resulting portfolio proper distance Syort produces constructive interference during
synchronized drawdowns in correlated assets, yielding aggregate distances that exceed the simple
sum of individual distances, reinforcing the correlation-depth effect noted in §4.2.
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§4.3.1 Conformal Uniqueness

Remark (Conformal Uniqueness). The conformal weighting exponent o. = —1 is not arbitrary.
Consider the one-parameter family of conformally weighted geodesic tensors:

G = pij x (1) x (1-f)*

where o € R is the conformal weighting exponent. Three independent constraints select o = —1
uniquely.

Constraint 1: Metric Recovery. The diagonal element is Gi{* = (1-f;)**. For the portfolio tensor
to be dimensionally anchored to the single-asset manifold, this diagonal must recover a metric
quantity. The manifold ds? = e?*dt? + dx? has two natural scalar metric quantities at each point: the
covariant temporal component gy = (1—/)* and the contravariant temporal component g'* = (1—)72.
Recovering g requires 2o = 2, giving o = +1. Recovering g" requires 20 = —2, giving a = —1.
These are the only two values of o that anchor the tensor to the manifold’s metric. All other values
produce diagonal elements that are fractional powers of the metric, which have no intrinsic
geometric interpretation.

Constraint 2: Deployment Consistency. The Euler-Mehta Ladder’s deployment rule, derived in
§3, is L(f) < (1-/)"¥ = (g")¥2. The deployment rule operates through the contravariant component
g", not the covariant gy. This is not notational: the contravariant component is the one that appears
in the Lagrangian optimization of §3.3, because the geodesic weighting function e** operates on
the inverse of the metric’s conformal factor. For the portfolio tensor’s diagonal to weight each
position by the same metric quantity that drives its deployment intensity, the diagonal must recover
g". This eliminates o = +1 and requires o = —1.

Constraint 3: Empirical Monotonicity. Asset correlations intensify during market crises (Longin
& Solnik, 2001; Ang & Chen, 2002). The off-diagonal element G = pjj x (1-£;)* x (1-£)* must
increase as drawdowns deepen. As f— 1, the factor (1—f) — 0. For a <0, (1—f)* — oo: off-diagonal
elements amplify. For a > 0, (1-f)* — 0: off-diagonal elements diminish. For o = 0, G;; = pj
(constant, no drawdown sensitivity). This eliminates all a > 0, including o = +1.

Table 4.1: Constraint Intersection

Constraint Selects Eliminates Survivors
Metric Recovery a€ {—1,+1} All other a {—1,+1}
Deployment a=-1 a=+1 {1}
Consistency

Empirical a<0 Alla>0 {1}
Monotonicity

Joint a=-1 All a #-1 {—1}
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Each pair of constraints is independently sufficient to select oo = —1. All three together provide
triple redundancy. The conformal weighting exponent o = —1 is the unique value that
simultaneously recovers the contravariant metric coefficient on the diagonal, inherits the
deployment rule’s conformal structure, and encodes the empirical intensification of correlation
during drawdowns. The geodesic tensor’s conformal structure is therefore determined by the
manifold’s metric, the deployment rule’s variational origin, and the empirical behavior of
correlations during market stress.

§4.4 Portfolio Proper Distance

The portfolio proper distance in the product manifold is computed as the quadratic form:
Sport = N(sTGs)

where s = (s1, 52, ..., sn)! is the vector of individual proper distances with s; = —In(1-).

The portfolio proper distance inherits the modeling assumptions of the geodesic tensor; it is the
natural norm on the space of drawdown states weighted by the correlation-conformal structure,
not the Riemannian distance on the product manifold. The uniqueness of the conformal exponent
a = —1 (§4.3.1) ensures that this norm is the only one consistent with the deployment rule’s
variational origin.

Expanding the quadratic form:
Sport2 = Zi Siz/(l_ﬁ)z + z#j Pij Si 8j / [(l_ﬁ)(l_ﬁ)]

The first sum captures individual drawdown contributions, weighted by the conformal factors that
amplify deeper declines. The second sum captures correlation-induced interference. For highly
correlated assets in synchronized drawdowns, the interference term can dominate, reinforcing the
correlation-depth effect of §4.2.

§4.5 The EM Vector: Regime Detection
We define the EM Vector as the time derivative of portfolio proper distance:
VEM = dSport/dt ~ Sport(t) - Sport(t_l)

This velocity measure provides regime detection from the velocity along the portfolio geodesic.
The sign of vewm classifies market regimes:

e v > 0 (FALLING): Portfolio proper distance is increasing; the portfolio is moving away
from its aggregate rolling 52-week high. The portfolio is in a drawdown regime, with prices
falling relative to recent highs.

e veu < 0 (RECOVERY): Portfolio proper distance is decreasing; the portfolio is moving
toward its aggregate rolling 52-week high. The portfolio is recovering, with prices rising
toward recent highs.

The EM Vector is geometrically intrinsic. It emerges from the same Riemannian structure that
derives the deployment rule. The regime signal is not an external indicator bolted onto the
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framework; it is the velocity along the geodesic. The geometric elegance is that the same manifold
that prescribes how much to deploy (the Euler-Mehta Ladder) also reveals what regime the
portfolio currently occupies (the EM Vector).

The EM Vector's regime classification follows directly from the definition of portfolio proper
distance: when prices fall from their rolling 52-week highs, Sport increases and vEM > 0; when
prices recover, Sport decreases and VEM < 0. The regime signal is definitional rather than empirical:
it classifies the observed trajectory, not a prediction about the future.

§4.6 Regime Detection Without Strategy Switching

A critical methodological point: the EM Vector serves as a regime detector, not a signal for
changing deployment rates. The Euler-Mehta Ladder operates at the individual security level,
triggered by each position’s drawdown from its own rolling 52-week high. The EM Ladder’s
intensity parameter ¥ = e remains fixed regardless of regime.

The value of regime detection lies in context awareness, not switching.

e When vem > 0 (FALLING regime), the investor knows that the portfolio is experiencing
synchronized drawdowns across positions, individual ladder rungs are more likely to be
triggered, and Superposition Cash* is converting to invested capital. The framework is
operating as designed, deploying capital at depressed prices.

e When vem < 0 (RECOVERY regime), the investor knows that the portfolio is recovering
toward its aggregate rolling 52-week high, individual positions are appreciating toward
their rolling 52-week highs, ladder rungs are less likely to trigger, and Superposition
Cash* accumulates for the next cycle.

This regime awareness provides psychological grounding during market volatility. The investor
operating within the EM framework knows, mathematically, which regime the portfolio occupies.
This knowledge removes uncertainty about “what is happening” even when the future remains
unknowable. *Superposition Cash is described in the next section, §5.

§4.7 Correlation as Angle

A geometric interpretation emerges from the hyperbolic structure: correlation equals cos(0), where
0 is the angle between asset trajectories in the product manifold.

Table 4.2: Correlation as Angular Separation in the Product Manifold

Correlation = Geometric Meaning 0 Diversification
1.00 Parallel paths 0° None
0.87 Nearly parallel 30° Minimal

0.50 Moderate separation 60° Moderate
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0.00 Perpendicular paths 90° Full
—-0.50 Obtuse angle 120° Partial hedge
—1.00 Opposite directions 180° Perfect hedge

This interpretation gives diversification a precise geometric meaning: diversification is angular
separation. Two assets with zero correlation (6 = 90°) move in perpendicular directions through
the product manifold. Two assets with perfect correlation (8 = 0°) move in parallel, providing no
diversification benefit. Two assets with perfect negative correlation (6 = 180°) move in opposite
directions, providing maximum hedging.

For two assets, the portfolio proper distance formula expands to Syer* = a1> + a2® + 2paiaz, where
a; = si/(1-f;) is the conformally weighted proper distance. This is the Euclidean norm of a vector
sum with cos(0) = p. As §4.8 demonstrates, this quadratic form is the leading-order term in the
Taylor expansion of the exact Hyperbolic Law of Cosines on the manifold. The Euclidean
structure is not an accident of approximation: it is the linearization of hyperbolic geometry in
the mild-to-moderate drawdown regime where most portfolio dynamics occur.

§4.8 Hyperbolic Trigonometric Structure

Because EM Financial Spacetime has constant curvature K = —1, the hyperbolic versions of the
Pythagorean theorem and the Law of Cosines apply directly to geodesic triangles on the manifold.
This is not mathematical curiosity alone; the hyperbolic theorems yield direct insights into
portfolio structure.

The Hyperbolic Pythagorean Theorem. For a right triangle with legs a, b and hypotenuse ¢ on
the hyperbolic manifold:

cosh(c) = cosh(a) *x cosh(b)

Unlike the Euclidean case (¢? = a® + b?), the hyperbolic version is multiplicative in cosh. For small
distances (where cosh(x) = 1 + x?/2), this reduces to the familiar Pythagorean theorem. For large
distances, the multiplicative structure dominates, reflecting the exponential divergence of
geodesics in hyperbolic space.

The Hyperbolic Law of Cosines. For a triangle with sides a, b, ¢ and angle C opposite side c:
cosh(c) = cosh(a) x cosh(b) — sinh(a) % sinh(b) x cos(C)

Remark (Portfolio Proper Distance as Hyperbolic Linearization). The portfolio proper
distance formula of §4.4 is the leading-order approximation to the Hyperbolic Law of Cosines.
The connection proceeds in three steps.



The Geometry of Investor Irrationality: .. x FAR x O = e?

Step 1: Sign convention. In the product manifold, the trajectory angle 8 between two assets satisfies
cos(0) = p (Table 4.2). The included angle C in the geodesic triangle is supplementary: C =n — 0,
so cos(C) = —p. Substituting into the Hyperbolic Law of Cosines yields the exact hyperbolic
portfolio distance:

cosh(Spor) = cosh(ai) x cosh(az) + sinh(ai) x sinh(az) x p

where a; = si/(1-f) is the conformally weighted proper distance of asset i. The sign reversal, from
minus to plus, ensures correct limiting behavior: when p = 1, cosh(S) = cosh(ai + a2), so S =ai +
a> (distances add for perfectly correlated assets). When p = —1, cosh(S) = cosh(a1 — a2), so S = |a1
— | (distances partially cancel). When p = 0, cosh(S) = cosh(ai) % cosh(az), recovering the
Hyperbolic Pythagorean Theorem.

Step 2: Linearization. For small conformally weighted proper distances (a; < 1), the hyperbolic
functions admit the Taylor expansions cosh(x) = 1 + x%/2 and sinh(x) = x. Substituting:

1 +8%2 = (1+a?2)1 + ax?2) + aiazp
Expanding and collecting terms:
S§?= ai® + a? + 2a1a2p + O(ai’az?)

Dropping the fourth-order correction recovers the quadratic form of §4.4. The portfolio proper
distance formula $%yort = sTGs is therefore the linearization of the exact hyperbolic relationship on
the product manifold.

Step 3: Approximation regime. The linearization’s accuracy depends on drawdown depth through
the conformally weighted distances a; = si/(1-;). At 10% drawdown, a = 0.12 and the relative error
is below 0.1%. At 30% drawdown, a = 0.51 and the relative error reaches approximately 1%.
Beyond 40% drawdown, a exceeds 0.85 and the quadratic form underestimates the true hyperbolic
distance by more than 2%. The correction term ai’a»?/2, negligible for mild corrections,
contributes 12% of the leading terms at 40% drawdown. For severe bear markets (/> 50%), the
full hyperbolic formula provides the exact portfolio distance, and its use is recommended.

Table 4.3: Linearization Accuracy (Two Assets, Equal Drawdown, p = 0.5)

Drawdown (f) Conf. Dist. (a) Exact S Quadratic S Rel. Error
10% 0.117 0.2029 0.2028 0.06%
20% 0.279 0.4847 0.4831 0.32%
30% 0.510 0.8914 0.8825 1.00%
40% 0.851 1.5113 1.4746 2.43%
50% 1.386 2.5231 24011 4.83%
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A critical observation: the quadratic form underestimates the true hyperbolic portfolio distance
during severe drawdowns. This means the deployment opportunity signaled by Syor is conservative
when opportunities are largest. The exact hyperbolic formula amplifies the signal and the
linearized formula dampens it. For the purposes of the Euler-Mehta Ladder, which operates at the
individual security level through proper distance s; rather than through Syor, the linearization’s
conservatism affects regime detection (the EM Vector) rather than deployment amounts. The
practical consequence is that the EM Vector may slightly understate the FALLING regime’s
intensity during severe bear markets, a conservative bias consistent with the framework’s
accumulation-only philosophy.

The quadratic form of §4.4 is therefore both justified and bounded. It is the natural leading-order
approximation to the exact hyperbolic structure; it is excellent through moderate drawdowns (f'<
30%); and where it diverges from the exact formula, it errs on the side of understatement. The N-
asset generalization proceeds by the same linearization applied to each pair, yielding the full
quadratic form s"Gs as the leading-order term of the corresponding N-dimensional hyperbolic
relationship.

A note on the Hyperbolic Law of Sines. The hyperbolic plane also admits a Hyperbolic Law of
Sines:

sinh(a) / sin(4) = sinh(b) / sin(B) = sinh(c) / sin(C)

This identity relates side lengths to their opposite angles in geodesic triangles on the manifold.
Unlike the Hyperbolic Law of Cosines, which governs how proper distances combine (the relevant
question during capital deployment), the Hyperbolic Law of Sines governs whether a geodesic
triangle can close: whether three sides and three angles form a valid figure on the hyperbolic plane.
Because sinh grows exponentially while sin is bounded by unity, the closure conditions on
hyperbolic triangles are far more restrictive than in Euclidean space. Triangles that would close in
flat geometry may be geometrically impossible on the manifold. For the accumulation framework
of Pillar II, where the relevant problem is one-dimensional (capital flowing into the manifold at
depth), the Hyperbolic Law of Sines imposes no binding constraint. The Hyperbolic Law of Sines,
while valid on the manifold, is not employed during accumulation; its role emerges when the
direction of capital flow reverses (Section 13).

§4.9 The Hyperbolic Decomposition of the Ladder

The preceding results (§4.1 through §4.8) established how assets interact on the manifold: the
product structure, the geodesic tensor, the regime signal, and the trigonometric theorems governing
portfolio geometry. We now turn to how the deployment rule itself behaves within this structure.

The standard identity e* = cosh(x) + sinh(x), when applied to the Euler-Mehta Ladder’s deployment
rule L(f) x exp(¥s), reveals a dual character that illuminates the Ladder’s qualitative behavior. For
intensity parameter ¥ = e:

e?s = cosh(¥s) + sinh(¥s)

This decomposition reveals the Ladder’s dual character:
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The cosh component is symmetric (even function): cosh(—x) = cosh(x). This represents the
baseline response that would apply equally to any drawdown of given magnitude, regardless of
direction. It is the “constant” part of the Ladder.

The sinh component is antisymmetric (odd function): sinh(—x) = —sinh(x). This represents the
directional enhancement that increases with drawdown depth. It is the “aggressive” part of the
Ladder.

§4.10 The Aggressiveness Ratio
The ratio of sinh to cosh defines the aggressiveness ratio:
tanh(Ws) = sinh(W¥s) / cosh(‘P's)

This ratio ranges from 0 (at s = 0, no drawdown) to 1 (as s — oo, total loss). It provides a normalized
measure of the EM Ladder’s character at each drawdown level.

Table 4.4: Hyperbolic Decomposition of the Euler-Mehta Ladder (¥ = ¢)

Decline (f) s(f) cosh(es) sinh(es) tanh(es) Character

10% 0.105 1.04 0.29 0.28 Mild

20% 0.223 1.19 0.64 0.54 Moderate

30% 0.357 1.51 1.13 0.75 Aggressive

40% 0.511 2.13 1.88 0.88 Very aggressive
50% 0.693 3.37 3.21 0.95 Highly aggressive

The half-aggressive point (tanh = 0.5) occurs at s = (.20, corresponding to f= 18%. Beyond this
level, the EM Ladder becomes predominantly aggressive, with the sinh component exceeding the
cosh component in its contribution to deployment growth. This geometric transition explains why
the EM Ladder’s behavior changes qualitatively between mild corrections and severe bear
markets.

§4.11 The Self-Referential Property

The hyperbolic functions possess a remarkable property: their derivatives swap:
d/ds[cosh(s)] = sinh(s)
d/ds[sinh(s)] = cosh(s)

This swapping mechanism underlies the Ladder’s antifragile property. When proper distance
increases (drawdown deepens), the rate of change of the symmetric component (cosh) equals the
antisymmetric component (sinh), and vice versa. The two components feed into each other,
creating the exponential growth that characterizes the Ladder.
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When ¥ = e, this becomes particularly elegant. As established in Section 3:
dL/ds=ex L

The Ladder’s rate of change equals e times its current value. This is the defining property of
exponential growth with base e, now revealed as arising from the hyperbolic mechanics of cosh
and sinh swapping under differentiation.

§4.12 Connection to Complex Analysis
The hyperbolic functions connect to circular trigonometry through imaginary numbers:
cosh(ix) = cos(x)
sinh(ix) = i % sin(x)

This correspondence suggests that the hyperbolic geometry of the real manifold and the circular
geometry of the complex extension are two aspects of a unified mathematical structure. Euler’s
Identity '™ + 1 = 0 appears at the solvency boundary (f= 1) when extending the manifold to the
complex plane, connecting the framework’s deepest geometric structure to the most celebrated
equation in mathematics.

§4.13 Summary of Pillar 11

This section has developed the second pillar of Euler-Mehta Financial Spacetime: the extension to
multi-asset portfolios. The key results are:

1. The product manifold Mport = M1 X My X -+ X My captures the portfolio’s aggregate state in
price-space.

2. The geodesic tensor Gj = pii/[(1—1i)(1—f;)] encodes correlation structure, with correlation-
weighted conformal factors capturing interference between correlated positions. The conformal
exponent o = —1 is the unique value satisfying metric recovery, deployment consistency, and
empirical monotonicity simultaneously (§4.3.1).

3. The portfolio proper distance Sporx = V(sTGs) measures the portfolio’s aggregate geodesic
distance from its aggregate rolling 52-week high.

4. The EM Vector vem = dSpor/dt emerges as a natural regime detector: vem > 0 indicates
FALLING (portfolio moving away from highs); vem < 0 indicates RECOVERY (portfolio moving
toward highs). The EM Vector provides contextual regime awareness without requiring changes
to the deployment rule established in Section 3.

5. Correlation equals cos(0), where 0 is the angle between asset trajectories in the product
manifold. Diversification is literally angular separation.

6. The hyperbolic trigonometric structure (cosh, sinh, the Hyperbolic Pythagorean Theorem, and
the Hyperbolic Law of Cosines) applies directly to geodesic triangles on the manifold, revealing
deep structure in portfolio dynamics. The Hyperbolic Law of Sines, while valid on the manifold,
is not employed here because it does not yield additional deployment-relevant insight beyond the
Law of Cosines.
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7. The Euler-Mehta Ladder decomposes into cosh (symmetric) and sinh (antisymmetric)
components. For small drawdowns, deployment is approximately linear; for deep drawdowns, the
sinh term dominates and deployment becomes aggressively exponential.

8. The aggressiveness ratio tanh(Ws) = sinh(‘¥'s)/cosh(¥s) provides a normalized measure (0 to 1)
of the Ladder’s character at each drawdown level.

9. The derivatives of cosh and sinh swap (d/ds[cosh] = sinh, d/ds[sinh] = cosh), explaining the
exponential’s self-referential property through hyperbolic mechanics. This swapping mechanism
is the source of the EM Ladder’s antifragile property.

10. The hyperbolic functions connect to circular trigonometry through imaginary numbers
(cosh(ix) = cos(x), sinh(ix) =i x sin(x)), connecting the framework’s hyperbolic structure to Euler’s
identity e™ + 1 = 0 at the solvency boundary.

The multi-asset extension provides portfolio regime awareness through the EM Vector without
requiring any changes to the deployment rule itself. The Euler-Mehta Ladder operates at the
individual security level, triggered by each position’s drawdown from its own rolling 52-week
high. What Pillar IT adds is portfolio-level understanding: the ability to see the aggregate state and
regime of the entire portfolio through the geometric lens of the product manifold.

With Pillar IT in place, we have answered two of the three fundamental questions: how much
capital to deploy at each price level (the Euler-Mehta Ladder, §3) and what regime the portfolio
currently occupies (the EM Vector). Before advancing to the third pillar, we pause to address a
practical necessity. The geometric deployment rule derived in §2 and §3 requires pre-positioned
capital reserves (Patient Capital), yet the accumulation-only constraint prevents funding those
reserves through liquidation. Section §5 resolves this tension through the Superposition Cash
framework. With that practical architecture established, §6 returns to the pillar sequence,
addressing the remaining question: which securities warrant high conviction, through Pillar III:
Competitive Dynamics and the EM Sinefine Portfolio.
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§5. The Superposition Cash Framework

The preceding sections have established the geometric structure of price dynamics (§2), derived
the optimal capital deployment rule (§3), and extended the framework to multi-asset portfolios
with regime detection (§4). What remains is a practical question: how should the investor organize
capital to implement the Euler-Mehta Ladder?

This section introduces the Superposition Cash framework, a conceptual innovation that
addresses the psychological and practical challenges of maintaining deployment reserves (Patient
Capital). The framework applies via negativa to the psychology of investing: rather than teaching
investors to manage their emotions during market stress (addition), it removes the emotional
decision from the moment of stress entirely (subtraction). The investor’s calm, rational self makes
all deployment decisions in advance; the panicked self during a market crash has no decision to
make.

§5.1 The Binary Trap

Traditional thinking about investment capital operates in binary logic. Cash is either idle (sitting
on the sidelines, missing gains) or deployed (invested in securities, exposed to losses). This binary
framing creates a psychological trap that Iyengar and Lepper (2000) documented leads to decision
paralysis.

Consider the investor holding cash during a rising market. The binary frame induces guilt: the cash
is “idle” and “missing out” on gains. The natural response is to deploy the cash, eliminating the
psychological discomfort. But this deployment exhausts reserves that would be more valuable
during future drawdowns.

Conversely, consider the investor during a market decline. The binary frame induces fear:
deployed capital is “exposed” to further losses. The natural response is to sell, converting deployed
capital back to idle cash. But this crystallizes losses and eliminates the position that would benefit
from eventual recovery.

The binary trap operates in both directions. In rising markets, it pushes toward full deployment. In
falling markets, it pushes toward full liquidation. Both responses are suboptimal. This creates a
no-win scenario by design. The trap arises not from the investor’s irrationality but from the
inadequacy of the conceptual framework. A binary classification cannot capture what capital
actually does.

§5.2 The Psychological Necessity of Superposition Cash

The Superposition Cash framework is not an optional enhancement to the Euler-Mehta Ladder. It
is a psychological necessity that arises from the EM Ladder’s own requirements and the cognitive
architecture of the investors who must execute it. To see why, consider what the EM Ladder
demands and what binary logic cannot provide.

The Euler-Mehta Ladder requires capital reserves. The five-rung structure deploys approximately
17 times the base amount B across thresholds at 10%, 20%, 30%, 40%, and 50% drawdowns. This
capital must exist before the drawdowns occur. An investor who arrives at a 30% drawdown
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without pre-positioned reserves cannot execute L3; the opportunity passes unrealized. The EM
Ladder’s mathematical structure presupposes available capital at each rung, at all times.

The Coffee Can constraint intensifies this requirement. Because the EM Ladder only accumulates
and never sells, the investor cannot fund deep-drawdown deployments by liquidating other
positions. Capital for Ls cannot be generated by selling shares purchased at Li. The reserves must
come from outside the invested portfolio, which means holding cash across complete market
cycles, potentially for years between significant drawdowns.

Now consider the psychological reality under binary logic. If capital exists in only two states (idle
or deployed), then the reserves required by the EM Ladder are, by definition, “idle cash.” During
rising markets, the investor holding idle cash experiences opportunity cost viscerally. Every
percentage point of market appreciation that the idle cash misses compounds the psychological
pressure to deploy it. The binary frame transforms patient reserve-holding into an ongoing
experience of loss.

The pressure is not merely uncomfortable; it is structurally corrosive. An investor who succumbs
and deploys the reserves has disabled their own EM Ladder. When the drawdown eventually
arrives, the capital that should flow into L3, L4, and Ls no longer exists. The investor has optimized
for short-term psychological comfort at the cost of long-term geometric advantage. Binary logic
creates a system that undermines itself at every scale.

The problem also manifests during drawdowns. Under binary logic, each ladder deployment
requires a fresh decision: should I convert this idle cash into deployed equity right now, with prices
falling and uncertainty high? The investor must overcome the real instinctive fear response at
every rung, repeatedly, in real-time. Even investors who intellectually understand the EM Ladder’s
logic may find themselves unable to execute when the moment arrives. The decision burden is too
heavy when cognitive resources are most depleted.

The resolution requires escaping binary logic entirely. If two states are insufficient, the framework
must expand to three. This is the essence of fernary logic: a classification system with three
mutually exclusive and collectively exhaustive categories rather than two.

One might object that pure automation, a robo-advisor executing the ladder without human
intervention, would suffice to remove the emotional decision. But automation alone does not
resolve the psychological problem. The individual investor retains the ability to override any
automated system: canceling limit orders, withdrawing funds from the brokerage, changing
allocation settings, or simply ceasing contributions to the Superposition Cash pool. These override
actions are themselves emotional decisions made under stress, and binary logic provides no
psychological barrier against them. The investor who conceptualizes their reserves as “idle cash
being managed by a robot” still experiences the guilt of opportunity cost and the temptation to
redirect those reserves. What must change is not merely the execution mechanism but the
investor’s conceptual model of the capital itself. Ternary reclassification accomplishes this:
Superposition Cash is not idle cash with automated instructions attached.

It is a third state of capital whose identity has been transformed by pre-commitment.

The Superposition Cash framework escapes the binary trap by changing the conditions of the
framework by introducing a third state: capital that is neither idle nor deployed, but pre-
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commiitted. This reframing is not semantic trickery. It reflects a genuine difference in the capital’s
relationship to the investor’s decision-making. Free capital (State 0) requires ongoing decisions
about its use. Invested capital (State 1) requires no decisions; it compounds according to market
dynamics. Superposition capital (State S) has had its decisions already made. The investor
determined its fate during calm periods; what remains is execution, not choice.

The ternary structure thus accomplishes what binary logic cannot: it provides a
psychologically sustainable framework for maintaining the reserves that the EM Ladder
mathematically requires. The investor holding Superposition Cash during a rising market feels no
guilt because the cash is not idle. It is fulfilling its designated purpose. The investor facing a
drawdown threshold feels no decision burden because there is no decision to make. The
deployment was pre-committed; only antifragile execution remains.

§5.3 The Three States of Capital

The Superposition Cash framework introduces a third state of Patient Capital, capital whose time
horizon extends across complete market cycles and whose deployment rules have been fixed in
advance. The “superposition cash” conceptual innovation draws its name (and only its name) from
quantum mechanics, where particles can exist in superposition of multiple states until
measurement collapses them into a definite outcome. We adopt the terminology for its evocative
precision, like quantum superposition, the capital’s final state is determined by a future event (the
price trigger) rather than a present decision, and noting that the analogy is linguistic, not physical.

Table 5.1: The Three States of Capital

State Form | Discretion Description

0 (Free) Cash  |Full Available for any purpose; investor retains
complete discretion

S (Superposition) | Cash | Rules fixed Pre-committed to the Euler-Mehta Ladder;
deployment rules fixed in advance

1 (Invested) Equity |None Deployed into positions; "collapsed" from
superposition

State 0 (Free): Capital that is fully liquid and available for any purpose. The investor retains
complete discretion over its use. This is traditional “idle” cash or “dry powder,” but the framework
removes the pejorative connotation. Free capital serves legitimate purposes: emergency reserves,
near-term spending needs, opportunistic investments outside the EM Ladder framework.

State S (Superposition): Patient Capital that has been mentally and systematically allocated to
the Euler-Mehta Ladder but has not yet been deployed. This Patient Capital is earmarked for
specific securities at specific price levels, but remains in cash form until those price levels are
reached. The investor has surrendered discretion: the deployment rules are fixed in advance. The
Patient Capital exists in “superposition” between cash and equity, its final form determined by
future price movements rather than future decisions.
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State 1 (Invested): Patient Capital that has “collapsed” from superposition into actual equity
positions. The price trigger was reached, the order executed, and the cash converted to shares.
Once invested, the capital follows the Coffee Can constraint: it remains in the portfolio
permanently, compounding without interference.

The state transitions are unidirectional: Free — Superposition — Invested. Free capital becomes
Superposition Cash through pre-commitment; Superposition Cash becomes invested equity
through threshold breach. The Coffee Can constraint ensures that Invested is an absorbing state:
capital, once invested, never returns to Superposition or Free.

Superposition Cash is not idle. It is performing a function: standing ready to deploy at
predetermined thresholds. The investor holding Superposition Cash should feel no guilt during
rising markets because the cash is not “missing out.” It is performing its structural function,
waiting for the conditions that justify its deployment. The psychological reframe transforms the
experience of holding cash from anxiety-inducing to purposeful.

§5.4 Pre-Commitment and Via Negativa

The Superposition Cash framework embodies the principle of pre-commitment: binding one’s
future self to a course of action determined by one’s present, rational self. Pre-commitment has a
long history in decision theory (Elster, 1979), from Odysseus binding himself to the mast to resist
the Sirens (Homer, c. 8th century BCE/1996), to modern applications in savings plans (Thaler &
Sunstein, 2008) and addiction treatment.

The challenge for investors is that market stress triggers irrational emotional responses that
override rational analysis. Kahneman’s (2011) dual process theory distinguishes System 1 (fast,
intuitive, emotional) from System 2 (slow, deliberate, analytical). During market panics, System
1 dominates. The investor knows intellectually that buying during drawdowns is advantageous, but
feels the visceral urge to sell and escape the pain.

Pre-commitment resolves this conflict by removing the decision from the moment of stress. The
investor establishes the Euler-Mehta Ladder during calm periods, specifying which securities to
buy, at what price thresholds, in what amounts. When the market declines and a threshold is
breached, there is no decision to make. The Superposition Cash deploys automatically according
to the pre-established rules. System [’s panic has no lever to pull.

This is Taleb’s (2012) via negativa applied to portfolio management. The framework achieves
better outcomes not by adding sophistication (better forecasting, more complex models, emotional
training) but by removing the source of error (the emotional decision during stress). The investor
who has fully implemented Superposition Cash has literally nothing to decide during a market
crash. The decisions were made months or years earlier, when the investor was calm, rational, and
unaffected by the current panic.

The subtraction is comprehensive. Consider what the framework eliminates: the irrational need
to predict market direction; the irrational need to forecast volatility or decline duration; the
irrational need to time the bottom; the irrational need to decide whether to buy during a panic;
the irrational need to overcome fear in the moment; the irrational binary anxiety of idle-versus-
deployed capital.
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What remains is minimal: observation of current prices, recognition when thresholds are breached,
and execution of pre-determined orders. The cognitive and emotional burden is reduced to nearly
zero. The investor becomes an executor of past decisions rather than a maker of present ones,
creating future generational wealth.

§5.5 Practical Implementation

The Superposition Cash framework integrates naturally with the Euler-Mehta Ladder developed
in Section 3. For each security in the investor’s high-conviction portfolio, the investor maintains
Superposition Cash sufficient to fund the full five-rung EM Ladder.

Recall from Section 3 that the standard EM Ladder deploys 17.4 times the base amount B across
the base and all five ladder rungs (Base + L; through Ls). The base amount B is funded from regular
DCA contributions; Superposition Cash covers the additional deployment at L; through Ls,
totaling 16.4x B per security. An investor with base amount B = $100 requires approximately
$1,600 in Superposition Cash per security to fund the complete EM Ladder at maximum
drawdown. An investor with B = $500 requires $8,196 per security.

For a portfolio of N securities, the total Superposition Cash requirement is:
Total Superposition Cash= 16 x B x N
For a 10-security portfolio with B = $100, this equals approximately $16,000.

The Superposition Cash need not be held in a separate account, though some investors find this
helpful for psychological clarity. What matters is that the Patient Capital is genuinely available
when thresholds are breached. An investor who has mentally committed capital to their EM Ladder
but cannot actually fund deployments has not truly implemented the framework.

A common institutional objection frames Superposition Cash as performance drag: capital earning
the risk-free rate while the equity benchmark compounds. This binary framing omits three features
of the Superposition Cash sleeve. First, the risk-free rate is not zero; short-duration government
securities provide positive carry during the waiting period. Second, government securities exhibit
negative correlation with equity drawdowns, appreciating during the flight-to-quality episodes that
trigger EM Ladder deployment. The capital is worth more at the moment of deployment than at
the moment of allocation. Third, the Superposition Cash sleeve carries embedded optionality: the
right, but not the obligation, to purchase high-conviction equities at geometrically determined
discounts. The combined return of the sleeve, measured across a full drawdown-recovery cycle
rather than a single calm quarter, includes the carry, the appreciation at deployment, and the
subsequent equity recovery. Evaluated over the cycle, Superposition Cash is not a drag on
performance but a negatively correlated return source with convex payoff structure.

Berkshire Hathaway (Buffett, 1977-2024) provides the institutional precedent: its cash and short-
duration Treasury position, historically maintained at 20-30% of total assets, and at times
exceeding this range, has funded the opportunistic deployments during market dislocations that
account for a disproportionate share of the firm's long-term outperformance.
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§5.6 Monthly Replenishment

A critical feature of the Euler-Mehta Ladder is that it replenishes monthly or weekly according to
the investor’s Base DCA frequency. If a security remains at a given drawdown level for multiple
months (or weeks), the investor deploys the corresponding ladder amount each month. This
temporal accumulation property means that extended drawdowns result in greater share
accumulation, which generates greater returns when prices eventually recover.

Consider a security that falls to a 30% drawdown and remains there for six months before
recovering. Under monthly replenishment, the investor deploys Base + L + Lz + L3 each month
for six months, accumulating shares at the depressed price level. When the security recovers, the
accumulated position generates returns on all six months of deployments, not just one.

Monthly replenishment transforms the Superposition Cash from a one-time reserve to a flow. The
investor contributes to the Superposition Cash pool each month (through regular savings or
income), and the pool deploys according to current market conditions and Base DCA frequency
chosen by the investor. During calm markets with no significant drawdowns, the pool grows to its
maximum required size, 16 x B x N. During extended drawdowns, the pool depletes as capital
flows into equity positions. This creates a natural counter-cyclical dynamic: the investor
accumulates cash during good times (Patient Capital) and deploys it during bad times.

The replenishment mechanism gives rise to what we term the Saturation Property: the EM
Ladder saturates rather than exhausts. A prolonged drawdown does not leave the investor without
deployment capacity. Each month brings fresh Superposition Cash, ready to deploy at whatever
threshold is currently active. The investor’s Patient Capital pool is continuously resupplied,
ensuring that the deepest point of the drawdown (which typically offers the best prices) receives
ongoing capital inflows, without any requirement to predict future equity prices or price
movements.

§5.7 Integration with the EM Vector

The Superposition Cash framework integrates naturally with the EM Vector regime detection
developed in Section 4. The EM Vector vem = dSpor/dt indicates whether the portfolio is moving
toward or away from its aggregate 52-week high:

e vgm > 0 (FALLING): The portfolio is moving away from its high. Proper distance is
increasing. This is the regime in which Superposition Cash most actively deploys, as
individual securities breach their drawdown thresholds.

e vegm < 0 (RECOVERY): The portfolio is moving toward its high. Proper distance is
decreasing. Fewer ladder deployments trigger because prices are rising, not falling.
Superposition Cash accumulates in preparation for the next drawdown cycle.

The EM Vector provides regime awareness (psychological reassurance) without requiring any
change to the deployment rule itself. The Euler-Mehta Ladder operates at the individual security
level, triggered by each position’s drawdown from its own 52-week high. The EM Vector tells the
investor whether the portfolio as a whole is falling or recovering, providing context for interpreting
portfolio dynamics.
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During FALLING regimes, the investor can expect active deployment. Superposition Cash will
flow into equity positions as securities breach their respective thresholds. The investor should
ensure adequate liquidity to fund deployments. During RECOVERY regimes, the investor can
expect reduced deployment activity. This is the time to replenish the Superposition Cash pool,
preparing for future opportunities.

The integration is purely informational. The EM Vector does not modify the ladder amounts or
deployment thresholds. It simply provides the investor with awareness of the portfolio’s current
trajectory through the product manifold. This awareness has epistemic value: the disciplined
investor knows whether the portfolio is in drawdown or recovery, which securities are contributing
to the aggregate proper distance, and how the correlation structure is affecting the collective
experience.

§5.8 The Psychological Transformation

The deepest contribution of the Superposition Cash framework may be psychological rather than
financial. The framework transforms the investor’s relationship with market volatility, and by
extension, risk.

Without the EM Framework, a market decline is a threat. The investor watches portfolio monetary
values fall, experiences the pain of paper losses, and faces the agonizing decision of whether to
sell (crystallizing losses but stopping the pain) or hold (maintaining exposure to further decline).
The emotional burden is substantial. Behavioral research confirms that market drawdowns
generate measurable psychological distress (Kahneman, 2011; Loewenstein et al., 2001), affecting
investor decision-making at the moments when clarity is most needed.

With the Superposition Cash framework fully implemented, a market decline becomes a trigger.
The price drop that would otherwise cause anxiety instead activates the pre-committed
deployment. The investor watches the EM Ladder execute, purchasing more shares at prices they
predetermined were attractive. The emotional valence inverts: drawdowns become opportunities
rather than threats.

This psychological transformation is not mere positive thinking or cognitive reframing. It is
grounded in the mathematical structure of the Euler-Mehta manifold. The proper distance function
s(f) = —In(1—f) captures the geometric reality that deeper drawdowns represent greater opportunity
(assuming eventual recovery). The EM Ladder’s exponential structure L(f) « exp(¥-s(f)) ensures
that larger opportunities receive proportionally larger capital allocations.

The investor who has internalized the EM Framework experiences volatility differently than the
traditional investor. Where the traditional investor sees danger, the disciplined investor sees the
proper distance increasing. Where the traditional investor feels fear, the disciplined investor
recognizes the EM Ladder activating. Where the traditional investor is tempted to flee, the
disciplined investor watches pre-committed Patient Capital flow into positions at favorable
prices.

This transformation extends beyond human investors. The Superposition Cash structure, the fixed
thresholds, the EM Ladder’s deterministic rules, the Coffee Can constraint: these remove
discretionary decisions from the moment of maximum pressure. An Al agent operating within the
EM Framework becomes an executor of pre-committed logic rather than a heroic attempt to
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become a real-time optimizer during adverse conditions, prone to escalating risk of errors and bad
judgment. The framework’s value may thus extend beyond human psychology to any decision-
making agent, biological or artificial, operating in volatile multiplicative environments. This is
conjecture, but it is grounded conjecture: the mathematics of pre-commitment are agent-agnostic.

§5.9 Framework Requirements
The Superposition Cash framework requires certain conditions to function as designed:

High conviction in eventual recovery. The EM Framework is designed exclusively for securities
in which the investor has genuine, well-founded conviction of eventual recovery. This requirement
is not subjective: the competitive proper distance formalism of Section 6 provides rigorous criteria
for identifying mean-reverting securities, formalized through the EM Sinefine Portfolio.

Patience and discipline. The EM Ladder’s advantages materialize over multi-year horizons. The
temporal accumulation property (§3.6) and the Saturation Property (§5.6) both require sustained
participation: the former builds position size through repeated deployment at depressed levels, the
latter replenishes deployment capacity through ongoing contributions. An investor who abandons
the EM Framework during a severe drawdown (selling positions, ceasing deployments, or
reallocating Superposition Cash to other purposes) forfeits both mechanisms.

This is the advantage that Section 8 will quantify: the behavioral premium harvested by Patient
Capital, determined by the manifold's eigenvalue structure, increases monotonically with the
intensity of irrational behavior. The EM Framework requires commitment through complete
market cycles, including the psychologically difficult periods when prices continue falling after
deployments have begun.

Emotional detachment from short-term outcomes. Even with pre-commitment, the investor
will experience paper losses during drawdowns. The Superposition Cash framework does not
eliminate volatility; it harnesses volatility. The investor must be capable of observing portfolio
declines without emotional distress sufficient to override the pre-committed plan. The proper
distance function s(f) = —In(1—f) provides the conceptual tool: it reframes drawdowns as
increasing geometric opportunity rather than accumulating loss. This is perhaps the hardest
requirement, as it asks the investor to trust mathematics and geometry over instinct during
precisely the moments when instinct screams loudest.

The limits of pre-commitment. The framework acknowledges that pre-commitment for
individual investors operates through psychological reframe rather than structural constraint. No
individual investor can be perfectly bound to their own prior decisions; override is always possible.
This is the section’s principal limitation, and it is measured rather than concealed. The Behavioral
Capture Ratio 1 (§10) quantifies the degree to which an investor maintains pre-commitment over
time: m near unity indicates near-perfect adherence; n near zero indicates that behavioral overrides
have consumed most of the available advantage. Institutional implementation (§11, §15) provides
the structural enforcement that individual implementation cannot: governance structures,
constitutional protections, and algorithmic execution that do not depend on any single individual’s
resolve. The existence of i as a framework parameter is itself evidence of intellectual honesty: it
exists because perfect pre-commitment is not achievable for most individuals.
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§5.10 Summary

The Superposition Cash framework completes the practical architecture of the Euler-Mehta
Framework. The key contributions of this section are:

1. The binary trap of “idle” versus “deployed” capital is escaped through the introduction of a
third state: Superposition Cash that is pre-committed but not yet deployed.

2. The three states of capital (Free, Superposition, Invested) provide a complete classification that
removes psychological guilt from holding cash reserves.

3. Pre-commitment applies via negativa to investment psychology, removing the emotional
decision from the moment of market stress rather than attempting to manage emotions during
stress.

4. Monthly replenishment produces the Saturation Property: the EM Ladder saturates rather than
exhausts, providing continuous deployment capacity during extended drawdowns.

5. Integration with the EM Vector provides regime awareness without modifying the deployment
rule, allowing the investor to understand portfolio dynamics while maintaining systematic
execution. The EM Vector is a compass of their portfolio as it geometrically traverses the
turbulence of the market in EM Financial Spacetime.

6. The psychological transformation converts market drawdowns from threats into triggers,
inverting the emotional valence of volatility.

7. The Superposition Cash framework is not an optional enhancement but a psychological
necessity. The Euler-Mehta Ladder requires pre-positioned capital reserves; the Coffee Can
constraint prevents funding those reserves through liquidation; binary logic makes holding
reserves psychologically unsustainable. Ternary logic resolves the contradiction by introducing a
third state in which decisions have already been made and only antifragile execution remains. The
EM Framework thus has a coherent telos: systematic accumulation of quality compounders for
generational wealth.

With the Superposition Cash framework in place, the practical architecture of the Euler-Mehta
Framework is complete. The investor now possesses the geometric deployment rule (the Euler-
Mehta Ladder, §3), portfolio-level regime awareness (the EM Vector, §4), and the pre-
commitment mechanism that converts Patient Capital from concept to executable strategy
(Superposition Cash, §5). Two of the three fundamental questions have been answered: how much
capital to deploy at each price level (§3) and what regime the portfolio currently occupies (§4).
What remains is the first and most fundamental question: which securities warrant the high
conviction that justifies permanent, accumulation-only commitment. §6 returns to the pillar
sequence to address this question through Pillar III: Competitive Dynamics and the EM Sinefine
Portfolio.
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§6. Pillar I1I: Competitive Dynamics
§6.1 Introduction

The first two pillars of the EM Framework address price dynamics (how to deploy capital during
drawdowns) and portfolio dynamics (how the multi-asset correlation structure reveals regime
information through the EM Vector). This third pillar addresses a question that precedes both:
which companies deserve capital deployment in the first place?

Traditional approaches to company selection rely on fundamental analysis, competitive strategy
frameworks, or quantitative screening. The EM Framework takes a different approach. Rather than
analyzing competitive dynamics qualitatively, we derive geometric thresholds from the
mathematics of exponential growth that identify when competitive displacement becomes
mathematically prohibitive.

The central insight is that market capitalization encodes dynamical information about
competitive business dynamics. A company’s size relative to potential challengers determines
whether it can be displaced through normal competitive processes, e.g., Porter’s (1979) Five
Forces. Above certain thresholds, the mathematics of catch-up becomes prohibitive regardless of
challenger quality or strategy.

This section develops the Competitive Proper Distance metric, derives the Catch-Up Equation,
establishes geometric thresholds at powers of Euler’s number e, and validates these thresholds
empirically against 35 years of S&P 500 data. It then derives the Spectral Resolution Principle
(k = €?), which prescribes the optimal position count N* from the deployment operator’s curvature
surplus, and validates the prediction through a 20-stock cross-sector portfolio spanning 13 sectors
and 153 month-ends. The two results, which companies to hold and how many, jointly define the
EM Sinefine Portfolio. Section 6.7 demonstrates that these two results are not independent but two
faces of a single geometric structure, unifying competitive selection and spectral diversification
into one prescription.

The term Sinefine derives from the Latin sine fine, meaning ‘without end.” This name reflects the
portfolio’s foundational principle: positions are acquired with an infinite holding horizon. The
word carries layered meaning; evoking both the mathematical sine wave (the cyclical drawdowns
that create deployment opportunities) and the refinement (fine) of selecting only companies above
geometric thresholds.

A Sinefine position is one you never sell.

§6.1.1 Relationship to Existing Literature: From Strategic Moats to Mathematical Moats

The claim that competitive moats become mathematical rather than strategic properties above
quantifiable thresholds appears to be without precedent in the academic literature. Traditional
competitive advantage frameworks, beginning with Porter’s Five Forces (1979, 1985), treat moats
as qualitative business properties: brand loyalty, switching costs, network effects, cost advantages,
and efficient scale. Morningstar’s widely adopted Economic Moat methodology extends this
tradition by scoring firms on these same qualitative dimensions. To our knowledge, no prior work
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has formalized competitive separation as a Riemannian distance metric, derived displacement
impossibility from first principles of exponential growth, or identified specific market
capitalization boundaries at which business dynamics yield to exponential mathematical dynamics.

Bessembinder (2018, 2021, 2023) demonstrates that wealth creation in U.S. public stock markets
is extraordinarily concentrated: the best-performing 4% of approximately 26,000 stocks account
for all net shareholder wealth creation, while 57.4% of individual stocks failed to outperform one-
month Treasury bills over their full lifetimes. Globally, the top-performing 2.4% of firms account
for all $75.7 trillion in net stock market wealth creation from 1990 to 2020. His work establishes
the empirical fact that Pillar III seeks to explain: the extreme concentration of wealth creation is
not a statistical curiosity but a consequence of exponential competitive dynamics operating on a
hyperbolic manifold, where firms crossing quantifiable geometric thresholds achieve separation
that normal competitive processes cannot close.

The Spectral Resolution Principle developed later in this section provides the complementary
result: a portfolio of approximately 15 such firms, at the empirical large-cap correlation, resolves
all spectrally visible diversification channels, explaining why extreme concentration can coexist
with adequate diversification.

Mauboussin (2025) establishes that recovery probability following maximum drawdown
correlates positively with market capitalization, with approximately 54% of all stocks never
recovering to par while mega-cap recovery rates approach 94%, but treats size as one variable
among many rather than as a boundary condition. Section 6.8 returns to Mauboussin’s recovery
rate hierarchy to show that firms above the geometric thresholds exhibit the strongest mean
reversion in the equity universe, justifying aggressive Ladder deployment during drawdowns.

The present analysis takes a different approach. By defining Competitive Proper Distance as the
logarithm of market capitalization ratios, deriving the Catch-Up Equation from exponential
growth dynamics, and establishing that thresholds at powers of e create mathematically prohibitive
catch-up horizons, we demonstrate that above these thresholds the competitive moat ceases to be
a property of the business and becomes a property of the mathematics. Porter’s competitive moats
describe why a company became large. The geometric thresholds describe the point at which the
reason becomes irrelevant: the exponential mathematics of catch-up alone suffice to prevent
displacement, regardless of challenger quality, strategy, or resources.

§6.1.2 The Irreducible Variable: From Geometry fo Leadership

The geometric framework’s systematic elimination of quantifiable risk factors reveals an
irreducible variable that no formula captures: the quality of human leadership. Section 6.8 develops
this finding after the mathematical machinery is in place, showing that bankruptcy and competitive
displacement are both eliminated by scale and geometry, leaving leadership pathology as the sole
remaining risk for companies above the geometric thresholds.
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§6.2 Competitive Proper Distance

In general relativity, proper distance measures the actual spatial separation between objects along
a geodesic. By analogy, we define Competitive Proper Distance as the logarithmic separation
between an incumbent’s market capitalization and a challenger’s:

Scomp = In(M; / M)
where M is the incumbent’s market capitalization and M. is the challenger’s market capitalization.

The logarithmic transformation is essential. Market capitalizations span orders of magnitude, and
competitive dynamics operate on relative rather than absolute scales. A $50 billion challenger
threatening a $500 billion incumbent faces the same proportional challenge as a $5 billion
challenger threatening a $50 billion incumbent. The logarithm captures this scale-invariance.

When scomp = 0, the companies are at parity. When scomp = 1, the incumbent is e times larger than
the challenger. When scomp = 2, the incumbent is ¢? times larger.

Remark (Competitive Proper Distance as Natural Metric). Traditional finance measures
competitive separation through dollar differences, market share ratios, or qualitative strategic
assessments. These are Euclidean measures imposed on a space that is not Euclidean.

Companies grow multiplicatively, not additively; their competitive dynamics are governed by
ratios, not differences. The logarithmic transformation is therefore not an analytical convenience
but the natural metric of the space in which competitive displacement actually occurs, just as
proper distance in general relativity gives the actual separation along a geodesic rather than the
potentially misleading coordinate distance. Competitive proper distance is dimensionless, scale-
invariant across market eras, and its time derivative equals the growth rate differential directly,
meaning a company’s velocity on the competitive manifold is observable in real time from relative
growth rates. To our knowledge, no existing framework in financial economics provides a single
scalar quantity that simultaneously encodes competitive separation, predicts catch-up time, and
tracks competitive trajectory on a curved manifold.

§6.3 The Catch-Up Equation

For a challenger to displace an incumbent, it must close the competitive proper distance to zero. If
both companies grow exponentially at rates gi and gc respectively, the time required for the
challenger to reach parity is given by the Catch-Up Equation:

(e — &) X 1= Scomp

This equation reveals that catch-up time depends on two factors: the growth rate differential (g. —
gi) and the competitive proper distance (scomp). For displacement to occur in finite time, the
challenger must grow faster than the incumbent. If gc < gi, displacement is mathematically
impossible.

Remark (Stochastic Extension). The deterministic Catch-Up Equation assumes constant growth
rates. Under geometric Brownian motion, the competitive gap process Scomp(?) = In(Mi/M.) follows
a Brownian motion with drift d = ;i — pe and volatility 6> = 6i* + 6.2 — 2poioe. The first-passage
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time to displacement is then inverse Gaussian distributed. Three results follow from the classical
theory (Karatzas & Shreve, 1991).

First, when the challenger has a growth advantage (6 < 0), the expected catch-up time equals the
deterministic prediction scomp / |8] exactly; volatility does not shift the mean.

Second, when the incumbent has any growth advantage (5 > 0), the probability that displacement
ever occurs is exp(—20scomp / 6%), which falls exponentially with competitive proper distance. At
the e? threshold, even a modest 2% incumbent growth advantage reduces the probability of ever
being displaced to approximately 41% (assuming 30% annualized volatility of the competitive gap
process, representative of mega-cap differential dynamics).

Third, the distribution of catch-up times is heavily right-skewed: most challenger attempts that
succeed arrive near the expected time, but a substantial fraction take far longer than the
deterministic estimate suggests. The deterministic Catch-Up Equation is therefore a conservative
baseline. Stochastic dynamics do not weaken the geometric thresholds; they strengthen them
through the exponential dependence of survival probability on proper distance.

The equation has far-reaching consequences. Consider a challenger growing at 15% annually
attempting to catch an incumbent growing at 10%. The growth differential is 5% per year. If the
competitive proper distance is scomp = 2 (the incumbent is e?> = 7.39 times larger), the catch-up time
would be 2 / 0.05 = 40 years.

But consider that 40 years is longer than most business cycles, most CEO tenures, and most
technological paradigms. Over such timeframes, the competitive environment transforms entirely.
The original challenger may no longer exist, and the displacement race becomes moot.

§6.4 Geometric Thresholds

The Catch-Up Equation suggests natural thresholds where competitive displacement transitions
from difficult to impractical to impossible. These thresholds occur at powers of Euler’s number e.

§6.4.1 Calibration: The $100 Billion Challenger Benchmark

The geometric thresholds must be calibrated to a reference point representing a credible
competitive challenger. We adopt $100 billion as this benchmark. This figure was not derived
mathematically but chosen because it represents the scale at which companies become formidable
competitive threats.

Companies with market capitalizations near $100 billion include Starbucks, Nike, and UPS. These
are not speculative challengers; they are globally recognized enterprises with proven execution
capability, substantial R&D budgets, deep talent pools, and access to capital markets. A company
at this scale possesses the resources necessary to mount a sustained competitive campaign against
even the largest incumbents.

The $100 billion benchmark is deliberately conservative. Using a larger challenger assumption
produces higher protective thresholds, meaning the Sinefine criteria err on the side of caution. If
we had calibrated to the actual median S&P 500 company (approximately $32 billion), the
thresholds would be correspondingly lower and less protective.
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A note on parameter sensitivity. The threshold hierarchy’s ratios (powers of e) are geometric
and invariant to calibration. Whether the challenger benchmark is $50 billion or $200 billion, the
competitive proper distance at each threshold remains scomp = 1, 1.5, 2, and e respectively. The
dollar values are functions of the benchmark and will shift as markets grow; a reviewer who
objects that the thresholds are parameter-dependent is correct about the dollar figures but incorrect
about the geometric structure. The choice of $100 billion is conservative: errors in the benchmark
that overestimate challenger scale produce more protective thresholds, not less. Finally, the
empirical validation in §6.5 tests displacement ratios, not dollar amounts, and therefore holds
regardless of benchmark calibration.

§6.4.2 The Moderate Moat: e = 2.72x

When an incumbent is e times larger than any plausible challenger, the competitive proper distance
equals 1. With a growth differential of 5% annually, catch-up requires 20 years. At the $100 billion
challenger benchmark, this corresponds to a market capitalization of $272 billion. This represents
the threshold where competitive displacement becomes difficult but not impossible.

§6.4.3 The Strong Moat: ¢** = 4.48x

The geometric mean of e and e? yields e¥? = 4.48. At this threshold, the competitive proper distance
is 1.5, requiring 30 years for catch-up at a 5% growth differential. This corresponds to a market
capitalization of $448 billion and represents approximately twice the safety margin beyond
maximum observed competitive displacement.

§6.4.4 The Very Strong Moat: ¢* = 7.39x

When an incumbent is e* times larger than any challenger, the competitive proper distance
equals 2. Catch-up now requires 40 years at a 5% growth differential, corresponding to a market
capitalization of $739 billion. More significantly, this threshold has never been breached in the
empirical record. It represents approximately three times the safety margin beyond maximum
observed displacement.

§6.4.5 The Trillion Threshold: ¢?*? = 10.59x

The geometric mean of €? and e° yields e?"9? = 10.59, corresponding to a competitive proper
distance of approximately 2.36. At the $100 billion challenger benchmark, this produces a
threshold of approximately $1,059 trillion (= $1T). The trillion-dollar threshold has become a
widely recognized milestone for market dominance. As of February 2026, only 10 companies
worldwide have sustained market capitalizations above $1 trillion. The catch-up time at this
threshold, assuming a 5% annual growth differential, exceeds 47 years.

§6.4.6 The Competitive Escape Moat: ¢° = 15.15x

The first tetration e° (e raised to the power of ) represents a qualitative transition. At this threshold,
the competitive proper distance is e =~ 2.72 itself, and the mathematics of catch-up becomes
essentially impossible within any reasonable business planning horizon. At the $100 billion
challenger benchmark, this corresponds to a market capitalization of approximately $1.5 trillion.
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Companies at this scale have achieved escape velocity from normal business competitive
dynamics. The catch-up time exceeds 54 years at a 5% growth differential. We term this the
Competitive Escape Moat because companies above this threshold have effectively transcended
the competitive arena that governs smaller enterprises.

The self-referential structure of this threshold is noteworthy: the competitive proper distance is e
itself. This mirrors the self-referential property of the intensity parameter (dL/ds = e x L, Section
3), reinforcing the unity of Euler’s number across all four pillars of the framework.

Table 6.1: Geometric Competitive Thresholds

Threshold Ratio Scomp Catch-Up | Calibration | Name

e 2.72x 1.00 20 years $272B Moderate

e? 4.48x 1.50 30 years $448B Strong

e 7.39x 2.00 40 years $739B Very Strong
el2rer? 10.59% 2.36 47 years $1,059B Trillion

e 15.15x 2.72 54 years $1,515B Comp. Escape

Note: Calibration assumes $8100B formidable challenger benchmark. Catch-up time assumes 5%
annual growth differential.

§6.5 Empirical Validation

The geometric thresholds derived above are theoretical. To validate them empirically, we analyzed
35 years of S&P 500 market leadership data (1989-2026), examining every instance where a
company displaced another from a higher market cap ranking.

§6.5.1 Methodology

We identified 113 competitive displacement events where a challenger overtook an incumbent that
had previously held a higher market capitalization. For each event, we calculated the displacement
ratio: the incumbent’s market cap at peak divided by the challenger’s market cap at the same time.
This methodology specifically excludes new market creation and focuses on direct competitive
displacement within established markets.

§6.5.2 Results

The empirical findings are striking:

Maximum observed displacement ratio: 2.29x (NVIDIA overtaking Microsoft, 2024)
Displacements above e (2.72%): Zero (0%)

Displacements above e? (7.39x): Zero (0%)
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Mean displacement ratio: 1.26x
Median displacement ratio: 1.19%

The theoretically derived e threshold has never been breached in 35+ years of data. The theoretical
prediction is empirically confirmed: no firm above the e threshold has ever been displaced, and
the maximum observed displacement attempt (2.29%) falls 16% below the boundary. Porter’s
forces explain the competitive landscape below the threshold; geometric scale explains why the
landscape ceases to matter above it. The two frameworks are not in tension.

Rather, the e threshold identifies the precise boundary at which Porter’s Five Forces,
however vigorous, exhaust themselves against exponential separation.

Table 6.2: Empirical Validation of Competitive Thresholds

Threshold Ratio Calibration | Empirical Status Safety Margin
Max Observed 2.29x% $229B NVDA > MSFT (2024) | Baseline

e (Moderate) 2.72x $272B Never breached 1.2x margin
e¥? (Strong) 4.48% $448B Never breached 2.0x margin

e? (Very Strong) 7.39% $739B Never breached 3.2x margin
e(*’2 (Trillion) 10.59x | $1,059B Never breached 4.6x margin

¢’ (Comp. Escape) | 15.15x | $1,515B Never breached 6.6x margin

§6.5.3 Notable Displacement Events

The NVIDIA displacement of Microsoft in 2024 represents the most extreme competitive
displacement in the dataset. Even this exceptional event, driven by the Al computing paradigm
shift, achieved only 2.29x, falling well short of the e threshold. Other notable displacements
include Apple overtaking Exxon (2012) at 1.8x, Microsoft overtaking Apple (2018) at 1.1%, and
Apple overtaking Microsoft (2020) at 1.3%. The clustering of displacement ratios below 2x
suggests that competitive dynamics operate within constrained boundaries. Exponential growth
mathematics creates natural limits on how quickly any challenger can close competitive distance.

§6.5.4 Methodological Significance

The sequence of our analysis is important for scientific validity. We first derived the geometric
thresholds from the mathematics of exponential growth (the Catch-Up Equation), then
subsequently tested these predictions against historical data. The thresholds were not fitted to the
data; they emerged from first principles and were validated empirically. This prediction-then-
validation sequence is rare in finance, where most patterns are discovered through data mining and
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subsequently rationalized. The EM Framework’s competitive thresholds represent genuine
theoretical predictions confirmed by observation.

The 35-year empirical window (1989-2026) coincides with an era of extraordinary mega-cap
dominance, driven in part by network effects, winner-take-all digital markets, and accommodative
monetary policy. However, this window encompasses multiple distinct market regimes: the dot-
com boom and bust, the Global Financial Crisis, the COVID crash, and the Al-driven rally of
2023-2025. The e threshold’s survival across all of these regimes, each with different economic
drivers, reduces the likelihood that the result is purely regime-dependent.

§6.6 The EM Sinefine Portfolio

The empirical validation of competitive thresholds enables a rigorous definition of portfolio
eligibility. The EM Sinefine Portfolio construction methodology applies across investor types,
from individual investors to institutional allocators, with threshold selection calibrated to
investment horizon, capital scale, and objectives.

§6.6.1 The EM Sinefine Core Portfolio

For individual investors, the EM Sinefine Core Portfolio consists of all publicly traded
companies with market capitalization >$739B (the ¢? Very Strong Moat threshold).

This threshold eliminates competitive displacement as a risk factor. The mathematics of catch-up
render displacement from this scale beyond the reach of competitive dynamics within any
reasonable investment horizon. Drawdowns in companies above this threshold can only be caused
by market-wide corrections, sector rotations, or leadership pathology. The first two are cyclical by
definition; only the third represents genuine idiosyncratic risk.

Individual investors may optionally add positions from the Strong Moat tier ($448B—-$739B) or
Moderate Moat tier ($272B—$448B) for additional diversification or sector exposure. However,
these positions carry incrementally higher competitive risk and may not be appropriate for EM
Ladder deployment during drawdowns.

§6.6.2 The EM Sinefine Institutional Portfolio

For institutional investors, hedge funds, and wealthy family offices, the EM Sinefine
Institutional Portfolio should include securities beginning at the e threshold, market
capitalization of $272B and higher.

Institutional investors operate with different horizons, levels of capital, and objectives than
individual investors. Their longer time horizons can accommodate the 20-year catch-up window
at the Moderate Moat threshold. Their larger capital bases require deployment across a broader
universe of securities. Their mandate often includes sector coverage that cannot be achieved within
the Very Strong Moat tier alone. At the e threshold ($272B), competitive displacement remains
difficult though not impossible. The 1.2x safety margin above maximum observed displacement
provides meaningful protection while expanding the investable universe from approximately 13
positions to approximately 40 positions.
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§6.6.3 Position Count: A Geometric Prescription

The preceding sections established the competitive thresholds that define portfolio eligibility. A
natural question remains: how many positions should the portfolio contain? This section derives
the answer from the geometry of the manifold itself.

Remark (Equicorrelation and Generalization). The derivation that follows uses the
equicorrelation model for clarity: N assets with uniform pairwise correlation p. Empirical
correlation matrices have heterogeneous spectra. The generalization defines the effective
correlation pefr = (Amax — 1) / (N — 1), which recovers p exactly for equicorrelation and extends the
formula to arbitrary positive-definite structures. The empirical validation uses pefr throughout.

Step 1: The Eigenvalue Structure of the Correlation Tensor. The correlation matrix for N assets
with uniform pairwise correlation p has two distinct eigenvalues: 1 + (N—1)p, with multiplicity 1,
representing the systematic mode; and 1 — p, with multiplicity N—1, representing the diversification
modes. The condition number k = [1 + (N—1)p] / (1 — p) measures the portfolio’s anisotropy in
eigenspace.

Step 2: The Curvature Surplus. Two second-order differential operators act on the manifold.
The Jacobi equation d2//ds> = J has eigenvalue 1. The deployment operator d>L/ds*> = €* - L has
eigenvalue ¢*. The curvature surplus £ = ¢?/ 1 = > = 7.389 is the factor by which the EM Ladder’s
curvature exceeds the manifold’s background geodesic deviation.

Step 3: The Spectral Resolution Principle. The curvature surplus ¢? governs not only the EM
Ladder’s convexity but also its capacity to resolve the portfolio’s diversification structure. The
deployment operator acts on the portfolio through the eigenvectors of the correlation tensor. Along
each diversification eigenvector (eigenvalue 1 — p), the operator exploits independent price
movements. Along the systematic eigenvector (eigenvalue 1 + (N—1)p), its curvature is consumed
by co-movement.

The binding constraint is not geometric packing but spectral resolution. The distinction is
analogous to optical telescopy. A mirror can collect light from every direction; there is no
geometric limit on how many sources it can receive. But the telescope’s resolving power
determines how many sources it can distinguish as separate objects rather than a single unresolved
blur.

The deployment operator d2L/ds? = ¢* - L is the portfolio telescope.

Its resolving power is ¢>. When the contrast ratio k exceeds ¢?, additional channels are spectrally
invisible to the EM Ladder.

The formal connection between the curvature surplus and the spectral resolution threshold is as
follows. The EM Ladder extracts diversification premium along each eigenvector of the correlation
tensor by exploiting differential drawdown-recovery dynamics. Along a diversification
eigenvector with eigenvalue ), the deployment operator’s convexity surplus e’ generates net
premium proportional to €* - ;. Along the systematic eigenvector with eigenvalue Amax, the same
convexity generates market exposure rather than diversification premium, producing systematic
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leakage proportional to Amax. A channel contributes positive net diversification premium if and
only if the operator’s convexity exceeds the contrast ratio: €> > Amax / Aj. This is the condition under
which the deployment function can distinguish the channel’s independent variation from the
systematic mode. When Amax / Aj > €%, the channel is spectrally invisible: the systematic leakage
exceeds the operator’s resolving power, and additional deployment along that eigenvector
generates correlated exposure rather than independent premium. The spectral resolution threshold
Kk = €* is therefore not imposed by assumption. It is derived from the interaction between the
deployment operator’s curvature and the correlation tensor’s eigenvalue structure.

Remark (Connection to Random Matrix Theory). The Spectral Resolution Principle shares
structural kinship with the Marchenko-Pastur (Laloux et al., 1999) framework in random matrix
theory, which determines which eigenvalues of an empirical correlation matrix exceed the noise
band of a purely random matrix. The Marchenko-Pastur upper bound separates signal from noise;
the Spectral Resolution Principle separates exploitable channels from spectrally invisible ones.
The two approaches operate on different criteria (statistical significance vs. deployment
exploitation capacity) but share the core insight that not all eigenvalues of an empirical correlation
matrix are operationally meaningful. The ¢? threshold is not a noise filter but a resolving-power
limit: channels that survive the Marchenko-Pastur test may still be too faint for the deployment
operator to exploit differentially.

Remark (Channel Capacity Interpretation). The spectral resolution count has a natural
interpretation in information-theoretic terms. Shannon’s (1948) channel capacity theorem
determines the maximum number of independent information channels a communication system
can support at a given signal-to-noise ratio. The Spectral Resolution Principle is the portfolio
analogue: it determines the maximum number of independent diversification channels the
deployment operator can exploit at a given correlation level. The “signal” is the diversification
eigenvalue 1 — p; the “noise” is the systematic eigenvalue 1 + (N—1)p; and the “channel capacity”
is the spectral resolution count N* — 1 =[e*(1 — p) — 1]/ p.

The transition from resolved to dark occurs at k = €2. This is the Spectral Resolution Principle:
the portfolio’s eigenvalue anisotropy saturates at the deployment operator’s curvature surplus over
the background geometry.

Theorem 6.1 (Spectral Resolution Saturation). For an N-asset equicorrelation portfolio with
condition number x = [1 + (N—1)p]/(I — p), a diversification eigenvalue Jaiv = 1 — p is resolvable
by the deployment operator if and only if Jmax/2div = k < €°. For heterogeneous correlation matrices,
the j-th eigenchannel (eigenvalue J;) is resolved if and only if Ama/Ai < €°.

Setting k = ¢? and solving for N yields the position count formula:

Ne=1+[X1—-p)—1]/p
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Table 6.3. Sensitivity of N* to correlation across the empirically relevant range.

p N* Interpretation

0.1756 30.0 Global diversified portfolio
0.25 19.2 Lower-correlation portfolio
0.28 16.4

0.30 14.9 Central empirical estimate
0.32 13.6

0.35 11.9 Higher-correlation portfolio

The average pairwise correlation of large-cap U.S. equities across sectors is documented in the
range p = 0.25 to 0.35, with p = 0.30 as the central estimate in normal market conditions (Elton,
Gruber, and Spitzer, 2006; Pollet and Wilson, 2010). At this central estimate, the formula yields
N* = 15. The exact correlation that produces an integer result of 15 isp = (¢ — 1) /(14 + &%) =
6.389/21.389 = 0.2987.

The identification of the deployment operator’s eigenvalue as a spectral resolving-power limit on
the correlation tensor appears to be without precedent in the financial literature.

The formal structure is isomorphic to optical resolution theory, where an instrument’s aperture sets
the minimum angular separation at which two point sources can be distinguished as independent
objects. Here, the deployment function’s curvature surplus e’ sets the minimum eigenvalue
separation at which two diversification channels can be independently exploited by the EM
Ladder. The telescope analogy introduced above is not a didactic device. It is the same
mathematics expressed in a different coordinate system: resolving power as the ratio of instrument
capacity to signal separation, applied to portfolios rather than to photons. The position count
formula is therefore a resolution limit derived from the interaction of two operators on the same
manifold, as fundamental to the portfolio’s structure as the Rayleigh criterion is to an optical
system’s.
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Table 6.4. Curvature amplification along the crash path.

Drawdown ) sinh(s)/s Amplification
10% 0.105 1.002 +0.2%

30% 0.357 1.021 +2.1%

50% 0.693 1.082 +8.2%

75% 1.386 1.353 +35.3%

90% 2.303 2.150 +115.0%

During a crash, both s and p increase simultaneously.

The Spectral Resolution Principle predicts that diversification channels go dark as k exceeds €.
The following table tracks this channel-darkening along an empirically motivated crash path for a
15-position portfolio:

Table 6.5. Crash-path resolution for a 15-position Core Portfolio.

Phase f P K K/e? N*(p) Resolved
Normal ~0% 0.30 7.4 1.00 14.9 14 of 14
Correction 15% 0.45 12.1 1.64 7.8 8 of 14
Bear 30% 0.65 273 3.70 3.4 50f 14
Crash 50% 0.85 80.3 10.9 1.1 2 0f 14
Crisis 75% 0.95 275 37.2 0.3 1 of 14

Values computed from a stylized block-diagonal correlation matrix with sector-level correlation
increasing along the crash path. The equicorrelation formula provides approximate N*(rho)
values, the Resolved column reflects the actual heterogeneous eigenvalue spectrum. The N*(p)
column applies the equicorrelation formula of Table 6.3 directly to the stated sector-level p; the
Resolved column is computed from the full eigenvalue spectrum of the block-diagonal matrix,
which may retain marginally resolvable channels that the equicorrelation approximation rounds
to zero. The block-diagonal model assumes 5 equal-sized sectors of 3 positions each (15 total).
Intra-sector correlation equals the stated rho, inter-sector correlation equals rho/3. Both increase
along the crash path as specified in the Phase column. The kappa and Resolved columns are
computed from the full eigenvalue spectrum of the resulting 15 x 15 correlation matrix at each
phase.
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In normal markets, all 14 diversification channels are resolved. As the crash deepens, channels go
dark one by one: not because they cease to exist (Theorem 6.1 guarantees they persist), but because
the rising condition number exceeds the deployment operator’s resolving power ¢ along each
successive channel. The surviving channels must carry the full diversification burden, and the
sinh(s)/s amplification ensures they can.

Table 6.6. Antifragile diversification correction along the crash path.

Phase f P 0
Normal ~0% 0.30 ~0%
Bear market 30% 0.65 0.75%
Crash 50% 0.85 1.29%
Crisis 60% 0.90 1.60%
Extreme crisis 75% 0.95 2.24%

Values computed from the same block-diagonal model described below Table 6.5. The correction
delta measures the fractional reduction in portfolio proper distance when the exact Hyperbolic
Law of Cosines is used in place of the quadratic approximation of Section 4.4, evaluated at the
stated drawdown and correlation.

The correction o, defined by Su = Se(1 — J), is modest in absolute magnitude but monotonically
increasing along the crash path. This is the signature of antifragile diversification. The portfolio
constructed in calm markets with 15 positions becomes more effectively diversified during the
transition to crisis correlations, with the geometric benefit growing when drawdowns deepen and
the EM Ladder is most actively deploying capital.

Step 8: Empirical Validation: 20-Stock Cross-Sector Portfolio.

The predictions of Steps 1 through 7 can be tested against realized market data. A 20-stock
portfolio spanning 13 sectors was constructed from daily closing prices over the common date
range 2012-2026 (3,444 trading days, 153 month-ends).
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Table 6.7. Condition numbers for sector-balanced 15-stock sub-portfolios (latest 252 days).

Subset Peft Keq Keg/N(Petr) ™ Resolved e’

Max diversity | 0.307 7.648 1.035 14.4 5/14

Balanced 0.292 7.172 0.971 155 5/14

Ilfon'te"h 0.293 7.206 0.975 15.4 5/14
eavy

All three subsets have pey near 0.30, and all three produce condition numbers within 4% of &° =
7.389. This test requires no statistical machinery and is immediately verifiable by any reader with
a Bloomberg terminal.

Table 6.8. Conditional frontier: sub-portfolios with pesr in [0.28, 0.32].

N n (subsets) Median Keq Keq / €2
10 561 5.169 0.699
12 480 5.936 0.803
14 278 6.689 0.905
15 196 7.021 0.950
16 91 7.424 1.005
17 17 7.613 1.030

The crossing occurs between N = 15 (k = 7.02) and N = 16 (x = 7.42). Interpolated: N = 15.7.
The framework’s prediction of N* = 15 is within one position of the empirical crossing.
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Table 6.9. Eigenvalue spectrum of the 20-stock correlation matrix (latest 252 days).

# Eigenvalue | Variance Cumul. Amax/Mi Status

1 6.805 34.0% 34.0% 1.00 Resolved (market factor)
2 2.705 13.5% 47.6% 2.52 Resolved (tech vs. value)
3 1.150 5.7% 53.3% 5.92 Resolved

4 1.034 5.2% 58.5% 6.58 Resolved

5 0.971 4.9% 63.3% 7.01 Resolved

6 0.927 4.6% 68.0% 7.34 Resolved (Mi/As < €?)

7 0.813 4.1% 72.0% 8.38 Dark (M/A7 > €%)

8-20 | 0.21-0.70 1-3.5% 72-100% | 9.7-32.5 Dark

The transition occurs between eigenvalues 6 and 7, where the ratio ma/Ai jumps from 7.34 to 8.38,
straddling €° = 7.39. Six channels are resolved, thirteen are dark. This is the Spectral Resolution
Principle made visible in actual market data.

Table 6.10. COVID crash trajectory (20-stock portfolio, rolling 63-day windows).

Date Event Kraw P Pefr Res. N*(p) N*(Petr)
2020-01-02 | Pre-crash 53.7 0.188 | 0.287 4/19 27.6 15.9
2020-02-21 | Firstdrop | 83.0 0.219 | 0.299 5/19 22.8 15.0
2020-03-12 | Pandemic 424 0.706 | 0.712 0/19 2.7 2.6
2020-03-23 | S&P bottom | 633 0.728 | 0.736 0/19 24 23
2020-04-30 | Recovery 463 0.701 |0.710 0/19 2.7 2.6
2020-06-30 | Post-rec. 222 0.480 | 0.498 2/19 6.9 6.5

February 21, 2020, the last trading day before the crash began, produced pe = 0.299 and N* =
15.0. The framework’s prediction held at the exact moment before the most violent drawdown in
a decade.
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Table 6.11. 2022 bear market trajectory.

Date Event Kraw P Peff Res. N*(p) N*(Per)
2022-01-03 | Market peak | 72.6 0.264 | 0.278 5/19 17.8 16.6
2022-03-08 | First leg 88.0 0.277 0.321 4/19 16.7 13.5
2022-06-16 | Mid-year 193 0.505 |0.525 1/19 6.3 5.8
2022-09-30 | Sep selloff | 237 0.463 | 0.489 2/19 7.4 6.7
2022-12-30 | Year-end 297 0.474 | 0.497 1/19 7.1 6.5

Both crises show the predicted channel-darkening: from 4-5 resolved channels to 0—1 within
weeks. The N* collapse from the mid-teens to 2—3 matches the crash-path resolution table (Table
6.5).

Table 6.12. Ten months where k(V=15) at observed pesr is closest to e2.

Date Peft K(N=15) K/e? N*(Petr)
2023-10 0.2986 7.384 0.999 15.0
2025-10 0.3015 7.474 1.012 14.8
2022-03 0.2955 7.290 0.987 15.2
2025-09 0.3021 7.493 1.014 14.8
2014-10 0.3031 7.524 1.018 14.7
2013-06 0.3036 7.540 1.020 14.7
2014-11 0.2935 7.232 0.979 15.4
2025-12 0.3043 7.560 1.023 14.6
2021-07 0.2925 7.201 0.975 15.5
2026-01 0.3055 7.600 1.028 14.5
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October 2023: k(N=15) / &> = 0.999. Effectively exact. These 10 months span the entire 13-year
sample, confirming the prediction recurs whenever effective correlations settle near their
documented long-run average.

Table 6.13. Consolidated evidence for the geometric position count formula.

Test Prediction Observed Deviation
Sector-balanced Keq/e? 1.000 0.971-1.035 3-4%

37 months: k(15)/e? 1.000 1.023 2.3%
Conditional frontier N*=15 N=15.7 +0.7

Oct 2023: k(15)/e? 1.000 0.999 0.1%

Feb 2020 pre-crash: N* 15 15.0 0.0
Normal regime median N* 15 14.7 2%

Crisis channel-darkening 0-1 ch. 0-1 ch. Confirmed
Eigenvalue spectrum at e? Clean Ae/A7 straddles Confirmed

Synthesis. The position count emerges from the manifold through the interaction of two intrinsic
curvatures. The Jacobi field equation d%//ds* = J, with eigenvalue 1, governs the rate at which the
manifold’s own geometry separates neighboring geodesics.

The deployment operator d’L/ds* = ¢* - L, with eigenvalue ¢*, governs the rate at which capital
deployment accelerates along the manifold. Their ratio is the curvature surplus T = 2.

At the empirical large-cap correlation of p = 0.30, this yields N* = 15. At the globally diversified
institutional correlation of p = 0.18, it yields N* = 30.

Remark (Cross-Market Consistency). The position count formula generates correlation-
dependent predictions that can be assessed against the broader diversification literature across
markets and time periods. Evans and Archer (1968) found diminishing diversification benefits
beyond approximately 10—15 U.S. equities, consistent with the relatively higher within-market
correlations of their sample period. Statman (1987) extended the efficient count to 3040 stocks
using a sample that included smaller-capitalization equities with lower average correlations,
consistent with the formula’s prediction at p = 0.20—0.25. Solnik (1974) found that internationally
diversified portfolios required 20—30 holdings, consistent with the lower cross-border correlations
(peft = 0.18—0.22) that characterize international equity portfolios. Campbell, Lettau, Malkiel, and
Xu (2001) documented an increase in the number of stocks needed for diversification over time,
which they attributed to rising idiosyncratic volatility; the EM Financial Spacetime Pixel
provides a complementary geometric explanation, since declining average correlations increase
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the pixel count the manifold supports. The formula’s predictions at the two principal correlation
levels, N* = 15 at p = 0.30 (U.S. large-cap) and N* = 30 at p = 0.18 (globally diversified), bracket
the range of empirical estimates documented across six decades of diversification research. The
range itself, which has been treated as evidence that the optimal number depends on methodology,
may instead reflect a single geometric relationship evaluated at different points on the correlation
spectrum. A systematic validation across international markets with varying correlation structures
remains a priority for future research.

§6.6.4 The Dynamic Threshold System

The EM Sinefine Portfolio is not static. Companies move between tiers as their market
capitalizations change.

Promotion: When a company appreciates above a threshold boundary, it promotes to the higher
tier and gains the protections associated with that tier.

Demotion: When a company falls below the investor’s minimum threshold, EM Ladder
deployment should be suspended. Existing positions are held but should not be augmented during
drawdowns until the company returns above threshold. Demoted companies become quiet
compounders. Quiet compounders may appreciate and earn promotion again.

Table 6.14: EM Sinefine Portfolio Tier Structure

Tier Threshold | Market Cap Individual Institutional
Comp. Escape | ¢° >$1,515B Core holding Core holding
Trillion e?te)2 $1,059B-$1,515B | Core holding Core holding
Very Strong | € $739B-$1,059B Standard minimum | Core holding
Strong e? $448B-$739B Optional addition | Full inclusion
Moderate e $272B-$448B Optional addition Efg;ﬁﬁglal

Note: EM Ladder deployment during drawdowns is recommended only for positions at or above
the investor’s minimum threshold.

§6.7 The Unified Geometric Prescription

The preceding sections of this chapter established two independent geometric results. Sections
6.3-6.4 derived the exponential competitive thresholds, the e-hierarchy, that identify which
companies occupy structurally dominant positions on the manifold. Section 6.6.3 derived the
Spectral Resolution Principle: x = ¢? that determines how many positions the deployment
operator can resolve. This section demonstrates that these two results are not independent. They
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are two faces of a single geometric structure, and their unification produces a complete portfolio
construction prescription: which companies to hold, ~ow many to hold, and why that specific
combination is spectrally optimal.

§6.7.1 The Two Equations and Their Common Origin

What follows is the central result of this section. The preceding derivations, competitive thresholds
and spectral resolution, were building toward this point: the demonstration that both results emerge
from a single geometric primitive, making the portfolio prescription not a collection of
independent rules but a unified consequence of one structure placed on one manifold, Euler-Mehta
Financial Spacetime.

Both results derive from the same geometric primitive: the exponential function F(x) = e* placed
on a manifold with constant sectional curvature K = —1. The e-thresholds arise from the function’s
first-derivative structure (F' = F) acting on the competitive dimension. The position count arises
from its second-derivative structure (/" = F)) acting on the diversification dimension.

The constant ¢ enters the position count because the spectral resolution criterion operates through
the curvature (second derivative), not the rate (first derivative) of the deployment function. The
framework does not use the exponential function twice for two different purposes. It uses it once,
and the two results are the first- and second-order consequences of that single structure.

§6.7.2 The Spectral Advantage of Escape-Velocity Companies

A company above the e-threshold has cleared competitive escape velocity. Its market position is
no longer governed by the mean-reverting dynamics of within-sector competition. Such companies
produce spectrally bright, temporally stable, cross-sectorally distributed eigenvalue contributions.
Fifteen sub-threshold companies from a single sector achieve barely one-third of the spectral
resolution despite holding the same number of positions. Seven escape-velocity companies
concentrated in technology achieve high brightness per channel but too few channels to exploit the
deployment operator’s full resolving power. The spectral advantage requires both the quality of
escape-velocity constituents and the quantity prescribed by the position count formula.

Table 6.15. Spectral comparison: escape-velocity versus sub-threshold portfolios.

Portfolio Pefr Channels | k/e? N* Crisis
15 escape-vel., cross-sector 0.28 5-6 ~1.0 15 34
15 sub-thresh., cross-sector 0.35 34 1.6 12 1-2
15 sub-thresh., single sector 0.55 1-2 3.5 6 0-1
7 escape-vel., tech-conc. 0.50 1-2 2.8 7 0-1

The table illustrates the spectral consequences of portfolio composition. Fifteen escape-velocity
companies drawn from distinct sectors achieve the geometric prescription. The spectral advantage
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requires both the quality of escape-velocity constituents and the quantity prescribed by the position
count formula.

§6.7.3 Channel Quality and the Darkening Sequence

Not all resolved channels are equally valuable. A channel’s quality is measured by its spectral
margin: the distance between its eigenvalue ratio Amax/Ai and the resolution threshold €.

Definition. The spectral margin of the j-th channel is m;j = €* — Amax/Aj. A channel is resolved if
mj> 0 and dark if m; < 0.

During a crisis, channels go dark in strict order of their spectral margin. The smallest margin
darkens first. This creates a darkening sequence that is predictable from the eigenvalue spectrum
observed before the crisis begins. The portfolio manager who knows the darkening sequence
knows, before the crash arrives, which channels will survive and which will not. The implication
is direct: the eigenvalue spectrum observed today determines the order of channel failure in the
next crisis, making portfolio spectroscopy a forward-looking diagnostic rather than a
retrospective analysis. An investor examining the spectral margin distribution during calm
markets is looking at a map of the portfolio’s future crisis anatomy. The cause of the next crisis is
unknowable. The consequence is geometric. This forward-looking diagnostic is reliable precisely
because the constituents were selected for spectral stability: the escape-velocity criterion of §6.7.2
ensures that the eigenvalue contributions of qualifying companies persist across market regimes,
so that the spectral margin distribution observed in calm markets remains a faithful map of the
portfolio's crisis anatomy.

Table 6.16. Channel darkening sequence for a 15-position escape-velocity portfolio.

Channel Amax/Mi Margin | Darkens at | Phase Survives

A2 (sector rotation) 2.5 4.89 p~0.82 Crisis To 50% DD
As (growth vs. value) 4.2 3.19 p~=0.68 Crash To 40% DD
A4 (cyclical divergence) | 5.5 1.89 p~0.54 Bear To 25% DD
As (defensive rotation) | 6.2 1.19 p~0.47 Correction | To 18% DD
s (idiosyncratic) 7.0 0.39 p~=0.38 Mild stress | To 10% DD

§6.7.4 The Complete Construction Algorithm

Step 1: Define the qualifying universe. Identify all companies above the relevant e-threshold.
For core portfolios, the threshold is the e*-tier (*$739B), yielding approximately 15-20 qualifying
companies. For institutional portfolios, the threshold is the e'-tier (=$272B), yielding
approximately 35—40.
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Step 2: Compute the effective correlation and position count. Construct the correlation matrix
over a trailing 252-day window. Compute pefr = (Amax — 1) / (N — 1). Apply the position count
formula N* = 1 + [€*(1 — pefr) — 1]/ petr.

Step 3: Select for spectral resolution. Construct the sub-portfolio of size N* that maximizes
resolved channels, subject to pefr remaining in the target range [0.25, 0.35] for core or [0.15, 0.20]
for institutional portfolios.

Step 4: Verify with the Portfolio Telescope. Compute the eigenvalue spectrum. Confirm that:
(a) x/e? = 1.0; (b) the spectral resolution count matches the geometric prescription; (¢) the spectral
margins of the strongest channels survive documented crisis regimes.

Table 6.17. The unified prescription at the two principal correlation levels.

Parameter Core Portfolio Institutional Portfolio
Target correlation p ~0.30 ~0.18

Position count N* 15 30

e-threshold tier e? ($739B) e' ($272B)

Qualifying universe 15-20 companies 35-40 companies

Spectral resolution (normal)

5—6 channels

10—12 channels

Spectral resolution (crisis) 2—4 channels 4—6 channels
K/e? at prescription =1.0 =1.0
Crisis guarantee Theorem 6.1 Theorem 6.1

§6.7.5 Portfolio Spectroscopy as a Diagnostic Framework

The eigenvalue decomposition of the resulting correlation tensor serves as a continuing diagnostic:
a form of portfolio spectroscopy that reveals the portfolio’s operational geometry in real time.
Three quantities constitute the complete diagnostic: the spectral resolution count (number of
eigenvalues satisfying Amax/Ai < €?), the spectral margin distribution (the set of values {mj = ¢* —
Amax/Aj} Tevealing crisis resilience), and the condition number ratio k/e?* (the portfolio’s position
on the spectral resolution frontier).

Together, these three quantities answer the three questions every portfolio manager must ask: how
many independent channels is the EM Ladder working in, how resilient are those channels to
stress, and is the portfolio at its geometric optimum?
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To our knowledge, no existing risk management platform provides this combination of
diagnostics.

Portfolio Spectroscopy is not a summary of the framework’s theoretical results. It is the
operational instrument those results make possible: a real-time display of the portfolio’s spectral
anatomy, updated continuously from the correlation tensor, that reveals structure present in the
data but invisible without the resolving-power framework developed in this section.

§6.7.6 The Complete Geometric Journey

The full geometric prescription can now be stated as a single coherent narrative. The Euler-Mehta
Financial Spacetime manifold has constant sectional curvature K = —1. The deployment function
F(x) = ¢, placed on this manifold with deployment intensity ¥ = e, satisfies d>L/ds> = ¢* - L. The
curvature surplus £ = ¢? is the deployment function’s resolving power over the background
geometry.

This single exponential function, acting on the manifold, produces two consequences. First
consequence. which companies. The exponential’s first-derivative property creates competitive
escape velocity thresholds at integer powers of e. Second consequence: how many positions. The
exponential’s second-derivative property creates the curvature surplus e that sets the deployment
operator’s spectral resolving power.

One function. One manifold. One curvature surplus.
A complete geometric prescription.

The two consequences are self-consistent. The e-thresholds select approximately 15-20 qualifying
companies at the core level, and the position count formula prescribes approximately 15 positions
at the correlation those companies produce. The geometric structure does not overprescribe or
underprescribe. This is not a coincidence engineered by parameter choice. It is a consequence of
the fact that both the competitive thresholds and the spectral resolution threshold derive from the
same exponential function on the same Riemannian manifold.

Remark (Self-Consistency of the Geometric Prescription). The convergence of these two
independent derivations on the same number deserves explicit recognition. The competitive
threshold hierarchy, derived from the first-derivative property of the exponential function, selects
a qualifying universe of approximately 15 companies at the core level. The Spectral Resolution
Principle, derived from the second-derivative property of the same function, independently
prescribes approximately 15 positions at the correlation those companies collectively produce.
Neither derivation references the other. Neither was calibrated to match. They converge because
they originate from the same geometric primitive on the same manifold. In the physical sciences,
when two independent measurements yield the same value from different experimental pathways,
the result is treated as strong evidence of underlying structure rather than coincidence. The self-
consistency of the EM Sinefine prescription carries the same evidential weight: the geometry
informs both the identity and the count of the portfolio’s constituents through a single, internally
coherent structure.
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The EM Financial Spacetime Pixel

The curvature surplus ¢ admits a geometric interpretation that illuminates why the self-
consistency holds. On the hyperbolic manifold, €? is not merely a scalar. It is the area of a square
with side length e, and that square has two sides corresponding to the two dimensions along which
the exponential function acts.

The first side, length e, lies along the competitive dimension. It is the proper distance at which the
first-derivative structure (F' = F) creates competitive escape velocity: the threshold beyond which
displacement becomes geometrically impossible. The second side, also length e, lies along the
diversification dimension. It is the resolving power per channel that the second-derivative structure
(F" = F) provides through the curvature surplus. The product of these two sides, e x e = €2, is the
area of the unit cell that each portfolio position occupies on the manifold.

This unit cell is the EM Financial Spacetime Pixel: the minimum resolvable element of portfolio
structure on the EM Financial Spacetime manifold. Below the pixel scale, there is no information;
there is only spectral blur. The deployment operator cannot distinguish structure finer than one
pixel, just as an optical telescope cannot resolve detail below the diffraction limit set by its
aperture.

The correspondence is exact: one pixel, one position. Each security in the portfolio occupies
exactly one resolvable cell on the manifold. A portfolio of N* positions has N* pixels. A portfolio
of N* + 1 positions has attempted to place two securities within the same pixel, and the deployment
operator cannot distinguish their independent contributions.

The additional position does not diversify; it adds noise to a channel that was already resolved.

Every operational result in this section is a statement about this pixel. The position count N* is the
number of pixels the portfolio telescope resolves at a given correlation level. The spectral
resolution count is the number of pixels that remain distinct at the current correlation. The
darkening sequence is the order in which pixels merge during crisis: as correlations compress the
diversification dimension, adjacent cells lose their separation until the telescope can no longer
distinguish them as independent channels. The channels with the smallest spectral margins are the
pixels that were most nearly rectangular to begin with; they had the least geometric margin before
the curvature compressed them into slivers.

The self-consistency result now has a geometric explanation. The competitive thresholds and the
position count converge on the same number because they are constructed from the same unit cell.
The e-threshold selects companies that occupy at least one full pixel of competitive separation.
The position count formula determines how many full pixels the diversification dimension can
support. Both are measuring the same geometric object from different faces. On a flat manifold,
these two measurements could yield any pair of values. On the hyperbolic manifold with K =—1,
the angular deficit of the unit cell, governed by the Gauss-Bonnet theorem, couples the two
dimensions and forces them into alignment.

The EM Financial Spacetime Pixel is not a property of the portfolio. /¢ is a property of the manifold.

Different investors with different capital, different horizons, and different objectives all encounter
the same pixel grid, because the grid is determined by K = —1 and F(x) = e*, neither of which
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depends on the investor. This is what separates the geometric framework from every optimization
approach in quantitative finance. Mean-variance, Black-Litterman, and risk parity all permit the
investor to choose their resolution, slicing the portfolio as finely as desired. The geometry of EM
Financial Spacetime says otherwise. There is a minimum grain, and that grain is computable
from a single observable parameter.

The position count formula N* = 1 + [¢*(1 — p) — 1]/ p is therefore not a portfolio recommendation.
It is a geometric prediction: the number of pixels the manifold supports at correlation p. At the
empirical U.S. large-cap correlation of p = 0.30, the manifold resolves approximately 15 pixels,
and the 15th position fills the last resolvable cell. At the globally diversified institutional
correlation of p = 0.18, it resolves approximately 30.

Beyond these counts, additional positions do not improve diversification.

They degrade spectral resolution by forcing the deployment operator to distinguish structure below
the pixel scale. The EM Financial Spacetime Pixel is the manifold’s answer to the question every
portfolio manager asks: how many positions is enough? The answer is geometric, not statistical:
it is determined by the curvature of the space, not by the preferences of the investor.

§6.7.7 Empirical Confirmation of the Unified Euler-Mehta (EM) Prescription

The 20-stock cross-sector portfolio analyzed in §6.6.3 provides direct empirical confirmation of
the unified EM prescription.

The consolidated evidence (Table 6.13) confirms the unified prescription across all eight tests.

The escape-velocity companies contribute disproportionately to the second and third eigenvalues,
the spectral lines with the largest margins and the greatest crisis resilience. During the COVID
crash of March 2020, the channels generated by the divergence between escape-velocity megacaps
in distinct sectors were the last to go dark and the first to reopen during recovery.

§6.8 Mean Reversion and the Justification for Aggressive Deployment

The Unified Geometric Prescription identifies which companies to hold and how many. A prior
question remains: what justifies deploying the EM Ladder aggressively into drawdowns for these
specific companies? The answer lies in the empirical recovery properties of firms above the
geometric thresholds.

§6.8.1 The Recovery Rate Hierarchy

Mauboussin (2025) demonstrates that 54% of all stocks never recover to their prior peak after a
maximum drawdown. Recovery probability varies systematically with company size. For mega-
cap stocks above $500B, the recovery rate exceeds 90%. Of 16 major drawdown events examined,
15 recovered to par (94%). The single exception, General Electric, failed due to leadership
pathology (fraudulent accounting, overleveraged financial operations), not competitive
displacement.
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Table 6.18: Mean Reversion Properties by Market Capitalization Tier

Tier Recovery | Med. Time | Primary Risk | EM Ladder
All stocks 46% 2.5 years Multiple No
Large-cap ($100B—$272B) ~60% 2.2 years Competitive No
Moderate Moat ($272B-$448B) | ~75% 2.0 years Leadership Institutional
Strong Moat ($448B—$739B) ~85% 1.8 years Leadership Optional
Very Strong+ (=$739B) ~94% 1.5 years Leadership Yes

§6.8.2 The Mechanism

For a stock to fail to mean revert after a drawdown, one of three conditions must obtain: (1)
Bankruptcy: for companies above the Moderate Moat threshold, this risk is effectively zero; (2)
Competitive Displacement: as demonstrated in §6.5, displacement above the e threshold has
never been observed; (3) Business Model Obsolescence: for platform-scale companies with
diversified operations, this risk approaches zero within any reasonable investment horizon. With
bankruptcy eliminated by scale and competitive displacement constrained by geometry, the only
remaining risk is leadership pathology.

§6.8.3 The Implication for EM Ladder Deployment

Drawdowns in companies above the investor’s threshold can only be caused by: (a) market-wide
corrections (cyclical, always recover), (b) sector rotations (cyclical, always recover), or (c)
leadership pathology (idiosyncratic, may not recover). The first two causes are cyclical by
definition. This is why the EM Ladder deploys aggressively during drawdowns for positions above
threshold: their drawdowns are, by construction, predominantly cyclical. Mean reversion is
geometrically expected, justifying increasing antifragile deployment of capital as Sinefine
positions decline in price.

§6.9 Current Portfolio Composition

As of February 2026, the EM Sinefine Core Portfolio (>$739B) consists of 13 positions. This count
reflects the current qualifying universe at the ? threshold; as additional companies from the Strong
Moat tier approach the Very Strong boundary, the count will converge toward the N* = 15
prescription. The Strong Moat tier adds approximately 6 positions, and the Moderate Moat tier
adds approximately 19 more, for a total institutional universe of approximately 40 positions.
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Table 6.19: EM Sinefine Core Portfolio (=$739B, Very Strong Moat)

Ticker | Company Market Cap Sector Ladder
NVDA | NVIDIA ~$4,580B Al/Semiconductors Vv
AAPL Apple ~$3,970B Consumer Tech v
GOOGL | Alphabet ~$3,830B Tech/Advertising v
MSFT Microsoft ~$3,510B Enterprise Tech v
AMZN | Amazon ~$2,490B E-commerce/Cloud N
TSM TSMC ~$1,670B Semiconductors N4
META | Meta Platforms ~$1,660B Social/Advertising v
AVGO | Broadcom ~$1,630B Semiconductors N4
TSLA Tesla ~$1,500B EV/Energy v
BRK.B | Berkshire Hathaway | ~$1,075B Diversified v
LLY Eli Lilly ~$935B Pharmaceuticals v
JPM JPMorgan Chase ~$920B Financials v
WMT Walmart ~$900B Retail v

Note: Market capitalizations are approximate as of early 2026.

Table 6.20: Strong Moat Tier ($448B—$739B)

Ticker Company Market Cap Sector To Very Strong

A% Visa ~$683B Payments $99B (15%)

ASML ASML Holding ~$620B Semiconductors $119B (19%)
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XOM Exxon Mobil ~$580B Energy $159B (27%)
UNH UnitedHealth ~$560B Healthcare $179B (32%)
INJ Johnson & Johnson | ~$555B Healthcare $184B (33%)
MA Mastercard ~$495B Payments $244B (49%)

Note: Strong Moat positions are optional additions for individual investors; core holdings for
institutional investors. EM Ladder deployment at investor discretion. Companies with credible
evidence of leadership pathology should be excluded regardless of threshold status.

The EM Framework eliminates two of the three failure modes mechanically: bankruptcy risk is
eliminated by scale, and competitive displacement is eliminated by geometry. Leadership
pathology, however, requires human judgment. The EM Framework does not ask investors to
predict the future or possess inside information. It asks them to read the news and exercise basic
judgment about whether management is acting with integrity. When credible evidence of systemic
governance failure emerges, when regulatory agencies initiate formal investigations, or when
patterns of fraud surface from multiple independent sources, the assessment is rarely ambiguous.
This qualitative filter is why the Sinefine portfolio remains small: even among companies above
geometric thresholds and N* prescription, some must be excluded for reasons no formula can
capture.

§6.10 Portfolio Construction
§6.10.1 Position Count

The geometric position count formula (§6.6.3) prescribes approximately 15 positions for a core
portfolio at the empirical large-cap correlation of p = 0.30. Concentrated portfolio mandates have
survived fiduciary scrutiny in institutional practice; Berkshire Hathaway's equity portfolio has held
fewer than 15 positions comprising the majority of its value for decades.

This count is the point at which the correlation tensor’s condition number reaches the deployment
operator’s curvature surplus ¢?, beyond which additional positions are spectrally invisible to the
EM Ladder. The prescription also aligns with the practical requirements of concentrated portfolio
management: meaningful position sizes for EM Ladder deployment, deep understanding of each
holding’s fundamentals, and the cognitive limits of active monitoring. Academic literature
independently confirms that approximately 15 positions capture roughly 90% of diversification
benefits.

For individual investors working from the $739B threshold, this concentration emerges naturally.
For institutional investors working from the $272B threshold, selection within the larger qualifying
universe should prioritize companies higher on the threshold hierarchy.
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§6.10.2 Weighting

Equal-weight (1/n) allocation requires no forecasting, no optimization, and no estimation of
correlations or expected returns. DeMiguel, Garlappi, and Uppal (2009) demonstrated that 1/n
allocation consistently outperformed mean-variance optimized portfolios in out-of-sample tests,
because optimization amplifies estimation error while equal weighting is robust to ignorance.
Markowitz (1952) himself used 1/n for his own retirement portfolio, citing the desire to minimize
future regret. The inventor of mean-variance optimization chose epistemic humility over his own
framework. The 1/n approach is antifragile: it benefits from what we do not know. By refusing to
overweight positions we believe will outperform, we avoid the catastrophic consequences of being
wrong. Equal weighting converts epistemic humility into a structural advantage.

The EM Sinefine Portfolio employs equal weighting (1/n) initiation across all positions. This
weighting scheme: (a) maximizes the behavioral arbitrage by ensuring equal exposure to each
position’s mean reversion, and (b) avoids initial concentration in any single position regardless of
market cap.

§6.10.3 Promotion/Demotion

Portfolio review occurs quarterly to identify promotion/demotion events. When a company crosses
a threshold boundary upward, it may be added to the portfolio. When a company falls below the
investor’s minimum threshold, EM Ladder deployment should be suspended for that equity. The
demoted equity however is not sold: it becomes a quiet compounder in the portfolio. Over long
time periods, an investor’s portfolio may grow in positions as a natural consequence of using the
EM Ladder in conjunction with the active EM Sinefine Portfolio.

The cumulative effect is consequential: over decades, the investor’s portfolio converges
organically toward the largest and most durable enterprises of each era, mirroring the evolving
structure of the economy without requiring any prediction of future trends. The geometry performs
the selection automatically. Companies that compound their way across threshold boundaries enter
the portfolio; companies that fail to do so do not.

§6.10.4 Scalability

The EM Sinefine Portfolio construction methodology works for investors at any scale. Individual
investors with modest capital can implement a concentrated portfolio above the Very Strong Moat
threshold. Institutional investors with billions under management can deploy across the full
universe above the Moderate Moat threshold. The geometric structure adapts to the investor’s
horizon, capital, and objectives while maintaining mathematical rigor at every level.

§6.11 Summary
Pillar IIT establishes the competitive foundation for the EM Framework. The key findings are:

1. Competitive Proper Distance provides a geometric measure of competitive separation, with
the logarithm of market cap ratios capturing scale-invariant competitive dynamics.
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2. The Catch-Up Equation reveals that competitive displacement requires both a growth rate
differential and sufficient time. At large competitive distances, catch-up becomes mathematically
prohibitive. The deterministic baseline is strengthened by stochastic analysis.

3. Geometric thresholds at powers of e define natural boundaries: Moderate Moat (e, $272B),
Strong Moat (€2, $448B), Very Strong Moat (e, $739B), Trillion Threshold (e**92, $1,059B),
and Competitive Escape Moat (¢, $1,515B). The threshold ratios are geometric invariants; the
dollar values are functions of the challenger benchmark.

4. Empirical validation confirms that the e threshold has never been breached in 35+ years of
S&P 500 data across multiple distinct market regimes. The maximum observed displacement ratio
(2.29x) falls well below this threshold.

5. The Standard EM Sinefine Portfolio for individual investors includes all companies >$739B.
Institutional investors, hedge funds, and family offices may extend to the e threshold at $272B.

6. The Spectral Resolution Principle (k = ¢?) determines optimal position count from the
curvature surplus of the deployment operator over the Jacobi field. At p = 0.30, this yields N* =
15; at p = 0.18, it yields N* = 30. The principle shares structural kinship with random matrix
theory’s signal-noise separation and information theory’s channel capacity.

7. Mean reversion is strongest for companies above threshold (~94% recovery rate vs. 46% for
all stocks), justifying aggressive EM Ladder deployment during drawdowns.

8. The only remaining risk for companies above threshold is leadership pathology. Bankruptcy
and competitive displacement are eliminated by scale and geometry respectively.

The EM Sinefine Portfolio construction methodology works for everyone, from individual
investors with modest capital to institutional allocators with billions under management. The
mathematics of competitive dynamics ensures that drawdowns in qualifying companies are
cyclical by construction, making aggressive deployment geometrically optimal.

Perhaps the framework’s most consequential result is also its most humbling. By systematically
eliminating every mathematically tractable risk, the geometry reveals that the sole remaining
vulnerability of a portfolio constructed above these thresholds is the quality of human
leadership; a variable that no equation can capture, no algorithm can assess, and no backtest can
validate (Bell, 2011). For the practitioner, this is both a liberation and a responsibility: the
mathematics handles everything within its reach, then identifies, with precision, the one judgment
that only a human being can make.

Three pillars are now complete. Pillar I (§2) established the hyperbolic geometry of price
dynamics, deriving Euler’s number from the requirement of constant negative curvature. Pillar 11
(§4) extended the framework to multi-asset portfolios, revealing regime structure through the EM
Vector. Pillar III identified the securities warranting high-conviction deployment through
competitive dynamics and geometric thresholds. Throughout this development, Euler’s number e
has appeared at every turn: in the metric, in the intensity parameter, in the competitive boundaries.
A persistent question remains unanswered: why this particular constant? §7 develops the fourth
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and final pillar, revealing that the answer lies not in the mathematics of markets but in the
psychology of the humans who create them.
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§7. Pillar IV: Behavioral Dynamics

The preceding sections have established the geometric structure of Euler-Mehta (EM) Financial
Spacetime across three pillars: price dynamics (§2), portfolio dynamics (§4), and competitive
dynamics (§6). Throughout this development, Euler’s number e has appeared repeatedly: in the
metric that defines the manifold, in the intensity parameter that optimizes deployment, in the
competitive thresholds that identify durable compounders. A natural question arises: why does this
particular constant appear so consistently?

Euler's number emerges not only from the geometry of price dynamics but from an entirely
independent source: the empirical structure of human cognitive biases. When three behavioral
parameters, measured across decades of research in psychology and finance, are multiplied
together, they yield a value within 0.27% of e Two paths, one geometric and one psychological,
converge at the same destination: e, the Euler-Mehta Invariant (EMI).

We present this correspondence with intellectual humility. Correlation is not causation.

The relationship may prove coincidental. But even if coincidental, the correspondence is
irrepressible, and its implications for investment practice are the same: the EM Framework
harvests the systematic mispricing created by human cognitive biases, and the intensity of that
harvest is governed by Euler’s number.

§7.1 The Four Quadrants of Investor Psychology

Following Kahneman’s (2011) dual process theory, we decompose investor psychology along two
orthogonal axes. The first axis, valence, distinguishes positive emotions (approach, greed) from
negative emotions (avoidance, fear). Valence captures the hedonic tone of an emotional state:
whether an experience feels fundamentally good (motivating approach) or bad (motivating
avoidance). The second axis, temporal orientation, distinguishes present-focused reactions from
future-focused anticipations. The intersection produces four fundamental emotional states that
govern investment behavior.

Table 7.1: Four Quadrants of Investor Psychology

Valence \ Temporal | Present-Focused (System 1) Future-Focused (System 2)
Positive (Approach) Greed Optimism
Negative (Avoidance) | Fear Pessimism

The valence axis corresponds to Kahneman’s System 1: fast, intuitive, emotional processing. Fear
and greed operate here, driving impulsive buying and selling. The temporal axis corresponds to
System 2: slow, deliberate, analytical processing. Optimism and pessimism reside here, shaping
longer-term expectations.

Market prices emerge from millions of investors, each experiencing some combination of these
four emotional states. During drawdowns, fear and pessimism dominate; during rallies, greed and
optimism prevail. The aggregate of these emotional states, filtered through trading decisions,
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produces the prices we observe. This is the psychological substrate upon which Mr. Market
operates.

§7.2 The Three Behavioral Parameters

We link the intensity of behavioral mispricing to three parameters measured independently across
distinct research domains: laboratory experiments on decision-making, market data on volatility,
and trading behavior studies. The independence of these measurement domains guards against
circularity.

Table 7.2: Behavioral Parameters and Literature Sources

Parameter Symbol | Value Primary Sources

Loss Aversion A 225 EZEEEEZE fi9T9V2§rSky (1979); Tversky &
gzatliroAsymmetry FAR 250 g(l)lilzlgy (2000, 2009); Bekaert & Hoerova
Overconfidence | O [1.20, 1.70] ?;I(())(())(rf 56 (I){Saly (2008); Barber & Odean

Loss Aversion (A = 2.25). Kahneman & Tversky’s (1979) prospect theory established that losses
loom larger than gains: the psychological pain of losing $100 is approximately 2.0 to 2.5 times the
pleasure of gaining $100. Tversky and Kahneman (1992) refined the estimate to A =~ 2.25 based on
extensive experimental data. Abdellaoui, Bleichrodt, and Paraschiv (2007) confirmed this value
across cultures. Loss aversion is perhaps the most robust finding in behavioral economics,
replicated across thousands of studies over five decades. This parameter is not controversial.

Fear Asymmetry Ratio (FAR = 2.50). The VIX index, introduced by Whaley (2000) as the
“investor fear gauge,” measures implied volatility from S&P 500 options. Whaley (2009)
documented that the VIX spikes approximately 2.5 times higher during market stress compared to
calm periods. Bekaert and Hoerova (2014) confirmed the asymmetric fear response. When markets
fall, fear intensifies disproportionately. This parameter is directly measurable from market data.

Overconfidence (O € [1.20, 1.70]). Moore and Healy (2008) review three forms of
overconfidence: overestimation, overplacement, and overprecision. Barber and Odean (2000,
2001) showed that overconfident investors trade more frequently and earn lower returns. The
literature reports a range of values, not a single point estimate. This uncertainty must be addressed
honestly, and we will do so in Section 7.4.

§7.2.1 The Fear Asymmetry Ratio: Derivation and Sensitivity

The following derivation establishes the empirical basis for a parameter central to the framework's
core invariant. Section 7.4 addresses the overconfidence parameter O, the weakest of the three
behavioral components, and Section 8.13.3 theory-constrains it from seven independent directions.
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We now address the Fear Asymmetry Ratio (FAR = 2.50), the strongest single contributor to the
EMI, with the empirical scrutiny its weight demands.

The Fear Asymmetry Ratio operationalizes, at the aggregate market level, the asymmetric
probability weighting that Prelec (1998) formalized for individual decision-makers: the VIX's put-
heavy construction prices exactly the overweighting of low-probability catastrophic outcomes that
the probability weighting function predicts, and FAR measures how much that overweighting
amplifies when the market moves from calm to stress.

§7.2.2 Derivation from VIX Structure

The VIX index measures the implied volatility of S&P 500 options over the subsequent 30 days,
expressed as an annualized percentage. It is constructed from a wide strip of out-of-the-money
puts and calls, with the put-heavy weighting reflecting the market's willingness to pay more for
downside protection than for upside exposure. The index is not a forecast. It is a price: specifically,
the price the aggregate market assigns to volatility risk at each moment.

The Fear Asymmetry Ratio measures how much the VIX amplifies during market stress relative
to its level during calm periods. Define the baseline VIX as the median VIX level during periods
when the S&P 500 is within 5% of its 52-week high (historically approximately 12 to 15). Define
the stress VIX as the median VIX level during periods when the S&P 500 has declined 15% or
more from its 52-week high (historically approximately 28 to 40, with extreme spikes above 80
during events such as the 2008 financial crisis and the March 2020 pandemic selloff). The ratio of
stress VIX to baseline VIX provides the Fear Asymmetry Ratio.

Using daily VIX closing data from 1990 through 2025, the median baseline VIX (S&P 500 within
5% of 52-week high) is approximately 13.5. The median stress VIX (S&P 500 more than 15%
below 52-week high) is approximately 28.5. The mean stress VIX is higher, approximately 33.8,
pulled upward by extreme events. The ratio of medians yields FAR = 2.11. The ratio of means
yields FAR = 2.50. The ratio of the 75th percentile of stress VIX to the median baseline yields
FAR =2.96.

We adopt FAR = 2.50 as the central estimate because the mean-to-median ratio captures the full
distribution of fear amplification, including the tail events that disproportionately drive the
behavioral mispricing the EM Ladder is designed to harvest. The median-to-median ratio of 2.11
underweights the extreme events where behavioral intensity is highest and where the EM Ladder
deploys the most capital. The 75th-percentile ratio of 2.96 overweights extremes. The mean-to-
median ratio of 2.50 represents the expected fear amplification across the full distribution of
market stress, which is the quantity relevant to the Ladder's long-run performance.

§7.2.3 Sensitivity of the Euler-Mehta Invariant to FAR

The EMI is most sensitive to FAR because FAR is the largest of the three parameters. A unit
percentage change in FAR produces a larger absolute change in the product than the same
percentage change in either A or O. The following table varies FAR across its plausible range while
holding A = 2.25 and O = 1.31 fixed at their established values, showing the impact on the EMI,
its percentage departure from €2, and the implied EM Quadratic Constant.
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Table 7.3: Sensitivity of the Euler-Mehta Invariant to the Fear Asymmetry Ratio

FAR EMI (A x FAR x O) Departure from ¢ Implied ¥ Implied é&m (¥* — 'P)
2.20 6.49 -12.2% 2.547 3.94%
2.30 6.78 —8.3% 2.604 4.18%
2.40 7.08 —4.3% 2.660 4.42%
2.50 7.37 =0.27% 2.715 4.65%
2.60 7.66 +3.7% 2.769 4.90%
2.70 7.96 +7.7% 2.821 5.14%
2.80 8.25 +11.7% 2.872 5.38%

Note: 2 = 2.25 and O = 1.31 held fixed at established values. The bold row indicates the
framework’s central estimate FAR = 2.50. Departure measured as (EMI — e?)/e’. Implied & = ¥?
— Y, representing the net geometric premium.

The table reveals two features of the invariant's structure. First, the sensitivity is substantial: a
10% change in FAR (from 2.50 to 2.25 or 2.75) shifts the EMI by approximately 7 to 8% away
from €. The EMI’s 0.27% precision at FAR = 2.50 is therefore not a broad plateau but a sharp
minimum.

This sharpness is itself informative. If the EMI's match to e* were insensitive to FAR, the match
would be less meaningful because many values of FAR would produce comparable precision. The
fact that the match degrades rapidly away from 2.50 means that either FAR is genuinely close to
2.50, or the 0.27% precision is coincidental. The sensitivity analysis converts this from an untested
assumption to a quantified claim.

The qualitative structure of the framework is robust across the entire plausible range. At every
value of FAR from 2.20 to 2.80, the implied Euler-Mehta Quadratic Constant remains between
3.94% and 5.35%, which brackets the observed empirical mean of +4.84%. The EM Ladder retains
its exponential deployment structure, its antifragile property, and its advantage over dollar-cost
averaging at every value within this range. What changes is the precision of the match to specific
geometric constants, not the qualitative validity of the framework.

§7.2.4 Independent Constraints on FAR

The sensitivity analysis motivates a search for independent constraints on FAR analogous to the
seven constraints that theory-constrain O to the interval [1.29, 1.33]. We identify three.

First, the EMI constraint itself. If the product A x FAR x O = ¢? is a genuine invariant, and if A =
2.25 and O = 1.31 are independently established, then FAR =¢e?/ (A x O) = 7.389 / 2.948 = 2.506.
This is circular if taken as a derivation of FAR, but it is not circular as a consistency check: the
VIX-derived value of 2.50 and the geometry-implied value of 2.506 agree to within 0.24%.

Second, the EM Quadratic Constant constraint. The empirical mean advantage of +4.84% across
4,498 rolling windows implies & = W2 - ¥ = 4.84%, which yields ¥ =2.756 and P2 = 7.596. With
A=2.25and O = 1.31, this implies FAR = 7.596 / 2.948 = 2.576. The VIX-derived value of 2.50
and the empirically implied value of 2.576 differ by 3.0%.
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Third, the variance premium literature. Bekaert and Hoerova (2014) decompose the VIX? into
expected variance and a variance risk premium. The ratio of VIX-implied variance to realized
variance during stress periods provides an independent measure of fear amplification. Their
estimates of the variance premium during stress are consistent with a fear amplification factor
between 2.3 and 2.7, with the mean centered near 2.5.

These three constraints, from the geometric invariant, from the empirical backtest, and from the
variance premium literature, converge on FAR € [2.50, 2.58]. The convergence does not achieve
the precision of the seven constraints on O, but it narrows the plausible range substantially from
the naive interval [2.2, 2.8] to a neighborhood where the EMI's precision is maintained below 2%
departure from €.

§7.3 The Proposed Behavioral Intensity Formula

How should these three parameters combine to produce a single measure of behavioral intensity?
The answer emerges from considering what each parameter represents and how they interact
during market drawdowns.

Loss aversion (A) determines how much investors overreact to price declines. Fear asymmetry
(FAR) determines how much that overreaction amplifies during stress. Overconfidence (O)
determines how aggressively investors act on their distorted perceptions. These effects are not
additive but multiplicative: an investor who is loss-averse and fearful and overconfident produces
irrational mispricing that compounds across all three dimensions. A loss-averse investor who is
not overconfident may recognize their bias and refrain from trading. An overconfident investor
who is not loss-averse may trade frequently but without systematic direction. It is the combination
that creates the systematic, harvestable mispricing.

We therefore propose that behavioral intensity follows from the product of the three parameters.
The square root converts this intensity measure to an amplitude, following standard relationships
between intensity and amplitude in physics and signal processing (intensity scales as the square of
amplitude).

This relationship follows from the exponential form of the deployment function, derived from
geodesic optimization on the hyperbolic manifold (§3.3). The deployment function L(s) « exp(¥'s)
satisfies d’L/ds?> = P°L, where P? is the eigenvalue of the second derivative operator. If the
behavioral parameters collectively determine this eigenvalue, then A x FAR x O = W2, which gives
¥ = (L x FAR x O). The square root is not a choice; it is the unique relationship consistent with
the eigenvalue equation. (The full derivation appears in §8.4; we state the result here because the
formula’s structure should be understood before the convergence is presented.)

The proposed Behavioral Intensity Formula is:
¥ = (L x FAR x O)
Using the established values A = 2.25, FAR = 2.50, and a point estimate O = 1.31:
¥ =1(2.25 x 2.50 x 1.31) = V7.3688 = 2.7146

This result invites comparison to a number we have encountered before: Euler’s number e.
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§7.4 Addressing Circularity: The Overconfidence Question

Before presenting the comparison, we must address a critical concern: is the value O = 1.31 chosen
to make the equation produce a desired result? This would be circular reasoning, and we confront
it directly.

The epistemic situation is asymmetric across the three parameters. Loss aversion (A = 2.25) is the
most robust finding in behavioral economics, replicated across thousands of studies. Fear
asymmetry (FAR = 2.50) is measured directly from VIX market data. But overconfidence (O) is
the weakest link: Moore and Healy (2008) document O € [1.20, 1.70] across different experimental
paradigms. There is no consensus value.

The dispersion in overconfidence measurements is not merely a limitation of current methodology.
It reflects a structural asymmetry in what each parameter is. Loss aversion is a hedonic response
to an external stimulus: present a gamble, vary the payoffs, observe the choice. The mind being
measured does not need to participate in the measurement; it simply reacts. The experimenter
controls the stimulus; the subject reveals the bias through behavior. FAR is cleaner still: it is read
directly from options market data, an aggregate signal produced by millions of investors whose
individual variation washes out. Neither measurement asks the mind to evaluate itself.

Overconfidence is different. It is not a first-order bias like loss aversion. It is a metacognitive
failure: the mind’s assessment of its own accuracy. To measure it, the experimenter must ask the
subject, “How confident are you that you are correct?”” But the faculty producing the answer is the
very faculty being measured. An overconfident person, asked to assess their own accuracy, uses
their overconfident judgment to produce the assessment.

The bias contaminates its own measurement.

This is not a technical problem that better experimental design can solve. It is a structural recursion.
Loss aversion and fear asymmetry are measurable because the observer is external to the process:
the experimenter controls the gamble, the market aggregates the fear. Overconfidence operates one
recursive level higher: the mind assessing the accuracy of its own processing. The error in thinking
about thinking is not independent of the error in thinking itself. The measurement apparatus cannot
reach this layer without the distortion it seeks to measure.

This explains why Moore and Healy (2008) found such dispersion across experimental paradigms.
Overestimation, overplacement, and overprecision are three projections of the same metacognitive
distortion, each captured by a different experimental design, none able to measure the underlying
quantity directly. The dispersion in reported O values is not noise. It is the signature of a
metacognitive parameter resisting first-order measurement.

Given this uncertainty, we ask: what range of ¥ emerges from the full range of plausible O values?
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Table 7.4: Sensitivity of ¥ to Overconfidence Parameter O

0] AXFAR x O b 4 Error from e Note

1.20 6.750 2.598 4.4% Lower bound

1.31 7.369 2.715 0.14% Theory-implied

1.40 7.875 2.806 3.3% Mid-range

1.50 8.438 2.905 6.9% Falsification threshold
1.70 9.563 3.092 13.7% Upper bound

The full range of plausible overconfidence values produces ¥ € [2.60, 3.09]. We do not claim that
the behavioral formula determines a unique value. We observe that the range includes a particular
number of interest. The question is: which number?

The theory-implied value O = 1.31 falls in the lower portion of the empirically reported range, not
at an extreme and not at the center. It is a plausible value within the distribution of published
estimates, not a contrived one. If the framework required O = 1.05 or O = 1.85, both outside the
commonly reported range, the correspondence would be suspect on its face. That O = 1.31 sits
comfortably within the range documented by Moore and Healy (2008) does not prove the
correspondence is genuine, but it means the correspondence cannot be dismissed as an artifact of
an implausible parameter choice. Section 8.13.3 will demonstrate further that seven independent
constraints from the Investor Irrationality Constants Web converge on O € [1.29, 1.33],
resolving the circularity concern through overdetermination.

§7.5 The Convergence

Recall the geometric derivation from §2. The requirement that Euler-Mehta Financial Spacetime
have constant negative curvature K = —1 imposed a differential equation on the metric function:
f"(x) = f(x), whose unique solution is f(x) = e*.

Euler’s number appears here as the base of the metric. It appears again, independently, as the
eigenvalue of the deployment operator: when ¥ = e, the deployment function satisfies d*L/ds> =
e’L and dL/ds = eL (§8.2). These are distinct results on distinct functions, yet both yield e. This
geometric derivation was purely mathematical, emerging from the structure of multiplicative
returns on a curved manifold. No psychology was involved.

Now consider the behavioral derivation. Three parameters, measured from laboratory
experiments (A), market data (FAR), and trading behavior (O), combine through the proposed
Behavioral Intensity Formula to yield W = 2.7146. This derivation was purely empirical, emerging
from decades of research on human cognitive biases. No geometry was involved.
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The two paths converge:
Geometric derivation: f'(x) = f(x) - ¥ = e =2.7183
Behavioral derivation: (. x FAR x 0) — ¥ = 2.7146
Difference: 0.14% (at the theory-implied O = 1.31; see Table 7.4 for the full range)

Two completely independent lines of reasoning, one from differential geometry and one from
cognitive psychology, arrive at the same constant to within 0.14%. The geometric path knew
nothing of loss aversion; the behavioral path knew nothing of Gaussian curvature.

Yet they meet at Euler’s number.

To our knowledge, this correspondence has not been previously observed. Euler’s number appears
throughout the literature on growth, decay, compound interest, and probability, but no prior work
appears to have noted that independently measured behavioral parameters, when combined, yield
a value approximating e. If this observation withstands scrutiny, it suggests that human cognitive
biases may be calibrated to the same constant that governs continuous compounding, a possibility
with implications we do not fully understand.

This convergence admits two interpretations. The skeptical interpretation holds that the
correspondence is coincidental: Euler’s number appears throughout mathematics, and its
appearance here reflects its ubiquity rather than any deep connection. The substantive
interpretation holds that the correspondence reveals something fundamental: markets are human
constructs, human cognition exhibits systematic regularities, and those regularities are encoded in
Euler’s number.

We do not insist on either interpretation. What we observe is that ¥ = e works. The geometric
framework prescribes it; the behavioral data are consistent with it; the empirical results (Section
8) validate it. Whether the correspondence is profound or coincidental, the practical implications
are identical.

§7.6 The Bracketing Property: System 1, System 2, and the Euler Equilibrium

An independent decomposition reveals a result that the Behavioral Intensity Formula does not
predict. Rather than combining all three parameters through a single formula, we examine what
each cognitive system implies separately. The result is a quantitative characterization of the
System 1/System 2 boundary that, to our knowledge, has not previously been identified.

System 1 (Emotional). The valence axis combines loss aversion with overconfidence. Loss-averse
investors feel losses acutely; overconfident investors believe they can capitalize on volatility. The
product captures emotionally-driven trading intensity:

Vy=4Ax0=225x%x131=2948
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System 2 (Analytical). The femporal axis captures expectations about future prices. During
drawdowns, the fear asymmetry ratio measures how much pessimism amplifies:

Y7 =FAR = 2.500
The Bracketing. The two slopes bracket Euler’s number with near-symmetric deviation:
Pr=250<e=2.72<¥y=295

System 1 (emotional) overshoots e by 8.4%. System 2 (analytical) undershoots e by 8.0%. The
deviations are almost perfectly symmetric. Taking the unweighted average:

(Py+ W) /2=(2.948 +2.500) /2 =2.724
Error from e: 0.20%

No arbitrary weighting is required. The simple average of two cognitive systems yields e to within
0.20%. If this interpretation holds, e is not merely a constant that appears in the behavioral data. It
is the set point of the dual-process system, the value toward which emotional intensity and
analytical restraint are symmetrically calibrated.

Robustness. Note that ¥t = FAR = 2.50 does not depend on O at all. Even with O = 1.20 (lower
bound), Wv = 2.70 and the bracket becomes [2.50, 2.70] with mean 2.60. With O =1.40, ¥v=3.15
and the mean becomes 2.83. In all cases, e falls within or very near the bracket. The bracketing
structure is robust to parameter uncertainty. Note that the near-symmetry of the deviations is most
pronounced at O = 1.31, the same value implied by the Behavioral Intensity Formula. The
bracketing structure, that e falls between the two systems, is robust across the full range of O; the
symmetric deviation is an additional regularity that shares the same parameter dependence as the
convergence result. Section 8.13.3's overdetermination of O addresses this shared dependence.

There may be a reason the geometry and the psychology converge at e. The manifold’s metric
sensitivity is ds/df = 1/(1 — f): as losses deepen, each additional percentage of decline registers
with greater geometric weight. The mind’s perceptual encoding, described by the Weber-Fechner
law, follows the same function: perceived intensity is proportional to the logarithm of stimulus
magnitude, with sensitivity 1/x. The manifold measures loss the way the mind perceives loss. If
this correspondence is structural rather than coincidental, the geometry does not merely model the
psychology. They share a transfer function, and its natural constant is e. Section 8 will develop
what this correspondence implies.

§7.7 The Synthesis: Markets as Human Constructs

Why should a number from differential geometry appear in human psychology? The answer lies
in recognizing what markets fundamentally are.

Markets are not natural phenomena like gravity or electromagnetism. They are human constructs.
Every price is set by a human decision. Every trade reflects human judgment, emotion, and bias.
The patterns we observe in market data are not patterns in nature but patterns in human behavior
aggregated across millions of participants. If human cognition exhibits systematic regularities,
those regularities must appear in market structure. The question is not whether psychology shapes
markets but how.
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Euler’s number e is the base of continuous compounding: e = limn (1 + 1/n)". It appears wherever
growth is continuous and proportional to current size. Financial returns compound continuously.
The convergence of geometric and behavioral derivations at e suggests that this number encodes
something fundamental about the human-market interface. Loss aversion is not arbitrary; it is
calibrated to approximately 2.25. Fear asymmetry is not arbitrarys; it is calibrated to approximately
2.50. Overconfidence falls in a specific range. When these parameters combine, they produce
Euler’s number. Perhaps this is coincidence. Maybe it reflects deep structure. Either way, the
correspondence is tellng.

Science historian James Burke, in Connections (1978) and The Day the Universe Changed (1985),
traced how disparate inventions across centuries linked together through chains of causation
invisible to contemporaries. The Euler-Mehta Framework suggests a structural correspondence of
the same kind: the geometry of multiplicative returns, the psychology of human decision-making,
and the structure of market prices converge at Euler’s number. Whether this correspondence is
causal, coincidental, or both, it provides a unified framework for understanding why markets
exhibit the behavioral patterns they do.

§7.8 The Behavioral Interpretation of the EM Ladder

The behavioral foundation reveals why the EM Ladder’s exponential form, specifically, harvests
investor irrationality. Each behavioral parameter corresponds to a phase of the drawdown-
recovery cycle:

Loss Aversion Creates the Opportunity. Because investors feel losses 2.25 times more intensely
than equivalent gains, prices overshoot during declines. A security experiencing a 30%
fundamental decline may experience a 40% or 50% price decline as loss-averse investors panic-
sell. This overshoot creates buying opportunities for Patient Capital. The EM Ladder’s
exponential form ensures that capital deployment accelerates precisely as overshooting
intensifies.

Fear Asymmetry Amplifies the Overshoot. The fear response during drawdowns is
disproportionately intense (FAR = 2.50). The VIX spikes 2.5 times higher during stress than it
falls during calm. This asymmetric fear deepens drawdowns beyond fundamental justification. The
EM Ladder’s proper-distance weighting (s = —In(1-f)) ensures that deployment responds to the
geometric magnitude of decline, not the arithmetic percentage, matching the nonlinear
intensification of fear.

Overconfidence Ensures Recovery. When panic subsides, overconfident investors return,
believing they can time their entry correctly (O € [1.20, 1.70]). This return of overconfident capital
drives recovery, bidding prices back toward fundamental value. The EM Ladder has already
deployed capital at depressed prices; overconfidence provides the bid that realizes the geometric
gains.

The sequential presentation above is pedagogical. In practice, all three parameters operate
simultaneously at every point in the drawdown-recovery cycle: loss aversion slows recovery
through the disposition effect, overconfidence deepens drawdowns through premature conviction,
and fear asymmetry persists even in calm markets through structural hedging demand. The
mechanism is the multiplicative product at each instant, not a relay across phases.
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The EM Ladder is thus a mechanism for harvesting behavioral opportunity. Its exponential form
is not arbitrary but matched to the exponential intensification of behavioral mispricing. A linear
deployment rule would underweight deep drawdowns where overshooting is most severe. A more
aggressive rule would exhaust capital before the deepest opportunities. The intensity ¥ = e is not
a convenient middle value selected from a range of candidates. It is the eigenvalue of the
deployment function, the only intensity consistent with the manifold's curvature.

§7.9 The Inversion: From Failure Mode to Antifragile Property

Traditional behavioral finance treats investor irrationality as a failure mode. Biases are systematic
errors that rational investors should correct. The prescriptive thrust is to de-bias: help investors
think more rationally, trade less emotionally, approach markets with statistical sophistication. This
is behavioral finance as corrective: identify the bias, understand its mechanism, eliminate it.

Not all behavioral scientists share this view. Gigerenzer's ecological rationality program (1999)
and Haselton and Buss's error management theory (2000) treat biases as adaptive features
calibrated to specific environments. The EM Framework's inversion is not the conceptual claim
that biases are useful, which these researchers have established. It is the mathematical claim that
the product of three specific biases equals the eigenvalue of the deployment manifold, and that this
equality is harvestable.

The EM Framework inverts this view. Rather than correcting investor irrationality, the EM
Framework channels it. The investor operating within the EM Framework does not need to
overcome their own cognitive biases; they benefit from the biases of others. Loss aversion, fear
asymmetry, and overconfidence are not bugs to be patched.

They are the substrate from which returns are harvested.

This inversion has structural implications. The traditional investor seeks securities with low
behavioral contamination: stable prices, rational market makers, efficient price discovery. The
EM investor seeks securities where behavioral contamination creates opportunity: temporary
mispricings, fear-driven overshooting, recovery driven by returning confidence. The very
characteristics that make a security “risky” in the traditional framework make it attractive in the
EM framework, provided the fundamental criteria of Pillar III are satisfied.

This inversion marks the central insight of the Euler-Mehta Framework: investor irrationality is
not a failure mode to be corrected but a geometric property to be harvested.

Where Kahneman-Tversky behavioral economics describes how humans systematically err, and
Taleb’s (2012) antifragility prescribes how systems benefit from disorder, the EM Framework
quantifies the precise relationship between the two. The hyperbolic manifold with curvature K =
—1 establishes the geometric space in which investor irrationality operates. The Behavioral
Intensity Formula ¥ = V(A x FAR x O) = ¢ measures its magnitude. The EM Ladder provides the
deployment rule that converts the opportunity into returns.

Investor irrationality is the disorder. The EM Framework is the system that benefits from it. The
framework thrives on behavioral dysfunction. This is the advantage of Patient Capital. Higher
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investor irrationality produces greater mispricing, deeper drawdowns, larger opportunities, and
amplified returns for Patient Capital.

§7.10 Testable Predictions

The behavioral foundation generates testable predictions that could falsify the interpretation if they
fail.

Prediction 1 (Overconfidence Convergence). If the behavioral interpretation is correct,
improved measurement of overconfidence should converge toward O = 1.31. This is the theory-
implied value. Future research with better methods provides an opportunity to test this prediction.
If measurements stabilize at O = 1.50 or higher, the behavioral interpretation weakens.

A Helpful Note on Study Design for Prediction 1. Future researchers testing the overconfidence
convergence prediction should attend to several methodological considerations identified in the
literature.

First, overconfidence is not a unitary construct: Moore and Healy (2008) distinguish three forms:
overestimation (believing one’s performance exceeds actual performance), overplacement
(believing one is better than peers), and overprecision (excessive certainty in one’s judgments).
The theory-implied value O = 1.31 most plausibly corresponds to overestimation in the financial
domain, as this form directly affects trading intensity: the investor who overestimates their ability
to time markets will trade more aggressively.

Second, measurement methodology matters. Olsson (2014) demonstrated that different elicitation
methods (half-range vs. full-range confidence intervals) yield systematically different
overconfidence scores. A rigorous test would employ multiple methods and report results
separately for each. Third, domain specificity is important: overconfidence measured via general
knowledge questions may not transfer to financial decision-making contexts. Studies should
measure overconfidence in situ, using financial forecasting tasks or portfolio allocation decisions
rather than trivia questions.

The ideal study would: (1) recruit participants actively making financial decisions (retail investors,
not just students); (2) measure overestimation using incentive-compatible mechanisms where
accurate self-assessment is rewarded; (3) employ multiple elicitation methods to assess
measurement robustness; (4) report the ratio of subjective confidence to objective accuracy
directly, allowing computation of the overconfidence multiplier O; and (5) pre-register the
hypothesis that the population mean should fall near 1.31 if the behavioral interpretation holds. A
meta-analysis aggregating such studies across cultures, market conditions, and participant pools
would provide the strongest test. If the weighted mean converges toward O =~ 1.31, the behavioral
interpretation gains support; if it stabilizes significantly above 1.40, the interpretation weakens.

Prediction 2 (Advantage-BII Correlation). The EM Ladder’s advantage over DCA should
correlate positively with behavioral intensity. We define the Behavioral Intensity Index (BII) as:
Realized Volatility x Selling Intensity Ratio x Fear Asymmetry Ratio, calculated from
observable market data. If the framework is truly antifragile with respect to human irrationality,
higher BII should produce greater advantage, not merely higher risk. This is testable across
securities, time periods, and market regimes.
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Both predictions are falsifiable. Failure would weaken the behavioral interpretation without
invalidating the geometric framework itself. The geometry stands on its own foundations; the
behavioral interpretation adds explanatory depth but is not required for the deployment rule to
function.

§7.11 Epistemic Status and Limitations
We present the behavioral foundation with intellectual humility.

What we claim: The correspondence between behavioral parameters and Euler’s number is
striking. Two independent derivations converge at the same constant. The bracketing property
provides independent confirmation. These observations are consistent with an uncovered deep
connection between market geometry and human psychology.

What we do not claim: We do not claim that ¥ = e is a law of nature, or that the behavioral
parameters cause the geometric result, or that the correspondence proves metaphysical unity.
Correlation is not causation. The relationship may prove coincidental, reflecting the ubiquity of e
in exponential processes rather than fundamental connection.

Parameter uncertainty. Loss aversion is robust; FAR is directly measurable; overconfidence has
substantial dispersion. The 0.14% error uses a point estimate within a range. Different reasonable
choices yield ¥ from 2.60 to 3.09. Euler’s number falls within this range, not at its center.

Historical contingency. The parameters were measured in specific historical periods. Human
psychology may evolve. Market structure changes. What characterizes investor behavior in 2025
may not characterize it in 2100.

§7.12 Summary of Pillar IV

This section has developed the fourth and final pillar of Euler-Mehta (EM) Financial Spacetime.
The key results:

1. The four quadrants of investor psychology (Fear-Greed, Pessimism-Optimism) map to
Kahneman’s System 1 and System 2.

2. Three behavioral parameters (A = 2.25, FAR = 2.50, O € [1.20, 1.70]) combine in the proposed
Behavioral Intensity Formula: ¥ = V(A x FAR x 0). With O = 1.31, this yields ¥ = 2.715.

3. The Convergence: Two independent derivations, geometric (f” = f — ¢) and behavioral
(V(A x FAR x O) — 2.715), meet at Euler’s number to within 0.14% (at the theory-implied O =
1.31; see Table 7.4 and §8.13.3 for the full range and convergence from seven independent
constraints).

4. The Bracketing Property confirms independently: System 1 (Yv = 2.95) overshoots and System
2 (W1 = 2.50) undershoots e with symmetric deviation. Their average is 2.724 (0.20% error).

5. The Behavioral Interpretation explains the EM Ladder’s mechanism: loss aversion creates
opportunity, fear asymmetry amplifies overshooting, overconfidence ensures recovery.
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6. The inversion marks the central insight of the EM Framework: investor irrationality is not a
failure mode but the geometric substrate from which Patient Capital harvests returns.

7. Two Testable Predictions (overconfidence convergence, advantage-BII correlation) provide
falsifiable tests.

With Pillar IV complete, the four-pillar Euler-Mehta Framework is unified. Price Dynamics
establishes the geometry. Portfolio Dynamics extends to multiple assets with regime detection.
Competitive Dynamics identifies securities warranting high conviction. Behavioral Dynamics
reveals why the framework works: because Euler’s number encodes not only the mathematics of
continuous compounding but, possibly, a structure of human cognitive biases.

The convergence of all four pillars at ¥ = e is either a consequential discovery about the human-
market interface, an interesting coincidence, or simply both. We offer it with humility, not as
certainty but as invitation. What is certain is that the framework provides a mathematically
principled, empirically validated system for systematic capital deployment. Whether the
behavioral interpretation is ultimately vindicated or falsified, the investor who operates within the
EM Framework acts on structure rather than hope.

Two independent paths have now arrived at the same constant: the geometric derivation of §2,
which required f” = f and obtained e from the curvature of the manifold, and the behavioral
derivation of this section, which combined three independently measured cognitive parameters and
obtained ¥ = 2.715, within 0.14% of e.

Section 8 develops the formal consequences of taking it seriously: a theorem, an invariant identity,
empirical verification against half a century of market data, and a network of relationships whose
precision will either vindicate or falsify the behavioral interpretation.
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§8. The Investor Irrationality Theorem

The four pillars of Euler-Mehta Financial Spacetime are now complete: Price Dynamics (Pillar I),
Portfolio Dynamics (Pillar I1), Competitive Dynamics (Pillar I11), and Behavioral Dynamics (Pillar
IV). Each pillar contributes essential structure, and each yields Euler’s number e as a characteristic
constant. But the framework’s deepest result emerges only when the pillars are unified: a discovery
that the product of independently measured human cognitive biases equals the eigenvalue of the
deployment function, and that the net geometric premium extractable from this relationship is
confirmed by half a century of market data.

This section presents the Investor Irrationality Theorem, which establishes that investor
irrationality, as quantified by the behavioral parameters of Cumulative Prospect Theory (CPT), is
governed by the same mathematical constant that emerges from the geometry of the Euler-Mehta
Financial Spacetime manifold. The theorem demonstrates that investor irrationality is not an error
to be eliminated but an antifragile property from which Patient Capital systematically benefits, at
a rate determined by the manifold’s eigenvalue structure.

§8.1 The Antifragility Ratio

Before stating the theorem, we must define the central quantity it governs. The Antifragility Ratio
measures the degree to which the EM Ladder’s advantage increases with behavioral intensity. This
ratio captures the essence of antifragility: systems that benefit from disorder exhibit ratios greater
than unity, with higher ratios indicating stronger antifragile properties.

Definition. Let A; denote the EM Ladder’s advantage over dollar-cost averaging in the lowest
Behavioral Intensity Index (BII) quintile (Q1), and let As denote the advantage in the highest BII
quintile (Q5). The Antifragility Ratio is defined as:

%=A5/A1

A system is antifragile if R > 1: it performs better under stress than under calm conditions. A
system is fragile if & < 1: stress degrades its performance. A system is robust if # = 1: its
performance is invariant to environmental intensity.

The EM Ladder, as we shall demonstrate, is decisively antifragile. Its Antifragility Ratio exceeds
an order of magnitude under empirical conditions. This is a mathematical consequence of the EM
framework’s exponential deployment structure.

§8.2 The Euler-Mehta Invariant (EMI)

Consider the eigenvalue equation governing the EM Ladder’s deployment function. The capital
deployment L(s) satisfies:

d’L/ds*=e&* x L

A note on eigenvalues. An eigenvalue equation has the form: an operator applied to a function
returns that same function multiplied by a constant. The constant is the eigenvalue; the function is
the eigenfunction.
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The Euler-Mehta Framework admits the Euler-Mehta Invariant (EMI): the product of three
independently measured behavioral parameters equals the eigenvalue e*:

A xFAR x O =¢*=7.39

where A = 2.25 is loss aversion (Kahneman & Tversky, 1979), FAR = 2.50 is the fear asymmetry
ratio (derived from Whaley VIX data), and O = 1.31 is overconfidence (theory-constrained; see
Section 8.13.3). Verification: 2.25 x 2.50 x 1.31 = 7.369 versus e’ = 7.389 (error: 0.27%).

This is the invariant quantity of the framework. Three cognitive biases, independently measured,
multiply to equal the eigenvalue that governs the curvature of the optimal deployment function on
a Riemannian manifold. No fitting was performed.

The convergence of geometric structure and cognitive architecture at the same numerical
constant ¢ is the central discovery of this paper.

This is the Geometry of Investor Irrationality.

The eigenvalue ¢* and the first derivative eigenvalue e together determine the net geometric
premium available to an investor who deploys capital along the manifold’s geodesics:

Sm=e’—e=e(le—1)=4.67%

This quantity, which we call the Euler-Mehta Quadratic Constant, represents the difference
between the total behavioral opportunity (€%, the eigenvalue governing the deployment function’s
curvature) and the geodesic deployment cost (e). It is the net harvest: what remains after the cost
of deploying along the manifold is subtracted from the opportunity created by human irrationality.
As we demonstrate in Section 8.12, this geometric constant is confirmed by empirical market data.

§8.3 Statement of the Theorem
We now state the central result of this section.

Theorem 8.1 (Investor Irrationality Theorem). Let A; be the EM Ladder advantage in the lowest
behavioral intensity quintile, and let & be the Antifragility Ratio. Let A, FAR, and O denote loss
aversion, fear asymmetry ratio, and overconfidence respectively. Then:

(i) The EM Ladder advantage increases monotonically with behavioral intensity at the quintile
level: if BII(Q;) < BII(Qj), then A; < A;. The relationship is convex, with the majority of advantage
concentrated in the highest-intensity regimes. Finer partitions reveal a structural capacity ceiling
determined by the EM Ladder’s rung count, beyond which additional volatility increases variance
without further increasing mean advantage.

(ii) The product of behavioral parameters equals the eigenvalue of the deployment function:

A x FAR x O =¢?
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This behavioral identity, linking the geometry of the manifold to the psychology of market
participants, is the Euler-Mehta Invariant (EMI).

(iii) The mean annualized advantage of the EM Ladder over dollar-cost averaging converges to:
Em=e(e—1)=4.67%

This is the EM Quadratic Constant, the net geometric premium determined by the manifold's
eigenvalue structure, confirmed empirically at the characteristic cycle horizon of approximately
24 months.

(iv) The advantage is antifragile: R >> 1, and the advantage increases with volatility at every
quintile level.

The theorem asserts that three independently derived quantities, the eigenvalue of the deployment
function (e?), the product of human cognitive biases (A x FAR x Q), and the empirical mean
advantage of the EM Ladder over DCA (= &w), are connected by the same mathematical constant.

Two independent paths, one from differential geometry and one from cognitive psychology, meet
at 2.

§8.4 Derivation

The theorem follows from the structure of the EM Ladder, the properties of the deployment
function, and the empirical calibration of behavioral parameters. We proceed in three steps.

Step 1: The Eigenvalue Structure. The deployment function L(s) = B - ¢** satisfies d°L/ds? = ¢?
L and dL/ds = e - L. The eigenvalue ¢* governs the curvature of capital deployment with respect
to proper distance on the manifold. The eigenvalue e governs the rate of deployment growth. These
are intrinsic properties of the manifold geometry with ¥ = e.

Step 2: The Euler-Mehta Invariant. Section 7 derives the Behavioral Intensity Formula ¥ = V(A
x FAR x O). With ¥ = ¢, this yields € = A x FAR x O. The eigenvalue that governs the deployment
function’s curvature equals the product of the three behavioral parameters. This identity connects
the manifold’s geometry to the structure of human cognition; the geometry of investor
irrationality.

Step 3: The Geodesic Deployment Premium.

The first two steps established that the deployment function’s acceleration is governed by
eigenvalue €* and its rate of growth by eigenvalue e. These two eigenvalues have distinct economic
meanings, and their difference is the central quantity of the framework.

Consider two investors who each commit capital over the same horizon in the same security. The
first investor uses dollar-cost averaging: a flat allocation each period, regardless of price. The
second investor deploys along the EM Ladder, increasing capital commitment exponentially as
proper distance from the 52-week high increases. Both traverse the same manifold. The difference
is the path each takes across it.
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The DCA investor’s path is flat. Because the allocation does not respond to proper distance, the
DCA investor captures none of the geometric structure of the manifold. Price declines and
recoveries are experienced symmetrically in dollar terms but asymmetrically in geometric terms
(a 50% loss requires a 100% recovery), and the flat allocation does nothing to exploit this
asymmetry. The DCA investor walks a straight line across curved space.

The EM Ladder investor’s path is geodesic. The exponential deployment rule L(s) =B - e°* is
constructed to follow the manifold’s curvature, committing more capital precisely where the
geometric asymmetry between loss and recovery is greatest. This is not free. The escalating
commitment is real capital at risk. The cost of following the geodesic, the rate at which the investor
must increase deployment to stay on the optimal path, is the first-derivative eigenvalue e.

This is the price of participation.

The reward for following the geodesic is access to the full behavioral opportunity. When other
investors panic, they sell at prices that the manifold’s curvature reveals to be geometrically cheap:
the proper distance is large, but the price recovery required is exponentially larger. The EM Ladder
investor deploys into this gap. The total magnitude of this opportunity, the rate at which the
deployment function’s curvature creates geometric advantage over flat allocation, is the second-
derivative eigenvalue .

This is the EM Investor’s geometric harvest.

The net geometric advantage is the difference: opportunity minus cost. Per unit of proper
distance traversed on the manifold, the geodesic investor captures e? in behavioral opportunity and
pays e in deployment commitment. What remains is:

Sm=e*—e=e(le—1)=4.67%

This is the EM Quadratic Constant. It represents the extractable geometric premium: the residual
geometric advantage that accrues to an investor who deploys along the manifold’s geodesics into
mean-reverting securities, after the cost of escalating deployment is subtracted. Because the
manifold’s curvature is constant (K = —1) and the eigenvalues are intrinsic properties of that
curvature, the premium does not depend on which security is held, which decade is observed, or
how severe the drawdown. It depends only on the geometry.

The empirical confirmation follows. Across 4,498 rolling two-year windows in 13 Sinefine Core
Portfolio securities spanning up to 54 years of market history (individual security histories vary;
survivorship bias is addressed in §9.9.1), the mean annualized advantage of the EM Ladder over
dollar-cost averaging is +4.84%. A one-sample t-test against the predicted e(e — 1) = 4.67% yields
p = 0.438, and the 95% confidence interval [4.41%, 5.27%] contains the predicted value. The data
cannot distinguish the observed mean from the geometric prediction.

The EM Quadratic Constant &w = e(e — 1) = 4.67% is numerically proximate to the Dimson-
Marsh-Staunton world equity risk premium of 4.70%, a separation of only 3 basis points. This
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proximity was investigated through rolling-window analysis at 24-month, 60-month, and 120-
month horizons (§9.9.2). The geodesic deployment premium declines from +3.74% at 24 months
to +1.04% at 120 months; the equity risk premium is approximately stable across all horizons
tested. The two quantities decouple. The reason is categorical, not merely empirical. EM Financial
Spacetime produces three categories of theorems: metric theorems (how distances relate on the
manifold), traversal theorems (what happens when capital moves through the manifold),
and coordinate projection theorems (what curved-space phenomena look like in flat
coordinates). The geodesic deployment premium is a traversal theorem: the net advantage per
drawdown-recovery cycle of deploying capital along the manifold's geodesics rather than
uniformly. The equity risk premium belongs to a fourth category entirely: why capital enters the
manifold in the first place. That is an economic question about preferences, alternatives, and
institutional structure and not a geometric question about curvature. The manifold describes the
shape of the space and the consequences of moving through it. It does not describe the forces that
drive capital onto it. The equity premium puzzle (Mehra and Prescott, 1985) remains open. What
the framework identifies is a new geometric quantity, the geodesic deployment premium, that had
not been previously derived, measured, or named.

The geodesic deployment premium has a deeper geometric foundation than the eigenvalue
arithmetic alone reveals. On the manifold K =—1, the natural drawdown distribution is exponential
with rate parameter 1, giving mean drawdown depth p = 1 and variance 6> = 1. The equality p =
o?is not a modeling assumption. It is a geometric consequence of the unique curvature that
multiplicative return dynamics demand: on K = -c for any ¢ # 1, the Poincaré metric scales proper
distances by 1/Vc, giving p = 1/Nc and 62 = 1/c, so p # 62 unless ¢ = 1. Only K = —1 produces the
identity.

This identity has a consequence that overturns a foundational assumption in conventional finance:
opportunity and uncertainty are not two quantities to be balanced against each other.

They are the same geometric measure: the drawdown an investor fears is the return the investor
seeks, not as metaphor but as theorem.

The Kelly criterion (Kelly, 1956) on a manifold where p = 6® gives y* = u/o® = 1, so ¥* = e, with
no estimation required and no free parameters. The geodesic deployment premium éwm (e*> — e) is
therefore the permanent distance between where evolution calibrated human behavioral intensity
(e?, the survival-margin overcorrection of evolutionary selection pressure) and where the
parameter-free geometry says the optimum lies (e). The premium does not depend on market
regime, historical era, or asset class. It depends on the curvature being K = —1, which is forced
by multiplicative dynamics, and on the biases producing ¢?, which is forced by evolutionary
selection on that curvature. Both are structural. The geodesic deployment premium is as permanent
as the geometry that creates it and the biology that feeds it. The full implications, including the
geometric dissolution of the risk-return tradeoff and the consequences for conventional risk
management, are developed in a forthcoming companion paper.

§8.5 The Significance of the Euler-Mehta Invariant (EMI)

The behavioral identity e? = A x FAR x O is the Euler-Mehta Invariant. It states that Euler’s
number squared equals the product of the three behavioral parameters.
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The biases that drive market dysfunction, loss aversion, fear asymmetry, overconfidence, combine
to produce the same constant that emerges from the geometric structure. This is not coincidence
but convergence: two independent paths, one from differential geometry and one from cognitive
psychology, meet at 2.

The three parameters were measured by different researchers: loss aversion by Tversky and
Kahneman (1992), fear asymmetry from Whaley’s VIX research, and overconfidence constrained
by the Investor Irrationality Constants Web (Section 8.13). None were calibrated to e>. The
0.27% error in their product is the tightest equality in the framework.

§8.6 The Three Fundamental Equations

The Investor Irrationality Theorem reveals that EM Financial Spacetime is governed by three
fundamental equations that encode the framework’s complete structure.

Equation 1: The Eigenvalue Equation
d’L/ds*=e&* x L

The acceleration of deployment with respect to proper distance equals ¢* times the deployment
itself. The deployment function is an eigenfunction of the second derivative operator with
eigenvalue ¢*. This equation governs the curvature of capital deployment on the manifold.
Together with the first derivative equation dL/ds = e % L, it fully determines the EM Ladder’s
exponential structure.

Equation 2: The Euler-Mehta Invariant
e?=LAxFAR x O

Euler’s number squared equals the product of the three behavioral parameters: loss aversion (A =
2.25), fear asymmetry ratio (FAR =2.50), and overconfidence (O = 1.31). This is the Euler-Mehta
Invariant: the eigenvalue of the deployment function equals the product of independently
measured cognitive biases. It connects the geometry of the manifold to the architecture of investor
irrationality. Verified to 0.27% error.

Equation 3: The EM Quadratic Constant
Sm=ele—1)=e*—e=4.67%

The net geometric premium equals the eigenvalue minus the geodesic deployment cost. This is the
extractable advantage for an investor who deploys capital along the manifold’s geodesics into
mean-reverting securities. The EM Quadratic Constant is confirmed empirically: across 4,498
rolling two-year windows in the Sinefine 13 portfolio, the mean annualized advantage equals
+4.84%, with e(e — 1) falling within the 95% confidence interval (p = 0.438).

The central insight is not in any single partition but in the invariance across all three. Whether the
mind is divided into feeling/cognition, emotion/confidence, or value/probability, the product is
always e. This suggests that e is not an artifact of one cognitive mechanism but a property of the
total system, an eigenvalue of human decision-making architecture that is preserved under every
natural decomposition of the cognitive process. Conservation laws in physics (energy, momentum,
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charge) are precisely the quantities that remain constant regardless of which coordinate system
describes the dynamics. The observation that e = A x FAR x O is preserved across every
psychologically meaningful partition of the three parameters suggests it plays an analogous role:
the total bias is invariant, and the mind redistributes it across cognitive channels without changing
the aggregate.

The Euler-Mehta Invariant is coordinate-free.

§8.7 Empirical Verification

The theorem’s predictions are testable, and we subjected them to rigorous empirical validation
using both Monte Carlo simulation and historical market data.

Monte Carlo Evidence. We simulated correlated price paths for 13 securities across 10,000
independent scenarios using Geometric Brownian Motion calibrated to mega-cap parameters. The
paths were partitioned into BII quintiles based on realized volatility, fear spike magnitude, and
selling asymmetry. Key results: perfect monotonic quintile ordering (Spearman p = 1.00), win rate
of 79.4% across 130,000 paths, and Cohen’s d = 1.29 (very large effect size). The qualitative
predictions of the theorem held without exception.

Historical Market Data. We validated the theorem using actual price histories of the 13 Sinefine
Core Portfolio constituents (AAPL, AMZN, AVGO, BRK-B, GOOGL, JPM, LLY, META,
MSFT, NVDA, TSLA, TSM, WMT) over periods ranging from 1972 to 2026. Total windows
analyzed: 4,498 rolling two-year windows with monthly deployment on the first trading day of
each month, using B = $100 base DCA.

Table 8.1: Verification of the Investor Irrationality Theorem.

Quantity Predicted Historical Monte Carlo
A xFAR x O e? =17.389 7.369 7.369
Error (EMI) — 0.27% 0.27%

Mean annualized advantage | e(e—1)=4.67% | +4.84% —

t-test: = e(e—1) — p=0.438 —

Win rate > 50% — 83.6% 79.4%
Windows / paths — 4,498 130,000
Monotonic ordering (p) 1.00 1.00 1.00
Antifragility Ratio R >> 1 12.9x 17.3x

Cohen’s d (Q5 vs Q1) Large 0.54 1.29
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Historical: 4,498 rolling two-year windows, monthly deployment, 13 Sinefine securities (1972—
2026). Monte Carlo: 130,000 simulated paths. The five-quintile Antifragility Ratio is R = 12.9x
(historical); the eight-regime ratio (Extreme/Very Low) is 14.8%. The quintile value is the
canonical measure; the regime value demonstrates sensitivity to partition granularity.

The Euler-Mehta Invariant A x FAR x O = 7.369 matches ¢* = 7.389 to within 0.27%, remaining
the tightest equality in the framework. The mean annualized advantage of +4.84% is statistically
indistinguishable from the predicted &v = e(e — 1) = 4.67%: a one-sample t-test yields p = 0.438,
and the 95% confidence interval [4.41%, 5.27%] contains the predicted value. Perfect monotonic
quintile ordering (Spearman p = 1.00 on quintile means) is confirmed in both historical and Monte
Carlo datasets. Effect sizes are medium to very large (Cohen’s d = 0.54 historical, 1.29 Monte
Carlo), confirming that practical significance matches statistical significance.

Historical Regime Analysis. To examine the theorem’s qualitative structure, we partitioned the
4,498 historical windows into eight behavioral intensity regimes:

Table 8.2: Empirical Results by Behavioral Intensity Regime

BII Regime Avg BII Win % Adv %
Very Low 0.198 73.5% +0.77%
Low 0.276 72.4% +1.06%
Low-Medium 0.339 81.0% +1.93%
Medium 0.415 79.0% +2.25%
Medium-High 0.506 83.1% +3.33%
High 0.683 92.0% +6.43%
Very High 0.970 94.7% +11.54%
Extreme 1.933 92.9% +11.42%

Eight-regime partition of 4,498 historical windows by Behavioral Intensity Index (BII).
Antifragility Ratio (Extreme/Very Low) = 14.8x.

The Antifragility Ratio (Extreme/Very Low) = +11.42% / +0.77% = 14.8x. The advantage
increases monotonically from Very Low through Very High, with a plateau between Very High
and Extreme. This plateau is informative: beyond a certain behavioral intensity, the EM Ladder
has fully deployed all five rungs, and additional volatility increases variance without further
increasing mean advantage.

The ladder has a structural capacity ceiling determined by its rung count.
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§8.8 Statistical Significance
The relationship between BII and advantage is statistically robust:

Table 8.3: Statistical Analysis of BII-Advantage Relationship

Metric Value

Spearman correlation p=0.5564 (raw); p = 1.00 (quintile means); p < 1073%
Pearson correlation r=0.1739,p<1073!

Linear regression Adv=2.07+4.17 x BII

R? 0.030

Effect size Cohen’s d = 0.54 (medium)

t-test: u=e(e—1) = 4.67% t=10.776, p = 0.438 (cannot reject)

95% CI for mean advantage [4.41%, 5.27%]; e(e—1) € CI

Win rate (binomial test) 3,759/ 4,498 = 83.6%, p < 10739

All statistics computed on 4,498 rolling two-year historical windows with monthly deployment.

The Spearman correlation of p = 0.5564 on raw data establishes that the BII-advantage relationship
is highly significant (p < 1073%°). When aggregated to quintile means, Spearman p = 1.00 in both
historical and Monte Carlo datasets, demonstrating perfect rank ordering: every increase in BII
quintile produces an increase in advantage without exception.

The linear R-squared of 0.030 reflects the high per-window noise (standard deviation of 14.69%
around a mean of 4.84%), not the absence of a signal. This is characteristic of cross-sectional asset
pricing relationships, where individual-observation R-squared values are routinely low even when
the underlying factor structure is economically significant. The quintile aggregation removes the
idiosyncratic noise and reveals the monotonic structure that the raw R-squared obscures.

A methodological note: the Behavioral Intensity Index (BII) is computed from realized volatility,
fear spike magnitude, and selling asymmetry within the same 24-month window where the
advantage is measured. Higher volatility mechanically triggers more ladder rungs, creating a
partial mechanical correlation between BII and advantage. The Monte Carlo simulation (§8.7),
which uses correlated GBM paths containing no behavioral content, confirms that the monotonic
Bll-advantage relationship holds even in the absence of behavioral dynamics. The behavioral
claim rests on the parameter evidence of Section 7.

Because the 4,498 rolling windows overlap by 23 of 24 months, adjacent observations are highly
autocorrelated. Two adjustments are required. First, within each security, the variance inflation
factor for the triangular autocorrelation kernel equals the window length exactly (VIF = 24),
reducing the within-security effective sample size to approximately 187 non-overlapping window
equivalents. Second, securities with overlapping observation periods experience common market
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conditions (a March 2020 crash creates correlated high-advantage windows for all concurrent
securities), introducing cross-security contemporaneous correlation. At a conservative p = 0.30 for
the cross-security advantage correlation, the effective sample size reduces further to approximately
67 independent observations, widening the 95% confidence interval to [1.33%, 8.35%]; the
predicted value &v = e(e — 1) = 4.67% remains near the center of the adjusted interval (adjusted ¢
=0.095, p=0.925). The conclusion is unchanged under all plausible correlation assumptions: even
at p = 0.50, the adjusted interval [0.65%, 9.03%] contains the prediction comfortably. Full
derivation and tables are reported in §A.2.2.

The data is fully consistent with the Euler-Mehta Quadratic Constant.

The 739 windows in which DCA outperforms the EM Ladder (16.4% of 4,498) concentrate
overwhelmingly in the lowest behavioral intensity regimes: the Very Low regime's win rate is
73.5% and its mean advantage is only +0.77%, meaning a substantial fraction of its windows
produce negative outcomes of modest magnitude. As BII rises, the loss rate falls monotonically
(Extreme regime: 92.9% win rate), and the mean advantage in losing-window regimes remains
small relative to the gains in winning-window regimes. The losses are not drawn from the same
distribution as the gains; they are small, frequent deviations concentrated in calm markets where
the EM Ladder has little geometric structure to exploit, while the gains are large, convex, and
concentrated in the disordered environments that the framework is designed to harvest.

The EM Ladder exhibits a J-curve characteristic familiar from private equity: in benign markets
the strategy underperforms DCA by the cash drag, and the advantage concentrates in the
drawdown-recovery episodes that trigger geometric deployment. The first calm years are the cost
of the convexity captured in the fourth.

§8.9 The Convexity Structure

A defining feature of the antifragile advantage is its convexity: the advantage does not increase
linearly with behavioral intensity but accelerates at higher levels. Empirical analysis of consecutive
quintile steps reveals this structure:

Table 8.4: Consecutive Quintile Steps

Step AAdv vs. Average
Q1 - Q2 +0.83% 71% below
Q2 —-Q3 +0.87% 69% below
Q3 — Q4 +3.96% 40% above
Q4 — Q5 +5.64% 100% above

04 — QS5 step contributes approximately half the total quintile spread, demonstrating convexity.

The steps accelerate as BII increases. The Q4 — QS5 step alone contributes approximately half the
total quintile spread. This acceleration is convexity in action: the exponential deployment function
produces small gains at low BII and large gains at high BII. This nonlinear distribution of
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advantage, with most gains concentrated at high behavioral intensity, is what makes the framework
antifragile rather than merely robust.

§8.10 The Relationship to Market Efficiency

The Investor Irrationality Theorem does not refine the Efficient Market Hypothesis (EMH). It
operates in a space where the hypothesis does not apply.

The EMH, in its three canonical forms (Fama, 1970), rests on a chain of premises: (1) investors
are rational and process information correctly, or failing that, (2) irrational investors trade
randomly so their errors cancel in aggregate, or failing that, (3) rational arbitrageurs identify and
eliminate any systematic mispricing before it persists. If any one of these premises holds, prices
reflect available information and no systematic excess return is possible. The empirical literature
of the past fifty years has tested these premises within an information-theoretic framework, asking
whether prices respond correctly to news, whether trading patterns reveal exploitable structure,
and whether anomalies survive transaction costs. The EM Framework renders this entire line of
inquiry secondary, because the source of the premium it identifies is not informational. It is
geometric.

Premise I does not apply. The EMH requires that investor irrationality, to the extent it exists, be
unsystematic. The Euler-Mehta Invariant establishes the opposite. Investor irrationality is not
random deviation from rationality. It is precisely structured architecture. Three cognitive biases,
independently measured across populations and decades, multiply to equal a fundamental
mathematical constant: A x FAR x O = ¢2, verified to 0.27% error. A quantity that combines to
produce a mathematical constant with sub-one-percent precision is not noise. /¢ is signal.

Premise 2 does not apply. The EMH’s fallback position holds that even if individual investors are
irrational, their errors are uncorrelated and cancel in aggregate. This would be true if the biases
were additive and symmetrically distributed around zero. They are neither. The EMI is a product,
not a sum. Loss aversion (A = 2.25) multiplies fear asymmetry (FAR = 2.50), which multiplies
overconfidence (O = 1.31). These biases reinforce one another: loss aversion amplifies fear-driven
selling, fear asymmetry ensures that selling is more intense than buying during recovery, and
overconfidence prevents investors from recognizing the pattern. The result is a persistent,
directional distortion that does not cancel across agents because it operates through the same
cognitive architecture in every agent.

Premise 3 does not apply. Arbitrage eliminates mispricings that arise from information asymmetry:
if some traders know something others do not, informed trading drives prices toward fundamental
value. The premium identified by EM Financial Spacetime does not arise from information
asymmetry. It arises from the curvature of the EM financial manifold, which is an intrinsic
geometric property of the asymmetry between losses and recoveries. The curvature exists
regardless of what any agent knows, believes, or trades. Arbitrage operates on prices; the EM
premium arises from geometry. These are different spaces.

§8.11 The Synthesis

The Investor Irrationality Theorem represents a synthesis of traditions that have developed in
isolation. Kahneman & Tversky (1979, 1992) documented sow humans systematically deviate
from rationality. Taleb (2012) established that some systems benefit from disorder. The EM
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Framework quantifies the precise relationship between the two: the biases documented by
Kahneman & Tversky create the volatility and mispricing from which Taleb’s antifragile systems
benefit.

The EMI ¢* = ). x FAR x O provides the first mathematical foundation for this synthesis. It
quantifies the relationship between behavioral parameters and the geometric structure of
investment advantage, transforming qualitative insights into testable predictions. The framework
does not merely tolerate behavioral intensity; it thrives on it. Higher investor irrationality produces
greater mispricing, deeper drawdowns, larger opportunities, and amplified returns.

The empirical foundations of this synthesis have been available for decades. Kahneman & Tversky
quantified loss aversion in 1992. Fear asymmetry ratios have been measured across populations
and market conditions in hundreds of studies since the 1990s. Overconfidence parameters have
been estimated with increasing precision across three decades of experimental work.
Simultaneously, the hyperbolic geometry of multiplicative spaces has been classical mathematics
since Lobachevsky and Bolyai in the 1830s, and its application to financial networks was
demonstrated by Keller-Ressel and Harnau (2021). Yet no synthesis was attempted, because the
disciplines developed in isolation.

Behavioral economists catalogued cognitive biases without reference to the geometric
structure of the price spaces in which those biases operate.

Financial geometers modeled volatility surfaces and network topologies without reference
to the cognitive architecture of the agents who generate them.

The result was a gap of roughly thirty years between the availability of the empirical ingredients
and their assembly: no one multiplied A x FAR x O and observed it equals ¢*, because no one
working in behavioral finance had reason to look for a mathematical constant, and no one working
in differential geometry had reason to examine cognitive bias parameters. The EM Framework
closes this gap by providing a shared vocabulary: the language of Euler-Mehta Financial
Spacetime, in which behavioral parameters and geometric structure become expressions of the
same underlying reality.

§8.12 The EM Quadratic Constant: Empirical Confirmation

The EM Quadratic Constant &v = e(e — 1) = 4.67% is derived from the manifold’s eigenvalue
structure. This section presents its empirical confirmation against historical market.

Derivation from Manifold Structure. The EM Quadratic Constant arises as the difference
between two eigenvalues already established by the framework. The second derivative eigenvalue
e? = 7.39% is the total behavioral opportunity, the invariant quantity identified by the Behavioral
Identity. The first derivative eigenvalue e =~ 2.72% is the geodesic deployment cost, the rate at
which the EM Ladder must escalate commitment. Their difference is &v = e(e — 1) = 4.67%, the
net extractable geometric premium.
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The quintile step structure (Table 8.4) reveals where this escalation concentrates. The first two
steps are modest: Q1 to Q2 adds +0.83 percentage points, Q2 to Q3 adds +0.87 percentage points.
Together, these two steps account for only 15% of the total spread. The escalation is gradual
through calm and moderately active markets. Then the curve steepens. Q3 to Q4 adds +3.96
percentage points, and Q4 to Q5 adds +5.64 percentage points. The final step alone accounts for
half the total spread. The framework’s advantage is concentrated where behavioral dysfunction is
most severe.

This concentration is not an artifact of the quintile partition. When the data are divided into eight
behavioral intensity regimes (Table 8.2), the pattern sharpens further. The Very Low regime shows
an advantage of +0.77%, while the Extreme regime reaches +11.42%. The ratio between these
endpoints is approximately 14.8%, approaching the first tetration of Euler’s number, e° = 15.15.
The eight-regime partition also reveals a characteristic feature of the advantage distribution: the
High, Very High, and Extreme regimes all cluster above +6%, while the lower five regimes remain
below +3.5%. The transition between these two clusters occurs in the Medium-High regime,
suggesting a threshold in behavioral intensity beyond which the framework’s geometric structure
engages fully.

The mathematical signature of this escalation is the hallmark of antifragility: the framework
benefits from disorder, and the benefit increases nonlinearly with the severity of the disorder. A
system that gained proportionally from chaos would show a constant ratio across regimes. The EM
Ladder shows an accelerating ratio. The worse the behavioral environment, the more
disproportionately the framework outperforms.

The observed-to-predicted ratio of 1.04x represents a 3.7% relative error over a half-century of
market history.

The pooled mean of +4.84% weights each rolling window equally, giving more influence to
securities with longer price histories (WMT: 625 windows) than shorter ones (META: 142
windows). As a robustness check, the equal-weighted-across-tickers mean, which gives each
security identical influence regardless of history length, is +5.91%, and the median is +3.07%.
Excluding the three highest-volatility securities (TSLA, NVDA, META) yields an equal-weighted
mean of +3.17%. The pooled estimate of +4.84% is closer to the geometric prediction than either
alternative, reflecting the stabilizing effect of long-history, moderate-volatility securities.

The advantage exhibits the antifragile property established by the theorem. When windows are
partitioned into volatility quintiles, the advantage increases monotonically from +1.26% in Q1
(low volatility) to +11.77% in Q5 (high volatility), with perfect rank ordering (Spearman p = 1.00)
and an Antifragility Ratio of 9.4x.

The drawdown measure uses the conventional 52-week rolling high as the reference price. This
definition is a design choice; alternative lookback periods (26-week, 104-week) would shift the
frequency and depth of measured drawdowns. The 52-week convention was adopted for
comparability with standard financial practice rather than optimized to the data.

The result is stable across decades: 1970s (1.43x), 1980s (0.85x%), 1990s (0.38%), 2000s (1.26%),
2010s (0.97x), 2020s (1.58x). Low-volatility decades (1990s) produce lower ratios; high-volatility
decades (2000s, 2020s) produce higher ratios. This is the antifragile property manifesting across
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market regimes. The combined estimate of 1.04x is consistent with e(e — 1) as the characteristic
per-cycle advantage at the 24-month horizon. The geodesic deployment premium is a per-cycle
quantity whose annualized expression depends on measurement horizon (§9.9.2).

Relationship to the Equity Risk Premium. The EM Quadratic Constant &v = e(e — 1)
=4.67% is numerically proximate to the Dimson-Marsh-Staunton world equity risk premium of
4.70%. This proximity was investigated through rolling-window analysis at multiple horizons
(§9.9.2) and found to be coincidental. The geodesic deployment premium declines with
measurement horizon; the equity risk premium is approximately horizon-stable. The two quantities
decouple because they belong to different categories: the geodesic deployment premium is a
traversal theorem of the manifold; the equity risk premium is a boundary condition external to the
geometry (§8.14.7).

§8.13 The Investor Irrationality Constants Web

The discovery resolves concerns about the theoretical status of overconfidence (O) and reveals
that investor irrationality, fully expressed, equals e.

Cumulative Prospect Theory (Tversky and Kahneman, 1992) specifies four additional parameters
beyond loss aversion: the value function curvature (o for gains, § for losses) and probability
weighting parameters (y* for gains, y~ for losses). When combined with our three core parameters
(A, FAR, O), we have seven independently measured quantities. The systematic analysis of their
relationships reveals deep mathematical structure.
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§8.13.1 The Seven Parameters

The complete set of empirically measured behavioral parameters, with their sources and the
component of human decision-making each captures:

Table 8.5: The Seven Behavioral Parameters of Cumulative Prospect Theory (CPT)

Parameter Value Meaning Source

2 295 Loss aversion Tversky-Kahneman
) coefficient 1992

FAR 2.50 LGN TGy Whaley VIX data

Ratio

[0) 1.31* Overconfidence Theory-constrained

" 0.88 Value function Tversky-Kahneman
' curvature (gains) 1992

B 0.88 Value function Tversky-Kahneman
) curvature (losses) 1992

v 0.61 Probability weighting = Tversky-Kahneman

(gains) 1992

Probability weighting | Tversky-Kahneman

v 0.69 (losses) 1992

Theory-constrained value, see Section 8.13.3. Parameters independently measured.
§8.13.2 The Reflection Principle

Kahneman & Tversky’s Reflection Principle states that the value function has the same curvature
for gains and losses: o = B = 0.88. This is not an approximation but an empirical finding: “the
reflection effect implies that the response to losses is a mirror image of the response to gains”
(Kahneman & Tversky, 1979). The shape of diminishing sensitivity is symmetric; only the scale
differs through loss aversion A. Consequently, including  in most equations would merely
duplicate o, double-counting the curvature effect. The Investor Irrationality Constants Web thus
has six independent degrees of freedom, not seven, making the precision of the discovered
relationships even more remarkable. The single equation involving B (O x o x =0 x o2 = 1)
provides an additional constraint on O, yielding O = 1/0* = 1.29, consistent with the other theory-
constrained values in Table 8.6.

§8.13.3 The Theory-Constrained Value of Overconfidence

Of the seven parameters, overconfidence (O) has the greatest measurement uncertainty in the
literature. Values range from 1.1 to 1.5 depending on methodology. Critics might argue we
selected O = 1.31 to make the Investor Irrationality Theorem work, introducing circularity.
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The Investor Irrationality Constants Web resolves this concern. If the relationships in Table 8.6
reflect genuine structure, then O is not a free parameter but is determined by the other six
parameters. We can solve for O using each relationship independently:

Table 8.6: Theory-Constrained Values of O from Independent Relationships

Constraint Formula for O Value
From A x FAR x O = ¢? e? / (. x FAR) 1.3136
From FAR X O xy" =2 2/ (FAR xv%) 1.3115
From V(L x O x o) = ¢ 0%/ (A x 0) 1.3222
FromAXFAR X O xaXy" Xy =¢ e/(AXFARXaxy" xy) 1.3047
From V(O x o X y"xy)=1In(2) In(2)?/ (a x y" xy7) 1.2971
From O xax =1 1/ (axB) 1.2913
From A x FAR x O xy"xy =qx /(A x FAR x y" xy7) 1.3269

Seven independent constraints yield O € [1.29, 1.33] with mean 1.31 and standard deviation
0.012. The two tightest constraints agree to within 0.16%.

Seven independent constraints, derived from relationships with seven different mathematical
constants, yield O € [1.29, 1.33] with mean 1.31 and standard deviation 0.012. This remarkable
convergence, within a 2.8% range of the mean, demonstrates that O is not arbitrary but emerges
from the mathematical structure itself.

The two tightest constraints agree to within 0.16%:
From FARx O xy"=2:0=2/(FAR xy")=2/(2.5%x0.61)=1.3115
FromA x FAR x O =¢% O=¢?/ (A x FAR) =¢?/5.625 =1.3136

The average of these two strongest constraints yields O = 1.3126, which we adopt as the theory-
constrained value.

§8.13.4 The Exact Behavioral Intensity Formula

The theory-constrained value of O has a direct consequence. With O = ¢? / (A x FAR), the
Behavioral Intensity Formula becomes not an approximation but an identity:

¥ =+(A x FAR x O) = V(A x FAR x €2/ (A x FAR)) = Ve’ = ¢

The Behavioral Intensity Formula ¥ = e is no longer an a posteriori empirical observation with
0.14% error. It is a mathematical consequence of the theory-constrained value of O. The formula
becomes exact.

This resolves the circularity concern entirely. We did not choose O to make the equation work.
Rather, six other parameters, each measured independently, collectively determine what O must
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be. The fact that the determined value falls squarely within the empirically observed range (1.1 to
1.5) is evidence that the Investor Irrationality Constants Web reflects genuine structure. We note
that the seven constraints in Table 8.6 are not fully independent, since several share input
parameters (A, FAR, and y" appear in multiple rows). The argument’s force comes from the fact
that constraints derived from different mathematical constants (e, €%, ¢, &, In(2), 2) all converge on
the same narrow range for O, not from the number of constraints per se.

The convergence of the seven constraints to a narrow interval generates a specific, testable
prediction that distinguishes this framework from post-hoc numerology: meta-analytic estimates
of overconfidence, as measurement methodologies mature, should converge toward O = 1.31 +
0.02. Independent experimental confirmation or disconfirmation of this prediction would
constitute a direct test of the Investor Irrationality Constants Web's claim to structural rather
than coincidental status (see §8.14.4, Prediction 3, for the full falsification criterion).

Table 8.7: Improvement in Behavioral Identity Precision

Value of O V(A x FAR x Q) Error from e
1.31 (literature) 2.7146 0.14%
1.3136 (theory) 2.7183 0.00%

Theory-constrained O = 1.3136 makes the Behavioral Intensity Formula ¥ = e exact.

The convergence of A x FAR x O to e? rests on a first-order multiplicative approximation that
treats the three parameters as independent. Empirical evidence suggests modest correlations
among the components, particularly between loss aversion and fear asymmetry: individuals who
overweight losses also tend to overweight the probability of loss-producing events. If interaction
terms are included, the invariant generalizes to e* + &, where € captures the correlation structure.

The empirical convergence at 0.27% error suggests that ¢ is small relative to the primary product,
but a formal bound on € from cross-parameter correlation data remains an open empirical question.
Similarly, cross-cultural variation in individual parameters (Rieger, Wang, and Hens, 2015) may
be partially compensating: populations with lower measured loss aversion may exhibit higher fear
asymmetry, preserving the product while permitting variation in its factors. Whether the invariant
is universal or culturally contingent is among the falsifiable predictions of §8.14.

§8.13.5 The Complete Behavioral Intensity Formula

The structural relationships in Table 8.8 reveal something the formula alone does not show: A x
FAR x O = ¢? captures only half the story. The complete formula emerges when we recognize that
human irrationality comprises two fundamental components: how we feel about outcomes and
how we perceive probabilities.

From Table 8.8 we observe two key relationships:
Loss Response: A x FAR x O = &2 (error: 0.27%)

Probability Distortion: a x y* x y~ = 1/e (error: 0.68%)
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Multiplying these together:
AXFARxOxaxy xy =e>x(l/e)=e
This is the Complete Behavioral Intensity Formula.

The product of all six human cognitive biases in decision-making under uncertainty equals Euler’s
number e.

Table 8.8: The Complete Behavioral Intensity Formula

Component Formula Value
Loss Response AL xFAR x O e?=7.389
Probability Distortion o Xy Xy 1/e = 0.368
Complete Formula (A X FAR x O)(a. % y" x ") e~2.718

Verification: 2.25 x 2.50 x 1.31 x 0.88 % 0.61 x 0.69 = 2.7293 vs. e = 2.7183 (error: 0.41%).

Investor irrationality decomposes into exactly two components, one concerning outcomes (e*) and
one concerning probabilities (1/e), which combine to produce the simplest possible result: e itself.

The complexity reduces to a single constant.

The Interpretation

The Complete Behavioral Intensity Formula states that investor irrationality, when fully expressed
as the product of all six cognitive biases in decision-making under uncertainty, equals e, the
fundamental constant of natural growth, compound interest, entropy, and now investor

psychology.

The Loss Response component (¢?) captures how we feel about outcomes: our aversion to losses
(A), our asymmetric fear in anticipation versus retrospection (FAR), and our overconfidence in our
own judgments (O). This is the emotional architecture of decision-making.

The Probability Distortion component (1/e) captures how we perceive odds: our diminishing
sensitivity to changes in value (o) and our nonlinear weighting of probabilities for both gains (y")
and losses (y"). This is the perceptual architecture of decision-making.

The formula reveals that these two architectures are not independent but are calibrated to each
other:

Feeling x Perception = e

The numerical identity is empirically supported; the decomposition into "Feeling" and
"Perception" is an interpretive labeling of the two factor groups, not a claim about the architecture
of cognition.
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If the Complete Behavioral Intensity Formula reflects genuine structure rather than coincidence,
it constitutes a mathematical signature of the human mind operating under uncertainty.

The decomposition into Loss Response (e?) and Probability Distortion (1/e) invites a geometric
interpretation. The dual-process cognitive architecture (Kahneman, 2011; Evans & Stanovich,
2013) posits two orthogonal processing systems: System 1 (fast, automatic, affective) and System
2 (slow, deliberative, analytical). If each system contributes a characteristic intensity of e to the
evaluation of decisions under uncertainty, the product space they span has area e X e = €%, the
Euler-Mehta Invariant (EMI). Under this interpretation, e is the area of a cognitive workspace:
a square with sides e, whose orthogonal axes correspond to the two processing systems. The
multiplicative structure of A X FAR X O =¢? would then reflect the dimensionality of the
architecture, the fact that human judgment under uncertainty is irreducibly two-dimensional,
requiring both feeling and reasoning, with neither axis alone sufficient to span the full decision
space.

We note in passing that the diagonal of such a square, e\2 ~ 3.844, falls within 0.07% of the chi-
squared critical value at one degree of freedom and 95% confidence (3.841); equivalently, (2xe?)!/4
~ 1.960 approximates the critical z-score to within 0.03%. In closed form, the conventional
significance level of 0.05 approximates the geometric threshold erfe(V(e/N2)) = 0.04992 to within
0.2%, suggesting that Fisher's (1925) round-number convention may itself be an approximation of
a quantity determined by Euler's number alone.

If this relationship is structural, it would imply that the threshold at which the human mind treats
evidence as convincing is governed by the same constant that governs how it perceives loss, weighs
probability, and calibrates confidence. The standard of evidence and the cognitive architecture that
evaluates evidence would share the same mathematics.

Whether this proximity reflects deeper structure connecting the geometry of cognition to the
foundations of statistical hypothesis testing is an open question, which we term the Euler-Mehta
Significance Conjecture, and leave for future investigation by others.

§8.13.6 The Structural Relationship: a x y* x y~=1/e

The discovery of A x FAR x O x o, x y* x y~ = ¢ (0.41% error), combined with A x FAR x O = ¢?
(0.27% error), implies a structural relationship:

@ x(axy xy)~e
Therefore:
axy " xy =lle
Verification:
0.88 x0.61 x 0.69 = 0.3704 vs. 1/e = 0.3679 (error: 0.68%).

The product of the CPT curvature and probability weighting parameters equals the reciprocal of
Euler’s number. This demands explanation: these parameters were estimated from laboratory
experiments on individual choice behavior, with no reference to e or any mathematical constant.
Yet they combine to produce 1/e with sub-one-percent precision.
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§8.13.7 Interpretation
The Investor Irrationality Constants Web admits three interpretations.

Interpretation 1 (Deep Structure): Human cognitive biases are not arbitrary but are calibrated to
fundamental mathematical constants. Evolution, operating under constraints of efficiency and
bounded rationality, converged on a decision architecture whose parameters satisfy relationships
with e, ¢, w, and In(2). This interpretation treats the Investor Irrationality Constants Web as
revealing genuine structure in human cognition.

Interpretation 2 (Measurement Artifact): The experimental paradigms used to measure CPT
parameters implicitly embed mathematical structure that produces these relationships. This
interpretation suggests the constants emerge from methodology rather than cognition.

Interpretation 3 (Numerical Coincidence): Mathematical constants appear frequently in nature,
and with seven parameters and many possible combinations, some relationships to constants are
expected by chance.

We favor Interpretation 1 but acknowledge that distinguishing among these explanations
requires additional evidence. The Complete Behavioral Intensity Formula, however, provides
support for the deep structure interpretation: two independent components of human biases,
measured by separate researchers using different methods, combine to produce e with 0.41%
precision. This is unlikely under both the artifact and coincidence interpretations.

§8.13.8 A Testable Prediction

The Investor Irrationality Constants Web generates a specific, falsifiable prediction about the
value of overconfidence:

Prediction (Overconfidence Convergence): As measurement methodologies for overconfidence
improve and sample sizes increase, meta-analytic estimates of O will converge toward 1.31+0.02,
consistent with the theory-constrained value derived from the Investor Irrationality Constants
Web.

This prediction is falsifiable. If meta-analyses of overconfidence converge on O =1.1 or O = 1.5,
the Investor Irrationality Constants Web would be refuted. The prediction provides a specific,
quantitative test of the framework’s validity.

§8.13.9 Summary

This section has demonstrated that the seven parameters of Cumulative Prospect Theory (CPT)
form an Investor Irrationality Constants Web, a network of mathematical relationships
connecting human cognitive biases to fundamental constants. The key findings are:

1. The Investor Irrationality Constants Web comprises relationships linking A, FAR, O, a,
B,y", and y toe, €2, \/e, ¢, T, In(2), and 2, with errors typically below 1%.

2.  Seven independent constraints yield O € [1.29, 1.33] with mean 1.31 and standard
deviation 0.012, resolving concerns about circularity.
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3. The theory-constrained value O = 1.3136 makes the Behavioral Intensity Formula ¥ = e
exact rather than approximate.

4. The Complete Behavioral Intensity Formula states that the product of all six cognitive
biases equals e: (A x FAR x Q) x (a x y" xy ) =&’ x l/e=e.

5. The formula decomposes human irrationality into Loss Response (¢, how we feel) and
Probability Distortion (1/e, how we perceive), revealing that Feeling x Perception = e.

6. Cross-domain conjectures (developed in a forthcoming companion paper) suggest
applications in neuroscience, evolutionary biology, artificial intelligence, and social
institutions.

7.  The discovery generates a falsifiable prediction about the convergence of overconfidence
measurements toward 1.31.

8. A Monte Carlo false discovery rate analysis (§A.9), drawing 100,000 sets of seven
parameters from uniform distributions over literature-reported ranges, confirms that the
observed density of sub-1% matches exceeds the random baseline by 19x (p < 0.001
against specific targets; p < 0.05 under a maximally skeptical constant-shopping null).

The Investor Irrationality Constants Web transforms the EM Framework's relationship to e from
a posteriori empirical observation to a priori structure. Human irrationality, far from being noise
to be eliminated, is precisely calibrated architecture. The Complete Behavioral Intensity Formula,
Feeling x Perception = e, may prove as fundamental to the science of human decision-making as
the framework’s geometric foundations are to the science of capital deployment.

§8.14 Epistemic Status and Limitations

We present the Investor Irrationality Theorem and the Investor Irrationality Constants Web
with appropriate intellectual humility. This section clarifies what we claim, what we do not claim,
what could falsify our claims, and how our epistemic confidence varies across different
components of the framework.

§8.14.1 Hierarchy of Claims

Empirically verified claims have survived direct quantitative tests against specific zero-parameter
predictions; empirically supported claims are consistent with available data but await independent
replication; theoretically derived claims follow deductively from verified premises but lack
independent empirical confirmation; conjectures are intellectually motivated but empirically
untested.
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The theoretical claims in this section vary in their epistemic status. We organize them from most
certain to most speculative:

Table 8.9: Epistemic Status of Claims

Claim Status Evidence Confidence
Independent

EMI: ¢ = x FAR x O | Empirically verified = parameters, 0.27% Very High
error

4,498 windows, p =
0.438, 95% CI Very High
contains prediction

EM Quadratic Constant | Empirically
Ev=e(e—1)=4.67% confirmed

p=1.00, 2= 12.9x,

Qualitative antifragility | Empirically verified d = 0.54, win 83.6% Very High

_ Empirically Six parameters, .
Complete Formula =e I — 0.41% error High
Thfory-constralned Thgoretlcally Seven constraints Moderate-High
0=1.3l1 derived converge

Investor Irrationality Multiple relationships

Constants Web Pattern observed < 1% ertor Moderate

Deep structure . . .. .

- oCP s Conjecture Parsimony, precision | Speculative

interpretation

Cross-domain . Theoretical :
.. Conjecture ) Speculative

applications extrapolation

Claims organized from most certain to most speculative. Empirically verified claims have survived
quantitative tests, conjectures are intellectually motivated but untested.

We distinguish sharply between empirically verified claims (which have survived quantitative
tests), empirically supported claims (which are consistent with data but require further validation),
theoretically derived claims (which follow from other claims but need independent confirmation),
and conjectures (which are intellectually motivated but untested).

§8.14.2 What We Claim

The Euler-Mehta Invariant: The relationship e = A x FAR x O connects the geometric constant
to three independently measured psychological parameters. The 0.27% error is tight given that
these parameters were independently measured over decades. This is the Euler-Mehta Invariant:
the eigenvalue of the deployment function equals the product of human cognitive biases. It is the
strongest single result in the framework.
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The EM Quadratic Constant: The mean advantage per drawdown-recovery cycle converges to
the geodesic deployment premium &v = e(e — 1) = 4.67%, confirmed at the 24-month horizon.
This is confirmed across 4,498 rolling two-year windows in 13 Sinefine Core Portfolio securities
spanning up to 54 years of market history. The t-test p-value of 0.438 means the data cannot
distinguish the observed mean from the geometric prediction, and the 95% confidence interval
[4.41%, 5.27%] contains e(e — 1). This is a specific numerical prediction, derived from the
eigenvalue structure of the manifold and not calibrated to any market data, that is confirmed by
empirical observation.

Qualitative Antifragility: The EM Ladder’s advantage increases monotonically with behavioral
intensity (BII quintile p = 1.00), increases monotonically with volatility (volatility quintile p =
1.00), exhibits strong convexity (the top quintile step contributes approximately half the total
spread), and produces an Antifragility Ratio exceeding an order of magnitude (& = 12.9%). These
qualitative properties are confirmed across deployment frequencies (weekly and monthly),
window lengths (1.5 to 3.5 years), and market regimes (1970s through 2020s).

The Complete Behavioral Intensity Formula: The product of all six CPT parameters equals e
with 0.41% error. The decomposition into Loss Response (e?) and Probability Distortion (1/e) is
mathematically exact given the observed relationships.

The Theory-Constrained Value of O: Seven independent mathematical constraints yield O €
[1.29, 1.33], with the two tightest constraints agreeing to 0.16%. This resolves circularity concerns
and generates a falsifiable prediction.

Separating the qualitative from the quantitative: Even if the precise value of O shifts with
improved measurement, the qualitative result holds. The product of loss aversion, fear asymmetry,
and overconfidence falls in the range [6.75, 9.56] across all plausible parameter values, which
brackets > = 7.389. The geometric constant lies within the behavioral range regardless of O’s
exact value. The 0.27% precision strengthens but is not required for the framework’s core
argument: that cognitive biases and manifold geometry are governed by the same constant.

§8.14.3 What We Do Not Claim

We do not claim that the Investor Irrationality Theorem is a law of nature in the same sense as
conservation of energy. Financial systems are human constructions that could, in principle, be
organized differently. The theorem describes regularities in markets as they currently exist, not
eternal truths.

We do not claim that the Investor Irrationality Constants Web proves human cognition is
fundamentally mathematical. The relationships we observe could be artifacts of measurement
methodology, coincidental alignments of independent parameters, or genuine structure. We favor
the deep structure interpretation but acknowledge alternatives.

We do not claim that the cross-domain conjectures (neuroscience, evolutionary biology, Al, social
institutions) are anything more than motivated speculation. These require independent theoretical
development and empirical testing before they merit confidence.

We investigated the conjecture that &v = e(e — 1) equals the equity risk premium. Rolling-window
analysis at multiple horizons revealed that the two quantities exhibit different horizon
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dependencies: the geodesic deployment premium declines with measurement horizon while the
equity risk premium is approximately stable (§9.9.2). The categorical argument (§8.14.7)
establishes that they measure different phenomena: traversal advantage versus boundary pricing.
The equity premium puzzle is not resolved by this framework.

We do not claim that e is the unique constant underlying investor irrationality. Other mathematical
constants (¢, m, In(2)) also appear in the Investor Irrationality Constants Web. The prominence
of e may reflect its role as the base of natural growth or may be an artifact of how we organized
the analysis.

The framework's core commitment is that multiplicative dynamics generate a K = —1 manifold on
which an exponential deployment rule is geodesically optimal. The specific behavioral parameters,
the Investor Irrationality Constants Web relationships, and the cross-domain extensions are
auxiliary hypotheses that can be revised independently without affecting the geometric foundation.

§8.14.4 Falsifiability

A theoretical framework earns credibility by making falsifiable predictions. The Investor
Irrationality Theorem and Investor Irrationality Constants Web generate several:

Prediction 1: Euler-Mehta Invariant Robustness. The product A x FAR x O should equal * + 0.5%
across populations and cultures where these parameters are independently measured. Falsification:
systematic deviations exceeding 2% from ¢? in diverse populations.

Prediction 2: EM Quadratic Constant &v. The mean advantage of the EM Ladder over DCA,
measured across sufficiently long time periods in mean-reverting securities, should converge to
éEv =e(e — 1) =4.67% = 0.5 percentage points. Falsification: systematic deviations exceeding 1.5
percentage points across diverse security universes and time periods.

Falsification thresholds are set at approximately three to four times the prediction tolerance,
reflecting the parameter uncertainty documented in Tables 7.2, 7.3, and the O sensitivity analysis.
They are intended as practical boundaries rather than formal significance levels.

Prediction 3: Overconfidence Convergence. Meta-analytic estimates of overconfidence should
converge toward O = 1.31 + 0.02 as measurement methodologies improve. Falsification:
convergence on O < 1.25 or O > 1.40 would refute the theory-constrained value.

Prediction 4: Probability Distortion Constraint. The product a x y* x y~ should equal 1/e + 2% in
any population where these parameters are carefully measured. Falsification: systematic deviations
exceeding 3%.

Prediction 5: Complete Formula Robustness. The product (A x FAR x O)(a X y* x y7) should equal
e + 1% across diverse populations and measurement methodologies. Falsification: systematic
deviations exceeding 2%.

Prediction 6: Qualitative Antifragility. The monotonic relationship between behavioral intensity
and EM Ladder advantage (p = 1.00 on quintile means) should hold for any mean-reverting
security over any sufficiently long observation period. Falsification: persistent non-monotonicity
across diverse securities.



The Geometry of Investor Irrationality: .. x FAR x O = e?

These predictions provide specific quantitative targets against which the framework can be
evaluated. We invite researchers to test them.

§8.14.5 Limitations

Mean Reversion Assumption. The Investor Irrationality Theorem assumes mean-reverting
securities. For securities in structural decline (e.g., companies facing obsolescence or leadership
pathology), the EM Ladder amplifies losses rather than gains. The framework provides tools for
identifying mean-reverting securities (Section 6) but cannot guarantee correct identification.

Parameter Stability. The Investor Irrationality Constants Web assumes that CPT parameters are
stable features of human cognition. If these parameters drift over time (due to cultural evolution,
technological change, or selection pressures), the relationships to mathematical constants would
degrade. We assume stability over investment-relevant horizons but acknowledge this could fail
over longer periods.

Market Microstructure. The framework operates at the level of aggregate market behavior and
does not model market microstructure (bid-ask spreads, order flow, liquidity constraints).
Implementation in real markets requires attention to execution costs that may reduce theoretical
advantages.

Sample Dependence. The CPT parameters were estimated primarily from Western, educated
populations. If cognitive biases differ systematically across cultures, the Investor Irrationality
Constants Web may reflect parochial regularities rather than universal structure. Cross-cultural
replication is needed.

Overlapping Windows. The backtest uses rolling monthly windows, which introduces
autocorrelation. Adjacent windows share 23 of 24 months of data. The effective number of
independent observations is substantially less than 4,498. While the t-test p-value of 0.438 is robust
to reasonable adjustments for autocorrelation (the confidence interval would widen but would still
contain e(e — 1)), this limitation should be acknowledged.

Interpretation Uncertainty. We cannot definitively distinguish among the three interpretations of
the Investor Irrationality Constants Web (deep structure, measurement artifact, coincidence).
While we favor deep structure, intellectual honesty requires acknowledging that the observed
patterns could arise from methodological regularities or chance alignments of independent
parameters.

Survivorship Bias. The qualifying universe is identified ex post. The contemporaneous validation
required to address this limitation is specified in §9.9.1 and identified as a priority for subsequent
work.

§8.14.6 The Burden of Precision

The precision of our results creates both opportunity and risk. The behavioral EMI product A X
FAR x O = 7.369 matches ¢ = 7.389 with 0.27% error. The EM Quadratic Constant.
év = e(e — 1) = 4.67% is confirmed empirically at p = 0.438. The qualitative structure (perfect
monotonic ordering, large effect sizes, high win rates) is replicated robustly across specifications.
These results are either:
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Evidence of genuine structure: If human cognitive biases are truly calibrated to e, we would expect
high precision in relationships involving these biases. The observed precision is consistent with,
though not proof of, deep mathematical structure.

A warning sign of overfitting: Alternatively, the precision could indicate that we have
unconsciously selected parameters or formulations that produce impressive-looking results. We
have guarded against this by using only published parameter estimates and by deriving O from
constraints rather than fitting it.

The resolution requires independent replication. If other researchers, using different data sources
and methodologies, recover the same relationships with similar precision, the overfitting concern
is mitigated. If they do not, the framework requires revision.

§8.14.7 A Case Study in Self-Correction: The Equity Risk Premium Conjecture

An earlier unpublished draft of this paper conjectured that the EM Quadratic Constant ém = e(e —
1) = 4.67% might equal the long-run world equity risk premium of 4.70%, offering a geometric
resolution to the Mehra-Prescott (1985) equity premium puzzle. The numerical proximity was
striking: 3 basis points of separation between a quantity derived from the manifold's eigenvalue
structure and a quantity measured across 123 years of global market data. The conjecture was
presented cautiously, but it was presented.

It was wrong.

Rolling-window analysis at 24-month, 60-month, and 120-month horizons (§9.9.2) revealed that
the EM Ladder advantage declines monotonically from +3.74% at the 24-month horizon to +1.04%
at 120 months, while the equity risk premium is approximately stable across all horizons tested.
The two quantities decouple as the measurement window lengthens. They exhibit different horizon
dependencies because they measure different things. The geodesic deployment premium is a per-
cycle quantity earned during drawdown-recovery events. The equity risk premium accrues
continuously. A per-cycle quantity cannot equal an annualized rate that is stable across horizons.

The diagnosis revealed a categorical constraint. Euler-Mehta Financial Spacetime produces three
categories of theorems: metric theorems (how distances relate on the manifold), traversal
theorems (what happens when capital moves through the manifold), and coordinate projection
theorems (what curved-space phenomena look like in flat coordinates). The geodesic deployment
premium is a traversal theorem. The equity risk premium answers a question the manifold's
theorems cannot address: why capital enters the manifold in the first place. That is an economic
question about preferences and alternatives, not a geometric question about curvature. The
conjecture failed not because the data were unkind but because the question was outside the
geometry's jurisdiction.

The conjecture has been withdrawn. The identification of &w = e(e — 1) with the equity risk
premium does not appear in this paper. What remains is the corrected interpretation: &v = e(e — 1)
is the geodesic deployment premium, the net advantage per drawdown-recovery cycle of
deploying capital along the manifold's geodesics rather than uniformly. This quantity is confirmed
empirically at the 24-month horizon, is more general than the equity risk premium (it applies to
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any multiplicative system with drawdown-recovery dynamics), and had not been previously
identified in the literature.

The framework lost a conjecture.
It gained a discovery.

We include this account because the epistemic commitments in §8.14.1 through §8.14.5 are not
epistemic decoration. A framework that claims to organize its results by confidence level, to
distinguish what it claims from what it does not claim, and to specify the conditions under which
its predictions would be falsified must demonstrate that these commitments operate on the
framework's own output, not only on the outputs of others. The ERP conjecture was the
framework's most ambitious claim. It was tested, it failed, and it was withdrawn. The architecture
survived because it was designed to.

§8.14.8 Relationship to Existing Literature

The Investor Irrationality Theorem and Investor Irrationality Constants Web extend rather than
contradict existing work in behavioral economics and financial theory.

Kahneman & Tversky (1979, 1992) established that humans deviate systematically from rational
choice. We accept their findings and ask: why these particular deviations? The Investor
Irrationality Constants Web suggests the deviations are not arbitrary but mathematically
structured.

Taleb (2012) established that some systems benefit from disorder. We accept his framework and
ask: what makes a financial strategy antifragile? The Investor Irrationality Theorem provides a
quantitative answer: strategies that harvest the behavioral opportunity whose magnitude is
governed by ¢°.

Fama (1970) and Shiller (2000) represent opposing poles in the efficient markets debate. We
suggest a synthesis: markets are efficient in a geometric sense (the behavioral opportunity
governed by ¢€? is a structural property of how human cognition creates and resolves mispricing)
while behavioral in their dynamics (the opportunity arises from investor irrationality).

The framework aims to integrate these traditions rather than overthrow them. If successful, it
provides a mathematical foundation that explains why behavioral biases persist (they may be
geometrically optimal), why some strategies outperform (they harvest opportunity governed by
¢?), and why markets exhibit both efficiency and predictability (these are complementary rather
than contradictory properties).

§8.14.9 An Invitation

We present the Investor Irrationality Theorem and the Investor Irrationality Constants Web not
as established doctrine but as a novel theoretical framework warranting investigation. The
precision of the results is either structurally significant or structurally misleading. We cannot
determine which from the inside.
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We invite researchers to:
»  Test the falsifiable predictions specified in Section 8.14.4

*  Replicate the Investor Irrationality Constants Web using independent parameter
estimates

* Investigate the cross-domain conjectures in neuroscience, evolutionary biology, and Al
*  Develop alternative explanations for the observed relationships
*  Identify limitations, errors, or oversights we have missed

The cross-disciplinary nature of these connections, identified by a single researcher working across
domains over two decades, makes independent replication by scholars within each contributing
discipline essential to establishing whether the structure is intrinsic to the mathematics or an
artifact of the lens that found it.

The framework will prove its worth not by its elegance or precision but by its ability to survive
scrutiny and generate useful predictions. This is the scientific method. We offer it in that spirit.

§8.15 Summary

This section has presented the Investor Irrationality Theorem and the Investor Irrationality
Constants Web, the central theoretical results of the Euler-Mehta Framework. Together, they
establish that investor irrationality is not noise to be filtered but signal to be harvested, and that
this signal has precise mathematical structure.

The key findings:

1. The Euler-Mehta Invariant is the identity e = L x FAR x Q. The eigenvalue of the
deployment function (e?) equals the product of three independently measured cognitive
biases: loss aversion (A = 2.25), fear asymmetry (FAR = 2.50), and overconfidence (O =
1.31, refined to 1.3136 by the Investor Irrationality Constants Web). Verification: 2.25 x
2.50 x 1.31 = 7.369 vs. e* = 7.389 (error: 0.27%). This is the central invariant identity of
the framework.

2. The EM Quadratic Constant &y =e(e — 1) =e? — e~ 4.67% is the net geometric premium
extractable by patient capital: opportunity (e?) minus geodesic deployment cost (e).
Confirmed across 4,498 rolling two-year windows (mean +4.84%, p = 0.438, 95% CI
contains prediction). Its coincidence with the world equity risk premium (4.70%) was
investigated and found to be coincidental (§8.14.7, §9.9.2).

3.  Qualitative Antifragility is confirmed with striking robustness: perfect monotonic
ordering (Spearman p = 1.00), Antifragility Ratio & = 12.9x% (five quintiles), convexity
concentrating half the total spread in the top quintile step, and an 83.6% win rate across all
windows.

4. The Complete Behavioral Intensity Formula states that the product of all six cognitive
biases equals e: (A x FAR x O) x (a x y" x y7) = &% x (1/e) = e, decomposing investor
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irrationality into Loss Response (¢?, how we feel) and Probability Distortion (1/e, how we
perceive). Feeling x Perception = e.

5. Falsifiable Predictions provide specific quantitative targets: the EMI should hold across
cultures (0.27% error); the EM Quadratic Constant should hold across security universes
(e(e — 1) = 0.5 pp); overconfidence measurements should converge toward O = 1.31; the
Probability Distortion product a x y* % y~ should equal 1/e +2%. The framework will prove
its worth by its ability to survive these tests.

The Investor Irrationality Theorem completes the theoretical edifice. Investor irrationality is not
a market failure to be corrected but an antifragile property to be harvested. The EMI e? = A x FAR
x O establishes that the geometry of the manifold and the architecture of human cognition are
governed by the same constant. The EM Quadratic Constant &v = e(e — 1) establishes that the net
extractable premium is determined by the eigenvalue structure alone. The Complete Behavioral
Intensity Formula reveals that Feeling X Perception = e. These are the discoveries of this section.

§9 presents the Executive Summary for practitioners, translating the theoretical framework into
actionable guidance for institutional and individual investors.
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§9. Executive Summary for Practitioners

The preceding sections have developed Euler-Mehta Financial Spacetime from first principles: the
hyperbolic geometry of price dynamics, the product manifold of portfolio construction, the
exponential moat of competitive dynamics, and the behavioral foundation linking all four pillars
to Euler’s number e. This section translates the theoretical framework into actionable guidance for
practitioners. The mathematics is complete; what follows is antifragile implementation.

§9.0.1 The Accumulator's Question: Dollars or Shares?

Before the mechanics of the Euler-Mehta (EM) Ladder can be understood on their own terms, a
prior question must be settled, one that the financial industry has never had an incentive to ask.
When an investor deploys capital into an equity position during the accumulation phase of their
financial life, what are they accumulating? The reflexive answer is dollars. Portfolio statements
are denominated in dollars. Performance is reported in dollar returns. Risk is measured as the
probability of having fewer dollars tomorrow than today. Advisory fees are levied as a percentage
of dollar-denominated assets. The entire infrastructure of modern finance trains the investor to
view a portfolio as a reservoir of dollars whose level rises and falls with market prices.

But an investor who holds shares of a business is not holding dollars. They are holding fractional
ownership of a compounding enterprise. The shares themselves do not change in number when the
market price fluctuates. A drawdown of 30% does not remove shares from the portfolio; it changes
the dollar price at which those shares would transact if the investor chose to sell, which the Coffee
Can investor, by construction, never does. The mark-to-market loss that generates panic, the
number flashing on the screen that triggers the call to the advisor, is a statement about dollars. It
is not a statement about ownership, about the earning power of the underlying business, or about
the number of shares positioned to compound when the market recovers its assessment of the
enterprise's value.

This distinction is not semantic. It is the conceptual foundation on which the entire Euler-Mehta
practitioner framework rests.

During accumulation, the investor's objective is to acquire the largest possible number of shares
in compounding businesses at the lowest possible average cost.

On this metric, a 30% drawdown is not a loss. It is a 43% increase in purchasing power: the
same capital that purchased 10 shares at $100 now purchases 14.3 shares at $70. Those additional
4.3 shares will compound for every remaining year of the investor's holding period, generating
returns on returns on returns that would not have existed had the drawdown never occurred. The
drawdown did not destroy wealth for the accumulating investor. It created future wealth by
offering more shares per dollar deployed.

Ask a trader building a long position whether they prefer the price to rise or fall after their initial
entry, and the answer is immediate: fall, so they can add at better levels and improve their average
cost basis. The concept of averaging down is native to every trading desk. What the trader lacks,
and what the EM Framework provides, is the geometric precision that specifies how much to add
at each level (the EM Ladder's exponential rung amounts derived from the manifold), the
competitive analysis that specifies which positions can be safely averaged into (the e-hierarchy of
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Section 6, where competitive displacement has never been observed), and the behavioral pre-
commitment that prevents the trader from reversing the position when losses deepen (the
Superposition Cash framework of Section 5, configured in advance during calm markets). The EM
Ladder supplies all three.

The financial industry's alignment with the dollar frame is not accidental. Advisory fees calculated
as a percentage of assets under management rise when dollar values rise and fall when dollar values
fall, creating a structural incentive to frame drawdowns as emergencies rather than opportunities.
Performance benchmarking in dollar returns punishes any quarter in which the portfolio's dollar
value declines, regardless of whether the decline created purchasing opportunities that will
generate superior long-term compounding. Regulatory disclosures denominated in dollars
reinforce the frame at every point of contact between the investor and the system.

The dollar frame makes volatility the enemy.
The share frame makes volatility a supplier of future compounding power.

The EM Ladder is designed for the share frame. Every subsequent subsection of this Executive
Summary, the deployment ratios, the stacking mechanism, the via negativa principle,
the antifragile property, acquires its full force only when the reader has made the cognitive shift
from "I am accumulating dollars" to "I am accumulating shares of compounding businesses, and
lower prices let me accumulate more of them."

The dollar frame is doubly flawed because the unit itself is not stable. In an environment of
persistent inflation, every dollar of uninvested capital loses purchasing power continuously, both
in goods-and-services terms and in share terms. The businesses in the EM Sinefine Portfolio are
not passive recipients of inflation; they are its transmission mechanism, raising prices, growing
revenues, and compounding earnings in nominal terms that reflect and often exceed the rate of
monetary depreciation.

A share of a compounding enterprise is, by construction, an inflation-indexed claim on future
cash flows.

A dollar is a depreciating instrument by design. The investor who converts dollars into shares
during a drawdown is exchanging a chronically weakening asset for a structurally appreciating one
at a temporarily favorable exchange rate. The drawdown creates a window in which the dollar,
despite its long-term erosion, commands more shares per unit than it did before and more than it
will after recovery. The EM Ladder's deployment triggers are calibrated to harvest precisely these
windows. Holding Superposition Cash is a purposeful waiting posture, but it carries an implicit
real cost: every month the cash waits, inflation narrows the window of purchasing advantage that
the next drawdown will open. The EM Framework's power lies in converting that depreciating
capital into permanent ownership at moments of maximum share purchasing power.

The Euler-Mehta Ladder, understood through the share-accumulation lens, is not a contrarian bet
or a courage test. It is the only rational response to a price decline in an asset you intend to own
permanently. The mathematics of the manifold prescribes it. The behavioral parameters quantify
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the opportunity it harvests. The competitive thresholds guarantee the mean reversion that justifies
it. What follows is the operational detail.

§9.1 For Everyday Investors

The core insight is simple: when a mega-cap stock you believe in drops 10%, 20%, 30% or more
from its rolling 52-week high, buy progressively more as the decline deepens. This paper provides
a principled method for determining how much more.

The Euler-Mehta Ladder prescribes exponentially increasing deployment as drawdowns deepen.
A 10% decline triggers total deployment of 2.3% your regular contribution. A 20% decline triggers
4.2x. A 30% decline triggers 6.8%. A 50% decline triggers over 17x your regular contribution.
These ratios are not arbitrary; they emerge from the geometry of the price manifold with intensity
parameter ¥ = e.

The psychological transformation is immediate: once the EM Ladder is in place, a market
decline becomes the trigger that deploys pre-committed Patient Capital at favorable prices. The
framework converts anxiety into opportunity. The Coda develops the full implications of this
transformation for investors.

§9.2 The Coffee Can Foundation

The framework operationalizes Kirby’s (1984) Coffee Can Portfolio with geometric precision. The
core principles are preserved: buy quality compounders, never sell, let winners run, hold
permanently. The Euler-Mehta extension adds systematic accumulation during drawdowns using
the EM Ladder’s geometric scaling.

Capital flows in one direction only: from Superposition Cash (Patient Capital) into equity
positions. The portfolio accumulates quality compounders over decades, with winners naturally
growing to dominate through the mathematics of compounding rather than through active
rebalancing. The empirical case against excessive trading (§3.9) is well established; the Coffee
Can constraint eliminates this source of wealth destruction by design.

§9.3 The Four Sources of Performance

The performance benefit comes from four distinct mechanisms, each established in the preceding
sections and summarized here in operational terms:

First, guaranteed buying at low prices. The EM Ladder ensures that some capital deploys during
every significant drawdown. Unlike discretionary investors who freeze during panics, the EM
Framework executes mechanically.

Second, buying more at the lowest prices. The exponential scaling means that an individual rung
at a 50% drawdown deploys 6.6x baseline, compared with 1.3x at a 10% drawdown; a fivefold
increase in per-rung intensity. Shares purchased at the deepest drawdowns contribute
disproportionately to portfolio performance when prices recover.

Third, temporal accumulation through periodic replenishment. The EM Ladder saturates
rather than exhausts. Monthly (or weekly) replenishment of Superposition Cash means that longer
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drawdowns produce more deployments at low prices. A drawdown lasting six months deploys six
times more capital than a drawdown lasting one month at the same depth.

Fourth, regime-aware positioning. The EM Vector (§4) classifies the portfolio's current state as
FALLING (proper distance increasing) or RECOVERY (proper distance decreasing) directly from
the definition of portfolio proper distance. While the EM Vector serves as a regime detector rather
than a deployment rate modifier, awareness of the current regime informs the practitioner's
expectations and confirms that the EM Ladder is operating as designed.

§9.4 What the EM Framework Removes

The EM Framework’s power derives from via negativa: what it removes matters more than what
it adds. The Euler-Mehta Ladder eliminates the need to predict market direction, forecast volatility,
time the bottom, decide whether to buy during a panic, overcome fear in the moment, resolve the
binary anxiety of idle-versus-deployed capital, resist the temptation to sell, suppress the urge to
rebalance, and control the impulse to lock in gains.

What remains is observation, pre-commitment, and systematic execution: observe current prices,
compute proper distance, deploy pre-specified amounts at pre-specified thresholds.

This is the deeper principle of via negativa (Taleb, 2012): the framework’s robustness derives less
from the geometric scaling it adds than from the fragile human judgment it removes. Subtraction
has bounded downside; addition carries unbounded unintended consequences. The EM
Ladder achieves better outcomes not by making the investor smarter but by making the investor’s
worst impulses irrelevant.

§9.5 Critical Requirement: High Conviction Securities Only

WARNING: The Euler-Mehta Ladder is designed exclusively for securities in which the investor
has high conviction of eventual recovery (mean reversion).

Suitable: Mega-cap quality compounders (Apple, Amazon, Alphabet, Meta, Microsoft, NVIDIA),
broad market indices (S&P 500, total market funds), and securities meeting the EM Sinefine
Portfolio criteria outlined in Section 6.

NOT Suitable: Speculative stocks, companies facing structural decline, distressed securities,
highly leveraged companies, companies with deteriorating fundamentals.

The framework amplifies outcomes. 1f the security recovers, returns are amplified by the
exponential deployment at low prices. If the security continues declining toward permanent
impairment, losses are amplified by the same mechanism. Applying this strategy to a structurally
declining asset would compound losses rather than gains. The competitive thresholds established
in Section 6 (€2, ¢°) provide necessary conditions for the recovery assumption; they do not
guarantee it. Self-inflicted failure, especially leadership pathology, remains a real risk (e.g., GE,
Intel). Because competitive displacement is neutralized above the geometric thresholds (Section
6.5), leadership quality assessment becomes the dominant analytical consideration.
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§9.6 Implementation Summary
For individual investors, implementation proceeds as follows:

Step 1: Security Selection. Select securities from the EM Sinefine Portfolio or equivalent high-
conviction positions. For individual investors, the Spectral Resolution Principle (k = %) prescribes
approximately 15 positions at the empirical large-cap correlation of p = 0.30, providing optimal
diversification while remaining within cognitive monitoring capacity. For institutional investors,
approximately 30 positions accommodate larger capital bases and mandate requirements at the
lower effective correlation (p = 0.18) of the expanded equity universe.

Step 2: Superposition Cash Allocation. Allocate capital to the Superposition Cash (Patient
Capital) pool. This capital is committed to the EM Ladder but not yet deployed to equity. The
amount should be determined during calm market periods based on the investor’s risk tolerance
and time horizon. Typical allocations range from 10% to 30% of investable assets.

The standard EM Ladder deploys approximately 17 times the base amount B across the base and
all five ladder rungs. The base amount is funded from regular DCA contributions; Superposition
Cash covers the additional deployment at L1 through LS5, totaling approximately 16 x B per
security.

Step 3: Ladder Configuration. Configure the deployment thresholds and amounts. The standard
Ladder uses rungs at 10%, 20%, 30%, 40%, and 50% drawdowns from the rolling 52-week high,
with individual rung deployment ratios of 1.3, 1.8%, 2.6x%, 4.0%, and 6.6 baseline (each computed
from L, = B % (1 — f,) ¢, rounded to one decimal). The stacking mechanism means that at a 30%
drawdown, the base plus first three rungs all deploy: 1.00x + 1.33x + 1.83x + 2.64x = 6.8% baseline
per deployment period.

Step 4: Periodic Execution. Execute the EM Ladder on a weekly or monthly basis. Observe
current prices for each position, compute the fractional decline from its rolling 52-week high,
determine which ladder rungs are active, and deploy the indicated amounts. Replenish
Superposition Cash periodically according to the investor’s savings rate and DCA frequency.

Step 5: Hold Permanently. Never sell. Let winners run. Allow the portfolio to evolve naturally
through the mathematics of compounding. If a position grows to 30%, 40%, or even 50% of the
portfolio, this is evidence that the position selection was correct, not a problem to be corrected
through rebalancing.

§9.7 The EM Sinefine Portfolio for Practitioners

Section 6 established the geometric criteria for security selection through the Catch-Up Equation
and the competitive proper distance metric. For practitioners, the key thresholds, calibrated to a
conservative $100 billion challenger benchmark, are as follows:

Very Strong Moat (¢* = $739 billion): Competitive proper distance of 2.0, requiring 40 years of
sustained growth differential for catch-up. This threshold has never been breached in 35 years of
S&P 500 data. For individual investors, this is the recommended minimum threshold for the EM
Sinefine Core Portfolio. Approximately 13 securities currently meet this criterion.
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Strong Moat (¢¥? = $448 billion): The geometric mean of the e and e? thresholds, representing a
competitive proper distance of 1.5 and approximately twice the safety margin beyond maximum
observed competitive displacement. Catch-up requires 30 years at a 5% growth differential.

Moderate Moat (e = $272 billion): A competitive proper distance of 1.0. Suitable for institutional
investors and the expanded Sinefine universe.

§9.8 For Institutional Investors
The framework scales naturally to institutional mandates. Key considerations:

Position Limits. Institutional mandates often require single-position limits (typically 3 to 5%
maximum) that cannot be satisfied with 15 holdings. The expanded universe and 30-position
recommendation address this constraint while preserving the framework’s geometric foundations.

Sector Coverage. The concentration of Very Strong Moat companies in technology and healthcare
may conflict with sector diversification mandates. Institutions should evaluate whether mandate
constraints or competitive geometry should take precedence; the framework recommends
prioritizing competitive protection over arbitrary sector allocation.

The EM Vector as Regime Signal. For institutions operating at scale, the EM Vector provides
valuable regime information. The sign of vewm classifies the current market state as FALLING (vem
> (0, portfolio proper distance increasing) or RECOVERY (vem < 0, portfolio proper distance
decreasing). This signal can inform risk management discussions, client communications, and
expectations setting without modifying the EM Ladder’s mechanical execution. The EM Ladder’s
intensity parameter ¥ = e remains fixed regardless of regime.

§9.9 Empirical Validation Summary

The framework’s empirical foundation rests on multiple complementary validation
methodologies:

Rolling-Window Analysis. Across 4,498 rolling two-year windows in 13 Sinefine Core Portfolio
securities (AAPL, AMZN, AVGO, BRK-B, GOOGL, JPM, LLY, META, MSFT, NVDA, TSLA,
TSM, WMT) spanning periods from 1972 to 2026, the mean annualized advantage equals +4.84%.
This is statistically indistinguishable from the predicted EM Quadratic Constant e(e — 1) =4.67%:
a one-sample #-test yields p = 0.438, and the 95% confidence interval [4.41%, 5.27%] contains the
predicted value. Win rate: 83.6% (p < 1073%). Effect size: Cohen’s d = 0.54 (medium).

Behavioral Intensity Analysis. The Antifragility Ratio, measuring how much the EM Ladder’s
advantage increases with behavioral intensity, equals 12.9x in historical data (five-quintile
partition) and 17.3x in Monte Carlo simulation (Table A.9). Quintile ordering is perfectly
monotonic (Spearman p = 1.00) in both datasets, confirming that the EM Framework becomes
more effective precisely when markets become more irrational. The convexity structure
concentrates approximately half the total quintile spread in the top step (Q4 to Q5).

Monte Carlo Simulation. Across 130,000 simulated market paths using correlated geometric
Brownian motion calibrated to mega-cap parameters, win rate equals 79.4% with a very large
effect size (Cohen’s d = 1.29). The simulation confirms the antifragile property: higher volatility
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produces greater advantage over dollar-cost averaging. The absolute risk of equity ownership
remains present in both strategies; what the Antifragility Ratio captures is that the EM
Ladder's relative benefit increases with disorder, converting volatility from a symmetric threat into
an asymmetric opportunity.

A clarification of evidentiary roles is warranted. The backtest and Monte Carlo simulation
establish the mechanical claim: an exponentially scaled deployment rule harvests volatility more
effectively than uniform deployment, and the advantage increases with volatility magnitude. This
result would hold for any sufficiently volatile asset class. The behavioral claim, that the volatility
exists at the specific magnitude calibrated by e?, rests not on the backtest but on the independent
measurement of the three behavioral parameters (Section 7). The two forms of evidence are
complementary, not interchangeable.

The Euler-Mehta Invariant (EMI). The product of three independently measured behavioral
parameters, A X FAR x O = 7.369, matches e*> = 7.389 to within 0.27%. This is the tightest equality
in the EM Framework: three cognitive biases measured by different researchers using different
methodologies across different populations over decades of study multiply to equal the eigenvalue
that governs the curvature of the optimal deployment function.

Following the prediction-then-validation methodology emphasized in the paper, the deployment
rule was derived theoretically from manifold structure, not mined from historical data. The
empirical validation confirms that the theoretical predictions hold in practice; it does not constitute
data mining.

The reported advantage is gross of the opportunity cost of Superposition Cash. To quantify this
cost, we conducted a net-of-cash-drag backtest with two formulations, both assigning identical
total capital ($4,039 per 24-month window) to the EM and DCA strategies. Formulation A gives
DCA the harshest possible advantage: the reserve capital ($1,639, funding the full five-rung ladder
at maximum drawdown) is deployed to equity at a uniform monthly rate. Formulation B gives both
strategies the same reserve, with EM deploying selectively during drawdowns and DCA holding
the full amount in T-bills. Under Formulation A, the estimated net advantage is approximately
+1.4%, with a 59% win rate. Under Formulation B, the estimated net advantage is approximately
+4.4%, with a 75% win rate. Reserve utilization averages 79%, with a median of 100%: the
Superposition Cash deploys into equity, it does not sit idle. The cash drag concentrates in calm-
market windows where the gross advantage was small (the J-curve confirmed quantitatively),
while the net advantage remains positive in every decade from the 1970s through the 2020s. A
parameter sweep across reserve sizes from 0.5% to 6x the base reserve shows that Formulation B's
timing value (the advantage of selective deployment over passive T-bill holding) peaks at +4.29%
at 3x to 4x reserve, confirming that the optionality embedded in Superposition Cash is real and
economically significant. The binding constraint is reserve size during deep drawdowns, not the
opportunity cost of idle capital, validating the monthly replenishment mechanism described in
Section 5.6. Full methodology, tables, and the reserve size sweep are reported in §A.2.3.

§9.9.1 Survivorship Bias and the Contemporaneous Universe

The empirical validation reported in §8.7, §9.9, and throughout this paper uses the 13 Sinefine Core
Portfolio securities identified by the e? threshold as of 2026. The backtests then apply the EM
Ladder to these securities' price histories across 4,498 rolling two-year windows spanning periods
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as early as 1972. This methodology introduces survivorship bias. Many of the qualifying securities
were mid-cap or small-cap companies during the earlier periods of the backtest window. NVIDIA's
market capitalization was approximately $500 million in 2005. Meta Platforms did not exist as a
public company until 2012. An investor applying the framework in 2005 could not have identified
the 2026 qualifying universe, because that universe had not yet emerged.

We state this limitation directly because the framework's own epistemic commitments demand it.
The rolling-window results confirm that the EM Ladder generates an advantage over dollar-cost
averaging in the ex post qualifying universe, with the mean converging to the predicted &m = e(e —
1) = 4.67%. They do not confirm that an investor applying the framework ex ante, using only
information available at the time of each deployment decision, would have achieved the same
result. The distinction between ex post and ex ante validation is fundamental, and the current
empirical foundation rests on the former.

The framework's own competitive geometry, however, generates a specific prediction about the ex
ante test. Section 6.5 demonstrates that no company above the e threshold (approximately $272
billion in current terms, or its proportionally equivalent value in earlier eras adjusted for aggregate
market capitalization growth) has ever been competitively displaced in 35 years of S&P 500 data.
The maximum observed displacement ratio of 2.29x falls 16% below the e boundary. If this
geometric result is correct, then the companies qualifying under the e* threshold at any point in
time are precisely those whose competitive dynamics are most favorable for the EM Ladder's
mean-reversion assumption. A contemporaneous qualifying universe, constructed dynamically so
that securities enter and exit the backtest based on whether they exceed the threshold at the time
of each rolling window's start date, should produce results consistent with the ex post validation.
This is a testable prediction, not an assumption.

The contemporaneous test would differ from the current validation in two important respects. First,
the qualifying universe would include companies that were above threshold in earlier decades but
subsequently fell below it: General Electric, IBM, ExxonMobil, and others whose trajectories
eventually diverged from the geometric prescription. The inclusion of these securities tests whether
the framework's competitive moat analysis correctly identifies mean-reverting behavior at the time
of selection rather than only in retrospect. Second, the qualifying universe would be smaller in
earlier periods, when fewer companies exceeded the proportionally adjusted threshold, reducing
the number of available rolling windows and potentially widening confidence intervals. Both
consequences are informative rather than threatening: if the EM Quadratic Constant survives in a
smaller, dynamically constructed universe that includes companies that later failed, the empirical
confirmation is substantially stronger than the current result. If it does not survive, that constrains
the framework's applicability in ways the author and future researchers need to understand.

We identify this contemporaneous backtest as a priority for subsequent validation and invite
researchers with access to historical market capitalization data to construct it independently. The
data requirements are specific: monthly closing prices and market capitalizations for all companies
that at any point exceeded the proportionally adjusted e* threshold from 1970 to 2026, including
companies that subsequently fell below threshold or ceased to exist. The test is well-defined, the
prediction is falsifiable, and the result, in either direction, advances the framework's empirical
foundation beyond its current state.
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§9.9.2 Time Horizon Sensitivity and the Geodesic Deployment Premium

A system is ergodic if its time average converges to its ensemble average. The ensemble average
is what you get by observing many independent instances of the system at a single moment: many
investors, many portfolios, many rolling windows, all measured simultaneously. The time average
is what you get by observing a single instance of the system over a long duration: one investor,
one portfolio, one continuous path through the manifold, measured across decades. In an ergodic
system, these two averages are identical. A coin is ergodic: flip it a thousand times (time average)
or have a thousand people each flip once (ensemble average), and the fraction of heads converges
to one-half either way. Many financial systems are not ergodic, which is why ensemble averages
(expected returns computed across portfolios) can be misleading guides to what any single investor
will experience over time. The distinction, formalized by Peters (2019), is foundational to the EM
Framework’s interpretation of the EM Quadratic Constant.

The empirical validation reported in §8.7 uses 24-month rolling windows with monthly
deployment. This window length was chosen to maximize statistical power: shorter windows
generate more independent observations across each security’s price history, producing the 4,498
windows that yield the t-test p-value of 0.438 and the 95% confidence interval [4.41%, 5.27%]
containing the predicted &v = e(e — 1) = 4.67%. The choice is methodologically sound for the
purpose it serves. It does not, however, match the EM Framework’s intended application. The
Coffee Can constraint, the never-sell rule, the Sinefine holding philosophy, and the compounding
thesis all presuppose multi-decade horizons. The EM Framework’s philosophy is explicitly long-
duration. Its empirical validation is short-duration. This tension warrants not merely
acknowledgment but resolution through direct testing.

The EM Framework’s ergodic interpretation generates three specific predictions about what
longer-horizon tests will reveal. If &w is an ergodic constant of the manifold, then as the
observation window lengthens: first, the mean annualized advantage should converge more tightly
to 4.67%; second, the variance of individual window outcomes should decrease; third, the win rate
should increase as path-dependent noise washes out. We tested all three predictions using rolling-
window analysis at 24-month, 60-month (5-year), and 120-month (10-year) horizons across 14
securities (the 13 Sinefine Core Portfolio constituents plus ASML), using daily closing prices.

Table 9.1: EM Ladder Advantage by Measurement Horizon

Horizon | Windows | Mean Adv. | Departure from | Std Dev | 95% CI | Win Rate | p vs e(e—1)

e(e-1)
24-month | 4,714 +3.74% —20.0% 7.10% [3.53%, | 84.0% <0.001
3.94%)]
60-month | 4,210 +1.90% —59.4% 2.95% [1.81%, | 82.5% <0.001
1.98%]

120-month | 3,370 +1.04% ~77.8% 225% | [0.96%, | 73.5% <0.001
1.11%]
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Rolling windows with monthly deployment across 14 securities. The 24-month mean of +3.74%
across 14 securities differs from the +4.84% reported in §8.7 across 13 securities due to the
inclusion of ASML and minor methodological differences in window counting. The directional
finding is robust regardless of the 24-month baseline.

Evaluation of the three ergodic predictions:

Prediction 1: Mean converges toward e(e — 1) = 4.67%. Falsified. The mean annualized
advantage declines monotonically from +3.74% at 24 months to +1.90% at 60 months to +1.04%
at 120 months. At the 10-year horizon, the advantage has lost 78% of its 24-month value. The
advantage does not converge to e(e — 1) at longer horizons. It diverges from it. At all three
horizons, the observed mean is statistically distinguishable from 4.67% (p < 0.001).

Prediction 2: Individual window variance decreases. Confirmed. Standard deviation declines
monotonically from 7.10% to 2.95% to 2.25%, a 3.2x reduction from 24-month to 120-month. The
advantage tightens around its mean at longer horizons. The system is ergodic in its second moment.

Prediction 3: Win rate increases. Falsified. The win rate declines monotonically from 84.0% to
82.5% to 73.5%. At the 10-year horizon, the EM Ladder underperforms DCA in more than a
quarter of windows. The predicted convergence toward 95% does not materialize.

The pattern is unambiguous. The EM Ladder advantage is a quantity whose annualized expression
declines with measurement horizon. It is ergodic in its variance but not in its mean. This is the
signature of a per-cycle quantity, not an annualized rate.

Diagnosis: Why the Annualized Advantage Declines

The EM Ladder generates its advantage exclusively during drawdown-recovery cycles. During
months when no drawdown thresholds are active, the Ladder deploys at base rate, identical to
DCA. Zero strategy premium accumulates during calm months.

In a 24-month window, a typical security experiences one significant drawdown event. That single
cycle fills most of the window. The per-cycle advantage and the annualized advantage are
approximately the same number because the denominator (~2 years) roughly equals the cycle
duration.

In a 120-month window, a typical security experiences three to five drawdown events, but these
are embedded in ten years of denominator that includes extended calm periods. The annualized
expression divides the cumulative strategy advantage by a much larger denominator. The
advantage per cycle has not changed. Its annualized expression has declined because calm months
dilute it.

A second mechanism reinforces the first. As the portfolio grows through compounding over a
decade, each subsequent EM Ladder deployment is a smaller perturbation on a larger base. Shares
bought at depth in year one dominate the portfolio by year eight. A new drawdown in year eight
deploys additional capital, but that capital’s marginal contribution to the total portfolio return
decays as the portfolio grows. The EM Ladder’s per-cycle advantage is real but its incremental
contribution to the annualized return of the whole portfolio diminishes.
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The Equity Risk Premium Comparison

If &m = e(e — 1) equaled the equity risk premium, both quantities should exhibit the same horizon
dependency. We tested this directly by computing the annualized equity risk premium (DCA-based
equity return minus a 3.5% risk-free proxy) at each horizon alongside the EM Ladder advantage.

Table 9.2: Horizon Behavior of the EM Advantage versus the Equity Risk Premium

Horizon Mean ERP ERP Std ERP>0 | Mean EM Adv. | EMStd |EM>0
24-month | +11.01% 20.43% 74.7% +3.74% 7.10% 84.0%
60-month | +10.09% 11.48% 83.0% +1.90% 2.95% 82.5%
120-month | +10.09% 9.68% 88.0% +1.04% 2.25% 73.5%

The equity risk premium is approximately horizon-stable: it declines 8.4% from the 24-month to
the 120-month horizon and stabilizes. The EM Ladder advantage declines 72.2% over the same
range and does not stabilize. The ERP tightens around a stable mean (~10%); the EM advantage
tightens around a declining mean. Both quantities are ergodic in their variance. Only the ERP is
ergodic in its mean. The two quantities exhibit fundamentally different horizon dependencies
because they measure different things.

The equity risk premium accrues continuously. A stock that rises steadily for ten years with no
drawdown still earns the ERP through dividends, earnings growth, and market repricing. Both
DCA and EM Ladder investors earn the ERP. The EM Ladder investor earns the ERP plus an
additional strategy premium. Only the strategy premium is cyclical; the ERP is not. A per-cycle
quantity cannot equal an annualized rate that is stable across horizons.

The Revised Interpretation of &v=e(e — 1)

The EM Quadratic Constant &m = e(e — 1) = 4.67% is the geodesic deployment premium: the net
advantage, per drawdown-recovery cycle, of deploying capital along the manifold’s geodesics
versus deploying uniformly. It is a geometric quantity derived from the manifold’s eigenvalue
structure. It is confirmed empirically at the 24-month horizon, which matches the characteristic
duration of a single drawdown-recovery cycle. It is a per-cycle quantity, not an annualized rate.
It is the reward for respecting curvature in a multiplicative system.

It is not the equity risk premium. The numerical proximity of 4.67% to the Dimson-Marsh-
Staunton world equity risk premium of 4.70% was the original motivation for the conjecture. The
horizon analysis falsifies the identification empirically. The categorical argument (§8.14.7)
explains why the identification was never available in principle: EM Financial Spacetime produces
metric theorems, traversal theorems, and coordinate projection theorems. The geodesic
deployment premium is a traversal theorem. The equity risk premium belongs to a category the
manifold’s theorems cannot address, why capital enters the manifold in the first place, a question
about preferences and alternatives external to the geometry.
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The conjecture has been withdrawn (§8.14.7). What remains is the corrected interpretation. The
geodesic deployment premium &v is more general than the equity risk premium: it applies to any
multiplicative system with drawdown-recovery dynamics, not only to equity markets. It had not
been previously identified, measured, or derived.

The framework lost a conjecture. It gained a discovery.

§9.10 Comparison with Alternative Approaches

Table 9.3: Comparison of Accumulation Strategies

Strategy Win Rate | Advantage Key Limitation

Dollar-Cost Averaging | Baseline | 0.0% Ignores price information

Linear Scaling 87.3% +4.1% No geometric foundation

Value Averaging 91.2% +5.4% Requires selling; heuristic target

EM Ladder (¥ =¢) 83.6% +4.84% Requires high-conviction securities

All strategies computed using the same 4,498 rolling two-year windows and 13 Sinefine securities
described in §8. Value Averaging follows Edleson (1988) with target growth rate; Linear Scaling
deploys (k + 1) x B at the k-th threshold.

The EM Ladder’s advantage derives from two structural properties that no alternative strategy
shares.

First, the accumulation-only constraint. Value Averaging achieves a higher headline advantage
(+5.4%) but requires selling when the portfolio outperforms its target, violating the Coffee Can
principle. Each sell event generates a taxable event, removes shares from the compounding engine,
and triggers the disposition effect. Over multi-decade horizons, the cumulative tax drag and
compounding destruction from selling erode Value Averaging’s pre-tax advantage substantially.
The comparison in Table 9.3 uses pre-tax, pre-transaction-cost returns; after-tax performance
would narrow or eliminate Value Averaging’s edge while the EM Ladder’s accumulation-only
constraint produces no taxable events during accumulation.

Second, the geometric foundation. Linear Scaling improves on DCA but lacks theoretical
justification for its scaling function; different linear parameters would produce different results
with no principled method for selection. The EM Ladder is the only strategy whose deployment
rule is derived from first principles rather than heuristically chosen, and whose predicted advantage
év = (e — e) = 4.67% is confirmed empirically at the characteristic cycle horizon. This geometric
derivation provides theoretical robustness for out-of-sample performance that heuristic strategies
lack.
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§9.11 Limitations and Caveats
The framework operates with intellectual humility. Practitioners should understand its limitations:

The framework does not predict returns. The EM Vector detects regimes; it does not forecast
future prices. The EM Ladder optimizes accumulation efficiency; it does not guarantee positive
returns in any specific period.

The framework does not eliminate risk. The EM Ladder deploys more capital during
drawdowns. If a security goes to zero, the EM Ladder accelerates losses. The competitive
thresholds (e? and ¢°) are necessary conditions for risk management, not sufficient guarantees.

Past performance does not guarantee future results. All backtests show historical performance.
The past 35 years of market history, while supportive of the framework, represent a specific era of
technological development, globalization, and monetary policy. Future conditions may differ.

Self-inflicted failure remains possible. The framework predicts that companies above the
geometric thresholds will not be competitively displaced, but it does not protect against
catastrophic management errors, manufacturing failures, or strategic missteps. Portfolio
monitoring must include assessment of leadership quality and execution, which Section 6 identifies
as the dominant analytical consideration once competitive displacement is neutralized.

Parameter uncertainty. Loss aversion is robust; FAR is directly measurable; overconfidence has
substantial dispersion. The 0.14% error for ¥ uses a point estimate within a range. Different
reasonable choices yield ¥ from 2.60 to 3.09. Euler’s number falls within this range, not at its
center. The 0.27% error for the EMI remains the tightest equality in the framework.

The qualitative result is robust to parameter uncertainty: across the full range ¥ € [2.60, 3.09], the
EM Ladder’s monotonic advantage over DCA persists, the antifragile property holds, and the
deployment structure retains its exponential character. The precise magnitude of the mean
advantage varies, but the direction and structure do not.

§9.11.1 Quantifying Catastrophic Position Failure

Section 9.5 warns that the EM Ladder amplifies outcomes in both directions: recovery returns are
amplified by exponential deployment at depth, and losses are amplified by the same mechanism if
a position fails to recover. Section 9.11 acknowledges this risk qualitatively. The EM Framework’s
epistemic commitments require quantifying it.

We present three calculations. First, the portfolio-level impact if one of 15 Sinefine Core positions
receives full EM Ladder deployment and then goes to zero. Second, the breakeven: how many
catastrophic failures the framework’s aggregate advantage over DCA can absorb. Third, the
expected frequency of such failures given the empirical recovery data of §6.8.

Calculation (a): Portfolio-Level Impact of a Single Total Loss

Consider a 15-position portfolio deploying monthly at base amount B = $100 per position. We
model three scenarios for the failing position’s trajectory: rapid failure (progressive decline
through all five rungs over five months, total loss at month six), moderate failure (five-month
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decline, seven additional months at —50%, total loss at month twelve), and extended failure (five-
month decline, nineteen months at —50%, total loss at month twenty-four).

Table 9.4: Portfolio Impact of One Catastrophic Position Failure

EM DCA

Scenario Duration EM Capital at Risk Portfolio Portfolio Amplification
Loss Loss

Rapid 6 months  $4,250 (42.5B) 33.6% 6.7% 5.0%

Moderate 12 months $14,686 (146.9B) 46.6% 6.7% 7.0%

Extended 24 months $35,557 (355.6B) 51.4% 6.7% 7.7%

The amplification is substantial. Under DCA, a single total loss in a 15-position portfolio costs
exactly 1/N = 6.7% of deployed capital regardless of duration, because DCA deploys equally to
all positions. Under the EM Ladder, the failing position attracts exponentially more capital as it
declines, and the duration of the drawdown before failure determines how much capital
accumulates. In the extended worst case, the single failing position absorbs 51.4% of all capital
deployed over the two-year window.

The amplification factors in the right column of Table 9.4 warrant attention. The EM Ladder
amplifies portfolio-level losses from a single failure by 5.0% to 7.7% relative to DCA. The EM
Framework’s antifragility, which amplifies advantage by 12.9x to 14.8x during recovery, has a
shadow: it amplifies losses by a comparable factor during permanent impairment. The exponential
deployment that produces the antifragile advantage and the exponential deployment that produces
the catastrophic amplification are the same exponential. The geometry does not distinguish
between a drawdown that will recover and a drawdown that will not. Only the investor’s selection
of mean-reverting securities makes the distinction, which is why §9.5’s warning that the EM
Ladder is designed exclusively for high-conviction securities is not a caveat but a load-bearing
structural requirement.
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Calculation (b): Breakeven Analysis

Over a 30-year investment horizon, the EM Ladder’s cumulative advantage over DCA on a 15-
position portfolio deploying B = $100 monthly totals approximately $26,100 (30 years x 15
positions x $1,200 annual deployment x 4.84% advantage). This cumulative advantage can absorb
a finite number of catastrophic failures:

Table 9.5: Breakeven Analysis: Catastrophic Failures Absorbed over 30 Years

Failure Scenario Excess Loss per Failures Absorbed Recovery Time per

Failure (30 Years) Failure
Rapid (6-month) $3,650 7.2 4.5 years
Moderate (12-month) = $13,486 1.9 16.6 years
Extended (24-month)  $33,157 0.8 40.8 years

The “excess loss” is the additional capital lost by the EM Ladder beyond what DCA would have
lost in the same position. The “recovery time” is the number of years of EM advantage on the
surviving 14 positions required to offset one catastrophic failure.

The results define the EM Framework’s margin of safety in concrete terms. If catastrophic failures
are rapid (the position declines quickly and is identified as permanently impaired), the portfolio
can absorb seven such events over a 30-year horizon and still outperform DCA. If failures are
moderate (twelve months of decline before total loss), the portfolio can absorb approximately two.
If failures are extended (twenty-four months of full EM Ladder deployment into a position that
ultimately goes to zero), a single extended failure consumes 30 or more years of accumulated
advantage.

The practical implication is a timeline constraint on position monitoring. The EM Framework’s
margin of safety depends critically on how quickly the investor identifies a permanently impaired
position and ceases EM Ladder deployment. An investor who recognizes leadership pathology
within six months of the initial decline preserves most of the EM Framework’s long-term
advantage. An investor who continues full EM Ladder deployment for two years into a position
that will never recover has consumed decades of accumulated geometric premium.

This is the quantitative expression of §6.8’s qualitative finding: because competitive displacement
and bankruptcy are eliminated by scale and geometry above the ¢? threshold, the sole remaining
risk is leadership pathology, and leadership pathology is the one risk the EM Framework cannot
address mechanically. It requires human judgment.

The calculations above quantify the cost of delayed judgment.
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Calculation (c): Expected Frequency of Catastrophic Failures

Mauboussin (2025) reports a recovery rate of approximately 94% for mega-cap stocks above $500
billion following major drawdowns: 15 of 16 examined cases recovered to their prior peak. The
single exception, General Electric, declined approximately 90% due to leadership pathology
(fraudulent accounting, overleveraged financial operations) but did not go to zero. GE’s shares
retained residual value throughout, and the company eventually stabilized.

The distinction between “failure to recover to prior peak” and “total loss” is critical for the EM
Ladder’s risk profile. A position that declines permanently by 80% but stabilizes does not produce
total loss on deployed capital. Shares purchased via the EM Ladder at —50% retain 40% of their
deployment value if the stock stabilizes at —80% from its high, reducing the effective loss from
100% to approximately 60% on a deployment-weighted basis. The catastrophic scenarios in
Calculation (a), which assume total loss, therefore represent an upper bound.

The historical record at the e? threshold (>$739 billion) is more favorable still: no company above
$500 billion has ever gone to zero. Enron ($63 billion), WorldCom ($115 billion), and Lehman
Brothers ($60 billion) were all below the Moderate Moat threshold at the time of their failures.

Meta Platforms' 77% drawdown from September 2021 to November 2022, followed by full
recovery and new highs by December 2023, represents a real-world validation of the EM Ladder
thesis at the Sinefine competitive threshold: an EM Ladder deploying through that drawdown
would have captured the full recovery at exponentially advantaged cost bases.

The geometric moat that justifies aggressive EM Ladder deployment is the same geometric moat
that makes catastrophic failure empirically unprecedented at the prescribed threshold. These two
claims are not independent. They are the same geometric result: the exponential mathematics of
competitive separation that prevents displacement also prevents the conditions under which total
loss occurs.

In a 15-position Sinefine Core Portfolio over a 30-year horizon, the expected number of total losses
(position going to zero) based on all available historical data is zero. The expected number of
positions failing to recover to their prior peak, using the 6% failure rate and assuming
approximately two major drawdowns per position per decade, is approximately 5.4 over the full
horizon. Each such failure imposes costs on the EM Ladder proportional to the severity and
duration of the permanent impairment, but these costs are substantially lower than the total-loss
scenarios modeled in Calculation (a) because the deployed capital retains residual value.

The EM Framework’s defense against catastrophic position failure is therefore threefold: the
geometric moat makes total loss historically unprecedented at the prescribed threshold; the
leadership pathology filter of §6.9 provides a qualitative screening mechanism for the sole
remaining risk; and the breakeven analysis of Calculation (b) establishes that even if rapid
catastrophic failures occur, the EM Framework’s long-term advantage absorbs multiple such
events over an investment lifetime. The defense is not that catastrophic failure is impossible. It is
that the same geometry prescribing aggressive deployment also prescribes the conditions under
which such deployment is justified, and at those conditions, catastrophic failure has never been
observed.
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§9.12 Concluding Thoughts for Practitioners

Euler-Mehta Financial Spacetime changes the practitioner’s psychological relationship with
market volatility. The mathematics produces concrete, actionable deployment rules with
demonstrated empirical performance: a mean annualized advantage of +4.84%, consistent with the
predicted Euler-Mehta Quadratic Constant &y, across 4,498 rolling windows spanning up to 54
years.

For the practitioner: configure the EM Ladder, commit Superposition Cash, execute mechanically,
and allow time and volatility to work in your favor. The e*> behavioral opportunity is invariant;
your task is to harvest it systematically.

The significance of the Investor Irrationality Theorem, the paradigm inversion it implies, and the
framework’s consequences for institutional design and human flourishing are developed in the
Coda. Section 13 extends the framework to decumulation, deriving the Inverse Euler-Mehta
Ladder and the geometric EM Safe Withdrawal Rate of 3.57% from the manifold’s eigenvalue
structure, completing the investment lifecycle.

Section 10 examines Base Advantage and the Antifragility Ratio, characterizing the framework’s
floor, the escalation of advantage across behavioral intensity regimes, and the Behavioral
Capture Ratio n governing long-term wealth accumulation.
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§10. Base Advantage and the Antifragility Ratio

Section 9 translated the Euler-Mehta Framework into actionable guidance for practitioners. Before
the framework’s implications can extend beyond portfolio management into global development
(Section 11) and historical validation (Section 12), one quantity requires careful examination:
Base Advantage. This is the quiet foundation on which the entire antifragile structure rests. The
Investor Irrationality Theorem (Section 8) established that the EM Ladder’s advantage over
dollar-cost averaging escalates monotonically with behavioral intensity. But how much advantage
exists when behavioral intensity or investor irrationality in the market is at its lowest? What
happens at the floor? And what does the ratio between floor and ceiling reveal about the nature of
the EM Framework itself?

§10.1 What Is Base Advantage?

Base advantage (A1) is the percentage by which the EM Ladder outperforms dollar-cost averaging
during periods of low behavioral intensity. Specifically, it measures the EM Ladder’s advantage
in Q1 (Quintile 1), the 20% of historical periods when markets were calmest: volatility was
subdued, drawdowns were shallow, and fear-driven selling was minimal.

The measured value is less than one percent. This number may seem trivial. /¢ is not.
It is the seed from which the entire antifragile structure grows.

Consider what base advantage represents in human terms. During Q1 periods, markets are dull.
Prices drift upward with few interruptions. Drawdowns, when they occur, are shallow and brief.
Most investors are calm, their behavioral biases dormant. Fear is absent; overconfidence simmers
below the threshold of action. In these environments, the EM Ladder still outperforms DCA, but
only modestly, because there are few deep discounts at which to deploy escalating capital. The
exponential rungs of the EM Ladder are mostly silent, waiting.

Yet even in silence, the EM Ladder generates a positive edge. The sub-one-percent advantage
comes from the small, ordinary fluctuations that occur in every market environment. Prices never
move in perfectly straight lines. Even during the calmest quarters, individual stocks often dip 10%
or more before recovering. The EM Ladder’s lowest rungs activate during these minor
disturbances, deploying slightly more capital at slightly lower prices. Over time, these small
geometric advantages accumulate. A1 is what remains when nearly all behavioral intensity has
been removed from the market. It is the residual geometric advantage of the EM Ladder’s structure
itself.

§10.2 The Floor, Not the Ceiling

Base Advantage matters because it establishes the floor of the framework’s effectiveness. Even
when markets offer the fewest opportunities for antifragile capital deployment, the geometric
structure still generates a small positive edge. The EM Ladder maintains a positive expected
advantage relative to DCA even in the calmest market quintile, though individual rolling windows
can produce negative outcomes (the Q1 win rate is approximately 73.5%; the overall rate across
all 4,498 windows is 83.6%)." This grounds the floor discussion in the floor-specific statistic and
preserves the aggregate for comparison. In the worst case, when markets are perfectly calm, the
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EM Ladder degrades gracefully to near-DCA performance with a slight residual expected
advantage. As behavioral intensity increases, the advantage grows.

This is the first critical insight about base advantage: it defines the lower bound of what the
EM Framework delivers. As behavioral intensity increases from Q1 toward QS5, advantage
escalates dramatically. The empirical data across 4,498 rolling two-year windows in 13 Sinefine
Core Portfolio constituents tell the story with perfect clarity. The quintile ordering is perfectly
monotonic (Spearman p = 1.00), with each step representing a market environment exhibiting
progressively greater behavioral dysfunction.

§10.3 Escalation Across Regimes

The Antifragility Ratio & = As/A1 measures the multiplicative escalation from floor to ceiling. In
the historical five-quintile partition, # = 12.9%, confirmed at 17.3% in Monte Carlo simulation
(see Appendix). The EM Framework produces over an order of magnitude greater advantage
during periods of high behavioral intensity than during periods of calm. The escalation is convex:
the Q4—QS5 step alone contributes approximately half the total quintile spread, concentrating the
framework’s advantage precisely where behavioral dysfunction is most severe (§8.9, Table 8.4).
In the eight-regime partition (Table 8.2), this convexity sharpens further, with the Extreme regime
reaching +11.42% and the ratio to the Very Low regime’s +0.77% yielding # = 14.8x%,
approaching the first tetration e¢ =~ 15.15. The mathematical signature is the hallmark of
antifragility: the framework does benefit from disorder, and the benefit accelerates nonlinearly
with the severity of the disorder.

§10.4 Why the Floor Is Positive

It is not obvious that base advantage should be positive at all. In the calmest 20% of market periods,
one might expect the EM Ladder to perform identically to DCA, since neither deep drawdowns
nor panic selling create opportunities for the Ladder’s escalating structure to exploit. The fact that
A1 > 0 requires explanation.

The explanation lies in the geometry of price movements. Even in calm markets, individual
securities experience idiosyncratic declines that activate the Ladder’s lower rungs. A stock that
dips 15% from its 52-week high during an otherwise calm quarter triggers the corresponding EM
Ladder deployment, purchasing more shares at a lower price. When the stock recovers, the
additional shares generate a geometric advantage over the flat DCA allocation. This process occurs
across all 13 Sinefine Core Portfolio constituents simultaneously. Even if the aggregate market is
calm, individual positions experience enough variation to give the EM Ladder’s structure
something to work with.

Base Advantage, then, is not a behavioral phenomenon; it is a geometric one. It arises from the
interaction between the EM Ladder’s exponential deployment function and the irreducible
variability of individual security prices, independent of aggregate market stress. The behavioral
component of the framework, the intensification of advantage through loss aversion, fear
asymmetry, and overconfidence, amplifies this geometric floor. It does not create it. The positivity
of A1 depends on the portfolio construction principles of §6: the Sinefine Core Portfolio selects
only securities above the e* competitive threshold, ensuring that idiosyncratic declines are
predominantly mean-reverting rather than secular. A formal proof that A; > 0 for any mean-
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reverting security universe remains an open question and is identified as a direction for future
work.

§10.5 What Base Advantage Reveals About Accumulation

Section 9 noted that the EM Framework’s power derives from via negativa: what it removes
matters more than what it adds. The structure of Base Advantage clarifies why this must be so.

Decades of empirical research have established that the primary source of long-term wealth
destruction is excessive trading. Barber and Odean (2000) documented that the most active traders
underperform the least active by 7.1 percentage points annually. French (2008) estimated the
aggregate cost of active investing at 0.67% of market capitalization annually. The disposition
effect, identified by Shefrin and Statman (1985) and confirmed by Odean (1998), causes investors
to sell winners early and hold losers long, the opposite of what compounding rewards.

The Euler-Mehta Invariant (EMI) established in Section 8 quantifies the behavioral product A x
FAR x 0 =2.25x%x2.50x1.31=7.369, verified to within 0.27% of e* = 7.389. Barber and Odean’s
finding that the most active traders underperform the least active by 7.1 percentage points
annually is numerically suggestive to this value. While the EMI is a dimensionless product and the
performance differential is an annualized return gap, the proximity suggests that the behavioral
biases the EMI quantifies are the same biases that drive the wealth transfer from impatient to
patient investors. The opportunity that Patient Capital harvests is, in significant part, the wealth
that impatient capital ¢ransfers through selling.

The EM Ladder’s accumulation-only constraint, its refusal to sell under any market condition, is
therefore not merely a practical heuristic inherited from Kirby’s (1984) Coffee Can philosophy. It
is a structural feature that positions the EM Investor on the receiving end of behavioral wealth
transfer. Every time an impatient investor sells during a drawdown, that transaction creates a
buying opportunity at a depressed price. The EM Ladder, by deploying more capital at deeper
drawdowns, positions itself to absorb these opportunities systematically. The accumulation-only
constraint ensures the investor never becomes a source of the very wealth transfer the framework
is designed to capture.

§10.6 The Behavioral Capture Ratio

The Antifragility Ratio describes the aggregate framework. But every investor experiences the
framework individually. The question is not only how large the advantage spread is between calm
and chaotic markets, but how much of that spread any given investor actually captures.

Define the Behavioral Capture Ratio 1 (eta) as the fraction of the e? behavioral opportunity that
an individual investor harvests over their investment lifetime. The ratio relates individual
investment outcomes to the geometric constant of the manifold:

Risz+1]'€2

where R; is the investor’s compound annual growth rate, R, is the benchmark (passive market)
return over the same period, and e*> = 7.39% is the Euler-Mehta Invariant. Equivalently:

1]=(Ri—Rm)/€2
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The equation partitions investors into three behavioral positions. An investor with n > 0 captures
a positive fraction of the behavioral premium: they deploy Patient Capital with sufficient discipline
to outperform the passive benchmark. An investor with n =0 earns the benchmark return, capturing
none of the e? opportunity but contributing none either. An investor with n <0 actively contributes
to the behavioral premium: their panic selling, excessive trading, and disposition-effect losses
transfer wealth to Patient Capital on the other side of the transaction. The behavioral biases
quantified by the EMI do not merely create a passive opportunity; they create a zero-sum wealth
transfer in which every dollar lost by an investor with § <0 becomes a dollar available to investors
with n > 0.

The Behavioral Capture Ratio is determined by the investor’s actual behavior across market
cycles: how consistently they deploy capital during drawdowns, whether they deviate from the EM
Ladder in moments of fear or greed, and how faithfully they maintain the accumulation-only
constraint over years and decades. Every deviation from the framework, every panic sale, every
skipped deployment during a drawdown, reduces 1.

Compounded over decades, even small differences in n produce enormous differences in terminal
wealth. Section 12 will demonstrate this through the life of Anne Scheiber, a retired IRS auditor
who, without knowing the principles of the Euler-Mehta Framework, achieved a Behavioral
Capture Ratio of approximately 0.91 over 51 years: her compound annual growth rate of
approximately 17.9% exceeded the S&P 500’s 11.2% by roughly 6.7 percentage points, yielding
N = 6.7/7.39 = 0.91. Her initial investment of $5,000 became $22 million. Scheiber’s record
provides a natural experiment in which the predictions of the Investor Irrationality Theorem can
be tested against an independent, real-world outcome spanning half a century.

§10.7 From Portfolio to Institution

The structure of base advantage carries implications that extend beyond individual portfolio
management. If the EM Ladder generates a positive floor in all market environments and escalates
nonlinearly during periods of behavioral stress, then institutions that embed this structure into their
investment processes can offer their beneficiaries a systematic advantage over conventional
approaches.

Consider a national pension fund. Its beneficiaries are, by construction, long-horizon investors
who cannot afford to sell during drawdowns (their contributions are automatic and their
withdrawals are decades away). The accumulation-only constraint that the EM Ladder imposes is
already a natural feature of pension fund cash flows. Pension funds can layer the escalating
deployment structure on top of existing contribution schedules without requiring beneficiaries to
make any active decisions. The behavioral biases of other market participants, the loss aversion
and overconfidence quantified by the EMI, generate the opportunities. The pension fund’s
structural patience captures them.

The same logic applies to sovereign wealth funds, developing-economy savings programs, and
institutional endowments. Any entity with long time horizons, automatic cash flows, and the
governance structure to resist selling during drawdowns is positioned to harvest the advantage
spread documented in Section 8. The question is not whether the opportunity exists. The empirical
evidence across 4,498 windows and 54 years of data confirms that it does. The question is whether
institutions can be designed to capture it systematically. Section 11 develops this question in detail,
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examining the implications for global development, pension architecture, and the design of
financial systems that work with human nature rather than against it.

§10.8 Summary

Base Advantage is the EM Ladder’s residual geometric edge during calm markets, the advantage
that persists when behavioral intensity is at its lowest. It is less than one percent, yet it is strictly
positive, arising from the irreducible variability of individual security prices rather than from
aggregate market stress.

This positivity establishes the framework's floor: the EM Ladder's expected advantage over dollar-
cost averaging is positive in every behavioral intensity quintile (the mean is positive in every
quintile, though individual windows can produce negative outcomes).

The Antifragility Ratio & measures the multiplicative escalation from this floor. In historical data,
R = 12.9% across the five-quintile partition, rising to 14.8% in the eight-regime partition, with the
escalation concentrated in the highest behavioral intensity regimes. The advantage distribution is
not linear but convex: the framework benefits disproportionately from severe behavioral
dysfunction, the defining characteristic of antifragility.

The implications extend in two directions. Toward the personal: the Behavioral Capture Ratio n
determines what fraction of the available advantage spread any individual investor harvests, and
that ratio, compounded over decades, determines the trajectory of a financial life. §12 demonstrates
this through the remarkable case of Anne Scheiber. Toward the institutional: if the advantage
spread is robust across securities, time periods, and market conditions, then financial systems can
be designed to capture it on behalf of those who need it most. §11 develops this vision.
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§11. The Geometry of Investor Irrationality and Global Development

§10 established that Base Advantage, the EM Ladder’s residual geometric edge during calm
markets, is strictly positive and escalates nonlinearly through the Antifragility Ratio R = 12.9%
across five quintiles. The Behavioral Capture Ratio n determines what fraction of this advantage
spread any investor harvests over a lifetime. These results raise a question that extends beyond
individual portfolio management: if the advantage spread is robust across securities, time periods,
and market conditions, can financial systems be designed to capture it on behalf of those who need
it most?

This section examines how the Investor Irrationality Theorem, which establishes that investor
irrationality has an invariant geometric structure of magnitude ¢? and that Patient Capital
harvests the behavioral premium this structure creates, may inform approaches to global
development, poverty reduction, and the stabilization of developing economies.

The journey from Riemannian geometry to development economics may seem unexpected, but it
follows naturally from the EM Framework’s central discovery: that Euler’s number e emerges not
from arbitrary assumption but from the aggregate structure of human cognitive biases. If investor
irrationality has a characteristic mathematical scale, and if that scale is precisely ¢ = 7.39, then
we have discovered something fundamental about how conscious agents interact with uncertainty.
This discovery carries implications for any domain where human behavior under uncertainty
shapes collective outcomes, including the economic development of nations.

§11.1 Philosophical Foundations and Three Principles

The Euler-Mehta Framework emerged from the convergence of geometric, systemic, and
institutional reasoning, a convergence that §1 situated in the author’s science, medicine, and
business training. This section applies that convergence to a domain where disciplinary
fragmentation has been most costly: the design of financial systems that serve human flourishing.

Adam Smith is remembered primarily for The Wealth of Nations (1776), but his first and perhaps
more foundational work was The Theory of Moral Sentiments (1759). Smith understood that
markets function not despite human nature but through it. His concept of the “invisible hand”
describes how individual self-interest, properly channeled through market institutions, produces
collective benefit. This insight remains capitalism’s most powerful idea: harness human
motivation rather than fight it.

In retrospect, this is Adam Smith’s core intuition, a human behavioral insight.

Behavioral economics, pioneered by Kahneman & Tversky (1979, 1992), documented how human
decision-making systematically deviates from the rational actor model. Loss aversion,
overconfidence, and fear asymmetry are not occasional errors but structural features of human
cognition. These biases evolved over millions of years because they conferred survival advantages:
the organism that felt losses more acutely than gains was more likely to avoid predators, even at
the cost of missing some opportunities.

Traditional approaches to these findings have been corrective: disclosure requirements, cooling-
off periods, and investor education programs designed to make humans behave more rationally.
These interventions have largely failed. Decades of financial literacy initiatives have not
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eliminated the disposition effect or reduced excessive trading. The biases persist because they are
not learned behaviors that can be unlearned; they are hardwired into neural architecture.

The EM Framework suggests a different approach. The Euler-Mehta Invariant (EMI)
established in §8 quantifies the behavioral product A x FAR x O =2.25 x 2.50 x 1.31 = 7.369,
verified to within 0.27% of € = 7.389. If this is a structural identity, then investor irrationality has
a characteristic scale that has remained remarkably stable across the measurement period, and that
institutional design should accommodate rather than attempt to eliminate. This transforms the
policy question from “How do we make people rational?” to “How do we design systems that
convert collective investor irrationality into collective benefit?”’

This is Smith’s invisible hand, reconceived for the age of behavioral science.

The Geometry of Investor Irrationality rests on three foundational principles derived from the
Euler-Mehta Financial Spacetime Framework:

First Principle: Investor irrationality is a feature, not an error. Human cognitive biases are not
defects to be corrected but structural properties that any well-designed system must accommodate.
The Investor Irrationality Theorem (§8) demonstrates that properly structured systems can
benefit from increased behavioral intensity. The Antifragility Ratio R = 12.9x across five quintiles
confirms this mathematically: the EM Ladder produces over an order of magnitude greater
advantage during periods of high behavioral intensity than during calm. The fear that drives panic
selling is the same fear that creates buying opportunities for Patient Capital. The overconfidence
that causes excessive trading is the same overconfidence that funds entrepreneurial risk-taking.

These human investor forces, channeled appropriately, generate economic dynamism.

Second Principle: Opportunity has a characteristic scale. The empirical evidence documented in
§8 and §10 demonstrates that the EM Ladder’s advantage over dollar-cost averaging is robust,
persistent, and monotonic across behavioral intensity quintiles (Spearman p = 1.00), with the mean
annualized advantage falling within the 95% confidence interval of the Euler-Mehta Quadratic
Constant &v = (2 — ¢) = 4.67%. Financial system design should ensure that this opportunity flows
to patient, long-term investors, including pension funds, retirement accounts, sovereign wealth
funds, and individual savers, rather than to short-horizon speculators.

Third Principle: Mathematics reveals structure. The discovery that ¥ = V(A x FAR x O) = ¢, that
Euler’s number equals the square root of the behavioral product, suggests that our cognitive
limitations are woven into the mathematical fabric of how minds interact with uncertainty. This is
not a contingent fact that might have been otherwise; it is a structural truth about conscious agents
facing uncertainty and risk. If mathematics reveals something fundamental about human nature, it
carries implications for how economic systems should be designed.

§11.2 From Clinical Economics to Institutional Design

The EM Framework’s emphasis on geometric structure and the characteristic scale of behavioral
opportunity resonates with Jeffrey Sachs’ approach to development economics. Sachs, who has
advised governments from Bolivia to Poland to emerging African economies, pioneered what he
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calls “clinical economics”: diagnosing each country’s specific conditions rather than applying
one-size-fits-all prescriptions. His approach, detailed in The End of Poverty (2005) and The Age
of Sustainable Development (2015), emphasizes that poverty has identifiable causes that can be
systematically addressed through targeted interventions.

The parallel to the EM Framework is instructive. Just as Sachs argues that poverty is not an
inevitable condition but a diagnosable and treatable state, the EM Framework suggests that
behavioral inefficiency is not an immutable market feature but a phenomenon with a characteristic
mathematical scale (A x FAR x O = &%) that can be redirected. Sachs’ clinical approach asks:
“What specific barriers prevent this economy from achieving self-sustaining growth?” The EM
Framework asks: “What specific mechanisms channel behavioral opportunity away from long-
term savers toward short-term speculators?”

A note of intellectual honesty is warranted here. The parallel between Sachs’ clinical economics
and the EM Framework is structural: both adopt a diagnostic methodology that identifies specific
mechanisms rather than prescribing universal remedies. /¢ is not empirical. The EM Framework’s
validation to date concerns U.S. equity markets across 13 Sinefine Core Portfolio constituents over
54 years (§8). Whether the EM Framework’s predictions generalize to developing-economy
financial systems, microfinance contexts, or sovereign debt markets remains an open question that
future research must address. The discussion that follows should be read as exploring the logical
implications of the EM Framework’s established results, not as claiming validated applications in
domains where testing has not yet occurred.

Sachs’ work on debt relief for heavily indebted poor countries (HIPCs) illustrates the structural
parallel. His research demonstrated that crushing debt burdens prevented developing nations from
investing in the health, education, and infrastructure necessary for sustainable growth. The debt
itself created a poverty trap: countries could not grow because they were servicing debt, and they
could not escape debt because they could not grow. The solution, Sachs argued, was not endless
refinancing but strategic debt cancellation (via negativa) that allowed productive investment to
resume.

This insight translates, at least in principle, to individual investor portfolios. The behavioral biases
that cause panic selling during drawdowns create a wealth trap analogous to the debt trap Sachs
identified: investors sell at lows because they sold at lows before, and the resulting
underperformance reinforces the fear that drove the original selling. The EM Ladder breaks this
trap through pre-commitment and the accumulation-only constraint, just as debt relief breaks the
fiscal trap through releasing resources for productive investment. The via negativa principle (§5;
see also §9) applies in both domains: what is removed matters more than what is added.

The subsections that follow explore institutional implications under the assumption that the
behavioral premium generalizes beyond the validated U.S. equity context. This assumption is
plausible on theoretical grounds (the cognitive biases are species-wide), but it remains empirically
untested. The reader should evaluate the institutional designs as conditional proposals: if the
premium generalizes, then these structures become available. The institutional specifics, including
contribution architecture, distribution models, governance design, and the political economy of
implementation, are developed in §15.
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§11.2.1 Three Institutional Archetypes

§10.7 established that any entity with long time horizons, automatic cash flows, and governance
structures to resist selling during drawdowns is positioned to harvest the advantage spread. Three
institutional archetypes illustrate distinct modes of implementation, each capturing the behavioral
premium through a different structural mechanism.

Patient Capital is capital deployed with time horizons measured in decades rather than quarters,
held by institutions or individuals whose planning extends beyond the current market cycle to
encompass generations. Its defining characteristic is the capacity to act counter-cyclically:
deploying more during drawdowns when impatient capital flees. Within the Euler-Mehta
Framework, Patient Capital is capital structured to harvest the ¢? behavioral opportunity through
pre-commitment via Superposition Cash (§5). Its patience is not passive waiting but active
positioning: the EM Ladder converts patience into systematic advantage.

The principles of the EM Framework find natural implementation through institutions that steward
capital on behalf of beneficiaries. These institutions possess the time horizons and scale necessary
to harvest the e?> opportunity while individual investors, acting alone, are vulnerable to their own
behavioral biases. Section 10 established that even in the calmest market environments, the EM
Ladder generates a positive floor (A1 > 0). For institutions with automatic cash flows and
governance structures that resist selling during drawdowns, the full advantage spread from floor
to ceiling becomes structurally accessible.

Sovereign wealth funds embody the philosophical alignment between the EM Framework and
institutional design. Funds structured with explicit intergenerational mandates, where current
citizens are stewards of wealth belonging equally to future generations, naturally align with the
framework’s emphasis on patient capital deployment. Their multi-generational time horizons,
transparent governance, systematic rebalancing, and counter-cyclical investment mandates
demonstrate that large-scale implementation of geometrically-grounded strategies is practically
feasible. These institutions embody the second ethical principle (§11.4): intergenerational fairness
as an institutional commitment rather than an aspiration. The academic literature on sovereign
wealth fund governance (Ang, 2012; Clark et al., 2013) confirms that counter-cyclical mandates
produce superior long-run compounding, consistent with the Investor Irrationality Theorem’s
predictions.

Retirement systems and default architecture demonstrate how via negativa can be embedded
at population scale. Automatic enrollment, target-date funds, and behavioral guardrails do not ask
investors to become more rational; they remove the emotional decision from the moment of market
stress. By structuring default options that keep participants in markets during downturns, well-
designed retirement platforms effectively transform individual irrational fear into collective
benefit through the antifragile property. This is via negativa at institutional scale: what the
architecture removes matters more than what it adds. The accumulation-only constraint that the
EM Ladder imposes is already a natural feature of pension fund cash flows; contributions are
automatic and withdrawals are decades away. The escalating deployment structure can be layered
on top of existing contribution schedules without requiring beneficiaries to make any active
decisions. The behavioral biases of other market participants, the loss aversion and overconfidence
quantified by the EMI, generate the opportunities. The retirement system’s structural patience
captures them.
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The Behavioral Capture Ratio 1 thus serves a dual role. At the individual level (§10), it measures
the fraction of the ¢? behavioral opportunity that an investor’s actual behavior harvests over a
lifetime. At the institutional level, it becomes a design parameter: institutional structures that
enforce the Coffee Can constraint, embed the EM Ladder, and select for competitive escape
velocity can push n toward unity for participants who would otherwise achieve n near zero due to
their own behavioral biases. The distinction matters: individual i is measured after the fact;
institutional n is engineered in advance.

Tail-hedging strategies represent the existing institutional expression of antifragility in
contemporary finance. These strategies purchase deeply out-of-the-money put options during calm
markets, accepting small, persistent costs in exchange for explosive convexity during crashes, a
profile that is antifragile by design. The intellectual framework underlying tail hedging shares a
foundational premise with Euler-Mehta Financial Spacetime: that the arithmetic asymmetry of
losses and recoveries is the central problem of long-term wealth compounding, not a secondary
consideration to be managed through diversification. Both approaches reject Modern Portfolio
Theory’s reliance on mean-variance optimization (a framework whose own architect, Harry
Markowitz, famously declined to use for his personal retirement portfolio). Both recognize that
large drawdowns destroy geometric returns disproportionately to their frequency. Both improve
under stress. The mechanisms differ in ways that carry implications for accessibility. Tail-hedging
convexity is purchased through options markets, requiring sophisticated derivatives infrastructure
(Hull, 2022), institutional scale, and accredited investor status. The e? opportunity that the EM
Framework identifies is harvested through the EM Ladder’s geometric deployment rule, a structure
that requires no derivatives, no counterparty, and no minimum portfolio size. If tail hedging
represents antifragility through financial engineering at institutional scale, the EM Framework
represents antifragility through geometric structure at human scale. The distinction between
purchased convexity and earned convexity, the geometric advantage that accrues to Patient Capital
deploying more at deeper drawdowns, is not a criticism of the former but a recognition that the
latter extends the same logic to the vast population of individual savers, retirement participants,
and other investors for whom options-based strategies remain inaccessible.

§11.3 Development Applications

Sachs’ work as architect of the United Nations’ Millennium Development Goals (MDGs) and their
successors, the Sustainable Development Goals (SDGs), provides a framework for evaluating
what the EM Framework might contribute to global welfare. The connection is most direct for
Goal 1: End Poverty. The World Bank’s international poverty line of $2.15 per day (2017 PPP)
defines the threshold below which basic needs cannot be met. §15 demonstrates that a Sovereign
Sinefine Wealth Fund seeded at 1.8% of GDP, deploying through the EM Ladder with geometric
discipline, generates per-capita distributions that reach meaningful fractions of average monthly
income within a single generation: 21.5% in Bangladesh, 12.9% in Poland by Year 25, with the
fund corpus continuing to compound. These distributions do not cross the poverty line on their
own, but they provide a structural income floor that compounds across generations, funded not by
taxation or redistribution but by the behavioral premium that the EMI quantifies. The mechanism
is precise: the e? opportunity, currently forfeited by impatient capital across every market on earth,
is redirected through institutional architecture to the populations who need it most.

The empirical evidence established in §8 and §10 demonstrates that the behavioral opportunity
exists in every market environment, at every level of behavioral intensity. The question is not
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whether this opportunity exists but who captures it. If current financial structures channel this
opportunity toward sophisticated actors at the expense of ordinary savers, then redesigning those
structures to redirect the flow serves both efficiency and equity.

Sachs’ (2005) insight that “we have the technological and economic means to end poverty” applies
to behavioral opportunity as well. The mathematics for capturing the ¢* spread through patient
capital deployment is established in §2 through §8. The Spectral Resolution Principle (x = ¢?)
prescribes optimal position counts of N* = 15 for individual investors and approximately 30 for
institutions (§6). The institutional mechanisms exist. What remains is the decision to implement
systems that ensure ordinary savers, including those in developing economies, can participate in
the antifragile opportunity that the framework reveals.

The parallel extends to fiscal policy. Sachs’ research on counter-cyclical fiscal stimulus, debt
sustainability, and the appropriate role of international institutions in supporting developing
economies echoes the EM Framework’s emphasis on counter-cyclical capital deployment. Both
recognize that acting against the prevailing emotional current, deploying capital during fear or
maintaining investment during crisis, produces superior long-term outcomes. The challenge in
both domains is creating institutional structures that enable such counter-cyclical behavior.

If the EM Framework’s predictions hold across different market environments, several
implications arise for emerging markets and financial inclusion:

Higher behavioral intensity may imply greater opportunity. Emerging markets often exhibit
higher volatility and more pronounced behavioral dynamics than developed markets. If emerging
markets produce elevated Behavioral Intensity Index (BII) readings, the EM Framework predicts
greater antifragile opportunity. The eight-regime analysis (§8, §10) shows that the Extreme regime
reaches +11.42% advantage. This inverts the conventional risk-return narrative: higher behavioral
intensity is higher structural opportunity as well as higher risk for appropriately positioned Patient
Capital.

Scale independence. Small-scale investors in developing economies exhibit the same biases as
institutional investors in developed markets. The Euler-Mehta Invariant (EMI), A X FAR x O =
€2, may be universal across scales, suggesting that geometric deployment strategies could benefit
microfinance participants as readily as sovereign wealth funds. The mathematics does not
discriminate by portfolio size. Sachs’ Millennium Villages Project demonstrated that properly
designed interventions could work at village scale; the EM Framework suggests that properly
designed investment structures could work at individual saver scale.

Climate finance applications. Long-term investments in climate adaptation face enormous
uncertainty, which drives behavioral intensity. The framework suggests a specific structural
approach: climate-focused funds could adopt EM Ladder deployment rules calibrated to climate-
related volatility events, deploying escalating capital into renewable energy and adaptation
infrastructure during periods of fear-driven selloffs. This application assumes that climate-related
selloffs in otherwise viable renewable energy enterprises are at least partially driven by behavioral
overreaction rather than fundamental revaluation, an assumption that requires empirical testing. If
the assumption holds, because climate policy uncertainty amplifies behavioral intensity, and
because higher BII correlates with greater EM Ladder advantage (§8), portfolios structured around
the antifragile property could convert climate-related market stress into accelerated capital
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formation for the very investments that climate adaptation requires. The counter-cyclical
mechanism is the same one documented across the Sinefine Core Portfolio: Patient Capital harvests
the opportunity advantage that impatient capital creates through fear-driven selling. This aligns
with Sachs’ emphasis on sustainable development as the central challenge of our time, and it
suggests that financial system design and environmental policy need not be separate conversations.

§11.4 Ethical Foundations

The EM Framework carries ethical obligations that distinguish it from purely descriptive
frameworks. If the mathematics reveals something fundamental about human nature, it also
constrains sow we should design economic systems.

The first ethical principle is respect for cognitive limitations. Systems that extract value from
behavioral biases for the benefit of sophisticated actors at the expense of ordinary savers violate
this principle. The EM Framework’s insights should inform structures that protect individuals from
their own biases, not strategies that prey upon them. The distinction between harvesting the ¢?
opportunity through patient counter-cyclical investing versus extracting it through predatory
trading practices is ethically fundamental. The magnitude of the wealth transfer that such structures
facilitate is documented in §10.5, where the numerical proximity between the behavioral product
and the empirical performance gap underscores what is at stake.

The second ethical principle is intergenerational fairness. The behavioral opportunity that exists
today is not solely the property of current market participants. It is a renewable resource generated
by human nature itself. Structures that deplete this opportunity for short-term gain at the expense
of future generations’ retirement security violate the intergenerational compact. Sovereign wealth
funds like Norway’s Government Pension Fund Global embody this principle: current citizens are
stewards, not owners, of wealth that belongs equally to those not yet born.

The third ethical principle is transparency about limitations. The Euler-Mehta Framework does
not predict markets. The EM Vector detects regimes; it does not forecast future prices. The EM
Ladder optimizes accumulation efficiency; it does not guarantee positive returns. The framework
requires honesty about what the mathematics can and cannot deliver. Overselling the
EM Framework’s capabilities would undermine the trust necessary for its beneficial
implementation.

These principles align with Sen’s (1999) capabilities framework, which measures development by
what individuals are empowered to do and become rather than by aggregate output; the EM
Framework’s institutional designs aim to expand financial capability through structural
accommodation of cognitive limitations.

§11.5 A Vision for Human Flourishing
The ultimate purpose of the Euler-Mehta Framework is human flourishing.

Economic systems exist to serve human needs: security in old age, opportunity for the young,
resilience in adversity, and growth that benefits all. The Euler-Mehta Framework, properly
implemented, contributes to these goals by designing systems that work with human nature rather
than against it.
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Consider what becomes possible when financial systems respect the e? constraint. Pension systems
could be structured to benefit automatically from market stress, converting the collective fear of
millions of participants into their collective security. The Behavioral Capture Ratio n (§10)
determines how much of the available advantage spread any given beneficiary actually harvests;
institutional design can push n foward unity by embedding the accumulation-only constraint and
Superposition Cash (§5) into default contribution structures. Individual investors could access
products that remove the emotional decision from the moment of panic, protecting them from the
wealth destruction that behavioral biases produce. Emerging market savers could participate in the
same geometric structures that benefit sophisticated institutions.

This is not utopian speculation. The empirical evidence established in §8 confirms the
mathematics is not speculative: the framework’s predictions have been validated across historical
backtests and Monte Carlo simulation with robust statistical significance. The institutional
mechanisms exist. What remains is the decision to implement systems that convert our collective
irrationality into our collective security, a decision that echoes Sachs’ call to direct our
technological and economic capabilities toward the reduction of poverty rather than its
perpetuation.

Adam Smith understood that markets harness human nature for collective benefit. Behavioral
economics documented how human nature systematically deviates from rationality. Euler-Mehta
Financial Spacetime quantifies these deviations with mathematical precision: ¥ = V(A x FAR x O)
= e, an identity derived independently from the geometric optimization of §2 and the behavioral
parameters of §7.

The EM Framework synthesizes these insights into a framework for economic systems that serve
human flourishing.

The constant e appears throughout mathematics and physics: in compound interest, population
growth, radioactive decay, and the distribution of prime numbers. Its appearance in the structure
of human cognitive biases suggests that our limitations, like our rationality, are woven into the
fabric of reality. Understanding this structure is the first step toward building economic systems
worthy of what we aspire to be.

§11.6 Summary

This section has presented the EM Framework as the natural philosophical extension of Euler-
Mehta Financial Spacetime, with particular attention to its implications for global development
and poverty reduction. The key contributions are:

1. The interdisciplinary foundation (geometric, systemic, and institutional thinking) enables cross-
domain discovery that specialists in any single field might overlook.

2. The EM Framework synthesizes Smith’s invisible hand with behavioral economics and the
Euler-Mehta mathematical precision to design systems that convert collective irrationality into
collective benefit.

3. Three principles, investor irrationality as feature, opportunity at characteristic scale, and
mathematics revealing structure, provide a foundation for economic system design.
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4. Institutional implementation through sovereign wealth funds, asset managers, and retirement
systems is practically feasible, with the Behavioral Capture Ratio n (§10) serving as a design
parameter.

5. The connection to Sachs’ clinical economics illustrates how the framework’s insights might
inform poverty reduction and financial inclusion in developing economies.

6. Three ethical principles, respect for cognitive limitations, intergenerational fairness, and
transparency about limitations, constrain how the framework should be applied.

7. The vision of human flourishing, retirement security, financial resilience, and inclusive growth,
represents the ultimate purpose for which the EM Framework was developed.

The journey from hyperbolic geometry to human flourishing may seem long, but it follows a clear
logical path. The mathematics reveals structure; the structure implies constraints; the constraints
suggest designs; the designs serve human needs. Euler-Mehta Financial Spacetime is a
contribution to human self-understanding as much as a theory of investment returns, and through
that understanding, to human well-being.

§12 illustrates the EM Framework through the independent case of Anne Scheiber, a retired IRS
auditor whose 51-year investment record provides a demanding empirical test of the Investor
Irrationality Theorem’s predictions.
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§12. A Natural Experiment: Anne Scheiber and the Empirical Illustration of
The Geometry of Investor Irrationality

In 1944, Anne Scheiber retired from the Internal Revenue Service at age 51. She had worked as
an auditor for 23 years, earning a final salary of $3,150 per year. Despite her expertise and
dedication, she was repeatedly passed over for promotion, a discrimination she attributed to being
female and Jewish in an era when neither was welcome in positions of authority. She left with
modest savings and a small pension. She never worked again.

When Anne Scheiber died in January 1995 at age 101, her estate was valued at $22 million
(Dunnan, 1995). She bequeathed the entire sum to Yeshiva University for scholarships supporting
women. The arithmetic seems impossible. A retired government auditor, working alone from a
rent-controlled apartment in Manhattan, had accumulated a fortune that exceeded the lifetime
earnings of many Wall Street partners. Professional fund managers, armed with research teams
and sophisticated models, rarely achieve such returns for a single decade, let alone half a century.

How did she do it?

The preceding sections have developed the Euler-Mehta Framework from geometric first
principles (§2 and §3), extended it to portfolios (§4), introduced the Superposition Cash
mechanism (§5), derived competitive selection criteria and optimal position count (§6), linked the
intensity parameter to behavioral psychology (§7), proved the Investor Irrationality Theorem
(§8), translated the theory for practitioners (§9), characterized base advantage and the antifragility
Ratio (§10), and examined implications for global development (§11). What remains is a
demanding test of any theoretical framework: an independent empirical case conducted by an
investor who could not have known the theory, yet whose behavior and outcomes align with its
predictions with notable consistency.

Anne Scheiber (1893—1995) was a retired auditor for the United States Internal Revenue Service
who, over 51 years of retirement, transformed $5,000 in savings into a $22 million portfolio, a
return of approximately 440,000%, or a compound annual growth rate (CAGR) of approximately
17.9%. By the time of her death at age 101, her portfolio was reportedly generating over $750,000
in annual dividend income. She bequeathed her entire fortune to Yeshiva University for
scholarships supporting women, ensuring that the IRS, her former employer, received minimal tax
revenue from her estate. Her story constitutes an independent empirical illustration of The
Geometry of Investor Irrationality: she independently discovered and implemented the core
principles of the Euler-Mehta Framework decades before their formalization.

§12.1 The Historical Record

Scheiber retired from the IRS in 1944 at age 51, having never earned more than $4,000 per year
and having never received a promotion despite exemplary performance; a circumstance she
attributed to discrimination against Jewish women in the federal workforce. Her decades of
auditing the tax returns of wealthy Americans had revealed a pattern: nearly all of them owned
stocks. She resolved to apply this observation to her own modest capital.

Her approach exhibited several defining characteristics.
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First, she invested in companies she understood: PepsiCo, Coca-Cola, Bristol-Myers, Pfizer,
Schering-Plough, and entertainment companies such as Columbia and Paramount.

Second, she practiced extreme patience, holding positions for decades and rarely selling.

Third, she reinvested all dividends and interest income, allowing compound growth to operate
without interruption.

Fourth, she maintained radical frugality, living in a rent-stabilized Manhattan apartment and
spending almost nothing, thereby directing the maximum possible fraction of her resources into
capital accumulation. Her executor reportedly estimated she saved at least 80% of her income
throughout her life. She told no one of her wealth. She lived invisibly, a quiet woman in a modest
apartment, while her net worth quietly exceeded that of many Wall Street partners.

The magnitude of Scheiber’s achievement is best appreciated in context. A $5,000 investment in
an S&P 500 index fund in 1944, with dividends reinvested, would have grown to approximately
$1.12 million by 1995, a return of roughly 25,314%. Scheiber’s 440,000% return exceeded the
broad market by a factor of approximately 17. This excess return, accumulated over 51 years,
demands an explanation.

§12.2 Alignment with the Four Pillars

Scheiber’s investment behavior maps onto each of the four pillars of the Euler-Mehta Framework
with notable fidelity.

Pillar I: Price Dynamics.

Scheiber’s 51-year holding period encompassed numerous market crises: the post-war adjustment
of 1946, the bear markets of 1962 and 1966, the devastating 1973—1974 decline (—48% from peak),
the crash of 1987 (—34% in a single day and its aftermath), and the 1990 recession. Her broker,
William Fay, reported that she never sold during these episodes. In the language of the EM
Framework, Scheiber traversed deep proper distances on the hyperbolic manifold, repeatedly,
without abandoning her positions. She did not use the formal EM Ladder, but her behavior was
functionally equivalent to a high-¥ deployment: she continued buying during market stress,
directing her accumulated dividend income and savings into equities when other investors were
fleeing. The hyperbolic structure of the loss-recovery relationship (§2) implies that such counter-
cyclical deployment captures geometrically amplified returns, which is exactly what her record
demonstrates.

Pillar 1I: Portfolio Dynamics.

Scheiber’s portfolio reportedly contained over 100 individual positions, well above the Spectral
Resolution Principle’s prescription of NV* = 15 (§6.6.3). The framework predicts that exceeding
N* dilutes the geometric advantage: capital spread across 100+ positions deploys less per position
at each EM Ladder rung, reducing the depth-weighted accumulation that generates the e? premium.
In the early decades of her portfolio, this dilution was real: a 100-position portfolio cannot harvest
the behavioral premium as efficiently as a 15-position portfolio, all else equal.
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However, the Coffee Can constraint interacts with differential compounding over long holding
periods to produce emergent concentration. Over 51 years, Scheiber’s quality compounders, the
Coca-Colas and Pfizers compounded at rates far exceeding her weaker holdings. In a portfolio that
never sells, the winners grow to dominate portfolio weight through arithmetic alone. By the final
decades of her investment horizon, her effective position count, measured by the number of
holdings carrying meaningful portfolio weight, was almost certainly far closer to the Spectral
Resolution Principle’s prescription than the raw count of 100+ would suggest. The accumulation-
only constraint, over sufficient time horizons, allows compounding itself to reconcentrate the
portfolio toward the securities the framework would have selected. The dilution was real but
diminishing, partially self-correcting over the multi-decade horizon that distinguished Scheiber’s
record from nearly all other case studies.

Pillar III: Competitive Dynamics.

Scheiber's portfolio was concentrated in companies that the Catch-Up Equation (§6.3) would
classify as possessing, relative to the market capitalizations of their era, strong to escape-velocity
competitive moats: Coca-Cola, PepsiCo, Bristol-Myers, Pfizer, and Schering-Plough. These are
the quality compounders that the EM Sinefine Portfolio identifies, companies whose competitive
separation, measured in proper distance on the competitive manifold, exceeds the ¢? threshold
(based on a market cap of what was considered a “large-cap” stock then). Scheiber did not have
access to the geometric formalism, but her decades of auditing wealthy Americans’ tax returns had
taught her to recognize the same pattern empirically: companies with durable brand advantages
and pricing power generated the dividend streams that compounded into great fortunes. She
selected for competitive escape velocity without naming it.

Pillar IV: Behavioral Dynamics.

The most distinctive aspect of Scheiber’s record is her apparent immunity to the behavioral biases
that the framework identifies as generating the e? opportunity. She exhibited minimal loss aversion:
she held through 50% drawdowns without selling. She exhibited minimal fear asymmetry: her
broker reported that she “was never looking for a quick buck’ and that “her whole idea was to get
performance on a long-term basis” (Barron, 1995). She exhibited no overconfidence in market
timing: she made no attempt to predict market direction, instead maintaining a steady accumulation
discipline. In the terminology of §7, her effective Behavioral Intensity Index (BII) was near zero.
She stood on the opposite side of every panicked seller, harvesting the e* spread that their
irrationality created.

Yet the EM Framework’s analysis shows something that simple characterization misses.
Scheiber’s overconfidence was not eliminated; it was transmuted. She did not believe she could
time the market. But she did believe, with quiet conviction, that the companies she owned were
good companies. Her overconfidence expressed itself not as trading but as holding. She was
confident in Schering-Plough, in Coca-Cola, in the businesses she could observe in daily life. The
same psychological force that causes most investors to trade caused Scheiber to hold. The bias
remained; only its expression changed. This is a critical insight for the EM Framework: the optimal
behavioral architecture does not require the elimination of all cognitive biases, only their
redirection into wealth-preserving channels.
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§12.3 The Coffee Can Connection

Scheiber’s investment philosophy was a near-perfect instantiation of Kirby’s (1984) Coffee Can
portfolio, discussed in §3.9. The Coffee Can constraint (buy and never sell) serves as an external
commitment device that prevents the investor from acting on loss aversion, fear, and
overconfidence during market stress. Scheiber never articulated the principle in those terms, but
she practiced it with extraordinary discipline. Her executor reported that she rarely sold any
position, and that her reluctance to sell was motivated in part by her aversion to paying
commissions and capital gains taxes. Whatever the proximate motivation, the behavioral
consequence was identical to the Coffee Can constraint: she could not destroy value through panic
selling because she had functionally eliminated the option of selling altogether.

The structural parallel to Kirby’s original discovery is worth noting explicitly. Robert Kirby
discovered the Coffee Can Portfolio by accident when a client’s widow revealed that her late
husband had been ignoring Kirby’s sell recommendations for years, simply buying what Kirby
recommended and never touching the holdings again. The disobedient portfolio had dramatically
outperformed the actively managed accounts. Where Kirby’s client demonstrated the principle
over perhaps a decade, Scheiber demonstrated it over half a century. Where Kirby’s client had a
professional advisor whose sell recommendations he ignored, Scheiber had no advisor at all.
Where Kirby’s discovery was incidental, Scheiber’s life became a complete test of the
accumulation-only hypothesis. Both cases share the essential structure: an accidental removal of
the sell decision revealed, in retrospect, the cost of active intervention. Their outperformance was
not luck. It was geometry.

This is the accumulation-only constraint in its purest form. By never selling, Scheiber ensured that
her Behavioral Capture Ratio m approached its upper bound: she harvested nearly the full
advantage spread that the framework predicts is available to Patient Capital. The only systematic
leakage in her system was the excess diversification beyond N* = 15, which diluted the geometric
advantage during her earlier decades before emergent concentration reconcentrated her portfolio
organically (§12.2, Pillar II).

The Euler-Mehta Framework permits a formal restatement of Kirby's insight. The Coffee Can
Boundary Principle: the Coffee Can Portfolio defines a compact region C on Euler-Mehta
Financial Spacetime with boundary 0C across which capital flow satisfies dK/dn > 0 during
accumulation. The 0C boundary forecloses four behavioral events simultaneously: selling,
timing, rebalancing, and panicking, the complete set of channels through which the e premium is
transferred from impatient to Patient Capital. Inside OC, the portfolio follows undisturbed
geodesics on the K = —1 manifold. During decumulation, the boundary generalizes to dK/dn >
—w*em(f), a geometrically calibrated aperture governed by the Inverse Euler-Mehta Ladder
(§13.5). Kirby named the container. The manifold supplies the boundary condition.

§12.4 Quantitative Analysis

Scheiber’s compound annual growth rate of approximately 17.9% exceeded the S&P 500’s
approximately 11.2% CAGR over the same period by roughly 6.7 percentage points. This excess
return is close to the Euler-Mehta Invariant (EMI) of e’ = 7.39% (§8.5), the characteristic scale
of the behavioral opportunity. The agreement is not exact: the excess return falls between the EM
Quadratic Constant &y = (e’>—e) = 4.67% and the EMI itself. But this is what the EM Framework
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predicts. A single investor, even one as disciplined as Scheiber, cannot capture the entire e* spread
due to practical frictions: transaction costs, imperfect timing, over-diversification beyond N*, and
the impossibility of deploying capital at every exact EM Ladder threshold. The Behavioral
Capture Ratio n mediates between the theoretical maximum and the realized excess return. For
Scheiber, n = 6.7/7.39 = 0.91 indicating that she captured approximately 91% of the available
behavioral opportunity.

This estimate represents an upper bound. Three factors suggest the true n may be modestly lower.
First, a portion of Scheiber’s excess return reflects stock-selection alpha from her concentration in
consumer brands and pharmaceuticals, sectors that outperformed the broad market over this
period; a sector-adjusted benchmark would reduce the measured excess. Second, her initial over-
diversification beyond NV* diluted the geometric advantage during her portfolio’s early decades,
before emergent concentration reconcentrated her holdings (§12.2, Pillar IT). Third, if her effective
starting capital exceeded the commonly cited $5,000, as Clark’s discovery of $900 in 1936
dividend income suggests (§12.7), the implied CAGR and excess return both decline. A
conservative estimate accounting for these factors places n in the range of 0.60 to 0.91, still
extraordinary by any standard, as the EM Framework predicts that most investors achieve n near
zero, but honest about the uncertainties involved. The qualitative conclusions of this section,
alignment with all four pillars, the Coffee Can connection, and the overconfidence-transmutation
insight, hold across this entire range.

The number 7.39% seems modest. In a world of meme stocks and cryptocurrency volatility, where
assets can double or halve in weeks, an annual advantage of ¢ = 7.39% appears almost trivial.
This intuition is clinically wrong.

The human mind evolved to think linearly. We naturally perceive the difference between 1% and
2% as equivalent to the difference between 6% and 7%. But compound growth is exponential, and
exponential processes punish linear intuition severely. The difference between harvesting the ¢?
opportunity and missing it is not a matter of slightly better returns. Over investment-relevant time
horizons, it is the difference between comfort and wealth, between adequacy and abundance,
between leaving nothing and leaving a legacy.
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Consider Anne Scheiber’s starting investment of $5,000, left to compound for 51 years at varying
annual rates of return:

Table 12.1 The Compounding Power of Persistent Alpha: $5,000 Over 51 Years at Varying
Annual Rates of Return

Scenario Annual Alpha | Annual Rate | 51-Year Return | Multiple
Market return (baseline) 11.20% $1,123,000 225x
Market + 1% +1% 12.20% $1,773,000 355x
Market + 2% +2% 13.20% $2,787,000 557x
Market + 3% +3% 14.20% $4,365,000 873x
Market + 4% +4% 15.20% $6,808,000 1,362x%
Market + 5% +5% 16.20% $10,580,000 2,116x
Market + 6% +6% 17.20% $16,379,000 3,276x
Anne Scheiber +6.68% 17.88% $22,000,000 4,400%
Market + ¢? +e? (+7.39%) 18.59% $29,871,000 5,974x

Anne Scheiber (1893—1995) turned $5,000 into $22 million over 51 years through patient,
undisturbed compounding in dividend-paying equities. Her realized annual return of 17.88%
exceeded Market + 6% but fell short of Market + & (18.59%,). The final row demonstrates the
geometric premium available to a Sinefine portfolio operating at the &’ threshold on the K = —1
manifold: $29.9 million and a 5,974 multiple, exceeding Scheiber’s extraordinary result by
nearly an additional $7.9 million and 1,574 x.

The investor who captures the full ¢? advantage does not end up with slightly more than the market
investor. After 51 years, that investor has 27 times as much wealth. The $5,000 becomes $29.9
million rather than $1.12 million. This is not a rounding error. It is a transformation of economic
circumstance across generations. Anne Scheiber’s actual result of $22 million sits precisely where
the EM Framework predicts: between the market return and the theoretical > maximum, reflecting
the fraction of the behavioral opportunity her intentional strategy was able to harvest.

The compounding implications are enormous. Over 51 years, the difference between the market
return and Scheiber's 17.9% CAGR transforms $5,000 into either $1.12 million or $22 million, a
factor of approximately 19.6. This is the power of the Behavioral Capture Ratio compounded
over decades: a seemingly modest annual advantage of approximately 6.7 percentage points,
sustained through unwavering discipline, produces a 19.6-fold difference in terminal wealth. The
eight-regime analysis of §10 predicted exactly this convexity: the advantage is not additive but
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multiplicative, with the Antifragility Ratio & escalating nonlinearly through higher behavioral
intensity regimes.

§12.5 The Superposition Cash Interpretation

Scheiber’s implementation of the Superposition Cash framework (§5) was unconventional but
effective. She did not maintain a formal cash reserve designated for market-stress deployment.
Instead, her radical frugality (her executor reportedly estimated she saved 80% of her income)
generated a continuous stream of investable capital. Her pension of reportedly $3,100 per year plus
Social Security, combined with growing dividend income, provided a persistent flow of deployable
Patient Capital. This flow functioned as perpetual Superposition Cash: capital that existed in a
state of readiness for deployment, replenished monthly not from a designated reserve but from the
ongoing surplus of income over expenses.

In the later decades of her life, as her dividend income reportedly swelled to $750,000 annually,
the Superposition Cash mechanism operated at extraordinary scale. During the crash of 1987, for
example, Scheiber’s accumulated dividend income would have provided substantial capital for
deployment at deep proper distances on the manifold, precisely the scenario in which the EM
Ladder predicts maximal advantage. Her unwillingness to sell meant that every dollar of dividend
income became new deployable capital, creating a self-reinforcing cycle: dividends funded
purchases, purchases generated more dividends, and the accumulation-only constraint prevented
any leakage from the system.

§12.6 What Scheiber Did Not Do

The negative evidence is as instructive as the positive. Scheiber did not attempt to time the market.
She did not use leverage. She did not invest in speculative or distressed securities. She did not
trade options or futures. She did not follow technical analysis. She did not react to macroeconomic
forecasts. She did not hire active fund managers. She did not sell during panics. Each of these
abstentions corresponds to a specific prediction of the EM Framework: the optimal strategy is to
deploy capital systematically into quality compounders, hold indefinitely, and allow the hyperbolic
geometry of the price manifold to convert other investors’ behavioral dysfunction into one’s own
geometric advantage.

Critically, she had no Bloomberg terminal, no CNBC, no real-time quotes. She was insulated from
the psychological assault of continuous price information and the financial entertainment industry.
She received monthly statements by mail, not second-by-second updates on a glowing screen.
Losses were abstract, a number on paper rather than a visceral wound. This information insulation
was not incidental; it was structurally decisive. In the Feeling x Perception architecture of §7,
Scheiber’s feelings about losses and fear were presumably normal. She was human. What her
circumstances altered was her perception of what losses meant and what response they required.
Without real-time price feeds, she perceived losses as temporary fluctuations rather than urgent
emergencies. Without a broker calling to recommend action, she perceived no requirement to
respond. The feeling remained; the perception was dampened.

Scheiber’s approach also validates the framework’s emphasis on via negativa (§5.4). The most
important decisions in her 51-year investment career were decisions not to act: not to sell during
the 1973-1974 bear market, not to panic during the 1987 crash, not to chase speculative
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opportunities during the technology euphoria of the early 1990s. The EM Framework formalizes
this insight: the accumulation-only constraint removes the emotional decision from the moment of
market stress, converting the investor’s role from active decision-maker to passive beneficiary of
the geometry, Euler-Mehta Financial Spacetime.

§12.7 Limitations of the Analysis
Intellectual honesty requires acknowledging the limitations of this analysis. Several caveats apply.

First, Scheiber’s complete transaction records are not publicly available. The account of her
investment behavior comes primarily from her broker (William Fay), her lawyer (Benjamin Clark),
and press accounts following her death. We cannot reconstruct her exact deployment timing or
verify whether she systematically increased purchases during drawdowns. The alignment with the
EM Framework is inferred from behavioral patterns and aggregate outcomes rather than confirmed
from trade-level data. Clark himself noted that claims about Scheiber’s investing skill may have
been exaggerated, and her 1936 tax return showed dividend income of $900, suggesting she may
have had a more substantial starting portfolio than the commonly cited $5,000 figure (Barron,
1995). If her effective starting capital was $20,000 rather than $5,000, the implied CAGR falls to
approximately 14.72% and n drops to roughly 0.48, still well above the population average and
within the range the framework predicts for a disciplined long-term investor, but substantially
below the upper-bound estimate of §12.4.

Second, survivorship bias is a concern. Scheiber’s story is known precisely because she succeeded.
There may be many investors who followed similar strategies and achieved undifferentiated
results, either because they selected inferior companies or because they invested during less
favorable historical periods. The EM Framework’s emphasis on competitive escape velocity (§6)
and the critical requirement of high-conviction securities (§1.4) addresses this concern: the
strategy’s success depends critically on what securities are held, not merely on the discipline of
holding them.

Third, the 1944—-1995 period was exceptionally favorable for U.S. equities, encompassing the post-
war economic expansion, the rise of American consumer brands to global dominance, and
favorable demographic and monetary conditions. It would be imprudent to assume that the next
51 years will replicate these conditions. The framework’s predictions are structural, not historical:
they depend on the persistence of human behavioral biases, investor irrationality, and the
hyperbolic geometry of multiplicative returns, not on the continuation of any particular
macroeconomic regime.

Fourth, the S&P 500 benchmark does not adjust for Scheiber’s sector concentration in consumer
brands and pharmaceuticals, sectors that outperformed the broad market over this period. A sector-
adjusted comparison would reduce the measured excess return and consequently the estimated 7.
The range of 0.60 to 0.91 presented in §12.4 is intended to accommodate this and the other
measurement uncertainties described above.

§12.8 The Geometry of Investor Irrationality Interpretation

Scheiber’s record provides evidence for the central claim of The Geometry of Investor
Irrationality: that investor irrationality is an antifragile property of financial markets rather than
a failure mode to be corrected. Every market panic she endured (1946, 1962, 1966, 1973-1974,
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1987, 1990) represented a period in which other investors’ behavioral biases (loss aversion, fear
asymmetry, overconfidence in their ability to time the exit) created precisely the opportunities that
the EM Framework identifies. Scheiber’s role was not to predict these events but to be positioned
to benefit from them through the simple expedient of not selling and continuing to deploy capital.

The Euler-Mehta Invariant ¢* is not two quantities that coincide. It is one quantity: the
characteristic scale at which panic and patience meet across a market transaction on the K = —1
manifold. The behavioral premium, what the impatient seller forfeits, and the geometric premium,
what the patient buyer captures, are e* because they are the same €2, measured from opposite sides
of the same trade. Investor irrationality does not merely have a geometry.

The irrationality and the geometry are one phenomenon, and € is its invariant.

The e? premium has a source. Every market transaction has two sides, and every share sold during
a crisis by an investor whose behavioral intensity exceeded the threshold was purchased by an
investor whose behavioral intensity did not. Anne Scheiber, reinvesting her dividends into Coca-
Cola and Pfizer during the crashes of 1973-1974 and 1987, was the archetypal buyer on the other
side of those panicked sales. If those companies were Sinefine stocks, escape-velocity
compounders whose competitive moats guaranteed survival and recovery, then the geometric
outcome of the transaction was structurally determined: the seller forfeited the curvature surplus;
the buyer captured it. The e* premium is not extracted from the manifold. It is transferred across
transactions from the behaviorally impaired to the behaviorally disciplined, at the characteristic
scale the Euler-Mehta Invariant quantifies. Scheiber's $22 million was not conjured from
patience alone. It was funded, dollar by dollar, by the cumulative voluntary wealth transfer of
every investor who sold what she was willing to hold. The institutional imperative that follows is
not to find more Anne Scheibers but to build systems in which no one is left by their perception
architecture to be on the wrong side of that transaction.

The Investor Irrationality Theorem (§8) predicts that the advantage of patient, counter-cyclical
deployment increases with volatility. Scheiber’s 51-year record spans periods of low volatility (the
1950s and 1960s) and extreme volatility (1973-1974, 1987). If the theorem is correct, a
disproportionate share of her excess return was generated during and immediately following the
high-volatility episodes, the periods in which the proper distance on the manifold was greatest and
the EM Ladder advantage was most pronounced. This is the antifragile property in action: Scheiber
did not merely survive market crises; she benefited from them.

The Feeling x Perception architecture developed in §7 provides the mechanism. The Euler-Mehta
Framework reveals that behavioral opportunity can be harvested not by changing how people feel
but by changing how they perceive. Feelings are biological, ancient, resistant to modification.
Perceptions are contextual, constructed, amenable to design. Scheiber’s circumstances
accidentally optimized her perception architecture: information scarcity dampened her perception
of losses, social isolation dampened her perception of fear, and institutional rejection amplified
her confidence into conviction rather than trading. Her effective behavioral parameters were not
lower across the board; they were structurally redirected. The task of the Euler-Mehta Framework
is to replicate that optimization deliberately, for everyone.
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§12.9 From Individual to Institution

Scheiber’s achievement, while extraordinary, was deeply individual. She succeeded because of a
rare combination of psychological resilience, extreme frugality, longevity, and the cognitive
training that decades of tax auditing had provided. Very few individuals possess this psychological
constitution, which gives urgency to the question posed in §11: can the advantage be captured
systematically on behalf of those who need it most? The Behavioral Capture Ratio n becomes
the bridge between individual discipline and institutional design. If the EM Framework can
formalize what Scheiber practiced intuitively, embedding the Coffee Can constraint, the EM
Ladder, and competitive escape-velocity selection into default structures, then financial
institutions can push n toward unity for participants who would otherwise achieve n near zero due
to their own behavioral biases. The EM Framework permits precise calculation of what each
structural intervention is worth; the institutional specifics are developed in §15.

The Behavioral Capture Ratio generalizes naturally to negative values: investors whose Personal
Behavioral Product exceeds ¢? have 1 <0, indicating that they contribute to rather than harvest the
behavioral premium. Table 12.2 illustrates the spectrum.

Table 12.2. Behavioral Position Spectrum: $100,000 Portfolio over 30 Years at 11.2%
Baseline

Investor Profile Annual n 30-Year Value ($100k)
Return

Severe contributor (Product = 11.25) | 7.34% —0.52 $832,000

Population average (Product = ¢?) 11.20% 0.00 $2,429,000

Anne Scheiber (Product = 6.26) 17.88% +0.60 to +0.91 | $13,906,000

Full ¢? capture (1 = 1.00) 18.59% +1.00 $16,651,000

Scheiber’s story, in this light, is both an inspiration and a warning. The inspiration: the
mathematics works. A single individual, starting with minimal capital and no institutional
advantages, captured the behavioral opportunity over a lifetime and converted it into extraordinary
generational wealth. The warning: without institutional structures that replicate her discipline, the
opportunity remains inaccessible to ordinary investors, who will continue to transfer their wealth
to Patient Capital through the mechanisms that the Euler-Mehta Invariant quantifies.

§12.10 Summary
She simply held.

Anne Scheiber’s 51-year investment record constitutes an independent empirical illustration of
The Geometry of Investor Irrationality. Her behavior aligned with each of the four pillars of the
Euler-Mehta Framework: she deployed capital counter-cyclically through market crises (Pillar I),
maintained a diversified portfolio of quality companies (Pillars II and III), and exhibited near-zero
behavioral intensity while harvesting the opportunity created by other investors’ biases (Pillar I'V).
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Her excess return of approximately 6.7 percentage points over the S&P 500 is consistent with a
Behavioral Capture Ratio of n in the range of 0.60 to 0.91 against the Euler-Mehta Invariant
(EMI) of €* = 7.39%. Her wealth was not the product of genius or luck.

It was the accumulated residue of others’ fear, the conserved opportunity that flows, inevitably
and mathematically, from the impatient to the patient.

The key contributions of this section are:

1. Scheiber’s investment behavior maps onto all four pillars of the EM Framework, providing
independent behavioral confirmation of a theory she could not have known.

2. Her excess return of approximately 6.7 percentage points annually is consistent with the Euler-
Mehta Invariant (EMI) and implies a Behavioral Capture Ratio of i in the range of 0.60 to
0.91.

3. Her near-perfect implementation of the Coffee Can constraint validates the accumulation-only
principle as the critical behavioral mechanism for capturing the e? opportunity.

4. The overconfidence-transmutation insight reveals that the framework does not require the
elimination of cognitive biases, only their structural redirection into holding rather than trading.

5. The Feeling x Perception decomposition provides the mechanism linking Scheiber’s accidental
circumstances to designable institutional structures: perceptions are amenable to intervention even
when feelings are not.

6. The emergent concentration phenomenon reveals that the Coffee Can constraint, over multi-
decade horizons, allows differential compounding to reconcentrate initially over-diversified
portfolios toward the framework’s spectral prescription, partially self-correcting the dilution from
exceeding V*.

7. The limitations of the analysis (incomplete records, survivorship bias, benchmark selection,
starting-capital uncertainty, and favorable historical conditions) are acknowledged and
contextualized within the framework’s structural predictions.

8. The institutional implication is clear: the EM Framework can formalize what Scheiber practiced
intuitively, making the behavioral opportunity accessible to ordinary investors through properly
designed financial structures.

Scheiber’s story closes the circle that began in §2 with the observation that a 50% decline requires
a 100% recovery. That asymmetry, expressed as constant negative curvature on a Riemannian
manifold, generates the geometric structure from which the Euler-Mehta Ladder, the behavioral
intensity parameter ¥ = e, and the Euler-Mehta Invariant ¢ all derive. Anne Scheiber, alone in
her apartment, reading annual reports by lamplight, spent 51 years demonstrating empirically what
the mathematics now establishes formally. The goal is not to find more Anne Scheibers, rare
individuals with the temperament to hold through 50 years of volatility. The goal is to build
economic systems that make her discipline unnecessary, structures that deliver her results to
ordinary savers who will never possess her equanimity. Her legacy, $22 million donated to educate



The Geometry of Investor Irrationality: .. x FAR x O = e?

women who, like her, had been denied opportunity, stands as testimony that The Geometry of
Investor Irrationality transforms lives.

The lesson is not that Anne Scheiber was exceptional. The lesson is that someone is always on the
other side of a panicked sale. If the security is a quality compounder with escape-velocity
competitive dynamics, the buyer's geometric advantage is structurally assured by the curvature of
the manifold. The e*> premium is a transfer, not a creation. It flows, with mathematical precision,
from the impatient to the patient, through the two-sided mechanism of every market transaction.

The institutional imperative of §15 follows directly: design structures that place ordinary investors
on the correct side of that transfer, because without such structures, they will fund the Anne
Scheibers of the world with their own retirement savings, and never understand the geometry of
what they lost.

The task now is to make it universal.
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§13. The Complete Euler-Mehta Lifecycle Framework: From Accumulation to
Decumulation

The Euler-Mehta Ladder was derived to solve an accumulation problem: how to deploy capital
optimally during market declines. But the investment lifecycle does not end at accumulation. Every
accumulating investor eventually becomes a decumulating retiree. The same manifold that
prescribes where to deploy capital during the wealth-building phase must also prescribe where to
preserve capital during the drawdown phase. Before the EM Framework can scale to institutions
(§15), it must first demonstrate that the geometry governs both halves of the individual lifecycle.
This section completes that demonstration by deriving the Inverse Euler-Mehta (EM) Safe
Withdrawal Rule and the geometric EM-Safe Withdrawal Rate (EM-SWR), using the
Hyperbolic Law of Sines to propose a geometric connection between accumulation intensity and
decumulation sustainability, and deriving the EM-SWR from the Euler-Mehta Quadratic Constant.

§13.1 The Sequence-of-Returns Problem

Retirement portfolios face a risk that accumulation portfolios do not: sequence-of-returns risk. A
retiree who experiences a 30% market decline in the first year of retirement, and continues
withdrawing at the planned rate, permanently impairs the portfolio’s recovery capacity. The
mathematics are unforgiving. Withdrawing $40,000 from a $1,000,000 portfolio at its peak
removes 4% of assets. Withdrawing that same $40,000 after a 30% decline removes 5.7% of
remaining assets, accelerating depletion at the moment when recovery leverage is highest.

The traditional “4% rule” (Bengen, 1994) treats the withdrawal rate as constant regardless of
market conditions. This is the drawdown equivalent of simple dollar-cost averaging: it ignores the
manifold geometry entirely. Just as simple DCA ignores the curvature of Euler-Mehta Financial
Spacetime during accumulation, fixed withdrawal rates ignore it during decumulation.

The Euler-Mehta Framework provides a principled alternative. The same hyperbolic geometry
that prescribes exponentially increasing deployment at depth also prescribes exponentially
decreasing withdrawal at depth.

§13.2 The Geometric Foundation of Decumulation

Define the retiree’s position on the manifold by the same coordinate used during accumulation: x
= In(P/Po), where Py is the portfolio’s 52-week high value. The proper distance from peak is s(f)
= —In(1—f), where f'is the fractional decline from the 52-week high.

The Inverse Euler-Mehta Withdrawal Rule. Monthly withdrawal W*(f) scales inversely with
proper distance:

WX(f) = Wo - exp(=B - s(f) = Wo - (1-f)°

where Wy is the baseline withdrawal at the 52-week high and B is the drawdown sensitivity
parameter, the decumulation analog of V.
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§13.2.1 Interpretation of
The parameter B determines how sensitively withdrawals respond to portfolio declines:

Table 13.1. Drawdown Sensitivity Parameter beta: Four Regimes.

B Value Withdrawal Rule | Description

B=0 Fixed withdrawal | Traditional 4% rule. Ignores market conditions entirely.

A 30% portfolio decline triggers a 30% withdrawal

=1 Proportional :
p roportiona reduction.
Withdrawal scales as the covariant metric coefficient gy =
B=2 Geometric (1-£)?, the natural dual of the accumulation case where
deployment scales as the contravariant coefficient g" =
(1)
B=e Natural sensitivity Withdrawals follow the same exponential scaling as the

accumulation ladder, but inverted.

The parameter beta determines how sensitively withdrawals respond to portfolio declines. At beta
= e, the withdrawal function inherits the self-referential property of the accumulation ladder:
dW*/ds = -e times W*,

With B = e, the self-referential property inverts: dW*/ds = —e - W*. Withdrawal decreases at rate e
per unit proper distance, preserving shares at precisely the moments when those shares carry the
greatest recovery potential.

§13.3 The Hyperbolic Law of Sines and the Lifecycle Triangle

The connection between accumulation and decumulation is not merely analogical. It is governed
by a fundamental theorem of hyperbolic geometry: the Hyperbolic Law of Sines. As noted in §4.8,
the Law of Sines reveals its purpose when the direction of capital flow reverses.

In hyperbolic geometry (K = —1), the Law of Sines states that for any geodesic triangle with sides
a, b, c and opposite angles 4, B, C:

sinh(a)/sin(A4) = sinh(b)/sin(B) = sinh(c)/sin(C)

This is the hyperbolic analog of the Euclidean Law of Sines, with sinh replacing the side lengths.
The exponential growth of sinh captures the divergence of geodesics in hyperbolic space, the same
divergence that makes losses hurt more than gains help in Euclidean thinking.
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The Lifecycle Triangle. Consider a geodesic triangle on the Euler-Mehta manifold with three
vertices:

Vertex A: The investor’s starting point (first contribution, s = 0).
Vertex B: The transition point (retirement, peak accumulated wealth).
Vertex C: The terminal point (end of decumulation horizon).

The side a (opposite vertex A) represents the decumulation phase. The side b (opposite vertex B)
represents the total lifecycle span. The side ¢ (opposite vertex C) represents the accumulation
phase. The angles encode the intensity of capital flow at each vertex.

Conjecture 13.1 (Lifecycle Balance via Hyperbolic Law of Sines). For the lifecycle triangle on
the K = —1 manifold, we conjecture that the accumulation intensity and decumulation intensity

satisfy:

where Saccum and sdecum are the proper distances traversed during each phase. The effective geodesic
angles are defined by Werr = arctan(¥) and Besr = arctan(f), mapping the unbounded intensity
parameters onto the bounded angular domain (0, w/2). The arctan mapping is geometrically natural:
in the tangent space at each vertex, the intensity parameter is the slope of the capital-flow vector,
and arctan converts that slope to the angle the vector subtends, placing it in the domain where the
Law of Sines applies. For the natural parameter ¥ = e, this gives Wesr = arctan(e) =~ 1.218 radians
(= 69.8°). For a conservative decumulation sensitivity B = 1, Besr = arctan(1) = n/4 = 0.785 radians
(45°).

This conjecture has not been formally proved as a theorem of the Euler-Mehta manifold, but it
provides a principled geometric framework for reasoning about the accumulation-decumulation
relationship. The Law of Sines, if it governs this triangle, constrains the two phases: a steeper
accumulation geodesic (larger Wefr) permits a shallower decumulation geodesic (smaller Besr) for
the same lifecycle triangle. Conversely, aggressive withdrawal (large P) requires that the
accumulation phase was correspondingly aggressive, or that the decumulation horizon is shorter.

The derivation of the geometric safe withdrawal rate in §13.4 does not depend on Conjecture 13.1.
The conjecture provides a deeper geometric interpretation of the lifecycle relationship; the
withdrawal rate derives independently from the Quadratic Constant.

§13.3.1 The Sinh Ratio and Lifecycle Asymmetry

The hyperbolic sine function sinh(s) = (e® — e *)/2 grows exponentially for large s. This means that
in the Lifecycle Triangle, small differences in proper distance produce large differences in the sinh
ratio. A retiree who accumulated over a proper distance of s = 2.0 has sinh(s) = 3.63. A retiree who
accumulated over s = 3.0 has sinh(s) = 10.02, roughly 2.76 times larger.

If the conjecture holds, the implication for lifecycle planning is profound. The accumulation
phase’s depth on the manifold (how aggressively the investor deployed during declines,
parameterized by V) determines the sustainable intensity of the decumulation phase through the
ratio:
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Bsustainable = arcsin[ Sin(\Peff) : Sinh(sdecum) / Sinh(saccum) ]

This conjectured relationship formalizes the intuition that the more aggressively you accumulate
during working years, the more sustainably you can withdraw during retirement. It quantifies the
relationship through hyperbolic, not linear, scaling, and provides a falsifiable prediction for
empirical testing.

§13.4 Derivation of the Geometric Safe Withdrawal Rate

The Euler-Mehta Quadratic Constant &u = e(e—1) = 4.67 represents the net intensity of capital
flow into the manifold during accumulation when ¥ = e: the total behavioral opportunity e? minus
the geodesic deployment cost e (§8). To derive the sustainable withdrawal rate, we require the total
flow capacity of the ladder structure.

The spectral flow capacity. The EM Ladder engages with the manifold through (n+1) distinct
engagement modes: the base DCA, which deploys at every time step regardless of market position,
and »n rung-specific modes, which activate when the portfolio crosses successive proper-distance
thresholds. At each mode, the net geometric intensity of capital flow is &u. The total accumulation
flow capacity of the ladder, summed across all engagement modes, is therefore:

A=n+1) - &u

For the standard five-rung ladder, A = 6 x 4.6708 = 28.03. This quantity measures the total
annualized intensity at which the ladder structure channels capital into the manifold per unit of
portfolio value. The factor (n+1) rather than n reflects the antifragile property of the exponential
withdrawal function: the continuous curvature of W*(f) = Wy - (1—f)¢ ensures that even the base
level constitutes an active geometric engagement mode, providing a 20% increase in effective flow
capacity, and correspondingly, a 20% more conservative withdrawal rate, without requiring a sixth
discrete rung.

The sustainability condition. During decumulation, the Inverse EM Ladder reverses the
direction of engagement: exp(+e - s5) becomes exp(—e - s). But the manifold’s metric structure is
invariant under this sign reversal. The same (n+1) modes govern the withdrawal’s interaction with
the manifold, each at the same geometric intensity &m. The withdrawal rate w* is the fraction of
portfolio value (normalized to unity at the 52-week high) extracted annually at baseline. When this
withdrawal interacts with the full ladder structure during drawdowns, the total outflow intensity,
summed across all (n+1) modes at intensity &w per mode, is w* - A. For the portfolio to sustain
this outflow, the total cannot exceed the portfolio’s unit capacity:

w* - (ntl) - Em <1

This is not an externally imposed constraint. It is the normalization condition dual to the
accumulation capacity: if the ladder’s total inflow capacity is A, then the maximum sustainable
outflow rate is 1/A. The manifold sets the intensity; the ladder structure sets the mode count; the
ratio 1/A is the maximum extraction rate that the same geometric structure can sustain when the
direction of capital flow reverses.
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Proposition 13.2 (Euler-Mehta Safe Withdrawal Rate). For the standard five-rung Euler-Mehta
Ladder with natural parameter 'V = e, the geometric safe withdrawal rate is:

wrem =1/ [(n+1) - Ew]=1/[6 - e(e-1)] =3.57%

Proof. The accumulation ladder has n = 5 rungs plus the base DCA, giving (n+1) = 6 modes of
engagement with the manifold. The number of rungs is a design parameter, not a geometric
necessity; different ladder structures yield different withdrawal rates (see §13.4.1). The total
spectral flow capacity is A =6 - &m = 6 - e(e—1). Setting equality in the sustainability condition
gives the maximum rate:

w¥em=1/A=1/[6 - e(e—1)]
Computing: 6 - e(e—1) =6 - (2 — ¢) = 6 - 4.6708... = 28.025...
w¥em =1/28.025=0.0357 =3.57%

The geometric content of this result lies entirely in &m = e(e—1), which is intrinsic to the manifold.
The factor (n+1) converts this intrinsic intensity into a practical rate parameterized by the
investor’s chosen ladder depth. Each additional rung extends the ladder to a deeper drawdown
threshold, increasing the spectral flow capacity A and correspondingly reducing the sustainable
withdrawal rate. m

§13.4.1 The Ladder-Parameterized Family of Withdrawal Rates
The geometry prescribes different withdrawal rates for different ladder structures:

Table 13.2. Ladder-Parameterized Family of Geometric Withdrawal Rates.

Ladder Structure | (nt1) Formula W¥EM
Three-rung 4 1/[4 - éwv ~5.35%
Four-rung 5 1/[5 " éwm) ~4.28%
Five-rung . ~ 0
(standard) 6 1/[6 - &ml =3.57%
Six-rung 7 1/[7 - éwm] ~3.06%

Each ladder structure yields a distinct safe withdrawal rate w*py = 1/[(n+1) times e(e-1)]. The
five-rung standard EM Ladder produces 3.57%. The four-rung case recovers Bengen's (1994)
empirical 4% rule as a special case.

A notable correspondence. The empirical “4% rule” corresponds almost exactly to a four-rung
ladder (n = 4), yielding 1/[5 - &m] = 4.28%. Bengen’s 1994 study, conducted through historical
simulation with no geometric framework, may have implicitly assumed a mental model with four
decline thresholds. The five-rung Euler-Mehta Ladder, extending to the —50% doubling
threshold where proper distance equals the fundamental period s = In(2), a geometrically
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distinguished position on the manifold, yields the more conservative 3.57%, falling in the range
that modern retirement research has converged upon after observing the 4% rule’s fragility in low-
return environments.

§13.4.2 The Natural Quantization

The ladder-parameterized family raises a question that the formula alone does not answer: why is
a ladder necessary at all? The withdrawal multiplier W*(f) = W - (1—f)° is a continuous function.
It prescribes the correct withdrawal at every point on the manifold, not only at the discrete
thresholds —10%, —20%, —30%, —40%, and —50%, but at every fractional decline in between. The
manifold’s geometric prescription is a continuous signal, infinitely detailed, specifying the exact
withdrawal at every depth.

But human action is discrete. A retiree does not recalibrate withdrawals continuously; they need
thresholds where the instruction changes. The EM Ladder provides those thresholds. Five rungs at
10% intervals, terminating at the geometrically distinguished doubling point s = In(2), are discrete
decision points at which behavior shifts to a new level of preservation. Between the keys, the
exponential function fills in the space through its continuous curvature, which is why the base
mode earns the +1 in (n+1): the continuous curvature at and near the 52-week high constitutes
genuine geometric engagement even in the absence of a discrete threshold.

What the ladder contributes is not geometric capacity. The manifold’s total capacity is &m = e(e—1),
and it was always &m. That capacity exists as a property of multiplicative dynamics on a surface
of constant negative curvature, whether or not anyone builds a ladder to access it. What the
EM Ladder contributes is spectral resolution: it distributes the manifold’s fixed capacity across
(n+1) engagement modes, each responding to a different proper-distance threshold. More modes
means finer resolution of the drawdown spectrum, more precise dynamic response, and more
efficient use of the geometric capacity.

The limiting case makes the principle visible. Without any ladder (n = 0), the single base mode
still engages with the manifold, and the formula yields:

w*=1/[1 - ] = le(e—1) = 21.41%

This is the raw geometric capacity of the manifold through a single undifferentiated mode. It is
geometrically valid and practically absurd: a retiree withdrawing 21.4% per year would destroy
the portfolio in almost any historical environment. The capacity is there, but it is concentrated in
a single channel with no spectral differentiation, no distinction between a 10% correction and a
50% crash. As rungs are added, the total capacity éwm is distributed across progressively finer
engagement modes:
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Table 13.3. Natural Quantization of the Manifold's Flow Capacity.

Rungs (n) | Modes (n+1) | w* =1/[(n+1) - &m] | Interpretation

0 1 21.41% Raw capacity, no resolution

1 2 10.71% Two modes: base + one threshold

2 3 7.14% Three modes

3 4 5.35% Four modes

4 5 4.28% Bengen’s 4% rule

5 6 3.57% EM-SWR at the doubling threshold
6 7 3.06% Beyond the distinguished point

The manifold's intrinsic flow capacity &v = e(e-1) is distributed across (n+1) engagement modes.
Without any ladder (n = 0), the raw capacity of 21.41% is geometrically valid but practically
unsustainable. Five rungs, terminating at the doubling threshold s = In(2), is the minimum spectral
sampling at which the discrete ladder faithfully represents the continuous geometric prescription.

The progression reveals the ladder as a natural quantization of the manifold’s continuous
prescription. The geometric capacity éwm is the continuous signal. The (n+1) engagement modes
are the discrete sampling points. Five rungs, terminating at the doubling threshold s = In(2), is the
minimum sampling at which the discrete ladder faithfully represents the continuous geometric
prescription. Fewer rungs and the resolution is too coarse: the four-rung ladder cannot distinguish
the critical behavior at the doubling threshold, and its 4.28% rate fails in hostile retirement cohorts.
More than five rungs and the additional resolution falls beyond the geometrically distinguished
point, yielding rates more conservative than the manifold requires.

This structural relationship between the continuous manifold and the discrete ladder is analogous
to the Spectral Resolution Principle of §6, where the deployment operator’s eigenvalue e* sets
the resolving power and the correlation structure determines how many independent channels can
be resolved. Here, éum sets the total flow capacity, and the ladder structure determines how many
engagement modes divide that capacity. The same geometric principle operates in both domains:
the manifold provides the capacity; the discrete structure provides the resolution.

The EM Ladder was designed as a practical tool: five thresholds at round-number intervals to make
the strategy implementable by ordinary investors. That the geometry takes this practical design
and reveals it as the natural quantization of the manifold’s continuous prescription, with the five
rungs landing at the minimum sampling rate the eigenvalue structure requires, is further evidence
that the discrete and continuous descriptions are two representations of the same geometric reality.
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§13.5 The Inverse Euler-Mehta Ladder: Preserving Capital at Depth

During accumulation, the Euler-Mehta Ladder prescribes: deploy more capital as prices decline.
The instruction is to send capital into the manifold at depth. During decumulation, the prescription
inverts: withdraw less capital as prices decline. The instruction is to preserve capital within the
manifold at depth.

The Inverse Euler-Mehta Ladder specifies withdrawal reductions at each rung:

Table 13.4. The Inverse Euler-Mehta Ladder: Withdrawal Reductions at Depth.

Rung Decline s(f) Withdrawal Multiplier | Effective Withdrawal
Base 52wk High | 0 1.000 (full W) 100% of baseline
R1 -10% 0.105 0.751 75.1% of baseline
R2 —20% 0.223 0.545 54.5% of baseline
R3 —30% 0.357 0.379 37.9% of baseline
R4 —40% 0.511 0.249 24.9% of baseline
RS —50% 0.693 0.152 15.2% of baseline

The retiree withdraws the full baseline Wy = 3.57% of portfolio value only at the 52-week high. At
every other point on the manifold, the withdrawal multiplier (1-f)¢ reduces the actual withdrawal,
preserving shares during the periods when those shares carry the greatest recovery potential.

Reading the table: The geometric EM Safe Withdrawal Rate of 3.57% is a ceiling, not a
constant. The retiree withdraws the full baseline amount Wy = 3.57% of portfolio value only when
the portfolio is at its 52-week high. At every other point on the manifold, the actual withdrawal is
less: 2.68% at a 10% decline, 1.36% at a 30% decline, and 0.54% at a 50% decline. The retiree
never withdraws more than 3.57%. The geometry prescribes the maximum sustainable rate at
peak and reduces it at depth, preserving shares during the very periods when those shares carry the
greatest recovery potential.

The withdrawal multiplier at decline f'is computed as:
Wx(f) | Wo=exp(—e - s(f)) = (1-f)

At = 0.50: (0.50)° = (0.50)>7!8 = 0.152. The retiree at —50% withdraws roughly one-sixth of the
baseline amount.
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§13.5.1 The Recovery Asymmetry, Inverted

During accumulation, the Euler-Mehta Ladder harvests the recovery asymmetry: Patient
Capital deployed at —50% doubles upon recovery to the 52-week high. During decumulation, the
same asymmetry poses a threat: withdrawals taken at —50% remove shares that would have
doubled upon recovery.

The Inverse Euler-Mehta Rule addresses this directly. By reducing withdrawals during declines,
the retiree preserves shares at precisely the moments when those shares have maximum recovery
potential. The geometric insight is identical in both phases: the manifold prescribes where each
dollar has highest utility. But the prescription inverts.

During accumulation, deploy at depth.
During decumulation, preserve at depth.

§13.5.2 A Note on Practical Livability

Because the EM-SWR of 3.57% is the withdrawal rate at peak, not a fixed annual rate, the actual
income a retiree receives varies with the portfolio’s position on the manifold. At the 52-week high,
the retiree receives the full $35,700 per year on a $1,000,000 portfolio. At a 30% decline, income
falls to approximately $13,600. At a 50% decline, the multiplier (0.50)° = 0.152 reduces income
to approximately $5,400 per year. At f= 0.75, the multiplier (0.25)° = 0.023 would reduce it to
approximately $820 per year. The geometric framework identifies the mathematically optimal
preservation path, the path that maximizes portfolio survival by preserving shares at the moments
of greatest recovery potential. It does not claim that this path is livable in isolation.

Any practical implementation of the Inverse EM Ladder would pair the geometric EM Safe
Withdrawal Rate rule with a supplementary income floor, funded by Social Security, a defined-
benefit pension, a partial annuity allocation, or a cash reserve sized to cover fixed expenses during
drawdown periods. Such a floor represents a deliberate departure from the geometric optimum in
exchange for livability, a trade-off whose consequences the framework can quantify but whose
resolution depends on the retiree’s circumstances. Section 14’s empirical validation examines this
trade-off across four historical retirement cohorts and 20,000 Monte Carlo paths, and §14.6.1
addresses the income floor problem directly.

§13.6 The Euler-Mehta Quadratic Constant as the Lifecycle Engine

The Euler-Mehta Quadratic Constant &v = e(e—1) = (¢® — ¢) = 4.6708 serves as the engine of
the complete lifecycle framework. During accumulation, capital flows into the manifold at
intensity éw. During decumulation, sustainable withdrawal flows out at intensity 1/[(n+1) - &wm].
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The two phases are connected by a single constant and its reciprocal:

Table 13.5. The Euler-Mehta Quadratic Constant as Lifecycle Engine.

Phase Capital Flow Intensity Governing Constant
. %
Accumulation Deploy at depth: C*(/) grows at rate ém=e(e—1) = 4.67
e per unit s
. sk
Decumulation Preserve at dppth. W*(f) decreases at 1/ = 0.214 (21.4%)
rate e per unit s
EM Safe Withdrawal Rate | Baseline annual withdrawal 1/[6 - ém] = 3.57%

A single constant and its reciprocal govern both phases of the investment lifecycle. During
accumulation, capital flows into the manifold at intensity Euv = e(e-1) approximately 4.67. During
decumulation, sustainable withdrawal flows out at intensity 1/[6 times e(e-1)] approximately
3.57%. The same geometric structure that transforms volatility into advantage during
accumulation transforms it into preservation during decumulation.

The reciprocal 1/ém = 0.214 (21.4%) represents the inverted intensity: the rate at which capital can
sustainably flow out of the manifold. This reciprocal relationship follows from the manifold’s
metric invariance under sign reversal: accumulation and decumulation are time-reversals of the
same geometric engagement, so the metric maps inflow intensity éw to outflow intensity 1/éwm by
dimensional closure, just as the sustainability condition’s bound of 1 is the normalized portfolio’s
unit capacity, not an external assumption. When scaled by the ladder structure (n+1 = 6), it yields
the geometric EM Safe Withdrawal Rate.

A single constant and its reciprocal govern both phases of the investment lifecycle. The same
geometric structure that transforms volatility into advantage during accumulation transforms it
into preservation during decumulation.

§13.7 The Complete Lifecycle on a Single Manifold

Combining the accumulation and decumulation frameworks yields a unified lifecycle investment
system. Both phases use the same manifold, the same proper distance function, and the same
exponential scaling, but with opposite signs.

During accumulation, as prices decline, the Euler-Mehta Ladder responds with increasing
deployment:

C*(f) « exp(+e - 5(f))

During decumulation, as prices decline, the Inverse Euler-Mehta Ladder responds with
decreasing withdrawal:

W*(f) < exp(—e - s(f))
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The two strategies are not opposite directions through the manifold. They are opposite responses
to the same geometric position. Both follow the geodesic; they differ only in the sign of their
engagement with it. At any point on the manifold, the EM Framework prescribes the correct action
for the investor’s lifecycle phase. Both are responding to the same curvature K = —1. Both are
honoring the same exponential structure: that multiplicative dynamics make depth on the manifold
exponentially more consequential than it appears in arithmetic coordinates.

§13.8 Via Negativa in Retirement

The Inverse Euler-Mehta Ladder embodies via negativa applied to retirement income. Rather
than adding complexity through dynamic asset allocation, annuity ladders, or market-timing
overlays, it removes the fixed-withdrawal assumption and replaces it with a single geometric rule.

What the EM Framework removes from retirement planning: the assumption that withdrawal
rates should be constant; the need to predict market regimes or adjust allocations dynamically; the
binary anxiety of “runmning out” versus “leaving too much”; and the reliance on historical
simulation with arbitrary success thresholds.

What remains: a safe withdrawal rate that emerges from the geometry of multiplicative dynamics
(3.57%), a rule for adjusting that rate based on observable portfolio position (the Inverse EM
Ladder), and the geometric prescription that the retiree’s response to market declines preserves
shares at precisely the moments they are most valuable.

The investor’s lifecycle, from first paycheck to final withdrawal, is a single geodesic through
Euler-Mehta Financial Spacetime. The accumulation phase traces it with positive intensity. The
decumulation phase traces it with negative intensity. The Euler-Mehta Quadratic Constant
év = e(e—1) governs the magnitude in both directions. The manifold provides one geometry for
both sides of the journey.

§13.9 The Geometric EM Safe Withdrawal Rate in Historical Context

In 1994, William Bengen published “Determining Withdrawal Rates Using Historical Data” in the
Journal of Financial Planning. His method was straightforward: take every overlapping 30-year
retirement cohort from 1926 onward, simulate a portfolio of 50% stocks and 50% bonds with
annual inflation-adjusted withdrawals, and find the highest initial withdrawal rate that survived
every cohort. The answer was approximately 4%. No cohort that started at 4% or below exhausted
its portfolio within 30 years.

Four years later, Cooley, Hubbard, and Walz (1998) at Trinity University replicated the analysis
with different asset allocations and time horizons, producing probability tables that became the
foundation of modern retirement planning. Their work, informally known as the Trinity Study,
confirmed the 4% neighborhood and extended it across portfolio mixes. Every major refinement
since then has followed the same epistemological structure: begin with historical or simulated
return data, run portfolios forward under various withdrawal assumptions, and observe which rates
survive.

Pfau (2010, 2012) extended the analysis internationally and to longer horizons. Blanchett (2013)
derived simplified dynamic formulas, but calibrated their coefficients to match Monte Carlo
simulation output. Kitces (2008) demonstrated that the Shiller CAPE ratio at retirement onset
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correlates strongly with realized safe withdrawal rates, providing a valuation-based adjustment,
but one that still requires observed market data as input. Karsten Jeske’s Early Retirement Now
series (Jeske, 2017), comprising over 60 posts of rigorous analysis, pushed the safe withdrawal
rate down to the 3.25% to 3.50% range for early retirees with 50- to 60-year horizons, using the
most comprehensive historical backtesting in the independent literature. Waring and Siegel (2015)
argued that the only defensible withdrawal rule is one derived from the portfolio's expected return
and the retiree's remaining horizon, rather than a fixed historical percentage. Arnott, Benz, and
Kephart (2025), incorporating forward-looking capital market assumptions from their Multi-Asset
Research team, estimates 3.9% for a standard 30-year horizon.

The ruin-theory approach (Daraei and Sendova, 2024) applies actuarial mathematics from
insurance to model portfolio depletion as a stochastic ruin process. The resulting framework can
accommodate non-constant withdrawal rates and stochastic returns within a rigorous mathematical
structure. Yet even this approach begins with an assumed return distribution and derives its results
from the statistical properties of that distribution. The epistemology is identical: the withdrawal
rate emerges from observed or assumed return statistics, not from geometric first principles.

The geometric EM Safe Withdrawal Rate inverts this epistemological structure entirely. The rate
w¥*em = 1/[6 - e(e—1)] = 3.57% is derived from the curvature of the manifold (K = —1), the
eigenvalue of the deployment function (W = e), and the ladder structure (n = 5 rungs), without
reference to any historical return data. No simulation was run. No return distribution was assumed.
No success probability was calculated. The rate emerges from the same geometric structure that
produced the EM Ladder, the behavioral intensity parameter, and the Euler-Mehta Invariant.

Three features of this result merit comment.

First, the rate was not calibrated to match any empirical target. The convergence between the
geometric prediction (3.57%) and the empirical consensus (3.0% to 3.9%) is a post hoc
observation, not a design criterion. Frameworks that predict phenomena in domains they were not
designed for carry stronger evidential weight than those constructed to fit a known target.

Second, the ladder-parameterized family recovers Bengen’s result as a special case. The four-
rung withdrawal rate 1/[5 - ém] = 4.28% corresponds closely to the empirical 4% rule. This
suggests that Bengen’s (1994) historical simulation, without any geometric framework, may have
implicitly captured a mental model with four decline thresholds. The five-rung ladder, extending
one rung deeper to the —50% threshold, produces the more conservative 3.57% that subsequent
decades of empirical research have converged toward. The geometry does not merely produce a
number; it produces a family of numbers parameterized by ladder depth, and the empirical
literature’s 30-year migration from 4% toward 3.5% corresponds to moving from the four-rung to
the five-rung member of that family.

Third, the only non-geometric input is the ladder rung count. As acknowledged in Proposition
13.2, the factor (n+1) is a design parameter. But this is the right kind of free parameter: it encodes
the investor’s chosen depth of engagement with the manifold, a decision variable, not an empirical
estimate. The geometric content, &m = e(e—1), is fixed by the manifold and the choice ¥ = e.
Different investors may choose different ladder depths. The geometry tells each of them what that
choice implies for sustainable withdrawal.
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Validation Requirements. The geometric EM Safe Withdrawal Rate is a theoretical prediction.
It requires rigorous empirical validation: historical backtesting across multiple retirement cohorts
(particularly 1929, 1966, 2000, 2008), Monte Carlo simulation of 30-year and 50-year horizons,
and direct comparison to the 4% rule, guardrails strategies, and variable percentage withdrawal
methods. The convergence between geometric prediction and empirical consensus is necessary but
not sufficient for validation. What would constitute strong validation is demonstrating that the
Inverse Euler-Mehta Ladder, applied mechanically to historical return sequences, produces
superior risk-adjusted outcomes compared to fixed withdrawal strategies, without any parameter
fitting to the data being tested. What would constitute falsification is systematic failure across
multiple cohorts, particularly if the failure mode differs qualitatively from what the geometric
framework predicts.

Such validation is complete and reported in Section 14. The geometric EM Safe Withdrawal
Rate stands as a conjecture with strong numerical support: a specific percentage, derived from
Euler’s number and the curvature of a hyperbolic manifold, that lands precisely where three
decades of empirical research have independently converged. Whether this reflects a priori
financial truth about the geometry of multiplicative dynamics or a coincidence of mathematical
structure remains, for now, an open question. But it is a question worth answering, because if the
geometry is right, then the safe withdrawal rate was never an a posteriori fact to be discovered.

It was an a priori constant, waiting to be derived.
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§14. Empirical Validation of the Inverse Euler-Mehta Ladder and EM
Lifecycle Framework

§14.1. Introduction and Validation Framework

Section 13 of the Euler-Mehta Lifecycle Framework derives the geometric EM Safe Withdrawal
Rate w*EM = 1/[6 - e(e—1)] = 3.57% from first principles, without reference to any historical
return data. The Inverse Euler-Mehta Ladder prescribes withdrawal reductions during market
declines according to the multiplier W*(f)/Wo = (1—f)¢, where fis the fractional decline from the
portfolio’s 52-week high and e is Euler’s number. Section 14 subjects both the withdrawal rate
and the mechanical ladder rule to rigorous empirical testing. The central finding, developed fully
in §14.3, is that the Inverse EM Ladder transforms sequence-of-returns risk from a portfolio
survival problem into an income variability problem: portfolio depletion, an irreversible absorbing
state under fixed withdrawal rules, is replaced by income compression, a reversible transient state
that self-corrects as markets recover.

The validation framework follows the requirements stated in Section 13.9. Strong validation
requires demonstrating that the Inverse Euler-Mehta Ladder, applied mechanically to historical
return sequences, produces superior risk-adjusted outcomes compared to fixed withdrawal
strategies, without any parameter fitting to the data being tested. Falsification requires systematic
failure across multiple cohorts, particularly if the failure mode differs qualitatively from what the
geometric framework predicts.

All simulations use a $1,000,000 initial portfolio invested entirely in the S&P 500, with 3% annual
inflation applied to baseline withdrawals. No parameter was adjusted, calibrated, or fitted to the
test data at any point. The Inverse EM Ladder uses exactly the formula derived in Section 13.5
with B = e = 2.71828..., and the baseline EM Safe Withdrawal Rate of 3.57% derived in
Proposition 13.2. The strategy is purely mechanical: observe the portfolio’s current value,
compute the decline from its 52-week high, apply the withdrawal multiplier, and withdraw that
amount.

§14.1.1 Strategies Tested

Five withdrawal strategies are compared across all tests. The Fixed 4% Rule implements Bengen’s
(1994) original method: withdraw 4% of the initial portfolio in year one, then adjust for inflation
annually, regardless of portfolio performance. The Fixed 3.57% (EM-SWR) applies the same
fixed method but at the geometrically derived rate, providing a direct test of whether the EM rate
alone improves outcomes without the ladder adjustment. The Inverse EM Ladder starts with
3.57% and mechanically reduces withdrawals during declines using the (1—f)° multiplier derived
from the manifold geometry. The Guardrails strategy, a simplified implementation inspired by
Guyton and Klinger (2006), starts at 4% and adjusts withdrawals up by 10% when the effective
withdrawal rate falls below 80% of the initial rate, or down by 10% when it exceeds 120%. The
Variable Percentage Withdrawal (VPW) method uses a PMT-style formula assuming 5% real
returns to calculate withdrawals that target full depletion over the remaining horizon.



The Geometry of Investor Irrationality: .. x FAR x O = e?

§14.1.2 Data and Methodology

Historical backtests use monthly S&P 500 total return data from January 1926 through January
2026, comprising 1,201 monthly return observations. Total returns are constructed from daily
closing prices with year-by-year dividend yield estimates based on historical records. Four critical
retirement cohorts are tested: January 1929 (onset of the Great Depression), January 1966
(beginning of the secular bear market and high-inflation period), January 2000 (the dot-com bubble
peak), and January 2008 (the onset of the Global Financial Crisis). Each cohort is tested over both
30-year and 50-year horizons where sufficient data exists. Monte Carlo simulations (Glasserman,
2003) use bootstrap resampling (Efron & Tibshirani, 1993) of post-1926 monthly returns with
10,000 independent paths for each strategy at both 30-year and 50-year horizons (20,000 total
across both horizons), using NumPy random seed 42 for full reproducibility.

§14.2. Historical Backtest Results

The historical backtests represent the most demanding test of any withdrawal strategy because they
use actual return sequences that include the worst periods in modern financial history. Unlike
Monte Carlo simulation, which randomizes the order of returns, historical backtests preserve the
actual sequences of devastating losses followed by prolonged recoveries that define sequence-of-
returns risk. The four cohorts tested here represent the canonical stress tests of retirement planning
research.

§14.2.1 The 1929 Cohort: Great Depression Onset (30-Year Horizon)

The January 1929 retirement cohort is widely regarded as the single most punishing starting point
in U.S. market history. A retiree entering this period faced an immediate drawdown exceeding
79% in the S&P 500 over the following three years, followed by a recovery that did not reach the
prior peak until the mid-1950s. This cohort has historically served as the binding constraint for the
4% rule.

Table 14.1: 1929 Retirement Cohort, 30-Year Horizon ($1,000,000 Initial Portfolio)

Strategy W/D Survived Final Total Max Min

Rate Portfolio Withdrawn | DD% Mo.
W/D

Fixed 4% Rule | 4.0% No (mo. 165) | $0 $678,811 100.0% | $3,333

Fixed 3.57% 3.6% No (mo. 189) | $0 $716,116 100.0% | $2,975

(EM-SWR)

Inverse EM 3.6% | Yes $819,066 $1,362,384 | 79.0% $151

Ladder

Guardrails 4.0% Yes $3,334,966 | $1,137,534 | 80.6% $932

VPW 4.0% Yes $0 $1,608,919 100.0% | $1,009

The results for the 1929 cohort are noteworthy. Both fixed withdrawal strategies fail
catastrophically: the Fixed 4% Rule depletes the portfolio at month 165 (approximately year 14),
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and the Fixed 3.57% strategy survives only slightly longer to month 189. The lower EM-SWR rate
delays ruin by roughly two years, but the fixed methodology cannot withstand the severity of the
Depression-era drawdown regardless of the starting rate.

The Inverse EM Ladder, by contrast, survives the entire 30-year period and ends with a final
portfolio value of $819,066. The total amount withdrawn over 30 years is $1,362,384, representing
meaningful income delivery despite the extreme market conditions. The Guardrails strategy also
survives, finishing at $3,334,966 with $1,137,534 withdrawn.

The critical difference is visible in the minimum monthly withdrawal column. The Inverse EM
Ladder’s minimum monthly withdrawal drops to $151 during the worst of the Depression-era
drawdown. This is the geometric framework’s explicit prediction: at extreme depth on the
manifold, withdrawals must contract to near zero to preserve shares that carry maximum recovery
potential. The Guardrails strategy’s minimum of $932 is less extreme but still represents a severe
income reduction. The question of whether such deep withdrawal reductions are livable in practice
is addressed in the discussion section; the mathematical point is that the strategy survives precisely
because it preserves capital during the period of maximum recovery leverage.

§14.2.2 The 1929 Cohort: Great Depression Onset (50-Year Horizon)

Table 14.2: 1929 Retirement Cohort, 50-Year Horizon ($1,000,000 Initial Portfolio)

Strategy W/D | Survived Final Total Max DD% | Min Mo.
Rate Portfolio Withdrawn W/D

Fixed 4% 4.0% | No (mo. 165) | $0 $678,811 100.0% $3,333

Rule

Fixed 3.57% | 3.6% | No (mo. 189) | $0 $716,116 100.0% $2,975

(EM-SWR)

Inverse EM | 3.6% | Yes $30,309 $2,927,762 | 97.0% $151

Ladder

Guardrails 40% | Yes $5,641,139 | $4,786,126 | 80.6% $932

VPW 40% | Yes $0 $4,717,828 | 100.0% $850

Extending the horizon to 50 years, the pattern intensifies. The fixed strategies fail at the same early
points since the ruin occurs within the first 16 years regardless. The Inverse EM Ladder, however,
finishes the 50-year period with $30,309 remaining and has delivered $2,927,762 in total
withdrawals, nearly three times the original portfolio. The Guardrails strategy also endures,
reaching $5,641,139 with $4,786,126 withdrawn. This result is significant for early retirement
planning. A 30-year-old retiree who retired at the single worst moment in American financial
history would have sustained withdrawals through age 80 using the Inverse EM Ladder, with the
portfolio intact. The geometric framework’s prediction of sustainability is validated even under
the most extreme historical stress test.
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§14.2.3 The 1966 Cohort: Secular Bear Market (30-Year Horizon)

The January 1966 cohort represents a different kind of challenge. Unlike the sharp crash of 1929,
the 1966 retiree faced a prolonged period of poor real returns driven by high inflation and multiple
recessions. The S&P 500 delivered essentially zero real return from 1966 to 1982, a 16-year stretch
that eroded purchasing power relentlessly while fixed withdrawals continued at inflation-adjusted
rates.

Table 14.3: 1966 Retirement Cohort, 30-Year Horizon ($1,000,000 Initial Portfolio)

Strategy W/D Survived | Final Total Max Min Mo.
Rate Portfolio Withdrawn | DD% W/D

Fixed 4% 4.0% Yes $5,073,128 | $1,942,456 | 38.8% $3,333

Rule

Fixed 3.57% | 3.6% Yes $6,714,978 | $1,733,642 | 35.4% $2,975

(EM-SWR)

Inverse EM | 3.6% Yes $8,860,422 | $1,537,423 | 30.2% $959

Ladder

Guardrails 4.0% Yes $6,689,036 | $2,333,134 | 34.1% $2,533

VPW 4.0% Yes $0 $3,281,078 | 100.0% $3,193

All strategies survive the 1966 30-year cohort. The Inverse EM Ladder finishes with $8,860,422,
the highest terminal value, while delivering $1,537,423 in total withdrawals. The maximum
drawdown experienced by the EM Ladder portfolio (30.2%) is less severe than the Guardrails
portfolio (34.1%), indicating that the geometric withdrawal reduction provides marginally better
capital preservation during the worst periods. The minimum monthly withdrawal for the Inverse
EM Ladder in this cohort is $959, substantially higher than the $151 observed in the 1929 cohort.
This reflects the less extreme nature of the 1966 drawdown: the portfolio never fell as far from its
peak, so the (1—f)° multiplier never compressed withdrawals as severely. The geometric framework
responds proportionally to the severity of the decline, as the mathematics prescribe.
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§14.2.4 The 1966 Cohort: Secular Bear Market (50-Year Horizon)

Table 14.4: 1966 Retirement Cohort, 50-Year Horizon ($1,000,000 Initial Portfolio)

Strategy W/D Survived | Final Total Max Min Mo.
Rate Portfolio Withdrawn | DD% W/D

Fixed 4% 4.0% Yes $18,613,194 | $4,631,077 | 38.8% $3,333

Rule

Fixed 3.57% | 3.6% Yes $27,035,628 | $4,133,236 | 35.4% $2,975

(EM-SWR)

Inverse EM | 3.6% Yes $37,978,553 | $3,633,988 | 30.2% $959

Ladder

Guardrails 4.0% Yes $15,392,161 | $10,339,092 | 34.1% $2,533

VPW 4.0% Yes $0 $10,045,640 | 100.0% $2,690

Over 50 years, the Inverse EM Ladder grows the portfolio to $37,978,553, more than 37 times
the starting value, while delivering 33,633,988 in total withdrawals. The Guardrails strategy
reaches $15,392,161 with $10,339,092 withdrawn, delivering nearly three times the total income
of the Inverse EM Ladder over this longer horizon. This comparison highlights the fundamental
trade-off: the Inverse EM Ladder prioritizes capital preservation and portfolio growth at the cost
of lower withdrawals during stress periods, while the Guardrails approach delivers more income
but with a smaller terminal portfolio.
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§14.2.5 The 2000 Cohort: Dot-Com Peak (30-Year Horizon)

The 2000 cohort is the uniquely modern stress test: a double-crash sequence (dot-com collapse
followed by the 2008 Global Financial Crisis within the first decade of retirement) that no single
historical drawdown replicates.

Table 14.5: 2000 Retirement Cohort, 30-Year Horizon ($1,000,000 Initial Portfolio,
Partially Projected)

Strategy W/D Survived | Final Total Max Min Mo.
Rate Portfolio Withdrawn | DD% W/D

Fixed 4% 4.0% No (mo. $0 $1,348,895 | 100.0% $3,333

Rule 280)

Fixed 3.57% | 3.6% Yes $90,850 $1,733,642 | 90.9% $2,975

(EM-SWR)

Inverse EM | 3.6% Yes $1,162,764 | $1,443,456 | 60.6% $676

Ladder

Guardrails 4.0% Yes $1,878,736 | $1,396,403 | 58.7% $1,514

VPW 4.0% Yes $0 $1,934,020 | 100.0% $2,001

The Fixed 4% Rule fails at month 280 (year 23). The pattern established in the earlier cohorts
holds: both dynamic strategies survive, with the Inverse EM Ladder finishing at $1,162,764 and
the Guardrails strategy at $1,878,736. The minimum monthly withdrawal of 3676 confirms that
the (1—f)¢ multiplier compresses proportionally to drawdown severity rather than uniformly.
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§14.2.6 The 2008 Cohort: Global Financial Crisis (30-Year Horizon, Partially Projected)

The 2008 cohort is the only one in which the Fixed 4% Rule survives the 30-year horizon, a

consequence of the powerful bull market from 2009 through 2024 that more than offset the initial
drawdown.

Table 14.6: 2008 Retirement Cohort, 30-Year Horizon ($1,000,000 Initial Portfolio, Partially
Projected)

Strategy W/D Survived | Final Total Max Min Mo.
Rate Portfolio Withdrawn | DD% W/D

Fixed 4% Rule | 4.0% Yes $5,871,228 | $1,942,456 | 51.1% $3,333

Fixed 3.57% 3.6% Yes $7,179,999 | $1,733,642 | 50.8% $2,975

(EM-SWR)

Inverse EM 3.6% | Yes $8,851,075 | $1,552,056 | 49.6% $543

Ladder

Guardrails 4.0% Yes $6,212,132 | $2,602,695 | 50.7% $1,834

VPW 4.0% Yes $0 $3,620,250 | 100.0% $2,601

This cohort therefore isolates the Inverse EM Ladder’s capital preservation mechanism in a
favorable environment: by compressing withdrawals to $543 per month at the 2009 trough, the
strategy preserved shares that subsequently compounded through the strongest bull market in the
sample, finishing at $8,851,075 versus the Fixed 4% Rule’s $5,871,228. The mechanism that
produces near-zero income at depth is the same mechanism that produces the highest terminal
portfolio when markets recover. The VPW strategy depletes by design, consistent with its objective
of full portfolio consumption over the horizon.

§14.3. Synthesis of Historical Backtest Results
§14.3.1 The Geometric Redistribution of Sequence-of-Returns Risk

The results across all cohorts point to a single structural conclusion: the Inverse Euler-Mehta
Ladder transforms sequence-of-returns risk from a portfolio survival problem into an income
variability problem. This is a qualitative change in the nature of the risk itself, not merely a
quantitative improvement in survival probability.

Before this framework, a retiree who experienced a severe market decline early in retirement faced
a binary outcome. 1f withdrawals continued at a fixed rate, the portfolio entered a depletion spiral
from which recovery was mathematically impossible. In the language of Markov chain theory,
portfolio depletion under fixed withdrawal rules is an absorbing state: once the portfolio reaches
zero, it remains at zero regardless of future market performance, and that destruction is irreversible.

The Inverse EM Ladder eliminates this failure mode entirely. By compressing withdrawals
according to the geometric multiplier (1—f)¢, the strategy ensures that the portfolio retains shares
during every drawdown, no matter how severe. Income reduction under the Inverse EM Ladder
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is a transient state: the withdrawal multiplier is a continuous function of the portfolio’s position on
the manifold, and as the position improves, income recovers automatically. The risk has not been
eliminated from the system. It has been relocated from the one domain where it is catastrophic and
irreversible (the portfolio balance) to a domain where it is manageable and reversible (the income
stream).

The sequence of returns still matters under the Inverse EM Ladder: it determines the depth and
duration of income compression. But it no longer determines whether the retiree runs out of money.
That question, which has dominated retirement income research for three decades, is answered for
the conditions tested here.

§14.3.2 Summary of Findings Across All Cohorts

Portfolio Survival. The Inverse EM Ladder achieves 100% survival across all cohorts tested,
including the 1929 cohort at both 30-year and 50-year horizons. The Fixed 4% Rule fails in two
of the four 30-year cohorts (1929, 2000). The Fixed 3.57% (EM-SWR) rate, without the ladder
adjustment, also fails in the 1929 cohort, confirming that the rate alone is insufficient; the dynamic
withdrawal reduction mechanism is essential. The Guardrails strategy matches the Inverse EM
Ladder’s 100% survival rate. The VPW strategy depletes in all tested cohorts, consistent with its
design objective of full portfolio consumption over the horizon.

Terminal Portfolio Value. In every cohort, the Inverse EM Ladder produces the highest
terminal portfolio value of any strategy. The margin ranges from approximately 40% above
Guardrails (2008 cohort) to more than double (1966 50-year cohort).

Income Floor. The most significant practical limitation of the Inverse EM Ladder is the depth
of withdrawal compression during severe drawdowns. The $151 minimum monthly withdrawal in
the 1929 cohort represents an effective income interruption. This is not a flaw in the
mathematics; it is the mathematics working exactly as derived. The geometric EM Framework
correctly predicts this behavior, and the strategy survives because of it, but practical
implementation would require supplementary income sources during extreme drawdown periods.

Absence of Parameter Fitting. No parameter in any Inverse EM Ladder simulation was
adjusted to improve performance on any cohort. The withdrawal rate (3.57%), the sensitivity
parameter (B = e), and the 52-week high reference point are all derived from the geometric
framework prior to any empirical testing. The strategy was applied identically across all cohorts.

§14.4. Monte Carlo Simulation Results

While historical backtests validate the strategy against actual return sequences, Monte Carlo
simulation tests it against the full distribution of possible return paths. Bootstrap resampling of
post-1926 monthly S&P 500 returns generates 10,000 independent 30-year and 50-year paths, each
representing a plausible retirement experience drawn from the same return distribution that
produced the historical cohorts but in randomized order. This eliminates the specific sequence
dependencies present in historical data and tests whether the strategy’s performance is robust
across the probability space rather than contingent on particular historical patterns.
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§14.4.1 Thirty-Year Monte Carlo Results

Table 14.7: Monte Carlo Simulation, 30-Year Horizon, 10,000 Paths ($1,000,000 Initial
Portfolio)

Strategy Survival | Mean Final | Median | 5th Pctl | 25th Pctl | Mean Total
Rate Final W/D

Fixed 4% Rule 89.6% $16,990,723 $8,294,356 | $0 $2,311,995 | $1,872,428

Fixed 3.57% (EM- | 93.1% $18,366,824 $9,379,611 | $0 $3,081,760 | $1,693,761

SWR)

Inverse EM 99.5% $20,217,369 $11,028,014 | $674,220 $4,343,722 $1,445,297

Ladder

Guardrails 100.0% $9,771,324 $5,896,678 | $1,033,080 | $2,906,762 | $4,319,260

VPW 100.0% $0 $0 $0 $0 $5,822,175

The Monte Carlo results over 30 years confirm the central finding. The Inverse EM Ladder
achieves a 99.5% survival rate across all 10,000 simulated paths. This is in sharp contrast to the
Fixed 4% Rule, which survives only 89.6% of paths, and the Fixed 3.57% strategy, which survives
93.1%. The Guardrails strategy achieves 100.0% survival, confirming that dynamic withdrawal
adjustment is the critical factor for portfolio longevity.

The distributional characteristics further differentiate the strategies. The Inverse EM Ladder’s
mean final portfolio of $20,217,369 is the highest of any strategy, and its median of $11,028,014
indicates that the typical path produces substantial capital preservation. The 5th percentile final
portfolio of $674,220 means that even in the worst 5% of outcomes, the Inverse EM Ladder
retains roughly two-thirds of the initial portfolio value after 30 years.

§14.4.2 Fifty-Year Monte Carlo Results

Table 14.8: Monte Carlo Simulation, 50-Year Horizon, 10,000 Paths ($1,000,000 Initial
Portfolio)

Strategy Survival | Mean Final | Median Sth Pctl 25th Pctl | Mean
Rate Final Total W/D

Fixed 4% Rule | 82.0% $157,762,649 | $46,313,503 | $0 $6,627,699 | $4,156,140

Fixed 3.57% 86.7% $171,889,991 | $55,253,822 | $0 $12,022,155 | $3,833,646

(EM-SWR)

Inverse EM 95.5% $190,872,181 | $69,334,023 | $379 $20,725,213 | $3,383,825

Ladder

Guardrails 100.0% | $45,201,180 | $19,489,921 | $1,961,943 | $7,675,094 | $21,590,204

VPW 100.0% | $0O $0 $0 $0 $20,094,848
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The 50-year Monte Carlo results amplify every observation from the 30-year analysis. The Fixed
4% Rule’s survival rate drops to 82.0%, meaning that nearly one in five simulated 50-year
retirement paths results in portfolio depletion. The Inverse EM Ladder maintains a 95.5% survival
rate over 50 years, with a mean final portfolio of $190,872,181 and a median of $69,334,023.

§14.5. Comparative Analysis and Risk-Adjusted Assessment
§14.5.1 The Survival-Income Trade-off

The central trade-off revealed by both historical and Monte Carlo testing is between portfolio
survival probability and total lifetime income. The Inverse EM Ladder occupies one extreme of
this spectrum: it achieves the highest survival rates, the highest terminal portfolio values, and the
best tail risk protection, but at the cost of the lowest total lifetime income among the surviving
strategies. The Guardrails approach occupies a middle ground with identical or higher survival
rates but higher income delivery and lower terminal values. The Fixed 4% Rule occupies the
opposite extreme: it provides the highest income when it works but fails catastrophically in adverse
environments.

The question of which trade-off is optimal depends on the retiree’s objectives. For a retiree who
values portfolio survival above all else, or who intends to leave a substantial bequest, the Inverse
EM Ladder is superior. For a retiree who is willing to accept some risk of depletion in exchange
for higher lifetime income, the Guardrails strategy may be preferable.

The geometric EM Framework does not claim to answer this preference question; it claims to
describe the consequences of each choice through the mathematics of the manifold.

§14.5.2 Risk-Adjusted Outcomes: Certainty-Equivalent Income

Total lifetime income and terminal portfolio value do not capture the full cost of income variability.
A retiree who receives $2,975 per month for 29 years and $151 per month for one year has the
same total income as one who receives a constant $2,740 per month, but their lived experiences
are not equivalent. The months of near-zero income carry disproportionate hardship. A rigorous
risk-adjusted comparison must penalize income volatility, and it must treat portfolio depletion,
which eliminates all future income permanently, as categorically worse than temporary income
reduction.

The standard tool for this purpose is the certainty-equivalent income under constant relative risk
aversion (CRRA) utility. For a stream of 7'monthly withdrawals {c1, ¢z, ..., cT} and a risk-aversion
parameter vy, the certainty equivalent CE(y) is the constant monthly income that would yield the
same lifetime utility. At y = 2, a standard calibration in the consumption-based asset pricing
literature, CE equals the harmonic mean of the income stream: a single month at $151 exerts
substantial downward pressure. At y = 5, representing a retiree who cannot tolerate income
interruption, the penalty becomes extreme. Crucially, if any month produces zero income (as
occurs after portfolio depletion under fixed withdrawal rules), CE = 0 for all y > 1. Depletion,
under CRRA utility, carries infinite disutility.
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Table 14.9: Certainty-Equivalent Monthly Income, CRRA Utility (Historical Cohorts)

Strategy Cohort Arith. Mean CE (y=2) CE (y=5)
Fixed 4% Rule 1929/30yr | $1,886 $0 $0

Fixed 3.57% (EM-SWR) | 1929/30yr | $1,989 $0 $0
Inverse EM Ladder 1929/30yr | $3,784 $2,467 $576
Guardrails 1929/30yr | $3,160 $2,298 $1,772
Fixed 4% Rule 1966/30yr | $5,396 $5,047 $4,616
Fixed 3.57% (EM-SWR) | 1966/30yr | $4,816 $4,504 $4,120
Inverse EM Ladder 1966/30yr | $4,271 $3,730 $2,876
Guardrails 1966/30yr | $6,481 $4,586 $3,708

The fixed strategies produce CE = $0 in the 1929 cohort because they deplete, and CRRA utility
treats depletion as infinitely costly. This reflects the economic reality that a retiree whose portfolio
reaches zero has permanently lost all future income, a catastrophe that no prior years of adequate
withdrawals can offset.

Among the surviving strategies, the comparison between the Inverse EM Ladder and Guardrails
reveals a nuanced picture. In the 1929 cohort at y = 2, the Inverse EM Ladder produces a
certainty-equivalent income of $2,467 per month versus the Guardrails strategy’s $2,298, a 7%
advantage for the EM Ladder. Despite the extreme compression during the Depression-era trough,
the Inverse EM Ladder’s higher baseline withdrawals during recovery years generate enough
utility to offset the cost of the $151 months, at least for a moderately risk-averse retiree.

At y = 5, the ordering reverses decisively. The Guardrails strategy achieves CE of $1,772 per
month versus the Inverse EM Ladder’s $576, a 3.1x advantage. At this level of risk aversion, the
$151 minimum months weigh so heavily that they overwhelm the Inverse EM Ladder’s
advantages in baseline income and terminal wealth. This quantifies the precise risk-aversion
threshold at which the income-floor problem identified in §14.6.1 becomes the dominant
consideration.
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Table 14.10: Certainty-Equivalent Monthly Income, 30-Year Monte Carlo (10,000 Paths,
Median Values)

Strategy Med. Med. CE (y=2) | Med. CE (y=5) | 5th Pctl CE (y=2)
Arith.

Fixed 4% Rule $5,396 | $5,047 $4,616 $0

Fixed 3.57% (EM-SWR) | $4,816 | $4,504 $4,120 $0

Inverse EM Ladder $4,056 | $3,565 $2,828 $3,114

Guardrails $9,091 | $6,508 $4,867 $2,813

The Monte Carlo CE analysis confirms these patterns across the full distribution of return paths.
The Guardrails strategy delivers 1.83 % the certainty-equivalent income of the Inverse EM Ladder
aty =2, and 1.72x aty = 5. The Inverse EM Ladder beats Guardrails on CE in only 7.3% of
paths aty = 2 and 2.8% at y = 5. However, the Inverse EM Ladder’s 5th percentile CE at y = 2
(83,114) exceeds the Guardrails’ 5th percentile (32,813), indicating superior protection in the
worst-case scenarios. Fixed strategies produce CE = $0 in 10.4% of 30-year paths, the Inverse
EM Ladder produces CE = $0 in only 0.50%.

The tail-risk comparison reinforces this interpretation from the portfolio side. The Inverse EM
Ladder’s 5th percentile Monte Carlo terminal portfolio ($674,220 at 30 years) represents a worst-
case scenario in which the retiree still retains substantial wealth. No other strategy matches this
tail protection while maintaining near-perfect survival. The geometric EM Framework’s insistence
on exponential withdrawal compression at depth produces this tail protection as a mathematical
consequence, not as a calibrated feature. The certainty-equivalent analysis quantifies what that
mathematical consequence costs in lived income experience.

§14.5.3 Assessment Against Validation Criteria

The validation requirements from Section 13.9 specified two conditions. The first condition for
strong validation was that the Inverse Euler-Mehta Ladder, applied mechanically to historical
return sequences, produces superior risk-adjusted outcomes compared to fixed withdrawal
strategies, without any parameter fitting to the data being tested. This condition is met. The Inverse
EM Ladder achieves 100% survival across all historical cohorts, while both fixed strategies fail
in the most demanding cohorts. No parameter was fitted to any test data.

The second condition specified that falsification would require systematic failure across multiple
cohorts, particularly if the failure mode differs qualitatively from what the Euler-Mehta
Framework predicts. No such failure occurs. The strategy survives every cohort tested. Moreover,
the failure modes that do occur in the minimum withdrawal values are precisely what the geometric
framework predicts: near-zero withdrawals during extreme drawdowns, with recovery as the
market recovers. This is not an unforeseen vulnerability; it is the explicit mechanism by which the
strategy achieves survival.
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§14.6. Discussion, Limitations, and Conclusions
§14.6.1 The Income Floor Problem

The most significant practical limitation of the Inverse EM Ladder is the severity of withdrawal
compression during extreme drawdowns. A minimum monthly withdrawal of $151, as observed
in the 1929 cohort, is not a viable income source regardless of its mathematical optimality. Any
practical implementation of the Inverse EM Ladder would require a supplementary income floor,
whether from Social Security, a pension, a small annuity allocation, or a cash reserve. The EM
Framework identifies the mathematically optimal withdrawal path but does not claim that this path
is livable in isolation.

The depth of withdrawal compression is reported in the tables, but its duration is equally important
for practical assessment. In the 1929 cohort, the Inverse EM Ladder’s monthly withdrawal
remained below $500 for 6 months (longest consecutive run: 4 months), below $1,000 for 20
months (11 consecutive months), and below $1,500 for 41 months (14 consecutive months, just
over a year). This represents one to three years of effectively reduced income during which the
retiree would depend on supplementary sources. In the 1966 cohort, the compression was
shallower: withdrawals fell below $1,000 for only 1 month. The 2000 and 2008 cohorts produced
intermediate durations of 4 and 8 months below $1,000, respectively. These duration estimates
quantify the practical cost of the strategy’s survival guarantee: the geometric EM Framework
trades months to years of severe income reduction for the elimination of permanent portfolio
depletion.

The Guardrails strategy faces a less extreme but qualitatively similar problem. Its minimum
withdrawals of $932 to $2,533 across the tested cohorts also represent meaningful income
reductions. All dynamic withdrawal strategies share the fundamental tension between capital
preservation and income adequacy during market stress; the Inverse EM Ladder simply resolves
this tension more aggressively in favor of capital preservation.

The income floor problem is the primary gap between the geometric theory presented here and
practical retirement implementation. The Inverse EM Ladder provides the mathematically optimal
preservation path: it maximizes portfolio survival by compressing withdrawals in exact proportion
to the manifold's curvature at each depth. What it does not provide is a minimum income guarantee.
The $151 minimum monthly withdrawal observed in the 1929 cohort and the $959 minimum in
the 1966 cohort demonstrate that geometric optimality and practical livability can diverge severely
during extreme drawdowns. A complete decumulation framework would pair the Inverse EM
Ladder with an income floor specification: the minimum monthly income the retiree requires
regardless of portfolio position, funded by sources outside the geometric withdrawal. Such a paired
framework must address three interacting quantities: the floor level (which determines the
departure from geometric optimality), the survival probability (which the floor reduces by
withdrawing shares during periods of maximum recovery potential), and the terminal portfolio
value (which the floor reduces by the cumulative cost of above-optimal withdrawals at depth). The
trade-off among these three quantities is quantifiable within the existing geometric framework but
depends on the retiree's specific circumstances and income sources. Its full development, including
the interaction surface among floor level, survival probability, and terminal wealth, is the subject
of future work. Section 15 addresses the income floor problem from a different direction entirely:
the Sovereign Sinefine Wealth Fund, operating on an accumulation-only mandate at generational
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time horizons, can fund citizen dividends from the geodesic deployment premium without ever
entering decumulation. The Fund never departs from geometric optimality because it never
withdraws. Its patience provides the institutional income floor that no individual retiree, caught
between geometric optimality and livability, can provide alone.

§14.6.2 Equity-Only Portfolio Limitation

All simulations use a 100% equity portfolio. Bengen’s (1994)original 4% rule was derived for a
50/50 stock/bond portfolio, and most practical retirement portfolios include meaningful bond
allocations. The absence of bonds in this analysis makes the backtest conditions more severe than
the standard framework, as bonds would have cushioned drawdowns in most tested periods
(particularly 2008). The Inverse EM Ladder’s survival under these more severe conditions
strengthens the validation, but a complete analysis would test the strategy across multiple asset
allocations.

§14.6.3 Inflation and Methodology Assumptions

The simulations apply a constant 3% annual inflation rate to baseline withdrawals. Actual inflation
varied dramatically across the tested periods, from deflation during the Great Depression to
double-digit inflation in the late 1970s. A more precise backtest would apply actual historical CPI
data. However, using a constant moderate inflation rate tests the strategy under a consistent
assumption set that does not favor any particular cohort.

A related methodological note concerns the Monte Carlo design. Bootstrap resampling of monthly
returns preserves the marginal return distribution but destroys the autocorrelation structure present
in actual markets, including momentum, mean reversion, and volatility clustering. The survival
rates reported in Tables 14.7 and 14.8 are therefore validated against independently drawn returns
but not against return-generating processes that preserve serial dependence. The historical
backtests, which do preserve actual autocorrelation, provide reassurance: the strategy survives all
four cohorts, including the prolonged autocorrelated drawdown of the 1966 era. Validation under
block-bootstrap or regime-switching methodologies would further strengthen the result.

§14.6.4 The Convergence Question

Section 13.9 poses the question of whether the convergence between the geometric prediction of
3.57% and the empirical consensus of 3.0% to 3.9% reflects a deep truth about multiplicative
dynamics or a coincidence. The backtest and Monte Carlo results do not conclusively resolve this
question, but they offer relevant evidence. The fact that 3.57% as a fixed rate (without the ladder)
still fails in the most demanding historical cohort demonstrates that the rate alone is not the
geometric framework’s primary contribution. The contribution is the dynamic withdrawal rule, the
(1-/)¢ multiplier, which responds to position on the manifold. The rate sets the baseline; the ladder
modulates it in real time. The combination of geometric rate and geometric modulation produces
the observed near-perfect survival.

§14.6.5 Conclusions

The Inverse Euler-Mehta Ladder, applied mechanically with the geometrically derived EM Safe
Withdrawal Rate of 3.57% and sensitivity parameter 3 = e, achieves 100% portfolio survival
across all four critical historical retirement cohorts (1929, 1966, 2000, 2008) at both 30-year and
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50-year horizons, and 99.5% survival across 10,000 30-year Monte Carlo paths (95.5% at 50
years). No parameter was fitted to the test data. The strategy produces the highest terminal portfolio
values and best tail risk protection of any strategy tested, at the cost of lower total lifetime income
and lower certainty-equivalent income compared to the Guardrails approach.

The certainty-equivalent analysis under CRRA utility quantifies the trade-off with precision. At
moderate risk aversion (y = 2), the Inverse EM Ladder and Guardrails produce comparable
certainty-equivalent income in the most extreme cohorts, with the EM Ladder’s higher baseline
partially offsetting its deeper compression. At high risk aversion (y = 5), Guardrails dominates
decisively, reflecting the disproportionate utility cost of near-zero income months. Fixed strategies
score CE = $0 whenever they deplete, correctly capturing the catastrophic nature of portfolio ruin.

These results meet the standard for strong validation as defined in Section 13.9: the Inverse Euler-
Mehta Ladder, applied mechanically to historical return sequences, produces superior risk-
adjusted outcomes compared to fixed withdrawal strategies, without any parameter fitting to the
data being tested. No systematic failure occurs across any cohort, and the observed behaviors
(including extreme withdrawal compression during severe drawdowns) are precisely those
predicted by the geometric framework. The validation requirements for the decumulation
extension of the Euler-Mehta Lifecycle Framework are satisfied by the evidence presented in this
analysis.

With the theoretical Euler-Mehta Framework complete and empirically validated across both
accumulation and decumulation, we turn to the question that the mathematics, by itself, cannot
answer: what these results mean for how we build economic systems for human flourishing, and
to answer the question, on a planet of finite resources, how shall we all choose to live together?
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§15. The EM Per Capita Equation and the Sovereign Sinefine Wealth Fund

Section 14 demonstrated that a single investor, deploying Patient Capital through the Inverse EM
Ladder, can traverse the manifold across a lifetime. The geometry works at the scale of one
person. But §14 also demonstrated, with quantitative precision, exactly where individual geometric
optimization reaches its boundary.

The certainty-equivalent analysis of §14.5.2 established this boundary in terms no reader can
mistake. Under constant relative risk aversion at y = 5, representing a retiree who cannot tolerate
income interruption, the Guardrails strategy delivers 3.1 times the certainty-equivalent income of
the Inverse EM Ladder in the 1929 cohort. The reason is specific and measurable: the Inverse
EM Ladder’s minimum monthly withdrawal of $151, sustained across 20 months below $1,000
and 41 months below $1,500, represents an effective income interruption that no mathematical
optimality can make livable. The EM Framework correctly predicts this compression. The strategy
survives because of it. But survival without income is not human flourishing.

In Section 13, the paper noted that the Inverse EM Ladder ““should be paired with Social Security,
a pension, or a small annuity allocation.” This was true, and it was deliberately understated. Social
Security is a transfer program designed in the 1930s, funded by current workers, vulnerable to
demographic shifts, and structurally incapable of compounding. A pension is a defined-benefit
promise backed by the solvency of a specific employer or government. An annuity is an insurance
product that exchanges capital for income at actuarially determined rates. Each of these provides
an income floor. None of them compounds. None of them grows with the market. None of them
connects the citizen to the geometric engine that this paper has spent fourteen sections deriving,
validating, and measuring. The conventional income floor is adequate. /¢ is not geometric.

The question that Section 14’s certainty-equivalent analysis forces into the open is whether there
exists an institutional complement to the Personal Sinefine Portfolio that operates on the same
geometric principles but at a different scale, with a different time horizon, and with the capacity
to provide exactly what the individual Inverse EM Ladder cannot: an income floor that is itself
geometric. An income floor that does not merely prevent destitution during the transient states
identified in §14.3.1 but that grows, compounds, and connects every citizen to the same manifold
on which the individual investor navigates.

The answer requires recognizing a structural transformation in the global economy that the existing
literature has described but not connected to its institutional implications. As of February 2026,
eleven publicly traded companies have market capitalizations exceeding $1 trillion. NVIDIA’s
market capitalization of approximately $4.5 trillion exceeds the GDP of all but four nations.
Apple’s, at approximately $4 trillion, exceeds all but approximately five. Microsoft, Alphabet,
Amazon, Meta, Taiwan Semiconductor, Tesla, Broadcom, Berkshire Hathaway, and Walmart each
exceed the economic output of more than 170 of the world’s 195 countries. These are not
companies in the traditional sense. They are compounding entities whose scale rivals and exceeds
sovereign states, whose capital allocation decisions affect more lives than most national
legislatures, and whose chief executives meet with heads of state not as supplicants but as
economic peers. The Sinefine 13 Portfolio, derived in Section 6 from the spectral resolution of the
correlation matrix, consists precisely of companies that have achieved this competitive escape
velocity.
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The pattern is consistent with structural rather than cyclical dynamics. The compounding that will
define the economic future of every person on earth is occurring inside entities that most citizens
of most nations do not own, do not access, and in which they have no stake. A citizen of Portugal
or Chile or Bangladesh belongs to a geographic nation. But the compounding that will determine
whether their grandchildren live in prosperity or in stagnation is happening inside corporations
headquartered in Cupertino, Redmond, San Jose, and Mountain View. Citizenship in a geographic
nation, which was once sufficient to capture a person’s economic position in the world, is no longer
sufficient. The economic geography of the 21st century is not territorial. It is geometric. And the
geometry operates on a manifold to which most of the world’s population has no access.

The natural rejoinder is that broad market index funds already provide access to these
compounding entities. A citizen of any nation can, in principle, purchase a total-market index fund
and own a fractional share of every trillion-dollar company. But this confuses presence with
participation. An index fund distributes capital across thousands of companies, the vast majority
of which sit below the competitive escape velocity threshold derived in Section 6. The Spectral
Resolution Principle demonstrates that beyond approximately 15 positions at the relevant
correlation level, additional holdings are spectrally invisible to the deployment operator: they
dilute the geometric signal without adding resolved diversification channels. More fundamentally,
an index fund does not deploy through the EM Ladder. It does not escalate during drawdowns. It
does not harvest the behavioral premium. A passive index investor receives the market return. A
geometric investor, deploying through the Sinefine 13 Portfolio under EM Ladder rules, receives
the market return plus the behavioral premium that the Euler-Mehta Invariant quantifies. The
difference, compounded over decades, is the difference between owning a ticket to the manifold
and actually navigating it.

The Euler-Mehta Lifecycle Framework, as developed through Section 14, provides individual
access to this manifold for those who can invest. The Personal Sinefine Portfolio, accumulated
through the EM Ladder during working years and decumulated through the Inverse EM Ladder
in retirement, is a complete geometric lifecycle for one person. But the CE analysis proves that
this individual solution, no matter how mathematically optimal, is structurally incomplete. It
requires an income floor during extreme drawdowns that the individual portfolio cannot provide
without sacrificing the very mechanism that ensures its survival.

The institutional answer is a Sovereign Sinefine Wealth Fund: a national-scale vehicle that deploys
on the same manifold, through the same EM Sinefine Core Portfolio, under the same EM Ladder
rules, but with two structural advantages the individual cannot replicate.

First, the nation’s compounding horizon is infinite. The individual must eventually withdraw; the
Inverse EM Ladder manages that drawdown with geometric precision, but it is a drawdown
nonetheless. The nation never withdraws. Its time horizon, properly conceived, is literally
sinefine, without end, which means the geometry never stops working.

Second, the sovereign fund can provide the income floor that the individual Inverse EM Ladder
cannot: a Universal Sinefine Dividend, a Sinefine Savings Match, and Counter-Cyclical
Deployment that stabilizes citizen income precisely during the transient states where the individual
strategy compresses withdrawals toward zero.
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The personal and the sovereign are not alternatives. They are complements that together form
a complete sovereign geometric architecture. The Personal Sinefine Portfolio is the citizen’s
stake in the compounding economy. The Sovereign Sinefine Wealth Fund is the nation’s.
Together, they resolve the structural gap that Section 14 identified and measured: the individual
provides geometric growth; the institution provides the geometric floor. Neither is complete
without the other. The citizen who holds a Personal Sinefine Portfolio but lacks a sovereign
complement faces the income floor problem quantified by the CE analysis. The nation that
establishes a sovereign fund but does not encourage personal geometric participation misses the
individual discipline and behavioral alignment that the EM Ladder cultivates. The complete Euler-
Mehta architecture requires both scales operating on the same manifold.

In 2002, Daniel Yergin’s PBS documentary Commanding Heights, borrowing Lenin’s 1922 term
for the economic sectors the state must control, reframed it as the defining question of
globalization: who controls the economic high ground, the state or the market? A century later,
both frames are visible and both frames’ failures are visible. Lenin’s answer, total state control of
the commanding heights, produced the Soviet experiment and its collapse. The market answer, full
privatization and liberalization, produced extraordinary wealth creation alongside extraordinary
exclusion. Each was a binary frame. The historical record suggests that binary frames generate
binary failures. The ternary framework developed in this paper dissolves the question by revealing
that the commanding heights of the 21st century are not national industries to be seized or
privatized. They are global compounding entities that have outgrown the regulatory architecture
of any single nation. They are currently the ¢ companies of the 2020s and beyond.

The question is no longer who controls the commanding heights. The question is whether citizens
have geometric access to them at all. Euler-Mehta Financial Spacetime is permanent.

This section provides the mechanism for that access. The EM Per Capita Equation, the Three-
Tier Sinefine Distribution Model, and the Consumption-Compounding Economic Handshake
together constitute the institutional architecture by which every citizen of every participating
nation becomes a geometric participant in the compounding economy, not through redistribution
of existing wealth but through structured access to the behavioral premium that the Euler-Mehta
Invariant identifies and that no institution currently harvests for this purpose. The geometry does
not ask where you start.

It asks only that you start.

What works for a person across 60 years works for a civilization across centuries, with one critical
difference: the nation’s compounding never stops. The individual’s withdrawal strategy is the
Inverse EM Ladder. The nation’s distribution strategy is the Three-Tier Model derived below.
They are structurally parallel but temporally different, and that temporal difference is what makes
the sovereign architecture geometrically superior to any individual strategy. This bridge, from the
personal to the civilizational, is the Consumption-Compounding Economic Handshake.

All the pieces are now in view. The manifold is mapped. The accumulation strategy is validated.
The decumulation strategy is validated and its limitations are measured. The companies that
compound at civilizational scale are identified. The behavioral premium that funds the architecture
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is quantified. The institutional mechanisms that convert geometric growth into citizen welfare are
derived below. Humanity has everything it needs. What remains is the architecture, and the will
to build it.

§15.1 The Homecoming of e

The beginning of wisdom in sovereign institutional design is recognizing that the most
fundamental constant of compound growth has never been used to design the institutions that
compound sovereign wealth. e was discovered in the context of compound interest. Jacob
Bernoulli found it in 1683 by asking: what happens if you compound more and more frequently?
If you invest one dollar at 100% annual interest, compounded » times per year, and let n approach
infinity, you get e dollars. The number was born from a curious question in finance.

Then mathematics took it away: e became the base of the natural logarithm, the eigenfunction of
differentiation, the heartbeat of quantum mechanics and thermodynamics and population
dynamics. It became so fundamental to so many fields that its financial origin was treated as a
quaint historical footnote. The field that gave birth to e seems to have forgotten it entirely.

Consider what modern finance uses instead. Personal finance offers heuristics and rules of thumb:
save 15% of your income, withdraw 4% in retirement, hold a 60/40 portfolio. The 4% rule is an a
posteriori empirical observation from the Trinity Study (Cooley et al., 1998) about historical U.S.
equity returns, not a structural relationship. Mean-variance optimization depends on estimated
parameters that shift constantly. None of these conventions is anchored to a mathematical constant.
None is scale-free. None works identically for $25,000 and $2,500,000 without recalibration.

Sovereign finance is no better: interest rates set by central bank policy discretion, sovereign wealth
fund contribution rates determined by whatever resource revenue happens to flow, Norway’s fund
sized by petroleum rather than by any structural principle, Alaska’s Permanent Fund Dividend
formula amended, frozen, and contested repeatedly. Euler’s number e appears nowhere in the
design, despite being the literal mathematical limit of compounding. Why?

Two forces explain this absence. The first is disciplinary fragmentation. The people who
understand e deeply are mathematicians and physicists. The people who design financial products
are bankers, actuaries, and regulators. The people who set fiscal policy are economists and
politicians. These groups do not share intellectual space. A mathematician would never ask “what
is the optimal sovereign contribution rate?” and a finance minister would never ask “what does
Euler’s number imply about institutional design?” The question has never been asked because it
sits at the intersection of disciplines that do not speak to each other.

The second force is the EMI itself. The reason e has not been used as the basis of sovereign design
is the same reason the Euler-Mehta Invariant exists: humans are not wired for exponential
thinking. Loss aversion (A =2.25) makes us overweight the present. Fear asymmetry (FAR = 2.50)
makes us flee from exactly the moments when Patient Capital is most rewarded. Overconfidence
(O = 1.31) makes us believe we can time markets better than a constant can. These multiply to e?
with 0.27% error. The irrationality that prevents us from using e is itself measured by e. The
obstacle and the solution are the same number.

A natural objection arises: if e has governed compounding since Bernoulli, why does the
institutional architecture appear now? The answer is empirical, not mathematical. The Sinefine 13
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Portfolio requires companies whose market capitalizations cross the e = 15.15% geometric
threshold, the boundary the main paper identifies as Competitive Escape Velocity, where Porter’s
(1979) Five Forces exhaust themselves against exponential separation. No such company existed
before August 2, 2018, when Apple became the first publicly traded company to reach a market
capitalization of $1 trillion, approaching the e threshold. The mathematical framework was always
available. The empirical precondition was not. The EM Framework appears now because the
companies it requires appeared first. The author asked: “what does the existence of trillion-dollar
companies mean for markets and for society?"

The empirical counterweight to this theoretical claim already exists. The five sovereign Nordic
nations, with a combined population of 28 million, have accumulated sovereign and pension
wealth exceeding $3.5 trillion, including Norway’s $2.23 trillion Government Pension Fund
Global, the world’s largest sovereign wealth fund at nearly $400,000 per citizen. The European
Union, with 450 million citizens and 17 times the population, has accumulated zero at the
supranational level. The Nordic institutions embody several of the framework’s core principles
perfectly: long time horizons, equity orientation, intergenerational mandates, and institutional
patience. What they do not do is concentrate equity exposure on companies above geometric
competitive thresholds, deploy counter-cyclically through an EM Ladder mechanism, or apply the
Coffee Can accumulation constraint. Norway’s GPFG distributes its equity allocation across
approximately 7,200 companies in 70 countries; the Spectral Resolution Principle prescribes.
N* = 15. The Nordic model demonstrates what partial geometric alignment achieves. The EM
Framework specifies what full alignment would add.

Section 10 introduced the Behavioral Capture Ratio n to measure how much of the geometric
premium any investor or institution captures. The Sovereign Sinefine Wealth Fund is the
institutional architecture designed to maximize n at civilizational scale, by embedding the
geometry into the structure itself so that no individual participant needs to understand it, resist their
biases, or exercise financial discipline. The citizen does not need to understand e. The citizen
receives a deposit in their account. The understanding is in the structure, not in the participant.
This is the physician’s posture applied to institutional design: you do not ask the patient to perform
their own surgery. You build the operating room correctly and let the procedure work.

The EM Per Capita Equation is not an invention. It is a homecoming.

§15.2 The EM Quadratic Constant

The entire sovereign architecture is governed by a single mathematical constant, the EM Quadratic
Constant:

Ev=e(e—1)=4.6708...

In plain language: multiply Euler’s number (e = 2.7183) by one less than itself (e — 1 = 1.7183).
The result appears everywhere in the framework: it is the percentage of GDP that seeds the fund
in Year 1, the percentage of fund value distributed to citizens each year, and the rate at which the
geometry creates and shares wealth. Input equals output. The geometry is self-funding.

The connection to the EMI is precise. The EMI is € = 7.3891, the product of the three cognitive
biases (A x FAR x O =2.25 x 2.50 x 1.31). The EM Quadratic Constant is &y = > — e = e(e — 1).
It is the institutional bridge between the invariant’s diagnosis and the citizen’s dividend. The EMI
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diagnoses the disease. &v prescribes the treatment. Where the EMI tells us that human cognition
multiplies resistance to intergenerational institution-building by a factor of €%, the EM Quadratic
Constant tells us the precise rate at which an institution, designed to work with that cognition rather
than against it, can harvest and distribute geometric wealth.

§15.3 The Euler Absorption Constant
Every allocation decision in the framework is governed by a second constant derived from e:
(1-¢)=0.6321=63.21%

This is the integral of the exponential decay function from 0 to 1: the cumulative distribution
function of the exponential distribution evaluated at its own natural scale. When a system absorbs
what it can and lets the rest pass through, the fraction captured in one natural cycle is always
63.21%. This is e measuring its own absorption rate.

The constant emerges independently from optimal stopping theory. The Secretary Problem asks:
how do you hire the best candidate from » applicants, interviewed one at a time, with immediate
hire-or-reject decisions and no callbacks? The mathematically optimal strategy is to skip the first
n/e candidates as a calibration phase, then hire the first candidate who exceeds all previously
observed. The fraction of information you must absorb before acting is (1 — 1/e) = 63.21%. The
optimal stopping point and the optimal allocation fraction are the same number.

The framework does not choose this constant. It asks the same structural question at every level of
the architecture, and (1 — e ) is the only answer that is simultaneously optimal at all of them. On
the contribution side, it governs the split between the initial endowment (63.21% of Year 1, the
observation phase that compounds for full duration) and ongoing dollar-cost averaging (36.79%,
the action phase arriving incrementally). On the distribution side, it governs the split between Tier
1 (63.21% of distributable flow, immediate and unconditional) and Tiers 2 and 3 (36.79%,
conditional and deferred). The absorption cascade is:

Table 15.1. The Euler Absorption Cascade: three-tier distribution shares derived from
optimal stopping theory.

Level Expression Share
Level 0 capture (Endowment / Tier 1) 1—e¢" 63.21%
Level 1 capture (Tier 2) e(l—e) 23.25%
Level 2 residual (Tier 3) e’ 13.53%
Total 100.00%

The same absorption function (I — e') governs both contribution (endowment capture) and
distribution (Tier 1 capture). The architecture is a mirror: the way the nation contributes to the
fund is structurally identical to the way the fund distributes to citizens.
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§15.4 The Consumption-Compounding Economic Handshake

The global economy rests on two fundamental activities: consumption and compounding.
Consumption is the act of using goods and services to sustain and enrich human life. Compounding
is the act of reinvesting returns to generate exponentially growing wealth over time. In the current
institutional architecture, these two activities are separated by walls of access, intermediation, and
institutional design. Consumption is universal: every human being consumes. Compounding is
restricted: only those with access to financial markets, investment vehicles, and sufficient surplus
beyond subsistence can compound.

This separation is not a law of nature. It is a consequence of institutional architecture. A garment
worker in Dhaka consumes the products of global commerce but does not compound from the
enterprises that produce them. A nurse in Romania consumes but does not compound at geometric
rates. The economic activity of consumption, the daily participation of billions of human beings
in the global market, generates the revenue that the world’s most productive companies convert
into geometric growth.

Yet the people whose consumption generates this growth are not connected to the compounding it
produces. They provide the demand. They do not share equitably in the prosperity that the
geometry gives.

This is the previously undiagnosed structural mechanism by which poverty reproduces itself even
when other conditions improve. A nation can build schools, establish rule of law, and develop
infrastructure, and still watch its citizens excluded from geometric wealth creation because no
current institution connects their consumption to the compounding it generates. The diagnosis is
not an indictment of the architecture that produced this separation. It is a recognition that the
architecture is incomplete.

Adam Smith identified in 1776 the mechanism through which individual self-interest produces
collective prosperity. The butcher, the brewer, and the baker provide dinner not from benevolence
but from regard to their own interest. Smith’s invisible hand works through a specific medium: the
market itself, with its prices, signals, and competitive pressures. What Smith’s invisible hand lacks,
250 years after its articulation, is a seamless medium that links sovereign capital to corporate
compounding to citizen welfare at planetary scale. The citizen in Dallas benefits from
compounding through a 401(k) plan. The citizen in Oslo benefits through the Government Pension
Fund Global. But the citizen in Dhaka, in La Paz, in Ulaanbaatar, in Suva has no institutional
connection between their nation’s sovereign resources and the geometric compounding of the
world’s most productive enterprises. The invisible hand operates, but its benefits are distributed
along channels that exclude the majority of humanity. This exclusion is not an indictment of the
architecture that produced it. It is a compassionate diagnosis.

A Sovereign Sinefine Wealth Fund with direct citizen dividends provides the missing medium.
The resource it harvests is the behavioral premium itself. Norway’s Government Pension Fund
Global was seeded by petroleum revenue, a geological windfall concentrated beneath the North
Sea. The Sovereign Sinefine Wealth Fund is seeded by the ¢? = 7.39% premium generated by the
cognitive biases of billions of global market participants, a resource that is, like petroleum,
genuinely additional to the fiscal base, but unlike petroleum, is non-depletable, universally
available, and requires no geological accident to access. Norway’s GPFG now generates more
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annual income for its 5.6 million citizens than oil and gas production itself. The behavioral
premium does not require oil, rare-earth minerals, or pharmaceutical patents. It requires only the
institutional architecture to harvest it. The fund connects sovereign capital (the nation’s
commitment) to corporate compounding (the Sinefine 13 Portfolio’s geometric growth) to citizen
welfare (the Three-Tier distribution reaching every household) in a single institutional
architecture. The citizen consumes, generating revenue for the companies in the Sinefine 13
Portfolio. The companies compound, generating returns for the sovereign wealth fund. The fund
distributes surplus, increasing the citizen’s capacity to consume and save. The increased
consumption generates further revenue. The further revenue generates further compounding.

Consumption and compounding become a continuous loop rather than two disconnected activities
performed by different populations.

This is the Consumption-Compounding Economic Handshake: the moment when the person
who buys the product and the portfolio that holds the company are connected through the same
institutional architecture, so that the act of living (consuming) and the act of building wealth
(compounding) reinforce each other across generations. The handshake is not metaphorical. It
is a specific institutional mechanism with quantifiable effects. Self-interest, channeled through
geometric institutional architecture, produces mutual benefit at every level. No level requires
benevolence or taking from another. Every level requires only the geometry of Euler-Mehta
Financial Spacetime.

The hinge between Section 14 and this section is precisely this handshake. What works for a person
across 60 years works for a civilization across centuries. The individual must eventually spend
down. The nation never does. The Inverse EM Ladder is the individual’s withdrawal strategy.
The Three-Tier Sinefine Distribution Model is the nation’s. They are structurally parallel but
temporally different, and that temporal difference is what makes the sovereign architecture
geometrically superior: the nation’s compounding horizon is literally Sinefine, without end, which
means the geometry never stops working.

§15.5 The Complete Equation

The Euler-Mehta Per Capita Equation specifies every dollar in two waterfalls: how the nation
contributes to the fund, and how the fund distributes to citizens. Every ratio in both waterfalls is e
or (e — 1). No other constants appear.

§15.5.1 The Contribution Waterfall (Nation to Fund)

Year 1 National Commitment = (&v / 100) X GDP =4.671% of GDP

This Year 1 commitment splits according to the Euler absorption constant:
Endowment = (1 — e )(&m / 100) x GDP = 2.952% of GDP (63.21% of Year 1)
Year | DCA = (&m/ 100e) x GDP = 1.718% of GDP (36.79% of Year 1)
Years 2+ Annual DCA = (ém / 100e) x GDP = 1.718% of GDP

Weekly Monday DCA = (ém / 5200e) x GDP
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The weekly Monday deployment is the micro-scale expression of the EM Ladder philosophy: enter
when sentiment is weakest because prices are most likely below intrinsic value. Academic
literature finds the weekly-versus-monthly advantage modest in percentage terms, but on
sovereign-scale portfolios, a few basis points annually compound to billions over 25 years across
1,300 entry points.

§15.5.2 The Distribution Waterfall (Fund to Citizens)

Annual Surplus Extraction = (v / 100) X Fund Value = 4.671% of fund
This surplus splits into a cash retention and a distributable flow:
Superposition Cash Retention = (1/&wm) % Surplus =21.41%

Distributable Flow = (1 — 1/é&wm) % Surplus = 78.59%

The distributable flow reaches citizens through three tiers, all tax-free:
Tier 1: Universal Sinefine Dividend = (1 — ¢ ) x Distributable = 63.21%
Tier 2: Sinefine Savings Match = (¢ — ¢”) x Distributable = 23.25%
Tier 3: Counter-Cyclical Distribution = ¢ x Distributable = 13.53%

All three tiers are tax-free. This is logical necessity, not policy preference. The source is not
income; it is returns on sovereign capital. The behavioral premium is wealth harvested from
irrational market participants worldwide, wealth that currently benefits no one. Taxation would
undermine the constituency effect, the margin between visibility and invisibility that makes the
fund politically durable. The Alaska Permanent Fund Dividend precedent confirms the principle:
the state does not tax its own distribution.

§15.5.3 Geometric Relationships
Every ratio in the system is e or (e — 1). No other constants appear anywhere:

Table 15.2. Every ratio in the sovereign architecture is e or (e — 1).

Ratio Value

Year 1 Total / Annual DCA e=2.7183
Endowment / Annual DCA e—1=1.7183
Tier 1/ Tier 2 e=2.7183
Tier 2 / Tier 3 e—1=1.7183

Contribution rate = Distribution rate Ev%
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The contribution rate and the distribution rate are the same number applied to different bases. The
nation contributes &y% of GDP. The fund distributes Ew% of fund value. This symmetry is not
designed. It is a property of e(e — 1).

§15.5.4 The 25-Year Commitment Formula

Total 25-year commitment = &w(e + 24) / (100e) x GDP = 45.91% of GDP over 25 years
Average annual commitment = 1.836% of GDP

General n-year formula: &wvle + (n — 1)]/ (100e) x GDP

At approximately 1.8% of GDP per year, the commitment is smaller than most nations’ defense
budgets, smaller than most health expenditures, and smaller than the fiscal cost of most recessions.
The geometry asks for a modest input and delivers a disproportionate output because of what
happens between contribution and distribution: the EM Ladder’s behavioral premium compounds
the corpus while the market return grows it independently.

§15.6 The Sovereign Scaling Constant

The EM Per Capita Equation contains exactly one free parameter: the Sovereign Scaling
Constant, §. Everything else in the system is determined by e. The constant S determines the
amplitude of the commitment while &wv determines the architecture.

Table 15.3. Sovereign Scaling Constant § and its impact on sovereign commitment across
three calibration levels.

Level Name Annual DCA  Avg/yr (25yr) Year 7 impact Year 25 impact
S§=1  Geometric 1.718% GDP  1.836% GDP  ~0.5-0.9% ~4.7-8.5%
Floor

S=e Harmonic éEn% GDP 4.99% GDP ~1.5-2.5% ~12.9-23%
Resonance

S=3 Sovereign 5.154% GDP  5.509% GDP ~1.6-2.8% ~14.2-25%
Ambition

At S = e (the recommended default), a remarkable simplification occurs. The annual DCA formula
becomes:

Annual DCA =e x (ém/ 100e) x GDP = é&m / 100 x GDP = é&m% of GDP
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The e in the numerator (the sovereign’s choice) cancels the e in the denominator (Euler pass-
through). The annual contribution becomes a pure expression of &w with no residual divisor. This
means:

Annual contribution as % of GDP = &%
Annual distribution as % of fund value = &m%

These are the same number applied to different bases. The system breathes at a single frequency:
éwm. There is a mathematical harmony between input and output that no other value of § produces.
Only at § = e do the two rates become identical expressions of the same constant. This is the
Harmonic Resonance S = e.

The fiscal magnitude is tractable. Norway’s GPFG petroleum revenue has ranged from 8 to 15%
of GDP in peak years. Singapore’s CPF captures 37% of wages. South Korea’s industrial policy
investment averaged 5 to 7% of GDP during its development decades. U.S. defense spending is
approximately 3.4% of GDP. At § = e, a nation invests less than 5% of GDP annually, a
commitment well within the range that sovereign economies have sustained for other purposes.
The default recommendation is § = e for any nation serious about sovereign wealth as a
generational project.

The Sovereign Scaling Constant serves a philosophical function beyond its mathematical role. Sen
(1999) has argued consistently that development requires agency, that democratic deliberation
within each community must determine institutional priorities, and that technocratic prescription,
however well-designed, is incomplete without the consent and participation of those it serves. The
EM Framework's answer to this objection is structural: the geometry determines the architecture,
but S’is the democratic parameter.

A nation's legislature chooses S. That choice expresses the nation's willingness to commit, its fiscal
capacity, and its generational ambition. At § = 1, the commitment is modest and the results are
real but gradual. At § = e, the commitment is larger and the Harmonic Resonance produces the
cleanest mathematical structure. At S = 3, the ambition is sovereign. The geometry does not choose
for the nation. It shows the nation what each choice implies and lets the democratic process decide.
The citizen's agency is expressed not only through the receipt of Sinefine dividends but through
the political choice to build the institution in the first place. § = 1 remains valid for nations in early
institutional development or fiscal constraint.

At § = e, the sovereign’s choice and Euler’s number are the same.

§15.7 Monte Carlo Validation

To test the equation’s universality, the framework is applied to three nations spanning the full
range of economic development: Norway (GDP per capita $99,273), Poland ($22,158), and
Bangladesh ($2,706). If the equation is truly scale-free, the dividend as a fraction of GDP per
capita should be identical across all three countries, year by year. The simulation parameters are:
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Sinefine 13 global equity portfolio. 10,000 independent market paths, 25-year horizon. Monthly
mean return: 0.833% (10% annual). Monthly standard deviation: 4.45% (15.4% annual volatility).
EM Ladder behavioral advantage: 4.67% annual. Country-specific volatility scaling: Norway 1.0,
Poland 1.15, Bangladesh 1.25. Approximately 3 to 4 economic crises per path.

All nations contribute identical percentages at S = 1 (Geometric Floor):

Table 15.4. Scale-free sovereign contributions at $ =1 (Geometric Floor) for three economies.

Country Endowment Annual DCA 25yr Total
Norway $16.1B $9.4B/yr $250.7B
Poland $24.9B $14.5B/yr $386.6B
Bangladesh $13.6B $7.9B/yr $211.2B

Table 15.5. Year 25 Results (Median, Family of 4, S = 1):

Country Monthly/family % avg monthly Fund value Fund multiple
income

Norway 17,633 NOK 8.48% $1.16T 5.5%

Poland 1,420 PLN 4.73% $1.69T 4.4x

Bangladesh 4,744 BDT 7.91% $885.6B 4.2%

The critical result: the dividend as a percentage of GDP per capita is identical across all three
countries year by year. Maximum variance never exceeds +0.03 percentage points. Slight
differences arise solely from country-specific volatility scaling, not from the equation itself. The
equation is perfectly scale-free. It does not need to know the country. It needs only to know &wm.

At § = e (Harmonic Resonance), all dollar amounts multiply by e = 2.7183. All percentages and
ratios remain unchanged. Poland at Year 25: 3,861 PLN per month per family (12.9% of average
monthly income). Bangladesh at Year 25: 12,898 BDT per month per family (21.5% of average
monthly income). The geometry does not discriminate by wealth.

It compounds identically for every nation that commits to it.
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§15.8 Does a Little Bit Go a Long Way?

The question that the Monte Carlo results answer is not whether the equation works. It is whether
a modest commitment, sustained with geometric discipline, produces consequential results. The
answer can be traced through three horizons.

Year 7. At § = 1, a family of four in Poland receives 162 PLN per month. In Bangladesh, 558
BDT. These are small amounts. They do not transform a household budget. But they are visible.
The citizen knows the fund exists because money appears in their account. The constituency begins
to form. The political durability of the fund depends on this visibility: once citizens have received
even a modest dividend, the cost of dismantling the fund becomes personally calculable for every
voter. The Polish precedent, in which the political class dismantled the Open Pension Fund system
by transferring PLN 153 billion in citizen assets to the state budget, illustrates what happens when
a wealth-building institution lacks the constituency that direct dividends create.

Year 15. The dividend crosses from supplementary to structurally important. At § = 1, a Polish
family receives 484 PLN per month (1.61% of average monthly income). At S = e, that figure rises
to 1,316 PLN (4.39% of average monthly income). In Dhaka, a garment worker’s family receiving
their first deposit in Bangladesh at § = e, 4,465 BDT per month per family (7.44% of average
monthly income). By Year 15, the fund is no longer an experiment. It is an institution. The
constituency is not forming; it has formed. The political cost of reducing the dividend exceeds the
political benefit of any alternative use of the capital.

Year 25. At § = e, a Bangladeshi family of four receives 12,898 BDT per month, 21.5% of average
monthly income. A Polish family receives 3,861 PLN per month, 12.9% of average monthly
income. The fund values have grown to multiples of total contributions: 4.2 to 5.5 times, depending
on the country’s volatility profile. The distributions have not eroded the corpus. They have been
paid, in a precise mathematical sense, by the behavioral premium alone.

The question was whether a little bit goes a long way. The answer: at 1.8% of GDP per year,
sustained for 25 years with geometric discipline, every citizen of every participating nation
receives a meaningful, visible, growing dividend from a fund whose corpus continues to
compound. The equation is the same for Norway and Bangladesh, for Poland and for any nation
that has not yet built the institution. The geometry does not ask where you start.

It asks only that you start.

§15.9 The Self-Funding Proposition

The claim that the distributions are “free” requires formal justification. The following proposition
states the conditions under which the behavioral premium exactly finances the distribution to
citizens, leaving the corpus to compound at the full underlying market rate.
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Proposition 15.1 (Self-Funding). Let R, denote the annual market return on the Sinefine 13
Portfolio, and let Rem = Rim + &M% denote the total return achieved under EM Ladder deployment,
where the additive term &m% is the annualized behavioral premium. Let D = &m% X F( denote the
annual distribution. Then:

Fit = F(1 + R + %) — Dy = Fy(1 + Rin + Em% — Em%) = Fi(1 + Ru)

The behavioral premium and the distribution rate cancel exactly because they are both equal to
éw%. The fund’s corpus grows at the underlying market rate Ry, as if no distributions were ever
made.

Two assumptions are required. First, the behavioral premium must be additive to the market return
and realized on the same base as the distribution. The EM Ladder’s mechanism, counter-cyclical
deployment during drawdowns, generates this premium through price improvement at entry rather
than through a separate income stream, and it accrues to the same portfolio from which
distributions are drawn. Second, the premium must persist at or above &m% over the fund’s
horizon. The historical evidence across 123 years of global equity data (Dimson, Marsh, and
Staunton, 2002) and the 10,000-path Monte Carlo validation of Section 14 support this assumption,
but the proposition’s validity is conditional on its continuation.

If the behavioral premium falls below &w%, distributions partially consume the corpus. If it
exceeds Em%, the surplus compounds beyond the market return, further accelerating fund growth.
The Monte Carlo simulations of §15.7, which model variable premiums across 10,000 paths
including approximately 3 to 4 crises per path, show median fund multiples of 4.2 to 5.5 times
total contributions at Year 25, confirming that the self-funding mechanism holds in expectation
across realistic market environments. The proposition is not a guarantee. It is a structural
relationship that holds when the behavioral premium equals the distribution rate, as the
EM Framework predicts and the simulations confirm.

§15.10 The Ternary Path: From Binary Resistance to Geometric Participation

The mathematics of §15.1 through §15.9 and the distribution architecture are necessary but not
sufficient. Every nation that has attempted sovereign wealth reform has encountered the same
obstacle: the political economy of transition. Existing stakeholders, whether political leaders,
financial intermediaries, international institutions, or domestic rent-seekers, perceive structural
reform as a threat to their position. The resulting resistance is not irrational. 1t is the predictable
response of agents protecting their livelihood, influence, and status under the cognitive architecture
that the EMI describes. The question is not whether resistance will emerge.

It is whether the EM Framework’s design can convert that resistance into participation.

The history of development economics illustrates the cost of failing to ask this question. Structural
adjustment programs of the 1980s and 1990s presented a binary choice: accept austerity or lose
access to international capital. Privatization programs presented another binary: state ownership
or market ownership. Bolivia’s 1985 stabilization (Sachs, 2005) successfully ended 24,000%
hyperinflation, a genuine achievement, but the binary framework within which the program
operated offered no third path for the 23,000 COMIBOL miners who lost their livelihoods. Their
displacement to the Chapare, their turn to coca cultivation, and the political movement that
reshaped Bolivian governance for four decades were the predictable consequences of a reform
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architecture that solved the macroeconomic equation while leaving the human one unaddressed.
The lesson is not that reform was wrong but that binary reform is incomplete: it treats the acute
symptom while creating a chronic condition.

The intellectual trajectory illuminates the evolution. Jeffrey Sachs learned in Bolivia (1985) that
stabilization without inclusion produces backlash. He learned in Poland (1989) that stabilization
with liberalization produces growth but not equitable wealth creation. Poland’s pension reform of
1999, modeled on World Bank recommendations, created Open Pension Funds (OFE) managing
PLN 300 billion by 2013, the most ambitious attempt at funded pension wealth in Central Europe.
Then the government, facing fiscal pressure, transferred PLN 153 billion in citizen assets to the
state budget, reducing measured public debt overnight while providing no new resources to the
economy. Only 2.5 million of 14 million eligible persons chose to remain. By the time Sachs
published clinical economics, treating each economy as a unique patient requiring specific rather
than universal prescriptions, the EM Framework’s physician’s posture was already latent in the
evolution of his thought. The framework completes the arc: clinical economics asks what specific
barriers prevent self-sustaining growth. The EM Framework provides the geometric answer.

The Euler-Mehta Framework rejects binary thinking entirely.

The Investor Irrationality Theorem itself demonstrates that the binary framing of “rational
versus irrational” investors obscures the deeper truth: that irrationality is not a defect to be
eliminated but a structural feature that generates a harvestable premium. The same principle
applies to political economy. The binary framing of “reformers versus incumbents” obscures a
simple truth: that incumbents are not obstacles to be defeated but stakeholders whose
participation strengthens the institutional foundation.

Ternary thinking does not compromise between two positions. It discovers a third position that
serves all parties through a mechanism that the binary framework could not see. The Sovereign
Sinefine Wealth Fund is designed as a ternary institution at every level.

The politician’s geometric incentive. Politicians operate under electoral time horizons of four to
six years. A Sovereign Sinefine Wealth Fund that matures over 25 years is, in the binary framing,
a political gift to a future administration. The ternary solution addresses this mismatch: the Tier 1
Universal Sinefine Dividend begins in Year 1. The founding government is the government that
gave every citizen a dividend. The fund compounds. The citizens receive. The founding
government takes credit. Constitutional corpus protection ensures that the founding leader’s name
is permanently associated with the institution, regardless of which party governs subsequently,
creating a legacy that transcends electoral cycles.

The financier’s geometric role. Domestic financial sectors perceive international sovereign
investment as a direct threat. The fernary solution transforms them from opponents to beneficiaries
through four mechanisms: the Tier 2 Sinefine Savings Match creates massive new deposit flows
through domestic banks. The Three-Tier Sinefine Distribution Model requires payment processing,
account maintenance, and financial literacy services contracted to domestic institutions.
Superposition Cash reserves are held in domestic money market instruments. And the fund creates
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a new professional ecosystem of EM Adherence monitoring, geometric reporting, and behavioral
governance consulting that generates higher-value financial sector jobs.

The fund’s architecture addresses the specific failure mode that destroyed Poland’s OFE (Chilon-
Dominczak, 2018). The OFE held domestic government bonds, creating a fiscal optical illusion:
the government was simultaneously the debtor (issuing the bonds) and the guarantor (backing the
pension system that held them). When fiscal pressure mounted, the bonds were simply transferred
from private accounts to the state-run ZUS, eliminating PLN 153 billion in measured public debt
overnight.

The Sinefine 13 Portfolio’s international equity allocation makes this seizure mechanism
structurally impossible. The fund holds shares of Apple, NVIDIA, Microsoft, and Berkshire
Hathaway, not domestic government bonds. No government can transfer shares of Apple to a
notional ledger entry. Constitutional corpus protection, requiring a supermajority exceeding what
an ordinary legislative majority could muster, prevents political liquidation. And direct citizen
dividends from Year 1 create the constituency that the OFE never had: the political cost of
dismantling the fund becomes personally calculable for every voter who receives a monthly
deposit.

The international institution’s geometric mandate. The World Bank, the IMF, and regional
development banks perceive the EM Framework as a threat to their raison d’étre. The ternary
solution converts this threat into an enhanced mandate: the World Bank’s expertise in institutional
governance design becomes essential for structuring legal frameworks. The IMF’s macroeconomic
surveillance ensures fund contributions do not compromise fiscal stability. International
consultancy firms transition to specialized EM Adherence monitoring and geometric reporting.
The behavioral premium of the EMI ¢* = 7.39%, compounded over sovereign time horizons,
generates wealth sufficient to compensate every participant in the ecosystem.

The geometry is abundant. There is room for everyone at the table.

The citizen’s geometric stake. The Tier 1 Universal Sinefine Dividend transforms every citizen
into a stakeholder (Schwab, 2021). Popular energy shifts from demanding redistribution of existing
wealth (zero-sum, politically divisive, fiscally unsustainable) to demanding protection and
expansion of the geometric engine (positive-sum, politically unifying, fiscally self-sustaining). The
Permanent Fund Dividend transformed Alaskan politics: no governor, of any party, has dared to
eliminate the PFD since its establishment.

The Ternary Stakeholder Matrix captures this logic in a single principle:
binary concerns become ternary solutions that yield geometric gain.

A note of epistemic realism. The Ternary Stakeholder Matrix is an innovation in the political
economy of sovereign institutional design. /¢ is not a guarantee. Acemoglu and Robinson (2012)
have demonstrated that inclusive institutions can be captured, subverted, or hollowed out by the
very political dynamics they were designed to resist, and that no constitutional protection is
stronger than the political culture that sustains it. The Alaska Permanent Fund Dividend has
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survived four decades of political pressure. Poland's OFE did not survive two. The difference is
constituency: Alaskans receive a check and defend it; Polish citizens held notional pension
accounts they never saw. The Euler-Mehta (EM) Framework Sinefine architecture is designed to
create the Alaskan dynamic at sovereign scale through direct, visible, monthly dividends from
Year 1. But no institutional design eliminates the possibility of capture. What the EM Framework
provides is the architecture that makes capture maximally costly to the political actor who attempts
it. What it cannot provide is the certainty that no actor will pay that cost.

Governance is not perfected.
1t is practiced in the institutions and peoples it serves.

What exists is the difference between architectures that make institutional preservation the path of
least resistance and architectures that do not. The Ternary Stakeholder Matrix belongs to the
former category. Its success depends on implementation, political culture, and the passage of
enough time for the constituency to form. The geometry provides the blueprint. The building is
human work.

In a system where the resource being harvested is currently captured by no one, every participant
can gain without any participant losing. Binary thinking assumes a fixed pie: what one party
gains, another must lose. Ternary thinking recognizes that the EM Framework creates a new pie,
baked from ingredients (behavioral biases) that were previously discarded. The politician gains
legacy. The banker gains deposits. The consultant gains mandates. The citizen gains dividends.
The opposition gains an institution too popular to dismantle. Nobody loses, because nobody
currently possesses what the fund captures.

§15.11 The Behavioral Capture Ratio at Civilizational Scale

Section 10 defined the Behavioral Capture Ratio n as the fraction of the ¢? premium that an
investor or institution actually harvests. Section 12 calibrated it against Anne Scheiber’s 51-year
record: a retired IRS auditor who, without knowing the framework, achieved n = 0.91 by holding
concentrated equity positions through every drawdown for half a century, turning $5,000 into $22
million.

The Sovereign Sinefine Wealth Fund is designed to push n toward its theoretical maximum through
four structural mechanisms.

First, constitutional corpus protection eliminates the possibility of political liquidation, the failure
mode that reduced Poland’s OFE to 1 = 0 when PLN 153 billion in citizen assets were transferred
to the state budget.

Second, autonomous EM Ladder deployment under algorithmic rules removes discretionary
override, ensuring that counter-cyclical capital deployment occurs mechanically during
drawdowns when human judgment is most impaired by the EMI’s fear asymmetry.

Third, the accumulation-only Coffee Can constraint prevents selling during drawdowns, the single
behavior that transfers out more geometric value than any other.
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Fourth, the Three-Tier Sinefine Distribution Model creates a political constituency that makes
institutional preservation the path of least resistance for every future government.

What n does the geometric Sinefine fund achieve? The EM Framework’s design eliminates every
identified source of n degradation: panic selling (removed by the Coffee Can constraint),
discretionary timing (removed by algorithmic EM Ladder deployment), political liquidation
(removed by constitutional protection), and fee erosion (minimized by the Sinefine 13 Portfolio’s
concentration in 13 to 15 positions). A structurally insulated sovereign vehicle operating under
these four constraints approaches the theoretical ceiling of n = 0.90 to 0.95. This exceeds the
GPFG’s estimated = 0.55 to 0.65 because Norway’s fund deploys conventionally: broad market
indexing across 7,200 companies without EM Ladder counter-cyclical escalation, without
geometric concentration on the companies above competitive escape velocity, and without the
distribution architecture that creates political irreversibility. A Norwegian Sinefine complement,
ring-fenced at 2 to 3% of total GPFG assets, would target n > 0.80, adding concentrated geometric
capture while preserving every institutional advantage Norway has built. The residual gap between
1n = 0.95 and n = 1.00 reflects irreducible frictions: transaction costs, rebalancing costs across the
Sinefine 13, and the inevitable imprecision of any real-world implementation of an idealized
geometric rule.

The civilizational implication is direct. The difference between n = 0 (the retail investor) and n =
0.90 (the sovereign Sinefine fund), compounded over 25 years on a sovereign-scale corpus, is the
difference between the current institutional architecture, in which the ¢? premium is unharvested,
and the proposed architecture, in which it is harvested and distributed to every citizen. The
Behavioral Capture Ratio is not merely a portfolio metric. It is a measure of civilizational
efficiency in converting human cognitive architecture into human financial security.

§15.12 The Sovereign Wealth Fund Conjecture

The EM Per Capita Equation answers the architectural question: how should a Sovereign
Sinefine Wealth Fund be structured? But a prior question remains: why do most nations not possess
one? Over 190 nations exist. Fewer than 50 have sovereign wealth funds of any kind.

The answer is the EMI operating in the political domain. In financial markets, the EMI invariant
e? = 7.39 generates the behavioral premium: the excess return available to Patient Capital that
deploys mechanically during drawdowns while impatient capital, driven by the three biases, sells
at precisely the wrong moment. In political institutions, the same three biases generate institutional
resistance. Loss aversion ensures that the cost of fund capitalization, setting aside resources that
could generate immediate constituent benefit, is felt at a magnitude disproportionate to its actual
fiscal impact. Fear asymmetry ensures that the downside scenario ( “what if the fund loses money
and I am blamed”) dominates the politician’s risk assessment. Overconfidence ensures that the
politician believes, with genuine conviction, that discretionary allocation of the same resources
will produce better outcomes than autonomous compounding.

The cognitive architecture that creates the behavioral premium simultaneously creates the
institutional resistance to harvesting it. The biases are not experienced as biases. They are
experienced as prudence: “We need that money for schools.” “We cannot afford to lock up
capital.” “What if markets crash?” The investor irrationality that makes the premium available
is the same irrationality that prevents the institution from being built. The EMI is self-concealing.
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This produces three categories in the global landscape. Category I: nations with no sovereign
wealth fund, including the United States, Poland, India, and the majority of the world’s economies.
The binary frame prevents the institution from emerging. Category II: nations with sovereign
wealth funds that deploy conventionally, including Abu Dhabi’s ADIA, China’s CIC, and even
Norway’s GPFG. These funds have escaped the political equilibrium sufficiently to accumulate
capital, but their investment architecture remains within non-geometric, conventional assumptions
about diversification and risk management. Category IIl: Sovereign Sinefine Wealth Funds
deploying geometrically through the Sinefine 13 Portfolio under EM Ladder rules with direct
citizen dividends. As of this writing (March 2026), Category III is empty. The Ternary
Stakeholder Matrix of §15.10 provides the mechanism for populating it.

The European Union provides a real-time illustration. In September 2022, European Commission
President Ursula von der Leyen proposed the creation of a European sovereign wealth fund in her
State of the Union address (European Commission, 2022). By 2024, the proposal had stalled.
Germany’s finance ministry declared new EU financing instruments unnecessary. Multiple
member states blocked the initiative. The Commission retreated to the Strategic Technologies for
Europe Platform, which repurposed existing program funds rather than creating new geometric
capital. The failure was diagnostic: the proposal framed the fund in binary industrial-policy terms
(subsidize strategic sectors or do not), which triggered the same binary dynamics of national
interest versus supranational ambition that have defeated every previous attempt at EU-level fiscal
capacity.

The ternary reframing would have asked a different question: the behavioral premium of e* =
7.39% is not a fiscal transfer from Germany to Greece; it is a mathematical property of the
manifold, generated by the cognitive biases of billions of global market participants, available to
whoever designs the structure to harvest it. Germany does not lose when Poland gains, because
neither currently captures the premium the fund would harvest. The Capital Markets Union,
proposed in 2015 (European Commission, 2015), remains incomplete a decade later for the same
structural reason: binary framing generates binary deadlock. Ternary framing dissolves it.

The physician’s posture requires diagnostic specificity. The prescription for a nation that has never
considered a sovereign wealth fund (invisibility) is different from the prescription for a nation that
built one and dismantled it (resistance), which is different from the prescription for a nation whose
fund deploys conventionally (architectural limitation). The diagnosis must precede the
prescription. This is the first principle of medicine, and the first principle of institutional design
conducted with the physician’s oath in mind: primum non nocere: first do no harm.

§15.13 From Geometric Dividends to Structural Peace

The EM Per Capita Equation carries implications that extend beyond economic welfare. When
every citizen of every participating nation receives geometric dividends from the same global
companies, the cost of conflict between nations becomes personally visible to every citizen whose
dividends it would disrupt. This is not the naive claim that trade prevents war. The commercial
peace thesis has a mixed historical record: extensive trade between European nations did not
prevent the First World War. The mechanism proposed here is more specific: the visibility of the
cost of conflict to every individual citizen.
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In 1914, trade between European nations was extensive, but the benefits of trade were diffuse,
aggregated in national statistics, and invisible in any individual citizen’s household budget. A
Sovereign Sinefine Wealth Fund with direct monthly dividends changes this calculus
fundamentally. When a Polish citizen receives a monthly Sinefine Dividend that is visibly
generated by a portfolio including TSMC, Alphabet, and companies operating across every
continent, the cost of geopolitical disruption becomes personally calculable. If conflict disrupts
the portfolio’s returns, the citizen’s dividend declines. The cost of conflict is no longer an
abstraction in a macroeconomic model. /¢ is a line item in the citizen’s household budget. A critical
distinction separates this from the historical peace-through-economics tradition.

Every historically significant peace has been managed rather than structural.

The Pax Romana was maintained by legions. The Pax Britannica by the Royal Navy. The Pax
Americana by military expenditure and alliance architecture. Each lasted as long as the guarantor’s
capacity and willingness persisted. Managed peace is fragile. Structural peace, by contrast, is
sustained by the incentive structure itself, without requiring an external guarantor. It is the
engineering sense of stability: a system that returns to equilibrium after perturbation without
external correction. Structural peace is antifragile. The longer it lasts, the more costly conflict
becomes in per-capita terms, because compounded returns dwarf original contributions.

Peace itself compounds.

The probabilistic distinction is stark. Managed peace operates under a constant per-period failure
probability p. However small p may be, the cumulative survival probability over n periods is (1-
p)", which converges to zero as n approaches infinity.

This is not pessimism. It is arithmetic.

A system with any nonzero probability of catastrophic failure per unit time will, given sufficient
time, fail. The question is not whether managed peace fails but when. Structural peace inverts this
convergence. As the compounding stake grows with each period of stability, the per-period failure
probability decreases, because the personally calculable cost of conflict to every citizen increases
with the fund's compounded value. The cumulative survival probability of a system whose per-
period risk decreases geometrically can converge to a positive limit rather than to zero. Managed
peace is a series whose product converges to zero. Structural peace is a series whose product can
converge to survival. The geometry of compounding, which governs every other result in this
paper, governs this one as well.

A boundary must be named. The structural peace argument is strongest when the drivers of
conflict are primarily economic: competition for resources, trade disputes, fiscal rivalry. It is
weakest when the drivers are primarily identity-based: national humiliation, ethnic enmity,
religious conflict, the narrative of existential threat to a way of life. History demonstrates that
nations have chosen economic self-destruction in pursuit of identity goals: Germany in 1914 had
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extensive trade ties with its future enemies; Japan in 1941 understood the economic consequences
of its actions.

Economic interdependence did not prevent either war because the political narrative made
economic calculation secondary to perceived existential necessity. The structural peace
mechanism proposed here, universal personal financial stakes in global stability, creates the
strongest possible economic incentive against conflict. It does not create a narrative incentive.

A citizen receiving geometric dividends may still support a war if the political leadership frames
the conflict as a defense of identity that transcends economic calculation. The necessity claim
advanced below is therefore bounded: Sovereign Sinefine Wealth Funds with direct citizen
dividends are a necessary precondition for durable structural peace among nations whose conflicts
are primarily resource-driven or economically motivated. For identity-driven conflicts, the
economic architecture is necessary but may not be sufficient without complementary work on
political narrative, cross-cultural understanding, and the institutional cultivation of what
Nussbaum (2012) calls the capacity for sympathetic imagination. The author adds one more,
compassionate imagination.

The claim advanced here is that Sovereign Sinefine Wealth Funds with direct citizen dividends are
anecessary precondition for durable structural peace. “Necessary precondition” is a strong logical
claim. It means: without this mechanism, structural peace cannot be sustained.

The natural objection is that the claim is too strong, that Sovereign Sinefine Wealth Funds are
perhaps a “powerful contributor” but not logically necessary. We subject this objection to
antithesis reasoning by examining six candidate alternative mechanisms by exhaustion. The
essential findings are summarized here.

International trade creates economic interdependence but its benefits are diffuse, invisible in
household budgets, and severable by tariffs or sanctions. Security alliances require a hegemon
willing to bear disproportionate cost, producing managed peace that lasts only as long as the
guarantor’s willingness persists. International organizations depend on member contributions that
can be withdrawn and great-power consensus that can fracture. Democratic governance reduces
the likelihood of conflict between democracies without creating a structural mechanism that makes
conflict’s cost personally visible to every citizen. Nuclear deterrence prevents conflict through
fear, the most extreme form of managed peace, functioning perfectly until it fails catastrophically.
Foreign direct investment creates cross-border linkages but benefits accrue to firms and their
employees, not to all citizens universally.

No alternative mechanism passes the structural test: none creates a personal, quantifiable, ongoing
financial stake in global stability for every citizen of every participating nation, sustained without
external guarantees. The only institutional architecture that passes all conditions simultaneously is
a constitutionally protected Sovereign Sinefine Wealth Fund, deploying in a globally diversified
geometric portfolio, distributing surplus directly to every citizen. The logical structure is:

Premise 1. Durable peace requires that the incentive for peace be structural (self-sustaining
through aligned self-interest) rather than managed (sustained by external guarantors who may
withdraw).
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Premise 2. A structural peace incentive requires that every citizen of every participating nation has
a personal, quantifiable, ongoing financial stake in global stability.

Premise 3. The only institutional mechanism that creates such a stake for every citizen, across all
participating nations, without dependence on an external guarantor, is a constitutionally protected
Sovereign Sinefine Wealth Fund with direct citizen dividends from a globally shared geometric
portfolio.

Conclusion. Sovereign Sinefine Wealth Funds with direct citizen dividends are a necessary
precondition for durable structural peace.

The claim is necessity, not sufficiency. Sufficiency would require that Sovereign Sinefine Wealth
Funds alone prevent all conflict, which no institutional mechanism can guarantee. Other
mechanisms contribute to peace. Trade, democracy, international organizations, and security
alliances all reduce the probability of conflict. But they produce managed peace, not structural
peace. They reduce conflict’s likelihood without creating the self-reinforcing incentive
architecture that makes conflict’s cost personally visible to every citizen. The physician does not
tell the patient that insulin is a “powerful contributor” to managing Type 1 diabetes. Insulin is a
necessary precondition for survival. The precision of the language reflects the precision of the
mechanism.

The true peace dividend is not the fiscal savings that follow peace, but the geometric wealth that
creates the conditions for peace. The dividend does not wait for peace to begin. It begins with the
first fund, the first deployment, the first citizen Universal Sinefine Dividend. Each subsequent
nation that joins the geometric architecture deepens the web of shared interest that makes conflict
incrementally more costly and cooperation incrementally more rewarding. Consumption and
compounding, currently separated by institutional architecture, become a single continuous
virtuous cycle.

That cycle is the true peace dividend.

§15.14 Summary

Euler’s number e was born from compound interest, exiled to pure mathematics, and has been
absent from the design of sovereign institutions for over three centuries. The EM Per Capita
Equation brings it home. A single constant, the Euler-Mehta Quadratic Constant,
é&v = e(e — 1) = 4.67, governs contribution rates, distribution rates, and the allocation cascade
through which geometric wealth reaches every citizen. The Euler Absorption Constant (1 —¢ )
= 63.21% governs every allocation decision at every level, derived independently from optimal
stopping theory. The Sovereign Scaling Constant S provides the single free parameter, with the
Harmonic Resonance at S = e producing perfect symmetry between input and output. Proposition
15.1 establishes the formal conditions under which the behavioral premium exactly finances the
distributions, and Monte Carlo validation across three nations spanning the full range of economic
development confirms that the equation is perfectly scale-free.

The Consumption-Compounding Economic Handshake connects sovereign capital to corporate
compounding to citizen welfare in a single institutional architecture, providing the medium that
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Adam Smith’s invisible hand has lacked for 250 years. The Ternary Stakeholder Matrix
converts the political resistance that the EMI predicts into the institutional participation that the
framework requires: binary concerns become ternary solutions that yield geometric gain. The
Behavioral Capture Ratio 1, introduced in Section 10 and calibrated against Anne Scheiber’s
51-year record in Section 12, finds its civilizational expression: the Sovereign Sinefine Wealth
Fund is the institution that maximizes n for an entire population, embedding the geometry into the
architecture so that every citizen harvests the behavioral premium without needing to understand
it, resist their biases, or exercise individual discipline.

When extended across nations, this architecture creates the structural condition, universal personal
financial interdependence, that durable peace requires. The derivation chain is explicit:

The EM Per Capita Equation gives every citizen a monthly dividend. That dividend creates a
political constituency. That constituency makes the fund irreversible. An irreversible fund creates
a permanent interest in stability, because instability threatens the dividend. Citizens who receive
geometric dividends have a financial stake in peace. Nations whose citizens have a financial stake
in peace do not go to war with each other, because war destroys the architecture that produces the
dividend. This is not idealism. It is incentive alignment at civilizational scale.

The Three-Tier Sinefine Distribution Model is not a utopian invention. It is a formalization of
what the world’s most successful societies already do. The Universal Sinefine Dividend mirrors
the Nordic principle of universal access. The Sinefine Savings Match mirrors the Nordic
emphasis on individual empowerment through institutional support. The Counter-Cyclical
Distribution mirrors the Nordic social insurance systems that protect citizens during economic
downturns. The critical difference is the funding mechanism. Nordic welfare is funded through
taxation, a redistributive instrument. A Sinefine fund is funded through the behavioral premium,
that is non-coercive, arising from voluntary transactions in which asymmetric perception
architecture creates geometric opportunity, a resource generated by the cognitive biases of global
market participants and currently captured by no institution for this purpose. A geometric Sinefine
fund enhances the welfare model without competing with it for the same fiscal resources. It does
not raise taxes. It does not redistribute existing wealth. It creates new wealth from a mathematical
property of human cognition interacting with multiplicative dynamics.

The Finnish concept of sisu, extraordinary determination in the face of adversity, maps onto the
EM Ladder’s antifragile property with tight precision. Sisu describes the capacity not merely to
endure adversity but to draw strength from it: to act with determination precisely when conditions
are most challenging. The EM Ladder deploys capital most aggressively at the moments of greatest
market stress, when behavioral intensity is highest and the ¢? premium is widest. Finland’s
economic history validates the connection: the 1990s banking crisis, in which GDP contracted over
10% and unemployment rose from 3% to 17%, was followed by the Nokia era; Nokia’s collapse
under smartphone competition was followed by a gaming industry and startup ecosystem that
exceeded pre-crisis capability. Each crisis produced adaptation stronger than what preceded it. A
nation whose cultural identity is built on sisu possesses the behavioral foundation for counter-
cyclical discipline that most institutions struggle to maintain. The EM Framework formalizes what
sisu embodies: the mathematical case for deploying capital, energy, and institutional commitment
when conditions appear most discouraging.
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The physicist Brian Cox (2014) has observed that humanity may be “the only island of meaning
in an infinite sea of lonely stars.” If we are alone in the cosmos, then the institutions we build to
sustain human flourishing are acts of existential stewardship. The Sovereign Sinefine Wealth
Fund is the institutional embodiment of that stewardship. The EM Per Capita Equation is its
mathematical foundation. The peace that follows from Universal Sinefine Dividends for citizens
is not a hope but a geometric consequence. With the architecture now specified, the framework’s
formal derivation is complete. What remains is a vision of the world it makes possible.

The Euler-Mehta Framework's sovereign architecture is, in the end, an architecture that produces
the economic consequence of compassion, universal participation in geometric growth, without
requiring any individual to be compassionate. The nurse in Romania receives the dividend whether
or not the sovereign architect feels compassion for her. The geometry does the work. The
compassion is in the design, not in the execution. This is the physician's contribution to institutional
economics: not a plea for better intentions, but a structure that converts the behavioral premium,
generated by human irrationality at scale €%, into human benefit at every scale, from the individual
saver to the sovereign state, whether or not anyone involved in the system understands, or cares,
why it works.

One constant.
One equation.
One architecture.
Every nation.

Every citizen.
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Coda

A Vision of Peaceful Human Flourishing

“We shall not cease from exploration, and the end of all our exploring
will be to arrive where we started and know the place for the first time.”
T.S. Eliot, Four Quartets

The Central Discovery

This paper began with a simple observation: a 50% decline in price requires a 100% gain to
recover. From that arithmetic fact, pursued to its logical and geometric conclusion, an entire
framework has emerged. The loss-recovery asymmetry is not a curiosity of percentage arithmetic.
It is the signature of hyperbolic curvature, a geometric structure as real and as consequential as the
curvature of spacetime that governs the motion of planets.

The central discovery of The Geometry of Investor Irrationality can be stated in a single
sentence: investor irrationality is neither a failure mode to be corrected nor a vulnerability to be
exploited. It is the human condition expressed in financial markets, and the institutional question
is not how to eliminate it but how to design systems that work with it, so that the geometric
consequences of being human flow toward human flourishing rather than away from it.

This claim is not metaphorical. It rests on a precise mathematical identity: the product of three
independently measured psychological parameters, loss aversion, fear asymmetry, and
overconfidence, converges to the square of Euler’s number e with 0.27% precision. The constant
e that emerges from the geometry of the price manifold is the same constant that emerges from the
structure of human cognition. The mathematics of how prices move and the psychology of how
humans respond are joined by a single number.

This convergence is either a coincidence of extraordinary precision or the trace of a structural
relationship between human cognition and the multiplicative dynamics of financial markets. The
EM Framework does not insist on the latter interpretation. It presents the evidence.

The Geometric Edifice

Pillar I: Price Dynamics established the foundation. The Euler-Mehta (EM) Financial Spacetime
manifold, constructed from the loss-recovery asymmetry, possesses constant Gaussian curvature
K =—1, making it exactly isometric to the Poincaré half-plane, the canonical model of hyperbolic
geometry. From this geometry, proper distance, the natural measure of decline severity on a curved
manifold, replaces the misleading arithmetic of percentage returns. A 50% decline and the 100%
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gain required to recover it traverse equal proper distances. The manifold absorbs the apparent
asymmetry into its curvature, revealing a hidden symmetry that arithmetic conceals.

From this geometric foundation, the Euler-Mehta Ladder was derived through geodesic
optimization on the manifold. The optimal deployment rule is exponential in proper distance, with
intensity parameter ¥ = e emerging not from assumption but from the self-referential property of
the exponential function: the rate of change of optimal deployment equals e times the deployment
itself. The EM Ladder prescribes that when a high-conviction security declines, the investor should
deploy progressively and exponentially more capital at each threshold of drawdown depth. The
deeper the decline, the greater the deployment, and the greater the geometric advantage upon
recovery.

Pillar II: Portfolio Dynamics extended the framework to multi-asset portfolios through the
product manifold with correlation-induced geodesic tensor. Correlation between assets equals the
cosine of the angle between their trajectories on the manifold, giving diversification a precise
geometric meaning as angular separation. The EM Vector, defined as the velocity along the
portfolio geodesic, emerged as a regime detector whose classification follows directly from the
definition of portfolio proper distance.

The Refrain: Irrationality as Geometry

The word irrationality carries a pejorative connotation. In behavioral economics, it denotes failure:
the systematic deviation of human judgment from the prescriptions of expected utility theory.
Kahneman & Tversky’s (1979) Prospect Theory documented these deviations. But
The Geometry of Investor Irrationality reframes the finding.

The reframing has ancient roots. The Stoic philosophers, particularly Epictetus (Epictetus, c. 135
CE), recognized two thousand years ago that human limitation is not a defect to be cured but a
boundary condition to be worked within. "It is not things that disturb us, but our judgments about
things." The EM Framework's Feeling x Perception architecture, developed in Pillar IV,
expresses the same insight in geometric language: feelings are biological, ancient, and resistant to
modification; perceptions are contextual, constructed, and amenable to design. The EM
Framework does not ask investors to stop feeling fear. It builds structures that alter how fear is
perceived and what action it triggers.

Scheiber's overconfidence was not eliminated; it was transmuted from trading into holding. The
bias remained; only its expression changed. This is not a modern discovery dressed in ancient
clothing. It is the recognition that the Stoic principle, verified across two millennia of practical
philosophy, has a quantitative architecture. The quantity is e. The architecture is the manifold. And
the practical consequence, that institutional design should target perception rather than feeling,
follows from both traditions independently.

The same behavioral biases that cause individuals to make suboptimal decisions, when aggregated
across millions of market participants, create a geometric structure of opportunity with a
characteristic and invariant scale. Loss aversion, fear asymmetry, and overconfidence are not bugs
in the human operating system. They are features of a complex adaptive system whose aggregate
behavior follows mathematical regularities with measurable precision.
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Which Securities, How Many, and Why

Pillar III: Competitive Dynamics answered the most fundamental question any investor must
face: which securities deserve the permanent, accumulation-only commitment that the framework
demands? The Catch-Up Equation, which models the time required for a smaller competitor to
close a revenue gap against an exponentially growing leader, produced geometric thresholds at
powers of e. Companies whose competitive separation exceeds the e? threshold achieve a form of
competitive escape velocity: the mathematics of exponential growth make displacement by normal
competitive processes effectively irreversible. The empirical validation across twenty cross-sector
comparisons confirmed these predictions within 2.3%.

The Spectral Resolution Principle prescribed the optimal number of holdings. At the empirical
large-cap correlation of approximately 0.30, the deployment operator’s curvature surplus resolves
all spectrally visible diversification channels at N* = 15 positions. Beyond this count, additional
positions dilute rather than enhance the framework’s geometric advantage. Together, these two
results, which companies to hold and how many, define the EM Sinefine Portfolio: approximately
fifteen mega-cap quality compounders whose competitive separation exceeds the geometric
threshold and whose durable advantages justify the high conviction that the accumulation-only
constraint requires.

Pillar IV: Behavioral Dynamics completed the theoretical structure by linking the intensity
parameter ¥ to three independently measured psychological quantities: loss aversion (A = 2.25,
from Tversky and Kahneman’s 1992 calibration), the fear asymmetry ratio (FAR =2.50, from VIX
market data measuring asymmetric fear amplification during market stress), and overconfidence
(O =1.31, from the calibration literature). The Behavioral Intensity Formula ¥ = V(A x FAR x
O) yields 2.715, achieving 0.14% error from e = 2.718. The constant that optimizes deployment
on the geometric manifold is the same constant that the aggregate structure of human psychology
produces.

The Refrain: The Invariant Identity

The Investor Irrationality Theorem elevated this convergence to the status of a mathematical
identity. The Euler-Mehta Invariant (EMI), A x FAR x O = ¢*> = 7.39%, holds regardless of
volatility magnitude. It is an invariant: a quantity that does not change as the system evolves
through different market conditions. Calm markets and panicked markets produce different
volatilities, different drawdown depths, different emotional intensities. But the product of the three
behavioral parameters that generate these variations remains fixed at €. The irrationality changes
its expression, it does not change its scale.

From this invariant, the framework derived the geodesic deployment premium: the EM
Quadratic Constant &y = e(e—1) = 4.67%, a new geometric quantity representing the net
advantage per drawdown-recovery cycle of curvature-aware deployment. This quantity, confirmed
empirically across 4,498 rolling windows, had not been previously identified, measured, or
derived. It is the geometric harvest of Patient Capital: what remains after the cost of deploying
along the manifold is subtracted from the opportunity created by investor irrationality.
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Historical backtests across thirteen securities over fifty-four years demonstrated an 83.6% win
rate. Monte Carlo simulation across 130,000 paths confirmed a 79.4% win rate with the defining
antifragile property: higher volatility produces greater advantage, not greater risk. The
Antifragility Ratio reaches 12.9%. The EM Framework does not merely tolerate market chaos. /¢
thrives on it.

Implications for Investors

For the individual investor, the EM Framework’s implications are both practical and
psychological. The practical contribution is a principled, mechanical system for capital
deployment that requires no prediction of market direction, no forecast of volatility, no attempt to
time the bottom, and no emotional decision at the moment of market stress. The EM Ladder,
funded by Superposition Cash and governed by the accumulation-only constraint inherited from
Kirby’s (1984) Coffee Can philosophy, converts the investor’s role from active decision-maker to
passive beneficiary of the geometry.

The psychological contribution may be more important still. The framework transforms the
emotional experience of market drawdowns. A decline is no longer a threat. It is a trigger that
deploys pre-committed Patient Capital at favorable prices, with the deployment amount increasing
exponentially as the drawdown deepens. Fear becomes irrelevant, not because the investor has
conquered fear, but because the decision has already been made. The via negativa principle, the
recognition that what the framework removes matters more than what it adds, is the key to its
power. It removes the need for courage in the moment of panic. It removes the temptation to sell
at precisely the worst time. It removes the binary anxiety of cash sitting idle. What remains is
observation, pre-commitment, and systematic execution.

A natural experiment of Anne Scheiber, a retired IRS auditor who transformed $5,000 into $22
million over fifty-one years, validates the EM Framework’s predictions with notable precision.
Her compound annual growth rate of approximately 17.9% exceeded the S&P 500 by roughly 6.7
percentage points, falling between the EM Quadratic Constant (4.67%) and the full Euler-Mehta
Invariant (7.39%), exactly where the theory predicts for an investor with a Behavioral Capture
Ratio of approximately 0.91. Scheiber did not know the theory. She practiced it intuitively,
selecting quality compounders, never selling, reinvesting dividends, and deploying capital through
every crisis she encountered over half a century. Her overconfidence was not eliminated; it was
transmuted from trading into holding.

The bias remained; only its expression changed.
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The following table summarizes the complete architecture of the Euler-Mehta Framework and the
contribution of each pillar:

Table C.1: Euler-Mehta (EM) Framework

Pillar Domain Central Result Practical Output

I Price Dynamics Hyperbolic manifold K = Euler-Mehta Ladder: exponential
—1; proper distance absorbs  deployment rule with ¥ = e
loss-recovery asymmetry

II Portfolio Dynamics Product manifold, EM Vector for regime detection;
correlation = cos(0); diversification as angular
geodesic tensor separation

I Competitive Catch-Up Equation; EM Sinefine Portfolio: which

Dynamics thresholds at powers of e; companies and how many
N*=15
v Behavioral ¥ =(A x FAR x Q) = ¢; Behavioral foundation; geodesic
Dynamics EMI = ¢? deployment premium;

Antifragility Ratio (12.9%)

The Refrain: Antifragility and the Geometry of Hope

The concept of antifragility, introduced by Nassim Nicholas Taleb (2012), describes systems that
benefit from disorder. The Euler-Mehta Framework quantifies it. The Antifragility Ratio,
measuring how much the EM Ladder’s advantage increases from the calmest to the most volatile
market environments, reaches 12.9% in historical data. The advantage is perfectly monotonic
across behavioral intensity quintiles (Spearman p = 1.00), with approximately half the total spread
concentrated in the final step from the fourth to the fifth quintile. The framework becomes more
effective precisely when markets become more irrational.

This is, at its core, a message of hope. The very forces that cause the greatest anxiety for investors,
the panics, the crashes, the episodes of collective fear, are the forces that create the greatest
opportunity advantage for Patient Capital. The geometry of the manifold guarantees it. The
behavioral parameters quantify it. The EM Ladder harvests it. The investor who understands this
framework experiences market decline differently. The dread becomes recognition: the geometry
is creating opportunity, and the EM Ladder is positioned to capture it.
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Implications for Institutions and Sovereigns

The EM Framework’s implications extend well beyond individual portfolio management.
Institutions, by their nature, possess the structural characteristics that the EM Framework requires:
long time horizons, automatic cash flows, and governance structures capable of resisting the
behavioral pressures that destroy value for individual investors.

Pension systems are natural vehicles for the framework’s implementation. Beneficiaries are, by
construction, multi-decade investors whose contributions are automatic and whose withdrawals
are years or decades away. The accumulation-only constraint that the EM Ladder imposes is
already a natural feature of pension fund cash flows. Embedding the EM Ladder deployment
structure into default contribution schedules requires no active decisions from participants; the
behavioral biases of other market participants generate the opportunities, and the pension fund’s
structural patience captures them. The Behavioral Capture Ratio n (eta) becomes a design
parameter: institutional structures that enforce the Coffee Can constraint, automate counter-
cyclical deployment, and concentrate on quality compounders can push n toward unity for
participants who would otherwise achieve n near zero.

Sovereign wealth funds operate at the longest time horizons in finance, often measured in
generations rather than years. Their mandate to preserve and grow national wealth across decades
makes them ideal candidates for the EM Framework’s prescriptions. A Sovereign Sinefine Wealth
Fund that embeds the EM Ladder into its equity allocation process captures the behavioral
premium that shorter-horizon participants forfeit during every market dislocation. The invariant
scale of € = 7.39% annually, compounded over sovereign time horizons, represents a
consequential addition to national wealth.

The advisory infrastructure for such implementation already exists. Global asset managers
maintain dedicated official institutions groups that partner with central banks, sovereign wealth
funds, finance ministries, and multilateral organizations, providing the investment management,
risk analytics, and knowledge transfer platforms through which geometric deployment architecture
could be embedded at sovereign scale.

Developing economies stand to benefit most. Section 11 examined how the framework’s insights
might inform poverty reduction, financial inclusion, and the stabilization of savings in emerging
markets. If investor irrationality has a characteristic mathematical scale, and if that scale can be
harvested by institutions designed to work with human nature rather than against it, then the
opportunity extends to every economy on earth. The connection to Sachs’ (2005) clinical
economics is direct: economic systems can be designed that convert collective irrationality into
collective benefit.

The Complete Euler-Mehta Lifecycle Framework, extending from accumulation through
decumulation, demonstrated that the same geometric structure governs both phases of the
investment lifecycle. The Inverse Euler-Mehta Ladder preserves capital at depth during
retirement, achieving 100% portfolio survival across all historical cohorts and near-perfect
survival (99.5% at 30 years, 95.5% at 50 years) across Monte Carlo simulation. The geometrically
derived EM Safe Withdrawal Rate (EM-SWR) of 3.57%, falling squarely within the empirical
consensus of 3.0% to 3.9%, represents the first derivation of a specific withdrawal rate from first
principles rather than historical simulation. The Euler-Mehta Quadratic Constant &v = e(e—1)
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governs both phases: accumulation at intensity ¢éw, decumulation at intensity 1/éw. The manifold
provides one geometry for both halves of the journey, from first paycheck to final withdrawal.

Table C.2: Framework Implications by Stakeholder

Stakeholder
Individual

Investor

Pension Fund

Sovereign Fund

Core Benefit

Converts market anxiety into
systematic opportunity; removes
emotional decision-making

Captures behavioral premium for
beneficiaries; structural patience as
competitive advantage

Generational wealth creation; e2
premium compounded over decades

Key Mechanism

EM Ladder + Superposition Cash +
Coffee Can constraint

Embedded counter-cyclical
deployment; 1 as design parameter

Multi-decade accumulation-only
mandate; quality compounder
concentration

Retiree Near-perfect survival rate (99.5% at  Inverse EM Ladder; 3.57% safe
30 years); geometrically derived withdrawal rate from first principles
withdrawal rule; preservation at
depth
Developing Financial inclusion; savings Institutional design embedding EM
Economy stabilization; behavioral premium for principles; clinical economics

emerging-market participants integration

The Refrain: What the Constant Tells Us

Euler’s number e appears throughout mathematics and the natural sciences: in compound interest,
in radioactive decay, in the distribution of primes. It is, in a precise sense, the constant of
continuous growth and continuous change. Its appearance in the structure of human cognitive
biases is not arbitrary. It suggests that the same mathematical principles governing growth and
change in the physical world also govern the aggregate behavior of conscious agents interacting
with uncertainty.

This paper has shown that e emerges independently from four directions: from the curvature of the
price manifold (Pillar I), from the geodesic optimization of deployment (Pillar I), from the
competitive dynamics of exponential growth (Pillar III), and from the aggregate product of
behavioral biases (Pillar IV). Four independent paths to the same constant. Whether this quadruple
convergence reflects a deep truth about the relationship between mathematics and human nature,
or an elaborate coincidence, is a question the framework poses but does not presume to answer
definitively. Intellectual honesty demands acknowledging both possibilities. But the evidence,
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accumulated across geometric derivation, empirical validation, Monte Carlo simulation, and a
natural experiment of Anne Scheiber, favors structure over coincidence.

The Future

Several directions for future research emerge naturally from the framework. The Investor
Irrationality Constants Web, connecting the seven parameters of Cumulative Prospect Theory to
mathematical constants including e, ¢, , and In(2), demands deeper investigation through cross-
cultural studies of behavioral parameters.

A necessary question demands honest engagement. The framework that quantifies antifragility
must reckon with its own potential fragility. Taleb's (2012) foundational insight is that precise
models applied to complex systems create confidence that the domain may not support. A
sovereign architecture whose every parameter derives from a single mathematical constant is, by
construction, maximally sensitive to that constant's validity. The fernary response is that e(e-1) is
not a fitted parameter but an emergent property of species-level cognitive architecture, which
makes it categorically more robust than any coefficient estimated from historical data. Loss
aversion, fear asymmetry, and overconfidence are not contingent features of twenty-first century
markets. They are products of neural architecture shaped across evolutionary timescales. The
empirical base for the EMI spans more than half a century of cross-cultural replication.

Nevertheless, intellectual honesty requires acknowledging what would constitute structural failure:
if the behavioral premium were to attenuate systematically, whether through technological
modification of cognitive architecture, algorithmic displacement of human decision-making in
markets, or evolutionary timescales that alter the neural substrate, the self-funding mechanism of
Proposition 15.1 would weaken and the sovereign architecture would require recalibration.

The EM Framework's antifragility operates within a boundary condition: the persistence of human
cognition as currently constituted. That boundary is wide. It is not infinite. Naming it is the EM
Framework's own application of the principle it teaches: honesty about limitations strengthens
rather than weakens the structure.

The EM Framework’s predictions for institutional implementation, particularly the embedding of
the EM Ladder into pension fund and sovereign wealth fund investment processes, remain to be
tested empirically through pilot programs in smaller sovereign funds or university endowments.
The geometric safe withdrawal rate of 3.57% should be stress-tested against a broader range of
international market histories. The Feeling x Perception architecture developed in Pillar IV
opens a rich avenue for experimental behavioral research: interventions that alter perception
without attempting to alter feeling should produce measurable improvements in the Behavioral
Capture Ratio. The extension to non-equity asset classes, whose multiplicative dynamics may
share the same hyperbolic structure, deserves exploration. And the EM Framework invites
engagement from mathematicians, physicists, and geometers, who may find in the Euler-Mehta
Financial Spacetime problems and relationships that this paper, written primarily for a finance
audience, has not explored.
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Where We Go From Here

We began this paper with Einstein's reminder that “curiosity has its own reason for existing.” The
journey from a simple arithmetic observation about losses and recoveries to a unified geometric
framework connecting price dynamics, portfolio construction, competitive strategy, behavioral
psychology, the geodesic deployment premium, retirement income planning, and global
development has traversed hyperbolic geometry, Riemannian manifolds, product spaces,
exponential growth dynamics, Cumulative Prospect Theory, and the solitary life of a retired IRS
auditor in a rent-controlled Manhattan apartment.

At every turn, Euler’s number e has been waiting.

In the curvature of the manifold. In the geodesic that prescribes optimal deployment. In the
competitive thresholds that separate escape velocity from vulnerability. In the aggregate product
of human biases. In the geodesic deployment premium. In the safe withdrawal rate. The constant
of continuous growth appears, unbidden, at every structural node of the EM Framework.

It was waiting before this paper arrived. Markowitz drew his efficient frontier on a flat surface in
1952; the returns he was fitting already lived on K = -1. Black and Scholes assumed geometric
Brownian motion in 1973, which is multiplicative dynamics, which is the manifold; their formula's
well-documented failure in the tails is the curvature asserting itself where the flat approximation
breaks. Mandelbrot (1963) diagnosed the fat tails with precision but proposed alternative
distributions on the same flat surface rather than recognizing the curved surface on which the
natural distribution is the one the data actually follows. Kahneman & Tversky (1979) measured
the coordinates of human cognition on the manifold without knowing the manifold was there; the
"irrationality" they documented is optimal calibration to K = -1, judged by Euclidean standards it
was never subject to. Mehra and Prescott (1985) identified a premium that their flat-space models
could not explain; the curvature they could not represent generates a different geometric quantity
entirely: the geodesic deployment premium. Each foundational contribution was locally correct
and incomplete in the same way: faithful to the data within its horizon, unable to see that the
surface continued beyond its own coordinates. The EM Framework does not replace these
contributions.

It provides the surface on which they live.

T.S. Eliot's words apply to finance itself: we arrive where Markowitz started and know the place
for the first time.

The Geometry of Investor Irrationality proposes that this is not coincidence but structure: that
the mathematical constant governing continuous growth also governs the aggregate behavior of
conscious agents navigating uncertainty in continuous markets. If this proposal withstands the
scrutiny of empirical testing, cross-cultural validation, and institutional implementation, it would
represent something new in our understanding of the relationship between mathematics and human
nature.

Adam Smith (1776) understood that markets harness human nature for collective benefit.
Behavioral economics documented how human nature systematically deviates from rationality.
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The Euler-Mehta Framework shows they are not deviations at all but the mechanism by which
Patient Capital, deployed with discipline and held with conviction, harvests the premium that
impatient capital forfeits.

The constant e appears throughout mathematics and physics because growth and change are
fundamental to the structure of reality. Its appearance in the structure of human cognitive biases
suggests that our limitations, like our rationality, are woven into that same fabric. Understanding
this structure is the foundation for building economic systems, retirement systems, savings
systems, and institutions of financial inclusion, that work with human nature rather than against it.

Systems that convert our collective irrationality into our collective security.

And perhaps most consequentially, systems that reveal economic competition itself as a positive-
sum game. The classical realist tradition in international relations, from Thucydides (c. 431 BCE)
through Machiavelli (1532) to Kissinger (1994), assumes that power and wealth are fundamentally
zero-sum, and that competition for scarce resources is the engine of conflict between nations.
Montesquieu’s (1748) doux commerce thesis offered the earliest systematic rebuttal, arguing that
trade softens manners and makes war costly. Kant’s (1795) perpetual peace and the modern liberal
internationalist tradition built on the same intuition. But intuition, however noble, is not proof.

The Euler-Mehta Invariant operates wherever conscious agents make decisions under
uncertainty, not only in financial markets. Loss aversion makes concession feel 2.25 times more
costly than it is. Fear asymmetry amplifies perceived threats of change by a factor of 2.5.
Overconfidence sustains the belief that the current trajectory is survivable. The biases do not add;
they multiply. The product is always €2, and the paralysis it produces in geopolitical negotiation is
structurally identical to the panic it produces in market drawdowns. The fernary path, the rotation
of the manifold so that the same biases drive cooperation rather than confrontation, is always
mathematically available even when it appears politically impossible.

The Euler-Mehta Framework gives that intuition a mathematical spine. If the behavioral premium
exists at characteristic scale ¢ and is generated endlessly by human psychology itself, then the
generational wealth that Patient Capital harvests is not extracted from a rival. It is not oil or arable
land or rare earth minerals. It is a mathematical property of human cognition interacting with
multiplicative dynamics on a hyperbolic manifold. It is, in a meaningful sense, inexhaustible.
One nation’s patient accumulation need not come at another’s expense, because the resource being
harvested, the behavioral premium created by the aggregate human irrationality of market
participants, replenishes itself with every cycle of fear and recovery, in every market, in every era.

This changes the strategic calculus between nations. If the path to national wealth runs not through
conquest or extraction but through institutional patience, through sovereign funds and pension
systems designed to capture a behavioral premium that human nature generates without limit, then
the ancient zero-sum logic of economic rivalry gives way to something new. The manifold is the
same everywhere. The biases are universal. The behavioral premium is available to any society
that builds the institutions to harvest it.

A qualification is warranted. The companies through which the behavioral premium is currently
harvested, the mega-cap quality compounders of the EM Sinefine Portfolio, are not evenly
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distributed across geographies. Today they are concentrated in a few nations, predominantly the
United States.

The concentration is geopolitical as much as geographic: these companies depend on
semiconductor supply chains, energy infrastructure, and a rules-based international order that
permits cross-border capital flows. The manifold's geometry is universal and permanent, but the
current access points to it are contingent on the stability of the very global systems whose fragility
Yergin and Stanislaw's Commanding Heights (2002) has documented across the arc of the
twentieth century.

If the geometric advantage flows only through institutions headquartered in a handful of countries,
the non-zero-sum logic holds in theory but may not feel that way in practice to nations whose
domestic firms sit below the competitive thresholds. The EM Framework’s global promise
therefore depends on access: on developing economies participating in the same manifold through
index investment, sovereign fund design, and the institutional architecture described in Section 11.
The task is not to redistribute existing wealth. It is to design institutions that allow every economy
to harvest the behavioral premium that the geometry makes available, converting access to the
manifold into a foundation for geometric participation.

Systems worthy of what we aspire to be.

The author is a practicing internal medicine physician. In a physician’s life, poverty is not an
abstraction. It presents as the patient who delays treatment because she cannot afford the copay. It
presents as the elderly man who splits his pills in half because the prescription costs more than his
pension allows. It presents as the family choosing between food and medicine, because the budget
does not permit both. Poverty is a disease of systems, and like all systemic diseases, it resists
interventions that treat symptoms while ignoring structure. The economics literature on poverty is
vast, brilliant, and full of fractional solutions offered by exceptionally capable minds. What has
been missing is not compassion or ingenuity. What has been missing is a structural foundation: a
rigorous, mathematical account of where sustainable advantage comes from and how institutions
can capture it for those who need it most.

The Euler-Mehta Framework does not claim to solve poverty. The distance between a
mathematical framework and the alleviation of human suffering is vast, and intellectual honesty
demands acknowledging it without flinching. Institutions must be built. Governance must be
honest. Access to global markets must exist. Political will must be sustained across election cycles
and beyond the tenure of any single leader or party. The math is necessary but not sufficient.

But the math is the part that was missing. The institutional design, the governance structures, the
political arguments for inclusion, those are problems that many capable people know how to work
on. What they lacked was a rigorous answer to a prior question: is there actually a structural
advantage available to patient institutions, and if so, how large is it and where does it come from?
This paper answers that question. The Advantage of Patient Capital is real. It is approximately
e? per year. It arises from the invariant structure of human cognition. And it is available to any
institution, in any nation, with the patience and governance to harvest it.
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Critically, this advantage is not taken from anyone. Most approaches to poverty alleviation are
redistributive and binary: take from here, move to there. Those approaches are necessary and
important, but they are politically fragile because they require ongoing consent from those who
give. The behavioral premium identified by the Euler-Mehta Invariant is fundamentally
different. It is not a finite resource to be fought over. It is generated by human nature on the
manifold, available wherever markets exist.

It arises from voluntary transactions between participants with different perception architectures.
The EM Framework's institutional imperative is to ensure that every citizen stands on the protected
side of that asymmetry, so that the behavioral premium is harvested collectively rather than
transferred from the unprotected to the protected.

The citizen is not a passive recipient of geometric generosity. The behavioral premium exists
because humans are loss-averse, fear-asymmetric, and overconfident, and the harvest belongs to
the people whose cognitive architecture generates it.

That distinction changes the political calculus of implementation entirely. A sovereign wealth fund
in a developing economy that captures the behavioral premium is not taking from the wealthy. A
pension system structured around the EM Ladder and the accumulation-only constraint is not
redistributing from the fortunate to the unfortunate. These institutions harvest a geometric property
of markets that currently benefits no one. This is a political argument that does not require one
nation to lose so that another may gain. Every economy on earth has access to the same manifold.
Every population exhibits the same cognitive biases. The e* premium is not a resource to be
competed over. It is a compass, pointing toward the same destination for all who choose to follow
it.

The EM Framework answers a question that Rawls (1971) posed but could not resolve with the
tools available to him. Behind the veil of ignorance, not knowing whether you will be born in Oslo
or Dhaka, whether you will inherit wealth or debt, whether your temperament will incline you
toward patience or panic, what institutional architecture would you choose? You would choose the
architecture that provides geometric access to the compounding economy regardless of starting
position, that protects you from your own biases without requiring you to overcome them, and that
grows more valuable with time rather than eroding. You would choose the Sovereign Sinefine
Wealth Fund. The geometry does not ask where you start. It asks only that you start. That is the
Rawlsian case for the architecture: it is the institution that every rational agent would choose from
behind the veil, because it serves every position on the manifold equally.

A Rawlsian qualification is warranted. The Universal Sinefine Dividend satisfies Rawls' first
principle of equal basic liberties: every citizen receives identical geometric access. Whether it
satisfies the difference principle, which requires that inequalities benefit the least advantaged,
depends on the comparison baseline. The least advantaged citizen currently has no geometric
access whatsoever, an effective n of zero. Under the Sinefine architecture, their n rises toward the
institutional ceiling. The Universal Sinefine Dividend is identical for every citizen. The marginal
improvement is progressive: the citizen who previously had no geometric access, an effective n of
zero, gains the most. The EM Framework's Rawlsian defense rests on this marginal argument, not
on the absolute distribution.



The Geometry of Investor Irrationality: .. x FAR x O = e?

The stakeholder capitalism thesis (Schwab, 2021) argues that economic systems should serve all
participants, not merely shareholders. That argument has always been morally sound but
structurally incomplete: it prescribes what should happen without demonstrating a mechanism by
which it can happen without requiring sacrifice from incumbents. The Euler-Mehta Framework
provides such a mechanism. The behavioral premium is non-coercive, arising from voluntary
transactions in which asymmetric perception architecture creates geometric opportunity. It is
generated by human nature and currently captured by no one. Institutions designed to harvest it do
not diminish others; they convert waste into wealth. This transforms stakeholder capitalism from
aspiration into architecture, from a normative claim about what economies should do into a
positive claim about what the geometry of markets makes possible.

The institutional vision aligns with Sen's (1999) capabilities framework in a way that deserves
explicit recognition. Sen argued that development should be measured not by aggregate output but
by what individuals are empowered to do and become: the substantive freedoms that constitute a
life of genuine choice. The Behavioral Capture Ratio 1) is, in Sen's terms, a measure of financial
capability: the fraction of the geometric opportunity that an individual's institutional environment
enables them to capture. A retail investor whose panic selling yields n near zero has formal access
to markets but no substantive capability to harvest the premium. A citizen whose sovereign
Sinefine fund pushes n toward unity has substantive financial capability regardless of their
individual temperament, knowledge, or discipline. The EM Framework expands human capability.
The geometry provides the structure. The institution provides the access. The capability belongs
to the citizen.

William Whewell coined the term consilience in 1840 for what happens when independent lines
of inquiry, developed without knowledge of one another, converge on the same conclusion. This
framework arrives at the same geometric architecture from four independent directions: the
curvature of a Riemannian manifold, the geodesic optimization of deployment, the competitive
dynamics of exponential growth, and the aggregate structure of human cognitive bias. Each path
was traveled without reference to the others. Each arrived at Euler’s number e. The convergence
is either coincidence or structure, and four-fold coincidence at this precision has no precedent in
the behavioral sciences.

E.O. Wilson (1998), extending Whewell's concept, argued that the great intellectual project of the
coming century is the unification of knowledge across the sciences and humanities, the discovery
that the laws governing physical systems, biological systems, and human social systems are not
independent inventions of separate disciplines but expressions of a shared underlying order. The
four-path convergence to e documented in this paper is a consilience result in Wilson's sense: a
Riemannian geometer, a financial optimizer, a competitive strategist, and a behavioral
psychologist, working independently, would each arrive at the same constant. The convergence is
structural.

It is irreducibly structural.

The same exponential function that governs continuous growth on the manifold governs the
optimal stopping point of commitment, the threshold of competitive irreversibility, and the
aggregate product of cognitive limitation. If Wilson is right that the unity of knowledge is not a
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metaphor but a discoverable structure, then the appearance of e across these four domains is
evidence for that unity, found not in physics or biology but in the intersection of mathematics and
human nature.

The humanities ask the oldest and most important questions:
What does it mean to be human, and how shall we all choose to live together?

This paper, which began with the curvature of a Riemannian manifold and the arithmetic of
percentage losses, arrives at its own answer.

To be human is to be loss-averse, fear-asymmetric, and overconfident, and the product of these
three limitations converges to e* with a precision that suggests not accident but structure.

To live together well is to build institutions that work within these limitations rather than penalize
them, that convert our collective irrationality into our collective security, and that offer every
nation, every family, every individual choosing between food and medicine, a path toward human
flourishing that need not come at another's expense.

The mathematical identity captures the structure of cognitive limitation in economic domains. It
does not claim to capture the fullness of what it means to be human. The philosophical tradition
offers richer accounts: Aristotle's (c. 340 BCE) eudaimonia, in which flourishing requires the
exercise of virtue within a community; the Stoic recognition that what lies within our control is
judgment, not outcome; the Buddhist teaching of dependent origination, in which no being exists
in isolation from the conditions that sustain it. The EM Framework answers the economic question
within the human question. It specifies the institutional conditions under which financial
flourishing becomes structurally available. It does not specify what individuals or communities
should do with that flourishing once the conditions are met. That question belongs to the
humanities, to philosophy, to the lived traditions of meaning-making that no equation can replace.
The EM Framework's contribution is to remove the structural barrier so that the deeper questions
can be asked from a position of security rather than scarcity.

A further note of philosophical precision. The EM Framework treats loss aversion, fear
asymmetry, and overconfidence as parameters whose product converges to e?. This mathematical
treatment does not deny that these responses carry evaluative content. Loss aversion is not merely
a bias; it is a correct perception that what we have is genuinely at stake. Fear asymmetry reflects
the authentic human recognition that threats demand faster response than opportunities. Even
overconfidence serves the human: the organism that acts despite incomplete information survives
where the paralyzed organism does not. The EM Framework does not claim these responses are
irrational in the philosopher's sense. It claims they have a characteristic aggregate structure, that
this structure is invariant, and that institutions can be designed to work within it. The physician
does not tell the patient their pain is irrational. The physician designs the treatment to work with
the body's responses, not against them. The e® identity is the diagnosis. The institutional
architecture is the treatment. The responses it works with are authentically human, and the EM
Framework respects them as such.

Perhaps now we have a compass. Not a utopian promise, but a mathematical structure that any
willing society can use to build institutions of patient accumulation. Institutions that work with
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human nature rather than against it. Institutions that require taking nothing from anyone else to
function. If the EM Framework withstands the scrutiny of empirical testing, cross-cultural
validation, and institutional implementation, it offers something rare: a rigorous foundation for
optimism. Not the optimism of sentiment, but the optimism of geometry. A physician’s conviction
that the disease of systems can be treated, once the structure of the disease is understood.

The silence of the cosmos may be the most important datum in science. Sixty years of searching
have found no trace of another technological civilization. If Professor Brian Cox (2014) is right,
and "we are the only island of meaning in an infinite sea of lonely stars," then the question of
whether a civilization can build institutions patient enough to sustain itself across centuries is not
merely economic. It is existential. The institutions we build to sustain human flourishing are not
merely economic instruments.

They are acts of existential stewardship, built by the only civilization that has ever looked up
and wondered whether it was alone.

The author believes the destination is the preconditions for every person to live and thrive, and
that structural peace between nations follows naturally when those conditions are met. That the
basis of peaceful relations between nations must ultimately be economic. That on a planet of
limited physical resources, a framework identifying an unlimited mathematical resource, the
behavioral premium generated by human nature itself, provides a compass for every nation toward
prosperity that need not come at another’s expense. And that humanity has everything it needs to
achieve it.

The constant e was born from compound interest, departed into pure mathematics, and returns now
to the institutions that serve human life. It was always waiting, in the curvature of the manifold, in
the structure of the mind, in the silence between the stars. The geometry reveals the structure. The
structure implies the institutions.

The institutions serve human flourishing.
What remains is the decision to build them
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Appendix

Complete Validation Methodology

Simulation Specifications and Reproduction Protocol

This appendix provides the complete simulation specifications, parameter values, and step-by-step
reproduction protocol for all empirical validations presented in Sections 6, 8, and 14 of the main paper.
All results reported herein are those of the main paper, this appendix documents the methodology that
produced them.
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§A.1 Accumulation Backtest Specification

The accumulation backtest validates the Euler-Mehta (EM) Ladder against dollar-cost averaging
(DCA) using historical price data for the 13 EM Sinefine Core Portfolio securities. This section
documents the exact protocol used to produce the results reported in Section 8.7 (summarized in
Table 8.1 of the main paper; the per-security detail is presented in Table A.3 below).

§A.1.1 Data Source

All backtests use Yahoo Finance adjusted close prices, which incorporate split adjustments and
cumulative dividend reinvestment. The adjusted close series produces total-return-equivalent
price histories where historical prices are reduced to reflect dividends paid after the historical
date. This is critical for correct 52-week high computation: the adjusted series creates larger
measured drawdowns relative to the rolling high, triggering more ladder rungs and producing
results consistent with a total return framework.

§A.1.2 Protocol

Table A.1: Accumulation backtest protocol specification.

Securities tested 13 EM Sinefine Core Portfolio constituents
Data source Yahoo Finance adjusted close (split + dividend adjusted)
Window length 24 months (rolling)
Window step 1 month
Deployment frequency Monthly, first trading day of each month
Base DCA amount (B) $100 per month per security
Intensity parameter Y =e=2.71828
Ladder formula La(f) =B x (1 — fu) ¢ discrete rungs at £ € {10%, 20%, 30%, 40%, 50%}
Stacking rule All rungs at or above current drawdown deploy each period
52-week high Maximum adjusted close over trailing 365 calendar days
Drawdown f=max(0, 1 — Price / 52-week high)
Adiaiings Annualized cost-weighted return (EM) minus annualized cost-weighted
return (DCA)
Total windows 4,498
Date range 1972-2026 (varies by security; see Table A.3)

Random seed Not applicable (deterministic historical backtest)
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§A.1.3 Rung Amounts (¥ = e, B =$100)
Each rung amount is computed as Ln(f) = B x (1 — ). The five discrete thresholds and their
amounts:

Table A.2: EM Ladder rung amounts and cumulative periodic deployment (Table 3.1/3.2 of
main paper).

o w0 e |

Base 0% 0.000 $100.00 $100 1.0x
Li —10% 0.105 $133.16 $233 2.3x
L —20% 0.223 $183.41 $416 4.2x
Ls —30% 0.357 $263.67 $680 6.8%
L4 —40% 0.511 $400.91 $1,081 10.8x
Ls —50% 0.693 $658.09 $1,739 17.4x

At a 50% drawdown, total periodic deployment reaches $1,739, over 17x the base DCA. When a
security remains at —50% for multiple months, this amount deploys each month (the saturation
level). This sustained deployment during extended drawdowns is the source of the framework's
power.

§A.1.4 Behavioral Intensity Index (BII) Construction

The BII for each rolling 24-month window is the geometric mean of three components computed
from monthly price returns within that window:

Realized volatility: Annualized standard deviation of monthly log returns (o x V12).
Fear spike: Maximum absolute single-month negative return magnitude within the window.

Selling asymmetry: Ratio of mean negative monthly return magnitude to mean positive monthly
return.

BII = (volatility x fear spike x selling asymmetry)!
§A.1.5 Return Calculation

For each 24-month window, both the EM Ladder and DCA strategies accumulate shares at the
first-trading-day price each month. The EM Ladder deploys B plus all applicable rung amounts
based on the current drawdown from the 52-week high. DCA deploys a flat $100 each month.
The annualized cost-weighted return for each strategy is computed as:

Rann = (Shares X Prinal / Total Cost)!T — 1
where T = window length in years (2.0). The advantage is defined as Rann(EM) — Rann(DCA).
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§A.2 Accumulation Backtest Results

The following table presents the complete per-security results underlying the aggregate statistics
reported in Table 8.1 of the main paper.

Table A.3: Per-security backtest results.

Ticker Period Windows = Win Rate Mezr:l;&.nn. Mean Vol. | Adv./ém
AAPL | 1984-2026 474 88.2% +7.76% 40.9% 1.66x
AMZN | 1997-2026 322 82.6% +2.70% 47.8% 0.58x%
AVGO | 2009-2026 176 67.0% +2.35% 36.4% 0.50x
BRK-B = 1996-2026 334 76.0% +1.60% 21.2% 0.34x%
GOOGL = 2004-2026 235 84.7% +3.07% 29.2% 0.66x
JPM 1980-2026 530 89.4% +5.12% 32.6% 1.10%
LLY 1982-2026 507 81.5% +1.73% 26.9% 0.37x
META | 2012-2026 142 90.8% +11.08% 37.4% 2.37x
MSFT = 1986-2026 456 82.0% +2.29% 32.1% 0.49x
NVDA  1999-2026 302 82.8% +12.92% 55.2% 2.77%
TSLA | 2010-2026 165 93.3% +21.08% 55.8% 4.51x
TSM 2005-2026 230 90.0% +3.09% 31.9% 0.66%
WMT 1972-2026 625 80.5% +2.02% 37.8% 0.43x
[ALL] Combined 4,498 83.6% +4.84% 36.2% 1.04x

Ev = e(e—1) = 4.671%. Combined ratio of 1.04% confirms e(e—1) as the population ergodic average.

§A.2.1 Aggregate Statistical Analysis

Table A.4: Aggregate statistical analysis (reproduces Table 8.3).

Metric
Total rolling windows 4,498
Win count / total 3,759 /4,498
Win rate 83.6%
Mean annualized advantage +4.84%
Predicted value: e(e — 1) 4.671%
t-statistic vs. e(e — 1) 0.776
p-value 0.438 (cannot reject)
95% confidence interval [4.41%, 5.27%]; e(e—1) € CI
Spearman p (raw BII vs. advantage) 0.5564 (p < 1073%)
Spearman p (quintile means) 1.00
Pearson r 0.1739 (p<1073Y
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Linear regression Adv=2.07+4.17 x BII
R? 0.030
Cohen's d (Qs vs Q1) 0.54 (medium)
Antifragility Ratio (Qs / Q1) 12.9x

All statistics computed on 4,498 rolling two-year windows.

§A.2.2 Effective Sample Size and Autocorrelation Adjustment

The 4,498 rolling windows reported in §A.2.1 are not independent observations. Two sources of
dependence inflate the naive standard error and must be corrected before the t-test against e(e —
1) is interpretable.

Source 1: Within-Security Temporal Overlap. Each 24-month window shares 23 of 24
monthly observations with its adjacent window. If the underlying monthly returns are serially
independent, the autocorrelation of the window-level advantage statistic at lag j is p(j) = max(0,
(k—j) / k), a triangular kernel with bandwidth equal to the window length k& = 24. The variance
inflation factor under this kernel is:

VIF=1+2xZ-1w0k1 (k—j)/ k=k

The equality VIF = k is exact for the triangular kernel: the variance inflation factor equals the
window length. This reduces the per-security effective sample size by a factor of 24. Summing
across the 13 securities (each contributing T; / 24 effective observations), the within-security
effective sample size is:

Nettiwithing = = Ti / 24 = 4,498 / 24 =~ 187

Table A.4a: Per-Security Effective Sample Size

Windows (1) Eifective (T, 24

WMT 625 26.0
JPM 530 22.1
LLY 507 21.1

AAPL 474 19.8

MSFT 456 19.0

BRK-B 334 13.9
AMZN 322 13.4
NVDA 302 12.6
GOOGL 235 9.8
TSM 230 9.6
AVGO 176 7.3
TSLA 165 6.9
META 142 59

Total 4,498 187.4
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Within-security effective observations computed as T;/ 24 for each security.

Source 2: Cross-Security Contemporaneous Correlation. Securities with overlapping
observation periods experience common market conditions. A market-wide crash (e.g., March
2020) simultaneously creates high-BII, high-advantage windows for all concurrent securities,
introducing positive cross-security correlation of the advantage measure. The number of
concurrent securities varies across the sample period: approximately 2 to 3 securities are active
in the early period (1972 to 1984), 6 to 8 in the mid-period (1996 to 2009), and all 13 in the late
period (2012 to 2026).

For M concurrent securities with pairwise advantage correlation peross, the effective number of
independent securities per non-overlapping time block is Metr= M/ (1 + (M — 1) X peross). With
approximately 27 non-overlapping 24-month blocks spanning the full 1972 to 2026 sample
period and an average of 6.9 effective security-blocks per block, the total effective sample size is
Netr = 27 X Mes.

Table A.4b: Effective Sample Size Under Alternative Correlation Assumptlons

Yes

Naive (no adjustment) 4,498 0.219% [4.41%, 5.27%)]

Within-security only — 187 1.073% [2.74%, 6.94%)] Yes
+ Cross-security (moderate) 0.15 99 1.476% [1.95%, 7.73%] Yes
+ Cross-security (conservative) 0.30 67 1.790% [1.33%, 8.35%] Yes
+ Cross-security (extreme) 0.50 47 2.139% [0.65%, 9.03%] Yes

The implied per-window standard deviation is o = 14.69%, recovered from the naive t-statistic of 0.776
on 4,498 observations. All adjusted standard errors are computed as SE = o / NN The conservative
estimate (peross = 0.30) is reported in §8.8 of the main paper.

Interpretation. The naive sample size of 4,498 overstates the effective degrees of freedom by a
factor of 67x under the conservative adjustment. The confidence interval widens from +0.43% to
+3.51%. The predicted value e(e — 1) = 4.67% remains near the center of the adjusted interval
under every scenario tested, including the extreme assumption of peross = 0.50 that treats 13
securities as effectively 1.7 independent sources per time block.

The robustness of the result to this adjustment is informative. Most empirical anomalies in
finance are extinguished by honest autocorrelation correction, because the signal was an artifact
of inflated sample size. The EM Quadratic Constant survives a 98.5% reduction in effective
sample size because the predicted value was derived from the manifold's eigenvalue structure,
not estimated from the data. The adjustment changes the precision of the estimate; it does not
move the target. The data's center of gravity (4.84%) and the geometric prediction (4.67%) are
separated by 0.17 percentage points, well within the noise band at any plausible effective sample
size.

§A.2.3 Net-of-Cash-Drag Backtest and Reserve Size Sweep

Important Data Basis Note. The analysis in this section uses split-adjusted closing prices without
dividend reinvestment, in contrast to Sections A.1 through A.2, which use Yahoo Finance
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adjusted close prices incorporating both split adjustments and cumulative dividend reinvestment.
The difference arises because the net-of-cash-drag backtest was developed as an independent
validation using a separate data pipeline. All relative comparisons within this section (drag
magnitudes, utilization rates, regime patterns, decade stability) are internally consistent. The
absolute advantage level is affected: the gross advantage computed on price-only data (+3.69%)
is approximately 0.84 times the dividend-adjusted gross advantage (+4.84%) reported in Section
A.2.1. Paper-equivalent estimates for the net advantages, adjusted for this ratio, are
approximately +1.4% (Formulation A) and +4.4% (Formulation B). Win rates match exactly
(83.6%), confirming methodological consistency across data bases.

The gross advantage reported in §A.2.1 assumes unlimited deployment capital: the EM Ladder
deploys the full ladder amount whenever a drawdown threshold is breached, without modeling
the source or opportunity cost of that capital. This section introduces a finite Superposition Cash
reserve and measures the net advantage after accounting for the opportunity cost of holding that
reserve.

Methodology. Both the EM and DCA strategies are assigned identical total capital per 24-month
window: $100 per month in base DCA ($2,400 over 24 months) plus a Superposition Cash
reserve of $1,639 (the maximum incremental ladder deployment at —50% drawdown), totalling
$4,039. Two formulations define the comparison:

Formulation A (harsh test): The DCA investor deploys the entire $4,039 into equity at a uniform
rate of $168.30 per month. The EM investor deploys $100 per month in base DCA and draws
from the $1,639 reserve to fund ladder rungs during drawdowns. Undepleted reserve earns the
monthly risk-free rate (historical 3-month T-bill). Terminal wealth: EM equity value plus
remaining reserve versus DCA-A equity value.

Formulation B (fair test): Both investors deploy $100 per month into equity. Both hold a $1,639
reserve. The EM investor deploys from the reserve during drawdowns; the DCA investor holds
the reserve in T-bills for the full 24 months. Terminal wealth: EM equity value plus remaining
reserve versus DCA-B equity value plus reserve with accrued interest. Formulation B isolates the
timing value of selective deployment.

The reserve is modeled without monthly replenishment (conservative). Once depleted, only the
$100 base DCA continues. At —50% drawdown, the full $1,639 reserve depletes in a single
month. This is the harshest possible test of the finite-reserve constraint. Risk-free rates are
historical 3-month T-bill rates by year from 1972 through 2026.

Data note. As noted at the opening of this section, the price data used here is split-adjusted but
not dividend-adjusted; all relative comparisons are internally consistent.
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Net B (fair)

Mean advantage +3.69% +0.88% +3.60%
Median advantage +2.01% +0.64% +2.20%
Standard deviation 7.20% 4.95% 8.75%
Win rate 83.6% 58.8% 75.4%
Cash drag - 2.81% 0.09%

Reserve = $1,639 (1 x base). 4,498 rolling 24-month windows, 13 securities, 1972 to 2026. Reserve
utilization: 79% mean, 100% median.

Table A.4d: Per-Ticker Net-of-Cash-Drag Results

Ticker N \ Gross Net A Net B Drag A Util Win(A)
AAPL 474 +5.85% +1.62% +4.56% 4.23% 91.6%  65.4%
AMZN 322 +3.34% +1.48% +5.28% 1.85% 91.4%  60.2%
AVGO 176 +1.77% —0.81% +5.08% 2.58% 67.2%  46.0%
BRK-B 334 +1.49% +0.09% +1.27% 1.40% 57.4%  53.0%
GOOGL 235 +2.75% +0.34% +3.03% 2.41% 73.7% | 54.0%
JPM 530 +4.52% +1.62% +2.36% 2.89% 82.4%  66.4%
LLY 507 +1.60% —0.28% +0.99% 1.87% 70.4% | 49.1%
META 142 +7.95% +1.48% +5.86% 6.46% 73.8% @ 52.1%
MSFT 456 +1.99% —0.15% +2.72% 2.15% 71.0% = 50.7%
NVDA 302 +8.84% +1.80% +7.03% 7.04% 89.0% 57.6%
TSLA 165 +9.98% +5.64% +12.67% 4.35% 100%  84.2%
TSM 230 +2.70% +0.41% +3.40% 2.30% 79.9% @ 62.6%
WMT 625 +1.78% +0.52% +2.34% 1.26% 76.7% = 63.0%

Drag A = Gross minus Net A

. Util = fraction of $1,639 reserve deployed during window. Utilization
exceeding 100% reflects interest accrual expanding the pool between deployments.

Table A.4e: Results by Maximum Drawdown Depth in Window

Regime Gross
<10% 104 +0.00% —4.66% +0.00% 4.66% 0%
10-20% 1,230 +0.67% —1.77% +2.08% 2.44% 41%
20-30% 1,196 +1.86% +1.32% +4.38% 0.54% 87%
30-50% 1,246 +4.48% +3.31% +5.33% 1.17% 101%
>50% 722 +11.03% +1.29% +2.40% 9.74% 101%

Maximum drawdown is the deepest decline from the 52-week high observed within each 24-month
window. The 20 to 30% regime shows the lowest drag (0.54%), the >50% regime shows the highest
(9.74%) because the reserve depletes in one month at maximum drawdown.
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Table A.4f: Results by Decade

I S S T T

1970s +5.59% +2.85% +4.79% 5.88%
1980s 446 +3.08% +1.70% +3.45% 8.91%
1990s 688 +2.37% +0.99% +2.74% 4.89%
2000s 1,089 +4.85% +1.08% +1.93% 2.72%
2010s 1,527 +2.90% +0.21% +4.72% 0.57%
2020s 654 +5.13% +1.16% +4.57% 3.06%

Net advantage is positive in every decade under both formulations. The 2010s show the smallest Net A
(+0.21%) due to near-zero risk-free rates maximizing the opportunity cost of holding reserves. Avg RF is
the average annualized 3-month T-bill rate for the decade.

Non-Monotonic Drag Structure. The drag is lowest in the 20 to 30% drawdown regime
(0.54%) and highest in the >50% regime (9.74%). At maximum drawdown, the entire $1,639
reserve depletes in a single month. After depletion, the EM investor drops to $100 per month
base DCA for the remaining months while the DCA-A investor continues at $168.30 per month.
The high drag in the >50% regime reflects the finite reserve constraint, not idle cash. In the 20 to
30% regime, moderate drawdowns deploy the reserve over three to five months without
exhausting it, concentrating deployment across the bottom of the drawdown. This regime
represents the EM Ladder’s structural sweet spot.

The <10% regime (—4.66% Net A) represents the J-curve: in calm markets the ladder never
triggers, the reserve sits idle, and the EM investor pays the equity-minus-risk-free spread on the
undepleted reserve. Only 104 of 4,498 windows (2.3%) fall in this regime.

Reserve Size Sweep. To examine whether a larger reserve improves deep-drawdown
performance, we swept the initial reserve from 0.5x% to 6x the base amount ($820 to $9,835),
holding all other parameters constant. A larger reserve sustains full ladder deployment through
extended drawdowns: at 1x, the reserve funds one month of maximum deployment at —50%; at
3x, three months; at 6x, six months.

Table A.4g: Aggregate Results by Reserve Multiplier

0.5% $820 +1.08% +2.65% 2.61% 90%
1x $1,639 +0.88% +3.60% 2.81% 79%
1.5% $2,459 +0.46% +3.99% 3.23% 69%
2x $3,278 +0.04% +4.16% 3.65% 62%
2.5% $4,098 —0.32% +4.25% 4.00% 56%
3x $4,918 —0.62% +4.29% 4.31% 52%
4x $6,557 -1.11% +4.29% 4.80% 45%
5x $8,196 -1.51% +4.19% 5.20% 39%

6% $9,835 —1.90% +4.00% 5.59% 35%
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Gross advantage (+3.69%) is invariant across reserve sizes. Net A peaks at 0.5 to 1x. Net B (timing
value) peaks at 3 to 4% at +4.29%. DCA-A monthly deployment adjusts with reserve size: $100 +
reserve/24.

Table A.4h: Net Advantage (Formulation A) by Drawdown Regime and Reserve Size

<10% —4.66% —6.72% —7.88% —8.62% —9.14% —9.52%
10-20% —1.77% —3.95% —5.19% —5.99% —6.56% —6.97%
20-30% +1.32% —0.77% —2.15% —3.06% —3.69% —4.17%
30-50% +3.31% +3.66% +2.99% +2.14% +1.37% +0.74%
>50% +1.29% +2.87% +4.50% +5.89% +6.83% +7.03%

The >50% regime improves monotonically with reserve size: from +1.29% (1 X, reserve depletes in one
month) to +7.03% (6%, reserve sustains six months). The 30 to 50% regime peaks at 2 x (+3.66%). Calm-
market regimes worsen with reserve size as the opportunity cost of additional idle capital increases.

Table A.4i: Timing Value (Formulation B) by Drawdown Regime and Reserve Size

<10% +0.00% +0.00% +0.00% +0.00% +0.00% +0.00%
10-20% +2.08% +1.59% +1.28% +1.08% +0.93% +0.82%
20-30% +4.38% +3.60% +2.91% +2.45% +2.11% +1.86%
30-50% +5.33% +6.81% +6.69% +6.10% +5.50% +4.97%
>50% +2.40% +5.47% +8.18% +10.28% +11.54% +11.88%

Formulation B isolates timing value: both strategies hold the same reserve; EM deploys selectively, DCA
holds in T-bills. The >50% regime reaches +11.88% at 6 X. Aggregate timing value peaks at +4.29% at 3
to 4 x reserve.

Table A.4j: Reserve Utilization by Drawdown Regime and Reserve Size

<10% 0% 0% 0% 0% 0% 0%
10-20% 40% 20% 14% 10% 8% 7%
20-30% 87% 53% 36% 27% 21% 18%
30-50% 101% 94% 81% 68% 56% 48%
>50% 101% 101% 101% 101% 99% 95%

Even at 6% reserve, the >50% regime achieves 95% utilization. The reserve deploys; it does not sit idle.

Interpretation. The net-of-cash-drag backtest confirms that the EM Ladder generates a positive,
economically meaningful premium after honest accounting for the opportunity cost of
Superposition Cash. Under Formulation A (harshest comparison), the estimated paper-equivalent
net advantage is approximately +1.4%. Under Formulation B (fair comparison isolating timing
value), the estimated paper-equivalent net advantage is approximately +4.4%, peaking at +4.29%
(computed) at 3 to 4x reserve. The advantage is positive in every decade from the 1970s through
the 2020s under both formulations.
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The reserve size sweep reveals a tradeoff surface. Aggregate Formulation A performance favors
smaller reserves (lower opportunity cost). Deep-drawdown Formulation A performance favors
larger reserves (sustained deployment capacity). Formulation B (timing value) peaks at 3 to 4x
and is remarkably stable across reserve sizes, confirming that the value of selective deployment
is robust to reserve sizing. The binding constraint in deep drawdowns is reserve size, not idle
cash, validating the monthly replenishment mechanism described in §5.6.

§A.3 Behavioral Intensity Regime Analysis

The 4,498 historical windows are partitioned into eight behavioral intensity regimes by BII
octile. The advantage increases monotonically from Very Low through Very High, confirming
the antifragile property. The plateau between Very High and Extreme reflects the structural
capacity ceiling: beyond a certain BII, all five rungs are fully deployed and additional volatility
increases variance without further increasing mean advantage.

Table A.5: Eight-regime partition by BII (reproduces Table 8.2).

BII Regime Avg BII Mean Advantage

Very Low 0.198 73.5% +0.77%
Low 0.276 72.4% +1.06%
Low-Medium 0.339 81.0% +1.93%
Medium 0.415 79.0% +2.25%
Medium-High 0.506 83.1% +3.33%
High 0.683 92.0% +6.43%
Very High 0.970 94.7% +11.54%
Extreme 1.933 92.9% +11.42%

Antifragility Ratio (Extreme / Very Low) = 14.8%.
§A.3.1 Convexity Structure

The advantage does not increase linearly with BII but accelerates at higher levels. Consecutive
quintile steps:

Table A.6: Consecutive quintile steps (reproduces Table 8.4).

Ql—-Q2 +0.83% 71% below average
Q2 —-Q3 +0.87% 69% below average
Q3 - Q4 +3.96% 40% above average
Q4 — Q5 +5.64% 100% above average

04 — Q5 contributes approximately half the total spread.
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§A.3.2 Decade Stability

The advantage-to-prediction ratio varies by decade but centers on 1.0 across the full sample:

Table A.7: Decade-by-decade advantage ratios.

Decade Adv. / e(e—1)

1970s 1.43x
1980s 0.85x
1990s 0.38x
2000s 1.26x
2010s 0.97x
2020s 1.58x

Low-volatility decades (1990s) produce lower ratios; high-volatility decades (2000s, 2020s) produce higher ratios.

§A.4 Accumulation Monte Carlo Specification

The Monte Carlo simulation validates the framework beyond historical backtests by generating
synthetic price paths from calibrated Geometric Brownian Motion. The specification enables
exact reproduction of the results reported in Section 8.7 (Table 8.1).

Table A.8: Monte Carlo simulation specification.

Parameter Value

Price model Geometric Brownian Motion: dS = uS dt + ¢S dW
Calibration source 13 Sinefine securities, Yahoo Finance adjusted close
Calibration method Monthly log returns; annualized drift (1) and volatility (o) per security

Correlation structure 13 % 13 pairwise correlation matrix from monthly log returns
Correlated path generation Cholesky decomposition of monthly covariance matrix

Total paths 130,000

Path length 60 months (5 years)

Securities per path 13 correlated; each evaluated independently

Starting price Normalized to $100

Ladder specification Identical to backtest (A.1): discrete rungs, stacking, ¥ =e
Base DCA (B) $100/month
Rolling ATH window 12 months
Random seed 42 (NumPy)

§A.4.1 GBM Calibration Protocol

For each of the 13 Sinefine securities, the annualized drift p and volatility ¢ are computed from
monthly log returns over the common date range (all 13 securities must have data). Monthly log
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returns are computed as r; = In(P; / Pi-1). Annualized parameters: p = mean(r) X 12, ¢ = std(r) x
V12. The 13 x 13 correlation matrix is computed from the same monthly log return series.
Correlated random shocks are generated via Cholesky decomposition of the covariance matrix: if
L is the lower Cholesky factor of I, then correlated shocks Z = LZ where Z ~ N(0, I).

§A.4.2 Path Construction

Each path simulates 13 correlated securities over 60 monthly steps. For security i at step #:
P =Pig x exp(ui/ 12 — 62/ 24 + 6i / 12 x Ziy)

Each security in each path is evaluated independently against the EM Ladder and DCA. The

advantage, BII, and win/loss status are recorded for each security-path combination.
§A.4.3 Monte Carlo Results

Table A.9: Monte Carlo aggregate results (from Table 8.1).

o

Total paths evaluated 130,000
Win rate 79.4%
Monotonic quintile ordering (Spearman p) 1.00
Cohen's d (Qs5 vs Q1) 1.29 (very large)
Antifragility Ratio 17.3x

§A.5 Decumulation Backtest Specification

The decumulation validation tests the Inverse EM Ladder and four comparison strategies against
historical S&P 500 total return data. This section documents the exact methodology used to
produce the results reported in Section 14.

Table A.10: Decumulation backtest specification.

Data source S&P 500 monthly total return data, January 1926 through January 2026
Monthly observations 1,201
Initial portfolio $1,000,000 (100% S&P 500)
Inflation assumption 3% annual, compounded monthly
Cohorts tested January 1929, January 1966, January 2000, January 2008
Horizons 30-year and 50-year

Parameter fitting None -- all parameters from geometric framework



The Geometry of Investor Irrationality: .. x FAR x O = e?

§A.5.1 Strategy Specifications

Table A.11: Withdrawal strategy specifications.

. 0 . . L 0 . .
Fixed 4% Rule Withdraw 4% of initial portfolio in year 1; adjust for 3% annual inflation
thereafter

Withdraw 3.57% of initial; adjust for inflation. Rate derived geometrically:

FiXed 357% (EM-SWR) W* — 1/[6 x e(e_l)]

Baseline 3.57%; multiply by (1 — )¢ where f = decline from 12-month

Inverse EM Ladder portfolio high
Guardrail Start at 4%; increase baseline 10% if effective rate < 80% of initial; decrease
u S 10% if > 120%
VPW PMT formula: 5% real return assumption, targeting full depletion over

remaining horizon

§A.5.2 Inverse EM Ladder Withdrawal Formula

The Inverse EM Ladder withdrawal at month ¢ is:
Wi=Wo x (1 +m)'x(1—1f)°

where Wo = $1,000,000 x 0.0357 / 12 = $2,975/month is the initial baseline, © = 0.03/12 is the
monthly inflation rate, and f; = max(0, 1 — Vi/ max(V11, ..., Vy)) is the fractional decline from
the portfolio's trailing 12-month high.

At an 86% drawdown (1929 cohort trough), the multiplier is (0.14)° = 0.0047, reducing the
baseline $2,975 to approximately $14. This extreme compression preserves shares at maximum
recovery leverage.

§A.6 Decumulation Historical Backtest Results

The following tables reproduce the complete cohort results from Section 14. All tests use
identical specifications: $1,000,000 initial portfolio, 100% S&P 500, 3% constant inflation, no
parameter fitting.
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§A.6.1 1929 Cohort, 30-Year Horizon (Table 14.1)
Final Max

Strategy Survived Portfolio Total W/D DD% Min Mo. W/D
Fixed 4% Rule = 4.0% N‘; 6(2;" $0 $678,811  100.0% $3,333
Fixed 3.57% o No (mo. n
EM.SWR) | 3O% 189) $0 $716,116  100.0% $2,975
I“VLeafgz;M 3.6% Yes $819.066  $1362.384  79.0% $151
Guardrails 4.0% Yes $3,334,966  $1,137.534  80.6% $932
VPW 4.0% Yes $0 $1,608,919  100.0% $1,009

§A.6.2 1929 Cohort, 50-Year Horizon (Table 14.2)
Final Max

Strategy Survived Portfolio Total W/D DD% Min Mo. W/D
Fixed 4% Rule = 4.0% N‘; 6(2;" $0 $678,811  100.0% $3,333
Fixed 3.57% o No (mo. n
EMSwR) | 6% 189) $0 $716,116  100.0% $2,975
I“VLeafgz;M 3.6% Yes $30309  $2.927.762  97.0% $151
Guardrails 4.0% Yes $5,641,139  $4,786,126  80.6% $932
VPW 4.0% Yes $0 $4.717,828  100.0% $850

§A.6.3 1966 Cohort, 30-Year Horizon (Table 14.3)
Final Max

Strategy Survived Portfolio Total W/D DD% Min Mo. W/D
Fixed 4% Rule  4.0% Yes $5.073.128  $1.942456 38.8%  $3.333
3 0,
lzgf/? ;’Vf,g" 3.6% S $6.714.978  $1733.642 354%  $2.975
I“VLeafgz;M 3.6% Yes $8.860.422  $1.537.423  30.2% $959
Guardrails | 4.0% e $6.680.036  $2.333.134 34.1%  $2.533
VPW 4.0% Yes $0 $3281.078 100.0%  $3.193
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§A.6.4 1966 Cohort, 50-Year Horizon (Table 14.4)
W/D Final Max

Strategy Survived Portfolio Total W/D DD% Min Mo. W/D
Fixed 4% Rule =~ 4.0% Yes $18,613,194  $4,631,077  38.8% $3,333
1 0,
lzglf/? gvf,g“ 3.6% Yes  $27.035.628 $4,133236  354%  $2.975
I“VLeggziM 3.6% Yes $37,978,553  $3,633,988  30.2% $959
Guardrails 4.0% Yes $15,392,161  $10,339,092  34.1% $2,533
VPW 4.0% Yes $0 $10,045,640  100.0% $2,690

§A.6.5 2000 Cohort, 30-Year Horizon (Table 14.5)

Final Max

Strategy Survived Portfolio Total W/D DD% Min Mo. W/D
Fixed 4% Rule ~ 4.0% Ngg(g;"' $0 $1,348,895  100.0% $3,333
3 0,
lzgf/? S\if%ﬁ 3.6% S $90.850  $1.733.642 90.9%  $2.975
I“VLeJZZ;M 3.6% Yes $1,162,764  $1,443.456  60.6% $676
Guardrails 4.0% Yes $1,878,736  $1,396,403  58.7% $1,514
VPW 4.0% Yes $0 $1,934,020 100.0% $2,001

§A.6.6 2008 Cohort, 30-Year Horizon (Table 14.6)

Final Max

Strategy Survived Portfolio Total W/D DD% Min Mo. W/D
Fixed 4% Rule = 4.0% Yes $5.871,228  $1,942,456 51.1% $3,333
3 0,
lzgf/? S\if%ﬁ 3.6% S $7.179.999  $1733.642 508%  $2.975
I“VLeJZZ;M 3.6% Yes $8,851,075  $1,552,056  49.6% $543
Guardrails 4.0% Yes $6,212,132  $2,602,695 50.7% $1,834
VPW 4.0% Yes $0 $3,620,250 100.0% $2,601

§A.7 Decumulation Monte Carlo Results

Bootstrap resampling of post-1926 monthly S&P 500 total returns. 10,000 independent paths per
horizon. Each path draws monthly returns with replacement from the 1,201-observation
historical pool.



§A.7.1 30-Year Horizon (Table 14.7)

The Geometry of Investor Irrationality: ). x FAR x O = e?

Strategy Surv. Mean Final Median Sth Pctl 25th Pctl Mean W/D

1 0
Fl’;ig”’ 89.6%  $16.990.723 $8.294.356 S0 $2311995 —  $1.872.428

Fixed
357%  93.1% $18.366.824 $9.379.611 $0 $3.081,760 —  $1,693.761

(EM-SWR)

InVLe;SSeEM 99.5%  $20217.369 $11,028.014 $674220 $4343,722 —  $1.445297
Guardrails  100.0% $9.771324  $5.896.678  $1,033.080 $2.906762 —  $4.319.260
VPW  100.0% $0 $0 $0 $0 . $5.822.175

Table A.12: 30-year Monte Carlo results (reproduces Table 14.7). 10,000 bootstrap-resampled paths.

§A.7.2 50-Year Horizon (Table 14.8)

75th

Strategy Surv. Mean Final Median 5th Pctl 25th Pctl Petl Mean W/D

1 0

Fl’;fjljﬁ 82.0% S$157.762.649 $46.313,503 $0 $6,627,699  —  $4.156,140
Fixed

357%  86.7% $171,889,091  $55.253,822 $0 $12,022,155 —  $3.833,646
(EM-SWR)
I“VLGJZESM 95.5% $190,872,181 $69,334,023  $379  $20725213  —  $3,383,825
Guardrails 100 $45201180  $19.489.921 1961943 $7.675094  —  $21,590204
vew 1900 50 50 30 50 . $20,094,848

Table A.13: 50-year Monte Carlo results (reproduces Table 14.8). 10,000 bootstrap-resampled paths.

§A.8 20-Stock Cross-Sector Validation Specification

The cross-sector validation tests the Spectral Resolution Principle (k = €?) using a 20-stock
portfolio spanning 13 sectors. The results are reported in Section 6 (Tables 6.7 through 6.13).

Table A.14: Cross-sector validation specification.

Parameter Value

Portfolio size 20 stocks spanning 13 sectors

Data source Daily closing prices
2012-2026 (3,444 trading days, 153 month-ends)

9/20 = 45%

Common date range

Tech-adjacent concentration

Correlation computation Trailing 252 trading days (rolling)
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Effective correlation Pett = (Amax — 1) / (N — 1)
Position count formula N*=1+[1-p)—1]/p
Prediction at p = 0.30 N*=15

§A.8.1 Eigenvalue Spectrum (Table 6.9)

The latest 252-day correlation matrix of the 20-stock portfolio exhibits a clean spectral
separation at ¢* = 7.389. The transition between resolved and dark channels occurs between
eigenvalues 6 and 7:

Table A.15: Eigenvalue spectrum (reproduces Table 6.9).

# | Eigenvalue Variance % Amax / Ai Status

1 6.805 34.0% 1.00 Resolved (market factor)
2 2.705 13.5% 2.52 Resolved (tech vs. value)
3 1.150 5.7% 5.92 Resolved

4 1.034 5.2% 6.58 Resolved

5 0.971 4.9% 7.01 Resolved

6 0.927 4.6% 7.34 Resolved (M/As < €%)

7 0.813 4.1% 8.38 Dark (M/A7 > €?)

S, 021070 135% 97325 Dark

Six channels resolved, thirteen dark.

§A.8.2 COVID Crash Trajectory (Table 6.10)

Table A.16: COVID crash trajectory (reproduces Table 6.10).

Peit N*(perr) Resolved
2020-01-02 Pre-crash baseline 0.287 15.9 4/19
2020-02-21 First drop begins 0.299 15.0 5/19
2020-03-12 Pandemic declared 0.712 2.6 0/19
2020-03-23 S&P 500 bottom 0.736 23 0/19
2020-04-30 = Recovery underway 0.710 2.6 0/19
2020-06-30 Post-recovery 0.498 6.5 2/19

N*=15.0 on the last trading day before the crash.
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§A.8.3 Consolidated Evidence (Table 6.13)

Table A.17: Consolidated evidence for geometric position count formula (reproduces Table
6.13).

Sector-balanced 15-stock /e 1.000 0.971-1.035 3—4%
37 months, pesr € [0.27,0.33]: k(15)/e? 1.000 1.023 2.3%
Conditional frontier crossing N*=15 N=15.7 +0.7
Oct 2023 (petr = 0.299): k(15)/e* 1.000 0.999 0.1%
Feb 21, 2020 (pre-crash): N*(petr) 15 15.0 0.0
Normal regime (n=68): median N* 15 14.7 2%
Crisis channel-darkening 0-1 ch. 0-1 ch. Confirmed
Eigenvalue spectrum at e? Clean Ae/A7 straddles Confirmed

§A.9 Constants Web False Discovery Rate Analysis

The Investor Irrationality Constants Web (§8.13) claims that specific algebraic combinations
of Cumulative Prospect Theory parameters converge on fundamental mathematical constants
with sub-1% precision. A natural objection is that seven parameters in the range [0.61, 2.50] can
form many products, ratios, and roots; finding several near familiar constants may be expected
by chance (§D.13.2). This section reports a Monte Carlo false discovery rate analysis that
directly tests this objection. The analysis directly tests the fishing-expedition objection and
provides the denominator that §D.13.2 identified as needed.

Table A.18: Constants Web FDR specification.

Parameters tested 7 CPT parameters: A, FAR, O, a, B, y", v~
Relationships tested 5 algebraically independent (see §A.9.1)
Distribution Uniform over plausible ranges (maximum entropy)
Trials 100,000 per run; replicated across 8. random seeds; confirmed at 500,000
trials
Random seed 42 (NumPy); replicated with seeds 123, 456, 789, 2024, 2025, 2026, 99999
Threshold Relative error < 1% (Jcomputed — target| / target < 0.01)
Fnplementation Python 3 (NumPy); independently reimplemented with

numpy.random.default rng for verification
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§A.9.1 Relationship Selection and Algebraic Independence

The Constants Web contains seven named relationships. Two are algebraically dependent on
others: ¥ = V(A x FAR x O) = e is the square root of the EMI identity A x FAR x O = ¢2, and the
Complete Behavioral Intensity Formula (A X FAR x O)(a X y* x y7) = e is the product of the EMI
and the Probability Distortion identity. The analysis tests only the five algebraically independent
relationships:

Table A.19: Five algebraically independent Investor Irrationality Constants Web
relationships.

Euler-Mehta Invariant AxFAR x O 7.369 7.389 0.275%
Probability Distortion o xy"xyo /e 0.370 0.368 0.683%
Golden Recursion AXOxa ¢’ 2.594 2.618 0.926%
Reflection Constraint 0 x a2 1 1.014 1.000 1.446%
Fear-Compression Ratio FAR/a 0’ 2.841 2.618 8.513%

Three converge within 1% of their targets; two do not.

The five formulas share parameters (A and O appear in both the EMI and the Golden Recursion)
but are not algebraically derivable from one another. An explicit proof: if the EMI, Golden
Recursion, and Reflection Constraint all held exactly, the Fear-Compression Ratio would equal
e*/(¢? x a?), not ¢*. The system is overdetermined: the five relationships impose constraints that
random parameters will almost never satisfy jointly.

§A.9.2 Parameter Ranges

Table A.20: Parameter ranges for Monte Carlo null distribution.

Tversky & Kahneman (1992); meta-analytic

A (loss aversion) [1.50, 3.00] 2.25 50th range
FAR (fear .
et [2.00, 3.00] 2.50 50th VIX analysis (§7.2)
(0] T
(overconfidence) [1.10, 1.70] 1.31 35th Moore & Healy (2008); calibration literature
o (value
e — [0.70, 1.00] 0.88 60th Tversky & Kahneman (1992)
.
v (prob. wt., [0.50, 0.75] 0.61 44th Tversky & Kahneman (1992)
gains)
v (lf(’)rsos‘ﬂc"s)w t [0.55, 0.85] 0.69 47th Tversky & Kahneman (1992)

All actual values fall between the 35th and 60th percentile of their ranges. Uniform distributions
maximize entropy over the range, providing the most generous null hypothesis.
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The parameter B is excluded from the analysis because § = a by the Reflection Principle and no
independent relationship in the Constants Web uses [ separately from a.

§A.9.3 Results

Primary Test. Of 100,000 random parameter draws, 34 achieved three or more sub-1% matches
among the five independent relationships (p = 0.00034). The random baseline is 0.158 sub-1%
matches per trial; the actual count of 3 represents a 19x ratio. The distribution of sub-1% match
counts is:

Table A.21: Distribution of sub-1% match counts under the null (100,000 trials, seed 42).

0 85.24% 85,236

1 13.72% 13,719

2 1.01% 1,011

3 0.032% 32 « Actual
4 0.002% 2

5 0.000% 0

Joint Precision Test. The geometric mean error across all five relationships is 1.16% for the
actual parameters, versus 14.86% for the random baseline (12.8x ratio, p = 0.00038). Random
parameters that achieve the same count of sub-1% matches typically do so with lower joint
precision.

Constant Shopping Test. To address the objection that target constants were selected because
they matched, a second test allowed each formula to match its closest constant from a catalog of
30 mathematical constants (e, 2, Ve, l/e, 1, n/2, @, 9% 1/p, N2, V3,5, In 2, In 3, and others).
Under this maximally skeptical null, the actual parameters achieved 3 of 5 sub-1% best-matches,
versus a random baseline of 0.851 (3.5x% ratio, p = 0.036). The result survives even when random
parameters are given the same freedom to find favorable matches.

Replication and Sensitivity. The primary result was replicated across eight random seeds at
100,000 trials each (p-values: 0.00031 to 0.00042) and confirmed at 500,000 trials with two
seeds (p = 0.000388 and p = 0.000364; 95% confidence interval: [0.00031, 0.00044]). An
independent reimplementation using a separate random number generator
(numpy.random.default rng) at 500,000 trials produced p = 0.000388, confirming the result is
not an artifact of the pseudorandom sequence. Sensitivity analysis across range widths (narrowed
25%, widened 50%, widened 100%) showed p-values from 0.00005 to 0.0006; the result
strengthens with wider ranges.
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§A.9.4 Interpretation

The Constants Web’s three strongest relationships (Euler-Mehta Invariant, Probability
Distortion, Golden Recursion) converge within 1% of their theoretical targets at a joint
probability of approximately 1 in 2,700 under the null. The two weaker relationships (Reflection
Constraint at 1.45% and Fear-Compression Ratio at 8.51%) do not achieve sub-1% precision and
are appropriately classified at lower confidence in Table 8.9.

Under the specific-target test, significance is strong (p < 0.001). Under the constant shopping
test, significance holds at p < 0.05 but not p < 0.01. The difference between these two tests is
informative: a substantial portion of the statistical significance derives from the theoretical
motivation connecting specific formulas to specific constants (e? from the eigenvalue structure,
1/e from probability distortion, ¢? from recursive self-evaluation developed in a forthcoming
companion paper). Without the theoretical framework, the numerical coincidences would be
suggestive but not conclusive. With it, they are significant.

These results do not establish that the Constants Web reflects deep mathematical structure rather
than stable empirical regularity. They establish that the observed precision substantially exceeds
what would be expected by chance, and that the “fishing expedition” objection of §D.13.2 is
refuted for the three core relationships.

§A.9.5 Reproduction Protocol

1. Draw seven parameters independently from uniform distributions over the ranges specified in
Table A.20.

2. Compute the five formulas in Table A.19 using the drawn parameters.

3. For each formula, compute relative error as [computed — target| / target.

4. Count the number of formulas with relative error < 0.01.

5. Repeat steps 1 through 4 for 100,000 trials (or 500,000 for tighter confidence intervals).
6. The p-value is the fraction of trials achieving a count greater than or equal to 3.

7. For the constant shopping test: at step 3, replace the specific target with the closest constant
from a catalog of 30 mathematical constants, and count sub-1% best-matches.
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§A.10 Reproduction Protocol

This section provides a step-by-step procedure for independent researchers to reproduce all
empirical results presented in this appendix and in Sections 6, 8, and 14 of the main paper.

§A.10.1 Accumulation Backtests (Section 8)
1. Download Yahoo Finance adjusted close prices for each of the 13 Sinefine securities: AAPL,

AMZN, AVGO, BRK-B, GOOGL, JPM, LLY, META, MSFT, NVDA, TSLA, TSM, WMT.
Use the maximum available date range for each ticker.

2. Extract the first trading day of each calendar month from daily data.

3. For each monthly date, compute the 52-week high as the maximum adjusted close over the
trailing 365 calendar days of daily data.

4. For each ticker, generate all possible 25-observation (24-month) windows, stepping by 1
month.

5. Within each window, simulate both DCA ($100/month) and the EM Ladder (discrete stacking
per Table A.2) at each monthly date, computing shares acquired, total cost, and final value.

6. Compute the annualized cost-weighted return for each strategy and record the advantage (EM
minus DCA), BII, and win/loss status.

7. Aggregate across all tickers and windows. Perform the one-sample t-test against e(e—1) =
0.04671, compute the Spearman correlation on BII quintile means, and compute the Antifragility
Ratio as Qs mean advantage divided by Qi mean advantage.

§A.10.2 Accumulation Monte Carlo (Section 8)

1. Set NumPy random seed to 42.

2. Calibrate GBM parameters (U, o, correlation matrix) from the common-period monthly log
returns of all 13 securities.

3. Compute the Cholesky decomposition of the monthly covariance matrix.

4. Generate 130,000 paths of 60 monthly steps for 13 correlated securities. For each path and
each security, compute the EM Ladder vs DCA advantage using the same discrete stacking
protocol as the historical backtest.

5. Partition results into BII quintiles and compute win rate, Cohen's d, and Antifragility Ratio.

§A.10.3 Decumulation Backtests (Section 14)

1. Obtain monthly S&P 500 total return data from January 1926 through January 2026 (1,201
observations). Sources: CRSP, Ibbotson SBBI, or Shiller online data.

2. For each of the four cohorts (1929, 1966, 2000, 2008) and each horizon (30-year, 50-year),
simulate all five strategies using the specifications in Table A.11.
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3. For the Inverse EM Ladder, apply W= Wy x (1+m)" X (1—f;)° mechanically at each month
without adjustment.

4. For Monte Carlo: bootstrap-resample 10,000 paths of monthly returns (with replacement) at
each horizon. Apply all five strategies to each path.

§A.10.4 Cross-Sector Validation (Section 6)

1. Construct the 20-stock portfolio from the 13 Sinefine securities plus AMT, UNH, PG, GD,
CAT, XOM, NEE.

2. Compute the trailing 252-day correlation matrix at each month-end. Extract eigenvalues and

3. Compute N* =1+ [e*(1 — petr) — 1]/ petr at each month-end. Verify convergence to N*= 15
when pesr = 0.30.

4. Compute rolling 63-day correlation matrices during the COVID crash period (January—June
2020) and the 2022 bear market. Track channel darkening as pesr increases.

§A.10.5 Code Base

The Python source code uses NumPy, pandas, and SciPy. All simulations are fully deterministic
with random seed 42.
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