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Abstract

We present the complete, self-contained derivation of the dark energy equa-
tion of state from the six-dimensional Einstein equations with metric signature
(=,+,+,+,—,—). Starting from first principles — the 6D metric ansatz, the Einstein
tensor computation, and the contracted Bianchi identity — we derive the modified
Friedmann equation H? = (8uG/3)p + 2sH — s?/3, where s = B/(2pB) is the breathing
rate of the compactified temporal dimensions in the isotropic regime (a/(2a) = B/(2B)
= s). We prove that the constant-rate regime (s = const) emerges as a dynamical
attractor for moduli potentials with |V’| ~ Ho? and derive the equation of state
parameter wo = —0.800 as a prediction with zero free parameters — the single
input being the observed dark energy fraction Q DE = 0.685. We demonstrate that:
(i) only the temporal signature (—,—) of the extra dimensions produces positive dark
energy; (ii) the Null Energy Condition is automatically satisfied (w = —1 always); (iii)
the cosmic acceleration condition requires y > y crit = 0.199, with the golden ratio
¢ appearing in the single-modulus limit; and (iv) the asymptotic de Sitter state has
H « = 44.6 km/s/Mpc. The CPL parametrization yields wo = —0.81, w a = +0.33,
compatible with DESI DR2 constraints at 1.2c. All predictions are falsifiable and
pre-registered.

Keywords: dark energy, extra dimensions, modified gravity, equation of state, cos-
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1. Introduction
1.1 The Dark Energy Problem

Cosmological observations establish that approximately 68.5% of the energy content
of the universe consists of a component with negative pressure — dark energy —
driving accelerated expansion [1,2]. The simplest model, a cosmological constant
A with equation of state w = —1, fits existing data but suffers from the 123-order-
of-magnitude discrepancy between the observed vacuum energy and quantum field
theory predictions [3,4].

Recent results from the Dark Energy Spectroscopic Instrument (DESI) Data Release
2, combined with CMB and supernova data, provide evidence at 2.8-4.20 significance
for dynamical dark energy with wo > —1 [5]. This motivates frameworks where dark
energy arises from geometric degrees of freedom rather than a constant.

1.2 The 3D+3D Framework

The 3D+3D discrete spacetime theory [6,7] proposes that spacetime has six dimen-
sions with signature (—,+,+,+,—,—), where two additional temporal dimensions (tz,
T3) are compactified on a temporal torus T? with modular parameter T = i/, @ =
(1+V5)/2 being the golden ratio. The compactification scales are L2 = 9.5 light-years,
Ls = 6.0 light-years, with temporal periods T> = 30 years, Tz = 19 years [8].

This framework has been validated against 175 SPARC galaxy rotation curves (15.0
km/s RMS) [9], WALLABY survey data [10], NANOGrav pulsar timing [11], SLACS
gravitational lensing at 4.00 [12], and cosmic web structure at the A1z = 0.856 Mpc
scale [13]. All galactic-scale predictions derive from the compactification geometry
with zero free parameters.

1.3 Historical Note and Edison Mode

The derivation of wo presented here is the result of systematic exploration of 13+ dark
energy mechanisms within the 3D+3D framework, of which 12 failed [14]. Following
the “Edison Mode” philosophy — “I have not failed, I've just found 10,000 ways that
won’t work” — we document both the successful constant-rate derivation and the
failed approaches (Section 9). Earlier papers reported different wo values (—0.52
from exponential activation [15], —0.71 from damped oscillations [16]); these are
superseded by the present derivation, as documented in Errata [17].

1.4 Scope and Organization

This paper is fully self-contained. We derive every equation from first principles, with
no external inputs beyond the 6D metric and standard general relativity. Section
2 establishes the metric and computes the Einstein tensor. Section 3 derives the
modified Friedmann equation. Section 4 treats conservation laws. Section 5 derives
the equation of state. Section 6 proves the acceleration theorem. Section 7 analyzes
the constant-rate attractor. Section 8 presents predictions and comparison with data.
Section 9 documents failed approaches. Section 10 concludes.



2. Six-Dimensional Metric and Einstein Tensor
2.1 Metric Ansatz

We consider the six-dimensional line element:
dsgp = —c?dt® + a(t)?0,;de*dx? — a(t)c?drs — B(t)c*drs (1)

where: - ¢ is cosmic time, z* (¢ = 1, 2, 3) are comoving spatial coordinates - 7,, 75 are
the compactified temporal coordinates with periods T,, T} - a(t) is the spatial scale
factor - a(t), B(t) are dynamical moduli controlling the size of the compact dimensions
- The signature is (—, 4+, +,+,—, —), i.e., g, =5 = —1

2.2 Expansion Rates

We define five expansion rates:

g=% p 2)

Q
%7 Q:
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Q|
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The factors of 2 in the definitions of P and () arise because « and 3 multiply c2d7?, so
the effective “radius” of each compact dimension scales as v/« and \//3 respectively.
The rate of change of the effective radius is ¢/(2«) and 3/(20).

2.3 Einstein Tensor Components

The 6D Ricci tensor and scalar curvature are computed by standard methods for the

diagonal metric (1). The key component is the (0,0) element of the Einstein tensor
6 1

GELU)B = Ryp— 394886

G =3H2—3H(P + Q) + PQ (3)

Signature Lemma. For compact dimensions with signature ¢, the (0,0) Einstein
tensor component is:

* Spacelike (¢ = +1): Gy = 3H* +3H(P + Q) + PQ
* Timelike (¢ = —1): Gy, = 3H?* —3H(P + Q) + PQ

Proof. The cross-terms between spatial indices i € {1,2,3} and compact indices
a € {4,5} each carry a factor £ ;.1 X €compact- FOT spatial dimensions ¢ = +1, and
there are six cross-terms (3 spatial x 2 compact), each proportional to HP or H(Q).
With €;onnact = —1, the contribution is —3H P — 3H (). The compact-compact cross-

term (4,5) carries €,6; = (—1)? = +1, giving +PQ. O



Remark 2.1. The sign difference between spacelike and timelike extra dimensions
is crucial. As we show in Section 5, only the timelike signature produces a positive
dark energy contribution to the Friedmann equation.

2.4 Raychaudhuri Equation

The spatial (7,7) components of the 6D Einstein equation yield the generalized Ray-
chaudhuri equation:

2H +3H?> —2H(P+Q)— P —Q+ PQ = —rp (4)
where p is the isotropic pressure and k = 877G/ ct.

2.5 Compact Dimension Equations

The (4,4) and (5,5) components give evolution equations for the moduli:

P+ P2+ 3HP + PQ = km, (5a)
Q+Q*+3HQ + PQ = kr (5b)

where 74, 75 are the effective pressures along the compact dimensions. For vacuum
energy or matter with no pressure anisotropy along the compact directions, 7, =

3. Modified Friedmann Equation

3.1 General Form

The (0,0) Einstein equation Gé%) = Kp gives:

3H?> —3H(P+ Q)+ PQ = kp (6)
Solving for H?:
8tG P
H2=7TTp+H(P+Q)—TQ (7)

Setting P = Q = 0 recovers the standard 4D Friedmann equation H? = (87G/3)p.



3.2 Isotropic Breathing Regime

For the isotropic case where both compact dimensions breathe at equal rates:

P=Q=s (8)
Equation (7) becomes:
5  8mG 52

This is the central equation of this paper. We define:

S

= — 10
and the normalized dark energy fraction:
%
QgeoEzy—gzl—Qm (11)

Proposition 3.1. Fora given 2, , the breathing parameter y is uniquely determined
by:

y=3—+9-31-Q,,)=3—+/6+39, (12)

selecting the physical root 0 < y < 1.

Proof. Equation (11) is a quadratic in y: y?/3 — 2y + (1 — Q,,) = 0, with solutions
y=34++9-3(1—-9,,). Therooty = 3 + /- > 3 is unphysical (would require
s > 3H). The physical root is the smaller one. O

Numerical evaluation. With 2, = 0.315 [2]:

Yo = 3 — v/6.945 = 3 — 2.6354 = 0.3647 (13)
So = Yo X Hy = 0.3647 x 67.4 = 24.58 km/s/Mpc (14)

3.3 Algebraic Solution for H
Equation (9) is quadratic in H:

2 8nG
H2—25H+%—%p=0 (15)



with solution:

252 881G
H=s+\75+=37 (16)

where the positive root is selected for an expanding universe.

3.4 Signature Dependence

Theorem 3.1 (Signature Theorem). Only the temporal signature (g,,e5) =
(—1,—1) for the extra dimensions produces a positive geometric dark energy contri-
bution. Spacelike extra dimensions (¢ = +1) produce a negative contribution that
decelerates expansion.

Proof. For spacelike extra dimensions, Eq. (3) becomes Gy, = 3H? + 3H (P + Q) +
PQ), giving:

H2:¥p—H(P+Q)—P—;2

The geometric terms —H (P+()) and — P() /3 are negative for positive P, (), reducing
H? below the standard Friedmann value. This produces deceleration, not accelera-

tion. Only the minus sign from the temporal signature (—, —) flips these terms to the
accelerating form (7). O

4. Conservation Laws

4.1 Modified Energy Conservation

The contracted Bianchi identity V AGAB = 0, applied to B = 0 of the 6D Einstein
equations with the isotropic ansatz P = () = s, yields:

p+(BH —2s)p=0 (17)

Derivation. The full 6D conservation includes terms from the varying compact di-
mensions. With P = () = s, the effective number of “expanding” dimensions is 3
(spatial) minus 2 x s/H (compact temporal, with opposite signature), giving the ef-
fective dilution rate (3H — 2s) rather than the standard 3H. Explicitly, V ,74° = 0
gives p+ (3H + e, - 2P +¢5-2Q)p = 0. Withey, = e, = —land P = Q = s:
p+ (BH —2s)p=0.0

4.2 Solution

pla) =pg-a=?- (%) (18)

6



Proof. The total 6D volume element scales as a>+/af for spacelike compact dimen-
sions. For temporal compact dimensions with € = —1, the conservation law acquires
a sign flip in the compact contributions [18]:

p+BH—-P—-Q)p=0 (19)

With P = Q = s:

p+(BH —2s)p=0 (17")

confirming Eq. (17). Substituting the ansatz p = pya > (aB/ayB,)%:

p'—p(?)H—i—%—F%) =p(=3H+ P+ Q) =p(—3H + 2s)

which gives p + (3H —2s)p = 0. O

For slowly varying moduli (s < H), p ~ poa_3 to leading order, recovering standard
matter scaling.

4.3 Consistency Check

Substituting p from (21) into the Friedmann equation (9) and verifying the Raychaud-
huri equation (4) gives a self-consistent system. We verify this numerically in Section
7.

5. Equation of State
5.1 Geometric Dark Energy Density
We define the geometric dark energy density as the excess beyond standard matter-

driven expansion:

8rG 52
Tpgeo = 28H — § (22)

so that the Friedmann equation reads:

1

H? = T(pm + pgeo) (23)

The geometric dark energy fraction is:



2sH — s%/3 e

geo = H2 = 2y - ? (24)

Q

At z = 0: Q. = 2(0.3647) — (0.3647)?/3 = 0.685, exactly matching €2, observed.

5.2 Effective Equation of State

The equation of state is defined through the continuity equation for the geometric
component:

pgeo + 3H<1 + w)pgeo = 0 (25)
pgeo
= -1 - — 26
w 3Hp,, (26)
From (22), with s = const:
, 3 2sH (27)
pgeo - 87TG
Therefore:
2sH 2y - H/H?
w— _1 B S 1 Y / (28)
3H(2sH — s2/3) 3(2y — y?/3)

5.3 Computation of H/H?

Differentiating the Friedmann equation (9) with respect to time:

OHH = %p +2sH (29)

Using the modified conservation law p = —(3H —2s)p and SWG/) = H?—2sH +s%/3:

OHH = —(H? — 2sH + 52/3)(3H — 2s) + 2sH (30)

Collecting H terms:

(2H — 2s)H = —(H? — 2sH + 52 /3)(3H — 2s) (31)



H  (1—2y+y?/3)(3—2y) (32)
H? 2(1 —y)
Numerical evaluation at z = 0: With y, = 0.3647:
Hy  (1—0.7293+0.0443)(3—0.7293)  0.3150 x 2.2707 _ 0.7153 _ 0.5699
H? 2(1 — 0.3647) B 2x 06353  1.2706
(33)

5.4 Final Result for wo

Substituting (32) into (28):

- 2 x 0.3647 x (—0.5629)
3 x 0.685 a 2.055

—0.41
1— H = —1+0.1998 (34)

woz_

wy = —0.800 (35)

This is a prediction, not a fit. The only observational input is 2, = 0.315 (equiv-
alently, {2,z = 0.685), which enters through y,. The value of w, is then determined
algebraically by the 6D Einstein equations.

5.5 Closed-Form Expression

Combining (28) and (32), we obtain a closed formula for w as a function of y = s / H
only:

2y(1 —2y +y?/3)(3 — 2y)
32y —y?/3) - 2(1 —y)

y(1—2y +y°/3)(3 — 2y)
32y —y?/3)(1 —y)

Simplifying: noting that 1 — 2y + 4%/3 = Q,, and 2y — 4%/3 = Qpp = 1 — Q,,,, this
becomes:

w(y) =—1+ (36)

=1+

(37)

31-9,)1—-y)

w(y) = —1+ (38)

This formula is exact for the isotropic constant-rate model with pressureless matter.



5.6 Null Energy Condition

Theorem 5.1 (No Phantom Crossing). In the constant-rate regime with 0 < y < 1
and (1,, > 0, the equation of state satisfies w > —1 identically. No phantom crossing
(w < —1) occurs.

Proof. From (38), w+1=y-9Q,.-(3—2y)/[3(1—9,,)(1—y)]. For0 <y < 1: y > 0,
Q,>03-2y)>1>0,(1-9,,) >0, (1—y) > 0. All factors are strictly positive,
sow—+1>0,ie,w>—-1.0

Corollary 5.1. The Null Energy Condition pg., + Pgeo = 0 is automatically satisfied.
No exotic matter is required.

5.7 Limiting Behavior

Early times (z > 1,y — 0): w — —14+Q,_y/Qpr — —1. The geometric dark energy
mimics a cosmological constant.

Late times (z — —1, p,,, — 0, ¥y — y..): The universe approaches a de Sitter state.

From (16) with p = 0: H__ = s(14++/2/3) = sx1.8165, giving y,, = 1/(14++/2/3) =
0.5505 and w,, = w(0.5505).

6. Acceleration Theorem

6.1 Deceleration Parameter

_ B -2y 3)3-2)

e 2(1—y) (39)

At z = 0: ¢5 = —1 + 0.5629 = —0.437.

6.2 Acceleration Boundaries

Theorem 6.1 (Acceleration Boundary). For the isotropic modified Friedmann
equation (9) with constant s and pressureless matter, the necessary and sufficient
condition for cosmic acceleration (q < 0) is:

Yy > Y.y ~ 0.1987 (40)

corresponding to €),, < 0.616.

Proof. The acceleration condition ¢ < 0 requires:

(1—2y+97/3)(3—2y) <2(1—y) (41)

Expanding and simplifying yields the cubic:

10



293 — 15y +18y —3 =0 (42)

The three roots are y; = 0.1987, y, = 1.247, y3 = 6.054. Only y; is in the physical
range 0 < y < 1. For y < y;, ¢ > 0 (decelerating, matter-dominated); for y > vy,
q < 0 (accelerating). O

Verification. At y, = 0.3647 > 0.1987: g, = —0.437 < O (verified).

Remark 6.1 (Connection to single-modulus case). For the single-modulus equa-
tion H? = kp+ sH (with P = 0, = s), the acceleration boundary takes the elegant
golden ratio form y > 1/¢? = 0.3820, where ¢ = (1 + v/5)/2 [20]. In the isotropic
case, the boundary shifts to the lower value 0.1987, reflecting the doubled geometric
contribution from two breathing modes.

7. The Constant-Rate Attractor
7.1 Physical Motivation

The constant-rate regime s = const requires physical justification. Why should the
breathing rate of the compact dimensions settle to a constant rather than, say, scaling
as s x H or decaying exponentially?

7.2 Moduli Potential

The canonical moduli field x related to 3 by x = My, In 3 satisfies the Klein-Gordon
equation in an expanding background:

X+3Hx+V'(x)=0 (43)

For the constant-rate regime s = x/(2Mp,) = const, we need ¥ = 0, hence:

V'(x) = —3Hx = —6HsMy, (44)

At late times when H — H__ = const and s = const, this requires a linear potential:
V(x) ~ —6H__ sMpx + const.

7.3 Attractor Mechanism

For a general moduli potential with |V’| ~ HZ My, (as occurs naturally for Casimir-
type potentials on the compact torus [19]), the system of equations:

V/
S':—?)HS—SQ—F% (45)
Pl

has a fixed point at s = 0 given by:

11



_ —3H +\/9H? + 2V’ /My,

* 5 (46)

S

For |V'|/Mp < H?, this gives s, ~ V'/(6HMy,). At late times, H — H__ and
s — s,, establishing the constant-rate attractor.

7.4 Numerical Verification

We have verified by direct numerical integration that eight different initial conditions
for (x, X, a) converge to the same constant-rate attractor within 2-3 Hubble times
[14]. Phase portrait analysis confirms a stable spiral in the (s, $) plane. These results
are documented in the companion Paper [20].

8. Predictions and Comparison with Observations

8.1 Complete Prediction Table

Quantity Symbol Value Input
Breathing parameter Yo = So/Hy 0.3647 Q,, =0.315
Breathing rate S 24.58 km/s/Mpc  H,(},,
Dark energy fraction Qgeo 0.685 By construction
Equation of state wy —0.800 Derived
Deceleration parameter ¢ —0.437 Derived
H,/H? — —0.563 Derived
Asymptotic Hubble H__ 44.6 km/s/Mpc Derived
CPL w, — —0.806 CPL fit
CPL w, — 40.329 CPL fit
8.2 Redshift Evolution

z HE/Hy yiz) wz)

0.0 1.000 0.3647 —0.800

0.3 1.248 0.2921 —0.734

0.5 1.438 0.2536 —0.701

1.0 1.980 0.1842 —0.643

1.5 2.603 0.1401 —0.608

2.0 3.296 0.1106 —0.585

3.0 4.865 0.0750 —0.557

Key feature: w(z) > —1 always (thawing quintessence). At high redshift, w — —1

from above.

12



8.3 CPL Parametrization

Fitting w(z) = wy + w, - 2/(1 + 2) to the tabulated values yields:

wy = —0.806, w, = +0.329 (47)

8.4 Comparison with DESI DR2

Parameter 3D+3D DESIDR2+CMB Tension

wy —0.80  —0.5540.21 1.20
w +0.33 —1.27£0.70 2.30

a

Assessment. The w, prediction is compatible with DESI within 1.20. The w,, tension
of 2.30 reflects the sign difference: 3D+3D predicts w, > 0 (thawing), while DESI
central values suggest w, < 0 (freezing). However, the DESI w, constraint has large
uncertainties and is dataset-dependent (ranging from —0.90 to —1.27). Future Euclid
data will be decisive.

8.5 Comparison with Planck ACDM

Quantity 3D+3D ACDM Difference
Qi 0.685 0.685 Exact

W, —0.80 —1.00 0.20

o —0.44 —0.53 0.09

H_ 44.6 56.5 km/s/Mpc Different

The key distinguishing prediction is the asymptotic Hubble constant: H ;‘;D +3D —

44.6 km/s/Mpc vs. HACPM = [, /Q, = 56.5 km/s/Mpc. This difference grows with
cosmic time and is in principle testable.

9. Failed Approaches (Edison Mode)

In the spirit of transparent science, we document 12 approaches that were systemat-
ically explored and found inadequate:

1. O_m = 1/m derivation. Numerological coincidence (0.40 from Planck), no rig-
orous basis.
2. Casimir/volume ratio. Red Team showed formula not rigorously derived in
Einstein frame.
. Bianchi identity B-dependence. Cancels in proper 4D reduction.
. (5,5) forcing. Requires p; # 0 with no physical mechanism.
. Thawing quintessence with m 4 from moduli stabilization. Mass too large

O W

(m ~ 101 H,), freezes immediately to w = —1.

13



Q-field 7;; component. Scales as a~ 5, negligible today.
6

Conformal coupling. Also scalesas a ".

Non-minimal f(3) x T coupling. Violates equivalence principle tests.

Internal pressure p; #+ 0. No physical source identified.

Quantum 1-loop effects. Gives ()(104?) correction.

. Casimir exact Standard Model calculation. Factor 10%2 mismatch with ob-
served A.

12. Scaling regime P = xH. Equivalent to GG renormalization, gives w ~ 0 (matter-

like, not accelerating).

N S

_ =

The successful approach — constant-rate breathing s = const — was the 13th at-
tempt.

10. Falsifiable Predictions
10.1 Kill Switch Parameters

The following predictions, if contradicted by observation, would falsify the constant-
rate model:

Prediction Value Falsification criterion

wy —0.80 £0.03 ||u)8bS — (—0.80)| > 30

w, +0.33+0.10 w, <Oat> 30

Phantom crossing Never Any detection of w < —1

Qpe(2) Specific Deviation from Eq. (24)
z-dependent
form

H_ 44.6 Requires far-future measurement
km/s/Mpc

10.2 Pre-Registered Predictions for Euclid and DESI

These predictions were registered before Euclid DR1 and DESI DR2 data releases
[21]: - Cosmic web correlation length: A\;; = 0.856 Mpc - Growth suppression: v ~
0.527 - Dark energy parameter: w, = —0.80

11. Discussion
11.1 Relationship to Previous 3D+3D Dark Energy Papers

This paper supersedes three earlier treatments:

« Exponential activation model (Paper XVI [15]): w, = —0.52. Used [(t) =

B (1 —e7H/76) with 75 = 10 Gyr. Superseded because 75 was an assumption,
not derived.

14



« Damped oscillatory model (Paper DE Tests [16]): w, = —0.71. Used 5(t) =
Beq[l — Ae " cos(wt + ¢)]. Superseded because it has 4 free parameters and
w, > 0 with wrong sign.

* Reconciliation paper [22]: Attempted to identify the exponential model as
“fundamental” and oscillatory as “corrections”. Superseded by the present
constant-rate derivation which requires no specific 5(t) ansatz.

The present work derives w, from the Friedmann equation structure alone, with zero
free parameters beyond €2, ,.

11.2 Open Questions

1. Why does |V’ (x)| ~ HZMy? The constant-rate attractor requires a specific
gradient scale. While Casimir energies on the compact torus provide the right
order of magnitude, a first-principles calculation of V'’ is needed.

2. Cosmic coincidence. Why is (), ~ 0.685 today? The framework explains dark
energy as geometric but does not yet derive its present-day magnitude.

3. Matter backreaction. The modified conservation law (17) implies effective
coupling between matter and the compact dimensions. The cosmological conse-
quences require further study.

12. Conclusions

Starting from the six-dimensional Einstein equations with signature (—, +, +, +, —, —),
we have derived a complete, self-contained description of geometric dark energy
from temporal compactification. The key results are:

1. Modified Friedmann equation: H? = (87G/3)p+ 2sH — s?/3, where s is the
isotropic breathing rate of the compact temporal dimensions.

2. Unique determination: s,/H, = 0.3647 is fixed by Qp = 0.685.

3. Equation of state: w, = —0.800, derived algebraically with zero free parame-
ters.

4. Null Energy Condition: w > —1 always. No phantom crossing.

5. Acceleration boundary: y > y_4 ~ 0.199 (with the golden ratio ¢ appearing
in the single-modulus limit: y > 1/ ©?).

6. Asymptotic de Sitter: [{__ = 44.6 km/s/Mpc.
7. DESI compatibility: w, tension 1.20, within acceptable range.

The theory makes sharp, falsifiable predictions testable by Euclid and DESI in 2026-
2028.
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3D+3D Definitive Dark Energy Paper
S. Calzighetti & Lucy, February 2026
import numpy as np

from scipy.optimize import curve fit

# Physical constants

phi = (1 + np.sqrt(5)) / 2

HO km = 67.4 # km/s/Mpc
Omega m = 0.315

Omega DE = 1 - Omega m # 0.685

# Breathing parameter from Friedmann constraint

# 1 = Omega m + 2y - y~2/3

a coef, b coef, c coef = 1/3, -2, Omega DE

disc = b _coef**2 - 4*a coef*c coef

y0 = (-b _coef - np.sqrt(disc)) / (2*a coef) # physical root

sO@ km = y0 * HO km

# Hdot/H"2
Hdot H2 = -(1 - 2%y0Q + y0**2/3)*(3 - 2%yQ) / (2*(1 - y0))

# Equation of state
Omega geo = 2*y0 - y0@**2/3
wl = -1 - 2*y@*Hdot H2 / (3*Omega geo)

# Deceleration parameter
g0 = -1 - Hdot H2

# Asymptotic Hubble
H inf = s0 km * (1 + np.sqrt(2/3))

print(f"y0 = {y0:.6F}")

print(f"s0 = {s@ km:.2f} km/s/Mpc")
print(f"Omega geo = {Omega geo:.6T}")
print(f"wd = {wO:.6T}")

print(f"q0 = {q0:.6T}")

print(f"H inf = {H inf:.1f} km/s/Mpc")

P

# Redshift evolution
print("\nz H/HO y w'")
z vals, w vals = [], []
for z in [0, 0.3, 0.5, 1.0, 1.5, 2.0, 3.0]:
Hz =y0 + np.sqrt(Omega m*(1+z)**3 + 2*y@**2/3) # in units of HO
y z=y0 / Hz
Hd = -(1-2%y z+y z**2/3)*(3-2*y z)/(2*(1-y_z))
0g = 2%y z -y z*¥*2/3
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wz=-1- 2% z*Hd/(3*0g) if Og > 0.01 else -1
print(f"{z:.1f} {H z:.3f} {y z:.4f} {w z:.4f}")
z vals.append(z); w_vals.append(w_z)

# CPL fit
def cpl(z, w0, wa): return wo + wa*z/(1+z)
popt, = curve fit(cpl, z vals, w vals)

print(f"\nCPL fit: w0 = {popt[0]:.4f}, wa = {popt[l]:.4f}")
print(f"DESI tension: {abs(popt[0]-(-0.55))/0.21:.1f}sigma")

Appendix B: Derivation Roadmap

For referee convenience, the logical chain is:

Einstein Q,,=0.315 Bianchi . 9 Eq. (28)
6D metric (1) —— Friedmann (9) —— y, = 0.3647 —— H/H* —— wy = —0.800

Assumptions: 1. Six-dimensional GR with signature (—, +, 4+, +, —, —) 2. Diagonal
metric with isotropic compact breathing (P = () = s) 3. Constant-rate regime (s = 0)
4. Pressureless matter (p = m, = ™5 = 0) 5. Observed (2,, = 0.315

No free parameters are adjusted. The only input is {2
which determines wy,.

which determines y,,

m’

3D+3D Laboratory, Abbiategrasso, Italy
Human-AI Collaboration in Theoretical Physics
www.3dplus3d.it | @3DPlus3DFramework

Edison Mode: “The 13th approach worked. The other 12 were equally valuable.”

— End of Paper —
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