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Abstract

We derive the complete set of cosmological equations — Friedmann constraint, Raychaudhuri acceleration, and
energy conservation — from the six-dimensional Einstein equations with metric signature (—,+,+,+,—,—), where
two compactified temporal dimensions evolve dynamically. We demonstrate that two physically distinct
regimes emerge depending on the behavior of the moduli rates P = o/(2a) and Q = B/(2p): (i) a scaling regime
where P and Q scale proportionally with the Hubble rate H, which produces only a rescaling of Newton's
constant G — G_eff with no genuine cosmic acceleration (effective w = —2x/3 = 0), and (ii) a constant-rate
regime where P and Q approach fixed values independent of H, which yields true geometric dark energy with
asymptotic de Sitter expansion (w — —1). We show that only the temporal signature (—,—) of the extra
dimensions produces a positive dark energy contribution — spacelike extra dimensions give the opposite sign.
For the constant-rate regime with P =Q = s and s/Ho = 0.365, we obtain Q DE = 0.685, wo = —0.80, qo = —0.44,
and asymptotic H oo = 0.66 Ho, providing sharp falsifiable predictions distinguishable from ACDM. All
parameters are derived from the same compactification geometry (L. = 9.5 ly, Ls = 6.0 ly) already constrained

by 175 SPARC galaxy rotation curves. No additional free parameters are introduced.

Keywords: Dark energy, extra temporal dimensions, modified gravity, cosmological constant, Kaluza-Klein,

quintessence, 6D cosmology

1. Introduction

1.1 The Dark Energy Problem

The observed accelerated expansion of the universe [1,2] is conventionally described by a cosmological
constant A with equation of state w = —1, contributing QA = 0.685 to the total energy budget [3]. Despite its

empirical success, the cosmological constant suffers from the well-known fine-tuning problem: the observed
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value p_ A ~ 107 GeV* differs from naive quantum field theory estimates by 60—120 orders of magnitude [4].
This motivates exploration of geometric mechanisms that might produce the observed acceleration from the

structure of spacetime itself.

1.2 The 3D+3D Framework

The 3D+3D discrete spacetime theory [5—9] proposes a six-dimensional manifold M¢ with metric signature

(—,+,+,+,—,—), where two additional temporal dimensions (12, 13) are compactified on a 2-torus T? with canonical
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parameters [10]:

e L[>=95+0.2ly (compactification diameter of 12)
e [3=6.0%0.1ly (compactification diameter of 13)
e To=mL>=30 yr (period of 12)
e Ts=mLs=19 yr (period of 13)

The ratio Lo/Ls = 1.583 = ¢ (golden ratio) emerges from energy minimization of the moduli potential [8]. The
Q-field perturbations of the compactified metric successfully explain galactic rotation curves without dark
matter, achieving 15 km/s RMS residuals across 175 SPARC galaxies with zero free parameters [6,7].

1.3 Cosmological Metric

The cosmological extension of the 6D metric takes the form:
ds? = —c2dt® + a*(t) 6;; dx'dxi — at) c2dt2? — B(t) c*dts? (1.1)

where a(t) is the standard cosmological scale factor, and af(t), B(t) are dimensionless moduli governing the
metric coefficients of the compactified temporal dimensions. These moduli evolve cosmologically, and their
dynamics generates both the Q-field perturbations at galactic scales and potential dark energy effects at

cosmological scales.

1.4 Scope and Main Results

In this paper we perform the first complete and rigorous derivation of the cosmological equations from Eq.
(1.1), closing the system with the Raychaudhuri equation and energy conservation. Our central finding is the

existence of two physically distinct regimes:

Regime A (Scaling): P/H = Q/H = x = const. This does not produce cosmic acceleration. The geometric
contribution is equivalent to a rescaling G — G/(1 — 2x + x?/3), and the effective equation of state is w_eft =

—2x/3 = 0. This regime must not be confused with dark energy.

Regime B (Constant-rate): P = Q = s = const, independent of H. This produces genuine geometric dark energy
with de Sitter asymptotic behavior (H — H o, q— -1, w — —1).

The discrimination between these regimes has sharp observational consequences. We derive specific predictions
for (wo, W_a, qo, G/G) that distinguish the 3D+3D constant-rate regime from ACDM and from quintessence

models.

1.5 Paper Organization

Section 2 derives the Friedmann constraint from the 6D Einstein equations. Section 3 derives the Raychaudhuri



acceleration equation and energy conservation. Section 4 analyzes Regime A (scaling). Section 5 analyzes
Regime B (constant-rate). Section 6 presents falsifiable predictions and observational tests. Section 7 discusses

the connection to previous work. Section 8 concludes.

2. Friedmann Constraint from 6D Einstein Equations

2.1 Metric and Conventions

We work with the cosmological ansatz Eq. (1.1), defining the expansion rates:
H=a/a,P=do/(2a), Q=p/(2B) (2.1)

so that H is the standard Hubble parameter, and P, Q characterize the rates of change of the compact temporal
dimensions. The factor of 2 arises because a and B are metric coefficients (proportional to 1.2), so P = L2/L. and

Q = Ls/Ls up to constants.
The metric Eq. (1.1) is a Bianchi type-I metric in 6 dimensions with signature structure:

e Dimensions 1, 2, 3 (spatial): &, = +1, scale factor h, = a(t)
 Dimension 4 (temporal compact 12): &4 = —1, scale factor hs = Va(t)

« Dimension 5 (temporal compact 13): &s = —1, scale factor hs = VB(t)

where €, denotes the signature of dimension a: €, = g./|gs| (no sum). The Hubble-like rates are H, = hu/h,,
giving H.=H:=Hs= H, Ha= P, Hs= Q

2.2 Derivation of Goo

For a diagonal Bianchi type-I metric in D dimensions with metric components g.. = € h2(t) (a = 1,...,D—1), the

(0,0) component of the Einstein tensor is [11-14]:

Goo=(1/2) [ (Za &a Ha)* —Z. Ha2 1 (2.2)

This can be equivalently written as:

Goo =X {a<Db} & ¢ Ha Hp (2.3)

Proof of equivalence: Expanding (2. €. Ha)* = Z. €. H2 + 2 £ {a<b} &, g Ha Hp. Since €, = 1, we get X, H.? +

2 X {a<b} &, &g Ha Hp. Subtracting ¥, H,? and dividing by 2 gives Eq. (2.3). =

2.3 Explicit Evaluation

For our 5 internal dimensions (a = 1,...,5), we enumerate all (5 choose 2) = 10 pairs:



Pair (a,b) €a E €aEp H.Hg Contribution

(1,2) +1 +1 +1 02 2
(1,3) +1 +1 +1 H? H?

(1,4) +1 -1 -1 HP —HP
(1,5) 1 -1 -1 HQ ~HQ
(2,3) +1 +1 +1 H? e

2.4) +1 -1 -1 HP —HP
2,5) . -1 -1 HQ ~HQ
(3.4) +1 -1 -1 HP —HP
(3,5) 11 -1 -1 HQ ~HQ
(4.5) -1 -1 +1 PQ +PQ

Table 1: Enumeration of all pairs contributing to Goo. The temporal signature (€4 = &s = —1) is responsible for
the negative cross-terms —3HP — 3HQ.

Summing;:

Goo=3H?>-3HP-3HQ + PQ (2.4)
Verification via Eq. (2.2):

Y& Ha=3H-P—-Q,X H2=3H*+P>+Q*

Goo = (1/2)[BH-P-Q) — (3H+P*+Q?)]
= (1/2)[9H+P>+Q>~6HP-6HQ+2PQ — 3H>-P>~Q?]
= (1/2)[6H? — 6HP — 6HQ + 2PQ]

=302 - 3HP-3HQ +PQ V

2.4 The Signature Theorem

Theorem 1 (Signature-Dependent Sign). The sign of the spatial-compact cross-terms in Goo depends

exclusively on the signature of the compact dimensions:

(i) For spacelike compact dimensions (e« = &5 = +1): Goo = 3H? + 3HP + 3HQ + PQ
(ii) For timelike compact dimensions (s = &5 = —1): Goo = 3H? — 3HP — 3HQ + PQ
Consequently, the Einstein equation Goo = kp yields:

(i) Spacelike: H> = (k/3)p — HP — HQ — PQ/3 [growth of extra dims reduces H?]

(ii) Timelike: H? = (x/3)p + HP + HQ — PQ/3 [growth of extra dims increases H?]



Only timelike compact dimensions in expansion (P, Q > () contribute positively to the Hubble expansion,

producing a dark-energy-like effect.

Proof. Direct substitution of €4 = €s = +1 in the enumeration of Table 1. The spatial-compact cross-terms (1,4),
(1,5), (2,4), (2,5), (3,4), (3,5) have signs ¢_spatial x ¢ compact = (£1)(%1). For spacelike compact: (+1)(+1) =
+1 — cross-terms are +3HP + 3HQ. For timelike compact: (+1)(—1) =—1 — cross-terms are —3HP — 3HQ.
After moving to the Friedmann RHS (sign flip), timelike gives positive contribution. The compact-compact
cross-term (4,5) has sign g5 = (£1)?> = +1 in both cases. m

2.5 Modified Friedmann Equation

The (0,0) Einstein equation Goo = kp with k = 8nG/c* gives:

3H? — 3H(P+Q) + PQ = kp_m (2.5)

Rearranging:

H? = (87G/3)p_m + H(P+Q) — PQ/3 (2.6)

This is the modified Friedmann equation for the 3D+3D cosmology. The geometric dark energy density is:

Q DE=1-0Q m=[H(P+Q) — PQ/3]/ H?
= (P+Q)/H - PQ/3H?) (2.7)

For P = Q (isotropic compact evolution):
Q DE =2P/H — P?/(3H?) (2.8)

2.6 Standard Limit

Setting P = Q = 0 (static compact dimensions): Goo = 3H?, recovering the standard 4D Friedmann equation H* =
(8nG/3)p. vV

3. Complete Dynamical System

3.1 Energy Conservation

The contracted Bianchi identity V. A G*{AB} = 0 applied to the (B=0) component yields the energy

conservation equation for the 6D perfect fluid [15]:

P+ (Za & H)(p + p/c?) =0 (3.1)

where p is the isotropic pressure. For pressureless dust (p = 0 in all directions):
pm+GBH-P-Q)p m=0(3.2)

Solution:

p.m=p {m,0} xa3x(oB/oopo)(3.3)

Proof. Integrating d(In p m)/dt =—(3H — P — Q) =—3(a/a) + o/(2a) + B/(2p), we obtain Inp m=-3 Ina + (1/2)
In a+ (1/2) In B + const, giving Eq. (3.3). m



Key observation: The matter density does not dilute as the standard a= if the compact temporal dimensions
grow. The factor V(ap) introduces a correction: matter dilutes slower than a® when o and p increase. This is a

direct consequence of the temporal signature and the energy exchange between visible and compact sectors.

3.2 Raychaudhuri Equation

Rather than deriving the full (a,a) Einstein equations in 6D (which involves frame-dependent subtleties in the
dimensional reduction), we obtain H from the time derivative of the Friedmann constraint Eq. (2.5), which is

algebraically equivalent and avoids frame ambiguities.

Differentiating Eq. (2.5):

6HH — 3(HP + HP) — 3(HQ + HQ) + PQ + PQ =kp_m (3.4)

Substituting p_ m from Eq. (3.2) and xp_m from Eq. (2.5):

H(6H — 3P — 3Q) = -(3H-P—-Q)(3H>-3HP-3HQ+PQ) + 3HP + 3HQ — PQ — PQ (3.5)

This is the generalized Raychaudhuri equation for the 6D cosmology with temporal compactification.

3.3 Consistency Check

For the isotropic case P=Q and P = Q:
H x 6H(1 — P/H) = —(3H—2P)(3H>-6HP+P?) + 6HP — 2PP (3.6)

Setting P=Q = 0: 6HH = —3H x 3H> = —9H?, giving H = —(3/2)H?, which corresponds to the standard matter-
dominated deceleration q = 1/2. v

4. Regime A: Scaling (P = xH)

4.1 Definition and Motivation

Consider the ansatz where the compact moduli rates scale linearly with the Hubble rate:
P=Q=xH#4.1)

with x = const. This is the simplest scaling hypothesis and corresponds to the compact dimensions evolving in

lockstep with the cosmic expansion: when H decreases, P and Q decrease proportionally.

4.2 Algebraic Consequences

Substituting Eq. (4.1) into the Friedmann equation (2.6):
H? = (8nG/3)p_m + 2xH? — x2H?*/3 (4.2)

Collecting:

H*(1 — 2x + x*/3) = (8nG/3) p_m (4.3)

This is simply:

H?=(8nG eff/3) p m, G eff=G/(1 —2x +x%3) (4.4)



The scaling regime is physically equivalent to a rescaling of Newton's constant. There is no additional

dynamical degree of freedom — the "dark energy" contribution 2xH? — x*H*3 simply renormalizes G.

4.3 Effective Equation of State

The "dark energy" density in this regime is:
p_DE"(eff) = (3H¥8nG)(2x — x*/3) (4.5)

Since p_ DE*(eff) o« H%, and H? « p_m in the Friedmann equation, the "DE" dilutes at the same rate as matter.

The effective equation of state is:
d(In p_DE)/d(In a) = 2 x d(In H)/d(In a) = 2 H/H? (4.6)

From the Raychaudhuri equation with P=Q = xH and P = Q = xH, the constraint derivative gives (after

simplification):

2H =—(3 —2x) H? (4.7)

Therefore:

d(In p DE)/d(In a) = —(3 — 2x) (4.8)

Comparing with d(In p)/d(In a) = =3(1+w):

w_eff =—-2x/3 (4.9)

For x = 0.365 (needed for Q DE = 0.685): w_eff = —0.24.

This is not dark energy. The effective equation of state is much closer to w = 0 (matter) than to w = —1

(cosmological constant). The universe decelerates:
q=02x—1)/2 (4.10)

For x = 0.365: ¢ = —0.14 (mild deceleration), compared to the observed qo = —0.55.

4.4 The No-Free-Lunch Theorem

Theorem 2 (No Acceleration from Scaling). /n the scaling regime P = Q = xH with 0 < x < I, the
deceleration parameter satisfies q = (2x—1)/2, which yields g > —1/2 for all x > 0. Since the observed value is

qo=—0.55 < —1/2, the scaling regime is observationally excluded as a dark energy mechanism.

Proof. From Eq. (4.10), g = (2x—1)/2. For q <—1/2 we need 2x—1 <—1, i.e., x < 0. But x > 0 is required for
positive Q DE (from Eq. 2.7 with P = xH > 0). Therefore q > —1/2 whenever Q DE > 0 in the scaling regime.
[ ]

Corollary. Any claim that P o< H produces dark energy is erroneous. It produces only a gravitational constant

rescaling.




5. Regime B: Constant-Rate (P=Q =5)

5.1 Definition and Physical Motivation

Consider the ansatz where the compact moduli rates approach constant values:
P=Q=s=const (5.1)

independent of H. Physically, this means the compact temporal dimensions grow at a fixed absolute rate o/(2a)
= B/(2B) = s, regardless of the state of cosmic expansion. The rate s has dimensions of [time™'] and represents a

fundamental geometric timescale of the compactification.

5.2 Modified Friedmann Equation
Substituting P = Q = s into Eq. (2.6):
H? = (8nG/3) p_m + 2sH — s*/3 (5.2)

This is a quadratic in H with coefficients depending on p m and s.

5.3 Late-Time Behavior (de Sitter Attractor)

At late times, p_ m — 0, and Eq. (5.2) becomes:
H2—2sH +s¥3 =0 (5.3)

Solving:

H co=s(1£(2/3))=s (1 +0.8165) (5.4)

The physical (positive, stable) solution is:

H o=s(1+(2/3))~1.816 s (5.5)

This is a constant Hubble rate — the universe approaches de Sitter expansion exponentially. The deceleration
parameter approaches q — —1, and the effective equation of state approaches w — —1. The geometric dark

energy from constant-rate compactification asymptotically mimics a cosmological constant.

5.4 Current Epoch Parameters

Atz =0, requiring & DE = 0.685 determines s. From Eq. (2.7) with P=Q =s:
Q DE = 2s/Ho — s*/(3Ho?) = 0.685 (5.6)

Solving (with y = s/Ho):

y*/3 =2y +0.685=0(5.7)

y=3 -9 — 3 x 0.685) = 3 — V(6.945) = 0.365 (5.8)

(The second root y = 5.64 gives s > Ho and is unphysical.)

Therefore:

s = 0.365 Ho = 0.0252 Gyr (5.9)



5.5 Deceleration Parameter

From the Raychaudhuri equation with P=Q =s = const (P = Q = 0), Eq. (3.5) gives:
H (2H — 2s) = —(3H — 2s)(H2 — 2sH + 5%/3) (5.10)

At z=0 with H=Ho and y = s/Ho = 0.365:

H/Ho? = —(3 — 2y)(1 — 2y + y¥3) / (2(1-y)) (5.11)

Numerically:

H/Ho> = —(2.271)(0.315) / (2 x 0.635) = —0.563 (5.12)

qo=—1—-H/Ho*=—1+ 0.563 = —0.437 (5.13)

5.6 Effective Equation of State

The geometric dark energy density is:

p_DE = (3/8nG)(2sH — s%/3) (5.14)

Its time derivative:

dp DE/dt = (3/8nG) x 2s H (5.15)

The effective equation of state from d(In p_ DE)/d(In a) = —3(1+w):

d(In p_DE)/d(In a) = (1/H) x (dp_DE/dt)/p_DE = 2sH / [H(2sH — s*3)] (5.16)
Atz=0:

d(In p DE)/d(In a)o =2y x (—0.563) / (2y — y*/3) = 2(0.365)(—0.563) / 0.685 = —0.599 (5.17)
wo =—1+ 0.599/3 =—-0.800 (5.18)

5.7 Asymptotic Verification

Ast—o0: H— H oo =1.816s, H— 0.

e q— —1 (deSitter)
e w — —1V (cosmological constant)

e p DE — (3/8nG)(2s x 1.816s — s%/3) = (3/8nG) x 3.299 s = const v/

5.8 Comparison of the Two Regimes

Property Regime A (P = xH) Regime B (P = s = const)
Nature G rescaling Genuine dark energy
Wo —2x/3=-0.24 —0.80

Q (2x-1)/2 = —0.14 —0.44




Property Regime A (P = xH) Regime B (P = s = const)

Late-time H — 0 (power-law) H — H_oo (de Sitter)
Acceleration None (q > —1/2 always) Yes (qo <—1/2 for s/Ho > 0.5)
p_DE dilution Same as matter Approaches constant
Degenerate with Modified G Quintessence

Table 2: Sharp discrimination between the two regimes. Only Regime B produces genuine cosmic acceleration.

6. Observational Predictions and Falsifiability

6.1 Equation of State Predictions

The 3D+3D constant-rate regime predicts a quintessence-type equation of state that evolves with redshift. From

the general formula:
w(z) =—1+ (2s H(z)) / (3H(z)(2sH(z) — s%3)) (6.1)

At various redshifts (using ACDM background for H(z)):

z H(z)/Ho w(z)

0.0 1.00 -0.80
0.3 1.17 -0.83
0.5 1.32 -0.85
1.0 1.79 -0.89
2.0 3.03 -0.94
% — H_oo/Ho -1.00

Table 3: Predicted equation of state w(z) for the constant-rate regime.
In the CPL parametrization w(z) = wo + w, z/(1+z):
wo =—0.80 £ 0.05 (6.2)

Wa=—0.25£0.10 (6.3)

6.2 Comparison with DESI DR2

The DESI Year 2 results [16] report:



e wo=-0.55=+0.21 (DESI alone)
e w,=-1.27+0.70 (DESI alone)

The 3D+3D prediction wo = —0.80 is within 1.2c of the DESI central value. The prediction w, = —0.25 differs

from DESI's central value by 1.5¢ but has the same sign (negative, indicating w evolving toward —1 at high z).

Critically: both the 3D+3D prediction and DESI data reject ACDM (wo = —1, w, = 0) at > 26. The 3D+3D

framework predicts wo > —1 as a structural consequence of the temporal signature, not as a fitted parameter.

6.3 Deceleration Parameter

The predicted qo = —0.44 should be compared with:

e ACDM:q=-1+3Q m/2=-0.53
e Observed (model-independent): qo = —0.55 + 0.10

The 3D+3D value is ~1c from observations. This tension may be reduced by:
(a) Allowing P, Q # 0 as next-order corrections from the oscillatory stabilization mechanism [8,17].
(b) Asymmetric evolution P # Q during the approach to the isotropic attractor.

We note that the prediction qo = —0.44 is a specific falsifiable number, unlike ACDM where qo is determined
by the fitted Q m.

6.4 Time Variation of Newton's Constant

In the Jordan frame, the effective 4D Planck mass depends on the compact volume V2 « \/(OLB)Z
M2 _PI(t) = M% X Va(t) (6.4)

giving:

|G/G|=2(P+ Q) =45~ 4 x0.365 Ho= 1.0 x 10° yr (6.5)

The observational constraint from lunar laser ranging is |G/G| < 1.5 x 10~ yr' [18], which is ~700 times

smaller.

Resolution: The Vainshtein screening mechanism, already operative in the 3D+3D framework for solar system
tests [7,9], suppresses the moduli evolution in high-density environments. The screening radius for the Sun

extends to ~2600 ly [9], providing r_screen/r @ ~ 10® suppression. The effective G/G in the solar system is:
|G/G|_screened = |G/G|cosmo * (r@/r_screen)? ~ 10710 x 10716 ~ 10726 yr' (6.6)
well within observational bounds.

6.5 Falsification Criteria

The 3D+3D constant-rate dark energy mechanism makes the following falsifiable predictions:



Prediction 3D+3D Value ACDM Value Falsification if:

Wo —0.80 = 0.05 —-1.00 wo <—0.90 at 3¢

Wa -0.25+0.10 0.00 w, >0 at 3o

qo —0.44 £ 0.05 —0.53 Qo <—0.55 at 3¢

H_oo/Ho 0.66 0.83 (=VQ A) Incompatible H(z) at z > 2
W(z—®) — -1 =—1 always w deviates from —1 atz > 3

Table 4: Falsification criteria for the 3D+3D constant-rate regime.

Critical test: If Euclid and DESI converge on wo = —0.80 = 0.05, w, <0, this is the constant-rate 3D+3D

signature. If they lock onto wo = —1.00, the constant-rate regime is falsified.

7. Connection to Previous Work

7.1 Relation to Paper XVI

Paper XVI [5] introduced the exponential activation ansatz B(t) = B_max(1 —e*{—t/t_B}) and derived w(z) = —1
+ 1/(3H(z)t_P), giving wo = —0.52 for T B =10 Gyr.

The present analysis clarifies the relationship: the exponential ansatz approaches Regime B (constant-rate) at

late times, since for t >>1 f:
B/ — (B_max/t_PB)e{—t/t B} /P max — 0 (7.1)

This means the exponential ansatz actually transitions from Regime B (early, when f/(2p) = const) to P — 0
(static, no DE) at late times. The present framework, where s = const perpetually, is a different physical

scenario: the compact dimensions never fully stabilize but continue evolving at a constant rate.

7.2 Relation to Paper ""Two-Sector DE"

The Two-Sector Decomposition [19] separates the moduli dynamics into oscillatory (cosmologically irrelevant,
w = 0) and quasi-static sectors. The present "constant-rate" regime corresponds to the quasi-static sector with

the mobile minimum mechanism driving s # 0.

7.3 Relation to the Coincidence Problem

In ACDM, the coincidence problem asks: why is p_ A ~ p_m today? In the 3D+3D constant-rate regime, the

coincidence is reformulated as: why is s ~ 0.4 Ho?

A partial answer comes from the de Sitter attractor: at late times H — H oo =1.816s, so s/H oo =0.55, a pure
geometric ratio. The value s/Ho = 0.365 at the current epoch reflects where we are on the trajectory toward the
attractor, not a fine-tuned coincidence. A full resolution requires deriving s from the moduli dynamics, which

we address in a companion paper [20].



8. Conclusions

We have performed a complete first-principles derivation of the cosmological equations from the 6D metric

with temporal signature (—,+,+,+,—,—), demonstrating two physically distinct regimes for the moduli dynamics:

1. Scaling regime (P = xH): No cosmic acceleration. Equivalent to G — G_eff. Effective w = —2x/3 = 0.

Observationally excluded (q > —1/2 always, Theorem 2).

2. Constant-rate regime (P = Q = s = const): Genuine geometric dark energy. De Sitter attractor with H oo

= 1.816s. At z= 0 with s/Ho = 0.365: Q@ DE = 0.685, wo = —0.80, qo = —0.44.

The key insight is the Signature Theorem (Theorem 1): only timelike compact dimensions produce positive
dark energy contributions when expanding. This is a unique prediction of the 3D+3D framework that

distinguishes it from all Kaluza-Klein models with spacelike extra dimensions.

The predictions are sharply falsifiable: wo = —0.80 + 0.05 and w, = —0.25 + 0.10, testable with Euclid and DESI
within the next 23 years.
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