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Vacuum Energy Calculation, Stability Analysis, and Extended Predictions

Supplementary Material to Paper LXV

Appendix E: Explicit Vacuum Energy Calculation in 6D with Temporal Signature

E.1 Setup

Consider a free scalar field ¢ in six dimensions with metric signature (—,+,+,+,—,—):

ds? = napde?da® = —2dt* + §;;dz'de’ — a(t)cPdri — B(t)crdrs

The compact temporal dimensions satisfy:

e 1€ [0, 2nL4]
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E.2 Kaluza-Klein Decomposition

The field expands in KK modes:
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The 6D wave equation Osp - m?p = 0 becomes:
2 _
D4¢n2n3 - mn2n3 Namng — 0

E.3 Critical Result: Mass Formula with Temporal Signature

For spatial compact dimensions (+,+):

2 2

2 2 Ny n3
m + =5+
n2ns3 2 2
L4 L5

For temporal compact dimensions (—,-):



The sign reversal is the key difference.

E.4 Tachyonic Modes and Dynamical Resolution

For m = 0 and static a, B = 1, all excited modes have m*> eff < 0 (apparently tachyonic).

Resolution: The temporal dimensions are dynamical. With time-dependent a(t), B(t):
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For sufficiently large a(t), B(t), all modes become stable.

E.5 Vacuum Energy Decomposition

Pvac (t) - png) + pKK(a(t)7 IB(t))

where:

e po(4D) ~M_PI* (4D divergence, renormalized to zero)

e p KK(a,B)=dynamical contribution from KK modes

Key Result:

Spatial signature (+,+): pyac = constant — A problem

Temporal signature (—,—): pyac = p(a(t), 8(t)) — dynamic dark energy

Appendix F: Stability Analysis of B(t)

F.1 Equation of Motion

The metric coefficient [(t) satisfies:
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with effective potential:

Vir(B) = Vi (% . 2)

F.2 Equilibrium Analysis
AtB=p eq=1:
e 0V/0B|_eq=0 V (critical point)

e (*V/0P* eq=2Vo>0 V (stable minimum)

F.3 Linear Stability
Expanding B = _eq + of:

6B +3HGB + wjsB =0

where ®* =2V eq> 0.
Discriminant: y? - 40*> < 0 — underdamped oscillations

Decay time: t_decay = 2/(3Ho) = 9.5 Gyr

F.4 Global Stability Theorem

Theorem: For any initial conditions B(0) > 0, (0) finite:
lim B(t) = Peq
t—o00

The system is globally asymptotically stable.

F.5 Numerical Verification

Initial B(0) Initial B(0) B(50 Gyr) Stable?
0.1 0.0 0.989 v
0.5 0.0 0.997 v




Initial p(0) Initial $(0) B(50 Gyr) Stable?

1.5 0.0 1.001 v
1.0 +0.5 1.002 v
1.0 —-0.5 0.998 v
2.0 -1.0 1.000 v

Conclusion: p(t) is dynamically stable. The model does not collapse.

Appendix G: Theoretical Bounds on the Scaling Exponent a

G.1 Definition

The scaling relation:

tHubble _ AHubble \
T3 A3

with observed a. = 1.592 + 0.05.

G.2 Bounds from Different Arguments

Argument Bound

Dimensional analysis o € R (no constraint)
Effective 4D structure a=4/3~=133

Full 6D democratic a=1

Weighted temporal a €[1.33,1.67]
Entropy/causality a€(l1,2)

Fibonacci structure o€ {3/2,5/3,8/5,..} —> ¢

G.3 Intersection of Bounds

o € [1.50,1.67] = [3/2,5/3]




The observed value o = 1.592 lies within this interval.

G.4 Fibonacci Ratios
Ratio Value Error from o_obs
Fa/F3=3/2 1.500 —5.8%
Fs/Fa=5/3 1.667 +4.7%
Fe/Fs=8/5 1.600 +0.5%
F+/Fs=13/8 1.625 +2.1%
¢ =lim 1.618 +1.6%

Best match: a = 8/5 =1.600 (0.5% deviation)

Appendix H: Extended Euclid Predictions

H.1 Prediction Summary Table

# Prediction

Observable

Falsification Criterion

1 Golden ratio in scales

&(r) peaks at 11, 12, 13

2/T1 # @ at >50

2 DM—DE transition

Q DE/Q DM crossover

z trans & [0.4, 0.7]

3 H(r) oscillations BAO residuals No structure at A,

4 Harmonic R(0) Lensing-clustering cross R(0) flat

5 Bias evolution b(z) measurement b(z=1)<2.5

6 w(z) evolution Dark energy EoS w =-1.00 = 0.02 always
H.2 Harmonic Scale Predictions

n A (Mpco) Physical Scale

10 0.202 Galaxy groups

11 0.327 Small clusters




n A (Mpo) Physical Scale

12 0.529 Cluster cores

13 0.856 Primary cosmic web
14 1.385 Filament spacing

15 2.240 Void sizes

H.3 Transition Redshift

The DM — DE transition occurs at:

Ztrans = 0.59 £ 0.15

At z >z trans: Universe dominated by Q-field ("dark matter")

At z < z_trans: Universe dominated by [ ("dark energy")

H.4 Bias Evolution
3D+3D prediction:
> 0.8
b(z) = 1.5 |1+ (—)
0.5

z b(z) 3D+3D b(z) ACDM Difference

0.0 1.50 1.50 0%

0.5 3.00 1.75 +71%

1.0 4.11 2.00 +106%

2.0 6.05 2.50 +142%
H.S Timeline

Euclid DR1 (2025-2026): Initial w(z) constraints, (r) measurement

Euclid DR2 (2027-2028): Precision wo, w_a, bias evolution

Euclid DR3 (2030): Full 5o test of all predictions




Appendix I: Response to Critical Questions

.1 Why A_bare = 0?

The 6D Einstein-Hilbert action without cosmological term is:

1. The simplest gravitational action
2. Preserves shift symmetry in internal dimensions
3. Consistent with Ricci-flat compactification

4. An empirical starting point to be tested

1.2 What about QFT vacuum energy?

In 6D with temporal signature:

1. KK spectrum is discrete (not continuous)

2. Sign of mass? contributions is reversed

3. "Tachyonic" modes require dynamical treatment
4. Vacuum energy becomes a function of a(t), p(t)
5. The 4D divergence is renormalized to zero

6. Only the dynamical variation is observable

1.3 Why a = 1.6?
The theoretical bound is a € [1.5, 1.7] from:
1. Effective dimensionality arguments

2. Entropy/causality constraints

3. Fibonacci structure of golden torus

The observed value o = 1.592 is consistent with 8/5 = Fe/Fs.

A rigorous derivation from the 6D partition function remains open.

1.4 Is P(t) stable?

Yes. The effective potential V_eff(f) = Vo(1/B +  — 2) has:

1. A global minimum at =1
2. Barriersat — 0andp — o

3. Positive curvature (stable minimum)



4. Hubble damping ensures convergence

Numerical simulations confirm global asymptotic stability.

Appendix J: Comparison with String Theory

J.1 Compactification Scale

Theory Internal Dimensions Scale

String theory 6 spatial ~107** m (Planck)

3D+3D 2 temporal ~10 kpc (galactic)
J.2 Moduli Stabilization

Theory Mechanism

String (KKLT) Flux compactification + non-perturbative

3D+3D KK pressure vs torus tension
J.3 Vacuum Energy

Theory Result

String Multiple vacua (landscape)

3D+3D A_bare =0, dynamic p_Q

References for Appendices
1. Weinberg, S. (1989). Rev. Mod. Phys. 61, 1.
2. Carroll, S. M. (2001). Living Rev. Relativ. 4, 1.
3. Kachru, S., et al. (2003). Phys. Rev. D 68, 046005 (KKLT).

4. Euclid Collaboration (2022). A&A 662, A112.




End of Technical Appendix



