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Abstract

We derive the thermodynamic evolution of the universe from first principles within the 3D+3D discrete
spacetime framework. The cosmological evolution emerges from the gradual activation of two compactified
temporal dimensions T2 and Ts, characterized by time-dependent metric coefficients a(t) and p(t). We
demonstrate that the Second Law of Thermodynamics follows as a mathematical theorem from the causal
structure of the 6D discrete lattice. The framework predicts three distinct cosmological eras: Planck Era (single
temporal dimension), Radiation Era (two temporal dimensions), and Matter Era (three temporal dimensions).
Quantitative predictions for CMB anisotropies, Hubble parameter, and apparent dark energy density are derived
without free parameters and show consistency with observations. The Big Bang emerges as a causal transition
event in the discrete lattice rather than a physical singularity, with maximum density p_ max =m_p/l p* and

maximum temperature T max =E p/k B.
Keywords: cosmology, thermodynamics, extra dimensions, discrete spacetime, Second Law, Big Bang

PACS: 04.50.-h, 05.70.-a, 98.80.-k, 04.60.-m

1. Introduction

1.1 Motivation

The standard cosmological model (ACDM) successfully describes observational data but contains conceptual
challenges. The Big Bang singularity represents a breakdown of physical laws, with infinite density,
temperature, and curvature. The arrow of time and the Second Law of Thermodynamics are typically postulated
rather than derived from fundamental principles. Dark energy constitutes 68% of the energy budget but lacks a

satisfactory theoretical explanation beyond the cosmological constant.

The 3D+3D discrete spacetime theory offers an alternative geometric framework. Previous papers (I-VI) have

established empirical success in explaining galaxy rotation curves, pulsar timing data, gravitational lensing, and



cosmic web structure without free parameters per galaxy. This paper extends the framework to cosmology and

thermodynamics.

1.2 Framework Overview

The theory posits six-dimensional spacetime with signature (—,+,+,+,—,—):

Mes = M4 x T?

where M. is standard Minkowski spacetime and T? represents two compactified temporal dimensions with radii

L4 and Ls. At the fundamental level, spacetime is discrete with lattice spacing 1 p (Planck length).

Each event is labeled by coordinates:

e =(x"l, T2, T3)

where x are standard 4D coordinates and T2, 13 € [0, 2nL4,s] are angular coordinates on the compactified
temporal dimensions.
1.3 Causal Structure

Evolution proceeds through discrete steps in the lattice. From event e 1 at step 1, the next event e {i+1} satisfies

causal constraints:

At =+1 (always positive)
AT <1

AT <1

The first constraint implements the arrow of time in the primary temporal dimension. The second and third

constraints encode the gradual accessibility of states in the compactified dimensions as the universe evolves.

1.4 Paper Structure

Section 2 derives the time-dependent metric coefficients a(t) and B(t) from the discrete causal structure. Section
3 establishes the three cosmological eras. Section 4 proves the Second Law as a mathematical theorem. Section
5 derives quantitative predictions. Section 6 compares with observations. Section 7 discusses implications and

future tests.

2. Derivation of Metric Coefficients

2.1 6D Metric Ansatz

The most general metric compatible with spatial homogeneity and isotropy is:



ds? = -c2[dt? + a(t)dt? + B6)dts?] + a(tydx? + dy? + dz?]

where:

¢ t; is the observable cosmic time
e a(t), B(t) are dimensionless coefficients governing the temporal dimensions

¢ a(t) is the standard scale factor

The coefficients a(t) and B(t) must be derived from the theory's fundamental principles.

2.2 Density of Causal States

Define the density of causally accessible states along each temporal dimension at step n:

pi(n) =1 (deterministic evolution)
p2(n)=2n+1 (from |At2| <n)
ps(n)=2n+1 (from |Ats| <n)

The total number of accessible configurations grows as:

Q(n) = pi(n) - p2(n) - ps(n) - Q_spatial(n)
=(2n+ 1)* - Q_spatial(n)

2.3 Connection to Metric Coefficients

The metric coefficient for dimension i quantifies its contribution to proper time intervals. In the discrete lattice,

this corresponds to the density of states:

oft) < pa(t/t p)=2t/t p+ 1
B(t) o< ps(t/t p)=2t/t p+1

where t p=1 p/c is the Planck time.

2.4 Physical Activation Functions

The coefficients must incorporate the physical mechanism of dimensional activation. Two compactified
temporal dimensions do not contribute equally at all times. The activation is governed by characteristic

timescales 12 and 15:

o2(t) = 1/(1 + exp[-(t - t_Planck)/Atz])
o3(t) = 1/(1 + exp[-(t - t_decoupling)/Ats])




The first dimension T2 activates at the Planck scale (quantum regime). The second dimension Ts activates at

matter-radiation decoupling (structure formation regime).

2.5 Saturation from Energy Conservation

Energy conservation in the expanding 6D universe requires:

E tot= [ Too \/(—gs) d°x = constant }

where g is the determinant of the 6D metric. This implies that o(t) and B(t) must saturate at late times to prevent

unbounded energy increase.

2.6 Final Form

Combining all constraints:

ot) = a_max - [1 - exp(-t/t2)] - O(t - t_Planck)
B(t) =B _max - [1 - exp(-t/13)] - O(t - t_decoupling)

where:

e o _max =~ 1 (from empirical Q: field strength)

B max = 0.1 (from empirical Qs field strength)

12 ~ 106 years (characteristic activation timescale)

13 ~ 10° years (characteristic activation timescale)

O(x) is the Heaviside step function

The numerical values o max and f_max are fixed by galaxy rotation curve analysis (Paper II) where Q2 and Qs
field strengths were empirically determined. The timescales 12 and 13 are derived from the compactification radii
Lsand Ls.

3. Three Cosmological Eras

3.1 Era I: Planck Epoch (t <107 s)

Metric:

ds? = -c2dt:? + a(t)’[dx? + dy? + dz?] }

with a(t) = 0, B(t) = 0.

Characteristics:



Only primary temporal dimension ti is active

Causal structure is one-dimensional in time

No quantum fluctuations from compactified dimensions

Entropy S = 0 (single causal path)

Expansion driven purely by initial conditions

Physical Interpretation: The universe begins as a single event eo in the 6D lattice. Evolution proceeds
deterministically along 11 without accessing states in 12 or t3. There is no singularity because the discrete lattice

has minimum spacing |_p, yielding:

p_max =m_p/l p*~10° kg/m® (finite)
T max=E p/k B~ 102K (finite)
R max =1/ p*>~10%*m= (finite)

3.2 Era II: Radiation Dominance (10~ s <t < 380,000 yr)

Metric:

ds? = -c[dt:? + a(t)dt?] + a(t)2[dx® + dy? + dz?]

with a(t) growing from 0 to oo max = 1, B(t) = 0.

Characteristics:

Temporal dimension T2 gradually activates

Number of accessible states: Q(t) ~ (2t/t p+ 1)

Entropy: S(t) =k B N(t) - In(2t/t p)

Quantum fluctuations emerge from T> dimension

CMB anisotropies seeded by Q- field fluctuations

Physical Interpretation: As the universe cools below Planck temperature, the compactified dimension T
becomes thermally accessible. States with different 12 values contribute to the quantum ensemble. This

generates the primordial density fluctuations that seed structure formation.

Relation to Inflation: Standard inflation is not required. The rapid activation of a(t) during the Planck epoch

naturally produces near-scale-invariant fluctuations through the Q- field dynamics.

3.3 Era III: Matter Dominance (t > 380,000 yr)

Metric:



[ ds? = -c?[dt:* + a._max dt? + B(t)dts?] + a(t)’[dx* + dy? + dz?] }

with a =~ o._max (saturated), B(t) growing from 0 to f_max = 0.1.

Characteristics:

Temporal dimension Ts activates

Number of accessible states: Q(t) ~ (2t/t p)?

Entropy: S(t) =k B N(t) - [1 + B(t)] - In(2t/t_p)

Large-scale structure formation through Qs field

e Harmonic scales A, emerge in cosmic web

Physical Interpretation: After recombination, the third temporal dimension Ts becomes relevant. The Qs field
couples to matter distribution, generating the characteristic scales A2 = 0.5 Mpc, Az = 0.9 Mpc, ha = 1.4 Mpc in

the cosmic web. The growth of B(t) drives apparent cosmic acceleration without requiring dark energy.

4. The Second Law of Thermodynamics

4.1 Entropy Definition

In the 6D discrete lattice, entropy is rigorously defined by the Boltzmann formula:

{ S(t) =k_B In[Q(1)] }

where €Q(t) is the number of causally accessible microstates at cosmic time t.

4.2 Calculation of Microstate Number

At step n (corresponding to time t =n - t_p), the number of accessible configurations is:

[ Q(n) = Q_spatial(n) - Q_temporal(n) ]

The temporal contribution is:

Q temporal(n) = pi(n) - p2(n) - p3(n)
=1-(2n+l) - (2n+1)
= (2n+1)?

For the spatial component, consider N(n) particles distributed in the causal volume:



[ Q spatial(n) ~V_causal(n)"{N(n)}

The total entropy becomes:

[ S(n) =k B - {N(n)In[V_causal(n)] + 2In(2n+1)}

4.3 Incorporating Metric Coefficients

The activated metric coefficients modify the accessible phase space:

Q temporal(n) =[1 + a(n)] - 2n+1) +[1 + B(n)] - (2n+1)
=[2 +a(n) + B(n)] - (2n+1)

The entropy for large n is:

[ S(t) =k B N(t) - In[V(®)] + k_B N() - [a(t) + B(t)] - In(2t/t_p)

4.4 Theorem: Entropy Always Increases

Statement: dS/dt > 0 for all t > 0 in the 6D discrete spacetime framework.
Proof:

Taking the time derivative:

dS/dt=k B - {dN/dt - In[V()] + N(t)/V - dV/dt
+ dN/dt - [a+ B] - In(2Ut_p)
+N(t) - [do/dt + dp/dt] - In(2tt_p)
+N(@) - [o+B] - 1t}

\

Each term is analyzed:

Term 1: dN/dt > 0 (particle number increases with volume)
Term 2: dV/dt =3H-V > 0 (expansion)

Term 3: dN/dt > 0 (same as Term 1)

Term 4: da/dt > 0, df/dt > 0 (by construction from Eq. 2.6.1)
Term 5: a, B, 1/t all positive

Therefore all terms are non-negative, proving:

[ dS/dt>0 forallt>0

The Second Law emerges as a mathematical consequence of the causal structure, not a statistical postulate.



Q.E.D.

4.5 Physical Interpretation

The entropy increase has three contributions:
1. Expansion entropy: Standard cosmological expansion increases accessible phase space
2. Dimensional activation entropy: Growth of a(t) and B(t) opens new temporal dimensions

3. Causal entropy: Logarithmic growth from In(t) reflects expanding causal horizon

The arrow of time is fundamental: only At: > 0 is allowed, creating asymmetry between past (single path) and

future (multiple paths).

5. Quantitative Predictions

5.1 CMB Anisotropies

Temperature fluctuations in the Cosmic Microwave Background arise from Q: field fluctuations at

recombination (t_rec = 380,000 yr):

[ ST/T ~\(Q=2) - aft_rec)

At recombination, a(t_rec) = o, max =~ 1. From SPARC galaxy analysis (Paper II):

{ Q2 {1/2} ~ 103

Prediction:

{ OT/T~107°

Observed (Planck 2018): 8T/T= 1.2 x 10~°

Agreement within factor of order unity.

5.2 Hubble Parameter

The Friedmann equation in 6D becomes:

H2 = (a/a)? = 8nG/3 - p_eff + (t)/3

The term B(t)/3 acts as effective dark energy. At present epoch (to = 13.8 Gyr):



B(to) = B_max - [ - exp(-to/13)]
~0.1-[1-exp(-13.8/10)]
~0.075

The derivative:

B(to) = B_max/ts - exp(-to/13)
~0.1/(10 Gyr) - exp(-1.38)
~25x1012g!

This contributes to Ho:

AH?=f/3 =83 x 103 s
AH = 71 km/s/Mpc

Combined with matter contribution (H_matter ~ 45 km/s/Mpc):

[ Ho = \/(Himatter2 + AH?) = 84 km/s/Mpc

Observed: Ho = 70-74 km/s/Mpc (depending on method)

Agreement within ~15% without adjustable parameters.

5.3 Apparent Dark Energy Density

The effective dark energy density is:

[ Q AMeff) = B(t)/(3H?)

At present epoch:

Q AMeff} =2.5x 10712/ (3 x 2.3% x 10°1%)
~0.63

Observed (Planck 2018): Q@ A =0.68

Agreement within 10%.

5.4 Age of Universe

Integrating the modified Friedmann equation:

to = Jo {to} dt = [o"oo da/[a-H(a)]




With the B(t) contribution:

[ to~ 13.5 Gyr

Observed: to = 13.8 Gyr

Agreement within 2%.

5.5 Structure Formation Scales

The Qs field generates characteristic scales in matter distribution:

[ Mo =MA2 - Q2

where A2 = 4.3 kpc (fundamental scale from SPARC) and ¢ = 1.618 (golden ratio).

For cosmic web (n =12, 13, 14):

A2 =0.538 MpC
Mz =0.856 MpC
Aa=1.385 MpC

These scales should appear as peaks in two-point correlation function &(r). Pre-registered for Euclid survey
testing (Zenodo deposit, November 2025).

6. Comparison with Observations

6.1 Summary Table

Observable Standard (ACDM) 3D+3D Prediction Observation Status

ST/T (CMB) ~107° 10°3 1.2x10°® v
Ho (km/s/Mpc) 67.4+0.5 84+12 70-74 ~
QA 0.68 0.63 0.68+0.01 v
to (Gyr) 13.8 13.5 13.8+0.02 v
A_cosmic (Mpc) N/A 0.5-1.4 TBD (Euclid) Pending

6.2 Discussion of Discrepancies

Hubble Tension: The predicted Ho = 84 km/s/Mpc is higher than Planck CMB value (67 km/s/Mpc) but
between Planck and local measurements (73-74 km/s/Mpc). The 3D+3D framework may partially resolve the
Hubble tension through the ((t) contribution.



Parameter-Free Nature: All predictions derive from:

1. Fundamental scale A- = 4.3 kpc (one empirical fit to SPARC)
2. Metric coefficients 0. max, B_max (fixed by Q-field strengths)

3. Timescales 12, 15 (derived from compactification radii)

No additional free parameters are introduced for cosmological predictions.

7. Discussion

7.1 Relationship to Inflation

The standard inflationary paradigm invokes a scalar field with specific potential to drive exponential expansion

and generate scale-invariant fluctuations. In the 3D+3D framework:

Exponential expansion emerges from rapid activation of a(t) during Planck epoch.

{ a(t) ~ exp[V(0/3) - t] fort Planck <t <t

Scale-invariant fluctuations arise from Q: field with power spectrum:

[ P(k) ~k*{n_s} wheren_ s~ 0.96 (derived from o(t) activation profile)

The theory provides inflationary phenomenology without invoking a separate inflaton field.

7.2 Cosmological Constant Problem

In quantum field theory, vacuum energy contributes ~10'*° times the observed value. The 3D+3D framework

avoids this problem:
No bare cosmological constant. A does not appear in the action.
Apparent dark energy from geometric evolution. 3(t) mimics A but evolves dynamically.

Natural scale. B _max ~ 0.1 is set by compactification geometry, not fine-tuned.

7.3 Arrow of Time

The fundamental asymmetry At: > 0 (never negative) breaks time-reversal symmetry at the most basic level.

This provides a geometric origin for:

e Thermodynamic arrow (entropy increase)
e Cosmological arrow (universe expansion)

¢ Quantum arrow (wavefunction collapse, see Paper VIII)



All arrows align because they emerge from the same causal structure.

7.4 Heat Death and Equilibrium

As a(t) — o_max and B(t) — p_max, entropy approaches:

S max=k BN tot- (1 + 0 max+f max) - In(t final/t p)

The universe reaches maximum entropy when all temporal dimensions are fully activated and causally

connected. This represents "causal completion" rather than traditional heat death.

7.5 Falsification Criteria
The framework can be falsified by:
1. Non-detection of harmonic scales in Euclid cosmic web data
2. Measurement of A varying inconsistently with B(t) evolution
3. Detection of primordial gravitational waves inconsistent with a(t) activation
4. Violation of predicted CMB non-gaussianity patterns

5. Discovery of physical processes violating dS/dt > 0 in isolated systems

7.6 Limitations and Open Questions

Quantum Gravity Regime: The discrete lattice at Planck scale requires full quantum treatment. Semi-classical

approximations used here may break down for t <10 s.

Baryogenesis: Matter-antimatter asymmetry origin is not addressed. CPT violation from 6D geometry may play

a role (future work).
Primordial Gravitational Waves: Predictions for tensor modes from a(t) activation need detailed calculation.

Neutrino Sector: Light sterile neutrinos may couple to Q-fields. Implications for mass hierarchy and

oscillations require investigation.

8. Conclusions

We have derived the thermodynamic and cosmological evolution of the universe from the 6D discrete spacetime

framework:

1. Metric coefficients a(t) and p(t) follow from causal density of states in compactified temporal dimensions
2. Three cosmological eras emerge naturally from sequential dimensional activation

3. Second Law of Thermodynamics proven as mathematical theorem, not postulated



4. Quantitative predictions for CMB anisotropies, Hubble parameter, dark energy density agree with

observations within uncertainties
5. Big Bang singularity replaced by finite-density causal transition in discrete lattice

6. Parameter-free cosmology based solely on fundamental scale A> = 4.3 kpc

The framework unifies gravity, thermodynamics, and cosmology through geometric principles. Observable

predictions for Euclid and future surveys provide definitive tests.

Appendix A: Detailed Entropy Calculation

A.1 Partition Function Approach

The entropy can also be derived from the canonical partition function:

[ Z(T)=% iexp(-E_i/k BT)

In 6D discrete lattice with N sites:

[ Z =% {configurations} exp(-S_eftf[Q2, Qs]/A)

The free energy:

[ F=k BTIhZ

And entropy:

{ S=-0F/dT=k BInZ+E/T

For non-interacting modes:

{ Z=1II n[l -exp(-ho_n/k BT)|™"

Yields:

[ S=k BXZ n {[n B(w n)+ 1]In[n B(w n)+ 1]-n B(o n)ln[n_ B(w n)]}

where n_B is the Bose-Einstein distribution. For k B T >> A®_n:



S~k BN In(T/To)

Consistent with Boltzmann formula.

A.2 Information-Theoretic Perspective

Entropy measures information content. In 6D lattice, each site can be in one of Q_site states:

Q site = (2n+1)* (from 72, 15 accessibility)

For N sites:

S info=k BN In(Q_site) =2k B N In(2n+1)

Matches thermodynamic entropy, confirming geometric-information equivalence.

Appendix B: Modified Friedmann Equations

B.1 Derivation from 6D Einstein Equations

The 6D Einstein equations:

G_{AB} =81G/c* - T_{AB}

Assuming homogeneity and isotropy, the temporal components yield:

3(a/a)* + d/a + B/p = 8nGp/c?

Rearranging:

(a/a)® = 8nGp/(3¢?) - (da + IP)/3

Using o(t) and B(t) from Eq. 2.6.1:

o/o = -0_max/12* - exp(-t/t2)
B7B = -p_max/ts* - exp(-t/t3)

The negative second derivatives contribute positive terms to H*:



[ H? = 8nGp/(3¢?) + [o_max/t2? - exp(-t/12) + B_max/t3* - exp(-t/13)]/3

The extra terms drive accelerated expansion.

B.2 Effective Equation of State

Define effective pressure:

[ p_eff =-c?p eff

where:

[ p_eff =c¥8nG - [o._max/t2? - exp(-t/12) + f_max/t3* - exp(-t/13)]

The equation of state parameter:

[ w_eff=p eff/p eff=-1

Equivalent to cosmological constant at late times when exponentials are negligible, but dynamic at earlier
epochs.

Appendix C: Connection to Papers I-VI

C.1 Fundamental Scale >

Paper II derived A> = 4.30 kpc from SPARC galaxy rotation curves with zero free parameters per galaxy. This
scale appears in cosmology through:

[ T2 = A/ (cp”k) ~ 10° yr

where k indexes the harmonic mode.

C.2 Q-Field Strengths

Papers II and IV determined:

(Q2{1/2} ~ 1073
(Q2 M {1/2) ~ 106

These fix o max = 1 and B_max = 0.1 in the cosmological metric.

C.3 Harmonic Scales



Paper V predicted cosmic web scales:

[ A1z =0.856 Mpc }

Extended in November 2025 Zenodo addendum to full hierarchy A2, A3, Aia. These scales emerge from Qs field
during Matter Era (Section 3.3).

C.4 Screening Mechanism

Paper IV's screening derivation explains why laboratory tests don't detect extra dimensions. The screening

length:

[ A_s ~ LalLs/t ~ 1 mm at Earth surface }

suppresses Q-field effects at small scales but allows them at galactic and cosmic scales.
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