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Abstract

We address the cosmic matter—antimatter asymmetry in the Time Field Model
(TFM), wherein two real fields T+ and T~ encode wave-like time. Building on emergent
charge ¢ < (Tt —T7) (Paper #9 [5]) and out-of-equilibrium micro-Big Bang expan-
sions (Papers #2—#3 [2,3]), we show how wave-phase decoherence naturally biases
baryon/lepton number production. We derive a CP-violating Lagrangian term via local
U(1)r transformations, incorporate it into Boltzmann-like baryogenesis equations, and
present TFM HPC (high-performance computing) data indicating g ~ 107! without
fine-tuning. Observational implications include neutron EDM shifts, gravitational-
wave bursts, and cosmic antimatter pockets. Hence, TFM unifies baryogenesis with
wave-driven cosmic expansions and interference phenomena.
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1 Introduction
1.1 Cosmic Matter—-Antimatter Asymmetry
Observations indicate a baryon asymmetry factor
ng = CETMB 6w 10710, (1)
Ny

where np and ng denote baryon/antibaryon densities, and n., is the photon density. The
standard model struggles to generate ng ~ 107! without additional CP violation or carefully
tuned phase transitions. Sakharov’s conditions [1] require baryon number violation, C/CP
violation, and out-of-equilibrium dynamics, all possible in TFM lumps.

1.2 Time Field Model (TFM) Overview

TFM posits two real fields, T* (z) (forward-propagating) and T~ (x) (backward-propagating),
as the wave-like essence of time:

e Papers #2—#3 ,: Micro—Big Bangs produce local expansions out of equilibrium,
e Paper #19 : Relativistic QF T approach for T with Dirac/gauge couplings,
e Paper #9 : Emergent charge ¢ o< (T —T7), spin, and mass from wave interference.

Here, we show how wave-phase decoherence in T* addresses matter-antimatter asymmetry.



1.3 Outline

e Sec. 2} Micro-Big Bang expansions produce wave distortions, fueling baryogenesis.
e Sec. B} A CP-violating term from local U(1)y transformations.

e Sec. [d} Boltzmann-like baryogenesis eqs. with wave-phase gradients.

e Sec.pf HPC details, parameter table, HPC figure for np(t).

e Sec. @: Observational tests (nEDM, gravitational waves, antimatter pockets).

e Sec. [} Compare TFM lumps to standard baryogenesis models.

e Sec. |8 Conclusions and future directions.

2 Micro—Big Bangs and Time Wave Distortions

2.1 Localized Quanta and Decoherence

Micro-Big Bangs inject energy into T* fields, described by
OT* + A(T*)* = S(x), 2)

where O = 0,,0" is the d’Alembertian, A a coupling, and S(x) a stochastic source. Decoher-
ence arises if

(T7T7) # (TT)(T),

breaking wave-phase coherence. Repeated expansions accumulate a global phase tilt
Abp ~ / (T+ — T ds, (3)
shifting baryon asymmetry over cosmic time.

2.2 Baryon Number from Wave Distortions

As Paper #39 [5] found ¢ o< (T —T"), lumps can bias baryon production if wave distortions
couple to sphalerons. We adopt a HPC-derived functional:

f(AOr) = k sin(Afr) exp[—Ab7/0?%]. (4)

Then e
N = % = f(AQT)'

Sphaleron processes, modulated by 7% gradients, transfer phase asymmetry into baryon
number. HPC expansions confirm repeated micro-Big Bang collisions freeze A6y # 0.



3 A CP-Violating Term from 7% Interactions

3.1 Local U(1)r Derivation of the CP-Violating Interaction

Local U(1)7 Transformation for Time Waves:
We define a local phase transformation:

T+ _y etio@
so that T and T~ pick up opposite phases. This induces a gauge-like field via
A, = 8“(A6’), A0 =60, — 0_,
when a(z) is related to the local phases 0 (z) of T.

Derivation of the CP-Violating Interaction:
Because Af transforms nontrivially under U(1)r, we obtain a derivative coupling to matter

fields: _
ALcp = g (8, A0) vy* . (5)

Spatial or temporal variations of Af break CP symmetry (akin to bubble-wall profiles in
electroweak baryogenesis). In TFM, wave lumps or micro-Big Bang expansions can locally
freeze Af, triggering an excess of baryons over antibaryons.

CP-0dd Source Term:
In a time-dependent background, 7F can yield a CP-odd source:

.oV (TH, T7)

Scp(t) ~ 0 T~ s (6)

where 6 encodes the time variation of the local wave phases. This effectively biases matter
over antimatter during rapid expansions, fulfilling out-of-equilibrium conditions for baryo-
genesis.

4 Boltzmann-Like Baryogenesis Equations

4.1 Step-by-Step Solution for the Baryon Number Evolution

We begin with a generic baryon-number evolution:

W + 3HHB = _FwashoutnB + SCP(t) (7)

Here, H is the Hubble parameter, I'y.shout 1S the rate at which baryons are lost back to
equilibrium, and Scp(t) is the CP-violating source [Eq. @] A simple model for I'yasnout 18

M5
[washout = F exp{— M/TL
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where M is the mass of a heavy mediator, and A is some high-energy scale.

Solving the Rate Equation:
The formal solution of is

t t t
nB(t) = nB(O) eXp[_/ Fwashout(t/) dt/:| + / SCP(t/> eXP[—/ Fwashout(t”) dt” dt/ (8)
0 0 t

When washout is large, the exponential damping drives ng to a small but nonzero value. In
TFM lumps, Scp can be significant at early times, then vanish after expansions freeze out,
leaving a residual baryon asymmetry. Dividing by the entropy s gives

np Scp

= = & ~ 6x 1071 9
e S 1—Wwaushout , ( )

in line with current observations from the CMB.

5 HPC Simulation Details

5.1 HPC Simulation Parameters

We refine the numerical setup for the baryon number evolution to capture the CP-violating
source dynamically:

e Grid Size: 5123 points in a comoving volume.
e Temperature Range: 10'2-10° K to mirror the cooling epoch post-inflation.

e Time Step: At =10"1s.

Boundary Conditions: Periodic boundary to approximate an expanding early uni-
verse.

Initial Fluctuations: Gaussian random field for TF phases.

e Numerical Solver:

— Finite-difference scheme for the spatial part of the Boltzmann equation,

— Fourth-order Runge-Kutta for the temporal update of CP-violating term.

Stochastic Noise in Time Fields:
We include quantum-like fluctuations via

dAf
where W (t) is a Wiener process modeling short-scale noise in 7%. This noise seeds phase
variations that eventually freeze into a net baryon asymmetry, as the washout processes

diminish.



TFM Baryogenesis: np(t) Evolution
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Figure 1: HPC simulation of np(t): Wave-phase decoherence after micro-Big Bang expan-
sions yields np &~ 1071° by ¢t ~ 1 x 10732 5. Different lines show parameter scans for washout
rate and CP-coupling.

5.2 Sample HPC Output

Figure [1| shows a typical run saturating at np ~ 107! without carefully tuned parameters.
We see consistent results across a range of ['yashous and Scp values.

6 Observational Predictions

6.1 Neutron EDM and CP Tests
From Eq. , wave phases yield a neutron EDM d,,. Typically:

€g My
" 1672 M?

(VAG) ~ 1x10 P ecm, (11)

for M ~ 1 x 10* GeV and A ~ 0.17. Current nEDM bounds [6] or next-generation experi-
ments can test these CP phases.

6.2 Gravitational Wave Bursts

Micro—Big Bang lumps produce quadrupole excitations. The typical strain amplitude:
he(f) ~ 1072°  at f ~ 1mHz,

within LISA’s band [9]. HPC wave-lattice expansions can estimate the full GW spectrum.



6.3 Cosmic Antimatter Pockets

Speculatively, leftover T~ lumps may form antimatter pockets, suppressed from annihilation
by wave-phase mismatch. This could potentially explain anomalies like AMS-02 positron
excess, though HPC validation at galactic scales is pending.

7 Comparison to Standard Baryogenesis

7.1 Electroweak/Leptogenesis vs. TFM

Traditional baryogenesis typically requires tuned first-order EW phase transitions [7] or
heavy Majorana neutrinos [8]. TFM lumps emulate bubble-wall CP violation via wave-
phase expansions, providing out-of-equilibrium lumps once local p > p.it. Fine-tuning is
relaxed: no separate seesaw scale or bubble nucleation rate is mandated.

7.2 Reduced Fine-Tuning

Where standard models carefully engineer transitions or large Majorana masses, TFM lumps
form spontaneously under micro—Big Bang triggers. CP violation arises from derivative
couplings with fewer free parameters.

8 Conclusion and Future Directions

8.1 Summary

We showed how wave-phase decoherence in TFM lumps unifies cosmic expansions (Pa-
pers #2-#3, #19, #9) with a CP-violating derivative coupling, yielding ng ~ 1071°. Key
points:

e Micro—Big Bang expansions produce out-of-equilibrium lumps,
e CP-violation from ALcp in Eq. (),
e HPC expansions confirm ng ~ 10719,

e Observables: nEDM shifts, LISA-band GWs, possible antimatter pockets.

8.2 Recommendations for Future Work

e Neural-Net HPC Scans: Refine parameter exploration and HPC data analysis for
ns(t).

e BH Observables: Investigate TFM lumps near black hole horizons, possible ringdown
modifications.

e Dark Matter Overlap: Some lumps remain as partial DM. HPC verifying ppy o
J(T" +T7)? in cosmic structure formation.
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