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Abstract

Building on the gravitational framework established in Paper #11 [0], where
gravity arises from time-wave compression and space quanta merging, this work uni-
fies SU(3) x SU(2) x U(1) gauge symmetries under the Time Field Model (TFM).
We demonstrate how mass generation, cosmic filament formation, and force hierarchy
emerge from the dynamics of fundamental time-wave fields 7" (z) and T~ (x). We
also explore coupling-constant drifts and collider phenomena that link quantum scales
to cosmological evolution. This framework situates time itself as a unified origin for
forces, mass, and cosmic structure.

Nomenclature

TH(x), T~ (x) Two real time-wave fields (forward/backward)

Bij, Ca Coupling modulation coefficients for fermions/gauge
Fy, Non-Abelian field strength tensor

V(T+,T7) Potential for wave compression/solitons

(r) Gravitational potential from (T 4 T7)

(3 Example strong-coupling parameter (SU(3))

as(i), apm Scale-dependent gauge couplings
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1 Introduction

Unifying strong, weak, electromagnetic, and gravitational interactions remains a central
challenge in theoretical physics. The Standard Model (SU(3) x SU(2) x U(1)) successfully
unifies the first three forces (with the Higgs mechanism for mass), while general relativity
treats gravity geometrically.

The Time Field Model (TFM) offers a distinct approach: time is encoded in two wave-
like fields, T*(x) and T~ (z). Interactions, mass generation, and cosmic structure emerge
through wave compressions or interferences of these fields (Table . Earlier TFM papers
[, 2, 13, 4, 5] introduced core concepts:

e Micro—Big Bangs: Recurrent wave bursts that re-inject energy, fueling cosmic ex-
pansion.

e Law of Mass: Mass arises from local amplitude of (T + 7).
e Wave-Based Inflation: Rapid expansion from time-wave lumps.

e Gravity: Paper #11 [6] details how large-scale compression of 7% (z) + T~ (z) yields
gravitational phenomena.

Here, we focus on gauge unification and cosmic structure under TFM, expanding
on the gravitational law previously established in Paper #11 [6].

2 Time Field Fundamentals

2.1 Two Real Time-Wave Fields

TFM treats time as two real scalars, T%(z) and T~ (z). They remain gauge singlets un-
der SU(3) x SU(2) x U(1). One may interpret them as forward vs. backward time-wave
components in a broader temporal substrate.

Table 1: Observed Forces as Emergent Phenomena in the Time Field Model
Observed Force = SM Interpretation TFM Mechanis

Strong Nuclear Fundamental (SU(3) Coupling (3(7+ +7~) mod-
gauge) ulates F;,
Weak Nuclear Fundamental (SU(2) Phase alignment of 7% fluc-
gauge) tuations
EM Fundamental — (U(1) Interference of T and T~
gauge) waves
Gravity See Paper #11 [6] Time-wave compression
(Tt +17)
Spacetime Continuum (GR) Quantized from time-wave
interactions




2.2 Potential V (T, T7)
A typical potential is:
VT T = A[(T 4 (1) =]+ w (T TP, 1)

where A, k and v control wave lumps or solitons.

2.3 Law of Mass: Wave Compression

TEFM’s “Law of Mass”:

moc/(T+<x)+T-(a;))d3x e m~ (T 4T, 2)

merges with spontaneous symmetry breaking to yield the W=, Z° masses.

3 Micro—Big Bangs & Energy Conservation

3.1 Continuous Creation Events

TFM posits that micro-Big Bang bursts re-inject wave amplitude into 77 (z) and T~ (x),
preventing a static background. Energy—momentum is conserved once wave stress-energy is
included:

3.2 TFM Stress-Energy Tensor

T(TFM) _ aMT+aVT+ + 0,770, — gu [%(8T+)2 + %(8T‘)2 _ V(T‘*"T_) . (3)

pv

Hence, 9T = 0 still holds.

4 Gauge-Invariant TFM Lagrangian

4.1 Full Lagrangian with 3;;, (,
We embed gauge fields F};,, fermions ¢;, plus TFM fields T=:
Lia = 5(8,T7)(0"TF) + 5(0,T7)(O"T™) — V(T*,T7)

time-wave sector

o iFﬁuFuyja - %LBMVB/W + [1/;1 Vu(DM) wl - U(@ﬂﬂ)}
+ Buy(TT =T7) ity + Gu(TT +T7) Tr[Fy, ™). (4)

4.2 Gauge Invariance Proof (Sketch)

Under U(z) € SU(3) x SU(2) x U(1), the TFM fields remain singlets, and ALy is built from
gauge-invariant terms (¢, Tr[F?]), ensuring local symmetry.
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5 Field Equations & Consistency Checks

5.1 Wave Equations for 7+
Vary w.r.t. T7:

ov . 0
8M8“T+ - 8? + Bij ZMD] + Ca 87_'—+TI'[FI3VFMV7(I] = 0’

(and similarly for 7).

5.2 Gauge Fields [},

When T + T~ is constant, standard Yang—Mills obtains. Otherwise,

Dy([1+ (T +T7)] FY™%) = gy 4"t .

5.3 TFM’s Effect on Electroweak Symmetry Breaking

Recalling the Standard Model Higgs Potential:
In the SM, electroweak symmetry breaking (EWSB) arises from

V(®) = — p? (®T0) + M\ (DTD)2

TFM Modification:
Under TFM, time-wave fields can slightly modify this potential:

Vipn(®) = — 12 (910) + A (@1@)? + ¢ (TF - T7) (2'0),

where ¢ parameterizes how (Tt — T'7) couples to the Higgs doublet. This shifts the Higgs

mass:
my =2Xv> + £(TT—=T7)%,

leading to small corrections in Higgs phenomenology. Future colliders could probe these
shifts via precision Higgs measurements.

5.4 Fermion Mass Terms (Renumbered)
(" Dy — mo — B (TT = T7))1h; =0,

reproducing Dirac mass in stable-wave regions.

5.5 Gravity Consistency (Renumbered)

As established in Paper #11 [6], gravitational curvature arises from large-scale
compression of Tt + T~. Adding ﬁ R couples the stress-energy from T to Einstein’s
equations. Numerical tests suggest wave compression forms gravitational wells (Fig. .



Time-Wave Gravitational Potential Well
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Figure 1: Gravitational potential well (Paper #11 [6], §3) derived from time-wave compres-
sion. The depth ®(r) scales with (T +T7).

6 Gravitational Phenomena & Cosmic Structure

6.1 Time-Wave Compression and Filament Formation

Although Paper #11 [6] explores space quanta merging and a critical radius 7. for quantum-
to-classical transitions, here we focus on cosmic-scale filaments. Filament formation
arises from time-wave compression (Paper #11, §2.1), where merged space quanta
amplify 7T + T~ density. The critical radius r. (Paper #11, §2.3) governs the crossover
between quantum fluctuations and classical gravitational collapse, ensuring structures form
at scales r > r,.



TFM Cosmic Filaments: (T* + T ~) Density
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Figure 2: (To be generated) Filament formation from merged space quanta (Paper #11
[6], §2.1). Colors show T*(x) + T~ (x) density (blue: low, red: high). Future HPC runs will
detail additional scale transitions near r..

7 Running Couplings & GUT Unification

7.1 Complete Derivation of TFM-Modified RG Flow

In the Standard Model, the one-loop running of gauge couplings «; (for SU(3), SU(2), and
U(1)) follows:
d Q; bl 2
=— —q; 5

dlnp or 5)
where b; are the one-loop beta-function coefficients and p is the renormalization scale.
TFM Correction Term:
Due to interactions with time-wave fields (@, the running gains an extra term:

doy bi
! :——l : )\ 2 i 6
dlnp 2 T AP (6)

where )\ 3% encodes the net effect of (T + T~) on gauge boson propagators. This modifies
the slope of a; in the UV, potentially shifting unification scales.



Shift in GUT Threshold:
Integrating (6)) approximately, one obtains:

agur(i) = agur(mo) + (Z Zb—w) ln(ﬂﬂo) + 2B (7)

i

Hence TFM predicts a slightly different GUT scale than standard grand-unified models,
providing a testable shift in proton-decay or gauge-coupling unification experiments.

8 Observational Consequences

8.1 Coupling-Constant Drift: Numerical Bounds

Quasar spectra [7, 8] give agyv/apm < 107 yr~!, limiting wave compression changes. In

TFM: _ 5
OEM _ _ _
— oy —(TT+T7) ~ 107y !
EM T at< + > yr -,

where the time wave compression (Paper #11, §3) modifies gauge couplings (.

8.2 Collider Phenomena

Excitations of (T —T~) near the quantum-classical radius r. (Paper #11, §2.3) may appear
as “Higgs-like” scalar states. If so, we might detect anomalous diboson rates or cross-
section shifts from (,(T" + 7~) in high-energy collisions.

9 Conclusion & Future Directions

9.1 Summary

Building upon Paper #11 [0]’s gravitational framework, we integrated SU(3) x SU(2) x U(1)
gauge symmetries into TFM. The time-wave compression law of Paper #11 remains
unchanged; here, we demonstrate how that same mechanism unifies gauge interactions,
mass generation, and cosmic filament formation within 7 (x), T~ (z) dynamics.

9.2 Open Questions

e Scalar-Longitudinal GW Modes: Paper #11 [6] predicted extra gravitational wave
polarizations. How might these couple to T* gauge fluctuations?

¢ Quantum Flavor Structure: Could f;; help explain generation mixing?

e r ¢ Refinements: Future HPC or quantum-lab experiments might test the logistic
transition near r. (Paper #11, §2.3).



9.3 Future Work

e 3D Lattice + QCD/EW: Embedding T¢ PDE solutions with known QCD/EW
codes to see whether wave lumps affect confinement or EWSB thresholds.

e Coupling Drifts: Checking agyp, &5 via next-gen atomic clocks or geochemical data,
testing wave-based amplitude changes from Paper #11.

e Collider Searches: Additional scalars from (T — T7) excitations near r. might
appear as exotic Higgs-like states. We can look for anomalies in gauge couplings or
diboson final states.

Overall, this work **unifies gauge interactions and cosmic structure** under TFM, **ex-
panding®* the gravity mechanism from Paper #11 [6]. The result is a wave-based approach
where strong, weak, electromagnetic, and gravitational phenomena arise seamlessly from two
fundamental time fields.
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Appendix A: Proof of Gauge Invariance in TFM

A.1 Gauge Transformations
Under SU(3) x SU(2) x U(1), the gauge fields transform as

A, — A, = UA U + U9U",

while the time-field components 7 remain singlets. Hence any TFM interaction term, e.g.
Ca(T* 4 T7) Tr[Fy, F#], is invariant under the gauge group.

A.2 Ward Identities

Because TF do not carry gauge charges, their contributions to gauge boson self-energy do

not violate transversality:
kHILG, (k) = 0.

Thus the modified gauge boson propagator remains transverse, preserving the Ward identities
crucial for renormalizability.

A.3 Noether’s Theorem and Charge Conservation

Finally, TFM respects local gauge transformations in the fermion/gauge sector. The addi-
tional term ( (T + T~) Tr[F?] is gauge-invariant and does not alter Noether currents for
color/electroweak charges. Hence color and electroweak charges remain conserved. TFM
thus preserves all gauge symmetries while introducing time-wave couplings consistently.
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