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Abstract

The Fonooni Temporal Field Theory (FTFT) relies on the temporal scalar field ¢
(mg, ~ 150 GeV, coupling gr ~ 0.18) to quantize time, mediate gravitational and parti-
cle interactions, and unify physics within Heterotic String Theory’s Fg x FEg framework.
¢7 introduces discrete time steps (At ~ 1.5fs), forms a temporal firewall for gravitational
wave (GW) echoes at 1387 Hz, and couples to Standard Model (SM) fermions and super-
symmetric (SUSY) fields, predicting same-sign dilepton (SSDL) signatures at the High-
Luminosity LHC (HL-LHC). As a Kihler modulus, ¢ preserves SO(10) GUT symmetry,
while its cosmological effects yield a CMB spectral tilt (ns ~ 0.96) and a bouncing cos-
mology. Experimental validation is feasible via LIGO A+, Belle II, and CMS, highlighting
¢7’s minimality, testability, and universality. This paper details ¢7’s roles, reinforcing
FTFT’s framework submitted to the Journal of Theoretical Physics & Mathematics Re-
search.

1 Introduction

The Fonooni Temporal Field Theory (FTFT) proposes a temporal scalar field ¢ to quantize
time dynamics, unify gravity and particle physics, and embed these within Heterotic String
Theory (1). ¢ is the linchpin of FTFT, driving predictions like GW echoes at 1387 Hz, same-
sign dilepton (SSDL) events at the HL-LHC, and a CMB spectral tilt consistent with Planck
observations. Its roles include time quantization, non-local spacetime coupling, string theory
unification, SUSY signatures, cosmological implications, and experimental testability, making
it irreplaceable for FTFT’s minimal and universal framework.

This paper expands on ¢ ’s contributions, structured as follows: quantization of time (Sec-
tion 2), non-local coupling (Section 3), string theory unification (Section 4), SUSY signatures
(Section 5), cosmological effects (Section 6), experimental validation (Section 7), and ¢r’s
unique properties (Section 8). Figure 1 illustrates ¢7’s interactions with gravity, SM, and SUSY
fields.

2 Quantization of Time Dynamics

FTFT’s Lagrangian governs ¢7’s dynamics, enabling discrete time quantization that resolves
singularities in General Relativity (GR) and aligns with Loop Quantum Gravity (LQG) (3). The



Lagrangian is:

Lrrer = ( u¢T) 1m¢T¢T gror T, h"” — yT¢T&w
. —lle—yll/¢ )
—Anor(z) / Yy T W (y) €07 R, (1)

with parameters:
* Mgy, ~ 150GeV: Mass of the temporal scalar field.

* gr ~ 0.18: Coupling to the energy-momentum tensor and graviton.

yr ~ 0.1: Fermionic coupling to SM particles.

AnL ~ 1073: Non-local coupling strength.

¢ ~ 1078 m: Attoscale length in the non-local kernel.

¢ ~ 0.01: Coupling to the Ricci scalar.

The non-local kernel, (e I )y”/ﬁi , differs slightly from the main framework’s m, enhanc-

ing attoscale interactions. The key term, —gr¢7T),,h*, couples ¢r to the energy-momentum
tensor 7}, (from merging black holes) and GW perturbations 4. During a merger, ¢r re-
sponds, creating a time-varying scalar potential that modulates spacetime geometry near hori-
zons, forming a temporal firewall at Ar ~ 107 m (Section 3).

The time step is:

gror _ 0.18 x 150 GeV

At = ~
m3_ (150 GeV)?

~1.5x 107 s =1.5fs. (2)

¢7’s oscillations, potentially at an intrinsic frequency (e.g., 165 Hz, though 1387 Hz is used
for GW echoes), stabilize spacetime curvature, replacing singularities with bounded structures,
akin to LQG’s discrete geometry.

3 Non-Local Spacetime Coupling

¢ mediates attoscale non-locality (/ ~ 107'8m) via the non-local term in the Lagrangian
(Equation ??). This induces quantum entanglement-like correlations in black hole mergers,
creating a temporal firewall at Ar ~ 10~'* m from the horizon, which reflects GWs to produce
echoes at 1387 Hz (Section 7).

4 Unification with Heterotic String Theory

In Heterotic String Theory’s Eg x Eg compactification, ¢ emerges as a Kdhler modulus, mod-
ifying the 10D metric (2):

dsiyp = 2AWTIToT/Mor g2 4 g datda? + e AW dy™dy™, 3)

where gT(bT ~ 0.18. This warps the 4D metric while preserving SO(10) GUT symmetry, linking
string- scale physics to LHC-accessible energies.
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5 SUSY and Collider Signatures

¢ couples to the Minimal Supersymmetric Standard Model (MSSM) via the superpotential:
W D \p®rH,Hy + yr®rLL, 4)
with Ar ~ 0.1, yp ~ 0.1. This predicts same-sign dilepton (SSDL) events at the HL-LHC:
o(pp — §g — (X0¥j5) ~ 0.01pb, Sa; ~ 8.2, (5)

with a timing asymmetry of At ~ 1.5fs, detectable with CMS’s MIP-Timing Detector.

6 Cosmological Implications
¢ modifies the inflation potential, yielding a CMB spectral tilt:
ns=1—4\, A~0.01, ns~0.96, (6)

consistent with Planck 2018 (n, = 0.9649 + 0.0042) (4). The coupling ¢2¢? adjusts the scalar
power spectrum. ¢p also drives a bouncing cosmology, avoiding the Big Bang singularity via
cyclic spacetime transitions.

7 Experimental Validation

¢r’s predictions are testable:

* GW Echoes: LIGO A+ (2026) detects 1387 Hz echoes, SNR 5-10 for 60 M, mergers
at 400 Mpc (Figure 1).

* Rare Decays: Belle II probes B — K¢7, BR ~ 1078,

e LHC Timing: CMS’s MIP-Timing Detector measures At ~ 1.5fs in SSDL events.

8 Why ¢r is Irreplaceable

¢ is unique due to:
* Minimality: Unifies physics in 4D without extra dimensions.
* Testability: Predicts GWs (1387 Hz), collider signatures (At), and cosmology (n).

* Universality: Couples to GR (7},,h*"), SM fermions (yn)), and SUSY (sleptons), as
shown in Figure 1.



¢r Couplings in FTFT
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Figure 1: Schematic of ¢7’s couplings to gravity (7,,h*"), SM fermions (¢)), and SUSY
fields (sleptons), driving GW echoes, SSDL events, and CMB tilt.
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concise chart summarizing the key roles of ¢, in FTFT :

Role of

Time Quantization

Non-Local
Coupling
GW Echoes

Heterotic String
Theory Link

SUSY and SSDL
Collider Signals

Cosmic Inflation
and n, Prediction
Bouncing

Cosmology

Rare Meson Decays
Minimality and

Universality

Function / Mechanism

Discrete time steps introduced via @,'s
dynamics in FTFT Lagrangian

Mediates spacetime entanglement via
non-local kernel (£ ~ 1078 m)

Forms a temporal firewall near horizon
(Ar ~ 107" m), reflects GWs

@ is a Kahler modulus in Eg x Eg, warps
10D metric to 4D while preserving
SO(10) symmetry

Couples to MSSM (A_T, y_T ~ 0.1),
produces SSDL final states from gluino
decay

Modifies inflation potential with ¢,*
term

Avoids singularities via @.-driven cyclic

time transitions

Appears in FCNC process: B = K ¢,
One field couples to gravity, fermions,
SUSY, and strings; no need for extra

dimensions

Equation / Observable
At~ 0L ~ 15 fs
m¢T

Non-local term with A_NL in
FTFT Lagrangian

Echo frequency f_echo =
1387 Hz

ds?,p

A0 g drimer g2 4

a(pp — g2 — L+l jj) = 0.01
pb

n, = 1-4A withA ~ 0.01 -
n, = 0.96
o, replaces Big Bang with

bounce

BR(B - K ¢,) ~ 1078

Terms: ¢ T*" h,,,,, yy, etc.

Testability / Data Source
HL-LHC (CMS MIP-Timing),
SSDL timing shifts

GW echoes, black hole
physics

LIGO A+ (2026), SNR 5-10

Theoretical consistency witk

string compactification

HL-LHC (CMS/ATLAS), At ~
1.5 fs detection

CMB data (Planck 2018),
upcoming CMB-S4
Indirect: theoretical
signature in early-universe
models

Belle Il (rare B decays)
Foundational strength of
FTFT
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