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Abstract
The Temporal Scalar Field Theory (TSFT) predicts gravitational wave (GW) echoes at 1387 Hz
(SNR 5-10, LIGO 04) and B — K¢ decays (BR ~ 1072, Belle IT). TSFT introduces a scalar field
¢r (mass ~ 6.82 x 10713 eV) that modifies spacetime, producing GW echoes and rare decays. This
paper derives these predictions, simulates echoes using GWTC-3 data, and projects experimental
signals, offering testable signatures for TSF'T by 2027.

1 Introduction

The Temporal Scalar Field Theory (TSFT) proposes a novel framework to unify gravity and particle
physics through a light scalar field, ¢r, with mass mge, ~ 6.82 X 10713 eV. Unlike extra-dimensional
approaches in String Theory, TSF'T modifies spacetime dynamics near black hole horizons and in particle
interactions, producing observable phenomena such as gravitational wave (GW) echoes and rare B-meson
decays. The field ¢ couples to the Ricci scalar and the stress-energy tensor, enabling testable predictions
at LIGO-Virgo-KAGRA and Belle 1T experiments.

2 Methods

2.1 Gravitational Wave Echoes

TSFT posits that the scalar field ¢ creates a reflective boundary near a black hole horizon, generating
GW echoes delayed by the light-crossing time. For a binary black hole (BBH) merger with total mass
M = 60Mg, the echo frequency is derived as:

3 m¢T02
6GM+ﬁ P (1)

where ¢ = 3x108m/s, G = 6.674 x 10~ m?kg 's2, M = 60 x 1.989 x 100 kg, My = 6.82x 10713 eV,
h =6.626 x 1073*J s, and B ~ 5 is a coupling factor from the TSFT Lagrangian:

Lop = 5(0u6r)(@"61) — 5m3, 6%~ AorTh — norR, @

with A ~ 10720, k ~ 107100}
The first term, ﬁ ~ 562 Hz, reflects the natural echo frequency from the light ring (r ~ 3GM/c?).

fecho ~

The second term, ﬁ% ~ 825 Hz, arises from ¢7’s oscillation, yielding:
fecho = 562 + 825 = 1387 Hz. Plot 1 (3)

The signal-to-noise ratio (SNR) for the echo is:

Rh ocho * 2 3GM/c3
SNR ~ R0/ fee /e

VS (F)V [ (6GM)
where R ~ 0.1 is the reflection coefficient, hg ~ 102! is the primary GW strain at D; ~ 500 Mpc,
focho = 1387 Hz, and S, (f) ~ 108 Hz ! is LIGO’s noise power spectral density. The number of cycles,
Neyeles & fecho * 2+ 3GM /¢ & 2.5, and bandwidth, Af ~ ¢3/(6GM) ~ 562 Hz, yield:
0.1 x 10721/1387 - 1.78 x 103 ~ 67 (5)
V10-48,/562 o

consistent with SNR 5-10 for Dy, ~ 400 — —600 Mpc.

7 (4)
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Link to Echo Mechanism. (Page 3)



2.2 Rare B-Meson Decays

TSFT predicts the rare decay B — K¢ with a branching ratio BR ~ 1078, mediated by the flavor-
changing neutral current b — s¢p. The effective Hamiltonian is:
Gr . _
Host = ﬁ‘/%bvtscw (50, Prb) O, (6)
with Gp ~ 1.166x 1075 GeV 2, Vi, V;% ~ 0.040, and Wilson coefficient Cypy ~5x1077. For mgy, ~ 2GeV,
the decay rate yields BR ~ 1 x 1078,

Link to Rare B-Meson Decays Mechanism (page 7)

3 Results

A simulation using GWTC-3 data (e.g., GW190521-like events) injects a 1387 Hz echo waveform into
LIGO HI1 strain data, achieving SNR ~ 6.7 for Dy, ~ 500 Mpc. The echo, delayed by At ~ 1.78 ms, is
modeled as a damped sinusoid with amplitude Rho ~ 10722, Analysis with matched filtering confirms
detectability in LIGO O4 (2023-2027) for nearby events [1].

For B — K¢r, Belle IT at 50 ab™! (by 2027) yields ~ 50 signal events, assuming ¢p — 14~
(BR ~ 0.1, £ = e, 1) and efficiency € ~ 0.1. Backgrounds (B — K{T{¢~, combinatorial) produce ~ 340
events, giving a significance of ~ 2.7, potentially reaching 3.8 at 100 ab~! [2].
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The plot above shows a simulated gravitational wave (GW) ringdown signal modified by TSFT which predicts

a secondary echo at 1387 Hz due to temporal field effects. Key aspects:
e Time domain: The main ringdown occurs first (250 Hz), followed by a weaker echo after ~30 ms delay.
* Frequency domain (FFT): A distinct peak appears near 1387 Hz, matching TsFT's echo prediction.

This confirms thaiTsFT-induced echoes could be detectable with high-sensitivity instruments like LIGO A+
or Einstein Telescope, especially around the 1387 Hz band.



Core Mechanisms of TSFT

TSFT posits a light scalar field ¢7 (mass mg, ~ 6.82 % 1013 eV for GW echoes, or ~2 GeV for
particle decays) that interacts with spacetime and matter. Its mechanisms can be broken down into
three primary domains: spacetime dynamics, particle interactions, and unification with gauge
theories. Below, we detail each, incorporating mathematical derivations and physical interpretations.

1. Spacetime Dynamics: Modifying Black Hole Horizons and GW Echoes

Mechanism: ¢ alters spacetime near compact objects (e.g., black holes) by creating a reflective
boundary, leading to GW echoes. This arises from ¢’s coupling to the Ricci scalar R and stress-energy
tensor trace T/j.

Lagrangian:
The TSFT Lagrangian for @7 is:

1 1
Ly, = E(aﬂ¢T)(au¢T) - Emﬁrfﬁ% — 27T, — KkgrR,

where 1 ~ 10720 x ~ 10_10M§11, and Mp; = 1.22 x 10" GeV. The k¢ 7R term modifies the
Einstein-Hilbert action, introducing a scalar-tensor gravity effect.

Equation of Motion:
Varying the Lagrangian with respect to ¢

Ofr +mj ¢y = —ATY — KkR.
Near a black hole horizon (Tlﬁ‘ ~ 0, R = 0 in vacuum), this simplifies to a Klein-Gordon equation:
O¢r + méT¢T = 0.
In the Schwarzschild metric, ¢ oscillates as:
pr(t,r) = goe T, wf = K 4 mg,.
For my, ~ 6.82x 10713 eV:

2 -13 —-19
My 6.82x 10713 x 1.602 x 10
- - ~ 165 Hz.
wre 6.626 x 1034 g

GW Echo Production:

For a binary black hole (BBH) merger (M = 60M¢), ¢ creates a potential barrier at 7 = 2GM/? =
177 km. The barrier reflects outgoing GWs, producing echoes delayed by the light-crossing time to the
light ring (r ~ 3GM/c?):

2-3GM

— ~ 178107 s.

At =
c

The natural echo frequency is:



1
ﬁmtural = E ~ 562 Hz.

The total echo frequency combines this with ¢7’s oscillation, modulated by a coupling factor f = 5:
fecho Zfr‘la'rural +,8fT ~562+5x165~= 1387 Hz.

The GW strain amplitude is reduced by the reflection coefficient R ~ 0.1:
hecho = Rho =~ 0.1 x 10721 = 10*22,

with SNR ~6.7 for D; = 500 Mpc, as derived previously.

Physical Insight: ¢ acts like a “temporal membrane” near the horizon, scattering GWs due to its

oscillatory potential V' () = A@y cos(wrt). This distinguishes TSFT from standard GR (no echoes) and
exotic compact object models (mass-dependent frequencies).

2. Particle Interactions: Rare Decays and Flavor-Changing Processes

Mechanism: ¢ couples to quarks via Yukawa interactions, enabling flavor-changing neutral currents
(FCNCs) like b — s¢7, leading to rare decays suchas B — K¢r.

Interaction Term:
The Yukawa coupling is:

LYukawa = _yT,b¢TBb _yT,S¢T§Sa

withyrp ~ 0.01, y7 ¢ ~ 103, and my, ~ 2 GeV (distinct from the GW echo mass scale, possibly
indicating a multi-scalar sector).
Effective Hamiltonian:

The FCNC transition b — s¢7 is mediated by penguin loops involving Standard Model (SM) and
supersymmetric (SUSY) particles:

G o
Heg = 7; ViV, Cy, (50,0 Prb)r,

where G =~ 1.166 x 107 GeV 2, VinV,s = 0.040, and the Wilson coefficient Cy, ~ 5 x 1077
includes SM and SUSY contributions:

2 2 2 2
o _m m my my

Cyy = T2 [ Do () + 220 =8 1 (=£)).
dr ~my, my, g m; mz

Using m, = 173 GeV, my = 80GeV, mg ~ 2TeV, mz ~ 1TeV, a = 1/137, g, = 1, we get Cy,
5x107,

Decay Rate:

The decay rate for B* — K ¢

u

1 IMJ?
F(B _’K¢T): g m2 Pems
B
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with amplitude M = % VinVis Cy,, Bm%, decay constant fz = 0.19 GeV, mp = 5.279 GeV, and

center-of-mass momentum p¢, = 2.3 GeV. This yields:

r 33x1071
~33x10”GeV, BR= = — =~ 1x1078.
Tow(B)  1.6x 1071

Belle Il at 50 ab ' projects ~50 signal events with ~2.7¢ significance.

Physical Insight: ¢7’s Yukawa couplings enable FCNCs beyond SM expectations, enhanced by SUSY

contributions in the SO(10) framework. The dual mass scales (10_13 eV, 2 GeV) suggest a rich scalar
sector, possibly tied to SO(10) Higgs representations.

3. Unification with SO(10) GUT: Gauge and Cosmological Extensions
Mechanism: TSFT integrates with SO(10) GUT by coupling ¢ to the 16 spinor fermions and Higgs
fields (10, 126), unifying temporal dynamics with gauge interactions.

SO(10) Interaction:
The interaction Lagrangian is:

Lint = _y¢T¢TE10H16 - g¢T¢T126HTI'(FIUVF’uv),

with 4, ~ 1071°, g5 ~ 1071° These terms enable:

 Leptoquark Decays: ¢7 couples to leptoquarks in 10z, enhancing B — K"~ with Wilson
coefficient Cy ~ —0.5, testable at LHCb.

« Neutrino Masses: ¢; modulates the seesaw mechanism via 126, predicting mixing angles
sin 03 = 0.55, sin” 6, ~ 0.31.

» Proton Decay Suppression: @7 suppresses dimension-6 operators, extending proton lifetime to >
10 years.

Cosmological Role:
@7 may act as a dark matter candidate or inflation driver:

o Dark Matter: With m,, ~ 1073 eV, the spin-independent cross-section is:

2.9
/lmN

2
dm or

o] ~ ~ 1 cmz,
testable at LZ.

« Inflation: ¢7’s potential V' (¢7) = %méT¢2T + %gb‘} could drive slow-roll inflation if 1 ~ 10714,
producing scalar perturbations consistent with CMB data.

Physical Insight: ¢ bridges low-energy phenomenology (GW echoes, decays) with high-energy

unification, leveraging SO(10)’s 16 spinor to unify matter and ¢7's temporal effects to modify gauge
dynamics.

Deeper Insights and Extensions



. Multi-Scalar Sector:

e The distinct mass scales (10_13 eV for GWs, 2 GeV for decays) suggest multiple ¢ fields or a

single field with effective masses tuned by SO(10) symmetry breaking. The 126 Higgs could
generate a mass hierarchy:

mg, = 4,(126y), (126) ~ 10'* GeV.

e This aligns with SUSY’s multi-Higgs models, testable via HL-LHC searches for scalar
resonances.

Temporal Quantization:

o TSFT's “temporal” aspect may imply quantized time steps, akin to Loop Quantum Gravity. If ¢
mediates discrete temporal evolution, the time step is:

At ~ ~10 B,

M¢TCZ
potentially observable in attosecond laser experiments.
Black Hole Stabilization:

o ¢7's reflective boundary may prevent singularities by altering horizon dynamics, replacing the

singularity with a “temporal core” where ¢ dominates. This could produce unique GW
signatures, testable with Einstein Telescope.

Gauge Coupling Unification:
 ¢7’s coupling to £/, '*V modifies running couplings:

dOC,' b,’

dln,u = %alz +g¢T¢T5ia

potentially aligning SO(10) unification with low-energy data.

Testable Predictions and Validation

GW Echoes: 1387 Hz echoes (SNR ~6.7) in LIGO O4 (2023-2027), validated via GWTC-3
simulations (May 12, 2025).

B-Meson Decays: B — K¢7 (BR ~ 1078, ~50 events at Belle Il 50 ab ).
Leptoquark Signals: Cy ~ —0.5in B — K{"{, testable at LHCb by 2027.
Neutrino Oscillations: sin® 053 ~ 0.55, verifiable with T2K/NOVA.

Dark Matter: o5 ~ 10747 cm?, probed by LZ.

Link to : How TSFT Prevents Singularities, Stabilizes Spacetime, and Regulates the Speed of Time



Rare Decay: B — Kor

The rare decay B — K¢, with a predicted branching ratio of BR ~ 1078, arises
from the flavor-changing neutral current (FCNC) transition b — s¢r, mediated
by the TSFT scalar ¢ TheYukawainteractioninthe TSFT Lagrangi
ot Lyukawa = —Y1,6$7bb — Y1 5738,
with yrp ~ 0.01, yr s ~ 1073, enables the decay via penguin loops involving
Standard Model (SM) and supersymmetric (SUSY) particles. For kinematic
feasibility, we assume mg, ~ 2GeV distinctfromtheheavierT'SF'T scalar
(mey ~ 150 GeV) mediating SSDL events, possibly indicating a second scalar
oreffectiveinteractionintheMSSM~+TSFT framework.
The effective Hamiltonian for b — s¢r is:
Gr . _
Heet = ﬁ‘/tb‘/tscﬂbT (Sa-,ul/PRb)ng?
where Gp ~ 1.166 x 107° GeV ™2, V;, V% ~ 0.040, and the Wilson coefficient
Cypp ~5x 1077 includes SM (W-top) and SUSY (gluino-squark) contributions:

2 2 m2 m2
Cyp o L2 Ty ( G ) F o (2 )| 51077,
dm | myy, My, gs m3 mg
with m; ~ 173GeV, my ~ 80GeV, mz ~ 2TeV, mg ~ 1TeV, a = 1/137,
gs ~ 1.
The decay rate for BT — KT ¢ is:
1 MP

F(B — Kgf)T) = ——5 Pcm,
8T m%

where M =~ G—\/thth*;C(beBmQB, fB = 0.19GeV, mp ~ 5.279 GeV, and pcy, ~
2.3 GeV for mg, ~2GeV, mg ~ 0.494 GeV. This yields:

r  33x107"
Tiotar(B) 1.6 x 10— 11

with Tieral(B) & 1.6 x 1071 GeV (75 ~ 1.638 ps).
Belle II, with 50 ab™! by 2027 (~ 5 x 10'° BB pairs), detects ¢ — (T4~
(¢ =e,u, BR ~0.1). Signal events are:

Nignal = 5 x 10121078 . 0.1+ 0.1 ~ 50,

with efficiency € ~ 0.1. Backgrounds (B — K¢t¢~, BR ~ 48 x 10°7; B —
K*{*{~; combinatorial) yield ~ 340 events after cuts (m(¢T¢~) € [1.95,2.05] GeV,
My = 5.279 GeV). The significance is: Plot 2

50
S~ 2 ~270,

/340
reaching ~ 3.80 at 100 ab~!. The resonant ¢ peak at m({t4~) ~ 2GeV (res-
olution ~ 10 MeV )distinguishesTSFTfromSM’snon-resonant ¢*-distribution
[1]. Non-detection by 2028 would constrain yr, <5 x 1073.

I'~33x107YGeV, BR = ~1x1078,



TSFT Asymmetry with Slepton (100k Events)
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How TSFT Prevents Singularities, Stabilizes Spacetime, and Regulates the Speed of Time

TSFT addresses three fundamental problems in general relativity (GR):
. Singularity formation (e.g., in black holes or the Big Bang).

. Spacetime instabilities (Cauchy horizons, wormhole collapse).

. Unbounded flow of time (diverging proper time near singularities).
Below is a detailed breakdown of TSFT's mechanisms for each issue.

1. Singularity Resolution

(A) Problem in GR

In GR, singularities (e.g., at » = 0 in black holes) arise because:
Curvature invariants (e.g., Kretschmann scalar R, ,,R/""”?) diverge.
Einstein’s equations break down due to infinite energy density.

(B) TSFT Solution: Temporal Field Screening

TSFT introduces a quantum temporal field y that:

. Modifies the stress-energy tensor:

|
71T = T~ 00,1 0 (02))

The y-field counteracts gravitational collapse by adding negative pressure near r — 0.
. Nonlocal smearing of singularities:
The field y has finite correlation length 7 (Planck-scale), preventing point-like singularities.

The effective metric becomes:
-1

2GM
G e—T/r) er + I"deZ

ds* =—(1— — e rydet + (1 - 2oM

The exponential term e */" softens the divergence at 7 = 0.

. Result:

Curvature remains finite everywhere.

Black holes terminate in a quantum-fuzzball instead of a singularity.
2. Spacetime Stabilization

(A) Problem in GR
Cauchy horizon instability: Inner horizons of Kerr black holes are violently unstable (mass inflation).

Wormbhole collapse: Traversable wormholes require exotic matter with 7, u/‘u” < 0.
(B) TSFT Solution: Temporal Field Damping
. Damped Kerr metric:

The temporal field y introduces dissipation:

kT = g@® + Jy(f) - (damping terms)

Near the inner horizon (r = r—), y(¢) oscillates with frequency @ ~ 1/t, suppressing mass inflation.
. Wormhole stabilization:
The y-field's negative energy density:

b= =5 @R +V ()
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can balance wormhole throat collapse without violating energy conditions.
. Result:

Kerr black holes have stable inner horizons.

Traversable wormholes are naturally allowed without exotic matter.

3. Regulation of Time Flow

(A) Problem in GR

Near singularities, proper time diverges (e.g., for an infalling observer):

ar 0 — 0
—
Jr as r .

Time loses its operational meaning.
(B) TSFT Solution: Time Crystallization
. Temporal field condensate:

Below Planck scales (# < 7), y forms a time crystal with periodic dynamics:
x(t) = yo cos(wt), w =2x/t.

This creates a quantum clock that "ticks" even at 7 = 0.

. Bounded proper time:

The corrected proper time is:

dersetT = \/gu + M(Oy)?  dt.
Near singularities, i(@t)()z dominates, preventing % — 0.
. Result:
Time never fully stops at singularities.

Observers can cross quantum-fuzzball regions without infinite redshift.
4. Key Equations Summary

Effect TSFT Mechanism Mathematical Form
Singularity RemovalTemporal field screens divergenceR ,,,c R'"P7 ~ 4 (finite)
Horizon Stability = Damped Kerr metric ghem s gOR 4+ J(t)e "
Time Regulation  Time-crystalline y(¢) dr = /gy + A% dt

5. Observational Tests
. Black Hole Shadows:

TSFT predicts slightly larger shadows for quantum-fuzzball BHs.
Detectable with next-gen EHT (2028 +).

. Gravitational Waves:

Echoes at late times (At ~ 7 In M).

Shifted QNMs in ringdown (LIGO/Virgo/KAGRA).

. Cosmology:

CMB anomalies from y-field during inflation.

Conclusion

TSFT resolves GR's pathologies by:
. Singularity - Quantum Fuzzball (via y-field screening).
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. Stable Cauchy Horizons (via temporal damping).

. Finite Time Flow (via time crystallization).
Experimental signatures are imminent with GW detectors and precision cosmology. This makes TSFT
a falsifiable quantum gravity candidate.
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