Category

I. Core
Temporal
Dynamics &
Microphysics

Particle
Decays

Fundamental
Physics

Particle
Colliders

Rare Decays

Il. Gravity,
Black Holes
&
Gravitational
Waves

Gravitational
Waves

Prediction &
Observable

Temporal
Asymmetries in
Lifetimes: Ar = 1.5fs
(e.g., in B-mesons)

Time-Dilation
Anomalies: At/t =
107> shift near
massive objects

Enhanced Same-Sign
Dilepton (SSDL)
Events: S$\Delta$t ~
8.2 significance

Direct ¢
Production: E.g., B
— K$\phi_T$ with BR
~107%

GW Echoes at 1387
Hz: Precise, specific
echoes post-merger.

FTFT's Unique
Mechanism/Feature

@7 as a Kahler
modulus influences
temporal

evolution; non-local
kernel couplings (

€ ~ 107'® m) enable
discrete time steps.

@7 contributes to
effective metric (

goo = —(1+20+
7)); dynamic
variations tied to 7
and string-theoretic
control over Planck-
scale operators.

Unified treatment of
SUSY and SM

fields via ¢7-slepton
coupling (MSSM

superpotential); ¢ as

a Kahler
modaulus ties to low-
energy SUSY.

@1 has direct
couplings to matter
(via unified
SUSY/SM

treatment and Kahler

modulus nature),
allowing its
production.

Non-local spacetime

couplings at
attometer scales
create "temporal
firewalls" near
horizons; precise
frequency stems

Relevant
Experiment/Observatory
& Timeline

Belle Il (Operational by
2027)

Deep Space Atomic
Clock, Optical Lattice
Clocks (Current/Future)

HL-LHC (CMS MIP-
Timing Detector by
2029)

Belle Il (Operational by
2027)

LIGO A+ (Operational
by 2026), Cosmic
Explorer (Future)

Distinguishing
Feature from ACDM
/ Alternatives

A fundamental,
measurable
asymmetry in time
flow itself, not
explained by
Standard Model;
direct manifestation
of discrete time.

GR predicts fixed
time dilation. FTFT
predicts dynamic
variations linked to
¢r gradients and
properties, offering
unique
spatial/temporal
signatures.

A direct collider
signature stemming
from the string-
theoretic embedding
of ¢ and its specific
coupling to
supersymmetric
particles,
distinguishable from
background.

Direct detection of
the temporal field
particle itself, unique
to FTFT's particle
sector.

Highly Unique
Numerical
Prediction: Provides
a specific

frequency (1387 Hz)
for echoes, unlike
other exotic compact



Category

Black Hole
Shadows

Ml
Cosmology
& Large-
Scale
Structure

CMB
Temperature

CMB
Temperature

CMB

Polarization

Large-Scale
Structure

Prediction &
Observable

Modified Shadow
Radii: Subtle shifts
(e.g., ~2% for M87~,
~3% for Sgr A¥)

Low Multipole Power
Suppression: P (k) <
Jehis e_llk/ko

Cold Spot,
Hemispheric
Asymmetry,
Alignment: A unified
explanation for these
CMB anomalies.

Modified E-mode & B-
mode Spectra: Low £
deviations in E-modes;
B-modes from @1
tensor perturbations.

Modified Matter
Power Spectrum
P(k): ~1-2%
suppression at large
scales.

FTFT's Unique
Mechanism/Feature

from discrete time
steps.

@7 contributions to
effective stress-
energy due to

its string-theoretic
origin as a
modulus subtly alter
spacetime curvature.

Dynamic warping of
compactified

metric by ¢r

(as Kéahler modulus)
during early universe,
consistent with UV
completion of
Planck-scale
physics.

Localized/global
variations in ¢r

(a Kéhler modulus),
affecting
recombination
dynamics and
primordial fluctuations
via its dynamic
influence on time flow.
Consistency via UV
completion.

@7 coupling to EM
field via Kahler
modulus; @7
inducing tensor
perturbations.

FTFT's modified
primordial P (k) (from
¢r warping); ¢
coupling to matter
affects growth factor
due to Kahler
modulus properties.

Relevant
Experiment/Observatory
& Timeline

Event Horizon
Telescope (EHT)
(Ongoing/Future
Upgrades)

Planck (Completed),
Simons Observatory
(2030s), CMB-S4
(Future)

Planck (Completed),
Simons Observatory
(2030s), CMB-S4
(Future)

Simons Observatory
(2030s), CMB-S4
(Future)

Euclid (Operational),
LSST (Operational by
2027-2028), DESI
(Operational)

Distinguishing
Feature from ACDM
/ Alternatives

object or modified
gravity models.
Grounded in
fundamental stringy
non-locality.

While other modified
gravity theories also
predict shadow
deviations, the
precise values and
dependence are
unique to FTFT's ¢7
properties and
string embedding.

Explains observed
anomaly via a
fundamental field
tied to string theory,
not ad-hoc
inflationary potential
tweaks or cosmic
variance.

Provides a single,
field-based, string-
grounded
explanation for
multiple observed
CMB anomalies,
unlike separate ad-
hoc models.

B-modes arise from
temporal field tensor
perturbations, a
distinct origin from
primordial GWs
(inflationary r).

Tied directly to
temporal field
dynamics and
parameters derived
from CMB anomaly
explanations and
string theory.



Category

Gravitational
Lensing

Baryon
Acoustic
Oscillations
(BAO)

Cosmic Web
Features

Cosmic Web
Features

Cosmic Web
Features

Cosmic Web
Features

Prediction &
Observable

Modified Lensing
Potential/Power
Spectrum: ~1%
deviation in C{* for
£ <100.

Shift in BAO Scale: ~
0.5% offset from A
CDM.

Temporal Lensing: ¢r
gradients bend time,
influencing filament
geometry.

Echo Mapping: GW
echoes trace time
boundaries within
filaments.

Chronon Flow
Stabilization: Galaxy
clusters form at ¢
nodes.

Void
Expansion: Driven by
@7 depletion in voids.

FTFT's Unique
Mechanism/Feature

@7 contributes to
effective stress-
energy, altering
lensing via its string-
theoretic
contribution to the
metric.

@1 perturbations
(from Kahler
modulus dynamics)
affect Hubble
parameter at
recombination,
altering sound
horizon.

Non-local
couplings and
dynamic Kéahler
modulus warping
create subtle
distortions beyond
standard gravitational
effects.

Non-local
couplings within the
cosmic web create
reflective "temporal
firewalls" for GWs,
tracing ¢r structures.

Clusters are
"temporal wells"
where @7 (as

a Kahler modulus)
stabilizes time flow,
implying non-
gravitational
preference for
formation sites.

Lower ¢ density in
voids (as a Kahler
modulus effect) leads
to effective local
acceleration,
contributing
to/modifying dark
energy.

Relevant

Experiment/Observatory

& Timeline

LSST (Operational by
2027-2028), Euclid
(Operational)

DESI (Operational),
Euclid (Operational)

Future 3D Galaxy
Surveys (SphereX,
Euclid, LSST)

Future GW
Observatories (LISA,
Cosmic Explorer)

Deep Galaxy Surveys,
Galaxy/Cluster
Evolution Studies
(Future)

Void Surveys, Precise
Local Hubble Constant

Measurements (Future)

Distinguishing
Feature from ACDM
/ Alternatives

Unique scale-
dependent effects
linked to the
fundamental
temporal field,
distinct from generic
modified gravity.

Effect rooted in early
universe temporal
field dynamics
during
recombination,
distinct from late-
time dark energy
effects.

A novel form of
lensing due to the
dynamic temporal
field itself, not
merely mass.

New "gravitational
wave astronomy" for
mapping
fundamental
temporal field
structures, distinct
from black hole
echoes.

Predicts a temporal
field influence on the
very formation and
evolution rates of
clusters beyond
purely gravitational
collapse.

Offers an
alternative/additional
mechanism for void
expansion tied to
fundamental
temporal field
properties, not
uniform dark energy.



Category

V.
Cosmology
(Early
Universe)

Cosmic
Origins

Fundamental
Theory

Prediction &
Observable

Bouncing
Cosmology: Avoids
initial singularity,
consistent with string-
inspired ideas.

Parametric Minimality
&

Universality: Reduced
free parameters,
universal couplings.

FTFT's Unique
Mechanism/Feature

Moduli-driven
dynamics (with ¢7 as
a modulus) allows for
a pre-Big Bang
phase, fundamentally
shaping initial
conditions beyond
standard singular
models.

@r's properties
(mass, coupling) are
anchored to string
compactification
moduli, leading to a
constrained,
predictive framework.

Relevant
Experiment/Observatory
& Timeline

Indirectly probed by
precise CMB & LSS
data at large scales
(Future)

Across all experimental
tests (via consistency
checks)

Distinguishing
Feature from ACDM
/ Alternatives

Resolves the
singularity problem
within a string-
theoretic context,
providing a non-
singular origin for the
universe.

FTFT's parameters
are derived from
fundamental string
theory (e.g., mass
from moduli
stabilization),
reducing arbitrary
choices typical of
phenomenological
models.



