Appendix C - Applications of the Gravitational Force on Photons in
MAT-Gravity
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In Appendix B we showed that within the MAT-Gravity framework, photons experience a real
gravitational force obtained by multiplying the photon’s effective mass by the light-specific
gravitational acceleration. The final result was

Ahf GM

F=m =—
effg1 c4r2

where \(f\) is the photon frequency, \(M\) is the mass of the gravitating body, \(r\) is the
distance to its center, and \(G, h, c\) have their usual meanings .

This appendix explores theoretical and experimental applications of this force.
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Frequency Dependence and Its Implications
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English (summary)

Although (F « f),the photon momentum alsoscalesas (p « f), soinfirst-order deflection
calculations the frequency cancels out, yielding a frequency-independent bending angle.
However, in inhomogeneous or non-spherical (@) fields, and at second order in the
equations of motion, residual frequency dependence (chromatic lensing) can appear,
providing a potential observational signature of MAT-Gravity.
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**High-Energy Photons in Strong Gravitational Fields**
e
A e LS L LR slag 58 ()
f ~10%° — 1022 Hz

i 5 £ 55551



h
F]/ ~ (_)/ Fiisible

fvisible
las2a (1029 Hz) L W& (5358 S ¢ (\(fuisible ~ 10 HZ b (e )55 sl .
~ 10°

Jsh A ye Gl padl Ayl o pfada sallay Gl 381 (ol 2S00 a1 e G5 650 Sise (o3 8 (55,8 il
Ll € gl 0 ‘5:\.\:

daallaalin (S35 50 -
«(GRB) G5, 0 syl sd -
(HliSeS slaa o -

s 5 L slag 58 aa ) 4 Cuwd 23§« (photon — photonthrough(®)) s s 5 e 48 e sla i
9 (alies, Caline

5 S e ajad (6@ L8 8 AS alie ) W 5 X laail ) plenl (sladiEs 38 Anglie 1 pad algidy
Al 55 58 S S sl il (gl s g
English (short)

Ultra-high-energy photons in GRB jets and near black holes experience a much larger raw
gravitational force. While first-order deflection remains frequency-independent, higher-
order effects and interactions mediated by \(\Phi\) may generate measurable energy-
dependent deviations in strong-field astrophysical environments.
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Second-Order Chromatic Lensing
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English (summary)

Second-order corrections in the effective potential for photons may introduce a weak, but
principled, chromatic dependence in gravitational lensing. Disentangling this from plasma-
induced dispersion would constitute a decisive test of MAT-Gravity.
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Laboratory-Scale Laser Experiments
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A high-stability, long-baseline laser interferometer could, in principle, detect the tiny
gravitational bending of a horizontal laser beam in Earth’s field, providing a direct laboratory
measurement of gravitational force on light within MAT-Gravity.
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**Connection to Nonlinear Photonics and Waveguides™™
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English (short)

Effective mass concepts in nonlinear optics provide a useful analogue for understanding
light propagation in a non-uniform (®) field, and vice versa. Waveguides may thus serve as
analogue laboratories for MAT-Gravity-like dynamics.
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Energy in the \(\Phi\) Field, Vacuum Energy, and Dark Energy
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If (@) is a material, energy-carrying field, then cosmic light acts as a probe of its energy and
pressure content. This opens a possible bridge between MAT-Gravity and phenomena
usually attributed to dark energy.
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“Applications of the Gravitational Force on Photons in MAT-Gravity”
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Photon Path
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“Schematic representation of the gravitational force on a photon in MAT-Gravity”
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English (caption)

‘A photon of frequency f passing near a mass M. The (®) -field is represented by
equipotential contours. The gravitational force on the photon, (F « f), is indicated by a
vector pointing towards the mass, while the photon momentum (p « f) is drawn to
emphasize the near-cancellation of frequency dependence in the first-order deflection
angle \(\Delta \theta\). Regions of strong (®) -inhomogeneity are highlighted as sites where
second-order effects and chromatic lensing may arise”.
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