Chinese Physics C  Vol. 50, No. 3 (2026) 035106

Reassessing aspects of LQG-modified dispersion relations of photons®
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Abstract: In this study, we investigate a scenario based on the effects of the Loop Quantum Gravity (LQG) on the
electromagnetic sector of the Standard Model of Fundamental Interactions and Particle Physics (SM). Starting from
a post-Maxwellian version of electromagnetism that includes LQG effects, we derive and discuss the influence of
LQG parameters on classical quantities such as the components of the stress-tensor. Furthermore, we inspect the
propagation of electromagnetic waves and examine the optical properties of the QED vacuum in this scenario.
Among these, we contemplate the combined effect of the LQG parameters and a homogeneous background magnet-
ic field on the propagation of electromagnetic waves by considering issues such as group velocities and refractive in-
dices of the QED vacuum, in detail. Finally, with the aid of the previously analyzed LQG-extended photonic disper-
sion relations, we re-discuss the kinematics of the Compton effect and conclude that an interesting nonlinear profile
emerges in the wavelengths of the incoming and deflected photons.
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I. INTRODUCTION

Our physical understanding points to the fact that va-
cuum exhibits strong fluctuations at the Planck scale by
virtue of quantum effects. This phenomenon forms the
basis for proposing the existence of a dynamic medium
— referred to as spin foam [1-4] — that can affect the
propagation and interactions of electromagnetic and grav-
itational waves, photons, neutrinos, electrons, and other
highly energetic particles. This scenario is characterized
by Lorentz-symmetry violation. One of the key-points of
Loop Quantum Gravity (LQG) is the discreteness, or
granularity, of spacetime. The latter is assumed to be
four-dimensional. Rather than aiming at a complete uni-
fication of all the interactions, including gravity, the
primary goal of LQG is to achieve a consistent descrip-
tion of the quantized gravitational field, as clearly dis-
cussed in previous studies. [1, 2, 5, 6].

Nowadays, there is a broad diversity of phenomena in
which quantum gravity effects can be observable, among
which there is an increasing interest in the category of the
so-called tabletop experiments for quantum gravity. In
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this study, we focus on the phenomenon of the energy-de-
pendent time of arrival of cosmic photons and neutrinos
from distant sources [7, 8]. LQG is a relevant candidate
to explain how the speed of light in vacuum may display
an energy-dependent behavior. This occurs at the Planck
energy scale because the basic principle of General Re-
lativity (GR), namely, Lorentz invariance, is violated by
the virtue of the strong vacuum fluctuations. This implies
the formulation of field equations in the electromagnetic
sector that incorporate the effects of LQG [7]. This yields
different approaches and the development of various for-
mulations [8—10]. Let us recall that Gamma-Ray Bursts
(GRBs) [11-21] and Active Galactic Nuclei (AGNs) are
examples of extremely energetic phenomena and appear
as abundant sources of highly energetic particles such as
cosmic photons and neutrinos. These ultra-energetic
particles may reveal Lorentz-invariance violation (LIV)
as an observable effect. Furthermore, LQG appears as a
viable candidate to provide a theoretical basis to explain
this sort of phenomenon. GRBs constitute a remarkable
category of astrophysical structures that allow the detec-
tion of quantum-gravitational effects. The travel time dif-
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ferences, which accumulate after photons propagate from
long distances, are key elements to unravel these effects.
Given that it is difficult to distinguish two massless
particles with different energies that travel from distant
regions where GRBs occur, it becomes necessary to ob-
serve short and intense bursts traveling large distances to
guarantee a good experimental time resolution.

In this study, we focus exclusively on photons.
Hence, it is necessary to adopt a model that describes the
electromagnetic sector while incorporating LQG effects
[7]. Consequently, we consider an electromagnetic mod-
el that incorporates physics beyond the Standard Model
(SM), characterized by the presence of higher derivative
terms and a nonlinear magnetic field contribution to the
Ampére-Maxwell equation. This is of particular relev-
ance and introduces some complexity in the study of clas-
sical aspects associated with the extended Maxwell equa-
tions. The method adopted in our study involves the lin-
earization of the field equations before calculating the rel-
evant classical physical quantities. This approach allows
us to circumvent this complexity, and we attain expres-
sions for components of the energy-momentum tensor
and radiated energy with the additional LQG parameters.
Each of the rotation angles that parametrize the effects of
LQG contributes independently and significantly to the
derived equations. Based on this modified electromagnet-
ic scenario, the energy density, Poynting vector, and
stress tensor exhibit significant deviations in comparison
with their usual forms, highlighting how energy, mo-
mentum densities, and fluxes in spacetime differ substan-
tially at the Planck scale.

However, the focus of our present study is on the va-
cuum dispersion relation emerging from the LQG-correc-
ted set of Maxwell equations. We are concerned with a
high-energy model such that the photons exhibit astro-
physical-scale contributions [22, 23]. This leads to the
possibility of analyzing deviations that can be compared
with standard dispersion relations, potentially indicating
imprints of quantum-gravitational effects. Other funda-
mental quantities that can serve as probes for analyzing
Quantum Gravity (QG) include photons exhibiting a va-
cuum speed, which differs from the value predicted by
General Relativity, or refractive indices deviating from
the case of usual (Maxwellian) light. All the modifica-
tions of the equations lead to alterations in known events
and optical properties of light in vacuum, such as bi-
refringence, which is the dependence of the refractive in-
dex on the polarization, as well as dichroism and group-
velocity dispersion, among others. These facts re-inforce
the possibility of detecting QG effects that emerge in
high-energy events.

With the new class of modified photon dispersion re-
lations that we examine in this study, we investigate how
they modify the expression for the wavelength shift of the
photon in a Compton scattering. Originally, this effect

results from extensive investigations of the scattering of
X-rays by matter [24]. This process played a crucial role
in the synthesis of Quantum Mechanics and Electro-
dynamics, which culminated in the complete quantitative
explanation proposed by Dirac through his formulation of
Relativistic Quantum Mechanics [25]. Although the
Compton effect highlights quantum interactions at the
particle level, LQG extends these principles to spacetime,
striving to describe the behavior of gravity at the most
fundamental scales. Understanding such connections
deepens our comprehension of the Universe, bridging
quantum phenomena with the fabric of spacetime. The
results presented later explore the consequences of this
unification, potentially revealing deeper structures of
spacetime that reconcile the quantum behavior of
particles with the gravitational dynamics of the universe.

The paper is organized as follows. Section II briefly
introduces the incorporation of the electromagnetic field
within an LQG framework, establishing the general for-
mulation of the model employed in this study. Section III
examines the classical aspects of the system under con-
sideration. In certain cases, we adopt a linearized magnet-
ic field approximation, as one of the modified Maxwell
equations contains a nonlinear magnetic field term. Sec-
tion IV revisits the Compton effect using LQG-modified
photon dispersion relations. In this analysis, the nonlin-
ear magnetic field term is switched off, allowing us to
isolate LQG-induced corrections to the photon wave-
length shift. Finally, Section V presents our concluding
remarks and general discussion.

II. A QUICK GLANCE AT THE MODEL

To provide a clear context for our discussion, we be-
gin by providing a summary of the model under consider-
ation. The Hamiltonian formulation of LQG effects on
electromagnetic theory was explored in a previous study
[7] and can be expressed as

1 lP 2427
Hioc = — d3x{ 1+6 (—)
LQG Q2/ 7 7

+6;[5(B°V?B, + E°V’E,) + 0,5 E*0,0,E”

1 2 2
E(B +E)

+0slp[B-(Vx B)+E-(Vx E)]
27
+0,LL (zé) (52)2+...}. (1)

p

We specify some of the quantities present in Eq. (1).
Q? denotes the electromagnetic coupling constant, and [, ~
1.6x 10°m denotes Planck length. The characteristic
length £ is constrained by the relation [, < £ < A, where
A denotes the de Broglie wavelength. The characteristic
length, £, has a maximum value at £ =k™'. This implies
that our analysis is conducted within an effective theoret-
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ical framework. Finally, ¥ depends on the helicity of the
particle under consideration [26—28] and 6,'s are dimen-
sionless parameters of order one or they are extremely
small, close to zero [7, 29]; a,b are spatial tensor indices.
To ensure clear notation, we eliminate all underlines in
the electromagnetic parameters and, from Eq. (1), rewrite
the vectors in bold. The field equations can be expressed
as follows:

V-E=0, 2

E
A, (VXB)— %t +2120;V*(V X B) — 26051,V°B

27,
+46, L7 (%) BV x(B>-B) =0, (3)

P

V-B=0, 4

OB
A(VXE)+ ="+ 21%0;VA(V x E) — 2641,VE = 0,
Q)

with

2427
A7=1+07(z‘”) : (6)

III. ELECTROMAGNETIC RADIATION

We discuss the issue of obtaining certain electromag-
netic quantities with the LQG parameters cast above in-
cluded. We believe that it is convenient to simplify the
notation according to the conventions listed below:

L 27,
03 = 2005, O = 21,05, 0, = 40,L° (7) L. 7
P

We consider that the dimensional parameters 6; obey
the conditions below:

o 0, if i#j
6;,-6; = (3

'] —2 . . .

6, if i=j

This may introduce a simplification because each

B* E?

parameter, 6;, can be associated with a different physical
phenomenon. Similar to what we normally do in classsic-
al electromagnetism, we can take the cross product of
equations Egs. (3) and (5) with the fields E and B, re-
spectively. By proceeding as indicated, we can readily ar-
rive at LQG-corrected expressions for the energy density
and Poynting vector:

V'(S—Sl_S2+S3)+£(M—M1)=O. (9)

Based on the continuity equation above, we can ex-
tract the expressions for the energy density and Poynting
vector extended by the inclusion of the LQG parameters:

Smaxwen = A, (ExB), (10)
Si = 5[(E:0;€10B)) + (0,0 Ei€1aB))

— (B0 €O E)) — (0:0;Biei EV)], (11)

S, = ég(E,-aJ-B,- - Bi0,E), (12)

Ss = O4(E;€4 B> By), (13)

UMaxwell = E72 + %2, (14)

u = 94%4. (15)

Egs. (10) and (14) reduce to the usual Poynting vec-
tor and energy density of the electromagnetic field, re-
spectively, whenever we remove the LQG parameters.
The continuity equation of the Poynting vector is kept un-
changed, but the radiated energy, as shown above, has
new terms coming from LQG: each 8; independently con-
tributes one term to the spatial form, as we can observe in
terms of S, S,, and S;. At this stage, it is important to
note that the nonlinear magnetic field term is the sole
contribution that modifies the expression for the electro-
magnetic energy density. Taking the time derivative of
the Poynting vector given in Eq. (9), we derive a continu-
ity equation that enables us to obtain the purely spatial
components of the energy-momentum tensor, namely the
normal and shear stresses:

at(s - S1 - SZ + S3) = _ak {Af/ |:6ik (7 + 7) - (Bin + EiEk) + 93 [6ik[(aoaaBm)Bm - (auaoEm)Em

22
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- (Ejam(amEj)) + (Eman(amEn)) - (Bjam(amB/)) + (Bman(amBn)) + é’% [aoaa(Eman(amEn))
+ 2(6060(6mamBl)Bl) - 6060(B]am(6mBj)) + aaao(Bman(amBn)) + 2(8060(67namE1)E1)]]
+ ((90(9031‘) : Bk + (aaaaEi) : Ek] + ésdik[(éS(r)oaij - EjmnamBn) : Bj - (ésauaan

— EimOnE)E;]+ 04[54 [B* + %(BzBm)Z] ~2(B’B;By) +04(B*B,)(B*By)] ~ 3(EkEi)B2]} ; (16)

or we can rewrite it in compact form, as shown below:

(9,(S—Sl —S2+Sg)+(9kT,«k =0. (17)

Our next step comprises deriving and analyzing the
dispersion relation for an electromagnetic wave. To con-
duct this step, we expand the magnetic field around a

constant and homogeneous external magnetic  back-

ground:

B={+b,, (18)

where ¢ denotes a constant and homogeneous vector and
b, denotes the magnetic field of the propagating wave.
Hence, we can rewrite the nonlinear term of the magnetic

field as shown below:

B*B=(({+b) - +b)~ b, +2¢ b)¢  (19)

From the splitting provided by Eq. (19), we can rewrite
Eq. (3) as

OE _
A,(VXb,)— T 6;V*(Vxb,)—63V’b,
+0, VX[ b, +2(L-b,)-{]=0. (20)

The wave equations for the eletric and magnetic fields of
the propagating signal are cast as follows:

OE _ _
AAV’E)- S 26;V*(V’E) — 265V x (V*E)

—B3VH(VA(V’E)) + 6;VA(V’E)
+0{*(V’E) - 2[¢ - (VXE)] - (VX))
(21

For the magnetic field, we obtain

62])17 _ a) 2 2 ) 2
o = ~ 20V (Vb,) = 20, x (Vb,)

AX(V?b,) -
—G;V(VA(Vb,)) + 6V (V?b,)
+0,(V?b,) = 2[Z - (VX b,)]- (VX))
(22)

A constant field ¢ is associated with the nonlinear
term. We now derive the dispersion relation by consider-
ing a plane wave solution:

E= eoei(k»xfwt)’ bp — boei(k-x—wt)’ k - |k| (23)

We arrive at
eo~k=0, bo‘k=0 (24)
(k X €)(A, — 6:k*) —ifgk* - €y —why = 0, (25)

(kxbo)(A, — 6:k*) —ibgk> - by + weg + 0, (k X by)
+260,(k X )+ (¢ -by)] = 0. (26)

By making use of the previous equations, we obtain

M[je()j = 0, (27)
where M;; denotes a matrix of the form

M;; = [KX(A, - B:k%) — (i0sk>) +w? — 0,(L - K)*(A,
—B:K2)10;, + [0,85( - k) - 210K (A, — B5K)]
€tk —204(k X 0); - (kX {) (A, — B:k?)
—2i0,65(k X &); - K. (28)

It should be noted that Eq. (28) has the same form as
the matrix equation:

M,]=a(5u +ﬂlxli‘l/tj+C€[jka +’yI/l,"Sj, (29)

whose determinant is provided by det M =a® +c*(u-v)-
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(ys-v+Bu-v)) +a*fu? +ac(cv? +ys- (vx (vxs)). Now,
we can satisfy the condition det M =0 to find the modi-
fied dispersion relation:

wi = [A, = 03K’ T{[A) = 6:(k)*] + 6. } — (Bs - k%)’

—y+ <4k4 {/8 ([ - 603(k)*] - 9452)

+ [Ay—éa(k)z]—‘i2 Oulg - (kX (kX)) (65 +y° 1/2.
(

(30)

The term ¢ = —G,[A, —6;(k)*]- K[> - |{]* sin® ¢ is a scal-
ar, but it manifests the anisotropy of the model, in that
photons present propagation speeds that are no longer
constant at the Planck scale. This is precisely due to the
dependence that the y parameter has on sing, the angle
between vectors k-¢. The + sign in the dispersion rela-
tion is an indication of the expected phenomenon of vacu-
um birefringence. If { or the linear terms 6; =63 =6, =0,
we obtain the same results provided in a previous study
[7]. Furthermore, the group velocity can be directly de-
rived from the dispersion relation. Differentiating the lat-
ter expression yields the expression for the group velo-
city:

Ve = 3—: Wl {k [A, - 05k’ T{[A, - 03(K)*]1+ 8.7} - 26:K°[A, — B5(k)*] + 2ibsk’ — O,k - ¢ sin®
1 2 B
Z(4k4{k2 ([A AGEE 04§—> ([A —Hs(k)zl—g—) 04-1¢- (k><(k><§))]}62+w)
2 2N\ 2
<1zk5([ —6;(k)*] - 944;) 92+2k3-(94[A,/—93(k)2]~|§|2sin2<p)2—8§3k7 ([Ay—é3(k)2]—é4%) ég)] (31)

Working to get The refraction index (n = |k|/w) leads to the expression

ni=|k|-(kz[Ay—éa(k)Z]{[Ay—é3(k)2]+é4§2}—(ég-kz)z—w(%“{kz ([A - 05(k)*] - 04—)

+ ([Ay—é3<k>2] - %2) 54[4-(kx(kx§>>]}é§+w2)

Based on this equation, it can be shown that dichroism
and birefringence effects can take place under specific
conditions. However, this is not discussed in this study.

IV. LQG CORRECTIONS TO THE KINEMATICS
OF THE COMPTON EFFECT

In this Section, we address the corrections to the
Compton effect stemming from the LQG-corrected
photon dispersion relations. Before initiating the compu-
tation, it is important to emphasize that we do not em-
ploy the magnetic field splitting given in Eq. (7) in this
section. Instead, we work with Egs. (3) and (5), in which
the nonlinear magnetic field term is neglected. We then
consider plane wave solutions for the electric and mag-
netic fields.

52
172 -1/2
) . (32)
E = Epe'®*",B = Bye'** " k = |K|, (33)
we obtain
(kX Eo) [A, —205(£,k)*] —2i03¢,k*Eg — wB, = 0,

(34)
(kX Bo) [A, —205(£,k%)] - 2ifs¢, k> - By + wE = 0.
(35)

It should be noted that we do not consider the nonlin-
ear contribution in the magnetic field in Eq. (5). Hence,
Egs. (25) and (26) differ from the Egs. (33) and (34) that
were previously obtained. From Eq. (27) and the condi-
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tion det M =0, it is possible to obtain the modified dis-
persion relation, which takes the form

w = clk| [A, —265(IKI(,)? + 265(KIL,)] . (36)

The aforementioned equation is the same as the one

(

/l’

A

1

A —A=A.cos(1 —9)—9755;2%{{ 7

2427
)+

coming from Eq. (30), whenever ¢ = 0. We adopt this dis-
persion relation in the derivation of the kinematics of the
Compton effect (for a better understanding of the proced-
ure as indicated in [30] and [31]). Based on energy and
momentum conservation, the difference in wavelengths
between the scattered and incident photons, considering
LQG effects, is as follows:
) 2+2'Y':|

(8-

A
/l/

i
Lr

1

L

RS
Ll

(@) @) e () - (5 )
+— || = +A| — -0 8m° A, || — + =+
A { L g WA\ 2T a2) T\ B T s
() Jmemac (3o 3)+ (T 5) + 2 (502
—— | =—-—== ] [£6l4n || =+ = |+ | =+ +—(=+=]]. 37
e R ) T\ e T ) T \a T 37
‘ Now, let us'simplify the eqqation abovg First,. le.t us IAO(E, 7)| ~ 205¢,E* [ a +Z')d3zl . (40)
disregard the third term on the right-hand side, as it is of Ho Jo VQ,(1+2) +Q,

second order in the ¢, scale. We are interested in main-
taining only first-order terms in the LQG parameters. We
adopt the moving scale, which is related to the character-
istic scale £ and the momentum by £=k"". Our result
for the shift in the photon wavelength is cast below:

X Pl
A== 2,(1-cos6)— 6,1, {j(fpk)%” + ;(f,,k’)“”

1
— (gpk)2+2'1’ _ (fpk/)erZT + /T |:/l/ (fpk) 2427

1
+ /l(fpk’)z*”} } +4765L,2, KZ )

() o))

Here, we define the Compton wavelength A, = h/mc,
where m denotes the clectron mass. It should be noted
that, at the right side of Eq. (38), we have the helicity
term, where we choose the value Y = —1/2, in such a way
that our framework can be qualitatively reproduced.
Thus, considering that k = 27/, the equation becomes

)-(
‘)

X

1
+7
/1/
/l/
2t

A
A2

1

Ae

A A
J— + J—
A

(38)

’

1 1
7+7
a A

A A
A== 2,1 —cos) —2n6:,¢,1, K
1

FERE
/1e</1

1
(/l’ A
+

A
/l') } +4n0s,A, KZ +
J+2(3+3)]
—+—=|+—(=—+—=)].
222 Y AN

It is noteworthy that the term 6 still corresponds to
birefringence effects. As a result, the total rotation angle
between two oppositely polarized photons with the same
energy can be expressed as [32—34]

/l’

(39)

The best constraint on the rotation angle 65 in the lit-
erature [34] can be transformed into a restriction
s < 107'®. Thus, the 63¢,4, component is on the order of
10753, Therefore, we also cancel out the term multiplied
by these components. Consequently, the expression for
the Compton effect with the LQG corrections becomes

’

A = A= A(1=cos) = 2m:L, 4, K*
_( >+ < )}

Taking the limit 6; — 0 of the only remaining angu-
lar parameter, we recover the conventional wavelength
shift of the usual Compton effect. Another important
characteristic of the LQG-corrected Compton effect is the
absence of influences from the LQG parameters on the
scattering angle, 6, of the deflected photon. On qualitat-
ive grounds, we believe this is due to the inherent aniso-
tropy present in the dispersion relation (36) we have util-
ized.

To extract an estimate of the LQG contribution to the
kinematics of the Compton effect, it should be noted that,
from Eq. (41), the shift in the wavelength of the photon,
A= -2, splits into two pieces. Specifically, A.2 can
be denoted by the usual Compton shift, whereas A;qg
stands for the effect of LQG on AA as follows:

1 1
7+7
A A

1

Ae

4

FRY @1

A/l = Acl + ALQG/L (42)
we may evaluate how they compete by deriving the ratio
Arggd/AA.

According to the inspection conducted by Li and Ma
in a previous study [8], the factor #;¢,, in natural units,
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turns out to be negative and can be estimated as

6:6, ~-2.8x 107" GeV!; (43)
in length units, and this corresponds to
67¢, ~ =5.49%x107*? cm. (44)

Now, by replacing A’ as 2’ = 1+ A2 in Eq. (41) and by
considering that A ggd < A (terms in higher powers are
neglected), we obtain

A
LocA ~ —47T%.
A A

(45)

We highlight that this result does not depend on the
Compton wavelength of the particle that scatters the radi-
ation. It should be noted that the LQG contribution is
more sensitive to high frequencies/short wavelengths. For
typical X-ray radiations,

—21 .
Agad| ~107'AcA] ; (46)

For radiation in the deep gamma spectrum (v ~ 10 Hz),
the estimate is

~1071A.Q

Y

Y

V. FINAL COMMENTS AND GENERAL
DISCUSSIONS

One of the open questions of contemporary Physics is
the problem of gravity quantization. A number of ap-
proaches and theories aim to achieve a consistent and
testable formulation. Considering the importance of the
issue, in this study, through the incorporation of LQG ef-
fects into the electromagnetic sector, we seek to gain an
understanding of how the electromagnetic radiation be-
haves and how the effects arising from LQG modify well-
known electromagnetic phenomena when compared with
the Maxwellian theory. To contemplate a concrete situ-
ation, we have chosen to reassess the kinematics of the
Compton effect, considering the extension of traditional
electromagnetism modified by LQG correction terms.
This leads to a more complex analysis, as we are now
dealing with Planck-scale collisions, such as scattering
processes between highly-energetic photons and elec-
trons, for example. Our specific purpose in this investiga-
tion is to compute how the photon wavelengths shift, and
thus, an imprint of new physics can be identified.

The effects of LQG on the electromagnetic sector sig-
nificantly modify the original Hamiltonian of the theory,
leading to substantial changes in Maxwell's equations
when considering the classical formalism. One of the
most important expressions in classical electromagnetic
theory includes the Poynting vector, electromagnetic en-
ergy density, and shear stresses. These quantities exhibit
new correction terms due to the granular nature of space-
time at the Planck scale, as pictured by LQG. The Poynt-
ing vector has new spatial contributions arising from each
of the rotation-angle parameters; however, it is interest-
ing to point out that, for the electromagnetic energy dens-
ity, the only new term comes from the nonlinear contribu-
tion in the magnetic field appearing in the extended
Ampére-Maxwell equation. Based on this equation, the
energy-momentum tensor can be immediately obtained.
Hence, we observe how LQG effects modify the equa-
tions, as the resulting expression becomes significantly
larger and more complex than the usual one. Again, each
of the rotation angles contributes independently. It is im-
portant to highlight that LQG squared terms will appear,
providing very small contributions, but these are retained
for better correspondence with numerical/phenomenolo-
gical results when these equations can be tested. It should
be noted that, for special regions in the LQG-parameter
space and strong external magnetic fields, we can check
whether the pressure as calculated from the purely spatial
components of the stress tensor of the energy-momentum
tensor may become negative, characterizing a potential
source of dark energy.

By considering monochromatic plane wave solutions,
a matrix equation is obtained for the electric field of the
propagating wave. The nonlinear term in the magnetic
field term, upon linearization, introduces coupled quantit-
ies into the matrix expression. As previously known in
the literature, the dispersion relation reveals photon polar-
ization conditions due to the + sign. The expression we
have derived includes all LQG terms under a square root.
If the result of these quantities is negative, two important
optical effects emerge: dichroism and birefringence. Once
the dispersion relation is established, the calculation of
the vacuum refractive index becomes straightforward.
The dispersive nature of vacuum is further examined
through the evaluation of the group velocity, correspond-
ing to the photon propagation speed in the presence of
LQG effects in the electromagnetic sector. This analysis
necessitates a numerical/phenomenological approach to
assess how LQG corrections affect the photon velocity,
particularly to investigate the possible emergence of
supraluminal propagation modes.

Finally, we re-examined the kinematics of the
Compton effect by including the corrections from LQG in
the electromagnetic sector. Given that it was not critical
to the Compton effect, we disregarded the nonlinear term
in the magnetic field. This significantly simplified the
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dispersion relation. This allowed us to determine the dif-
ference in wavelengths, and thereby, certain conditions
for the parameters in the expression had to be established.
This is because the theoretical and experimental studies
on the Compton effect required only three decimal places
to achieve a satisfactory result—work that was carried
out nearly 100 years ago. However, the challenge of per-
forming numerical calculations with the Compton effect
corrected by LQG arises because this theory involves
much smaller length scales and much higher energy
scales when compared with the conventional Compton ef-
fect. Thus, we need ultra-sensitive detectors to conduct
these measurements and compare them with the theoretic-
al results. The astrophysical environment itself might
provide the necessary conditions, with its detectors and
satellites, to achieve satisfactory results by comparing the
corrected Compton effect theory from LQG with astro-
physical measurements.

In future studies, we will report on ongoing investiga-

tions aimed at extending our previous study to the LQG-
modified Yang-Mills theory. Considering the elec-
troweak theory, based on an SU(2) x U(1) symmetry, the
idea is to show how anomalous neutral couplings in-
volving the photon and Z0-boson, which do not appear in
the SM, can arise and be used to impose bounds on the
LQG parameters. This part of the problem can be solved
by using the data acquired via the ATLAS and CMS col-
laborations of the LHC on the search for electroweak an-
omalous tri- and four-gauge boson vertices. We intend to
present the results of our research in a forthcoming study.
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