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Abstract

Lorentz Invariance is upheld by the two postulates of special theory of relativity. This paper

considers the Compton effect at very high energies and by using the Compton Effect Scattering

equations and proposing the speed of light to be a function of frequency, two new events were

worked out. These being: no scattered photon and a scattered photon with higher energy. These

situations can be considered as verifying signatures for Lorentz Invariance Violation (LIV) in high

energy regions of the Universe.

Introduction

The speed of light in vacuum is constant which is
one of the postulates of special relativity. Instead
of speeding up, when a photon becomes more en-
ergetic, it’s frequency (ν) increases. Presently, a
lot of research is undergoing to study that light
may have different speeds in a very-high energy
regime. [1] This is termed as Lorentz Invariance
Violation (LIV). Since, LIV is upheld in high en-
ergy regime, and the only physical characteristic
that implies the different energy of the photon is
frequency, we assume c = f(ν).

Theory

Just like the resistance (R) dependence on tem-
perature is written as Rt = R0(1+αt1+βt2+....),
we consider

c
′

= f(ν) ≡ c0[1 + α(ν
′ − ν0) + ...] (1)

where c0 ≡ c = usual speed of light of a photon
having the frequency ν0 (in vacuum); c

′
= speed

of the photon of frequency ν
′

in vacuum.
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Figure 1: Compton Scattering [Made on Photoshop]

Again from (1), we have c
′

= c0[1 + α∆ν],

keeping only the first order term and α = c
′−c0
c0∆ν ,

where ν
′ − ν0 = ∆ν. If ∆ν << 1, and α → 0,

then c
′

= c0 thus implying that Lorentz Sym-
metry is still obtained.

In our proposed hypothetical Compton Ef-
fect:
(i) Since the incident photon and scattered
photon are different, we assign them different



speeds say c0(≡ usual speed of light) and c
′

.
(ii) Following the same procedure in usual
Compton effect [2] i.e. the principles of Conser-
vation of Energy and Momentum, we obtain the
following relation:

hν +m0c
2 = hν

′
+mc2 (2)

where m0 and m are the rest mass of the electron
and relativistic mass of the recoiled electron re-
spectively. Again, taking the component forms
of (2) and using Fig (1), we obtain

hν

c0
+ 0 =

hν
′

c0(1 + α∆ν)
cos θ +mv cosφ (3)

0 =
hν

′

c0(1 + α∆ν)
sin θ −mv sinφ (4)

Now, taking the usual follow-up of normal
Compton effect, we ultimately obtain

− 2h
(
ν − ν ′

)
m0c

2 = −2h2νν
′
[
1− cos θ

1 + α∆ν

]
− h2ν

′2

[
1− 1

(1 + α∆ν)2

]
⇒ 1

ν ′ −
1

ν
=

h

m0c2

[
1− cos θ

1 + α∆ν

]
− hν

′

2m0c2ν

[
1− 1

(1 + α∆ν)2

]
(5)

Result and Discussion

(a) If α∆ν ≈ 0 then we have from (5)

1

ν ′ −
1

ν
=

h

m0c2
[1− cos θ] (6)

which is the usual Compton Effect at low-energy
regimes.

(b) Let there be no scattering i.e. θ ∼= 0;
so ν = ν

′
. Then from (5),

⇒ ν
′

=
2ν

1 + α∆ν
(7)

This condition can be imagined only for a highly
energetic photon. Even if ν

′ 6= ν, we see that

1
ν′

= 1
ν
∼= 0 since the frequency tends to infinity

in very-high energy regime.

(c) Let the condition be considered where
the scattered photon becomes more energetic.
So from (5), we have

hν
′

2m0c2ν

[
1− 1

(1 + α∆ν)2

]
>

h

m0c2

[
1− cos θ

1 + α∆ν

]

⇒ ν
′
> 2ν

[
1− cos θ

1+α∆ν

]
[
1− 1

(1+α∆ν)2

] ≈ 2ν

[
1− cos θ

1+α∆ν

]
2α∆ν+α2(∆ν)2

(1+α∆ν)2

⇒ ν
′
> ν (1 + α∆ν)

[
1 +

2 sin2 θ
2

α∆ν

]
(8)

Thus, after being scattered on a hypothetical
object, the photon becomes more energetic. In
other words, it is blue-shifted. Physically, this
may be imagined in the neighbourhood of a
blackhole [3] where the photon’s acceleration to-
wards a blackhole is not negligible.

Conclusion

Through our calculations we found three unique
events, the first of which being in the low en-
ergy region where the speed of light is constant
and the usual Compton Scattering is obtained.
The second and third events show no scattered
photon and a photon receiving higher energy
than the incident one, these events are calcu-
lated to occur in high energy regions and there-
fore Lorentz Invariance Violation happens in the
high energy regime.
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