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Motivation
[Cao Z., Aharonian F.A. et al., 2021]
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Effective Field Theory

Goal: calculate the electron-positron pair production cross section from an LIV EFT.

Based mostly on [Rubtsov et al.; 2012] and [Vrban; 2022].
Conditions:

Invariance under rotations
CPT and P invariance
No dimension 5 operators ([Bolokhov, Pospelov; 2008])
Only operators quadratic in the fields

Lagrangian:

L = iψ̄γµDµψ − mψ̄ψ − 1
4FµνFµν + iκψ̄γiDiψ +

ig
M2 Djψ̄γ

iDiDjψ +
ξ

4M2 Fkj∂
2
i Fkj, (1)
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Modified dispersion relations

Photon:
E2 = k2 +

ξk4

M2 (2)

Fermions:

E2
e = m2 + p2

(
1 + κ+

gp2

M2

)2

≈ m2 + p2(1 + 2κ) + 2gp4

M2 (3)

Minimal model: g = κ = 0 [Jacobson et al; 2003]. Scale of Lorentz Violation:

ΛLV ≡ M√
ξ

(4)
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Two types of modifications

Kinematical:
E2 = k2 + S k4

Λ2
LV
, S = ±1 (5)

We consider S = −1.

Dynamical: ∑
λ=1,2

ελµε
λ
ν = diag

(
−

E2
γ

k2 , 1, 1, 1
)

(6)
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Optical depth

Observed flux:
Φobs(E) = e(−τγ (E,zs)) × Φint(E(1 + zs)) (7)

τγ(E, zs) =

∫ zs

0
dzdl(z)

dz

∫ 1

−1
d cos θ

1 − cos(θ)
2

∫ ∞

εthr(E(z),θ)
dεnγ(ε(z), z)σγγ(E(z), ε(z), θ) (8)

For local observations (Milky Way):

τγ(E, zs) =

∫ d

0
dl︸ ︷︷ ︸

d

∫ 1

−1
d cos θ

1 − cos(θ)
2

∫ ∞

εthr(E,θ)

dεnγ(ε)σγγ(E, ε, θ)︸ ︷︷ ︸
1

λγ

(9)

⇒ τγ ≈ d
λγ

(10)
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Cross section calculation

Pair production:
γVHE + γsoft → e− + e+ (11)

Consequences of modifications:
Threshold condition

Eε(1 − cos θ)− E4

2Λ2
LV

= 2m2 (12)

Due to gµν → gµν + diag(E2
γ/Λ

2
LV, 0, 0, 0) we have

⟨|MTOT|2⟩ = ⟨|MQED,Λ|2⟩+ ⟨|MMOD|2⟩ (13)
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Subluminal case

Figure 1: Cross section for the subluminal case with ω = 10−3 eV , θ = π.

Filip Reščić University of Rijeka, Faculty of Physics Study of Universe Transparency in an LIV Framework 10 / 13



.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

.
.
.

.

Mean free path
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Outlook

Take-home message:
Both kinematical and dynamical modifications play a role

Leading log approximations not good enough
Deviations start occurring at the energies of order PeV for the high energy photon

Work in progress:
Understand uncertainties introduced by choosing different backgrounds
Connect to current experimental observations
Study the transparency in a Doubly Special Relativity (DSR) framework
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