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Gamma ray transparency
of the universe



High-energy gamma rays can disappear from the flux as they propagate.
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Psv(E, z5) = % < 1. (1)

1/19



The decrease in flux is characterized by the opacity,
Psv(E, zs) = exp ( - T(E,zs)) ,
which can be computed as
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Gamma rays above TeV energies can interact with the EBL
[Saldana-Lopez:2020qzx|. For those around PeV, the CMB dominates.
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https://inspirehep.net/literature?q=Saldana-Lopez:2020qzx

The dominant interaction is electron-positron pair production
(Breit-Wheeler process) with low-energy photons from the backgrounds.
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’Y(E, E)+’Ysoft(wa 5) — ei(E—aﬁ—)+e+(E+7ﬁ+) (4)
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The cross section is proportional to the integral of the squared
amplitude, with a constant /C that only depends on the initial free states,

1

- o /[dPS] Apse P = =2 xF. (5)
= F
It takes non-zero values above the threshold,
2Ew(1 — 0
s 2Ew(l—cost) (6)
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The result of Breit and Wheeler [Breit:1934zz] shows,

]CSR:8IT7§§, (7)
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https://inspirehep.net/literature?q=Breit:1934zz

Violation of the Lorentz
invariance



When Lorentz invariance is broken, different particles can have
different modified energy-momentum relations (MDR).

Single-particle
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Focusing on photons,

e the linear (n = 1) case is highly constrained by the absence of
vacuum birefringence,

e the superluminal quadratic (n = 2) case is dominated by
photon decay.

We focus on the subluminal quadratic case,

E? = p? [1 - (/\|':1/>2] . (9)
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The MDR produces a modified threshold condition,

. 2Ew(l-cos§) = E* o1
= 4m? amNg, T
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and a modified cross section [Carmona:2024thn],

Kuv = Ksr,
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https://inspirehep.net/literature?q=Carmona:2024thn

Deformation of the Lorentz
invariance



In doubly special relativity, the conservation laws are modified, and
there may be a universal modified energy-momentum relation.

Single-particle Multi-particle
P1 Ps3
m? = C(E% 7, 151/) P\

D2 D4

PO, =p; Dps
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Focusing on photons,

e observability of scenarios with a MDR is dominated by time delays,

e however, models without a MDR predict modified interactions even
without time delays.

One example of the latter is the classical basis of k-Poincaré,

(2 b)o = aoM(b) + ﬂ(l ; (bo A;;;) , (13)

(a® b); = a;N(b) + by, (14)

with M(a) = 72+ /1 + %5 a_lap |§1
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The composition of momenta produces a modified threshold condition,

2Ew(1 — cos9)

>1, 15
4mg(1 + E/ADSR) ( )

TDSR =

and a modified cross section! [Carmona:2025fdu],

Kpsr = Ksr (16)

Fpsr ~ Fsr(5 — Tosr) (17)

Inote this is different from taking opsr ~ osr(5 — Tpsr)
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https://inspirehep.net/literature?q=Carmona:2025fdu

Comparison




Prob. survival from extragalactic source

Psv(E, z, = 0.03)
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Prob. survival from galactic source
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Bounds
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Bounds

Extragalactic (zs = 0.03, E = 10 TeV)
€ 30% 40% 50%

Auv[eV] 25x 1020 22x10% 1.9 x 10%°
MApsr[eV] 7.6 x 1013 55x 102 4.2 x 108

Galactic (ds = 10kpc, E = 1 PeV)
€ 30% 40% 50%

Auv[eV] 22x10% 1.9x10* 1.7 x10%
MApsr[eV] 6.1 x 10 4.5x10% 3.6 x 10
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Correlation with other interactions

In special relativity and doubly special relativity,
vacuum Cherenkov emission is forbidden.

et et 4y (18)

However, this effect is allowed if one breaks Lorentz invariance, which
may increase the gamma-ray flux at lower energies.
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Thanks for your attention
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Extra slides




Prob. survival on SR
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Cross section

LIV DSR
500 500
& 400} 400
=
o
& 3001 300}
I
=
T
S 200 200
I
3
B
S 100} 100+
10145 1015 10155 106 0 10145 10‘15 10155 1016
E [eV] E [eV
|Og10(AL|V/eV) ~ 23.57 24, 24.5, 25 |Og10(ADSR/eV) ~ 14.57 157 15.57 16

19/19



	Gamma ray transparency  of the universe
	Violation of the Lorentz invariance
	Deformation of the Lorentz invariance
	Comparison
	Extra slides

