17t Baksan School on Astroparticle Physics

Hypothetical Lorentz invariance violation

and the muon content of extensive air showers

Andrey Sharofeev
Moscow State University, Moscow, Russia,
Institute for Nuclear Research of the Russian Academy of Sciences, Moscow, Russia V

1 P I I * the number of muons truly
What problem are we solving? Simulations e number o mucr
Many experiments have observed an unexplained excess of g e
muons in extensive air showers (EASs). This phenomenon is = L [T
known as the 'muon puzzle'—an open question in science. = -2 assumetl mode!
=
The muon excess is often parametrized by the variable o T
h ue of th = 0 | | ﬂ [
the mean value of the. . ;rgc,;cetgg anugi gel,;se,-ty \Zf f Tl T T -1 TI
measured muon density w <? by Monte-Carlo simulations = T T_ Ip- ._m ¥ TT
1 Nobs 1 NM C for proton-ray nucleus I 0.0- ] o L8 iy L;ﬂ: Pl T
L= n (N7™) —In (N, S Y it S
the mean value of the - MC MC | | | 1. T . | ]
predicted muon density In <N,u,Fe> —In <N,u,p > 102 10V 107 104 100
by Monte-Car/o simulations J £ = (me MLIV)—l/Q A-lE
for iron-ray nucleus | the number of electrons indeed
decreases with increasing energy
. . Il dots should be kept in the regi
Experimental data: oo e e e 1007
- - - - I | | My /| GeV | |
3 i | o - 1012 1014 1016 1018 1020r0t0n MC /
; ¥ AGASA = 1O —— best-fitting model ™
2 ®  Auger FD+SD — E_ ol
| ® Auger UMD+SD T R
: ¢ Haverah Park P T Tea L
SEEN © IceCube % y 5_ T I TJ1:FT ¥ T
| H# KASCADE-Grande \Z/ | 1 A L
; ® NEVOD-DECOR = - E ﬁ T i h ﬁp
0 - SUGAR I ol i ' 2ot T
| ] : Yakutsk e i el J_%I_J_f-t -
-t 102 00 10 10" 10°
15 16 17 18 19 20
10 10 10 _ \}0 10 10 ¢ = (m M)V AE
How to solve the muon puzzle? — Of course, let’s | Results:
modify the SM! N _
: (a) E best—ﬁtting MLIV
’ . . . == == (5lobal Spline Fit
Let’s modify, especially, the QED sector: E  AGASA
_ ©®  Auger FD+SD
L o EQED ™ £77 ® Auger UMD+SD
. . . _ . N { Haverah Park
where the following term modify the dispersion relation: @ IceCube
4 KASCADE-Grande
S92 9 ki ® NEVOD-DECOR
Ly = A2 F;0; F™, | SUGAR
LIV < w : Yakutsk
— 1t |
and we get the mass scale parameter 1010 — "1'016 — 1017 — "1'018 — "1'019 — "1'020
4 for LI breaking
2 2 k EI'eCO7 ev
E2 =k — —
We have shown that a subluminal LIV in the photon
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How does this theory affect EAS behavior? sector on the mass scale of My v ~ 10'® GeV could be an
Such a theory significantly changes the cross section in the explanation for the muon puzzle!
photon-induced pair production reaction on a nucleus: Where to read about this:
okt 12m2ZM7, | N 1. arXiv: 2412.08349 — this work (and see PRD publication),
5T R TN VN 2. PoS ICRC2023 (2023) 466 — review by the WHISP group

. . on the muon puzzle,
Key idea: The number of produced electrons decreases, which |3, arXiv: 0802.1561 — on the test of Lorentz invariance violation (my

leads to incorrect reconstruction of the primary particle's personal recommendation).
energy, consequently resulting in an underestimation of the
muon density.
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