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Abstract: As well known, cosmic ray experiments can put strong constraints on possible Lorentz Invariance Violations. In particular, the prese
the so called GZK \'cut-off\" may indicate that protons do propagate in the Universe as expected from relativistic invariance. The presence
feature in the spectrum has been convincingly indicated by the HiRes and Auger experiments, while the Auger Observatory has given indice
the correlation of Ultra High Energy Cosmic particles with nearby sources, as predicted by the GZK feature. | review the experimental resu
discuss in particular both the theoretical and experimental intricacies and the limits on LIV parameters that can be deduced.
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from Underground at LNGS
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Pierre Auger Experiment

High Energy Casmic Ray Physics
as lﬂbﬁrﬂtﬂw tor t&iﬂng special Relativity

frOm UﬂdEfngUﬂd at LNGS P Blasi AFG, n preparation submifted to XXY ICRC

Very simpie wea: What are the hypotes:s ieading 10 the
ZKG cutoff?

« pholoproguchon o Tp vary well anown n Lab
(fp =0) frame.

- transiates into a threshold for EHE protons in the
=y reference frame

» |F PA expenment will find a sign of ZKG cutoff
- direct expenmental venfication of
equivalence of reterenca frames
MOovINg with redate v ~ 10

i e e
o (oinCrences willl A~ I

- Sl

ses 3 Navara:
Other thresholds possible with even larger v (e.g. paur
proguction by 10~° eV s on IG atho bkg), but more

mode! dependent or less easily (7) detectabie

cir also S. Coleman, S. Glashow (HUTP-37/A008, hep-
phv9703240 5 Mar 1997) who reach simelar numencal
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Planck-scale deformation of Lorentz symmetry as a solution to the UHECR
and the TeV-$\gammaS$ paradoxes (G.Amelino-Camelia)
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Mine was example of many incorrect/incomplete
statements about LIV and cosmic ray physics

LIV are in bad shape down to O(p“/M?) (AFQG)
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Mine was example of many incorrect/incomplete
statements about LIV and cosmic ray physics

Given the evidence against Lorentz symmetry breaking, from
recent AUGER observations|7] (L.Smolin)
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SHOWER DEVELOPMENT
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Energy Loss Mechanisms for extragalactic protons
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Energy Loss Mechanisms for extragalactic protons

@ Redshifi

e 7 — P T h;“;l-' 1S PhotoProduction

Pair Production

On CMBR photons

sa: 08110030




Energyv Loss Mechanisms for extragalactic protons

@ Redshifi

@ P+~ — Pt hadrons PhotoProduction

- T — ¢ Pair Production

The Greisen -Zatsepin-Kuzmin “cutoff”

Photoproduction O’ﬂCN[BRphOtOﬂS

] ]!ll"-|1l il

~35 Mp

inter

+2F,¢ (1—Pcosly) > = ) AE - m._

p

Ir

g

(riv, — )" — in;

i -‘-"\
2e(1l —cos@.,)

-

FE>6x 10" 107 eV’

sa: 08110030




Energy Loss Mechanisms for extragalactic protons
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Astrophysical sources
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Astrophysical sources
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