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LIV effects are expected 
to be stronger for higher 
energies;
Ultra-high energy cosmic 
rays (UHECR) could 
provide a powerful tool 
for testing LIV.

 LHC UHECR
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The Pierre Auger 
Observatory is a state of 
the art experiment for 
UHECRs;
Over 500 scientists from 
18 countries;
Largest cosmic ray 
observatory (3000 km2);
1440 water tanks and 27 
fluorescence telescopes.

See X. Bertou’s contribution
for more information



8Rodrigo Guedes LangPierre Auger: ultra-high energy cosmic rays spectrum
Inés Valiño for the Pierre Auger Collaboration, 34th ICRC (2015)



9Rodrigo Guedes LangPierre Auger: ultra-high energy cosmic rays composition
Alessio Porcelli for the Pierre Auger Collaboration, 34th ICRC (2015)
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Interactions with the Photon Background

InelasticityThreshold Energy
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LIV on the proton and pion sectors;
n=0;

Photopion production

LIV on the nuclei sector;
n=0;

Photodisintegration
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R G Lang and V de Souza 2017 J. Phys.: Conf. Ser. 866 012008
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Even though the effects on propagation are very strong, it 
cannot be directly measured;
It is necessary to obtain the effects on measurements, 
such as the spectrum and the composition;
To do such, the modified energy losses were implemented 
in a propagation Monte Carlo code: SimProp v2r3;
Spectra with 5 free parameters were simulated and fitted 
to both the spectrum and the composition for four cases:

 δp = 0 (LI)
 δp = 10-23

  δp = 10-23

 δp  ∞ (maximal LIV)→
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Energy Distribution at the Sources

Source EvolutionInjected Masses

5 free parameters
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Denise Boncioli for the Pierre Auger Collaboration, 35th ICRC (2017)
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Denise Boncioli for the Pierre Auger Collaboration, 35th ICRC (2017)
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The propagation of UHECR considering LIV has been 
calculated by changing the kinematics of pion production 
and photodisintegration (GZK effect);
The modified energy losses have been implemented on 
SimProp v2r3;
A combined fit of both spectrum and composition has 
been done for several LIV coefficients;
The fit favours low rigidity cutoffs, suppressing the LIV 
effects;
The maximal LIV case is disfavored by 3 σ. This case, 
however, is more dependent on the fit conditions;
Next steps:

Photon propagation;
Air showers;
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