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UHE Cosmic Rays and 
                 the Auger experiment

Sergio Petrera, GSSI and L'Aquila University

Ten years of UHE Cosmic Rays

The Pierre Auger Observatory

L'Aquila/LNGS Auger group
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UHE Cosmic Rays  2005

Is there a spectrum cutoff?
Predicted by Greisen and Zatsepin-Kuzmin
1966
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AGASA  /  HiRes



 S. Petrera    GSSI Fair 2015 4

AGASA  /  HiRes
HIRES Coll. astro-ph/0208301

Berezinsky, Gazizov, 

Grigorieva hep-ph/0204357

SD

FD



 S. Petrera    GSSI Fair 2015 5

AGASA data renormalized by 20 % (Energy scale)

AGASA  /  HiRes
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UHE Cosmic Rays  2005

Is there a spectrum cutoff?
Predicted by Greisen and Zatsepin-Kuzmin
1966

YES: CR interaction with photon
         background (bottom-up scenario)
NO:  possible super-heavy relic particles
         (top-down scenario)
Implications on multi-messengers: γ, ν
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UHE Cosmic Rays  NOW

New experiments built

Exploiting both detection techniques
ground array sampling + fluorescence detection

Pierre Auger Observatory, Argentina
Start 2004, fully operational 2008

Telescope Array, Utah, U.S.
Operational 2008
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Auger scientific results

All-particle flux: suppression above 1019.5 eV well established
Photon and neutrino limits: top-down scenarios ruled out
Depth of shower maximum 

Xmax distributions vs energy, detector-unbiased moments, 
composition analysis in terms of elemental fractions
Mass composition gets heavier

Arrival direction distribution ✔
EeV dipole anisotropy, small angle correlation with sources 
(joint Auger-TA full sky search)
UHECR sky surprisingly isotropic

Air shower and hadronic interaction physics ✔
pp cross section, muon discrepancy (more muons than 
expected)

Possible data interpretations and astrophysical 
scenarios 

Maximum-energy scenario, photo-disintegration scenario, 
proton-dominance model



July 7, 2015 S. Petrera - Science Case - CTS 13

Auger scientific results

All-particle flux: suppression above 1019.5 eV well established
Photon and neutrino limits: top-down scenarios ruled out
Depth of shower maximum 

Xmax distributions vs energy, detector-unbiased moments, 
composition analysis in terms of elemental fractions
Mass composition gets heavier

Arrival direction distribution ✔
EeV dipole anisotropy, small angle correlation with sources 
(joint Auger-TA full sky search)
UHECR sky surprisingly isotropic

Air shower and hadronic interaction physics ✔
pp cross section, muon discrepancy (more muons than 
expected)

Possible data interpretations and astrophysical 
scenarios 

Maximum-energy scenario, photo-disintegration scenario, 
proton-dominance model



July 7, 2015 S. Petrera - Science Case - CTS 14

V. Berezinsky et al. (2005), R. Aloisio, V. Berezinsky, and A. Gazizov, Astropart. Phys. 39-40 (2012) 129   

R. Aloisio, V. Berezinsky, and P. Blasi, JCAP 1410 (2014) 10, 020

K-H. Kampert and P. Tinyakov, arXiv:1405.0575v1

Astrophysical scenarios
 



 S. Petrera    GSSI Fair 2015 15

L'Aquila / LNGS Auger group

Two main fields of interest:

Atmospheric monitoring in the site
Raman Lidar built in L'Aquila: benchmark of VAOD measurement

Simulation Code from UHECR propagation (SimProp) developed
in collaboration with R. Aloisio

   Astrophysical interpretation of spectrum and composition data 
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                     S. P.
Aurelio Grillo        Vincenzo Rizi                   DeniseBoncioli   Armando di Matteo         
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Thanks
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Two new Auger papers on composition:

“Depth of Maximum of Air-Shower Profiles 
at the Pierre Auger Observatory: 
Measurements at Energies above 1017.8 eV”
PRD 90, 122005 (2014) 

“Depth of Maximum of Air-Shower Profiles 
at the Pierre Auger Observatory: 
Composition Implications”  
PRD 90, 122006 (2014) 
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Anisotropy
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Muons 

Muon excess 1.2-1.6 wrt predictions from hadronic interaction models

HAS                                            Hybrid showers
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