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Pierre Auger Observatory 20th Anniversary     

November 2019 
Pierre Auger Observatory 
Malargue, Mendoza, Argen=na
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The Observatory
Located in the southern hemisphere is the largest air shower detector built so far

For reconstruc=ng showers more reliably at ~ eV1017
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Hybrid Detection

AugerObservatory Phase I

The Pierre Auger Observatory has been designed to investigate the highest energy cosmic rays with energy exceeding 
eV, combining a surface array of particle detectors with fluorescence telescopes for hybrid detection1019

The SDs measure photons and charged particles at ground level 

The FDs observe longitudinal development of air showers in the atmosphere 

The RDs complement this setup studying radio emission from air showers

Calibration of the SD risetime with  distributions measured with the FDXmax
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•Spectrum 

•Mass ComposiFon 

•Large-Scale Anisotropy 

•AugerPrime: status and moFvaFon

Latest Results and Perspectives
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The Spectrum

88

Phys. Rev. D 102, 062005 (2020) 
Phys. Rev. Lett. 125, 121106 (2020)

R. Engel, ICRC2021

The method to derive the spectrum is entirely data-driven
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A. Castellina, 

E[eV]

Phys. Rev. D 102, 062005 (2020) 
Phys. Rev. Lett. 125, 121106 (2020)
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FractionFit code

o  distributions fitted with 
four-mass Gumbel function 
from LHC-tuned interaction 
models. 

o Fit quality not always good  
(QGSJet worse). 

o Large proton fractions below 
the ankle. 

o Iron almost absent.

Xmax

L’Aquila group

Measured considering the atmospheric depth at which the number of particles in an air shower reaches its maximum

< Xmax > ∝ lg(E/A)
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Auger Coll., Science (2017), APJ (2018)

Anisotropy: Large scale

Constant fit (isotropy)

−90◦ < δ < 45◦

The amplitude of 3-d dipole above eV8 ⋅ 1018

This direction is about 125° from the galactic center 
suggesting that the anisotropy has an extragalactic origin



C. TRIMARELLI

INTRODUCTION
Spectrum

Mass Composition
Anisotropy

CONCLUSIONS
   AugerPrime

Upgrade of the Pierre Auger Observatory
 AugerPrime

Physics motivation 
• Composition measurement up to  eV

• Composition selected anisotropy

• Particle Physics with air showers (muon estimate)

• Much better understanding of new and old data

1020
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Working @L’Aquila Group

• Atmospheric monitoring;


• Combined fit of Spectrum and composition;


• Mass Composition at Earth;


• Inferring source scenarios from Spectrum+Composition 

(JCAP 04, 2017, 038) 

• Lorentz Invariance Violation


• Propagation constrains (JCAP 01 (2022) 01, 023)


• Extensive air shower constrains (presented at ICRC2021)


• Multi-messenger studies (presented at ICRC2021)
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Studying Cosmic Ray physics @ GSSI

“Pillar” Courses :
• HE-TH: High Energy Astroparticle Physics (P. Blasi)


• HE-EXP: High Energy Astroparticle Physics (I. De Mitri)


“Short” Courses :
• HE-7: UHECR theory (R. Aloisio)


• HE-2: Data analysis techniques in HE Astroparticle Physics (S. Petrera)


• HE-1: Elementary processes for high energy Astroparticle Physics (C. Evoli)


• …….
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Auger Italian Mee=ng  
October 2021 
GSSI 
Rectorate-Building-Auditorium

Thanks for your attention!
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to discriminate e.m. and muonic components

Moreover 
- Upgraded and faster electronics 
- Extension of the dynamic range  
- Cross check with underground 
buried AMIGA detectors 
- Extension of the FD duty cycle

Upgrade of the Pierre Auger Observatory: 
AugerPrime



S. Petrera  - Ground experiments22-Oct-20 20

Inferring source scenarios from Spectrum+Composition 
SPG (SimProp, PSB x-sect, Gilmore ‘12 EBL) + EPOS-LHC 

JCAP 04 (2017) 038

A=1
2 ≤ A ≤ 4

5 ≤ A ≤ 22

23 ≤ A ≤ 38

2012

+ Cosmogenic photon & neutrino searches 
(no event  found > 1018 eV 

+ Joint papers with Telescope Array 
Energy spectrum, composition, anisotropies 

+ Multimessenger studies 
Icecube, Antares, Ligo/Virgo
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R. Engel, ICRC2021
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Anisotropy: Large scale
Auger Coll., Science (2017), APJ (2018)



C. TRIMARELLI

INTRODUCTION
Spectrum

Anisotropy
AugerPrime

CONCLUSIONS

Mass Composition

Mass Composition @ Earth

23

Mass composition @ Earth (top of the atmosphere)

o Xmax distributions fitted with 
four-mass CONEX showers 
from LHC-tuned interaction 
models. 

o Fit quality not always good  
(QGSJet worse). 

o Large proton fractions below 
the ankle. 

o Iron almost absent.
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FractionFit code
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ICRC2019 EPOS-LHC

log(E/eV) = 18.25
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o The distributions of the mass 
fractions from 10,000 mock 
realizations 

o the two-fraction correlations 
with the corresponding 
correlation coefficient 
reported in each plot.  

p He N Fe
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