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at the highest energies, only few cosmic rays (CR) 
arrive per km2 per century !
to see some, a huge detector is required

1600 detectors instrumenting 3000 km2   and  24 telescopes

THE PIERRE AUGER OBSERVATORY



HYBRID DESIGN
Surface Detectors: 

 “statistical power” to detect
showers on the ground

 Fluorescence Detectors: 
 complementary view of 
the shower development 
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SCIENTIFIC OBJETIVES:

 Spectrum: CR flux for E  >  1018  eV

 Arrival directions: search for anisotropies (sources)

 Composition: light or heavy nuclei, photons, neutrinos, others? 

 Study of interactions at energies unreachable at accelerators



surface detector

fluorescence detector 
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first shower seen by the four telescopes 



Energy calibrated using hybrid events
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Signal

EFD

(attenuation in atmosphere accounted with Constant Intensity Cut method)

ICRC09



the Greisen-Zatsepin-Kuzmin effect (1966)
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E > 6x1019eV

E > 8x1019eV

Diego Harari, Silvia Mollerach, E. R. 
JCAP 2006
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THE END OF THE SPECTRUM: GZK?
previous results 

AGASA: NO           HiRes: YES



AUGER SPECTRUM FROM SD

Flux falls to half the extrapolated value for  E ~ 6x1019 eV
GZK suppression has been observed ( > 6σσ  )

extrapolating E-2.69 spectrum expect 167 events above 40 EeV �   observe 69 

E-2.69

(PRL2009)



(ICRC09)

SD + HYBRID SPECTRUM



(ICRC09)
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COMPOSITION FROM Xmax



AUGER SD photon bound

photon showers mostly electromagnetic:
                    long rise times

and develop later ��  small curvature radius
(and large Xmax in FD)

photon fraction:

< 2% at  E > 10 EeV

< 31% at  E > 40 EeV
 
excludes most top-down models

Astroparticle Physics 29 (2008) 243–256



AUGER BOUNDS ON DIFFUSE NEUTRINO FLUX

unlike hadronic CRs, neutrinos can produce young horizontal showers 
above the detector, and upcoming near horizontal tau lepton induced 
showers

young (em) shower

old (muonic) shower

Horizontal young showers?
60% of tank signals with large Area / peak
Elongated tracks:  L/W > 5          Propagation with v ~ c

  ZERO CANDIDATES



( E-2 )



only for E/Z ��  1019 eV deflections in galactic magnetic fields become 
less than a few degrees and CR astronomy could become feasible

COSMIC RAY ASTRONOMY ?
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galaxies up to 100 Mpc 

the nearby Universe is quite inhomogeneous



the radio sky

CenA

M87

crab

Geminga

VelaCygnus Sagitarius

CasA

supernovae: preferred candidate
sources for E < 1018 eV

active galaxies: plausible 
candidates for E > 1018 eV
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		HISTORICAL NOTE
Data analysed from Jan 2004 up to 26 May 2006 
First hints of correlations obtained through this scan 
12/15 correlations 
   ( 3 expected) 
.����E��H�-/� ψ = �I��J
%����E�H�)��*
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Test with parameters fixed a priori
Data analysed from 27 May 2006 up to 31 Aug 2007 
           8/13 correlations
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with the data up to  31 august 2007, from  the 27 CRs with highest
energies,  20 are at less than  ~3 degrees from an active galaxy
at less than ~ 75 Mpc , while 6 were expected 
( from the 7 which are not, 5 have |bG| < 12 deg, where catalog is largely incomplete )

*  nearby active galaxies

CR



What happened thereafter ?

From 31 August 2007 until 31 March 2009: 
there are 31 events with E > 55 EeV   (new calibration)
and 8 are within 3.1 deg of an AGN closer than 75 Mpc

( from the 9 events which have |bG| < 12 deg, none correlate )

(ICRC09)

Fraction correlating (after 5/2006) 
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Excess around Centaurus A



Closest Active galaxy:  Centaurus A    

2 events at less than 
3 deg from it

within 18 deg:
12 observed/2.7 expected

central black hole with
more than 100 million 
solar masses !

collision of 2 galaxies

relativistic jet

 (~ 3 Mpc)



 HESS observation of Centaurus A
           (0.1 – 10 TeV gammas)

arXiv:0903.1582
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data until 8/07
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AGASA  ANISOTROPIES ON 20o SCALES     (1018 – 1018.4 eV)
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(22% excess)

SUGAR   galactic center search            ( 5.5o for 1017.9 – 1018.5 eV )
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(85% excess)
at

AUGER got �-
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AGASA RAYLEIGH ANALYSIS vs. E     

4 % amplitude of 'dipolar' 
modulation for E > 1 EeV 

Eth

Auger bound:
 amplitude < 1.59%  
@99%C
for [1,2] EeV

(ICRC09)

Compton-Getting of 
isotropic extragalactic

Galactic diffusion models Candia et al.)
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We see Forbush decreases due to magnetic storms in the Sun!

Scalers: measure rates of low 
energy signals (less than 1 muon 
per tank). Strongly 
anticorrelated with Pressure.

After correcting for this,...

The detector works nicely!  e.g.:



CONCLUSIONS

Observatory construction essentially accomplished

Evidence that CRs are attenuated by GZK effect

CRs arriving to Earth with E > 6x1019 eV are correlated
with the distribution of nearby extragalactic matter

Sources preferentially in regions at less than ~ 100 Mpc in
which Active Galactic Nuclei are present
(if other than AGN, sources must have a similar spatial distribution)

Interesting excess in Centaurus A region

No anisotropies observed at EeV energies (galactic/extragalactic?)

photon fraction small (< 2% above 10 EeV)

no neutrinos yet



the charged particle astronomy is being  born

providing a new window to observe the Universe

this will allow to study the most violent processes
in the Universe, understand the nature of the
highest energy cosmic rays, 
determine magnetic fields,
and answer many old questions  .....





the questions are similar
the tools are sharper

the answers are closer


