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

THE PIERRE AUGER OBSERVATORY /
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1600 detectors instrumenting 3000 km? and 24 telescopes



HYBRID DESIGN

Surface Detectors:
“statistical power” to detect
showers on the ground
Fluorescence Detectors:

complementary view of
the shower development

energy cross-calibration

angular resolution tests,
X, ,ax Measurements, etc.

SCIENTIFIC OBJETIVES:

Spectrum: CR flux for E > 10!® 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

Plastic tank with N
12.000 liters
of pure water




event reconstruction with the surface detector

ID 762238
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first shower seen by the four telescopes




Energy calibrated using hybrid events
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the Greisen-Zatsepin-Kuzmin effect (1967)

AT THE HIGHEST ENERGIES, PROTONS LOOSE ENERGY
BY INTERACTIONS WITH THE CMB BACKGROUND

mEE —

Encrgy (¥}

102!
PROTONS CAN NOT ARRIVE WITH
- E > 6x10" eV FROM D > 200 Mpc

0=t
mlE I | e e — il

1o? 10! 102 1o 1

Propagation Distance {Mpc)

_______________ A+y— A'+nucleons Fe .

SN . For Fe nuclei:

' __________ j after ~ 200 Mpc the leading

_ R / fragment has E < 6x10" eV

ligther nuclei get disintegrated
on shorter distances

1e+13 1 m&c 1??51]5 1dv—1Mpc 1e+17



Flux*E* /10 (eVP m™ s sr7")
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THE END OF THE SPECTRUM: GZK?
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AUGER SPECTRUM FROM SD
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Flux falls to half the extrapolated value for E ~ 6x10"° eV
GZK suppression has been observed ( > 60)



Cosmic Ray astronomy?

E=10"eV smqo B L 6x10"eV

E = 10"%V 3uG kpe  ElZ

only for E/Z > 10" eV deflections in galactic magnetic fields become
less than a few degrees and CR astronomy could become feasible
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the nearby Universe is quite:inhomogeneous




the radio sky

M87

CenA

Geminga
CasA '
L
: e R . s
Cygnus Sagitarius :
crab

active galaxies: plausible
candidates for E > 1018 eV

supernovae: preferred candidate
sources for E < 1018 eV




NEARBY ACTIVE GALAXIES (AGN)

From the Véron-Cetty & Véron catalog (2006)




SEARCH FOR CORRELATIONS WITH NEARBY AGN

Let p be probability that a CR from an
isotropic flux arrives with angular

separation smaller than ) from an
AGN at a distance smaller than D___

( = Fraction of the area, weighted by
the exposure, covered by circular

windows of radius UJ )

eg. p=0.21forD__ =75Mpc, Y =3.1°

if for the n highest E events (E > E_. ) there are K correlations in the data
the probability to find an isotropic realisation more correlated than the

data is:
j=k 7

Minimize P scanning over l.|J (deflection), Dmax (GZK horizon) and

Emin (Number of highest E events considered)



Probability

Minimum of P: E_;, ~6x10" eV (n=27) y~3° D~75Mpc

Angular Scan Redshift Scan Energy Scan
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f ~ 10-5 fraction of isotropic simulations of 81 events (E>40 EeV)
which have a smaller P_.. under the same scan



HISTORICAL NOTE
Data analysed from Jan 2004 up to 26 May 2006
First hints of correlations obtained through thls scan
12/15 correlations A
( 3 expected) " T el
D =75Mpc (=3.1°
E_. =5.6x10" eV

f~10-3

D....~75 Mpc it

Test with parameters fixed a priori
Data analysed from 27 May 2006 up to 31 Aug 2007

8/13 correlations
in this independent set with
parameters specified apriori
the probability that flux be
isotropicis < 1%




* nearby active galaxies

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 [b| < 12 deg, where catalog is largely incomplete)



Closest Active galaxy: Centaurus A

2 events at less than
3 deg from it

central black hole with
more than 100 million
solar masses !

collision of 2 galaxies

relativistic jet

CHANDRA X'RAY DSS OPTICAL MREAD RaDio NRAD Raoio
CoOsTiNULM (2 1wl




AGASA ANISOTROPIES ON 20° SCALES (10" -10"*eV)

£

4 | observed 500

) RTY: (+450) at  (5,0)=(-15,280)
L, | eXpecte : (22% excess)

1

0

Declination[degree]

AUGER got observed: 2116 (~1¢)
expected  2159.6

Astroparticle Physics 27 (2007) 244-253

100
Right Ascention[degree]

SUGAR galactic center search ( 5.5° for 10"° - 10"*° eV )

observed 21.8
expected 11.8

(+290) at (§,0)=(—22274)
(85% excess)

observed 286

AUGER got =
expected  289.7

(—=0.30)




AGASA
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RAYLEIGH ANALYSIS vs. E

4 9% amplitude of 'dipolar’
modulation for E > 1 EeV
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COMPOSITION FROM X,

(D. Heck, 2007)
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AUGER SD photon bound

photon showers mostly electromagnetic:
long rise times /

and develop later ® small curvature radius
(and large X __in FD)

Astroparticle Physics 29 (2008) 243-256
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photon fraction:
<2% atE > 10 EeV

<31% at E > 40 EeV

excludes most top-down models



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

Shﬂwer front E N g_ Energy of shower ~ 5 EeV/
= 4F Distance lo_shower core -~ 1.0 km
after 1 atm. after 3 atm. S F Zenith angle ~ 22°
. n 3
: 2E young (em) shower
electmr’rognetlc \ P . E
CGSC{]CIE j, P ot——p 000 2000 3660
e . P time [ns]
= 6
< o Energy of shower ~ 5 EeV
= S5 Distance to shower core ~ 1.0 km
E = Zenith angle ~ 80°
2 4
[ =
3
= °
2F old (muonic) shower
1E
o o Joeo  zooo @000

Horizontal young showers?

60% of tank signals with large Area / peak

Elongated tracks: L/W > 5 Propagation with v ~ ¢
ZERO CANDIDATES
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CONCLUSIONS

Observatory construction almost accomplished

Data analysed ~ 1 yr of data expected in completed Observatory
Evidence that CRs are attenuated by GZK effect

CRs arriving to Earth with E > 6x10'° eV are extragalactic

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)

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 .....
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