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Greisen-Zatsepin-Kuzmin (1964)

protons scatter with the CMB: threshold effect above 5x107° eV:
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“Hillas plot”: require that the Lamor
radius of a charged particle (Z) be
smaller than the size L of a cosmic
accelerator with magnetic field B
and shock intensity 0<p<1:
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June 16, 2008:

1660 tanks deployed
1637 with water
1603 with electronics

1.5 km between tanks

4 x 6 fluorescence
telescopes

physics data since
January 2004
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the best discriminator
for the mass of the
primary particle is the
depth of shower
maximum, “Xmax”

Protons ./. Iron:
difficult, in
progress

Photons: almost easy
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Electrons & Photons

Muons

Interaction
point

Neutrinos would be deeply penetrating...:

Electrons & Photons

Interaction point 7

Muons

. —
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Single flavour neutrino limits (90% CL)
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the Xmax puzzle...: a trend to heavy primaries”?

detector resolution unfolded!
3 remarks:
— the plot may be too suggestive
— hadronic inferactions at plau™?
23 — beware the enefgy fange...
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Correlation of the Highest-Energy
Cosmic Rays with Nearby
Extragalactic Objects
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E >3x1019 eV
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censored
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censored

Cosmic ray density map predicted from the flux-weighted distribution of

X-ray AGNs detected by SWIFT, smoothed with an angular scale of 7-. (An isotropic fraction of
35% was built into the maps to account for catalog incompleteness.) The dots represent the arrival
directions of the 58 trans-GZK cosmic rays detected with Auger South up to March 31, 2009.



p. O=0.21

IS

>
)
-IIII|IIII|

5 10 15 20 25 30 35 40
Total number of events (excluding exploratory scan)

29



excess from the supergalactic plane
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CENA
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Enhancements
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Radio R&D at Auger e

van den Berg & AUGER Collaboration (2007, ICRC) AUGER
Inverted V-shaped Dipole

Logarithmic Periodic Dipole
Wireless
Solar Power
Radio Pulse
at AUGER
LPDA Active Fat Dipole
Wireless
Solar Power

Cabled
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Radio at Auger ...

PIERRE
AUGER

OBSERWATORY

B Proposal: build a 20 km?
self-triggering radio array

B Radio will allow triple-
detection (radio,
fluorescence, particles) to
nail down energy scale and
systematics at >10'8 eV

B Questions to be answered:

36

® Maximal lateral extent and
shape on km scale?

® composition with ~100%
duty cycle possible?

® < 0.1° localization with
interferometric technique?

® Self-triggering?
® |Large scale deployment?

see van den Berg et al. (2007)
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spectrum:
convoluted
information
about sources,
particles and
propagation

shower profile:
independent,
best estimator
of primary
particle mass

de/dX

<
X

models assume >
no change in A—T

basic physics
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few events in
sky map

northern sky
unobserved

composition at and above the
GZK threshold?

alternative explanations like
increasing cross section?

particle physics at Vs > 350 TeV

Addressing these questions

needs much more statistics }
at the highest energies, §
i.e. a much larger area :



Auger South
3000 km?
1600 SD
4x6 FLX

Auger North DN
20,000 km? JIRREBRS
4400 SD 4 4-4 444
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just examples



Charge PMT #1
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Country contributions to construction

USA

Germany
Argentina

ltaly

France

Brasil

United Kingdom
Mexico

Czech Republic
Slovenia

Spain

Poland
Australia
Netherlands
Portugal
Vietnam
Croatia

Bolivia
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B Auger South
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Auger North

~1,400 events E > 60 EeV
many particles per source

Auger South — |0 years
~200 events E > 60 EeV
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OH

... and becavse the Universe is exPano\ing ever
forther, we jost need 3 bigger ’relesc.oPe.’
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Merci beaucoup!





