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The Pierre Auger Collaboration
Czech Republic Argentina
France Australia
Germany Roma Il |Brasil
taly «———L€cce |Bolivia*
Torino :
Netherlands |, . Mexico
L'Aquila
Poland Milano USA
Portugal Catania | Vietham*
Slovenia Napoli | |
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Spaln FGIUIIIIU
United Kingdom ~300 PhD scientists from
~70 Institutions and 17
countries

Aim: To measure properties of UHECR with unprecedented
statistics and precision — necessary even if no disagreement
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ARRIVAL DIRECTION DISTRIBUTION FROM AUGER
Typical accuracy of reconstruction ~ 1°

* No significant emission from Galactic Centre

* No broadband signals — e.g. Dipole — at any energy
above 1 EeV
e.g 1<E<3EeV, Amplitude < 0.7%

* No clustering of the type claimed by AGASA

* No signal from BL Lacs as possibly seen by HiRes

Summary: Previous reports have not been confirmed

BUT, two ‘prescriptions’ are currently being tested
— but | cannot tell you what they are
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Energy Determination with Auger

The energy scale is determined from the data and does
not depend on a knowledge of interaction models or of
the primary composition — except at level of few %.

ID 762238
The detector signal at 10* e
1000 m from the shower S 3
core - Zenith angle ~ 48° -
E 107 Energy ~ 70 EeV =
~ $(1000) T 5
. .El 1u2;— -
- determined foreach @ S
surface detector event T:__: )
210 F =
S(1000) is proportional @ ' : T
to the pr”’nary energy -I [ 1 N B R L1 1 I
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A Hybrid Event
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lg(J/(m=2srts'eV?))

Energy spectrum from SD
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Santiago zenith 50° — 89°
- AIRES, QGSJET-I, Protons

= Full simulation without magnetic field ] ]
- 100 shower/ map Shape is mass and model independent

Muon map for 10%° eV and 80°

-~ Magnetic distortion: Added by model
— Attenuation is not currently parameterised
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Energy Spectrum from 60 °< 6 < 80°: 734 events

i B
% 10 =
ik - o246
- 153
ke | .z
e 107 E »
N“‘-' = ot
£
-3 29
107 = * 21
= 15
- 4
N g
11 * 5
10 {
A 1510 km?sr yr }1
10" E
- L | L. Ll

1 I 1 1 1 1 1 1 I 1 1 1
198 20 202 204
Iﬂgm (Energy [eV]) )

IIIIII IIIIII L1 1
186 188 1% 192 194 196



The ‘hybrid’ spectrum

~ X 10 improvement
In angle and distance
as checked with laser
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Surface Detectors
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Preliminary spectra with
recent Corsika

s - Featureless spectrum
[ ® p+SIBYLL ; very close to E-3
® Fe+QGSJET |
- Driginal
P-SIBYLL {above 10'%V)
¥= 2.95 30.08
s (2 /NDF = 8.511)
Fe-QGSJET {above 10'%V)
= 2.80 0.08
( x2/NDF =85/11)

There 13 some wiggle n the

spectrum, but not signihcant

Teshima: Roma 2006
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Plot of residuals of individual spectra compared to standard, J, = A E-26
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Immensely important IF it was to be established

that slopes at highest energy are different in
northern (- 5.1+/- 0.7) and
southern hemispheres (- 4.1 +/- 0.4)

But, MUCH TOO EARLY TO DRAW CONCLUSIONS
« Uncertainties about HiRes aperture

« Poorer energy and angular resolution
In HiIRes than Auger

e Low humber of events —
and no more to come to from HiRes

29
* |ssue will be addressed with more Auger data



Inferring the Primary Mass: Crucial for Interpretation

Variation of Depth of Maximum with Energy

max

Key is energy per nucleon

log E

protons ~

nuclei
: >~ all are expected at some level
neutrinos - at different energies

photons _
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Elongation Rate measured over two decades of energy
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Summary:

e Moreevents> 10 EeV than from AGASA and HiIRes
combined

e Auger-South morethan 80% complete

e Arrival Directions:
No evidence of point sources— but relatively few
eventsat thevery highest energies

e Spectrum: ankle and stegpening seen - in model-
Independent measurement and analysis
at ~5x 108and ~4 x 10¥ eV
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But what does this all mean?
Is the ankle marking a g

alactic/extra-galactic
change?

Have we seen the GZK effect?

Orisita‘bump’ from a more local effect?

Are the accelerators just ‘tired’?

Can we deduce much from propagation models?

Deducing the MASS is crucial: mixed at highest energy?
Certainly not expected — do hadronic models may
need modification?

Larger cross-section and/or more muons

Would help to reconcile AGASA with HiRes and Auger at the
highest energies

Auger statistics will totally dominate after another year ..,




