
































Too Low Statistics for clear
GZK or no-GZK determination
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Emax=1021.5 eV

number of events above 1020eV:
no GZK @ 2.5 sigma

number of events above 1020eV:
GZK cutoff

DDM, Blasi, Olinto 2003, AP in pressDDM, Blasi, Olinto 2003, AP in press

DeMarco et al (ICRC03)
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Magnetic FieldsMagnetic Fields B

1.  Galaxies have magnetic fields.

� Protons and nuclei will be deflected by

the B ~ 5 �G galactic field.

M51

Larmor radius  r = R/cB

R r   _

1015 eV     0.3 pc

1020 eV     30 kpc

�

size of galaxy

2.  Intergalactic fields may also be significant

� Clusters (e.g. Coma) have field strengths B ~ 0.1 � 2 �G,

perhaps extending out along sheets and filaments.

Charged CR directions will be scrambled by B fields.

But we can still learn a lot from their composition.
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Northern siteNorthern site
Millard CountyMillard County

Utah, USAUtah, USA

Stefano Argirò, “Status ... of the Pierre Auger Observatory” 

Auger Sites
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Auger ProjectAuger Project

• Southern site in Argentina
• 1600 water detect., 4 fluorescence.
• > 3,000 km2.
• Construction complete in 2006.

50 km

Surface detector in place.



PreProductionPreProduction  ArrayArray

EngineeringEngineering  ArrayArray





Surface Array
Simple and reliable detectors
100% duty cycle
Energy Determination relies  on simulation

Fluorescence Detector

Quasi calorimetric energy measurement
Tracks directly shower developement
10-15 % duty cycle
Sistematics from atmospheric transparency

Combination

Cross Calibration
Better control of systematics
Superior Angular resolution
Independent measurement of

Energy
Composition: ρµ/ρe  , Xmax

Stefano Argirò, “Status ... of the Pierre Auger Observatory” 

The Hybrid Detector Concept



Solar
panel

Comm
antenna

GPS
antennaThree  8”

PM Tubes

Plastic tank 12 m3 of
de-ionized water

White light diffusing
liner

Stefano Argirò, “Status ... of the Pierre Auger Observatory” 

electronic box
40 Mhz sampling
12+12 bit FADC
Local Trigger

The Surface Detector



time in 25 ns bins

self-calibrating
detectors...

ev
en

ts

muon charge
distribution

3 PMT avg traces



Paul Mantsch February 2002

Air Shower Detectors -
Surface Detector Array

Shower timing               Shower angle

Particle density       Shower energy

Muon number Measure of
Pulse rise time    primary mass



Paul Mantsch February 2002

Event timing
and direction
determination



Paul Mantsch February 2002

Shower Density Lateral Distribution
(simulation)
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Stefano Argirò, “Status ... of the Pierre Auger Observatory” 



30° x 30 ° fov
Schmidt optics
440 pixels
1.5 ° Ø pixel
12 bit FADC
10 Mhz fs
       < 4 g/cm2

Digital trigger

Fluorescence Detector

Stefano Argirò, “Status ... of the Pierre Auger Observatory” 



segmented
spherical
mirror

aperture box
shutter
filter UV pass
safety curtain

corrector lens
(aperture x2) 440 PMT camera

1.5° per pixel



FD Calibration
Absolute: End to End Calibration

The Drum device installed at the aperture uniformly illuminates the camera 
with light from a calibrated source (1/month)

Alternative techniques for cross checks
• Scattered light from laser beam
• Statistical 

Relative: UV LED + optical fibers (1/night)

Stefano Argirò, “Status ... of the Pierre Auger Observatory” 

All agreed within 10%
for the EA

N Photons at diaphragm  →
FADC counts

Mirror
Camera Calibrated

light source

Diffusely reflective drum



FD Event Display

Stefano Argirò, “Status ... of the Pierre Auger Observatory” 



Analysis procedures with the FD

this event: initial viewing angle 15°, i.e. large direct Cherenkov contribution
iterative procedure, converges in <4 steps; suggested energy here 2e18 eV

raw

direct

scattered

Gaisser-Hillas form



Atmosphere
calibrated (movable) light sources
cloud monitors

LIDAR
lasers

balloon sondes

2. Intl Workshop
Liebenzell Castle

Dec 11-14



Tiina Suomijärvi, ISAPP 2003

Using Horizontal Air Showers

Atmosphere: 1000g/cm2 thick vertically
36000g/cm2 thick horizontally

⇒ Look for interactions at deep column densities
i.e. large zenith angles:  75°< θ < 90°



Tiina Suomijärvi, ISAPP 2003

Neutrino Air Showers / Hadron Air Showers

ν : “new” showers hadrons: “old” showers

Background is: 
Thousands events per year
EM poor, muon rich, flat and thin front
Prompt signal

Shower front Shower core
hard muonsEM shower

1000 g/cm2 3000 g/cm2

Shower front

EM shower

3000 g/cm2

Signal is: 
Few events per year
EM rich, curved and thick front
Broad signals







Near PMT
Distance ratio = 3.7   Density ratio = 134

this is a 'young shower', lots of electrons
Far PMT







Near PMT
Distance ratio = 3.5   Density ratio = 7.5

this is an old shower', mostly muons
Far PMT



Tiina Suomijärvi, ISAPP 2003

Tau Neutrino Detection

• Principle:
– Interaction length in the earth ~ 300 km at 1018 eV
– Tau time of flight ~ 50 km at 1018 eV
– 1° below horizon ⇒ 200 km of rock
– Shower maximum ~10 km after decay
In practice 85° < θz < 95°
AUGER window: 1017 to 1020 eV

X.Bertou, P.Billoir, O.Deligny, 
A.Letessier-Selvon

astro-ph/0104452v4 
Accepted in Astropart. Phys.






