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The Pierre Auger Observatory
of Ultra-High Energy Cosmic Rays

Southern site: Argentina
3000 km2

(Operational)

Northern site : Colorado
21000 km2

(Planned)

Argentina
Australia
Brazil
Bolivia*
Czech Republic
France 
Germany 
Italy
Mexico
Netherlands
Poland

> 400 PhD scientists from 
> 80 Institutions 
and 16 countries

Portugal
Slovenia                      
Spain 
UK
USA
Vietnam*

*Associate Countries



TeV γ-ray Neutrino Detectors
UHECR 
(Auger)
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S. Benzvi (ICRC 2009)
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Los Leones Site

Fluorescence detector building
and communication tower

Surface Detector Array
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An Air Fluorescence Telescope

UV-Filter 
300-400 nm

2.2m diameter 
aperture stop 
with Schmidt 
corrector ring.

Camera
440 PMTs

3.8m x 3.8m 
mirror
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Fluorescence Spectrum  (3 MeV electrons in Air at 800 hPa)
M. Ave et al. (AIRFLY) Astropart. Phys 28 41 (2007).
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Cosmic Ray Energy Spectrum (Auger South)

Comparison with models

Anisotropy



Motivation for Energy Calibration

8 x 1019 eV
90 MPC

6 x 1019 eV  
200 MPC

∆E/E 25%
∆V/V  >10

(for protons in CMBR)

∆E/E  of 1% corresponds to a 
change in volume of ~106 MPC3

Our local supercluster of galaxies occupies 105 MPC3

12





14



15

Shifts in the reconstruction of energy and Xmax when the aerosol optical depth 
is varied by its +1σ systematic uncertainty (red points) and -1σ systematic
uncertainty (blue points). 

The dotted line corresponds to the central aerosol optical depth measurement. 
The uncertainty bars correspond to the sample RMS in each energy bin. 
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S. Benzvi ICRC 2009
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Seasonal (top) and diurnal (bottom) modulation 
of Surface Detector event rate

Note: Modulation in the atmosphere density profile has an effect on the
Surface Detector Array
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Optical fiber 
to Celeste Tank

The CLF sends light simultaneously to 
the Surface Detector and to the Fluorescence Detector
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Why use Lasers?

1020 eV Cosmic Ray Air Showers are rare   ~1/km2/Century

Pulsed UV Laser provides an optically similar “test-beam”
choose rate, direction, location, energy

Data from Auger South
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VAOD at 8 km VAOD at 2 km
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Roving Laser @ 4km
analysis-V. Verzi (Roma)

“CLF @ 27 km”
Analysis -L. Valore (Napoli)

One 
Atmosphere

Use 
Atmos.
Hourly
Data Base

Laser Tests of Photometric Calibration – In Progress

(Erec-Elaser)/Elaser Mean 1.04
RMS  0.07

Mean 1.01
RMS  0.06
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IR Scanning Camera
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Clouds shape in CLF vertical profiles 
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Elastic Backscatter LIDAR 
Cloud detection, Shoot the shower
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Southern site: Argentina
3000 Square km

Northern site: Colorado
21000 square km
(Planned)

Argentina
Australia
Brasil
Bolivia*
Czech Rep.
France 
Germany 
Italy
Mexico

Netherlands
Poland
Portugal
Slovenia                      
Spain 
UK
USA
Vietnam*

*Assoc. Countries

The Pierre Auger Observatory
One observatory in two hemispheres
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AMT

DLF/
LIDAR

DLF/LIDAR
355 nm Laser
Raman Detector
(L’Aquilla)

38.8 
km

8 km

AMT
3.8m2 mirror
4 columns of 16  1 degree pixels
External Trigger from GPS

(NAILS-Lite)
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Raman LIDAR
(γ =2÷4×δ)

LA
SE

R

δ
γ

LASER, 100Hz repetition rate, 6mJ/pulse @355nm

NEW lidar channel, 
H2O detection

The optical layout of the receiver’s 
beam separator. L is a 1 inch plano-
convex lens, BS indicates dichroic 
beam splitters, IF, ND, NO and PMT 
labels the 2 inches interference 
filters, the interchangeable neutral 
density filters, the notch filters and 
the photomultipliers, respectively. 



Vertical Aerosol Optical Depth
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1/20, 2010  L’Aquilla
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Water  vapor mixing ratio 1/20, 2010  L’Aquilla
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Beam Calibration -> N (z=0,t)

Raman LIDAR -> NS_Aerosol (z,t)GDAS -> Ns_Molecular (z,θ,t)

Nscatter=Ns_Mol+NS_Aero

CLF (Laser)

Looking Ahead… CLF + Raman =Super Test Beam

γ

Raman

Calibrated beam as a function of height
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