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Event reconstruction in the scintillator array

shower core r = 2.5 – 5.5 m

shower direction  = 0.5° – 1.2°

shower size Ne/Ne = 6 – 12 %

electromagnetic component



KASCADE 
Hadron 

Calorimeter
320 m2 x 9 layers
liquid ionization chambers
44 000 electronic channels
EH > 20 GeV
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Hadronic shower core
E0 ~ 6 PeV
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Number of reconstructed hadrons  Nh = 143
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energy resolution: 

Reconstruction of hadrons

spatial resolution:
x ~ 10 – 12 cm

angular resolution:
 ~ 1° - 3°

Unaccompanied hadron
EH = 6.6 TeV
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Electromagnetic component Muons

KASCADE-Grande – Lateral distributions 
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Muon production height – KASCADE muon tracking detector
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Fig. 4.19. Integrating
Cherenkov cone of an AIRO-
BICC station and auxiliaries.
Directly above the PMT a
glass filter restricted the in-
coming light to wavelengths
smaller than 500 nm and
a plexiglass cover protected
against dew, white frost and
dust [29]





Lateral distribution of Cerenkov light

This part depends mainly on energy

This part depends mainly on
distance to shower maximum

Tunka Experiment

Ch. Spiering, DPG 2005

30 m < r < 120 m
120 m < r < 350 m





Hybrid Detector

Fluorescence telescope

Surface array
(water Cherenkov detectors)

Shower plane



The detection principle
E = 18% stat.  22% syst.

 < 1°
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Performance and operation of the Surface Detector of the Pierre
Auger Observatory

for the Pierre Auger Collaboration †

Institut de Physique Nucleaire, Université Paris-Sud, IN2P3-CNRS, Orsay, France
Observatorio Pierre Auger, Av. San Martı́n Norte 304, (5613) Malargüe, Argentina

. The Surface Array of the Pierre Auger
Observatory consists of 1660 water Cherenkov detec-
tors that sample at the ground the charged particles
and photons of air showers initiated by energetic cos-

,eügralaM
Argentina is now complete. A large fraction of the
detectors have been operational for more than five
years. Each detector records data locally with timing
obtained from GPS units and power from solar
panels and batteries. In this paper, the performance
and the operation of the array are discussed. We
emphasise the accuracy of the signal measurement,
the stability of the triggering, the performance of
the solar power system and other hardware, and the

: Detector performance, Surface Detector,

The Surface Detector (SD) of the Pierre Auger Ob-
servatory is composed of Water Cherenkov Detectors

with 1500 m
spacing between detectors. In addition to the detectors
in the regular array, some locations of the array were
equipped with two and three nearby detectors, placed

10 meters from each other. These ”twins” and

Fig. 1: Current deployment status of the array. Tanks
within the shaded area are filled with water and in
operation.

performance, and finally its operation and maintenance
are discussed.

60 km

Pierre Auger Observatory
3000 km2

4 telescope buildings
6 telescopes each

Spring 2008:
water Cherenkov detector array completed
1600 tanks operating



Four sites
Six telescopes 
viewing 30ox30o each

FD eye view

FD Telescope       Schmidt optics:    

Spherical mirror, 3.4m radius 
of curvature 

2.2 m diameter diaphragm, 
corrector ring 
+ UV optical filter

Camera 30ox30o FOV 15 mm 
          )ecafrus lacof(  tops retemaid

Mirror

440 PMTs on a 
spherical surface
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- Shower-Detector Plane (SDP)  by fitting 

the directions of the triggered pixels

”triplets” provide a very useful testbench for studies
of signal fluctuation, timing resolution and energy and
angular reconstruction precision. Combined with the
HEAT telescopes and the AMIGA muon detector array,
a denser array of WCD with detector spacing of 750 m
has also been deployed. The total number of detector
stations is 1660. The hardware of the surface detector is

Installation of detectors started in 2002 and the Ob-
servatory has been collecting stable data since January
2004. The construction was completed in June 2008.

The Observatory has been running now with its full
configuration for nearly one year and its commissioning
is completed. The failure rates of various components
have been assessed and the Surface Detector is now
entering into a regular long term operation and main-
tenance phase. Some detectors have been operational
already for more than 8 years which permits the study
of their long term performance. In this paper, after a
short description of the Surface Detector, the detector
response and uniformity, its acceptance and long-term

II. DESCRIPTION OF THE SURFACE DETECTOR

Each WCD consists of a 3.6 m diameter water tank
containing a Tyvek R liner for uniform reflection of
the Cherenkov light. The liner contains 12,000 l of
ultra-high purity water with resitivity typically higher
than 5 MΩ.cm. Three nine-inch-diameter photomulti-
plier tubes (PMTs) are symmetrically distributed at a
distance of 1.20 m from the center of the tank and
look downwards through windows of clear polyethylene
into the water to collect the Cherenkov light produced
by the passage of relativistic charged particles through
the water. The water height of 1.2 m makes it also
sensitive to high energy photons, which convert in the
water volume. A solar power system provides an average
of 10 W for the PMTs and the electronics package
consisting of a processor, GPS receiver, radio transceiver
and power controller.

The signals produced by the Cherenkov light are read
out by three large 9” XP1805 Photonis photomultipliers.
The PMTs are equipped with a resistive divider base
having two outputs: anode and amplified last dynode [3].
This provides a large dynamic range, totaling 15 bits,



SDPSDPSDP

- Shower axis within the  SDP, by fitting the 

time-sequence of triggered FD pixels using 

the information from the “hottest” SD tank

calorimetric  energy 
measurement

longitudinal shower profile



solar cells

GPS antenna
communications antenna

electronics

battery

plastic tank with 
12 t ultra pure water

3 9“ photomultiplier tubes

Air shower registered with
water Cherenkov detectors
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