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The  Auger hybrid concept

Fluorescence Detector

• E + longitudinal    
development

• Time � direction

300-400 nm light from de-excitation of 
atmospheric nitrogen          

(fluorescence light � 4 photons / m / e) 

Surface Detector

• Shower size  � E

• Time � direction

Fully efficient for cosmic rays            
of E > 1019 eV



The Auger Observatory 

• FD eye (4 peripheral 
eyes, 6 telescopes each) 
11000 PMTs

• 1600 SD Cerenkov
tanks (spacing 1.5 Km)           
4800 PMTs

� 3000 km2  covered

aperture  7400 km2 sr



The Auger FD telescope

Spherical 
mirror

PMT camera

Diaphragm, 
UV Filter,       
Corrector 

ring

� Schmidt optics:
(eliminates coma 
aberration) Spherical mirror 
Rcurv = 3.4 m, 2.2 m 
diameter diaphragm, 
corrector ring, 30ox30o 

FOV, 15 mm diameter spot

� Spherical focal surface:
20x22 hexagonal PMT 
(Photonis XP3062); light 
collectors to recover cracks; 
pixel size = 45 mm



The Schmidt optics

C

Spherical   aberration Coma aberration

Diaphragm  

Coma 

eliminated

C C

C

spot F

Spherical focal 
surface



The corrector ring
gain a factor 2 in light collection

The ring lenses correct the 
additional spherical 
aberration, keeping the spot 
size within the nominal 15 
mm diameter



The FD camera

90 cm

440 PMTs on a 
spherical surface

Light collectors to 
recover border 
inefficiencies 

“mercedes star” 
with aluminized 
mylar reflecting 

walls



FD buildings 

Los Leones Coihueco



• Tank deployment and 
commissioning, comms, FD 
telescopes installation

• Hybrid trigger and timing, 
CDAS 

• Internet connection with 
data mirroring in US and 
Europe, data analysis
• First showers observed May 
2001

The Engineering Array

Central Campus, 
Malargue

Los Leones 
FDeye

40 SD tanks
30o fov, FD 
telescope Aims :

•December 2001–March 2002 stable data taking  �80 hybrid triggers



The FD telescope at Los Leones
PMT 

camera

Front End 

electronics

mirror

HV+LV



FD  
shower 

candidate 

Time (x 100 ns)

Triggered 
pixels

FADC 
traces

Background
event

Cosmic passing 
through PMTs



Rp
t0

�i �0

FD shower  

t(�i) = t0 + Rp*tan  [(�0 - �i)/2]

Angular resolution � 1o
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E ~ 1019 eV
Xmax ~ 780 g/cm2

Shower energy

Fluorescence yield, 
atmosphere attenuation,  
pixel calibration, Gaisser-
Hillas fit…



Np.e. = � N�(�) A’ �(�) T (�)
� Ri
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Emitted        Geometry  Detector   Atmosphere
Photons 

Common systematics 
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Bunner, Ph.D Thesis
Cornell Univ. 1967

� ��� ����� ���������

337 nm

Excitation of the nitrogen molecules and 
their radiative dexcitation . Collisional 
quenching 

313 nm

357 nm

391 nm

Measurements with �
and 50 keV electrons 
totally absorbed in air
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Kakimoto et al.,
NIM (1996)
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~ T independent
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∼ 10 nm filters

Davidson and 
O’Neil (1964)
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AGASA vs HIRES
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Electrons production scheme

LINAC Beam 
(Max. 1010 particles/bunch)
1-500 mA @ 50-750 MeV

tunable Cu target:
1.7, 2.0, 2.3 X0

450 magnet
collimators

calorimeter
BTF HALL

����� �-. ��/��� ������
���������

1% energy spread

Pulse Duration 1-10 ns
Max. repetition rate 50 Hz

50-750 MeV beam
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The Cerenkov light is 
extracted from the plexiglass
radiator by appropriate 
shaping of the end part 
without optical connection to 
the PMT. 
Calibrated attenuating filters 
allow the measurement of  the 
beam intensity over several 
order of magnitudes. 
Inter-calibration with the 
calorimeter
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