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1.  The Physics Case

2.  Experimental Overview



Open issues:
� Is there a cutoff at E ~ 1020 ?
� GZK mechanism 
� No sources

�Is there correlation of CR direction with known sources ?
�What is the mass of incoming CR primaries?
� Are there photons and neutrinos?
................. 



 First Generation of Experiments to detect 

UHECR  

 The new generation : HIRES – AUGER – TA 

 UHECR s from space: EUSO ...
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Ear ly Exper iments 

Exper iments have di ffer ent exposur es  (in 1016 m2 sec ster ad)
for  Ener gies > 1020



   Energy Calibration :
� All experiments agree with each other to   
within 15% in the energy calibration
� Anomaly in the position of the ankle in 
Fly's      Eye
     



 Electromagnetic component is 99% of 

    shower particles and dissipates 85% of 

    initial energy

 Remaining 1% is compound of µ (10%

   of Energy), ����� �of Energy), neutrinos 

   and barions.

EAS development in the atmosphere

Fluor escer nce Detector
Shower longitudinal  profi le:
Number of shower particles as a function of 

atmospheric depth

Gr ound Ar r ays (SD)
Lateral distribution profi le:
Lateral distribution of shower particles density 

at ground 



Typology of  exper iments and detector  character istics 

� Fluorescence Detectors (Fly's  Eye)    
 Measurement of shower Energy Profile as it developes

Low level of light detected hence strong dependence on  
environement and low duty-cycle

�Ground Ar rays: 
� 100% duty-cycle
� Insensitive to environement
� Identical modules (for large areas         simple, low-cost  and 
stable:
   scintil lators or Cerenkov H2O detectors)     
Snapshot of shower  when it hits ground : r esults depend heavily on 
simulation



New generation of exper iments
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Stereo Fluorescence Detectors
               HIRES

HIRES 1 HIRES 
2Has been taking data from 

1997 to 2003 with
optics acceptance: 3° to 17°
full azimuth

Taking data since
 1999 

In stereo mode since Dec. 2003

4 events with E > 50 
EeV 
 Exposure ?

Will take data for 2 years more



The Hybr id Concept  (Auger  and TA)

 The Ground Array (SD) defines the aperture, wi th a 100% duty cycle 

 Fly's Eye (FD) detects  events within the SD area, with a 10% duty cicle  

(Hybr id events ). 

 Ener gy cross-calibration:
1. FD determines energy from the shower 
    longitudinal  light- profile
2. SD measures the lateral particle density
   profile 1000 m far from the shower core 
 
Two independent estimates of the mass 
 of the pr imar y:
 1. FD estimates primary mass from Xmax 
    measurement
 2. SD estimates primary mass from  fractional
    muon content  



The Pier re Auger  Observatory

 Two sites, one in the southern emisphere, 35°S (Argentina),
    in construction and taking data, 
    the other in the northern emisphere : (USA)

6000 Km2 

 Full coverage of the sky with uniform exposure

 Hybrid detector

 One Year Exposure � 23 �1016 m2 sr sec in each emisphere

 6000 events/year above 1019 eV

 60 events/year above 1020 eV (based on Agasa flux)
SD events



The southern site of Pier re Auger  Observatory

1600 water  cher enkov detector s, with 1.5 km spacing covering an area of 
3000 km2 and 4 fluorescence eyes, each with  6 telescopes overlooking the

Ground Array



SD tanks deployment

H2O Cerenkov detectors 



� Impact point from signal amplitude of 
    trigered stations
� Energy from ��(1000)
� Direction from time of arrival at 
detectors

SD reconstruction



The Pier re Auger  Fluorescence Detector

Spherical  mirror: Rc 
1.743 m

30o X  30o F.O.VSpherical surface: radius 1.743 m

20 X  22 PM Ts

each 1.5o X  1.5o FOV

APERTURE

CAMERA

MIRROR



L ight emission by shower  par ticles in atmosphere

 EAS charged particles excite N
2
 molecules 

   and N
2

+  ions in the troposphere

Emission of fluorescence light by de-excitation 

   of  N
2 
and N

2

+ 

�
 L ight emitted proportional  to particles energy loss

Fluor escence l ight emission

The atmosphere acts
as a calorimeter !

Low light yield -
Optical Filters to reduce 
sky-light background;

Cerenkov Light subtracted



The Pier re Auger  Fluorescence Detector
Angular motion of the spot 

depends both on distance and 

orientation of shower axis

From each PMT triggered read amplitude and timing of the signal



Current Status



Current Status

PRESENT STATUS OF THE ARRAY

 SD ARRAY

 416 detector s deployed: >700 km2, >25%  of ar ray!

•  384 detector s fi l led with water

•  350 detector s with electr onics (> 600 km2)

•  + 45 detector s assembled but not yet deployed (in AB yar d)

 FD TEL ESCOPES  
    2 of the 4 sites – (12 telescopes) ful ly instr umented  and 
taking data . 3r d si te wil l  be ful ly oper ational  beginning 2005

August 6 2004 :   400 detectors operational



Finds the shower detector plane

  

Event Reconstruction (FD)

Find the shower axis

from Fly 's  Eye 1985



� An example of an 
event seen by Los 
Leones and 
Coihueco FD eyes, 
and the SD

� June 26 2004

� by defini tion high 
energy (to be seen 
by Coihueco)

� prel iminary analyses
� geometry now, 

energy later





Los Leones



Coihueco





Atmospher ic M onitor ing for  the Auger  Observatory

 Steer able L I DARs

� Centr al  L aser  Faci l i ty

� Hor izontal  A ttenuation L ength M onitor

� Radiosonde Bal loons

� Weather  Stations

� Aer osol  Phase Function M onitor

� Cloud M onitor s



Atmospher ic M onitor ing for  the Auger  Observatory

Shoot the shower !



                                        Telescope Ar ray
Hybrid  Detector:
600 SD detectors (scintil lators); 1.2 Km spacing          9 times Agasa
Detectors: Scintil lator - Fe - scintil lator
3 Fluorescence Detectors

Construction just started 
Data taking 2007



The EUSO experiment

2 1012 tons target for
neutrinos 




