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WKH�$LU�) OXRUHVFHQFH�0 HWKRG

• Some features of Cosmic Ray Physics

• The Air Fluorescence detection
• Past (Fly’s Eye) and present (HiRes)

• The Pierre Auger FD detector
• The future: observation from Space (EUSO)

• Critical parameters in Fluorescence Detection
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Cosmic Rays...
) HDWXUHV�
· Overall: smooth spectrum with  

( �� power law
· Two main “kinks” : 

the . QHH# �1015 eV
the $QNOH# �1018 eV

2 ULJLQ�
· GeV region:

Galactic, 
strong solar modulation

· 109 eV to 1015 eV 
Galactic,
established Fermi acceleration 
from SN

· 1015 eV to 1019 eV 
Yet unclear, 
probably similar Fermi
mechanism at different Galactic 
sites

· $ ERYH�� � � � �H9 ��8 + ( &5 ����
Extragalactic, but puzzling!
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Energy spectrum
Fermi mechanism accelerates up to

( PD[ v E=%/
B magnetic field
L size of shock region
b speed
Z primary charge
(e.g. Gaisser book, 1990)

: K\ �VR�VXFFHVVIXO"
· generates a power law spectrum
· below the knee SN explosions can account 
for needed CR power 
(Ginzburg and Syrovatskii, 1964) Þ &5 �,

( [ WHQVLRQ�DERYH�WKH�NQHH
·Other possible Galactic sites with higher 
field and/or wider size 
(multiple SNR, binary stars, …) Þ &5 �, ,

&RQVHTXHQFH�
·At cutoff energy change of chemical 
composition
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Why are Highest Energies CR’s so puzzling?
1. No convincing acceleration process for explaining particle 

energy > 1020 eV: hard to find astrophysical sites to apply 
shock acceleration capable to provide such energies         
(Hillas 1984, Drury 1992,…)

� � * UHLVHQ�=DWVHSLQ�. X] ¶P LQ&XW�2 II�
S�� �g� �� . ® Q�� �p� �

(Greisen 1966, Zatsepin and Kuz’min 1966)

Particles >1020 eV should not be there!
~ 20 events above the GZK cut-off.
But…if they exist then:

· 6RXUFHV�PXVW�EH�� �� � �0 SF
· 7KH\ �VKRXOG�SRLQW�EDFN�WR�WKHLU�VRXUFH�

DOORZLQJ�DVWURQRP\ �
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The Highest Energy Cosmic Rays
· Over the last 40 years  ~20 events with > 1020 eV
· 1991 Fly’s eye detector in Utah - 3 x 1020 eV
· 1993 AGASA detector in Akeno, Japan - 2 x 1020 eV
· Production-acceleration mechanisms?

&RQYHQWLRQDO�± %RWWRP�8 S

Hot spots in radio galaxy lobes? Accretion shocks in active galactic 
nuclei? Colliding galaxies? Associated with gamma ray bursts?
( [ RWLF�± 7RS�' RZQ

Annihilation of topological defects?

Superheavy relics?

· Composition? 
· Challenging rate:  § 1 / Km2 / sr / century above 1020

eV!

50 J oules!
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Fly’s Eye

Spectrum > 1017eV
Haverah-Park

' LS�DW�� �
� ��� �

H9 ���VWDW��VLJ � V��

Yakutz

' LS�DW�� �

� ��� � �

H9 ���VWDW��VLJ � V�

AGASA + Akeno (`98)

' LS�DW�� �

� ��� �

H9 ���VWDW��VLJ � �� V��

1 �%��' LIIHUHQW�QRUP DOLVDWLRQu � ��
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$ * $ 6$ ���+ L5 HV
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$ * $ 6$ �����+ L5 HV
astro-ph/0208301
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$ * $ 6$ ���+ L5 HV
$ JDVD�GDWD�UHQRUP DOL] HG�E\ �� � ��
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Detecting UHECR’s

green:  gamma

Red:    e+ e-

Blue:   muons
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Air Shower Detector Techniques
·Particle Detector Arrays
·Atmospheric Fluorescence Detectors

Shower 
front

Shower core
hard muons

EM 
shower
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History of the Air Fluorescence Technique
�VHHH�J�� ht t p: / / www. cosmi c- r ay. or g/ l ear n. ht ml

·7KH�WHUP ³ IOXRUHVFHQFH́ � UHIHUV�WR�WKH�SURFHVV�E\ �ZKLFK�DWRP V�DEVRUE�SKRWRQV�RI�
RQH�ZDYHOHQJWK�DQG�HP LWV�SKRWRQVDW�ORQJHU�ZDYHOHQJWK��H�J��LQIOXRUHVFHQW�ODP SV
ZLWK P HUFXU\ JDV��FROOLVLRQ�H[ FLWHG�DWRP V�HP LW�8 9 �SKRWRQV��WKLV�HP LVVLRQ�LV�
SURSHUO\ �³ OXP LQHVFHQFH́ �RU�³ VFLQWLOODWLRQ́ ����7KHVH�SKRWRQV�DUH�DEVRUEHG�E\ �
SKRVSKRU�FRDWLQJ�RI�WKH�EXOEV��ZKLFK�UH�HP LW�LQ�WKH�YLVLEOH�

·7KHSDVVDJHRI FKDUJHG�SDUWLFOHVLQDQ( $ 6�WKURXJK�
WKHDWP RVSKHUH�LRQL] HVDQGH[ FLWHV1 P ROHFXOHV� 7KLV�
H[ FLWDWLRQV�SURGXFHV�LVRWURSLFDO8 9 HP LVVLRQ
�SURSHUO\ �OXP LQHVFHQFH�

·$ LUIOXRUHVFHQFH�VWXGLHG�HDUO\ �� � ¶V� E\ / RV�$ ODP RV
6F��/ DE��DVDP HWKRG�IRU�GHWHFWLQJ WKH\ LHOGRQQXFOHDU�
H[ SORVLRQVLQDWP RVSKHULF�WHVWV�

·( P LVVLRQ�VSHFWUXP �VWXGLHG�E\ $ � %XQQHU�3K' �WKHVLV��
� � � � � ���DVWXGHQWRI�5 RVVL�DQG* UHLVHQ�IRUP HUO\ LQ
0 DQKDWWDQ�3URMHFW��
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Early Fluorescence in air

1967 Bunner, Ph.D 
Thesis Cornell Univ. 

337 nm

Excitation of thenitrogen molecules
and their radiative dexcitation .
Collisional quenching 

313 nm

357 nm

391 nm

1967 First full-scale  
experiment by 
Greisen’s group at 
Cornell

a�� � � �� � � � QP
1976 Fluorescence Detector realized by Utah
University and installed at Volcano Ranch, 
New Mexico
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Fly’s Eye Air Fluorescence Detector
1981 The University of Utah Cosmic Ray group 
(G.Cassiday and coworkers) constructed  Fly’sEye, a 
full-scale observatory based on the Volcano Ranch 
prototype  basic design. 
The experiment was located in the West Desert of 
Utah, within the US Armi Dugway Proving Ground
(DPG), 160 km southwest of Salt LakeCity.

(Baltrusaitis et al., 1985)
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� 3ULP DU\ �( QHUJ\ : a calorimetric measurement
1. EM shower energy is ~90% of Eprim

2. Compensate for atmospheric attenuation and Cherenkov
contribution. 

3. PMT light yield after corrections µ Ne µ EEM µ Eprim.

FD only Þ VKRZHUV�KDGURQLF�IRU�����(�( £D

“Fly’s Eye Methodology

� &RP SRVLWLRQ: direct view of shower development
allows direct measurement of Xmax

� 6WHUHR�$ QDO\ VLV� FE 2 operated >1986 (with
36/67 mirrors, 3.4 Km away). 
Stereo reconstruction technique much more 
accurate than time fit Þ more reliable 
energy measurement.



Rp
t0

i
0

Air Shower parameters from  Fluorescence
Detection I: * HRPHWU\ �(single eye)
1. Determination of the Shower-Detector 

plane (SDP)
2. Time fit: t( i) = t0 + Rp* tan  [( 0 - i)/2]
&DYHDW��� ' �UHFRQVWUXFWLRQ�UHOLHV�RQ�FXUYDWXUH��L�H��WKH
WDQJHQW�WHUP���) RU�³ IODẂ�GHSHQGHQFH�VSDFH�UHFRQVWUXFWLRQ�LV�

LQDFFXUDWH�



Sergio Petrera           ISAPP 2003 17

 time (100 ns) 
260 280 300 320 340 360

 A
D

C
 c

ou
nt

s

0

50

100

150

200

250   Data  
  Fluor + Cher  
  Fluor  
  Ray Cher  
  Mie Cher  

  (degrees) ic 
0 5 10 15 20 25 30

  (
10

0n
s)

 
i

 t

260

280

300

320

340

360

) 
2

 Depth  (g/cm

400 500 600 700 800 900 1000

 e
 N

0

2000

4000

6000

8000

10000
6x10

 time (100 ns) 
260 280 300 320 340 360

 A
D

C
 c

ou
nt

s

0

50

100

150

200

250   Data  
  Fluor + Cher  
  Fluor  
  Ray Cher  
  Mie Cher  

  (degrees) ic 
0 5 10 15 20 25 30

  (
10

0n
s)

 
i

 t

260

280

300

320

340

360

) 
2

 Depth  (g/cm

400 500 600 700 800 900 1000

 e
 N

0

2000

4000

6000

8000

10000
6x10

E ~ 1019 eV
Xmax ~ 780 g/cm2

Gaisser-Hillas fit

( P LWWHG����* HRP HWU\ ������$ WP RVSKHUH
3KRWRQV ' HWHFWRU

Air Shower parameters from  Fluorescence
Detection II: 6KRZHU�( QHUJ\

At each time: Cherenkov (direct, Raleigh and

Mie scattered) subtracted.
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Shower e.m. energy and path length

assumes all charged particles have  Ecrit.

X = slant depth (g/cm2)

§

approx. constant      from MC Corsika  (E > 0.1 MeV)
2.19 MeV/(g/cm2)

C. Song et al., Astropart. Phys. 14 (2000) 7-13
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Xmax and mass composition
· Assuming superposition model (Gaisser

1982):

³ �$�QXFOHXV�RI�HQHUJ\ �( DQG�PDVV�$ LV�
HTXLYDOHQW�WR�$ LQGHSHQGHQW�SURWRQV�RI�
HQHUJ\ �( �$´ �Þ ; PD[ v / OQ��( �$ �( F�

· p and Fe separated by ~ 100g/cm2

· Large fluctuations ® statistical 
discrimination, not event by event.

( )

�0H9���DLU�LQ�SLRQV�IRUHQHUJ\��FULWLFDO�WKH�LV�(

�VKRZHUVKDGURQLF��IRU��%�DQG����

��VKRZHUV(0��IRU��%��ZKHUH
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Dip interpretation

Fly’s Eye conjecture: 2 components spectrum
· Observation:

– below 1019eV, soft spectral index -3.5
– above 1019eV, hard spectral index -2.6

· Hypothesis:
– below 1019eV, galactic origin
– above 1019eV, extra galactic origin

· Consequence on Composition:
– below 1019eV, heavy (O-Fe), (protons RLarmor ~0.3Mpc >> RGal)
– above 1019eV, light (p),    (nucleus photo-disintegrate above 

1020eV)
· Consequence on Anisotropy:

– below 1018eV RLarmor << RGal : no anisotropy
– between 1018eV to 1019eV: RLarmor » RGal: possibly some anisotropy
– above 1019eV: reflects cosmic sources repartition.

Fly’s Eye
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Composition from Fluorescence
Fly’s Eye
· Composition from the shower 

maximum Xmax

· Evolution of <Xmax> and of the 
elongation d<Xmax>/dE as function 
of E

Þ evidence for the composition to go 
from heavy to light

1019 eV

p

Fe
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The Big Fly’s Eye Event
3 * 1020 eV

Path of the event projected on the sky

…but it’ s a mono event!
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HiRes: the evolution of Fly’s Eye
1998, HiRes started to take data in 
Dugway site. Collaboration Utah,
Adelaide, Columbia, Illinois, New 
Mexico.
Two detectors a laFly’s Eye (HR1, 
HR2) separated 12.5 Km aiming to 
achieve time-averaged aperture of 
340 km2sr @1019 eV, 1000 km2sr
@1019 eV and an Xmax separation of 

~30 g/cm2.
·Mirror Æ1.5 ® 2 m
·PMT aperture 5´ 5° ® 1´ 1°
·256 PMT’s per mirror

·S>N up to ~30 Km
·improved electronics 
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Abu-Zayyad et al., astro-ph/0208301
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+ L5 HV�P RQR�DQDO\ VLV�� � � �
Abu-Zayyad et al., astro-ph/0208301

³ $ERYH�� � � � �H9�RXU�GDWD�LV�VLJQLILFDQWO\

GLIIHUHQW�IURP WKDWRI�$* $6$�

H[ SHULPHQW��: H�KDYH�ILW�RXU�GDWD�WR�D�
PRGHO�LQFRUSRUDWLQJ�ERWK�JDODFWLF�DQG�

H[ WUDJDODFWLF�VRXUFHV�RI�&5¶V��ZKLFK�

LQFOXGHVWKH�* =. �FXWRII��DQG�ILQG�JRRG�
DJUHHPHQẂ�

Debate about possible systematics
of Surface detectors and 
Fluorescence Detectors. 

Need for a hybrid detection!
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Combines strengths of:
Surface Detector Array and
Fluorescence Detectors

Hybrid detector:

· Independent measurement 
techniques allow cross 
calibration and control of 
systematics

· More reliable energy and angle 
measurement

· Primary mass measured in 
complementary ways

· Uniform sky coverage

Pierre Auger hybrid concept
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The Pierre Auger Project

A Study of

The Highest Energy Cosmic Rays

1019 - 1021 eV
Energy Spectrum - Direction - Composition

Two Large Air Shower Detectors
Mendoza Province, Argentina (under construction)

Utah, USA
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The Auger Collaboration
Argentina Italy
Australia Mexico
Bolivia Poland
Brazil Russia
Czech Republic Slovenia
Peoples Republic of China Spain
France United Kingdom 
Germany USA
Greece Vietnam

50 Institutions, >250 Scientists
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Pierre Auger Observatories

6RXWKHUQ� KHPLVSKHUH�
0 DODUJ• H

3URYLQFLD� GHGH 0 HQGR] D� $ UJHQWLQD

#S

#S

1 RUWKHUQ� KHPLVSKHUH1 RUWKHUQ� KHPLVSKHUH
0 LOODUG� FRXQW\0 LOODUG� FRXQW\

8 WDK� � 8 6 $8 WDK� � 8 6 $
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The Logic of the Auger 
Observatory

· Increased exposure rate by at least ´ 10
± 2 ´ 7000 km2.sr.yr

· All sky coverage:
± 2 complementary sites, North and South hemisphere,

Argentina and USA.
± Surface detector 100% up. 

· Robust and Efficient data taking:
± better data quality, lower systematic 

and less model dependencies: Hybrid Detector concept.
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Exposure rates
Required collecting  power:

Integral flux : > 10 EeV (>1019 eV)  = 0.5 /(km2.sr.yr)
> 100EeV(>1020 eV)  ~ 0.01 /(km2.sr.yr)

Þ Need >> 10000 km2.sr.yr
This means a few 1000 km2 for a surface detector, 

or ~ 10 times more for a all-fluorescence detector.

Existing Exposures above 1020 :
· Volcano Ranch = 63 km2.sr.yr 
· Haverah Park = 275 km2.sr.yr 
· Yakutsk = 428 km2.sr.yr 
· AGASA (may 2000) = 1268 km2.sr.yr 
· Fly' s Eye (mono) = 825 km2.sr.yr 
· Fly' s Eye (stereo) = 145 km2.sr.yr
· HiRes1 mono (97® 99) = 1090 km2.sr.yr
· AUGER South+North = � � � � � �NP � �VU



Malargue, Argentina

· Low population density       (< 0.1 / Km2)

· Special atmospheric conditions (clouds, rain, light, aerosol)

35o S latitude

69o W longitude

§ 1.4 km altitude

§ 875 g/cm2



3LHUUH�$ XJHU�
YV�

5 RP H
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Auger Fluorescence Detector
24 telescope units (4 eyes)
3.4 meter  dia. Mirrors
440 PMTs per camera
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7KH�$ XJHU�) ' �WHOHVFRSH

6SKHULFDO�
P LUURU

30 7�FDP HUD

' LDSKUDJP ��
8 9 �) LOWHU��������
&RUUHFWRU�

ULQJ

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

FOV, 15 mm diameter spot

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



7KH�6FKP LGW�RSWLFV

C

6SKHULFDO���DEHUUDWLRQ &RP D�DEHUUDWLRQ

Diaphragm  

&RP D�

HOLP LQDWHG

C C

C

spot F

Spherical focal 
surface



7KH�FRUUHFWRU�ULQJ

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



7KH�) ' �FDP HUD

90 cm

440 PMTs on a 
spherical surface

Light collectors to 
recover border 
inefficiencies 

“mercedes star”  
with aluminized 
mylar reflecting 

walls



FD buildings
/ RV�/ HRQHV &RLKXHFR
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The Engineering Array

1020 eV Shower

The Engineeing Ar rayAuger  Cam pus

Engineer i ng Ar ray

40 Sur face det ect or  st at i ons

2 Fluorescence cam eras 
over look i ng t he ar ray



· 7DQN�GHSOR\ P HQW�DQG�
FRP P LVVLRQLQJ��FRP P V�� ) ' �
WHOHVFRSHV�LQVWDOODWLRQ

· + \ EULG�WULJJHU�DQG�WLP LQJ��
&' $ 6�

· ,QWHUQHW�FRQQHFWLRQ�ZLWK�
GDWD�P LUURULQJ�LQ�8 6�DQG�
( XURSH��GDWD�DQDO\ VLV

· ) LUVW�VKRZHUV�REVHUYHG�0 D\ �
� � � �

The Engineering Array

Central Campus, 
Malargue

Los Leones 
FDeye

40 SD tanks

30o fov, FD 
telescope Aims :

·' HFHP EHU�� � � � ±0 DUFK�� � � � �VWDEOH�GDWD�WDNLQJ��§� � �K\ EULG�WULJJHUV



FD  shower 
candidate

Time (x 100 ns)

7ULJJHUHG�
SL[ HOV

) $ ' &�
WUDFHV

Background
event

Cosmic passing 
through PMTs
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<1/R2>
Log(E)

SLT: 
Second
Level 
Trigger

Search for pixel alignment 
among 108 basic patterns
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The communications 
system

Rigging t he 
an t ennas
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Detector 
Assembly 
Building

Cherenk ov
det ect or  t ank s 
bei ng prepared for  
deploym ent

The Auger Campus
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Auger Center Building



Performances

E/E < 10 %  ;  

direction < 1o

Fraction of  
stereo FD

9 Expected rates   
(n. events/ 
observatory/year)

9 Shower 
reconstruction
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The next generation: 
the Airwatch concept

The idea is to observe fluorescence light produced by showers from 

space with satellite-borne equipment (Linsley 1979): OWL (Orbiting 

Wide-angle Light collector experiment) and EUSO (Extreme Universe

Space Observatory)
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EUSO
A mission to explore the extremes of the Universe using the 

Highest Cosmic Rays and Neutrinos
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EUSO

·Proposal originally submitted to ESA for a Free Flyer Mission (Scarsi)
·2000 ESA recommends that the possibility of accomodating on the ISS be 
considered
·EUSO document on the accomodation on the Columbus Exposed Payload 
facility
·Approved for ESA Phase A (Study Report, Conceptual Design)

·From end of PhaseA estimated time to equipment completion ~ 5 years

Two main science objectives:
1. Investigation of the Highest Energy processes present and accessible in 

the Universe, through the detection and analysis of the Extreme Energy 
component of the Cosmic Radiation

2. Open the channel of High Energy Neutrino Astronomy to investigate 
the nature and distribution of the EECR sources and to probe the 
boundaries of the Extreme Universe.
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The detector

Focal Plane

Detector

~2´ 105 pixels

The macrocell

MAPMT
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Estimated profile of a 1020 eV proton

Cherenkov

Reflected light
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UHE Neutrinos

/ RRN�IRU�LQWHUDFWLRQV�
DW�GHHS�FROXPQ�GHQVLWLHV�
DQG�ZLGH�DQJOH



Sergio Petrera           ISAPP 2003 57

A new typeof background:
QRFWXUQDO8 9�EDFNJURXQG

� �QLJKWJORZ��DXURUDO�HYHQWV��PHWHRURLGV�«
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Critical parameters in Fluorescence Detection

Energy resolution from FD is, SHU�VH(Ne from shower profile), better than 10%.
In order to achieve an overall resolution at this level all pieces contributing to 
energy uncertainties have to be carefully handled.

·Fluorescence yield in air
·Calibration of the photodector
·Atmosphere monitoring of transmission
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) OXRUHVFHQFH� \ LHOG LQ� DLU

Bunner, Ph.D Thesis
Cornell Univ. 1967

: H� PXVW� PHDVXUH� � �

337 nm

Excitation of thenitrogen molecules and
their radiative dexcitation . Collisional 
quenching 

313 nm

357 nm

391 nm

Measurements with
and 50 keV electrons 
totally absorbed in air

• S� DQG� 7 � � JDV GHSHQGHQFH

Yield vs alt it udine
Ar gon, O2 quenching, 
wat er vapour over  t he ocean

• GHSHQGHQFH

At mospher ic t r ansmission,
Raleigh scat t er ing ~1/ �

• ( OHFWURQ HQHUJ\ �
GHSHQGHQFH

~dE/ dx

~ 300 - 400 nm



Sergio Petrera           ISAPP 2003 61

( OHFWURQ HQHUJ\ � GHSHQGHQFH

Kakimoto et al.,
NIM (1996)

~ 2 exper iment al point s:
· 1.4 MeV 90Sr
· ar ound 1 GeV e-beam

1 2 7( � no measur ement s exist in t he
r ange of cr it ical ener gy of elect r ons

in air   (80 MeV)
Most of ener gy deposit ed by
1-f ew hundr eds MeV elect r ons/

posit r ons (see H. Klages cont r ibut ion)

Not a f it



f r om H. Klages 

Cor sika st udy

0 RVWRI � WKH HQHUJ\ � GHSRVLWHG� E\
� � ² I HZ KXQGUHGV� 0 H9� HOHFWURQV� SRVLWURQV
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) OXRUHVFHQFH� \ LHOG� YV� DOWLWXGH

Kakimoto, 1996
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Nagano, Kobayakawa, 
Sakaki, Ando  

ast r o-ph/ 0303193 

14% r elat ive er r or  on 
f luor escence yield

90Sr
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$ , 5) / <
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$ , 5) / <

ƒ 90Sr  (2.3 MeV) and 106Ru (3.5 MeV) 10 mCi sour ces,   
elect r on and posit r on beam  at  t he BTF of  t he L.N.F.  in t he 
r ange  50-750 MeV (in par t icular @80MeV Ecr it air )

· ( OHFWURQ HQHUJ\ � GHSHQGHQFH

· S� DQG� 7 � � JDV GHSHQGHQFH

ƒ Cylindr ical chamber  wit h p (1 mb – 1 b) and T (220-300 K) 
cont r ol,  gas syst em wit h  N2 , O2 and Ar  mixing, ar t if icial dr y 
“air ”,  wat er  vapor  cont r ol 

ƒ low noise PMT  + int er f er ence f ilt er s,  calibr at ed light  
sour ce, spect r ophot omet er  

· : DYHOHQJWK� GHSHQGHQFH

· $ SSOLFDWLRQ� DV PRQLWRU� RI � WKH EHDP� LQWHQVLW\

ƒ The absolut e calibr at ion of  t he f luor escence yield allows a 
non-dest r uct ive measur ement  of  t he beam int ensit y 
(par t icular ly int er est ing at  low int ensit y ”� � 7 par t ./ bunch)
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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

7 KH� ' $ 1 ( %HDP 7 HVW) DFLOLW\ � �

1% energy spread

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

50-750 MeV beam
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7 KH FKDPEHU�

A smaller  chamber  (20 cm diam. e 20 cm height ) will 
be used as beam int ensit y monit or   

90Sr

PMT and f ilt er s

Scint illat or

50 cm

10 cm

Filt er  wheel

t o t he spect r o-
phot omet er

f r om calibr at ed light sour ce

beam
or

sour ce

cylindr ical  
chamber
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$ , 5) / <� DW� WKH� %7)

beam  

lead

Cer enkov beam monit or   

ellipt ical 
mir r or  
chamber

calor imet er

f luor escence 
chamber
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7 KH I OXRUHVFHQFH� FKDPEHU DW� WKH� %7 )

beam  

PMT 

f ilt er  
wheel 

Cer enkov    
beam 
monit or   
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7 KH HOOLSWLFDO� PLUURU� FKDPEHU

Ellipt ical mir r or

beam

To PMT

Light  
collect ing 
f iber s

Signif icant ly 
incr eased 
accept ance
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0 HDVXUHPHQWV DW� WKH� I LUVW� WHVWEHDP�

ƒ Under st anding and opt imizat ion of  beam associat ed 
backgr ound. I mpr oved shielding along t he BTF line and 
ar ound PMTs.

ƒ Successf ul BTF commissioning of  1 ns bunch f or  
f luor escence lif et ime measur ement

ƒ Oper at ion of  f luor escence chamber  wit h nit r ogen and dr y 
air . Remot e cont r ol of  gas and pr essur e. Fir st  measur ement s 
wit h int er f er ence f ilt er s. Fir st  ener gy scan.

ƒ Successf ul t est  of  ellipt ical mir r or  concept  (f act or  10 
higher  light  collect ion) 

ƒ I nt er -calibr at ion of  calor imet er  and Cer enkov beam 
monit or .
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) LUVWPHDVXUHPHQWV DW� WKH� WHVWEHDP�

Calor imet er  – Cer enkov 

I nt er  calibr at ion 

Fluor escence Lif et ime 
§� �QV�DW�� � � �PEDU�1 2
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Auger absolute calibration system of FD

DRUM: a flat-field-illuminator to achieve an end-to-end
calibration of the FD telescopes

·Mountable at the aperture of each 
telescope
·Emulates a diffuse light source
·Dual UV led (375 nm) with 1.5 and 5 
ms
·UV Si detector calibration (1.5% 
provided by NIST (Natl. Inst. Of 
Standards andTechnology)
·Two telescopes of EA calibrated at 
±7%)
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Aluminium frame with teflon sheet
Light source

CCD camera image showing relative 
intensity
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Atmosphere Monitoring in Auger
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Laser Telescope DAQ

Backscattering (bcks.)

Laser wavelength

Anelastic bcks.
Raman (N2, O2 ...)

Elastic bcks. 
molecular/Rayleigh & aerosol/Mie

LI DAR
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LIDAR Stations
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Probe shower-detector plane
Routine scans of the sky
Vertical profile of aerosols

Features Progress
First telescope installed in 
Feb '02
Full system operating in 
Apr '02
Second telescope installed 
in May '03
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The End
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7 KH %HDP 7 HVW) DFLOLW\ DW� ' $ 1 ( � �

~ single elect r on/ bunch Beam spot  ~ 1 mm diamet er

ener gy measur ed 

at  t he BTF calor imet er

1   2  3  
Possible t o def ocus beam t o 

t est  densit y ef f ect
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Summary of PAO Performances
$ XJHU� LQ� � � \ HDU� � SHU� VLWH� (exist ing dat a)

E > 10 EeV 3000 event s (1281)
E > 40 EeV 300 event s (126)
E > 100 EeV 25-45 event s (15)

On each sit e:
1600 SD (sur f ace det ect or s)
4 FD st at ions (f luor escence det ect or s)

Dut y Cycle: Ef f iciency:
SD: 100% >90% above 10 EeV
FD: 10%

Ener gy r esolut ion:
SD alone Hybr id mode

100 EeV 15% 10%
10 EeV 30% 20%

Angular  r esolut ion:
SD alone Hybr id mode

100 EeV 0.5° 0.20°
10 EeV 1.0° 0.35°

I mproved pr imar y ident if icat ion wit h hybr id mode
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