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Some features of Cosmic Ray Physics

The Air Fluorescence detection

Past (FIy’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...

) HOMUH/
Overall: smooth spectrum with
( power law
Two main “kinks’:
the. QH# 10%eV
the SQ\BI# 10'8eV

2 WO
GeV region:

Galactic,
strong solar modulation

10%eV to 1015 eV

Galactic,

established Fermi acceleration
from SN

10 eV to 1012 eV .
Y et unclear, (1 particle per km? - year)
probably similar Fermi
mechanism at different Galactic
sites

$ERYH H 8+ (&5
Extragalactic, but puzzling!

Fluxes of Cosmic Rays

A}

4 «—— (1 particle per m? - second)

Fiux {m® =r s GeV)™'

_ Knee
‘-3\‘,&(&1 particle per m? - year)
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Fermi mechanism accelerates up to
(pg vV E=E%

B magnetic field
L size

b speed

Z primary charge

(e.g. Gaisser book, 1990)

C KV ARVKHHMXO

- generates a power law spectrum
- below the knee SN explosions can account

for needed CR power
(Ginzburg and Syrovatskii, 1964) b &5 ,

( [ WMRQ DERYHWHNQHH
-Other possible Galactic sites with higher

field and/or wider size
(multiple SNR, binary stars, ..

& ROHTXHOFH

-At cutoff energy change of chemical

composition

of shock region

)b &5 ,,

Sergio Petrera

Energy spectrum

CRI

4EE? [Arbitrary Unit]

CRII

------- Extragalactic Origins_|

CRINI

Expected Curve for

Flattening

Cutoff?

&'5111

e
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Why are Highest Energies CR’ s so puzzling?
1. No convincing acceleration process for explaining particle

energy > 1040 eV: hard to find astrophysical sitesto apply

shock acceleration capable to provide such energies
(Hillas 1984, Drury 1992,...)

* LHVHD =DAVFBLO. X TP LQ&XWR I

S g ®Q p (WK.—UP'D Ps*Pp » H &PHgg
| | | £0% VR0% @
(Greisen 1966, Zatsepin and Kuz' min 1966) .,
—) Particles>10% eV should not be there! & - 0
~ 20 events above the GZK cut-off. & .t ’
BLt...if they exist then: £
GRAFHVPXWEH O SF B p—
7KH \KRXGSRQNEDANR\WWHUNRAAH . E 1
DAZ LQ) DWARRP) e

log(Energy eV)

p Rachen-Bierman Berezinsky-Grigoreva
Sergio Petrera | SAPP 2003 Fe Stecker Salomon 4
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The Highest Energy Cosmic Rays

Over thelast 40 years ~20 events with > 1020 eV

1991 Fly'seyedetector in Utah - 3x 100ev < 8 |
1993 AGASA detector in Akeno, Japan - 2 X 102 eV [SES.

Production-accel eration mechanisms?
&RQMHURIO: YRWP 8 S

Hot spotsin radio galaxy lobes? Accretion shocks in active galactic B D S m | B
nucle? Colliding galaxies? Associated with gamma ray bursts? .B L LE TS
([RF£7RS' RZQ T
Annihilation of topological defects?
Superheavy relics?

Composition?

Challengingrate: 8 1/ Km?/ sr/ century above 10%°
eV!

Sergio Petrera | SAPP 2003 5



Log10(JxE3) (m'zs'1 sr’ eVz)

Log,,(JxE®) (m?s™'sr"ev?)
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Detecting UHECR's

A 10 EeV Extensive Air Shower (EAS)

12km

Hucleanic coacode Fionic cosmde Electromognetic comcode

Bround leval nuslanna Ground |lavel muana Eround lewal alectramagnetice

100 billion parti:les- at sea level Red et e WW/WWW/WW

photona, electrons (99%), muons (1%)
# Ground Array stations Blue muons

Sergio Petrera | SAPP 2003 10



Air Shower Detector Techniques

-Particle Detector Arrays
-Atmospheric Fluorescence Detectors

EM
shower

Shower core
hard muons

/
4/%}.’/
'/I{(/////

7111

il

Sergio Petrera | SAPP 2003 11



History of the Air Fluorescence Technique

VHHHJ http://ww. cosm c-ray. org/l earn. htmn

7KHWLP 3 [ORHALH IHHVWRWHSIRFHWE Z KIEK DIRP VDE\RLE SKRRQVR
RQHZ DYHBQIW DQG HP LW SKRRQVDNRQIHJIZ DYHBQIW. HJ 1O OXRHAHDNDP SV
Z WP HFXU JDV FRIMRQH AWG DRP VHP (W8 9 SKRRQY WLVHP MRQLY
SURSHLD 2 OP [CHALFH RUS\VAOMDWRY 7 KRHSKRRQVDIHDEVR EHGE)
SKRSKRUFRDAQ) R WHEXEV Z KIEK UH HP IIQ\WH YIME®H
.7 KHSDMIHR FKDUIHG SDUAFBVIQDQ( $6 WILRXIK
WHDW RSKHHLRY] H/DQGH AWV1 P RBEX®V 7 KLV
H AVWRQVSLRGXFH/DRARSIFDCS 9 HP MWIRQ
SURSHLD OP LOHAHOFH
$IWIORHAFHWYALG WD IV B / RV$@P RV
6F / CE DVDP HKRGIRUGHMAWQ) WH\ IHBERQQXFBDU
H SGMRQVLQ DR RSKHLE WV 4
(P DMRQ\GHAMXP WYAHSE\ $ 9XQQHU 3K WMV
DWNGHOAR 5 RAMLDQG* LHVHD IRLP HD 1O
0 DCKDAEQ3 LRWRW

Sergio Petrera | SAPP 2003 12



Early Fluorescencein air

Excitation of the nitrogen molecules

and their radiative dexcitation .
Collisional quenching

raletfea efffelency (3

100

&0

&0

40

20

: 337 ﬂnm Jf:;a}d“‘ / J; I = B2.4%

e ST ey

e T

)
LEEA e D o,
nz3 oz 1= 0.4 043 n:

1967 Bunner, PhD "
Thesis Cornell Univ.

Sergio Petrera

1967 First full-scale

experiment by

Greisen’sgroup at

Cornéll

|SAPP 2003
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-:;FFEMHMr
Smm Carning
Glass Filter
7/ Frasael Lers
- f FLITSiin
Refiscteg
Light Cesa
Faecal
Eurfacs
b
D e Scnl; | 00t m— ﬂ

1976 Fluorescence Detector realized-by Utah
University and installed at V olcano Ranch,
New Mexico




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 Lake City.
(Baltrusaitis et al., 1985)

Sergio Petrera | SAPP 2003 14



“Fly’s Eye Methodol ogy

SUP DU ( QHD\ : acalorimetric measurement

1. EM shower energy is~90% of E;

2. Compensate for atmospheric attenuation and Cherenkov
contribution.

3. PMT light yield after corrections it N p Egyy U By,
FDonlyb (L( (£ IRIKDGURQIKRZHUV

&RP SRMMRQ) direct view of shower devel opment
allows direct measurement of X, .,

6WLHR$ CDOMYV FE 2 operated >1986 (with
36/67 mirrors, 3.4 Km away).

Stereo reconstruction technique much more
accurate than timefit b morereliable
energy measurement.

Sergio Petrera | SAPP 2003 15



Alr Shower parameters from Fluorescence
Detection | * HRP HM (single eye)

1. Determination of the Shower-Detector
plane (SDP)
2. Timefit: t(y) =1ty + R*tan [(xo- 1:)/2]

&DYHDWV ' UHFRQWKRNRQ UHIHVRQPXUDMH LH \WH
\BQHOMMP ) RUB I@W G-BHGHIFH\SOFH UHRQMKANROLY

LCDFRXUDM




Air Shower parameters from Fluorescence

Detection |1: 6KRZHJ( CHI\

250

. | SN
X O — O ¢
Ay
(PWG *HPHM /$WRSKHH
SKRRQV " HMARU 210000
At each time: Cherenkov (direct, Raleigh and 000
Mie scattered) subtracted. ool
Lok
Sergio Petrera
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300 320 340 360

time (100 ns)

E~ 100 eV
Xmax ~ 780 g/cm?

700 800 900 1000
Depth (g/cm 2)



Shower e.m. energy and path length

assumes all charged particles have E_,
X = dant depth (g/cm?)

C. Song et d., Astropart. Phys. 14 (2000) 7-13 W 20ol) Y
\
8 «
approx. constant  from MC Corsika (E > 0.1 MeV)
2.19 MeV/(g/cm?)

Sergio Petrera | SAPP 2003 18



X e @Nd Mass composition

Assuming superposition model (caisse
1982):

3 $ QFOXVR HHI\ ( DGPDW$ LV
HIXYDBQAMRS 1QG-BHIG-QAB RMOVR
|‘Q‘Lﬂ\($,p ;qu/@($(F

e
e =(-9: S0l (0@)
& (r

]
ZKHU#= [IRU(0 VKRZHUV

DQ®6< IRUKDGUR®KRZHUV
( F LWKFULWLHFQBUJRUSLRQVYDLU 0H9

p and Fe separated by ~ 100g/cny?

Large fluctuations® statistical
discrimination, not event by event.

Sergio Petrera | SAPP 2003 19



Dip interpretation

Fly’s Eye conjecture: 2 components spectrum Fly’sEye
Observation:
— below 10V, soft spectral index -3.5
— above 10%%eV, hard spectral index -2.6
Hypothesis:
— below 10%%eV, galactic origin
— above 10%eV, extragalactic origin
Conseguence on Composition:
— below 10%%eV, heavy (O-Fe), (protonsR, ;o ~0-3MpCc>>R,)

— above 10%eV, light (p), (nucleus photo-disintegrate above
10%%V)

Conseguence on Anisotropy:
— below 10%eV R ;mor << Rg4 : NO anisotropy
— between 10'8eV to 10%V: R o » Reg: POSSIbly some anisotropy
— above 10%%eV: reflects cosmic sources repartition.

Sergio Petrera | SAPP 2003 20



Composition from Fuorescence

Fly’sEye
Composition from the shower
maximum X

- Evolution of <X, > and of the
P elongation d<X . >/dE as function
of E

P evidence for the composition to go
Fe from heavy to light

1019 eV

Sergio Petrera | SAPP 2003 21



The Big Fly’s Eye Event

3 *1020 eV

Path of the event projected on the sky

...but it’samono event!

Sergio Petrera | SAPP 2003
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HiRes: the evolution of Fly’s Eye

Sergio Petrera

1998, HiRes started to take data in
Dugway site. Collaboration Utah,
Adelaide, Columbia, Illinois, New
Mexico.

Two detectorsalaFly' s Eye (HR1,
HR2) separated 12.5 Km aiming to
achieve time-averaged aperture of
340 km?sr @107 eV, 1000 km?sr
@10%eV and an X, separation of
~30 g/c?.

‘Mirror £15® 2m

-PMT aperture5 5°® 1" 1°

256 PMT’ s per mirror

-S>N up to ~30 Km

-improved electronics
ISAPP 2003 23



Abu-Zayyad et al., astro-ph/0208301

Sergio Petrera | SAPP 2003
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+ 15 H/P RQRDQDOMY

Abu-Zayyad et al., astro-ph/0208301

3 $ERH  H RAUADEB ML QIIEDQ®
QALUHHOMRP \KDR $* $6$

H SHIPHOA*  HKDYHIIMRXUGDIB\RD
P RGHOGFR.ER DY FRK JDORW DQG
H WD) DR \RAFHVR &5V ZKIEK
LFO@NKH* =. PARI DIGILQGIRRG
DIWHP HON

Debate about possible systematics

of Surface detectors and
Fluorescence Detectors.

Need for a hybrid detection!

Sergio Petrera | SAPP 2003 25



Pierre Auger hybrid concept

Combines strengths of
Surface Detector Array and

Fluorescence Detectors

Hybrid detector:

| ndependent measurement
techniques alow cross
calibration and control of
systematics

More reliable energy and angle
measurement

Primary mass measured in
complementary ways

Uniform sky coverage

Sergio Petrera |SAPP 2003
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The Pierre Auger Project

A Study of
The Highest Energy Cosmic Rays
1019- 10t eV

Energy Spectrum - Direction - Composition
Two Large Air Shower Detectors
Mendoza Province, Argentina (under construction)
Utah, USA

Sergio Petrera | SAPP 2003 27



The Auger Collaboration

Argentina
Australia

Bolivia
Brazil

Czech Republic
Peoples Republic of China

France

Germany

Greece

50 Institutions, >250 Scientists

Sergio Petrera

|SAPP 2003

Italy

Mexico

Poland

Russia

Slovenia

Spain

United Kingdom
USA

Vietnam

28



Pierre Auger Observatories

1 ROVYHUQ KHP IVSKHUH

0 LAUG FRXQN P
8VIK 86% St
el
\.. 6 RXVKHUQ KHP LVSKHLH
e 0 DDW- H

k|

SWRYLCFID GH 0 HQGR D $ WHQXD

Sergio Petrera | SAPP 2003 29



The Logic of the Auger
Observatory

Increased exposure rate by at least © 10

+ 27 7000 km?.sr.yr

- All sky coverage;

+ 2 complementary sites, North and South hemisphere,
Argentinaand USA.

+ Surface detector 100% up.

Robust and Efficient data taking:

+ better data quality, lower systematic
and less model dependencies: Hybrid Detector concept.

Sergio Petrera | SAPP 2003 30



EXposure rates

Required collecting power:
Integral flux : > 10 EeV (>10® eV) =0.5/(km?.sr.yr)
> 100EeV (>10%° V) ~ 0.01 /(km?.sr.yr)
P Need >> 10000 km?.sr.yr

This means afew 1000 km? for a surface detector,
or ~ 10 times more for a all-fluorescence detector.

Exidti ng Exposures above 1020

Volcano Ranch = 63 km2.sr.yr

- Haverah Park = 275 kmZ2.sr.yr

- Yakutsk = 428 km2.sr.yr

- AGASA (may 2000) = 1268 km?2.sr.yr
- Fly's Eye (mono) = 825 km2.sr.yr

- Fly's Eye (stereo) = 145 kmZ.sr.yr

- HiResl mono (97® 99) = 1090 km2.sr.yr
- AUGER South+North = NP W

Sergio Petrera | SAPP 2003 31



Malargue, Argentina

350 Slatitude
/ 69° W longitude
§ 1.4 km altitude

§ 875 g/lcm?

- Low population density (< 0.1/ Km?)

- Specia atmospheric conditions (clouds, rain, light, aerosol)



SIHIH$ XJHJ

3
1



Auger Fluorescence Detector
24 telescope units (4 eyes)

3.4 meter dia. Mirrors

440 PMTs per camera

Sergio Petrera | SAPP 2003
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7KH$ XJHJ) ' \MBWARSH

' IDSKUWDJIP
89 ) LOMJ
& RUHARU
6SKHLFDO
— P LURU
30 7 P HD

9 Schmidt optics:
(eliminates coma
aberration) Spherical mirror
Ry =34m,22m
diameter diaphragm,
corrector ring, 30°x30°
FOV, 15 mm diameter spot

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




6 SKH.L

H0 CE

{ KHEFKP LONRSWR

Diaphragm

& RP DDEHULDARD
C
&RP D
/

Spherical focal
surface



7 KHFRUHARUUQ)]

gain afactor 2 in light collection

\

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




7KH)' FDPHD

440 PMTson a
spherical surface

Light collectorsto
recover border
Inefficiencies
“mercedes star”
with aluminized

mylar reflecting
N walls

90 cm




FD buildings
/| RVl HRQH/ & RIKXHF




The Engineering Array

1029 eV Shower

Auger Campus The Engineeing Array

Sergio Petrera |SAPP 2003 41



The Engineering Array
30° fov, FD
telescope 40 SD tanks AIMS:

T~ . 7DON G-B® P HOADQG
AP P IMIRQQ) FRPPV )
WBVARSHY LOWEICIDARD

. +\ EUGWLIJHJDOGWP 1QY
&' $6

., QMOHNRQOHRARD Z LW
WP LWWRIQ) 108 6 DQG
( XURSH GCDB DCDOMY

- ) WINKRZ HVFEVHIYHG 0 D

/

Central Campus,
Malargue

- HAHP BEHU 0 DK WEEGIGDMWNQ § K\ EUGWJIIHYV

Los Leones
FDeye



FD shower

candidate

7UJJHJ/

SI[ HY

) &

Time (x 100 ns)

Background

event
Cosmic passing
through PMTs




SLT:
Second
Level
Trigger

Search for pixel alignment
among 108 basic patterns

<1/R2>
Log(E)

Sergio Petrera | SAPP 2003 44



The communications
system

Sergio Petrera | SAPP 2003
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The Auger Campus

Detector
Assembly
Building

Cherenkov
detector tanks
being prepared for
deployment

Sergio Petrera | SAPP 2003 46



Auger Center Building

Sergio Petrera | SAPP 2003
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Fraction of
stereo FD

Performances

9 Expected rates
(n. eventsy
observatory/year)

9 Shower
reconstruction

AE/E<10%

direction < 1°



The next generation:
the Alrwatch concept

Theideaisto 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)

Sergio Petrera | SAPP 2003 49



EUSO

A mission to explore the extremes of the Universe using the
Highest Cosmic Rays and Neutrinos

Sergio Petrera | SAPP 2003

50



EUSO

-Proposal originally submitted to ESA for a Free Flyer Mission (Scarsl)
-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 Phase A 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.
Sergio Petrera | SAPP 2003 51






The detector

Focal Plane
Detector
~2" 10°pixels

The macrocell

MAPMT

Sergio Petrera | SAPP 2003
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Estimated profile of a10%°eV proton

Cherenkov

Reflected light —

Sergio Petrera | SAPP 2003
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Sergio Petrera
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UHE Neutrinos

/ RRNITRULQIMDRNRQV

DAGH-5 FROP Q GO\
DQGZ LGHDQI O

Sergio Petrera | SAPP 2003 56



A new type of background:
QRAMUID®B 9 ECANIURXQG

QIKIEZ DXURIDCHYHIN PHMR R G/«

Sergio Petrera |SAPP 2003
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Critical parameters in Fluorescence Detection

Energy resolution from FD is, SHJVH(N_from shower profile), better than 10%.
In order to achieve an overall resolution at thislevel al pieces contributing to
energy uncertainties have to be carefully handled.

Q) QE_‘S* G;r] ¢

-Fluorescence eId Inair
-Calibration of the photodector
-Atmosphere monitoring of transmission

Sergio Petrera | SAPP 2003 59



) ORUHVFHGFH \ LHG 1Q DU

Excitation of the nitrogen molecules and

their radiative dexcitation . Collisional - H P XVWVP HDVXAWH

quenching
° ( GFWRO HCHW\

337 nm GHSl‘m‘Q:H
~dE/ dx
357 nm
S13mm 300-4000m o 5 P57 JDV GHSHOGHGRH
391 nm

Yield vs altitudine
Argon, O, quenching,
wat er vapour over the ocean

° A GHISHQGHCHH

At mospheric transmission,

Bunner, Ph.D Thesis  Measurements with o Raleigh scattering ~1/ A

Cornell Univ. 1967 and 5G&g\d PhaeizonNs | SAPP 2003 60
totally absorbed in air



( GFVWRQ HHW\  GHSHQGHGFH

Not afit

g

Kakimoto et al.,
NIM (1996)

Sergio Petrera

~ 2 experiment al points:
- 1.4 MeV 905y
-around 1 GeV e-beam

127( no measurements exist inthe
range of critical energy of electrons
inair (80 MeV)

Most of energy deposited by

1-f ew hundreds MeV electrons/
positrons (see H. Klages cont ribution)

|SAPP 2003 61



0 RAWR VKH HCGHU\ GHSRUVKG E\
2 | HZ KXQELHGV 0 H9 HBPWRQ/ SRUWVRQY

from H. Klages

Cor sika st udy



) ORUHVFHGFH \ LHG

b YV DOWMKGH

Sergio Petrera

Kakimoto, 1996

|SAPP 2003
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Nagano, Kobayakawa,
Sakaki, Ando

astro-ph/ 0303193

9OSr

14% relative error on
sergio Petrera T |USKRRgDENCE Yield

64



Sergio Petrera
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$,5)/<

- (BGFWRQ HHU\  GHSHOGHCFH

f 90Sr (2.3 MeV) and °6Ru (3.5 MeV) 10 mCi sour ces,
electron and positron beam at the BTF of the L.N.F. inthe
range 50-750 MeV (in particular @80MeV  Eg,j; air)

- S DQG 7 JDV GHSHQGHFH
f Cylindrical chamber with p (1mb —1b) and T (220-300 K)

control, gas systemwith N, , O, and Ar mixing, artificial dry
“air”, water vapor control

- DYHBIQIVK GHSHQGHOFH

f low noise PMT +interference filters, calibrated light
sour ce, spect rophot omet er

- $ SSIFDMRO DV PRAVRU R VIKH EHDP  LOMOUW

[ The absolut e calibration of the fluorescence yield allows a

non-dest ruct ive measur ement of tppgoobeam Intensity

(particularly interesting at 1ow intensity ” 7 part./ bunch)




7KH' $31( %DP 7HAW) DFLON

Electrons production scheme  BTFHALL

calorimeter

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

LINAC Beam
(Max. 10%° particles/bunch)
1-500 mA @ 50-750 MeV

/'

/

50-750 MeV beam

\ 2, 1% energy spread

tunable Cu target:
1.7,2.0,2.3 X,

45° magnet

collimators

Sergio Petrera | SAPP 2003 67



/ KH FKDP ERU

PMT and filters

cylindrical Filter wheel
chamber

beam

or tothe spectro-
source phot omet er
90 < » . .
Sr 10 cm  Scintillat or
from calibrated light source 50 cm

A smaller chamber (20 cm diam. e 20 cm height) will

be used as beam int ensity monit or
Sergio Petrera | SAPP 2003 68



$,5)/ < DWWH %)

lead '
— /calor Imet er
beam/ : \elliptical
mirror
chamber
\
f luorescence Serenkov heam monit or 69

chamber



7/ KH | O RIHVFHCFH FKDP EHU DWVKH % )

PMT

T~

filter

wheel ———__

Cer enkov
beam
monit or

beam

Sergio Petrera | SAPP 2003 70



/ KH H@BWHDOP lULRU FKDP EHU

Light

collecting

fibers

To PMT
} [
Significantly
Incr eased
< beam accept ance
Elliptical mirror
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0 HOVXU-P HQV DWWH | LWVWWAVWEHDP

f Understanding and optimization of beam associat ed
background. | mproved shielding along the BTF line and

around PMTs.

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

[ Operation of fluorescence chamber with nitrogen and dry
air. Remot e control of gas and pressure. First measurements

with interference filters. First energy scan.

f Successf ul test of elliptical mirror concept (factor 10
higher light collection)

[ I nter-calibration of calorimeter and Cerenkov beam

monit or.
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Fluor escence Lif etime Calorimet er — Cerenkov

§ Q/DNVN  PEDUL, | nter calibration
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Auger absolute calibration system of FD

DRUM: aflat-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
s

UV S detector calibration (1.5%
provided by NIST (Natl. Inst. Of
Standards andT echnology)

- Two telescopes of EA calibrated at
+7%)

Sergio Petrera | SAPP 2003
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Aluminium frame with teflon sheet
Light source

Sergio Petrera

CCD cameraimage showing relative
intensity

|SAPP 2003 75



Atmosphere Monitoring in Auger
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L aser wavelength

Anedlastic bcks.
Raman (N,, O, ...)

Elastic bcks.
molecular/Rayleigh & aerosol/Mie
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LIDAR Stations
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Features Progress
v First telescopeinstalled in
» Probe shower-detector plane  Feb '02
» Routine scans of the sky v Full system operating in

. Vertica profileof agrosols ~ APr 02
v Second telescope installed

in May '03
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The End

Sergio Petrera
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~ single electron/ bunch Beam spot ~ 1 mm diamet er

\1\2\3 ener gy measur ed Possible t o def ocus beamto

at the BTF calorimeter
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Summary of PAO Performances

$XIHUIQ \HDU SHU MW (existing dat a)

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

On each site:
1600 SD (surface detectors)
4 FD stations (f luorescence detect ors)

Duty Cycle: Ef ficiency:
SD: 100% >00% above 10 EeV
FD: 10%

Ener gy resolution:

SD alone Hybrid mode
100 EeV 15% 10%
10 EeV 30% 20%

Angular resolution:

SD alone Hybrid mode
100 EeV 0.5° 0.20°
10 EeV 10° 0.35°

| mproved primary identification with hybrid mode 82
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