Pierre Auger
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e 2 Giant Ground Arrays (30 x
AGASA) with Fluorescent
detectors (HYBRID detector)

* independent techniques allow
control of systematics

Challenge: to reach

> 10%*-10° km? sr yr

Present experiments
~ 103 km? sr yr

3,000 km? array + 4 Fluorescence Telescopes



The observator
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Northern Auger
in Colorado /

* Southern Auger
. In Argentina




T he plan
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AGASA spectrum >> 100 events/yr above 102° eV



Status

3D daployment etatue

a0+
u#iaosonionn
uoﬂnoﬂo*ﬂ

ao-+o oopo B
R -] = - o= - o<
FALAF LR AR R iF A E
nﬂuvﬂuvﬂﬂ'vﬂﬂ'vuﬂ'ﬂ A A0
Hoodosaos 8T ﬂﬂ o k=]
= N R e AR AR s -n-l}{l el E AN
D‘Guﬂﬂu;fﬂﬂ'vﬂﬂ' B
o0 RoT oo Uﬂv =
un*unﬂ tooEa
TAFIFLLAF IR AR L1
‘Dﬂ-ﬂnﬂ"ﬂuvﬂnvﬂ
dionhocdaoson
-Il--:--lrl}{lnl}{ln OE AT Ty | EEE NN EIREY
uﬂ'vuﬂ'ﬂuvﬂuvﬂﬂ' --'D'Uﬂ 0
Q-ogpoonQ goz oQ oz O =0
oohioodo n*unﬂ o Ot o 2
A} Ak IFd1AF 1} ik AF IF [N AR |
sborooano H H goczod
Foaciodd o = =1 - § droogdocdaos
A1k FEIF S ARIFAI AR AF IF Ak AR IR AR IR
Uvﬂﬂiuﬂﬂuﬂnuvﬂ = a4 FOooooao
- 00 :o0D0cO ﬂﬂ =] so0zooao OD=00:0Q00%
= g = ) = = = aoitdaoladt oIooOooa Ao Ao oo i
|0 ' oA oooo Qoo o = -0 O
;o0 > a0z soopo  pEs s soopoQ
tgoion s oot draota ool
Wikear k4 ey -n-l}{l-n- R {ll} {ll} -n-l}{l-n-
= - O UD-T-'D'U_ a0 040040805 o s
oo rsda0xaQao ﬂ'ﬂﬂﬂﬂﬂﬂﬂ Uﬂvﬂﬂvﬂﬂv
AF 1A F Brr e Brar o o IR A A E = LAk 1k a1
ket oA AL OGO Qa00 a0 vﬂUvﬂUvDU

gozpo:oQ:Bopoopozoo vﬂﬂ
oobdo-aotapoooptondoodosan s a
AEAF AR 1 D IF AR R AR IR AR AR
Uﬂu;fﬂuvnﬂvuﬂvuﬂﬂuvﬂu:ﬂﬂﬁ
40daosadsadioddaoddaosaosd
AF IFAIAF IR AF AP IF A oAk IR AF ] {l-n- {ll} {ll}

n:ﬁn:ﬁn:ﬁn. nuunuu oo:H
* ﬂ‘_ = d oo =
o I 1 o T Y I -n-l} -n-l}{l
"‘ﬂ v'ﬂﬂ'vuﬂ'vuﬂ'ﬂu
=)= og

"

15 February 2006
There are 1115 tanks deployed, 1043 with water and 919 with electronics



Surface Detectors
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Fluorescent
detectors
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o16FE=10.2 EeV

S(1000) = 56 VEM SD Only
2 S(1000) = 52 VEM Hyb. Geom
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Energy Losses of protons
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modification factor:



Energy spectrum in Auger

e SD data = ground parameter S(1000) = SD signal at 1000m

e Determine the S(1000)=> Energy & Zenith Angle conversion
— Zenith Angle dependence: SD and Hybrid data

— Fluorescence Detector energy scale Normalization via Hybrids (error <

25%)
 + SD exposure

—> measured spectrum.
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Anisotropies

Astronomy with p is possible at Energies above ~ 101 - 1020 ¢V

Trajectories of 10 ev protons in random nanogauss field with 1Mpc cell size

40

20

—20

Y ) A B - I .
—-40 -20 0

Trajectories of 10% ev protons in random na

AT

—-20

20

nogauss field with 1Mpc ce!

40

11 size

YY) SN

e AGASA: excess 4.50 20 deg window near
the GC with E=1-2.5EeV.
http://arxiv.org/pdf/astro-ph/9906056

e SUGAR 2.90 excess with 5.5 degree window
near the GC with E=0.8-3.2EeV.

. 90No evidence from other experiments
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Auger sees nothing (ICRC2005)!

Coverage Significance (1.59)

Significance (13.39)

Significance (3.79)

Significance of excess or deficit



Suggested readings

P. Sokolsky Introduction to Ultrahigh Energy Cosmic Ray Physics
Addison-Wesley 1989

Stanev High Energy Cosmic rays Springer 2004

T.K. Gaisser Cosmic Rays and Particle Physics

Cambridge University Press, 1990.

M. Lemoine & G. Sigl, Physics and Astrophysics of Ultra-High-Energy Cosmic
Rays
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