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Pierre Auger Observatory Science Objectives

* understand the nature, origin and propagation of UHECR
— point sources?
— isotropic arrival directions?
— GZK cut-off or continuing spectrum?
— primary particle mass, type?
— acceleration or decay of exotics?

* detect cosmic rays with high statistics

— aperture >7000km2sr @10'%eV in each hemisphere
— full sky coverage and ~uniform exposure

— ~degree angular resolution, 6—90°

— primary particle discrimination (light, heavy, vy, v)
— calorimetric energy calibration
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™ First concepts
| Ground breaking Malargue March 1999

First events 2000

i Prototype running 2001-

Production (300 tanks by Jan-04) now

=N Full Southern Site 2005

«== Start Northern Site 2006




1600 water Cherenkov detectors with 1.5 km spacing on 3000 km?
4 stations with 24 fluorescence telescopes
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Central assembly building










The Engineering Array




rgentina’s Pampa Amarilla desert is
filling up with water. Across thou-
sands of square kilometres of the
WS desert’s flat plains, engineers are busy build- §
= ing water tanks. By 2005, 1,600 of the &
#2" 11-cubic-metre tanks will be in place. '

Nature 4] 9 2002
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| #00206123: Sat May 25 13:08:17 2002 (24
.| 0046 (ﬂEEm 59.4 VEM)
_1| 0063 (658 ns, 951.2 VEM)
- | D043 (1014 ns, 62 VEM)
| 0067 (1063 ns, 34.6 VEM)

© | #00206462: Sat May 25 23:21:15 2002
: mnznr.mr: Sun May 26 04:14:01 2002

- y
i ’lﬁﬂzﬂﬁlﬁiﬂ Tue May 26 07: 52 5? 2002

© | #0D208500: Tue May 28 08:34:47 2002
| #00210444: Thu May 30 13:55:27 2002

#00211337; Fri May 31 13:25.07 2002

| #00212131: Sat Jun 1 12:00:26 2002
|#00212227: Sat Jun 1 13:03:2T7 2002
* | #O00213106: Sun Jun 2 12:57:57 2002 | |
00213261: Sun Jun 2 16:46.00 2002 _

Trigger of this event: MEAJ

&
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Easting= 458740 + 35m
Northing= 6083187 + 1Im
dt=32.4ns

Theta=13.3 + 0.7 deg
Phi=50.1 + 2.2 deg

R=4.0+02kn.

S(1000)= 67.27 + 5.96 VEM
E=16.05 EeV + 9%
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- [#o0188308:
Co | we01 20 T
S w00192018:
1 #00193404:
B G0 904G5 T
s | #00193894;
- |#00195515:
4 |#00196222:
| 1#00197348:
] : Sun May 12 04:35:06 2002
& t Man May 13 224343 2002
|- |#00193430
1o e00199643:
| #00200350: Fri May 17 05:08:04 2002 ={

Wed May 1 11:08:31 2002 &
Sal May 4 0314:24 2002
Mon May & 03:31:37 2002 °
Tue May T 135:36:30 2002 -

Wed May 8 04:03:47 2002 .
Fri May 10 01:53:27 2002
Fri May 10 19:45:37 2002
Sun May 12 00:33:20 2002

Tue May 14 06:55:21 2002
Tue hay 14 10:23:53 2002
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Theta= 75.8 + 0.5 deg
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Event Display IHe|p |

= Event Display, version v2rd =

—Display

| Densities at ground |

#00507730
#00507735
#00507739
#O0507743
#00507751
#00507752
#O0507753
#00507754
#0O0507756

cMon Jul 28 21
: hon Jul 26 21
s hon Jul 28 21:
chdon Jul 26 21
shon Jul 268 21:
s Mon Jul 28 21:

A 6:00 20

16:45 2003
ef:22 20037
23:08 200373
32:23 2003

s Mon Jul 25 21:42:52 2003
s Mon Jul 258 21:45:47 2003
s Mon Jul 28 21:50:58 20038
cMon Jul 26 21:31:57 20038
s Mon Jul 28 21:558:08 2003

0140 (3515 ns, 107.6 VEM)
0138 (11731 ns, 5.7 VEM)
0134 (12134 ns, 2.8 VEM)
01053 (14313 ns, 10.4 VEM)
0142 (17196 ns, 5.8 VEM)
0144 (13262 ns, 11.5 VEM)
0135 (22043 ns, 2.9 VEM)
£ 0104 T3 Mot Found (2) °f
S 01536 T3 Mot Found (2) °7
0102 T3 Mot Found (2) °f

— Contral
File  Configure  Experts only...
Eecunstructl Brevious | Mext | Get #"50??29 deate"d
#00507716: Mon Jul 28 20:56:54 20035 0107 {0 ns, 9.0 VEM) H
#00907722: Mon Jul 26 21:06:31 2003 0117 (2004 ng, 6.1 VEWM)
#00507726: Mon Jul 28 21:12:31 200383 0122 (2733 ns, 3.6 WEM)
#00907728 1341 2003 0119 {4725 ng, 30.1 VEM)

FMNASOTTARA- bAon ol 25 ?22-NR-22 2NN3 N33 T3 Mot Foond @2 *¢
— Array
[+] (-] - a
e o o @@ @
o o - Q
@ {3 L]
s o n O
o @
-1 [:] = =] [}
@ @ B8
a (=] -]
— atatus

file selected: eb_2003_07 28 18h32 root
Minimum romber of triggered stations: 4
Trigger selected: all of them, 202 ewvents.
Trigger of this ewvent: 3025404

4000

-4000

Jooa—

2000 —

1000 —

00—

-1000—

-2000—

-3000 —

-400d

-3000 -2000 -100d LI} 1000 2000 3000

4000

Mon Jul 28 21:16:00 2003
Fasting= 471029 + 309m
Northing= 6090863 + 10im
dt= 25.9ns

Theta=75.2 £ 0.3 deg
Phi= 64.8 £ 0.2/sin(theta) deg

R=45.1+0.0km

E=8.1 EeV + 25%

100%




e
Event Dizplay ] Help ]
Control

File  Configure  Experts only...

Eecnnstruc1| Previous ‘ Mext

| Get#|[so772s Wpdatel[4

#00907722: Mon Jul 26 21:06:31 200
#00907726: Mon Jul 25 21:12:31 200
#00907728: Mon Jul 26 21:13:41 200
#0050 kdon Jul & 60

#00907730: Mon Jul 26 21:16:45 200
#00507 735 Mon Jul 25 21:28:22 200
#00907739: Mon Jul 26 21:29:08 200
#00507743: Mon Jul 25 21:32:23 200
#00907751: Mon Jul 26 21:42:52 200
#00507752: Mon Jul 25 21:45:47 200
#00907753: Mon Jul 26 21:50:38 200
#00507754: Mon Jul 25 21:51:57 200

#005077356: Mon Jul 28 21:58:08 200
#NNENTTR3- han 0l 28 Z2-NR-72 200

Array

#O0507716: Mon Jul 25 20:56:54 ZEIEIS?"?ﬂ

0139 (0 ns, 2.4 YEM) N
0107 (952 ns, 9.0 VEM)

0117 (2956 ns, 6.1 YEM)

0122 (3665 ns, 3.6 YEM)

0119 (5677 ns, 30.1 VEM)

0140 (10467 ns, 107.8 YEM)

0136 (12683 ns, 5.7 VEM)
0134 (13146 ns, 2.8 VEM)
0105 (15271 ns, 104 VEM)
0142 (18148 ns, 5.8 YEM)
0144 (20214 ns, 11.5 VEM)
0135 (22993 ns, 2.9 YEM)
#0103 T3 Mot Found (2)

0104 T3 Mot Found (2) %/
& N18R T3 Rt Fannd @51 ¢ ﬂ

Status

Trigger of this event: 3025404

file selected: eb_Z003 07 28 18h3Z2 root
Minimum nomber of triggered stations: 4
Trigger selected: all of them, 202 ewvents.

Display
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=™ Event Display, version w2rd =

Event Display I Help |

— Display

| Densities at ground |

#00507714:
#0O0507728:
#OOL0O77E9:
#00507743:
#00507751:
#00507753:

Fon Jul 28 20:27:05 20038

Aon Jul 2g 20:4 pall
Mon Jul 28 20:55:15 2003
Mon Jul 28 21:13:41 2003
Mon Jul 28 21:16:00 200383
Mon Jul 28 21:32:23 200313
kon Jul 26 21:42:52 20038
kon Jul 26 21:90:38 200353

— Control
File  Configure  Experts only...
Reconstruct|  Previous | mewt | [Get] Update|[5
#00507629: Mon Jul 28 18:38:30 200373 e TR = %]
#00507631: Man Jul 28 18:35:54 2003 0103 (3893 ns, 20.2 YEM)
#00507649: Man Jul 28 13:03:43 2003 0104 (4348 ns, 4.5 VEM)
#00G07E6ET: Maon Jul 28 13:31:12 200373 |0137 (7424 ns, 3.9 VEM)
#00507631: 0131 (7840 ns, 39.6 YEM)

!

!
0101 (5404 ns, 15.9 VEM)
0102 (11959 ns, 12.7 WEM)
0136 (12352 ns, 45.7 WEM)
0744 {13934 ns, 2.4 VEM)
0105 (16261 ns, 71.9 VER)
0134 (20685 ns, 66.2 VEM)
0114, station deleted
0107, station deleted

— Array
B & a @
BT = s
DD L] - [}
L R
0o 00®
e 3 @
o -] - o & a
-] L L] L4 -
L] -] L] &
— Status

file selected: eb 2003 07 28 18h3Z2. root. nobackup
Minimom roomber of triggered stations: &

Trigger selected: all of them, 15E5 events.
Trigger of this ewvent: SCESAC4

4000

Jooaq

2000

1000

-1000

-2000

-3000

-4000

-4000

-3000 -2000 -1000 LI} 1000 2000 3000

4000

Mon Jul 28 20:42:33 2003
FEasting= 470273 + 347m
Northing= 6089641 + 184m
dt=37.Ins

Theta=79.1 £ 0.5 deg
Phi= 155.9 + 0.2/sin(theta) deg

R=56.5+13.1 km

E=32.3FEeV = 13%

100%




L= [Oi[]

=" Event Display, version v2r :
Event Display IHE|p |

— Control —Dizplay
File Caonfigure  Esperts anly... |  — ;::::r‘:“él‘::;" | ;‘I:::r‘:“f"l:’:" — B
AmPeak: 2.4 wE APk 1At mE AmwPuak: |3
Becunstructl Previous | Mext | Get#" Update”ﬁ =f Th-sdaid =E Thednid e Fhr-did
1E MNE
#003207629: Mon Jul 28 18:38:30 20035 0108 (0 ns, 10.7 YENM) i3 wE HE
#00307631: Mon Jul 26 18:36:54 200 o114 (2936 ns, 16.0 VEW) F D £ Fur £ oD
#00307643: Mon Jul 26 15:05:43 200 0103 (3898 ns, 20.2 VEM) 2F z i3 . :_‘ :i'
#00307661: Mon Jul 28 15:31:12 200 0104 {4348 ns, 4.5 VEM) iE -3 :: \L -3 M3 -1
: 8 202?05 I:II:I g:: g:: E;:ig :2’ gggﬁv\fgf:sq) -g“ L1l I(I(( lﬁl((l(l((lﬁl((-ﬂl(l -‘3’1’" L) 5(‘( "Il( ISII(JIII(JSII(-J(I(( -g(-' L) 51‘1 I(I(l Iﬁllll(llllﬁlll-ﬂlll(
00507 706: Mon Jul 28 20:42:33 2 L, a9 — — —
#00507714: Man Jul 28 20-55:15 200 0101 (8404 ns, 18.9 VEM) w1 Soasuml | g Sl | g S
#00307725: Mon Jul 28 21:13:41 200 0102 {11359 ns, 12.7 VEM) i3 e sF (L o T
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Fluorescence track reconstruction

angular speed variation
determines geometry

— monocular mode needs
long tracks

Issues:

— fluorescence yield

— Cherenkov subtraction

— atmospheric transmission

Stereo!
Hybrid!

Shower
Detector

Zenith

Impact Point

from Fly's Eye 1985



Analysis procedures with the FD

this event: initial viewing angle 15°, i.e. large direct Cherenkov contribution
iterative procedure, converges in <4 steps; suggested energy here 2e18 eV
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Mono Core Error (positive means overestimate energy)
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Lateral distribution function fit |
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Hybrid Events <sec> zenith = 1.09 <FD energy> = 1.2 EeV
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Atmosphere

calibrated (movable) light sources
cloud monitors

lasers

balloon sondes
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Galactic Latitude

o

Auger data: 2548 events of all energies, 60 deg exclusion zone in green

Galactic Longitude



Current status
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Perspectives

EA phase done
— design validated, all objectives achieved

Entering the production phase

— +100 production tanks in the field, electronics being added

— hybrid operations w 3 telescopes in Los Leones next dark period
— setting up for stereo with 2 Coihueco telescopes

— Coihueco communications tower running, Morados being built

production until end 2005
— deployment & continuous running » physics report ICRC 2005
— committment to build the full-scale Southern Observatory

Towards full-sky coverage...



Towards full-sky coverage

* The Northern Site

— compelling scientific case
— start planning now for Utah or Colorado
— layout as in Mendoza for seamless data integration

— expand to larger aperture and use new technologies

* discuss variable detector spacing, higher tanks for increased
neutrino sensitivity; cost-effective hardware; ...

* radio detection; KASCADE-Grande at Karlsruhe @ 10'7 eV

— open forum discussion :  tonight 7-9pm here
» please join
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