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Q@ DPetection of coswmic rays with energies >101%V.

¢ Spectrum

= Requiers a good energy determination = 20 - 30 Z

¢ Arrival directions

= Energy resolution =1’

Composition

€

= Fast electronics to measure details of the shower front (D)

= Field of view to observe shower development (FD)

Q@ Good statistics

¢ Size matters: area of 3000 kwm?



AUGER

AUGER
OBSERVATORY

Q@ Fluorescence detector

¢ Direct, calorimetric energy
measurewment

¢ Observes longitudinal development
Q@ Surface detector
¢ 1007 duty cycle

& Measures lateral distribution

Q@ Geowmetrical aperture

Q@ Hybrid reconstruction as good as
stereo fluorescence
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The Auger Site

. ﬂ‘: TG
S ‘A-;j | Ea. Pampa
Nas "1 oMA AMARILLA g
El SOSH - ) . .o.......... 2 R~
(2] ® 9 ® & ® & S ® % 90 0 \\ ———— _—
b % L o o o .......... = O. ... .. ...'. ey
‘ ‘\/ U 080 %99 L ™ e o oo.o.o...o...o....
! * & & & & 09 * ® & O L N o & o % 0 ® 9000 8 0
/ MR R s oo gfc oo o Jooollesoelpooeos oocces e Va. Ve
U / e 00 R ¢ 2020 Fooosdoos oY o000 0000 e e (Club de pese
W\ w4 ' vev v sassssfesocbh eesoNecscscnnoenesd PUIPOS
: \ .o.o o. .0.0.0.0...o.o.o.o.o.o.o. o.o.o.o. o.o ofp o oo o g0 000 005 o
\ e g's s 000 000000000 0Posoees o.o & o.o.o.o.o.o.o.o.o.o.
$ ...... 2 % & 0 9 ......... ........ L ] ® & & % 020 8O S0 B g e 9
COIHUECO | ®® 00000009 0000008 o.o. o.o.o.o.o.o.o.o...o. .o.o.o.o.o
; ® &0 000080 000000000 0000000000000 0doeses e
‘ COIhU(?C ® o ® & % ¢ & ¢ & 9808 50 SO 80 "0 e o & % O 9 @ ®* o 0
Ul e a0 0000 ®0 00000900 eRoesoedoess o
/«? NOFT e o o0 o Oooo@ooooooooo. LRI B I
oo o Ao o8 0 9 ° ®® o000 0 0000 e soeodoeoooe
\Q e deoe sos o0 ® 9 00 0000000 000 B oooPoooe
.... ....... [ ] .......... ol ... ............... [ ... ... [ ] ® & @ * & @
10 se o boooolafoooos seoe T E R EEEREER) oooo.o... o.o. ?J’
ooooou 0 000 csescgeoeee ssoes oe o oo &o sle o
oo § o ofafe ® 0808 5000000060 00000 0O80°EO TESE K )
oojloe v e o ® & 000 90 000 000 e0 0e0e 000N e e L
*goee 2820 g o ® 00000 00008 08 55 &880 6 \
efe o o -M]ooooooo.o.oooooo...ooo
o.o.o.o eeo e @ 0.0.0.o.o.o.o.o.o.o.o £ MORR0
30 *o e o o o P O OO o0 e 08 o.o...o.o.o.o.o.o.o. < D
I e - —
& o.o.o.o.o.o o.o...o.o.o.o.o.o.o.o.o.o.o ® = L ~ <Cc = ~
> e o a0 o %0 g0 P % 05000 0000 0 C ™ o : ACIUIA DE CAME =
EIChacay' I ®ooofrocoogfons osocess 0”0 @ Rt thalnti N dmy
| o gooose Yoo eoses e 0.0 0o afeo A
I eo o sooafe s e v s0sesv0eosae 1786
soode ceeogfos seve esoscnocace s oty
3 | soopocaleoseoae oo c0 00000 32
| ® e I 080 ® %0900 0000 2 '
L [ 2 & 8 @ ® 8 08 &9 80 aaan =)
e ofe o o ® 2200 000080 e 10s
o ) :
A . .o.o.o.o.o.o.o.o.o.o.o rad 20} Ortiz o,

. 0 e 0 /| El Salitral-Pto.

LEONES. ARt i e = | I Virgen del Carmen

@ o.o.o.o.o.o o : v PrO ::







surface detector station
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A surface detector station e
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A Fluorescence Detector Site ke
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A Fluorescence Detector Site |
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Calibration and Atmospheric monitoring
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» Central Laser Facility —_— Drum calibration:
‘> Energy calibration — » FV end-to-end
»Reconstruction accuracy § | B calibration

Also: Weather stations,
Cloud cameras
Balloon launches
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Longitudinal
¢ profile
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Constant Intensity Cut

Q@ lIsotropy of Cosmic Rays
= |ntegrated constant
Infensity

Q@ Constant Intensity
= Gonstant Energy

Q@ Relate S(1000) to S3s
(signal at 38’)

¢ 38°is the average zenith

angle of events

Ne (E>E,)

. 50 60 70
.. S(1000 m)[VEM]

<
T

W N o))
N
TTTTT

=
TTTTTT

S(1000) [VEM]

NN
(¥
TTTTTTTTTT

llll

C o v b e e b b v v e b e b gy
03 04 05 06 07 08 09

1

cos’0



PIERRE
AUGER
OBSERVATORY

s 3= Both Sss and Erp are determined ¢ g1 ] Mean 0,03:0.01
= [ experimentally Z 10
»* | @ Nodependence on simulations S 100 i L
2L T RER— 2 | HE.
25 ‘é 80 L
| = 1
B - 60_— "
‘ i V/ /
g B - 40 -
‘4‘5' 2 __ ~ ::f/—‘i 20 I ,,'l
S | a% y
5 i ____-Jr 0 LlJLJ7J|7N.|.|.|\.‘*~.—Hb
. + -0.8 -0.4 -0 0.4 0.8
15 __ + HH :'_”'1__ j_ (E 'EFD)/ | D
1= Energy calibration improves
L o o with statistics
18.5 19 19.5
Ig(E, /eV)

Fluorescence




FD Energy Uncertainty
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Q@ Stereo events
= reconstruction uncertainty

¢ 10%, consistent with MC

¢ [ Fluorescence yield 4
AIRFLY + Nagano

500 | —
Source Systematic uncertainty /
Fluorescence yield 14% I ‘ 4 ' 1
P, T and humidity 7% 0 |

(_\ﬂ@('fs on *\'l(_\l(l | 290 300 310 320 330 340 350 360 370 380 390 400 410 420

- . . . Wavelength (nm)
Calibration 9.5%
Atmosphere 4%,

Reconstruction 10%

Invisible energy A% | .
TOTAL G Total FP E uncertainty: 22%




Spectrum: Flux supression

Q@ Flux suppression at
the highest energy

¢ Significance does
not depend on
enerqy scale

Q@ Auger and HiRes

compatible within
15%

¢ Oonsistent with
the uncertainties

of the experiments
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Prescription to reject Isotropy

Q@ Cover sky with search windows, following sources from the
Veron-Cetty, Veron Catalogue

Q@ Select parameters, using data Jan 1, 2004 to May 27 2006
& Zmax=0018
¢ =31
¢ Eth=56 EeV
¢ Covered fraction of sky p = 0.21

Q@ Start on May 27 2006, get 6 of 8 events in search windows
on May 25 2007

Q@ By August 31, 2007 we had 8 of 18 events in search

windows
| Reject isotropy with >997% confidence I




Correlation with AGN
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Tagging primaries:

Currently:
Cross-section

Future will also use:
details of shower signal
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Elongation rate
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FD photon discrimination
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SP photon discrimination
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Deeper shower:

Z+VL
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Limit on the photon fraction s
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FD: auger FD
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Neutrino detection in Auger

Q@ We can tag neutrino events in very inclined showers
@ Vertical atmosphere: =1000 g/cm"2
Q@ Horizontal atmosphere: =36000 g/cm"2

@ Only neutrino induced showers can start deep in the
atmosphere

@ (Caveat: or showers from exotics with low cross-section




A volume detector captures
more particles than a flat
detector.

For Auger, the minimum
area is 4.9 m? for
horizontal entry.
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Up-going z-neutrinos
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top of atmosphere

T decay air shower
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top of atmosphere

T Limited to T
e electrons: do not leave
the earth
muons: will not generate
a shower

Electrons & photons

10 KT

Tau decay
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r-identification
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r-identification
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Q@ Simulations

¢ Tau fransport

¢ EAS interations

9%

+207%, -97%

Q@ Pierre Auger Observatory

¢ Acceptance
¢ Topography
@ Tau Physics
¢ Polarisation
¢ Cross section

¢ Energy losses

Q@ (Combined

¥2%
+187

*17%,-10%
*9%.-9%
*29%.-10%

+132%. -437%

1 01 4 : ";I

Bl Tau physics
Bl All contributions

! T R
18 19 20
Logw( EintialmE [eV] )

Factor 3 between best
and worst case flux limits




Flux limit
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Early: extended signalsf—

Signal (VEM
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Auger North
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Why Auger North

Q@ Auger was always designed for full sky coverage

¢ s the northern sky different from the southern sky?

@ Northern hemisphere air-shower detector complements ice-
cube on the south-pole

Q@ Flux suppression: we need bigger area

Q@ Would like to get spectra from individual sources: we need
bigger area

Q@ Additional benefit: more statistics for neutrino detection



Low Energy extensions

Q@ Study region of the
knee

>
4

€

Transition from
galactic to extra-
galactic coswic rays

Different models
predict different
composition
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Existing tank array 1500m

® ° ® °
Luisa Pea Rosalia /
° ® © o o o ®
o © © o o o Infill array 750m
Mela Abelardo 141
o o o 0 o o o o / 42 additional dzetectors
©%¢%°¢%¢ o o o o Area ~ 23.5 km
Nancy Rodrigg ® ® ¢ ® ¢ ® Feche
° ® © © o o o o o o Y
® o o o
® o o
® © ©6 o o o o o
Romtlip @ o © Hilda
¢ % ® ¢ ¢ & o o ¢ Each of the 85 detectors:
©¢ & 6 6 o o pair of Cherenkov tank
El Mataco El Cenizo Tromen
® ® © o o o Y and muon counter

em.+ U
Infill array 433m i

24 additional detectors

Area ~ 5.9 km? u




High-Elevation telecopes [
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N HEAT

standard
telescopes

Field of
view

|

e 3 ““standard’’ Auger telescopes tilted to cover 30 - 60° elevation
* Custom-made metal enclosures
* Also prototype study for northern Auger Observatory






