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Physics issues with Auger:

Fluxes of Cosmic Rays
* Where does the spectrum end ?

Is there a GZK cutoff?
Are the sources local (<150 Mly)?

Flux {m* sr s Gev)™
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“a * Primary nature (composition) ?
Y Knee 2 Nuclei? Protons ?
gt (AL PR b oTeen Gamma rays? Neutrinos? Or...?

* What is the source of UHECR ?
Y Bottom-Up or Top-Down scenario ?

Data from Agasa: 100km? x 10 years
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Nerthern Auger Obaervalery
Millard County, Utah

Northern hemisphere
Millard county
Utah, USA
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Southern hemisphere:
Malargiie
Provincia de Mendoza
Argentina

Collaboration:
>250 researchers

from 30 institutions and 19 countries:
Argentina, Armenia, Australia, Bolivia,
Brazil, Chile, China, Czech Republic, France,
Germany, Greece, Italy, Japan, Mexico,
Poland, Russia, Slovenia, United Kingdom,
United States of America, Vietham
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Pierre Auger - a major step

Need high statistics
large detection area : 2 x3000 km 2 |

Shower plan

Uniform sky coverage
2 sites located in each hemisphere

Argentina and USA

Hybrid detector :
surface array (water Cerenkov tanks)
+ fluorescence detector Fly eye wih fits
—  Good energy and pointing resolution e
Improved sensitivity to composition
Energy cross calibration

7 /x;// 7

Cerenkov surface detectors



History and Schedule
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* August 1991 - concept born
* October 1995 - base design complete
* March 1999 - ground-breaking at southern site




History and Schedule
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« January 2000 - beginning of construction
* Feb 21, 2000 - deployment of first detector

« May 23, 2001 - observation of first fluorescence event
* August 2, 2001 - first surface detector event observed



Schedule at Southern site

PIERRE
AUGER

« 2000 and 2001 - “Engineering Array” 40 surface
detectors and two fluorescence telescopes

Schedule & Deployment Rate

. 2002-2004 /‘ /-e‘“

- full production i/
and deployment, ¢ T/
and staged turn = §. L

on of data-taking = Vi
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Reason for winter slow-down
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Engineering Array
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Why a Hybrid Observatory?

PIERRE
AUGER

Hybrid resolution of arrival directions, energies and
masses is superior to that achieved by the SD or a
single FD eye independently

Rich set of measurements on each hybrid EAS

SD and FD measure cosmic ray parameters using
different methods with different systematic errors

— Cross-checks and control of systematics.

while the FD only operates with a duty cycle of
10%, the Hybrid observations will allow confident
analysis of SD data taken without FD coverage.



e.g. Measurements of Energy
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« SD alone: E from estimates of water Cherenkov
density 1000m from the shower core

— requires conversion factor from EAS simulations

 FD alone: E from estimates of energy deposition
in the atmosphere (light o dE/dX).

— requires knowledge of atmospheric transmission.

* two methods can be compared with Hybrid
— Checks simulations and measurement systematics



Surface Detectors

PIERRE
AUGER

 for SD-only operation,
typically will require 5
stations at the 4 vem
trigger level (< 20 Hz
per station)

-  standard techniques for
« 10 m2, 1.2 m depth, 3 direction and core
PMTs, 40 MHz FADC finding. Several LDFs

. : under study, including
integrated _S|gna_l a modified Haverah
expressed in units of

, , Park function.
vertical equivalent muons
(1 vem ~ 100 pe)
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Surface Detectors
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101%eV proton AUGER
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Particle density (™)

water Cherenkow signal density (VEM m™)

O 05 1 15 2 O o5 1 1.5 2
Core distance (km) Core distance [km)

SD water Cherenkov detectors measure muon,
electron and components of EAS, the latter
especially important at large core distances



Surface Detector Resolution

« SD Angular resolution: E > 1019V
0 (deg) Proton/Iron Photon
E>101eV | E>10%2%V | E>101%V
20° 1.1° 0.6° 4.0°
40° 0.6° 0.5° 2.5°
60° 0.4° 0.3° 1.0°
80° 0.3° 0.2° 1.0°

—

PIERRE
AUGER

space angle containing 68% of events




Surface Detector Resolution

PIERRE
AUGER

* Energy determined from fitted density at 1000m, p(1000).
Conversion factor from simulations; averaged for p and Fe
primaries. E > 10"9eV
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rms E resolution ~12% (assuming p/Fe mixture)



SD Aperture and Event Rate

E. (eV) Trigk,?\npzzrrtu re Rate>pgz year
1018 0 0
3x1018 2200 15000
1019 7200 5150
2x1019 7350 1590
5x1019 7350 490
1020 7350 100
2x1020 7350 30
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AUGER

« Zenith < 60°, based on AGASA spectrum (Takeda et al 1998)
» (Zenith > 60° adds about 50% to event rate)



Auger Southern Site

e = Fluorescence site

PIERRE
AUGER

» Hybrid reconstruction
works when a shower is
recorded by the surface
array and at least one eye

» This multiple-eye design
reduces our reliance on
precise knowledge of
atmospheric attenuation of
light

 Mean impact parameter at
101%V is 13km
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Fluorescence Detector
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3.8m x 3.8m prototype mirror
and camera

i

440 pixel camera 30°x30°




Hybrid Reconstruction of Axis
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AUGER

« good determination of shower axis is vital for origin
studies, but also vital as first step towards good
energy and mass composition assignment

* use eye pixel timing and amplitude data together
with timing information from the SD.

— GPS clocks in SD tanks and at FDs.

« Hybrid methods using one eye give angular
resolution comparable to “stereo” reconstruction



Hybrid Reconstruction (Cont.)

« eye determines plane containing - ;/r Showar nis
EAS axis and eye 7 ;’E

— plane normal vector known to an | o J;# -

accuracy of ~ 0.2° ¢§? / 1*: ¥ i [ 2ot

« to extract Ry, and v, eye needs to
measure angular velocity o and
its time derivative dw/dt

— but difficult to get dw/dt, leads to
degeneracy in (Rp,y)

* degeneracy broken with
measurement of shower front L
arrival time at one or more points g R 7

Plana i ' L

on the ground L
— eg at SD water tank positions




Hybrid Reconstruction (Cont.)
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e Simulations at 101%eV

* Reconstruct impact parameter Rp. Dramatic
iImprovement with Hybrid reconstruction

Single FD only Hybrid

130
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median
Rp error = 350m

—
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T

strong
dependence on
angular “Track
Length”

Events per 20m bin
Events per 20m bin
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Hybrid Trigger
Efficiency

Simulated Hybrid A

Triggering Efficiency %
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“Stereo”
Efficiency

18 19

20

logl Energy, eV)

21

* Note the significant aperture at 10'%eV, and the stereo

aperture at the higher energies

« Trigger requirement: at least one eye triggering on a track length of
at least 6 degrees; two surface detectors. 6 < 60°

» Hybrid Aperture = Hybrid Trigger efficiency x 7375 km?sr



Hybrid Reconstruction Quality

E(eV) | Adir (%) Afﬁ?{ ® | ABE (%) AXmax
1018 0.7 60 13 38
101 0.5 50 7 o5
1029 0.5 50 6 o4

* 68% error bounds given

PIERRE
AUGER

statistical
errors only

zenith
angles < 60°

 detector is optimized for 10"%eV, but good Hybrid
reconstruction quality at lower energy
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Office Building Opening Nov 2001




“First Light” 23 May 2001
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85 degree zenith angle event

=+ Event Display
Events | Configuration

— Control

Eventfile  Selecttrigger  Search events |

Recanstruct

MNext Event | Update”E_ Triggeredl
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Ground &rray  Events I Canfiguration |

— Cantral

File  Select trigger  Search events |

Recnnstructl Mext Event | Update”1 Triggeredl
#00106018: Thu Jan 17 02:34:41 2002 #0063 ( 705 ns)
#00106023: Thu Jan 17 02:41:19 200 #0036 (529285360 ns

hu Jan 17 02:453:32 2002
#00106078: Thu Jan 17 03:26:12 2002
#00106138: Thu Jan 17 04:09:45 2002
#00106216: Thu Jan 17 05:25:24 2002
#00106283: Thu Jan 17 06:24:22 z002

#0043 (523283537 ng
#0064 (523283536 ns

[k At A

[ B FaDCs [T Bad stations I Get file |

—Array
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o ] & o o Q o
"} o Q a a (3
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-3 (=3 a =} =]
Q
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— Status
file selected: eb_Z002_01 17 0Zh18. root
Minimum number of triggered stations: 1
Trigger selected: FD Los Leones
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—Display
| Lateral distribution lunction fit |
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“Gold”
event
Jan 17
2002
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Laser Shots
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* Probing atmospheric transmission 300-400 nm

e Calibration tool

Light scattered
towards detector «—

(Rayleigh, aerosol)

YAG
355nm
6 microJ




Laser Shots - calibration

PIERRE
AUGER
355nm vertical laser 3km from detector
— 6000
§ S000
=
g 4000:—
£ 3000F Black - real data
[ i Red - simulation
% zc:n:m:—

1000

EI_I |_JI | | | | | | | | | | | | | | | |
2640 280 300 520 344

. ‘ time slot
simulotion (red} and event 73
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Cerenkov

contaminated
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SDP path |
Dec 12, 2001 | =

X120

Hybrid trigger| -

115%— PIERRE
- AUGER
43 fired pixels  "F
in camera >
100—
95;—
90:_I||||I||||I||||I||||I||||I|||||||
240 2495 250 255 260 265 270
t [deq]
Result of hybrid
geometric
reconstruction
zenith angle = 25.8 deg

core distance =11300 m
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Conclusion

PIERRE
AUGER

Engineering array is built and operating well.

second FD building being constructed now, first
site fully instrumented (6 telescopes) by Oct 2002.

next 100 SD installed starting Sep 2002

expect full observatory complete by last quarter
2004

but data will be pouring in well before from partially
completed system.
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