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Today’s Summary:

Cosmic rays mmmm)>  General overview
High energy tail > Motivation
Alir showers > The techniques
The data > Facts and fiction
The challenge mmmm)>  Present and future

Tomorrow: Composition and neutrinos



Earth bombarded with particles

particles mostly from  seen up to
more
e V sun E>
e pHenucen galactic E> 1020 eV
® '/ (astronomy) agn E>
* ee'p.. crinteractions E>

less

Fluxes are related at Production, Transport & Detection



Earth bombarded with particles

particles mostly from  seen up to
¢ sun E> 10" eV
o Y (astronomy) agn E>
e ee"p.. crinteractions E>

Term: Cosmic rays - Millikan (Leeds 1926)
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Cosmic Rays: |
Featureless Spectrum
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—- Ultra High Energy Tail:

Unavoidable:
Use Showers
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Ultra High E mm)2-fold motivation

 Particle Physics

 Test interactions at (always) highest energies
e Test forward region

o Astrophysics
* Unresolved puzzle

 Posibility to do astronomy
learn about B fields
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— The high energy quest —
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The Mystery Tall

 Limitations of acceleration (Fermi)
— Extreme sources [B field and Size]

e Implications of interactions

- CMB mmm) GZK cutoff
— B fields ‘ directionality & clustering
none established so far



Acceleration (Fermi 1949):

Magnetic cloud

Both gain and loss but
head on encounters more frequent

. 1

Net acceleration

AE =4v?
Spectrum a EY (Yy=2.2-2.7) E 3¢




Acceleration size (L) MUST EXCEED radius (R))

P
R, = <L
ZeBcosBO

Diffusive propagation in accelerating region



Magnetic Field Strength B (Gauss)
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Expect Structure at a well defined energy

Threshold for 5
e~=3[2.73]8.6210~eV ~
(2m,+my)m,
E,= =10 eV
4,

GZK starts earlier (Wien tail)
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We have only detected Extensive Air Showers

!

spread over several km

The atmosphere is (part of) our detector
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Isotropic Fluorescence light
from nitrogen

Showers also give light

Collimated Cherenkov light
(1 degree)



UHECR: Only Two

104 — . . —— succesful techniques
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The Fluorescence Technique

noise
direction

Zab

Elevation (dag)
1
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C.Song et al., Astropart. Phys.

14, 7 (2000)



Particle density {m™)

Relative Density Fluctuation (%)

The particle array Technique
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The Ultra ngh Energy data

Fly S Eye
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 Fluorescence data < Array data

— Suggests GZK cutoff — No GZK cutoff seen
— No clustering evidence — Marginal clustering?

Both techniques:

Depend on Simulation
& Int models

but
—Detect events above 10%° eV

—Agree at UHE at the 2-o level



Two methods at competiton?

* Flourescence e EAS arrays
— Calorimetric E — 1 layer calorim
— Acceptance(E) — Geometric Acc
— Corrections(t) — Corrections
 Absorption  Fluctuations
e Cherenkov e Sampling

— Fluor yield(T,p)



Fluorescence Yield
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Fluorescence exposure grows with Energy

_ HiRes |
Uncertainty

also grows
with Energy



o Statistical fluctuations (2-o level discrepancies)
— Shower to shower
— Sampling

 Calibration problems
— Attenuation (Mie scattering-aerosol)
— Fluorescence yield

e Unknown systematics
— Fluorescence exposure uncertainty grows with energy
— A 25% systematic in the energy solves the problem

* Flux differences between exposure regions
— TStanev astro-ph/0303123



The experimental challenge:

*Very large Acceptance
Improved resolution

«Control systematic uncertainties



The present solution:
The Auger Observatories

!

In each Hemisphere
e 3000 km? EAS array
* 4 Fluorescence eyes
e Hybrid detector




AUGER

~. ﬂ‘* Southern Observatory: Malargue
e Mendoza (Argentina)
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Auger Surface Detectors

Comm
antenna
|

Solar panel and
electronic box
Three 8”
PM Tubes

Battery .' | S
box \ | B White light

diffusing liner

| /L : — !
Plastic 12 r_n gf
tank de-ionized water
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Event Display IHE|p |

— Control
File  Configure  Experts only... butiple selection |
Becnnstructl Previous Mext | Get#” Update"ﬂ

#0O0617049, § stations, 3CZ&4CS
#0O0617100, 9 stations, SCZ&4C4
#00617161, § stations, SCZ&4C4
#0061 74486, 3 stations, FD
#0O0617476, 10 stations, FD
#00617363, 10 stations, FD
#00617638, 3 stations, FD
#00617662, 11 stations, FD
#0O0617728, § stations, FD
#00617730, § stations, FD
#O0617736, 17 stations, 3C2&84C4
#0O0617733, 11 stations, 3C2&4C4

#0061 ||_|_||:|_ 16 stations ’

#00617343, § stations, 3C2&4C4

0205 (0 ns, 12.3 VEM)
0206 (1548 ns, 71.0 VEM)
0203 (1799 ns, G24.8 VEM)
0115 (2564 ns, 16.5 VEM)
0213 (3637 ns, 14.3 VEM)
2495.3 VEM)

0204 (3916 ns,
0116 (4432 ns, J66.6 YEM)
0110 (5339 ns, 6.7 VEM)
0215 (6661 ns, 24.1 VEM)
0114 (6679 ns, T06.5 WEM)
0117 (7579 ns, 13.1 VEM)
0212 (9436 ns, 5.4 VEM)
0217 (9603 ns, 5.3 VEM)
0107 (3330 ns, 5.4 VEM)
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— Status

Date of this event: Mon Dec 29 09:23:45 2003 (GPS TLeT25033)

—Display

| Lateral distribution function fit |
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Mon Dec 29 (09:23:45 2003

Easting= 470347 + 7m
Neorthing= 6095443 £ 11m
dr=114.0ns

Theta= 34.4 £ 0.3 deg
Phi= 140.2 £ 0.3/sin(theta) deg

R=125+0.8 km

Preliminary Xmax= 1040 + 66 g/cm "2

A good & large event

100%




Array status 25t of February 2004
337 tanks deployed End 2005
220 with electronics
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Hybrid:
Improve O @ reconstruction
using Impact point

Fluorescence Telescopes /-
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=" Event Display, version 3 :

Event Display I Help |

— Control
File  Caonfigure  Experts anly...
Eecnnstructl Previous Mext | get#”584032 updatelltl

#00384047, 2 stations, Dla_MNOCHE
#00584048, 2 stations, MOULIN_ROUGE
#00384030, 5 stations, IC2&4C4
#00584031, 1 stations, FD

#0058

tations, FD
#00584033, 0 stations, 3C2&4C4
#00584034, 3 stations, FD
#00584035, 1 stations, FD
#00584036, & stations, FD
#00584037, 1 stations, FD
#00584038, 4 stations, 3C2&4C4
#00584039, 1 stations, FD
#00534040, 1 stations, FD
#00584041, 3 stations, FD

0157 (0 ns, 2.7 YEM)
0155 (2155 ns, 2.9 VEM)
0154 (F039 ns, 13.86 VEM)

9 (8088 ns, 11.0 VEM)
0165 (10181 ns, §9.2 YEM)
D167 (12414 ns, 31.0 YEM)
0220 (23886 ns, 2.2 YEM)
0186 (54067 ns, 2.6 YEM)
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Minimum number of triggered stations: 0

Distance to LL: 13341 m, =angle 0.9918 rad
Distance to Coihveco: 37689 m,

Trigger selected: all of them, 454 ewventis)
Date of this event: Sun Oct 26 02:17:40 2003 (GPs 7511659873)

angle -0.9743 rad
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| Lateral distribution function fit |
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Sun Oct 26 02:17:40 2003
Easting= 466518 + 83m

Northing= 6082961 £ 277m
dt=47.6ns

Theta= 67.7 £ 1.3 deg
Phi= 114.9 £+ 0.7/sin(theta) deg

R=3.7+0.6 km

Stereo hybrid event

| 100%




File  Server Config

Event Display _ &l mirrors _

Help ||| Elle  Server Config
Event Display | Al mirors |

Trace. Col 18. Row 13
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[ Sky view
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The future solution:
Satellite observations

|

Fluorescence: EUSO (KLYPVE)
«300000 km? area
*Cosmic Rays and nuetrinos

Needs fluorescence calibration (Auger)

Radio: moon or planets as targets
*Cosmic Rays and nuetrinos

Needs radio calibration (EUSQO?)




The EUSO
concept

2010-2012
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Counting Rate

Calibration with Auger
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