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The cosmic ray energy spectrum:
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The cosmic ray energy spectrum:
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Physics and problems: S(E,)*E,?
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Physics and problems: S(E,)*E,?

“knee”..... end-galactic...extragalactic...end-spectrum...
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Physics and problems: S(E,)*E,’
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The “knee”
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The “knee”
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The “knee”
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E.M. DETECTORS:
Ne spectra in the knee region
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KASCADE size spectra

Electron Size Spectra [V, Muon Size Spectra Nz’"
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CORSIKA  SIMULATIONS DATA

P+ He+CNO+Si+Fe



fuxIiE ) - E > [m? sr s Gev %]

KASCADE results
Steepening of the lightest components  (E,<GeV)
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The composition in the ‘knee’ region
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EAS-TOP & MACRO (TeV w)
Composition at the knee

L=p+He H=Mg-+Fe
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Evolution of composition from
direct exp. and EAS Ne-Nu data
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Features and problems: S(E,)*E,’

“knee’’: source limit? Galactic containment? Cannoonball? HE?
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KASCADE-Grande: 0.5 km?
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KASCADE-Grande 10!9- 1013 eV




KASCADE-Grande 10!9- 1013 eV
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KASCADE-Grande muon LDF

Test of high energy
hadronic interaction
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LOPES radio detection




LOPES radio detection

electron positron

- deflection of.

electron- posntron palr*s

in the Earth's magnetic field
=> coherent emission.

at low frequencies

°With radio detection o
=>» see shower development *
-) observe 24 hrs/day




LOPES 10 Analysis
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IceCube Detector
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TUNKA array:
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Telescope Array plastic scintillation
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Volcano Ranch
10?0 eV
J. Linsley
Phys. Rev. Lett. 10,
146 (1963)

Particle density measurements
at ground (scintillators)

FIGURE 1

The first event' claimed to be due |

primary cosmic ray of 102%eV. The black dots
are 3.3m? detectors on a 884m grid. The

circles are contours of equal density: A marks;

the core.



The Fly‘s Eye in
UTAH

Fluorescence light in atmosphere
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GZK-Effect
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ngh Resolutlon Fly S Eye H1Res

e 42 Mirrors
360 deg in azimuth

21 Mirrors

360 deg in azimuth

3-17 deg in elevation 3-33 deg in elevation

e Sample & Hold DAQ FADC DAQ
e Began observation Began observation
in June 1997 in October 1999



HiRes vs AGASA

I e .
T :‘ v @® HiRes—2 Monocular ]

T '. v 1 HiRes—1 Monocular 7

o -
U ]
D 10 L 4

: LY :
i *- v ]
- | - i

% 107k . .
L ~30% T z
3 Syst. Error N E

18.6 18.8 19 19.2 19.4 19.6 198 20 20.2 20.4



AGASA UNCERTAINTIES
(M. Teshima)

Possible energy overestimation
up to 45 deg.

-real uncertainties on real data

- Super-GZK events still exist

to lower direction

Above 102%V
11events =
5~6 events

Spectrum becomes
more featureless
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Auger
today
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Six Telescopes viewing 30°x30° cach-
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Schmidt Telescope tical filter

/ ' 2 mi : ' UVR‘tS)\p =
4 using 11 m< mirrors § ‘also. provide protection
outside dust)

\"“* s

Ay

i
Camera with 440 PMTs

14/ (Protonis xp 3062) [l




Atmospheric Monitoring
* LIDAR at each eye
e cloud monitors at each eye

steerable LIDAR
facilities

e central laser facility located at each FD e
e regular balloon flights ;

Central laser facility
. (fibre linked to tank)

i
\

Llight attenuation length = |
Y Aerosol concentration |
(Mie scattering) |

Balloon probes & (T,p)-profiles
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Communication = e GPS
antenna antenna

Electronics enclosure _
40 MHz FADC, local /= |Solar Panel
triggers, 10 \\attss g

P e ]

three 9” Plastic tank
PMTs with 12 tons
of water




A typical ‘young’ shower (zenith~35°)

. 14 tanks
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A typical ‘young’ shower (zenith~35°)
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A typical ‘young’ shower (zenith~35°)

. 14 tanks
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A typical ‘young’ shower (zenith~35°)

x

14 tanks
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A Stereo Hybrid;
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A stereo hybrid; 6 ~70°

SDP Run 469 Event 197 Eye Id: 4 |
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A stereo hybrld 6 ~70°
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FD-Hybrid Energy [EsV]

10% £

Auger Hybrid
calibration of Surface through fluorescence

- 51000 0 [deg] 10 [EeV] = 13 [VEM]
" 51000 38 [deg] 10 [EeV] = 51 (+—4.7) [VEM]

| alpha 0.955 (+-0.025),chi2/dof 1 37
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SD-0Only S1000 (38 deg. Equiv.) [VEM]

Angular dependence
of S(1000):
“constant intensity cut”
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FD-Hybrid Energy [EsV]

10% £

10 E

Auger Hybrid
calibration of Surface through fluorescence
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UNCERTAINTIES

Auger Hybrid/fluorescence

light yield ~ 15%

PMT calibration ~12%

sky ~ 15%

total ~ 25%

Conversion to SD ~ 15%
Statistical SD ~ 10%

SD simulations ~ 25%
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From galactic to extragalactic:
Aloisio & Berezinsky Astro-ph/0403477

W=2.7
1:E=3.10" GeV
2:E=110"GevV |

10“:

3 E=210"GeV |

E ) ,dip" due to
See also: Sl . ;
Phys. Rev. D 74, 043005 (2006) E 1
hep-ph/02004357 [T ” __

10ﬂ 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIIII
10 10 10° 10" 10"

See also A.M. Hillas

COoOSMOLOOY, GALAXY FORMATION AND ASTROPARTICLE PHYSICS
ON THE PATHWAY TO THE SIKA

Klickner, H-R., Jarvizs, M. & Rawlings, 5. {eds, )

April 1ith-128h 2006, Oxford, United Kingdom
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Photon fraction: upper limit
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FADC amplitude (arbitrary units)

FADC traces, Energy = 1.2x10' eV, zenith = 13°
150 i T T T T | T T T T | T T T T T I-I T | T T T T | T T T T i
- 460 i 850 m

-l 860 \E¢® 41 123 VEM

\ v—primaries

75 = ,' I =
53 - "'-.',=:_ RL I:_""“‘.—;._...E‘L =
B 1280 m \ \ | : / < J Vo ) :
b iy =8 vEM /QJJIJQ S0 3r
LRI 1
[ : IJ{". s I:"",'!'g L i
0
0 2 4 12
Time (usec)
FADC traces, Energy = 5.0x10'® eV, zenith = 76°
150 i T T T T | T T T T | T T T T T T T T | T T T T | T T T T i
- 390 m 400 m
- |- 17 VEM | 20 VEM
- 125 |— = ]
-E_ i ‘ \0,’ 6 ':I 8
B Nl h
= 100 '
z [ ‘153 1
E ; 750 m C? 1 770 m -
\ J J./ ! ~ B G . 4 VEM o) 8 VEM _
old” snowar ¢ = ” -
E- : L \7 !
5 SR : i
E B ! 1110 m [ \ 1350 m _
= - 3 VEM ' 4 VEM .
25— | | —
Bl | :
- | =
D B | I L !; 1 1 | 1 1 1 1 | 1 1 1 ]
0 2 4 8 8 10 12

Time (psec)



Vertical vs Horizontal Showers

shower front

after 1 atm after 3 atm
electromagn. _ \ hard muons | -
cascade __ N SRS

Only a neutrino can induce a young horizontal shower !



Auger and v-primaries sensitivity

(1 year 90% limits for v_‘““Earth-skimming” events)

=10
. N aeenTEITnas
Pli.l".l | ‘_._4.‘-
':-h‘ - .5‘}
o
E =N
x [ ]
Ly, _ D
— SHDM -
Lyl
:
od F
w10
- GRB
1{_. | IIIIII| 1 | IIIIII| I\Ilflllz' |
10 1 10 10

Neutrino Energy [EeV]



Auger and arrival directions
anisotropies and point sources:
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Anisotropies around the GC

f UHE + :
excess = 22% f 2
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AUGER: no excess
upper limit ~ 6%

AGASA-like




Anisotropies around the GC
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. Auger South large scale
- anisotropy (3.5 10° evly)
sens. (10y) <0.1%

Eo> 0.8 EeV (50% eff.)
galactic/extragalactic?




The Auger Nort

Edmonton
'&Saskatunn
izalgary i
Regina d
C g winnip.
Victoria
Ay~ Al :
yimpia Helena Bismarck
ﬁ ‘\
Salem . o
g ﬁﬂnise ﬁ'.\/ 4
&
FEI Sious-Falls D\
salt Lake City  Lincoln i /—{

L
Sacramento| - COI

zan jose e B A Calarada springs springfield i _
= & |
Las-\eqgas X
®5alinas ® ’ Saiake OKklahoy |
Los Angeles | -
S Phoenix AMarillo | phock T
@ Dallas
= , El Paso .
can-Diego o .
_ Austin
Hertmaosillo San Antonio 4
y 5 Hou
@Ciudad ohregan
Torreon Monterrey
b I=]
'El - -
culiacan

M=ot 2n

Dan

VR L
o

7
A




Auger North Science

» Clear Window of “ ?
= ~4-10%eV -~ 10%eV
» Regardless of existence of the GZK feature
* Northern sky + Southern sky

» Need for the Largest Detector beyond GZK
= High statistics of trans-GZK events (> 1000 ev Eo>E « in 5 y)
= Neutrinos from Top-down Mechanism and GZK



relative aperture

Auger South 3,000 kmZ2 = 1,157 mile?

Hexagonal grid - 1.5 km separation

Auger North 10,368 km? = 4,000 mile?

Square grid - 1 mile separation

. (Relative aperture) 0°<6=<60° -

n ~ 2.10° events/year
E >2. 1018 eV (50% eff)

1 -

sens ~ 0.1% 1n 10 years
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Integral Aperture @ 100 EeV
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