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FIG. 2 Cumulative fraction of the sky with deflection an

gle larger than &y, for several values of propagation distance

FIG. 1: Full sky map (area preserving projection) of deflection angles for UHECRs with energy 4 x 10" &V using & linear color (solid _]”“_‘]' 1"1" ':'_'-l-li‘.' 1 '!lln:]-;- an fnft r:|.|)-u|.|'|.t1u1.1 ta 500 ."il[h )
scale. All structure within a radius of 107 Mpe around the position of the Galaxy was used. The coordinate system is galactic, asswming self :~I:IIII]JI:I'I.I.‘|' with e = 0.5 ['-i“-"h“l l““'.l' or o = 0.8
with the galactic anti-center in the middle of the map. Positions of identified clusters are marked using the locations of the (dotted line). The assumed UHECH ETeTEy for all lines is
corresponding halos in the simulation.

4.0 x 10" eV,
K. Dolag, D.Grasso, V.Springel,and I.Tkachev, astro-ph/0410419
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AGASA (Akeno Giant Air Shower Array)

Third Highest Event
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Origin of UHECRS?

Astrophysical? or Cosmological?

Super-GZK?




Astrophysical Origin:

RX J1713-3946

Teycle:

Pesc:

Eo:

\V4 F E Y E < F  E-3
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AGN/Galaxies

Source function: l IFudglz ffulztclrzr T I l ‘ [ I
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Luminous Infrared Galaxies

A.Smialkowski, M. Giller and W. Michalak, 2001 )

v AGASA triplet Arp299(colliding galaxy

pair 70Mpc

v'80 EeV

Luminous Infrared Galaxies
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Arp299(radio, IR, UV)
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Cluster of galaxies

Cluster accretion shock (H, kang, D. Ryu and T. W. Jones, 1996)

v'typical velocity ~1000-3000 km/s, radius ~ 5 Mpc

v ~1uG

VE, . ~ 6 X 1019 eV (for protons)

Local Super Cluster

v'1019 eV
v'1020 eV
v'10-15 Mpc

(P. Blasi and A. V. Olinto )

1 source

v'North-South asymmetry

v
v (10-8-10-7G)

(H, Kang, D. Ryu and T. W. Jones, 1996)
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Cosmological Origin
— primary particles ~ gamma-ray, neutrino

gamma-ray 3 neutrino
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Z-burst model
vUHE-Vv Clustering-v m_,=0.3eV 10

v'Virgo, Perseus-Pisces, Hydra, Centaurus, Coma (m.> 0.3eV)

v'GeV gamma
(S. Shingh and C.P. Ma, 2003 )



Cosmologlcal Super Heavy Relic Particles

Heavy Elements 0.03%

Neutrino
0.3%

Dark Matter
25%

Stars
0.5%

Free H &
He 4%

Dark Energy 70%

Berkeley lab./NASA
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X - UHECRS

v Mx ~ 1013- 1014 GeV
v'Galactic halo

v'Dipole
(P.Blasi and R.K.Sheth, 2000)

v'Gamma ray (factor ~ 7)

v'Virgo cluster excess(~6x10-3)
(V.Berezinsky, M.Kachelreiss and A.Vilenkin, 1997)

v'Multiple UHECR events from SHR decay
(Parizot, 2003)
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Source/Mechanism ldentification

Ilustrated by M.Fukushima

UHE Cosmic Rays Gamma rays
Component?

Galactic Center?
Point source?

_ Relic UH_E
Supergalactic' plane? Astrophysical particles = 'P-  neutrinos
Counterpart?
v J GRB AGN RV,
agnetic Gajaxies
Field
AGN v EHE Vv

high statistics =) large exposure
angular/energy resolution —) HYBRID

particle identification =) shower development measurement
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Cosmic Ray
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@ Millard county,

3-13 July, 2005 @ Black Rock Mesa site
Single telescope with 256ch PMTs camera
Total observation time: 31.5 hours

1st level trigger threshold: 6 - 6.5 sigma

Trigger rate: 0.6 - 1.5 Hz

Utah

Typical waveform with fluorescence light

(RUNG65,TRIG165, CH89)
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An observed shower-like track (11 July, 2005)
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(LIDAR)

Cosmic Ray
lllustrated by M.Chikawa

Atmospheric Attenuation

* Rayleigh scattering
» Mie scattering
~ Cloud, Fog, Mist...
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40MeV
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HiRes Experiment
Alr Fluorescence detector
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This slide was originally made by M.Teshima, for a lecture at OCU, and rearranged by S.Ogio



Pierre Auger Observatory
Hybrid measurement
1500 water tanks
3 Air fluorescence stations

Aperture ~ x30 AGASA
D >50%, FD 3-station
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BBL

1) H. J. Drescher, A. Dumitru, and M. Strikman, P. R. L., 94, 231801(2005)
2) H.J. Drescher, Proc. of ICRC HE.1.4, astro-ph/0512564
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TA/TALE infill array

E > 10eV

TA-FD, BRM station

GRAPES-J this analysis
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@ Astrophysical: Cluster, AGN, GRB ‘U”" T@ISCOp Arry

# Cosmological: Relic particle, TD
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