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Hillas’ argument on the maximum attainable energy
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UHECR cannot propagate longer than ~75Mpc.

e+
CM:B‘_E . /M+,<= v, E>6x101%V
T R
p /

=" @
n < P
A g — , T x :
o GZK Mechanism
i so called after the works by
108 Greisen, Zatsepin, and Khuzmin
Mean 2,
free
path "é 103
1 E
0.1 ( Figure from Takami et al. 2007 )
10- : : :

107 108 10 1020 10%* 10% eV



Flu@

FI10FEHID IR
Cosmic ray energy spectrum

'.-A L I L I L | I L I LI B I | I L I L I LI L I | I L L ] I LI
S
n
' 10 ' ‘:
C}l —
E A 7
o R e ]
> i AT TITN ' i
3 " :'4 4 : k -l-. .
-t q Ty
S - + . * =+ Proton-3 Sat 4 y 1t GZK
- « * = Runjob R ot ++ " /
“m . + Jacee 2. J(|E)
* 1 — + v Tibet E .
g » . A+ © Hegra . .
™ N + * Akeno )
L ¢ o EAS-Top ¢
. " s Kascade Ankle -
i ¢ Flys Eye Stereo |
* + Hires/MIA |
! - Haverah Park Fe i
Haverah Park pr
8 » AGASA
-1 »+ Auger
0 F = HiRes-| E
L * HiRes-ll -
[ B — l LAl L1 l | l . — l § I l L L l | I T — l I — l LA L1 LAl Ll -
11 12 13 14 15 16 17 18 19 20 21
10(E) (eV)

Divergence in observations
(mainly due to the energy scale uncertainty)




Convergence 1s now being achieved.

Reanalysis of previous HiRes observation

Flux*Ez | 2 s : |

< | 1018 101975 : E

«,{g : -------- { j

- ':s§-=!;¢° &&E *..
1(’_117 175 1B i85 75 ios . 20‘ 20.5 21
log,(E) (eV)
. . 1g(E/eV)
Pier Auger Observatory = o wes & = s

-
Flux*E® >

|

Telescope Array project

Flux*E3

|

u
TETT

Y

T L

~ 10}

E-2.72i0.06
} M

-
T T

[ 1018.75g\/
PRELIMINARY

JIE) x E10™ (m™ x 8" x sr' x oV

-
<
T

1019575e\/

4
=

f 785 19 o5 -

1 A
. %gg“[&ew

(~2010)

The existence of the spectral
cutoff above 10°7° eV is
confirmed.

45 X5, GZK MechanismDIFLE (&
LRI ZRREISNT=-EE R D?
HEIZDONWTDHREDHY:
[&FER vs. #kER
f&F7E5GZK
#%75 bphoto dissociation

—GZKBFEIZHE->THRET S
Z—a—k)/DEH:
IceCubeETEID BED1D



Geller & Huchra, 1989, Science 246, 897-
gh

Galaxies within 200Mpc fggm USe"

- .
< 21"

Now we should find out the source region of UHECRs.
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HEECFTEAN? > FEOEMAE Observations of High redshift AGNs and GRBs

HmAF IR RET ST RILFT—H TR will allow us to study the star formation
history.
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‘Top-down scenario’: example (1)

Direct Lepton Pair Production by DM Annihilation
J.Hisano et al. arXiv:0901.3852

Positron fraction Total flux [GeV m s~ 'sr™']
3
1 F T T T T T T '51:0 T T T T LR
- MED 1F MED

0.1 £

0.01 } : _
F e'e” PAMELA —+— [ e'eT —— BETS —+— ]
HH e HEAT2000 < 1 MM e PPB-BETS +——] 1
HEAT94-95 +—*— ATIC2 ———
0.001 L1yl L1l L1l 1 L Lol I y o1l ]
1 10 100 1000 10 100 1000
L:4kpC E [GeV] E [GeV]

AR - = el \ 5 S0:00y 7 2 By
® Y\ — eleii: il —650GeV. (onn.— 6o 1(] G
15

3

i P, o2 LTSS
e llmem o

® xx — putu” :m, =900GeV, (ov) =




ele’ +e)

‘Top-down scenario’: example (2)

Decaying DM (Hidden Gauge Boson)
with Lifetime of O(102%%) Seconds

Chen, Nojiri, Takahashi, Yanagida arXiv:0811.3357

Large boost factor is not necessary
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Positron Fraction

‘Bottom-up scenario’: example (1)

Nearby Pulsars

Positron Faction

S.Profumo arXiv:0812.4457
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‘Bottom-up scenario’: example (2)

Natural Consequence of the Standard Scenario:
Secondary Products of Hadronic Interactions
inside the Sources

P.Blasi arXiv:0903.2794 (16 March 2009)

Dashed Lines — Bohm like

Solid lines — Kraichnan
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‘Bottom-up scenarios’

e pulsar models (magnetosphere*PWN)

Shen 70; Aharonian+ 95; Atoyan et al. 95; Chi+ 96; Zhang & Cheng 01;
Grimani 07; Yuksel+ 08; Buesching+ 08; Hooper+ 08; Profumo 08; Malyshev
+09; Grasso+ 09; NK, loka & Nojiri 10, ...

e supernova remnants

Shen & Berkey 68; Pohl & Esposito 98; Kobayashi+ 04; Shaviv+ 09; Hu+ 09;
Fujita, Kohri, Yamazaki & loka 09; Blasi 09; Blasi & Serpico 09;
Mertsch&Sarkar 09; Biermann+ 09; Ahlers, Mertsch & Sarkar 09, ...

* micro-quasors (galactic black holes)
Heinz & Sunyaev 02, ...

* |local gamma ray bursts loka 08, ...

« propagation effects
Delahaye+ 08; Cowsik & Burch 09; Stawarz+09; Schlickeiser & Ruppel 09, ...



However, PAMELA/ATIC+PPB-BETS results are not confirmed by
Fermi and HESS observations.

Fermi gamma ray astronomy satellite HESS ground air-Cherenkov telescope
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(Courtesy of M. Teshima)
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Expected gamma ray spectra from
Sagittarius Dwarf galaxy
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Flux (m?sr s GeV )

i Low energy edge of cosmic rays:
3 Effect of solar modulation
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Penetration of GCRs into the heliosphere becomes
more difficult during the solar maximum period.




» Tropospheric variations with the 11-year solar cycle
— Marsh and Svensmark (2003)
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1on-1nduced nucleation

Dickinson (1975)
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http://public.web.cern.ch/public/en/research/CLOUD-en.html
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Cosmic rays and cloud formation

CLOUD is an experiment that uses a cloud chamber to study the

AD possible link between galactic cosmic rays and cloud formation. Based at
CLIC the Proton Synchrotron at CERN, this is the first time a high-energy
CNGS physics accelerator has been used to study atmospheric and climate
ISOLDE science; the results could greatly modify our understanding of clouds
nTOF and climate.

225 Cosmic rays are charged particles that bombard the Earth's atmosphere

from outer space. Studies suggest they may have an influence on the
amount of cloud cover through the formation of new aerosols (tiny
particles suspended in the air that seed cloud droplets). This is
supported by satellite measurements, which show a possible correlation

AC between cosmic-rav intensity and the amount of low cloud cover. Clouds
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CALET (CALorimetric Electron Telescope)
CTA (Cherenkov Telescope Array)
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