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cutoff seen (GZK or acceleration limit)
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(an)isotropy of arrival directions
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Figure 4

Arrival dircctions of cosmic rays with cnergy E = 55 EcV detected by the Pierre Auger Obscrvatory (black
dots) in an Aitoff-Hammer projection of the sky in Galactic coordinates restricted to |bl=10°. Shaded arcas
represent a smoothed density map of the 2MRS galaxies within 200 Mpc over the Auger Obscrvatory ficld of
view (Abreu ct al. 2010). The angular smoothing scalc is 5°.

From Kotera & Olinto 2011
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Hillas diagram

local production rate
stationary vs transient
Galactic vs extragalactic
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Hillas diagram
super-GZK sources are extragalactic
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— radio galaxies : lobes, jets, nuclei

GRB

— transient
clusters of galaxies

normal galaxies
birth of magnetars
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* GZK region

— udGZK=107-21 ergcm7-—3
— elGZK=107-37 ergcmT—3 s7—1
FNEW=a0EDROHAFE
* sub-GZK region
— wdsub~=107T-19 ergcm7-3

— elsub=3x 107-37 ergcmT—3 sT—1
% #EL\—L%_@J?:EET%—-
e ankleM#ZFR Galactic-extragalactic transition
vs Bethe-Heitler dip



LEER

— elstar =107-32 ergcm -3 sT—1

stellar light (IR & optical background)
— SN =107T-35 ergcm7—3sT—1  cosmic rays
— elBH ~=107-34 ergcm -3 sT-1

Seyfert galaxies (X-ray background)
— elRG=107-36 ergcm7—3s7—1 Radio galaxies
— elGRF ~107-38 ergcm7—3 s7—1

Gamma-Ray Bursts

(FARBDMITIKTE: ZLDEEBERFHELTLD)
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galaxies

* normal galaxies
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e clusters of galaxies
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active galaxies

* Seyfert galaxies
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Birth of Magnetars
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 2nd order Fermi acceleration
rdacc=¢(c/V )12 ril /c

e direct acceleration

— magnetic reconnection
— black hole/accretion disk magnetosphere: magnetar

Flmax =e/c (AR)T2 OF

=10720 (AR/1075cm )72 (0 /1073 sT—1 )(B/
10715 G )eV
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Nonlinear modifications

~
: T and T
acceleration {oand T.)

Cosmic ray streaming

Injection

! Magnetic field amplification

escape
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Cas A (Abdo et al. 2010)
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Energy spectrum of Cas A in a leptonic emission model.

Shown is the Fermi-LAT detected emission (filled
circles) in comparison to the energy spectra detected
by MAGIC (black open circles; Albert et al. 2007) and
VERITAS green open circles; Humensky 2008). The red
curves show a leptonic model calculated for B=0.12
mG while the blue curves show one for B =0.3 mG.
Dashed lines show the bremsstrahlung components
with n_; =26 cm3, and dotted lines show the IC
component.
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Same as Figure 3 but in a hadronic emission
model. Shown are n® decay spectra for two
possible proton spectra. The blue line shows a
harder proton index of 2.1 with a cutoff energy of
10 TeV (W, =3.2 x 10* erg for n,, = 10 cm~3). The
red line shows a softer proton index of 2.3
without a cutoff.
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1C443 (Abdo et al. 2010)

| S [ L |

LI LR |

T

LIS B LR |

T T IIIII]]

T T IIIIII]

T T lllllll

T T IIIII]I

T IIIIIIII

T

1 L1 L 111

O Fermi 03
AR O  VERITAS
O MAGIC Gk
A EGRET ) '
01

1 1 Illlll
B - 3.0 [deg]
o
o
I

1

0.2~

1 Illllll

0.3

il JJllllll A lJJllLll L Llllllll F— 1LILJJl i — lJlJlll 1 L -0_4— —

2 3 4 5 6 ] 1 1 1 1 1 1 ]
10 10 10 10 10 0.4 0.3 0.2 0.1 0.0 -0.1 -0.2 0.3

E [MeV] L — 189.0 [deg]

Figure 5. Locations and extensions of the four gamma-ray sources: EGRET
centroid (A), MAGIC centroid (7), VERITAS centroid (star), and Fermi LAT
centroid (¢). The respective localization errors as tabulated in Table 5 are shown
as crosses. Best-fit spatial extensions of the Fermi (cross-hatched band) and
VERITAS (striped green band) sources are drawn as rings with radii of 96";‘ and
widths of £lo error. The PWN location is shown as a dot. Contours are the
locations and shapes of the local shocked molecular clouds taken from Huang
et al. (1986).



2nd order Fermi acceleration
and others

* 2nd order Fermi in extended sources
— Radio Lobes, cluster hot plasma
— high Alfven velocity

— helical turbulence enhances acceleration through
field aligned electric field

e shear acceleration

— jet boundary layer

e reconnection



BH/AD magnetosphere

birth of magnetars
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Magic collaboration: Science 322, 1221 (2008)
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between knee and ankle
— Galactic vs extragalactic
— Galactic acceleration mechanism

cosmic rays in other galaxies

— source characteristics

— multi-messenger astrophysics

(LHL. FERFAZTOEONRENSELGELTEHLLY,
[ RXZF | THECTERLY)



* below the knee

— SNRs

— Fermi, HESS, MagicE D &R TRETER
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