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‘Who ordered muon?’ said I. Rabi.

‘Who ordered UE

HCR?’ said M. Fukushima.
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unipolar inductor

Emax = 8x10%2°Z,.B 595,

5 Y The Pulsar Lighthouse Effect

Viacn etic Field C"lé_

 /4B”  Around the Earth....

@  There is a potential drop
of 90KV between the pole
and equator.

3

However, there is no emission of
90keV particle beams from the earth!




Bell (1992) MNRAS 257, 493-
CR acceleration (10'>-1° eV) in pulsar-driven SNR

ROTATION
AXIS

How to find a way to cross
the potential drop

INNER SHOCK _
Magnetar’di5>1020eVE ?

(Aron, 2003)

OUTER EDGE
OF NEBULA
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Reconnection

Solar flares
magnetosphere
Laboratory/fusion plasmas
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X-linelZia2o1=% D ZEM R
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Tl 5.
X-type neutral line (in 3D) - ANIRILX—cEL




M. de Gouveia Dal Pino and Lazarianm, ApJ 536 L31-, 2000.

UHECR accelerated by magnetic reconnection
in newborn accretion-induced collapse pulsars
“UHECRs are accelerated in the magnetic reconnection site
at the helmet streamer.”
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energy spectrum for 1989/9/2? event
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IMP-8 and Deep River neutron monitor 1989/09/29
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L. . MIROSHNICHENKO ET AL.
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velocity shear acceleration
. EBLft® Y (OstrowskilE AY) ... #RETH0E D variation
... ALt L (Lyutikov) ... B NE Dvariation




Ostrowski, AA 335, 134-144 (1998)

Acceleration of ultra-high energy cosmic ray particles
in relativistic jets in extragalactic radio sources
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Lyutikov and Ouyed, Astropart Phys. 27, 473-489 (2007)
Inductive acceleration of UHECRSs in sheared relativisitc jets
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c tanh(y/y,)

injection

Shear velocity field V (y)
Stable orbit

Lyutikov and Ouyed
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VZ <0 Shear velocity field V (y)=-c tanh(y/y,)
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Shear velocity field
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Multi-waves=40+41% of B,/ Nonlinear / resonant
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Multi-waves=40+41% of B,/ Nonlinear / resonant

o toy model &L :
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Lopate and Simpson (1991) JGR 96, 15877-
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BEEFENNEDZZEEE: prediction for E_

1 (Bohm parameter)

The energy gain rate for particles can be wrif

1dE  uy— 1 = A/p, (mean free path/gyro radius)

~ (B/6B)? (measure of turbulence
intensity)

Let us write D {9l with Ds = (1/3)p,c = (1/3)Ec/ZeB (D in the Bohm limit).

Assuming| D, /u, = Dyfus| m = 1y = 5 » WE get
LdE 3 ZeByuj

E dt 8p Ec

Namely, JE 3

di 8?7 ZeﬁlBlul

If B, and /#, are constant, we get

me = EZQ,BIBI?th 9,613111

87
where we define 8,=ui/c and L = u,t.

.

Shock propagation distance



ETEE R INEDIZLEHEE: prediction for E,__,

1 (Bohm parameter)

The energy gain rate for particles can be wrif

1dE  wy—u 1 = A/p, (mean free path/gyro radius)

~ (B/6B)? (measure of turbulence
intensity)

Let us write D {9l with Ds = (1/3)p,c = (1/3)Ec/ZeB (D in the Bohm limit).

Assuming| D, /u, = Dyfus| m = 1y = 5 » WE get
LdE 3 ZeByuj

E dt 8p Ec

D=D,&ET NIL3/(20n)

Namely, B3 .
gt~ gp~ CM
If B, and /#, are constant, we get
3 3
me = —Ze,BlBl'ult -— e,@lBlL
87 81

N
where we define £, =u./c and L = u,t.

Shock propagation distance
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Gradual SEP ... acceleration at CME shocks Lee, 2005

Diffusive shock acceleration

——

| 7LV RO
1

T~ (B/OBY2~(0.1-0.5) BBEET

Fic. 2.—Schematic snapshot of an evolving coronal/interplanetary shock
driven by a CME. Accelerated ions are denoted by dots. Magnetic field lines are
shown, with wiggles denoting magnetic fluctuations. The spatial domain ac-
cessible to the ions is divided into solar wind (1), a proton-excited turbulent
sheath upstream of the shock (2), and the turbulent shock-heated solar wind
downstream of the shock (3).



1

Flux (m%sr s GeV )

y FHHEIRILF—IARIRL

10 "
- A,
N
10+1—:- %q%
102 ' AAA— 1 particle m™ s’
1 o
i R
10° 1 "o
= hN
10-8 s \“?o
o "0 Knee
. F 2, 1 particle m2year™
10" —- ALY
o %ﬁ B DFEMELD
i "&‘h,_ SPNOE
17 F B
10 —— i .
. ' 10200eV(=16J)I23ZE T 5
02 F HEIRILE—FEHR
) UHECRD 7
10_23_1
— Ankle /
1021 i 1 particle km'2year'1
1030 L

10° 10" 10" 10" 10

Energy (eV)



by Takami

I]

RaIRILXF—FHREDORIEEZRT SIZH->TORAUM])

Cosmic Ray Propagation in our Galaxy
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1 0**1 8eV
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UHECR>~10YeVIXERAT R NIZEHALAH L N7EL
—extragalactic origin
(f=1=L. BRI #H=1DBEFDIHFE)
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Geller & Huchra,1989. Science 246, 897-



Diffusive shock acceleration: prediction for E .,

The energy gain rate for particles can be wrii '/ (Bohm parameter)

1dE  wy—u 1 = A/p, (mean free path/gyro radius)

~ (B/6B)? (measure of turbulence
intensity)

Let us write D {9l with Ds = (1/3)p,c = (1/3)Ec/ZeB (D in the Bohm limit).
Assuming D, /u, = Dyfuy, m =1y =17 » WE get
LdE 3 ZeByuj

E dt 8p Ec

Namely, I D=D,&F N IF3/(20m)
— = —Ze,@lBlul
dt  8n
If B, and B, are constant, we get LV KEVEILEIZHF

By = ~ ZefyByust |~ Ve By L
81 87

where we define £, =u./c and L = u,t.

Shock propagation distance



http://hubblesite.org/newscenter/archive/releases/2008/16/

LAKELNEIEIZEF Galaxies are colliding ...need cosmological time scale

Interacting Galaxies Hubble Space Telescope « ACS/WFC « WFPC2

*

NASA, ESA, the Hubble Heritage (AURA/STScl)-ESA/Hubble Collaboration, and STScl-PRC08-16a
A. Evans (University of Virginia, Charlottesville/NRAO/Stony Brook University)




Cosmological structure formation

epoch
z=28 ...t~-13 Gy
2 ... -114Gy
1 ... -82 Gy
05... -52 Gy
0.1... -13 Gy

0 ... present

Scale s1ze=60Mpc

Simulations were performed at the National Center for Supercomputer Applications by Andrey Kravtsov (The
University of Chicago) and Anatoly Klypin (New Mexico State University). Visualizations by Andrey Kravtsov.



Cosmological structure formation

epoch
z=28 ...t~-13 Gy
2 ... -114Gy
I ... -8.2 Gy
0.5... -52 Gy
0.1... -13 Gy
0 ... present
many G-G collisions < >
— formation of shocks Scale size=60Mpc
(speed=10'-10° km/s) o
Sliciuiwuvis rmuiy pusiviies we e 1 swaondl Center for Supercomputer Applications by Andrey Kravtsov (The

University of Chicago) and Anatoly Klypin (New Mexico State University). Visualizations by Andrey Kravtsov.



galaxy clusterPZHZ B SN =B E K IZ L HUHECRNED &%

LASKELNENEIZA F| (Inoue et al., ApJ 628, L9-, 2005)

E, _=(3/20n) Zef B L= (3/20m) ZeB V2t /c ZEEELT

- 20 nr,c
acc 3 VSJ
E/Z{ B. \ 4 -2
10° eV \1 uG 2200 km s ’

BERIEE ~2200km/s THEEFRE T108eV/ZAD HNE
(MRFEEDZERRT—ILIE ¢, V.~ 1MpcliL)

JARUH108eVETILREIN DS, $8(Z=26)IE>109%eVETH
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UHECRM 7 AR 7E5 galaxy clusterP TOMNERER (S #ELLY



) 3 3
ShOCthE -E/rm,x = %Ze[)’]Blult = %ZPL

FHEREECP,HREVEMEIAF

R xF B BT 2R |2 K S HIFIN:E (a private list, not intended to be
exhaustive)

Peacock (1981) MNRAS 196, 135-

Kirk and Schneider (1987) AplJ 315, 425-; 322, 256-
Heavens and Drury (1988) MNRAS 235, 997-

Kirk and Heavens (1989) MNRAS 239, 995-
Quenby and Lieu (1989) Nature 342, 654-
Begelman and Kirk (1990) ApJ 353, 66-
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1< eftect: further consideration
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Gallant and Acterberg, 1999
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Recent results from the Pierre Auger collaboration

supergalactic plane Science 318, 938-943, 9 Nov. 2007
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Directions of 27 UHECR events (circles or ellipses) are
compared with nearby AGNSs (red crosses). There 1s a
statisticallly significant correlation among UHECR directions
and the supergalactic plane. It 1s notable that two UHECR
events coincide with the direction of Centaurus A radio galaxy.



7J|]5$0)thf(')'%ifb\f(ib\ﬁ'@b\
j][l O)Z‘g%ﬁ:li é AN tacc < tesc

(O RF S < B B D)

SHICEREICE DT R F— BB, FEETILESHY
foe < toge<tiogs HIFEIMES . RADBH LT EBELS

t,.. <t <t . HFE—BEMESNBH,
RADELHE T BBTITAZ TLES

tloss < tacc<tesc RFIXZdZTHMESNIZLD
Ex T . Ptitsyna & Troitsky (astroph:0808.0367)M & 2L T

EX DD, WoDRIBIENSSHERLTLDDTHREID
BEEAHAD



R0 DR B TRELER

L MR B,  ZEEI R —ILL
Terossing = —
CI'OSSlng c
eB
TBohm = Tgyro( L/ pg)* = L
me>7y

IRE DAL D B o B ] (X 2o O R[]




R HBFE 2DV T

3mic® 1 L 5 §m3c6l
Tloss Tcrossing — § o4 BQ’)/ > Z J: @ LB < 5 A "

RERHBFRIZ DT . -y

1 C
s 1B ppylepr < ? :
2 et B*y  mey 2 €

Toss > TBohm —

A

log B

Hillas& ¥ ™ . 2/3
el B = mc*y ’ L-




R HBFE 2DV T

i

1/2 ~1/2 , _ 3mic1
L?2B < 0.539& O|LB < 5=
LB < 0315
LocB > 0.0803&5 2yl < ;m“;g

€

f=1=L. BI&XGaussE {iL

Eyw = E/(10%eV), Ly = L/(1pc)

- EHEBT=TLBODESE

log B

Hillase e

elL B = mc*y




GRB,AGN® &£21Z. 8%t &wAY
beamingMEEZELEHN TLY
HRAEADEBZLZIZIXTFE LD

BlEcomoving D 1{E Y ewmwn 00
" T~100-1000

A Hillaseph |y BAAEORTOME

F \i
‘\r)P="F

‘e, &%(’Q%o
f=7=L. COK =+ TIEMA T
o x * >
;13”35*#2 Frot)lLT EBERLR:
cL b = mcy X J 2
" el.B = mcy
| > 1 /

O

RS DBIENSEEINENDEN (BFISEELHY)



GRB TDUHECR JI& A GETE
GRB (prompt emission) [ZDUNTEEIAG7T{E -

=100, L=m, B=1036G

ERABDZRTHDIE
Comoving% TL/ I'=102cm=3x10"pc . 10'8eVE T D =X

LB < 539 i0° 4 -
LY3B < 0.315 1 ;
L,.B > 0.000803

10" =@ — crossing time<loss time e

3 —— Bohmtime<loss time E
- - Hillas condition vor




GRB TADUHECR I A GET4
D RKEXEGRB (prompt emission)
I'=1000, L=10!%cm, B=103-°G

MHRF M EDRY EITIED

Comoving% TL/ I'=10""cm=3x10"3pc . 107eVE T D INE

LI?B <
LY3B <
chB 2

10'7e VD IGFIRED L ESEH

17.0
0.315
0.0000303

B(G)

6

0=

— = crossing time<loss time -

3 —— Bohm time<loss time
- = Hillas condition




GRB CHDUHECRIIE aJBENE

BER: CCTHLTLODIIMEDLERHTHD.
Synchrotron¥g2 5t LAt D EEIELB R T HENH S,

l

- +
#%(Z . photopion process (m) WEE P + v —n+7w

—>p+7'[0

|
10" 4
10° =
log[ loss rate ] 104_:
escape rate 5 E

10° =
Asano 2005 AplJ -
P N S | 10" @ — crossing time<loss time
15 18 21 3 —— Bohmtime<loss time
log[Proton Energy (V)] f = Hillas condition .
=L, nsy ICETOERADHEMHEESE  10° +—— I o — —
[XETILDINFTA2 DMK 9 8 -7 6 5 -4



AGN THDUHECR J:# a] BE £

AGND 5 E (knot: AETIE AR TEAONRDAEEE) ;

=10, Lm, B=1G
~

HAFEDRTOIE

1000 4.~

109 VD GF XD HEFH
Llla(/fB < 1.70 100 5
LY?B < 0.315
L,.B > 0.00803

10 _5

wo -

0.1+

0.01 o = crossing time<los
i —— Bohmtime<loss time

7 === Hillas condition T
0.001 4t — S— e S S i




AGN THDUHECR J:# a] BE £

AGN®D Iz A (hot spot):
I=1, L=1-10kpc, B=ImG

10206V O 15 F I3 0D i B 5 44 10° o ' | | -
LYV*B < 0.539 -
L*PB < 0315
LycB > 0.0803 0"y

B(G) 10
FREL. CoTREA S TS HHT ||
I&BioynrOVBREEATZ, | ol

E— Bohm time<loss time
-= Hillas condition

EvFA~0E., D DOHIENELNE
SRKIF | EGBEBS, FRHDIT |

curvature radiation, photopion, IC), 0 1 5 3 4 5




1

Flux (m%sr s GeV )

y FHHEIRILF—IARIRL

10 "
- A,
N
10+1—:- %q%
102 ' AAA— 1 particle m™ s’
1 o
i R
10° 1 "o
= hN
10-8 s \“?o
o "0 Knee
. F 2, 1 particle m2year™
10" —- ALY
o %ﬁ B DFEMELD
i "&‘h,_ SPNOE
17 F B
10 —— i .
. ' 10200eV(=16J)I23ZE T 5
02 F HEIRILE—FEHR
) UHECRD 7
10_23_1
— Ankle /
1021 i 1 particle km'2year'1
1030 L

10° 10" 10" 10" 10

Energy (eV)



TFiE BX - XE BXE
(RRIEXKXF)

PIEY, HLWLWRAICHAFI HLESAHKREN



Hh 2R AL F IR 25

AGASA=Akeno Giant Air Shower Array
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Detection and imaging of atmospheric radio flashes
from cosmic ray air showers
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