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: Blandford and Ostriker

THE ASTROPHYSICAL JOURNAL, 221:L.29-1.32, 1978 April 1

PARTICLE ACCELERATION BY ASTROPHYSICAL SHOCKS

K. D. BLANDFORD AND J. P. OsTRIKER
California Institute of Technology Princeton University Observatory
af of
—_ u-+v — Y - ® = 1 -
dat + i (Dinn - ¥f) =3[V - u] dIn ﬁJ x < 0. However, independent of the variation of «_,
or (12) we can relate fy, f_, using tha ]ul'l[.‘tit}ﬂ conditions to
a obtain dfy/d In p* = (f, — f)u_/(sy — %), of which
o af the solution is
Dy cos® @ P
Bae [ I cos _J oy — u_)é(x) 3 1n ﬁ] folp) = qp-e Jﬂ‘ F-(pp'T vy’ (2)
..... {lb

This equation must be solved on either side of the
shock and the solutions joined by imposing continuity
[by é(x)] of the distribution function f and the particle
energy flux, at a given EI'JE:T , normal to the shock,
—udf/d In p* — x9f [to O (u ] where ¢ = D cos? 4.

In a stationary solution, the flux uf — «x¥f must be
constant on either side of the shock; { will approach
asymptotic values f_(f,) as the distance from the
shock #— — = (x — 4 =). As x> 0, the solution
behind the shock must be f=f,, &= 0, whereas
ahead of the shock

f=f-H e =1 e [ ff i /)],

with ¢ = 3#/(r — 1). That is to say, incident cosmic
rays of space density n_ and momentum py are Fermi
accelerated by the shock to give a power-law distribu-
tion fi{#) = :a;_pu{?—“&{}‘: po)/da(g = 3)p9. H f_ o

#* with 5 < g, then [, = ¢/(g — s)/— = . How-
ever, if 5 < q, lower-energy particles will be accelerated
to give So = 79, where the coefficient is determined
by the number of particles for which Fermi acceleration
is more important than thermalization by collisionless
processes behind the shock and ionization losses, For
particles accelerated in this way, the mean energy

gain is 3/(5 = 2r), r < 2.5 for nonrelativistic particles,

and 3/(4 —r), r < 4 for ultrarelativistic particles.



: Blandford and Ostriker

. A =Dlu,
1 1 | |
spatial profile
T exp(X/))
af on of «_,
or ditions to
of which

E_i[

dx dx (2)
This equation m
shock and the fistribu-
[by 8(x)] of the i I f_ =
energy flux, at : Lo
—udf/d In p* o

In a statio ermined
constant on ei .

; eleration
asymptotic va
ahn-tkp X —s — v hmmﬂﬁ@ﬁ
behind the sh PSSES. I'or
ahead of the shock

] gain is 3/(5 — 2r), 7 < 2.5 for nonrelativisti parﬂmﬂ
f=f 4+ {—f)exp [#_ £ dx' ’;E_{:g]] , and 3/(4 —r), r <4 for ultrarelativistic particles.



1(121ev

1970

1980

Ankle

“}!l l'ﬂm “:I" 1u1i 1EIH 1u1I “:IIE “'1]- lﬂ“ 1

Fluxes of Cosmic Roys

e (1 particle per m’=second)

Knes

{1 porticke per m"—yeor)
\J’

K .1'1

_—

(1 porticle per km'—year)

TR 21
o™ 10" 1™ 10
Energy (&v)



1(121ev

1970

1980

]

Fluse

e (1 particle per m’=second)

{1 porticle per m"—year)
\J’

K .1'1

Ankle

s of Cosmic Roys

Knes

“}!l l'ﬂm “:I" 1u12 1n_l3 1u1I “:IIE “'1]- lﬂ“ 1

TR 21
o™ 10" 1™ 10
Energy (&v)

D




- Vlasov

Collisionless Boltzmann eq. iH 2. E+—1 ST }f A7) =0
it o m; v il
Maxwell egs. Y
divE=0 rotE+—=10
y -I'anr
divE = ITZ g;n; = 4m Z q; / d*V filt. 7, V)
F

. JFE T 4w .
ml.ﬂ—ﬁ [—J:E—Zq,[fl lf_i.ﬁ'

Vlasov

MHD




University of Tokyo Symposium in 2000 on

at Sanjo-Kaikan, University of Tokyo
lokvo, Japan Feb. 29 - Mar. 4

21AA N

Chalrpersons:
Y, Uno, K, Shabata, 1, Terssawa

Sseientilic Oreanizine Committee:
(] |||-L.|'|||,1 ML Boadsun, K. Makishami,
A, Mishida, E R, Priest, T. Saio,

M, Scholer, B Stengel, S, Taamela,

M. Yumadns

Local Orzsanizine Commitiee:
N, Hoshino, B, Maiswmsoio, T '1'-:'-[:.'.:.':||||.:

%, Ejin, T, Itagaki, T. Kosugi,
H. Kurokawa, T. Mukai, T. Shimizus,
¥, Takase, M, Ugn, £, Yoshida
Contacl Address:
¥, Cns
H!;__'h Te miperatre Pligsmg Center
University of Tokyo
731 Illln;::n' Hunkyis-ki
ik ] 1 3-B656, JAPAM
fan: +81-3-584 1 6790
camapkmr OO nro, nao e, |p
Further Information:
wight  hitpo'mr nro.nao.se jpmer 2000/ |




MHD

Hall

KH

M ore about reconnection -




(cf.

leV lkeV

.

1M e\:}OOlM ev l

|

review)

Fluxes of Cosmic Roys

. (1 particle per m’=second)
o

1021V

(VLISM) He

TeV

Ankle ,,.f-""""

(1 porticle per km'—year)




Fina remark




Fina remark




(9 c.f. PASJ 2007

73P/Schwassmann-Wachmann 3

) Caroline g(ilbourn)e (NASA/GSI(:C) ) ( ( ) ) ( ( )

(NASA/GSFC) ( ) Greg Brown
(LLNL) Scott Porter (NASA/GSFC) ( )
X
(accepted by PASJ, astroph/0609308)
L 1. D. McCammon?, 1 M. Bauer3, 4 F. S. Porter®,
6 7 1
1: JAXA , 2 W’isconsin : ;3: MPE, 4: ’ ’ , 5: NASA/GSFC, 6: , 7

D




(9 c.f. PASJ 2007

73P/Schwassmann-Wachmann 3

) Caroline g(ilbourn)e (NASA/GSI(:C) ) ( ( ) ) ( ( )

(NASA/GSFC) ( ) Greg Brown
(LLNL) Scott Porter (NASA/GSFC) ( )
X
(accepted by PASJ, astroph/0609308)
L 1. D. McCammon?, 1 M. Bauer3, 4 F. S. Porter®,
6 7 1
1: JAXA , 2 W’isconsin : ;3: MPE, 4: ’ ’ , 5: NASA/GSFC, 6: , 7

D




(accepted by PASJ, astroph/0609308)

1 1 D. McCammon?, 1 M. Bauers, 4 F. S. Porter>,
6 7 1
1: JAXA , 2: Wisconsin , 3: MPE, 4: , 5: NASA/GSFC, 6: , 7

o NEP( #4584 b i) e g
— (0LO)=(I8L L™ 2.08 66 00°0077)
— (Lb)=(95.7734 . 28.6717)
— B B W RIRDMFAE L 72\ blank sky I
T EAZ XA B(SWG) prrer s e
- 200549H2H14:30 | - |
—9H4H15:00(UT)
— net exposure: 110ks
— X#his e
T XL B ERIFIZ
XRshEE OZE R 6z

GG (T

LA 50T




ok _.--77
BT
ho i magnetosheath
|iI].E‘f;i_ sight direction ] magnetopause ____________
o + - ———— S =TT

magnetic field line

1111

solar wind .

-
e ey = oy afefy——fpr—efr—= | — . = o~ g —f =g =y




032keVOH 77 FL=F (efs)
0.5

e

ORI v

T

sx10f 108
2005-09-02 14:54: 200U Ty & D Fl#i

1.5X%10°

01

" a i I | i L a
o sSx10% 10° 1.5x10°
sec from 14:54:20, Sep 2. 2005 (UT)

D




Fina remark




Inan et al., GEOPHYSICAL RESEARCH LETTERS, VOL. 26, NO. 22, PAGES 3357-3360, NOVEMBER 15, 1999

Ionization of the Lower Ionosphere by y-rays from a
Magnetar: Detection of a Low Energy (310 keV)
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