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2006b, green), assuming a magnetic field of ~300 uG, a spectral energy index of —2.56 (corresponding to a radio-spectral index of @ = —0.78),

and a background plasma with Z,~(n,~ZZ) =10 cmv"‘. The bremsstrahlung spectra were calculated using the analytic cross sections of Haug (1997).
The model spectra are shown for n.t = 0,2 x 10%,2 x 10'°,2 x 10'" and 2 x 10'2 cm™* s (from top to bottom). Right: spectral energy distribution
of Tycho’s SNR, as measured by the BeppoSAX-PDS. The theoretical curves are for B = 10 uG, @ = —0.6, and Z;(n;Z*) = 4 cm~. The different

-
3

curves are for n.t = 0,1x 10'°,1 x 10" cm™ s.



T T T T T T T T T T T T T T T T T T T T T T T T T

[ :3: o:’ld H§+, re(solution2= 1 nm Hy* | 1&1*)[,#‘_
: N(H,)=10" at n{H,)=10 0.8 I resol:-tlon = 100 nm . CR':J:O-C
| H, DN | HSORR | AF A
H,*DFEHR | st | RE<EY,

T;'o.ms_- _ _ H2+, H3+0)ﬁﬁ
z LEATES

AR TERA
| o2y 1 TERL
I HETRJILFX—CR
I | T I DEHAIEE

5x107°

O lllllllllllllllll
6 50 100 150 200
Wavelength 2 [um] Wavelength A [rm]
Fig. 2.— Predicted emission spectra of HJ (red in online version) and H3 (black online) for the

reference model. The surface brightness is displayed in Jy nsr—! where 1 Jy = 10726 W m~—2 Hz !

and 1 nsr = 1079 steradian of solid angle. In the figure, n= 10 s71 em™2 is used as a typical value

in this context (see text). Becker et al, arXiV: 1 1 06_4740



Wi

wiE6.7keV

LLED
ehFE5

i [34.69keV®
d13 (¥5.81keV
De 1T RHF5

Energy ,E (keV)

~

N

Nonthermal e-

whtEB<{H5

Gabriel & Philips,
MNRAS, 1979

Fe satellite lines

f(E, 20 x108K ) /ne

e, 2, 2
1s”2s 51/2

=)
g T T T T T T T T T
2 l 1 Fe.XXVI Lyod
Fe Xxv 1s S +e—>Fe XXV 1s 2p P+e =3 Fe XXVI Lyo2 |
F 21 —> F 1s 2 2 2D ol
exxv ls“'S+eZFexxivlis?2p 5/2 °©
. 1 2 2
d13: Fexxv 1s2'S+e 2 Fe xx1v 1s 2p 3p *Ds)» 8
é o Fe XXV j
Fe XXV +e Fe XXIV
1s2p 'R ©
- o L L I I
—_ 1s2p('P)3p 2Dg), 6.9 692 694 696 698
Energy (keV)
T T T T T
Fe XXVI Lyal
] . 2 2 N F Fe XXVI Lya2
1s2p D5 /2
Line
- W ;;D
S
\
n= 3 'g
Satellite S
d13 n=2
B Satellite j :
- Kaastra et al., A&A, 2009 ;
o 6.92 6.94 6.96 6.98 7
Energy (keV)
Fig.4. Crosses: simulated 100 ks calorimeter spectrum for IXO (top
et 152 15 panel) and Astro-H (bottom panel) as described in the text, for the
Y supra-thermal electron distribution of Fig. 1. Solid line: best-fit model
to a pure Maxwellian plasma, with temperature 16.99 keV. Note the
excess emission of satellite lines in the data, in particular the Fe XXV
152 3p 2p3/2 J-line.
=] >
RAADIES . ASTRO-H 2 IXO T
P + <2 %, nonthermal e- DFEHEEHRTES,

SNRTELTES?



Nuclear Ilnes

T T

Cas A Fermld)ﬁﬁzﬂlli)‘b dNCR/dP oc P'23
0.001 — | 160 MeV $BEL D

2881

561:e )
24 ,—ONe 160) 160 CRGD IH#&s
e S6Fe VAV DIF 4

[a—
9
o+

. }

Flux [photons cm ~2s ~"MeV 1]

| o BENRS DD

40('21

[a—
<
w

Summa et al., arXiv:1107.4331 !

] | 1 | | 1 1 | 1 ] ] | ] ] ]

0 2 4 6 8

10—6 -

Photon energy [MeV]

Fig. 1. Calculated gamma-ray spectrum for the specific case of Cas A using the assumptions described in the text. 10° photons are
binned into energy intervals of widths ranging from 2 to 5 keV as described in Ramaty et al. (1979). For example. the 2C line at
4.4MeV has a flux that is comparable to the sensitivity of COMPTEL. Note that the continuum component caused by nonthermal
electron bremsstrahlung is not taken into consideration here.



Time scale [ yr ]

511keV, proton Bremss,

radiation from 2nd et

---------------
-

—
S

N
o
N
o
N

103 III L] L] L] LB L L]
Ohira et al.,
102 arXiv:1103.4140
‘T(D
e 1
£ 10
>
(0]
g 10°
™ -
N-o PR
L s

10°  10®° 10" 10® 10° 10" 10" 10" 10" _104 - 10° 10°
Kinetic enrgy [ eV ] Photon energy [ eV ]
BT OAHERE 15T 0 mHER— e*Brems. pBrems.
o 7 ik B ] 1k 732k 7E By ] e*Annihilation Total
pp—nt MM 100MeVD2 ke Fermi=> F.ioomev = 106 ph cm2 s-1
(& 3x104yr THAS Fsikev ~ 107 ph cm2 s

511keV line /¥ Advanced Compton Telescope T£RAIRTHE !
&+ D F|Eh st A ASTRO-H TELAITTRE !
BEIZK->TIE2nd et yOkAYE ASTRO-H THURIATRE !

107



Radiation from escaping CR e-

101 L] l L] l L] l L] l L] l L] I L] l L) I L] l L

— —
’— ‘\

Ohira et al,arXiv:1106.1810 R Y
Ty LHAASO / Y
BT ; SNR \
5 ; ,
; \ N
% 10_1 \\\ //I
th | o J12R

\~__—’

ll..".l.

R ESCECERT R.. <r<1.2R_. M5
Enemytovi ®. SNRASHEFELT-
d =3 kpc, Ucg, = 1048 erg, t =104 yr B|FDIC
D = 102%¢ (E/10GeV)%° cm?s-1
SNRMSEFELT-CR e- Mo DETACTA, LHAASO THIRIFTEE
HERFE. SNREHEDILEZR B G ENBHS,ZES

2 .
10 5

2 l L
10° 10% 1072

10



F=EDH

CROEH KLY, AMS-02D#ER M ELA
HeDAMpLYN—FGRF, RAUF—FDSAEFHEES,
25 H200GeV/n{tiH8T/\—FIZ%: 5, Superbubble origin?
BxFlE. FAMIBYOTVEOD AR S MESATINS, 4 ARINE ?
TBREALY ., EFARYMLIZIN/DE<E2LYY T, RASF —FDSAHEREES,

—EDOSNROHoE AL, CRAGRIUMESNTLNDZ EZRE, HDSNRIE ?

£ UCSNROXEREEI (X, BEISIEIE (~100uG) R, E£EV-SNROESHIE ?

Gev-TeVDERAIIZEY ., SNRMSDICHA> 2y ERAISh TLNS,
ICIX. B~100uGEFE, AHIZB~100uG? AH(ZIC?
0> 2y[FCRARSFILHAN/AE<E2LY YTk, RE A —FDSAEREES,

SATHIERBAFEIENS, (H,*, HyY, satellite lines, Nuclear lines, 511keV)

F4 % nonthermal e PpDHIENBHEER R T H LT, ETRILF—FEE
(10keV~GeV) DCRDEWLARINILHBALMIZ, DSAE i D HREE

CTA, LHAASOI[Z, SNRH 53 (F=CRD 5T (IC,x0>2y) HIERRITA]
BEIRILY—  IRILX—EDZERMIENRYEFRBET,
KERH . BISDHEIL. SNRFHEDIEEURBABHS A,






NE B

HIF LB D1 RTRIEREL
. ME% Ap=2- p
u
Shock DIBE
Ap _ 4u;-uy) nkE *1

> Py = Pg(1+9)" ~ exp(né)

p 6 3v

ERHIERR (FAH) ICTFTHRICASCR flux: ncrv/4
+ 7 TFRICHTHNSCR flux: negu,

TRICENSHERE: P, =4u,/v. EFRICELHEE:P, =1-P,
N(p,) o< (1-P

n ~ axp(-nP ocC -3u,/(u,-u,)

esc) P(-NP¢sc) o< P, ufu, + 2
f(p)dp o< dN(>p)/dp o< p- S=—— -
u,/u, - 1



RAINDTFHERDILAK

Leaky box model

E W

dN N
CR — R + Qsour(E) E—— NCR = tesc(E) Qsour(E)

d t tesc(E)

tesc(E) = Lgize? I Dgif(E) ,  Dyi(E) o< EY , Qg (E) o< E

BICEH = v=0.3-0.6
FTHBHAN >s+y=27

Ncr(E) oc E-s*1)

s=21-24 FHEEMEDEH (s=15-2)EFE?




CNETOETIL

Emax 5 S Chla oc FE-s

RS A i T FHERIIEERTIE N(E) < E

T E,... ~ 10155V Bl S ICRB IRV —IXHEN
BHBERATEIIZRES

tacc (E) oc Eush-zB-1

FEERIFELLY ., Ty \BH
| tsedov ~ 200yr (21254, SNRHDFHEN
t @lshb

QSOUI‘(E) oc E

SRIATNZEIMRL T, #hBkIZF-EYEL
Dgi(E) o EY, Ngpg o EX5*)

REATIRIVT—ZFHo-FHERIERICERINS,

ARIGMIVIEHFDOFEEIZE S




Escape of Cosmic Rays
t I/t toe < tsedov
SNR Rsh — Rsedov x ( age Sedov)ZI5 ( age Sedo )
(tage / tSedov) ( tage > tSedov )
d"\ﬂ Ryitt ¢ (Dtygc)"?
Free expansion phase ( t < 200yr ): age limited
E .« =Eiee (t/tseqov) (B should be amplified)

Sedov phase (t <10°yr) : escape limited

E nax . E.n.esc is Obtained from t,. =t

2
D o Rslu D= cE

B(t)t-115 ]
max oc M (t) - Eknee (t / tSedov) “
g

E decreases with time

m,esc



SNRM SR IFT-FEHEDARILL

E=mc2 DCROM N(mc2) cc tP ,Bs 0

REIRILX—E,,, <t ,a>0
SNRAEZEDCRARILIL fg\ o< té E=

.
.
.
.
.
3
o*
.

SNRHMSHEIFF-CRARIKIL

\
o
.
.
.
.
.
.
13
.
.
.
.
.
.
.
.
.3
.
.
.
.
.
.
13
.
o
3

dEmax
. Noso(E) dE = t6 Es — dt

J————
/

: \\\\‘ NescocE-SE3sc
L e+ B | IS
— E [Sesc s"qJ s#s,

Y. Ohira, K. Murase, R. Yamazaki, 2010, A&A, 513, A17



10GeV fHiaD I EAY

SN RiIDstellar wind &z 3¢,

L, ~10pc  Weaver et al.(1977)
R,, = L, D&E, FHBIZ—BTEITS
ZTDOED SNR HD E, ., ~10GeV

E ., =t%, a— o

Secc =S*+B/a — s

e

Formi m—e— Formi s—e— - j " Formi ———
Whipple  * ] MAGIC +—8—
HEGRA & VERITAS —o—
Miagro = T Model ———

i 40%
Model —— 310
{:

dFKE [MeV phm?/s]
3 3
£2 dFKE [MeV phiem?/s)
3 3 3

o
L 1l icass T

10-7 i ') 10-1 2 1 " 1
10° 10° 10 10° 10° 10° 10° 10* 10° 10°
Energy [MeV] Energy [MeV]

Ohira, Y., Murase, K., Yamazaki, R., 2011, MNRAS, 410, 1577

o

107 L
10? 10° 10
10° Energy [MeV]

1
Energy [MeV]



FE—RGBEFEANDLDEEL

Early shock Late shock

Jeansmmues -

High-energy proton

; Low-energy proton

Radius

Ohira, Y. & loka, K., 2011, ApJL, 729, L13



IVINRL, [EMRIE. AT

4 107 248
TP TS T
35 ,/ 10° i £ 24
/ \ "
¢
3 10° y) 232
\ s N g
. Compression Ratio —— S \ &
25 =10 ’ 224 o
, Spectral Index ===~ 7 \ K
b'b._‘ w \ '(
2 e e T 10° . 2.16
\ "l
15 10° vadd 2.08
a-"'""‘
1 10 PP ET Lokt [ 2
2 4 6 8 10 12 14 16 18 20 1 2 3 4 5 6 7
Ren / Rsedov
Mach Number T — 106K
r—2
w1 + 2us 5 1+ M
S = — “
U1 — Us 1 — M2
1 3
2 D)

\[ ~ 1()3 ( /)tOt(RSh) >_

Ptot ( RSedov )

T - % Rsh -
104 K Ryedon



