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1.2.

N X

(Bell 1978, Blandford & Orstriker1978, Drury 1983, ....)
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1.2. 3 (1) terminology

shock front
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1.2. 3 (2)
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2.2. X Chandra (1999 )
X-rays
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2.3.

Cas A | Kepler | Tycho | SN1006 | RCW 86 | 30DorC
320 396 428 994 1816
(yrs)
3.4 4.8 2.3 2.18 2.8 50
(kpc)
(arcsec 160 110 260 900 1260 120
)
EXp.
50 49 49 68 92 99
_(ksec)
(Sedov )
shell 100%



i
3.1. SN1006 X

. (I, b) = (327.6, 14.6) LoE

. 2.182+0.08 kpc
(Optical spectra and proper motion)
SNR
: 30 arcmin = 19 pc @2.18 kpc
: 1006

- la SNR
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3.2. SN1006

10

counts s 1 kev™?
.1

iU_B

0.3 1 -
Energy (keV)

thermal (0.24 keV) non-thermal

extended sharp SN1006 NE shell
0.3-2.0 keV

2.0 -10.0 keV
scale length ?
(Bamba et al. 2003a)




3.3. Filament analyses (1) method

1. 2.0-10.0 keV band

2. filament model

”Aexp[—
f(x) =C+ <

- Aexp [—

X = X

Wy

fitting

J upstream

J downstream

C: background, A: normalization
X.: peak position, w: width of filament
u: upstream, d: downstream

3. Filament spectrum



3.3. (2) Flttlng results

2 -10 keV

filament scalelength I
Upstream Downstream
Mean value................... 0.04 pc 0.2 pc

Minimum value............ 0.01 pc 0.05 pc




3.4. Spectral Fitting r——

Filament spectrum

vHard
v

=» Non-thermal!

SRCUT model

power-law }
exponential cutoff

B E 2 [ Reynolds &
Violloff — 5x101Hz [1()“6][103_?);\/] [Keohane (1999)]

o = 0.57 @1GHz (fixed) (Allen et al. 2001)
p  Violioft = 2.6 (1.9-3.3) x 101" Hz
Flux = 1.8 x10-12ergs cm-2s1




SRCUT model
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3.5.1. Discussion: three time scales

» Emax’ B
1. t,4: The age of SN 1006 ~ 10° years

2. 1. energy loss time scale (synch. loss)
-1
6mm 2c3 E B
= = 1.25x103 yrs e
toss =~ Ep? XY [100 Tev] [10 uG]

3. t,..: acceleration time scale 5 shock

¢ = _3 [Ku+ﬁ] 0
T u, - uglu Uy w | down

u, = 4uy =2890 km/s m.f.p. of e = &r,

"« _CE SinZ0 SB v-2
K max J 2 E~ | — > 1
J " 3es, ; [COSO ﬁuzJ (B]

Ky = CEmaxg (c0os20 + r3sin20)-1 [COSZQ +r2sin2€)J
'~ 3€Bd d 1+§d2
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From eqguations to parameters

unknown parameter
vB4 = B,(C0s?0+ r?sin2@)/2

YVrolloff ~ BE?
‘/E':d < E:u

W,Wy 7 -

u?
A. Age limited case ( )
tacc = tage < Tioss Restriction

B. Loss limited case ( ) of parameters!

<t

tIoss = ta(:c age



3.5.2.A. Age limited case

shock front

upstream downstream
advection advection
—— ——
diffusion diffusion

advection = diffusion
u,t =/Kt

advection = diffusion » =
ugt =/K it

LS
u
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On the other angle....
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3.5.2.B. Loss limited case
shock front

upstream downstream
advection /7 B advection
— , \ —
G ,’/ \\ —

scale
scale

w, = min {K /u,, (K, t...)Y?}
=p wUI = max {uut u (llé c’:coo )12}
d d*cool? d*cool



100 ¢

E

By = 23 - 85 uG
~21-54 TeV

max



3.6. (Injection efficiency)
Age-limited, 6=90°

- Ug
— Uy,
synchrotronX TIUX oy U

spectrum

U = 6.4 x 101 ergs cm-3
Ug, = 2.6 x 10-19 ergs cm-3

u, = 6.9 x 10-* ergs cm-3

Injection efficiency
=)

eguipartition



3.7. SN 1006
Age limited case;
Ga~ 1
By=14-78 uG
E ... =22 -69 TeV
Loss limited case;
0 < 300
gd - gu ~1
By =23 -85 uG
E .= 21-54 TeV

Injection efficiency:

Anyway,

B4: fully turbulent
(Bohm limit)
14 - 85 uG

B,: 3.5-85uG

E . 20-70 TeV

]




4.1. SNR

Cas A:
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historical SNR
non-thermal filaments

(Vink & Laming 2003)

scale length

w, = 9.6 (6.8-13.2) x10-3 pc

wy =1.8 (1.3-2.9) X102 pc
2.4 (>0.18) x1018 Hz

Violloff =




Kepler:
historical

3 T
(1)

| W |H|||||‘!||| !“| |‘||‘||4‘|||||

| H H w, = 3.0 (2.0—4.0)-X10'2 oe
= 2
| J' HHH\H\HHWW b= 03(46 026007) )g()lo 1(;31C7 H
” | | I | \ Vrolloff ( ) X Z

cccccc



Tycho:

“filaments with small E.W.”

(Hwang et al. 2002)
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RCW 86: synchrotron X-ray emission
hlstorlcal SNR  (rho et al. 2002)

cccccccccccc

filament

w, = 2.8 (1.5-5.3)x1072 pc
w, = 0.26 (2.1-3.9) pc

=2.1(1.0-5.9) x10'7 Hz

rolloff




30 Dor C: Super-bubble in LMC

Happy birthday
to SN1987A!
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4.2.

Cas A Kepler Tycho SN1006 RCW86
oo/ Lage 0.088 0.42 0.26 0.34 1.16
Age limited case
E. . (TEV) 16-31 4.8-18 22-69 41-172
i 32-52, i} _
By (MG) 10-150 20-110 14-20 4-12
0 (deg.) 90 <10, 90 0-90 90
Loss limited case
E. . (TEV) 10-36 50-54 16-17 26-54 41-172
By (MG) 139-305 72-85 82-99 23-85 4-12
0 (deg.) <60 90 <10 <35 90
SNR
age-limited
SNR{



5.1. (1): filament

100

Scale lenath (arcsec)
10

100 200 500 1000
(arcsec)

Sedov filament!



Scale lenath (102 pc)
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w, /W
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Iy
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5.2. (2):
Age limited }

Bohm limit
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(EmaXBUS_l)
derolloff (1015 pC HZ)
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(Bdgusz)
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/ \Non—linear
Effect
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SN1006: eqguipartition
) equipartition
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7.1. ( ) (1)

vASTRO-E I E
v
-
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v X Y

vS. Inverse Compton
Non-linear effect?
vNeutrino ?
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1.2.

SNR
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7.2.1. ASCA

[1] < 45°, |b| < 0.49

SNR

+0°20°

2

SKE-0%0

B20T _+10°40 +0°00/

626.6-0.1

#26°2000201 00Ky

Bamba et al. (2003b)



7.2.2. Chandra Newton

xl

G28.6-0.1 (Bamba et al. 2001,

Ueno et al. 2003) G32.45+0.0 (Ueno et al. in prep)

SNR ~20 77?7
(Bamba et al. 2003Db)
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