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Introduction —Pulsar Wind Nebulae-

e /NJLHY—EZE (Pulsar Wind Nebula; PWN)
o NILY—OBBIZAN>THLIEKE
o BIRNDOVIRITEDFFERPIARINLERT

e Spin-down Luminosity

o /NILABETDIuminosity : ~ 1% X Lgg < Lgg
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1D steady model-

« KC model M &H
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— Time-dependent 1-zone model
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e.g., Bednarek & Bartosik 03; Chevalier 05; Tanaka & Takahara 10;
Bucciantini+11; Vorster+13b; Torres+14 etc...

— Semi-analytic 1D time-dependent JETETE (Lu+17)
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Basic equations
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Model —Energy distribution & Radiation-
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Ap pend |X —Subsonic 1D-MHD flow- Subsonic flow v K ¢f

+
. B?
Equation of Continuity 7 - (pyv) =0 Matter dominated flow 5 << Pgas
A Spherical Flow
r?pyv = const
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_________________ -2
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Incompressible = pgas X r0, on X7

= The incompressibility assumption will be broken



AppendiX —subsonic 1D-MHD flov

Equation of Continuity
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Time-dependent 1D model

« BFERT—IL
 700yr : spin-down luminosity AN/ NSKRYIEH B
e 950yr: IRFEDMNZEEDEE
« 1800yr: EENSNREEBIEAZB DD

1072

Averagéd mad netic field

gw t15 - - -
S
TGJ
R
<)
3 B
2 el ave
g
3
=

N

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Age [yr]

-5

10

e SED: BEULOBIZVERIZ BRI, 1800yrL & TR ST IE RIT1EE S
o XISREIBEE DT : 1800yrBWVETIXIAMNY, LIEIXINHEI 8L 5

Y ] 1
R Model : 10
i 3000 yr sessseses
o7 L Crab Nebuletw 3000 yr

Surface Brightness (arb.)

Model (3-5 keV)

Crab Nebula T — §

2000 yr o i

OO 500 yr  wmwmmm 1
iy
o i - kg _-;;-.-.-n...uru.,,,_”‘
! -.._. 1.,”"‘
.t. "“ 2 OOO
L7 N
*a, o
e, e,
>, v
‘. s
- .,
", »
..‘ ‘,

O ) 3000 %

....................................

Radius[arcsec]



vF,, [erg cm'25'1]

Crab Nebula

e LT
2 )

Model
3000 yr
2000 yr
200 yr

Obs

—




BT DR Z

le-007

\;
L
il

| ]
1.4 Ghz =——4— |

1.0ey =—d—
o 2 keV -
5 400 key =l _

1e-008
i 1 Tey =—i— K

1e-012 | i i i
500 1000 1500 2000 2500 3000



10 p—— s
o7 - Cnab Nebula
r + Faﬁ y& — + ‘ ”’fm,,“““%

vF, [erg cm'25'1]

1e-007 p —————— ————————— 10 - ——— T ———————
: 1.4 Ghz —4— | - 1.4 Ghz —4—

: 1.0eV : 1.0eV
r : 2 keV y : 2 keV 4
1008 b o 400 ke =—l—_ | 400 key =l
I 1 TeV =—i—] 1TeV =——

1E_I:|12 1 1 1 1 1 1 11 i 1 1 1 1 1 1 1 1 .
100 1000 1000C 100 1000 10000



FxED

« BIERBOEL - POV —ORFEEREEYOINZ NLT—EFED
FFfEI R - LRI M ETILEREEL, St EZ T

o SAREEIZOWNT EHD T -HWEDDTAN, EEKCETILEIETIZL—

BI D LERLT

o BMEEEIZDOWTEH, EBKCETILEIERICLL—BKT B EHRLE=,

« EENNREEEFAT LT EEREET, IRTET LD EEITO,

o BEARINUIL, SNREDHEERATREKZE DS



ol

S



“Magnetar”-like case (Preliminary)
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Basic equations (w/ synchrotron cooling)
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