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Introduction



Crab (Chandra)

Pulsar Winds

Powered by pulsar = NS.

Relativistic plasma outflow.

High energy (non-thermal) emission.

Non-spherical (jet-torus structure).

» Rotation power of pulsar < period decrease
* [,,q > 1< relativistically hot PWN emission
» e* plasma < high emission efficiency of PWN

» Magnetized plasma < synchrotron emission

Image of PSR
taken from NASA




C_yg A (Chéndré, HST,'SQSS, \LA) A

Relativistic Jet

« Powered by NS or BH.
« Relativistic plasma outflow.

« High energy (non-thermal)
emission.

« Bipolar jets from engine.

Common astrophysical phenomena phenomena in AGN, microquasar, & GRB

Xy  Gravitational energy (inflow -> outflow) i
Same as pulsar wind
. G{otation powered? 2

o
‘ * | Role of magnetic field?
»

. @ow to accelerates to relativistic ﬂow?)

How to collimate jets?






Kennel & Coroniti (1984a, b) (c.f., Rees & Gunn 1974)
KC model

= 1D static MHD model of PWN

Cold magnetized e* wind from the central pulsar.

: L SNR G21.5-0.9
Standing strong termination shock.

A PWN is a post-shock pulsar wind.

Steady & spherical system.

Nebular flow is pure radial flow.

Nebular B-field is pure toroidal.

A PWN is an ideal MHD flow.

G21.5-0.9 (Chandra)

Broadband emission by shock-accelerated non-thermal particles.

System dynamics is controlled by
magnetization of pulsar wind:
o = Poynting / particle energy flux




BGYOIld KC mao del to resolve o-problem

Efforts to 0 € 1 in wind region
have not been accomplished

KC model = 1D ideal MHD with B,
Ideal MHD? Toroidal B-field?

Toroidal + turbulent field

Shibata+03
Porth+14a ) ,

3D effects (turbulence) &
B-field dissipation (non-ideal MHD)



Basic Equations

Extend KC model by adding phenomenological terms which represent

radiation loss, , & magnetic dissipation.
Eq. of continuity <v L (nu,u )> =0, TTT18ApJ
A
= rad
Conservation of total energy <v L ari > — T
2
Conservation of i <u \V4 T,UV> il 0b /2 Arad
fluid internal energy AL Tdias chl
g b? /2
: : _<b MV&BVI/F@B> == / )
Induction equation for 9 \"H -
(mean) toroidal field + ! 62 /Conv 5[)2 /2
turbulent field 2.
2 Tconv Tdiss

Steady & spherical symmetry



A Model of Cylindrical Jet




Basic Equations

TTT18 D &ELiFRHEIHZ ALY DA * EwHIMHD modelZ#£ A,

radiation loss, , & magnetic dissipation.
Eq. of continuity <v,u (nu,u )> = 0,
A
¥ rad
Conservation of total energy <v L " > — T
2
Conservation of - <u \V T,UV> il 0b /2 Arad
fluid internal energy L e Tdiss s
T b2 /2
Induction equation for 9 \"H Teony
(mean) toroidal field + ! B 5 /2 5t 5 /2
turbulent field
~{8b, et PV Fop) = .
2 Tconv  Tdiss
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Cylinder JetEE#

—RIEEBRITIELEZL & —RITEERITERELZL
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Summary

— RITFRD IR

® ILRHMBEDER. BiEETIILIELF-IEMHDAFER R c+,sTTT18

® IKHMBREFL u < 230 FLND, ¢ 1., Drenkhan02

® HR+MEAHEMASILETRYMET S,

® THIGEH. HIGRUR. AFRIX TN ENESIMEDLEAERT

® Total energyh’F U154 . high-o, flow®D A M (HRIFHDEELND)ESEN D,
Further studies

® ZiE7icylinder jetMDrt,  ZESFEMT 5D H?
® Spine-sheath#EETLALICKE?



