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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
o Tyinga > 1 < relativistically hot PWN emission

« e¥* plasma « high emission efficiency of
PWN

OO ©  Magnetized plasma « synchrotron emission
taken from NASA
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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) )
Same as pulsar wind
. G{otation powered? P

o
‘ * | Role of magnetic field?
»

. Q—Iow to accelerates to relativistic ﬂow?j

How to collimate jets?



Acceleration & Stability of Jets
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Spine-sheath?
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A Model of Cylindrical Jet




Basic Equations

TTT18 D &ELFRHEIHZ ALY DA iwAMHD modelZ#£ A,

radiation loss, , & magnetic dissipation.
Eq. of continuity <v,u (nu,u )> =0,
A
+ rad
Conservation of total energy <v m T > =i o
2
Conservation of Ury\ 0b / 2 Arad
7 ¢ - <u1/ v T > — ’
fluid internal energy K= FL s C
1 - b? /2
o (e PV, ) = /2.
nduction equation for 9 \*H -
(mean) toroidal field + _2/‘3“” 512
turbulent field 1 b /2 b /2
2 Tconv Tdiss
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Cylinder JetB8 %
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2 I - b2
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Discussion



Cooling acceleration
EBLEAFRD Ty #I5TL

0, (nu) = 0, 0. (pv) = 0,
0. (uyw) = —vAwaa/c, 8 (pv(v?/2+ h/p)) = —Avaq,
0, (uw) + 0,p = —ulaq/c, 0, (pv?) + 0.p = 0,
nch—l—fI:lp:w filp:h
2 2
& (1+ B2 —(?)wllA(?d— 1)nme? e

(1 —T)h + nmv?
® 4 Z AL E(Lrelativistic effect TIXZRLY,

® EEFERMINMRE, EFERRITBR. EFERITEL,



Dissipation acceleration

EEEAFIRD Yk, cooling#ilL . HiGELEHY

(Vu(nut)) =0,

pty
(V™) 0’2/2 W A nch, y>1, 0> 1
ST e —
(u, VT = =2 =
il b*/2
vaf -
5 (bue PV Fag) = ———. ~ o 212

® Drenkhano2fh THILGNSET I,

Tdiss — const.
® SphericaltCylindert,RICFE .



Conversion acceleration

EETAFERS vk, coolingZil . HiHELRLL

<vu(nuu)> — 07
(V,THY =0,
—(wV,uTer) =0, w = nmc, y> 1, o> 1
P b2 /2
§<b,u6'u Bqua5> — _7_ 9 ‘
1 b2 /2 1/3
§<5bueuyaﬁqua5> - : - es 2 /
Tconv ® Dissipation&IIIRAFWNHNELD,
Teony = CONSt. o HSEDRYANEHLIE?

® M5 EL TIRELZLDIZ?



Summary
— RITHRD MR
® ELRHISDER. BREETILIELIZIEMHDATER R c.r., stmis
® EAFRERBL ux 23 fFoND, c.f., Drenkhan@2
® LR+ AEEMA S ETRYMRT S,
® THIHEH, MIGHER. AHIXETNENESIMEDLEFERYT
® Total energyH @ LI5S . high-o, flowD AN FLFH DD RGNS,

Further studies
® Mass loading jet? |
c.f., Komissarov94
® ZiE7icylinder jetdDt,, & EDFEMT HDH?
® Spine-sheathi®EE THLARHITKE?



