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Introduction
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Pulsar Winds
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• Powered by pulsar = NS.

• Relativistic plasma outflow.

• High energy (non-thermal) emission.

• Non-spherical (jet-torus structure).
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• Rotation power of pulsar ← period decrease

• Γwind ≫ 1 ← relativistically hot PWN emission

• e� plasma ← high emission efficiency of 
PWN

• Magnetized plasma ← synchrotron emission��(������	�
�(����������	�



Relativistic Jet
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• 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
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• Gravitational energy (inflow -> outflow)

• Rotation powered?

• Role of magnetic field?

• How to accelerates to relativistic flow?

• How to collimate jets?
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Disc

Disc
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Same as pulsar wind



Acceleration & Stability of Jets
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Spine-sheath?

Cylinder����������
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A Model of Cylindrical Jet

10

u0
<latexit sha1_base64="PEUYO+KoHvoHMNJrkFBwUEJ3AMI="></latexit><latexit sha1_base64="PEUYO+KoHvoHMNJrkFBwUEJ3AMI="></latexit><latexit sha1_base64="PEUYO+KoHvoHMNJrkFBwUEJ3AMI="></latexit><latexit sha1_base64="PEUYO+KoHvoHMNJrkFBwUEJ3AMI="></latexit>

z
<latexit sha1_base64="0s50LbblNuOVF5B8SDjPLtaardE="></latexit><latexit sha1_base64="0s50LbblNuOVF5B8SDjPLtaardE="></latexit><latexit sha1_base64="0s50LbblNuOVF5B8SDjPLtaardE="></latexit><latexit sha1_base64="0s50LbblNuOVF5B8SDjPLtaardE="></latexit>

�
<latexit sha1_base64="+JVXKEpRxyKQFVS5K/edvi2XuAQ="></latexit><latexit sha1_base64="+JVXKEpRxyKQFVS5K/edvi2XuAQ="></latexit><latexit sha1_base64="+JVXKEpRxyKQFVS5K/edvi2XuAQ="></latexit><latexit sha1_base64="+JVXKEpRxyKQFVS5K/edvi2XuAQ="></latexit>

�
<latexit sha1_base64="+JVXKEpRxyKQFVS5K/edvi2XuAQ="></latexit><latexit sha1_base64="+JVXKEpRxyKQFVS5K/edvi2XuAQ="></latexit><latexit sha1_base64="+JVXKEpRxyKQFVS5K/edvi2XuAQ="></latexit><latexit sha1_base64="+JVXKEpRxyKQFVS5K/edvi2XuAQ="></latexit>

B�
<latexit sha1_base64="jUv2evtwCmvZ/Z+sjsOkqeJ57Ds="></latexit><latexit sha1_base64="jUv2evtwCmvZ/Z+sjsOkqeJ57Ds="></latexit><latexit sha1_base64="jUv2evtwCmvZ/Z+sjsOkqeJ57Ds="></latexit><latexit sha1_base64="jUv2evtwCmvZ/Z+sjsOkqeJ57Ds="></latexit>

�B
<latexit sha1_base64="q37Jeewt+M5DUIatCaqfuA5wlz0="></latexit><latexit sha1_base64="q37Jeewt+M5DUIatCaqfuA5wlz0="></latexit><latexit sha1_base64="q37Jeewt+M5DUIatCaqfuA5wlz0="></latexit><latexit sha1_base64="q37Jeewt+M5DUIatCaqfuA5wlz0="></latexit>



Basic Equations
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TTT18��
��������MHD model����
radiation loss, turbulentmagnetic field, & magnetic dissipation.

Eq. of continuity

Conservation of 
fluid internal energy

Induction equation for 
(mean) toroidal field + 

turbulent field

����	���������

Conservation of total energy

hrµ(nu
µ)i = 0,

hrµT
µti = ��

⇤rad

c
,

�hu⌫rµT
µ⌫
FLi =

�b2/2

⌧diss
�⇤rad

c
,

1

2
hb̄µeµ⌫↵�r⌫F↵�i = � b̄2/2

⌧conv
,

1

2
h�bµeµ⌫↵�r⌫F↵�i =

b̄2/2

⌧conv
��b2/2

⌧diss
.
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Cylinder Jet��
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(�2 � �2
c )

du

dr
=

8u

3r

p

✏
, ✏ = w + b̄2
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⇤rad
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Results u & σ
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zconv 1010 10 10 10 10
zdiss 1010 10 1010 1010 10
zcool 10 10 1010 10 1010

Low-σ flow: σ0 = 10-2
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High-σ flow: σ0 = 102

13

(n0, u0, w0, b0, �b0) = (�max = 104, uc + �u, 1.0,�0, 0.0)
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Results u & σ
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High-σ flow: σ0 = 102
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(n0, u0, w0, b0, �b0) = (�max = 104, uc + �u, 1.0,�0, 0.0)
<latexit sha1_base64="FULFWlQ8J947oUAsCNNWs1fFiRA="></latexit><latexit sha1_base64="FULFWlQ8J947oUAsCNNWs1fFiRA="></latexit><latexit sha1_base64="FULFWlQ8J947oUAsCNNWs1fFiRA="></latexit><latexit sha1_base64="FULFWlQ8J947oUAsCNNWs1fFiRA="></latexit>

w0

h L0

A0cu0�0(1 + �0)

i

<latexit sha1_base64="ned6zSMxT/39OU9KPKN6+615Wto="></latexit><latexit sha1_base64="ned6zSMxT/39OU9KPKN6+615Wto="></latexit><latexit sha1_base64="ned6zSMxT/39OU9KPKN6+615Wto="></latexit><latexit sha1_base64="ned6zSMxT/39OU9KPKN6+615Wto="></latexit>

L0(���), A0(���), z0(�	��)�������

�
���zconv���



Discussion
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Cooling acceleration

16

���������������

@z(⇢v) = 0,

@z
�
⇢v(v2/2 + h/⇢)

�
= �⇤rad,

@z(⇢v
2) + @zp = 0,

�̂

�̂� 1
p = h

<latexit sha1_base64="K9TPy8ehLKSgYUyLj7cR0kcl61w="></latexit>

@z(nu) = 0,

@z(u�w) = ��⇤rad/c,

@z(u
2w) + @zp = �u⇤rad/c,

nmc2 +
�̂

�̂� 1
p = w
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(�̂� 1)⇤rad

(1 + �2 � �̂)w + (�̂� 1)nmc2
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l �������relativistic effect�����
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Dissipation acceleration
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��������� �cooling�����	���

hrµ(nu
µ)i = 0,

hrµT
µti = 0,

�hu⌫rµT
µ⌫
FLi =

b̄2/2

⌧diss
,

1

2
hb̄µeµ⌫↵�r⌫F↵�i = � b̄2/2

⌧diss
.
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⌧diss = const.
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l Drenkhan02�����!�"�

l Spherical�Cylinder�����
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Conversion acceleration
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�����&%'(�cooling�����
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hrµ(nu
µ)i = 0,

hrµT
µti = 0,

�hu⌫rµT
µ⌫
FLi = 0,

1

2
hb̄µeµ⌫↵�r⌫F↵�i = � b̄2/2

⌧conv
,

1

2
h�bµeµ⌫↵�r⌫F↵�i =

b̄2/2

⌧conv
.
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⌧conv = const.
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w ⇡ nmc2, � � 1, � � 1
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l Dissipation�!	#�����#�

l ��� �"���$#��?
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Summary
��� C�*

l � #C"�/�,KMLN	8=.MHD�&�(

l !�%(?�9 u ∝ z1/35�GJI0

l �,+���
K�3I7?>FH�*:I0

l #��/#�,/�
D;J<J-2�*C��K$:0

l Total energy5�9�/high-σ0 flowC�5('�5�A1�)*6AJI0

Further studies
l Mass loading jet?

l ��Acylinder jetCτconvK@2)�:IC4?
l Spine-sheath�+>E��B��?
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