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shocked relativistic particles, produced when a pulsar.s relativistic
wind interacts with its environment¤£Gaensler & Slane, 2006,
ARAA, 44:17-47)"
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1. CÏ­�*ÿ(Jµ91�®��PWNeÚPWNÿÀö§�Ü

©�Ð3X��¥�é�§X��
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§£Kargaltsev et al.arXiv:1395.2552¤"�«
Nõ
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• �c��óÀ(k���X��PWNe"
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• TeV PWN1ÝØw«�c#�²w�'5"

• 5�p�&Ý�PWNedFermi LAT*ÿ�§GeV 
(Acero et

al. 2013,arXiv: 1306.5735)"
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^�u10 GeVUþ�Fermi-LATêâ§3Õ¡�5ÝSÏ
é58�TeV PWNe ÚUNIDs� �ÎÜ§30��&ÿ�"Ù¥

• 11´PWNeÿÀö"

• 3���Ù/y@�PWNe: HESS J1825-137§HESS

J1514-591 (MSH15-52)ÚHESS J1356-645"

��oGeV PWNe@o�º
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2. nØà�µ

\�Å�µ�éØ5-Å!^­é§
Crab³ê���u�å
µ��
1D y2D y3Dµ^6NÄåÆ�["

• =Ä°Ä�óÀ(£RPPs¤ÚÙóÀ(º�£PWNe¤´�

pUâf��»\�ì"

• ÏLé1fu���.§Jø
äkUþ��A�PeV�>

fÚ£�U�¤�>f�yâ"

• �pU�»��
"
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3. Ä�ã�µ

• óÀ(�)d>fÚ�>fÚ�U���rf©þ|¤�p

�éØ5�º"óÀ(�^|�È(u	6�º"�º

�ramØå�u±�0�����Øå�§��ªà-Å�

/¤§Ù¥Ö>âf�­#\�"

• 3ªà-Å�ei§>f£Ú�>f¤�È(�^|�p�

^§��l�>�X��Åã�*ÿ��ÓÚË�"d	§

>f��ICÑ�±�1f�pU£HE¤Ú$pU£VHE¤

³ç��Åã"

• �9u�������(�§Ï~¡�óÀ(º

�(PWN)"
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F óÀ(º��üzµ

• gd)ä�ã§�óÀ(º�;�¢,���-Å�§T�

ã(å"

• (º�3��-Å�K�e§²{)ä�Ø ��E�ã§

ù�ã¥%óÀ(�lm(º�§Ø2JøUþ§¦(ºC

�/í®0(�§3óÀ(±�/¤�#�óÀ(º�"

• TL§�n�­��«�µóÀ(!óÀ(º!(�"
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F c�PWNe�ã«µ��-ÅÚóÀ(g��Ý�K��Ñ"

• óÀ(ÚÙ^�µRLC = cP/2π§lT«u�óÀ(º"

• eóÀ(ºµ 3T«¥óÀ(º´ÃË��6Ä§���

�#(�ÑÔ��p�^3RWT?(å"

• ÓÚË�(�µT«lºªà:ò��	Ü(�"

PWN�9u���.�#N<���±�Øå!óÀ(- º>f
�Ý!�5\�>f�SED�>.UþÚ/G!ý¢�PWNc
#!º¥lf�°�Úé�)õ­5"
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�!�mþ!�Ë��.

±óÀ(º���ÄåÆ9õÅãË�üz�.�~£Fang &
Zhang§2010§A&A¤"

• PWN�üzµÄuSNRSPWN�üz�6NÄåÆ�.

£Gelfand et al. 2009§ApJ¤"

• u�«âf©Ùdeª(½µ
∂N(E, t)

∂t
=

∂

∂E

[
Ė(E, t)N(E, t)

]
+Q(E, t), (2.1)

Ù¥§Ė´Uþ�E�âf�Uþ��Çµ

Ė(E, t) = Ėsyn(E, t) + Ėic(E) + Ėad(E, t) , (2.2)

Ėsyn(E, t)�âfÓÚË���Ç§Ėic(E)�âf�_xÊ

î��Ç§ý9Ë���ÇĖad(E, t) = −vpwn/RpwnE"
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• 5\Ì��9�Æ���éØ5�MaxwellianÌµ

QII(E, t) = Q′0(t)

(
E
Eb1

)−α′1
+ g( E

Eb1
) E ≤ E′b ,

g( E
Eb1

) E′b < E ≤ Emin ,(
g( E
Eb1

) + f
(

E
Eb1

)−α′2)
Emin < E ≤ Emax ,

(2.3)

α = 2.4 ± 0.1§Eb ∼ 2.6 × 105γts,6 MeV§γts,6�ªà-Å

þi6�âÔ_Ïf£±106�ü ¤§Emin ∼ 7Eb"8�

zXê�µ

C(t) =
Ėe(t)

2E2
b + f

E2
b

2−α

[(
Emax
Eb

)2−α
−
(
Emin
Eb

)2−α] . (2.4)
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1. �.A^�G0.9+0.1 ÚCrab(�
G0.9+0.1µüzA�
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Crab(�µ

• 5\Ìµ�9�Æ���éØ5�MaxwellianÌ"ØU)º

�>u��

• 5\Ìµ�9�Æ���éØ5�MaxwellianÌ+ �>>f

Ün)º��u�Ì�

• I�$U>f�
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c�º�µCrab(�2ïÄ(Zhu et al. 2015, MNRAS)

• 5\ÌµV�Æ

Q0(t) =


(1−ηB)L(t)

Eb
2

(2−α1)(2−α2)
α1−α2

α2 > 2
(1−ηB)L(t)

Eb
2 [ 1

2−α1
+ log(Emax

Eb
)] α2 = 2

. (2.5)

(1 − ηB)L(t) =

∫ Emax

0
Q(E, t)EdE , (2.6)

Emax = εκe

√
ηBL(t)

c
≈ 3εe

√
ηBL(t)

c
, (2.7)

• éu���½±ÏP§±Ï�êṖ !�ÄXênÚÐ©U�

�Iτ0�óÀ(5`§Ùg=UU��±deª�Ñ

L(t) = L0

(
1 +

t

τ0

)−(n+1)/(n−1)
,

τ0 =
P0

(n− 1)Ṗ0

=
2τc
n− 1

− tage , τc =
P

2Ṗ
.

tage �óÀ(º��c#"
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• $^ Levenberg -Marquardt(LM)�õëê[Ü�

{µχ2 = 2.1

• $Uà>f�å
: óÀ(^��\�¶½óÀ(º�¥�

�éØ5^­é�\�"
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2. �.A^�18�PWNe (Zhu, Fang , Zhang 2016, submitted)
6�c��PWNe: Tage ≤ 1500 yr
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6�¥c�PWNe: 1500 < Tage < 5000 yr
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6�Pc�PWNe: Tage ≥ 5000 yr
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�'5©Ûµ~f1
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�'5©Ûµ~f2
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• >f��UþÚPWNdº�º�º��³üÚg=Cúõ

Ç�'¶

• g=CúõÇ��>!X��ÚÓÚË�1Ý�'§��³

ê��1ÝÃ';

• c�PWNeµ

FX/Fγ ≥ 10

¥cPWNeµ

1 < FX/Fγ < 10

PcPWNe:

FX/Fγ ≤ 1
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n!�m�'�Ë��.

Lu, Gao, Zhang, 2017, ApJ¶2017, MNRAS, submitted

• åÏµX-��*ÿuy�
PWNe�L¡1ÝÚÌ�ê�(

��ålCzµ3C 58!G21.5-0.9!MSH 15-52"

• gU��m�'�Ë��.µ ¥é¡b½§��PWNÄå

Æüz�.£Bucciantini et al. 2011§MNRAS¤"

• >füz�§µé6!*Ñ!Ë���!1f-1fé�)

L§

1füz�§µÓÚË�!ÓÚË�gáÂ!_xÊî!é

�)L§

ê�¦)ü�ÍÜ�§"



�!Úó �!�mþ!�Ë��. n!�m�'�Ë��. o!(Ø

1. Ä��§
>fÚ1füz�§

∂ne
∂t

= κ
∂2ne
∂r2

+

[
1

r2
∂

∂r
(r2κ) − V

]
∂ne
∂r

− 1

r2
∂

∂r

[
r2V

]
ne

+
∂

∂γ
[γ̇ne] +Qγγe +Qinj , (3.1)

∂nγ
∂t

+
nγ
τesc

= Qsyn
γ +Qics

γ + Lssa
γ + Lγγγ , (3.2)

γ̇ = γ̇ad + γ̇syn + γ̇ics , (3.3)
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• *ÑXê

κ(r, γ, t) = κ0(t)

(
γmec

2

1TeV

)[
rv(r)

r0

]
. (3.4)

• ^|µ

B(r, t) = B0(t)
r0

rv(r)
, (3.5)

Ù¥B0(t)dWB(t) =
∫ Rw(t)
r0

B2(r, t)r2dr/2O�§WB(t) �

^U§r0�ªà-Å��»"

• 5\Çµ

Qinj(γ, t) = Q0(t)

{
(γ/γb)−α1 for γ < γb

(γ/γb)−α2 for γ ≥ γb
, (3.6)
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2. MSH 15-52

Table: MSH 15-52ëê�"

Input parameters Symbol Value

Ejected mass(M�) Mej 4.0

SN explosion energy (1051 erg) ESN 15.0

Period (ms) P 150

Period derivative (s · s−1) Ṗ 1.5× 10−12

Initial spin-down power (erg s−1) L0 3.9× 1039

Initial spin-down timescale (yr) τ0 290

Braking Index n 2.839

Age (yr) Tage 1450

Distance (kpc) d 5.2

Shock radius fraction ε 0.4

Fitted parameters

Magnetic fraction η 0.04

Low energy power-law index α1 1.65

High energy power-law index α2 2.45

Break energy γb 4.0× 105

Initial diffusion coefficient(cm2 s−1) κ0 1.7× 1020
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• >fÚ1f�SEDÑ´ål�¼ê"

• éÐ)º
X��ÅãÌ�êÚL¡�Ý��mCz"

• MSH 15-523ªà-Å?��c�*ÑXê

�κ0 = 6.6 × 1024 cm2 s−1§�m²þ�

�µκ̄ = 1.4 × 1025 cm2 s−1§^|B0 = 26.6 µG§²þ^

|B̄ = 14.9 µG.
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3. 3C 58ÚG21.5-0.9
ëêµ
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O��3C 58ÚG21.5-0.9�SEDs�*ÿ�'�"
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O��3C 58ÚG21.5-0.9�ØÓ �?�L¡�Ý"
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O��3C 58ÚG21.5-0.9�X��Åã�Ì�ê�*ÿ�'�"
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ýÏ�3C 58ÚG21.5-0.9�ØÓÅã�Ì�ê"
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�Ñ�ëê�Ù¦ó��'�:
PVLE - Porth�ÄuMHD�[�Ñ��§
PKC - Porth�£2016¤ÄuKennel & Coroniti (1984)�.�Ñ
�§
SSM - ·��.�Ñ��"
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• þ!�Ë��.�±éÐ/)ºõÅãÌ"

• V�Æ5\Ì·^u¤k�PNWe.

• �m�'�Ë��.´��¢S��."

• HXMT*ÿÚLHAASO*ÿ�±u�·��(J"
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ýÏ�3C 58�ØÓÅã�Ì�ê��m�Cz"
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