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3 � X �������
	���
3.6 ����������������� � � !"�$# �%� (Inverse Compton) &�'(�)+*-,�.0/ �2143�5�6�7�8:9<;>=@?BA�C+DFEHGIE4CKJ4��LFMHN�CPOQGIC (Inverse Comp-

ton) R�S:TVUF9 X ��?XWYC
Z>�4����5+[+\Y]XT�^_9X`>a�b<cFd�egf0^ hXiXj4k��+<l0mn9
5n?�o�p@1�3�q�r+sutIa�bnTHU+hKv4wHp4i+xFy DHG ,Vz o4{�T
|�}�8H9�~0;��K�:�+`

X ���+���0l���e�����TFs+s 9>��c+�<�+��UV��^F���<l<mn9X`
• Thermal Comptonization(<� OV�B��Z����
1�3 (

���
≈ kTe) 5n?>� )<*
,n.�/ �F��3 (

)0*F,:.:/
≈ Esoft)z MYN�C2O%G@CBl (:)<*X,n.n/B� T<�:=FmF� 9
` Esoft � E � kTe � ):*
,0.n/2�� ��xFy�DVG , c power-law T+^Q� (  Y=2c�1�3 ��� ;¡R�S_�
����]-¢n£4l4¤u¥�9 ) ?

E ∼> kTe l�c exponential lF¦ §+9X`X¨��0©�D@ª /2,�«�¬ � low state14 ?X:®�¯0° /
G�±�²�� X ��x>yYDVG , ^:³B5 thermal Comptonization ´Y;-µ�¶�t¸·:v���9X`

• A:C�D�E G@E�C-J+�¹; non-thermal Comptonizationº+» s+^F¼��¹;¸½�¾V]B^ (0)�*2,0.:/ 1�3�5�6+7�8�90;F=B?-1+¿+s�t X �V¥-l�À:� �� T º i�hPv:A<C0DFEVG@E�CKJ+��5�|+}uÁ¡·u9X`n¥
i+?+o�p (0)<*X,<.:/ 1+3�5+� )*
,<.0/ �+3 z MYN+C-O$G@CKR�S<ln�0=XÂF�V9+~<;-THU>9 (:)�*B,0.n/ xFy DHG , �
|�}�Á¡·�9X`
Blazar15 sYtP�2À0�2¿FÃ � � T º i�9ÄJ+��c+? (<)�*B,+.0/ ¥Pl>Å�Æ�ÁÇ·_i@1�345:A�C
DFEHG@E4C�J�� ( 1+¿+s�t X ��È�É ) 8�9<;¸Ê:T+?
Ë-·:THU
h�vFw+ÌYÁ¸·_iB�43n�FÍ
Îz o�pK1�3+5�M_N�CKOQGIC-l��<=-Â
�_9 ( WVCXZ2�4ÈFÉ ) ? “Synchrotron Self Compton

(SSC) Ï
Ð , ” l4Ñ_Ò0Á¡·nv<��9B`Ó+Ô�¬+Õ+Ö �+A0× , l�c>Ø+Ù+¿:THU�9K1�3�Å�Æ�5�Ú�=@v<��v<?+Ën~Psut2�+A<C0DFEVG
E�CPJ+�+5nA�× , T
ÛYhKvF1+¿+L X �+l�|+}�Á¸·:v<�n92`:¥Xi4?�o�p@1+3+5�Ü_Ý2Þ4ß
J���T_UF9Ä�43 z MeV ≈ TeV W_CXZB��È4ÉV¥Pl0��=BÂB�_9B�
l�?¡L�cà�áA+× , TXÛ_h
iXW CFZX�+J+��5�|�}�ÁI·<v0�:9
`

3.6.1 â�ã�ä<å�æ : ç�è¹é_ê�ëVì�íuî�ê<ïðç<ê�ëVìñí+òðînê�ï�ç<ê�ëVì
�<��?Xó+ô�õn� ö÷j+k���ø+ù_ú��
û4ü$�ásàt¸ý�þ0`

14 ÿ��������	��
	����	��� high state, low state ����� �	����� ����� �	!#"%$&!�'�(*) �,+-
	.�/ (bimodal
states) 0�1�!&2

15McGraw-Hill, Dictionary of Astronomy 354	687�9 : “A type of quasar whose light exhibits strong
optical polarization and large variability.” Oxford, Dictionary of Astronomy 3:4	6 7�9 : “A class of
extragalactic, violently objects that includes BL Lacertae objects and optically violently variable (OVV)
quasars, from which the name is contracted. They are thought to be the high-speed jet of plasma and
radiaion from an active galactic nucleus viewed nearly end-on. The OVV quasars have broad emission
lines in their spectra, but otherwise show all the characteristics of BL Lac objects.”
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���������
	
(Thomson scattering)

Ã�¿4Ã ( � )�*B,:.:/ ) �2�H�����1�3:THU�9KR�S z�� �4?���¿�Ã (
(:)�*>,�.:/

) �X���
N+C@OQGKCKR4S��B� )+*X,�.0/���� T�����8�9X`���ù�1+¼����:T_UF9<;¸1�30c��+���:T��%�
1��0THU:��� ��8�9X`�Ë4�"!4TB1+3���#Y9IÆ �Hz ��Æ:T%$4 '&
(�8�90;@?P1430c%�4�4�à;2o
p��)�"*��2R�S�� z�+ � J���8_9
`>d-,�.
/:c�? σT = 8π

3 r2
0 (r0 c"�4ù41�3�0)1 ) `

2 ��34�����)	
(Compton scattering)

1+3:THUF9 X ���+3��2R+Sn`%5%6n� X ��541�3nT-7>inhPv�R�SuÁ¡·u90;¡R+S X �n�<�
T
��� X �à;-o�p-¿�Ã�� X �:��80T�?��4� X �n�2¿�Ã�U:�-� ∆λ = λC(1− cos θ) ´
9X¿4Ã�5
Ã��n�>�X5
:Y¥I·�9 (θ c X �_�2R�S
; ) ` λC = h/mc ≈ 0.02426Å l<? λC c
1�3��0N+C2OG@C@¿4Ã�;�<�=�·�9B`�~>��>)?0c"��ù�1�¼
���<l�c4Ñ�Ò
lV=2^��4` X � z ��3¹;�@Bv'An��?
1+3¹;2�XØ�B z �4ù)C����"D�E�Ø�B¹;@µ4¶_9+~0;-THU�h-v'F GV]>T>ÑHÒXl =�9
`
Í�H:T�? GJI�KFC�R�S z :MLFv�N�C-OñGPC�R+Sà;P�¹�K~0;>�Bm09K5n?�N:TMOQP�8�9�R"S��
m:9<;>=@cñGTIUKFC�R+S z'V ��iXÎ+q zXW�Y �0N+CPO$G�CPR4S¹; � ��`�N+CPO$GPC�R�Sn�",
. /0cHDF��®4C - Z�[_��\�]0l%^0¶�tá·�?n~K·:c���� X ���X¿�Ã�54Ã_�V;>=
?�G_IUKFCPR+S
��,�. /à;�Í'`<8_9
`
a 2 ��3b���Xc
d

(inverse Compton effect)(:)0*X,�.�/ �>1�3�5�Z�®0D4E@¿0L
e f��H�_UV�Ä^ )0*X,�.�/ �>�_�B�<3Q;QD"E�R�S�@
v<? )�*-,0.0/ � ( �BWYCXZX� z wVp�9hg i0`BÍ�jn?+N�C-OñGPC�>�?0c (<)�*
,�.:/ �2�+3
;I� )<*F,0.�/ �F1+3ñ;B�"D"E�R�S_T U+hPv:?_UV� �_� )0*X,n.�/ �
��3�5�wYp:9�gMi<l
mn9P5n?n~�·�tJkMl<�2�<:c�m<v<��9�n o�p�5�f0^H9B´)9Fl"q�rY]
T+c0o
Í:�2���l:m���?
ö÷M_ú���s z�t eP~<;��K�:�+`

3.6.2 ubv�w�xzy�{}| ~��}�����}� ç�~
�
� ���n�2��� z'V 9�=:?F84l<T�� �4�+�n������l'm�i_U��¸T�?�m:9K1+3�q�r ( ¾�]-O��
�<Z��-����c Maxwellian; 56 � ) s�t¡J���Á¡·�9I��3n� )�*-,<.:/ x>y D_G , c�?K1430Í��
�B1�¼
�'�
�)��THU�h�vFJ��
?Fm09B�4cXR+SuÁá·�9@Í%�n�-�+3 z µ�¶�?�ËK· z 143��Xq+r+l
/+q�8H9�~<;-THU4h2v'#�t¡·�9 ( ] 3.54) `
Í'H0T+? )�*B,<.n/ E

zX� lX1�3_�����"���
l<�Bq0r'�"� z n(E),
)�*B,:.0/

E �21+3
Í%��s�t���¿�* ν �B�43+54J���Áá·�9h��� z F(ν,E) ;�8n90;P? )�*X,�.0/ xFyVDHG , c
1
3�q�r z ���
�U�>l'/�qU@
v<?

F (ν) =

∫

d3p n(E) F(ν,E). (3.61)
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3 � X �������
	���
mn9X��c�? )�*B,:.:/ ���>l0�X1�3�q�r z N(E)dE ;�@
v�?

F (ν) =

∫

dE N(E) F(ν,E). (3.62)

143�54¾V]B^>���<c�? n(E) ≈ exp(−E/kT ) ` )+*B,0.:/ E �B1�3�5
� 9I��3n�������+¿
*0c hν = E l%^<¶YtÇ·�?BÍ�H:T F(ν,E) c�? ν T���@2v��HhHeF�2;�����8�9
	X*0`0U�h�v<?
½��:T���Hh���^
���¹;�@
v<?

F(ν,E) ∼
{

F0 for hν ≤ E,

0 for hν > E,
(3.63)

;Pµ
¶Fv_�Ä�<� ( �"�>J4�0��;X=Kc+? F0 T 1/
√

E ����6'E�5<m+h�i ; ] 3.44) `I8n9�;P? (3.62)

c�?
F (ν) ∼ F0

∫ ∞

E=hν
d3p exp(−E/kT )

∼ F0

∫ ∞

E=hν

√
E exp(−E/kT ) dE

∼ F0 exp(−hν/kT ), (3.64)

;P^�� ?��_©:G��H¯ )<*X,<.n/ 5 �+� l�¤�¥49 (∼kT ) ? exponential ��� )�*B,:.0/ xFy D
G , 5+|+}�Á¡·�9�~<;I5 º sV9 16 `� TX143�5�½4¾ ]2^Fq+r z @Bv��Fv�?�� (0)+*2,<.0/ 5���� )�*2,0.</ U��2�@c�9Ks<T (
�
��� 17

z µ�¶_9X`B1�30Í%��� )0*X,<.0/ c�? E = mc2γ l<m09P5�?-½��nT
��eh�2v eP9��
c>1+3�� )�*
,<.:/ q<r�5�  = 	Q*�?

N(E)dE ∝ γ−p dγ (3.65)

l"! º ÁÄ·Y9K�+��l<m:9B`$#&%I^>j4k�'�(*),+ �*-".�/
0 )�1���2436587�94�":�;8<>=�?A@B�C�D�EGF 0�/*H�I$J KMLON*0�/*H"P�QR )
:�;8<*=�? E = mc2γ SAT�U�V>U��87>9GS JK�RWI
X )
1. YMZ>[ N&H]\ 9�^8_�`Ga85�:>;8<�=�? (≡ hνc)

C
γ2
-"b�c F )

2. d*e�f ν S�T�U \ 9 C YgZ�[ NhHji�k�l F(ν,E) = S(ν/νc)
I�/ 3jmAf>n*o p�qr[N&H

s�k S J"K4H8P,t�u�v a�5w7�9 - 2 Hx�y>z"{W|,{
y Y�}�),~�� y$��|jy Y�}>o l )�1 NhL
^8����S$� R"� 1 I C q��g� 0>/*H ( 1�1 C��G� y�| !)

P

16 �����������������6� 57 �����6� � �$¡¢� F0 £ � 1/
√

E �¥¤�¦¨§�©«ª¬¥®�¯�¢°O±�²�³�´µ�²�¶ ( · 3.54) ¸ F0¹jº¼»¾½�¿�»,À ²����Á�6� ∫∞

a

√
x e−xdx =

√
a e−a +

√
π

2
erfc(

√
a), erfc(z) = 1−erf(z), erf(z) = 2√

π

∫ z

0
e−t2dtÂ�Ã�Ä ¸ Mathematica

Â�Ã�ÅÆ �]ÇOÈÇOÈ�� � ��É¾Ê¼Ë ¸
17γ ≡ 1/

√

1 − (v/c)2 � 1; Ì Ä ± ÄÎÍ�Ï,Â “ Ð�Ñ ´AÒ ” (relativistic) �Ó± Ä ¸
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�4H*I ) (3.62)
l )

F (ν) =

∫

S(ν/νc)γ
−p dγ

I�����H8P 1�1$o�) νc ∝ γ2 S	��� 0 )�
�@� fGS γ � L ν/νc

- ��� ��H ( 1�1 C�� 3¼V�U
^ ��� yG| !)

P
dγ

γ
∝
(

ν

νc

)−1

d

(

ν

νc

)

S	�g� 0 )
F (ν) =

∫

S(ν/νc)γ
−p+1 dγ

γ

=

∫

S(ν/νc)ν
−p/2+1/2
c

(

ν

νc

)−1

d

(

ν

νc

)

=

∫

S(ν/νc)

(

νc

ν

)−p/2+1/2

ν−p/2+1/2
(

ν

νc

)−1

d

(

ν

νc

)

= ν− p−1

2

∫

S(ν/νc)

(

ν

νc

)
p−3

2

d

(

ν

νc

)

. (3.66)

(3.65) ^,7 9�@ B"C�� @�� / :�;�<�=�?���� -�� � 0�/�H�IwX )�
 @�����S 0 � L ∞
-w�

H>I )	
�@�� l ν
-��rL 5 /�P� �! ) t�u�v a�57�94^w:>;�<�=*?$@ B
C power-law ) γ−p

o"p�q�[ NgH�IX )#"�1j� L�$�% [ N&Hwx�y�z"{W|,{
y Y�}'& H�/ l ~G� y,� |jy Y�}*^":
;<>=�?�(#) zW| < � power-law

- 5+*�),"�^.- X,l )
s =

p − 1

2
(3.67)

- 5 H ) I,/ 30/�1�5  �2 C�3 L6N&H�P

3.6.3 465�7986:;8<5=�>
25 ?�o�@,- R 2�3 - )�A s�-.BDC 5�E<F - 7�9 CHG�I e ��H4I"X ^#J � z�{�|${�y d�e

f (Laromor frequency)
lLK

νL =
eB

2πmec
(3.68)

:�;<>=*? mc2γ ^A7>9 C x�y�z
{�|�{�y Y>}>o
YGZ �4Hj\ 94^w_�`�a�5"d>e f l 18
K

νc =
3γ2eB sinα

2πmec
. (3.69)

α
l A srI 7�94^ I e*^F X ^"5 �#MN ( O�P�Q M )

P V�U�^87�9�� LSR�T�U�V & R * x�y�z{M|�{�y Y�}�o"YMZ>[ N&H :�;w<�=*? [erg/s]
lLK

Psynch =
4

3
σT cβ2γ2UB . (3.70)

18 W�XZY ( ´Z[ ) µ�\¬«®Z]Z^ ¹`_ Ä ¸ Katz � Ì �a]Z^"�cbed ¸ Shu, Rybicki & Lightman � ��� (3.69) �
1/2
Â

νc
�¾©¾®�±�¶ ¸
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1�1,o K σT

lh|���"y ������ 
 K UB

l A s ^":>;8<�=�?�� N 19
K

B2/8π
P 7 9 C���C *

σT SATg� 0,K�\�� o��g� 0�/4H A s I�� U � *�&�� 0�/*H 243�5 ��� ?�� P

3.6.4 � � !#"�$ %'&'(*)#+,('4 5�7986:,8D5�- � !#".$ %'&0/21�3
4 �*5.5�6 - 2 H*I�K :�;"<*=4? mc2γ SAT�U�V�U�^"7�9�� L ^ x*y*z�{g|,{>y Y�}<(

) zG| <�^'O�? zwl,K 0.29νc o�& HP87
9 a5�A s B
K 7>9�:�;w<4=4? Ee

- U /�0�K�xy�z"{G|j{�y Y�}�(�) z�| <�^LO ? z :�;�<�=�? Ep S�:�; 0�< 2�3 P 1�1Ao K>= ?�?�A�9
h̄e/2mc = 9.3 × 10−21 erg/gauss, γ ≈ 2 × 107(Ee/10 TeV) SA@ /4H8P

Ep = 0.29 × hνc ≈ 0.29h
3γ2eB

2πmc
= 0.29 × 6γ2B

h̄e

2mc

= 1.7 ×
(

2 × 107(Ee/10 TeV)
)2
(

B

1mG

)

1mG × 9.3 × 10−21[erg/gauss]

= 6.3 × 10−9
(

Ee

10 TeV

)2 ( B

1mG

)

[erg]

≈ 4 keV

(

Ee

10 TeV

)2 ( B

1mG

)

. (3.71)

1 N C K Koyama et al. (1995), Nature, 378, 255, “Evidence for shock acceleration of high-

energy electrons in the supernova remnant SN1006” o�BA@G[ N�0�/�HDC4P
Koyama et al. (1995)

l,K
ASCA E�FGS�@ /"0;K8G�H F�I�J SN1006 ^ xLK <�M�@>� L�KN�O a�5�:�;A<�=�?�(#) zW| < (=power-law o"pM[ N<K�P � C 5
Q ) SDR.S F R
PLT�N S xy>z�| {�|]y Y�} I,J"KLK _
`GaAU G�H F�I�JWV^	A s�X�N S 6–10 µG

K
X ��(�) z�| < l

∼ 20 keV
Q o�Y�Z\[
Q H�T�I � L�K 7�9�:>;8<�=*? l 200 TeV ]
^ I`_ 
g� R�P " NgQ oa :�;w<�=�?�^�b0cd� (cosmic-ray)

l�G�H F
I.J V"^�e.f\g � o�h � [ N [LQ H�I Qjilkl &4� R C K " N S C�m
n.o��4H�T*I�l o Xdp ��� R�P ASCA ^ SN1006 ^AR.S C.q ;�[ K
(
V>m a�U
o l & H C )

G.H F�I�JrV"^As�9.h � ^ o�t S�u F R�P

3.6.5 “Equipartition” condition
x�y�z{�|�{ y Y�}
U�v8��[ R�T'U�V.K R�T�9 
 � L Y�Z�[ NMH :�;�<�=>? S [erg/s/cm3]lLK 7�9�� N S N0 [cm−3]

I���H*I KAC
(3.70) vD* K

S ∝ N0γ
2UB .

V#E K 7�94^":�;w<�=*?�� N�l Ue ∝ N0γ, A s ^
:�;8<�=*?�� N>l UB ≈ B2 o K>w :�;8<
=�?�� N�lLK U = Ue + UB

Pyx�z ^�d�e�f�U�{}| F R�I"X�K>C (3.69) vD* γ ∝ B−1/2 ^�m~ C & H8P v �>[ K
S ∝ N0γγB2 ∝ N0γB3/2 ∝ UeU

3/4
B .

19B
Â

Gauss �l��� © � ����� B2/8π � [erg/cm3] �Ó± Ä���� µ6²�¶ Ì � Â�� ±l��� Ä ¸
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w :�;�<�=�?�� N UB

l V z I F [ K Ue

I
UB U��2i�Q#i i�k o>:�;�<�=�?�SA@�� F RWL Kx�y�z
{�|,{�y Y>}�:>;�<*=*? S

C���� U p�H �WS J K�HwP
S ∝ (U − UB)U

3/4
B

∂S

∂UB
∝ 1

4
U

−1/4
B (−7UB + 3U) = 0.

v��D[ K UB = 3
7U
K

Ue = 4
7U ^ I"X U K S

C���� U pWH.T�I C q>� HwP T N�l�	�	�
 ���
U K UB ≈ Ue

IAJ K [ �� Q P U Q * K�������������������� �"!�#$�����������%����&'�(�)+*�, ��-/./0214365��/728:96;%<�8>=�?$�����@������A/B�C$D�E�F�G
& H Q l ~ U K/728/9�<�;�<�8�=�?�&�H�I+J4K2L6�/-�./021NM�A:���$���$�%�$���:����"!�#��/���@�����%����& '/(�)6*PO EPQNR , F

(equipartition) S$T@U &�V , GXW�LONR R�S�Y>� L[Z
9 ^:\^] � ?�_
?�S _ 
 � H*I X.K equipartition ^8����S�` z*��HLT�I Ca Q P

3.6.6 8\&cb�5�d$e6f
D�g�h�i o�^�j } \ 94^$d�e f�S ν

K�k 9�^>l�m i o>^@j�} \ 9�^,d�e"f�S ν ′ I �4H8P�k
9 l8� [ v S,T6n K β = v/c, γ =

(

1 − β2
)−1/2 P D�g�h�i o K@k 94^�o�p�E<F I j�} \ 9�E

F I ^ V ^ M S θ
I �WH*I�Krq P � ] ?Ns 2 ^%t C v�* K

ν ′ = νγ(1 − β cos θ). (3.72)

k 9�^Nl�m i o K hν ′ � mec
2
I �4H�I K.T ^ i o lh| ��wy ��� I,JKGL6N [ K d�e f ( :

;<>=*? )
l ��� ^/u/v�o���w F p Q�^o K ��� v�^�d>e f � ν ′ P�k 9�^�l�m i o K@k 94^

o2p�E�F I ��� \ 9EDF I ^ V ^ M S θ′
I]�WH*I K D�g�h�i o�^ �� v�^8d>e f ν ′′ l,K

ν ′′ = ν ′γ(1 + β cos θ′). (3.73)

θ
�

θ′
�

∼ π/2 	 N\p ^
o K. ! ^�^�x�U�^ C � L K
ν ′′ ∼ γ2ν (3.74)

IDp�H�PNy�z�{�|4!�#�D�}�F�~������P��8���;�8N����M2.���?���#��/���@������A
γ2 � DE�F/G

3.6.7 ����������� (Inverse Compton) �r�
���������

mc2γ �:����� k����2���N�¡ ��4¢�£�¤^¥/¦�§�¨�©$ª�«/¤�¬PN®2¯ ���@�����
��°�± [erg/s]:

Pcompt =
4

3
σT cβ2γ2Uph (3.75)
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	��
�����

Uph ��� � � ���%�����������
(3.70) � (3.75) ��� ��� ���:�2�2� � � (

���/���2�����
Uph)

�����
(
���%���^�����

UB)
� � ���%�����"! ����#�$&%�§('�¯ �*) ��+ � � ���������"! ���-,��(.
/r 4��¬ � �¬+�®r¯ ���:����� � ��� ��������� � �10�26�����  N�4¢�£3%%§�¬��®r¯ ��������� �4 � �

Psynch

Pcompt
=

UB

Uph
. (3.76)

�����65 « 7r« ��8:91;�< �:�-= � � ∼ 3µGauss
0:>*?r¯ � �

UB ≈ (3 × 10−6)2/(8π) ∼ 3.6 × 10−13 [erg/cm3] ∼ 0.22 [eV/cm3]. (3.77)

�
@ ��A&BDC:EGFGH ��� 0*>*?2¯ � (p.45 �6I�J )
�

Uph ≈ 0.26 eV
� �LK3M � NPO6QLO*RTSU�V W(XGYDZ�[
\�]:^(_-`�aTb
c�d:e:fLg�hji6k�i�k*g l
m R(n `�U�VDW�X�Yoa6cqp�rTs:tu:v�w m�e � [�x6yjz
gD{1iDg"|-}�b*~����-�
`"yPz:g�{�i�g"l
m R�n `DU�V"W(X�Y
��c"����1�6���

3.6.8 �P�P�j�&� RXJ 1713.7–3946 ���� � ���>����� ¤��*�3���L� ! �
(∼100 TeV)

¤�¥�¯D,���.6/2 �//�"¬ �3� 2^���4�  [�"¢£-0��  %N§G'�¯ � >T? � ��§�'�¯�� H �@��� ¤ � �*� 5:��� RXJ 1713.7–3946 (Aharonian

et al. A&A 2006, 449, 223 and references therein)
�- $¯

20 � ��� 5 � ,L¡ ��¢�£ � ������P� ! � � �®�,���.:/P "/��N¬ � � X � �:¤�¥ ��� ��+ � ! ��� CGE � A&B6F�H ���
� � �j0"26���N�  �� ��¦ )  �§ � TeV ¨ �T© � �:¤�¥ �ª�+¯ � X �«� TeV ¨ �T© �$��¬ �T® �+¥-¯±°&²:%�§�'�¯  ���1� ( ³�´oµ )

�
¶�· ! ���:¸ @��D��� 0�¹P¦�§('�¯ � >*? ���¯ �

º¼»
ASCA ½ª¾À¿ÂÁÄÃ (1–5 keV) Å HESS Æ�ÇÉÈ TeV Ê ËÍÌÍÎÀÏ�Ð�½ÀÑÀË ÒÔÓÂÕÂÖØ×ª½�ÙqÚÔÛ�ÆÉÜ6ÝßÞ X

ÎDÅàÊ"ËÍÌ±ÎÄá�â�ÝÔÞØãÀÈÍ½åäªæåçÄ½ÄÙÀÚÔÛ"èéäÍêìë�íìîìáÄï ðéÞØãÀÈªÅòñÉó ôöõ¼Þ¼ãªÈåÕø÷ » æÔêØù (ATCA) æ
20 úìû äìüØýªþìæ TeV Ê ËÍÌÉÎ�ÿ��������	�	
ª½�� ÑìË�:ÒòË��	�Øä	�����qÈ����ØÛq½���ÆØæ��±ë�½ π0 ���
Æ"ÇÄÈ (pp → π0 → γγ) Å ñ�ó"È����¼Û�����ÈÍÕ
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X Î (ASCA) æøÊ"ËÍÌÍÎ (HESS) ½�� � Û��ÀÁ����
	"Ò ÛTÅéçòõ�ÿ�� ���ªÈ����ØÛ�Õ�����ÍþÂêìë�½�� � Û��ÀÁ��� » æ����åá p = 2 æ exponential cut-off energy=100 TeV Õ�����½�����Æ���� ( ã� �! È νf(ν) �"
#qÒ æ
��ÈÍã » EF (E) 
"�#�Ò ) Õ$&% µ��('*) .^ ,+ ��� �.- ³ 0&/1032:� ¯ �

1.
! �54

cut-off energy = 100 TeV < 4 ��� mc2γ ≈100 TeV
¥ M � γ ∼ 2× 108 �&6 @ �

2.7 K
4 F�H ��� 4�¨:©8789.:o �� M 4@¬ � 48;8<�.>=8?@+1AB< � � ∼ 2.8kT

¤ ¯4¯
� � ( C 3.15)

� 8G91;6< � �D=E?3+EA5< � � ∼ 2.7 × 2.8/11604 = 7 × 10−4 eV
� C

(3.74)
¤G �¯�¥5F ¤ � 2^���>�¡ ���¢�£�¤^¥:¦4§ � �543=G?H+EAE< � γ2

¤ ¦ ) $ § �� ¯ �«� � 7 × 10−4 × (2 × 108)2 ∼ 30 TeV �q< M � TeV I(J �
¤�¥ ��� ¯ ¨ �T© ��G2r���>�  4�>¢�£ �.KMLD� ) ¯ �
2. X � 4N=8?@+GAD<PO C (3.71)

¤NQ�' �
100 TeV

4 ! ��� ∼ 10µG
4 ���SR�� ¬P@®^¯

,���.
/^  /�� '3) .^ ,+54G;.<L. � � ∼ 4 keV
� ¥�¦>§ �

ASCA
�
¤G¥ %:�

X �TI
J (1–10 keV)

¥ Mq³ � � power-law
�L�

ASCA
4&U+�BV�¥ M $ � �NW8X ¤3Y[Z�¯*,��.
/P �/��>=G?>+DAD< 'N) .^ �+P0]\G^ � ) ¯ �

3.
! � � (3.65)

�3_.` �Ä�P¯
power-law

£Ta � ∝ E−p
¤HQ�' �

p = 2
�

(3.67)
¥ M � ,���./r ª/��[¬ �1� 2^���4�  ��[¢/£B4cbd=8?]+1AG< '@) .$ e+5f
4>gEh � (2−1)/2 = 0.5

( i8j 0 [erg/s/cm2/keV]
�*_E` %�� �:) � ∝ E−0.5)

� �D� � iTj ¤lkMF 61m =D?+1AD<:0HnBo:§ �
νf(ν)

�-/Ep� 
([erg/s/cm2])

�3_8` %�§�'$¯ � � �Hq.r £ 4@s ) �
∝ E0.5 (

%5$ � M 4 ¢�£ )
�

4. νf(ν)
�P/Dp� t4&u8v <Nw � �&x j (

=1?&+GAD<
)
0Hy.: �N_8` %*� �
) � 'N) .^ �+03=G?>+DAE<*43y(: �*z £ %
� � �G+ 4*=8?>+DAD<]{}| � ¬ � �¼� ¯~=G?&+1AB<:¤ <¯  � �&��� �

∫

E2 dN

dE
d(log E) = 0.434

∫

E2 dN

dE
d(ln E) = 0.434

∫

E dN [erg/s/cm2].

m KoM $~% µ ����� m 4�b��&f 9 4H� z*�(�q+ �G�D�-,��G.T/5��//� �:� 4@=(?�+GAG< �2l����������¢�£
(IC Radiation)

4@=8?&+GA1<:¤ < ¯ � + 4 4 � � (3.76)
�N� ? � � �+�"�*�(� %
��¥BF ¤ ��5 « �:� 4 = � �

B ∼ 3µGauss <3���1�@�.� % ¯ < ¯ � ���5(��� 4�,�¡�+ RD� �N�T� 9�¤P¥ M��G� ����§ ���G� � + �c¥ M k = ¯ < ¯ (
= ¯ <¯ �G� � ,��(.
/S�q/�� r £ � °8y ; ¤ IC

r £ �E� ¯ < ¯ )
� �"� � �G��= � � '

) .��e+}�E��p1��4>�}�  <8�N< �(��¤G¥ �Ø�&��,��(.*/}��/�� r £ � IC
r £ 4 4 ¥

M � B ∼ 9µG ��� z k � �+¯ �


