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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 l0c exonential l4¦�§�9
`F¨V��©FD2ª /2,�«�¬ � low state14 ?4H®4¯n° /
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�äYå�æ�çuè�éYêuëHì�íuîðïXéñ+ò ���n�2��� z�ó�ô>õ ?F84l<T>ö�÷4�+�n�>ø�ù�l�ú�i_U��¸T�?�m:9K1+3�q�r ( ¾�]-O��
�<Z��-����c Maxwellian; 56 û ) s�t¡JVü�Á¡·�9I��3n� )�*-,<.:/ x>y D_G , c�?K1430Í>ý
�B1�¼+þ�ÿ�����THU�h�vFJVü
?Fm09B�4cXR+SuÁá·�9@ÍFýn�-�+3 z µ�¶�?�ËK· z 143��Xq+r+l� q�8H9�~<;-THU4h2v���t¡·�9 ( � 3.54) `

14 �
	������������������� high state, low state ��� � ��!�"$# ��%'&)(�*,+.-/*�0�132 546��7�8 (bimodal
states) 9�:$*/;

15McGraw-Hill, Dictionary of Astronomy <>=�?A@
B : “A type of quasar whose light exhibits strong
optical polarization and large variability.” Oxford, Dictionary of Astronomy <C=�?)@
B : “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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Í��0T+? )�*B,<.n/ E
z���� 1�3_����þ	��

l<�Bq0r��	 z n(E),

)�*B,:.0/
E �21+3

ÍFý�s�t���¿�� ν �B�43+54J ü�Áá·�9���� z F(ν,E) ;�8n90;P? )�*X,�.0/ xFyVDHG , c
1
3�q�r z ��þ���
>l � q��
v<?

F (ν) =

∫

d3p n(E) F(ν,E). (3.61)

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��:T F(ν,E) c�? ν T����2v� HhHeF�2;"!�#�8�9�$��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�<� ( ö4÷>J4�0��;X=Kc+? F0 T 1/
√

E ��-�6�.�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^�� ?0/_©:G21H¯ )<*X,<.n/ 5 �+� l�¤�¥49 (∼kT ) ? exponential 3�� )�*B,:.0/ xFy D
G , 5+|+}�Á¡·�9�~<;I5 º sV9 16 `4 TX143�5�½4¾ ]2^Fq+r z �Bv��Fv�?*� (0)+*2,<.0/ 5�5�6 )�*2,0.</ U��2�@c�9Ks<T (
�
��� 17

z µ�¶_9X`B1�30ÍFýn� )0*X,<.0/ c�? E = mc2γ l<m09P5�?-½�%nT
��eIü2vðeP9B�
c>1+3_� )�*
,<.:/ q<r�5�  =	$7��?

N(E)dE ∝ γ−p dγ (3.65)

l�8 º ÁÄ·Y9K�+��l<m:9B`:9<;I^>j4k�=�>:?@� ò TF����v�?<~B�_U��á^X1�3�� )�*X,�.0/ q
r�5�?&@A�Xv0�:9n;-µ4¶�t¡·:v0�:9F`n¥>i�? )<*X,:.n/ E = mc2γ

zB�C� Í � �X1�3 z µ
¶0iH;�=B?

1. J�ü�Á¡·�9���3_��D�3 ]X^ )�*X,<.n/ (≡ hνc) 5 γ2 T�E�F���?
16 G2HJIJKML 0
� " ��� 57 N2OJPRQ �TS # � F0 U 0 1/

√
E �WV*XZY"[]\ !W^���"`_ �JacbJd�<Ma/? ( e 3.54) ; F0

(7fhg 1�iJg 4 a5� "���� ∫∞

a

√
x e−xdx =

√
a e−a +

√
π

2
erfc(

√
a), erfc(z) = 1−erf(z), erf(z) = 2√

π

∫ z

0
e−t2dt

9cj � ; Mathematica 9cj�kml �onqpmnqp �ZO "2rtshu ;
17γ ≡ 1/

√

1 − (v/c)2 � 1; v>� � �xw�y 9 “ z�{RdB| ” (relativistic) �'� � ;
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2. �:÷�� ν

z��C� �<3<5�Juü0ÁI·�97�0�nc F(ν,E) = S(ν/νc) ;B�Q�7$B���:l	8 º Á·�9
�+� z µF¶�9X`@þ���ùH]B^
1�3nT_U>9>A<C�DFEHG@E�C@J+�0?@MVN+C-O GPCKJ���l�c+?<~¡·�t
����� z�� iF8H~:;¡5 º suh@v��:9 ( ~�~@5
	 ®�CYG !) `
8�9:;-? (3.62) c�?

F (ν) =

∫

S(ν/νc)γ
−p dγ

;�� ô 9X`0~+~-l<? νc ∝ γ2
z� hPv<? � q�!	� z γ sàt ν/νc T�!��<8_9 ( ~+~K5��H��Í �

��	V®+C G !) `
dγ

γ
∝
(

ν

νc

)−1

d

(

ν

νc

)

z� h@v�?
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) �@143�q�rF5���q4À0� )�*B,�.</@� � T��VhIv��<90;
=B? � q � � z 0 sYt ∞ T
8
9�;-? � q��0c ν T�-àt�^���`����:?2þ��+ùH]B^>1+3�� )�*B,0.:/ q<r�5 power-law ? γ−p

l�8 º Á¸·u9<;>=B?FË<~Psut�����Áá·�9
A<C�DFEHG@E�CPJ+�0m:9B�4cXM N�C@OQGPC�J+�:� )*>,�.n/ xFyYDHG , � power-law T4^ � ?<Ë��>  =@c0?
s =

p − 1

2
(3.67)

T�^_9X? ;@�������<^�����5 �¹tá·�9B`

3.6.2  "!�î$#àï%#&!
')()�*>,�.:/
mc2γ �21�3+5_A<C0D�EYGKE�CKJ���l�J üX8�9P�+3����&����÷	�:c�?

νc =
3γ2eB sinα

2πmc
. (3.68)

α c
¼��à;á1+3���*�÷:�
+<=
�F^�8-, � ( .n©�/�, ) `10��:{�
4m�i��ÄA�C<DFEHGPE+C�J+��l
JYü�ÁI·u9 )�*B,:.:/ [erg/s] c<?

Psynch =
4

3
σT cβ2γ2UB . (3.69)
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~�~@l�? σT c�G����FCKR+S���� � ? UB c>¼���� )�*X,<.</	��� 18 ? B2/8π `2143�5�
+5%�
σT

zB� h@v<?B��Æ<l�uh@v<��9K¼+�¹;�� � s$�Imnh@v<�:90U��¸^�®�� /� `

3.6.3 #<ë�� !������

ν ′ = νγ(1 − β cos θ) (3.70)

ν ′′ = ν ′γ(1 + β cos θ′′) (3.71)

ν ′′ ∼ γ2ν (3.72)

N+C2OQGPC@R�S�THU4h2v�? )�*B,:.:/ c γ2 � T�^_9
`

3.6.4 ���)!���ï ! (Inverse Compton) �! )+*X,<.</
mc2γ �>Í � �21�3�5_N+C-O$G�CPR�S0THU�hKv
0��n{�
�TXJ ü-8_9 )�*2,0.:/

����� [erg/s]:

Pcompt =
4

3
σT cβ2γ2Uph (3.73)

Uph cF��3_� )�*B,:.:/"��� `
Psynch

Pcompt
=

UB

Uph
(3.74)

3.6.5 #!$!%'&)( RXJ 1713.7–3946 *,+Ó>(+)�*@,�.�/ T2ÅFÆYÁ�·ni@1�3 (∼100 TeV) T�UX9BA�C�DXE_GÄE�CÄJ4�Y;�MHNFCPO¹GICÄR
S z ÚV~��-v+�<9�;�µ>¶Ht�·+v���9�� ò �2Í � T�? ÓFÔ�¬4Õ
Ö RXJ 1713.7–3946 (Aharonian

et al. A&A 2006, 449, 223 and references therein) 5nmn9 19 `

18B 9 Gauss O.-�/�[MQ � "A� B2/8π � [erg/cm3] �'� �1032
<Ra5?�v$� 954 �.687 � ;
19 9.: O.;=<�Q � TeV >:g@?BA 9DCFE5G.H KRL 0JI:fmg5K 4 gDL=MRO=NPO s ?JQSR � 0BT
< �BUJV 0 π0 W3X
< =�? (pp → π0 → γγ) �DYhk ?JQJR �[Z \ ?A;
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ASCA ��������� (1–5 keV) � HESS ��� � TeV !#"%$%&�')(*��+�"#,.-�/�021��)354.67� 8:9<; X

&=�>!?"%$@&�A)BC9.;2D��%�FE�GFH���3�4.6?IJE%KML)NMOMA�P#QJ;2D����SR T#UWV�;�D��F/YX � G.K2Z (ATCA) G
X & (ASCA) GY!?"%$%& (HESS) ��[2\�6*]��)^)27_?,`6a�JHSVCb�c7d@e��FfFg267/ShMi�j%k�KML7��[2\�6�]��l�m � GFn5oFA p = 2 G exponential cut-off energy=100 TeV /Fp2q��)r�s�� t)u ( D v�w5� νfν x�y�z7,`G){
�%D � EF (E) x5y�z5, ) /


