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1.1
� � � � � � �

» ·6¾�¿��
	 ����n���
�rts���°�» ·6¾$¿ �����hb�� �
����� ���
���N°6²��B[���°?i
1962 ��½! !"�# ��$$n&%('*)Is6º,+�° X

¿���� ½*-
.�º/+10 n X
¿
� » ·6¾$¿ ��u�v.�

°32����$Ã � � �!� ½*�!�Bm547670zn 20 8�9�:
;F½=<&>3?!@�½=-�AFºCBNª$n
D�E>º*-
A
bF� �HG i�» ·�¾�¿ �
�D½CI�J�º �LK�M��D°NÀ 2 N�OP��°�i*QDlCR�S�TI�3U ª °�I�J ÀWVX�Y p,�LU.ª.°3I
J.[���°?i

100 GeV Z�l�½C[�2 ����Ã�����½�» ·�¾$¿ (TeV » ·6¾$¿ ) ����� �N°�º	�CQNl=R
S!T
�3U�ª °6i�» ·�¾�¿ mHK�\�º3]F°NÀWK
\1^�½�{�±
_�Àa`�b
c�U��Fdfe
bag
h1)�"
i����jd
e���i�k�ºL]�v�» ·�¾$¿ m 100 GeV ��l/m.° (TeV ­�® ) «
¬��!)�"�i��
ºCBon*�p-�q bG�r(s | · #�\6�DmpQ �76$[pt
uD�N° G
v n�Q�l=R
S�T (

r(s | · #�\�R
S�T ) º/+�°��
�.mpw,x�[��y0 n�zDm!{�½ CANGAROO � �}|
~
½ H.E.S.S � � m5�
��b���ª.°?i

100 GeV Z�o�½�» ·`¾?¿ (GeV » ·`¾�¿ ) ��K�\Dº5�L�F}�~��FbL6(� G�v ºFV X�Y p�[
½
����mH���Nº���°�i�V X�Y p�º�+�°�» ·`¾�¿ ��� � 1960 ��� OSO-3 r9s SAS-2 n COS-B n
1990 �
��½ CGRO

Y p�½ EGRET <1>L�!�tÀL� �j� m�~�� �HG i ERGET <�>3��º,+�°
�!�Fº,+�0}��� ½=�
������_ (AGN) n���Ã�����n��,�/�I|3�UnN» ·�¾$¿ ����¼�� � ��½
» ·�¾�¿��
� n�¦1+?§C�!
 ¿ À p�qL����À�½C`�b
c
UDº�+�°���m,n G » ·�¾�¿ ½6u�vN� �
mp���9}�~ G i

Fermi
Y p���» ·�¾$¿��
	 �>��K � ��-
A,}6�N° G�v º 2008 � 6 � 12 ��º3�o $l�¡Fs

~ G i Fermi � EGRET ��K � �^l�¢.°6�,xN��£o �n
¤�¥Bmp¥ 10 ¦�º
§�l&¨���ªB°?i©e
~Bº,+�0 n
ª&6H«"�5¬�rts���rPn G GeV ­�®,« ½*��
B½*­�½=®P¯�m5°
± }�~���ª.°�i �² n��o �l�¡�rts 2 �³Z�l�m5´& 6n r ��µ º,+10 �·¶ �=�
��½�f�¸Bm5-	� }�~���ª.°?i

1.2
� � � � ¹ º » ¼

Fermi

1.2.1 Fermi ½¿¾·À7ÁÃÂ
Fermi

Y p��1�ÅÄ³Æ�q 2008 � 6 � 12 ��º Kennedy �!
�Ç · � �5«=�& �l!¡�s^~ G �!

» ·�¾�¿ Y p³«���°�i³� µ&È ´ ny�ÅÄ�n�|�� È �Un/��� · ¼$n
¼�� s ��Â · ���6º,+�°p{ÉHÊ³Ë ½(Ì ÀFÍ5-9}?~ G i Fermi

Y p�½=Î�Ï(Ð/ÑpÐ 1.1 ºLÒ³Ó=Ô Fermi
Y
Õ � LAT(Large
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Area Telescope) À GBM(Gamma-ray Burst Monitor) ½ 2 �B½=<o>*�7Ñ3£©n*� � °=Ô �
<&>C�,«³� ° LAT �=� ��� � À �"�$Ã � ���/«�� � » ·�¾�¿ ¼
	�" · Ñ�� �a<&>C�,«�

1991-2000 �Nº����f¨ G EGRET <(>��B½���x³Ñ K��(����¢�n ��� 0�
�� ¶��32"���?Ã � ����

� 
 EGRET «"������ "!�n G ��� ½#�� %$p°
±'&�(�� �%) Ô
Z+*�«"��
+,%- Fermi.0/213. �54(e76 LAT <�>L�"6(e . Ñ08³ÓoÌ76 . Ó ) Ô

Ð 1.1: Fermi
Y�Õ

( Î
Ï1Ð ) Ô+9;:�<p 26>=�?@6³^2- � <&>*�,«,� ) LAT $�� v'A (!��%) Ô

1.2.2 Fermi ½¿¾;BDC LAT EGF'H I EGRET ÀKJML
Fermi

.
EGRET 6N�%O�P�QoÑSR 1.1 -3Ò�Ó=Ô Fermi 4�T+U7V"W�XN�2
 �ZY 
5[#\#]2^#
_a`7b+c O�
>TdU5VaW#X bec O fhg `7b+c Od�3ij��k%6�]
l EGRET 6���OPÑ�mK�on��pdq k �d)dr . $�set ) Ô
Ð 1.2 - LAT 6�T+U7V"W�X
u . 6�?#v b#c O/ÑFÒ�ÓHÔ Fermi 4

100 MeV wd�Zl 3.5 deg 
 10 GeV wx�Zl%4 0.15 deg y2v . �Kz|{�� _@`7b2c OPÑ0} q k�d) Ô>~�� _"`�b#c Ox6�� ��{ T+U�V"W�X�la��[#\#]2^d$5m'� � �#��
 Fermi � Õ l5� A
( )��%� Xx�Z67�@4��e�@�+-2�Z����k �%) Ô³Ð 1.3 -�TxU5VaWZX�u . 6�[2\e]+^7Ñ�Ò,Ó=Ôr (/Ñ0� ) . set )x�>z -N
 1 GeV w+�e6N�Z�%l7[#\#]#^d$5� �"r . $�set ) Ôx~���
�Ð
1.4 4 Fermi � Õ 6��"���#v&ÑS^ b g ` u . -3Ò��N�
��6�l+� ) Ô��Z�2�#� 95

b l��Z�"6�
80 % �� �¡
X�¢ )%r . $#l@£ )N¤or 6��
¥�¦ Y �S§>t��0k5¨#�3�S©e���e-7ª>X�« � ¢¬ r .®­ l@£ ¬ ¤
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R 1.1: Fermi(LAT)
.

EGRET 6��>O�P�Q2R [1][2][3]

Fermi(LAT) Dffuse Class EGRET

TdU�V@W�X7¡K<�� 20 MeV - 300 GeV 20 MeV - 30 GeV

[2\2]e^ 6500 cm2 (1 GeV) 1500 cm2

Field of View > 2.4 sr 0.5 sr

?2v b2c O 3.5 � (100 MeV) 5.8 � (100 MeV)

0.15 � (10 GeV) 0.5 � (10 GeV)

TdU�V@W�X b2c O 9 − 15%(100 MeV-1 GeV) 10%

8 − 9%(1 GeV-10 GeV)� � «3<�����	
��� ��
 26.5 µs 100 ms������������� v < 0.5′ 15′��� �2v 3 × 10−9 cm−2s−1 10−7 cm−2s−1

�
1.2: LAT 6�TxU5V@W�X"u���6�?ev b2c O (Diffuse Class)

¤���� �
1 !�" ­$#&% �0k@£

�
��£(' 68% )�*,+>l � �-��� la£ ¬/. v )10 243&5 �6� 95%
� �-��� la£ ¬7. v6)10

2>�98%¢ ¤ R 1.1 ' � 68% l�) . v b2c O��98 �0k+¥ ¬ [2]
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�
1.3: LAT )�TxU�V@W�X�u��7)�[2\2]e^ (Diffuse Class)

¤
1 GeV w��,)��2�>l��2v ­ �

¥ ¤ [3]

�
1.4: Fermi ���6)��a�N�2v���^ b g ` u��/'/8 ����� 	�� ( �
	
�
� )[1]
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�
1.5: Fermi ' � ¬ ¨2� � 	�� (

�
) � EGRET ' � ¬ ¨2� � 	�� ( � )[4][5]

Fermi � ��� EGRET l5���	�d�N¨#��
�� � � � 	 � ( ��	���� ) � � 1.5 '/8d¢ ¤ � ­
Fermi )�
�� 12 ��� �d� Xe�5leTxU�V@W�X�0�2 � 200 MeV w��Zld� ¬ ¤ � � EGRET )
1991-1996 �6) �d� X+�5leTxU�V@W�X�0�2 � 100 MeV w��Zld� ¬ ¤��� '�� ¬ n�! ¬���� )�� %%­ ��	Z]>lx� ¬ ¤ i ���9) � 	 �%��� ¬ ¥ ­ 3 Fermi l5�
�	�d� � 	 � � ��	Z]�! n�l@� �&� ­ � q £#" �%$�ke¥ ¬ ¤ � 	 ��¨'&a�0�dka� Fermi )( ­*) t2¥ ��� ­ �+$�k2¥ ¬ ) ­ s2t ¬ ¤ ~�� � 	Z]dt,�.-��d� { ��/#�Z� 'N� ­ q ���%%­ ¥�n10Zt5�%$ ¬ ¤
r �2� ��3�465 !�7 ) � ` 
98Zt:�9)�� % l436; '=<>¥6> � b "�?
ld� ¬ ¤

1.2.3 LAT EGF'HA@'EGFCBED
Fermi ) F+�a� G%l%� ¬ LAT

� H " 4*H "�I2§�J'K�
L� � � �o��G>ld� ¬ ¤ r � � 

� � � ­-#�% �N� ��£-'�IZ§'J ' � q k*MZ§ �N� H " f 46H "o� �'��$ ¬ r ��lN
�� � �
)��a�+��O z ��)�ld� ¬ ¤�

1.6 ' LAT �a�=G ) P�Q � �98d¢ ¤ LAT
� ��Ro�0�a�7¢ ¬ �1S 	0 2X (TKR) 3+T+U

VaWZX%�=T � ¢ ¬  +UWVSX � X � (CAL) 3e¡ 	*X�Y'S%ZN� �/�=[ ¬=\ HN] "'��^'_%¢ ¬
�2��) Anti-coincidence Detector(ACD) t`�ba'J,c �+k+¥ ¬ ¤ LAT

� ��d�X ��egfh� ¬i �'j5X7V@� 4×4 '=k'l �Skx�," 3nm i �oj5X7V ­ TKR � CAL ��pol6' � £ 35¨ 16 �
d7X&)��q"���r2�os )Nt�V2u�vLZ 
 lxw q k'�y" 3{zx�2� )��|" ' ACD ��}o~%¢ ¬ �S¥z aoJo�d�Ske¥ ¬ ¤ i �oj�X7V9�x¢ ¬ r �7' � " 3N� �L�=��)�[Z¥ i �oj�X7V+l ) � «C�
� l �6V�
eX ­ t2t2��[#¥ �
z '�l@£ ¬ �#�,'��#�>g ` �=���	� ¬ ¤ [1]

�����6�9�
(TKR)

�bS�	� +X � #&% 
L� � � )��'� ( �%� *A"0��¢>�#�,)���Re�a� G%l%� ¬ ¤ 19 �6) �� � ­ �`" 3#zn�{�n� 'N�WV �+��8 �*V$	����o� G3� 4 × 4 ) 16 �'��".�L�2�g�:V �+�� �x� X ­ 2 � � # % 
�� � � �1�9�'�'�@�¡  r ¢x�Z�&) ¢�"�£o¤ ­ { ¥ �g�*Y689¥¦��)
��X � )�§g¨$+eso�2lxa�JWc��2k2¥ ¬ ¤ �¦V��g� � �x� X ��© ��ª � ©%« ª�) � � X&' �
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�
1.6: LAT �a��G )�PoQ � [1]

zx�+�x� « ª�3 �6ª6'������xs��2k+¥ ¬ )�l5¨oª>l 36 ��)N�WV=��� � �h� X ­�� ~��ek
¥ ¬ ¤ � 1.7

�
LAT '6�%¥:� �ek+¥ ¬ � S�	� eXNt � � )��	�%ld� ¬ ¤

[Z\Z]2^a��

�x¢ ¬ ' � 3 �g�*Y689¥¦����X � ��� ¥ ( ­ � ¥ ­ 3 ����� ¬ � §oJWc��
� H " 46H " ­�� §
���o�¡  r �®k . b#c O ­�� �+¢ ¬ ¤ ;�'�r%¥ZTeU7V�W�X�)/!�"�)��
� ( �d� � v2� n ��� ¢ ¬ �#�,' � 3 � §���� ��� ¦%l@£*[#¥,)�l(3 ©	� ) 12 � ) � �� ' ��� ¥g�ZX � (0.095 mm)

­$# q k+¥ ¬ ¤�� ' { ¥ZTxU�V"W�Xd�S}%04!&"6)���+ � �
§����o�hz*�! @i#" '�¢ ¬%$
& � [Z¥�)�l-3�[#\Z]2^o��

�x¢ ¬ ����' « ) 4 ��) � � �
' ��� ¥+�#X � (0.72 mm)

­(# q kx¥ ¬ ¤ c��/'�z�) « ) � � � ' � � §	�	� ' � "��
R ­
'e­ �W�	� ¬ r �7�)(+*��#�,' ���xY*8�¥C�*��X � � # q ke¥�[Z¥ ¤ � 1.8 ' �1S 	
 2X ­ 
�� � � �0�"�7¢ ¬ ¢
,o�.->¥e� � S*8 �j� 8d¢ ¤ 
�� � � ­-#�% ¢ ¬ �1�g�*Y68
¥¦�6��X � lxIZ§'J ­   r " 3 H " f 46H " ­ §'JWc=�$3+z&)N�'Ro�9�CV=�g��8 ��V�	 �
�a��G%l��a��¢ ¬ 3 �0¥ z/� y%lg
#� � � ) ��� ( �d�9*A"S���0k+¥ ¬ ¤

228 µm 0 	21 �0¥ z|{ ¥ _@`�b#c O��x�=0%�CV�����8 �6V4	 ���a��Go���%¥ ¬ r ��l
�'RZ�@� ) � v�� ��� . v b#c O
��� �{c�� ¬ r � ­ l"£ 3%~���3��'&dt:�9)�
�� � � '� ¬.3�4 � \ H'] " ' � ¬�3�4 �S�oR�)65 � ���d¥87:9�_+; 35¡�	 X�Y�S�Zo� ����r��!<
£ ¬ ¤ �CV=�g��8 ��V�	 �6=?>=G � � % �
@ � ­�ACB 3�D
¥ ��V 
�E � E � 'GF @ $ ¬!H
� ­ <a£93JI
K6r H:L < )�D	M!NPOG>Q;1)�RTS ­ 
�UV;%7x¥ ¬ K�W�'13	X
�Y< ) �TZ [[�\ 'GF^]�_ @ $W�	� ¬�`YH )��CV=�g��8 ��V�	 �6=?>=G � 3�aPb�c�d ­ ��� ��[fe67)gh i �nMj;�KYF�)8<!kfl (

�
1.9)
`

[6][7][8]

�	mYn=�	oo�Tp
(CAL)

q UCV.Efr
E:s � #�% ;�K \ H�] "6)
tfu�vxw�E:y�T	z!{Ql:F-)8<:kfl `G| 1.10 ' q
UCV}Efr8E:s4)�a
~ | y 8C;�K ` q UCV}Efr8E:s)���bSG� q E�) « '��Y�?;�� CsI(TI) �� 1 � Efs)�	� �}� <������6��7	�!l `��
�Y� �%���!����� ���6�fK���� i�� ���:� qf 
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|
1.7: ���Y� q ET��� � `����	� ��
 � � �
��=x>	�:� 4 × 4 �
��� � �	7T�:l ` [1]

Tungsten
x1 silicon strip
y1 silicon strip

Tungsten
x3 silicon strip
y3 silicon strip

Tungsten

x2 silicon strip
y2 silicon strip

Structural
Material

Photon

Tray

e- e+

|
1.8: ���Y� q E���=x>	��� [1]
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�
1.9: �������	��
���
��������������

���������� �!#"�$&%('*)��+�-,/.0���#1�24365&7#�98��;:=<�>/?@%�A&?-BC CD@E	F4GIH
%-J9KML#N�OM
QP�R�ST�;:=24�U��$&%T?T'�24!9"&V��XW�Y(��Z�[�\�]^��L-_9`T$+%�A�a�b
�+�-,c.����9L�d&e9����
gfT$&%�?T'h2@)4365U�ji�k��j� 3 l�m#n#o�L0p&q�%�?T'�<��Xr
%�As
utC
v76��'*w+x�y�zj{(%�?�'�24|6}(��~9`j�j��<T�#����)Ca^b��ji�k��j��n#o+���
100 GeV �T���j�4�c�^��B��j��VU�	W@Y��#ZT[4\�]#�6����`/�h�+�C 9��%�A

�
1.10: 7��M�0�T�#�C����n9o [1]
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Anti-concidence Detector(ACD)

ACD ��� �������
	���
 89 �?������� � ��������� � ��� ���������
 �!�" 1.11 �
ACD ���$#%	�&�' � � 
 �(	*),+-�.!�/10�2 �.3 �
	�45+�67/����98;:�< ��=$>�67?��@ � ��� �BA�C1	�D�E�F�+*6��
 �!BG�HJI7KJL �
=7>�6)� 99.97% M;N	��?
� @ � 3 �BO$�
�
P �RQ 	.S�T���UJ B!�VJ�����W�$� � �X�Y+B�9�$Z��7[�\�]_^�`J� � �%��� � self-veto

�Ba9b1	*cWd
 
egf �9��UJ B! self-veto f������   � ���J�
�-� � ���6�W ��9hW� 
9i �Qkj � � �%��� �.lJm:� �;n�o ���9p�U�fqG9r9s�p ��F76 (backsplash) t)��� ACD �7u
Ff�%�W v�$Z��_w9x$y�z ��� �BA$C!� 3 �-O$� �gP �1Q f�+{6;S-T��6�961+�V|
_egf}���
 �! EGRET u�F ����e�� self-veto �$��Z 10 GeV ~$�|V_��+ �.� �!�;� � >���! LAT �
�J�W�9� � �X� ��=J>-6�� ACD �-A9CG� backsplash

� � 3 �_O�� ��P �%Q � 	����
'W 
e
f2���|U.��\g].^|`��-�R	���U����|�� �e
f ���$��+�6T�� -!

" 1.11: ACD �-�$#g!.�WN.��� 5× 5 �;� �{��f(��� Q � 16 �!� 4 ���B��>-67��K 89 �
��� � 
9� �.O �W� � �*�����v�g�	�;6T�� -! [1]

1.2.4 �,���%�¡ R¢¤£
Fermi �g�-¥¤¦(�-[�\�]_^�`J�B§�¨��-©�ª��7«9¬��6��6	�
 -!|e��WV_�g� ��� ���$­�®¯$° ��± ��6.�%U��²p�N|+B�-³�´�µ9©g¶ ��=7>�67�|e�·WV���� ��� � � >_�By9z��-u�F��¸ ¶ ���g B! EGRET ��¹ 9 º�»v� 271 � ��� ��� y�z:�7u|F
¼�·
�8�7�J½9¾$¿�À ��± �
 |fqÁ�� � >v�7! Fermi �
�J';� � 1 º|»�� EGRET 	��ÂU���Ã�d� 1451 � �|� ��� y
z!�7u�Fg¼�·�6�Ä
 B!�e���=�
{�-Å
¶g�9p�N ��=�Æ��7Ç�^9���v�g� @ �9È$ÉÊf ��� ���$Ë�WÌ9Í ^W��©�ª��9[W\g].^|`��-Î
Ï�Ð9È9É�Ñ��|��©�ª9�1Ò{Óv«�¬%¼B·;6�Ä� -! [9]

Vv�-� Fermi �W¹�Ô7��Ä_Õ$Ö,fk��Ä$\�]_^�`J�B�1	�×;Ø�+*6�e�·WV��g�-½9¾$¿�H�I ­�®Ù �9�$Ú�>v�$Û;Ü
��Ýg��Þ�ß�ÓJ«;¬%¼-·� �!�§�à;á;â5+�6gÄ� X Ð ­�® ¯9° '�ã��åä ¸
Õ$/�æ7ç�è�é�	 ­�® ��Uv ��Wê-�$ë�ì$í�� îïÚ�����ð-ñ$ò;ó,f��-½9¾$¿WH�I ­�® Ù =v>�6
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á�������������� ���	� @�
 È$É;§�¨��-©�ª-�
� ��� Ð 3 �JÛ � � ­�® f @�
 È$É1�v���
Ý�Üg��©�ª9�1Ò{Óv«�¬%¼B·;6�Ä� -!
Vv�-�_��Ä�Õ$Ö��-�
Ó�>���� ��� Ð Ë�� � ­�® Ù ¹(í��
�g�� �!������ Ù�� ° »��JÛvä° »�� 
 �_ÎgÏJÐ
Ó��9à����� ,Æ��"!�#%$�Ø ( &�' )

Ù)( Æ+*;Ä��-, � Ð/.�0�1�2/��37Ó54
�"6-7989������Ú;:�8�<
Ó)4�3��-, � Ð=8�>%? Ù)(-@BA-C�D�EGF ÎgÏvÐH.�IKJ=LM7 F Ó�NO%P
Q L92�R�S�T P �VU|ÙVW)X"Y çKZ-8V[ 
%\K]�^ Ù ÔK_��a`%bc.edf4a3�2
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� � � � �

��� Y�� 8 A-C��-C�Ù�� 6 A-C9D�E ( ��Û ) 	 A-C�

� 	 A-C � 
 Ù���� �"6a!���S����������� � P �"!$#�% 3�&�')( 
 6�1+*-,�.0/+1�2+3"�9à�� 6�# _ 4�5
6c.07�8=� Q 4��
_
L�2�9 �;: /+1�2 � 6 A-C �"<K8 ��= 	>'�?@4�A�B � 6 � 3 A-C�

� .0C���� A-C �
<
.0DFE�4�GG���-H � L FJI;� : % �K_)L92 [10]/+1"2 �9A-C �
<K	 
�� 	 � 
 F &�' � 6 U 4�';L) (NM)O ,�PQ2 P *K_NR)Sf.V1 L92T 4�� O ,0PQ2�>%?�4 (=@ 6QU�V�W � 8�/+1�2H.�IKJ L
7 F 3�N O�PKQ L�29R�X P � ��Y/F1"2@4�ZK_���[�>G� 6�\=_ P O ,�P�2-8�R)S;])^@4�ZK_��Q_)J-L92

2.1 ` a b c d e f g
/+1"2-8V`%b ��h i%D�j)k 3�l�m �93 20 n;o-8Np�q;4 #�r 8)8ML92�s � @ � 6�t)'-8u 4�v
w #�% 3�x
')yF3Qz�� Y Z�'){H.0|~}��)�F3Q�FZ r 4V3 7 F PMQ L�2 7 %F� 6Qx"'y � 8 � {F3Q� : r 8 j�� P '
? #�% 6+��8
���H,N4 ( 4e�QR
'c.�� 7�� ��_ML F�����#% L�2=798�'�?H.J� 7�1�����3-� r :N����_ML
7 F0� 6�x
'�yH.0�)_ D�E P)�
� F R�'-8��� 3-� L
7 F�r :�, r 4��%_�3V2+��p ���
  4 Q L��G: r 8�R�S
¡ ¢"£�4 ( L O ,�P�2¤ F0I;� : % �M_M3�3 6 1912 ¥ r : 1919 ¥¦4 r�§ �)� � <©¨�ª�«�8 Hess 3�{)¬;­+®H.

d5_�6)¯ � 8�'�?=8�°
±c.�I�J 6�'�?²3;¯ � 4 _´³¶µ�·�¸ � ����_
LM7 F .0�5_K0 � 6�RS�2F3�/+1-�)¹ PMQ L
7 F .�º ��3�2 7²}"� �   ¬-8�� r :+³ L0R
S)2 PMQ L0/ 1�2 89�» �
1920 ¥ i 4N¼ r q;: % 3"2 Hess

� 7�}��e�-/²1
2f.�½;� �V3�¾+¿ P 1936 ¥¦4FÀ �Á � D�j)k)Â .0Ã ÂÅÄ 3�2 [11]

2.1.1 ÆÅÇÉÈÅÊÌË�ÍÉÎÐÏÒÑÔÓÒÕ×ÖÙØ©Ú©ÛÙÜ~ÝÉÞàßÒáãâ
/+1�2 ��ä 10 MeV

r$å
1020 eV æ ¯ � PQç)è 49<5_
� ���@���+éJê�ëQì X ± r$å�í æ¯ î�D # 4�_ ì L Q å¶ï L�ð�ñ@îN�
±;ò róå *
L�ô), Y r 4�')± 	 X '�±´õ�ö�÷�ø ùFú�ôû

2.1 4   ¬�ø-ü;ý #�% ì /F1"2�î"� �Q�@�"�Nþ;ÿ ( (�± ä <�� � ¨ � )
é º��Qô� % é ��ú�� , r ú	��}�4 1 GeV æ+¯ î�/²1"2�î
<�� � ¨ � ��
 �
�@î)î ë���� Ä ì��é Ä���� ����� ±�î"<�� � ¨���î 
 � � 2.7 � � ( � �!�#"%$ é E � Ä&� �('*),+ � <3 E−2.7 4.-
9	��ú ) ø	/+ú�ô10 å 4)��î"<�� � ¨���4 � ùÙ³�Z r î32*4²3�� å65 ú�ô

• 10 GeV � � æ 7
ø � �*8 � �!�#"%$ róå î�9*:;� � õ '*),+ �!<�= 7 = ú�ô
17



û
2.1:

  ¬ h�� î������	��±@î%� �!�#"%$ þ;ÿ [12]

• 1015.5 eV 
 h�� knee ��
�� 5 ú�� 5�� = � =�� » ��úNô 
 � ������� ��� � ���
3.0
��� ú�ô

• 1018.5 eV 
 h�� ankle ��
�� 5 ú�� 5�� = � =�� » Ä ��� M 
 � � '*),+ ¨ � � �� ��� � �-� 2.8
��� ú�ô

� 5$å0� � ����� = m	 0 5���rÒå   ¬ ��!�" ��ú�#�ø î�$�%�&*�Fø�Ã § ú�'�(�) ��*+ ¹�î�,	- é�.�/ Ä�� ù²ú��1032 å65 ú�ô
����� ��4 ��5�6 î7'�( é98;:=< Ã=>)ú�ô 10 GeV æ 7;î���?�î < � �A@ ��B 11 C�D�EøGF � ú 4 �G5�6 � � ë � 8;:H<JI�K ��ú � � =�L3M ë ��� ��� 4 �G5�6 = 5�N ø / ú,�'�)�+ �.< B�O 0 < � ��� 4 �G5�6 =QP ) M ø / ú,� : B '�)�+ �3<�= 8;:H< � ú�ô 4 �M å B7R�S + î	T )GU�V î�W 5 � 4 �GX =	Y :�Z\[ ��� ��� � î 4 ��X ��] :�^ �9Z 0 5ì`_�a � ��b � ����� '�),+ �!<�=�c	d [ � #�e � �!�#"%$ = 7 = ú��1032gf 5 � ù²ú�h� 5=i74 �Q5	6 � ��ú������=j�k�l�m�n&$�ogpQq ��
	r�h [13]
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10 GeV ���	j�� ��� " $ i���� �3�Q�\B 4 �`5�6 j�'�( i�� � ÷
	��=> ^���
 j '%) +�!< B��QE � � f ^ ������� ø /+ú�h 1015 eV ����� 7�j���?HB������
��j���� _�a � �� ������� �! 
"$#&% f 5 � ù�ú(��0�2 f 5 ú�h�' [6� ������� i�(*)	�,+.-�/�021.34 5 � �5
 j !�6�7�8 j:9�; B�<�= 7�>3����1 B ^@? =�A 1015 eV B���# / j�C�D�E.F�G
j���� � j,<!= 7IH B 0.1 % B!����J /�K�1 h�L`j2L 3 M fM' A ��� � = �!�I�
�Qj,N	W_�a �PO�1RQ�Sgi ��> A�M �� &"T#.% fVU�W 0@1�3 032;fXU 1 h 1015 eV

iZY 2 1�3 _�a
j  &"$#&% =�[ : � <	< �]\ �����^� M f`_
a Z [ B ",%@1 j / A knee

3 
���U 1 �@U�cbd\eb Z 6
153�f U 1 h knee j:gPh3B A * + C�D�E�FcG	j���i�j K�153 4 1lk ' K�1 h
1018 eV B��m����j:nmo�p=B:q�r >!s �.� _�a (3 µG B�� )

/ A
300 pc B��@��� A �2t^\���IuHj:v2w 3Rx B�� j�y�G V G�z�{ i|�
} A ������j  &"T#�%m1 L 3 B*~I�P� /mK�1 h� b:W��������.j�F�� iZ�P��3 032;fVU A LRU b ankle j:g2h 3Mf U�W 0@1 ht e A n�o�pI��?=j a�� Bc�`? O5\ 'X� s�� : i|�m���c�5� @ EPj s�1 h5L|U�Bl�PC�DE&F!G:�3? b CmDME�FIG il���`� B /PKm1 ��� _	a j O�1 o=q ��� @ � qV���m�I�&�*�

? 3 j,����qGT @ q S N / B A � 0 CmD�E.F�G	j��	? � 	e��� bM�50 e %�/mK�1 h
L`j OP� j A nmocpP��?�����?HB fct���t�s I�� i ��>MWM�� .j,¡!¢ [ W < 1 e % j A£�¤I¥�¦ ? > / B,�!�!���Qj,n�ocp!9!; i|§&1 L 3 B,¨ [ 0 h [ M [ A L|U f�j,©�?=B,�

�I�
�Mj,ª bP1 ���,«!¬ 3e­�®�¯�° 4 1 L 3±/ � _I² i �!� 4 1 j / A 
 L M f³�I�!���
j,n�ocp jl´!µ i|¶&1 L 3±b!/ : 1 h,·�¸I¹ / B A L � [ W*º�» f U 1�¼ q V p i ¥�¦ 41 L 3|/ n@o!pHj 8 z i�½c%P1 n@oIp5�Q? 3 �&� ¼!� j*9�; i � �.1 L 3Gi�¾�>
3 [ W0@1 h ¼ q V p!���Hj:¿�À.j ��0 W�B 2.2 Á /cÂ [\<ÄÃ ��1 h

2.1.2 ÅÇÆ]ÈÊÉÌËÎÍ Ï2Ð�Ñ
�I�I�
�Gj,n�ocp\j�F!� 3 [ W*Ò�Ó s j�B�RIÔ!�!ÕIÖ /�K�1 h�×!Ø A RIÔ!�!ÕIÖ b!Ù�0� ² � /�K�1 L 3Vb L3M blW!Ú \ A LZU�Û,�PC�D*E�F�G,�!Ü b _�a j O�1ZÝ!Þ�i �.ßMW Z4 o�q �I�]àe� qT�!� /�K�1 h,�!Ü b�áIâ�f U�W 0m1 L 3 M f A n�ocp j,ã!»!9 /�K�1 �Ü á�â 'Xä^å,W 0�153eæIç^f U 1 h2L`j,n�ocp j áIâ�èIéê3 [ W A R!Ô!�!ÕIÖ=j a�� Û,ëì ² u iIt e 0c/ ©�Ü b�í ��'XN�W _�a 3 ëIî iZïð\òñ]ó W!C�D:E�F�G i|¶&1Iô�õ E�ö áâ�è!é@b Ò�Ó /�K�1 h Fermi j ¼ qR÷Mp ¥�¦mø fM' AMù Ô!��ÕIÖ b n�ocp@�*ÜHj áIâ � 3s b:W 0P1 L 3�bMú5û�f U�W 0P1 [14][15] hIü ó ù Ô���Õ!Ö /Má!âdóm��1 C�D�E.FIG�ÛI�
i (1015 eV B�� )

bmKý\
,
O.\ � 0 C�D�E.F�G	j�nmoIp�Û:���=j ùÌþVÿ�� y�� ��� G�E /K�1���Þ ���	�=j�l õ � à�s 	 b ä�� 3�

� fVU 1 h

��������j�� ��� U��:nPoIp 3 _
a�� ó W 0�� n@oIp 3�� C@DME&FIG ���Î\�K!0���
�@1 A C�D�E.F�G �"! � ¥
#@ø ��$ AIù Ô	%�Õ!Ö b ÒmÓ s nmo�p!ä��	&	'�j s�( W*),+�-�I ,. ¦ � U/�ln�o�p �����2�]à E b�021�354 .Mq�r > ?7698 + 6 A*: � C�D:E�F�G�;�<
ρcr Û A

ρcr ∼ 1 eV cm−3 (2.1)
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B2<�. K +�-5L � C�D:E�FcG�;2<5Û�%�������� % ø � � � A ÷�� ��� ²��
	 �!� s�� � C
D*E5FcG�;2< 6�
 � W $�� .���� ó W!Ú \�� %�������j�� 8 +|n�o�p �����@b��
� .5å s
) � 6 �Zú2û
ó"! ),+�-#

(2.1)
ø � 0	1�$&% 4 j�'�(*) + ��,�! )/+Rnmocp �.-0/21�354�6 Û �	0	1�$&% ��78

V 9 1066−67 cm3 .;:�+0� 6 �,° ) !<�
Ecr = ρcrV ∼ 1054−55 erg (2.2)

6>= + ��, +�-��@? �BA C,$ Ã � �0D �"CFEHG@I Û 0�1�$"% C ª;9�+ 021 ��� C D (F! '
(J) + �K,H! ),+�- : � '�(�) + ��L ��Û Be

�BM�N�O�PBQR7 � ¦ O ø �
τ ∼ 107 S�T <6*= + �K,�! ),+�-UD (.!
V@QWL �R:
�YX CFZ\[ � 8 E;G�I ��/21�3 4�6 Û �

Ecr

τ
∼ 1040 erg s−1 (2.3)

6�] + -^� ,�C � óK� ùH_ % �B`Ha .@Û 1051 erg T < ��/01�3\4�6 9<b �Wc , + - ù�_
% `Ra 9 30 S C 1 d�ä�å ! ),+ 6 8 ,We.� : ��/;1�3 4�6Ba
f�g h ∼ 1042 erg s−1

6&]
+�- : � 1% T <;9�i
j
k�l C�m2nR,R! )/+ 6 8 ,;e.� ùR_ % `
a5C D�+ E2G@I2o,�@/H13�4�6BpRq h ∼ 1040 erg s−1

6F] X � # (2.3)
6 ��� ó"! ),+ -^� � D�r C.ó"!<E;G�I0s

<;9@� O5CFt � ,
! )/+ 6 
	�5��, + � . � ù
_ %Ru�v h��.E2G@I�wRx 6 óy!�z2{ ] &2'6�| ! : [��K,�! ),+�- [16]

2.2
} ~ � � � � � � �

2.1 .��0���WD�r C���E;G�I�h.�
� �F� T . � % ���R� 6J���,8 +0� 6 .<�
�R�H��� w
� | �B� �
�\��b�� 8 +�-��Bj h %5����� 6*����| ��� jR�
�
  C D<¡ ! �5¢&£ I ��b ¤8�¥F¦ � j h��.§5¨�© j C ����| !
/H1B3�4@6 �yª�« ¥y¬^­ ¢.®°¯y¢J±
²³� w � | ! �5¢
£ I � f�´ |�µ X �R§ ¨ ���W¶�· � j�� C�¸H[\¹K,�!<ºR» bR�W¼2� ¢F£ I ��¤�½ ¦¾R¿ C"E�G�IÁÀÂ§�¨ ��� À ·F�@���
�;·R¶�¼�Ã.��¢�£ I � f�´ ½ ¥ � T CBÄ
Å<Æ �H� ¥F¦

2.2.1 π0 ÇÉÈ
ÊBË Ã E;G�I ·.Ì ´�Í ¼0Î ¥FÏ�Ð;Ñ�Ò�Ó�Ô �Rj ( Ì C ��j ) Õ wHx°À ]0¥ � ¢�£ I · f´ ®RÖ.×R� C�ÄRÅ�Æ �;� ¥�¦ EHG@I Õ §�¨ ��� À ��� ½ ¥ À�Ø�C �.j5·&Ù » ÐHÑ.Ò5Ó<Ô Õ
Î ¥�Ð;Ñ�Ò�Ó�Ô (threshold energy) �&Ú�« ¥ À Ã π ¶ ¨ j�Õ aRf ½ ¥.¦ π ¶ ¨ j h �Rj PÛ ����� C�Ä ]WÜ Ã � jR�\� N�O
Ý ½ ¥�Þ { ��ß
à | ÆRÅ ¥ i�j0¼�ÃB��j P Û ÕRá Ä
â X
ÎH¡ Æ ��j0Õ�ã |Wä>å c�á ¹�æ ¥ À Ã���j âç¹éè Xëê À c æ
Æ�ì�í ½ ¥;î À Õ2Î ¥�¦ ¶�ï
· π ¶ ¨ j�¼0Î ¥ π0 ·�ð
ñ�ò�ó h 8.4 × 10−17 ô À�õ5ö�Æ<÷ ä Ã�ø0ù
ú.ûRü | Ã
ý (2.4)

ú�þW½³ÿ�rFú © j 2
Ä ú.ûRüW½ ¥.¦ Ä Ê X î�î ¼;� ¢�£��WÕ aRf ½ ¥.¦�� 2.2 ú π0 ûRü

·H®�Ö�×��2·���� � �"þ0½ ¦
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π0 → 2γ (2.4)

�
2.2: π0 û
ü ·���� �

π0 ¶ ¨ j5·���� h ∼140 MeV
] ·�¼�Ã������5ú	� Å�Æ 70 MeV ·��5¢"£ �\�yb�¤B½ ¥�¦
���
 �5úHÖ Ô�� ¢������;½ ¥ À Ã π0 ¶ ¨ j ·��������Rú Ï Å ÐHÑBÒ5Ó@Ô ·��5¢F£ �\�"Ã� ·������ �Rú�! Å ÐHÑ.Ò5Ó<Ô ·��5¢"£ ����b��;½ ¥�¦ � · ÐHÑ.Ò5Ó<Ô ·�" # h ¾�¿ ·�ý

¼%$çc æ ¥�¦ [17]

mπ

2

√

1 − βπ

1 + βπ

≤ Eγ ≤ mπ

2

√

1 + βπ

1 − βπ

(2.5)

î
î ¼ mπ

h
π0 ¶ ¨ j ·.����Ã βπ

h � ·�l�&\� © l�&;¼%'^¡ µ�( ·@¼;Î ¥�¦*) ·�ý â¹�nHâ ¥ ÿWr&ú�Ã 70 MeV ��¶,+ ú���-W¼%��. ] Í�/ ú ]2¥�¦\î æ ú�0*1 ��· ÐHÑBÒ5Ó�ÔÍ�/�À �
 32	4�5\�yk76 | Ã � ·�839;: n�<çÀ | Æ%= ¹�æ ¥ ��¢&£ ��·<��> ?�¯ Ò �A@�B|�µ�( ·<Õ � 2.3 ú�C ¥�¦�î r | Æ � ¹�æ ¥ �5¢F£ ��·���>�?�¯ Ò · Ï�ÐHÑBÒ Ó@Ô�D ·��Ø�h 0*1 �W��j ·���>7? ¯ Ò ·�� ØWÀ�E�F%G�H ½ ¥�¦�
2.6 ú�Ã;I�J ) ¼%K ¹�æ µ 0*1 �5ú�LNM ä �5¢&£ �PO�Q Ò ��>�? ¯ Ò ��þ0½ ¦;R · 


�0Õ π0 û
ü�ú�ÿ ¥N( ·@¼0Î ¥�¦ © j�-���>7? ¯ Ò ú Ð2Ñ�Ò Ó�Ô · 2 SU� âNT@Æ þ | Æ ÎU Ã � · µ ö 1 GeV V�W³ú�X ä ¹ZY �A[ Ä ¦�Ï�Ð2Ñ�Ò Ó�Ô\D ¼0·�� Ø%] Ã�0N1 ���%^ ·� æYÀ�E�F%G�H | ÆHÅ ¥�¦

2.2.2 _a`cbed
Ï�f · � ^ Ê µ ] � � ^�Õ � ^H��·�W3g^�Ah ¥ À Ã ��i · µ ö ú\jHã�ú��3k�Õ ¸3lU¹æ ¥�¦�î ·��������
·�� Ý ú0ÿ<¡ Æ	m f �7n TF��o ���Zp�¤B½ ¥�¦�î æ Õ	031�� � ^ À>§¨ �R� À · ¨ ¼	q î<¥;î À ¼H�5¢&£ �;Õ	pR�sr æ ¥�¦�� 2.4 ú ºR» p
� ·�®RÖB×��W� ���� ¼�þ0½ ¦ ºR» pR�\úWÿ ¥ 0*1 � � ^ · Ð2Ñ�Ò Ó�Ô�t�u ] ¾2¿ ·�ýW¼%$vr æ ¥�¦
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�
2.3: 0*1 � À*§�¨ �
�2·B��  ·����HÃ π0 û
ü\ú�ÿ�¡ Æ���� ¥ ��¢F£�� ·���> ?°¯ ÒR¦

(a)
] 0*1 �W��^ À	��
 ·��R �· Y Ã (b)

] 0*1 � À*§5¨ ���2· Ý���

´ � m 6�� ÆHÅ ¥�¦
[18]

− 1

E

(

dE

dt

)

bremss

= 4NZ2r2
eαcḡ (2.6)

N
]��\À C ¥ ���;·���&RÃ Z

] � ·
���2· � ^�����¼;Î ¥�¦���� � ^���� re

À	�����
�� - α

]  -0¼<Ã � æ"!�æ re ∼ 2.82× 10−15 m Ã α ∼ 1/137 ¼2Î ¥�¦ ḡ
]$# ^ · ÐHÑBÒÓ@Ô&% #�'�(�) ú+* ä-,�. ½0/21�-0¼ ḡ ∼ 1 ¼2Î3/$4 î ·�ý0¼	$sr æ /2ÿPn�ú º
» p�5 ú

ÿ6/ Ð2Ñ�Ò Ó�Ô�t�u ]�7 50½8/ # ^ · Ð2Ñ�Ò Ó�Ô ú&9�:;½�/;4ÐHÑ�Ò5Ó�Ô
Ee < [ Ä=# ^ úWÿ�/ º
» p�5 ] Ã # ^�> ÐHÑ�Ò Ó@Ô Ê ¼ E�F�?�@BADC C ÐÑBÒ5Ó<Ô6E >�? C Ò < [ Ä 4�ÿ�F Æ�G�H"I�J Ã G�H ÐHÑBÒ5Ó<Ô Î�K U ú,pML3r æ /�N�O2P

��>�Q�- < N(ε) RTS8/�R	U
N(ε)dε = αN

dε

ε
(ε ≤ Ee) (2.7)

R C3/24 î�îWV ε
] N8OWP �B> Ð�Ñ�Ò�Ó�Ô=V Î�/X4 α

] 9�:  - V UWY J N E > 
�Z <;[&\
S0/8R α ∼ 10−21 m3 s−1 RAC3/$4&]MF2^=U 7 5 # ^�>$_�^�- E >�? C Ò Õ Ne(E) = κE−p

>DR Ø U�`�a�p�5�úWÿ6/6NbOXP ��>;c�^�- E > ? C Ò ]�d�e >�ÿ n&ú�Cf/;4
Ibremss(ε) =

∫

∞

ε

αN

ε
κE−pdE =

αNκ

p − 1
ε−p (2.8)

5�g < ε
âihkj5ö ^3l"/�> ] U ε >�m�n+o�p�q < [Br�N�OXP � < p�5fS8/�K ö ú ]�7 5# ^�>6m3n&o�p6q ( ε

d )�s=t�u�v6w h V�x /$4�y�>$z w h|{ w /�}Pn�~$`�a�p�5b~"}6/
NMO;P�� E��b� C o8>6��� ]&# ^D> E��M� C o�>����0RX� � ~�CB/�4�`�a�p�5D~8}�/ E�8� C oB>\@�B�: <+� 2.6 ~X��S ( ��>$��� ) 4 # ^8> E��8� C o <��3� �W^=U π0 ��� ~"}
/f�;>B} U jB� E��0� C o < [frMy3R s { w /X4��"m�n&o�p�q;� V ?�@"A �&E�s e s /6>] U #�' ~B}�F�^ # ^b> ?�@8A �+E�s e s /�K�� Vfx /;4 [18]
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� 2.4: `�a�p�5b>���� �

2.2.3 � ���	� 
��
���
� l�m3n�o�p�q�>Xc�� s # �b~���r w�� U # ��~�m�n&o8p6q <���� /���O�� C O�� � R!#" ~$U � l�m3n�o�p6q�> # � s c��b~���r w F2^+c �b~=m3n&o8p6q <��$� /&%�' s " �
O(� C O)��� V�x /$4 " �fO(� C O)���b>*�*+(, E >�-�z �"<=� 2.5 ~X�fS+4Dy�> ��. s/10 � # � R	Y J c�� RX> J V�2 y6/�R2NMOXP�� s�3 5	465�/;4"m�n=obp�q���7 Urad

e
> " �fO8� C O)���M~B}6/=m�n+obp�q:9*;�>;z ! d�e V=< 4658/;4

−
(

dE

dt

)

IC

=
4

3
σT cγ2Urad (2.9)

y�y V σT

! C?>A@ OB���M>DC�E*F�U c
! c�G�U γ

! # �M>H+�qJI�O:K�L8� Vfx /�4 " �
O8� C O)���M~B}6/=m�n+obp�q:9*; ! # �b>8�Xr�m�n+obp�q�> 2 MM~&9�:fS8/�4
m"n6oDp�q Ee <#N r # ��~�}�F�^ " �0O�� C O 3 5O4(5M/$cH��>�mBn�o�p�q3>�P*QR ! U

K =
4

3
hν0γ

2 (2.10)

yS5 <#T U�V % S�l�}$W2~6m�n+obp�q R <SX 7 V ^=Y�Z"S�/�R	U
K ∼ 0.5

(

hν0

1 eV

)

(

Ee

10 GeV

)2

[GeV] (2.11)

RX�"/�4�r�[ � U 10 GeV > /\0 ��]*� s 1 eV >(^`_�c < " �"O=� C Oa�*�BS�/bR|U�b
500 MeV >�NbOXP=� s=3 5J4658/�R�lJW=yfR$~��f/;4
��cf~ ! 4d[HeD[���m3n+o�p�q Ee >:]�� s=f�g S
h:i�j Ee ∼ Ee + dEe >Hk�~ dNe ∝

E−p
e dEe Q�>:]*� sdf�g S�h�R S�5\l&U�c*� ! E2

e ~(m�:fS
h�m�n+oMp�q <&N r"> V U�c
�M~ ! U

E2
e · E−p

e dEe (2.12)
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~8m�:"S�h�m"n=oMp�q s ��� h 5�h�i�z (2.10)
s �BS�}
WX~����BS�h6]*�M>�m"n=oMp�q

Ee R 3 �J465
h2c��b>�m�n+obp�q K R$> J ~ ! K ∝ E2
e >���� sfx h�> V U

Ee ∝ K1/2, dEe ∝ K−1/2dK (2.13)

R2�1h:i yS5 < (2.12) zM~ X �fS
h�R	U 3 �J465
h2c��b>�m�n+obp�q E���� C o ! U
∝ K−

p−1

2 dK (2.14)

R2�1h:i�]�F�^�U 3 ��c��b>;c��	� E���� C o ! U
∝ K−

p+1

2 dK (2.15)

V8< 4#5$h6i�r�[ � U
���fS$h&]���> E��8� C o0>+�M� s p � h l;U 3 � 4#5$h�c���> E��� C oB>=�D� ! p+1
2
~��1h:i 10 GeV ��7�
 � l�m3n+obp�q��f�2r=]���
�� �8��� o�


�M� ! p = 3 � h l��	
 V U 3 � 4#5$h6N�O2P+��
�� �8��� o�
+�M� ! 2 R�� � `�a 3 ��
π0 ��� V=3 �J465��8��
0} � �	!#"$� ~��1h:i " ��%8� � %)���M~B}dh&� ����� o�


TDU	' � � 2.6 ~X�fS ( (#
;��� ) iMy�
0}�W�~ " �)%(� � %)��� ! `�a 3 �b~�m��3^b} �� l�m�n+obp�q�~�* ��V ^+�&h:i [16]

� 2.5:
" ��%8� � %)����
���� �

2.3
, - . / 0 1 2 3 4

/\0 � !65 ~87B����}
W2��9)�D~0}�:�;�<>=	?	� ��@ �BA �*.�V ;�C s :��	?>%8D��
( E�F ��GIH�J ?#%KD+��AML�� ) � 3>N�O h#i�P>:Q;I<�=�?���
8R6S sIT6U�V�x 5Hl8W�?�%
D&��X6Y w[Z /`0 ��\^]�
�_#=8R6S ��`�a�b�c
H R6S>�Md3�$hfy�Afe(^�g�~��`h6i " ~"y
W V ; { w :�� /H0 �6R6S>�Qh�i�;&W�<�=�?���
8j�k6R	S>� U h�l)A=� V �dh6i�?�%KD&�

 3 �	m ! j6k�
�n�70�$oQ
�p6qb~8r f V �6i�
 V W�]�s�X�Y8�$o V !�t6u�v 
	w�:
��W
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/H0 ���b}��8<�=�?���
���� �Md3�
h 5 V ?#%KD+��X	Y !	��
 �
���b~6�Hh6i`[���WId��
h�����
8C)e�:���?�%KD&� 3 �#
�� ��e {�� 51l8W��85 Z e�� "$����!�� %�� ~��Hh
���
~
���)e� "!$#�:��8W�?#%KD+�&%6]#
"'&(B��� �8� � b ��� ��^�g�)��`h6i�*�+�, V ! R
��-���� � Z 
�C�e#:&�6?�%KD	.$�/+�, O h:i
R���- !�0�1 R V w`h H2 e3254�

6�7 V! ]	s$� N 4&�6i�����W#?���
�R�S$) t�8�v e:9<;�i�i�[���<�= 1 
6%�> V@? wHh�
 V W/H0 .#
�AB) ?�C	� W#h6iIP :�;&C�e�:���?�%QD:.$)ED � W&<�=8j6kGF /H0 .#
�H�� � dI h�
�)�J V �"K�' V wHh:i
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�
2.6:

/10 .+A <�=�j	k+AQ
������)h ) D�:�; 3 �J465
h�C�e�:
�6?�%QD	.�
�E H�� �
D:�
		E b �
�
� � b i�����e 10◦ < |b| < 20◦ 
������>
(P�Q[��AI:
� ? 
 V wHh�i��
.�� π0 ��� W���.�e���� 3 ��W6(�.�e �"!�% # � %%$�&Hi lS5 Z )(' V=< 465
h�?�%QD
.
)�A � Z 
(*��+A � " � ��!�� %�� 1 R>�,+ V.-�/�0 ;1� Z%2 �3	�E b e 4#
�5&. V768 2 ;�i\h:i���
:9
;
� Fermi 
�E H���V wHh:i [19]
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3 �

<+A <+AK
6=6
�_�=�W&<�=�_�=�� � ?"C i�_�= V � C � W&<�=��&> F @�� F��	� .$)�
� ;&W�<�
�
���A C h�A <�=6?�� A^<�=���� � ( ��� � ) W O�C /�� <�=8j	k�e���� O����
<�=�j6k�
��6k���� 1010 M� �� V W l 2 �"!$#&%���'�(�%"�*),+.- k/�0%�1 10 % )�w23�4� l5%�<>=Ij�k6%�k7� ����%98$A;: o5<�?�=�e�>�i&W?�5=A@ ����% 1/100 �7 V w��� �B=C@�A(� 0.1 µm � %39 ; 8 %5D�]7�9� ��V wFE W�G7H6%�<6% @ <JIBK O0� % V WL9M @ %4N @ A�OK;
X)Y 8 20��� k�� �5P 8 i	e�W��	Q�.?< *7RSOK;
< =	?�=�<�T	U 2
E W�V�W V %�X�Y7Z�[B) D/\4]B^0_�` � %�= 1 <ba/cdO 2 E,e ���
^�_�f�gihj^�_��&> Flk � Fl�	� . �(�nm9o�p�qr<;s�t�O"u9\�]1��'�%�f�gJc7v�o�w�x
O;]9m ���9y	z/{ ��^0_�|/=3o�}9m/]�~��iO&����m { ` ��� o�}9m/]���On����� ���

3.1
� � � �

^�_�|/= �����  7�/�� %���� ��� #&���7�r<;��} �9y9z o���#�%����r<����9]9mF� �

• ��� �b¡�|/= (Cold Neutral Medium)

^�_�|J=	%�¢�£�`�¤�¥ �7¦ ��%	�;¡7§�¨n|/= HI

{ u ����© %�86hª:.«�¤�� �� 20-

50 cm−3 �7 ���  100 K �7 % ¦ � o�uFE¬��­ 2 <"�7�.�"¡0|�= (Cold Neutral

Medium; CNM) h;m?® ��¯�° ¤"^�_�f�g�%�± % �� { u �4² � �� ²5³ m 2 U�g/�¤4´¶µBm � �9�.�"¡6|�=�¤��"¡	§9¨ ²�· e/¸7¹ 21 cm %4º	¸ { �	» 8�¼ �4� §	¨
¥ � ¤$½¾D�%J¿ � hr½¾D�%�º ��À¶Á,Â £ 8"¼ ]�ÃdE¬�dh�Ä5o�=0Å9- 1

2
%9Æ7Ç"ÈÊÉ&���{ u ���/Ë \�]7¿ � h,º � %�Ä�}7=0Å9- ²�Ì�Í � ¦ �dhÎZ Ì�Í � ¦ ��% 2 Ï�Ð ²

u¶E¬��=0Å9- ²�Ì�Í � ¦ ��%�Ñ ²/Ò7Ó7À o�Ô	Õ5È0ÖJ× ²5³ m �.Ø \�]�Z Ì�Í � ¦ �
obÙ9Ú3e � hBµª� © %�Û�Ü7`�%JÔ9Õ5È0ÖJ×	<;º7Ý�¸ih/O;]BÞ�R�e ��� ­ ¼ ¤�ß�¸/±
1420 MHz %�º7¸ { u¶E¬� 21 cm àdh;á9â ¼�ã�ä

•
³ � �b¡�|/= (Warm Neutral Medium)

21 cm à�oJ¤ CNM
À?Á %Bå9%�æ�m�ç�à�obè�é�� Ó \9h�å9%"ê�m�ç�à ²5ë/ì e ã�ä ­¼ ¤4�7í0î ³ m���¡	§9¨�|�ï (Warm Neutral Medium; WNM) o Ø ã Ä5î { u ã�ä© î�¥nð7¤�ñ3ò�à0o Ø ã è�ó � ô ï�õjo Ø ã k�º�ö�è�ódhª÷�é Á ¼ ]9m ã"ä ­4î�øù ¤���í�¤�ú 10000 K onÄ��¶ûü� � í�¤ 0.2-0.5 cm−3 ý í { �/þ�ÿ�����î"^0_���_

î 10-20 % î ¯�°��	��
 ã�ä
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•
³ ��º�ö�|/ï (Warm Ionized Medium)

O �9^9� B �7^ î5ß û;o7¤5��^ À�Á î����n������k { º9ö
	 ¼�� � � í ²�³ � (≥
100 cm−3) ��
������iõ � (∼ 1 pc) ø ù ²�ë7ì e ã�ä ­ ¼ Á � º7ö7§7¨�ø ù (HII øù

) hªm?® ä ­�î HII ø ù î����0o�Ä ³ ��î"º�ö�|/ï ²Bë�ì�� �r­ ¼ �ª³ ��º�ö�|Jï
(Warm Ionized Medium; WIM) h�mr® ä � í�¤ Ó \7h���	�m ² � 1 kpc ý í�h�m.® ´
µ���ï���×�È����Sõ ��}� 6û ´rµ�� ¯J° � �	} ä §/¨���!���h º�"nî$#�%'&nî)(9o+*, ã

Hα ç�à � º�¸-��È�.�×/î/��È	ï10�2nî"ß/¸J±�o Ø ã Ó ¼ (Dispersion Measure;

DM) �r« { �7»3	 ¼�ã�ä
• 
�4153|/ï (Hot Ionized Medium)6�7-8:9�; o Ø'</= ; * � �/>�? ¸�o Ø'<�= è�ó@	 ¼ =�A hCB?«bî�D�¨ ² �E!���v
	 ¼�� ¦ � {�ë�ì e ã Ä4î � � 6 ³ ��º�ö�|/ï (Hot Ionized Medium; HIM) �� �
¤�
�4�53|�ï?h;á:F ä �7í�¤ 106 K � � í�¤ 0.01 cm−3 ý í { u ã�ä g-G0¤IH�� ÒÓ�À�J�² � ¯�° ¤ 8IK � K î�Ã Ø5©$L:M ��� 
 ã"ä ­�î�ø ù ¤/N X à�O�P�Þ-Q�Ã ØR �:��à�î�S�Tih �+= �7»3	 ¼�ã�ä

•
M " � (Molecular Cloud)8IK f�g�î	� { ¤���U Ø û�Ä ��í ² ��� � í ²5³ m � 
 o�f�g ²EM " ¦ � {�ë�ì��= m ã ø ù ² u ã"ä © î�ø ù ¤��/í ² 10 K � � ín¤ 102 − 106 cm−3 ý í { uÊû¬��­¼ �+M " � (Molecular Cloud; MC) h�m?® ä�V ��î$W-&�¤ HI |Jï3�JoYX ¦ o M�Z
�= m ã�ä ¯�° ¤ 1 %

y3z�{ u ã ² � � í ²�³ m � 
 8[K f7g0î�\^]-G6î4ú 20 %
�

� 
 ã�ä ¢6o CO
M "0î�_1`-a-0 K î"Ù9Úcb Ø ã ç7à �Yd�e�= �7»3	 ¼�ã"ä ô ï�õ

b Ø ãgf:h-i�j �'k ��à�Þ-Q[b Ø�<�= Ä��7» fml {�n ã�ä
o^p ² 8IK � K b"ê ²�< ��q ï9î"¢����7��r n ã�ä1s 3.1 b © ¼�tB¼ î"����î�u�v:�cwx ×�y �  Iz 
 ã�ä

s
3.1:

8cK q ï	î����7�
H�z�î�u�v^�[w x ×�y [10]

��í (K) ± � í (cm−3) ]�G (109M�) ¢���{7»�|-}M "-~ 10-20 102−6 ∼ 1.3 − 2.5 CO 2.6 mm à
���r�b¡ q ï 50-100 20-50

}

≥6.0
HI 21 cm à³ �r�b¡ q ï 6000-10000 0.2-0.5 HI 21 cm à³ ��º�ö q ï ∼ 8000 0.2-0.5 ≥ 1.6 Hα à-�:�7È-.n× DM


�415 q ï ∼ 106 ∼ 0.01 N X à
8�K q ï9¤ 8 Ã Ø R ô ×�����yB×/î/� ã+� �:���[�1���ªÈ�b Ø û��5þ/ÿ6�+��î^ Ò û �
_�` �C=^e ã�ä _�`��7í�z,þ�ÿ6�g� ÀÊÁ î/��ö�î^�$� ��� 3.1 bY��� ä ­4î'_1`��4à �Yde ã z��5ç�à�î����$�-w�×:��Æiõ ÀÊÁ �/ö ²)M3À ã î)r)��þ�ÿ����/r9î 3 �^Dm�/0m� ²)M
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À ã�ä
HI î 21 cm à�� CO

M " À�Á î 2.6 mm à0¤���¥-" q ï � M " q ï	î M:Z���� ã
������|-} z�� <�=^e ã�ä

�
3.1: þ�ÿ	��î�_1`I�4à [20]

3.2
� � 	 
 � �


�� r���� � Ø�� b M "^~�z��1�-U6î4ø ù b���� =���� r����7í � � 
 b�u^]"! M "#�$ r ë7ì��g=�e ã ø ù î %mzCr n ã�ä�&�' � 8[K � K r��)(-"+*-,�! >/. �$=�M " #$ b0� </=21 � 8"354 î�6 k �/7cb"8 <�=�9 ö@	�: = (�" #/$ b<; <�=��  �>=@� 3 � �q ï?�7í"!?� e ø ù b�� V G î ô ïCõ@!�A  ): =�e�B î'r'��6 k ��7"! ô ïCõ�b-S)T@	
: = 8cK q ï9î �C�  1r�C </= %D� e � 
 bY�-u-]E! M " #F$ r�G ì � B %�zH!-rJI B�=M "-~�î<K/L M �<M�N M "mr n�B !)�"O�: o �Ib 1QP�R�SFT N (CO) ��U���V/WEU (NH3)

�2X,ú 130 Y0Z [ M "�!�\/]�	^: =:eEB�=1M "�~ �/O0[<_�� � �'T0` �C= � M "�~�
�U �a L � �)(0b 8�3c4ed�8�f zhg Sji�=:ejkl= O0[Fm0n:b M0o ~ �/�)p a L�[�qFr�z its+1�/u �-v/w/x/y�r n�B<=z o ~ � f-h�j �|{/}~� q � �)7��2X�r�{/���^: B^= o���� O): t :E[<}0��r�[ z o ~
[/{�� ����� s?�ji�k ��� s � k�=
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3.2.1 ���������
	���

p������ o ( ����� ) ��( o�� � � z o�� ��[����! �8 k#"�$5i s � B�=�%'&�s(� �)�*)
[�� � z o�+ � ��,.- [/�0����!�A�1D:3254�6 [�798;:=<?>A@�B/C B�= %D[Fm0n z o�+ �D(E 7GF��020pJ[0H�I �(JF�5K�L 2 J�M p +  iQs;N � ��: B<=POGQ 2 z o�+ [�R�SJ�02
%D[ J�M p + [�R�S
 i s bT1 & m =VU 3.2 �;W
XYW �[Z [=\�]�p + F_^a`b2 J0M p + [P.c  dI &Ds � B<=

U
3.2:

D(E 7GF3e B W
XfW �gZ [=\(]0p +�= 4�6J[<p 354 [�7"!/:5<���: s e B %/ !
FJI5I � [21]

3.2.2 hji ���
	���

z o.+ � P5k � �?� I0m?n�2 D*E 7�l;m.n�7'8po.qVC B %( �5F�I�I � =/i 3 i 10-20 Kr )+[ ��� F 1 z o [�s5t(u_v'w=x5I B m�n52!y�X } >{z'|'y�X }GF�[ N ��! D�}  �IB^= z o*+ [^K/L z FV^ B M/N z o � w"%D[Ps0t.u(v�!)G $5i I � m�n � M/N z o ��~"�
F3, � CO [*s5t�u_v�!�K ���V� ��: B<= T.M. Dame

4 w 12CO [ z o(� 7 (J = 1 − 0,

2.6 mm)
� 8 B��V�(�(� [ N ��8�� � 2 �(�V�j� [ z oV+ [0�_�'��I zV� 8.����� � i

m3��q $ FGw52/�(���(�V���V��X �5��� i m ��I�� s �* �l � NANTEN2   ��¡*¢ �����£�¤ z�¥ }/¦ N �§�3�V¨(© s �§¢ � U 3.3
� 2 Dame � ¦ N �§F3ª
�g©�m 12 CO �a� ¦

2.6 mm
¦P«T¬�­ 8�®/C=� z o�+ w 100 pc

r )¯ Y°�� � ��±V²=³�´Gµ¶�f8�· � ¦ F;2 �����¸ ¦ z o�+ w «'¬�­�¹ F5º �0»  its e
�¼© ¢ �=½/¾ �P¿(À ¦ z o�+ w ���.� �Á�Yl�lÂ ©Em� 3Ã3Ä � N ����© ¢ �=Å§�_I3W¯XYW �[Z ¦ z o�+ w ��Æ 210◦ 2 ��Ç −20◦ ^�ÈÁ` �É���Ê s �G¢ ��Ë ¦0Ì�Í/ÎTÏ W �pZ (
��Æ

300◦ 2 �(Ç −15◦ ^�Èa` ) 2GÐ ¦ �(�(Ñ¯` Z (
�

Æ
0◦ 2 ��Ç −20◦ ^�È�` )  � & È z o�+ �3Ò(Ó/F�Ô ¢ �'1.È ������¸ ¦ z o�+ w=2�Õ �Ö§× È ¡�Ø�� ��� s=t�8 ��� s5Ù )�� � z Â C ¢ Ã/ PÚ D�} F/^ ¢ �
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U
3.3: 12CO

¦ s=t�uVv 2.6 mm �Pµ � F3e�È ����� [22]

Ã ¦ ¡GØ�� CO �a� ¦ {�}98 ��� È0����w������P�32 z o�� � ¦
	�� z F/^ ¢ H2 8�
� e s �/¢ ¨��;F_w�I � � CO
��� ¦ �;)
 ���� z o ¦
��� ) ¦�� w�2����[I
� � �§¡ `

(1 − 3) × 1020 cm−2 (K km/s)−1  fe�!aÚ§�g©�" �§¢ �32$# % &�Úg�ÁÔ � �

3.2.3 ')(+*-, ���
	T��

.0/ F ÖV× È ¡/Ø2143�5 �  76�8 9V�;:�<VC ¢  79�8 - 9�8�=�> 1_¡ & " £�?�@ ³BA;²¦ �DC « � �5o�qFE�© ¢ � %�& " � � � ) ¦ £�G;H 8 + w�2 � G �DC « � I  I ¢ � �BC« � w H 8 + ¦J	�� H FV^ ¢ ��� H 8/�Á� o�q-E�©;2_Ë ¦ o*q K�w
L�M ¦ON )�l�P�Q 1ORS�Ê I G � %�& ";2$T C « �*N�U 1§¡ `b2 H 8BT�V ¦ H � 8�
 � e ¢ Ã_ p��6�W�� 1 D§}

F_^ ¢ ��Ú�X�Ä5� OGQ 1 w�2 N�U K*L � ¦ 6�8BT�V.�Á� ¦ o*qVl.2�T C « ��I ¦OY Z Ú\[] Ê I$�;©�^�I�� I G �
Ã ©G1=F'Ú EGRET I`_pF H 8 + �Á� ¦ T C « � wba��2c9�[© "�Ô5È0� U 3.4 w;W!X

W C Z H 8 + �§^ ¢�K�L 8 CO
¦ �$� FPe'È «�¬=­ a EGRET 8 �dG "�T C « � F.e'È«T¬�­ F_^ ¢ �TÃ ©�8 e ¢ aY2 CO
¦ ��� �3)/� � G aPÃ;Ä=F/w�2�T C « � ¦ �;)aÚ4�fe

I & " G ";2;g�h ¦ i 1 w
jlk5�_^ ¢ Ãmap�;Ò�Ó_F�Ô ¢ ��Ã ¦On�o w
p;q�rts_w�
 � e ¢
Ã�a���s�Ô�u��Dv3È H 8�w � ¦ �$� H 8Fx EGRET x ��G "tT C « � st
 �$y�¢ Ã�a 1� z Ê È�Ãta�x4{l| Ê " GG¢ �}E�� 1O~$� s/w;p Fermi s ¦ £$��� ¦�� U ��� } 1 u���p
T C « � sDEG� 1
��� u�� �/����� 1 umv5È0���dc�^
p5Õ 1dÖ/× È
��� H 8�a CO

H 8§�
� ¦�� � � � ¦�� xJp ¡ � � � G����`1$�O� v�"�� ×'¢ Ãda���s�Ô ¢ �l�*È EGRET s
� × �[©/È ¦�� 105 M� � � ¦���� u H 8 w 1�� �[©�" G È3��p ¡ � °FE;u��;²�� ¬b� Ú� U �d� a4u�v3È5�jÃd© 1§¡ �¡pt¢�£ G�¤ C ­ ³ms�L M H � ��¥ ¦�s'Ô ¢/¡�Ø41 u�v3È5�
�PÈ H 8 w ��§�¨ 1J© ª ��¦O« s'Ú�¬ ��p_Ë ¦ ��� s ¦ 3$5 � � ��­ p�T C « � I ¦O®�¯
Ú�°�±dst¬m²
³
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�
3.4: ����� C�� H 8�wt³ CO

¦
2.6 mm �.µ C s y È�µ Î ²�� ( 	 ) a EGRET

1�
 ²
T C « � µ Î ²�� ( � ) ³ [23]

3.3

 � � � � � � � � � � ��� � �

��� ��s �"!$r$#&%('�)�² � U % 
 v+*�p,! e-�".0/�w�13254(6$798�s;:�<>= � *&?
);³3@(A�sCBED ) 
�F %Op32E4G6H708I�J.3/�w � � 3.3 s(K,L3M5N>OQP � )SR �(T % �0U
= � ²
³ � 3.5

� K,L,M-xGVHNWO y )SRG?(%+2E4G6}x,XZY�R3[\*G]_^ � N>Oa`0b 1 kpc c
%�¬$²\.3/�wI�ed3fgRih5jtx-kl[�) �;m ¬�²O³�nZo � ^H�J.H/ w_�eh�jmx\K3p m"q [-*0r
²O³$�;)e.3/,s_��n;� � ?,=�1G.3/,s_�Jd3f&t\]"u,v91GK,LHM N>OHw �Ex$y P � *$rt²"N
t q [\*0r�²O³ �\� O\� Fez ] EGRET

m � ���{�}| � .,/,s (Orion)
­E~ �$�9��� � .

/$s (Cepheus) �}w��J� U 1(�9' � *�r�) [24] ³
Fermi � © t�� r�)J����� m � ] �Z� � m9� |��C�,� U 1 m ?C�HN_�G) 104 M� �9� ��;�_�J�3� m ]"K,L3MEN>OQP � *0rt²9�+�9t��_� � R�%_[�);³ �\� % 
I� ¢�£5r ¤ |"�J�mG� d ­;��� �_�e.$�St\�3� m ?�²O³JK,LHM N>O P � *$rt²_R-r F ¡,¢_£ ]"¤,¥�¦�²H%H§
)��Z*(¨ª©J«,¬H­ � |}®ZR\�$²ZK,LHM N>O¯�J°E1 �") � |Z�"�3±,²_�e³,´&t � =Iµa¦�¶()· %J¸W[e)"¹ � V0� ¡$¢ t\ºS»G¼H*G]0½ 3.5 ��X"N>O R CrA( ¾��(N$¿,À �ÂÁ ) .3/,s&t\¤
¥I� Ã(ÄHÅÆ©}Ç�R3[\*C�_¿ x ¹È3É N>O � � R CrA .3/,sI�e¤,¥_�JÊ3ËgRiÌ3Í&t-BED_¶�¹+Î�¼H*C]GÏ_�e.3/,s$ÐHÑ�ÒH]
7�8I�JÓÕÔ � � NWOZ� � |��G�,� U R�� �H� Ö �,�}tZ� F ¹
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½ 3.5: 254G65NWO 1 kpc � c;%���� ¦_¶e.,/0sÕ�+hIj}RJ^,�"d,fE¹ÕnH���>?0=J1(.$/$s
�JdHf$] Á�� 1G2E4C69N>O\���3P
	���
+K,L Á�� %�	 y ¶\h�j(¦5¶ZÊ���t\]"u,v91GK,LHM
NWOZ���,PÆt\kg[\*�r ¶J¹ [25]

33



4 R CrA
� � �

»��+] 4.1
É m�� �W[J)��EÄ ÃG��	�
EÒ
���}|ªÇ����e«����C| 	�� 
����H�_%���r3*��� ¦_¶J¹_^,���Õ% 4.2

É m �EÄ Ã\¤$¥$Ì,ÍÆt�� �gR$R;�C%�B DH]�! �Õ% 4.3
É m 2 4G637

8I� �E� ��R � d$.0�&t��,�E¦_¶J¹

4.1 " # $ %
4.1.1 &(' )
*,+.-./0 1 NWO�� � |e�(�3234 £ ]3536&%�7 �98;:Â� � �I� 10−5 <3= [ZN9�$r;¹Õ»3) Fermi

�3Ó £ ∼ 106 %5� 	 �J�?> ����@BA�|DC"�ÕtFEG���IHKJ m 	�LÆ= � ¶;� m ] �¯� OM�IH�J
�GNO�QPI�SR�T m ?"�HrG¹�^ � m »��J]?U�V_V m�W�X !�Y[Z$�]\�^}t¯�5r"] � |Z�C�Q_3`
��a�b}t¯��
cHC¦C¹�d 1 � % £ 3 � � V��Decf []g TKR hi�j��kEÄ mml ©&Ç 1E§9¶Z]Qno tFp 	�Ll[Dg]qIh ACD ÃO�G�[r l ©&Ç 19�3rC]5�}w�h ¡$¢ tZ¸9¦"¹�s�t_t�u}|Kv9Ä ®�cw �}Ã�RZr F ¹is F [�x Fermi �$Ó5N OM5IVyr]z OSt
g3{HN � h�� Ä Ã £ raw data R| {�t�¶e¹�5�V m £ = O�r]}�~�� ��w �ÕÃ3t+N y ] � |Z�C��_3`�h]a�b&t-� 
cH�[�] »�g
¤$¥l[-Ò�¦9r � F r W�X ��� �Ih��5t FITS(Flexible Image Transport System) � | {�t
¶����Ih ��� �G�[rD�3���Kt_¶J¹ FITS � £ 03�3�3�3� ��� h ��� �G�Q���
����s�t
r
���� ��� h��3�3�B���]��r��EÄ Ã��\¤$¥B�I�H¶ �
��r� E¶J¹ Fermi �EÄEÃ�h FITS ¡ � �
�[r £ FT1 � FT2 h 2 ¢�£B�9§�¶e¹ FT1 r £]¤�¥ hD���B��� FT2 r £]¦ Ó�hD�3�B�O§i�¨ »�t xc© ¶e¹ FT2

£Kªc«I£
30 ¬�­�h�®�¯����
��§
°�t xc© ¶?���
±I²K³�´$¨_ÄQµ Ç¶r·�¸ x £ 1 ¬�­Ih�®[¯��3�
��§
°�tBg�¹?hG� � ��sy��¹"§9¶J¹�º 4.1 	 � 
�º 4.2 r FT1� FT2 »�t
¼�tBhQ�EÄ Ã�¡G½CÄQ³Æ©}Ç¾�B��»À¿Á§�� ¨ »?t xc© ¶��3�À�ÃÂ ¦"¹
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º 4.1: FT1 ¡ � ���[h��EÄ Ã�¡G½CÄQ³Æ©}Ç [26]��� �3� Ö�� ® �	�
ENERGY MeV 
yC��	�HÄ

RA degree 
��0Ê �3h����
DEC degree 
��0Ê �3h����

L degree 
��0Ê �3h���� (0◦ − 360◦)

B degree 
��0Ê �3h����
THETA degree

¤3¥ � LAT �mHDJ�h�L��������
PHI degree

¤3¥ � LAT h�L����3®��
ZENITH ANGLE degree

¤3¥ � 5 6Ih 0�� h�L��������
EARTH AZIMUTH ANGLE degree

¤3¥ � 536Ih 0�� h�L����3®�� 1

TIME ¬ 
�� ¸ g �"! 2

EVENT ID �Q�À²$#&%À²('*)
RUN ID ��),+�»�t
¼�t ��E
� ID %À²('*)

RECON VERSION p 	3LIr.-B©cg0/�¡1#32�465�h.'*)87:9O²
CALIB VERSION ;mHDJ�h"< A>=@?BAC)8D:9O²�h.'*)87:9O²
EVENT CLASS 1-3 ±I²D³�´FE ¸ ��h�G�H

CONVERSION TYPE 0 or 1
·�I LB��J���g�K�LB��M�©�N (0) °PO[©�N (1) °

LIVETIME ¬ LAT h livetime h	Q�R.D:9O²TS�UV��°WE�h�X�Y

Z
4.1 r\[3�3�G� -B© g FT1 ¡ �@] �[rD§�� ¨:^ t x ©,_ ¤3¥ hD�3��h�`PaÀ�ÃÂ ¸�b.cd"e�f�g�hjilk ¤�¥Wm � k ���	nQ 8oqp�r ¿ ��s,p k ]Pt ²:#un�v ¸ p.w�xB��y6z ¸ p"{

_ c H � ���	n ¸qbV| � �O� fv �F©i�u} ª k /O¡~#(2�4P53�q-G©?� | k�� �@nq� � n��8)
+ k �q� �T���"�*_ | �j�3�I� _ c
���>�B�������8�0���

FT1 ¡0� ] � (
¤3¥ k���� = µ�# ) °WE ��[ �3��nq� ¸�b ¹ k���� �C���"��� b�� �$�

Eqn ]�t ²$#��~A\ 6D:9O²��T¡:o b�c6¢�£ �Ãº 4.3 n ^0¤ � _ c

1 ¥T¦ 0◦ §©¨@¦ 90◦ §3ª«¦ 180◦ §3¬­¦ 270◦ ®©¯±°³²l´�µ&¶(°­·C¸º¹
2MET(Mission Elapsed Time) »�¼ ·l°­·C¸º¹ 2001 ½ 01 ¾ 01 ¿ 00 À 00 Á 00 Â (UTC) ÃPÄ±ÅºÆ«ÇÀ(È©ÉuÊCË ¹
3South Atlantic Anomaly ; Ì(ÍlÎuÏCÐuÑ�Å ª³Ò@¬ÔÓ«Õ­Ö­×«Ø(Ù«Ú3¹©Û­Ü­Ý«Þq¦³ß�àâá­ã Ë ¸�ä«å ÉCæ¸º¹
4F ç�Ä±è SAA élÇTÀ³ê@É3ëlç ·³¹
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º 4.2: FT2 �0� ] � k ��),+��G½�)Q³:RB# [26]��� ��� ���	� 
 �
START � �"!8?
�*R�  k S�UV��� 2

STOP � �"!8?
�*R�  k���� ��� 2

SC POSITION (m,m,m) �����������
��H��	nPr � _���� k (x, y, z) ��H
LAT GEO degree ��� k� �!
LON GEO degree ��� k�"�!
RAD GEO m ��� k$#
!

RA ZENITH degree ;��&% k$' � k$(
"
DEC ZENITH degree ;��&% k$' � k$(
 
B MCILWAIN Gauss McIlwain

k
B ) e�* ),+

L MCILWAIN ����+
, McIlwain
k

L ) e�* ),+
GEOMAG LAT degree �
-�.  �!

IN SAA T/F 4 ���0/ SAA3 n$1:o�p32,_�4
RA SCZ degree S/C+z 5 k$(
"

DEC SCZ degree S/C+z 5 k$(
 (S/C+z 5 )

RA SCX degree S/C+x 5 k$(
"
DEC SCX degree S/C+x 5 k$(
 

RA NPOLE degree north orbital pole
k$(
"

DEC NPOLE degree north orbital pole
k$(
 

ROCK ANGLE degree ��� k z 50/ ' � ¤7698 p32,_q� !
LAT MODE 1-7 ��� k$:
;0< )>=

LAT CONFIG 0-1 LAT
k@?�A

DATA QUAL 0-3 ��),+ k�B�CEDGF G�H
LIVETIME � START 4WE STOP

k ! k livetime

H
4.3:

]�tJI #��~A\ 6D:9 I:
;�K ! 2008/08/04 - 2009/12/31 : 17 LNM
(MET : 239557417 - 283995400)OQP�RTSVU$W�X

200 MeV - 10 GeV

Source Class Diffuse Class(CTB CLASS LEVEL=3)

Zenith Angle < 105 [deg]

Rocking Angle < 52 [deg]

AZY�[ I Y P6 V3 DIFFUSE

ScienceTools \ U 7:9 I v9r15p2
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Z
4.1: FT1 �0� ] R k `�a c h���� m ¤ n\w�x0/����	� ^�
 p32,_ c

•
:
;�K
�
Fermi ��� g 2008 � 8 M �������
:
;JC SPU 8 b�c�|�| 4WE 2009 ��� ^�� k 17 L
M�Y k � U�� C�� 26p���� C ¡:o b�c

• Source Class� S0� 
 p
2�_ FT1 ��� ] R g ��!"� � C$# b�% _ b6� �'&)(
* +-, _ 2�.6�0/q 132 I 8 4�4 �54 
 p32"6�2 c87 o�p$9 I;:�< \ U Y>= kV�@? 6 A K
��k�B _ 2 ]t I =©n g C Y � / � [EDEF k*�
? 6�G0/0o b 9 I�:)< k �E��n g�H�C Y � {�_ cI | � + 9 IJ:�< 4 8 �K. C D3F�L�M ¤ 8 p ]�t I =Ô  e Y (CTB CLASS LEVEL)

/ ?	�34 
 pQ2,_ c$| 
 g 9 I�:�<*] t I = � {"_ 4 k �04 4 8 � k LEM�C 1 ∼ 3k
3 NPO � H 8 b #.k � ��Q�R / # 2�SP9 I;:�<*]�tJI = � {8_UTWV �0/ # 2 c I
YX�
 k

class n g�Z'[ /�\
2�p�r �]� 1 / Transient Class
�

2 / Source Class
�

3 /
Diffuse Class

¤K^"_�
 p
2Y` c�a D�F k��W? 6 G /�o b 9 IU:�< k ���0n g Diffuse

Class /�b�c�� 
 p�r �]� I 
 ned:o b�c

• Zenith Angle

Zenith Angle
¤ g$'�f ¤ 1'g
9 IU:�< /E6 F)h�!
i | ¤j� {E`ek	����l
. 4 4Um�no�< ¤ i�p'q�r��@sYt
�vu 2�9 IU:�< /�w'gyx 
 � \yz�{'|8}Y~ I = s 6$`;k Fermi

��� m �
' C 6�`������'� s � `���� s � ��� i���� C '"fE��� 4 4����)� 2@` kI i ��� s � lQ.
9 I�:�< /�� #�u �	6W`��3� i)������� / ���3s 1�� � 8�� ? k� i l�.W9 IU:�< ie� 1 C���� �'� s�� Zenith Angle / 105◦ �E� i8��� I = m8�e�F `ek [27]
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• Rocking Angle� ��� �W� t@?Us Fermi ��� me���JCE'�f"�
� 4 4 ����� 2�`ek � i���� % i�� 2� 2�` �
��� '"f�i 6 F)h�!�C Rocking Angle
� ^	� k � 
 m�

� 50◦ ��� s����4 
 � 2Y`�/ � 9 IU:�< \ U Y = /������ � ��6�� m I i �P�"s����54 
 `8���el

��6�� C����]������� 8 � l
.P9 I;:�< i � 1G/�l���� 6Y` � � /��E`ek � i@tW?
6 � K�C�� �	��� � Rocking Angle / 52◦

C"!�� ` � � i��)� I = m'���GF `ek

4.1.2 #%$'&)(+*
Fermi ,
- i .0/ � �E�21�3 ?�s �E�)4 � �E�+576 = �	8�� Fermi ,
- � �E�:9 /<;

Science Tools 1 �>= ��k �@? m Fermi A / BWs@t � �DCFE x ? ��5<6 =HGI�J4 �P�8�LK
=HM / { 1�2 K�N 4 ��O
P21�Q = ��R .�; 6
S	zUTVS K | � G i �7W i�X
Y 1�3[Z � �\ ��] ` k a
^D_ i`XDY�s Q = � Science Tools

i�aV/�bdc�K�m
v9r15p2 egfihDj K h m

P6 V3 DIFFUSE G>�>k�k7ly��� .>/�m8m 1 n
o ��= Zqp"l�r:s i G0�)4te � � X�Y�iu:v@w 1@x
y�zVk'����R . ; 6
S zUTVS K |Is|{D}~s|��4��0z7��� \ k��0� � G Science

Tools 1 C-shell � python
�"= ���7hW{��U���t����1@Q =8�<��Nd8J���	�V�"s�X	Y 1"33�

���
�0��� X	Y � � P�1 ��� s � �Vk���� 4.2 � Fermi ,	->G �
�U� � R CrA ���D�D�	���� K@����� ~ K � � z�� (E>200 MeV) 1 σ =0.5◦

��� ~� �¡ K GDh B�/
b0K | 8 � �
GI��k�� ¢ �>£ K �¤¡ � CO

�
2.6 mm

� G � � �<¥F¦ R CrA �	�D� \ ��k@§
¨d1ª© 8�D= k [22] ��«	¬ ��­ GD®�¯
°���� \�± ^�_ G X	YJ8 � ( 6	Sq²iT0S K�³ 1"35��� ) � �IG
��k��F´	µ �	¦ ��¶�· \ −30◦ ≤ b ≤ −10◦ e ¶�¸ \ −25◦ ≤ l ≤ 5◦

� � �>G��
k��F¢ ��¹º	» � � K@����¼ \ �
k"§	¨IG�e Fermi ,�- � 1 n �Im7½	³�N2�¿¾	À)8 �`��Á�¬ ��­��
Â¦ �
k � K"��� ¼+� � h N2� ��Ã Ä s X�Y G��<Å�Æ 8�Ç � �U? ��È ¦@ÉIÊDË`;�ÌF/ G�Í�}
� XIÎ \�Ï�Ð r�k � G<e X	Y ���LÑ � ��Ò ?�ÓVÔ 1�Å�Æ�z�k Ç�Õ G���k��À+� ? Ç � Kª��� Ö × ��e�Ø�Ù �7� K"��� ¼�N2� ��Ã Ä � e`Ú
Û �)Ü -�Ý � h��FÞ � Ü��ß	à G�á+â�k Ã	Ä���ãIäFå�æ	ç Ü ÅDè � ? k�� 2.2 é>G`êIë Ç0ì Z ¦ e -�Ý � h N~� �� Kª�`� Ã�ÄV� 6�íI²�î�h
��e`Ú
Û ��ï } \7ðFñ G
ò ?�ó � h ��ô�õ } ¦�ö7÷ z>k��D�Iø
G � K@���>� ²��
1ªe7-�Ý � h
r�ù � � ²�� Ü � K@���	¼ ��ãIäFå
æ	ç GDR .7;7ú)8�Ç �
ø � X Y�û P0��e�ü \Iý Ç � Kª�`�V¦@þ z0kUÿ	P ÜF8�� e�� ¦���� 1�ò	� �D= k@� [28][29]


���
��	�����������

• HI

� ²��� � � h � �����`Á�� � � NJ� � 21 cm
� G��� "!�kIø Ü \ G ¥ k [30] � 21 cm

�
� ï }�1ªÁ	� � � ��ô	õ } ¦ �Fz ¦ ��e�#%$�&(' �*)	+ e�,.-d4 Þ	/ ��0 Ô 1�Å�Æ8 r�1 ?�ó r � r = ��ø ? ��2�3Ih54 K76 } (TS)

ÜU= Z98 ð ��: í�; /�m G=<<ê?>
38



5 10 15 20 25 30 35 40 45 50

EMS1333
EMS1323

EMS1312

EMS1299

EMS1263

EMS1249

EMS1239

EMS1230

EMS1225

EMS1221

EMS1222

EMS1216

EMS1156

EMS1350

EMS1337

EMS1329

EMS1314

EMS1292 EMS1274

EMS1190

EMS1116

EMS1112

� 4.2: R CrA ���	�D��� ��� K@�������DK � � ²��
� k�� ± XDY GI�`e~ø � -�G �	� K��<�	XDY:¦���� TS = 125 K �	� ñ�
 Ç �Lø �
h�4
� 6 } ��� ñ w ��)	+ � 4.2 é�������z�k��
3.1 é���ê0ë Ç�ì Z ¦ e 21 cm

� � ���V� ð�� ¦ ��e������ � ��Q � k0ø Ü � 3 �� ��¦� k0ø Ü \ � ¥ k�� R CrA �
����¶"! Â$# û�%�¦�&(' 
 �
)+* e~ø � û
,
��-�è�r ��Ç	Õ e 8 ð � HI

� ²`� � Ô �/.
0 
 Ç � Ç ° 
 e	¶D· \ ö�1:��2J¥��
(|b| > 10◦)

Ç�Õ e�3 Ü ¯Lù@�54
6 (≤1 kpc)
� � � � h��/7 �
� k Ü Ô r ç k��

• CO
� ²��

�7� � hD� CO �7�98 � � 2.6 mm
� ����f;:<hFz>k�ø Ü \ � ¥ k@�7� � ï }0��e	<

} 6 }=��>|²��	í�:D @?+�A�CB�� 
 Ç5D e WCO(K km s−1) ��E�z��Vø � ��� � � h��ô	õ }F�"©IzHGJI ¦ r9K��
CO
� ²@� ¦ , � � s HI

� ²@� ÜML�NV¦5O 8 ð � � ²@� � Ô �M.@0 
 Ç � 3.2.2 é9�
sqêIë Ç0ì�Pª¦ ������� O � � �RQ ì(* > �@¦ Q@S :�T�U�Vg�XWHY > � � � O 3 Ü
¯LùZ4
6 � ��� ��Q �/7 �
� K Ü ÔJ[ ç K$\

• E(B − V )res

� ²�]
CO
� í�V����`��� ��Q��$^ �@_ �Iò"K�Á�� ��Q �=�  a`�bM: Q 
 �
� K æ 1��9c[ � \ ð û � O=d Q `ec ��f�g Q Üh_ f�g Q"i�j û+ÜlkJm9n K i � OFd Q ` i m�o
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D��0ì ý ��O���� Ñ i�� � i�� Ý g Q9i mJo@D �
	"! n K>ø Ü WJ����K�\ EGRET�Iì K g �

����	! ÜlO���� ��! Ü�d Q `X8�� i������ ( ����� )
Ü i ö�1 ��� ý� 

Grenier � c O ��f�g Q Ül_ f�g Q
i"!�#�$ 4 � HI % CO
i ��� ��! �"c+`�bM: Q

��� [ � � Ý g Q W mJo9n KIø Ü ��& 
" [31] \('0ø	�*)+� i û@,��$����O d Q `
8,� i-�.�/� �10 Ü��-2�� > �1 E(B − V ) 
43�] ( � ú 
43�] ) ��5 �HO ø � �
N(HI)

Ü
WCO 
�35]���?�673�` 
 O*8�9 
�35]���ò
K E(B − V )res ��5*: 
� \:ø� c N(HI)
)�ì-;

WCO � `�bM: Q �<� [ � �<= g Q �/E n?>7@�A > � K$\2ø i gQ 
43�] i�B�C�D c 4.2.1 E��GF�H n K$\

I
4.3: R CrA

_ f�J ��� i
E(B − V )res

g Q 
<3	] \�KMLRW N(HI) 
<3	] O�N LRW WCO


43�] O1O W E(B − V )res 
43�]h\
I

4.3
�$O

R CrA
_ f�J ���<�H)MP KMQ � � i g Q 
43�]
��& n \

Q � � i�R �5O"SUT ��] `;�7V�W �MX K g �

-� ��� O g ��
���Y i�Z�[ O�\ !�]��"8
� i�^ W`_  g�a 
��cb
d(e  -f 3�g�h�iMj a >7b�k(l K B�C Wnm"K$\

3 o(pGq1r  X�P���O�SsT a ]+` a V.W �(X K �/� c-tvu�� � f > ��=-w f i�x�y �X _�z�{sQHK$\*|�}�~Mp9c O Porter �;W GALPROP
T���� b�5n��z*���,�  S�T a ] `a V�WM���G�G��� n1� [32] \ GALPROP

> c"� \�� ]c� i t.uG� i���� > � �`=���� % wf > i"��� 2 5 �MX�� g(a 
�� ��� b
�*� n1����� ��� T���� p.m � \1Q�Q�p"c Fermi �
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� �MX _ z�� �����  ��	� ]�

� i t.u*� � f i _
� b����������*���*� (54 77Xvarh7S> �����
���
 /��z/� � ) b"!4_  [33] #g(a 
���Y �  ���z�$"� Fermi
i

1 %'&)(+*�h�b����s�  [9] #  �`�7�-,
.0/	�21v�(03 $54 a 
���Ynp6$57���8�9 D 0�m � #n'vQ
p2���:�';=<�Y 3 ,
.5/ 3 O
> b 4.3 EMp2?
e � #
Q �A@ p�qvr  0 3�B �DC�� \�� ]/��E,� 3GF5H 7I4 a 
*� ��� >KJML 3 f 3�g/h�i

j a � b-N=O6P � B�C �.m � #<Q � � 3=F+H 7 f 3-g�h�inj a �RQ5S $"� Fermi T �+U CX _"z NASA
3�V ��U0WM��X CGzGY	Z �[� z/� ��\5] ����� 1 b�5M�  [34] #UQ 3 � � (

C0$"�5^�_-�A` ��a.> 3 f 3"g�h�inj a � 3Gb /	�GcGq ��� z�� � #�|�}�~.p6$"�<Q 3 QS $04 aed=f � � ( 3Ig 673ihM6 a h�bejk�eC�m5l/_ z�� � b=m-n?�[l-# 4.2.4 Enp��<Q 3F�H Q
S 3-o n D C X*� ]
pIq 9 3-r5s b"jt�u#
v0w	x�y
Q �A@ p�qvr�l X ��C54 a�dGf
zI{ Iγ(l, b) (s−1 cm−2 sr−1 MeV−1) $ B O 3 X �"C��

���0|	P � Q	}~��pM� � #
Iγ(l, b) = qHI · N(HI)(l, b) + qCO · WCO(l, b)

+qEBV · E(B − V )(l, b) + IIC(l, b) + Iiso +
∑

j

PSj (4.1)

Q�Q p�� qHI(s
−1 sr−1 MeV−1) � qCO(s−1 cm−2 sr−1 MeV−1 (K km s−1)−1) � qEBV(s−1cm−2

sr−1MeV−1mag−1) $5� �	�-� ���5����� 1 �1m0l�� �=�2� WCO m0l�� �-�2� E(B−V )res

m0l�� 3 4 aed-f�z0{0� p/m � # IIC } Iiso $5� �	�-� � S4T a���� a V�WM���G��} FGH 7f�� g�h�i.j a � 32b / (s−1 cm−1 sr−1 MeV−1) b~�	P-# PSj $�4 aed-f Y 3 Z�[ b~�6P=#
|�}�~.pI$�� 200 MeV-10 GeV

3 ^
_���` �"�)� b~� �	����� ��p 11
3 ^
_���` � f a� C0�~�(_ z-�6^
_"��` � f a ��a }eC g2� � h � a h�b~j���#������+ �$ −25◦ ≤ l ≤ 5◦ �

−30◦ ≤ b ≤ −10◦ pnm¡� �?Q 3 �5 4b 1 ¢ a m
l¡� 0.25◦ × 0.25◦ £  )C S�P zGj4_Gl=#

4.1.3 ¤t¥k¦
FG§A¨ C�© � � E�ª z5{ ���*� 3[« � b g5� � h � a h+C X _ zG?5n6P � }=�=$"� w �� 3 S
� �-¬5­ S5� C�7 � Q6}"be®5n?��z�� � 3 p��-¯5°0±5²5³�be!´��Q6}i��pA� � #`�

Ec� �I4 a"d=f�µG¶ca�� 3 X �eC�·5¸ w � � �2¹�7���º
»��0¼	½�¾ a S
� C+7 � 3 p=¯
°
±5²
³6�2!vl
7��2#(Q 3 X �¿7Àº
»�� z5{ ���*� 3�« � 3 ?5n'C0$[¯
Á0³	�2!�Â � � #À¯
ÁI³k}[$-ÁI/DÃ � bÀÄv��zG¯�Á
Å�n
Æ (Maximum Likelihood Estimator:MLE) b"Ç�e �È ³Mpnm � #

1 isotropic iem v02.txt in http://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html
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ÁI/�Ã � L $/m � � n � b x1, x2, x3, � , xn �v����� 3�« � b θ �v����� 3 S6� Ã � b
f(x|θ) }¿P � }

L(θ|x1, x2, · · · , xn) = f(x1|θ)f(x2|θ)f(x3|θ) � f(xn|θ) =
n
∏

i=1

f(xi|θ) (4.2)

pGn ���[� � #�� � $ � n 3���� � x1, x2, x3, � , xn }"7 �	� � be� ��z/� � #5Á
/ L �
¯�
k}"7 � 3 $�� L �
� � b'} � }2�"pnm � E¡ª �

dL

dθ
= 0 (4.3)

}e7 � #�� 3�� (4.3) E¡ª L �=¯�
k}e7 � θ b�Ç(e � 3 �=¯
Á5³npnm � # FG§ CÀÁ5/'$ �
�
��� C-° ��� 7 � 3 p*������P ��� CI$-�
� ��� } � ��}�p���� �	� �'CGP � #�P)7
Â�� �

log L(θ|x1, x2, · · · , xn) =
n
∑

i=1

log f(xi|θ) (4.4)

�2¯�
k}e7 ��� i�� � ( θ
� Ç`e � #G| ��!vp	$��5Á5/´}#"�$ }2�=$%� 3 log L

�#& P'�
}[C2P � #@ l"�2¯
Á5³Mp6$[¯
°0±5²
³�})((�-� χ2 * nAC,+ � ,
.5/ 3�r0s ��pA�-7��G#	�-�
p��
χ2 * n 3�. Ât�~C TS(Test Statistic) ��ÄM��ª � � # TS $

TS = 2(logL − logL0) (4.5)

pGn ���[� � # √
TS · σ �2,I.5/ � �)P-#�� 3/�A3�0 pG� L $�1 ¨
3 ����� �32 � � ( �4%5 z/� � }G� 3 Á
/-6 L0 $31 ¨
3 ����� �32 � � ( �
7 ��8 g�� � h �:9�; � j=<Gl

}2� 3 Á
/,6:> � #����*�#8������ 3�?�@�A �CB n	P � �	}~��6M� � #

4.2
D E F G

4.2.1 HJILKNMPORQTSJUWVJXY35,Z\[�] p ¨_^ �6�`60j)Â:a:8D��l�+�b Z HI(21 cm
f

) } CO(2.6 mm
f

) c d�6e'f g � c zI{ � �-h:8:i`j
kml-k �	n j5l 5:Z\[ E(B − V )res o � � c ? @_A � Test

Statistic
�	prqPs 8
t_u�j�vxw Z�[zy �
{\6�|mi g 9 ox}�~�� {�6-� � ��� ��9
;\�����Z/� a%j�uD�/k �C� 5 j/v

E(B − V )res ���/�r�
�:�x�`�x���
�m�C6�� [ R CrA �r�����m� Z����_� j g 9 o�}�~m� c 0 6 [ 1 �%�,�r� ; k��¡ �¢�£¤
10σ ¥_¦ (TS≥ 100) c`§�c �C¨ ir8x©�ª s�« v,��¬®­ � ¬ 9x; � j Z > «�¯ [ �m�=°xc
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~�� c�������� � � free � 2	��
 � Z/[
� c�����c 5◦ ¥�°
c ~�� ���-�m� ; Z������ a8 i:j�� Z���� s 8x©�ª����Tb v � c �"!$# E(B − V )res o ­&%�� �m��� Z�� a ^ i('*)
' � a « '+)xc�,"-.� /�0 s/« v�1 4.4

Z�� a32
a,c�4�£�c 5�i6��{
'�7 « v � c�,	- [
E(B − V )res o ­&%�� � a`j$89':# [�; < £ 11

Z&= s [ 4�£ log L � 91.7 >�)
? ^$@ « v
1 4.4: E(B − V )res o ­�%mc/ �A Z3B jC4�£�c&5�i

log L

E(B − V )res
^ s

236896.0

E(B − V )res D ¯ 236987.7

{ « [6E 4.4
Z$� a
2ma%c`�_¬�­F�®c+G9H o ­�%3�&I � v y+J �/c o ­�% Z § [  :¢£�c�K � i ~ � Z�=�L,� j&G	H ¤ n � a�j\v � � Z E(b − V )res o ­�%9� � a ^ i*MON [

3◦ < l < 5◦
[
−24◦ < b < −28◦ c\��� Z�[�P � k ^*Q ¤ @ « G	H ¤ G @�R i-j38S' ¤"Tk`j/v� � Z/[ �m�r�
U c � c�V�c�W�� Z3y c B b Z&X	Y,� j�kZ� n j « 7 [SE 4.5

Z
qHI '

qCO c [�\(��I s/« v"] E kW� [ E(B − V )res �
ira%jS8$':# [	^�_"` � 1 a D «W¯ c gb ox}"c	d	e qHI � [	f p	g H�c hZi3��jZk R [�\ � jS8$' ¤�T k @ « v¥�¦
k=� [ R CrA ���r����� Z � HI l CO #m�Cn 
 �o#Z) ^ i e%f�g � ¤ �r� s [o� a� E(B−V )res o ­p%�# �+q #Z)
jO8O' ¤oT k @ « v � � Z E(B−V )res o ­p%	� � a ^ i
' [ qHI

¤ f p"g H%c&h3iS�:j6k R [ T j989' ¤�T k @ « c+# [ ¥"r�c�©�ª`� E(B−V )reso ­�%O� ¨ i R �Tb v
s3t �*uOv�w,�+xOy�z,��{"|��+}O~
w Z/[ E(B − V )res

g � o ­�%�� ���r� Z � 7 « �	!S# [ � ¬ ­ � ¬ b+� Z ¨ i,j g bo
}�~ � c�  ¢ £�c"�O�S� TS=50
Z �$� « v «���s [ 1 ���`�m� � Z��"��� a R i-j ~� c U Z � [ R CrA �r����c/�r���F�o� ( ��£%c&�-i�� ) �&�3� � j g b o�}�~m�"� 1FGL

J1903.8-3718
¤ ����� j�v 1FGL J1903.8-3718 �/�m���.�o�rc&�S�*� ¤ ��? � g b o�}�~� #_� ^ i('�� T a-j�c�#m¥	r_c/©mª$#_�o�*� sC� ixv TS �*��� « ,�- � ; � £`� 88 �= s � 4�£ log L � 118.1 >�)�? � @ « ( 1 4.5) v
1 4.5:

g b ox}�~�� c/ _¢�£�c���� c&5�i9� B jC4�£�c&5�i
log L

PS; TS≥100 236987.7

PS; TS≥ 50 237105.8
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4.7: 1 ���-��� � �9* � P+� ? � @ « 3

� � ��� �� �A
� B
� qHI � B�� qCO � [O\��
� ¤ ��� �;: � « '�) ��� ¤ : � ��
 '�)���,"-
8 � ,�- � TS � 50

� #��O� � � ��� P�� 
 � b;�<�"� �': � R § � X"Y � f�� g H B¯ K � 
 89' ¤ � 
 @ « � B @CR ¥O� �9=">9#�� � 8 � � � � b'�<��� � # � 7 � 89'"'
� � B ¯ � 
 ��� � X	Y ��A�?S#
) � §���'"� R =�> ��� �
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4.2.2 Fit ���������
8 2 � R
	 � � «��$
 ����
 b � � ­&% ��� ��� ��
 b � � ­&% ����� � G�H � ­&%��E
4.8 �&I � �+G"H � ­ %�� �9
 ����
 b � 
 � � ��� ��
 b � ��� 
 « § �9��������H

( � ��� ��
 b � �! �"$# ) #&% @ « § � D � �Z8 � �'� � ' �&' W � � « � ��� ��
 b �� ­C%�� �O
 ��� B ?)($*S#Z) R 
 �OB 2 ���3k � � B ¯,+ �S?-($*��(�/.�0 � « 7	� E
4.9 ��G	H �21�3(� � 
 �54766#�8_¬ ­/9�¬ bo� � « § �S��I � �.8 � ��� � ' � �S
 �� 0
¤ U7: � � 
&�;4763# ����<�= ��q #
) � 8$' ¤�T 
)� �> *�� � � � 2 � � � � � ­�% �?1$3 �'� � « 7	� ��� ��� � ­C%��/@ � ��W$1BAO'C�1�©8� « � � � ,"-F� E 4.10 �&IDC<��]-¦9� `�E � � 
GF � � b���� c	d	�$H ¦�I WCO
BF � n 
 � � � « 1 E � �*W$1 
BF � � b;�<� c"d	� ]S��I E(B − V )res � � � ­C% 
FKJ�L � ���

� �+W�1 
MF � � b1��� cOd �C1NC���8 � �1� � ' � ^O_�`�E � �;�\©_ªO�P °+� �"� F 
 � Q I @CR � ¯ � 8 � �RQ9'��TS3i��TURV � �?1$3 �W.�0 � 8O'XI"#Z)� � CO #�� n 
 � � �)� 1 E � ���?Y$ZDI −3◦ < l < 4◦ � Y$[DI −22◦ < b < −14◦ �7\U � «?]�^ � � @ R 
 � � E(B − V )res #���n 
 � � �)� � �R� ��� �?_�`
�T1�3 � R 
� 8$'aI T 
)� �

4.2.3 bdcfefgihkjl�denmGoqpsr�t uwvMxzy�{s3t�| u�}�~R�� 2 �W� 	 F �;� R CrA 1 E���O$P �$� � %�&���� 
GF � ��� ���$���q� @ ���
� 1
BF � ��� �<���$�$� �7�;�&� 4.6 � �N�W� � � 200 MeV ����� ��� �����$�$� �T�����E
1 ��� �G� (10.1±1.1)×10−27photons s−1 sr−1 �;� � �
�

4.11 �?@ ���&� 1 
BF � �����M� � �W  C�� 4.3 ¡;�R� � �GF �?¢$£ �¥¤ � O$P �?¢£ ��¦ 
 �&§
¨R©&ª�«�¬�­TU�V � �¥®�¯ 1�3 � =">�C �T°�± ­T��² � �/� 	 F´³D� ������ � ­Tª$µ�¶�· ��¸�¹ C5º ° ª$µ$¶�·�­?�;» ��¼ �&§�½�¾N¿2À�Á �$Â�ÃRÄ��qÅ ­?Æ�Ç�È��É º5Q2­ � § HI ­ 21 cm Ê�­lËTÌ$Í&Î�§;ÏNÐ �,Ñ�ÒwÓ!Ô�Õ ­2Æ�Ç$Èw� É º5Q2­�­ 2 Ï �Ö�×��&°

Ø�ÙRÚ�ÛqÜ!Ý$Þ�ß�à�áwâ´ã�ä�å�ælç�è$é
ê�ë$ì�í
½�¾�¿
ÀMÁ ��Â�ÃNÄ��GÅïî�ð$ñ ­
Æ�Ç�Èl� É ºTª�µ�¶�· �?¸�¹5ò º ° Ð&ó?§D½�¾ ��ô�
free õ Ã�ö�÷;ø � ¼ �Nù�ú´Á � ¼ �?û�ü § î�ð�ñ ­ normalization ý�þRÿ ñ���÷�� � ������	� Ï�

�!­�­?§���� É ± 1.1

� ¿ � �2° Ð � § � ³ Ð2�D­������ ��� ¾�­
��� � �� ��� Ê�­��� ��!��"���� §�½�¾N¿ ��ô ��ý ±10% #�$ �%� Ï�" � ¢�£&�('*),+ ³ ��"Dº
46



�
4.8: R CrA ô�� ����� ­ ðD÷Dø���Ä���� � Á�� ( 	5� )

� î�ð�ñ
��Ä��q� � Á�� ( �N� )�
��� ­��$· � Á�� ( 	�� )
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�
4.9: �$· � Á���­ ô�� � � ÄT����� �Nù�ú Á���ú ��Â ¼ � � ( � )

[19][28]
° É � �$½�¾�¿&ÀMÁ ��Â�Ã5Ä��BÅ î�ð�ñ ��ý 10% ­&¶�· �;�Dº � Õ ¿ ¼ § î�ð�ñ

( � 4.1 ­ Iiso)
� ±10% 	 � � ± ­�

� �7¸$¹Dò º ° ¢$£ � � 4.12 ��Ð ��� �&°

� ­T¢�£ ��� º � §&� � � ��� � ­ � ��� Ê �$��� ý?µ��$¶�· ��� #*$ � § ±&³ É �����
"����&� � � ³;�&° � ­�

��ý!ª�µ�¶�· ��¼ ��§
�
��­����;� Ö � ò º °
!�"$#�%$& ç�è$é
ê�ë$ì�í
' �!§������ � ­ 21 cm Ê�­ ËTÌ�Í
Î�§;Ï�Ð � Ñ�ÒwÓ!Ô�Õ ­&Æ�Ç�Èl� É ºTª�µ�¶$· �¸$¹;ò º ° 4.1.2 ¡N�)(�* � É,+ � Ñ�Ò�Ó!Ô�Õ ý �.-��0/ $ � " + õ Ã�ö�÷;ø �21�( + ³º °43�³ Ð&�;­
�� ;�Dý!§ TS=125 K

��5 Ç ¼�6 "87 °43
3 �Dý2§ TS=100 K ­ û�ü � ÑÒwÓ ��9 ô�: " û�ü �;5 Ç ¼�6�� ¾�¿(�� ��< "&§�
�� ��= *>7 °�± ­!¢�£ � � 4.13 �Ð ��� 7 °
3W³ ��� º � §&� � ��? ­ �,@ � ÊBA �$� ������� � �´³ 7 ° ¼ � ¼ § ± ­ �4� +&ý2½�¾¿!ÀBÁ ��Â�ÃRÄ @ Å-î�ð�ñ ­!Æ�Ç�È�� É º��?­ É �DC +
" 3 � ��E � � 7 °GF � 6 § Ts ­Æ$Ç$È�­�

��ý�� ���DýGH
I;� � º&�2­ � ò º °

4.3
J K

4.3.1 LNMPOPQPRTSVUNWVXZY�[]\ ^B_`
4.14 a R CrA ô���b ��� a!�dc�º;e � ��? � ��f �g@ � ÊBA�h
i ( j ) k�l ò�m n2of 7�p)q
r f ���sf)t
u � É v î�ð�ñ ?
w.xzy ñ �0l ¼ 7 m�{ q
|�ý8}2~��2~ Fermi �
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`
4.10: � �B?�� ô ��� f ðD÷5ø2î�ð�ñ�� Á�� m 	���� HI

��? q ����� CO
�B? q�	��

� E(B − V )res

�B? m
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�
4.6: R CrA ô �
b � � � ��f � �B? � ô�� �;f �.@ � Ê�A
h
i

Energy qHI qCO qEBV

(GeV) (10−27 s−1 sr−1) (10−7 cm−2 s−1 sr−1 (K km/s)−1) (10−5 cm−2 s−1 sr−1 mag−1)

0.20-0.28 2.942±0.327 8.044±1.472 3.408±0.804

0.28-0.40 2.268±0.228 5.110±0.902 3.333±0.568

0.40-0.57 1.538±0.159 4.464±0.616 2.181±0.398

0.57-0.80 1.258±0.117 4.224±0.454 1.337±0.288

0.80-1.13 0.852±0.088 3.600±0.248 0.880±0.216

1.13-1.60 0.457±0.014 1.712±0.172 0.768±0.102

1.60-2.26 0.389±0.048 0.986±0.174 0.399±0.122

2.26-3.20 0.200±0.038 0.724±0.140 0.242±0.093

3.20-4.53 0.105±0.031 0.258±0.094 0.286±0.077

4.53-6.40 0.073±0.025 0.172±0.072 0.109±0.055

6.40-9.05 0.027±0.018 0.098±0.056 0.046±0.028

������� + ~d7	��
���
�� f � � q �Dö���� @�� ô �
b � � � 2nd Quadrant � f Gould

Belt
f ? w>x y ñ q���Ê������ ��������� +�~87! �"
Ê (Local Interstellar Spectram; LIS)

� � ��# +G~>7 �%$ �
? � � f � @ �'& A8h î�ð$ñ ��(�) [28][29]
m

2nd Quadrant * f
Gould Belt ý 100◦ ≤ l ≤ 145◦ q −15◦ ≤ b ≤ 30◦

� f �� tBu �+(,) m�- 7Gq R CrA ô��
b � � � �Rö.�/� @�� ô ��b � � a!0 � ~ 6 " ) ��1�243�ý � ��a�q�5'6 � ô f�798 x;:<�= @9> î$ð�ñ f	?;@;A k�B;CED�7 � f �+(F) m��$ ��?

�  �" & f	G�H aJI�K 6 A8h +�~ ) �s@ �4& f A�h8iwý ��$�L�M f�N�O a�PQ D�R�" f � q 3 f ` ý	S;T f  �" & f ?
w.xzy ñ kVU�WXD 6 " ) m ?�w.xzyZY f	[�\
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`
4.11:

� $ ��? � ��f �g@ ��& A�h f ?�w,xVy Y m 	�� � e � ��? q�� � � CO � � y
� � ? + ~ ) �B? q�	��*� E(B − V )res � � y � � ? + ~ ) �B? m
��� ����� � I'K 6 ��� q 3 ~ � �+
	��
�� f ��� � \  ," & ?2w,xVy Y fV[;N \ I�
 �6 " ) � t � � � ) m - 7�q R CrA 	 �
b � �sf �s@ �'& ?�w.x y Y \ LIS a�

� )��� Y

�
[�������� 
�� �)f������ ~2q R CrA 	�� b ��! f  �" & \ q;��� �#" �'���%$~'& �Gf � 
(�*) � � E +�K,& m 5�-Bq/.10 �/�32 � 	4� b��4! \5�5�'� 2/3 6 � D7+,R8 q49�a Gould Belt ��! \;: < =�> � m 2 ? ��@BA & I*C�aGq; �" & f#D R#E/F \;G H��I4J��,( � qd}�~ �5KML * fON ~'&�P4Q.a�I'K�R,S N $ ~ q5TMS �5U � KOR�� 8 � $ ~) m I'K�R� F" & F f 	�V � 546 � R 8 q� F" & f��5� 	�V,a � �W�,X�Y R�� )[Z
\ A
�(,) m;]4^ q)r f �4! �W_M` � ) ) � � q �+
	��
�� f  F" & 	MVsk�a � +da � > ) ) ���b�c $ ~ ) m

4.3.2 dfehghi�jlknm
XCO o�prq

3 ?Bs @'A &�IrC[tOu' F" &wvyx $4z4{ v}| G�H t�I )�z 2�~�&(|O�M��� \ u x $4z�{|;� �/��N�O t P Q D�RM� | s5u z 2}~ &M� � t�I�K�R L�M | 	 V���� ) ) v � s > )O�
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4.12: 5�6%R 7E8�� : < = 2 > � � Y | ?F@FA t.I )�� 1�2,3 | BFC ��� ��� � z{ + � u�� � 	 � z�{ + � | z 2�~
	��/� � ��� |�
 ����������������� 2�� � � Y |

normalization � ±10% ��� $�� & v > | �! �"�# �%$
� �
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�
4.13: &('�)�*,+ |.-
/10 t32�4 �( �"5# |�617 �8� ��� � z�{ + � u8� � 	�� z5{ + �| z 2[~�	��M�4� �.9 | � ��:<; � {>= 2 � � TS=125 K | v > s,u � |.
 � TS=100 K? 2�@�A 	�t.&!'B) t.C(�#Q�D�t.��� $�� & v > | �! �"�# �%$
� �
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�
4.14: R CrA 	���� ��! t ?�� 4 � � z4{�� 	 | z 2O~5	M��� � ( � ) v .'0��
	 2��
 ��� t ?�� 4 � � z�{���
 | z 2}~5	4�M�M� (

9
) v LIS | � ��� ( � ) v Gould Belt |z 2�~5	M������|���� (

�
)
�

z 2�~5	�� � � z4{���
 � z4{ |�� -
+ � ��� $ � u�! z4{ |�~ �#" (4.2.2 $ ) � � A 4) v s5u#%�&'s('�) �M� s >#* � 
 � z�{ | 
 V �,+�-�41) v � s > 4 ��.�/0
 � |�102�
N(H2)

� 
 + ��3 u CO

 � | %(& ��� v�|4� s /�5 $ � 4 ��6(7�8 XCO

� +9-,4
)
v � s > 4 �

XCO = N(H2)/WCO (4.6):<; t � ul) | XCO

�<=�>�?A@ �CBED � 0�F : + � +9- � � 4 | s�u�) � ��GB�4R 
� z�{ |�H�I �J+9-�4
) v t * 4 �K.�/�
 � 1 L�M�&ON | z 2�~�	M�M���P� u .(/ � � 1

L9M�&QN | z 2�~�	M������| 2 R * | s�u z 2�~5	*|�S � Iγ(l, b)(s
−1 cm−2 sr−1 MeV−1)

�KTVU/| 2rC}t W 8 ) v � s > 4 �

Iγ = qHI · N(HI) + 2qHI · N(H2) + · · · (4.7)

N(HI) u N(H2) �(X �ZY���.(/ � � v .(/�
 � |#1�2 � (cm−2) s�M�4 � ) � t [ (4.6)�]\�^�_>4 v u
Iγ = qHI · N(HI) + 2qHIXCO · W (CO) + · · · (4.8)

) � v [ (4.1) v`��� _>4
) v s TVU/|Aa 7�bKced � 4 �
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qCO = 2qHI · XCO (4.9)�
4.15 t qHI v qCO |Va 7 �%$Z_ � ) | �!��? |�� > | 1/2 b XCO t * 4 � ced � &��� ��� 4.7 t.$�_ � XM|��*|��M!nv�|����
	 M�� � R = v -�
 �
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4.15: R CrA


�� � ����| HI v CO | z 2�~
	M� ����|Va 7 ��� F :%; � u�� 4.6 |� t������ u������ ��� F� "!$# �&%1t�'&(�_ 4 �

� 4.7: ! ���
)'v�| XCO |����
XCO(×1020 cm−2 (K km/s)−1)

R CrA

�� � ��� 1.66 ± 0.09stat ± 0.19sys*,+ �
	.- 
�� � ��� 1.09 ± 0.06stat ± 0.07sys

Gould belt 0.87 ± 0.05 [29]

R CrA

/� � �/�*| �/� � IRAS 0 x t 2
4J&/1 100 µm | 9�2 	4��� t43,5�6�
 �/�

(XCO = 1.8 × 1020 cm−2 (K km/s)−1[22]) v "�# |�7&8 s �:9 ��
 � �<; u *,+ �
	=- �
�� � ��� � Gould Belt ��� s | � � 2/3 >�? v *�@�A 6 4 �/B @�A u�C .(/�
�� t��
_>4 CO |��<� u�DFE � |HGJI s 	LK�M s 2 R�>�N *�@�A 6 4FO v b5$QP"R � 4 �
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����� o����/o�prq
%4s�+9-�
 XCO � GF6 A u 
�� � |#H�I �J+P-,4FO v b s	�(4 � TVU t XM|�
�� ;
��%$�_ � =4> = ��� � )'v t�u 1�2 ?3�J+9-,4 � 1�2 ? � u

column density = XCO × WCO (4.10)

v * 4 � O � t = ��� � |���� dS ��� � 4FO������ = ��� � ) ��� 
�� 8�b/��� 4 � =��� � � ���9�KTVU � 2����H� R � 4 �

dS = d2 cos b db dl (4.11)

O�O���� d � 
�� � = ���� "!�� (b, l) ��#
$ � #
% � db � dl � = ��� � ��&J-�� M ��R
��M,4 � R CrA


�� �	��'3D � � [25] � B 6�� d = 150 pc �)(�GV_ 4 � O � � .(/�
��
� H0I ��� � 4FO��*��� 
/� �,+�� ��
 b�C A .(/�
/�	- @ 
�'�D.� H�I b�+9-Cd � 4 �
R�d/��� 
�� �0+1� .A/ � � ���Z_ 4�2"3 � � I µ �4� � 4�O5�6��! = ��� � M�
 N6�
H�I dM b�+9-Cd � 4 �

dM = 2µmH d2 XCO WCO cos b db dl (4.12)

O�O��1� mH � .(/ � � � H�I ��� mH = 1.67 × 10−27 kg ��MQN7� µ � �"8:9�;	9�� ?Z�
4 .�/ � � �H�V_ 4�2<3 � � I ��� µ = 1.36 ��_ 4 [29] =�O �.> C =1? � � � � 
 _ 4FO
�6��+P- d � 4 R CrA


�� �:� H�I � � M ∼ 1500 M� � *�@ 
4=.O4� � � Dame d��
2 @�A +�-Cd � 
 � (3000 M�) � 1/2 >�?@�VM�4�= Dame d ��A�B ��CEDB) * XCO( C"F
2E3 ) � � > G,6 A � ��� ��MQN7��G"-�H 	EI�J > GF6�
�K�L"MN� ; b 2PNPO �46 � ��M
4N�6Q�R d � 4�= [25]

HI S CO TVU4W�X�YET�Z�[.\4]�^�_�Y<` ��� `1a�b
HI c CO � B � FEd"�:� * 6�8:9"GEd�� H�I
	 
�� �	� H�I ��e4fN� ;
� �K+9- 4FO
� b"�	�14/= =4> .�/Eg�� 1 L�M�
ON��EG"-�H4h"i"j"kl� E(B − V )res � B � F1d&R � 4
GEd
�Qd��"G -�H�h
i
j
k	� � XEBV

> +9-,4�= XEBV ��TVU �#[5� ?A@nm BEDpo + F :
�Qd +9-,4FO��,b
�	�(4�=

qEBV = qHI · XEBV (4.13)q
4.16 � qHI � qEBV � a 7 >)r _4=

O���s o�? � � ����� R �.t � XEBV � � TVU ��u���� *�@ 
4=
XEBV = (1.33 ± 0.12) × 1022 [cm−2 mag−1] (4.14)
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4.16: R CrA


�� � �/� � HI � � HI c CO � B � F1dE�N� * 6
G<d"�Od)�/i"j"kN� a
7�= � F ��� � ��� 4.6 � � ������_ t =
O�� � > GQ6 A � 
J� � �J� (−4◦ < l < 5◦ � −29◦ < b < −16◦) � H(I > CO ��'

D �/e�fp�4+ - t � � M ∼ 2500 M� � *�@ 
1=�� = N7� CO � B � F"d$R �:t G�d@�
1.5 R�>�?N� H0I b��	�V_ t ��6,� �/� bKc d � 
�=�

� � �<� A q 4.11 ����� t u5�)�
E(B − V )res �������<d&R�� t G<d"�Od��EG"-�H4h"i"j
k������	���Q�J��� � �� @����� @�A"!$# � O4� g&% � � O'����u t'(	) �+* � #-, ��."/ ( 0"132�4 ) �+5"6	�+7"8"9: ��; t = CO �<�=���1d&R�� t G<d ��e�>�?.�"G<d
>����@? t � 6,�BA�CED-F&�=G�HJI 6 �6Q�RKIL� t =
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5
� � �

K
L"M@����� Fermi 0"8N���������	���@u @�A �/DFE�0 G�I � ≤ 104 M� >�?.��
	��
� R 6���������� (R CrA ����� ) � I��"G���H�h > 7����n����� >��! hl� 8	9"GEd,�
��"�� - "���#�$ c �"8:9&%�� �/�('*)!�,+$�-�/.�0  21 ��#�$ >�3 ��? t54�6 � � G��
H�h 6 � � >�7 ?98�:(;&<>=?�&�4=�@$IL�!��A�A >�BDC ; r ?�=

• R CrA �>�����>�!E I�FEG���H�h >)g �.G<d>E IGF/i"j?:-�>�.G<d�E I�F/i"j�;��H5IKJ ���ML���F�<	�!E IGF"G���H�h"i
j"k >�N�O t 8�:�>�P�Q5�,R98��M;5u #TSUWV �����DX*�,+��DP J �� h?:TY�Z�[EdDF���\^]`_�C!P�Q t uWaG;  Mb �,R
• c�F���� ! u�d&e�fMP,g�hji'�!� �D 	kMl	m�n � ��;(o!p � 4�6 �q:r
	�s�&�,RW�
F=A>A J R CrA �>�����>��F �D �k�tKu � J e�fMP,g�h2i���� �� �k : 2 4�F(v�w
P	x�y@? t 8D:�> HzE b ��R�{�������;5u b I � �D 	k�tKu > 30% | u>}� !b I !# J�~ ��F&���2]G�D� t 8�:�P��!��0	�z��F �� 	k F=��\^]G�D����8�:�>�P�Q	��:��� IL���&R

• ���
�	��F&��� u : CO F(��� t5u :GF�
zP 7 i'�W�(
 XCO ]-���W�(��R�@ I ���� � J
XCO ∼ (1.66 ± 0.09stat ± 0.19sys) × 1020 [cm−2 (K km/s)−1]

:  Mb �,Rj8�F � E I-������F (�) ]
M ∼ 1500 M�

: N�O �,R
• R CrA �������>��;�� HI � CO P<�=� � l P�Q  V [ l >5���s� I !E# J (
) � J

M ∼ 2500 M�

: N { b �(R CO P � � � l PMQ,��[ l :��G| u F (�) FK[ l >��K�	?���8�: >�H>E b �(R
5
6 J i I�; ~ �/F(�>��:�
K�@?M��8z:�P J �D��0����WF �z �k�l	mWn � � ��\ ��� (
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�
A.1: R CrA ,
`�a�b	cj¡ � ���;2W��[U]G� k�¢ § H � 9 \	8 1 >^?=@
B � ¦ TS 8 50¢�H ��£i� ��� � 3 \�8 2 >^?A@
B � ¦;WD�YXZ! b O�£i��]¬<5e ��� ��§ [35][36]

� � l b TS ��|3e�O5��© ?A@
B � �5��© }	~
1FGL J1832.6-5700 -21.777 -20.043 67.7 1.84±0.28 2.28±0.16 Blazar

1FGL J1842.3-5845 -23.128 -21.811 59.5 1.52±0.55 1.70±0.25

1FGL J1849.6-4314 -7.115 -17.891 68.5 2.31±0.11 2.18±0.13 Blazar

1FGL J1902.0-5110 -14.421 -22.404 220.4 2.09±0.09 2.11±0.08

1FGL J1918.4-4108 -3.155 -22.267 160.6 1.98±0.13 1.85±0.09 Blazar

1FGL J1936.9-4720 -8.851 -27.015 80.0 2.02±0.41 1.68±0.19 Blazar

1FGL J1938.2-3957 -0.775 -25.549 145.1 2.67±0.11 2.45±0.09 Blazar

1FGL J1946.7-5404 -16.127 -29.611 76.9 2.25±0.19 2.32±0.12

1FGL J1958.4-3847 1.552 -29.053 273.4 2.62±0.09 2.47±0.08 Blazar

1FGL J1754.0-5002 -17.836 -12.036 118.6 2.76±0.14 2.71 Blazar

24M2237 -15.607 -15.135 106.7 2.51±0.17 2.46 Blazar

24M2282 -9.876 -15.225 199.2 2.46±0.13 2.42 Blazar
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