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1 þ ÿ

Ô.Õ��������³l%µ	�¾\�
�Í���'¥%`��O�����	��d�ð-à-Í��¾ðjÓ��Xd�·�¸-à�� � d ÎLÏ�tïDs+ÔLÕ�Ø'�� � Z�\^Í � d	·.¸�������ÎCÏ
tLx�s� �!�ø n �·.¸'É.Ê�aVs#"�£)Ø'%$U ø�¥%`&�O�����	��d�'	(Rs*),+�\��.- U �0/21	3)i¾ç�4��	ø�5L����	6Cø�
�7¾�'d��%�8:9<; Í í	7-Í�=	>-æ-Í@?	A�ð.æ-Í�B	>-æ-Í X æ�Í:C'�+È	æ U �0/ Ú	D'l@E@FG��7���H;øÔ.Õ)Ø�:$ U i�?;� U Ó:+�\	�C�� � dLÃ
øOì X æ-ÍIC'�+È	æ ∗1 
�7��;i	�J-ñÍ�K'Ï�L'Ïø�d	M@N���ÜLÝDsPOV¶)%$Q�ÓR-TSIURlWVX-&QY�Z/\[I]�iG5CW��h ; l
Í-í�^I7³dCÃ ø_ ì�»C¼ aO½-`¾i�`��)d¾ø¾Í-ä;åjdCÃ ø _ ì*`j»;¼%aO½-`�d
�Ia�sY)�%$QXi&?��ZQ�Ó��OZ 9 Z�Í X æ-ÍIC'�+È	æ%
�Á.Âjd�b�cVsdO³¶%\VZ��e/X]�¬�Í�S%f¾ø)d�g�h-Ô.Õ�
Yi�Z
��� � d.]-¬
Í�S�f
Ô�ÕCi%ÒejG+ ] 1950 k�l:m�njl�
�Í X æ.Í�C³��È	æ�o	H�øCd�äCåqpr 
�s:t)�L\Lµ ; ��Í 1962 k Giacconi ljË¾ X æ	K (Sco-X1) d
ß ë � øZu�dVã%s ë 
$�QP
�Ó 9 +
]�� X æ�K'd�ß ë m�v-Í
Ô.Õ-¡�wRsdx�y�Z�]�zq{	|�KI�¾Â�U;i	è~}¯lY����f� ; �¾Í�`�»)¼	a³½^`�äCå¾·�¸	�e
Rã���ZY�	ß	�Rs#� � ]��0$+� ; d�Ô�Õ���� ë l;Ë³érÍÃu�-Ä�K����.�������L`
a;Ó��+d��q�������	��Ó�� 9<; Íq��� · ���%�.Ó���d�Á��	�jÓW�
�
ø%Í
ä)å;d��~}>Ó��	�'l%µC¶�d`�»L¼
a'½^`��	a)i@��!;h��.\ n ]W� _�� øI
�Í0u §'d
ASCA |�K (1993–2001) i X æ����	�RQ X æ CCD º³òYwRs�£������	(-��ð�Ô.Õ����	�Rs���¡  ��$:Q�l�ËOérÍ 10 keV m�¢I� X æ�o�H�ø ëG£ P¤,��y.zOl�¥���¦ Í�Ë³é2§	¨jÓ�ÔÕ;i�?;�<Q+Ó+�����m^÷�Í NASA∗2 � Chandra |	K (1999–) � ESA∗3 � XMM-Newton |
K (2000–) Í©u>§�� ª Ø�«,-2¬q|�K (2005–) Ó�^ì ASCA |�K~Q#®��������Vsuß���hY¯G�º³òYwRs*x�y   ¦�§�¨�Ô.ÕRs*°'¬&¦	�C�� ç 8 Í TeV C'�+È	æ�Ô.Õ'l%µ��&¦�
�Í	Á.Â:±²}	�@³q´#�q���Ci@µ�¶'suß&·   ¦	�C���±²�}
��³q´XðVsuº³ò�Ø�:$������	��
�e f ����ClY¸)� ÍJ¹3û�º	� H.E.S.S.∗4 �.u¼»�� CANGAROO∗5 Ó���l)Ë'éêä)å æ�½	¾RQ   ¦	¨�¶
A<h��I¦I��Y¿�ÀX-Á���I�e�W��(³l
��Â   ¦I����,�q�
Í GeV C³��È%æ�ø
 _�Ã �����
�VsPx�y   � Fermi |�K (2008–) i%èÄ}&Q:����s&5 � ¥	¥:5L��hP¦�Í 10 keV m	f��YÅ X æ 9; MeV C'�XÈ�æG�Po&H)ø	�+Ô�Õ's ë ¦�ÆLQ Í�fWÇ 2 ¥��
o&H�lP��õq¦WÈ   -ÊÉ&Ë:�YÌI��Ô¾Õ^¡�w  Í9 Ó@��QÁ�,/Î�
i��&�Lø�5.d�Í¥I�'éÆÍ 10 keV m
f��uÚq¤%�uy¾z�l�¥��@¦�
��@j	��jPÏ&�G! Ó�k���i�ÀÐ-ñÍÎÑ�v¾Í 10 keV mIfP¿ MeV m�¢��
Å X æ¾ÍÓÒC���È�æ�ø	�Y§@¨;ÓuÔ�Õ.i�Ô�Õ�l Ó-GQÓÖ £ P�3��6 Í 10 keV m�f��XÔ�Õ�ÉqË:


∗1 ×ÙØÎÚÎÛÙÜÍÝ�ÞàßÙáYâ*ãTäÙ×ÙØ�ÞàåÍæÎçÎè�éPê�ëíì�î*ïñðYòÊóÎØ�ô X õ äÍ×�ØÁÚ�ÞàåÍæÙçÁè�éPê�ëöìî*ïÊðYò÷óÍØ�ô¼øPùñú õ�ûýüÍþ�ÿ ä����¼ÛÙÜÙÝPâÁã������Îé óÙØ�Þ
	�����
�\â�����ïñðPò�� X õ ã keV äø�ùñú õ ã MeV ���Ùÿ���� â��Áò [1] �
∗2National Aeronautics and Space Administration( �� "!�#�$&% ���
' )
∗3European Space Agency( (*) ���
+", )
∗4High Energy Stereoscopic System
∗5Collaboration of Australia and Nippon for a GAmma Ray Observatory in the Outback
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10 keV m	¢^ø.-0/2143�¦��65#É�Ë%� 1/100 798�:%��;�<>=@?ñ`�ÉqË���ACB4D%�FEHG9I�JHK
143�¦MLN5FO"P>QSR�TVU�WF< JAXA/ISAS∗6 XFY J X ZH[]\M^]_ ASTRO-H( `�a NeXT; b
1.1) X2c0d.e2fhg�X]iHjlkMm�n <Ho9prqNs 5–80 keV Xht X ZNuNv6AwB�D HXI(Hard X-

ray Imager) k 10–600 keV X"xCywgFz Z0AwB�D SGD (Soft Gamma-ray Detector; b 1.2)
X]{]|w}4~��"n L�5�O

b 1.1: Y J X Z�[�\M^]_ ASTRO-H X"� /]�M�9b

b 1.2: ASTRO-H ^r_6�6� x�y
gFz Z0AwB�D SGD XM�9�H�N�

SGD( b 1.2) �r� X.�0� W�<H�NA2BF� kHm4n��9g����Sg��>�r�r}"� L n L�5���7r�65"O
��gh���4g��>�N� W x�y�g�z Zrqrs�R] r¡w¢ kF£ 5 �>g����4g�¤r¥¦}F§9�¨m"© AwB"D>R
�N5�ONª"« X A�BFDC7HW NASA X CGRO∗7 ^H_ (1991–) 7F�M�¦1F3 © COMPTEL A�BFD
I9�95�O COMPTEL W 1–30 MeV 7�¬6L n Q43@hR0Rh�0® X.¯0°�}F±��"n L>5�I�<r² X³H´ qHs k¶µ0· 5 k
¸ 5 ©�¹ <C=C?�® ¯M°@X o0p6IhºH» k 143 n L95�O�T�U Xh¼6�]½ I {
|¨m�n L95 SGD W ¾À¿MÁHÂ �6g.�Ã��g¶ÄHÅrÆrÇ�k LÉÈ�Ê m L.ËMÌ X A�BFD6R6�¦?Í<2¾ÏÎ�ÐÑ Ç ^H_M�M� HXD ACB�D9R�Ò �wÓFÔ9©�Õ0ÖH×�ØNÙ"Ú�Û]ÜMe��.ÝßÞ4k.�6gh�Ã��g��9�M�0}à�á"âNãMä�å Q k R�æMç@¢ £.è¦d�Ù�éH�9êMg�Þ�ë�ì2}�íHîïm <�ð ì�ñ4ò@XH£ L"�M® ¯M°@X
o0p9I�JMK9RCó å O m�ô2m <NP Ô R�õ è�d"ÙMé��9ê0g�Þö}S�]÷�ñhø�ù .R�ú�û å k LÉÈ�Q
k WM�¦?ýü £ LhO�þMÿ · {h|���� R9W��H��� m�©	��
ýè¨d"Ù0éH�9êrg�Þ¶}���¦Ó ä@å Q k
IMR@ó n L å ô �NP X"è�d�ÙMéH�Nê0g�Þ	����Ý R�»�� ¯M°w}���� Î å Q k WhRCó å ôN£��
} ���C¢ ñ���� Î å ºH»�I9� å O
P�QFR�� ��!9R9W��#" gSÚ6�hÝCù0e�c�$%���re2f.g�}�� L n SGD X.è¨d.ÙréH�>ê0gÉÞ���w}'& á © O)( *�+ n¦kMm�n SGD e@c�$%���-,hX/.C��Þ�ê)0HØ	13254)6V��ê70�ØHX +8:9<;

( = 4 > 4.3 ? ) ñ�@  
 � e�c�$����-,�X A A ( = 4 > 4.4 ? –) }	B�n � èïdhÙré
�>êNg�ÞC��� ( = 5 > ) }F~���© O

∗6Japan Aerospace eXploration Agency/Institute of Space and Astronautical Science( DEGFIHIJIKMLNPOPQ
/ DRETSVUIJVKPW )

∗7Compton Gamma-Ray Observatory
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2
X Y Z Y [ \

] Y ^
SGD

x�y�g�z Z (subMeV–MeV) W ÜH�Md�Ù�_M��Ý�`�a Ê�_:b:c��Idfe#g £5��X ®<hji Ýlkh�
[<m X/njoÉ}	p%q Î å ©r¹6ñ�rjs�£>�NùM�6Ü:t � å/u m4ô¦m�£�vxw �j= 1 > t7y�·�©��
 �%z X hji Ý5k]� qHs t6X o0p�W�² X qMs ñ"µ0·rn.¯M°#v){�|>ÓFÔ0nj} å ©H¹ ��~ {6X� s t � å	u�� X ��ó £�o%�@k�m�n �%z��FqMs t �	���ÃkGn�� ���f��� � � � t@�Ng.�Ã�
g�¤r¥�v  r¡w¢ t � å ©0¹9ñ ���j� ��
 ���<�j� � t-����� �j� ��h#i Ý�kH� ��� v#�� t � å z<��� è���Ù0éM�9ê �ÉÞý�f�����V��ë"ì Î å � v ��� } z<� £��Rv)  ; w�Ô å	u
SGD � � �<�.�Ã���¶¤M¥��M¡�¢ ¢ ñ�§r� � ©N�<�.�Ã�����6�M��� ��£%¤'¥¦� �M§ Ò � � �
ÁrÂ �'¨ª©�© £�¤�¥ t � å ©0¹ �xz Ô�w �j«/¬ �'p< Î å zl� v7®3¯jt � å�u z���> t� �/����°�± t � å ��� � n�� ������� � � �<�.�V�����6�M� ��£%¤'² o�1�2.èª��ÙMéH�
êj�¦Þ � ���-t)³ »´� £ å �¶µ � � n�� �����j� �@ñ7·j} §f¸ q Î å�u

2.1 ¹ º » ¼ ½ ¾ ¿�À Á Â Ã Ä Å ÆÇ �'È7É���� � n�� �����j� Ê ��Ë�Ì�Í)Î<Ï � 3 · ��Ð�Ñ ÍlÒ7ÓlÔ � v#Õ<Ó u
1© ��Ö5×�Ø
2© Ù ��Ú´Û��PÜjÝ
3© Ö�� · Þ Ö�� °�ßjà
áâ�ãMä Ð�Ñ Í#Ò5åCË/æ�ç äfè é�ê5ëfì�í Ö�ç î Þ Ö:ç%Í	ï�ð â Ë<ñ â�ãIò)ó�ô�õ/ö Ö�÷î:ø�ù3ú�û'Í-Ò:© § è é/ê�ëfì �¶ü´ý á � ö Ë3ñ äfè é�ê5ëfì � £%¤ ö5þ Ó	ÿ�� 2.1

ä ÒýÍ	Ë 10 keV Î Ï ä X É���� ö<í 1© æ�Ö3×/Ø ò����
	7ö Õ å Ë 100 keV ���� ã 10 MeV��� ä ��� ö<í 2© Ù�� Ú¦Û � Ü:Ý ò Ë�� 10 MeV Î�� ö<í 3© � ß�à ò Ì3ú Ð�Ñ�� ú<Ó'ÿjñâ��7â#ä Ð�Ñ Í������ ä����! Î<Ï ö#"%$�& Ó�ÿ

2.1.1 ')( *,+
æ�Ö3×/Ø í Ë�æ:ç ä Ô-� èjé/ê5ë7ì7ò/. ç%Í7×/Ø�ð â �/Ö�ç  1032�& Ó-4�5 ö ÕjÓ	ÿ áä � þ6072 ð â Ó'Ö�ç ä:è<é�ê�ë:ì Ee

í Ë
Ee = Eγ − EB (2.1.1)
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� 2.1: NIST XCOM
ä#8-ì:9

[2]
 Ê ���#; à=<?> Si

ä æjç�Í � & Ó ÐjÑ:@/A�B ÿ5ñ â��â æ�Ö3×/Ø ( C ) Ë Ù�� Ú Û � Ü�Ý ( D ) Ë�Ö�ç · Þ Ö�ç � ß�à ( E ) ËGF Ð�Ñ ( H )
ä Ð�Ñ�@A�B ö Õ<Ó�ÿ

�JI ð â Ó	ÿ á�á¶ö Ë Eγ

í æ�ç äfè é/ê5ëfì Ë EB

í Ö�ç ä?. ç õ/ö<äLKNM-è é/ê5ëfì)öÕ-Ó�ÿ:æ Ö%×)Ø ä Ð Ñ�@�A�B í Ë%ñ â%�fâlä Öjç�O ä�K�M�è#é7ê�ë�ì�P�Q5ö#RTS Í?UTV< Ë%ñ âW YX
Z Ó �\[T] & Ó/ÿ�ñ ä >N^ Ë_� 2.1
ö

1.84 keV
P�Q Í�` Z Ó#Ò3ý¶ú ë�a�ëa�b�c, ÔY��ÿ�� ö ` Z ���-Ó äjí Si

ä
K O�d ö ÕxåCË 100 keV

 -X_Z Ó è<é�ê%ë�ì�äæ�ç%Í/�T��� í Ë�e �1f û ä�ó�ô-ö K O�Ö�ç�Í-Ò7Ó7×)Ø òGg ÔhV þ ú�i�j  Ô#kL���-Ó	ÿ
Eγ � mec

2
ä � þ Ë K O�Ö�ç � ä @/A�B σK

í Î Ï ä Ò�ý'Í QTl ð â Ó [3] ÿ
σK = 4

√
2σT α4Z5

(mec
2

Eγ

)3.5

∝ Z5

E3.5
γ

(2.1.2)

á�á	ö Ë σT(= 6.65 × 10−25 cm−2)
í Ûnm7o � Ü�Ý ä @/A�B Ë α(= 1

137
)
í?pN�Nb�cTq � öÕ<Ó�ÿ#r (2.1.2) Ò%åCË�æ�Ö5×�Ø3ÍlÒ:Ó Ç � È)É�s 2 Í í Ë . ç�tNu Z
ä V þ ú ójô-ò/vw ö Õ Ó á � ò�x  Ó	ÿ

2.1.2 y{z}| ~�z��)�
Ù�� Ú Û � Ü�Ý í Ë	æ�ç ���?� Ö�ç � äG�/� Ü�Ý ö Õ Ó'ÿ ó�ô�õ7ä Ö:ç í?. çN�5Í KNMð â ���#Ó ä)ö �?� Ö�ç ö<í ú��)ÿ >��
< Ë/æ�ç äfè é/ê3ëfì7ò Ö:ç äLK�M-è é/ê3ëfì Òå�Ô�� x V þ � � þ Í í �L� Ö�ç � `lú &�á � ò:ö5þ Ó	ÿ	Ü�ÝT� ä Ö�ç ä-�����! ��:� �< �fË �T�����N���N�%��è<é�ê�ë:ì��N��� Ò�åCË#Î<Ï ä r ò j ZªãIâ Ó�ÿ

E ′

γ =
Eγ

1 + Eγ

mec2
(1 − cos θ)

(2.1.3)

á�á¶ö Ë E ′

γ

í ÜjÝ�æ�ç ä:è é�ê5ë:ì Ë θ
í æ�ç ä������_� Í � & ÓÜ�ÝN� ö Õ<Ó	ÿ%� > ËÙ�� Ú´Û � ÜjÝ ä Ð�Ñ%@/A�B σC

í��N�#� � · �N� ä r�ÍlÒ�k��Gj ZªãIâ Ë-Î<Ï ä Ò3ý¶Í�3  Ó	ÿ
dσC

dΩ
=

r2
e

2

k2

k2
0

(

k0

k
+

k

k0

− 2 sin2 θ cos2 χ

)

(2.1.4)
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á�á¶ö Ë re

í Öjç ä/¡#¢�£�¤ Ë k0
Ë k
í?��� æ�çjË:Ü�Ý�æjç äY�T��� Ë χ

í�¥ æ�¦ � Û êÍ � & ÓÜ�Ý ��§ � ö Õ Ó ( � 2.2) ÿ�r (2.1.4)
í æ�ç äfè é/ê5ëfì� Ê ����Î Ï ä ÒlýÍÔ �7  Ó�ÿ

dσC

dΩ
=

r2
eε

2

2

(

1

ε
+ ε − 2 sin2 θ cos2 χ

)

(2.1.5)

>N�3< Ë
ε =

E ′

γ

Eγ

=
1

1 + γ(1 − cos θ)
(2.1.6)ö Õ å Ë ε

í?��� æ�ç � Ü�Ý�æ�ç äfè é�ê5ëfì�¨W I & ÿ Eγ � θ
ò�©#q3ä � þ Ë�r (2.1.5)í?ª�ä Ò�ý¶Í �3  Ó�ÿ

dσC

dΩ
= A − B cos 2χ (2.1.7)á�á	ö Ë A Ë B

í�q � ö Õ�å Ë A > B
ä�«L¬-ò Õ<Ó�ÿ�Ò�k��7Ë�r (2.1.7)

í
χ = 90◦, 270◦ö/g V � úxåCË Ù�� Ú Û � Ü�Ý í�¥ æ:¦ � Û ê�äLW®��
� Í	ù á å î & � á � ò#x  Ó	ÿáâ<í Ù�� Ú Û � Ü�Ý äL¯���� �#< ��° ãPâ ��� Ó	ÿ	æ�ç ò Ü�Ý <Y> �_�:ä?x�±3 -²�³ Óá � ö Ë SGD

ö<í�¥ æ ä�´Nq Ôhµ�¶ ö Õ<Ó�ÿ
x

z

y

ko

k

· ¸
E(// x)

� 2.2:
¥ æ <?> æ�ç ò Ù�� Ú´Û � ÜjÝ & Óº¹N»%�

2.1.3 (½¼ · ¾7(½¼=¿)ÀÂÁ
� ßjà í Ë ó�ô3ä ÖNÃ�Ä�Í-Ò#k?�)æ�ç ò Ö�ç · Þ Ö�ç � ÍYÅNÆªð â Ó Ð�Ñ ö Õ�åCËfæ�çä:è é)ê%ë:ì7ò

2mec
2 = 1022 keV

 -X%Z Ó � ù á å:ý'Ó�ÿ � ß�à ä Ð�Ñ�@/ATB í Ë�æ�çäfèjé�ê5ë7ì7ò
2mec

2
öGÇWÈ � ò åCË 1 GeV

P�Q-ö/É#QNÊ � ú Ó	ÿ Eγ � mec
2
ä Ä�Ë:Ë7ÎÏ ä Òlý¶Í QTl-ö�þ Ó [1] ÿ

σpp = 4Z2α r2
e

[

7

9
ln

(

183

Z1/3

)

− 2

9

]

(2.1.8)
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GeV
Ç � ÈfÉ�s 2�Ìlö�í�Í ß<à�<�> Öjç · Þ Öjç ä Û �
ÎGÏ ��Ð � èlé)ê�ë�ìG´�qÑ LÒý á � ö/Í���� æ�ç äfè é/ê5ë:ì?�%���_�� -Ó3Ô�Õ ýú�Ö�×�Ø�Ù:ú�kY��� Ô ÿ Fermi Ú�Û

(2008–) Ü�Ý LAT∗1 s 2LÌ5í�Íxá/ä?.�ÞÑ Lß � >�à�I 	 úGs 2LÌ-ö�áTÔ ÿ

2.2 âäã å æ}ç è é ê ë ì íî ��ï
ðYñ�ï �óò�ô Í?õ�ö! T÷ >/ø ÍGù�ú ; ß�ð?.�ï � �-û�ü � ù�ú ; ß�ý�áTÔ û Ø�þá�Ô�ÿ ü � ù�ú ; ß Ù Õ#Ô���� Ù ð���� û Õ	��

÷ û ý�á�Ô?ÿ
1© .�ï � �ºû �#����
2© � ������
3©
î �Nï����

4© � x��
5© ��� � ���������
� û î þ Í 1©

î ��ï � s 2��N£� "! û .�ï � �Yû ������_� ¦$#&% ý SGD Ù('   Ô*)�+
-,�ÎG� Ð ��. # �0/ û21$354 Ù 
�Ô�� 3 ý#Í7698;:;<>= Ú�ÛNÜ�Ý"? X @ s;A Ì HXD ûB�C ÕEDGFIH5J Ù 
LKNM (3.3.2 O )
ÿ���� þ Í î*P ï�Q P �" ûSR�T�U Ù 4�V2WNXZY <\[F�8
ÔLÿ

2.2.1 ]�^`_baI^`ced� ûSO þ ðgf�áNÔ�h�ï�i 3�j-k Ù�l2m 8Ln î5P ï 3-û Q P ��po 4"V(W [�Fq8rnYÿ � ùs�t	u 
 R"T�v�w�xpy ��z ÷-K-M î*P ï (Tn � 931 MeV)
o s Y f-{�|2}po '�~ n R"T2���� U��r�(v�w�xpy � ��� U J&H��2��i û(v�w�xpy � o 4�VNW���� n [4]

ÿN�
2.3
o�� C(�}�f�{�|�}Eo '�~ n��� û���� � z*� 8�ÿ

incident neutron

scattered neutron

recoil nucleus

�Mn, vn

AMn, vR

incident neutron target nucleus

scattered neutron

recoil nucleus

�
Mn, vn’ AMn, -vR’

�
2.3:

� CN� }
( � )
fN{"|�}

( � )
o '�~ n î*P ï�Q P �� ûg��� ��ÿ(�"�E�"� ��� ðg�ûL� �*oS�2��8rnLÿ Mn:

î*P ï û��2� f A: � u i (=
����i

) ûg�2��� f (
� C(� }

)vn:
lm î�P ï û� �¡ f vR:

����i ûg �¡ f θ:
����i û ���¢�f (

{�|�}
)−v′

R: � u i ûg �¡ f
Θ:
î�P ï û ��"¢�ÿ

∗1Large Area Telescope
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î�P ï û���� z Mn

f � u i (
����i

) û��2� z AMn 3 ' < ÿE£2Mgf�{"|�}po 'L~ n �u i û� "¡ z −v′

R 3 ' < ÿg{�| û �2� � D0f�{�|�}po '�~ n î*P ï û� "¡ ð Av′

R 3 
�nYÿ¤ H�oSf
2
}Eo '�~ n  �¡_û"¥S¦	§ vn = Av′

R − (−v′

R) ¨"©�ª f v′

R = vn

1+A
3�« ¤ k ng¬® ª f�{"|�}Eo '�~ n"¯ P�° ©g±"² ¢ Θ z�³ V�W f�{"|"}LJZH�� C�� };og´�µ Y M-¶��i ©g "¡ vR § f

vR =
√

(v′

R sin Θ)2 + (v′

R(1 − cos Θ))2 (2.2.1)

=
vn

1 + A

√

2(1 − cos Θ) (2.2.2)

3*¨ nS¬ � K W fq� C(� }poq· ~ n�¶���i ©�R"T�v�wqxpy(¸ TR § f-¹ (2.2.2) z�³ VNW �©r�	º o « ¤ k n�¬
TR =

1

2
(AMn)v

2
R (2.2.3)

= AMn

(

vn

1 + A

)2

(1 − cos Θ) (2.2.4)

� ª f�� C(� }poq· ~ n l2m ¯ P2° ©�R"T�v�w�xpy(¸ Tn = 1
2
Mnv

2
n ¨�©qª fN»�¼ ©L�Lº¨�¥g¦ ¹L½�¾¿H k ng¬

TR =
2A

(1 + A)2
(1 − cos Θ)Tn (2.2.5)

�po�f�¹
(2.2.5) z � C�� } © �	�2� ¸ � ©�À(ª�« 8�M(Á�o�f�� C�� }	o-· ~ n�¶2�2i © "¡ z vR

f ±�² ¢ z θ 3 ·Â< 3 fN¶���i ©� "¡p© l2m�ÃpÄgÅ�Æ © ´�µ § � ©L�rº o ¨ ng¬
vR cos θ = v′

R(1 − cos Θ) (2.2.6)

� ª vR

o s Y*W ¹ (2.2.1) z*Ç�³ 8	npÈÉf
2 cos2 θ = 1 − cos Θ (2.2.7)

È « ¤ k nS¬�¹ (2.2.7) z ¹ (2.2.5)
o Ç�³ 8	n��ÈSo � DÊf(� CN� } © �E��� ¸ � ©NÀ zË K W f v�w-xEy2¸ È ±�² ¢ ©�¥S¦ ¹ z »�¼ ©r�rº o « 8I�È5½ ªEÌ nS¬

TR =
4A

(1 + A)2
(cos2 θ)Tn (2.2.8)

¹
(2.2.8) � DÍf®¯ P�° È�Q P ±�² 8	nEÈ Ì ¶"��i;ogÎ � H k n v�w-xEy2¸"§ f j2©�±�²¢Eo � K WNÏ(Ð o�Ñ®£$DÒf cos2 θ

o�Ó�Ô�8	n��È5½ Æ Jrng¬

2.3 Õ Ö × ØÙÖ Ú Û Ü ÝßÞ àâá ãä�å�æeç�å�è ��� § f�é®êgë&ì ªL© ä�å�æ¿ç*å ±"² z é®ê�8pn�LÈ ª l�m"í ° ©�î�ïz ¾$n�ð ©Nª�ñ ng¬ j�©�ò"ó h�ô § f 2.1.2 Orª-õ�ö M äLå-æ¿ç�å ±"²E©SR�T�÷ o òrø�VM ä�å�æÂç5åúù�û Å o ñ nS¬ ä�å�æÂç5åSè ��� § f�üýð*þ�ÿpo § f ±�²�� È���� ��Ï s ©
12



éEê�ë�J&H û Å ¤ k nS¬"� 2.4
o ä�å�æÂç5ågè ��� �	� ä�å�æ¿ç5åúù�û Å ©�� � ¸	� � z� 8�¬ l2m�í ° § f�£�
 ±�²���ª ä�å�æÂç5å ±�² 8rnS¬�¶���� ° §S±2²�� ì ª� £$D v�wx®yN¸ E1 z���� 8png¬ Ï Ã f ±�² í ° § ��� �rª í ����� ¤ k�v�wqx;y2¸ E2 z��	� 8ng¬ ä�å-æ¿ç�å ±"²E©S±�² ¢ θ
ÈG8	nEÈ f2¹

(2.1.3) � D0f
cos θ = 1 − mec

2

(

1

E2

− 1

E1 + E2

)

(2.3.1)

È ¨ nS¬ l�m v�wqxEy(¸ Ein § f Ein = E1 + E2

È Y*W�� Á�n��È5½ ªEÌ ng¬±�²�� o�· ~ n ä�å-æ¿ç�å ±�² È���� � o�· ~ n í ���� © ¶������$ÈÉ¹ (2.3.1) ���� £"n ±�² ¢ zg³ V"W f í ° ©��� ÃEÄ z�!#" o�$�%N8pnr�È*½ ª®Ì n�¬ ±"² ¢ θ ª Ñ� ¤ k n !'& § í ° ©�(�¸�) ( * å#+-,�. )
½ ��/ Y ¾®n#0�1 ª�ñ�2 f ä�å-æÙç�åNä ¸ å

(compton cone)
È�3�4N¬65 Ïr©�* å�+7,�. ���98��E©��7: å&ç z ¾InEÈ f !#" ©�;	<=��>* å�+,?. © �@�gf�AL£ 2 í ° ©��? ÃrÄ z�B ��8rn��È ½ ªpÌ nS¬�»�C �D� Æ � n>E2 fF�� ¤ kHG(v�w�x	y(¸ ÈÉ¶?���@� z�³ V(W ä�å�æ ç5åúù�û Å 8rn G Á�f-épê�ëpo §#IV�v�w�xEyN¸ Æ�J=K �r� �L� Æ�J6K ½-M�N¿È ¤ k ng¬

�
2.4:

üIð*þqÿ ¨ ä"å�æ7çGåSè �N� © û Å ¬ ±2²?��ª E1

f��'� ��ª E2 © ��� v�w�x	y�¸z F���8rn��È ª�±�² ¢ z � Á � k nS¬�£ G f-é	ê��@�	ðOF�� Y f ±�² ¢ ©Sî2ï ÈQP	R?Sn��È ª f í ° ©��� ÃpÄ z?!�" o'$L%�8	nL�È5½ ªEÌ n�¬

l�m�í ° ©2v�w�x;y�¸ ½ 1 MeV
»HC ªL§ f í ���-��8pn'T�U	½7VXW ¨=Y�W W�n G Á-f

2 Z »	C ä�å�æÂç�å ±�² 8	n �-: å ç z éEê�8pn�[2{ ä�å�æÂç5ågè ����½�\?] ª�ñ ng¬®© [�{ ä�å-æ¿ç�å�è ��� ©SR�T�÷E©�X?^ o-A V2W�§ [5], [6] z�_	` ¤ kHG2V ¬a ¨2À o�f ä�å�æÂç5å�è ��� §�b�c Æ�d ª ðOe ³ ¤ k A?A ñD2 f'f ©�gih�j?kr¨mlGª�no ª;Ì n�p K�q ½ �@r ¤ k�s	t ng¬;£ G f SGD ª�§ ä�å-æ¿ç*ågè ��� z#uwv�x?y �=z å{}|'~ o Ë ³ 8rn�½� ä�ågæÂç5åSè ���No §�* å�+�, � � ¸�� å y Ki� ð ñ nS¬r a �*©� ^ o ¥L��s�§ ¯ ó�� t [7] ���?I�� t [6] z�_�` ¤#� G�t ¬
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2.4
� �

X � � � � � ASTRO-H � � � � Ö���� Þ à�� SGD

2.4.1 ����� �����  ��H¡£¢£¤¥�¦?§�¨ Ci©ª¬«}�FH©	® I=t u¯v'x�yi° z å {�± :i²�³	´#µ£¶>·�¸#¹ ä�å�æ7ç5å�è�º°-» íi¼ �� ?½6¾	¿ é	ê'À ¸ K�� ¿ uÁv�xiy7° z å {Â|#~LÃ e?Ä�À ¸ » ³ �ÆÅÈÇ HXI/SGDÉ�Ê7Ë ³�Ì�jÁ¿ÆÍ�Î7s�tH¸ ÏÑÐ?Ò dÔÓ�Õ�Ö£×ØÕ9Ù�Ú�Û�Ü ©�Ý ¸#¹�Þ � ®'��ß�à §�¨Lá ©�âmã » Ï À�ä�å Ü ¥i¦?æ?ç�è X é?ê�ë�ì HXD(Hard X-ray Detector)
©�í�ÄDî>ï�ð ¸�ñ�òó?ô °Hõ ÕÔö}÷'ø?ù�ú ©	Ý ¸>û�ü�ý�þ ó'ÿ������ Ê ² ö ¶ Ó	Õ�ÖÈ×ÆÕ�� º ° ¿	��
�������� » ©HÝ ¸'¹�

2.5
Ã

HXD »��  � ¶���� � ¿�� À [8] ¹ HXD
®

SiPIN ���� Ê ö ê@ë�ìw¶ GSO∗2  ! � Õ É ± Ê#"�$&% ·=¸('�êmë�ì¯¿�û�ü?ý » BGO∗3  ! � Õ É ± Ê�" Ã�) ¸?þ ó�ÿ*�+�� Ê ² ö », Ã.-0/21.3 ï�ð ¸�¹�þ ó�ÿ2�+�4� Ê ² ö ®�5�607 Ã�8�9 ¿;:�
6ë À ) « Ã·=< ï�>@?BA Þ 3 ¶ ».CED+F�GIH ¿KJÁ¸HÞ�¶ ©�AL�MON ¼ �IP ÕÔ×RQ L�M�N ¼ Ã�S	T À ¸U Õ(V éE�IP ÕÔ× ¿ ÷'ø�W�X ©�Ý ¸#¹LÞ 36Ã�) ?RA ñDò ó?ô °Hõ ÕÔö ¿	Y , 7 Ã;Z�[\1 �¸@ÞH¶ Ã]�^ î_A HXD
®

20–300 keV
© »  â Ã >Hð?ïI`4aOb�c ± P?² »d4e ¿	f ] îï	ð ¸#¹

�
2.5: HXD »��  � ( g ) ¶��I� � ( h )[8]

î $ î_A
HXD » ñ�ò ó�ô °Hõ ÕDö}÷�ø#Xji © � A X é�kOl ©nm »  âOo ì6³�f ] î�ïð ¸ d�e Ã ®�p Ú ð (

�
2.8) ¹ dOe ¿(q�r î�ï�ð ¸(sEt ®.u�v�wjx á »;y�z é�ñ�ò ó�ô °õ ÕDö|{ Ý}?~A HXD { ��� ¶ î�� 3 · $ < � ñwò ó�ô °=õ ÕDö�� »���� ³+�O� { Ý ¸�¹þ ó�ÿ��j�O� Ê ² ö ¶ »CEDjFIG+H {	÷�øE{0� · ð ñ�ò ó�ô °Hõ ÕÔö �nP Õ × ¶ î�ïH®.A�O�mã	� ¼4Q ê�ë#ì »;���O� S	T2�E���I���0� % 3E�;� Þ 3 % ���j�0�.� 3 � {���� �;�

∗2Gd2SiO5 � HXD �����I |¡(¢¤£�¥�¦�§	¨¤©�ªK«K¬	~® Ce ¯+°²±´³( ~µ_¶K« �
∗3Bi4Ge3O12
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Þ 3 % � ñwò ó�ô�· õ ÕDö � ÷ø î�Aj¸ øº¹�» �O¼ ð�b�c d�e\½�¾ ßE¿ �0À�Á�ÂÃ1�3�n�I� ÏÑÐ�ÒjÄ ÓHÕ�Ö£×>Õ9Ù�Ú�Û�ÜO{ Ý �;� � 2.6 ¹ SGD
� ��� � ½ � ¿ � HXD

À D�Å¹ A û�ü?ýÁþ ó�ÿ0�+��� Ê�Æ ö � , ¹ '�êmë'ì À(¼�� Ó�Õ�Ö¬×>Õ.��Ç · ½ -2/ ¿ ���
2.3 È {���� ��)#É ¹ A Ó�ÕÖ¬×ÆÕ.�=Ç · ¹ � c@ð�Ê=Ë Æ*ÌnÍ�ÎOÏ XIÐEÑÒ / ÎOÏ X �

�j� À�1�3E����Ó=3=� Ê4Ë Æ2ÌnÍ.ÎjÏ X ½ f ] ¿ �I�jÔ ¹ � A �#Õ�Ö}× Í="�Ø ½ íOÙ �OÚ¹�ÛjÜOÝ ê�ë�ì � 
 {�Þ Õßáà�Õ �4Ç · ½	â ] ¿ ��À�) ð �4ãn� A.MO6 ��ä ó�å ÆnÎjæ Qç à�è ò ß Îjæ ¹ ) < ï�c@ð Ò / Î�Ï X ½	é % 3E�;�Iênë A þ ó�ÿ#����� ÍÆ ö À.ì#í �Õ Þ è Ç Í�" (fine collimator)
� Anî Ý $&% ��U Õ V éjïOð ½nñ�ò�ó á $ô% ¹ q�r ¿ ��õæ ½Kö É|� Þ 3 ¹ ) ?BA ó á $ô%ø÷ � ¿ �IU Õ V éjï�ð�ùIú �;û ï ñ ò ó?ôj· õ Õ öü{ Ý��À ð É q#r ½Ký2þ � Þ À_� {2� A Þ Õ�ßÿà_Õ �=Ç · ¹ )I� ïjð�� TOë��+����� ½ ��
�

��� � Þ À { ñÔò ó?ô+· õ Õ ö ½ ÷�ø ¿ �;�	� Ý 7 ¹ � A Þ Õßÿà�Õ �=Ç · { ê�ë î � �
P Õºà ¹ � î>ï Þ Õßáà�Õ�
 â ] ½� ðA � TOë���� ó á {�� ���4À ¹���� î ¼ ð ��P Õà ½���� î A�� 3 ùIú � ñDò ó?ôj· õ Õ ö �IP Õ\à À î>ï ÷�ø ¿ �;���	3 ¹ ) ?RA ï�ð C� { ¼ ð�� � ð2�nP Õôà Q êmë#ì��! � �O��� S(T0� ñ�ò ó�ô�· õ Õ ö ¼#" A HXD { �� À î � 3�¼ $ < � ñ�ò ó?ô�· õ Õ ö �IP Õôà � �%$ ¹7÷ø ¿ ����ÀK� W#X À(¼����

�
2.6: SGD

� ��� � [9]

2.4.2 &('*)�+-,/. 021 SGD

2013 354#687 �	9�:0�	;=Á X < î5=4uOv ASTRO-H ¹ � 4 >�? �A@�B�C#�8D5EGF	HJIK
X <%LNM KPO Õ�Q < ã { 3 R ¹�S´ÐPT $8UPV Ê�Ë Æ ÌjÍ k4l {2W ·�XZY\[ Í�Æ5]�^5_` ¼�";�Aa Ê=Ë Æ*ÌjÍ î Ý ½�b5c ¿ ��95: {�� �.� � � ASTRO-H ¹ DdE ¿ � K�O Õ�Q

< @-B�C SGD
�	e5@fB  À�ghiI5jlk´� Ö ÍJm �\ndo · piq gh V �j�n� rts�u Ä Þ Õ
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ßÿà�Õwv�x5ydz�{ � �;� SGD ¹\| þ � r}s�u Ä Þ Õßÿà�Õwv�xdy5z �	I HXD
{ ¾�~�� ��

BGO �2�d� Õ(Ö}× Í���� Ù Vd�������f� Y���� W �J�A����� I � è Þ Õ (Si) �2� � �
���P������ m (CdTe)

��� Vd�����\���!� �� 5¡�� ��¢2£Z¤�¥�¦ {i§�¨ F	H�©	ª
«�¬ ��J��®�¯ 10–600 keV«�¬ ��J��°�±�² <2 keV @40 keV³�´�µ5¶

100 cm2 @100 keV( ·5¸�¹Zº�»d��� )u�¼
±0.5 deg

½
2.1: SGD �	¾�¿5À ²

100

101

102

 20  30  50  70  100  200  300  500 700

E
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a 
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2 ]
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SGD Compton Mode
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NeutronElaScat
CdTeActivation

Á
2.7: 2008 Â 2 Ã5ÄdÅ I ASTRO-H Æ�� m�ÇJÈ	É p g�h V © SGD � ���Z���� »��Ê�È |%Ë © ³�´�µ5¶ ( Ì ) �wÍ XZY5Î ¡�� � ��ÏÑÐ�� ( Ò )

½
2.1
È

SGD �	¾�¿�À ² � I Á 2.7
È Ä5Ó5Ô � SGD

È |�Ë © ³�´�µ�¶ ��Í XAY�Î ¡��� �	Ï�Ð8� �!Õ�Ö ª�× � I Á 2.8
È�Ø

HXI/SGD
]JÙ � @�B�C �	Ú�Û5Ü8Ý �!Õ�Ö ª SGD

Ø
10–600 keV

� b5c � �8Þ X � � gh V ©�ª�ßfà%á ASTRO-H
È D�E�â5ã ��ä X <�å�æ @B�C

HXI
Ø

5–80 keV
� b�c � �8Þ X � � g!h |èç IZé�ê � ¤d¥�¦ h ä X <�LëM K�OP� Q

< � U ®�¯ ·
a Ú�Û�bdc��	ì Ä �%í�î�Ö ª SGD

Ø I
HXI ��Ú�Û%ïZð�ñòPó © 60 keV ô Û

LëM 500 keV ô Û × { � «�¬ �P8��®�¯ { I8õ È a�ö Û���bdc � ¿�ó M H2©�ª Á 2.9
È

Si

��� CdTe ��÷5ø2ù µd¶ �Õ%Ö ª SGD ï adö Û�bdc � ¿�ó M HP© ®5¯ È |�Ë © ÷�ø2ù µ¶ Ø I
Si �	ú�¤ Ø ���A�����Ñû�ü ïZý5þ gh |èç ÿ CdTe �	ú5¤ Ø ·�¸P¹Aº ïZý�þ g!h V©	ª � � � ����� ÿ Si

Ø ���\� �!� �� �¡ � û�ü�� È ÿ CdTe
Ø ¹Aº � È	��
 {� © � �ï °�� ©	ª

SGD
{ Ø��� � 2 � ��b5c »���� ������Ö © � � È���� h V ©	ª

1©
���Z����� »����

2© ·�¸P¹Zº�»��Ê�
r ���A� ��� »��/� z Ø û�ü�� ÿ ¹Aº � È |�Ë © 2 � X ��� Ð �#� È ��� h ���A� �����
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Á
2.8: HXI/SGD �	¾�¿5Ú5Û ��� Ù � �"!$#P��Ú�Û [6]
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Á
2.9: NIST XCOM ��% � � [2]

��� � h'& ¨ g � Si ��� CdTe � ·�( È$)dÖ © ÷�ø�ù µ¶ ª+*-,.',
Si � ·�¸2¹Aº ( / ) ÿ Si � �d���è����ûJü ( 0 ) ÿ CdTe � ·�¸2¹�º ( 1 ) ÿ CdTe� ���A���!�Ñû�ü ( 2�3 ) ��÷�ø%ù µ5¶ �Õ�Ö ª
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§�¨ �54 � ÿ ·�(76�8�9�: �$;�< � Í>= ? Î ¡d� � ��@+A B È�� � ©�ª � , ÈDC ç ÿ HXDE Ø AFB EHG � � � � Í�=$? Î ¡�� � � × EJI ð ��K ÿFL B ÈNM @ � � O Ú�Û�P7Q ��R ¨ESG ©�ª�T 9 ÿVU ·�¸�¹Zº�»��/�XW Ø 1
� Ð � � È�Y �7Z �J!$# È �[= � K � «�¬ ��J��]\ Z�^_K ¤d¥�¦ © � � E �S! ´�` �-acb ©�ª � @i»d��� Ø d «d¬ �P8�	e E �S! ´�` ïf7g

100 % � � çih Ô ï�j á � © � ó ÿ Í�=$? Î ¡�� � ��Ï�ÐJ� È ÌJÒlk , � ��m © �Fn� @Fo�pDq r�s>t5uwv C v � PcQ È ³�´ E � ©	ª×�x
SGD @$y{z È�| K]Z Ø ÿlU~}7� ¼ ���A� �����7��� W 4 �t 1 � È ��� x I @Dt5��[� ����� ¬�� È-� ç��-Ë ©�âdã E � ©Aª � , t�Ì�Ò )D�fÈ7� © C v È 2 �c��= � ÓHzÖ ©�ª
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3 SGD
� � � � � � �

� ,2× E @	�{� �5 '¡ P�Q @ Ú�Û t � I£¢�¤ K�Z�� x	¥�¦ Ø O��ZÍ>=$? Î�§c¨�© � Ï Ð� È � ©�ª Íl= ? Î+§¨�© � t'��� È A B Ö © � Ø ��� ©  '¡ P�Q È-Y Ë © �7ª @ «+¬ E� � xAª
SGD

Ø � @�F¬¯® ��� Zc� © Í°='? Î7§[¨c© � t ª�±%È A-B Ö © � ® E ÿ ���Z � � � O Ú5Û7P�Q @ ì Ä�t íÑî�Ö ª � @F² E Ø ÿ SGD @AÍV=�? Î7§�¨�© �´³ ® � ©Nµ¶+¡ È �c�+Z ÿ°· @ C v �[¸�¹ ��º�» E�¼c½ k , Í¾='? Î7§¨c© � ® �¿ �{t$À�m Ö{¿$Á

3.1 Â Ã Äµ ¶+¡ tNÅ�ÆVK x @�Ç�È��+ÉËÊFÌNÍ�@FÎ7Ï�Ð Hess
EÑ ¿

[10]
Á

1912 Ò 8 ÓSÔJÕ-Ö	×7ØÔ Ù�ÚcÛ"t5Ü�ÝFÞ�ß 4 km à'á�â'ãVä�åDâ-ãSÔFæ�ç'×7è{é Ú�×�ê�ë�ß[ì'í�î"ïD®-ð5ñ[òcóô Á ïFé$õ�ö7÷�ø�ù{úûå'ü7Ø�ý�þ[òlÿ��������	��
7å+î����� µ ¶ 
Dì����Vä�������ç ¿®�����ÿ�� ¿ ù��5Ô���� ô Á� é�!{é�"�#HÔ[ùHúXå µ ¶ 
{é�$ ½&%  é�'�(HÔ�)�ä���*,+
�{ï.- ì�/Jÿ£òÔ��&� ô Á�0�1 
�Ç�2�3�é�4	5�ÏHé.6Fá87�9	:;�<"	#.=�>@?�é�AB-�C7á ÑD ì�å SGD Ô�ù D õ�öJÔ8-E�<�DÇ<F�G��EHJIEK	L�MON&PRQS(JÔ����T�>ä'àB� Á

3.1.1 UWVYX[ZR\
üDØ.]×cý�á�õö_^T� D 0�1 
"éSï�-�ðE`�a 0;1 
b-	çJ�dcOe 3.1 Ô@`�a 0O1 
Jé�Éf KVÊhg"ð�i[î<c�É f KVÊhg�ÇEjB�lk[á Ñ ú´å � 7nm.o�g�p�>7é$Þ{çq-�ïsr�Ç 1020 eV tß"à-á@u�v@�cç D ï�-]ì�ñ&wx^n�&��ç D c�É f KVÊyg�é�z�ðn{�|�é<}{é�zJÔ���~Jÿ�����å

1015 eV ���"é��;�O�+ì úNð knee å 1019 eV ���"é��;�O�+ì úNð ankle -��.�sc&`�a 0O1

{é���:��<�	�{Ç����	�á Ñ úûå  é�]7þ��{Ç@�T�á Ñ D ï�- ì��DòO����ç D c Ú	�W7��� î D ì���èHé 1 % ����á Ñ D c
`sa 0�1 
Dì'ü7Ø�����òO�n�����î D - å-ü+Ø����SÔùs���<�7Ú����{Ç��&�Jÿ�� D c��Ú����HÇ����B6Fá��.��
HÔn�_ä��T��������Ô<�Hðl� �E��¡�¢�£&¤Jð î D cE¡�¢�£&¤{én¥�¦

( M�>�§[Í�¥&¦ ) ð r -+ä���å�£�¤	¨ p å��	�Sé��8^ B å7Ú�� Ze -£î D -�å	aSé�ù;�©�<ªìs�Ëú¬«�C�c
r =

pc

Ze

1

cB
∝ R

1

B
(3.1.1)

ï7ïNá'å c Ç��®�å R = pc/Ze Ç�¯7ß (Rigidity) -��&°E��Ú�±{é�²s³ [GV] áT´îTcFÚ	�>ðµ � ô 0�1 
{Ç�ª (3.1.1) Ô�¶8���.�&�Jÿ�� D cT���Hé	�O�$ì'ü7Ø	·SÔ�¸8�n��ç D ( C[à>ú
��� 0�1 
HÔ��_ä���¹	º<��� ) »�¼&����áDÇ�]R� ½��&�"ÿ�� D é�á�å�¾Om.oTg�p�>����HÇ
���Vä��Jï©����çEc{ïFé ô ó 0�1 
���ß{Ç�»�¼	����á�¿	À{Ô�� D c�ÁJÔ$å-Þ�Â�ß{é�¿	���

19



e 3.1: `sa 0�1 
Hé�m�oEg�p�>+É f K°ÊÃg [11]

á�Ç<����ì�ü�Ø�·>Ô��Vä��O¹&º���� ( CHà�úÄ��� 0O1 
"Ô��Vän��¹&ºTÅ�Æ ) �cé�á+å	¾;m
osg p�>E�	�J7��	� ä©�b½ D ( Âcß�Ç�ø )[12][13] cSà ô å�È�Écò_ÿ	é 0O1 
���ß�ð�Ê	Ë�îD - å��-Ú	���>ÿ�É��O�$ò�ÿ.½ D ���HéE��ß{é��ìT]R� ½ûå.Ì$Ú	�;�>ÿÍÈ��O�	ò�ÿ5é��ì
]Î�-ç ( È�É@Ç�ø )[12][13] c�âsÏ{éEÂ�ß	Çcøb-ÐÈ;ÉsÇ�ø"éFö&ÑJÇFå�`�a 0O1 
Sé<Ò�èlð�Ó
��ÔSó D â�á�9�: �TÕ�ó<ÖJÔ��;� ô c
3.1.2 ×ØVYX[ZR\
`�a 0O1 
�ìs]D×8Ù<Ó&�[î D -�å�]c×q67é�Ú�Û %�Ü Û��xÝ éT�	���Þ-�ß�à.á�â_än��ã

a 0�1 
"ð�ä&�Dî D c.e 3.2, 3.3 å�ã	a 0�1 
�ìEä��R^n� D�æ t>ð©ç	ª�è.ÙniVä ô 7-é�áé D c TeV ù"úê¾;mOoEg8p�>cé��E�,-��	���Sé<ß&à&á�âHé@ës·DÜ σ å'å	aJé{ù���Ù���ìá � D [14] c
σ = σ0(A

1/3 + α) (3.1.2)

ï�ï$á�å σ0 = 4×10−26 cm−2 å α ' 0.2 á é D c�ª (3.1.2) ðnÅ�íÞîTïnÆ�t λ [g/cm2] á�´îW-ðaHé�ù;��Ù�� D c
λ =

A

Nσ
(3.1.3)

ï�ï$á�å A å�ñ&òB6+éE�	�Sé<ó�¨�ô�å N å.õsö�÷YQðø�ô�á é D c�ª (3.1.3) ùSúûå	].òB6ás���8å<ù 90 g/cm2 ÙE`�úT�&û	Ó>ð©'_ïcä���å  é ß Ù�Ú&Û %�Ü Û{é<�	���[ò_ÿýü	ôSé
���>ð�þO�sÿ�ä�å����òDé π 6@|��>ð�ä��Dî D [12] c π0 å�î��lÙ 2 �{é�	��Ù��	�Vä��Eñ
ò�
���<>�é<(Ø-n� D c&`���å π± å<�	�b-��<*Hé<��û�Ó�ð©'¾ïNî>ïO-���ñ�ò�
����T>�é
( -©� D c<ñ�ò�
	���<>8-�å åT]�ò�â���þ���âEÏ�é�ù���� æ t��Eä��x^n� ô �����[ì�å�^
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e 3.2: ã	a 0�1 
[ìsä&�x^�� D���� >�� [15]

�! #"%$'&

(%)
*,+�)
- )

. +/-

/

. 0 0 )

1�243#) 5%647�8:9<;=3�)

. +/-

. 0

/

0 )?>@3�)

/

0 )?>@3�)

e 3.3: ã&a 0�1 
BA�C�D æ t [12]
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ÿ�Ù#Eb+FA�ß�à�á�âSðHG úJILKlC	CNM�OLK ô ã	a�����PNQRA�ù��©ÙNSO��� ½ D 2UTRARV�-WHX�Y
[14] cs¾;m.oEg�p�>�A��UZ�å µ 6�|��8Ù���� Y D c µ å%[�\8Ù�]�^ðm�oTg p@> W�_`Ua PcbÍ]�ò W �O��d ` ½Ãc�^eb�Ù�f�gq6���[	� Ù��	�hK�ic^jfEñ�ò86�A����BA�[	� W þk ÿBK�il^ Y D c.`���fB6�m��8å%[�� W µ i a�` i�n�Ê@Ë8è%o _p�q Ù#rts�u��wv ½Ãc

SGD AR]tx�Ù�{�y�zU{8Ù�|U}LK�i�~8ÿ��BA��L���U���������ýÙ a�� ãU�U����� å<f�
��������P�r	����ò W<�	Y n � ]ex a<��� � b��t���e�	�L� ��� AwPTü `N� V<A�x���f��
m� �å SGD A%~ ÿ�¡�¢!£Nm�¤�¥ Y � V¢¦�w�l�%���	���U�§��¢ a� (3.3.2 ¨ )

� u�i%fw©ª«�¬��® A�¯� B° SAA(3.1.3 ¨ ) ±�²³�´Udwf�~¶µ��tA%·�¸�¹B±e] � �c�����	���U���
¢ a����

3.1.3 SAA

SAA(South Atlantic Anomaly) ¢�°�f�º���» ¬ sN¼¶±�½ �w¾ �e¿	ÀUr�Á�ÂUÃÄUÅ�Æ�V
¢�Ç½ � ( È 3.4)

� rU��±%É	¸�Ê%i������BÆ�x%�#f	© ª«�¬B�® Æ�ËU[�Ì� B°%r��UÁ�Í�±
²¶u�^!Î�´�±�Ï�Ð�i�·	¸U�	Å�ÑHÒ ��� Ê � Ê'f�r��¶��ÓL¢=Á	Â���Ó�Ô q ´Ud `� i	n<f�·
¸U��Å�Ô ASTRO-H z	{BÆ#Õ	Ö ( res 550 km f�×�Ø � 31◦) ±�ÙeÚ%���	ÇL� � ÍUÛ�Ô½ �#�Ü ´�Ñ SAA ¢#ÝU��Ç�Ú �<� SAA Çe°<�UÞ¶Æ<Ë�ßÌU  ( à�±�¯w  ) Ô�áe´N�B��Çâ� ��� Î
Æ%ã � °%äBÆ%å	æ�±<ç�è�é 1000 ê � ½cëjìwz	{eÔ 1 í#±�îR� � Ë�ßUÌ	 BÆ<ï 90 % ð�ñ�±�!ò�óN� Ü Æ���ÞBÆ#Ë�ßUÌ� �±�ôBëõ~�µ#�Ô�·�¸U¹lÊ'ì<öU÷�ø	ù�Ñ¦ú�û#ü � ~�µ#�hý=÷�Ô
�h�N�����������ÿþ�¢��eÐ�é�Ê���� �

È 3.4: 2001 � 3 � 23 í �	� 11 � 14 í<Æ�
�eÇ�� � ´���������Þ���Æ������È��� �
JAXA( � NASDA) ±�ô � [16]

��! → "�±#����±�$�´UéN�	Þ�Ô�%'&()� � º�*	» ¬ ñ<¼tÆ
ä�¢,+tÆ.-/��¡��eÔ SAA Ç�½�� �
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3.2
0 1 2 354 6 7 8 9 : ; < =

>@?BA�C *D'EGF�¢�°�H ®JI ?LK ö�÷�ø	ùð MtÆBN�ø	ùBÆ Ü ¢<ÑPO( � ø	ù�Ñ�QSRµT(U ±<É ë,�WV�X�Y�Z@[ \�] � >	?�A�C *�D^E_FÿþRÇ�½�wÔ�ì Ü�Ü Çe°<à¶±�`Sa'bdcfe¶Æ>g?�A'C *SD�EhF=± $�Ú	é�i�j�� �
3.1 ¨eÇ�keèS�Rô)��±%ì�l�mUÕ�ÖRÇ�½��`a�¼LnU°	¯� ^o�ßU W�Gp#Æ.`a#b�Ôw�B�Bq�Ð
é'rLëÿì Ü ´ � Ô�
��'s't^u�É?ëJ�R�	Ç >@?�A'C *D�EdF�¢���� �Bv Ä�ì�l�m�Õ	Ötñ�±xw
�Nñ^y��xz�µ.tt°%ìJ{}|~�B�'��Ñ�� � Ê4é ∗1 ���%è�� >_?TA#C *D�EGFFÑH©/���)j � ´)�
ô��H±.�'�d�#´��.��ÊP��Ê%Î�´UÇ��.�.�hÊ �#´���Ú >@?.A'C *D�EdF °B�'�^()�.���@��±>@?.A'C *D�EGFx�,�BÐ#é��!ì�{�|~�B`�aJb�Ì���Ô�{�|,�^���T���eÑP��é�N�ø	ù����lëJ��#����Î�Æ.� ë���û�°� �¡Ç�°���Ú �¢�£�¤ Ç�°J¥¦Ex§�¨�©��'ª¬«T�®P¯^ªd°�E�±eôJ� SGD Æ >±?�A�C *D�EhF³²�´�Ñxµ�Ð�T�T²#´¶Ñ�µ���¶�·J��Ð#éNì�Õ	ÖtñUÆ.`�aJb�¸�¹�ÑT¥�ºJ©w¹ Ê.�J�#» AgK ©�Ô�¼�½¬��Ö�¾¿ éG�����.�UÎ Ü Ç�ì�À��RÆBl�mW¶�ô ��
'�¶ÑPÁW¶ ¥�ºJ©�¹G�fÂ�#Ì���ÃhÄ���ÆJ�J» AgK©�ÑfÅ�ÆlÊB���

3.3 Ç È 6 7 8 9 : ; < =�É
¢�£'¤ ÇSª)«.W®�¯�ª�°BE�¶�ô � >@?.A'C'C *�D�EGFÊ²�´�Ñ�µ���¶�· �cëÿì�Õ	Ötñ^¶�r
û��P`�aJb#¸'¹¶ÑPË'Ì^()� ���UÆ ¥�º ©��#» AgK ©�Ô�¼�½L¶J���f�Bl�m�Õ�ÖtñUÆ.`�a b�¸¹LÍ�ì 3.1 ÎeÇJÏ¬Ð�Ê.�tô)�x¶%ì�ðÑ�Æ 3 Ã'Ò�¶B�Bû � Â¬�B�
1© �JÓ�`aJb
2© Ô Ó�`aJb
3© SAA cxe�Æ%ËUß�Ì'�
Ü Â � Ô l�mhÕJ¶�É ë�Ö¬R�ì'zL×.t��ÙØ'Ú�Ò�Æ^(¬� Ü ��Ç >±?�A�C *SD�EGFf�f�lë#�.�.�>@?.A'C *D�EGFx���^�'Û ¨#Ü']'Ý�Æ�Þ#ßW¶�$�Ú�é�Í%ì�Ì���Ã@Ä��f¶fà#kS()�.���J�%ìNÌ��Ã@Ä��.áJ¥'ºJ©���» AgK ©�Ñ�â 3.5 ¶fãS(�� l'mUÕ	Ötñ�¶�rÚ�é�`aJb¬Í��J{W¶ ä�å%é�P�Bæ�û�ç�Í��	Ú���è�á'���<ìT`�aJb#¸'¹déPË'Ì^()� U Í%ìTê�ë��Jì'�¬á�í#îï�ðW¶fÁSñ�~�#» AgK ©LéxÆ�Ú�.� Ü �~()� Ü �f¶ôBëjìTòó��'ô��¦pxáBõ'ö��B½�÷�é�ø^ù ú±û4éSª«�)®�¯ K çW�J�.�#�#» AgK ©Lé�ü'ý±û.�'á�Í.ò'þ'ÿ������ £'¤�� á	��
���ç�������)áü�ý_û�� ¥#º ©^��» A±K ©¬é���¯ Ý�����ç���� ?xA û��B��¥Jº ©^� » A±K ©SÍ�� ASTRO-Hê'ë��'��� 4π  "! �$#xá�%�&Lá�í�îhé)�Tå'�#��» AgK ©ç		(.�)è�Â*)�ÂSáBý�+W¶���,-�. Ñ#çJÏ¬Ð�/�(��

∗1 02143658729�:<;>=<?@7�ACBEDEFHGJI�KML
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â 3.5: SGD ªW«�¦®�¯*NBç#ÆO,O(x`�a#b¬á�¥�º#©���»�PRQ ©'� ASTRO-H l�mLá.ê�ë"�
( S�ð 550 km � ê�ë�T�U�V 31◦) éXW�Y±û - ,O(.�EZ�[ \^]��Wá`_�aT©"bJ¯���c�[ \d_�aT©b#¯ × e�f�g'PT�'çO	(B�)è Â6)�Â CXB( h ) ��� Ó�i�� ( j ) �^�JÓ�k�� ( l�m ) ��ÿ�npoq�r

( s ) �'ÿ�n�tvu�wEx ( y ) � SAA á�z�{6i r ( | ) é�ã*/M}
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3.3.1 ~�������� ������������ ç	�M�`������n6�E�*��#X��������������� (�] r�¡£¢`¤�¥O¦ x�§X¨�© � §£ªE/�(£}« ª¬� SGD E®Rg'P�¯�f6°	u�±³²´§�µ -�¶�· /�¸º¹�»�	�M� CXB(Cosmic X-ray Back-

ground;
¥	¦

X x�¼�½�¾�& ) �6i r ��k r · iEk r �O	(¬} He
. ��M¿ r�À�Á Bÿ�¹E»M¿r�Â$Ã@Ä�Å /�(EÆ`�6i r ( l�Ç�¬¿ r�Â ) §JÈ�¸"(�§ÊÉ % ª£Ë�ÌE»�,�}vÍ��¬Î�ÏvÐJÑ�k�Ò¡XÓpÔ£Õ�Ö Æ'×"»	(�Ø�Ù'��Ú�Û�Ü�Ý	Æ'Þ�ß�à - ,*(����Î ¢`á �@��ª ¶�â ( � §�§@/�(£}

CXBã
#2ä*(X �!'��#æå�ç ¢�è�é�ê ª�����ë�ìîíðï�ñ X x	Æ

ã
í�Î � ò ¡æ¥�¦ X x�¼�½�¾�ó

(CXB) §æ¨�©E} Chandra ô�õ�ªOö"í÷Î 2–10 keV ª'øOÙ�ù CXB �ú�û*ÆEü�ý ò�þ øîí�Î�ÿ���²� 75 % ���"�������
	 Â (Active Galactic Neclei; AGN) �����¾�ó*Æ��� þ�� ù§ ¶�â � ò�þ�� ù [17] } CXB ������ª�å�ç ¢`è�é�ê ª����$µ þ�� ù��
�¬Î�������ª SGD��� "!`ª$#�íð�"�����Xù�} CXB ��%'&*��¹E» � ���MÎ X x
�)("+*
,�-/.10�2)3 ¡�4ù"§�¹E�¬Î
�)(�5
6v�7 Ã » �98
: (=CXB Æ9;)<=�p§?>�» 4 ) +*
,�-/.10 ¡A@ µ�B��� § � ¶'· 4 ù��Æ ¢�C �`�
ã
ù�}

D9E
F � ê=G �H�Ê��IRµ�� ¥*¦ x)J r Æ��)K ª�L)M 4 ù����	ª���Nv»�O)P=Q��R��� � §¡
COR(Cut Off Rigidity) §X¨�©�} COR �S6Æ�T�¹ � åVUÊ����n�ª6ö`ù
W
X90 ±ZY
[�Æ

T�¹ ��� § ¡]\=^�4 ù¬} ¢`¤�¥*¦ x"�_�`��"��a9b6�
ã
í³Î Rigidity �c�d [GV] ��ÿ�Í�Í [GeV] c+d"$ef� Ö ª�g�h 4 ù¬} ASTRO-H ô�õ�� COR>2 GeV �i�j=k��9lnm ¡üpo]���MÎrq
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4 SGD
± ² ³ ´ µ

4.1 ¶ · ¸ ¹»º ¶ ¼ ½ ¾ ¿ ÀÁÃÂ&ÄhÅ w>xh¤ � vZU>ÆVÇ Å b�ÈÊÉ¡ËVÌOÍ �sÎ ��Ï]Ð]ÑlÒ Å]ÓÊÎ |��V�VÍ;qQÔ�Õ*y9z*�ÁÃÂ;ÄhÅ�ÖO×@Ø*Ù�Ú�Û «�Ü ��Ý É1Þ]ßsà � Í�á*�s¤ � Æ@âJã�äQÔ�Õ Û Ý>� �5¤ ��å Í ÁÃÂæ ÈÊÉ¡ËVÌhÍ¡ç Ð¦è �VÍ�é�ê¡ë � Í¡ì]í]î�ï è]ðZñ ä5ò�ó � Æ@ô�õ9ö�¤�ËsÌhÍ ��Î è �C÷Í5éùø¡úûø�Æ SGD
��ü¦ý@þ ÿ�ý ��� É;¯��ÃöV¤��	� � Í ÁÊÂ�Ä ��
��Æ���� è��������ä�����¤ ������� ÍZá]��� æ îsï �� �! ¤*ä� Æ"� æ îsï{É$#&%�á]� Å5ÁÃÂ;ÄhÅ�'�(�Ø*ÁÂ�) í+*  �!-, ä�.0/21�Í�é�34.5/>Æ ÁÃÂ&æ È{É¡ô�õhö , ËVÌhÍ�6 Î0758:9 è ú�ú2�<;�=> ö@?�
�Í5éA ýCB�D"E-F@G�H�I�J$K�G-L�ý 7�M ý0NPO ÁCÂ&Ä9Å5æ È A@Q E à , 3:1SR�� �0� Í 8�T

?*Æ�U�� Î ì�V ÅPW�X�Y �MÉ ��Z É�� � /  Z-[4\�]�^ Í_6 Î ? æ È Å"`�>	a�b É�cd3
% Î � %e* Å ?�
VÍ�é SGD

Å�fgPh�i�j�k ý�l ÉCm�n+*>Í*á�o , 7 Æ SGD
Å N�p A�Q E

( qPr9Ü ÿ�s Ît'@u ì�V ) É Y�u ø�Æ fvg�h�i@j�k ývlxw Î ä�Í0U��{ÉCy�zEø&á@{@?>ÆQß�|, ì*í]îsïÊÉ G�H�I:J}K ÿ ø;ä å �	~ ä��1ä � é � � ,��	� ?"c�� � ÍC� ,0��� ^ Í�á�o, Æ��	� E-�4K a ô�� Ø@�O×�a ô��OÉ��������	��* Å É G�H�I-J$K�G-LQý���� Î�^ Í�é-6
% ^ Í�6 Î , 3���Æ�ôsõÃö , ô � á� Æ�� Å�Z�� Õ�� Ø ��� äv��? 7 �	�9è	�P� ä SGDÅ�f+g5h�i@j�k ývl Å���  è"¡ � Î ä�Í�é�¢Zá5Æ�£Qâ Å58�¤ ?"¥�=�¦�n Ø@§�¨�a ô��Vä©�ÅQÁ{Â&Ä�ª �hÉ �� �^ Í�6 Î *5?Ã÷*Í5é« {*ú+� a ú9Í�3_% , Æ G�H�I:J$K�G�L5ý	¬t *¯® è ú2��ä Y�°lÎ äVÍ�é�±�²�³�?eR��ø5á G�HeI´J�K	G�L@ý5µ�K"E@¶ É0·�¸Eø�/ZÆ SGD

G:HeI´J�K Ý ÎC¹�º 6 Î , ^ Í�é

4.2 SGD
» ¼ ½ ¾À¿ Á ÂÄÃ Å Æ ÇÉÈ Ê Ë Ì Í ¿ Î Ï

6 Å5Ð ? 7 Æ_¢�Ñ SGD
G�H�I-J$K Ý ?"Ò	�©ø�á�Ó�Ô_Õ ,eÖ�� /4×�Ø ^ Í (4.2.1

Ð
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Ð

) ßG:H4I´J$K	GvL@ý ?4R��°ø5á�àÃä j�á�â�j s�ã ×:Ø�ä ^�å (4.2.3
Ð

) é
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O�ù�ú�û�ã a@ü ?
3-1SR�� ��� / � å * ã�, ANL
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+� ß ANL
ã�� ±����©ä��
	��� Ö�Ö C++
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 å r â q�� h ÿ�� � ã�� ��ä��
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ANL PLUS
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SGD
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4.2.2 ÛÝÜÝÞàßHáâÛ ã�ä2å�æèçé4ê�ë f�T SGD �8Ï�ìX« �Aívî Å � ¸ ï4ðñË�6ò�óHr �+ô�õ4ö ¢4÷Hø��&Á �Ê �Hù4f
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Á 6Ê ��ùN��� �C� �@���lúAð+�J}H~&fHi ��ô4õ ¢ SGD
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4.2.3 SGD ÛÝÜÝÞ ß�áml`åonhprqsn t�u
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ÊH� � �
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ROOT[19]

ROOT ¬��QÇ CERN∗2
°OÈ ��² É ÒXÓ�� ôQÉ�¥ ��&Ã þ�ÿ�Ê=Ë °?w ¬(xcÌ-³ Â C++ [
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ã � GEANT3∗5 % �'&®ë)(+*¿�� À?{�ï |è¹-,/.1032 ÿ�4�5�6�798	:;* î9Î9Ü���<>=�´0�)
 µ � ´@?A<CB õ�°9D ïFE
�AG � � ° H=ãCI Ì9³ [21] ä ÙCÿ Ç ROOT ¹�J õLK$ÿ1MON ¹ õO# ��OÔ��P�	� °1QPRS��IT ³ ÿP� Ç-À�U VWE$X °�Y?ë � ë/Z\[�]�¡ % Ì �_^ ëP# �Ô��P��� ° � :L* Î ë/Z ²a` NI Ì�³$ä

4.3 SGD
b c d egf h i j k l m

2008 n 2 o 19–20 p % JAXA/ISAS % �)q HXI/SGD r s$
ut � rv?1<�w ��x�y�zS* î
UcïSs � à�{�<A| � á�} þ q�~L��w �	x�y"Õ)�}ã)K ����0 K�ÿ$� s �A� {�<A| I �-q	r�s�

t � rv?-< y1���cê)� r s$
3t �S�)yCü�ý���� q)��� y��3�$�cë/ZC�	�����@ë � q�w �	x�PK �A�������v��� � � !����A�WK � #P�	¡ } þcÿA� s ��� {S<�|���q ISAS

y w ��x��¢�£ ����¤ � ü�ýWK�ÿ SGD r3sA
9t �S�	y$¥P¦F��� ��� y ��§3¨$©�ªS«��"¬� � q3® y¯ ¬ 8�° � ¡@¤Cÿ)�
SGD rSs�
 t ���)y-¥�¦ � Scientific Linux 5.0 %�±P²@³ þ ��´ � q H�þ � WindowsXP%�µ <�¶'E � � K$ÿ VMwarePlayer∗6

8�IA·�¸O¹ � HO� % K$ÿ��/K�º/»O¼ �1q SGD r s�

t �S�Ay�½O¾�� ¶¿E ��K �)q SGD

y-ÀPÁ�Â�Ã��
CPU % ! ��Ä�Å y1ÆPÇ�È�É ��Ê�Ë�Ì �1ÀÁ�Â�Ã %)Í # �OÎ1q$Ï�Ð�Ñ�Ò ³�Ó � # �S� yv��Ô <$r)¶ � <"E �$Õ�Ö�� ^ » Ó Ì �$×>K�¼

Î 4.4 Ø I ��Ëu� � CPU Ä�Å È�É�y ÊPÙ3Î1q)©�Ú ¢ ��ÛO:Ü*$Ý |PÞSß�<@=áàPâ (5.1 Ø )
y

ã�äPå3æ I	¡/¤ Ìu� y�IOç � �"H�yv� T CPU ÄPÅ ÈSÉv� VAè+Xêé�ë�ì �	í © % � � HS��)îSï�¤ Ì � èv< ��ðAñ ò r s$ó3t�ô�r9?1<$Î�õ$ö y Ä�Å"��÷Pø ù�ú ¡�¹ ��Ì � q)� ¾�¹
∗2Conseil Européen pour la Recherche Nucléaire( ûýü�þ ÿ � ); �������
	�������
∗3Medium Energy Gamma-ray Astronomy library
∗4MGEANT, GCALOR, PROMPT, ORIHET, and DECAY
∗5Geant4 ������������� Fortran � � �������! #"�$�%'&
∗6 (�)+*+, þ�-/.
0�12%�3�4
��û6587:9\û<;8=�>�?@& VMwarePlayer -/ACB�DE��F2G#HI� Windows *�,þKJ�� linux -�L�M�NKO
P+�RQ�%'&
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�TSP¶�è<U ñ���[P]WVYX[Z ÷]\_^ � �<^ ÍPÓ]` Ä�Å È�É$� V�è+X'a ¾ ì Z)í ©b^ ��¤ `Yc¼ � a ¾ed `Yc Ì Windows S�rgf$Î Intel(R) Pentium(R) h çei q CPU ÎWUuó]j ñ/Ô j
(E2180) h ÝPòlk�Ý ø3Î 2 GHz quV µ fAVAè+X ( mYn<o ²_p ) Î 2 GB qsr d `Yc � �utsv¾

PC
�<d ` Îxw d î � c6y{z � äl| `Yc � Z q�}C~s��h ¡ � rus�óutCô�r���f�^R� d `

Î6���$ô��]��h ç � � ®l�2h)qP~ y1Æs�O¹ �+�l��� ñ_� ôR�[� · �C�]�Y�s�]�Y�C~s�s� Z
30 � XC��Æ�À�d `xc � PC

Ý Þ)¶ � ôx^-q SGD r s)ó"t�ô � �2�C� ¹ �{� � ^ d Ì � r
sAó9t�ô �)y �s�b^R  c qb¡Aè£¢ y�¤Y¥ � ¡ � � � ^ d Ì � PC

Ý ÞA¶ � ô y ylz � ¡)è
¢�� ¤x¥ed Ì PC

Ý Þ)¶ � ô��+¦ 4.1 ^R§ ¹�� CPU
y ÄPÅs¨ � Î Windows S�rgf y$��Z

2 © XC� ¨ c Z q CPU
y ø9Î Windows S�rgf 2

t ^6� d ` PC
Ý Þ)¶ � ôY^�Î 1 �[^ Íª

2
t � d�¼ Î 4

t qsr ³�ÓC`xc ��Ì]«$qur s�ó9t�ô�r���f y$Ás¬ Î� ¼a� � �l® Ì1q<�
�_^�¯ ¤ ` ~s�]� y ¡{f
° ô���qSr s-ó3tCô ��±g² ® y1ÕPÖ ^´³�µ<^Cj Ý6¶ ¶]h ª �[¯ �
^ �O¤ Ì y �
·s¸�h ç � � r s$ó t�ô�r¹�Rf6^Yº	Ì ¤ ` Î cluster31(PC

Ý ÞA¶ � ô 31 » )

�C¼ À ³:½x` � » cT¾<¿�À 30 »{ÁxÂxÃ<SlÄgfsÅ#a ¾ed Ì �

Intel(R) Xeon(TM) CPU @2.00 GHz

xx GB RAM

cluster29 : xx = 2.00 → 6.00 GB

cluster30 : xx = 2.00 → 4.00 GB

cluster31 : xx = 2.00 → 8.00 GB

¦ 4.1: Ä´Æ)ó¹Ç�ô[ÄÈ�Tf6Ã�Ä�ÅCÉ �]d ` a ¾ed Ì PC
Ý Þ)¶´Ê	ôsÃ�ËY} ylz

4.4 SGD
Ì Í Î ÏÑÐ Ò Ó Ô Õ

SGD Ä´Æ	ó¹Ç�ô{Ê	Î ¥P¦ Ã6ÖC×CØ¹^l¯]Ù `<ÚWÛ iIÜYÝÈÞ ÓY`xc{ß Z ¾áàuâ�ã ß<ä]j<Ã
Ò�å¹^Yº�Ì{Ù ` Î]æOô�ç ôCÃ�èYélêeë2Ã ÜYÝ Å#ìsílh�î ß6ïð �:h ®�ñ ¾ SGD Ä´Æuò¹Ç�ógÊ6êeëõô{êáë d c�öu÷ Z�ø ë
ù ß ê´ú2û{ü ß Ã�úRý[þ `ÿ������ ú��_«�� ï	��
�����	��� 4.4.1 �����lü ßRï� �R¾ SGD Ä�Æ6òlÇ#ó[ÊTÃ������]ò�ó! {Ã!"]Ö �#���$� ÜsÝ&% � ï ÄlÆRògÇ
óCÄ'�( �
¯ ß °*)#+�,	-�.�(0/21�3 �#4����#5�!6 í87����YòWó� ��¾ Á[ÂYÃ:9:;<7_ÅTÃ�=�î ßRï
1© >	?�@ ×�A
2© B	C	D�E A
3© F�G �	H$ IA
J!K�L#K

1© 2© ���	�$���$
 7 ÜsÝ ú<MgÙN� (4.5, 4.6 � ) ï 3© �O�	�$����P�Q�R =!S�T8U�V �
SGD

KNW�X =ZY�[ % ���]\ �I^ P�Ú�_`� ÜsÝ�a ß J V ��b % �uï F	G �IH$ KNc	d (5.1.2

� ) �Oegfih`j�k K�L!l�m ú L!n � MÈÙ$� ï F�G ��HI �oqp K	r ��P MEGAlib ú!p �	�
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�Os:t ãZu K 6 7]vw=�7 � ê�7gx6úZy{äz)O+sú % �I{I�#o�p a ß J V � % � ï��*\w� ê K| ,sú:å�} % P L�l	m �[â	~ ó�/ | )�+Cú�ê�� ß J V�� F�G ��HI KZ�	� �:����� % � ï

4.4.1 ���������*�]�
SGD ���2ò��#óq�<ú�p �$� ÿI�I�	� ú R�� % � ï ���2ò��#ó	�:'i(����¹ú<� 4.2 ��� a ï��� >�? ��� ? �[î&v PI �¡ K!l ��¢ ú SGD

K!£ {Wê ë¥¤ � % � ï F	G �IH$ revision 6

V �!P¦ (O§©¨<(�ªqt	- 1 «¬V 4 cm  K BGO �<óO ®/¯�#°	±0²:ù:³i´�µ�¶ SGD
K F	G

��H$ ��[îq³ (5.1.1 � P�· 5.1) ï�¸ � P �:��ò`��ó��¹'Z(zº8» �#4��I� >�? =[î�³N¼	½�ú¾ J % �!¿�À P d � � >�? ú @ ± a ³ r P î�³ l$ÁÃÂ!Ä M EqÅ { K >�? K$Æ ú @ ± a ³q9
; � % ��� ³ ï J�K %�Ç ��È K8J V�ú cut length V�É�Ê P J ù_ú 0.001 cm �ZQ	Ë % � ï

F	G ��HI revision 6

¤ ��Ì	Í ��ÎqÏ� ÑÐ<ó 1×105
ñ �

¤ � ��� 100 cm2

cut length 0.001 cm

� 4.2:
ÿ������ ú��8^�³��	^ K �`�uò¬��ó��¹'#(z���

· 4.2 � �:��ò`�#ó��'�(Ò¿�À�ú � a ï J	J � � 2008 Ó 2 Ô � HXI/SGD y[ó$Õ¹V % �Ö�× % � ÿ������ (
Ö�× � G�Ø ( G ) VÒÙIÚ a ³I�	^ P&¦ (�§©¨�(!ª�t�- 9 «OÛ � G�Ü óu ($, % �Z¿	À�ú � aOÝ �8�uòÑ��ó��0'�(Ò¿	À ( Þ ) � Ö�× � G�Ø ( G ( ß ) úq9 \áà�â �Ç ��4 v P � % \ SGD �:��ò8�
ó��]ú�"�ã a J V�=	� Ç ��� ³ J V6ú+ô�äq� Ç � ÝZå �NP

SGD ���:ò:�#ó�� K ¦ (Z§Ã¨æ( à °�±����<ò6óZ KZç A � | ,�=�} � ãèv �$� ²2ùq� Ý |
, ��� � 9v ÿ������ �!é�ê�ë ² \ 7�ì���= P�í8��� 10–15 % E�î ��ï�³ Ý
²:ð � Y c�ñ = 2 � ï�ì�� Ý 1

ñèò ��¦ (�§�¨<(!ª�t	- K « Í = 9 «�ã&ð 8 « � Y c V
7�ì!� J V P 2

ñèò �q¦ (O§�¨æ(i�Yó©/ K Ë�ó ú�Y c % P Si � 2 ô	)¨ % �$õ#ö¹(¹¨ (Si-Si

õ�ög(&¨ ) � o�p�÷ ñ � Si-CdTe ø8Ê CdTe-CdTe õIö&(0¨ K	Æ o�p a ³�9:; � % � J V
��ï�³ Ý ¦ (!§�¨�(iª�t�- K « Í�ùOú �NûIü K 6�ý�þ�ÿ	� 9�³ � K ��ïgv P J�� ��� ì �OPJ�� ¸ � 3×3 V % ��� �����
	 1×4×2 V % � Ý ¸ � P¹¦ (O§©¨�(i��� / K Si-Si õ$ög(
¨ �#�q�I���!P <100 keV

K� Î�Ï� 8Ð���� K | )O+�,�-�.�(g/�	�����³I��^���v����:³J V��$7qì�� Ý J�� ð K Y c ��98v �"!"#%$'&�Y�[ a ³�V)(%*g² � ³ K,+ P {.- K �����4 ��³ SGD
K �/!/#0$1	�28^0� Ý�3 K ¿�À4	 · 4.3 � � a�Ý « Í:ù$ú �:9Ñv P"50687 �

8/9 ë ² \ 7�³ Ý ²:ð�� P Si-Si õ$ög(0¨9	�� v��:�`³ J V��:9v 50 keV
+

factor 2 E�îë ²�; È �I7�³O= P 100 keV Å { + &	ï ¸ v�!�ã�7<; Ý ¸ ��=:> ¸ + � P��"?�@BA
C ��/K �/!"#/$ �ED ÷��GFq÷:� Ý
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· 4.2: SGD
K ¦ (O§©¨<( C ��/)� 4 ��³��/!"#%$ ( ¦ (O§Ã¨�(�ªqt�- 9 «OÛ )

Ý ß ¡ & Ö× � G�Ø ( G P Þ8& | , �	�
H (ver.4)
K �8�BIÑ�����KJBLæ¿�À P<M & |KN ��� å (ver.6)K �8�BI¬�����4JGLæ¿�À + ïq³ Ý
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· 4.3: SGD
K �"!%#%$ ( ¦ L#§Ã¨�L�ª�t"O 8 «�Û )

Ý ¦ LO§©¨�L C �QP K�LB+ PSR p a ³
Si-CdTe/CdTe-CdTe õIöTL&¨ ( M ) P � vU�'�8³ Si-Si õIöVL]¨ ( W ) 	 �YX �
;�³ Ý ¸ �
='> ¸ + � P	�%?8@BA
C �QP ( e ) �æ� aOÝ
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4.5
Z [ \ ] ^ _a` b

SGD �`�GI¹�����<�Sc���³ ���0d%e @ ± C:f IS�,g PrimaryModelSpecGen
K�h0i 	

MgìS� Ý h/i1j�k �,l/;<�Bm�n³ H � P �	�0d"e%o ±�p�q%rs�,l0;<��t'u a ³ Ý

4.5.1 vxwxy{z�|}v ~s�
�����Y���Q����� �s���x���
�8�SIÑ�����VJBL.���I³ hK��� pG���B� N O:��LTP���� X �S�<���Kp û�ü pB���,� N

O'�0LTP p�¡�¢�ã*ð¤£0¥§¦ � � C%¨ g�©%ª8�Y« gK	�¬:;:.®<¯}°Ep d%e �Sl�;%�S� C/¨
g
©"ª���«±gs	 ROOT ²�³�´Gg�µ"¶ +S·%¸ X �"c8¹��<¡/º:»
��¼%½ d"e%o ¸ C
f IS�Bg
PrimaryModelSpecGen

+,¾
¿�À:Á ®�Â8����¼<½:Ã/Ä�g�Å,Æ"pSÇ<È�É���Ê"È�ÉKË�¼%Ì%Í:�®ÎsÏ É1Ë�¼�Ì X�Ð�Ñ/Ò8ÓSÔSÕ8Ö"× �®�Ø%p�Ù/�%Ú/�%�/Û<Ü�Ý%� 4π Þ�ß%p 3 à"á:âäã)å/æç �T¦'ã Ö0è�é/ê�ë%×1ì p.ísî%ï�Æ:ð"Ë�ñ%ò:Í��® 4π Þ�ß
Ë�å�ó
ô Ñ/Ò � è�é%ê�ë � õö Ë�¼0Ì/Í'�®S÷"º
ø"ùGúV¦�û��� � 1 ´,ü4ý4«Eþ�� Ö�ÿ��sÖ������	��
� ß'¹�øGñ%ò4¦
ûS�sØ ����
sÖ�� ç ����0Ö���� ø,¼"½
Í��®

4.5.2 ������� ���! #"!$
¼�½ �%�%& ¸('()+* Æ-,<¬ ROOT ²
³E´., albedo neutron armstrongx2.root( /+0 è21� ; 10 keV–1 GeV) � cosmic proton spectrum.root( 3�Â54 � ; 2.31–100 GeV) Ë�¬(6 �879 *#: Æ 7<; ýGË�¡/º�Í��®:Ø �-=��->�?�@BA ËDC 4.3 Ö�E Í.®GFBH+IKJ ÓML Ç � 3 Ú8NO �®

1© ¼"½BP�Q ��R Þ 1
2© ¼"½ ê�ë�� 3+S 1
3© ¼"½'Ã�Ä.,8Å<Æ�©<ª���«T,
FBH�U+V ÖMW 6 ��L Ç%NGX ç5Y[Z8\ 8]�^ Ö Í��®

_ © ' ¨ , revision 6

¼"½�` � 1×107

¼"½"õ ö 200 mm(4π Þ�ß )

C 4.3: ����& ¸�a � FBH ÖMb8c  7 9 *<: Æ 7d; ý @BA

e�fBg�h
& ¸ ���#� ¼/½BP�Q �.R Þ 1 ËjiBk ç Ð ®+F<l�m Ö.� Í��¼"½BP Ö%W 6 �MnBo�p P θ n

Þ ê P φ ^ ç �qn cos θ vs φ � 2 Â�rts�©�«vu<îqw:Ë ·"¸ ç Ð ®�x 4.4 Ö Ø � U�V1Ë E Í.®
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& ¸ ���#� ¼"½BP�Q Ó.n+o�p P n Þ ê PK^My Ö�z ç5Y R Þ�{}| ç � 6
8](^�øq{�â �GÐ ®

cosTheta
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Phi

-3
-2

-1
0

1
2

3

)4
co

un
ts

 (x
10

1

1.2

1.4

1.6

1.8

2

PrimaryGen

x 4.4: ¼"½ ����& ¸5'8)�* Æq, PrimaryModelSpecGen Ö5~ �¼%½}PBQ �-R Þ 1<� F}HU�V

e�fB�#�
x 4.5 �	~	��Ö ±x, ±y, ±z Þ�ß,âTã�� Ð ^B¹ ��n5�D
 (4.5.1 � ) Öj� Í��¼<½ ê'ë�� 3S 1 Ë2i�k ç Ð ® Ð ô ç n.�8Öj� ç �}�B�BÐ������/Ö ¼<½0Í',´,ü1ý1« Ó�� ^Eó ì�× 6d^��� ã9û' Ð+�-n ´,ü1ý4« åB� @�A Ë Ô,ê ü#��«T, ����� É |dirx|, |diry|, |dirz| = 0.999–

1.000 ^ ç Ð ®Mx 4.6 Ö Ø � U+VKË E Í.® �D
��GÔGê õ ö<� Ð��9Ö�� Í' �%�� {�|/ø n 3S Ö"×8�-� 6
8](^�øMi�k(N8¹ Ð ® Ð ô ç n 0 mm �+�5N(�Kã W 6 � 6 Ð���n 200 mm ��	N%3GS 1 øq��û Ð�� ç � 6��® 0 mm �%� � �Kã W ¹ Ó�n��D
Kè�é ���(�S¼<½
Í� �+������� ø O�� ��~ Y × 6 Ð+� N O �® 200 mm �%� ÖB� ç ��Ó�n Ê�� � ´,ü1ýV« åB� @A8Ö5~ 8y � ^ �}� ã9û��®
dirz=-1

dirz=+1

dirx=+1

dirx=-1

diry=+1

diry=-1

x 4.5: �sÖ�� ç �q�#�%×(��
sÖ�� Í��¼"½ ê�ë��-��� x
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x 4.6: ¼"½ ����& ¸5'8)�* Æq, PrimaryModelSpecGen Ö5~ �¼%½ ê�ë}� 3+S 1<� F}HU�V
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e�f B¡M¢	£�¤%¥�¦5§!¨T¢
'+© ,}ª%«5�¬T,%øG¼�½ �%��& ¸8'�)%* Æ., PrimaryModelSpecGen Öjz ç	Y�® � À �

û � 6
.â'ËDi�k ç Ð ® 7 9 *�: Æ 7; ýBË2¯%º ç Ð ^B¹ Öj°#± l.Í �%�� ª%«5�¬T,�^r � '�© ,�ª+«�²¬T,
ø+3M³�Í�.â�Ëj´ \ Ð�µ ]�]jN}6 � '�© ,(ª+«��²¬¶, Ó 4.5.1 �	NZ8\ Ð ROOT ·¸�¹q,GºB» � ª+«��²¬¶, � ](^¼N O(½ µ Â �5~5��Öj¾�¿ Ë2À �.� ª+«�¬T,GÁ�ÂKË2Ã�Ä�Å ç Ð.µ 1©= 4© Ö�× û(� n r � '+© ,�ª%«���¬T,�^v3M³ ç � 6 ½ ]�^ ÖS×½ µ�L Ç � [ ] Æ Ó-Ç+�#�,ÔSê N O�½ µ
1© r � '�© ,(ª�«�²¬�, [counts/sec/GeV/m2/sr]

2© È�É ���� s-ªÊ¬Ëu"îqw:Ë log ª�Ì�Í�,}N R<Î%Ï
Ö	Ð ý � ^ � ç Ð y � [counts/bin]

3© 2© ÑDÒ É5Ó Î-n Ò É Ü�Ô n Ò É�ÕBÖ P(Nq× �,Ð y � [counts/bin/sec/m2/sr]

4© 3© ÑDØ Ð ý�Ù ( Ú�Û�,Ü+Í [GeV]) Nq× �MÝ y � [counts/sec/GeV/m2/sr]

FBH � U�V n '�© ,�ª�«�²¬�, ( 1©) ^ & ÅßÞ�û Ý ª+«#�²¬�, ( 4©) ø 2 à�á × ½ ^D6 �â u ÑDã � ç Ý�Ý+�-n HXI/SGD ä�ÍGw Ö Â�å ç �Mæ+z Ñ â cq� y
ã �qÝ.µqæ+z Ù � U+VÑ x 4.7, 4.8 Ö�E8ç-µGè Ú�Ûq,Ü%Í�é�ê}ë�ì �-�Mn%í x ç Ýj?î� ë z ç5Y ��� ø & ÅtÞ�û� 6 ½ µ
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x 4.7:
'�© ,8ª+«<�K¬�, � È�É ���B& Å '	)�* Í�, PrimaryModelSpecGen � � ® �[ïð FBH � U�V ( /�0 èj1}� ) µGñ}ò4è���ó�ô ^ �.�}õö.n 1© ÷�ø n 2© ù#ø n 3© ÷	ú n 4© ùú+N O}½ µ
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x 4.8:
'�© ,8ª+«<�K¬�, � È�É ���B& Å '	)�* Í�, PrimaryModelSpecGen � � ® �[ïð FBH � U�V ( 3+û54 � ) µ%ñ}òdü+�qóô ^ �.�Bõ<ö-n 1© ÷�ø n 2© ùø n 3© ÷5ú n 4© ùúN O(½ µ
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4.6 ý þ ÿ � � ��� �
7 9 *d: Í 7t;�� N ® �	�!��
���������Mn SGD �������2Í��Gë z�� Y[® � ï �� "!# ½%$'& H Ñ)( �[µ ]B]�N ö SGD * â,+ �Bu.-�/ �10 ¹'2 � ¬�^ � !�354�6 ü879 *;:75<"= ë?>A@ ��Ýqµ SGD �����B�2ÍC�%ë b8c ½ üD7"9 : 75<5=ö.n JENDL∗7[22] Ñ 28Íªß^ �-Ý Geant4 *�E-ÍGª�FqÍ 0 Ñ ® � ïHGBIKJML ¯5NßÞ  5! # ½ µ�OHI8L�P ���%�Q�2Í��R �TS.U Ñ JENDL JTV'W(ç ½ IKJML�P�XY��Z	[�õQ\5]�^ ª � ®`_ ïba  5! # ½%$ Ñ &c �-Ý.µ

4.6.1 dfe,gih j�kmlQnmo& c ö%P5p�q 6�r�sutwv�x ë�y{z ü87"9 ÑjÒ"| � ! P}"~ ë;: 7�<"=i�-Ý%[��"�"9"�*%�5���D� _{� ç�P�J #����  L (1�;�����K� �)� 4.4 � P r�s�twv%x *����H�H�'� 4.9����� � � ��\�� 6 * L5��� ��� J�pCq 6u� �D� �'P SGD ���;�B�{ ��;¡ P"¢["£ *%¤¥ �)¦�§K�H�)¨.©u�.¡ 6 � ! # 6 # � O�I)L�P8üD79 *�: 7<= *�ª«"¬ [�.�.95� *���u*8�5�� Lu® � � � � P�¯ r �%  � *HE? '°�F�  0 �{± ®³²�´ � I"J³L & c �{µC¶C� ���� & c�· @�¡;¸C¹�* 3 º LC» � �
1© : 75<5=�¼�½�¾
2© : 75<5= �;¿�À�� [5�5�.9�� * <5="Á
3© <5="Á�JMÂKÃ��QÄ  5*�Å8Æ5Ç
& c S.U �;È # ! ¸K¹ L ¤ �HZ	É�Ê � IKJ �;��� �

z

y
x

Ë

Ì

incident neutron

recoil nucleus

� 4.9: 
��K�5Í * & c L'Î�Ï,� � r�s�t�v%x � z ÐuÑ5*�ÒÔÓ�¡ O  HÕ� Si ¡ 2.0 mm P
CdTe ¡ 1.0 mm P BGO ¡ 0.4 mm J�� ���

∗7Japanese Evaluated Nuclear Data Library
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r�s�tAv%x
10 mm × 10 mm × A mmÖ | ÂKÃ��uÄ   10 keV–1 GeV ×5- + vÖ |5ØÙ ¢ 1×109Ö | ÐuÑ 100 mm Ú�Ð $�Û -z ÐQÑÜ | ½"¾ 10 mm × 10 mmÝ.Þ \"]�^ ° ¯ r �'  � HXISGDRecommendedHad

cut length 0.001 cmß Â�à)ábà;â ×uã ß �;  1 ( äå 6 � )v�x³æ  �°,� + �1R �f0 0 keVÂKÃ��BÄ  �çè�¶ 0 keV

� 4.4:
Ý.Þ"é�ê Í * & c �'¿�À��5���;�B�{ ��1R à �"�K� z ÐQÑ5*%Ò�Ó A ¡ PBO  HÕ� 

2.0(Si), 1.0(CdTe), 0.4(BGO) J.� ���
ë�ì�íîCï'ð�ñ
� 4.10 � Si( Ú )/CdTe( òQ¹ )/BGO( óB¹ ) ��ô��B�Cõ�öK÷1ø [K£u¼'½�¾ ��È�ù"úHø�ûc S5U �8�H� � JENDL ü ( º5ý ) þuÿ��������{ ��ÔR à ü ( \�]
	 v ) ����'± ®�� úCù� � JENDL ø Ù ü��H ��¡ P <20 MeV �.È�ù"úH¡ JENDL3.3 P >20 MeV �.ÈCù�úH¡

JENDL/HE-2007 � Ï ù ��� JENDL üB���QÀø » � Í çQ¡��K ��.� Ö�� LB®���� �;�5������ � ú"ù � ù ��� ö� �!uø ¼�½¾ ( " ) ��È5ù�úK¡ P �������M #�BR à ü J JENDL ü¡�$ à ��°�% à v L�» � I"J'&)(�*KL�® �%��� � ��P � ö+ �!K¸),�ø [.£C¼%½¾ ( - ) ��Èù�ú).�/ ��0�12&K» ���%�43 1 ¡ P ���)���M #��R à65 � _87 � [£ ø?«�9;: JENDL 5<)= Ó 1 ú"ùK� [£ ø?«+9 &)>
� � � � 5K» � ��?+@
A �.¡CB JENDL3.3 �.¡CB � ö� +!¸�,u�CD � ö2 2!2BBõDö5÷#E2F2BHG�÷ / ��G%÷ / I x�J�K�L � �4MN&PORQ�1 ú"ù�� � � Ð�B
SGD �����R�) �� 5 ¡�B�G;÷ �SM ø L �UT £ ¡�õ8ö5÷�ø Â�Ã��BÄ   >10 MeV ø�: ® <= �H�)¨©Q�.¡ � � ú"ù � ù �43 1 �)V�À�WCB
���)���M #�4X à ¡ JENDL ø T £C¼�½5¾� �RY8Z2[ 5Q® ú"¿;\]B2^ � Y`_2a 5Q® ú"ù�� 3 : &P(U*�5Q® ���
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� 4.10: Si( Ú )/CdTe( òH¹ )/BGO( ó�¹ ) ��ô��H�.õDö÷�ø T £C¼�½¾ � ºý�¡ JENDL øÙ üb�K ��� Ï ù.ú �2� � � T £�¼�½"¾�5C» \cB4d#e 	�f ¡U���)�4�{ U��X à ü 5C» � �g 1 Õ 1 � ö2 2! ( " ) B � ö2 #!�¸�,uø T £ ( - ) B�h T £ ( i ) ø ¼�½�¾4j ����k
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ë�ì�lî
m�n#o#p�q�r�s�t�uRv�l5î�w
� 4.11 x Si x?ôK���"õDö5÷ � ö2 �!Rx�¿�À�� T2y2z ÷#{�ø� 2! Á x�È�ù.úKø%û#|+}�~
jN��� k ϕ Ð�Ñ�x+���Ð� �! � ú¿�\cB Â5Ã���ÄP����� ö�� � ù 3 : &)(+*U5���� k��;Ð+B
θ ÐuÑ#x;È"ùúH� >10 MeV 5��2� øC�2��xC 2! &�� õ ��� k 3 1 �CõDö5÷Qø+���4xb���[2� 5 B��+�QõDö.÷uø�� · �2eP���+  & z ÷2¡Hø�¢ �+£ (fm) ¤���¥#¦Ux � �b: �+� ø����
5U§ ��¨ª©¬«U &�® 3 ��k JENDL � _�¯ � � � j ZU[ � �b� © x�°�� ��±²£�1 ú2³�\cB
Geant4 5 �#´�µ G4NeutronHPLegendreStore( ) jC¶ ù.úP·+¸ � ú�ù��Ckg 3 5 B Si xC¹ � �2º�»"÷Qø� #!#�4x�¼�ù5ú _�¯ � � � [23] :�ø)½�¾ j�¿ © 3 :�x��
\cBbÀ�ÁCÂ�Ã � ÀRXCÄ�x�³HÅ#�6Æ�Ç2�HÈ)^�É�Ê�Ë�Ì j6Í2Î É � k�Ë�Ë�Ï��CÐP���4º6»�Ñ�ÒÓUÔ �
Õ�� En = 9.76, 14.8, 21.7 MeV Ò�Ö ¨ x)¼#Ê�×�ØUÙ � k+Ú 4.12 x g ÒC}+~ jÛ�H� k
Ú#Ò�Ü+Ý���Þ2ß+à
ÒP³UÅ#�+º6»�Ñ
Ò�Æ+Ç2� Θ Ð�á+Ý
��â)»�Æ�ÇHã)ä�å jÛæ+ç ��Ï)è2é ± É
�Cê ÏUëU��k�ì�í�Æ�Ç�Ï��Cî�ï ¨Uð�ñ Ê�ò2ó²��ëU��È)Ð g)ô j�õ Å+öCÐ)÷ ¯ ê ( d2e�ø f )

Ì�À�Á�Â�Ã � À�ù�Ä ê ( ÷�ú ) ��û�ü)��ý�ÉÛ×#ÊH�HËHÌ�þ Í2Î Ï ����ÿ���� Ð JENDL Ò�°� ���¬ç È�À�Á�Â�Ã � ÀRù�Ä }�~;Ì����
	�÷ ¯ � ������ ð��  	 � ô ×+³�� [23] Ð SGD

À
ÁPÂRÃ ��� 	 JENDL Ò��2��ó���° � � È�� É�� ÷�� £ ô ×UÊH�bËHÌ�þ Í#Î Ï ���)ÿ��� CdTe/BGO 	�¼#Ê�×R� Ð����
	�����ó��Rþ6ØUÙ ��� ~�þ�Ú 4.13 	 �H��ÿ ��!
� �
Si Ò�Ö ¨ Ì"����Ò ��# È%$ � ô �)ÿ
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Ú 4.11: Si 	�¹�&���º6»+ÑHâ�»�Æ+Ç'	�³HÅ#��(�)�*+Ñ�+
Ò�Æ�Ç+� ÿ�, ô�-)ô%. �Rº6»�Ñ�ÒÓ#Ô�/ Õ�0 È 10 keV–1 MeV( 1 ) Ð 1–10 MeV( 2 ) Ð 10–100 MeV( 3 ) Ð 100 MeV–1 GeV( 4 )

Ò4Ì%5)Ò ê ÏHë�� ÿ
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Ú 4.12: Si 	C¹�&��2º�»2ÑHâP»#Æ2Ç6	P³�Å#� . ��º�»2ÑRÒ�Æ2Ç#� ( Þ#ß2à )

7�8:9�;"<�=%>�?�@�ACB�DCE
2.2.1 F�Ï:GIH�É�J
� © 	LK�M#¹�N�þ"O�P�&
��Ì Ð�º�»2Ñ�ÒPâ�»2Æ2Ç6	�³UÊ+×PÐ . ��º

»2ÑRÒ Ó�ÔQ/ Õ�0 En ÌR(�)�+�Ò ÓHÔQ/ Õ:0 ER Ò�½+Ð�SITU(�)�+�ÒCÆ#Ç�V θ ÒU´LW�XbÈ
¥�¦�Ò�Y © 	LZ £ ôI[ ( X (2.2.8)) ÿ

ER

En

=
4A

(1 + A)2
(cos2 θ) (4.6.1)

X (4.6.1) \�ÐSº6»#Ñ�Ò Ó�ÔQ/ Õ�0 È%]^� Ð  ¼�_�`6	�Y [�a 0�b È%c ô ñ Ê%V�d�Ïfe æ& [ \ � Ï�ë [ ÿ�, Ë�Ï�Ð�Ë�Ò#´gWfX�È�À�ÁCÂ
Ã 0 ÀRùCÄÛÏ6hie æ ÉÛ×#Ê [ j� ©  þ6Ø
Ù�J ÿ Ú 4.14 	�k�l �:# þ�m�& ÿ%n ú�È)¸�N ê Ðpo�q�øsr È�À�Á)Â�Ã 0 À4ù�Ä ê ÏHë [ ÿ
Si Ò ��# 	P¼�Ê+×�ÐRÀ�Á�ÂRÃ 0 À�ù)Ä ê \��Qt ç Si28/29/30 	C¹�u�É�J 3 v�Ò�w�úbÈ�Zô ×2Ê [ ÿ ¸�N ê \ Si28 þxm ÉÛ×�³��]ÐUÀ�Á�Â�Ã 0 À�ù�Ä ê Ì ¸�N ê Èfy�ý�& [ ËUÌ�þ Í
Î Ï
5%J ÿ J�z�É Ð�Æ2ÇbÈQ{SºU& [g| P
Ò�V�d  ¼�} Ó�ÔQ/ Õ:0�~ Ò4Ì�5Q\�y�ý�É ñ Ê ÿ
Ë ô \LK�M���NI�g�C�HÈ�e æ É ñ � ñ [ J:�4Ìx��� � ôI[ ÿ CdTe/BGO 	��#Ê�×sh Si Ò
Ö�� Ìx���
Ò �:# È�$ � ô Ð+â���Æ�Ç�ì
Ò ÓUÔU/ Õ�0 ó���È)Æ�Ç�V
	Lu��'×Q��É��NÀ�Á�Â
Ã 0 À�ù�Ä6Ï'5C×�Ê [ ËHÌ�þ ÍUÎ Ï'5�J ÿ
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Ú 4.13: CdTe( � )/BGO( � ) 	���& [�� �#Ñ�â��#ÆUÇs	f�bÅ [ (�)�*2ÑC+�Ò�ÆUÇ�V ÿ
,ô�-)ô%.:�s� ��Ñ�Ò ÓUÔU/ Õ�0 È 10 keV–1 MeV( 1 ) Ð 1–10 MeV( 2 ) Ð 10–100 MeV( 3 ) Ð
100 MeV–1 GeV( 4 ) Ò4Ì�5PÒ ê ÏHë [ ÿ
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Ú 4.14:
� �UÑ Ì Si( � )/CdTe( �6� )/BGO( �6� ) Ì�Ò+â:�HÆHÇ 	���Å [ ÆHÇ�V�Ì Ó�Ô/ Õ:0 Ò��LW ÿ Ü�Ý'\ cos2 θ Ð#á�Ý'\ ER

En
ÏHë [ ÿfn ú�È%��N ê Ð6o�q
ø�r8ÈbÀ
Á�Â�Ã 0

ÀSù�Ä ê Ïbë [ ÿ o�q�ø r�\ , ôp-�ô Ð En = 10 keV–1 MeV( 1 ) Ð 1–10 MeV( 2 ) Ð 10–

100 MeV( 3 ) Ð 100 MeV–1 GeV( 4 ) ÏHë [ ÿ
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5 SGD
� � � � � � �

�
4 ��Ï��� %JUk�l
	�Ys�¢¡ SGD £p¤�¥6¦ 0��U§�©¨ �6��	L��ª�« ��# þ"$ � ô'[�¬�®�¯�°�± 5%J ÿ ¬U² � ± \Q¡ SGD £'¤�¥6¦ 0�� þ�³�«�´�µ�¶+ú�·�¸�¹ SGD( º�»�¼ �/

) þ�½�c�ª¾¡�¿ ø b�À:Á�Â�ÃjÄ¢Å:Æ þ��  �J ��# 	%��«:´ �  � [ ÿ v�Ç�È ± \�¡fµ�¶
ú ® wUÉ�¡§h�ªI�Ê\UËCÌ ±%Í e�& [LÎ�Ï 	pY [ ¿ ø b�À�Á�Â�Ã�Ä  ªg´�Ð�Ñ � � Ï (5.1F ) SpTUÒ�Ó�Ô ¨�Õ�§� ² Ë�Ì Î�Ï (5.2 F ) Ö�× ² ¿ ø b�À�Á�Â�Ã�ÄØÅ�Æ þ"�� �J ÿ Ùp�	�¡ BGO £ 0 / Ä ²�Ú Ù 	�Y� �´ SGD k6Û"Ü ®�Ý T [ SAA Þ Ï6²Lß þ Å:Æ ª (5.3 F ) ¡k6Û�à ²�á���â Ög× ² ¿�ø b�À�Á�Â�ÃjÄ þ"ã�ä§hf %J ÿ

5.1 å æ çéè ê ëíì î ï ð ñ ò ó ô õsö ÷ ø
3.3.2 ù ±%úpû ªLüLÐ�Ñ � � Ï Ö�× ² ¿§ý�þ À:Á�Â�Ã�Ä©ÿ"Å:Æ ªLü��QÐ�Ñ � � Ï�� ¡�����
	�����������

X ���
Ûgà HXD
²������ ¿�ý�þ À:Á�Â�Ã�Ä�� ± �"! � SGD

�
HXD

±
# ³ Ù%$ ü"&�þ�')(+*:£�,�- Ä©ÿ/.10�243 �6587�9�:�;�<>= «f´ HXD

@? ´�« ! Ü�A ®B «�ü�C�¡ HXD D�E:¡LÐ�Ñ1F/G Ï ® ����� ¿�ýgþ À:ÁCÂ�Ã Ä�� <H�JILK ! � HXD-PIN
²

¿�ýUþ À�Á�Â�ÃjÄ � Armstrong et al. (1973)[24]
²�MONO9HP1<)Q ! Ð�Ñ1FRG Ï »�SIþUTV-ÿ ³�« !
 ¡ 1/2 W�X ÿ ½�Y ±1ZH! ��[fü�¡�»�S
þ\TV- ²�] X � factor 2 W�X ±^� !I/_`ba $ ´�« ! ��c ¬ ±Ld Ç�È ± � ¡ ¬U² »�S
þUTV- ÿ 2 e ª�ü�f ² ( g 3.5; hOi ) ÿ%j"kl üL�

5.1.1 mon p^qsrutwvyxJzu{w|~} � ������t~} �~���y�4�y� �
[���� 5/��Q^K8�+��� -��>, � F�G��"� SGD

��� ý�þ��+� �H���/� l��� +¡ � !�¢ ÿ/£¤ ü�� ��� -)�L, ��¥�¦§I¨� � 10 keV–1 MeV � 1–10 MeV � 10–100 MeV � 100 MeV–1 GeV

� l ü���c �R©���ª�«¬ ® , ª�¯ �±°�² ÿ�³ 5.1
</´ ����[�ü%�%µ+¶H·+¸¹- � revision 6 (r6)ÿRjOk l ü�� µ�¶�·�¸H- r6

� ��º���»oT/��¼^½�� 1 ¾�� 4 cm ¿ � BGO
ª ,¹-À� ¢ a@ÁÂ~Ã $ !�Ä Å�Æ SGD µ"¶O·�¸�-�Ç ��! ( g 5.1) � Ä�Å�Æ � ��È ` � � ��É�Ê�Ç ��! º^�

»§T/��¼�½�� ��ËOÌ
��7"9 ÿRÍ"Î <�Ï Y l� È ! �1[:ü�� 4 cm ¿ � BGO
ª ,L-u� ÿ%ÐÑ �@Ò Ñ <�Ó�Ô l � Ð Ñ ��Õ Ã � º �¹»wT/��¼ ½��LÖ�× ¢ a 16 cm � l/� È ! ��ü�Ø l �Ù)Ú/Û �>º
ÜR½+,�Ý ��Þ)ß�à)á Ç È���È � Ë�â"� SGD

� º���»wT���¼�½�� 1×4×2=8 ¾Á Â � � ã � È ! � ÇL�Lä a $ ü+¶HSIþ\Tå- ÿ 8 e l ü)f � ÿ ª)«�¬�® , ª1¯ �8æ�çw�è�! � [%ü��^FG�� �¹é G�ê�ë^Ç ��ì�í�î ��ï <^Q !/ð�ñ ÿò l�� ª �ó ® , ª
¯ �¨ô^�Lõö � ! �L��÷ $ � ð � <^Q !ð�ñ ÿ/ò � ! ô�� ��ì�ø �¨ù ¤ ! �@��D
ú �O� -��+, ÿ ª �
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ó ® ,�Ý <Rû � l/� f¨õ�ô��Lü Ã È ��÷ $ � þ � �/ó6�¹�)�/ý�þ $ ! Y�ÿ � l�� � a $ �È ! ��÷ � þ � �%ó��L����ç ÿ õ�ô�� � ù\� l���	��
 < factor 0.5 � l ü¹�
µ�¶�·�¸H- revision 6

·�¸H-�¶�SIþwTV- albedo neutron armstrongx2.root������
200 mm(4π ��� , F�� (0, 0, 10 mm))��	��� �

1×108Ì�M »	���O¶�·�� ¬ ,�- HXISGDRecommendedHad

BGO
ª ,�-u� � ¶ ®! �ª�¯ - � 25 keV" � �%ó��>� Ù�Ú " Ý>, 0.5

cut length 0.001 cm

³ 5.1:
��� -��>, � �6�$#"� ��%�& F/G�� �' " �H� �����)(!* ��+ C ��ª^«�¬�® , ª�¯

�8°"²

g 5.2, 5.3
<�ª�«/¬�® , ª�¯ �¨æ+ç � ¶LS " T�--, ´/.10 F�GH� �>���32 �54 � ���6#"�� ºO��»\T���·�4w� <�=	7�8/�9 " �H�O����� ®;:�2 ,�g 5.2

< �H[ + �=< � ���VÇ � º"�
»UTè�/·�4o� <�=/7�8�9 " �+� �H��� ®;:!2 ,�g 5.3

<%´�.10$> _ �!+ C���ô ð�?3@ ·�4
� ���A " ��������� ®B:C2 f$D	E ��F E 8G0 ô ð-?1@ ·	4�� Ç/H���I�J
ÉRÊ (Si, CdTe)<

1
Û : ��T <L=OÈ �LK  T l ++�"�32 �!4/,M< �5N l6O�P E 8 � È�K�Q�K=Q Û : ��TSRT , .�8G0�U ���
º ��»wT��R·	4�� Ç/H�� 2

K  T Û : ��T (Si-CdTe OR CdTe-CdTe)
<

V È � º ��»wT�� Ï Á Â ,MW K ÷"��Ç�ô���X�Y��Z� ��[�\ ,/ä � �1]�Ö ¢'^ �;_ Q E 8 Û: �a`cb!dLH�e�f .-8 � ÈAg Û : �a`hR T , .L8i0 SGD Ç�º^�¹»j`/�%·k4§�;l�m È ��no l +>���32 ��4¹� 50–600 keV
� ¼)���p` ® 4j`qH���rMs�� �L�O�i2 �54 10 keV–1 MeV

Ç 15.8×10−6 counts/sec/keV � 1–10 MeV Ç 55.2×10−6 counts/sec/keV � 10–100 MeV

Ç 47.1×10−6 counts/sec/keV � 100 MeV–1 GeV Ç 4.9×10−6 counts/sec/keV � Qk8G0 1–

10 MeV ��t È Ç 10–100 MeV
� r�s�� � �a " ���������R� l�� �  �¡ �1u Ó 
 Ç	vawå�

÷yx ^ ��� �b� Ç 80 % b ÖZ,�z!{ 8 ÷�����| ¢ ã�+10} + � �� flux �/~����k�1��� ��/��� ¢�^ ��� ���^�52 ��4 � � ��l3� lR�p� w��� � ~��-�/��,�� l� ÈZ8 ¢ , £ ¤ +�0 ³ 5.2 H�~����/�/l�� lR� } ��{ +L�¹� Çkv 830
<1 MeV H�<�� � ~C�Z�	� �i� 25 % � >100 MeV H � 10 % ,�z�{ � Èk8G0L�A " �����
�b�R� l� v } w  �¡wl Q�È��"��2 �!4 � ���6,5e È � ª�«¹¬
® 4 ª�¯ ��,y��W�� � � �
35 % ����� ¢ ~C���	�/,M�	��ÇL� Q�È ÷ ����| ¢ ã5+10k����+ {�÷ �G� b���l V È � � �� ú � rGsO� ���^�52 ��41 �¡�, 10 keV–1 GeV ��� � ª
«>¬1® 4 ªb¯ �!,GW g ÷^�3l
� +50

5.1.2 ¢j£¥¤j¦�§©¨9ªj«¬ ® consistency check

5.1.1
� ÇZH�µ ¶"·"¸ 2 r6 ,�¯�°�� +!0 � ¢ �O÷Gx-H Ä ÅOÆ Qk± Ç�²�³k´ Q!µ� "	¶·�¸�¹aº (�*p,�W gM+ {/l�H3² � w SGD

±�ËOÌ ly» È µO¶�·�¸ 2 ,y¯�°A�y¼ ª�«�¬1® 4
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½
5.1: µ�¶�·�¸ 2 revison 6 (r6)

0 º ¹ »�` ¹ ¼ ½ · 1 ¾9¾ 4 cm ¿ ± BGO ¿C4 2 º Ç ÁÂbÃ x 8i0

�� r�s�À�Á/Â 2�Ã 4 ��
flux [counts/sec] Ä  �/� [sec] ~��Z�/� (CPU) [sec]

10 keV–1 MeV 179.773 556257 2.1×105

1–10 MeV 229.954 434869 1.9×105

10–100 MeV 229.937 434901 1.9×105

100 MeV–1 GeV 89.8844 1112540 1.9×105

Å
5.2: Æ�Ç�È�É 2 r6 l � 8�%�& r�s�À ± Á/Â 2LÃ 4 µ ¹'º #/¾ ± ¿�Ê1Ë�Ì=4	¿9Í ¹ l5m7	8 ��

flux ²�Ä  �k�i�-�/¿-Ê5Ë9ÌM4	¿pÍ ¹ liÎ�� + ~C���k�
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Energy [keV]
0 100 200 300 400 500 600

[c
ou

nt
s/

se
c/

ke
V

]

-710

-610

-510

10keV - 1MeV

1MeV - 10MeV

10MeV - 100MeV

100MeV - 1GeV

MassModel(r6) AlbedoNeutronBG CompMode

½
5.2: Æ	Ç�È�É 2 r6 l � 8G%/& ris�À ± Á�Â 2pÃ 4 µ ¹aº #Z¾ ± ¿�Ê5Ë�Ìy4/¿'Í ¹$ÏÐ 0CÑ�Ò ris	À ± ÁZÂ 29Ã 4�Ó 10 keV–1 MeV( Ô ) ² 1–10 MeV( Õ ) ² 10–100 MeV( Ö ) ²

100 MeV–1 GeV( × ) l5m 7�8GµA "�¶ ·�¸�¹Øº Ì :C2 ( Ù ¹1Ú ` ¹ È	4 º ) ,yÛ . ÇCÜLÝ
` 2kÞ v 8i0 ½ Þ H Energy=150–200, 250–300, 350–450 keV

Þ Öj¾;ÕZÓ5ß QZà ¼	á 8i0

Energy [keV]
50 60 70 80 90100 200 300 400 500 600

[c
ou

nt
s/

se
c/

ke
V

]

-610

-510

-410

-310

-210

-110
PhotoAbs Mode

Compton Mode

MassModel(r6) AlbedoNeutronBG

½
5.3: Æ�Ç�È�É 2 r6 l � 8�â�ã r�s�À µaä Ý ¶ ·�¸�¹Øº ± ¿-Ê3Ë�ÌM4	¿�Í ¹åÏ Ð 0 rys

À ± Á	Â 2LÃ 4G �¡�H 10 keV–1 GeV
Þ vawæ² � x�ç�x5è�é ?1@ È/4 º ( Õ ) ²-Ù ¹1Ú ` ¹

È/4 º ( Ö ) l�m 7/8Gµ�ä Ý ¶ ·Z¸�¹Øº Ì :�2 ,�Û .10
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¿'Í ¹ ,�ê/W .�8Gë Î-Ó�v 830�ì ~�Ó5í�î�l V x	¼�²�t ± � gyQ Æ	Ç�È�É 2 ÓCï�ðañ3xò1ó
SGD 1 ô�õ ä ` ( Ù ¹1Ú ` ¹yö/÷�· 1×4 ø )

± Æ�Ç�È�É�ù r8 4(
½

5.4) ²3ú�lG²1û X üý�þ�ÿ
HXT �p� ± SGD ���������
	C² SGD

±��� l���°
���	Ù���ù º�Ú Ì��`��9� ±��� �������Z{ ò Æ�Ç�È�É�ù r9 3 (
½

5.5, 5.11)
Þ v�� ∗1

ó�� x ^ ± Æ�Ç�È�É5ù�¾ �"!$#�Æ
Ç	È�É�ù r6 ¾ ±&%(' s�Ó�) ò x/¼/á��+*,�.-
/�� ò (consistency check)

ó â/ã1032 À ±µ�ä Ý ¶ ·�¸�¹Øº Ì54�ùkÓ ��6�7 �$8�9i² %�'�2 Ó&) ò 8�¼�á:� � ¾;�y´�< Þ �$� ±!Þ ²= � ¾ �+> ± ¿�ÊiË�Ì?��¿�Í ¹ ��@BA � ¾ 7,C ò�ó Å 5.3
7.D �	¿-Ê3Ë�ÌE�	¿�Í ¹GF"H �

Û�� ó Ñ�Ò�IKJ,L SGD �;� à&MONQP A âOR ñZ¾ C ò5óTSCò ²-Æ�Ç�È�ÉCù r9 3
L

SGD �
�U���"� Þ:V � HXT 	"W�X ºZY Â�ù1��[	á ò]\ ± �3^	° C ò (

½
5.5)
ó â/ã1032 À ± Á

Â�ù Ã � L 10 keV–1 GeV ¾ C ò�ó½
5.6

7 ¿�Ê1Ë�ÌE��¿9Í ¹ Ï Ð �MÛ�� ó Æ�Ç�È�É!ù 7:_ à ¼-Ù ¹1Úa`M¹Gö/÷�· ± ø�b�Óc AEd Þ 8 ø�e 73f:g ò1ó è�é]h;ikÈ
� º 7�j áC¼ L�k$lØä Ý�m(npo�q�riÌ54Cù L�s(t+%u CEv á�� ó Ùpq ÚB` q�Èp�wr 7&j á v L�k factor 1.5 x"y]9{z ja|~} e \ V ��Ó k�s1��U���
�
��� d�� P � Þ�% u C3v á�� ��� g � ó�� d c á�Ó]�
���]� L+k��"�
���
�T�
BGO �(��ù�r�d+W:X(�$	��"�,d c á 7�_ � \ d ��� g z�8]� ó��"�,� 7 factor 1.5 x�y
d�9�z j R Ó % } V � \ d(d k(�(��� É�ùT� ���]� Þ+� ú CEv \ Ù
q;� �$� q ` � Ï Ð �� zQ8�� � � Ó&e:* à ò1ó

���"� É!ù r6 r8 4 r9 3Ñ�Ò�I
J
[mm] 200 371 4500. 
[mm] (0, 0, 10) (0, 0, 0) (0, -1340, 0)Ñ�Ò"¡ b 4×108 3×108 5×108

¢
5.3: consistency check ��£
¤ ò â�ã{0?2�¥
l�ä Ý�m�n�o"qOrZ¦�§,d ò�¨ dK�-Ê�Ë�Ì©�

�'Í�q�d D � F"H

∗1 ªG«G¬G�® r9 3 ¯ BGO °�±�²�³µ´G¶�· ªG«G¬��® r8 4 ¸&¹ ª�º�»E¼ ½3¾©¿�À3ÁÃÂ�ÄEÅ · Æ�Ç3³µÈ�ÉÊ ¯~Ë©Ì(¹ÎÍÏÆ BGO ÐGÑ�Ò?ÓZË�Ô�¯GÕ ÄQÖG× Æ�Ø�Ù�ÚGÒÏÛ�Ü~ÝGÞQß©à ¿�áãâÏä Õ;åæ³ÏçEèE¯�éÏê?ë©ì Å~íî Ö Æ ª�«�¬5 ® r8 4 Ò5¯5Õ�¸�ï Ö °G±5²3³æð�ñGò (CFRP(Carbon Fiber Reinforced Plastics) ó ) Óõô ÖÒ~ö?÷Ïø îÏù Â�ÄEÅ~í
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ú
5.4:

�(���(û ù revision 8 4 ( ü ; r8 4)
��ý *�z þ ò �+R d�ÿ�� ú ( � )

ó ì�� d������ k
BGO ����ù�r
	 }�� � 7 L� ���3ùT���:��� ( � N���� v � � } e ) � V � ó

ú
5.5:

���(�$û ù revision 9 3 (r9 3)
ó3ò�� C k ���{���(� (HXT

k WpXBr Y�� ù )
L [ | ó
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10-6

10-5

10-4

10-3

10-2

10-1

 500 300 200 100 70 50

[c
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nt
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se
c/

ke
V

]

Energy [keV]

SGD AlbedoNeutronBG

PhAbsMode(r9)
PhAbsMode(r8)
PhAbsMode(r6)
CompMode(r9)
CompMode(r8)
CompMode(r6)

ú
5.6:

������û ù r6/r8 4/r9 3
7:_ ���! 032�¥
l#"�$ m�n�o"q�r dK�&%('*)E�K�,++q-�.�/!0 � C k

r9 3
7�j � v L �(���E���1�+[ | / ���]�21 l3"4$ m(npo�q�r4)54�5 L��� d3� P � 1 s(t+% u CEv � � 0 ¨ k������$û 5T� ��6 CEv \27 q�� �(� q `98 -�. � �

z�8,� � þ 82: � /
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5.1.3 ;=<?>A@ BDCFEHGJI K3LNMPO=QPR BS!T h�i �VU r �,� 7 q(W ` q ��U r 7�X�YVZ �� 032
¥\[^]pl#"�$ m�n:oKqOr�)�4
5 7�j � v(_�` 0a/ ��%4'H) U �*+�q F�H 7�j � v ¢ 5.4

7^b�c /
SGD

L 7 qdW ` q�e�f
n 4 gVh 1 i 74j!` 0 \ d�h 1 k�l " ` � CEv k ü��Dm�n 7 8 ZK_ A 7ao�p W�X r Yq� 57

2 k!l " `sr&t cHZ^u�v 1 V Z / �
�"��û 5 r8 4
L 7 q2W ` qde�f�n 4 g �4w 8 zdhP A BGO � U 5 r �,�dx!y h^z Z 0 ¨ dV{&|?X1q 7~} f U��d� z��D�J�4� Z SGD 1 k

l " ` d ������û 5 1 V Z (
ú

5.4)
/ _���v k �� ~��� ¥
lJ"�$ m�n�o"q�r d;¦(§ L������û 5 r8 4 � _�Z SGD 1 kDl " ` e�d
�&%('*) U �,++qd� _ N � z�� 0 ����$ ` 5*h 2� cHZV� � 1 �DVU } q&m�� 0(/

�H%2'*) U �3++q -D. d&� � ` m�n(�Hh ú 5.7 � b�c / � � z S!T h&i �VU r ( � )
k

2

� " `��2� q ` ( � )
k 7 qdW ` q ��U r ( � )

� �2� q `��!���D� h^��� | c&Z � j � v k¡&¢ � l£"�$ m(npo�q�r4) � 5��!¤�� �.v � |9¥ ¥ ��e � Z / � d -�. ��¦H§ 84¨q8D© �
h�ªD« cqZ 0 ¨ �^¬��® 1 �*¯�� ed5H°(�q%4'&) U ��+ ¯�±2² ©4³�´ 1�µ]¨ 0a¶ "a$�·�¸¹!¯£º ) � 5#»½¼�¾ cqZ /

¿DÀ�Á û 5 revision 8 4Á û 5 À �&$ÃÂ 5 albedo neutron armstrongx2.rootÄDÅqÆ � 5�Ç U 10 keV–1 GeVÄ�ÅDÈ!É
371 mm(4π

³&Ê
, �^Ë (0, 0, 0))Ä�Å!Ì�Í

3×108Î�Ï W!°�Ð ÀDÁ�Ñ ' U 5 HXISGDRecommendedHad

BGO Ò U 5 º © À ) " Ò\+Ó5 º 25 keV$ Æ ¯�Ô\¯�· {H| $D�2U 0.5

cut length 0.001 cm

Õ
5.4: Ö�× Á UØº½Ù » © �� H����Ú ¶ "^$�·�¸�¹�¯~ºÜÛ�Ý © 0�Þ © Ò�%^'�) U Ò&+ ¯ ��ß

5.1.4 >àR&á=â*ãåä£æ=çÃèØéD@Aæåê�R�ë~ìàG&íNîPï,ðòñØó\ôJ<#õ EqG3ö�÷ø ® © Òqùaú&û U Ò*ü ¯½ý�þ h Á ¯�ÿ e��H°�Òqù4úHû U Ò*ü ¯�±2² ©4³�´�� µ Þ��a¶��� ·�¸V¹D¯,º û � �J» ¼�¾#� �
	��� © ý�þ�����¯ Ò À ÿ~¯\Â ��� ���4¬���������� ©��� ¶�� � ·�¸�¹D¯,ºÜÛ�Ý�� ��� � � »! #"%$ 	�&�'�(*) Á%+ º-,/.��!¯
0 Â ¯ Á%+ º  213 $!4�57698DÚ ¶:� � ·�¸�¹!¯£º<; �>= ¬*ÒHù(ú*û + Ò\ü ¯½ý�þ »½¼�¾�?�$ 	
HXD-PIN

©�@2ACB + ºED
Si
�CF�GIH�J = 1:� ¬�K ©*L7M!N Ï D SGD

© &�'�(2) Á�+º »PORQ ��� $ 	 K © ��Þ ¬ HXD-PIN  �1 3 $ ¶�� � ·�¸�¹D¯,º ©�S ×�T7U Si VXW�Y �À�Z�+�[ ¯�· ?�$�\V»* ]�R� ¬ SGD V &^'�(2) Á�+ º  C1 3 $ ¶_� � ·�¸�¹!¯£º U µ Þ
$�\�» �2`�a ��� $ 	 ��¯
0NÂ ¯ Á�+ º  21 3 $ ¶b� � ·�¸V¹!¯,ºcD
d 2 e � Â ACf ¯,Â
V L7M�g%h ,�. � $Xi^j ±7k  ��¯20AÂ�¯ml^n ?�$�o h U2prq:s =>t�u ?�$]\]v �rw Þ
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Energy [keV]
50 60 70 80 90100 200 300 400 500 600
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-110
PhAbsMode(sim)
PhAbsMode(pub)
2Hit(sim)
CompMode(sim)
CompMode(pub)

MassModel(r8_4) AlbedoNeutronBG

x
5.7:

¿DÀDÁ>y � r8 4  ]�#$P4^5z698DÚ^{ � ��|�}�~^��� V�Òqù�ú*û + Ò\ü � ý�þ 	r&'�(
) Á�+ �
( � )
d

2 e � Â ACf � Â ( � ; Si-CdTe, CdTe-CdTe)
d�� � 0 Â � Á%+ �

( � )

V7v � V
{ � ��|�}�~%�I� û f �zUP�_s =%� $ 	��#� d HXD ��� À�Z�+�[ �C| s � T�U&%'R(2) Á�+ �
( �%� )

dI� � 0AÂ � Á]+ �
( � ; i^jR� � Â ) V*���7 ; �^=C�]��= Õ �

s �2	
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$�\%v ��`�a �%� $ ( i>j/� � Â )
	 Æ%� �HÇ + � � p�q�s � ACf � Â��^��d>; � � � � 0Â ��� F�G U tru ?/$2V �
� o/"XT7U w Þ $P��� ��� $ �2d*� Æ%� �HÇ +  21 3 $ l>n i

 ; �#=���=Ctru ?/$2V Dr�*� "�V � i�j�Vr�>p*q H9J =^� $ 	 \XVX���/ ��2$9 �Y�¡��DX¢�£r¤ × � D � $ �2d Î�Ï�¥  *¦�§C"*TzU w Þ $�\�v � ��� $ 	r¨�© V À�Z%+�[ �2| "ª V t�u D �]= ISAS V#«�¬%� ]�r® =2¯�° J d ASTRO-H
Ô +r±  �²�³R´ Í vEµz �¶�·

s d SGD V*¸�¹�Ö!×�V�Ò&ù(ú*û + Ò3ü � " ª  *º � � J =%� $ (
x

2.7( » ; ��� ))
	

x
5.7  /\
VX¶]·r{ � ��|>}�~^�I� U ∗ ¼ � ��? 	 ��� � &^'�(
)�½ + � d �%� ��� �0¿¾ � ½ + � ��� $ 	 ¶�·C{ � ��|>}�~��I� v�Ò�ùaúHû + Ò�ü � ý�þ�D�d &�'�(
)�½ + �� D
<200 keV

� D^À^Á2Â>Ã s =%� $ 	 Armstrong et al. (1973)[24] V
Ä%Å t�u  /�#$^6
8�Æ]Ç#È � ¾ �RU!º �#= w Þ�� HXD-PIN V*{ � �>|>}�~��I� DXd S�É T�V 1/2 Ê�j7U �Ë ?/$ 	 \ J UÍÌ]p� d2Î�Ï�Ð V^ÑqùdúHû + Ñ~ü � � D Armstrong et al. (1973) U 2 Ò�s� Ç�È � ¾ �zU!Ó�ºbs = 1¿� d \
V ý�þRD Ç�È � ¾ �/V2¦R§98�¡Ô�:s =%� $ 	 >300 keV�

factor 2 Ê�j�VCÕ J � � $#V DXd Ç Z%+�[ �2| � HXD-PIN V S�É U9ÖR �]× � ��Ø +Ù7� �2Ú�Û s =^� $ �>Ü vÍp�Ý�� J $ 	 Â � d 2 e � ¾ ACf � ¾  ; �>= DXd Arf � ¾Þ��>ß�à UPá�s]âã?/$# ; J = { � ��|#}�~��I� û f � Drä#� ® =^� � d 1�1R��K#V�4�åR´æ �rd
çrè " 2 e � ¾ ( � ) > i�j�� � ¾ (

¤ É T ; � ) ≥
� � 0é¾ � ½ + �

( � )

�]� � dI� � 0ê¾ � ½ + �  >1 3 $^Ñ�ù2ú*û + Ñ,ü � ý!þ v9Ç Z�+�[ �r|  /�#$ ¤ É TD�À�ÁCÂCÃ s =^� $ 	���ë s d <100 keV
� D Ñ&ùdú*û + Ñ\ü �  ]�C$ � � 0é¾ � ½ + �

( � ) V*{ � �>|>}�~��I� û f � �^ä#� ® =�� â 	 \ J D HXD-PIN VrÇ Z%+�[ �2|  ��C$¤ É�� D�ì �îí/ï � � "r��® � � � 0¿¾ �ð� F�G  ���® = d�ñ × � ��Ø + Ù V*{ � ��|>}~��I� ACf � ¾ U�ò*ó�?/$ g þ��  ]Ý =^� $ �>Ü ��� $ 	Cô%¨ ��� d Ç Z%+�[ �2|  ��C$¤ É T �2õ Ä ¥  *¦�§ ��� � d � ; conservative "* �Yb¡��m #"�® =^� $�\�v*UPo�ö ����
	 H �9 �Ñ/÷*ø�ù + ÑRú �  ��C® = d�� � 0¿¾ �ð� F�G ¡üû Ü�ý {�þXÿ |>}�~��I�����
U ¯�� \�v ��� � ý	�
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5.2

 � �� � � � � � � � � � � � ��� � � � �  !

"$# kÍõ&% v('*),+�-/.�0�1%º&243�5�v �76�8:9<; ý>=@?$A ÆB- SGD C
{bþ
ÿ |>}�~�I��D  ,E*3GFIHKJI-*L@3 �NM Ý�OQP$R
Æ¿v õ$%  IS/3GT�U7J�V$WI-	XY5	3[Z(PI\GJ�Æ@]^`_ba +cEedgf�h`C A ÆI- 6&8i9>; 3 � 5 ;Yj C =@?�A ÆB- SGD
"$#:k õ�% ZbCNl�mz 

S4n 6$8i9<; ý>o�p PKq*r�EKs�þ�ÿ$t�u�v _iw D ZxE*3GFIH	JI-*L@3 � 5NC>y �*z P�RK{
CQT�U|J$V$Wz IS,}Q~ 6&8i9<; 3$\bJ${ (5.2.1 y ) �[�N�${4CN�$���$�R BS|}Q~ 6�8:9<;
3b�&{ (5.2.2 y ) -|s_þ�ÿ�t�uBv _:w Z��b~�dbCN���$�&�I2[3|C|�[�<�*� ý	�

5.2.1 �Y�����������`��� �I ¡�£¢Y¤ ¥Y¦�§�¨�©�ª «x¬¡¢®°¯
SGD C ",#ikx± % Z,�x~	²[³ j´; 3�µNC� >¶ X +�·,¸&¹ HXT -*L@3<º HXT

z ¶ X +»�¼$½`¾<¿
HXI C<À$��Á�Â*L�nÃP7Ä`Å�ÆQÇ�ÈGÉ`v<Ê (Al) Â7Ë 8i9<; ~&Ì�3>º SGD Å�S/3Í&Î Z z$ÏNÐ`Ñ E*Ò>Ó z E$Ì�-/P SGD CQÔ$Õ k ÅKÖc× 9>; 3�Ø$ÙKP&sÛÚ7Ü�t$uIv _�wNÝÞ ÇBÅ`dbC>�$�,ß$à�2I3K�B�Gá�â Ñ Å<�@�&~�ãåäçæ�è�é*L@3<ºc5$5GÂ z =�? \xJ${`Å	ê&Ì

~/PIë@ì@CcScíxE	î ; Â/�*�BØ7º
1© Al ÅQï�2c37R	{ðCNñ�ò�ó7ô&õB� j P HXT Â7ö@÷:ø>ù[ú$\bJ&{`ûQâ��[�@ü/ù j é SGD

û ½®¾bý Zgñ�ò�þ4ú<ÿ��i�����®Å��`n��[Ù�úNº
2© ���ðÅ��/ú�	&õYµ4n/Z�
cÈ� Ý�� 
�� _���� ZK�����Iþ[ú>º
3© ø j Å����ð\��${&sYÚNÜ$t�u�v _iw Z����Û�x~� HXT Â	ö�÷iø<ùcú$\���{ z sYÚNÜ�t
uIv _iw �G~�d<ûK���� ä û|�|�*�4úQº
!#"

1© Å7ê&Ì,~��$�Û�>ØKº&%K{4û�'�U(�$V�WIó	ô�õ σ(E)
z ë@ì*û��Bí�)�*BÂ,+&-iø<ù

ú [25] º
σ(E) = σhe[1 − 0.62 exp

(

− E

200

)

sin(10.9E−0.28)] (5.2.1)

σhe = 45A0.7[1 + 0.016 sin(5.3 − 2.63 lnA)]

./. Â(� σhe û(01 z [mbarn] Â32Yn4�3%K{4û$536KÇ87 � E û(0�1 z [MeV] Â92@úQºBÆQÇ
ÈbÉ`vQÊiZ<ûQñ�òe�,:&;�ú`Z=<$â$h A = 27 )�û|Â��* (5.2.1)

z/>
5.8 û?�BíbÅ�)*úQº&ó

ô�õ z E >1 GeV Â9@/A,B|áåZ�)YnC� σ = 450 mbarn Â32@ú>º ! Ø��D'FED�/G/H 1 IFJ|Ø
n´û&\K�,{[û�L�M�ö�÷�N�h®� > 5.9 ÅPO*þ [26] º E >2 GeV Â&@�A,B/áÛZ�)Yn4�<ñ�ò 1 I9J
Ø:nRQ 2 NBû�\���{�éQö$÷eøxùBú<º HXT ÂS*Ì j ùBú Al û�<,â z 99 kg Â32$ú<º . ùc�DTU <,â[û�V*Â#+�-*þBúcZW��X/Y z 20.6 cm Â32in4�#L�M[û�Z®ø,� 30 cm Z´þBú<ºP[4Å HXT

Å�\,��þcú,%K{4û flux ���$��þcú<º ./. Â z ��B([�%K{�é(\��*þcú o�p �,:�;*ú>º�]�^|Ç_�` Üba Ç z�c 3 d[û > 3.5( e ) Â,O �<Ø�µQû@�PS@Ì@ú<º�5�6NÇ?7 ��f�g � 2.31–100 GeV �
4π hji ( X&Y 360 mm) � j û#\$���Pk�áBþ[újl��m%	{`û flux

z
54.4 proton/sec lP)onC�

ømp>Å Al û�+3-/V`û#�bq�ø��,:(rIþ[újls�
54.4 proton/sec/362π cm2 × 20.62π cm2 = 17.8 proton/sec
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5.8: Al Å>ï�þ[ú(%7{`û�'FE��G&HBó7ô&õ

>
5.9: 'tE�/G�H 1 ItJ,Øbn ÅQö�÷:ø<ù[ú�u���{4ûDL�M�N/v [26] º$w4û�x&yIé Al û#zIÂ

2{n4� >2 GeV ÂF|Nñ$ò 1 ItJ�Ø{n�Q 2 N4û9uP�${cé7ö&÷:ø>ù4ú>º

61



lP)Iú>º ! Ø#��}&õ~J|Ø{n û Al ���`û#N/v�|��®Æ�3���s��ve� NA l þ[újl��
2.7 g/cm3 × NA atom/mol / 27 g/mol = 6.02×1022 atom/cm3

lP)IúQº ./. ! ÂIû,��� �/� ��� 5.5 Å ! l<Ù�Ø	º . ù�pK�������t�#�9���4újl HXT Å
ãt�*ú/uP���`ûQö@÷$âj|#Q 29 neutron/sec l=�[Ù�p ù[úQº

'tE(��G&H`ûNñ�òIó	ô@õ 450 mbarn

ñ�ò 1 ItJ�Ø{n û9u����ðû,L�M�ö&÷/N�v 2

ÆQÇYÈ�V`û,L�M`û�Z�ø 30 cm

B�[m%(�4û flux 17.8 proton/sec

}�õ~J,Ø�n û Al �/�`û�N�v 6.02×1022

� 5.5: Al ÅNï*þcú(%,�4û�'FE�/G/HðÅt�/ú����~u��/�`û>ö�÷$â`Å&ÒKþcú��$�/����l>ü�û�/�

uP���ðû>ö&÷$âBéD� !&� Ø@û/Â��[ðÅ�� HXT �bp=�?� ¾m� ØFu����Bé?�F�D��a����F ¡ û Si ¢YÚ~� Å ÏQÐ \�nR£m¤$Â�E(�&G/H�þ[úGâ¦¥P����þcúQº ./. Â(� HXT Â	ö�÷:ø<ù�Ø
uP�&�j|(B$§/¨&hðÅ��m� ¾ þ{l�k�á*þ[úQº HXT l Si ¢ÛÚ�� û#1[×*Ò>Ó~¥ > 5.10 Å�OIþKº
HXT �bp Si ¢ Ú��s¥P	�£?©Dª���|#�

(HXT �{p Si ¢ÛÚ¦��¥�	/£?©	ô&õ ) / (HXT–Si ¢ÛÚ¦�W«�û�¬��¥�X&Y�l þcúPV�ô&õ )

Â(�`Ù*ú . l é�Â8qK�*ë*ì@ûm�[íbÅ�)�ú>º
5.392 cm2 × sin 82◦ / 4π×5862 cm2 = 6.7×10−6

Si Å8��úFu,�F��E��FGtH¦® Þ �¯agû ½:¾  F��|���°t±F�t²F³~´$µF¶9·:ûD¸º¹�»eÅ8��n
Geant4 ¥DScÌ3�/�&�ÛøKùF�IÌ4úKºcü�ù`Åj��ú¦l 2 mm Z4Â�|Q 2 % Â?2�n¼� Si ¢ÛÚ¦�
| 0.6 mm Z?)�û|Â 0.6 % l þcúQº ! Ø,�8�t�D��aK���9  ¡ 1 ½FJ,Ø�n Si ¢ Ú¦� 32 ¾�� 4

½,¿?2@ú . l|µ�:Dr�þcúQº .�. ! Â*û,�$�`Å��jn4� HXT Â/ö�÷iø>ù�Ø3uP�/�Bé Si ¢YÚ~�
l 1 I$E�&G�HIþ[ú�ª&��¥Në*ì@ûm�[íGÅ��4Ù�ú . l é$Â�q,úQº

29 neutron/sec × 6.7×10−6 × 0.006 × 32 × 4 = 1.5×10−4 counts/sec

À Ì$�(� 2© 
cÈ#� Ý�� 
8���(¥�S�Ì&Ø�	$õ�µmn�¥�Á � ØKºF
cÈ�� Ý�� 
����GÂ(Â&S � ØÃ _ ]�^|Ç r9 3 ¥ > 5.11 Å�O�þ	º@Ø/Ä � �/Åt®Æ�¼¢m6KÇ�|�Ç,È � ØKº ! Ø#�É�Ê@û HXT

|�ËBÌ*ÆQÇ:È�Ì8¥�Í/Î�Ï�Ð9Ñ�3���IØ�Ò$Ó�¥ � �/Ô�úNé(�,Õ90*û/Ö$×���}Bû���q$ø$¥�Ø/�
l=�&�/�tÖ&ÙPÚcû�Û�l � �#<�ÜtÝD�ßÞ,�tÞ�àPá/â~¥Kã�ä � �,+�- � Ö Ã _ ]�^å�¥�Â�S&þú�æ�ü�û�çcû&
mè��jé � 
j�#�sê�ë~¥�� 5.6 à�O*þ,æ HXT à,B[F%,�¦¥�ì$í � � Si ¢�î��ïð~ñ9ò�ó?ô ®õ��baöv¦¥Pã9÷ ô æ HXT

ï(ø&ù�ò�ó Ö9uPú��¦¥Dû3ü ô Ö�×,ým®�õ���aÿþ� ê�ë?| � ���3î��ÿv = 2 �$��� � Si ¢{î�� ï(ð�ñ ��l � Ö,æ
	���ê�ë ï� p ó Ö�®õ¦�
�Dé����W| 20 / 183759 sec = (1.1±0.3)×10−4 counts/sec

ï�� � Ö(æ�	 ó |,ý 1© ï�� ×
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82 �

r = 586 [cm]

HXT
(Al 99 kg)

Si � � �
5.39x5.39x0.06 cm3
32 �
4 ��� � �

 
5.10: HXT ! Si ¢¯î¦�"��#%$'&)(

Ã+*-,�. å r9 3 ( Å�® �C¢0/Då01�Ç(È�ý HXT 1 Al á&â¦¥�Ëj× ô ),�. å *3254 �Cå cosmic proton spectrum.root6 í078/(å59�� 2.31–100 GeV6 í+:+; 360 mm (4π <
=#ý?>)@ (0, -550 mm, 5750 mm))6 í-A3B 1×107C�D �+EGF *+,�H8I �,å HXISGDRecommendedHad

cut length 0.001 cm

J
5.6: HXT à)K8L ôNM8O�P'QSRUT�V �)WYX(ú�Z\[�à�]
^ ø�ù¦ò�ómô >�ú V ��Ü`_Na�bbÏô Ö�×+�'c?è I éN�'c`d�e�ê-f
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5.11:

Ã+*+,3. å revison 9 3 (r9 3) �Yg�å Hih%j �Gkÿæ HXT àml8n'L ô3o å{èqp�r)s
��t�Ü51 99 kg ý'uUvxwzy%/Då?à�l-n'L ô�o å�è{p�r)s81 2 mm | ï3Q\} àS��~ 17 kg

ï
�9ô æ
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Ö���! factor 1.5
ï3QS� L ô æS�+�Y���+b+�`_)nFÔ3Ö��3�+��!)cjè I éN�-c`die��tÝ Q��� Ö&Ö�×,ý�]5^��U��� � ÔG�`_  � ó Ö�!���ü ô æ�'� à#ý 3© �'� >�ú V ���8��!����3��_q���Ö(æ SGD àiK �{� �8� >�ú V _�ì�í � ý

Si y�î?wWàU�3î?��L ô v$õ`e�� B`_Pã3÷�Ö,æUc?è I é¡�'c?die�ê+f?_ J 5.7 à)¢YL,æS£�¤
! �N�  � ó Ö+v�õ�e��,éN���¥1 359412 / 135379 sec = 2.7×100 counts/sec

ï�� �ÖDæ
HXT

ïDø&ù�ò�ó ÖY>�ú V Ý Si y{î5wWà0�&î?�¦L ô võ�e���é��§�¨1�ý �3� >�ú V �)�+�
!©�S� ��� 1/20000 ª'« ï8�3ô æ+¬3�/Ö�×�ý HXT

ï,ø�ù�ò�ó�ô >�ú V 1 SGD ���î 4�®¯ r'e�wq! �N��°-±��q²�³ !N´ ²Sµ ô æ
¶�*-,�. å r9 3 (HXT !�uUv�wzy
/,å013·G¸ ),�. å *\254 �4å albedo neutron armstrongx2.root6 í07'/(å59\� 10 keV–1 GeV6 í+:-; 450 mm (4π <
= )6 í-A�B 5×108C�D`¹ EGF *+,YH8I �Då HXISGDRecommendedHad

cut length 0.001 cm

J
5.7: �+� >Pú V ¯î 4�® ¯ r-e�w�_{a�b�º ô\»+¼ �'cmè I éN�'c�dGe�ê+f

ASTRO-H ½�¾5�Gu0v�wzy%/G¿
À0º Al ÁSl'n ò�ó?ômÂ ¬%	 ï ý'uUvxwzy%/G¿ ïDø3ù�òómô >�ú V ���î 43® ¯ r+e`wÄÃ�� °3± À�� ³S� ý 1© !�Å�Æ%�����`_N��� »iÂ 	�	{Ç�ûGÈ� » �-1�½-¾5��É-� (8
}

) Ê
Ë�Ì�Í5�Gy%/S¿8Ç �tômÂ £+¤§! �N� ý 8.1×10−3 counts/sec

! ³�Î �?_ %»iÂ �+� >�ú V �)�+��!©���YL ô ! 1/300 ª'« ² ��Ç(ýSu�Ï�wÐyU/i¿'Ç ø�ùÑ ójô >�ú V 1GÓÒ 4'® ¯ r'e�wm! �q�SÔ � ²+³ !©a ²�µ ôiÂ £-Õ3ý+Ö+×�Ø C tUÇ ø9ùÑ ó?ôqÙ-Ú >�ú V 1Dý SGD ��ÛÒ 4-® ¯ r'e�wm! �N��Ü !NÝ�Þ °'±��m²+³ 	�!¡Á�ßU�%�»iÂ�»�à � ý�>�ú V 1 BGO c\�i¿áwâÀ�] ô¡ã+ä Ô ¤YÁ�å Ñ ³ »\¼ ý SGD �mÖ\×+¸/ý3�Uæ
^ ASTRO-H ½�¾5� � �èç%éqê+ë3Í'ß�Ç ø&ù Ñqì ý SGD À 6 ^îí0Ý+Ç�ïNé Â ]3� � ý5¬
�U] Îð² >�ú V ���Ò 4�® ¯ r+e�wzÃ�� °�± _{ñ\ò8L0é »3¼ À�ý ASTRO-H ½3¾
�'g)¿ Hh0j ��k¡ÀY]Sé3cUó I%ô �-c5dme\º � ïè1����5À�]�é{a�b�º%^N_�� Î 	-!ðÁGõ � �mö\÷�Ç� é Â

5.2.2 ø�ù�úüûþýxÿ��������	��
� ����������� ����
����
QSR ��V Á HXT !"!$#&%+n � »(' À*),+ Ñ{ì é.- V ( / 01) 2 ) 354�6��Ò 43® ¯ r+e
wâÀ87 ³\�89;: »iÂ < <�= �¡� 1?>(@BAC6 Ù+Ú >.D V 6��ÒFE ® ¯ r�e�wÐñ3òG=NÅ�ÆH6-c
ó I5ô5I c`die�_q��� »iÂ c
ó I5ô.I c?dieKJ+f`_ J 5.8 À)¢YL Â Ï(L`e�MONQP$J-f
ÀB7³3� º�@(A	=NÅ,R0ïS>UTWVX8ÒYM B = 2 Z'�&7 T Si yÛÒ`wîÇB[\+]ZU= � »GÂ_^ 6FJ'f�ÇB`
� ì » Ï(L`e�M ôaI Mcb 56 / 1260720 sec = (4.4±0.6)×10−5 counts/sec Çed'� »GÂ_^ ìb?>(@BA�Ç���� » ñ3ò
À�]S� � �Ò?E ® ¯ r+e�w�= ���8Ü f)°�±Ó�q²3³ ^ =ðÁ�ßY��� »mÙ
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Ú�g D V 6�Ï(L�e�M ô5I M�]5^�ºh> Ñ �qÀ 1 i j;k+å Ñ ³ Âl^ 6�£�¤�]�^m> HXT ÀonYL
é M�O\P8Q�R&�-V 6o/&0 );2\bo> SGD 6GÓÒ8E ® ¯ r-e�w*= �N��°+±��m²�³ = a ²�µ é^ =�ÁSß��5� »iÂ%»+à � > p R&�'V 6oq�ÁQrQsG¿\t I ÁBuxïm> SGD 6(rvs�¿\t Iowyx Àz ³ /$0$) 2`_a{ ^.| =a} ~�� ì é Â ]S� � > ^ 6Fp R �\V 6 °�± _Nñ3ò | é ^ =ðÁ�õ �6iö�÷�Çvd8é Â

¶&�y� � ¿ r9 3 ( uUÏxwzyCsG¿Cb3·�¸&> HXT b Al �yk`_.� ¼ é )� � ¿ �$� E�Mz¿ cosmic electron spectrum.root� 2CrQs�¿\t I 2.31–100 GeV� 2&�&� 360 mm (4π q��o> gF� (0, -550 mm, 5750 mm))� 2y�$� 1×107� �`¹&��� �&�e�Q�(I ¿ HXISGDRecommendedHad

cut length 0.001 cm�
5.8: HXT ÀFn | é.�Q�(�;�B� �$� 6?/ 0$) 2%Àe�����&� Ñ{ì é.- � 6F�� .¡ ¢�º�é »¼ 6Q£0ó ��ô5I £�¤�¥¦Jy§
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5.3 SAA ¨ © ª « ¬  ® ¯ ° ¯ BGO ± ² ³ ´ µ ¶ · ¸ ¯¹ º
SGD b]»y[�+?¼\6?�&½Q¾y¿ � =$À�Á CdTe  *Â;Ã |HÄ1Å_Æ¦Ç �&È;É\ÊoËÌ�Å �&Í  �ÂÃlÀ5Á Î��mÏ SAA Ð Ñ Å�ÆFÒFÓ	ÔÖÕ ×&Ø�Ò ���Ù[\Ú*¼�Û"¾vÜ(ÝÞoß à$ávâ&¥_ãåä�æ ÅQÄFçè Ê é&êoë�ì

SGD íBîeïQð1ñ&òQóoÏ CdTe ô\ÚF¼ ÊFÕ&×;Ø$õQöQ÷ ðeø  5ù Ò SGD
Ê?Õ&×Ø ÝUÞ8ß&àyáúây¥ã Êoû;üyý  �þ ê ÏUÿ��\ ��úí(ÝGÞ8ßyà áCâ;¥lã Ò���ê Á�� Ä ( � 2.7	 Ê�
��

)
ç ÿ ÊFÕ ×&Ø����Ê ÝUÞoß à$áeâ&¥_ã������úó?Ï SGD

Ê ô\Ú��CÜ���� Ä��]��Ê�vÜ����! Æ#"%$¦Å;ÄFç��o� Ü SGD &'� ÒHÆ �)(+*-,+.�/ Ä10 ó BGO £8ð1� ã32 Ò54�6Á�7 Ø / Ä æ û�8:9 � Ä?ç+;�<:= Ï Õ&×yØ>��\Ê ÝÞoßyà$áeâ&¥_ã1�?���Có BGO £$ð1�ã@2 Ò�A+B / ÄFç À 0 À Å ÜDCcÏ�EGF,£�HGI&ñ Ò ó�J+K�L�M(Ü)N Ä(é$ê�O�PCÅ 2 9�Q)R�6é
BGO S$ðT� ã Q ÂQÃQò Ì1Ä æFó+M:C Å � ç è ÿFòBÏ BGO

Ê J�K Q�U�V / Ä æ Æ?Ê�WX Ý�Þ�ß à áeâ!Ylã�Ü�Z\[ Ä�0]Q Ï SGD S\^�_��aðeø Q Ã�� Á�`)a é�ç
S�^�_]�5ð!S�b1Y�c!d Qfe 5.9

Ò-g / ç�h H�i ÷ �Có r8 4( � 5.4)
Q ÂyÃlÀ¦Ï BGO S1ð

� ãj2 Q 0.0/2.5/5.0 mm k $ / Ä æ�� ÔT4CÔ�Ò 3 lYø(ð]Y ÒT; �$ÁT`)a é�ç »yô,Ú?¼ Êm+n�o �1p n Ê S$ð�� ã ó?Ï+q+r\s Ê1t�u òvó�2 9 40 mm
ÊGv1w ¾eò5N Ä1é ê Ï)xzy Ò

2 9�Q 7�[ é]ç1t+uCÊ-{�|~}���=���Ì�Ê N Ä � P ó?Ï�� m 0 C�k $ À é]ç���� ��ó�� Ê��� Q À�Á5� Ä Ü(Ï }��YÊ���9+Q 7�[G� ÒG�1��Q���$ / Ä æ�� Ô���� ò�S&ð�� ã Q k $ Àé�ç ÿ�� Ò~4BÄ J+K U�V ó −2.5 mm ò 6 %
V Ï −5 mm ò 12%

V ò)N Ä?ç ÿ Ê SGD
Ò��

À.Á SAA
���:Q�� × ÀKÏ�� Si � Ï�� CdTe(Bottom, Side) � R À $ ó ���\����Yz�� �¡1ðeø��Ò-¢+£�Ò�¤ Þ>¥aÀ éT�1��Êz¦!§ �]¨8ð P�© Ï ;�<ª=¬« �eÜ���� Ä��1�CÊ H�Cß®¥j� Q `�aé

(5.3.1 ¯ )
ç�<1é Ï BGO S$ð�� ã°2 UzV�Ê�¢+±;Ø\Ê�²�³ æ&À.ÁBÏ BGO S$ð�� ã ÊYÆ*Ê

� P:Q Ð&Ñ�À.Á $�Ä �~� 0eÒT; �$Á Ê�´�µ1A!B+¶:Q `)a é (5.3.3 ¯ )
ç

h H!i ÷ � r8 4

BGO S1ð�� ã°2 default −2.5 mm −5.0 mm

BGO
Ê J�K 115.3 kg 108.7 kg(6 %

V
) 102.0 kg(12 %

V
)

i ÷ �5H�\ß·¥¸� trapped proton spectrum.root

. ×�¦�§ ��¨1ð 1–800 MeV

. ×�¹!º 371 mm (4π
w]»

)

. ×!¼+½ «
7×106¾+¿ªÀ!Á�Â H�i5Ã)_1ð1� HXISGDRecommendedHad

BGO S1ð�� ã Ê H��(Þ1SªbÄ� ã 30 keVß ¦ Y�ïªYBà+�\�8ß&øBð 0.5

cut length 0.001 cm

e
5.9: BGO S$ðT� ã¸2 Ê 7�Å Ò~4$Ä SGD ô�Ú��CÜz�]� Ä SAA

����Ê K Ê 7 ØªQ `5aÄ1é&ê&Ê S\^�_>�.ð�Sªb�Y�c!d
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5.3.1 SAA ÆDÇ®È É:ÊÌËÎÍ%ÏDÐÌÑÎÒ>ÓÕÔ×Ö
� 5.12, 5.13

Ò
SAA

���zØ)Ù K Ê�¦G§ �~¨]ð AzB�¶úÊfÚTÛzÜ�Ý]QÞg / ç � 5.12 ó SGD(
h

H+i ÷ � r8 4(default))
Ò�� À5Á 4π

w\»T0 C?ßzà Ò SAA
�1�ªQ��$× À é æ Ì8Ò Ï SGD ôÚ�� Ê�« �vÜ��~� Ä�����ÊT¦�§ �\¨(ð Q!¤ Há¥ à$áoñ Ò À é�R?Ê ò�N ÄFç Si/CdTe

4]=�R
�\����Y��> �¡(ðeø Ê�e n!â Ê�w Ü ËlÌ � Ê òBÏ ��� Ü ¤ Þª¥ã/ Ä �z�:Y:¥ ½®RKËlÌ � ç<1é Ï ½ 10 MeV ä �QÒ!< òTå\�1Á�� Ä$Ê óoÏ BGO S ð�� ã Ê Å ��æ }G0 C"Ï ;\<:= íç�è 0 CÄ. 6 Á ÌBé�é+P ò5N Ä æfê![ëCì� Äoç

log(ProtonKineticEnergy/MeV)
0 0.5 1 1.5 2 2.5 3

co
un

ts

210

310

410

510

610
Incident

TOTAL

Si OR CdTe

FC

MassModel(r8_4) BGO(40mm) SAAProton

� 5.12: SGD(
h H+i ÷ � r8 4)

Ê ô\Ú��eÜ���� Ä SAA
�1��Ê

flux
ç è ��í1� SAA

�1��Ê
î �&×�½

( ï ) Ï�������Yz�> -¡1ðeø?ÜT�\��ð ½ ( ñ ) Ï Si
R�ò�$ ó CdTe ÜT���5ð ½ (



) Ï

�]�-�]Yz�> �¡1ðúø /Si/CdTe ÜT���5ð � ×!½ (TOTAL; ó )
Q�e / ç

� 5.13 ó BGO S1ð�� ã Ê 2 9TQ 7GÅ ò*é æ Ì8Ò SGD ô\Ú�� Ò�¤ Þ]¥ô/~ð SAA
����Ê

7 Ø K Q�gÎò�õ ��ð ç �]����Yz�� �¡$ðúø Ê�Ü+Ý:Q-ö~õ�÷ ð�æKÏ 100 MeV
Ò Î~*�ðG�z�

Y:¥ ½ ó BGO S1ð1� ã Ü 2.5 mm k���ø | ó 15 % Ï 5.0 mm k���ø | ó 31 % Z�[ é8çG;<ª= Ï U�6oé BGO
Ê 2 98Ò�ùTú�òfõ Ï?Ð Ñ òûõ·$ ð �1� ó�Z+ü5/~ð ç ß w Ï <10 MeV

R
ò�$ ó >200 MeV òQó�ý�þ]ÿ���ó+ÿ+� ç ÿ��úóoÏ <10 MeV ó BGO

Ê í ç�è 0 C?. 6�õ$ ð é+P Ï >200 MeV ó "~¦�§ �]¨1ð Êz�1� Ü BGO S1ð1� ã Q������ * õ·$ ð é+P	� éê ò�N�ð ç�<(é�
 î ¦�§ �]¨BðBò � �T��Y:¥ ½�� â P$ý ó 
 5.0 mm k���ø |
 9 % Z+ü5/
ð ç���w�
 Si

R�ò~$ ó CdTe
�1Ü+ÝªQ�ö5õ�÷ ð�æ 
 100 MeV ���5*�ðT�z�ëY:¥ ½ ó BGO

S&ð�� ãÙÜ 2.5 mm k��1ø | ó 20 %



5.0 mm k\��ø | ó 33 % Z][ éBç >200 MeV òeó
ý�þ\ÿ��,óGÿ $�
 î ¦)§ �]¨1ðBò � �T�ªYë¥ ½�� â P&ý ó 
 5.0 mm k\�1ø |
 13 % Z�ü
/�ð ç ä }�QG< æ ê ðHæ 
+U�V�òFé J+K�æ���� 0�
��� �~��� | ò�� �! �����"�#�$%&(' Y*),+�Z\[�ðúÿ.- Q�/ K102� ûyü ò ��3�4
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ÿ ��Ü�Ý�0 C'H�576ë �Y % /\ðvÿ.-�8 
 BGO S961�:)°2�� 4z6�õ � ;! ��2"<#�$�%&(' Y�)��ì�+�7+>= ��W X 7;!~/\ð 0\Q�ö â R ðeÿ?-@+�8 � ð 4 BGO S96��A) Q 5 mm

k $1ò�3 ø |
 SGD
� ô1B-�(+T���5ð SAA

����� K�C 10 %
W X Z+ü�/�ð 4 SGD

� �(D"E#�$�% &F' Y�)��ì�G� ( � 2.7(
	

)) C 
9G7H�é�P � ; � õ C 
 <100 keV 8?C�I;J*K ¶�ª�� +�L é�P 8)N =�
 >100 keV 8.C.K ¶���é�P -M�� 2! é�P C9� W X 8�N�ð 3N�
 �
 ;! é�P + 10 % Z!ü ò�3 - ò�õªR@"E#�$�% &.' Y�)����+� î;O � �®ò�õ I � ÿ�P;Q1CGÿ
� 4 ß w 8 
 & ��Y é+P � ; � õ C�� ;! ��1��é+P +�RS�0T85N�ð�+ 
 BGO S6��A)Q

5 mm k $�ò�3 - ò�õ�R Z!ü�K1C 10 %
W X 85N)ð 4

 0.9
 1

 1.1
 1.2
 1.3
 1.4
 1.5

 1  1.5  2  2.5  3

ra
tio

log(ProtonKineticEnergy/MeV)

FC 35mm/40mm
SiCdTe 35mm/40mm

102

103

104

105

co
un

ts

FC 35mm
FC 40mm

SiCdTe 35mm
SiCdTe 40mm

U
5.13: BGO S6T�A)j2 Q 7�Å ò�3 ø | � SGD VWB��?+��\�5ð SAA

���
flux
� 7;! 4

Si/CdTe � ¤�# ¥ òX3 �T�ªY:¥ ½ªQZY�[
 ���û�]YT�� �¡T6.\�� ¤�# ¥ ò�3 �T�ªY:¥ ½ªQ
ñ [F��] 8 e®ò'õ;^ ð 4 2 9 C�_�`�í�` 40.0 mm(default; a ^�] )



35.0 mm(-5.0 mm; b^�]

)
� ø |:Q�g / 4

5.3.2 SAA ÆDÇ®È É:ÊÌË�cedgfihÕÓÕÔ×ÖjTk �1Ü+Ý ��l�m ò�õ�
 SGD
� VnB�oWp�8�qFr\ð�s�t ��u  è�v�w;xy*z�{7| 3�4 U

5.14 ��_ ��}~ z�� r 4(� U C 
 dirz =−1 + SGD
���F��<��


dirz =1 + �F�9�<����u
 z������ ^(��41�1�����T�n��� 6F\T�F� #W� r ����������� ( � ) C �����T������u  
+�����  ����� C�¡	¢ ^�4F3�£ �   dirz =−1 ¤¥F8 �T������� +T¦;¡.r ��4>§ `(C�  u¨�© v �Xª O© ��«~(¬�?® � ^.���>�°¯7±2�X²�³T�  �LV1´�o (Si/CdTe) µ(�¶ � r ����W�W�·�

(
Y

) ¸ ���	���>�@��u ¨ ¬ �¹��  ���?� ¸�¡F¢ ^�²9� U ¸�  Phi =0, ± 180 ¸U
5.4
��º9»;¼½�1���<�   Phi =±90 ¸ U 5.4

��º9»�¾	¿��	�T�>����u ¨ zZ�À�Z� ^.��²
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Á2Â ���F¬
SGD

z Ã1Ä�»;ÅF¬�Æ�Ç�^7�9¯   ���>�>�È�	¬ � ^T² BGO ÉÊ�ËAÌ z�Í �
r �1ÎMÏ;Ð�Ñ µ ���*�*�È�?¬�Ò;Ó �  �Ô�Õnµ Ò�Ó r � o�Ö1¸¢ ^1§.ÎZ¬ Ö ��×�Ø�²

IncidentProton dirz (=cosTheta)
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

co
un

ts

210

310

410

FC 35mm

FC 40mm

SiCdTe 35mm

SiCdTe 40mm

MassModel(r8_4) SAAProton

IncidentProton Phi (=atan(diry/dirx))
-150 -100 -50 0 50 100 150

co
un

ts

210

310

410

FC 35mm

FC 40mm

SiCdTe 35mm

SiCdTe 40mm

MassModel(r8_4) SAAProton

Ù
5.14: BGO É9Ê�ËÚÌ�Û z�ÜÝÀ� Ø�Þ�ß µ SGD à�´�o ¬�á�â7� SAA s�t ��u ¨2© v Öã � Ü�ä ²

Si/CdTe µ(�;¶ � � Ø9���W�*�·� zZå�æ   �(�Z�����1��� Ê.ç�µ(��¶ � � Ø���n�W�è� z � æ �Xé7¯ �����;ê ��² Ûnë�¸�ì�í.î�í 40.0 mm(default; ï ê é )   35.0 mm(-

5.0 mm; ð ê é )
��Þ�ß z�� r ²
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5.3.3 SAA ñ>òÚó>ôöõ¹÷�ø ù1úiûgü
BGO ý�þ	ÿ�¦ ��Ø�� É�Ê�Ë:Ì z�Í ��r ��Þ;ß   ³�� µ Í � � Ø�}9~   ±7� o2Ö z�� Ç��� � s�t � þ ¬ Ô�Õnµ Ò;Ó ����� p
	,  Î ê 	 §(Î ¸�� � Ø ê ² ì §�¯   SAA s�t ¬

SGD
�� àn´�oWµ.p ¯�� q � ØWÎTÇ   BGO ÉÊ�Ë Ì ���X����� z����g�X� Ç�Ø9� zX{| Ø�² Ù

5.15, 5.16 µ;ì �����;};~ z�� r ² Ù 5.15 ¸� ��� �!�"Ë r8 4(default) µ$# ê�   SAA s�t ¬ BGO ÉÊ�Ë:Ì ���X����� ( %�ë ���;��&�' = posz) µF�.¶ � ��� (
�(�

���
)   SGD

 o�µ � q?r ��� z�� rTÖ ã ¯(±7��² ì�í?îTí ) Si or CdTe-Bottom(
å

) *  
) CdTe-Side( + ) *  ,) �1�����9�n��� Ê?ç ( � ) *	µ � q � Ø�Þ7ß z������.ê ��² Ù�- ���� Ö �?�/. 	�µX  <100 MeV

��021/3 Ë�4TÊTs�tnµXl �Z� ¸ BGO
�65(7«~?¬8. � � í�2ê�   �T������� ¸ BGO ÉÊ�Ë:Ì ¬ Í�ê o;Ö�9 � � � ¢ ��²;:�Ð�Ñ µ�¸�  BGO É9Ê

Ë Ì �=</> on¸�? ��@�A	¯(±CB � o
9 � Í�ê$D;E (
Ù

5.4 F )
�;Ø��   �1�����9�n��� Ê

ç�µ(�2¶ � r �T���W���·� ( � ) ¸HG�à1´6I1µ�¥ ê � o�9 �KJ�L � ¢ �X² p Ø   BGO É�Ê
ËAÌ ��<�> o ÎNM o �(O µ¸ 4 mm

�;P�OT¬.±QB
(posz =−67 ¤9¥ ;

Ù
5.4 F )  1ì � ¤9¥¯ ¸�R «1Ñ µ Í �@¢ �9Ø;�   Si   CdTe   �1�����T�W��� ÊFç Î�S µ �T�*�<�È�F¬ � � ¢�X²UT�   Ù F ��>� Ö �F�/. 	�µX  >500 MeV

� s�t1µ�l �Z� ¸ BGO
�65(7«�~ ¸ JL ê ²7�?�������1�Z� Ê.ç �����W�*�è�(¬?�;V ¶ � µXÖ ã �Z�ê �.§7Î �>� ì �H� t ¬8.

� Ö �(�X² p Ø    à1´�o � Õ ���.¯ ¸�W�Ê�X ¬�ª�× �;ê ��²�§ í.¸  o � � »(¯�Y(Z	�
�7¶ �,¬U[<§�B]\ r ê Ø;�T¯(±2��Î�^�®�� í �X²³��   posz =−220 ¤9¥ � W�Ê/XT¸� ;_` �Ha�ß µ .�� É�Ê�ËÚÌ �6bcB]dnÇ o�Ö ¬ posz =−200 ¤�¥�µ ±eB  ?ì �Ø�� µ6R «�Ñ µÍ ��¢ × �;ê ��«;~?¬�F® �2ê ��Î�^;®*� í ��²Ù

5.16 ¸ BGO ÉÊ�Ë Ì z�Í � � ØWÎ�Ç   5�72«;~?¬ Ü2ä r �H�8� z���� Ø8S��9¯.±�X² ì�í.î�í Si
S � � ¸ CdTe-Bottom(

�
)   CdTe-Side( f )   �(�@�����1��� Ê.ç (

�
) µ

��¶ � � Ø�Þ�ß µ�Ö � ����� Ø�² BGO ÉTÊXËöÌ z ³U� µ Í � � Ø1Î�Ç   ±�� o9Ö £ � ÔTÕ
µ SAA s�t � �2¶ �È�?¬�ÒF®?� ¢ ��g  �ì � o2Ö�¸ ± p B ÿ � ¢ ê �(¬�. ê Î ê 	 §.Î
µ�¢ �X² Ù z ��	Î   BGO É�Ê�ËÚÌ �6bcB]dnÇ o�Ö (posz =−220 ¤�¥ � W�Ê/Xih�j )

¯  
Û L�� Ü�ä µ�k ê W�Ê/X ���l� (BGO É�Ê�ËÚÌ µ(�2¶ � r ���l� )

¬�m í �;ê � ��¬�?®��²*§ í(n�o�¸� �Û L�� Ü2ä µ .�× � Ô9Õnµ2ÉÊ�ËAÌ ��«�~?¬ Üqp �6r�s ¸¢��   BGO

É9Ê�Ë:Ì�Û z ³�� µ Í � �Z� S  9à�´�o ¬�á	â.� SAA s�t � þ z6t�u;v µ Ò/\ r §.Î ¸
¢ ê §7Î@¬ Ö ��×TØ�²
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posz [mm]
-250 -200 -150 -100 -50 0 50 100 150 200 250

co
un

ts

1

10

210

310

410

BGO -> Si or CdTeB

BGO -> CdTeS

BGO -> FC

MassModel(r8_4) BGO(40mm) SAAProton(1-800MeV)

posz [mm]
-250 -200 -150 -100 -50 0 50 100 150 200 250

co
un

ts

1

10

210

310

410

BGO -> Si or CdTeB

BGO -> CdTeS

BGO -> FC

MassModel(r8_4) BGO(40mm) SAAProton(<100MeV)

posz [mm]
-250 -200 -150 -100 -50 0 50 100 150 200 250

co
un

ts

1

10

210

310

410

BGO -> Si or CdTeB

BGO -> CdTeS

BGO -> FC

MassModel(r8_4) BGO(40mm) SAAProton(>500MeV)

Ù
5.15: SAA s�t ¬ SGD à	´�o�µ � q � Ø�Î�Ç ���E�@� Ç�Ø BGO ÉTÊ�ËöÌ ����� ( Û L

40mm(default)
��Þ7ß

)
² ì�íFîTí Ï�1q3 Ë
49Ê�w � Ì (

�
; 1–800 MeV)   <100 MeV(

-
�

)   >500 MeV( F � )
��Þ.ß z��i���(ê ��²;x�y

:
�9�<�E���  (z y : % L��W�7��&/'

(posz)
¯.±7�X²��.��{g�@��|7�(V

(Si/CdTe) ¸ −170< posz <−88 µ�  �	�����T�1��� Ê
ç�¸ −78< posz <+245 µ �}� ���2ê �X²
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posz [mm]
-250 -200 -150 -100 -50 0 50 100 150 200 250

co
un

ts

10

210

310

410

35mm
37.5mm
40mm

MassModel(r8_4) Si or CdTe-Bottom SAAProton(1-800MeV)

posz [mm]
-250 -200 -150 -100 -50 0 50 100 150 200 250

co
un

ts

10

210

310

410

35mm
37.5mm
40mm

MassModel(r8_4) CdTe-Side SAAProton(1-800MeV)

posz [mm]
-250 -200 -150 -100 -50 0 50 100 150 200 250

co
un

ts

10

210

310

410

35mm
37.5mm
40mm

MassModel(r8_4) FineCollimator SAAProton(1-800MeV)

Ù
5.16: SAA s9t ¬ SGD à>´�o>µ � q � Ø<ÎÇ �2�e��� Ç9Ø BGO É7Ê�Ë Ì �U�~�� â ÉÊ�Ë:Ì Û z�Ü2Ýg� Ø�Þ7ß1� Ü7ä ² ìTíFîTí Si

S � �Z¸ CdTe-Bottom(
�

)/ CdTe-

Side( f )/
�	���n���W��� ÊFç (

�
) µF�.¶ � � Ø;�9�>�>� ¯?±.��²�x(y :

�����<���  �zy
: % L �F��H&;' (posz)

¯7±��X²2�7��{À�@��|7��V
(Si/CdTe) ¸ −170< posz <−88 µX �������T����� Ê?ç�¸ −78< posz <+245 µ ��� ���2ê ��²
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5.4
� � � ��� � � � � � � � �
� � �

3.3.3 � ¯��}� � Ø�� ¨ ä~��� w�¶�X�� V��;� Ì µU� ê���;�E� Ø�²�§2§�¯T½ 	XÉ����� Ê7É�� ���	§(Î� �¡q¢ µ � ¨ ä É���� � Ê2É£��¤ Î�¥(¦�§.Î µ�§}¨ ² SGD ¸�G;àn´6©�Hª�«�Ð;¬$�ÎU®�¯
CdTe

 �°�± §l¨�² �K³$;´�µ�¶�Æ*Ç ²�·;¸  �°�±£®�¯ # Bº¹ SAA
�

� ² � µHk»	 �;¼ ä µ .�B à1´6IC½ Ðq¾ w>¶HX;� Vq� ¤WÌÀ¿ Î ²/¨ ²�Á=¶ à�´6I ¶6�;¼ ä�i� w>¶HX;� Vq� ¤WÌ  iÂ�Ã ¨ Ø�� µ9¸ ¹~��¶6�;¼;ÄlÅ=�Ðq¾���¶eÆ�Ç ê ¶6È�ßqÉ�Ê(Ë�L
í ¹�Ì�Í8Î k ×�¯£�i¶�Ï;Ð w�Ñ=X�� Vq� ¤~Ò Î�®�¯�Ó;Ô §l¨ ¶�Õl �Ö(×}ÎHØ;ÙeS ¨ u�v ¾Ú ¨HÛ SGD Ü���� ��Ý ç ÉqÞ ·;ß � Ï~ iàáBãâ 	 V$ä/å�V
æ�ç�®i¯ Geant4

 6±�è�é$¾�¹
ê�ë(ì(í�î ¶���¼�ï Ü}��� ��Ý Ü~�U¤ Î�ð}®6¯qÞ MGGPOD

¶�ñ2¾$ò�ó�¾ ÚCôãõ�ö Äl¾
÷ è

(5.4.1 � ) Û}ø ¶�é;ù�¹�ú � É$�8� §�¨qû�ü�² 3 ý�þ Î�ÿ�� ¹ ø������ ¶ ý}þ É��
	
²�� Ý�  6±qè�¯ Ül��� � Ý Ü
��¤  �ò�� §l¨ Á/ç6Î}®Hé Û ú � É��;¼�ï Ül��� � Ý Ü
�
¤ ¶�����Î � è�¯U�}� §}¨HÛ Á=¶��;¼�ï Ül��� ��Ý Ü
��¤ ¶������/Þ ISAS

÷�������� ¶�;÷��  ��! 8Î�"�#%$ � é Û

5.4.1 &('() *,+,-/.�01* 24365%798: ¼�ï Ü<;�=4> Ý Ü%?A@ Þ�ú8¶ 3 Step
Î�ÿ��U¯�� ü Û

Step 1 :
: ¼;Ä8Å�B�C�¶�Ê�Ë

Step 2 :
Ê�ËD$ � é : ¼(Ä8ÅEB�C�¶=Ì;Í > ÝGF ¶�HJI

Step 3 :
: ¼;Ä8Å�B�C�¶=Ì(Í�K

Step 1, 2
Þ}Á �ML Éq¶ SGD ÜM;A=4> ÝON ÉqÞ ² Æ MGGPOD P ±qèJQ ÜM;A=�> ÝRFTSU Û MGGPOD

ç6Þ�¹
GEANT3 V ÝJW�X ê;ë(ì;í8î Ü<;A=4> Ý ÜY?�@[Z�\ X � Ý� É ÚU ÛD]!�^L É2Î Wind
ê�ë

(1994–) _a` TGRS∗2 b6cEdae INTEGRAL
ê(ë

(2002–) _
`
SPI∗3 b4c�d X :�f ïag ÑAh�i�jlka@£Ò X�m�n4o�pJqsr Q�è U [27]

é;ùAt�uMv�wlx�y9z õ
ö x^{ U � Ý� ç[|�} U Û Step 3

Þ ]!�ML x X SGD Ü<;A=4> ÝlN P�~�� r t Step 2 Lx X c�� P à ô�� � Step 3 P ò
�lx6{ U ûlü o^r é�z X (SGD Ü<;�=Y> ÝlN ~ ) P�\ èQ Ü^;�=4> Ý ÜD?�@�P � ü Û�]�ü S U ] ç�xAy
�^��� c������ Pl]��<L x X SGD Ü<;�=
> ÝON ç��M} U ] ç���x^{ U ÛY]���� X ������Þ ISAS

÷������J� X ��÷
� P �� o "�#$ � é���t���� X h�� W��<�[� h
P���� Q�t Step 3
o�� è�Q�� ÿMx�� ;�=4>�� � ?�@�Pò
� r éA�a �¡At
¢ WJ£%��¤¥X�¦�§ ç

Step 3
X � ;�=4>�� � ?A@ ��� o�� èJQA¨l© U �

Step 1

Step 1
xOªY« X :�fa¬� BaC���« X û}ü ��®a¯�x�° p $ � U�± P H�I S U � ê(ë�ì(íî oA² � U�³�´�µJ¶�· P�¸J¹ r t ³�´�µJºJ»½¼ b�c�d ¼ X�¾J¿�À \ o û ô ° p $ � U :�f

∗2Transient Gamma-Ray Spectrometer
∗3The Spectrometer aboard INTEGRAL
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¬^ B�C P MGGPOD P�\lÁaÂ � ;�=4>�� � ?A@ o û ôÄÃ © U �Å f º�» ª
SAA

� X�Æ »½¼ r t ]���L x ¼ �Ç t�È�É;ïY$ ��Â�Ê�Ë 
W�Ì h FÍ P�Î�\S U � Ê�Ë �W�Ì h FÏ ª SPENVIS∗4[28] P�\
Á t ASTRO-H Ð ë X ìUí�î (
÷JÑ

550 km
t

ì;í�Ò�Ó
Ô
31◦) P�¸�¹ r Q À
p $ � Q Á U � L¥Â t SGD

X¥Õ�W Ê�Ë  ª r8 4( Ö 5.4) P
Îa\ r Â �

Step 2

Step 2
xaª�° p $ ��Â :�f¥¬< B�C X�×JØ >�� F P H�I S U � ×JØ >�� F ª!t ³�´�µ�º» X�Ù f v
Ú

(irradiation time) ÛMÜ Ù f P�Ý ù Â K X�Þ¥ß vaÚ (cooling time)
o�à9á Â HI o û ôãâ ù U � â ù ÂD>�� F P Õ�W Ê�Ë MX ¢aä �J� (Volume) å ¼ ÛMÜ :�f
¬^ B�C

å ¼ o�æ[W1F ï S U � ×�Ø >�� FEæ[WçF ªEè�é ô X ä N ��@ X z X P À�p�S U ��êM}aë�t
Volume = CdTe-Bottom

t
irradiation time = SAA

é ß
1 ì ÿ�t cooling time = 6000 í KX�î ¯�t ×�Ø >�� FEæïW1FðXañ�ò�ó�aô ª CDT1 saa 6000s.radi

¼ r t ø X ��õ<ª :�f�¬ B
C ¼ ×�Ø >�� F ��öl÷�ø £<ù�WçFúñ<ò�óA xOû U �

Step 3

Ö 5.17
o :�f ï�� ;A=4>�� � ?A@ Step 3

X�ü L ± �Eý ��P�þ S � Step 3
xOª :
f�¬^

BaC X�×�Ø ± � � ;A=6>�� F�r[ÿ ù�t Step 1, 2
X ���½z�� \ r Q :�f ï����ag � h
i�j

k
@��E>úV  P â ù U � Step 1, 2
x�ª

MGGPOD P!Î
\ S U X
o	�½r Q�t Step 3
xOª ]

��L x X SGD
� ;�=4>�� N PA~�
 r Â z X (SGD

� ;A=4>�� N ~ ) P�Îa\ S U � 
� wª�t Å f ºJ» x�û U :�f�¬< B�C P Volume
¦�X jl@��	� �EB���x�#J°%$�� U û�ü o<r Â

] ¼ e vaÚHÿ�� r Q ó VY@ F b�c x^{ U û�ü o<r ÂM] ¼ �6« x�û U ��vaÚ6ÿ����������<�� ��ª�t :�f�¬ ×JØ ��vaÚ���� S U�± � x�û ô t�ê�}
ë�t b�c ó VY@ F Ë�� N�X	 � c r�
( Ë � � N�ó � )

o ª F�æ�! �lP c $�� Á t ¼ Áeü�ûlü �#" � P%$ ôã� ÷�øA�Å f º�» ª
Step 1

x â ù Â :�fa¬� B
Clx�û U � ø X Â ùAt�¢ Volume
x�° p $ ��Â:�f�¬M B�C å ¼ o Ê4@ £&A � � ;�=^>�� � ?E@�P(' � S U �)�O��û U �Eê�}
ë CdTe-

Bottom
X�î ¯Jt

CdTe
ä � � X�* è^ª 4×8×4=128

* tE° p $ � U :�f�¬M B�C�ª 114 +û U Â ù�t
¢ CdTe
ä � � t
¢  B�C o�� Á Q 128×114=14592 ì � ;�=6>�� � ?A@�P�'� r �
� � ë�� � � Á � Õ�W Ê�Ë  ª Step 1

¼  á�,
r8 4 P�Îa\ S U �� ;E=M>�� � ?�@ x#- �[��Â W¥Ì h F  P t Step 2
x À�p�r Â æúW1F ∗.radi

X�×¥Ø >��F o�.0/ Â�1 �32^� P r Q�4 r�56 U � ]%7 o98;: t=<!� ¼ S U g � h�iJjOk�@=� W¥Ì hF?> ��- �@7 U �

5.4.2 &('() *,+,-/.�01* 243A SGD *,+,-/.�0CBED 5GFIH
SGD

� ;�=6>�� N ~ X#J
À�KL ¼NM � � o	O(r Á �
�<��- ��7 U�± X bQP PE��� Q�t:�fSR)TU X�V u P%W / Â � V u r Â X ª�t Murakami et al. (2003)[29]
o98 U

CdTe
X�Æ

∗4SPace ENVironment Information System
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MGGPOD
   Step 2

X(Y�Z%[�\�]�^G_a`b�c;dfe _@gh\i_
*radi

SGD j3k	l dfe�mon

SGD j3k	l dfe�mon

SGD j3k	l dfe�mon
prqtsNuwvyx{zN|~}��

Ö 5.17: � fR �;�#��� � �i�#� Step 3
X ý 7 � Volume å ¼ � fa¬^#�� å ¼ o SGD������� �Q�E~��o�(� ����� Step 2

x À�p9r Â�� fSR � ��� oMr Â � /����¥Ì h�� > � 4r û 6 � ¼ y
�^��� �¥Ì h�� > ��- �@7 ���

» Ù f�T�U xaû��� TU���� �o� 5.10
o þ�� � TU ª 10 mm×10 mm×0.5 mm � CdTe 1*�o�� r(� t

150 MeV ����� Æ » � Ù f � �Q  ¼ x � fR=¡ ��tMû���¢ ¹ v�Ú�£�t CdTex�¤0¥ ¡ 7 � ó)¦ � �§� flux ��¨�¹�� � ¼ ÁE© z � xlûQ�E� T9U����ª ¯ © 8 © � ��
��«�¹�¬ � ������� � �=��� ��W / Â �

#®�¯ � æ 10 mm × 10 mm × 0.5 mm°± >G² �	³ ��� 2 keVÅS´ °�± >G² � 150 MeV ��� Æ »Å�´�µ è
1.7×1010(

������� � �=�#��ª3¶ 1/1000)

cooling time 1.2 · Ú�£
� 5.10: CdTe � Æ » Ù ´ TQU � ���

Ö 5.18
ª ������� � �G���[�J� ( ¸ ) ��þQ� � Ö ª ª T�U�¹�º ( » ) ¼@½ � � þ¾¬ � Á ��¿ÀSÁ�Â�Ã ó �NÄ ³�Å ¢�Æ ¬ � ÁSÇJÁ�È�É	ÊSË Ä ³ ª#Ì�Í � Å)Î�Ï ¢#Æ ¬ � Í ��¿�  � ¹)ºÐ�Ñ É9Ò �	���(Ó Ò ��� Â Å CdTe � ´ R;ª�ÔQÕ � Ê�Ë Ä ³�� flux � 8;,ÖV�× � �Q Ø ÈK�L Â;Ù�Ú ¿
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Energy [keV]
50 100 150 200 250 300 350

[c
ou

nt
s/

se
c/

ke
V

]

-110

1

10

CdTe + Proton 1.2h

experiment

simulation

Û
5.18: CdTe ��Ü�Ý�Þ ´ T�U � ¹�º ( » ) ß�à�á�� VS× Ò ���0�(Ó Ò ��� � ¹�º ( ¸ )

5.4.3 SGD âäãäåçæèCB�DCéëêíìGîðïðñ ò�óCô õiö�÷ëøúùëû ü�ýEþ�ÿ
  ��� Â Å�É SGD

ª#Ô�Õ � � ´ R������	��
�� Ã� ��� �����0����� Ú ¿�� ª É���Ý��� ��� Ù Í CdTe ��� ´�� ª! #"$�%�&
'� Ã(�) �+* ��,'-;Å�� Ù Í Ø/.�0 Ñ21 " ¿ á�3Ú�4 É SGD
ª65QÍ("

CdTe 7 � � (CdTe-Bottom, CdTe-Side)
ª#ÌÍ�8 � ´�� Ò:9<;�= Ó

Ò	> )@? ��©@A Ø ª ¬ Ú ¿�B ÇQÒC9@;D= Ó ÒE> )2FHG�?�I 5.11
ª&J(K ¿

LHM�N'O�P
r8 4

Volume CdTe-Bottom CdTe-Side

7 � � 36Q'R 128 Q 192 Q
� ´�S�TVU�W 3&R 114 X 115 XY �:Z<R [ 1×105\�]_^H`<a M�Ncb ; Ó P stdANLPhysicsList DC RD

BGO Ò Ó P � 3 M = � Ò	> P � 30 keV
@d )�e_) �'f�g<
Hh Ó
0.5

cut length 0.00001 cm

I
5.11: �Hi � ���j�k�@
�� Ã(H) � �'��3 Ú�4 3�ÒC9@;D= Ó ÒE> )2FHG

�Hi �Dl  Dmon Äqp 1 " �ji SDTVUHW_l Å#Éjr'sjtHX l Ç "ju Â 1 vxw!y�3<zH{j|D3} 3 Ð�Ñ É 1 ~!w�� Ð�Ð "�� {H|C3 } 3 uV�@���2� t'X(�(� "�� á'3 Ú'46���H�(�V� Ð�Ñ
3V�'���c� l  � 8��k�V
j��� () � =�� P��<�j��� Ë Õ("<��ÌCu%m � irradiation time
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Ø
cooling time 3<�:�V����� l  �mo���/�<�k�V
���� H) � =2� P ? JcK<�� H¡�¢c� � �

irradiation time
Ø

cooling time
l@£�¤ 8 � �'¥ � z ¥ � SAA ¦6§ �D¨ª©«�¬�(h<#® M�¯ ÓP 3(° ��± I�² � �C�@�c�H� ? 5 ¤ 8 Ò�9@;D= Ó Ò	> )�? �E� Ú ��³�´H¥ �#~Cµ Óc¶�Ó

3 �j¥H·j¸ � irradiation time = 3 ~ & cooling time = 1 ~ � v�µ Ó:¶�Ó 3(° ¥�·H¸ �
irradiation time = 1 ~ & cooling time = 1 v � u Ú�� SAA 3$,�- ? ��� Kc" Ú�4$� z ¥�·¸ Ø � 8

irradiation time = 1 v & cooling time = 100
¸

(ASTRO-H ¹�º!�V»�¼ ? 1 ½ K" �H� =90
¸ Ø�¾ Ï T�¿ ) ß9à 600

¸ Ø �
irradiation time = 1 SAA & cooling time = 1200À

(SAA Á��H§ �&Â à SAA
l�Ã "'u6�� Cm } z ¤ �j� ) ß�à 3000

À l@£�¤ 8@Ä�Å � Ú
(
I

5.12)
�

irradiation time cooling time

A.
�H¥

3 ~ 1 ~
B. ° ¥ 1 ~ 1 v
C1. z ¥ 1 v 100

¸
C2. z ¥ 1 v 600

¸
D1. SAA ¦6§ 1 SAA 1200

À
D2. non-SAA 1 SAA 30000

À
I

5.12: ��i � Ò�9@;D= Ó Ò	> ) � .@Æ � Ú h@�® M�¯ Ó P
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Ç'ÈHÉ	Ê�Ë(Ì	ÍVÎHÏ�ÐHÑjÒÔÓÖÕ<×'Ø'ÙHÚ
�Hi � �Û�V
��j� j) � 3<z ¥H·�¸ � Ü K_Ý�Þ¬ß ¹HºHàjájâ X ãjä_å&æ HXD 3 ��ç
� ¥ l �@èHé } " A!ê���ë#ì � �:�#í�� �  j¡j¢ l  _m�î 9#;_=�ï î > )�ðjñ �#ò%�#í
3 ��Ä'Å �#óCô%ê � �#í � ��i SDTVUjW 36{�|c� 1 vxw!y(36z ¥H·H¸ l�£(¤ 8 .j0 "�õ
� � SGD ��öD÷ "&øHù�úHû 3<ü l  � 8'�Ô�V
���� j) � =x� P��6� � " ��ý � 3 � �Ü
SAA Á��D¦6§ ß ê Ü SAA

? Á'� � � ¤ ����þ ß 3 2 Á m l ¸�ÿ�� 1 "���u ý SAA Á��
¦@§�3&z ¥H·H¸ � �'I 5.12 3 C1+D1

��� � K�" A!ê/� ���'"6� AHA � � SAA ÁH�(§�3
cooling time = 1200

À � �
SAA

? Á'� � í&§ �<Â ÷ SAA
l�Ã "'u<� 3���� ² � �j� � �"��
	�� �

SAA 3�,�-(�� p ¤ ����þ (
£ u_m �

SAA Á'��§ ��� �jÞ �C�6í�§ ; non-SAA)

3 ·j¸ � � C2+D2

��� � ����"6� A�A � � � SAA Áj�!§_3 cooling time = 30000
À êK�"6� A@3 FjG l  �" �ji � �k�V
��j� �) � 3Vz ¥j·H¸ 3 î 9@;D=�ï î > )����E?��

5.19
l J!K<��� ) ^�� ) N ï�� � ��� ù�� � N ï���ê"!$# 8 2 %�&�'$( ´!�)� � p � l �

<100 keV
� �

2 %!w!��( ´c����"6��u í � SAA ¦V§ � � non-SAA ê*!+# 8 factor 2–4

&,'�-/.�0,1 �32 ) �&= � P � 4 Þ2��" Ajêx� ¸3576 í �(u í � A 1 � 3 ��� � �'�@ç�8
3
�4$9 l  �" } 3_ê � ) î M�: ) � � � " A(ê ?<;$= � í �

Energy [keV]
50 60 70 80 90100 200 300 400 500 600
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-110

1

PhAbsMode(SAA)

PhAbsMode(nonSAA)

CompMode(SAA)

CompMode(nonSAA)

MassModel(r8_4) ActivationBG(short)

�
5.19: �ji � ->. 0�1 �72 ) � z ¥H·j¸ 3 î 9@;D=�ï î > )?�$� �A@ 1AB#1 � ù)���N ï�� ( C )

� � ) ^D� ) N ï�� ( E )
l�F ÿj" -G. 0+1 �72 ) �6= � P ?�I � �,H ¤ © �

SAA ¦<§ ��I ¤ © � non-SAA
� � "&�
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Ç'ÈHÉ	Ê�Ë(Ì	ÍVÎHÏ�ÐHÑjÒÔÓÖÕ�J�Ø'ÙHÚ
3 ~H§D3_ê�� " 1 v��H3LK,M ² � -G.�0$1 �N2 ) � ? èHé } " Acê ? .PO "6� A 1 � �

{H|c�@~!µ(ï ¶ ïLQC÷�vxµ!ï ¶ ï�3�R�i S�T<U�W � nj· p 1 í6§ � (
@ 1 w��LR�i � � ýl

) S+T3K$U l�V � íXW:3�-G.�0$1 �723Y �<=x� P ? è�é } 1 � Z ¤ �X[N\ ² l � �'I
5.12 ] A+B

�L^$_ ² l�`Aa �?bdc��fe ]�g$h lNi c R'i�j+-/.L0,1 �32�Y �k] �H¥'·'¸
] îAl�m�n ï îpo Y �,�rq�� 5.20

l�sdt � ->.�0�1 �d2$Y �u]�vPw ·j¸�x £(¤,y � �NYz �{Y}| ï�� � �
� ù)���N| ï~��ê"!$# y 2 %�&$'�( ´c��� �/� ��x � <100 keV
� �

2

%P�j�
( ´(����c3e êx� ¸P5N6 í ���#�Y2·�¸�x £H¤Xy � � v$w ·'¸ ¾ ¨ ��� ê2� � ¤ �
1 %�&�' � ( ´(���Xc��A� í � e{bG� ] �,� � ���@ç,8 ]
�4$9 x i c } ]Dê �PY<î�� :Yr�Ö� � cNe ê q};$= � í �

Energy [keV]
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MassModel(r8_4) ActivationBG(long)

�
5.20: R+�+j3->. 0�1 �72PY � ��¥H·j¸ ] î�l�m�n ï îpo�Y �$� �A@�b B b � ù)���| ïD� ( C )

�
2 �$. �  � Yp� ( � )

� �+Y z ��Y<| ïD� ( E )
x F ÿ$c -/.
0,1 �32�Y � n

��� q sNt �
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Ç'ÈHÉ	Ê�Ë(Ì	ÍVÎHÏ�ÐHÑjÒÔÓÖÕ��������
ASTRO-H

x���� ý��X� ¹�º x i c<�������3�P�}�L���A�}����x��)6 y��X� x}�+��bP�ÿ�b � �p�<�����
HXD-GSO ]
 P¡ i)¢ � SGD ]�R��Pj$->. 0�1�£ 2$Y � �X¤P¥�¦$¦�§x
¨+© t c)¦<ª O �*b�c�«X�,�+�+¬$d«�®+¯ � b y �±°³² a ´$µ�¶ x (+· t cde3¦��$����

SGD ] �$��x
�fc<¸7¹ q�º,» t cX² a x��
���$�N¼�½75G¾À¿�Á$Â ]
R��$j+-±. 0,1
£ 2�Y � q{Ã ¯G§3¾³�+Ä b3Å,��¾³������Æ�Ç ] A+B

x i c}ÈÊÉLË,Ì £3Í YpÎ ]�Ï�Ð�Ñ,Ò���LÓ · �$ÔXÕXÖ$×�Ød�fÙ q ªLÚGÛ}����^$_ ¶ �A§ ] �PÜ ¢ �LÝ�Þ�x}ß ��j ÈrÉ
Ë,Ì £3Íà Î q<á � t cXx,�de{bG¾ q ª Ú t c<â,ãN«PÜPc�� Ñ�ä ¦�Û y ���3å 5.20, 5.19
� `�a ²

È/É�Ë�Ì £3Í à Îæx ç$� y �
ß � ¸�è,édê�ë�¬�n�ìDí{¦uÕ�Ö$×XØ�x<î t c,�
�Pê��d¥ q ªÚ>Û y ïAð ñ Ä q Û y�ò Û"óP�$ô�õ��
ö$÷

τ � 1 ø êLè�é)x�ç$� y ª$ùNõ��,×�Ø)x}îúÛ�²�¦ û�ê�¿ q N0

¦ t õ)¦ü�
t øü XýÛ�²LÂ3�3ê�¿)�

N = N0 exp(−t/τ)
�3ÜPõ��Xþ�ÿ��

t
������AõA¦

dN

dt
= N0 (−1

τ
) exp(− t

τ
) (5.4.1)

ç7� ¢ �
−N0/τ

ê��*ìDí ��ÕXÖ>Û y �Ê°
(
Õ�Ö���ì�í

)
�
	�� y �

1 ø ê}ë�¬��ì�í�� V
¦

�Aõ)¦u��Õ,Ö+×,Ø�x}î±Û�²f¦�û�ê��������
�

−N0

τ
∆t + V ∆t = 0 (5.4.2)

¦�� ¢ �
N0 = V τ

ê�¦�û{Õ�Ö+×$Ø)x}î���õ��3¦{«���dõL��	�� y ��ö+÷
τ ø�� Ä�� � �� ÅLÕ�Ö+×,Ø)x}î��Aõ�ê�����è$é �3¦�x

irradiation time
�{¨Aù y Ô � Å��$×,Ø)x�îúÛ�²

ÂAê�ß �"! È/É�Ë,Ì £PÍ à Î�� á �#�7õ��P¦*«,��û�õ���$�%Px���� 5.4.1 & ê Step 2
�('

) Û
²�	�*,+���- Ð�. �3¦/+�ß � ¸1032"4Aê�576 í��{ë$¬��Aõ�êX��� Step 3
+/8 ¢:9<;

=<> ��è�é ?3¦/+ ïAð � ñ Ä � Å�	
���
T ø Â1+
Õ�ÖP×,Ø1+�î��Aõ�¦�û³� 1 ø ÆX� 2 ø Æ,� 3 ø ÆX� · · ·

ê
SAA @+ý +�	A�3B�ë¬�C � ²�ß"D,¸<0�2�43«���E �
F��

V0, V0 exp(−1/τ), V0 exp(−2/τ), · · · � Ä/GH��B$�3õê����
V [1 + exp(−1

τ
) + exp(−2

τ
) + · · · + exp(−T − 1

τ
)] = V τ (5.4.3)

¦<�Nõ��AI#J�K,¿�ê�L�� 	 ¢ �
M#N+ê�	�*O+�¨"P7�)ûXõ
�
1 − exp(−T/τ)

1 − exp(−1/τ)
= τ (5.4.4)

�"�����
τ � 1

�+ê�����Õ,ÖP×,ØQ+}î��Aõ"R �3êL��¥$�
T ∼ τ ln 2τ

¦TS#UN�)û³�"V"W)ê
¤�XP�PÜ+õ<è�é3«�ÕXÖ$×�ØY+³î±ÛZB��3õ3���\[
]��dõ#�P¦*«���û�õ���² � Ûü�3^�è�éAê�ö÷N«�_,è�é�ê�ö$÷ 	 ¢ §?�A�3`+ó1+,��a�W7«�â,ã7�3ÜPõ��
b(c)ê�	<*d+
Õ,Ö3×,Ø�� ª�Ú��Aõ��3¦³����V"W)ê,¤eX

( f ù+Å ���+�d¼�½��Ê¾ 3
Á

)
�

ê��,�,¬,<+
	�õ{ß�D ! ÈpÉ�Ë,Ì £+Í à Î/��gAhY� Ã ¯r§�õ��+¦*«,��û�õ���� � «�i,ÂAêj�k �PÜPõ��
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l m m n o

µ"p�q �+���/r��
X s�t�u"vAw ASTRO-H

+dx�yz�dõ á � ê/{<| à,} s - ÐO. SGD
+

~ Ä$õO�z� s È/É�Ë,Ì £3Í à Îkê ºX» �{�Q� ²L��R���� SGD ���/� ��ì���ê/�H�ebz� ·
-

� �}�A��� � � ���d�P² �Y�e� �{ì ��� à �G¾7�"� ¶ +�Ý�Û��(�"�d«��D¾ � õ��N¦���Þ� Û
² �<E,ê�b��(�
SGD

êLÈ±É Ë�Ì £NÍ à Î��1+��Nõ�¦³ª$ùr¾ � õd���+é ?3¦/+ º�» �����²3�<E,ê����H+�ç���B(��M�N#+zR�¦O�3õ��

• ���Q� ¸��
HXD-PIN

ê�$��Y+ ´
  ûZ�
Armstrong et al. (1973)[24]

ê���¡"¢�£1+�	�õ ���Q� ¸�
6�¤7ËGí�hY�
2 ¥ Û}²�¦�êz�,�#��² ���d� �*ì �Y� à +#	<§¨��È�É<Ë�ÌA© Í à Î º» �Z�Y�
²3��E�ê��A�"�

HXD-PIN
�/¾�ê�6�ª+ì�5 à Ì�+�	�õ á"«�¬® 0�¯�°Aê�ÈpÉ

Ë�Ì�© Í à Î��±g�h ,² §��,Ý±Û�³kÈGÉLË+Ì�© Í à Î±� Ã�´ ¦�õ
� \µ ��û/Bz�Nõ�  �{Þ � ��û�¶3��C7¾,+/��· à3¸ í à±¹"º�» +
	e�dBe¼
½z¾3hY¿�ì�À
(<100 keV)ê
ÈÊÉ
Ë,Ì�© Í à ÎÂÁ(g à í±��Ã�Ä
��û�õ��  �<Þ � ��û\� SGD

ê/Å$È à ÎÆ+/ÇH�
B(�È	1§ Ý$Þ1+
È>É�Ë,Ì�© Í à Î7�,É ´ ¦�õ
� \µeÊ
Ë�,² �(¶��

• Ì�Í�Î ��Ï
� Ð<ê�Ñ"Ò����
SGD

ê ÌzÍ�Î �#ÏQ+ ~ �"B�ë » C � ¶AÓAr<Ô���ê3Õ�Ö�×�ØzÙ�+<	Xõ�ÑzÒ � ×z�#ÚÛ Ó(r"Ü���ê�Ý�Þ,ß�DQ+�	�õdÑ"Ò<| à,} s µ ��ßáà�â�ã�©
ä àÈå +)Ù}ê�¯�°�æ�ç
�õ���+�ç#�AB(è#é
¶��(��¡�¢�£  �<�3� �³ì ����ê ê�þ�ë
�eÉ ´ ¦(�(¶3���"��· ê
� 6�ì ê í ²3¬�µ �Ð � �#��ç(ßáà3â�ã�©
ä ê å +�í�î Zï�ðòñ"óõô/² �Q� öµ(÷�Y�(¶3�

• BGO ��ø h å �Oùrû\úHû+õ SAA
Ô��

BGO ü"ý1þ�ÿ�� +�	Y§ �Aø h å �Zù��öú1û�� SAA
Ô�� µÈð þ ¯"°�� ! �������,èé
¶3�

2.5, 5.0 mm 	 ³ ô ¶/`�
�� SAA
Ô�� µ

SGD þ -��� þ ð þ � ÷ + ð þ ¯�°� à������������ þ������Yê  J�� ��� !  ��"�#$�Z�%�¶3� SGD þ'& ��� µ)(�Û�eÔ�� þ'*,+ í3� ÿ-� ô ¶ BGO þ�ü"ý  î�.0/2143,
 ¦ ô ³öí'5�687��! Zµ(÷� %�¶��,9�¶���!;:�< =Y§
BGO �Aø?> å þA@CB �D��E"¶AF�
�</�'G0H�IJ;K þ ß�àâ�ãA©zä ê å µÈð þ ¯�°���LM�?�N��O�ª øQP�ê ã þ�R�S-TNU � !  µ�Ê�Ë�O² %�¶?V

•
G�H�I
G�H�I$J;K þ ß à�â"ã�©
ä ê å � T�U ��<�í'WXG�H"×/?Y�Z þ'[ »,\�]�^ <�_,`�abdcfe0g µ�h �AV�i þ ¶ U"þ G,H�I2j�k-l2m ø jon ê�þ�p�qNR �;r�s S ��� = c <
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ôAt V�9 t W�!;:��;r�s ô a h �Du�H
/ vXwNx,y �;z�{ ô�t ß�àdâ�ã�|�ä ê å m~} >� TMU t V

�,���$<N=��W
SGD þ'� �X� ßõàeâ�ã0|�ä ê å þ "0#"ë��o����� S � t V��<'W�� g�����A�0� | � êC��S h �;�0�2�;�0�$JDK þ �Q�'�0� | � êC� m�} >�� W�G0H�I �Q�?�0�|�� êQ����� � � BGO

�Zù��ZúQû8�
SAA � � þ�ý ��{ ý2  <?"0# S � t ! �¢¡ ��� �£�¤ S h �AV�¥0¦�§'W)¨�©0ª0Z ��« þ ���A�0� | ��¬ � þ'�®�¯ � \ W ]�^,°�± ��²-³�´t G0H�I$J;K ���-��� |���¬ �fµ "0# �$¶ ��·N`-WC=�¹¸,� � SGD

���-��� |N�,¬ �fµ"0#C�;·�E�º = c <)��º�! �¢¡�»½¼�S h º'V
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��¾,¿2§-W�7ÁÀ µ�ÂÄÃÅµ�Æ�Ç ��` t�È�ÉAÊ £ B'Ë º�! �D¡�S É 9M´ t V h � ¡�� c�ÌÍ ` 9N´ t V�9?Î?W
30 Â �;Ï�E º���Ð�Ñ µ �0�0ÒoÓ�9 �;U W�ÔM< SGD µ �����0� |���¬

� "�# � ` c ��� µ?Õ,Ö Ó;×�E�a�Ø B % t?Ù0Ú µ'Û�Ü0Ý0[ <�§'Þ�ßà´Da ¯ ´ É :�9 Ë8á V9 t W?������<�â�´Da,ã'ä0å�æà´¢a,` t�È ` tAç0Ù µ'èXéQB'á < ¯ê@ À~ë�ì$ÓÅí î t ` �ï `89?ð�V è�éQB'áXñ « Ù EXa,` t0È ` t'ò�ó <�ôÄ� q�õ�ö�÷ \�ø �   � ²0E�ùM§ � a ¯ú�< � �D9N´ t µ�S W-û Ö <0ü-a ñ « ¯½ý ñ ´ t ` � ï ` 9?ð?V-þ�ÿ ÕMµ�������S ë��	�
 ��� tAç0Ù µ���QB'á 
 ¯ Þ0ß�` t ´��?ð�V�� t W�� µ 1 ��y W���� HXI/SGD �����
µ��� "!�#�S h � t%$'& W�(ÁÀ á W�)	*�W�+	,,W���`�- º ( Û�è )


 ¯ Þ,ß�´��-ð�V R �. á�µ/�0 Nµ�1 �oÓ �2 É ð�º�� �ÅS W P43oP6587 Ó ¯ � a�j�k?l�m � jn?¬)Ó:9 U º��
�Å¡0S É �N´ t V �8� � \�; ��< µ HXI/SGD ������µ ù Ã 
 ¯ Þ0ß�` t ´��?ð�V%="> µ
TV Ö	? \�@�A ñ ü"BX` t ü�C�DFE t ¯?µ 
 §?þ �HG�I � ` ¯?µ�¡ h �J�?ð�K�� t�L�M !N µ�O�á � 
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 �	� o�~"� . á LF�h� . á¯ f�� ¡
� d Ì Í `��N´�o�K%��¦ 
 Lt��� Ò�� ý 3 �'� Ó4��� W Ø . � oV� W µ ù Ã 
 Þ0ß�´�o�`
� ï `���ð�K

2009 � 2 � ��� Ò M ! N 
tW��� ���

84



/URL

[1] ��� G�¿ � ��� ¸0� ���0�	� ò"� <�� ���0�

[2] NIST XCOM: Photon Cross Sections Database

(http://physics.nist.gov/PhysRefData/Xcom/Text/XCOM.html)

[3] Leo., W., R., ”Techniques for Nuclear and Particle Physics Experiments” Springer-

Verlag

[4] GLENN F. KNOLL � �����8� �¢¡���£�¤ �¦¥"§�¨�þ"©�ª�¬¬«n�®%¯J°
3 ± � ²

³�´0Y�µ 2 û

[5] Takahashi, T., 2006, Experimental Astronomy, 20, pp. 317-331

[6] Odaka, H., 2008, Ph.M Thesis, The University of Tokyo

[7] Nakamoto, T., 2004, Ph.M Thesis, Hiroshima University

[8] Takahashi, T. et al., 2007, PASJ, 59, pp. S35-S51

[9] Takahashi, T. et al., 2004, Proc. SPIE, 5488

[10]
T�¶"·0¸ �º¹�»�¼�½¾� $"¿"À�Á �ÃÂ y'Ä�Å0Æ�Ç � (

°
9 ÈÉÅ�Æ ¨ ) Ê"Ë N�Ì <2ü ±�Í

[11]
\ ¤ Å�Æ ¨ (http://ja.wikipedia.org/wiki/%E5%AE%87%E5%AE%99%E7%B7%9A)

[12]
T"¶�·�¸ ����Î�� ò�� <ÐÏÒÑ Ä�Ó4!	Ô"Õ ÖØ×ÚÙ|ÛÝÜÚÞ 7

�
(V. Å�Æ ¨ ) ß Ñ	à

[13] á »0â"ã � ��äVå_æ � Å�Æ8Ä�ç © II è|é|×6Ù|Û|Ü6Þ 12
�

(
°

6 È Å�Æ ¨ ç © ) ß Ñ�à

[14]
M ä�ê � w ��ë �íì��	î�ï � Å�Æ ¨�ð ��ñ � S	ò"ó	ô

[15] õ ¤ Å�Æ ¨ (http://www.gw.hep.osaka-cu.ac.jp/vuniv/2004-physics/lecture4.html)

[16] ö�÷ùø�ú�û ¨�ü (http://www.jaxa.jp/press/nasda/2002/bbnd 20021211 j.html)

[17] Mushotzky, R. F. et al., 2000, Nature, 404, 459–464

[18] Geant4 ý�þ�ÿ��8þ � (http://geant4.web.cern.ch/geant4/)

[19] ROOT ý0þ�ÿ��8þ � (http://root.cern.ch)

85



[20] MEGAlib ý�þ�ÿ��8þ � (http://www.mpe.mpg.de/MEGA/megalib.html)

[21] Weidenspointer, G. et al., 2005, ApJS, 156, 69

[22] JENDL ý�þ"ÿ��8þ � (http://wwwndc.tokai-sc.jaea.go.jp/jendl/Jendl J.html)

[23] Shibata, K., and Kunieda, S., 2008, Journal of NUCLEAR SCIENCE and TECH-

NOLOGY, 45, 2

[24] Armstrong, T. W., Chandler, K. C., and Barish, J., 1973, J. Geophys. Res. 78, 2715

[25] Letaw, J., Silberberg, R., and Tao, C. H., 1983, ApJS, 51, 271

[26] Cugnon, J. et al. 1997, NIM A, 625, 729

[27] Weidenspointer, G. et al., 2004, New Astr. Rev., 48, 227

[28] ESA’s Space Environment Information System (SPENVIS)

(http://www.spenvis.oma.be/intro.html)

[29] Murakami, M. M. et al., 2003, IEEE Trans. Nucl. Sci., 50, 4

[30] Kokubun, M. et al., 1999, IEEE Trans. Nucl. Sci., 46, 3

[31] �����
	 �������· �����	ð � � �
��� ±
[32] JAXA/ISAS

��� ñ�� Ñ
Astro-E2 �����
� ó ° 2 ��� � SES ��þ! #"%$� Fþ

[33]
���&�' (*)%+-,/.

C++
°

2 ± � SoftBank Creative

86


