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�!�N¬�� �4�l��¨ �%��� ¨!¬��l��� � ��� � ¬±�l� �!� � ¨!�.�4���l� � � � � �7� �N�w� � ¨ �j
���l��,w�l�4�4�l�l� � � � �4� �!� �±¨ �l� �l�t¬�� �!� �l� � ��� © ª «t�e��� � ¨4� �%� � � � � ¨!�±� �e�l¨4¬�� �l� � � ���4��� �¨�� ¨4¬��w¨!®
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COMPARISON OF GEANT SIMULATION AND EXPERIMENT
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� � � � �!� ��� �4� ��� ¨!�����l� � � �%q� � ���l� �4��� � �4� �#�l� �l� � � � � � j.���l�.� �4� � �l� �!� � ¨!�l���!��{ �� ¬�� � ��� ���!� j�*  +�!�l��yq�4�l� � �l� ���4�l�����l� � � � ¬��!�l�#* Â4² + r7q�l� � ���4� �±�l�4� � ��¨!��� ¨�� �!�e�4�l���!� ¨4�l�!�e�l�4� �!¬�� � � ��� �l� ®� � ¬��!� � � � r:� � � �7� � � � �4� � �4r7�l� � � ���l� �4� � �N��� �4� � ¨4��¨ �#� �¨,� �!� �4� �q� � ¨!� ��� � � � � ¨!�l��� ¨4¬��l�!� � �N� ¨�� �l�
� °l�w� � � ¬�� �4� j%m �±� �l�t� �!� � �l� � � � ¨4��¨!�w��� � �e�4�l���,�4� �4� � ��* [ ¼ + � �4� � �4�!��� �!�l� �!� � ¨!��q� ��� �l�%�!�l��� � �4� �� �l�!� � �l�!���l� �l�l� � ��� � ¨4¬Z�l� � �N� ��� �l� � ¬��4�%�l� ��� � ¨4��� �l� � �!� � ��t� � ��� �l� � �l�l� ��* Â!Â�reÂ ¼ + re� � �4�l� �l�� ¨���� ¬��4� � � �t�l� � � � � �l�4�l� �N¨ �%�4�w¨4���q² ^�¿ j���l��� � � �l� � ��� ¨!��� © � �e�.�4� �±� �N�4� � ���4¨�¨��N�4�!� � � ¬�� �!��q� � �N� �l��� � ¨4� ��� � � � � ¨4�l��¨!��� �4� �l� ��� �
� �l��,w� � �%� °��7� � � ¬�� �!�%q� � ��� �l�ti��!� � � � �l�l�tÂ!Ã:���!s ½ �l� � � � � ¨4�-* ² § + j#n�� �l� �#� �l�t�l� � �l� ¨!�l�%¬�� �4� �l� � ®¬�� �4����!�±�w� � � ¨!� ¬�� ��q� � ���4��� � �!�4��� � ¬�� ��� �4� �!� ��¬�� � �!� � � ��� �!¬��l� ��q� � �l¨!���±�4�!���!�l�l� � � ¨4�l�!�
� ¨4�!� �4� �l� � r!� �l���!�4� � � ¬�� �4�%q� � ��� �l���l� � � � �!�t� � � �l� � �%� ¨!�3,w� ¬��e� �l� �%� �l��� � �!�l� ,w� �!�4�%�l�!� ���!� ¨4�l�l�
�l�l��� ¨�� � �!� � � � � �,�l� ��� � ¨!�l��� � ¨4¬V� �l��� �4¬��l� ��� ¨!�4� �!� �l� �tt�4�q�l� ¨!�7� � � �,� ¨4� � � � � � �7j
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v _8U Z b s��NX _ � j/_ �ß� j/_ � � w�� U Z P b U
m ^ U u n

v � P S j/P Y X f8_ o
o p�à�o {/x yáàâàã}3x o �ä~ �/x�}/x o �ä~ �8x
o {8x y�à�o yå{8x } y�| �8xæ{/x { päy |8xæ{8x { �e}8�8x
o y�à�{ pç{8x | �ä~ �8x�}3x p �ä{ p/xæ~8x | �Úo �8x
{ p�à�{ yç~8x y �ä{ }/xæ{/x � �ä{ ~/xæ~8x { {Úo | x
{ y�à�~ pç{8x ~ pä{8| xæ{/x | ~Úo �/xæ{8x y �Úo y8x
~ p�à�}8pç{8x � }èo �8xæ~/x p �Úo {/xæ{8x � }��/x y
} p�à�y pç{8x } pÚo | xæ{/x y yÚo o xæ{8x y pä�/x {
y p�à�� pç~8x { �Úo {8xæ{/x y/oäo p/xæ{8x �8oé�/x p
� p�à�� pç{8x y �ä�/x }�{/x y/oé�8x oé{8x y }��/x y
� p�à�o p p�{8x | {ä�/x ~Úo x � ~e} �/xæ{8x � �ä�/x {
~ p�à�� pç{8x | {ä�/x �ä{/x �8|e�8x oé{8x | päy/x o

v � P S j/P Y X f8_ {
o p�à�o {/x yáàâà�~/x y }�~ �/xæ~8x y }�~ �8x
o {8x y�à�o y o x | oé� �8xêo x }8{ä� �/xêo x y yä�8| x
o y�à�{ pëo x � }�y �8xæ~/x � ~ä{ p/xæ~8x | pÚo �8x
{ p�à�{ yì}/x o }�{/o xæ{/x ~ {ä{ �/xæ~8x ~ �Úo | x
{ y�à�~ pç{8x } }�{8| xæ{/x y }èo �/xæ{8x y8oäo y8x
~ p�à�}8pç{8x � pÚo y8xæ{/x �/oäo o xæ{8x � |e�/x o
} p�à�y pç{8x o �Úo �8xæ{/x } }èo o xæ{8x ~ �ä�/x o
y p�à�� pç~8x p ~Úo ~8xæ{/x �/oé�8x yä{8x | ��|8x �
� p�à�� pç{8x } }��/x �ä{/x y �ä�8x yä{8x y8oé�/x }
� p�à�o p p�{8x | �ä�/x {Úo x � �e} }3xæ{8x | ~ä�/x o
~ p�à�� pç{8x � {ä�/x �ä{/x � ~�| x yä{8x � ~äy/x p

§ 9
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v _8U Z b s��NX _ � j3_ � � j/_ � � w�� U Z P b U
m ^ U u n

v � P S j/P Y X f8_ o
o p�à�o {/x y·o x {8o ~ pèo |8xêo x ~ � � ~èo o xêo x ~ }8{ y��8x o
o {8x y�à�o y·o x � ~/o pèo ~/xêo x { � ~ p��8x }èo x } p � |�| x �
o y�à�{ pëo x o | | |ä�8x �Úo x { � � ~�y8x �Úo x { � p yä}/x �
{ p�à�{ yëo x ~ | �8oe�8x yÚo x } p/o ��y8x {Úo x ~ �/o |e}/x o
{ y�à�~ pëo x ~ ~ y8oey8x oäo x ~ | } pä}/x ~Úo x ~ y8| ��~8x ~
~ p�à�}8pëo x ~ p � ~�~8x |�o x ~ p ~8oe~8x }èo x ~ p y y�{8x y
} p�à�y pëo x ~ }8� }Ú~8x �Úo x { y8| p�~8x ~Úo x { �8| |ä{8x }
y p�à�� pëo x ~ p � {�~8x yÚo x { y/o ��~8x {Úo x { | � ��{8x }
� p�à�� pëo x { � � {�{8x �Úo x {8o � ~�~8x oäo x { y � {�{8x o
� p�à�o p pío x { �/o ��{8x |�o x o �8| }Ú�8x pÚo x { | }8|ä{8x �
~ p�à�� pëo x ~8o { ~�{8x }èo x { y8| oe{8x �Úo x { � }/o�o x �

v � P S j/P Y X f8_ {
o p�à�o {/x y·o x ~ p/o �èo p/xêo x ~ { � }è| x |�o x ~8o � y��8x {
o {8x y�à�o y·o x y8o p �èo p/xêo x ~ �/o ~Ú| x pÚo x } { � ��y8x |
o y�à�{ pëo x { }8y {��8x }èo x } }8� pä}/x oäo x ~ � � |ä~8x }
{ p�à�{ yëo x } �8| oey8x pÚo x }/o | oe~8x �Úo x } }8p y�{8x �
{ y�à�~ pëo x }/o � |e}/x {Úo x ~ }8p ��{8x �Úo x ~ � y ��{8x }
~ p�à�}8pëo x ~ }/| p�~8x oäo x ~8o � ��{8x oäo x ~ {8| }îo x |
} p�à�y pëo x ~ ~ � }Ú~8x oäo x { � p {èo x �Úo x { � � �èo x �
y p�à�� pëo x { � } ��~8x pÚo x { y { �èo x �Úo x { � }8|Úo x �
� p�à�� pëo x { � { p�{8x �Úo x { { � ~èo x �Úo x { }/| ~èo x }
� p�à�o p pío x { �8| |ä{8x yÚo x o y/o |ä�8x yÚo x { y { ~�{8x }
~ p�à�� pëo x ~8o � ~�{8x ~Úo x { � � �èo x yÚo x { � }/o�o x ~
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v _8U Z b s��NX _ cÚï ð ñ ò ó ô�õ c öï ð ñ ÷ ø ù3ú öüû _3] U Z Y P X _ Y s m ý n ï ð ñ ò ñ õ c öï ð ñ ÷ ø ù3ú öþû _3] U Z Y P X _ Y s m ý nm ^ U u n ` Y P Yÿ` s/`üY f Y ` Y P Yÿ` s/` Y f Y
o p�à�o {/x y ~8x y }ß~ �8xéy8x o ~ �8x�o x ~8o � yå�/x { p/x y �8x {
o {8x y�à�o y o x y y �8| xéy8x o �8| x�o x } { � �åy/x | p/x y y8x |
o y�à�{ p ~8x | p o �8xéy8x o { p8x�o x ~ � � |�~/x } p/x y ~8x }
{ p�à�{ y ~8x ~ � o | xéy8x o o �8x�o x } }8p yå{/x � p/x y {8x �
{ y�à�~ p {8x y8o o y8xéy8x o o �8x�o x ~ � y �å{/x } p/x y {8x y
~ p�à�} p {8x � | �/x oüy8x o o p8x�o x ~ {8| }·o x | p/x y�o x �
}8p�à�y p {8x ~ � �/x oüy8x o o p8x�o x { � � � o x � p/x y�o x |
y p�à�� p {8x | �ß|8x � y8x o �/x { o x { � }8| o x � p/x y�o x |
� p�à�� p {8x y8o �/x } y8x o �/x { o x { }/| ~ o x } p/x y�o x y
� p�à�o p p {8x | ~ �/x oüy8x o �/x � o x { y { ~å{/x } p/x y {8x y
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NEUTRON CAPTURE CROSS SECTION OF 180mTa

NEUTRON ENERGY [keV]
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o p�à�o {8x y o p � �/x | ~ | | {/x�o }8p �/x
o {/x y�à�o y �8| �/x p o ~ � p/x�o { y y/x
o y�à�{ p | ~ �/x � { | ~ �/x�o p { |8x
{ p�à�{ y � p p/x p { p ~ �/x � � }/x ~
{ y�à�~ p y8| p/x � o }8~8o x | | �8x �
~ p�à�} p y p p/x } o }8~ y/x � � }/x {
}8p�à�y p }8~ ~/x ~ o p ~ {/x y � {8x p
y p�à�� p ~ � �/x � o p8| �/x } � {8x �
� p�à�� p ~ } �/x } � | | x p } ~ y8x �
� p�à�o p p { � �/x ~ �8o ~8x } ~ | ~8x �
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���l���l� � � � ¬�� �l�!� � ¨!��¨ �t� � �!� � � � � � �4�e�4�l��� ��� � � ¬�� � � ���l�l� � � � �4� �!� � � ��� ��¬�� �!� �l� � ¬�� �4� ��q� � �N� �l�
Â ÃÁ�t�4s ½ �l� � � � � ¨!�,�l�!�.�7� � ��l� � � � � �7� ��� �
yq� � � jÖ* § 9�r�² ^ r�² § + jÁ���l�N� ¨!� � ¨ q� �l���l� � � �l� � � ¨!�� ¬��l�l�4� � � � ��� �l�.�l�!� � � � �l� �!���!� �7� � � �±¨ �t� �l���l� � � � �4��� °l�w� � � ¬�� �4� j,���l���!�!� � ¨4�l���l�l� � � � �!� �4� � � �
�!� ��� �l¬�¬��4� � � � �.� �,�e�4�l� � ] j���l���l� �l�l� �l��� �l� � � �.� ¨4���!� �7� �4�4� � � � �4� � � �,� � ¨ � ¨4�w� ��� ��� ��À�� � � �4� � �.� ¨ �� ¨4���l¨!� ¬��4� � � � �l��� �l�
� � �!� � � � � �l�.�l�4� �4�4� ¨!�l�l��� �,� �l�±� �l¬Z� �l� � �!�N� � �!� ¨4�N�4� ¨!�l�l��9,�,� u±j:���l� ��� �q� � � � �4� � �!�e� ¨!�q� �l�
�l� � � � �!��� °l�w� � � ¬�� �4��� � �l� �±� �l� ���l�4� �4�4� ¨!�l�l��� ���l�4�l� �l�4� � ��� �!� �4�±�l�l�±� ¨.� �l���4� �!�l�l� � ��� �!¬��l� �
� ¨4�!� �4� �l� ��· � � ��s%� �4� j ¼ �!�l�  » j�m ���l�!� � � � �l� �!� r7� �q��!�q� ¨4�l�l��� ¬��w¨4� � �!�4��� �l�!�q� �l��� � �!�l� ,w� �!�4��qv�s��l� �7� �l�l� �l� ��¨ �7� �l� �#� ¨4� � � � � � ¨!��� ¨!�l� ���w�q� ¨4�l� � �l� � � �7j#���l�q�!�l� � �l� �q¨!�:� ��� � � ¬�� � � �q�l� µ7� � ®
� �l� � ��� �.� �l�±�l�!� ��¨!��� �4� �l� �N� �,� �l�l� �l� �l�l�!�:� �l�l�±· � � �±�e�!�l� � ��Â�� ¨ ¼ »�� ¬��l� � � �#� �l�!�q� �l� � � ¬��!� � ��l�l� � � � �!� �4� � � �#t� � �qt� � �w�l�l�l� �t� ¨!�4� � ¨!� r�� � ¬�� � �4�e� ¨±�l� � �l� ¨!�l�t¬�� �4� �l� � ¬�� �!� ��* § 9lr�²89�r�Â  + j%���l� �� ���4� � ¨N� ¨4�3,w� ¬�� ���4��� �l���4�!� � � ¬�� �!�±q� � ��� �l�.� © � �e��� � ¨4� �±� � � � � ¨4��¨ ��� �l��,w� � ��� °��7� � � ¬�� �!�
* ² § + rl� � �w� � � �4� � �.�!�q� ¨ �� �l� � �!� � �tq�l� � ��� �l��� � �4�l�!� 0!�l�!� ���!� ¨4�l�l�,� � � � ¨�� ��¬�¨4� �q� � �l� � �!� j���l��� ��� � � ¬�� � � ���l�l� � � � �!� �4� � � ��� � � � � � �,� ¨.� �l��¯w� �4�!���l� � ���4�l�N� �l�±�l� ��� � ¨!�N¯w��°��l¨4� ¬��!� ®
� � �!� � ¨!�,�l� �4���7� � �,�l� � � �l� � � �N�l� � ��� ¨4�l� � �,�!�l�N�!� ���!� �4� �,� �,�e�4�l� � ] jm �.� �l��� �l� ¬�� � �4�w�4�l�!� �l� � �t¨ �e� �l��� © ª «��e��� �!¬��l� �!rl¬�� �4� �l� �!�l� ��� ¬��l�l� � � � � �%�� � ��¨!�l� ��� ¨!�l�l�
� ¨!�.{q���!�l��n��qq� � �
�4�l�l�l�l�!�l� � �,¨!� ^ j ^l[ ¿ j*sw¨!�.�!� �q¨ � �l� �.� � � ¬�� �4� �.�l�l�w� �.� � ¬�� � ��� �
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¨ ��� �l�N� �4� � �l� �!� � �
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