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175Lu(n,γ� ) 6.29 MeV
�

176Lu(n,γ� ) 7.07 MeV

1.7 MeV
�THRESHOLD

�

197Au(n,γ� ) 6.51 MeV
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T�HDJ���#7? FPC�E FPC�U TIC�T�B
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E��mFPC�E BDCKJ"B�U BDCKJ"BYF BDCKJ)HDJ BDCKJ"BYF
FPC�E���B7J BDCKJ)H�\ BDCKJ"B�\ BDCKJ)H�H BDCKJ"B�Q
B7J���B�HIC�E BDCKJ)T�T BDCKJ"B�Q BDCKJ)H�T BDCKJ)HDJ
B�HIC�E��OB�E BDCKJ)T�U BDCKJ"B�Q BDCKJ)H�T BDCKJ)HDJ
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E��mFPC�E J�C�Q�Q�Q J�C�Q�Q�U J�C�Q�Q�Q
FPC�EY��B7J BDCKJ"B7J BDCKJ�J)U BDCKJ�J)Q
B7Jq��B�HIC�E BDCKJ"B}V BDCKJ"B7J BDCKJ"B�T
B�HIC�Eq��B�E BDCKJ"BYF BDCKJ"B�T BDCKJ"B�U
B�Eq��HDJ BDCKJ"B�Q BDCKJ"B�E BDCKJ"B�\
HDJ���H�E BDCKJ"B�Q BDCKJ"B�E BDCKJ"B�\
H�Eq��TDJ BDCKJ)HDJ BDCKJ"B�E BDCKJ"B�\
TDJ���V)J BDCKJ"B�Q BDCKJ"B}V BDCKJ"B�\
V)J���EDJ BDCKJ"B�\ BDCKJ"B�T BDCKJ"BYF
EDJ���UDJ BDCKJ"BYF BDCKJ"B�H BDCKJ"B�U
UDJ���\DJ BDCKJ"BYF BDCKJ"B�H BDCKJ"B�E
\DJ���B7J�J BDCKJ"B�E BDCKJ"B7J BDCKJ"B}V
B7J�J��>B�HDJ BDCKJ"B}V BDCKJ�J)Q BDCKJ"B�T
B�HDJ��>B�EDJ BDCKJ"B}V BDCKJ�J)\ BDCKJ"B�T
B�EDJ��>BYFDE BDCKJ"B�T BDCKJ�J)\ BDCKJ"B�H
BYFDEq��HDJ�J BDCKJ"B�H BDCKJ�J|F BDCKJ"B�B
HDJ�J���H�H�E BDCKJ"B�H BDCKJ�J)U BDCKJ"B�B
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#7^Da�(+13aDc$,w').ÔB
Td�-E BDC�\�H�T�\ QICKJ BDC�U�E�T�\ B�BDC BDCGF[J"B�E QICGF BDCGFDT�E�Q EIC�U
E��mFPC�E BDC�\�B�UDJ EIC+B BDCGFIB�H[V FPC+B BDC�U)F]V�V UIC�H BDCGF]V|\�T TIC~V
FPC�E���B7J HICKJ)Q)FDQ V"C+B HIC+B�TDJ)E UICKJ BDC�Q�T�QDJ EICKJ HICKJ)E[V|Q HIC�\
B7J���B�HIC�E BDC�\[V|T�E TIC+B BDCGFDH�B�T V"C�U BDC�\DJ"B�B TIC�T BDC�\DJ)T�Q HICKJ
B�HIC�E��>B�E HIC+B7J"B�U HIC�\ BDC�Q�U�U�Q TIC�\ BDC�Q)FDQ)F HIC�Q HICKJ)H�UDJ BDC�\
B�E��-HDJ HIC+B�B}V|E BDC�\ HICKJ)T�\)F HIC~V HIC+B7J�J�J BDC�\ HICKJ)Q�H[V BDC+B
HDJ��-H�E HIC�H�U�T�E BDC�E HIC�H�B�H[V HICKJ HIC�TDJ)H�Q BDC�E HIC�H�U)FIB J�C�Q
H�E��-TDJ HIC�HDJ)U�Q BDC�T HIC+B�H�H)F BDC�U HIC+BYFDEDJ BDC�H HIC+BYF]V|T J�C�\
TDJ��ÊV)J HIC+B�\�T�H BDCKJ HIC+B�T[V)J BDC+B HIC+BYF[J)Q BDCKJ HIC+B�U�E�E J�C�U
V)J��-EDJ HIC�H)FDH�T BDCKJ HIC�H�U�T�B BDC�H HIC�H)F[JDV BDCKJ HIC�H�U�Q�H J�C�U
EDJ��-UDJ HIC�H�U�T)F J�C�Q HIC+B�\[V|H BDC�H HIC�H�U�T[V BDCKJ HIC�H[V|T�E J�C�U
UDJ��-\DJ HIC�H�BYF[J J�C�\ HIC�H�H�T�E J�C�Q HIC�H�E�BYF J�C�\ HIC�H�TDJ)\ J�C�E
\DJq�>B7J�J HIC�H�Q)F�F J�C�\ HIC�H�\�Q�Q J�C�Q HIC�TDJ)E�\ J�C�\ HIC�H�Q�\�T J�C�E
B7J�J���B�HDJ HIC+B�Q�\�B J�C�Q HIC�H�E[V|\ J�C�Q HIC�H�T�T[V J�C�Q HIC�H�H�U�\ J�C�E
B�HDJ���B�EDJ � � HICKJ)U�T[V J�C�Q � � HICKJ)U�T[V J�C�Q
B�EDJ���BYFDE � � BDC�Q�E�\�H BDCKJ � � BDC�Q�E�\�H BDCKJ
BYFDE��-HDJ�J � � BDC�Q�H[V|E BDCKJ � � BDC�Q�H[V|E BDCKJ
HDJ�J��-H�H�E � � BDC�\�\�\DJ BDC�E � � BDC�\�\�\DJ BDC�E
TDJ��-\DJ HIC�H�T[V3B J�CGF HIC�HDJ"B�H J�C�U HIC�H�T�Q�B J�CGF HIC�H�H)FDT J�C~V

#7^Da�(+13aDc$,w').>H
Td�-E HIC+B�U�\DJ UICGF BDC�E�E�T�E QIC+B BDCGF[J)\�T UICGF BDC�\�E�U�Q V"C�T
E��mFPC�E BDC�\�H�\DJ TIC�\ BDC�U�E�H)F EIC�E BDCGFIB�B�T V"C�E BDCGFDE�B�T HIC�U
FPC�E���B7J HIC+B7J)U�Q TIC+B HICKJ)H�Q�H V"CGF BDC�Q[V|TDJ TIC�U HICKJ)T�E[V HIC+B
B7J���B�HIC�E BDC�\�\�Q)F HIC~V BDC�\�T�E�\ TIC~V BDC�\�T[V|E HIC�E BDC�\�E)FDE BDC�U
B�HIC�E��>B�E HICKJ)\[VPF HIC�H HICKJ"B�\DJ TIC+B BDC�Q�Q)FDT HIC�H HICKJ)T�E�U BDC~V
B�E��-HDJ HIC+B�Q[V|T BDC�E HIC+B�BYF]V BDC�Q HIC+B�H�B�U BDC~V HIC+B}VPFD\ J�C�Q
HDJ��-H�E HIC�H�\�HDJ BDC�T HIC�H�UDJ�J BDC�U HIC�H)FDH�E BDC�H HIC�H)FDT�H J�C�\
H�E��-TDJ HIC�HDJ"B}V BDC+B HIC+B�T�B�E BDC�T HIC+B�H�U�H BDCKJ HIC+B�E�T�\ J�C�U
TDJ��ÊV)J HIC+B�\�TDJ J�C�\ HIC+B�EDJ|F J�C�Q HIC+B�T)F[J J�CGF HIC+B�E�E�\ J�C�E
V)J��-EDJ HIC�H)F�FDT J�C�\ HIC�H�U�U)F BDCKJ HIC�H�H�Q�H J�C�\ HIC�H�E�E�B J�C�E
EDJ��-UDJ HIC�H�EDJ"B J�C�\ HIC+B�\�H�Q BDCKJ HIC�H�H�T�U J�C�\ HIC�H�H�T[V J�C�E
UDJ��-\DJ HIC�H�B�B�B J�CGF HIC�H�B�H[V J�C�\ HIC�HDJ|FD\ J�C�U HIC�H�B7J"B J�C~V
\DJq�>B7J�J HIC�H)FD\DJ J�CGF HIC�H�\�T�B J�C�\ HIC�H�U�B�B J�CGF HIC�H)FDH�\ J�C~V
B7J�J���B�HDJ HIC+BYFDH�H J�C�\ HIC�H�T�\�T J�C�\ HIC+BYFDH)F J�CGF HIC+B�Q�BYF J�C~V
B�HDJ���B�EDJ � � HICKJ)T�Q[V J�C�\ � � HICKJ)T�Q[V J�C�\
B�EDJ���BYFDE � � BDC�Q[V|T�E J�C�\ � � BDC�Q[V|T�E J�C�\
BYFDE��-HDJ�J � � BDC�\�Q�U�B J�C�Q � � BDC�\�Q�U�B J�C�Q
HDJ�J��-H�H�E � � BDC�\�U�Q�Q BDC�T � � BDC�\�U�Q�Q BDC�T
TDJ��-\DJ HIC�H�TDJDV J�C�E HIC�HDJ)T�H J�C�E HIC+B�Q�Q[V J�C�E HIC�H�B�B�B J�C�T

³ y



WNbg��olT(wz¯�V Æ u Ó��	W 
 QÐ�+í Æ u Ót�$� è�Q"��è���ü¬��Wqè¢W�tx��W�txýÁè 
 ����ý�æ�êÀWNèXt$�XW�tÖæÒ��u�MPr � �
46."#7!$8�9 z ,�. �e13.mÓ �e13.-Ó$Ó �e13.-Ó$Ó$Ó Me^�#7!&aD8�#
:���#7?�@

#7^Da�(+13aDc$,w').ÔB
Td�-E TICKJ)E)FDQ FPCGF BDC�U�H[V|H QIC�H HIC�H�B�B�T \IC�Q HIC�T�\�Q�E EIC+B
E��mFPC�E HIC�U�UDJ)U V"C�T HIC+B�EDJDV EIC�Q HIC�TDJ)H)F EIC�U HIC~V|T�T�Q TICKJ
FPC�E���B7J TICKJ"B�H�\ TIC�U HIC�\�\�H�T EIC~V HIC�U�E�U�H V"CGF HIC�\)FDQ�T HIC�E
B7J���B�HIC�E HIC�E)FDQ�T HICGF HIC�T�\�\�\ TIC�\ HIC�T)FDE[V TIC+B HIC~VPF[J)H BDC�\
B�HIC�E��>B�E HIC�\�Q�Q�B HIC�E HIC�E�E�T�E TIC�T HICGF]V|H�B HIC�\ HICGFDU�BYF BDC�U
B�E��-HDJ HIC�\�Q�B�Q BDC�U HIC�U�\[V|\ HIC+B HICGF]V|Q�E BDCGF HICGFDQ�T�Q BDCKJ
HDJ��-H�E TICKJ)UDJ)\ BDC~V HIC�Q�\�\�T BDC�\ TICKJ)E�Q�B BDC~V TICKJDV|H�\ J�C�Q
H�E��-TDJ HIC�Q�E�T�\ BDC+B HIC�\[V|T�\ BDC~V HIC�Q�H�B�B BDC�H HIC�Q�B}V|T J�CGF
TDJ��ÊV)J HIC�\�U)F�F J�C�Q HIC�\�H�U�\ BDCKJ HIC�\�Q�E�H J�C�Q HIC�\�U�E�T J�C�E
V)J��-EDJ HIC�Q�E�T�H J�C�Q HIC�Q�H�E)F BDCKJ HIC�Q�E)FDT J�C�Q HIC�Q[VPF[J J�C�E
EDJ��-UDJ HIC�Q�Q�T�\ J�C�\ HIC�Q�B�H�E BDCKJ TICKJ)H�H�Q J�C�Q HIC�Q�\�B}V J�C�E
UDJ��-\DJ HIC�Q�E)F�F J�CGF HIC�Q�U�HDJ J�C�\ HIC�Q�Q)FDT J�C�\ HIC�Q)FIB�H J�C~V
\DJq�>B7J�J TICKJ)H)FDE J�CGF TICKJ�J|FDE J�C�\ TICKJ)E�\�\ J�C�\ TICKJ)TDJ)Q J�C~V
B7J�J���B�HDJ TICKJ"B7J�J J�C�\ TICKJ�J)\�T J�C�\ TICKJ)H)F]V J�C�Q TICKJ"B}V|E J�C�E
B�HDJ���B�EDJ � � TICKJDV|T�T J�CGF � � TICKJDV|T�T J�CGF
B�EDJ���BYFDE � � TICKJ)E[V|H J�C�\ � � TICKJ)E[V|H J�C�\
BYFDE��-HDJ�J � � TICKJ�J)T�\ J�C�Q � � TICKJ�J)T�\ J�C�Q
HDJ�J��-H�H�E � � HIC�Q�B�E�T BDC�H � � HIC�Q�B�E�T BDC�H
TDJ��-\DJ HIC�Q[V|T�B J�C�U HIC�QDJ)U�\ J�C�E HIC�Q�U�\�H J�CGF HIC�Q[V3B�H J�C�T
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Td�-E HIC�Q�U)F�F UIC+B HICKJ�J"B�U FPC�E HIC�HDJ)T�E UIC~V HIC~V�V|U�T TIC�Q
E��mFPC�E HIC�E�Q�U)F TIC�T HIC+B�\�H�\ V"C�U HIC�T[V|\�H V"C�H HIC~V|H�U[V HIC�T
FPC�E���B7J HIC�\�U�U�Q HIC�\ HIC�Q�H�Q�Q V"C�H HIC�U�H�\�U TIC~V HIC�\DJ)E)F BDC�Q
B7J���B�HIC�E HIC�E�Q�T�T HIC+B HIC~V|HDJ)H TICKJ HIC~V|E)F]V HIC~V HIC�EDJ)Q�T BDC~V
B�HIC�E��>B�E HIC�\�Q�T�\ HICKJ HIC�U)FD\�B HICGF HIC�U�Q�T�T HIC+B HICGF�FDH�Q BDC�T
B�E��-HDJ HIC�Q�U)FDE BDC�T HICGFDT�\)F BDCGF HIC�\DJ)Q�Q BDC~V HIC�\�E)FIB J�C�\
HDJ��-H�E TICKJ)U�T[V BDC+B TIC+B�B�B�U BDC�E TICKJ)H�\�\ BDC+B TICKJ)U�B�B J�CGF
H�E��-TDJ HIC�Q�E�T�H J�C�Q HIC�Q�B�T�T BDC�H HIC�\�\�E�U J�C�Q HIC�Q�BYFDU J�C�U
TDJ��ÊV)J HIC�\�U)F]V J�CGF HIC�\�UDJ�J J�C�\ HIC�\�U�U�T J�CGF HIC�\�U�E�B J�C~V
V)J��-EDJ HIC�Q�E�EDJ J�CGF HIC�Q[V|E�B J�C�Q HIC�Q�B�\�T J�CGF HIC�Q�T�QDJ J�C~V
EDJ��-UDJ HIC�Q)FDU�U J�CGF HIC�Q�H�\�T J�C�Q HIC�Q)FDH�Q J�CGF HIC�Q�U�T[V J�C~V
UDJ��-\DJ HIC�Q[V|T�Q J�C�U HIC�Q�E�H�Q J�CGF HIC�Q�T�U�E J�C�U HIC�Q[V|T�E J�C~V
\DJq�>B7J�J TICKJ�J)E�H J�C�U TICKJ�J)E�Q J�CGF TICKJ"B7JDV J�C�U TICKJ�J|FIB J�C~V
B7J�J���B�HDJ HIC�Q)FDHDJ J�C�U HIC�Q�Q�T�T J�CGF HIC�Q�E�\�H J�CGF HIC�Q)FDT�\ J�C~V
B�HDJ���B�EDJ � � TICKJ)T�B�H J�C�U � � TICKJ)T�B�H J�C�U
B�EDJ���BYFDE � � TICKJ)T)FDT J�CGF � � TICKJ)T)FDT J�CGF
BYFDE��-HDJ�J � � HIC�Q�U�\�U J�C�\ � � HIC�Q�U�\�U J�C�\
HDJ�J��-H�H�E � � HIC�QDJ|F[J BDC+B � � HIC�QDJ|F[J BDC+B
TDJ��-\DJ HIC�Q�T�E)F J�C~V HIC�Q�H�B�U J�C~V HIC�Q�H�T�E J�C~V HIC�Q�H)FD\ J�C�H
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Td�mE BDC�\�E�U�Q V"C�T J�CGF V"C~V HIC~V�V|U�T TIC�Q J�C�\ V"CKJ
E��FPC�E BDCGFDE�B�T HIC�U J�CGF HICGF HIC~V|H�U[V HIC�T J�C�\ HIC~V
FPC�E���B7J HICKJ)T�E[V HIC+B J�CGF HIC�H HIC�\DJ)E)F BDC�Q J�C�\ HIC+B
B7J���B�HIC�E BDC�\�E)FDE BDC�U J�CGF BDCGF HIC�EDJ)Q�T BDC~V J�C�\ BDC�U
B�HIC�Eq��B�E HICKJ)T�E�U BDC~V J�CGF BDC�U HICGF�FDH�Q BDC�T J�C�\ BDC�E
B�E��mHDJ HIC+B}VPFD\ J�C�Q J�CGF BDC+B HIC�\�E)FIB J�C�\ J�C�\ BDC+B
HDJ��mH�E HIC�H)FDT�H J�C�\ J�CGF BDC+B TICKJ)U�B�B J�CGF J�C�\ BDC+B
H�E��mTDJ HIC+B�E�T�\ J�C�U J�CGF J�C�Q HIC�Q�BYFDU J�C�U J�C�\ BDCKJ
TDJ���V)J HIC+B�E�E�\ J�C�E J�CGF J�C�Q HIC�\�U�E�B J�C~V J�C�\ J�C�Q
V)J��mEDJ HIC�H�E�E�B J�C�E J�CGF J�C�Q HIC�Q�T�QDJ J�C~V J�C�\ J�C�Q
EDJ��mUDJ HIC�H�H�T[V J�C�E J�CGF J�C�Q HIC�Q�U�T[V J�C~V J�C�\ J�C�Q
UDJ��m\DJ HIC�H�B7J"B J�C~V J�CGF J�C�\ HIC�Q[V|T�E J�C~V J�C�\ J�C�Q
\DJ��>B7J�J HIC�H)FDH�\ J�C~V J�CGF J�C�\ TICKJ�J|FIB J�C~V J�C�\ J�C�Q
B7J�J���B�HDJ HIC+B�Q�BYF J�C~V J�CGF J�C�\ HIC�Q)FDT�\ J�C~V J�C�\ J�C�Q
B�HDJ���B�EDJ HICKJ)T�Q[V J�C�\ J�CGF BDC+B TICKJ)T�B�H J�C�U J�C�\ BDCKJ
B�EDJ���BYFDE BDC�Q[V|T�E J�C�\ J�CGF BDC+B TICKJ)T)FDT J�CGF J�C�\ BDC+B
BYFDE��mHDJ�J BDC�\�Q�U�B J�C�Q J�CGF BDC+B HIC�Q�U�\�U J�C�\ J�C�\ BDC+B
HDJ�J��mH�H�E BDC�\�U�Q�Q BDC�T J�CGF BDC�E HIC�QDJ|F[J BDC+B J�C�\ BDC~V
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Td�-E H�H�U�UICGF V|HDJ)QIC E�E[V|EIC
E��mFPC�E BYFDH�UICGF TDJ)H[V"C V3B�QDJ�C
FPC�E���B7J B�H�B�EICGF H[VPFDEIC T[V3B�BDC
B7J���B�HIC�E B7J)U�UICGF B�Q�\�BDC H�U)F�FPC
B�HIC�E��>B�E \)FD\ICKJ BYFD\)FPC H[V|T�EIC
B�E��-HDJ FDT�\IC�\ B�E�\)F H�B�B�BDC
HDJ��-H�E UDJ�J�CKJ B�T�U[V"C B�\�T)FPC
H�E��-TDJ E)F[J�C�\ B�H�TDJ�C B�U�U�EIC
TDJ��ÊV)J EDJ�J�C~V B7J|FDQIC B}V|T[V"C
V)J��-EDJ V|T�TIC�T Q)F�FPC�H B�H)F]V"C
EDJ��-UDJ T�\�QIC�U \�U�UIC�T B�B�E�EIC
UDJ��-\DJ T[V|QIC~V F�FDHIC+B B7J)H�\IC
\DJq�>B7J�J H�Q�\IC�T U)FD\ICKJ \�Q)FPCKJ
B7J�J���B�HDJ H�QDJ�C+B U�T�EIC�Q \�U�HIC�\
B�HDJ���B�EDJ H)F]V"C+B E�E�QIC+B \�TDJ�C�Q
B�EDJ���BYFDE H�U�TICGF E�B�HIC~V \DJ�J�C�\
BYFDE��-HDJ�J H�E�HIC�U VPFD\IC�Q F]V|QIC�\
HDJ�J��-H�H�E H[V|\IC�E V|U[V"C�U FDH�HIC�T
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\ EDJ)\IC+B��AH�EIC H�B�E�TIC��AH�BDC J�CKJ H�U�U�BDC T�TIC B�QIC T�\IC
B7J T�T�\IC�U��qBYFPC B�Q)F[J�C��qB�UIC J�CKJ H�TDJ)QIC H�TIC B�UIC H�\IC
B�E B�E�\IC�Q���FPC�Q B�U[V|TIC��AQICGF J�CKJ B�\DJ)HIC B�TIC B�TIC B�\IC
HDJ Q�BDC�Q��oV"C�U B}V|T�TIC��AUIC�Q J�C+B B�E�H�EIC \IC�T B�BDC B}V"C
H�E E�QIC�\���TICKJ B�H�\�UIC��AEIC~V J�C~V B�T[V|UIC UIC�H QIC~V B�BDC
TDJ V|HICKJ���HIC+B B�BYFDEIC��NV"C�E BDC�E B�H�B�QIC EICKJ \IC�E QIC�Q
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