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R�S2E[ijTV¢,Z.S�^ïS2Z�EGe,C#¢,Z ~ �:��TaQ4YUe,Q�Q#HPY�SGe,E[Rø�Be,S�SGHPg�TVQJSGe�i Y�C#R�^
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Ñ*ÀPÆ.ÃkÓ[ÔUÈ0Æ.ÂGÈ�Õ�Á�ÀUÈtÁ0Ö�Æ.ß5×aÈ0Ô�à�Á0Ñ.ÂôëwÔPÁtÁ0ÔPà ÀUÈ0Âd�JÈ0ÔPÁ0ÔPÆ.Õ[ÌjÃ,Â[ÇJÁ0Â2È0Ô�Æ.Õ[Ì
ÀPÆ*Ã�ÁtÈ0ÖLÁ0Ô�Æ.ÕôÈ0Â[Õ��wÂGÓGÁ0Ö�Ò-Â[ÞLÉ�æ
¢JE2H�i�SGHUE@S2ZBijQ * dfHP¤ u!i,����EGe$�*TVmni�SGHU\Vh Y[Z#ijQ#Q�HU\&møTVQÔ`#¢�^
C#E2H ¹ w�eDHUEGHñTVgwHPQ.S2Ti`#HPg iJR�`BR2R2TVe,Q HU�,HPQ.SGRxS2e$EGHUmce��,Hñ\VTa¢JZJS
TVe,QBRMb�EGe,m1gwTaEGHPY�S�EGHPi,Y�S2TVe,Q#R�ijQ#gfY[Z#i,E2¢JHPg¢^��#i,E�SGTVYU\aH@HU��i,�BeJEGi�^
SGTaeJQW>·?ÙZ#H�`BRGR�TVe,Qab�EGi,¢,mcHUQ.SGR�\ae.R�H©Y�e,QBR�T{gwHUE[i�c#\aH HPQ�HUEG¢,h¦TVQ
SGZ�HñSGi,E2¢JH�SnijQ#g gwH�SGHPY�S2e,E g�HPi,g°\{i-h,HUE�c/H;b�e,EGHñS2Z�HPh ijEGHøgwH;^
SGHPY�S2HPgW>DN�S0h*��T{YUi,\�`BRGR2TaeJQøR2�/HPY�SGE2C#m b�eJE�ijQøTVQ#gwTV�.T{gwC#i,\�EGTaQ#¢
T{RÙR�Z#eoe5Q´TVQq`#¢JC�EGH ¹ >7?ÙZ�H�C#Q#Y�HPE�S[ijTVQJS0hnTVQøgwH�SGHUEGmxTVQ�TVQ�¢xS2Z�H
YUCwS�e"�·�BeJTaQ.S�i�SÙSGZ�H�mcTaQ#Tam�C�m eb�SGZ�HZ`BRGR�TVe,QøR��/HPY�S2EGC�m TVQ_^
SGE2ewgwCBY�HPR~iñR2h*R�S2HPmni�S2T{YxC�Q#YUHUE2SGijTVQ.S0h�TVQ SGZ�HU`#Q#i,\�p,rIs�tvu�QWI bIw
YUE2e.R2ROR�H�Y�SGTaeJQW>ô?ÙZ�HkR2HUQBR�TaS2TV�*T¥S0hneb
S2Z�HÛ`#Q#i,\/YUE2e.R2RDR2HPY�SGTaeJQnS2e
SGZ�H!`/R2R2TaeJQ Y�CwSGe"�ø�BeJTaQ.S�eDiJR)gwHUS2HUEGmcTaQ#HPgcSGe
cBH l > ~ ��ijQBgcTVR
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\VTVR�S2H�g©TVQf?�ic�\VHk��>
^�e,E)HPi,Y[ZcEGTaQ#¢~TaQnSGZ�H%�xX�gwHUS2HPY�S2eJEOi~�7�0` ��\VejSOi,Q#gcEGi,Q�¢,H

Y�C#E2�JH!eOHPE2H�YUE2H�i�SGHPg
>ô?ÙZ�H�i,\a�#Z#i~�#i,E�SGTVYU\aH�RUI.TVg�HUQ.S2Ti`#HPg TaQnSGZ�H
H �&HPY�S2TV�,HDS2Z#TVY[F*Q�H�R2R8HUQ#HUEG¢,h@��\VejSPI,TaQcY�eJTaQ#YUTVg�HUQ#YUH�e5TaS2Zv`BRGR�TVe,Q
HU�JHUQ.SGR3eDHUEGH)T{gwHUQ.SGTy`#H�g{c*h@SGZ�H5R�eJE�S8E2eJCwS2TVQ�H,>�N Z�T{R0SGe,¢,E[ijmãe�b
ij\V��Z#i�^*`/R2R2TaeJQñYUe,TVQ#Y�T{gwHPQ#Y�H�R�i,R�i�b�C#Q#Y�SGTaeJQfe�bôij\V��Z#ic�#i,E�SGTVYU\aH
HUQ#HUEG¢,h eÙi,R�Y�EGHPijS2HPg{b�e,EôH�i,Y[Z�E2TVQ�¢@TaQ�S2Z#H ��X$gwHUS2H�Y�S2eJEP>8?ÙZ�H
HUQ#HUEG¢,h�c�TaQBRdb�eJE)SGZ�HkZ�TVR�S2eJ¢,E[ijm eOHPE2H�Y[Z�eJR2HUQcSGevc/H l ~FJHU¤e5T{gwH,>ôN¸c�TVQ´R2Ta�PH�e�b l @F,HP¤ eÙi,R7Y[Z�e.R�HPQ gwC�H5SGe~S2Z#H�R�SGi�SGTVR�^
S2T{YUR��BHPE{c�TVQ i,Q#g$TaQ�eJEGg�HUE~SGe ij\V\aeoe b�e,ExY�eJmx�#E2H�R2R2TaeJQ�i�S�i
\{i�S2HPE8S2TVmxHJ>8?ÙZ#HDi,\a��ZBi��#i,E�SGTVYU\aHDHUQ#HUEG¢,hZeDiJR�YUe,EGE2H�Y�SGHPg~HP�,HUQ.Sc*h�HP�,HUQ.SJb�eJEôE2H�Y�e,TV\�H �/H�Y�SGR)ijQ#gvb�e,E)HUQ�HPE2¢Jh�\ae.R2R2HPR�TVQcS2Z#HÙSGijE,^
¢,HUSPI.ij\VC�mcTaQ*C�mJ��^�R2Z�TVHU\{g
IJi,Q#gxTaQ#HUE2SOgwH�SGHPY�S2e,E)\Vi-hJHUE[R�u�N�\&ijQ#g
N�C�w�>�?ÙZ�HøR��/HPY�S2E[i¦b�e,ExHPiJY[Z�EGTaQ�¢ eOHPE2H´S2Z�HPQ°R2C�mcmxH�g�SGe�^
¢,HUS2Z�HPEP>D?ÙZ�T{R���EGewY�HPRGRMeÙi,RÙT{gwHUQ.SGTVYPij\�b�eJE!c/ejS2ZºpIr ��� u*ÐdªIÐ 
�«Cw
ijQBgnS2Z#HÛpIr,Ý � u*ÐdªIÐ 
�«CwOg�i�S[i�>�?ÙZ�Hkg#i�SGiveDHUEGH�ij\{R2e�Y�eJE2EGHPY�S2H�g
S2e�SGi,F,H7TVQ.S2e�iJYUY�eJC�Q.SWS2Z#H)TVQJSGHU¢JEGijS2HPgÛc/HPi,m�YUC�EGE2HPQJS�I-Q.C#m{c/HUE
e�b8SGi,E2¢JH�S�ijS2e,mnRPI�ijQ#gø\VTV�,HkS2TVmcH�e�b8S2Z�H�i,YU�.C�T{R2T¥SGTaeJQøR2hwR0SGHUmø>
?ÙZ�T{R5Q�eJE2mnij\VTV�Pi�SGTaeJQ�b!iJY�S2eJEÙTVR
������� Á � !��	��
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e5Z�HPE2H�� !	����
°T{R5SGZ�H�TVQ.S2HP¢,E[i�S2H�g§cBH�ijm1Y�C�EGEGHUQ.SPI������� Ê !	��� 
 T{R
S2Z#H©\VTa�JH´SGTamcH�b�EGiJY�SGTaeJQWI)ijQBg ��� � � ��� !�����
�ijEGH SGZ�HøQ.C#m{c/HUE
e�b�ijS2eJmcR©e�b~SGZ�H$Y�e,EGEGHPR2�BeJQ#gwTVQ�¢$SGi,E2¢JH�SP>ì?ÙZ�H·C�Q#Y�HPE�S[ijTVQ_^
S2TVHPRÙiJR2R2ewY�T{i�S2H�gUe5T¥SGZ´SGZ�Hk\aTV�,H�S2TVmxHÛb�E[i,Y�S2TVe,Q´i,Q#gnTVQJSGHU¢JEGijS2HPgc/HPijmìY�C#E2EGHUQ.S)ijEGHÙ\aH�R2RôS2Z#i,Q i@�BHPEGYUHUQ.SP>ô?ÙZ�H5C�QBY�HUE2SGi,TaQ.S0h�TaQ
S2Z#H�S[ijEG¢,H�S�S2Z�T{Y[F*Q�HPRGR�H�R�mcHPQJSGTaeJQ�HPg i�c/e��,H�T{R�S2Z�Hcgwe,mcTVQ#ijQ.S
C�Q#YUHUE2SGi,TaQ.S0h¦TaQ S2Z�HñQ�e,EGmnij\VTa��i�SGTaeJQÔb!i,Y�SGe,ExijQ#g�T{Rx\aT{R�S2HPg�TaQ
?8i�c�\VH@��>
?ÙZ�HZ`#Q#i,\Wij\V��Z#iv`BRGR�TVe,QøR��/HPY�S2E[icijEGHk¢JTa�JHUQ×c*h
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Excitation energy of the nucleus (MeV)
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Â[Æ.ÂGÈ0ßUÉ5ÔP×jÁ0ÑJÂ�È0Â[Õ��wÂGÓGÁ0Ö�Ò-Â�ÆjÇJÓ[Þ�Â[Ç.Õ[æÒ��Ñ.Ö�Õ&ÃJÀUÁ�ÀôÖ�Õ&Ç.ÕtÂ�ÃÙÁ0Ô7Ó�ÀUÞ¥ÓGÇ.Þ¥ÀUÁ0Â
È0Â[Þ¥ÀUÁ0Ö�Ò-Â��,È0Ô�ë.ÀPë.Ö�Þ�ÖLÁïÉ�ÔU×/ù*ÕtÕtÖ�ÔPÆ�×{ÔUÈOØ�Útú[Ü°ÓGÔ�à �*À�È0Â�Ã@Á0Ô@Ø�Ú���Ü�æ��Ñ.Â
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� �%$ ijEGHôSGZ�HOYUe,EGE2H�Y�S2H�g]`BR2R2TVe,Q�R2�BH�Y�S2E[i�I�ju¬¿ Ê�Ë w !���� 
 ½�&  ¦ijEGHnSGZ�H©i,\a��ZBi§`BRGR�TVe,Q�YUe,TVQ#Y�T{gwHUQ.ScR��/HPY�S2E[ig�HPRGY�EGTic/HPg¦i�c/e��,HJI�ijQ#g��������<T{R@S2Z#HnQ�e,EGmnij\VTa��i�S2TVe,Q b!i,Y�S2e,Eb�EGe,m1H��JCBi�S2TVe,Qau;O�w�>k^8TV¢,C�EGH * R2Z�eoe�R�S2Z�H�E2H�R�C�\aS2TVQ�¢ñR��/HPY�S2E[i

YUe,EGE2H�Y�SGHPg]b�e,E�S2Z�HOQ�e,EGmnij\VTa��i�S2TVe,QÛb!iJY�S2eJEP>�?ÙZ�H&Ð�^ t:]Oe,C�\Ve,mvccBijEGE2TVHUEduFmo��dfHP¤Ûw�ijQ#gkSGZ�H)EGHPYUe,TV\je�bwSGZ�H7S[ijEG¢,HUSWQ.CBY�\VHUC#R�\aTVmcT¥S
SGZ�H mnio�wTVm�C�m H;��YUT¥S[i�S2TVe,Q�HPQ�HUEG¢,h�S2Z#ijSxYUi,QÔcBHñR0SGC#gwTVHPg¦S2e
i,����EGe$�wTamni�SGHU\Vhqm * dfHU¤�>

&�P;Q �)(U�}TW�����MTWP�\ [�S�\W��VLTJ�{PISUTWPI�L�
N4gwHUSGi,Ta\VHPgøijQBij\Vh*R2T{R5e�b8S2Z�H�HUQ�HPE2¢Jh´\VeJRGR�ijQ#gñC�QBY�HUE2SGi,TaQ.S0h

TVQñS2Z�H�g�H�S2H�Y�SGe,E�R2h*R�S2HPm Z#iJRLcBHPHUQø�BHPE�b�eJE2mcH�g
>7?ÙZ�H�R2e,C�E[Y�H�R
ebBC�QBY�HUE2SGi,TaQ.S0h�i,E2HÙHPQ�HUEG¢,h�R�S2E[ij¢J¢,\VH,IjijQ#¢,C�\{ijE�EGHPR2e,\VCwS2TVe,QWI�TVQ_^
SGE2TVQ#R2TVY gwH�SGHPY�SGe,E©HUQ�HPE2¢Jh EGHPR2e,\VCwS2TVe,QWI5i,Q#g Y�hwY�\VejSGE2eJQ�cBH�ijm
HPQ�HUEG¢,h´E2H�R�eJ\aCwSGTaeJQ©i,Q#g©S2Z�HPh©ijEGH~gwewY�C�mcHPQJSGHPgñTVQø?8i�c#\aH ����>
?ÙZ#H�HPQ�HUEG¢,hcR0SGEGi,¢,¢J\aH�i,E2T{R2HPRJb�EGe,m SGZ�H�TVQ.S2HPEGiJY�S2TVe,Q´e�bWSGZ�Hki,\y^
�#Z#ik�#ijE2S2T{Y�\VHPR?e5TaS2Z�S2Z�H5��i,E2TVe,C#R8mni�SGHUEGTVi,\VR�TVQ�S2Z�HÙS[ijEG¢,H�SôijQBg
g�H�S2H�Y�SGe,E)R2hwR0SGHUmø>8N�\a�#Z#i~�#i,E�SGTVYU\aH�RôTaQ.SGHUE[i,Y�S&e5T¥SGZcS2Z�H5S[ijEG¢,HUS
mnijS2HUEGT{ij\ïI ��^tR2Z�TaHP\VgWIWij\VC�mcTaQ*C�m i,Q#g�¢Je,\{gf\{i-h,HUE[R�e,Q�SGZ�HcgwH;^
SGHPY�S2e,E�I�ijQBg´SGZ�H�R2Ta\VTVYUe,QW>O?ÙZ�H~HUQ�HPE2¢Jh \VeJRGR�H�ROTVQñS2Z�H�TaQ#iJY�SGTa�JH
\{i-h,HPEGRkijEGHnR�CEc#R0S[ijQ.S2T{ij\!u � �´FJHU¤ìS2eºmñdfHP¤Ûw~i,Q#g·i,E2HnYUe,E,^
EGHPY�S2H�g$e,Q�ijQ�HP�,HPQJSvc.h¦HU�JHUQ.S{c#iJR�T{R�TVQ�SGZ�H©g�ijSGifi,Q#ij\VhwR�T{RU>
?ÙZ#H�HPQ�HUEG¢,hn\VeJRGRÙY�e,EGEGHPY�SGTaeJQ#RôS[ijFJH�TVQ.S2eni,YPY�e,C#QJSOS2Z�H@HPQ�HUEG¢,h
eb)SGZ�HnTaQBY�T{gwHUQ.S�ij\V��Z#iñ�#i,E�SGTVYU\aHnijQBg�SGZ�H ijQ�¢J\aHci�S
e5Z#TVY[Z¦T¥S
T{RnTVQ#Y�T{gwHPQJS�>³?)h*��T{YUi,\5�-i,\aC#HPR ebkHPQ�HUEG¢,h°\ae.R2R´ijEGHñ¢JTa�JHUQ:TVQ
?8i�c#\aH�������>7?ÙZ#H�ijQ�¢JC�\Vi,EÙE2H�R�eJ\aCwSGTaeJQ´eb�SGZ�H�gwH�SGHPY�S2e,E5T{R5gwT{Y�^
S[i�SGHPgac*h$SGZ�Hø¢,HUeJmcH�S2EGh¦e�b�SGZ�H×cBH�ijm<R2�Be,SceJQ�SGZ�H´S[ijEG¢,HUS
i,Q#gnSGZ�H@E2HP\VijS2TV�,HkgwTVR�SGi,Q#Y�H�RDe�b�SGZ�HkSGi,E2¢JH�SDS2e�S2Z�H �xX°i,Q#gñX
g�H�S2H�Y�SGe,E[RU>
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^�e,E)S2Z�T{RDH;�w�/HUEGTamcHUQ.S�I,SGZ�H�i,Q�¢,C�\{ijEOE2H�R�eJ\aC�S2TVe,QnE[ijQ�¢JHPg�cBH�^
S�eDHUHUQ��> � � S2e
mw>�m � >8?ÙZ�H5i,Q�¢,C�\{ijE8EGHPR2e,\VCwS2TVe,Q�S2E[ijQ#R2\VijS2H�R�TVQ.S2e
ijQ¦C�Q#YUHUE2SGi,TaQ.S0hfe�bOS2Z�HcEGHPYUe,TV\�i,Q�¢,\VHxe�b)SGZ�HcSGi,E2¢JH�S@Q*C#Y�\VHUC#RP>
?ÙZ�H�TaQ.S2EGTVQ#R�T{Y�g�H�S2H�Y�SGe,E)EGHPR2e,\VCwSGTaeJQµeDiJR7mcHPiJR�C�EGHPgcCBR�TVQ�¢�SGZ�HpIp,ÝP��i�R2e,C�E[Y�HôgwH�R2YUE2T cBH�gkTaQ�_*H�Y�SGTaeJQ~�t¤�>U?ÙZ�HOY�hwY�\VejSGE2eJQ]c/HPi,m
HUQ#HUEG¢,h~EGHPR2e,\VCwS2TVe,QveDiJR�TaQ_b�HPE2EGHPg{b�EGe,m³SGZ�HLe5TVg*SGZce�b/S2Z�HÙHU\{i,R�^
S2T{Yc�/HPijF·TaQ�iø��EGHU�*TVe,C#RkH��*�/HUEGTVmxHPQ.SP> �tQ¦S2ZBi�S�H;�w�/HUEGTamcHPQJS�I
S2Z#H¦cBH�ijmÙe5T{g*SGZÂeÙi,RcmcH�i,R2C�E2H�gjc*h��#\ViJY�TVQ�¢�i¦YPij\VTic#EGijS2HPg
R2Ta\VTVYUe,Q�gwHUS2HPY�S2eJE�gwTVE2H�Y�S2\Vh TVQ¦S2Z�H©ij\V��Z#i×cBH�ijmßb�E2eJm SGZ�H O7O
�tQ#Y[Z·]OhwY�\VejSGE2eJQ kil�� n�>Ù?ÙZ�H�HUQ#HUEG¢,hqe5T{g*SGZfe�b�S2Z�H�Y�hwY�\VejSGE2eJQc/HPijm eDiJROS2Z�HPQñTVQ_b�HPE2EGHPgñC#R2TaQ#¢�SGZ�HZb�e,\V\Veoe5TaQ�¢xEGHU\{i�S2TVe,Q

��¿ p� � � À�� Á ��¿ p� À� ¯���¿ p� Ê�À � u l�l w
e5Z�HPE2Hµ¿ � � � À��DTVRkSGZ�HxS2ejS[ij\ôHPQ�HUEG¢,h�C#Q#Y�HPE�S[ijTVQJS0hJI�¿ � À��DTVRkSGZ�HTVQJSGE2TVQ#R2TVY@gwHUS2H�Y�S2eJEÙE2H�R�eJ\aCwSGTaeJQWI�ijQBg�¿ � Ê�À � TVRDSGZ�H�]OhwY�\VejSGE2eJQc/HPijm HPQ�HUEG¢,h×e5T{g*S2ZW>�?ÙZ#H�HPQ�HUEG¢,hñC�Q#YUHUE2SGijTVQ.S0hfY[Z#ijQ�¢JHPR�i,R
i b�C#Q#Y�SGTaeJQ´e�bWeJCwS2¢Je,TVQ�¢�i,\a��ZBi��#i,E�SGTVYU\aHkijQ�¢J\aHJI,SGZ�HUEGH;b�eJE2H5SGZ�H
HUQ#HUEG¢,h�R�S2E[ij¢J¢,\VHôijQ#g@EGHPYUe,TV\,ijQ�¢J\aHôC#Q#Y�HPE�S[ijTVQJS0h��#ijE2S2T{ij\V\Vh�YUi,Q_^
Y�HP\JH�i,Y[Z~e,S2Z�HPEP>8N�R8iL`#Q#i,\.Y[Z�H�Y[F�eJQ~S2Z#H)HUQ#HUEG¢,hkC�Q#Y�HPE�S[ijTVQ.S0h,I
S2Z#HxHP\ViJR0SGTVY��/HPijF eDiJRW`#SZe5TaS2Z$iñ¢Ji,C#R2R2T{ijQ i,Q#gfSGZ�H l ¼ C#Q_^Y�HPE�S[ijTVQ.S0h
eDiJR�b�e,C�Q#g�SGe cBHWm�m��F,HU¤�>jAÙi,R2HPg�e,QxS2Z�T{R7i,Q#g�SGZ�H
i�c/e��,H�YUij\{Y�C#\VijS2TVe,Q#R�SGZ�Hke��,HUE[ij\V\wHUQ#HUEG¢,hxC�Q#Y�HPE�S[ijTVQ.S0h�C#R2HPg TaQ
S2Z#HZ`#Q#ij\WYUE2e.R2R5R2HPY�S2TVe,Q×eDiJROSGijFJHUQ©S2eµc/H{mm�FJHU¤�>
?ÙZ�H `BRGR2TaeJQ�b�EGi,¢,mcHUQ.SGR Z#i-�,Hèi4gwT{R0SGE2T c�CwSGTaeJQ²e5T¥SGZ EGH;^

R2�BH�Y�S�SGe�SGZ�H©EGHPYUe,TV\aTVQ�¢�Q*C#YU\aHPC#R~SGZ#i�ScT{R�i,Q�TVR2ejSGE2eJ��T{Yj>�?ÙZ�T{R
ijQ#TVR2ejSGE2eJ�.hcY[Z#i,Q�¢,H�Rde5TaS2Z©S2Z�H@H��wYUT¥S[i�SGTaeJQ´HUQ#HUEG¢,hce�b�S2Z�H@Q*C_^
Y�\VHUCBRU>�`�T��&HUEGHUQ#YUHPRxTVQ�S2Z#Høi,Q�T{R�e,S2EGe,�*h eb�S2Z�H×`BRGR2TaeJQxb�EGi,¢�^
mcHUQ.SGR kil O$nLe5TaS2Z E2H�R��/HPY�S�S2e S2Z�HñEGHPY�eJTa\VTVQ�¢fpIr,Ý�t i,Q#gjpIr � t
Q*C#Y�\VHUTwYUe,Q#R�S2TaS2CwSGH5ijQ�e,S2Z�HPE8R2e,C�E[Y�HOe�b#C#Q#Y�HPE�S[ijTVQJS0h~gwC#HOSGe�SGZ�H`#Q�TaS2H�R�eJ\aT{gcijQ�¢J\aH5Y�e��JHUE[ij¢JHOebBSGZ�HM`BRGR�TVe,QcgwHUS2HPY�S2eJEP>�?ÙZ�HM`BR�^
R2TaeJQvb�E[ij¢JmcHUQ.S)ijQ�T{R2ejS2EGe,�#TaH�R3b�e,EdpIr � t�i,Q#gUp,rIÝ�t¸`BR2R2TVe,Q�b�EGi,¢�^
mcHUQ.SGR�Z#i-�JHqc/HUHUQ°H;��ijmcTVQ�HPg i,R�R2Z�eoe5Q�TVQa`B¢,C�EGH � >$N�Rci
mcHPiJR�C�EGHne�bÙSGZ�H©i,Q�TVR2ejSGE2eJ�*h,I�eDH´YUe,Q#R2TVg�HUE~SGZ�H´E[i�SGTaefebDSGZ�H
Q*C�m{c/HUE´e�bÛ`BR2R2TVe,Q HU�,HPQ.SGRcTVQ°SGZ�H�ijQ#¢,C�\{ijEnE[ijQ�¢JH©ebZ � S2e~  � S2enSGZ�H�Q*C�mvcBHPE�eb3`/R2R2TaeJQøHU�,HPQ.SGR�e��JHUEÙSGZ�H�ijQ#¢,\VH�EGi,Q�¢,H
e�bÛ� ¹ � SGe O � IOi,Rnifb�C�QBY�S2TVe,Q:eb�H;��YUT¥S[i�S2TVe,Q HUQ#HUEG¢,h,> ?ÙZ�H
ijQ#¢,\VH�gwH�R2YUE2T cBH�g�Z�HPE2H�TVR�S[ijF,HPQºe5TaS2Z EGHPR2�/HPY�SkS2e©S2Z#H�EGHPYUe,TV\y^
TVQ�¢@C�EGi,Q�TVC�m�Q*C#YU\aHPC#RU>��tQxS2Z�H5HPQ�HUEG¢,h~E[ijQ�¢JHÙQ�HPi,E�SGZ�HL`BRGR�TVe,Qc#i,E2EGTaHPEPI�b�EGe,m 5SGeW��d�HU¤°R2C�EGE2eJ¢JijS2HôQ�HPCwS2EGe,Q�HPQ�HUEG¢,hUu * > ��S2e

Excitation energy of the nucleus (MeV)
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�¬�.Þ¥ÀPÆJÂÙù*ÕtÕtÖ�Ô�Æ�×VÈ�ÀPßPà~Â[Æ�ÁOÀPÆ.Ö�ÕtÔUÁtÈ0Ô��.Ö�Â[ÕDÀPÕOÀk×{ÇJÆ.Ó �
Á0Ö¥ÔPÆ�ÔU×.Â,�JÓGÖ�Á�À�Á0Ö�Ô�Æ�Â[Æ.ÂGÈ0ßUÉ�ÔP×,Á0Ñ.Â�ÆjÇ.Ó[Þ�Â[ÇJÕ/×{ÔUÈ Ø�Útú Ü°¾{È0Â[Ã5ÁtÈ0Ö¥ÀUÆ.ß�Þ�Â[Õ�Ï
ÀPÆ*Ã�Ø�Ú��[Ü ¾�ë.Þ�Ç.Â�Ó[ÖLÈ0Ó[Þ�Â[Õ�Ï2æ���Ñ.Â8ÀPÆJÖ¥ÕtÔUÁtÈ0Ô���É�Ö�Õ
à~Ô�Õ�ÁÒ�,È0Ô�ÆJÔ�Ç.ÆJÓ[Â�Ã�ÀUÁ
Á0Ñ.Â7ù*ÕtÕtÖ�Ô�Æ�ë*À�ÈtÈ0Ö�ÂGÈ $�����ÔU×&À�� �JÈ0Ô��,Ö�à�ÀUÁ0Â[ÞLÉ@ÎkáxÂ[â ÀUÆ*Ã�ÃJÂ[Ó2È0Â�ÀPÕtÂ[Õ
Á0Ô�ó�ÀUÈ�Ã,Õ�ÇJÆ.ÖLÁïÉ´Á0Ñ.ÂGÈ0Â[ÀU×VÁ0Â2È�æq��Ñ.Â~ù*ÕtÕtÖ�Ô�Æ�ÀUÆ.Ö�ÕtÔPÁtÈ0Ô��.Ö�Â[Õ~À�È0Â�Â�Ý�Ç*ÀPÞ
ó7Ö�Á0ÑJÖ�ÆxÁ0Ñ.ÂÙÂ,���wÂ2È0Ö¥à~ÂGÆjÁ�ÀUÞBÇJÆ.Ó[Â2ÈtÁ�ÀPÖ�Æ�Á0Ö¥ÂGÕ)Ô�Ò-Â2È)Á0ÑJÂÙÂI�,Ó[ÖLÁ�ÀUÁ0Ö�ÔPÆnÂ[Æ
�
ÂGÈ0ßPÉ�È�ÀPÆJß�Â5ÔP×&Ö¥Æ�Á0ÂGÈ0ÂGÕ�Á�æ

l �> ��dfHP¤ãH���Y�TaSGi�SGTaeJQ HUQ#HUEG¢,h�w�IJS2Z�H~i,Q�TVR2ejSGE2eJ�*h��/HPi,F,HPg´i�S5ib!iJY�SGe,E8e�b ~ ijQ#g�gwE2eJ���/HPg~SGe�C�Q#T¥S0h c*h ��d�HU¤ R�C#E2EGe,¢.i�S2HôQ#HUC_^
SGE2eJQ©HPQ�HUEG¢,h�b�e,E!c/ejSGZñQ*C#YU\aHPT�>O?ÙZ�H~mnijTVQ�b�H�i�SGC�E2H@SGecQ�ejSGH~TVR
SGZ#i�S)S2Z�H�E[i�SGTae@eb/SGZ�HM`BRGR2TaeJQvb�E[ij¢JmcHUQ.S)ijQ�T{R2ejS2EGe,�#TaH�R�e�bCp,r � t
e��JHUE
pIr,Ý�t eÙi,RZb�eJC�Q#g·S2eºc/H´YUe,Q#R2TVR�S2HPQ.S
e5T¥SGZ�C�Q�TaS0h·TVQ$S2Z�H
HPQ�HUEG¢,h�EGi,Q�¢,H&b�E2eJm �S2e{m@dfHU¤�R2C�EGE2eJ¢Ji�SGHOQ#HUCwSGE2eJQ�HPQ�HUEG¢,hu * SGe
m * dfHU¤:TVQ�H��wYUT¥S[i�SGTaeJQ�HUQ#HUEG¢,h�w�>8?ÙZ�HÙEGijS2TVe�mcH�SGZ�ewg�EGH;^
g�C#Y�H�RÙe,C�E5R2HUQ#R2T¥SGTa�*TaS0hnS2exSGZ�HZ`BRGR�TVe,Q�b�EGi,¢,mcHUQ.S5ijQ�T{R2ejS2EGe,�#TaH�R
�#E2e��*T{gwHPg·S2Z#H S�eDe�Q*C#Y�\VHUTDZ#i-�,H R2TVmxTV\{ijE�g�TVR�S2EGTic#CwS2TVe,Q#R�i,R�TVR
SGZ�H�YUiJR�HkZ�HPE2HJ>

&vP�P�Q Ø�Ú0Û [�� ������� \]V
X
�Ò�Ô�E�M\]TWP�XZS V
�M�E[�M�TZ�
?ÙZ�H pIrIs�t{u!QWI bIw YUE2e.R2R R�H�Y�S2TVe,Q eÙi,R gwH�SGHUEGmxTVQ�H�gb�EGe,m S2Z�H g�i�S[i C#R2TaQ�¢ S2Z�H �#E2ewY�H�gwC�EGH gwHPRGY�EGT cBH�g

TVQ _*HPY�S2TVe,Q �2��> ?ÙZ�H Q�e,EGmnij\VTa�PHPg E[i�SGTae �Uu pIr �pIr,Ý w Á
�ju¬¿WÊ�ËEª pIr � �  �� �#� � �'$ w � �ju¬¿WÊ�Ë}ª p,rIÝ �  �� �#� � �'$ w eDiJR g�H�S2HPE�^
mcTVQ�HPg$iJR�i�b�C�Q#Y�SGTaeJQ�e�bÙH;��Y�TaSGijS2TVe,Q¦HUQ�HPE2¢Jh ijQBg·T{R~��\VejS2S2H�g
TVQ×`#¢,C#E2H4O#>)?ÙZ�H pIr,z t{u�Q�I bIw�Y�EGeJRGR5R�H�Y�SGTaeJQñHPQ�HUEG¢,h©R2YPij\VHÛeÙi,R
YUe,Q*�,HPE�SGHPgøSGeøH;��Y�TaSGijS2TVe,Q HPQ�HUEG¢,h¦c*h�iJg�gwTVQ�¢ñS2Z�HµpIr,Ý�t�Q#HUC_^
SGE2eJQ�R�HP�#ijE[i�SGTaeJQøHUQ�HPE2¢Jhfu�_ $ Á * ¹ ���#> ¹ FJHU¤Zw�>&?ÙZ�H���EGewgwC#Y�S
eb5S2Z�HD�Uu pIr �pIr,Ý w�EGijS2TVe ijQ#g�S2Z�H§p,rIz � u¬¿ Ê�Ë w�R��/HPY�S2EGC�m h.TVHU\{g�R
SGZ�H pIr,s � u*¿ Ê�Ë ª,¨JªI«Cw~R2�/HPY�SGE2C#m TVQ�H;��Y�TaSGijS2TVe,Q�HPQ�HUEG¢,hJ>ñ?ÙZ�H`BQ#ij\~EGHPR2C�\aSøT{Rfe�cwSGi,TaQ�H�g�c*h R2Z�Tib�S2TVQ�¢:S2Z#Hap,rIs � u*¿ Ê�Ë ª�¨Jª�«Cw
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Ø�Útú Ü��&À�È0ß�ÂGÁ Ø�Útú Ü Ê��-Ê ��í ��ËPÊ
Ø�Ú�� Ü��&À�È0ß�ÂGÁ Ø�Ú�� Ü �-Ê Î ����Ë
� ú � �&À@õ�ÀUÓ2öjÖ�Æ.ßc¾ Ø�Ú�� Ü Á�ÀUÈ0ß�Â2ÁOÔPÆ.ÞLÉ.Ï � ú � �/À Ê���ÍPÍ ��ËUÍ � ���í
¿ÙÂ[ÞLÁ�À~ä,ÑJÖ�Â[Þ¥Ã çOÞ�Ç.à~Ö�ÆjÇ.à � � ��Í ËPÍ�í ����Ë�� �
¿ÙÂGÁ0Â[ÓGÁ0ÔUÈOð8Ô�Æ�Á�ÀPÓ2Á0Õ�¾�ÕtÂ[Ó2Á0ÔPÈ0Õ�Ï �DÔPÞ¥Ã ����ËUí ��� �8ÊUÍ�Í
¿ÙÂGÁ0Â[ÓGÁ0ÔUÈOð8Ô�Æ�Á�ÀPÓ2Á0Õ�¾{È0Ö�Æ.ßPÕ�Ï çOÞ�Ç.à~Ö�ÆjÇ.à Ê � �� �3����/ÔPÁ�ÀUÞBÂ[ÆJÂGÈ0ßPÉ�Þ�Ô�ÕtÕ7×{ÔUÈ Ø�Útú Ü Á�ÀUÈ0ß�Â2ÁDÀUÆ*ÃcÃ,ÂGÁ0Â[ÓGÁ0ÔUÈ Î�í-Ê ���� � ��/ÔPÁ�ÀUÞBÂ[ÆJÂGÈ0ßPÉ�Þ�Ô�ÕtÕ7×{ÔUÈ Ø�Ú�� Ü Á�ÀUÈ0ß�Â2ÁDÀUÆ*ÃcÃ,ÂGÁ0Â[ÓGÁ0ÔUÈ í���í �8Êo��ÊPí

� î ��æ*íjÄ3��ÑJÂÙÈ�ÀUÁ0Ö�Ô@ÔU× Ø�ÚtúUû ¾�ü8ý0ü&þVÿwÏ�Á0Ô Ø�Ú���û ¾�ü�ýtü&þ�ÿwÏ�Â[Ò�Â[Æ�Á0Õ7ÀPÕ)À�×{ÇJÆ.ÓGÁ0Ö�ÔPÆcÔP×
Â,�JÓGÖ�Á�À�Á0Ö�Ô�ÆcÂ[ÆJÂGÈ0ßPÉ�ÔP×/Á0Ñ.Â5Ó[ÔUÈtÈ0Â[Õ��wÔ�Æ.ÃJÖ�Æ.ß@ÆjÇJÓ[Þ�Â[Ç.Õ[æ
HUQ#HUEG¢,h RGYUi,\aH�gweoe5Q c.h1R2C�cwS2E[i,Y�S2TVQ�¢ SGZ�H pIr � t Q�HPCwS2EGe,Q
R2HU�#i,EGijS2TVe,Q�HPQ�HUEG¢,h u�_ $ Á *El�¹ mw> èdfHP¤Ûw¦SGe�ecwS[ijTVQ�SGZ�HpIr,s � u©¨Jª�«Cw³Y�EGeJRGR4R2HPY�SGTaeJQ<i�S4SGZ�H i,����EGe,��EGTVijS2H Q�HPCwS2EGe,Q
HUQ#HUEG¢,h,>¦?ÙZ�T{R���EGewY�H�gwC�EGH TVRxR2C�mcmci,E2TV�UH�g$TaQ S2Z�Hqb�e,\V\aeoe5TVQ�¢
HP�.C#ijS2TVe,Q#RP>

�ju pIr,z � u¬¿ Ê�Ë ª,¨JªI«Cw�w�Á �au p,rIz � u*¿ $ ¯jÖ $ u pIr,Ý � w�ª,¨JªI«Cw,wu l mw
�au pIr,s � u¬¿ Ê�Ë ª,¨JªI«Cw,w�Á �au*p,r ��� u¬¿ Ê�Ë ª�u*ÐdªIÐ 
©«Cw,w

�au p,rIÝ � u¬¿WÊ�ËEª�u*ÐdªIÐ 
 «Cw,w u l�~ w
G
�au pIr,z � u¬¿]Ê�ËEª,¨JªI«Cw,w u l � w

�ju pIr,s � u¬¿ $ ª�¨JªI«Cw,w�Á �ju pIr,s � u¬¿ Ê�Ë � Ö $ u pIr � � w�ª,¨JªI«Cw,wu l$¹ w

?ÙZ�HñC����/HUEn�#i,Q�HU\Ùeb!`#¢,C#E2H��·R2Z�eoe�R�S2Z�HñSGZ�H p,rIz tvu�QWI bIw
YUE2e.R2RDR2HPY�SGTaeJQ kil �on&CBR�H�g SGe�e�cwSGi,TaQ´S2Z�HZp,rIs�t{u�Q�I bIwÙYUE2e.R2RDR2HPY�^
SGTaeJQW>n?ÙZ�HnEGHPR2C�\¥SGTaQ#¢×pIr,s�t{u!QWI bIw~Y�EGeJRGR@R�H�Y�SGTaeJQ·T{R@��\VejS�SGHPg¦TVQ
SGZ�H�\VeoeOHPE5�#ijQ#HU\Web�`#¢JC�EGH ��>O^#e,E�YUe,mc��\VH�SGHUQ�H�R2RPIwS2Z#H���EGHU�*Ty^
eJC#RkE2H�R�C#\¥S[RWb�EGe,m �7e,C�Q�H�R~ijQ#g·ADE2TaS�S k m�on)ijEGHxi,\VR2eñR2Z�eoe5QW>
?ÙZ#H�S�eDe©YUE2e.R2R�R�H�Y�S2TVe,QBR�i,¢,EGHUH
eDHU\V\�TaQ S2Z�HxQ�HUC�S2EGe,Q�HPQ�HUEG¢,h
E[ijQ#¢,H b�EGe,m cSGe©ij�#��E2e$�wTVmni�S2HP\ah l ´dfHU¤�>&NWcBe��JH l  dfHU¤
eJC�E5Y�EGeJRGROR2HPY�S2TVe,QñTVRÙ\VeoeDHUE�c.h©ij����EGe$�wTamnijS2HU\Vh l 	��S2e�m�	� >
?ÙZ#TVRxgwT=�/HPE2HPQ#Y�H©mci-h$ijEGT{R�Hµb�EGe,m SGZ�H´\VTaQ#HPijExH;�*SGEGi,�BeJ\VijS2TVe,Q
SGecZ�Ta¢JZ�HUEÙHPQ�HUEG¢,TVHPRDe�b�`#E[R0S�ijQBg©R2HPYUe,Q#g©Y[Z#ijQ#YUHÛ`BR2R2TVe,Q´CBR�H�gc*hn�7eJC�Q�H�R�ijQ#gñADE2TaS�S�>

&vP�P�P�Q´\ZXZS�\�M�[µ�}P�XZS��
?ÙZ�H p,rIs tvu�QWI bIwDY�EGeJRGR7R2HPY�SGTaeJQ Z#iJR�c/HUHUQ©gwH�SGHUEGmxTVQ�H�g C#R2TaQ#¢

SGZ�H�_*C�EGEGe,¢JijS2H@��i�SGTaenmcHUS2Z�ewg
>)?ÙZ#TVR5mcHUS2Z�ewgñE2H��.C�TaEGHPRDSGZ#i�S
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Equivalent neutron energy (MeV)
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e�bLp,rIz�tvu�QWI bIw�> �tQ·CBR�TVQ�¢ñS2Z�H _*C#E2EGe,¢.i�S2Hc��ijS2TVe©mcH�SGZ�ewg
IWSGZ�H
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i,RGR2C�mcHPgcSGZ#i�SDS2Z�H@Y�eJmc�BeJC�Q#gnQ*C#YU\aHPC#R&b�e,EGmcijS2TVe,Q ijSDH��JC#Ta� ^
ij\VHUQ.SnQ�HPCwS2EGe,Q°HUQ�HPE2¢JTaH�R�TVQ S2Z�HøE[ijQ�¢JHqb�EGe,m $dfHP¤ S2eam�
dfHP¤ i,E2HxHP�.C#i,\�SGe�e5TaS2Z�TVQ$ij����EGe$�wTamnijS2HU\Vh ¹ �´>�?ÙZ�HPR2H�S�eOe
i,RGR2C�mc�wS2TVe,Q#R�\VHPiJg�S2e�ijQxC�Q#YUHUE2SGi,TaQ.S0h�TVQxS2Z�HWpIrIs�t{u!QWI bIw7YUE2e.R2R
R2HPY�SGTaeJQfQ�en¢,EGHPijS2HPE5S2Z#i,Q l 	�ìe��,HPE5S2Z#H�HUQ�HPE2¢Jh´E[ijQ�¢JHZb�E2eJm´S2eºm�ñdfHU¤ìH��JC#Ta��ij\VHUQ.S~Q�HPCwS2EGe,Q·HUQ�HPE2¢Jh,>�?ÙZ�H _*C#E2EGe,¢.i�S2H
��ijS2TVe©mcH�SGZ�ewg¦mxTVQ�TVmcTa�PHPR@C�Q#YUHUE2SGi,TaQ.S2TVHPR@i,E2T{R�TVQ�¢�b�E2eJm ��EGH;^
HP�.C�TV\VTic�EGTVC�m4gwHPYPi-h,I�ijQ#¢,C�\{ijE�mxeJmcHUQ.S2C�m�H �/H�Y�SGRPI,i,Q#gZ`BRGR�TVe,Qb�E[ij¢,mcHPQJSôijQ#TVR2ejSGE2eJ��TaH�RU>�?ÙZ�HPR2HDiJgw�,HPEGR2H)H �/H�Y�S[R�Tamc�#iJY�SJcBe,S2Z
EGHPi,Y�S2TVe,Q#RkY�eJQ#R2TVgwHPE2H�g�Z�HPE2HxTVQ¦iøR2TamcTV\Vi,Ekmni,Q�Q�HUE~i,Q#gfSGZ�HUTVE
H �&HPY�SGROijEGH5H;�w�BH�Y�SGHPgxS2e�i,����EGe$�wTamni�SGHU\Vh�YUi,Q#Y�HP\#TVQcS2Z�H���i�SGTae
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�*T{Y�H�eb��>�]�>DADEGT¥S2SPI�=B>+ TV\a\VZ�HPm�h,I�ijQ#g +³>O�7e,C�Q#HPRP>(+·HeDe,C#\Vg \aTVF,H S2e°S2Z#i,Q�F S2Z#H�O O��tQ#Y[Z4]OhwY�\VejS2EGe,Q e,�/HUE[i�S2TVe,QBR
i,Q#g{b!i,Y�TV\VT¥SGTaH�R7R0S[i ��b�eJEôS2Z#HUTVEôZ�HU\V�nTaQc�/HUE,b�e,EGmcTaQ�¢kSGZ�TVR7H;�w�BHPE�^
TVmcHUQ.SP>�+·Hxij\{R�eqeDi,QJS�S2enSGZ#ijQ�Ff^D>&�eoe5\{ijQ#g×b�eJE�Z�T{R�H �/eJE�S
i,Q#g�H��w�BHPE�SGTVR2H�TVQ·g�HPR2Ta¢JQ�TaQ#¢´SGZ�H _w?�N���_·R2YPi�S�SGHUEGTaQ#¢©Y[Z#i,mv^c/HUE�i,Q#gø�~>#^#e,EGHUmnijQ�b�e,E5Z�T{R5H �/eJE�S[RÙTaQømnijQ*C_b!iJY�S2C#E2TVQ�¢ce,C�E
R2HU\ib�^tR�C��#�BeJE�SGTaQ�¢ºpIr � tìS[ijEG¢,HUSGRP>ø?ÙZ#TVRveOeJE2F eDiJR��/HUE,b�e,EGmxH�g
C#Q#gwHUE©S2Z#H$i,C#R2��TVYUHPR©e�b~SGZ�Hxt�>L_&>5`�HP�#ijE2S2mcHUQ.Søe�b�X)Q�HUEG¢,hc*hxS2Z#HZt�Q�TV�,HUE[R2T¥S0hce�b8]Di,\aTib�e,EGQ�T{i�I*M�i$e5EGHUQ#YUH�M�Ta�JHUEGmxeJE2H�l�io^
SGTaeJQ#ij\kM�icBeJEGijS2e,EGh C#Q#gwHUEñY�eJQJSGEGiJY�S©l�e#> +�^ � �� ¹ ^�X)Q�¢�^ � O
i,Q#gfM�i$e5EGHUQBY�H�ADHUEGF,HP\aHPh©l�i�S2TVe,QBij\�M�i�c/e,E[i�SGe,EGh C�Q#gwHPEkYUe,Q_^
SGEGiJY�S�l�eB>7`�X�^�N�]� ~ ^ � * _w^? � O�>
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