
���������
	���
�����������������	�������������� ��!"�#�%$��'&
��������()$*���%$�����+,!.-0/2143

5)687�98:<;�=%>#?8@A6�B�:C;�DFEHGJILKNMOE�PQ>QR SQ>%?�TU6�V�WX:"KYKNZ[=%>\?8@�]^E�_[IO;a`b:C;cV�dQ:CdJ=%>

eNf�g h�iYjJkJjJl[jnm<o)prq"sLi%kutNlFo*v*l.wyx{zoOe|k~}%oN�8g�v��Op��<�%��v��������<�X�F�C���n}Yiye|sL���F}%e|hHw%o
� f�g#h.iYjJkJjJl[j�or�X�L}*prq"sLi%kuwNi�e|hHm�v*l.wNx�o%e|}*�nh^��k~h�o%oN}Nk~h^�C��p����������{�� a¡��¢�|��£O�<�<�C�

��lFw%q�e|} oNiYjJ���¤�|¥Ae|h�kue
w¢f��¤�|sCe|x�g#h�iYjJkQjJl[j�o����A¦�o%wYq^h��Lx�� ��sL�r�8���¨§*�����[�n���<�<�C�<�|���.j��{w%©Oq��|xª¥�����«�o%m<oNh

¬®­�¯X°O±L².³|°
´�µF¶r·*¸�¹�ºa»%¶X¼¢½�¾L¿F¼#¶�ÀÁ¼�Â�¶Y»YÀÄÃ<¶XÂb¼�Å%ÆL»#Å%ÀÇ¿FÈrÉ~»%¾LÊ�Å#µH¶8Å%ÀÇÊA¶NË�Â�¶N½�¶Y¿FÂ.¶Y¿"Å�Ì�ÆL»#Å#»%¶X¶NË
ÍF¾"Î#Ï^Ë�Ð¤¾�È�¾�Ñ�ÀÇÒ�Ó�¾yÃ0ÔQÌ�Í�Ð�Õ�¶yÖ<ÒFÆLÅ%ÀÁ¾L¿F¼X×Ø´¤µF¶®»%¶X¼#ÀÁÂ¨ÒFÆ�Ñ�ÀÇ¿^ÅY¶Y»%Æ�ÎNÅ%ÀÁ¾L¿ÙÓ�¶YÅ\Ú�¶X¶N¿
Å#µF¶ÛÖ<ÒFÆ�¼#ÀÇ½FÆL»#Å%ÀÁÎyÑÁ¶X¼�ÀÁ¼�Â�¶YÅY¶Y»#ÊÛÀÇ¿F¶XÂÜÎX¾L¿F¼#ÀÁ¼¢Å%¶N¿^ÅYÑÄÝÞÉ~»%¾LÊ'Å#µF¶ßÅ\Ú�¾LËQÓ�¾"Â¨ÝÜÉu¾L»%Îy¶
ÒF¼#¶XÂàÀÇ¿àÅ#µF¶�Ì�Í�Ð0¶XÖ<ÒFÆLÅ%ÀÁ¾L¿F¼Xá.ÆL¿HÂâÅ#µF¶�ÎX¾L¿"Å%ÀÄ¿"Ò�Ò�Ê�ÎX¾LÒ�½FÑÁÀÄ¿HÈ�ÀÁ¼�Å#»%¶XÆLÅ%¶XÂâ¶Nã^Ë
Æ�ÎNÅ%ÑÄÝ^×8ä*ÀÄ½�¾�ÑÁ¶
ÆL¿HÂ�Ö<ÒFÆ�Â¨»#Ò�½�¾�ÑÁ¶�¶Nã¨ÎXÀÄÅYÆLÅ%À�¾L¿H¼�Æ�¼�Ú�¶XÑ�Ñ<Æ�¼�ÅåÚ¤¾LËF¿F¶NÒ�Å#»%¾L¿*Å#»%ÆL¿H¼¢ÉQ¶N»
½�»%¾"ÎX¶y¼#¼ ¶y¼¤ÆL»%¶bÂ.À�¼#ÎNÒF¼#¼ ¶yÂÛÉQ¾L»�Å#µF¶*ÎXÆ�¼#¶)¾LÉ�¿F¶NÒ�Å#»%¾L¿�ËQ»YÀ�Î#µ4¾yã"Ý¨È�¶N¿æÀ�¼ ¾LÅ%¾L½�¶y¼X×

ç è $�����(é�ß�������¢()$
ê�9�IâMLZ"GëGJILMOì%dëí[IâIXî�MOdëìX:<ì%d~Z^;�K�Z"ï*:CìNZ"ðâd~MÛ;�E�MOG~IOd¤dë;ñì%9�I®ò�WNILKNIO;�MLIâZ"ï�ò�:CdëW%dó;�]ÜMLZ"W%WNIOGQ:<ô
ì%d~Z^;�K�:CWNI�E�K E�:<GëGë_õD�ILKNMOW%dëö�ILDAö._Aì%9�I*÷¨E�:^K%dëò�:<W%ì%d~MOGJIOô#øé:C;�D�Z^ð�ù�9�:"KYI*ú�ò�ò�WNZ|î.dëðÜ:Cì%d~Z";
û�ü ø)ù�ú�ýàþëÿ��\6 ø)ILMLIO;.ì%Gë_ñì%9�IOWNI�dJKâ:ÜWNI{;�I��*ILD dë;.ìNIOWNILK%ìAdó;�ì%9�d~KõK E�ö��%ILM{ì|?n][IO;�IOWX:CìNI|D
ðæ:Cdó;HGó_ñö�_ñì%9�IæK%ì%E�DFd~ILKÛZ^ï*E�;�K ìX:<ö�G~Ià;�E�MOG~I{d�MOG~Z[KNIâìNZaì%9�I�DFW%dóò Gëdó;�I"6��\; ì%9�ILKNIâ;�E�ô
MOG~IOdrMN9�:CWX:"MOìNIOW%d��|ILDÜö�_ :âK%ðæ:<GëG�;�E�MOGJILZ^;cKNIOò�:CWX:Cì%dJZ^;ÞIO;�IOWN]"_[?Hì%9�I�IOîHMOdëìNI|DaK%ìX:CìNILKé:CWNI
K ì%WNZ";�]^Gë_Ûdë;�	�E�IO;�MLILD®ö._Aì%9�I)MLZ^E�ò�Gëdó;�]
�)dëì%94ì%9�I)÷¨E�:^K%dóò8:<W%ì%d~MOGJI û ÷¨ò�ý�MLZ^;.ì%dë;�E�E�ð,M|Z^;�ô
� ]"E�WX:Cì%d~Z";�KL6��\;UZ^WND�IOW�ìNZÞDHI|KYM{W%dëö�IõK%E�MN9UIXîHMOdóìNILDñK%ìX:CìNILK
�)dëì%9�dë; ü øbù�ú Z";�IÛ;�ILILD�K
:�ò�WNZ^ò�IOW�ì%WNI�:<ì%ðàIO;�ìÛZ^ï�ì%9�I4MLZ^;�ì%dó;�E�E�ð MLZ^E�ò�Gëdó;�]�?
�)9�d~MN9ñd~K�ðâdJKYK%dó;�]ædë;ñì%9�I®E�K%E�:CG
ü ø)ù�ú�M�:<G~MOE�GQ:<ì%d~Z";�K*ö�:^KNILDÞZ^;c:®DFd~KNMOWNIOìNIß÷¨òcK%ò�ILMOì%W%E�ð 6

�å;Û;�E�MOGJIOdFMOGJZ¨KNI�ìNZ)ì%9�I�DFW%dóòAGódë;�ILKrZ^;�I�IXîFò�ILMOìNKn:<G~KNZ�:)K%ì%WNZ^;�]�MLZ";�;�I|MOì%d~Z";�ö�IOì��*I|IO;
ì%9�I*IXî�MOdëìX:<ì%d~Z^;�KnZ^ï�ì%9�I�K%_FK%ìNIOð�:C;�Dßì%9�I�ò�WNZ^ò�IOW%ì%d~I|K�Z"ïHì%9�I�]"WNZ^E�;�DAK%ìX:CìNI¨?��b9�d~MN9®ðÜ:{_
òHWNI|KYI{;�ìâK%E�MY9�K ò�ILMOd � M{dëì%d~I|K®:"KA;�IOE�ì%WNZ^; K��.dë;�K|6 ê�9�IOWNI{ï�Z^WNI"?�dë;2:^D�DFdëì%d~Z"; ìNZ ì%9�IÞ÷¨ò
K ò�ILMOì%W%E�ð ?�ì%9�IõWNILK%d~DFE�:CGrdë;�ìNI{WX:^MOì%dJZ^;ÙE�KNILD dë; ü øbù�ú K%9�Z^E�G~D ö�IAD�IOìNI{W%ðâdë;�ILDÙïQWNZ^ð
ì%9�IæKX:Cð�Iâì��*Z^ô\ö�ZFDF_Ùï�Z"WNMLIæ:^KßdëìÛd~KÛD�Z^;�Iâdë; ì%9�IæKNIOGóïQô¢MLZ";�K dJK%ìNIO;�ìßMLZ";�ì%dë;�E�E�ð øbù�ú
M�:CGJMOE�GQ:Cì%dJZ^;�Kßþ��.?��F?����\6

� Ibò�WNILKNIO;�ì*ì%9�I � WNK%ìbM|Z^;�ì%dó;�E�EHð ü ø)ù�ú MC:CG~M{EHGu:Cì%dJZ^;�K��bdóì%9Üì%9�I�K%dó;�]"G~IOô\ò�:CW%ì%dJMOG~I
K ò�ILMOì%W%E�ð':<;�Dõì%9�I)WNILK%d~DFE�:CG�dë;�ìNI{WX:^MOì%dJZ^;æD�IOìNIOW%ðâdó;�ILDâïQWNZ^ð ì%9�IéKX:CðàI)I���I|MOì%dëí[Ibì��*Z^ô
ö�ZFDF_2ï�Z"WNMLI0þ����\6 ê*9�I ]"WNZ^E�;�D K%ìX:CìNIñd~K M�:CGJMOE�GQ:<ìNILD2E�K%dë;�]�ì%9�IØM|Z^;�ì%dó;�E�EHð  "!$#
:Cò�ò�WNZ�:^MN9�þ&%'�(�)dëì%9 ì%9�IAð�I�:C; � I{G~DÙ:<;�D ì%9�Ißò�:CdóW%dë;�] � IOG~D D�ILKNMOW%dóö�ILD ö�_Ù:àB)��_�W%ð�I



dë;�ìNIOWX:"MOì%d~Z"; :C;�D�: D�IO;�K%dëì�_�D�IOò�IO;�DHI{;�ìâD�IOGóìX: ï�Z"WNMLI"?�WNILK%ò�ILM{ì%dëí[IOGë_[6 #*:"KYI|D Z^; ì%9�I
Ky:<ðàI  ! # IO;�IOWN]"_aïQE�;�MOì%d~Z";�:CG �*I®D�IOW%dëí[I®ì%9�I ü øbù�ú WNILK%ò�Z^;�KNI�ïQE�;�MOì%d~Z";Ùdë;ñMLZFZ"W%ô
D.dó;�:CìNIßK%ò8:"MLI"6

� � ()$����%$é����+�!.-0/ 1â3 ������	�����()$�
0�%$ ��(b(*�����%$�	��F��
F��	����
�å;àì%9�d~K�KNILMOì%dJZ^; �*I)K%E�ðâðæ:CW%d �LI*ì%9�IéD�IOW%dëí":<ì%d~Z^;æZ"ï8ì%9�I)MLZ^;�ì%dó;�E�E�ðâô ü ø)ù�ú�WNI|K ò�Z^;�KNI"?
òHWNI|KYI{;�ìNILD dë;ØøbIOï 6�þ&�'�¢?�E�K%dë;�] V�WNILIO;�� K)ïQE�;�M{ì%d~Z^;cï�Z^W%ðæ:<Gëd~K%ð 6bê*9�I ü ø)ù�ú�WNILK%ò�Z";�KNI
d~K�Z"ö�ìX:Cdë;�ILDæïQWNZ^ð'ì%9�I�ì%dëðàI{ô¢D�IOò�IO;�DHI{;�ì
 ! # û ê��  "!$#*ý�I|÷¨E�:Cì%d~Z";�KAþëÿ �
	

�
����������� þ�� û � ý���� û � ý�� � û � ý�� û ÿCý
�b9�IOWNI � ?��':CWNIbì%9�I�ì%dóðàIOô�D�IOò�IO;�D�IO;�ì�]¨IO;�IOWX:<Gëd��|ILDàD�IO;�K dóì¢_�:C;�D  "!$# 9�:<ðâdëGóìNZ^;�dQ:<;
WNILK%ò�ILMOì%dóí¨I{Gë_[?8:<;�D � ì%9�IßIXî.ìNIOW%;�:CG
Z¨KNMOdëGóGQ:<ì%dë;�] � IOGJD�6��å; ì%9�I�K ðÜ:CGëG�:Cðâò�Gëdóì%E�DHI�Gódëðâdóì
ì%9�Ißê!�  "!$#2IL÷¨E�:<ì%d~Z^;�K*ö�ILM|Z^ðàI"	

���# �%$ � þ�� $ � � & �'�2þ�� & � �%$ �'� þ)(*� � & � û �[ý

�b9�IOWNI+��K ìX:<;�DHK*ï�Z^W*ì%9�I�ò�IOW%ì%E�W%ö�ILD ÷¨E�:C;.ì%dëì¢_�6
ê*9�Iéí":CW%dQ:<ì%d~Z";aZ"ï�ì%9�I�]¨IO;�IOWX:<Gëd��|ILDàD�IO;�K dóì¢_ � �.dJK�IOî.ò�WNILKNKYI|D4dó;æìNIOW%ð'Z^ï �ß÷¨E�:C;�ô

ì%dëì%d~I|KL?H;�:<ðàIOGë_-, $ ?/. $ :<;�D0�. $ ?��b9�d~MN9Ù:<WNI
�bW%dóì%ìNIO;ñ:"K�:®M|Z^GëE�ðâ; í¨I|MOìNZ^W1	
, $ �

23
4
, $. $�. $
5
6
7 û �[ý

�å;�ì%9�Iàï�Z^GóG~Z��bdó;�] �*I �bdóGëG*D�IO;�Z^ìNI , $ dë; ö�Z"G~Dñï\:^MLIâì%9�IæMLZ^GóE�ðâ; í[ILMOìNZ"W®D�I � ;�ILDØdó;
5�÷�6 �F6Üê*9�E�KL?�dó;Øí":<W%dQ:C;�MLI �)dëì%9Uì%9�IÜø)ù�úÛ? �)9�IOWNIàZ^;�Iâ;�ILILD�KßìNZ ��;�Z�� Z^;�Gó_Ùì%9�I
MY9�:C;�][IÜZ"ï�ì%9�I�ò�ô\9 D�IO;�K dóì¢_ û , $ ýX?¤dó; ü ø)ù�ú'Z^;�IÞK 9�Z"EHGJD�M�:<G~MOE�GQ:<ìNIàì%9�IÞí":CW%du:Cì%d~Z";
Z^ï�ì%9�WNILIÞö8:"K%d~Kâ÷¨E�:<;�ì%dëì%dJILK|6 �åìàK%9�Z^E�G~D�ö�IÜ;�Z^ìNI|D�ì%98:<ìâdë;0ì%9�IÞì%9HWNI|I DFdëðàIO;�K%d~Z";�:CG
K ò�:"MLI®dë;.ì%WNZFD.E�MLI|D :<ö�Z�í¨I¨?
ì%9�I � WNK%ìÛDFdëðàIO;�K%d~Z";ñWNIOò�WNILKNIO;�ìNKßì%9�Iâò�:<W%ì%d~MOGJIOôå9�Z"G~I û ò�9�ý
K E�ö�K%ò�:^MLI"?^ì%9�I�KNILM|Z^;�D®ì%9�I�ò�:<W%ì%d~MOGJIOôåò�:<W%ì%d~MOGJI û ò�ò�ý�Z^;�I"?F:C;�D®ì%9�I)ì%9HdóWNDâì%9�I�9�Z^GJIOô\9�Z"G~I
û 9H9�ý�Z^;�I"6�ê*9�I�WNILK%ò�Z";�KNI*ðæ:Cì%W%dëî�9�:^K*8ßMLZ^E�ò�G~ILDàI{G~IOðàI{;�ìNK�dë; ü øbù�úÛ?�MLZ"ðâò�:CWNILDâìNZ
Z^;�I�dë;aì%9�IÛøbù�ú ï�Z^W%ðæ:<Gëd~K%ð 6

ê*9�I�í":<W%dQ:Cì%dJZ^;ÙZ"ïrì%9�I  "!$#�9�:Cð4dëGëìNZ";�dQ:C; d~KéIXî.ò�WNILKNKNILDÜdó;aìNIOW%ðàK�Z^ïrì%9�IAKNILMLZ";�D
DHI{W%dëí":Cì%dóí¨I|K�Z^ï�ì%9�I  "!$# IO;�IOWN]"_ßïQEH;�MOì%dJZ^;�:CG'9�þ�,:�;.<�=�.����)dëì%9®WNI|K ò�ILMOì¤ìNZ�ì%9�I*D�IO;�K%dëì%dJILK	

>@?BA+C-DE? û �.ý
�b9�IOWNI C dJKbì%9�I�WNILK%d~DFE�:CG�dó;�ìNIOWX:^M{ì%d~Z^; ðæ:Cì%W%dëî�?�;�:CðàIOGó_F	



C���� û���� � � $ � $ ý � � � 9� , � û�� $ � $ ý � ,	�� û���� ý � 
B��� � ÿ"� ��� ��
 û �[ý

 �IOWNI"?Hì%9�I�;�Z^ìX:Cì%dJZ^; �
ØðàI�:<;�K�ì%9�:Cì �)9�I{;�I{í¨IOW�
ØdJK"�®Z"W
�Ûì%9�I{; �
 dJK
�®Z"W �F6
ê*9�Iæ÷¨E�:<;�ì%dëì�_�Z^ï*dó;�ìNIOWNILK%ì®dJKAì%9�I ü øbù�ú V�WNILIO;�� KÛïQE�;�M{ì%d~Z^;��Ù? �b9�dJMY9�WNI{GQ:CìNI|K

ì%9�I�ò�IOW%ì%E�W%öHdó;�]�IOî.ìNIOW%;�:CG � IOGJDÜìNZ®ì%9�IßD�IO;�K dóì¢_ MY9�:<;�][I"	
D ? A ����� û %[ý

øbIOò�GQ:"MOdë;�] ì%9�IU:Cö�Z�í¨I ì%9�WNILIñIL÷¨E�:<ì%d~Z^;�Kædë; 5�÷�6 �F?�_�d~IOGJD�K�ì%9�IñKNZ^ô�M�:CGóG~ILD #�IOì%9�IOô
BH:<Gëò�IOìNIOWéIL÷¨E�:Cì%dJZ^;0	

� � û���� ��� C ý����	��� � ��� ����� C � û! ý
�b9�d~MN9 dJK�:®KNIOìéZ^ïB8Cî�8®MLZ"EHò�GJILDÜI|÷¨E�:Cì%d~Z";�KL6

�å;c5�÷�6  ì%9�I�E�;�ò�I{W%ì%EHW%ö�ILDñV�WNILIO;��ªK�ïQE�;�MOì%d~Z";"����dJK�D�I � ;�ILDÜö�_F	

��� ��� û��#� � � $ � $%$ # ý � &('*) + �#,'-) û��#� ý �+/. �#,'-) û�� $ � $ ý���# � û10 ' � 0 ) ý � �12 � + � �'*) û��#� ý �+/. � �'*) û�� $ � $ ý���# � û10 ' � 0 ) ý � �12 û13 ý
�b9�IOWNI 0 ' :<WNI�ì%9�IéK dó;�]^G~I*÷¨òæI{;�I{WN]^d~I|K�:C;�D + '*) :CWNI ��ö�_ ��ðæ:<ì%W%d~MLI|K�M�:CGJMOE�GQ:<ìNILD®ïQWNZ^ð
ì%9�I54�:C;�Dæ`  "! # �):Lí¨I�ïQE�;�MOì%d~Z";�Kßþ�� �\6

�å;àì%9�I)M�:^KNI)Z^ï�ì%WX:C;�K%dëì%dJZ^;�K�ïQWNZ^ð�ì%9�I�]"WNZ^E�;�DâK%ìX:CìNI*ìNZ�IOîHMOdëìNI|DâK%ìX:CìNILK �)dëì%9�dó;àì%9�I
Ky:<ðàI®;�E�MOGJIOE�K|?
Z^;�Gë_cì%9�I û ò�9
? ò�9�ý�MLZ^ð4ò�Z^;�IO;.ìßZ^ï6� dJKÛ:^MOì%dó;�]�6 �\ï�ì%9�Iâdë;�ìNIOWX:"MOì%d~Z";
DHZFI|K�;�Z^ìéD�IOò�I{;�D Z^; K%òHdó;aí":<W%dQ:Cö�GJILK�ì%9�IßK%ì%WNIO;�]^ì%9 ïQEH;�MOì%dJZ^; d~K*ì%9�E�K�]^dóí¨I{;aö�_F	

7 û # ý � � ÿ8:9<;>= ( ,�, . û�� ý�� ,�, û�� � � $ $ # ý ( ,?, û�� $ ýA@ � @ � $ û 8[ý
�å;Ûì%9�I*M�:^KNI�Z"ïFì%WX:C;�K%dëì%dJZ^;�K
ïQWNZ"ð ì%9�I*]^WNZ^E�;�DßK%ìX:CìNI�Z"ï8:*;�E�MOG~I{E�K(�)dëì%9õú�;�E�MOG~ILZ";�K

ìNZA:�K%ìX:CìNI*Z"ï�:�;�E�MOGJIOE�K��bdóì%9àú � ��;�E�MOG~I|Z^;�K|?<ì%9�I û òHò
? òHò�ý�M|Z^ðâò�Z^;�IO;�ì�Z^ïB� dJK�E�KNILD
dë;�K%ìNI�:^D�6

C D ��� -0/2143 ���n
F��()$�
��FEX(*�Ø$��¤������()$b!"��� ����(HGJILK��¤$,�#
�(��F(*�ß�n

ê�9�IÙM�:<G~MOE�GQ:<ì%d~Z";�Kæ:<WNIaò�I{W%ï�Z^W%ðàILD :^KNK%E�ðâdë;�]UK%òH9�IOW%dJM�:CG�K%_�ðâðàIOì%W%_�6 ê�9�I ]"WNZ^E�;�D
K ìX:<ìNILK�:<WNIAM�:<G~MOE�Gu:CìNILD �)dëì%9�dó; ì%9�IÛMLZ^;.ì%dë;�E�E�ð  "!$# :Cò�ò�WNZ�:"MY9 þ�%��(�)9�IOWNIAì%9�I®M|Z^;�ô
ì%dë;�E�E�ð dJKbì%WNI�:<ìNILD IXî�:"MOì%Gë_�6�ê�9�I  "!$#2IL÷¨E�:<ì%d~Z^;�K�:CWNIÛKYZ"Gëí[ILDÜdó;ÙMLZFZ"WND.dó;�:CìNI�K%ò�:^MLI
�bdóì%9U:âK ìNI{òÙZ^ïNMF6&� �AïQð ï�Z^W�ì%9�IßWX:^DFdQ:<GrMLZFZ^WNDFdó;8:<ìNI"6 �å;Ùì%9�I  "!$# M�:CGJMOE�GQ:<ì%d~Z^;�K)ì%9�I
ðàI�:C; � IOG~DÞ÷¨E�:C;.ì%dëì%d~I|K�:<WNI�M�:CGJMOE�GQ:<ìNILDàö�_æE�K%dó;�]Ûì%9�IßB �._�W%ðàI�dë;.ìNIOWX:^MOì%dJZ^;cBPO�_��Üþ  �\?



�b9�dëGJI�ï�Z^W�ì%9�Iéò8:<dëW%dó;�]Ûdë;�ìNI{WX:^MOì%dJZ^; �*I�ìX: �¨I�: �LIOWNZ"ôåWX:<;�]¨I)DHI{;�K%dóì¢_�ô�D�IOò�IO;�D�IO;�ì*dó;�ìNIOW%ô
:^MOì%dJZ^;
6���E�I*ìNZ�dëìNK��|IOWNZ^ô\WX:C;�]¨I�ì%9�d~K¤ï�Z^WNMLI*K%9�Z^E�G~D®ö�I�E�KNILD®dó;àì%9�I" "!$# M�:<G~MOE�Gu:Cì%d~Z";�K
�bdóì%9ñ:®MOE�ìNZ �Ùdó; ÷¨òcIO;�IOWN]^_�6¤ê*9�d~K)MOE�ìNZ �Ùd~K)D�IOìNIOW%ðâdó;�ILDaïQWNZ^ð'ì%9�IßK%ì%WNIO;�]^ì%9 Z"ïrì%9�I
ò8:<dëW%dó;�]õdë;�ìNIOWX:"MOì%d~Z";
?Hdë; Z"WND�IOW*ìNZ �¨I|IOòaì%9�Iß:Lí¨I{WX:^]¨I|DÜ].:CòÞí":CGëE�I�E�;�MY9�:<;�][ILDñþ����¢6$�\;
ì%9�I  ! #�M�:CGJMOE�GQ:<ì%d~Z^;Ùì%9�Ià÷¨ò MOE�ìNZ � IO;�IOWN]^_cd~KßIL÷¨E�:CG¤ìNZ �<MÞT IO`õ6 �å;Uì%9�I ü øbù�ú
M�:CGJMOE�GQ:Cì%dJZ^;�Kâì%9�IaWNILK%d~DFE�:CGédë;�ìNI{WX:^MOì%dJZ^; d~KàD�IOW%dóí¨ILD ïQWNZ^ð ì%9�Iadë;�ìNI{WX:^MOì%dJZ^; E�KYI|D dó;
 "! #é68ê*9�I�WNILK%dJD.E�:<G�dë;�ìNI{WX:^MOì%dJZ^; M|Z^W%WNILK%ò�Z";�D.dó;�]®ìNZâì%9�I�í[IOGJZFMOdëì�_�ô¢D�IOò�IO;�D�IO;�ì�ìNI{W%ðàK
Z^ï�ì%9�IàB)��_�W%ðàIâï�Z"WNMLIAdJKÛ:Cò�ò�WNZLîFdëðæ:<ìNILDÙdë;ñì%9�I û ò�9�? ò�98ý�K%E�ö�K ò�:"MLIAö�_ÙdóìNK Or:C;�D�:CE�ô
Tad~]¨D�:<G�Gódëðâdóì�þ 3 �\6�ú�GëG*ì%9�Ia÷¨ò�K ìX:<ìNILKà:<WNI�dó;�M{GëE�D�ILD�E�;�ì%dëG�:C;0I{;�I{WN]^_ MOE�ìNZ � Z^ï �<M
T IO`õ?8:CGóG~Z��)dë;�]Aò�:CdóWNK�Z"ï�÷[ò IO;�IOWN]"_�E�;�ì%dóG*ÿ M<MõT IO`õ6Hê*9�IßK ì%WNI{;�]"ì%9 DFd~K%ì%W%dóöHE�ì%dJZ^;adJK
M�:CGJMOE�GQ:CìNI|D®E�;�ì%dëG # � =�� � �<M�T I{`õ? �bdóì%9æ:�K%ìNIOòàZ^ïnÿ M M"�¨I{` :<;�D4:C;æ:Lí[IOWX:^]"dë;�]
�)d~DFì%92 � ÿ��<M �¨IO`â6 �å;Ù:®ïQE�GóGë_ÞMLZ^;�K%d~K%ìNIO;.ì�M�:<G~MOE�Gu:Cì%d~Z";Üì%9�IßK%ò�EHW%dJZ^E�K)MLIO;�ìNIOW%ô�Z^ïQô\ðæ:"KYK)K%ìX:CìNI
K 9�Z"EHGJDØM|Z^ðàIàZ"EHì4:Cì �LI{WNZ IO;�IOWN]^_�6 #�I|M�:CE�KNIàZ^ï�ì%9�I�Or:C;�D�:CE�ô#TadJ]¨D�:CGnï�Z^W%ð Z"ï*ì%9�I
dë;�ìNIOWX:"MOì%d~Z"; :^D�Z^ò�ìNILD 9�IOWNI®ì%9�IâM|Z^;�K%d~K%ìNIO;�MO_aö�IOì��*I|IO;ñðàI�:C; � IOGJDU:C;�D WNILK%d~DFE�:CG�÷¨ò
dë;�ìNIOWX:"MOì%d~Z"; d~K*ö�WNZ �[IO;ñ:<;�Dæì%9�IßK ò�E�W%d~Z"E�K�K%ìX:CìNI�ö�ILMLZ^ð�ILK�dóðæ:^]"dë;�:CW%_�6 � I�MOE�WNI�ì%9HdJK
DHI{ï�ILMOì�ö�_àWNIO;�Z"W%ðæ:CGód��Odó;�]Ûì%9�I�WNILK%d~DFE�:CG�dë;�ìNI{WX:^MOì%dJZ^;Þö�_æ:�ï\:"MOìNZ^WL
�6 � I � ;�Dàì%9�:Cì�dó;
:CGëGrMC:^KNILK�ì%9�I�K%ò�E�W%d~Z"E�K)K%ìX:CìNI���� � ÿ � MLZ"ðàILK)Z^E�ì�:Cì �LIOWNZâI{;�I{WN]^_æï�Z^W�
 � MH6 3 Mà6

�
	 � �
�����H����������� ����������� �!�
ê�9�Iñ÷¨E�:^DFW%E�ò�Z"G~I WNILK%ò�Z";�KYI ï�Z"WÞZLîF_F]¨IO; d~KNZ"ìNZ^ò�I|K4dJKÜDFdJKYM{E�KNKNILD dë; D�IOìX:CdóG�dë;�ø)IOï 6
þ����¢62ú�Kæ:C; IOî�:Cðâò�GJI �*IaK%9�Z�� 9�IOWNI û KYI|I !rd~] ÿ�ýAì%9�I MLZ"ðâò�:CW%dJKYZ";�ö�I{ì��*ILIO; ö�ZLî
D.dJKNMOWNIOì%d��C:Cì%d~Z";ñM�:CGJMOE�GQ:<ì%d~Z^;�K û dó; :õö�Z|îcK%d��LIõZ^ï � �F6 � !�IOW%ð4dQý�:C;�D IOî�:^MOì�MLZ^;�ì%dó;�E�E�ð
M�:CGJMOE�GQ:Cì%dJZ^;�K*ï�Z^W �#�#" ;.E�M{G~IOE�K|6

0

10

20

30

40

50

60

70

80

90

100

0 5 10 15 20 25

GCont

GBox

E*

S
(E

*
) 

(e
2
fm

4
M

eV
-1

)

$&%('�)+*-,/.10324035�6-786-9;: <�64=>93<@?A2-78B�01CD9EBGF�'4C3HJIK<�FL5GC3%82-FM5�6-785G<�786NCOB�=P%(FQ5�2-F�C3%(F�<�<�RS: T�UAVXWY032-7(%8=Z7(%(F�B\[
6-F�=Z]�%(C3HQ6_^�2a`M=>%8035G9OBGC3%8b�6-C3%82-FcW�=@6#0dH�B�=J7(%(F�B\[eIY2N9�CDH�BgfDf\hiF�<�5G78BG<�0



ú�K*Z^;�I�M�:<;ÞKYI|I�ïQWNZ^ð !rd~]�6óÿ"?�ì%9�I�÷¨E�:^DFW%E�ò�Z^GJI�WNILK%ò�Z";�KNI�dJK*KYI{;�K%dóì%dëí[I�ìNZ®ì%9�I
�):{_
ì%9�I�M|Z^;�ì%dó;�E�EHð d~K�ì%WNI�:CìNI|D�?�ILK%ò�ILMOdu:CGóGë_®dó;æì%9�I�]^dQ:<;�ì*÷¨E�:^DFW%E�ò�Z"G~I)WNILKNZ^;�:C;�MLI û V ü øéý
WNIL]^dJZ^;
6

�
	�� ��� ������� ����������� �!�
ê�9�I®DFdóò�Z^GJIAWNILK%ò�Z^;�KNI�Z"ï ,�� � ��� " d~KNZ^ìNZ"ò�ILK)d~K�K%9�Z'�); dó; !
dJ]�6 �H6 �\;Ùì%9�IÛG~IOïQì�K dJD�I®Z^ï
ì%9HdJK � ]"EHWNI �*IâM�:C;UKNILI4:C;UIO;�9�:C;�MLIOðàI{;�ìÛZ^ï�ì%9�IâG~Z��)ôåGó_�dë;�]ÞK%ì%WNIO;�]^ì%9 Z^ï�ì%9�Iâ]"dQ:C;.ì
D.dóò�Z"G~I�WNILKNZ^;�:C;�MLI û V ��øéý �)dëì%9õì%9�I�dó;�MOWNI�:^KNI�Z"ïHì%9�I�;�IOE�ì%WNZ^;õ;�E�ðAö�IOW|6 " ;Ûì%9�I�W%d~]^9.ì
ò8:<;�IOG\?�ì%9�IéMLZ^ð4ò8:<W%d~KNZ^;�K �)dëì%9àð�I�:^K%E�WNILDàK%ì%WNIO;�]^ì%9Ùþ)8���ö�IOGJZ'��ÿ���T I{`2dJK�D.dJK%òHGu:L_¨ILD�6
ê�9�I ò�WNILDFd~MOìNI|D K%ì%WNIO;�]^ì%9 d~Kædë; ]¨ZFZFD :"]^WNILIOð�IO;�ì �bdóì%92ì%9�IÙD�:CìX:Uï�Z^W ,�� R � & " ?�ö�E�ì
Z|í[IOWNILK%ì%dóðæ:CìNILD dë;�ì%9�IæM�:^KNIàZ"ï �#� " 6 !�Z^W ��� " ì%9�I ü ø)ù�ú ò�WNILDFd~MOìNK�:aí¨IOW%_ K%ì%WNZ^;�]
dë;�MOWNI�:"KYIéZ^ï�ì%9�I�K%ì%WNIO;�]"ì%9�? �b9�d~MN9æd~K*:<ì�í":CW%du:C;�MLI"�)dëì%9æì%9�I�K%9�IOGëGóôåðàZFD�IOG�M�:<G~MOE�Gu:Cì%d~Z";�K
þëÿ M �\6�ê*9�I�ðàI�:^K%E�WNIOðàI{;�ì�Z"ï�ì%9�I�GJZ'�)ô\Gë_�dó;�]éK%ì%WNIO;�]^ì%9âZ"ï�ì%9�IéV ��øØdó; ��� " d~Krì%9�IOWNIOï�Z^WNI
WNIOG~IOí":<;�ì|6

0

0.5

1

1.5

2

2.5

0 10 20 30

18O

0

0.5

1

1.5

2

2.5

0 10 20 30

20O

0

0.5

1

1.5

2

2.5

0 10 20 30

22O

0

0.5

1

1.5

2

2.5

0 10 20 30

24O

E* (MeV)

S
(E

* ) 
(e

2 .f
m

2 .M
eV

-1
)

0

5

10

15

20

25

30

17 18 19 20 21 22 23 24 25

Exp.
QRPA

SM

A

in
t.

 s
tr

en
gt

h 
/ 

T
R

K
 (

%
)

$&%('�)
	!,���BEI Cg,/.1032�
4B�5GCE2-9 =!%(?A2-78B 0dC39OBGF�'#CDH IK<@F�5GC3%82-F 5�6-785G<�786-CEB�= %(F 5�2NF�C3%(F�<�<@R : T�U�V
T�%('4H�C ,/%(F!COBG'#9O6NCOB�=PBGF�BG9D'�� ] BG%('4H�CEB�= 01CD9EBGF�'4C3HJ^�BG782�] *���� B��

�
	�� ��� ���N���&��� ������� ���e��� �O� � �����!���������
ê�9�I ü ø)ù�ú,:<GëGJZ'�éK�:<G~KNZàìNZÜM�:<G~MOE�Gu:CìNIßì��*Z^ô\ò�:CW%ì%dJMOG~IÛì%WX:C;�K%ï�IOW�ò�WNZFMLILKNKNILK�K%dë;�MLI �æ÷¨ò
IXîHMOdóìX:Cì%d~Z";�K�MLZ";�ìX:Cdó;aì��*Z"ôåò�:<W%ì%d~MOGJI®:<;�DÞì��*Z"ôå9�Z^GJIßMLZ^ðâò�Z^;�IO;�ìNK|6�ú�K�:<;aIXî�:Cðâò�G~I¨?�dó;
!
dJ]�6 � �*I�DFdJK ò�Gu:{_ñì%9�IàðàZ^;�Z"ò�Z^GJIàK%ì%WNIO;�]^ì%9 ïQE�;�MOì%dJZ^; ï�Z"Wßì��*Z ;�IOE�ì%WNZ^;�KAì%WX:<;�K ï�I{W
ïQWNZ^ð � � " ìNZ ��� " 68ê�9�IõK ì%WNI{;�]"ì%9"! S�#�$ % K 9�Z��); dë; !rd~]�6&�àd~K�M�:<G~MOE�Gu:CìNILDaö._ E�K dó;�]4dó;
5�÷�6 û13 ý�:C;Ø:{í[IOWX:"]^dë;�]âï\:"MOìNZ^W�2 � ÿõT IO`�ï�Z^W�IXîHMOdóìX:Cì%d~Z";�K�IO;�IOWN]^dJILK�:<ö�Z�í[I�ÿ[ÿÛT IO`õ6
ê�9�IaGJZ'�*I|K ìõò�I�: � dó; !
dJ]�6&�ñMLZ"W%WNILK%ò�Z^;�D�K®ìNZñì%9�IÜì%WX:C;�K%dëì%dJZ^;0ìNZ��):CWND�Kâì%9�Ia]"WNZ^E�;�D
K ìX:<ìNIßZ^ïrì%9�I �&� " ;�E�MOGJIOE�KL6�ê*9�IßMLZ"GëGJILMOì%dëí[I�;�:Cì%E�WNIßZ^ïrì%9�d~K�K%ìX:<ìNI�ðæ:��[ILKbdóì�KNIO;�K%dëì%dóí¨I



ìNZaì%9�I �):L_Ùì%9�IàMLZ";�ì%dë;�E�E�ð d~Kßì%WNI�:CìNI|D�6Üê*9�IàK%ì%WNIO;�]^ì%9 Z^ï�ì%9�IæK ìX:<ìNI®G~ZFMC:CìNILD �#E�K%ì
ö�IOGJZ'� ÿ MUT IO` d~KàZ�í¨I{WNILK%ì%dëðæ:<ìNILD0ö�_�ÿ M�� dë; ì%9�Iaö�ZLî0ì¢_�ò�I M�:CGJMOE�GQ:<ì%d~Z^;�K|62ê*9�I
M�:CGJMOE�GQ:Cì%dJZ^;�K�:<G~KNZ®ò�WNILDFd~M{ì�:®9�d~]"9 IO;�IOWN]"_�ð�ZFDHI¨6�ú�ì)ò�WNILKNIO;�ì �*IA:<WNI�dë;�í[ILK%ì%d~].:Cì%dë;�]
dëïnì%9HdJKbðàZFD�I�dJKbWNIOGu:CìNILDÞZ^W);�Z^ì*ìNZâì%9�I�]"dQ:<;�ì*ò8:<dëW%dó;�]âí.dëö�WX:Cì%dJZ^; þóÿ¨ÿ �\6

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 2 4 6 8 10 12 14 16 18 20

Gconti

Gbox

E*

S
(E

* ) 
(e

2 fm
 M

eV
-1

)

$&%('�)��>,/f3f\h ?�6N%(9D%(F�'_9EB�0d?A2-F�0DB W �����![�IY2N9�CDH�B�C ]
2	�KF�BG<�CD9E2-F 64=�=>%(CD%82NFZRM2>=@BN)

/�� EX�����¤$����n

þëÿ��ßùn6�ø*dë;�]�?âùn6ßB.MN9�E�M ��?�

�������������	������������ "!$#�%��'&(�"#)!*�+�*�-,/.0&1�	23�540�*�6 �75�*�8���94

û ÿ 8 3 M¨ýX6
þ�� �õVÛ6 !�6&#�IOW%ìNKNMY9Ø:C;�DaB�6 !�6�êbKX:<d\?1:;�)��<>=@?A�B&C= �)DØû ÿ=8  �¨ý�ÿ�� �F6
þ�� �Û7õ6 !�6 O�dóE :<;�D @�]"EH_[IO; `*:C;cV�dQ:<d\?@:;�)��<>=1EF��GHGI=)J�K(L û ÿ 8  %[ý � �F6
þ ���Û@�]^E�_[IO;a`b:C;cV�dQ:Cdn:<;�D  ß68B�:"]�: �):F?�MN�����O=@:;�)��<QP �(R �Ùû ÿ 8 3 ÿ�ý�ÿ¨6
þ�� �ß5)6¨7�9�:C;
?�@ß6^B�:C;�DFE�G~ILKNMOE
?�TU6�V�WX:^KNKNZ�:C;�D4@�]^E�_[IO;®`*:<;àV�du:Cd\?�:;�)��<>=)?A�*S;TUK�K

û �<M M �¨ý M � � �<M 8H6
þ�% �ÛTU6FV)WX:"KNKYZ�?¨@ß6�B�:C;�DFEHGJILKNMOE
?.@é]^E�_¨I{;â`*:C;ÜV�dQ:Cd¢?�ø�60V�6 O�d~Z"ì%ìX:F?�:;�W��<>=�?X�*SYTUK�Z

û �<M MHÿ�ý M % � � �Hÿ¨6
þ  �ß5)6C[¤9�:<ö8:<;�:Cì|?�ùn6�#�Z^;�MN9�I"?8ùn6� �:^I{;�KNIOG¢?�V�6�T IO_[IOW|?�ø�6�BFMY9�:"I���IOW|?@M\�����]=^:;�W��<*=

P_K � L û ÿ 8 8 3 ý � �Hÿ"6
þ 3 �ÛB�6 " 6�#a`:^M ��ðæ:<;
?.úÛ6'�Û6�V�:"M �HKYZ"; :C;�DbV�6�B�ò�IOì%9
?1:;�W��<>=�EF��GHGI=�JcL5K û ÿ 8  �¨ý �<M 8H6
þ 8 �ßê�6�úéEHðÜ:C;�;aI{ì�:<G\6ë?@M\�����]=(:;�)��<>=�PcK D R û � M<M�ÿ�ý�ÿ M �

þëÿ M �  ß68B�:^].:��):õ:C;�DÞê�68B�E �OE���d\?@:Q�W��<*=
?X�*S\TdL5e û ÿ=8 8 8¨ý �Hÿ[ÿ�%H6
þëÿ¨ÿ��Ûø�6�úÛ6 #¤WNZ[]^GódQ:â:<;�D �Û68ø�6 #�I|KL?@:Q�W��<*=(E^��GfGg=)JdK�e û ÿ=8   ý�ÿ�� 8F6


