
HAL Id: tel-00002676
https://theses.hal.science/tel-00002676v1

Submitted on 2 Apr 2003

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Etudes de la réaction de spallation p+Au à 2.5 GeV et
de la production neutronique en cibles épaisses (Pb,W

et Hg) par des protons de 0.4 à 2.5 GeV
Alain Letourneau

To cite this version:
Alain Letourneau. Etudes de la réaction de spallation p+Au à 2.5 GeV et de la production neutronique
en cibles épaisses (Pb,W et Hg) par des protons de 0.4 à 2.5 GeV. Physique Nucléaire Expérimentale
[nucl-ex]. Université de Caen, 2000. Français. �NNT : �. �tel-00002676�

https://theses.hal.science/tel-00002676v1
https://hal.archives-ouvertes.fr


���������
	�������
����������������	������! ������ "�#$�%�&�'�)(��!*+��,-����.��/�0�1325476$8:9/;<6�=9/6?>A@CBD9�EGFH6�I)E:9�JKEML�N?F<6$8:OQP!BDP

R S T UVT
W LKXY>Z6�=:JKX�6W N[L

\�]�^`_ba c�dfe�gihkjilmdn\ih

W EGopLqEGrpJs6�=p;HL
tvu!w!x+y�z�{}|~u�z����$��{`��x�|~u����������s��{�x��~����{�|3u���y�{`�8 W X?9�;�N[F<;HJKX��p�DEM=>ZJs;<JKo�N[=:J�>�B~F<Xb��6�=:J�N[;HLK6b>����)LsLK��JsX�47o��G�$��N[L�>��� M G¡£¢

>Qo?¤K6�Jb�
Tm¥q¦¨§n©�ª §n© «7¬ ¯®�¬�°$¥q±7²�³ §´© ªCµ
¬!«�«7¬�¥)±7²�³ µ·¶ ¸ ¦
¹ º¼»�½ ¾ ©D¿ ©À¥ §´© «7¬ µfÁ²¼§n¦¨°�¥q±7²!³ ³f©À¦f¥)�²!³f±7ÂÃ¦5©

©+³ °�±�Äf«�©�ª ®+µ
¬!±7ªqª�©�ª ÅÇÆÈÄÊÉ¼Ë ©+¥ S ÌÎÍ µ
¬!
§n©�ª µfÁ²!¥�²�³¨ª §n© Ï »�Ð ¬ º¼»�½ ¾ ©D¿

Ñ�ÒÓÕÔ �:Ö Ó �!×Ø�ÚÙ:ÛÚ.�Ü:Ý��7Þ�ß&à[��áâ���ã����äåpÖ Ô ×v��æ Ó àYçÎÝ Ò Þéè Ò�Ñ Ü%�&�ê
ëfìí~î�ï u�ð~ñ�ò�óõô�ó�ö�÷!øãùãö�ö`÷�ú û�ñ�ü î�ï |~u íÇý
ëfìí~î�ï u�ð~ñ�øéó�ö`÷�þãÿ���� x������ ì ñ ý u�ð3ñ
ëfìí~î�ï u�ð~ñ
	-ó�þ¼ù�����	´ÿ� x������ ì ñ ý u�ð3ñ
ëfìí~î�ï u�ð~ñ+ò�ó$ø������ ù��
ëfìí~î�ï u�ð~ñ
�·ó�ò�	������f÷
ëfìí~î�ï u�ð~ñ+þ´ó�öÀù����
ëfìí~î�ï u�ð~ñ+ò�ó���	´ö���� z ï ñ�u�� ý u�ð~ñ�|~u ý ��!�î u



"$#&% #&')(+*,#+% #&-/.10
243�57685:9<;>=�?@A;CBD;FEHG4IKJ�@L;CBD;>EHG4INMO;PINQK;>ER;>QP6S5T;>ER;>=OB7I UWVX5T;>=�Y8?4;
GZ@\[�6^]K;�;>=�G_QF;FE�5T`>QF;:G�[8aO;

6K3�E�ER;�G�3�?bQcE�3�=OBdQF;>QeIS3�=f57EHG43�QKBd[�=46^;PJ�@g[�G4[8ab;hMO;PI�QF;FER;>QP685T;FER;>=OB7I�;PI>BR@ji [�6^BD;�k�=�[l@mJRIS3�QKBn;
Moip]qG_5A@\3Ka�?4;rM�[�=sIC@L;jY8?1;t@&3�=uMO]>983�5A@A;r@A;PIr6K3�?�@\5vIKI ;PINMoi ?b=wBdQP[�98[�5A@x6K3�E�ER;>=46^]CBdQP3�5vIy[�=4=,]K;PIN[�?8G�[lz
QP[�9S[�=OB{J|Q^576F}Z;r;>=�]>E�3lBd573�=sIh;KBR;F=�QF;>=46K3�=bBqQK;PI U)~�6^;KB�BD;�]qG�3 Y8?4;PJ�[^G_QF`PIy?b=�]K@\3�5�a�=,;FER;>=OB�MO;�@\[
G4}���IS57YS?1;�I ;>E�5Azn9S3l@\3�=OBd[�57QF;PJ�MO;�MO;>?l�N[�=sIKJ�G43�?bQ
6K[�?�I ;�MO;�I ;>Q>98576^;�=4[lBq573�=�[l@mJ:5A@�E�ip]KBd[�5AB:M�5 ��685A@A;
MO;:QK;qG_QF;F=4M�QF;�G_5T;jM
M�[�=sI:@A;�E�5A@\5T;F?cMO;&@g[�QF;j6F}Z;FQP6F}Z;8U��);:QF;tBq3�?bQ|;KB�@Pi [��K3�?sBd5vIKI ;>ER;>=bBWMO;:6^;:BdQP[�9S[�5A@
=,i 3�=OB�]KBn]WQK;>=4M�?lI�G�3<IKIS57�^@A;jIXY8?4;�a�Qj��6^;��|@\[�6K3�=Fk�[�=46^;&;tB��|@Pip;>=�6K3�?OQj[8aO;>ER;>=OB�Moi ?b=R6^;>QKBd[�57=R=43�E��SQF;
MO;WGZ;>QPIS3�=4=,;PI�YS?1;�� ;�983�?bM�QP[�5vI�57685�QF;>ER;>Qj685T;>Q8U

�,;�6K3�E�ER;>=46^;>Qj[�5�G�[�Q�QF;>ER;FQP685T;>Qc@ji [�=4685T;>=4=Z;uM�57QF;j6^Bd573�=�M�?��)~H�X�P��J��|[�=45T;K@
�X?1;>Q>QF;j[�?�;tB
�Z]>QP3�ER;���3�?O[�=c;KB�@g[�=43�?O9 ;K@A@A;�M�57QF;j6>Bq573�=sJ_��3�E�57=457Y8?4;��X3�?sB�BD;:;KB��h[�QF;j &��;>¡�5ABq3�¡�5ABd6F¢�MO;XE�i [�983�57Q
[�6K68?4;>5A@A@g5&[�?�I ;>57=�MO;
6^;
@\[��K3�Qj[lBq3�57QK;�Y8?b5X6K3�=sI>Bq5ABd?4;�?b=�@\5T;>?�BdQF`jI�[8a�QF]j[��^@L;�MO;�BqQj[�98[�5A@H£dER¤>ER;
@\[
=4?b5ABO¥ ¦r;KBxMoip]j6F}�[�=laO;PI U

�,;:Bd5T;>=sI�]�a�[l@A;>ER;F=OBX�c;P�KG_Q>57ER;>Q|Bd3�?sBn;�E�[�a�QP[lBd5ABd?OMO;�[�?l�:GZ;>QtIS3�=�=,;PI�Y8?b5)3�=OBX;>?e@Pi [�E�[��S5A@\5ABD]
;KB�@\[�aO;F=OBq5A@L@A;PIKI ;�Moi [�6K6^;qGZBn;>QcMO;&�S? aO;>Q�E�3�=BdQP[�9S[�5A@WMO;rB{}Z`PI ;¨§+@A;�G_QF]jIS57MO;>=OB7J|��3�=sIS5T;>?bQe�Z;j[�=Oz
��QP[�=O©�3�5vIW��;j6K3l@A@L;>��J�@A;jI:Qj[^G�G43�QKBn;>?OQPIKJZ��;PIKIS5T;F?OQPI)~X@\[�57=RV�3�?OM�[�QjMª;KBW�o}�Q>5vI>Bd57[�=���;>�8Q>?O=sJ�[�57=�IS5oY8?4;
��;jIKIS5T;>?OQPI:��3<I ;qG4}h��? a�=43�=sJ�«o@gQ^576F}r��[<}�=s �;�;KB�V&;>=�3�¬AB��3lB�BnU

�h[�5vI:� ;r983�?bM�QP[�5vIh;P�KG_Q>57ER;>QrE�[NGZ@g?�I
G_QP3D®S3�=�MO;�;PI>Bq57ER;�;tB
QF;j6K3�=4=4[�5vIKIS[�=�6^;r�/��3l¯K@:�X[l@\57=sJ
E�3�=M�57QK;j6^Bn;>?OQ�MO;�B7}Z`PI ;rY8?b5&=,i [w;>?�MO;y6^;PIKI ;CMO;yER;RIS3�?�BD;>=�57QªGZ;>=4M�[�=OB�6^;PIyBqQj3�5vIC[�=4=Z]K;PIKJ�MO;
E�i [^G�G�3�QFBn;>QW?b=,;�a�QP[�=�MO;X6K3�=Fk�[�=46^;:;KB�?O=RBdQF`jI�a�QP[�=4M|I ;F=sI+68Q>5ABq57Y8?4;8U_�i [�5¨�^;j[�?b6K3�?8GC[^G�G_QF]j6S5T]WBq[�=bB
I ;PI�Y8?b[l@\5ABn]PI�}�?bE�[�57=,;PI�Y8?4;&IS685T;>=OBd5 k�Y8?4;PIC;KBx[�57ER]WG�[�QFBd[8aO;>Q:?b=RG,;F?eMO;&I ;jI�6K3�=�=4[�5vIKIS[�=46^;PI U��);PI
QF;j6K3�=�=4[�5vIKIS[�=46^;PI�9S3�=OBH]�a�[l@L;>ER;>=OBX�ªV+;>=43�¬AB���3lB�B{J_G�3�?OQ�I ;jIXa�QP[�=�MO;PI�6K3�EHGZ]KBn;>=46^;PI�Bn;j6F}�=457Y8?4;PI�;tB
IS685T;>=bBq5 k�YS?1;PIKJ|[�9<;j6�Y8?b5,�Zi [�5W�^;j[�?O6K3�?8G�[^G�G_Q>5vIc£7IS?bQKBq3�?�B)IS?OQ�@\[�6K3�EHGZ@A;j��5ABD]�MO;�@jip]K@A;j6^BdQP3�=457YS?1;�MO;
MO]j6^@A;F=46F}Z;>ER;>=bB�MO;��H°�±4±��T¦�;tB��+~X@g[�57=�²X]�a<}�[�57QK;³G�3�?OQoIS[Wa�Qj[�=4MO;�Q^5�a�?1;>?bQ)M�[�=�IW@A;�MO]>9 ;K@\3^G�GZ;>ER;>=OB
MO;PIyMO]KBn;j6^BD;F?OQPI U:´W?4;
Bq3�?lI�@L;PICBdQP3�5vI�IS[�6F}Z;>=bB:µ�6K3�E��S5T;>=y�Zi [�5W[^G�G_QK]j685T]�@A;>?bQCM�5vInG�3�=457�85A@\5ABn]PJ+@A;>?bQ
IS3�?�Bq5T;>=�;KB�@A;PI:@g3�=la�?4;PIKJxE�[�5vI:=43�=rE�3�57=sI�57=OBD]FQF;PIKIS[�=OBn;PIKJ�M�5vIS6S?�IKIS573�=sI|MO;G4}��8IS57Y8?4;PJ�@A;+Bq3�?�B�M�[�=sI
?b=,;�[�E��857[�=46^;�BqQK`PI�[8a�QK]j[��^@A;�;KBI>Bd57E�?s@g[�=OBD;SU

��;WBdQP[�9S[�5A@4MO;XB7}Z`PI ;+6,ip;PI>B�[�?�IKIS5¨?b=�BqQj[�98[�5A@ZMO;X6K3l@L@\[��K3�QP[lBd573�=sJ�;KBO� ;xBq5T;>=�I:��QK;>ER;>QP6S5T;>QW57685³Bd3�?�I
@A;PINER;>E��SQF;PIrMO;�@\[�6K3l@L@\[��K3�QP[lBd573�=/�X°�±4±4�r[�9<;j6�YS?O5¶�Zi [�5:;>?��^;j[�?O6K3�?8G�MO;�GZ@g[�5vIS57Qe�hBqQj[�98[�5A@A@A;FQ�U
�Z;&9S3�?OM�Qj[�5vI)GZ@\?lI�G4[�QKBd5768?s@g5T`>QF;>ER;F=OB�QF;>ER;>Qj685T;>QR«�@\Q>576F}��4[<}�=s �;�;KB���5T;KBn;>QH·�5A@mIS6F}Z;>Q)G�3�?OQXE�i [�983�57Q
GZ;>Q>E�5vIWMoi ?�Bd5A@\5vI ;>Q)@\[|V��HV�;KB�MO;WE�i [�9S3�57QW[�6K6^;>?O5A@L@\5OG�3�?OQ�?O=:G,;tBq5AB³I ]A�S3�?bQ)�&V&;>QK@\57=e;tB�[�9<;j6XY8?b5<�Zi [�5
a�Qj[�=4MO;>ER;>=OB�[^G�G_QF]j6S5T]�MO;W6K3l@L@\[��K3�QF;>Q8U4�Z;�Bq5T;>=�I&]�a�[l@A;FER;>=OB���QF;>ER;>Qj685T;>Q�ER;PIXMO;>?l��;P� zn6K3�EHG�[8a�=43�=�I
G�3<I>BTz¸M�3<6>Bq3�Qj[�?��8JZ��QP[�=� ��H3l@gMO;>=4�K[�?bE¹;KB³~+=4M�QF;j[<I�V�º<}�E»£dYS?1;X9S579<;
¼�3l@m 8IS¡�[8aO;>=H¥ ¦ª[�57=sIS5³Y8?4;)½�[��
��¾O=45�a }�3D¿WJ&��@g[�?�I>zT��576F}�[O;K@¨·�;FQ^�K[�6F}�£7��[�=� �;�®S¾OQ:M�[<I&V�?O6K}8¦c;tB�2¨@\[�M�57E�57Q�À�5vIK}�6F}Z;>=s �3OU

�,;ª=,;
983�?bM�QP[�5vIXG�[<I
3�?b�^@\5T;>Q�@A;PI�I ;FQ^98576^;jI�[�M�E�57=45vI>BqQj[lBq5 ®KI
;KBXBn;j6F}�=457Y8?4;PIyM�[�=sI�6^;PI�QF;FER;>QP685T;tz
ER;>=OB7I�;KB�� ;�9S3�?OM�Qj[�5vI:GZ@\?�I�G�[�QFBd5768?�@\5T`>QK;>ER;>=OB�QF;FER;>QP685T;FQ|�h3�=sIS5T;>?bQª½�[<}�¡�[lBq5vJX~+Q^ER;t@A@A;��¶[lBq3�?bQ
£\G�3�?OQ�[�9S3�57Q�G_Q>5vI�IS3�57=�MO;ªER;PIH® ;F?O5A@L@A;PIrMO;�@g57Y8?O57M�[lBd573�=�MO;�E�5vIKIS573�=�¦ J)��[�=�5T;K@�24[�5A@A@\[�=bB�YS?O5XE�i [
GZ;>Q>E�5vI
MO;
BqQj[�98[�5A@A@L;>Q�M�[�=sI
@A;jICER;>5A@L@A;>?bQF;PIe6K3�=4M�5ABq573�=�I�57=F®S3�Q^E�[lBd57Y8?4;PIr;KB&@A;PIrÁ\a�[�QPI�Â�M�?�@\[��K3�MO;
G4}���IS57YS?1;�;tB)IS?OQKBq3�?�BX@A;�Á\a�[�QPI�Â
��;j3�Q�aO;WG�3�?OQ�[�9S3�57Q�G_Q>5vI�IS3�57=�MO;PI�BD]t@A;PIS6K3^GZ;PIC;KB+=43�?lI�[�983�57Q�[�6^z
6K3�EHG�[8a�=,]�M�[�=sI�@\[cÁ�G�[�EHG4[4ÂxMO;:�4¾�@\576F}ZU



�,;�IS?b5vI)BdQF`jIWQK;j6K3�=4=4[�5vIKIS[�=OB��|Bd3�?�Ix6^;>?l��Y8?b5³E�i 3�=bB�[�57MO]�M�[�=sIW@\[�6K3�Q^QK;j6^Bd573�=�MO;x6^;WE�[�=4?lIS68Q>5ABO§
�h[�Q>Ã7[lzq��3<I ]PJ�±_� @\985T;�;KB�²x5T;>Q^QK;8U

±_5¨@\[�B{}Z`jI ;&6Zip;PI>B�?O=RBdQP[�9S[�5A@Z57=OBn;>=sI ;�;tB³G_QF;>=�[�=OB{J�6,ip;PI>B�[�?�IKIS5¨MO;�a�QP[�=4M<I+E�3�ER;>=bB{I�MO;+MO]KBD;F=OBD;
;KB�Moi [�E�5ABd5T]¨§4@A;jI�G�[�?�I ;jIW6K[D® ]jIKJ³@L;oG_57=la�zAG�3�=laR;>=OBdQF;�E�57M�5³;KB�MO;F?��8J�@A;PI�QF;>=4MO;j¢>zn983�?lIW}Z;>�KM�3�E�[�M�[�57QF;PI
M�?�9<;>=�M�QF;jM�5oIS3�57Q�6F}Z;j¢�²x[lBqQ>576F 8Jx@A;PIª6857=,]PIKJX@A;jI
�K[�QPIKJ)@L;PI�QF;qG�[<I�;F=OBqQK;�[�E�5vIKJ�@A;jI)® ¤KBn;PIKJX@A;PIª¡;K;P  z
;>=4M���@\[�6K[�EHG4[8a�=,;�3�?���@\[hER;>QPJ&@A;jIr98[�6K[�=46^;PIN;>=/°�InG�[8a�=,;y3�?�[�?��/��[�Q¸G�[lBn;PIKJX@A;PIeQF]>?b=4573�=sI
[<IKIS3 6857[lBd579<;PI�U7U7U��,;�983�?bM�QP[�5vI�57685�M�57QF;�?b=ca�QP[�=�MeER;FQP685��eBd3�?�IªER;PI
6K3�EHG�[8a�=43�=�I
MO;�QP3�?�BD;�[�9<;j6
Y8?b5<�Zi [�5sG_?HG�[�QKBq[8aO;FQIS5³6^;X=,ip;jI>B�?b=�57=sI>Bd[�=OB�Moi [�E�5ABd5T]PJ�[�?
E�3�57=sI�?O=,;��85T`>QF;SU4��;>Qj685³[�?l��Á�[�=46S5T;>=sI�Â
MO;hE�i [�983�57Q�[�6K6S?1;>5A@L@\5l§�½�[�Q>57E|J���QF;jM�±¨U�JrÄ)@\579S5T;>QÅÀ�U�;tBcÄ)@g57985T;>Q��,U�J�~+=4=,;PJ��,;j[�=bzT�h576F}�E�?b6F}�J
~+=4=,;tzT±_3<J&·�;>Q>9<]PJ�Ä)@\57985T;>Q��)U�;KBH�h� @A`>=,;jJHV+;>QFBdQP[�=�Me�ZUW;KB�~X@L;P��[�=4M�Qj[<J&�Z;j[�=OzK��@\[�?bMO;C;KBW����=4M�[<J
��QP[�=O©�3�5vIH;tB³�>[�=4[<JZ��;>=�5vIKJXÆ4[�=4=�576F 8J¨��[�=4[<I U���;>QP685Z[�?l��Á{=43�?O9 ;j[�?��bÂ�MO;¨G_QF;F=4M�QF;�@\[�QF;K@L`>9<;¨§O±,�<@\985T;
;KB�Ä)@\57985T;FQ���U�J¨V+;>QFBdQP[�=�M�V&U�£d3�=�E�[�=laO;XBqQj3^G:¥ ¦ J³±ZBn]qG4}�[�=,;WV&U�J¨±1BD]qG4}�[�=Z;��&U�J³V+;>=43�¬ABW�&U�J³��5v}�[�5vJ
�>3l@g[�=4M�[<J���3<ISE�57=,;PJ¨~�M�57=4[<J³��QP[�=� HV+U�J��,;j[�=Oz���?b6FJ���[�6KY8?1;jIKJ¨²W5T;FQ^QK;&�)U�J_²W5T;FQ^QK;��U�J¨��576K3l@\[<IKJ¨��QF;jM
V&U7U

��i ?b=,;�E�[�=�5T`>QF;XaO]F=,]>QP[l@L;PJXER;>Qj685���Bq3�?lI�6^;>?��yY8?4;�Zi [�5�3�?b�^@\5T]
;KBXY8?b5�Moi ?O=,;�®S[l© 3�=h3�?cMoi ?b=,;
[�?�BqQK;�E�i 3�=OB&;F=46K3�?OQj[8aO]&G�3�?bQ�ER;>=,;>Q����85T;F=�6^;�BdQP[�98[�5A@AU��,;�983�?bM�QP[�5vI
;>=eG�[�QKBq576S?s@\5T;FQ�QF;>ER;>Qj685T;>Q
��[�=4[<I+Moi [�9S3�57QoG,;F=sI ]X��E�3�5OG�3�?bQ�¤KBdQF;�?O=�MO;�I ;PI+6K3l@A@\[��K3�Qj[lBD;F?OQPI:;>=RBd[�=OB�Y8?4;�G�3<I>B�znM�3 6H�|±_[�6>@\[��sU

�,;�983�?bM�QP[�5vI
;P�KG_Q>57ER;>Q�ER;PIªMO;>Q>=45T`>QF;jI&GZ;>=sI ]K;PIª�cE�[H®S[�E�5A@A@L;�YS?O5�E�i [yBd3�?P�S3�?OQPI�IS3�?�BD;F=4?/;tB
;>=46K3�?bQP[8ab]�M�[�=�I�ER;PI�MO]j685vIS573�=sIC;KB��e�h[�Q>Ã7[lzq�43<I ]XG�3�?OQ|IS3�=�IS3�?�Bq5T;F=�6K3�=sI>Bd[�=OB�;KBHIS[cBn;>=4M�QK;PIKI ;
;PInG�[8a�=43l@L;8U

8:NM9�FõN8Ç�È:F<6���ÉsÊ?�:�<ÊY�7�



	 åâß�×Ø���&� Ñ Þéå Ô Ë�Ì à?� Ñ �

Í ÎÐÏÒÑ¨Ó ÔÕÓ�Ö × ÎfØcÙ¨ÚÛCÓ�Ö

Ù ��Ö Ô à Ò � Ó Ý Ô ËØÒ Ö Ü�lÝH� Þ);�>ZJKEMLK;àß£op6�476�FõN$> W N[F<F�N[Js;<EG= Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý á�lÝ ¡ â6?>qN<ã:6?>�476���6?>QopLK6Y>)Ý:Ý�Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý É�lÝ � P�EGJs;AäMN[Js;<EM=> W EMopL�4:6Á=âEGo4ä�6�FHF<6?>D��6?>QopLK6?>åÝ|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b��lÝçæ è~FõN?=!47o���X�� EG;<Ls6ÕÝ�Ý:Ý�Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b¡
á � ��� ËØÑ è ÒÑ8Ë Ô�Ëàé �sê&èDÜ:à Ë Þé��Ö Ô åâ×~���Á�&�'� Ù1Ü¡OÝH� I)X�Js6?9�Js;<EG=�476Y> =p6�opJsLKEG=�>�Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �Sá¡OÝH�lÝH� èALs;<=9/; W 6�476�FõN$47X�Js6?9�Js;<EG= W N[Lq��E:47X�L�N[Js;<EG= Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �Sá¡OÝH�lÝ ¡ â6$I)X�Js6?9�Js6�opL�4:6Á=â6�opJKLsEG=>Wæ�ë~�dìWí&ì)¢uÝ:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý � î¡OÝH�lÝ � â6?>)4:;õ>ZJsLK;HrpopJK;HEG=>�4:6Á�+opFHJK; W F<;õ9�;<JsXq476�=p6�opJsLKEM=>ïÝ:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý ¡M�¡OÝH�lÝçæ �DEG� W N?L�N?;õ>ZEM=!N8ä�6?9�4_ð N[oâJKLK6Y>�47X�JK6Y9�JK6�oâL�> 4:6Á=â6�opJKLsEG=>CÝ�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý ¡�ñ¡OÝH�lÝòñ �DEG=9�FHo>Z;HEG=�>ZopL�F�NÀ47XbJK6?9�Js;<EM=�=p6�opJsLKEM=p;7ß�op6&Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý ¡�î¡OÝ ¡ I)X�Js6?9�Js;<EG=�476Y> W N[LsJK;õ9/opF<6?> 9Fó�N[LPôMX�6?> Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý ¡�î¡OÝ ¡OÝH� èALs;<=9/; W 6�476�47X�JK6Y9�JK;HEG=À@C1pEGLs�ÀopFH6q476�ì 6bJPóp6�@¸ì F<E:9Kó Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý ¡�î¡OÝ ¡OÝ ¡ â6$I)X�Js6?9�Js6�opLWõ�8�;HF<;õ9/;<op�öæ�ë¼�dì)8�;7ì)¢ Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý ¡�É¡OÝ ¡OÝ � â6?> JsX�F<6Y>K9�E W 6Y>�Ý�Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �M�¡OÝ � B~F<6?9/JKLKEM=p;7ß�op6�6bJqNG98ß�op;õ>Q;<Js;<EG=�476?>q47EG=p=âX�6?>�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �M¡¡OÝ �OÝH� â�ð X�FH6?9�JKLsEG=p;àß£oâ6�476?>�47XbJK6?9�Js6�opL�>�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �M¡¡OÝ �OÝ ¡ â N FHElôG;àß£oâ6`4:6`4:X?9�F<6b=9Fóâ6���6/=7J�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý ��á¡OÝ �OÝ � â�ð NG9Sß£op;�>Z;HJK;<EM=�476?>�47EM=p=pX�6?>WÝ:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý ��á
� ÷�÷4ø+ù&ú�ù&úüûjýïþ4ÿ¨ý��,÷������ 	�ø��
	������� ���Có�� ��ú�� ���
� ��Ö Ô à Ò � Ó Ý Ô ËØÒ Ö ���
 �Hê&èDÜ7à Ë �7Ö&Ý���� Ô$Ô à?å ËõÔ �7Þé�:Ö Ô �&� Ñ � Ò Ö&Ö�Ü:� Ñ  Ù

æ4ÝH� è~LKE:47o�9�JK;HEG=!4:6 W LKEGJsEG=>+õÀ�"!Á8$# Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý æâ�
æ4Ý ¡ I)6?>s9�LK; W JK;HEG=�476�Fqð 68ã W XbLK;<6b=9�6rÝ�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý æ �

æ4Ý ¡OÝH� â6`��EM=7J�N<ôG6 Ý:Ý�Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý æ �
æ4Ý ¡OÝ ¡ ��> W 6?9�J�> 68ã W XbLK;<� 6�=7J�N[o4ã�Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý æ�ñ

æ4Ý � %�L�N[;HJK6�� 6�=7J 476Y>�47EG=p=âX�6?>&Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý æ�á



¡ 	 åâß�×Ø�!��� Ñ Þéå Ô Ë�Ì à?� Ñ
æ4Ý �OÝH� B�ã W Ls6?>K>Q;<EG=�476?>�>Q6?9�JK;HEG=> 6'&�9�NM9�6?>D��6?>ZoâLKX�6?> Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý æ�á
æ4Ý �OÝ ¡ %ÕL�N[;<Js6���6�=:J 476?>�JKX�FH6?>K9/E W 6?> Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý ñM�
æ4Ý �OÝ � %ÕL�N[;<Js6���6�=:J 476�FõN�ì)8�;àì Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý ñ�É

Ü , Ò ��Ü:× ËØÑ å Ô�ËvÒ Öé���!×Øå!à?Ü7åâÝ Ô ËvÒ ÖÎ��� Ñ è�åâ×v×Øå Ô ËØÒ Ö ��Ü
ñOÝH� â N+9�NG>s9�NG476�;<=:JKL�NY@ =7o9/F<X?N?;<LK6���OníÁ��¢�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý á�ñ

ñOÝH�lÝH� â6$9�E:476�OníÁ�Wâ ¡bÝ ����O�=7JsL�N�@ní)o�9�F<6?N?L)� NM>K9�NM476�47X8ä�6�FHE WpW X�õRâ;�(8ôM6G¢»Ý|Ý�Ý:Ý á�ñ
ñOÝH�lÝ ¡ â6$9�E:476�476�â;)(8ôG6�6�J�FH6`9/E:476�476�ì 6�LKJs;<=p;�Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý îY�

ñOÝ ¡ �DE:476�476�47X?>Z6Sãp9�;HJ�N?JK;<EM=�>ZJ�N[Js;õ>ZJs;7ß�op6 Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý î �
ñOÝ ¡OÝH� â6$9�E:476�*¯BDP!Oní�OüÝ:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý î �
ñOÝ ¡OÝ ¡ �DEG=,+ZôMopL�N?JK;HEG=�4pN?=> F�Nlß�op6�FHF<6�N`X�JsX�opJK;HF<;õ>QX�6�*�BDP!Oní�O�Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý îSæ

ñOÝ � 8�;H�ÀopF�N[Js;<EG= 476�FõN$LKXYNG9�Js;<EG=�476�> W N[FHFõN[Js;<EM=%6bJq476?> 6.- 6�J�>�476�47X�JK6Y9�JK;HEG= Ý:Ý�Ý|Ý�Ý:Ý îSæ
ñOÝ �OÝH� �DEGo W F�N<ôM6$476�OníÁ�Wâ ¡OÝ � 6bJ/*�BDP!Oní�O10-OníÁ�Wâ Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý îSæ
ñOÝ �OÝ ¡ 8�;<�+opFõN?JK;HEG=�476�F�N$47X�JK6Y9�JK;HEG=�476Y> =p6�opJsLKEG=�> Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý î�î
ñOÝ �OÝ � 1�;<FHJKLK6�476�47X�JK6Y9�JK;HEG= W EGoâL�F<6?> W N[LsJK;�9�opF<6Y>�9FóN?LPôMX�6?>�Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý ÉM�

�  Ò ÞVè&åpà?å ËØÑ�Ò Ö¼��ê&èDÜ7à Ë �7Ö&Ý��£( Ñ8Ë Þ Ó ×vå Ô�ËvÒ Ö Û �
áOÝH� P�opFHJK; W F<;õ9/;<JKXY> 4:6 W N[LKJs;õ9�oâF<6?>DF<X8ô2(�LK6?>D6�J�F<oâ��;�(�Ls6 W LKEG� W JK6åÝ�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý ÉM�
áOÝ ¡ I)X�Js6�LK� ;<=N?JK;<EM=�476�Fqð X�=p6�LjôG;H6�4³ð 68ãâ9�;<J�N[JK;HEG= Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý  M�

áOÝ ¡OÝH� B�ã W E�>QX$476�FõN`� X�JPópE:4:6 Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý  M�
áOÝ ¡OÝ ¡ I);õ>QJKLK;HrpopJs;<EG=�6�=�X�=â6�LPôM;<6�4³ð 6Sãp9�;HJ�N?JK;<EM= Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý  M¡
áOÝ ¡OÝ � %Õ6�� W > 476�Jjóp6�LK��N[F<;�>KN?JK;<EM= Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý   æ
áOÝ ¡OÝçæ �DEG� W N?L�N?;õ>ZEM=!476Y> LKX?NM9�JK;HEG=> ;H=47op;HJK6?> W N?L W LKEMJKEM=>)6�JqN?=7Js; W LsEGJKEM=>�Ý�Ý:Ý  �á
áOÝ ¡OÝòñ â6?>)13P!OFÈ:op=3+F<JsLK6�>ZoâL�Fqð Xb=p6�LPôM;<6�4_ð 68ãâ9�;<J�N[Js;<EG=�4�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý  �î

áOÝ � I)EM=p=pX�6?>�;õ>QEGJsE W ;àß£op6Y>�476?> W N?LKJK;�9�opFH6?>�9Fó�N[LPôMX�6?> FHX8ô�(�Ls6?> Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý  �î
áOÝ �OÝH� 8�6?9�Js;<EG=�> 6.&�9bNG9�6?> 47EGoârpF<6�� 6�=7JC47;5- X�Ls6�=:JK;<6bF<F<6Y>&Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý  �É
áOÝ �OÝ ¡ I);õ>QJKLK;HrpopJs;<EG=�>�N[=4ôMopFõN?;<LK6Y> Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b�7�
áOÝ �OÝ � 8�6?9�Js;<EG=�> 6.&�9bNG9�6?> 476 W LKE:4:o9�JK;HEG= Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b�<æ

áOÝçæ B~��;õ>s>Z;HEG=�4³ð X8äMN W EGL�N[Js;<EG=öÝ:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b�lá
áOÝçæ4ÝH� �)rEG=4pN?=9�6�476?> W N?LKJK;�9�opFH6?> X8äMN W EGLsX�6?> Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b�lá
áOÝçæ4Ý ¡ B�ä�EMF<opJs;<EM=�476Y>~> W 6?9�JsLK6?>~6�=$Xb=p6�LPôM;<6q476Y> W N[LsJK;�9�opF<6Y>�F<X8ô2(�LK6Y>~N8ä�6?9 Fdð X�=p6bLPôG;H64³ð 68ãâ9�;HJ�N[Js;<EM= Ý:Ý�Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b�lÉ
áOÝçæ4Ý � I);õ>s9�o>K>Q;<EM=!>ZoâL�FõN�ä7;HJK6?>s>Z6�476�Ls6?9�opF'47o�=pE Ç:N?o%Xb��6�JKJs6�opLWÝ:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �M���
áOÝçæ4Ýçæ â NÁrN?LKLK;)(�LK6C9�EGoâF<EG�+rp;H6�=p=p6D6?>QJZ@ 6�F<FH6�47X W 6�=�4pN[=:JK6q476�Fdð X�=â6�LPôM;<6�4_ð 68ãâ9�;<J�N[Js;<EG=�4:�G� îáOÝòñ �DEG=�9�F<o>Q;<EM=�Ý�Ý:Ý�Ý|Ý�Ý:Ý�Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �M�8É

6 � Ô?Ó �������!×87HÜ7Þ ËØÑ�Ñ8ËõÒ Öã�&��è&à[Ü:Ü:9 ÓoË × Ë ß&à[� ÙÙ �
î�ÝH� B~��;õ>s>Z;HEG=�ópEML�>�X ß�op;<FH;<rpLs6�Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b¡G�

î�ÝH�lÝH� �)rEG=4pN?=9�6C476?> W N?LKJK;�9�opFH6?>,;s47;<Ls6?9�Js6?>=<&6�=/>ØEM=9�JK;HEG=�476~Fdð X�=â6�LPôM;<634³ð 68ãâ9�;HJ�N[Js;<EM=~��¡M�î�ÝH�lÝ ¡ â6?>)> W 6?9�JKLs6?> 6�=�X�=p6bLPôG;H6�476?> W LsEGJKEM=>�6�J�F<6�9/E:476$OníÁ�Wâ ¡bÝ � Ý|Ý:Ý�Ý|Ý�Ý:Ý �b¡G�
î�Ý ¡ I)X8ä�6bF<E WâW 6b��6�=:J 4_ð op=p6¯68ã7Js6�=>Q;<EG=�;s9�E�N?F<6?>s9�6�=9/6.<�N?o�9�E:476$OníÁ�Wâ ¡bÝ �hÝ|Ý:Ý�Ý|Ý�Ý:Ý �b¡lñ

î�Ý ¡OÝH� P�EGJK;LäMN[JK;HEG=>q476�=pEMJKLK6�N WpW LKE:9Kóp6CÝ�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b¡lá
î�Ý ¡OÝ ¡ I)6?>K9/LK; W JK;<EM=�476�Fqð 6Sã7Js6�=>Z;HEG=�;s9�E N[F<6Y>K9�6�=�9�6.<¯476�OníÁ�Wâ ¡OÝ �ÐÝ:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b¡lá



	 åâß�×Ø���&� Ñ Þéå Ô Ë�Ì à?� Ñ �
î�Ý ¡OÝ � ��ópEG;Lã�4:6?>�9�LK;HJ�(�Ls6?> 4:6?>ØEMLK��N?JK;HEG=�476Y>)9�EM� W E�>Q;<JK6Y>)Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b¡sî

î�Ý � 2�X?>ZopFHJ�N?J�>�6�J�47;�>K9�o�>K>Z;HEG=>:Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b¡G 
î�Ý �OÝH� �~¤Ko>ZJs6���6�=:J 476?> W N?L�N?�3(�JKLs6?> 4:o���E:4,(bF<6$�s�[¢ Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b�G�
î�Ý �OÝ ¡ �DEG� W N?L�N?;õ>ZEM=!476Y>�476�o4ã�N WpW LsE:9Fóp6Y>)N8ä�6?9)FH6?>�> W 6?9/JKLK6Y> 68ã W X�Ls;<��6b=7J�N[o4ã Ý �b�7�
î�Ý �OÝ � B�ä�EMF<opJs;<EM=�4:6?>�> W 6?9�JsLK6?>qN8ä�6?9)Fdð X�=p6bLPôG;H6�4_ð 68ãâ9�;<J�N[Js;<EG= Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b�G¡
î�Ý �OÝçæ 1�EMLK��N?JK;HEG=�476?> W N?LKJs;õ9�opFH6?> 9/EG� W E�>Q;<Js6?> Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b�G 

î�Ýçæ �DEG=�9�F<o>Q;<EM=�Ý�Ý:Ý�Ý|Ý�Ý:Ý�Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �>æ��
�b� @�þA�Wù&ø/�Z÷A�B�C� ù&úD�&ú¨øH÷�þA���/E�úF�G�H��I&ûjúFE�ÿF	+ýC�BE,EbúFE JFKLJ
Û ��Ö Ô à Ò � Ó Ý Ô ËØÒ Ö Ù  ��

ÉOÝH� â6?>q>ZEMopL�9�6Y> ;<=:JK6�=>Q6?>�476�=p6�oâJKLKEM=>cÝ:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �>ælæ
ÉOÝ ¡ â6?> W LKEY¤K6�J�>�476�>QEGopL�9�6?>�;<=:JK6�=>Q6?> 4:6Á=â6�opJKLsEG=>q476�>Z6Y9�EG=4:6|ôMX�=pX�L�N[Js;<EG= Ý�Ý|Ý�Ý:Ý �>æ�ñ
ÉOÝ � â6?>�LKX?NM9�JK6bopL�>)óbÇ7râLK;õ4:6?> Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �>æOî
ÉOÝçæ 1N[;�>K9�6?N?o4ã�4³ð ;<EM=> L�NM47;<E NG9�Js;5> > Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �Sñ7�

� � Ñ èD�:Ý Ô?Ñ �sê&èDÜ:à Ë Þé��Ö Ô å Ó ê Ù4Ü � OÝH� I)6?>s9�LK; W JK;HEG=�476�Fqð 68ã W XbLK;<6b=9�6rÝ�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �SñG� OÝH�lÝH� �D;<rpFH6?> 6�J�X�=p6bLPôG;H6?>�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �Sñ<æ OÝH�lÝ ¡ I)X?9�FH6�=9Kóp6���6�=�J�>~6�J�;<=:JK6�=�>Z;<JsX?> 4:6?> N?;õ>s9�6?N[o Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �Sñsî OÝ ¡ �DEGLsLK6?9/JK;<EM=>q>ZopL�FH6?> ��6?>QopLK6?>�Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �Sñsî OÝ ¡OÝH� í)EG�+rpLK6�476�LKX?NM9�JK;HEG=> Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �SñG  OÝ ¡OÝ ¡ �DEGLKLs6?9�Js;<EG=�>)476Y>�47;õ>QJKLK;HrpopJs;<EG=�>�476��ÀopFHJK; W F<;�9 ;HJKXq476�=p6�oâJKLKEM=> Ý:Ý�Ý|Ý�Ý:Ý �Sá<æ OÝ � �DEGLsLK6?9/JK;<EM=�476�Fqð 6'&�9�NM9�;<JsX�4:6`4:X�JK6?9/JK;<EM=�476?>�=p6�oâJKLKEM=>:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �Sásî
Ù:�!. ËvÑ Ý Ó&Ñ�Ñ8ËØÒ Ö¼�&� Ñ à?Ü ÑbÓ × Ô å Ô?Ñ Ù:� ����bÝ<�éI);�>K9�o>s>Z;HEG=!>QopL�F<6�>Q;AôG=�N[F W LsEG� W J Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �SáG ���bÝ ¡58�6?9/JK;<EM=> 6.&�9�NG9/6?> 6�J�FHEG=4ôMop6�opL�>)4_ð ;<=:JK6bL�NG9/JK;<EM=> Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý � î?����bÝ �´I);�>ZJKLs;<rpoâJK;<EM=> 6�=��+opF<Js; W FH;õ9�; JKXq4:6Á=â6�opJKLsEG=> Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý � î ñ���bÝmæfB~JKo4:6$476�FõN$9bNG>K9bNG476�;<=:JK6bLZ@ =7o9/F<X?N?;<LK6 Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý � î? ���bÝ�ñ�è~LKE:47o�9�JK;HEG=!4:6Á=â6�opJKLsEG=>:Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �SÉG����bÝ�ñbÝ<�öèALsE:47o9�Js;<EM=�JKEMJ�N?F<6�476�=p6�opJsLKEM=>�Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �SÉlñ���bÝ�ñbÝ ¡ èALsE:47o9�Js;<EM=!47;M-ÇXbLK6�=:JK;H6�F<FH6�476Y> =p6�opJsLKEG=�>�Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �SÉlá���bÝ�ñbÝ � â�ð X?9�EM=pEG� ;<6�476Y> =p6�opJsLKEG=�>ÐÝ:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �SÉG ���bÝ�á5�DEG=�9�F<o>Q;<EM=�Ý�Ý:Ý�Ý|Ý�Ý:Ý�Ý:Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý�Ý:Ý|Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý:Ý�Ý|Ý:Ý�Ý|Ý�Ý:Ý �b 7�
ÙÙ� Ò Ö�Ý�× Ó�ÑSËvÒ Ö Ñ Ù ���
� ��Ü Ñ�Ó × Ô å ÔYÑ ����×N7Hå�æ Ó&Ñ�Ô �:ÞV�:Ö Ô �&� Ñ � ËØÑ�Ô à Ë ß Ó�Ô ËvÒ Ö Ñ �:Ö¼Þ Ó × Ô Ë è�× Ë Ý Ë Ô Ü Ñ �&��Ö&� Ó�Ô à Ò Ö Ñ Ù �O�
# ��Ý�P&Ü7Þéå!�&��×87<Ü:×Ø�7Ý Ô à Ò Ö Ë 9 Ó � áâ��Ü
 Q���� , ��� áâ�R6



æ 	 åâß�×Ø�!��� Ñ Þéå Ô Ë�Ì à?� Ñ



ñ

S T ÎVUÒÙ_ØeÛCÓ W

X�Y ØeÛ[Z Ô]\]^hØcÙFZ Y

â6�JK6bLK��6�476�;s> W N?F<FõN?JK;HEG=,< 47XY>Z;AôM=p6�476�> N�_/EG=�ôMX�=pX�Ls;7ß�op6ÀFH6?>�LKX?NM9�JK;HEG=>�=:o9�FHX?N[;HLK6?>�4âN[=>`FH6?> @
ß�op6�F<FH6?>�oâ=�óNM47LKEM=$476�óN?opJK6 X�=p6�LjôG;<6q� 476�ß£op6bF7ß�op6?>Ç9/6�=7J�N[;H=p6?>�476 P�68`�õXß£op6bF7ß�op6?>a*q68``¢;H=7Js6�L�N ôG;<JN8ä�6?9�op=p6�9�;HrpF<6�Ý7�D6�JK6bLK��6qN�4³ð N?r�EML�4�X�JsX�F<;HX&õ�Fqð EMr>Z6bLPäMN[Js;<EG=�476�LKXY>Z;õ4:o> 476¯LKX?NM9�JK;HEG= 9�EGLsLK6?> W EM=7@4pN?=7J�õã476?> W 6�LKJs6?>+476���NM>K>Q6 W EMopL�F<6�=pE Ç:N?o7@Q9/;<rpFH6�N?F<F�N[=:J�476Nß£oâ6�F7ß�op6?>`=:o9�FHX�EG=>�õ�ß£op6bF7ß�op6?>47;)b?N[;H=p6?>�476+=:o9�F<XbEG=>>Ý��)o?¤KEMopL�4³ðçó7oâ;qÈ 9�6ÀJs6�LK� 6`4:X?>Z;LôG=p6 W F<o�>�ôMX�=pX�L�N[FH6���6�=:J�F<6+��X?9�N?=p;õ>Q�À6 W N?LF<6�ß£op6bF�oâ=p6 W N?LKJK;�9�opFH6�F<X8ô2(�LK6�476&óN?opJK6�X�=p6bLPôG;H6)X ¤K6?9�JK6�47o�=pE Ç:N[o�9�;HrpF<6¯476?> =:o9�FHX�EG=�> EGo�476Y> W N[LQ@JK;�9�opFH6?> FHX8ô�(bLK6?>�FõN?;õ>K>sN[=:J�op=!=pE Ç:N[o!LsX?>Z;�47op6�FF>ØLKEM;õ4ã�vLsX?>Z;�47o�476+> W N[FHFõN[Js;<EM=Ç¢qEGo�476?>c>ØL�N<ôG� 6�=7J�>)4:6+ >s>Z;<EM=¨ÝO�F�6?>ZJ W N[LN>ØEM;õ>�X�JK6b=47oCõ+476?>�9�EMF<FH;õ>Z;HEG=> ;H� W FH;7ß�oN[=:JD476�o�ã�=pE Ç:N[o4ã ��NG>s>Z;5> >>Ýâ�ð X�Jso476�4:6`9/6 W LKE:9/6?>K>Qo>)N$9/EG=p=:o�op=�LK6�=pEMo4ä�6?N?o�476 W oâ;õ>)ß�op6�Fàß£oâ6?> N?=p=pX�6?>)ôMLedM9�6�N[o4ã�N8äMN[=:@9�X�6Y>ÁJK6Y9Fóp=âEGF<E�ôG;àß£op6Y>Á4:6?>$NG9�9/X�F<X�L�N[Js6�opL�>>Ý�è~N[L+> W N[FHFõN[Js;<EM=¨È�;HF 6Y>ZJ$6�=ã6'-Ç6bJ W E�>s>Z;<râF<6�476 W LsE:47op;HLK6op=p6+ôGL�N?=476�ß�oN[=:JK;HJKX�476¯=p6�opJsLKEG=�>^ÝB~=�N[F<FH;õN?=7JDop=�NG9b9�X�F<XbL�N[Js6�opL 476&ó�N[opJs6ÁXb=p6�LPôM;<6�6bJ�476&ôML�N?=476
W op;�>K>sN[=9�6
õ�op=â6+9�;<rpFH6$476 > W N[F<F�N[Js;<EG=�ÈÇ;<F&6?>ZJ�N[o?¤KEMopL�4³ðçó7oâ; 9/EG=9�6SäGN?rpF<6�476 W LsE:47op;<Ls6�4:6?>�>ZEMopL�9/6?>JKLB(?>�;H=7Js6�=>Z6Y>~476�=p6�oâJKLKEM=>"f B 8p8hgdÈ�f 8bíÁ82gqÈ�fòí�N<ô� G �gdÝsâ6"io4ã�476)=â6�opJKLsEG=> W 6�opJ3��JKLs6�opJK;HF<;õ>QX W EGoâL FõNW LsE:47o9�Js;<EG=�4³ð Xb=p6�LPôM;<6�4pN?=>)F<6Y> LKX?NM9�JK6�oâL�>/f 2�opr� lñ�g�EMo W EGopLqJKL�N[=>Q�ÀopJs6�LZ@ ;<=�9�;<=pXbLK6�LDF<6Y>�47X?9Kóp6�J�>=:o9�F<XYN[;<Ls6?>cfòì E�jf G¡�gqÝâI�N[=�> JsEGo>q9�6?> W LKE?¤K6bJ�>^ÈpFH6?> Xb=p6�LPôM;<6?>�4:6?> N?;õ>s9�6?N[o�>ZEG=:J¯476�Fqð EML�47Ls6�47ok*q68`6�J�F�N$9�;<rpFH6�6?>QJq476���NG>s>Z6�X�FH68ä�X�6��qè~r¨ÈZÞHô�È0�È³ÝLÝAÝ ¢KÝpIq6?>�>ZEMo> @ W LKE:4:op;<J�>�N[opJsLK6?>Xß�op6�F<6?>D=p6�opJsLKEG=�>Ç���X?>QEG=>q�që�È�l'¢tÈ7�+opEG=�> 476�4:X?9�LKEM;õ>s>KN[=�9�6�È7=â6�opJKLs;<=pE >^Èâ>ZEG=:J�X8ô N[F<6b��6�=:J�ôGX�=âX�LKX?> 6bJWß�oN[=4�;HFõ> >QEG=:J
W LsE:47op;<J�>$4pN[=�>À476Y>c;Qo>Z;H=p6?>=<tÈD9�6�>QEG=:J+476 W LsX?9�;H6�o4ã�EGopJs;<Fõ>�6�=ãLs6?9Fóâ6�L�9Kóp6�>ØEG=4pN?��6�=:J�N?F<6�Ý&B~=,+=¨ÈW N?LK��;F<6Y>A=âE<Ç:N?o4ã+LKX?>Q;õ47op6bFõ>~EGrpJs6�=:o>^Èâ9�6�LKJ�N[;H=> W LsX?>Z6b=7Js6�=7JAN[o>s>Z;�op=�;H=7JsX�LK�bJ W LKE W LK6�6�JC>ZEM=7JC>ZEG;HJX�Jso47;<XY>�47;<Ls6?9�JK6b��6�=:J8È�>QEG;<JqLK6SôGLKEMo W X?>)6�=3> N?;õ>K9/6?N[o4ã�>Q6?9�EG=�4pN[;HLK6?> W 6�LK��6bJKJ�N?=7JCN[;H=>Z;34³ð XbJK6�=4:LK6�FH69KóN[� W 4³ð ;H=Oä�6?>QJK;Lô�N[Js;<EM=À6�= W óbÇp>Q;7ß�op6�=:o9�F<XYN[;<Ls6�ÝI�N[=�>�9�6?> W LKE?¤K6bJ�>^È FõNã9�EM=9�6 W JK;<EM=
4:6?>�9�;HrpF<6?> 476�> W N?F<F�N[JK;HEG=f6�J�FH6�9FópEM;AãÎ476?>�X�=â6�LPôM;<6?>�4:6> N[;�>K9�6YN[o�=pX?9�6Y>K>Z;HJK6�=:J Fdð opJs;<FH;õ>KN?JK;HEG=�476�9�E:4:6?>�476�>Z;H�ÀopF�N[Js;<EG=�ÈOõ$FõNm>ØEM;õ> W LKXY47;õ9�Js;5> >~6�J W 6�o�9�E�npJs6�o4ã6�=´Js6�� W >+476!9bN[Fõ9/opFqÝ"!q= W 6bopJ�9�;HJK6�L W N[Ls��;qF<6?> W F<o�>ÀopJK;HF<;�>ZX?>Ç��Þ�BD2qP!BC8Df �DF<E
É�ÉogqÈXâ �&Þ�B�%
f�è~L�N�ÉG �gqÈ�%�OQB 2)� Bpfòì 6�L� �áogdÝ�D6?>q9�E:476?> W 6�o4ä�6b=7JC>Z6�Ljä7;HLXõ W LKX?4:;<LK6�FH6?>qio�ã�4:6Á=â6�opJKLsEG=>>ÈpF<6�oâL�>�> W 6?9/JKLK6Y> 6�=�X�=p6�LjôG;<6�È7��N?;õ>N[o�>K>Z;�JsEGo>$F<6Y> W LsE:47op;<J�>r>ØEMLK��XY>�FHEGL�>$476?>`LKXYNG9�Js;<EG=�>^Ý)â6 W LKE:9/6?>K>Qo>`X�F<Xb��6�=:J�N[;HLK6+476�> W N?F<FõN?JK;HEG=47EM;<J:Ç���JsLK6+47XY9�LK;HJ�476+��N?=p;�(�Ls6�LKX?N?F<;õ>QJK6$6�J�N[o>s>Z; >Z;H� W F<6b�À6�=:JWß�op6 W E�>s>Z;HrpF<6 476s> N�_/EG=�õ�=â6 W NM>N[FHF<EM=4ôG6�L�FH6�JK6�� W > 476�9�N?Fõ9�opFdÝ0)=p6q;<=:JK6�L�9�EG� W N[L�N[;õ>QEG=+476Y>ALsX?>ZoâF<J�N?J�> 476?>D9�E:476?> 476¯9�N[F�9�opF W N?L Fdð5!�� I�B)Ê?��B�ítf�ì F�N` <æhg N8ä�6?9



á  uP�åâè ËõÔ à?�ÚÙOvi�/Ö Ô à Ò � Ó Ý Ô ËvÒ Ö
F<6Y> LKX?>QopF<J�N[J�> 6Sã W X�Ls;<��6�=:J�N?o4ã$68ã:;õ>QJ�N[=:J�4âN[=>�F<6�47EM��N[;H=p6�476?> Xb=p6�LPôM;<6?> ;H=7Js6�LK� X?47;õN?;<Ls6�>��Nwu*q6N`�¢KÈ��EM=7JsLK6�op=â6�4:;õ> W 6�L�>Z;HEG=Î476?>$LKX?>QopF<J�N[J�> W EMo4äMN[=:J�N?JKJs6�;<=4:LK6rñG�hx�Ý �D6���N?=Zß£oâ6�4763+ N[râ;<F<;HJKX�476?>9�E:476Y>ÁJK;H6�=:J�6?>K>Q6�=:JK;<6bF<F<6b��6�=:J¯4pN[=>�FõN�476?>s9�LK; W JK;HEG=Ã47o W LsE:9�6?>s>Zo>`X�FHX���6�=:J�N?; LK6$4:6�> W N[FHFõN[Js;<EM=¨Ý&O F6?>QJq47EG=9�;<� W EMLKJ�N?=7JC4³ð N WpW LsEo>ØEG=�47;<Lq=pEGJsLK6�9�EM=p=N[;�>K>sN[=9�6�476�9�6 W LsE:9�6?>s>Zo>>Ý�D6?9�;p=â6 W 6bopJ >Z6"> N[;<Ls6Xß£o�ð�õ)Fdð N[;�476�4_ð op=+6�=>Q6��ÀrâF<6 476q47EM=p=pX�6?>~68ã W X�LK;H��6�=:J�N?F<6?> N[o>s>Z;�9/EG=:JKL�N?; @ôG=�N[=:JK6?>�ß£op6 W E�>s>Z;<râF<6�N?o>K>Q; rp;H6�=Ú6b=ã9�;HrpF<6$� ;<=9�6�� 9�EG� W LKX8óâ6�=>Z;HEG=�47o W LKE:9�6Y>K>Zo�>ÁX�FHX���6�=:J�N?;<LK6476�> W N?F<FõN?JK;HEG=Ç¢xß£o�ð 6�=�9�;HrpF<6�X W N[;�>K>Z6 ��9�EM� W LsX8óp6�=>Q;<EM=�4:o W LsE:9�6?>K>Qo>�476�> W N[FHFõN[Js;<EM=�;<=â;<JK;HX W N[LqF<6?>W N?LKJK;�9�opFH6?> >Q6?9�EG=�4pN[;HLK6?>�;õ>s>Zop6?>�4_ð op=p6 W Ls6���;)(�LK6�;H=7Js6�L�NM9�JK;HEG=�6�Jq4:o�JKL�N[=> W EGLKJ¯476?> W N[LKJs;õ9�oâF<6?>�¢KÝ�Xð 6?>QJ�4âN[=>�9�6�9�NM47LK6$JsL�(?>WôGX�=âX�L�N?F�ß�op6$>>ð ;H=>K9�Ls;Aä�6�=:J FH6?>q476�o4ã�X�Jso476?>Xß£oâ;a>ØEM=7J�Fdð EMr:¤K6�Jq476$9/6JKL�N8äGN?;<F��

y X�Jso476�476�FõN`LsX?NG9/JK;<EM=�476�> W N?F<FõN?JK;HEG= W{z �)orõÀ¡bÝ�ñ|*q68`�È
y X�Jso476+476$F�N W LsE:47o9�Js;<EG=Ã=p6�opJsLKEG=â;7ß�op6`6�=Ã9�;HrpF<6?>�X W N?;õ>s>Z6?> W N[L�476?> W LsEGJKEM=>�476+�OÝçæ�6�J�¡OÝòñ*q68`�Ý

â�ð EMr:¤K6?9�Js;5>�6Y>ZJ8ÈZõ`JsL�N8ä�6�L�> 4:6?> ��6?>QopLK6?>~JsL�(?> 68ãâ9�FHo>Z;Lä�6?>~>ZoâL�F<6?> W N[LsJK;õ9/opF<6?>DF<X8ô2(�LK6Y>^È:4³ð N WpW EGLsJK6�L�FH6��N ã7;H�Àop�n476�9/EG=:JKL�N?;<=:JK6?>Ç6Sã W X�Ls;<��6�=:J�N?F<6?> W EGoâL~FõN)äMN[FH;õ4pN?JK;HEG=$4:6?>�9/E:476?>^È?��N?;õ>�N[o�>K>Z;â476C9�EG�+rpF<6bLF<6¯��N[=Zß�op6�4:6`4:EG=p=pXb6?>)N?o7@ 476�F7õ+476�ÉG�M�ÀP�68`�Ý� W LB(?>Çop=`râLK6.>�óp;õ>QJKEMLK;7ß�op6 >ZoâL�FH6?>ÇLKX?NM9�JK;HEG=>�4:6�> W N[F<F�N[Js;<EG=�6�J&F<6bopL�>ÇopJs;<FH;õ>KN?JK;HEG=> W EGoâL W LsE:47op;HLK6476?>�>QEGopL�9�6?>q476�=p6�opJsLKEM=>^Èp=pEMo>Wä�6�LKLsEG=>Wß�op6�F�> >ZEM=7J�FH6?>�47;M-ÇXbLK6�=:J�>�N ã76?>�4:6Á� 6?>ZopLs6?>~68ã W F<EMLKX?> 6�JW EGopLtß£oâEG;3476�=pEGo4ä�6bF<F<6Y> ��6?>QopLK6Y> >ZEM=7J�=âX?9�6?>s>KN[;HLK6?>>Ý
}s~'} � _o�{���u��_����[����� ]b^ �R�%^�]�]�^��&_
�`a

â N W E�>s>Z;<râ;<F<;HJKX 476�;K9KóN[o:-Ç6bLN< F<6?>Ç=âE<Ç:N?o4ã�6�=`FH6?>�r�EM�Àr�N[L�4âN[=:J&N�ä�6Y9 4:6?>Õ=â6�opJKLsEG=>&X�=p6�LjôGX�Js;7ß�op6?>>ØopJ W LsEGrN?rpF<6b��6�=:J�>Zo4ô�ôGX�LsX�6 W EGopL+FõN W LK6�� ;�(�Ls6s>ØEG;õ>`6b=´�� M�lá W N[L�í�Ý�ì E�ópL8Ý~�Xð 6?>ZJ�õ�FõN�+=Î476?>N[=â=pX�6?>)æ �OÈpF<EML�>jß£op6¯F<6?>�NM9�9�X�FHX�L�N?JK6�opL�>~EG=:J W o3>ØEGopLs=p;<Lq476Y> W LKE?¤K6Y9�JK;HF<6?>D4³ð X�=p6�LjôG;<6¯>Zo W XbLK;<6bopLK6:õ$FõN9�6�=:J�N?;<=p6¯476�P�68`�Èbß�op6�FH6?> W Ls;<=9/; W 6?>ôMX�=pX�L�N[o4ã 47o W LsE:9�6?>K>Qo>�476�> W N[FHFõN?JK;<EM=�EG=:J X�JsX�X�J�N?rpF<;�> W N?L8�6�Lsr6�L�6�=é��  æOî�f 8 6�L)æbî�gqÝ��D6�FHop; @ 9�;dÈ�6�=Ã>^ð N WpW o4Ç:N[=:J�>ZopL�F<6Y>�> W 6?9�JsLK6?>�6�=�X�=p6bLPôG;H6+476?>)=â6�opJKLsEG=>>ÈW LsE W E�>sN�FõN W LK6b��;�(�Ls6�476?>K9/LK; W JK;<EM=�47o W LKE:9�6Y>K>Zo�>`476 > W N?F<F�N[JK;HEG=Ã9�EG� ��6�op= W LKE:9�6?>s>Zo>�6�=Ã476�o4ãX�J�N W 6?>Ç�&op=p6 W Ls6���;)(�LK6�X�J�N W 6 JKL�(Y>ÁL�N W ;õ4:6�47oâL�N[=:J`F�Nlß�op6�FHF<6$F<6 =7o9/F<X�EM=Ú;H=9�;õ4:6�=7J¯JKL�N?=>=>�(bLK6�op=â6W N?LKJK;H6�4:6�>ZEM=ãX�=p6�LjôG;H6�N?oã=pE Ç:N[oé9/;<rpFH6$6�J�op=p6�>Q6?9�EG=�476�X�J�N W 6�È W F<o�>ÁF<6b=7Js6�ÈÇ4:opL�N?=7J�FõNlß�op6�FHF<6$FH6=pE Ç:N[o�LKXY>Z;õ4:op6�F~X8äMNM9�op6 >ZEG=�X�=p6bLPôG;H6+4³ð 6Sãp9�;HJ�N?JK;<EM=!6�=�X8äMN W EGL�N[=:J$476?> W N?LKJs;õ9�opFH6?>)FHX8ô�(�Ls6?>^Ý&�D6�JKJs6476?>s9�LK; W JK;HEG=�6?>QJ�6�=9�EMLK6�opJs;<F<;�>ZX�6�476�=pE�>3¤KEGopL�>)9�EM����6�=âEGo>)FH6:ä�6�LKLsEG=>q4pN[=�>)F<6�47X8ä�6�FHE WpW 6���6b=7J476q9�6bJ~68ã W E >ZX�Ýbâ6 W Ls6���;H6�L���E:4,(�FH6 476�9bNG>K9bNG476�;H=7JsL�NY@ =:o9�F<XYN[;<Ls6�� ODí���¢�N�X�JsXq>Zo4ô�ôGX�LsX W N?L�8�6�LKr6�L6�J�FH6?> W LK6b��;<6�L�>D9�N[F�9�opFõ>DEG=:J�X�JKX�6.- 6?9/JKopX?> W N[L/*qEGF�476�r6�LPôM6�Luf5*qEGF¨æ�ÉogqÝâ6`=pEM�ÀrâLK6�;<� W EMLKJ�N?=7Jq4:6 W N?LKJK;�9�opFH6?> F<X8ô2(�LK6Y> 6�J)6b= W N[LKJs;õ9�oâF<;<6bLq476`=p6bopJKLsEG=>�X���;�> 4pN?=>�9�6?>LKXYNG9�Js;<EG=�>�N�JKL�(Y>Hä7;HJK6�>Zo4ô�ôGX�LsXÀFdð ;õ4:X�6�4³ð opJs;<FH;õ>Z6bL)FH6?> LsX?NG9/JK;<EM=>�476 > W N[F<F�N[Js;<EG= W EMopL W LKE:47oâ;<LK6 476?>>ZEMopL�9/6?>`476 =p6�opJsLKEG=�>`N�+�=¼4_ð N[FH;<��6b=7Js6�L)FH6?>�LKX?NM9�JK6bopL�>�õ�+ >s>Z;<EM=f� W Ls6���;�(bLK6?>�;õ47Xb6?>�476�LKXYNG9�Js6�opL�>óbÇ7rpLs;õ476Y> ¢KÈ?��N?;õ>~N?o>K>Q; W EMopL W LKE:47oâ;<LK6¯476qFõN)��N[JK;)(�LK6�+ >K>Q;<FH6�Ýsâ N W LK6b��;�(�Ls6DJK6�=:J�N?JK;Aä�6C4³ð oâJK;<FH;õ>sN[JK;HEG=476 W LsEGJKEM=> W EMopL W LKE:47oâ;<LK6�476Y>À>QEGopL�9�6?>$476�=p6�oâJKLKEM=>+N�X�JKX�LKXYN[F<;�>ZX�6 4pN?=> FH6?>$N[=â=pX�6?>�æ � W N?L



ÙOvvÙOv�Q ËØÑ�Ô?Ò à Ë 9 Ó ���&�!×vå Ñ è&åp×Ø×vå Ô ËvÒ Ö î
BWÝ5!�Ý,â N
j�Ls6�=9�6�fvâ N
j �G �g&N?o4ã�B~J�N?J�> @ 0)=p;�>^ÝI�N?=>�F<6?> N[=p=pXb6?>)æ� �@nñM¡OÈÇFH6 W LKE�ôGL�N[����6¯Pk%&�·��P!N�@JK6bLK;õN?Fõ>�%�6?>QJK;<=�ô��)9b9�6�F<6bL�N[JsEGL/¢ N[oCâ N�j�Ls6�=9�6&â;Lä�6�LK� EGLK6 2qNG47;�N[Js;<EG=�â N?rEGL�N?JKEMLPÇ�f ��JKJHî�î�gN)X�Jso47;HX6�=�47X�J�N?;<F&Fqð opJK;HF<;õ>sN[Js;<EG=�476Y>)NM9�9�X�FHX�L�N?JK6�opL�> W EMopL W LsE:47op;<Ls6+476`F�N ��N[JK;)(�LK6/+ >s>Z;HF<6�ÝÇ�D6 W LKE�ôGL�N?����6N�X�JsX�N?rN[=�47EG=p=âX�F<EML�>jß£op6�476Y>�ôG;õ>Q6���6�=:J�>�4³ð 0ÊEG=:J$X�JsX�4:X?9�EGo�ä�6�LKJ�>`N[o�ãéB~J�N[J�> @ 0)=p;�>^Ý)âEGL�>Pß�op6Fqð NG47� ;<=p;�>ZJKL�N[Js;<EG=�N[��XbLK;õ9bN[;<=â6+47X?9�;�4pN�476ÀL�N[FH6�=7Js;<L�FH6�4:X8ä�6�F<E WpW 6���6�=:J¯476?>&ôGX�=âX�L�N?JK6�opL�>ÁL�N W ;�476?>^ÈF<6:â N[rEML�N[JsEG;HLK6�í¯N[JK;HEG=N?F�476+ì LKE�E2�Oó�N�ä�6b= W LKE W E�>KN W FHo>Z;H6�opL�> W LsE?¤K6�J�> 476&ôMX�=pX�L�N[Js6�opL�> N[FH;<��6�=:JKXY>
W N?LqNG9�9�XbF<X�L�N[JK6bopL�>>Ý��D6�9�EM=9�6 W JC>ØopJ�X8ô N[FH6���6�=:JDX�JKo4:;<X W N?L�F<6?> >K9�;H6�=:JK;5+,ß£op6Y>ALso>K>Q6?> 6�Jq2:Ý5*D` NG>�@>DÇ:F���E ä�f�` NG>Hî�É�g�� 6?>ZopL�N)FõN W LsE:47o9�Js;<EM=�476q=p6�opJsLKEG=�> 4pN?=> op= rpF<E:9q4³ð 0f47X W F<X�JsX�Ý�P!N[;�>~JKL�(Y>�ä:;<Js6�ÈFqð ;õ47Xb6$EGLK;LôG;H=N[FH6�4³ð 6Sã W FHEG;HJK6�L�F<6 W LKE:9�6Y>K>Zo�>$476�> W N[F<F�N[Js;<EG= W EGoâL W LKE:47oâ;<LK6�476?>`=p6�oâJKLKEM=>$N�+�=¼4:6JKL�N[=>Q�ÀoâJK6�L&F<6?>DNM9�JK;H=p;õ476Y>�6�J~FH6?> W LsE:47op;<J�> 476"+ >s>Z;<EM=�>ØoâJ N?rN[=�47EG=p=âX�6D��F<6?>~;<=:JK6b=>Z;HJKX?>&476"> N[;õ>s9�6?N?oLK6�ß£op;�>Z6?>DX�J�N?;<6�=:J�JKLsE W ;<� W EMLKJ�N[=:JK6?> W EMopL�F�N`JK6?9Kóp=pEMF<ElôM;<6�4:6?>�NG9�9/X�F<X�L�N[Js6�opL�> 476�Fqð X W Ebß£op6�Ýâ6�4:X8ä�6�F<E WpW 6���6�=:J&476?>&EGopJs;<Fõ>D476q4:X�JK6?9/JK;<EM=���47XSä�6�F<E WpW 6���6�=:J&476?>D47X�Js6?9�Js6�opL�>~8�;Ø¢ W 6�Ls��;<J3476?>X�Jso476?>�N8äMN[=�9�X�6?>�>QopL�FH6 W LsE:9�6?>K>Qo>�476+> W N[F<F�N[Js;<EG=hõ�óN?opJK6$Xb=p6�LPôM;<6�ÝF!q= W 6�opJ�=pEMJ�N?����6�=:Jq9�;<Js6�Lè�E >N�MN[=Abb6�Lsfòè�E�>Hî �
g�ß£oâ;{>ØopJ)FH6 W LK6�� ;<6�L�õÀ��6Y>ZopLs6�L FH6?>�>Z6?9/JK;<EM=> 6.&�9�NG9/6?>�47EGoârpF<6�� 6�=7JC47;5- X�Ls6�=7@JK;H6�F<FH6?>D476?>�>ØL�N<ôM��6�=:J�> W LsE:47op;<J�> W N[L�oâ= W LKEGJsEG=�476:ñbÝ�ñ|*q68`->ZoâL op=p6�9�;HrpF<6¯4³ð 0�Ýp�D6 W 6�=4pN?=7JSÈp9�6?>X�Jso476?>�>ØoâLK6�=:J)� ;õ>Z6Y> 6�=�ä�6b;<F<FH6 W 6�=4pN?=7J�ß�op6�Fàß£op6Y>)47;)b?N[;H=p6?>q4³ð N?=p=pX�6Y>�N[o W LKE�+J�476Y>)X�JKo�476?>�>QopLF<6Y>�9�EGFHF<;õ>Q;<EM=> 4³ð ;<EM=> F<EMopL�4p>>Ý

ORNL 97-3924/djr

�

1920

TH
ER

M
AL

 N
EU

TR
O

N 
FL

UX
 (n

/c
m

2 -s
ec

) 1018

1015

1012

109

106

103

100

1930 1940 1950 1960 1970
Year

1980 1990 2000 2010 2020

NRX

X-10

CP-2 CP-2
CP-1

Berkeley 37 inch cyclotron

Berkeley 37-inch 
cyclotron    

0.35mCi Ra-Be source0.35mCi Ra-Be source

ChadwickChadwick

Tohoku Linac

KENS
IPNS

LANSCE

LANSCE

SINQ
SINQ-II

ESS
NSNS

ISIS
ISIS

ILLHFIR

HFBR

NRUMTR

Fission reactors
Particle driven (steady-state)
Particle driven (pulsed)
trendline reactors
trendline pulsed sources

��Ý<� y ��3�EHG�[�Qj[�5vIS3�=eMO;jI ?l��MO;�=,;>?�BdQP3�=sI�B7}Z;>Q^E�57YS?1;PI+G_QP3 M�?b5AB{IWG�[�Q&MO;jI
QF]j[�6>BD;>?bQPI�;KB�G�[�Q
MO;PI�IS3�?bQP6^;PIªMO;|InG�[l@L@\[lBq573�=�J�;>=�®S3�=46^Bd573�=wMO;�@Pi [�=4=Z]K;�MO;ªE�5vI ;�;>=�I ;>Q>98576^;
3�?hMO;�@\[�M�[lBD;+G_QF]>98?4;
MO;
E�5vI ;C;>=�I ;>Q>98576^;8U���; ?l��;PI>B:M�3�=�=,]�M�[�=sI
@A;:G_576�G43�?bQ�@A;PI
IS3�?bQP6^;PI+G_?s@mI ]K;jI U|£7°�� BdQP[�5AB+MO;�@\[
QF]L® ]>QF;>=�6^; ±4�X± ¦

�Xð 6?>QJ�>Z6bopF<6�� 6�=7JC9�6?>�4:;Aã�476�Ls=p;�(�Ls6?>qN[=p=pXb6?>^ÈÇJs;<L�N[=:J W LKE�+J�47o W LKElôML�(?>�476Y>)JK6?9Kóp=pEMF<E�ôG;<6Y>�NG>�@>ZE:9/;<X�6?>¯N[o4ã�NG9�9�XbF<X�L�N[JK6bopL�>&ß�op6�Fqð EM=!6�=bä7;�>KN<ôM6+476 W LsE:47op;<Ls6+476?>HôMX�=pX�L�N[Js6�opL�>�476$=â6�opJKLsEG=>¯47EG=:JFqð ;<=:JK6�=�>Z;<JsX�6?>QJ�9�EM� W X�JK;HJK;Lä�6�N8ä�6?9�9�6�FHF<6�476?>�LKXYNG9�Js6�opL�>Xõ�+ >s>Z;HEG=ã��+Zô4Ý3�lÝ<�?¢KÝ op6�F7ß�op6?>�>QEGopL�9�6?>�4:6=p6�oâJKLKEM=> opJs;<F<;�>KN?=7J F<6?>DLKX?NM9�JK;HEG=>�476�> W N?F<FõN?JK;HEG=�>ZEM=7J�6�=�>Z6�Ljä7;�9�6�476 W op;õ>�ß£op6bF7ß�op6?>DN[=p=âX�6?>���OK8:OK8p¢



É  uP�åâè ËõÔ à?�ÚÙOvi�/Ö Ô à Ò � Ó Ý Ô ËvÒ Ö
ä�EG;HLK6Xß�op6�Fàß£op6Y>~47;�bYN[;<=â6?>~4³ð N[=p=pXb6?>��Dâ �&íÁ8â� BC¢A9�6 W 6�=4âN[=:J~F<6�oâL�>�io4ã+>QEG=:J ;<=:>ØX�LK;H6�opL�>�õÁ9/6�o4ã+476?>LKXYNG9�Js6�opL�>>Ý

â N�>ZEMopL�9/6`4:6`=p6�oâJKLKEM=>�FõN W F<o>�9/EGopL�N[=:JK6�ÈN?o?¤KEGopL�4³ðmó:op;dÈp68ã W F<EG;HJK6�FõNm+�>K>Z;HEG=�6�J)FH6?> LKXYNG9�Js6�opL�>rNM>ZX?>�>QopL�9�6 W LK;<=�9�; W 6�Ý �D6 W 6�=�4pN[=:J�FõNk+Zô4Ý���Ý<��� EG=:JKLK6�9�F�N[;HLK6���6b=7J�ß�op6!F<6?>sio4ãn47;õ> W EG=p;HrpF<6?>=¨ð X8ä�EGFHop6�=:JoôMoA(�LK6¯476 W op;õ>D�G��@qæ �$N[=>D6�J�ß£oâ6 W EMopL�4:6?>~L�N[;�>ZEM=> 476¯>ZoâLK6�JsX)=:o9�FHX?N[;HLK6�È?;<Fp=�ð 6?>QJôMoA(�Ls6W E�>s>Z;<râF<6�4³ð NG9�9�LsE JKLK6�=pEGJ�N[rpFH6���6�=:J+F<6?>sio4ã_Ý�B~=´6.- 6�J8ÈC4pN[=>�op=´LsX?NG9/JK6�opLSÈ FH6?>À=p6bopJKLsEG=>�>QEG=:JW LsE:47op;<J�> FHEGL�>�476�FõNm+�>K>Z;HEG=�4³ð op=�=pE Ç:N[o�4³ð 0qL�N[=â;<op��Ý BA=���E Ç�6�=â=p6�¡bÝmæ$=p6bopJKLsEG=>�>QEG=:J W LKE:47oâ;<J�>>ÈNG9b9�EG� W N<ôG=âX?> W N[L$op= 47X8ô�N ôG6�� 6�=7J�4³ð 6�=bä:;<LKEM=é�8ñM�Y@ ¡G�G�ÃP�6N`�Ý�I)6?>�¡OÝmæ�=p6�opJsLKEM=> W LsE:47op;HJ�>^È&op=NG>s>ZopLs6ÀF�NÀ9/EG=:JK;<=:op;HJKX$4:6`FõN+LKX?NM9�JK;HEG=!6�=�9KóN =p6�È�bÝmæ�6?>ZJ W 6�L�4:o W N?L�9�N W JKopLs6 W N[L¯F<6?>�>ØL�N<ôM��6�=:J�>476�+ >K>Q;<EG=[>ØEGLs��X?> 6�J�FH6?> XbF<X���6b=7Js> 4:6`>QJKLso9�JKoâLK6$4:o�LKXYNG9�Js6�opL8ÝO�F�=p6�Ls6?>ZJs6$N[o���;<6bo4ã�ß�o¨ð op=�>Z6�opF=p6�oâJKLKEM=�68ã W FHEG;<J�N[rpFH6 W N[Lc+�>K>Z;HEG=¨Ý¨â6`râ;<FõN?=�Jjóp6�LK� ;7ß�op6)6Y>ZJ¯47EG=9�476��SñG��@Q¡M�G��P�68` W N?L)=p6bopJKLsEG=;QopJK;HF<6.<tÝÕ�D6$râ;<FõN?=!JPóp6bLK��;àß£op6¯F<;<� ;<JK6 W L�N[Js;7ß�op6���6�=:J FH6?>�io�ã!476 W LsE:47o9�Js;<EM=ã476$=â6�opJKLsEG=>��K��� @��� =p6bopJKLsEG=>KÊ?9�� >�¢�4pN?=>�op=�LKX?NM9�JK6�oâL8Ý
í)EGo�>yä�6bLKLKEM=>�ß�op6!FõNé> W N[FHFõN[Js;<EM= W 6�Ls��6�J 476 W LKE:4:op;<Ls6ÚFH6!=p6�opJsLKEG= N8ä�6?9%oâ=
47XSô�N<ôM6���6�=:JJPóâ6�LK��;àß£oâ6 râ;<6�=���EG;H=47LK6¯�Nw��G��P�68`�Ê�=p6bopJKLsEG=Ç¢�6bJ~>sN[=>DF<6?>&9�EG=:JKL�N[;H=7Js6?>�JKLB(?>oôML�N[=�476?>�ß£o�ð ;<� W E >Z6F<6�9�E�6�opL¯4³ð oâ=%LsX?NG9/JK6�opL�=:o9�FHX?N[;HLK6�Ý

}s~ ck�c�}^ �c����� �c�F�[���c�
â6�47XSä�6�F<E WpW 6���6�=:J�476Y>�9�E:4:6?>�4:6�>Z;H�ÀoâFõN[Js;<EM=Á=âX?9�6?>s>Z;<Js6~op=$6�=�>Z6��+rpF<63476C47EG=p=âX�6?> W 6�LsJK;<=â6�=7Js6?>>ZoâL)Fdð X���;H>s>Z;<EM=�4:6Á=â6�opJKLsEG=>>ÈÇ4:6 W N[LKJs;õ9�oâF<6?> 9FóN?LPôMX�6?> 6�Jq>QopL�FõNs>ØEGLs��N[Js;<EG=�476?> LKXY>Z;õ4:o>^Ý8�;qÈ6�=�476Y>K>ZEMo>�476
ÉG�M��P�6N`�Èpop=�ôGL�N[=4!=pEG�+rpLs6`4:6+47EG=p=âX�6?>)68ã:;õ>QJK6�=:J8Èp=âEGJ�N?����6�=:Jq>ZoâL�F<6?>9�N?L�NG9/JKX�Ls;õ>ZJs;7ß�op6?>~4_ð X���;�>K>Q;<EG=�476?>D=p6�opJsLKEG=�>^È�F<6?>D47EM=p=pX�6Y> >QEG=:J W FHo>~X W N?L�>Z6Y> N?o7@ 476�F7õ�476+ÉG�G�$P�68`6�J 6�=�476?>K>QEGo>q476�¡M�G�+P�68` Ý��Xð 6?>ZJ W EMopLKß�opEM;~476Y> W LKE�ôGL�N?����6?>~68ã W X�LK;H��6�=:J�N?o4ã`EM=7J X�JKX���;�>A6b=E�6�o4ä:LK6�9�6Y>�476�LK=â;�(�Ls6?> N?=p=pX�6?>q>Z6bF<EG=�FH6?> JsLKEG;�>)N ã76Y>�476���6?>ZoâLK6�47X'+=p;õ> W LKX?9�XY476����+6�=:J8Ý

� � Ñ � Ò Ö&Ö&Ü7� Ñ$Ñ�Ó à�×v� Ñ Ö&� Ó�Ô à Ò Ö Ñ
è�EGoâL�4:6?>|> N[;õ>s9�6?N?o4ã´476 W LsEGJKEM=>�4³ð Xb=p6�LPôM;<6�9�EM� W Ls;õ>Z6�6�=:JKLK6�¡G�M�V6�JrÉG�M�¼P�68`�ÈDop=�ôGL�N?=4=pEM�ÀrpLs6�476¯47EM=p=pX�6?>3>ZopLDF<6Y> 4:;õ>ZJsLK;HrpopJK;HEG=>3N[=4ôMopFõN?;<LK6Y>A6bJ~6�=+X�=p6�LjôG;<6C476?>~=p6�oâJKLKEM=>~68ã:;õ>ZJs6�=:J ��ä�EG;<LJ�N?r¨Ý��lÝH�[¢tÝB~=
�� M <æ�È op=¼;H� W EGLsJ�N[=:J W LsElôGL�N[��� 6�68ã W XbLK;<� 6�=7J�N[Fq��%�2q�&íÁ8£P!0/%)¢�NÚXbJKX�FõN?=9�X�N[o�â NY@rEGL�N[JKEM;<Ls6cí¯N[JK;HEG=N?F�8:N[JsopLK=p6�Ýâ�ð EMr:¤K6?9�Js;5>�XbJ�N[;HJ�476���6?>QopLK6bL�F<6?>�9�N[L�NG9�JsX�LK;�>ZJs;7ß�op6?>�9�;H=pX���N?JK;àß£op6Y>476?>D=p6�opJsLKEM=> W LKE:4:op;<J�> W N?L�Fqð ;H=7Js6�L�NM9�JK;HEG=+476 W LKEMJKEG=�> EGo�476bopJKX�LsEG=>�4:6��bÝ�É`6�Jq�lÝòá|*q6N`�Ý��D6 W LKE?@ôGL�N[��� 6 NqX�JKX���EMJK;Lä�X W N[L~F�N�47;õ> W N[Ls;<JsXq476?>���6Y>ZopLs6?>�9bN[L�NM9�JKXbLK;õ>sN[=:J�Fdð X�� ;õ>K>Q;<EM=`4:6�=p6�opJsLKEG=�> W EMopL476?>DX�=p6�LjôG;H6?>D476�> N?;õ>s9�6?N[o�ã�>Qo W X�LK;H6�opLK6Y>õ�ÉG�M�$P�6N`�Ý�O�FÇ9/EG=:JK;<6b=7J 476�o�ã�ä�EGF<6bJ�>Ç��op= W LK6���;H6�L�ä�EGF<6bJ8È>ZoâLq476?>�9�;HrpF<6?>~��;H=9�6?>39�N[L�NG9�JsX�LK;�>ZJK;àß£oâ6?> 476Y> ��N?JKX�Ls;õN[o�ã+476�>ZJKLso9�JsopLK6�6bJ�476?> ��N[JKXbLK;õN?o4ã W EGopLqFõN9�;HrpF<6+476+> W N[FHFõN?JK;<EM=�f P!N[Lq �î�rOgqÈ�fòì EGLq �É�g~6�J�op=Ã476�o4ã:;�(�� 6|ä�EMF<6�JSÈÇ6�=Ã9�;<râF<6?>�X W N?;õ>K>Q6?>�f P�X�=� �ÉogqÈf�` N?Lq G ogdÝ³â6?>�47EM=p=pX�6?>�LK6Y9�op6�;HF<F<;H6?>�6�=�9�;HrpF<6Y> ��;H=9�6?>~EG=:J W 6�LK� ;õ> 4:6ÁJs6?>ZJs6�L�F<6Y>�47EG=p=âX�6?> X�FHX���6�=7@J�N?;<Ls6?> opJs;<FH;õ>ZXY> 4pN?=> F<6?>D��E:4,(�FH6?>D476�9�NM>K9�NM476�;<=:JKL�NY@ =7o9/F<X?N?;<LK6�� OníÁ��¢~6�JC9�6�FHF<6?>~6�=�9/;<rpFH6?>~X W N[;�>K>Q6?>EG=:J W 6�LK� ;õ> 4:6ÁJs6?>ZJs6�L�6�= W FHo> FõN W N?LKJs;<6�JKL�N[=> W EMLKJ�4:6?>�9�E:476?>q476�>Z;H�ÀoâFõN[Js;<EM=¨Ýè~N[L�N[FHF�(�FH6���6�=:JCõ´9�6 W LKElôML�N?����6�Èq476?>���6?>QopLK6?>�>ZopL!FH6?>%�+opFHJK; W F<;õ9�;<JsX?>�476Ã=p6�opJsLKEG=�>ÚN8ä�6?9



ÙOv áHv � � Ñ åOê&� Ñ �&��Þé� Ñ�Ó à[� Ñ  
B �N*q68``¢ ��N[JsX�LK;�N[o 47;<� 6�=>Z;HEG=> JnÇ W 6�476 LKX.>jÝ476�FõN$9/;<rpFH6 476�FõN$9�;HrpF<6 ��6?>QopLK6Y>�OÝòñlÉlñ �XÈ¨ÝAÝ�%�NbÈ³è~r¨È0 w�ôbÊ?9�� 4 Ê?4pB 4 f �D;<6:É�î�g�OÝH�:õÀ�bÝ�É ì 6�È³ÝLÝO%���È�è~r¨È0 w�ôbÊ?9�� 4 Ê?4pB 4 f �)��;  G¡�g�OÝ ¡�ñRõ$�bÝ   8�=¨È ÈZè~r¨È0 w�ôbÊ?9�� P Ê W fòì 6�LWáM��g�OÝ�ñbÈ���Ý�ñ è~r �8ñ �8ñ ¡M�%9/� 4 Ê?4pB 4 f P�6�;� �ñ�g�bÝmæOî�ñOÈ ¡OÝ � �Xô4È�)o¨È�ì ;qÈâ0 w�ôbÊ?9�� 4 Ê?4pP f�è~;H6� <æhg�OÝòñ�õ%��Ý�ñ ì 6�È8�=¨ÈZè~r¨È0 ¡M� áM��9�� P Ê W f 1pL�N�álá�g�OÝ�ÉbÈ���Ý�ñ �XÈZè~r w�ôbÊ?9�� 4 Ê?4pB 4 f OZ>nó� lñ�g�:õ+�OÝ\î è~r ¡M� áM��9�� P ��B ¢ Ê W f�í);)�� M��g�lÝ ¡M¡Rõ�æ�Ý ¡ è~r¨È0 É
õ��8ñ �OÝ ¡�õ�æ��M9�� 4 Ê?4pP f�Þ);HF  lÉ�g�:õ
ÉOÝH� è~r ¡M� áM��9�� P ��B ¢ Ê W f�` NG>� M��g�b¡ è~r �b�OÈ ¡G� áG��9/� P Ê W f 8�óp;' lñ�g

îY� �8á �8á �M�%9/� P Ê W f �c��E$ M��g
��Ý<� y ��;PIS?OQK;PIyMO;|G_Qj3 M�?O6^Bd573�=�MO;�=,;>?�BqQj3�=sI U ;PI>B:@Pip]F=,;>QTa�5T;CM�?cG_QP3lBd3�=�57=46857MO;F=OBDUW��;PI

Y8?b[�=OBd5ABD]PI�ER;PIS?bQF]K;jIo§ I ;j6^Bd573�=¹;A��6K[�6^;�M�3�?b�^@A;>ER;F=OB�M�5 ¿:]>QK;>=OBd5T;K@A@L;�M�?�=,;>?�BdQP3�=sJ
� G�=43�E��8QK;�E�3���;>=�MO;�=,;>?�BqQj3�=sI�G�[�Q�G_Qj3lBq3�=�J+M M<� M�5vI>BdQ>57�8?sBd573�=�MO;�E�?s@�Bd5mGZ@\57685ABn]rMO;

=,;>?�BdQP3�=sI UW£n;P� BdQP[�5AB�MO;:@\[CQK]A® U ·�5A@ ¦

!¯2)O�!+í-�N!¯2�ô N[=p;�9�O�=7Js6�L�9/6 W JKEML"!�>�íq6�opJKLsEG=>~@D4:X�JK6?9/JK6�opL 476¯=p6�opJsLKEG=�>)æ�ë�¢~EM=7JCN[o>s>Z;�X�JsX)LsX?N[FH; @>ZXb6?>)õÀ8:N?JKopLs=p6�>QopL�476Y>�9�;<rpFH6?>~��;<=�9�6?>1fòèA;H6� <æhg W EGoâLq476?>q> N?;õ>s9�6?N[o�ã�476 W 476&æbî ñ+P�6N`f6�JC¡�*q68`6�J Þ)6�476�¡�*q68`�Ý
0)= W LKE�ôGL�N?����6+N?�Àrp;HJK;H6�o4ã�6?>ZJ�NM9�JKop6bF<F<6b��6�=:J)6�=Ã9�EMopL�>�476ÀLsX?N[FH;õ>sN[JK;HEG=�f �)o4� M �g W EMopL+476?>W LsEGJKEM=> 6�JC476?> =p6�oâJKLKEM=> ;H=9�;�476�=:J�>D476�rNM>K>Q6ÁXb=p6�LPôM;<6��v6�=:JKLs6�¡G�`6bJ ¡M�G�+P�68``¢KÝOâ�ð EGr:¤K6?9/JK;5>&6Y>ZJ�4:6��6?>QopLK6bL)FH6?>�47;�>ZJKLs;<rpoâJK;<EM=>�N?=4ôGopF�N[;HLK6?>�6�J�6b=ÚX�=â6�LPôM;<6$4:6?>�=p6�opJsLKEG=�>�6bJ�476?> W N?LKJK;�9�opFH6?>�9KóN[LjôGX�6?>X���;�>^ÝM�)9/JKop6�FHF<6��+6/=7JSÈ�JKLKEM;õ>D9�N?� W N<ôM=p6?>�EM=7J X�JKX�� 6�=pX�6?>�õ�âEGo4äMN?;<=7@ FõN�@ní)6bo4ä�6)6bJ)õ�0 WâW >KN?FõN W EMopL476?>C> N?;õ>s9�6?N[o�ã�476�=p6�opJsLKEM=>)4:6�áM� 6bJ����G�+P�68`
6�Jq476Y>C> N[;õ>s9�6?N?o4ã�476 W LsEGJKEM=>�476�áM�ÀP�68`�Ý

� � Ñ � Ò Ö&Ö&Ü7� Ñ$Ñ�Ó à�×v� Ñ è&à ÒpÔ?Ò Ö Ñ � Ô ×Ø� Ñ è&åpà Ô Ë Ý Ó ×Ø� Ñ Ý Ò ÞVè ÒÑ8ËõÔ � Ñ
�DEG��� 6 W EGopL�F<6Y> =p6bopJKLsEG=>>ÈÇF<6?>q47EM=p=pX�6?>¯>ZopL�FH6?> W LsEGJsEG=>�>ZEM=7J�NG>K>Q6
b$L�N?LK6?>¯N[o7@ 476�Fàõ�476�ÉM�G�P�68`
6�J�6�=�9�EGLs6 W F<o> W EGoâL)FH6?> W N[LsJK;�9�opF<6Y> 9�EM� W E�>Z;HJK6?>��ØJ�N?r¨Ý��lÝ ¡£¢KÝB~=é9�6�ß£op; 9�EM=9�6�Ls=p6+FõN W LKE:47o9/JK;<EM=Î476 W N[LKJs;õ9�oâF<6?>�9�EM� W E�>Z;HJK6?>>È�EG= W 6�opJ�9�;<Js6�L�476bo4ãÚ6Sã W X�@LK;H6�=9�6Y>�LsX?9�6�=:JK6Y>^È�õ�8:N?JKopLs=p6�N8ä�6?9�!¯2qO�!&í��v6Sã W X�Ls;<6�=9/6+47X?9�Ls;<JK6 W LsX?9�X?476b���À6b=7J�¢�f\â6?4� lÉ�gqÈ�6�JN[o´� BD2XíiN8ä�6?9�476?>�N[=:JK; W LKEMJKEG=�>3f5*qEGF& �á[rOgqÝ3P!N[FAóâ6�opLK6bo>Z6�� 6�=7JSÈÇ4âN[=>$9�6Y>`476�o�ãã68ã W XbLK;<6b=9�6?>>ÈF<6Y> >QX W N?L�N[Js;<EM=> ;�>ZEGJsE W ;àß£oâ6?>D476?> W N[LsJK;�9�opF<6Y>~9Fó�N[LPôMX�6?>~=¨ð EG=:J W o���JKLs6�EGrpJs6�=:op6?>D4pN[=�> op=�4:EG��N?;<=p64³ð X�=p6�LjôG;<6q>Qo,&�>KN[=:J8Ý4â6?>D> W 6Y9�JKLs6?>~6�=ÀXb=p6�LPôM;<6�È 4pN[=>~F�N W LK6���;)(�LK6 68ã W XbLK;<6b=9�6�È?6�J~FH6?>~�ÀopFHJK; W F<;H9�;HJKXb>476�=p6�oâJKLKEM=>^È4âN[=>�FõN+>Z6?9/EG=476�È7EG=:J W 6�LK� ;õ> 4:6ÁJs6?>ZJs6�L�F<6Y>�9�E:476?>�476�47XY>Z68ãâ9�;<J�N[Js;<EG=�>QJ�N[Js;õ>QJK;7ß�op6�Ý



���  uP�åâè ËõÔ à?�ÚÙOvi�/Ö Ô à Ò � Ó Ý Ô ËvÒ Ö
� � Ñ à?Ü ÑSË � Ó�Ñ �&� Ñ è�åp×Ø×Øå Ô ËØÒ Ö

â6?>���6?>QopLK6?>+476!LsX?>Z;�47o>�476�> W N[FHFõN?JK;<EM=
>QEG=:J W 6�of=pEG�+rpLK6bo>Z6?>$6�J�FH6?> W FHo>�N?=9�;<6b=p=p6?>À=â647EM=p=p6�=:JXß£oâ6:ß£oâ6�F7ß�op6?> W EM;<=:J�> W EGoâL�FõNm+ >s>Z;<EM=¨Ý³â N W FHo W N[LsJq476?> ��6Y>ZopLs6?>~EG=:J�X�JKX�6'-Ç6Y9�JKopXb6?> W N?L476?>DJK6?9Kóp=p;àß£oâ6?>�L�NM47;<E:9Kóp;H��;7ß�op6?>�LKX?N?F<;�>ZX�6?>�ópEML�>DF<;AôM=p6+ß£op;=p6 W 6bLK��6�JsJK6�=:J34³ð N8ä�EG;HL NG9�9.(Y>ß�o¨ðòõ`476?>LK6b=476���6b=7J�>Ç9�op�+opF�N[JK;M> >^ÝSè~N[LD9/6�JKJs6 � X�JPópE:4:6�È�F<6?>&>Z6Y9�JK;HEG=>�6'&�9�NM9�6?>�476Y>�L�NM47;<EM=7o9/F<X�;�476?>�476C47opLKXb6476:ä:;<6�JsL�(?>�9�EMopLKJs6�=p6�>ZEG=:J W NG>�X8äMN[FHopX�6?>>È7=p;&9�6bF<F<6Y> 4:6?> =âE<Ç:N?o4ã�>QJ�N[râF<6?>>Ý0)= W LsElôGL�N[��� 6`68ã W X�LK;H��6�=:J�N[F 6?>ZJ�6�=�9/EGopL�>|õ *�8:O�opJK;HF<;�>KN[=:J�FH6$r�EM�Àr�N[L�4:6���6�=:J�4³ð op= W LKE?@¤K6?9�Js;<FH6ÀFHEGopL�4V>QopL+op=p6�9�;<râF<6 4³ðmóbÇp4:LKElô2(�=p6�F<;àß£oâ;õ476�Ý&�iFqð N[;�476�4_ð op=Î> W 6?9/JKLKEM�3(�JsLK6�476���NM>K>Q6�F<6?>W LsE:47op;<J�>$476�F�N%LKXYNG9�Js;<EG= W 6bo4ä�6�=:JÁ�bJKLK6 >ZX W N[LsX?>`6�J`;�476�=:JK;M+X?>);�>ZEGJsE W ;àß£oâ6���6�=:J8È�f FõN$�M�ogqÈ347EG=:@=N?=7J�4:6$9�6�> N[;<Jqop=p6�;<=,>ØEMLK��N?JK;HEG=�r6?N[o9/EGo W�W F<o�> Ls;õ9Kóp6�ß£op6�9�6�FHF<6�EGrpJs6�=:op6 W N?L�476?>�JK6Y9Fóp=â;7ß�op6?>4³ð NG9�Js;AäMN[Js;<EG=�Ý
â6?>�;<=,>ØEMLK��N?JK;HEG=>)Js;<LsX�6?>�476 9�6?>q68ã W X�Ls;<6�=�9�6?> W 6bLK��6�JsJK6�=:J¯476$JK6?>QJK6�L�F�N�> W N?F<F�N[JK;HEG=Ã4pN[=�>`9�6?>476�o�ã W óNM>Z6?>>Ý

}s~ ���&_ ^��&_
�`a �¡�k�s�[�¢��� a[�s� ��]�]£�c� �c�R�[���c�
â6?>�476�o�ã$X�JKo4:6?>)ß�op;�>ØEM=7J Fqð EGr:¤K6�J 476�9/6)JsL�N8äMN[;<FO>ØEG=:J W N?LKJs;<6¯4³ð op= W LKE�ôGL�N?����6q68ã W XbLK;<� 6�=7J�N[F6�J�JjópX�EGLs;7ß�op6���6b=pX W N?L�FõN$9�EMF<FõN?rEGL�N?JK;HEG=�í¯BC8â8:O)�dí�B~opJKLsEG=Ú8£9�;<=:JK;HF<FõN?JKEML N?=4�8£O FH;õ9�EM=�476�Js6?9�JsEGL�¢N[o W L�(?>�476�Fdð NG9b9�X�F<XbL�N[Js6�opL`�"!�8h# � F<;õ9KóÇ¢¯4pN?=>ÁFH6�9�NG4:LK6 476�FõN3>ØopJKoâLK6 >ZEGoâL�9�6�6bopLKE W Xb6�=p=p6�4:6> W N[F<F�N[Js;<EG=�6�J�4âN[=>�9�6�F<oâ;~476[*¯BDI�B1!&í��N*¯BD>ZJs;<EM=ã476Y>ÁI¯B 9Kóp6�J�> W N?L`4:6?>s! W JK;<EM=>:í)EGo�ä�6�F<FH6?> ¢tÝ

â�ð EMr:¤K6?9�Js;5> 47o W LsElôGL�N[��� 6)í¯BC8â8:OÕ6Y>ZJD476¯9�EMF<F<6Y9�JK6�L�oâ=�9�6bLKJ�N?;<=�=pEG�+rpLK6C476q47EM=p=pX�6?>D476�LsX.>ØX�Ls6�=9�6>ZoâL FõN W LKE:4:o9�JK;HEG=�476�=â6�opJKLsEG=>>Èp476 W N[LsJK;õ9/opF<6?> 9Fó�N[LPôMX�6?>~F<XSô�(�Ls6?>^È:476c>ØL�N<ôM��6�=:J�>D476���NM>K>Q6);H=7Js6�LZ@��X?4:;õN[;HLK6�� 1~P!OK¢�6bJ 4:6c>ØL�N ôG��6�=:J�>D476L+ >K>Q;<EG=�� 1~1 ¢34pN[=�> F<6?>DLKX?NM9�JK;HEG=>D;<=47oâ;<JK6Y> W N[L�4:6?> W LsEGJsEG=>476&ó�N[opJs6�X�=p6�LjôG;H6�Ýbè~N[L�L�N WpW EGLsJqN[o4ã 47EM=p=pX�6?> 6Sã7;�>ZJ�N?=7Js6?>�í�B 8p8:O W 6�LK� 6�JD476�9/EGLKLsX�F<6bL JsEGopJs6?>�9�6?>;<=:>ØEGLK��N[JK;HEG=>D6�Jq9�6?9/; W LsX?>Z6�=:JK6¯op=p6�N8äGN?=9�X�6�;H� W EGLKJ�N[=:JK6 W EMopL)FH6?> JK6Y>ZJ�>�N8ä�6?9qF<6?> ��E:4:(�F<6?>>Ýâ�ð N?�Àrp;HJK;HEG=�6Y>ZJ�6�=!6.- 6�J�4³ð N[LKLs;Aä�6�L+õ�JK6�Ls��6�õ�op=â6ÀrEG=â=p6ÀLs6 W LsE:47o9�Js;<EG=Ã476$Fdð 6�=>Q6��+rpF<6�476?>47EM=p=pX�6?>�LK6?9/op6�;<FHF<;H6?>�>ZopL�op=�������6�>DÇâ>ZJB(���6+N8ä�6?9`op=Ã>Z6bopF ¤K6�oã4:6 W N?L�N?�3(�JKLs6?>^È'9�6�ß�op;D6?>QJÁFHEG;H=4³ð ��JKLs6�F<6�9�NM>�N[o?¤KEMopL�4³ðçó7oâ;qÝI)6�o4ã$6Sã W X�Ls;<6�=9/6?>�6�=�9/;<rpFH6?>���;H=9�6?>�EG=:J�47X ¤Kõ�XbJKXqLKX?N?F<;õ>QX�6?>�õ+�lÝ ¡�*q68`56�Jq��Ý�É�*q68`¡f B~=A�� M ogqÈ4pN?=>)F<6Y>Pß�op6�F<FH6?> F<6Y>)>Q6?9�JK;HEG=>�6.&�9�NG9/6?>�476`LsX?NG9/JK;<EM=!6�JqF<6?>q>Z6?9/JK;<EM=>�6.&�9bNG9�6?>�4:6 W LsE:47o9�Js;<EG=Ã476?>W N?LKJK;�9�opFH6?> FHX8ô�(�Ls6?> EM=7JqX�JsX���6?>QopLKX�6Y>^È W EGopLqop=p6�F�N[LjôG6:ô�N?����6q6�=���NG>s>Z6�476�=pE Ç:N?o4ã³ÝZâ6?>�LKX?>QopF @J�N?J�>�EG=:J`X�JsX�9�EM� W N?LKX?>&õ�47;5- X�Ls6�=:J�>�9�E:476�4:6�9�NM>K9�NM476�;H=7JsL�NY@ =:o9�F<XYN[;<Ls6$9�EMo W FHX?>:õ�476?>���E:4,(�FH6?>>ZJ�N[Js;õ>ZJs;7ß�op6?>>ÈG��EG=:JKL�N[=:J~op=p6qrEG=p=â6)Ls6 W LKE:4:o9�JK;HEG= W EMopL FH6?>�=p6�oâJKLKEM=>~��N[;�>~9�6�LsJ�N?;<=p6?>347;5- X�Ls6�=9�6?>W EGopLqF<6Y> W N[LsJK;õ9/opF<6?> 9Fó�N[LPôMX�6?>>Ý
��Ö´Ý Ë ß�×Ø� Ñ Þ Ë Ö&Ý�� Ñ

â6 W LsE:9�6?>K>Qo>!476Ã> W N?F<F�N[JK;HEG=
6Y>ZJ!4:X?9�LK;HJ�6�=
4:6�o4ãfX�J�N W 6Y>Ç��op=p6 W ó�NG>Z6 476é9�NM>K9�NM476ã;<=:JKL�NY@=:o9�F<XYN[;<Ls6$��OníÁ��¢A>Zop;Lä7;H6�4³ð op=p6 W óNM>Z6$4:6`4:X?>Z68ãâ9�;HJ�N[Js;<EM=�>ZJ�N[JK;�>ZJs;7ß�op6�Ýâ�ð N WpW LKE ã:;<��N?JK;HEG=�> N[;<Js6�4âN[=>DF<6?>D9�E:476Y> 476¯9�NG>s9�NG4:6�;<=:JKL�NY@ =7o9/F<X?N?;<LK6�6Y>ZJ 476�9�EM=>Z;�47X�Ls6�L�ß�op6�FõNF<EM=4ôGoâ6�opL&4³ð EG=476 476Y> W N[LsJK;õ9/opF<6?>;<� W F<;7ß�opX�6Y>p4pN[=�>ÕF�N�9�NG>s9�NG476D6?>QJ�JKLB(?> W 6�JK;HJK6D476SäGN?=7J�FH6?>�47;�>ZJ�N?=9�6?>;<=:JK6bLK=:o9�F<XbEG=p;àß£op6Y>^Ý �D6bJKJK6�N WpW LKE ã7;H��N[Js;<EM= W 6�LK� 6�J+476!=p6�9�EM=>Z;�47X�Ls6�L�ß�op6�476?>À;H=7Js6�L�NM9�JK;HEG=>
õ



ÙOv � v , ÒpÔ Ë äå Ô�ËvÒ Ö Ñ è ÒÓ à��&��Ö ÒÓ ä �:×v×Ø� Ñ Þé� ÑbÓ à?� Ñ �M�
476�o�ã�9�EML W >>ÝÇ8�;�9/6�JKJs6�N WpW LKE ã:;<��N?JK;HEG=�>Q6��ÀrâF<6WäMN[FH;õ476 W EGopLqFõN W N[LsJK;õ9/opF<6�;H=9�;�476�=:JK6���9/EG� W Js6)Js6�=:o476+>QEG=�X�=p6�LjôG;<6M¢KÈ6�F<FH6$>Z6b�ÀrpFH6�476À� EG;<=�> 6�=!� EG;<=�>HäMN[F<;�476`FHEGL�>Pß�op6ÀFdð EM=�9�EG=>Q;õ4,(bLK6`FH6?>�9�EMF<FH;õ>Z;HEG=>>Zo�9�9�6?>s>Z;Aä�6Y>^È?N8ä�6?9 oâ=$��EG��6b=7J ��E Ç�6�=�476?>�=:o9�FHX�EG=>�ß�op;pJK6b=4 W LKE�ôGLs6?>K>Q;Aä�6���6b=7J_ä�6�L�>�op=$��EM��6�=:J476 1p6�LK��;dÝa!q= W 6�oâJ`4:EG=9ÀFHX8ôG;HJK;H��6��+6�=:J�>Q6 W E >Z6�L�FõNcß�op6?>QJK;HEG=Ã476ÀF�NeäMN[FH;õ47;HJKX+476Y>Á��E:4,(bF<6?>�4:69�NM>K9�NM476DF<EGL�>Pß�op6DF<6~=âE<Ç:N?o�JK6�=4&ä�6�L�>�Fdð X ß�op;<FH;<rpLs6�Ý�B~J W N?L&9�EG=>QX ß�op6�=:J8È�F�N�476?>s9�LK; W JK;HEG=�47o W LKE:9/6?>K>Qo>6�= 476�o4ã+X�J�N W 6?>^È:9�EM����6 W LKE W E >ZX�6 W N[L�8�6bLKr6�L8È W 6�opJD��JsLK6q��;õ>Q6�6�=�9�N?o>Z6�Ý7Iq6 W FHo>^È:F<6 W LsEGrpF)(���6��N�¤K6bopL�47oé9/EGo W F�N<ôM6�6�=:JKLK6+F<6+9/E:476�476�9bNG>K9bNG476�6bJÁFH6�9/E:476�>ZJ�N[Js;õ>ZJs;7ß�op6�ÈÇ6Y>ZJ$4:6�47XbJK6�Ls��;<=p6bL)FH6JK6b� W > 4:6ÁJjóp6�Ls��N[FH;õ>KN?JK;HEG=�47o�=pE Ç:N?o¨È9lð 6Y>ZJWõ+47;HLK6�È:F<6�Js6�� W > N[oZß�op6�F�F�N$9�NG>s9�NG476�6?>QJ�>QJKE WpW X�6�ÝB~=´EGopJsLK6�È FH6?>ÀX�� ;õ>K>Q;<EM=>�ópEGL�>�X ß£oâ;<F<;HrpLK6�476Y> W N[LsJK;�9�opF<6Y> W FHo>À��NM>K>Q;Aä�6?>�ß�op6!F<6Y> =:o9�FHX�EG=>=p6�>ZEG=:J W NM> W Ls;õ>Z6Y> 6�=n9�EG� W JK6�4pN?=>ÀF<6Y> ��E:4:(�F<6?>$4:6!9�NM>K9�NM476!6�J+=pX?9�6?>s>Z;HJK6�=:J$Fqð ;<=:JKLKE:4:o9�JK;HEG=4³ð op=p6$X�J�N W 6À;H=7Js6�LK� X?47;õN?;<Ls6`N8ä�6?9�476?> W N?L�N[��(�JKLs6?>�>Zo WpW F<Xb��6�=:J�N[;HLK6?>>ÝZè�6�o�476 47EM=p=pX�6?>�68ã:;õ>QJK6�=:J>ZoâL`Fqð X���;�>K>Z;HEG=�476�9�6?> W N?LKJs;õ9�opFH6?>$�vJ�N[r¨ÝD�lÝ ¡£¢�N[F<EML�>�ß£op6 F<6�opL�X�Jso476 W LKXY>Z6�=:JK6+op=hôGL�N?=4ã;<=:JKX�Ls��J9�N?L�LK6�FH;<X�õ�F�N W LsEGrpFHX���N[Js;7ß�op6$4:6$Fqð Xb��;õ>s>Z;<EM=�476 W LKXbX ß£oâ;<F<;HrpLK6�ÝpI)6 W F<o�>^È 9�6?> W N?LKJs;õ9�opFH6?>�>QEG=:J`4:6ôGL�N[=4:6�X�=p6�LjôG;H6$6�J W 6bo4ä�6�=:JÁ;H=47op;HLK6+476Y>ÁLKXYNG9�Js;<EG=�>Á>Q6?9�EM=4pN[;HLK6?>�4pN?=>Áoâ=p6�9�;HrpF<6$X W N[;õ>s>Z6�Ý'BAFHF<6?>4768ä:L�N?;<6�=:J�4:EG=9���JKLs6 W LK;�>Z6?> 6b=�9/EG� W Js6�4pN?=> FH6?> 9/E:476?>q476�JKL�N?=> W EMLKJ8ÝI)6?>`;H=,>ØEGLs��N[Js;<EG=�> W 6�LsJK;H=p6�=:JK6?> W EMopL$6?>s>KN8Ç�6�L$4:6�LKX W EM=47LK6rõ!9�6Y>�ß�op6?>ZJs;<EM=>ÁLsX?>Z;�476�=:J$4pN?=>F<6Y>$47;õ>QJKLK;HrpopJs;<EG=�>ÀN?=4ôGopF�N[;HLK6?>$6�J+6�=¼X�=â6�LPôM;<6�476?> W N[LsJK;�9�opF<6Y>$9FóN?LPôMX�6?>`X���;�>Z6?>>Ýâ�ð X�JKo4:6�4:6!9�6?>> W 6?9/JKLK6Y>�476$��N?=p;�(�Ls6�68ãp9/F<o>Q;Aä�6�È:6�J�=pEM=ã>Q6�opF<6b��6�=:J ;<=�9�F<o>Q;Aä�6�9�EM����6�Fdð EG= > N?;<J�FH6?>�68ã W X�Ls;<6�=�9�6?>W LsX?9�X?476b=7Js6?>^È:47EM;<J W 6�LK� 6�JKJsLK6�4³ð N WpW EMLKJK6bL�op=!9�6bLKJ�N?;<=�=âEG�+rpLK6�4_ð X�FHX���6�=:J�>~4:6ÁLsX W EG=>Q6�Ý0)=p6 W LK6���;)(�LK6�68ã W XbLK;<6b=9�6+4pN?=>$9�6 >Z6�=>�N�X�JKX+LKXYN[F<;�>ZX�6�õ�8£N[JKoâLK=p6kf\â6?4� �ÉogCN�ä�6Y9�!¯2qO¤!+í�v6Sã W X�Ls;<6�=9/6$47X?9/LK;<Js6 W LsX?9�X?4:6����+6�=7J/¢KÝZâ�ð opJs;<F<;�>KN?JK;<EM=�4³ð oâ=ã47XbJK6?9�Js6�opL¯476+=p6�opJsLKEG=�>ÁN W 6�Ls��;õ>�4:6LK6b��EG=:JK6�L�õ�op=p6rß£o�N[=:JK;<JsX�>ØEM=4pN?��6�=:J�N[FH6 W EMopL$X�JKo�47;<6�L�F<6 W LKE:9�6?>s>Zo>$4:6�> W N?F<F�N[JK;HEG=��&Fqð Xb=p6�LPôM;<64³ð 68ãp9/;<J�N?JK;HEG=¨Ý â�ð X�=p6bLPôG;H6D4³ð 68ãp9/;<J�N?JK;HEG=�6?>QJ�6�=`6'-Ç6bJ�FõN)äMN[Ls;õN[râF<6 47X�Js6�LK��;H=N[=:JK63476?>���E:476Y>�476 47X?>Z6Sã£@9�;HJ�N[Js;<EM=+476?>�=pE Ç:N?o4ã�;K9KóN?o4p>=<A�GX8äMN W EML�N[Js;<EM=¨È�+ >K>Q;<EG=+EGo+X���;�>K>Q;<EG=��ÀoâF<JK; W F<6A4761>ØL�N ôG��6�=:J�>>Ý£�Xð 6?>ZJN[o�>K>Z;�F�N�ß�oN[=:JK;HJKX+ß£oâ; W 6�LK� 6�J 476�LK6b��EG=:JK6�LAN[o�47X W Jq4_ð X�=p6bLPôG;H6�4:6�FõN W N[LsJK;õ9/opF<6q;<=9/;õ476�=:JK6¯4pN?=>F<6¯=pE Ç:N[o!9/;<rpFH6�È:9lð 6?>QJWõ+47;<Ls6�N[o�47X8ä�6�FHE WpW 6�� 6�=7JA476�FõN+9�NG>s9�NG476�;H=7JsL�NY@ =:o9�F<XYN[;<Ls6�Ýâ N W Ls6���;�(bLK6�68ã W X�LK;H6�=9�6¯LKX?N?F<;õ>QX�6�4pN[=�>�9�6`JsL�N8äMN[;HF~476�JPóA(Y>Z6�ä:;õ>Q6�õÀL�NM>K>Z6b�ÀrpFH6�L FH6?>q47;õ>QJKLK;Hrpo7@JK;HEG=>qN[=�ôGopF�N[;<Ls6?>�6�J�6�=�Xb=p6�LPôM;<6�476?> W N?LKJK;�9�opFH6?>�9Fó�N[LPôMX�6?>�� W È4³ÈJ8È¨ÝAÝLÝAÈ â;v¢ 6�=�9�E =�9�;õ476b=9�6�N8ä�6?9F<6Y>A�+opFHJK; W F<;õ9/; JsX?>&476�=p6�oâJKLKEM=> 6bJ 4:6 W N[LsJK;�9�opF<6Y> 9KóN?LPôGXb6?>^Ý4â�ð 6b=>Z6��+rpFH6�476�9/6?> ;H=,>ØEGLs��N[Js;<EG=�> 4:EG;<JW 6�LK� 6�JKJsLK6qop=p6�X�JKo�476�47X�J�N?;<FHF<X�6¯476�JKEMopJ)FH6 W LKE:9�6Y>K>Zo�> X�FHX���6�=:J�N?;<Ls6�476�> W N[F<F�N[Js;<EG=�Ý
��Ö´Ý Ë ß�×Ø� Ñ Ü:è�å ËØÑ�Ñ � Ñ

B~=ã9�;HrpF<6Y>)X W N?;õ>K>Q6?>^È�FH6?> W N?LKJK;�9�opFH6?>)JKLB(?>�X�=p6�LjôGX�Js;7ß�op6?>)Xb��;õ>Q6?> FHEGL�>Á4:6ÀF�N W LK6���;)(�LK6�LsX?NG9�Js;<EM=W 6�o4ä�6�=:J ;H=47op;HLK6¯476?> LsX?NG9�Js;<EM=> >Q6?9�EG=�4pN[;HLK6?>�4pN?=> FõN$9/;<rpFH6D�79�ð 6?>QJ F<6¯47X8ä�6bF<E WâW 6b��6�=:J~6�=�9�NM>K9�NM476;<=:JK6bLZ@ =7o9/F<X?N?;<LK6�Ý¶â6?>$9/E:476?>`4:6�JKL�N[=> W EMLKJ+opJK;HF<;�>ZX?> W EGopL+>Q;<�+opF<6bL�Fqð ;<=:JK6�L�NG9�Js;<EG=�4_ð op=p6 W N[LsJK;õ9/opF<6N8ä�6?9Áoâ=Ú��N?JKX�Ls;õN?o¨È W LK6b=p=p6�=:J�6�=�9�EM� W Js6ÁFH6?>�9�EMF<FH;õ>Z;HEG=>q=7o9/F<X�EM=7@�=âE<Ç:N?o�6�J¯��X?>ZEM=7@ =pE Ç:N[o¨È6�J�FH6JKL�N[=> W EGLKJ�476�JKEGoâJK6?> FH6?> W N[LsJK;�9�opF<6Y> X���;�>Z6?>DF<EML�>�476�9�6?> ;H=7Js6�L�NM9�JK;HEG=>>Ýâ N W FHo W N?LKJ�476Y>�� 6?>ZopLs6?>$68ã7;�>ZJ�N[=:JK6?>+>ZopL�F�N W LKE:47o9/JK;<EM=
4:6!=p6�opJsLKEG=�>�6b=f9�;<rpFH6?>$X W N[;�>K>Q6?>�vJ�N[r¨Ý3�lÝ<�?¢q9�EM=47op;�>Z6�=:J&õ 476?>HäMN[FH6�opL�>)��E Ç�6�=p=p6Y> EGrpJs6�=7oâ6?> W N[L�op=p6�JK6?9Kóp=p;àß£op6�476$� E:47X�L�N?JK;HEG=7@NG9/JK;AäMN?JK;<EM=¨Ý�O�FF> N[opJ�N�¤KEMopJK6�L¯F<6?>)� 6?>ZopLs6?> LKXYN[F<;�>ZX�6Y>Hõ�8:N?JKopLs=p6[f P�X�=� �ÉogqÈ)f�` N[LC G �gD>QopL�FH6?>�47;�>ZJKLs; @rpopJs;<EM=>�N[=�ôGopF�N[;<Ls6?>)6�J¯6�=�X�=â6�LPôM;<6$4:6?>)=p6�oâJKLKEM=>^Ý&�D6?>)��6?>QopLK6Y>^ÈpEGrâJK6�=:op6?> W N[L�F�NÀJK6?9Kóp=p;àß£oâ6`4:6JK6b� W > 4:6�ä�EGFdÈ7=pXY9�6?>K>Q;<Js6�=7J op=p6�68ã7JsL�N W EMFõN?JK;<EM=�õ$rNG>s>Z6�X�=p6�LjôG;<6�47o[> N[;HJq476?>q>Z6�op;HFõ>�476�47XbJK6?9�Js;<EM=



��¡  uP�åâè ËõÔ à?�ÚÙOvi�/Ö Ô à Ò � Ó Ý Ô ËvÒ Ö
B ��P�68``¢ �)=4ôMF<6��Ø6�=�476SôGLKXY> ¢ �D;<rpFH6 %Ç W 6 2 X.>���M�OÈ&�8á æ ¡�ñY@ �SñG� �)FqÈ�í);qÈ�èAr W È4_È7J8È Þq6�È Þ)6 f 8 68ô
ÉG¡�g�b¡G�bÈ��SáG�OÈ¡M�G� �b�Y@ �SáG� �)FdÈ��DE4È�qo Þ)6 f �DE�jfÉG¡�g�� M�OÈ �G�M� ¡M�Y@ �SáG� �Hô W È4_È7J8È Þq6�È Þ)6 fM*)Ls6�Ésî
g¡:���bÈÇ�M�G�OÈ4æ�ÉG� ¡G�bÈ G�bÈ��SáG� �Hô Þ)6�È Þ)6 fM*)Ls6�ÉG�og�M�G�Y@ ñlÉM���Ø=Ç¢ ñ æ4ÈZá�ÉOÈ  G�OÈ��b¡7��È��Sá<æ �Do¨ÈZì ; W È4³ÈpJ f 1pL�N$ M��g
áG�M�OÈ_ÉG�M� �8ÉM� ì 6�È��XÈÇ�Do�È W È4³ÈpJ f 1pL�NRî�á�g�Hô�ÈZè~J8ÈO%&N

áM�G� �G�bÈ,æ�ñOÈ³î�ñOÈ&���lñ ì&ÈÇ�XÈZí¯NOÈp�qFqÈ W È4_È7J8È Þq6�È Þ)6 f �)FõN�î ñ�g� NOÈ1p6�È�qo
á�áG�  G� í);dÈ4í);dÈ�8�=¨ÈÇ8 =¨È W È4_È7J8È Þq6�È Þ)6 f�ì E�ô�î á�g

ì&È�ì&ÈÇ8���Èp8��
ÉM�G� áOÈ��Sñ �XÈO% ;dÈZè~r Þ)6�È Þ)6 f�ì�N?L� G¡�g¡G�M�G��� W È Þ)6G¢ �8ñbÈÇ�M�OÈ_áG�OÈ��b¡G�bÈ �qo Þ)6 f\â6?4� lÉ�g����ñOÈ&�8ñM�OÈ&�8álñ¡:���M�  G� � Þ)6 f 6?>Hî É�g

�lÝ ¡ y ��;PIS?bQF;jI�[�=la�?�@\[�57QF;jI�MO;�6K3�EHG�3<IS5ABD;PI�;>=�6857�^@A;�E�57=46^;�£n;P��BqQj[�5ABWMO;&@g[eQK]A® U 24?b5 ¦

;<� W E >ZX?> W N[LqF<6�rpLsop;<JC476/>ØEG=4_ÈÇ476�Fdð EGL�47LK6�476�¡Rõ$�+P�68`�Ý0)= W LKE�ôGL�N?����6 68ã W X�Ls;<��6b=7J�N[Fâ476)� 6?>ZopLs6?>&476?> 4:;õ>ZJsLK;HrpopJK;HEG=>D476q�+opF<Js; W FH;<9/; JsX 476)=â6�opJKLsEG=> N47X�râopJKX�N?o!� B 2Xí W EGopL¯476?>DLKX?NM9�JK;HEG=>�>QopLq9�;<râF<6?>~X W N?;õ>s>Z6?> ;H=47op;HJK6?> W N[Lq476Y>)óNG47LsEG=>�� W LKEGJsEG=>>È476�oâJKX�LsEG=>>È W ;<EM=>^È��GN?EG=>$6�J+N?=7Js; W LsEGJKEM=> ¢ W EMopL�4:6?>`X�=p6�LjôG;H6?>`9�EM� W Ls;õ>Z6Y>�6b=7JsLK6�¡�6�J
ñ¥*q68`�ÊY9
f�Þq;<F  lÉ�gdÈ�fòè~;<6� �î�gqÝp�D6?> � 6?>ZopLs6?>�EM=7J ��EG=:JKLsXXß£op6¯FõN�=N[JsopLK6�476?>ó�NG47LsEG=> opJs;<FH;õ>ZXY> W EMopL W LsE:47op;HLK6476?> =â6�opJKLsEG=>qN8äMN[;<J�oâ=�> N?;<rpFH6�;<� W NM9�J >ZopL�F�N W LKE:47o9/JK;<EM=¨Èp��N?;õ>)ß�op6�F<6 W N[L�N[�3(�JsLK6�4:X�JK6�Ls��;<=�N[=:JX�J�N[;<J Fqð X�=p6�LjôG;<6q��;�>Z6Xõ$47;�> W E�>Q;<JK;HEG= W N?Lq9�6�J�óNG4:LKEG=�ÝÇ�D6 W LKElôML�N?����6q>^ð 6?>ZJC9�EG=:JK;H=7oâX�N[ok*¯�&í�OPâ�ÈN8ä�6?9�F<6�47X�Js6?9�Js6�opLc!¯2qO�!&í�È W EMopL¯476?> W LKEMJKEG=�>^È�476bopJKX�LsEG=>�6�J Þ)6�476�¡G�M��P�68`¦fvâEMJ� �É�gqÝI�N?=>9�6?>�4:6�o4ã�68ã W X�LK;H6�=9�6Y>^È�F<6?> 47;õ>QJKLs;<rpopJs;<EM=> 6�=��ÀoâF<JK; W F<;�9 ;HJKXq476�=p6bopJKLsEG=> EM=7JqX�JKX¯��6?>ZoâLKX�6?>>Ýp�D6�JKJs6;<=:>ØEGLK��N[JK;HEG=�N WpW EGLsJK6�=:J�op=p6 9�EM=7JsL�N[;H=7Js6~r6?N[o�9�EGo W�W F<o�>�>ØEGLKJs6�ß�op6DF<6?> >Z;<� W F<6?>4äMN[FH6�opLs6?>Ç��E Ç�6�=p=p6Y>W EGopLqF<6Y> ��E:4,(�FH6?> 476�JsL�N[=�> W EGLsJ8Ýâ N¼>Q6?9�EG=�476Ú6Sã W X�Ls;<6�=9/6�LKXYN[F<;�>ZX�6�4pN[=�>�9�6!JsL�N8äMN[;<F¯6?>ZJ�op=p6Ã>Zoâ;<JK6!FHElôM;7ß�op6�47o W LKE�ôGL�N?����668ã W X�LK;H��6�=:J�N[F 9�;HJKX W LKX?9�XY476����+6�=:J8Ý�B~F<FH6:ä7;�>Z6�õr>ØEMopLK=â;<Lqop=�6�=�>Z6��+rpF<6¯9�E�ópX�LK6b=7JC476`��6Y>ZopLs6?> >QopLF<6Y> 47;�>ZJKLs;<rpoâJK;<EM=>�476��+opF<Js; W FH;<9/;<JQXq476�=p6�opJsLKEM=> W EGopL¯476?>�9�;HrpF<6Y>AFHEGopL�476?> 6�J�=âEG=3+ >K>Q;<FH6?>��qè~r¨ÈZÞHô6�J ¢~6b=�>ØEM=9�JK;HEG= 476�F�N�ôMX�EG� X�JKLs;<6�4:6�FõN�9�;HrpF<6�6�J W EGoâL�op=p6Xô�N[� ��6 6�=+X�=p6bLPôG;H6�9/EG� W Ls;õ>Q6 6�=:JKLs6�OÝçæÀ6bJ�¡OÝòñ�*q68`�Ý

}s~ ]b^`a ��� �`_
���
�D6$JKL�N�äMN?;<F~6?>QJ�N8äMN[=:J�JKEMopJ�op=�JKL�N�äMN?;<F&68ã W X�Ls;<��6b=7J�N[FqÝ�Xð 6?>QJ W EGopLtß£oâEG;~=pEMo>�9�EG� ��6�=9�6bLKEG=�>Fqð 68ã W E >ZX�6�=�47X?9�Ls;AäMN[=:J�F<6�47;�> W E�>Q;<JK;M>D68ã W X�LK;H��6�=:J�N[F_í�B 8p8£O opJs;<F<;�>ZX�F<EML�>q476?>q476�o4ã�9�N[� W N<ôG=â6?>)4:6��6?>QopLK6Y>Á�Q��óN W ;HJKLs6+¡£¢KÝ&�D6�F<op; @Q9/;~>Q6+9�EG� W E >Z6+4³ð op=�47X�Js6?9�JK6bopL�4:6$=p6�opJsLKEG=�>�;næ�ë�<tÈÇrNM>ZX >ZopL�op=â6JK6Y9Fóp=â;7ß�op6D476 ��E:47X�L�N[JK;HEG=�N�ä�6Y9�op=$F<;àß£oâ;õ476D>s9�;<=:JK;HF<F�N[=:J�47E W XqN?o|*¯4`6�J&4³ð op=$4:X�JK6?9/JK6�opL&4:6)8�;2;Dæ�ë�<KÝ



ÙOv  v ×ØåpÖ´� Ó ÞéÜ7Þ ÒZË à?� �b�
9/6`4:;õ> W E >Z;<Js;5> 68ã:;õ>QJ�N[=:J8Èp=âEGo>�N8ä�EM=>)Nb¤KEGopJsX$>Z;Lã�JKX�FH6?>K9�E W 6?> W 6�Ls��6�JsJ�N[=:J�4:6$>ZEM=476�L¯Fqð Xb��;õ>s>Z;<EM=476?> W N?LKJs;õ9�opFH6?>~9KóN[LjôGX�6Y>�F<X8ô2(�LK6Y>~476q��N[=p;)(�LK6 W FHo> W LKXY9�;õ>Q6�6�J W FHo>D9�EG� W F�(�Js6)ß�op6q=p6 W 6�opJDF<61> N?;<Ls6F<6�47X�JK6Y9�JK6�oâL�;næ�ë�<tÝ
â N�>Qop;<Js6+476ÀFdð 68ã W E�>QX+>Z6 47X?9�EM� W E�>Z6+=N?JKopLs6�F<FH6���6�=:J 6�=Ã476�o�ã W N[LsJK;<6Y>|ß�oNM>Z;<� 6�=7Jq;<=�47X W 6�=7@4pN?=7Js6?> Fqð op=p6¯476�Fqð N?opJKLs6�Ý4â N W LK6���;)(�LK6 W N[LKJs;<6�6Y>ZJ�9/EG=>sNG9�LsX�6�õ`Fqð XbJKo476¯476�FõN�LKX?NM9�JK;HEG=�476�> W N[FHFõN�@JK;HEG=��â�)o�� W Èmã¢ õ$¡bÝ�ñ|*q68`
6�J ;H=9�FHopJ FH6?> ��óN W ;<JsLK6?>)æ
õRî�Ý³â N$>Z6?9/EG=476�6?>QJ�9�EM=>KNM9�LKXb6�õ`Fdð X�Jso476476qFõN W LKE:47o�9�JK;HEG=�=p6bopJKLsEG=p;àß£op6q6�=�9/;<rpFH6?>�X W N?;õ>s>Z6?>q�qè~r¨È 6�JWÞXô7¢ W N[LC476?> W LKEMJKEG=�>�476��bÝmæ�õ`¡OÝòñ

*q68` 6bJ�;<=9�FHopJ FH6?> ��ó�N W ;HJKLK6Y>HÉ�õ����bÝ
â�ð 68ã W X�LK;H6�=9�6�6�=�9�;HrpF<6���;<=9/6$N[;H=>Z;�ß£op6$FH6$JKL�N[;<Js6���6�=:Jq476?>�47EM=p=pX�6Y>�Ls6�FõN?JK;Lä�6?>Hõ�Fdð X�Jso476$4:6FõN�LsX?NG9/JK;<EM=Î�)o�� W Èmã¢ õ!¡bÝ�ñ§*)68`�>QEG=:J�4:X?9�LK;�>`N?o5��óN W ;<JsLK6Cæ4Ý)â N�>ZX�FH6?9�Js;<EG= 4³ð op=â6�LKX?NM9�JK;HEG=¨ÈFqð ;õ476b=7Js;5+ 9�N?JK;HEG=+6�J�FõN$9�N?L�NM9�JKX�Ls;õ>sN[JK;HEG=�476?> W N[LKJs;õ9�oâF<6?> FHX8ô�(�Ls6?> 9KóN?LPôGXb6?>)Ç�>ZEM=7J¯47;�>K9�opJsX�6?>>Ýâ6Ú��óN W ;<JsLK6hñ W LKXY>Z6�=:JK6�F<6Y>À9�E:4:6?>À4:6!>Z;H�ÀoâFõN[Js;<EM=VoâJK;<FH;õ>QX?> W EGopL�4:X?9�LK;HLK6�FH6 W LsE:9�6?>s>Zo>�4:6> W N[F<F�N[Js;<EG=nN[;H=>Z;+ß£oâ6%FH6�opL�>m>ØEG=476b��6�=:J�>`JPóâX�EGLs;7ß�op6?>^Ý�í)EGo�>�47X?9�Ls;Aä�EM=>ÁrpLs;�(8ä�6b��6�=:JÁFH6�9�E:476!4:69�NM>K9�NM476�4:6 ÝA�Do�ôG=pEM=´��OníÁ�Wâ ¡bÝ �£¢?f �Do4ô  sîYN�gDN[;H=>Z;�ß�op6$F<6+9�E:4:6�476+4:X?>Z68ãâ9�;HJ�N[Js;<EM=�>ZJ�N?JK;�>ZJK;àß£oâ6

*¯BDP!ODí¯O�f ��óN
ÉlÉ�gdÝGI�N?=> 9/6������+6 9KóN W ;<JsLK6�È?=pEGo�> 4:X?9�LK;Lä�EG=>&X8ô�N?F<6���6b=7J�F�N�>Z;H�ÀopF�N[Js;<EG=�LKX?N?F<;�>ZX�6õ W N?LKJs;<L 47of9�EGo W FõN ôG6�476�9�6?>�476bo4ãÎ9�E:476?>À6b=¼JK6b=N[=:J�9/EG� W Js6�476?>À6.- 6�J�>�476�47X�JK6Y9�JK;HEG= W EMopLW 6�LK� 6�JKJsLK6qop=p6�9�EG� W N[L�N[;õ>QEG=�LKXYN[F<;�>ZJs6�õ`Fdð 68ã W X�LK;H6�=9�6�Ýâ6?>D9�EG� W N[L�N[;õ>QEG=>~6�=:JKLs6�F<6?>347EG=p=âX�6?>~68ã W XbLK;<� 6�=7J�N[FH6�>Ç6�JDFH6?>�LKXY>ZopFHJ�N[J�>~476qFõN�>Q;<�+opFõN?JK;HEG=$>QEG=:J47;�>K9�opJsX�6?>�N[o5��ó�N W ;HJKLK6yáOÈ~6�=é��6�JsJ�N?=7J�Fqð NG9�9/6�=7J�>QopLÀFdð X�� ;õ>K>Q;<EM=�476?> W N?LKJK;�9�opFH6?>`4³ð EGLs;AôG;H=p6�X8äMN�@W EGL�N[JK;Lä�6�Ý0)=p6�9�EM� W N?L�N[;�>ZEM=!9�EM� W F�(bJK6�6?>QJ�LKX?N?F<;�>ZX�6�õ$FõNs>ØEG;õ>q>ZoâL)FH6?> �+opFHJK; W F<;H9�;<JsX�>D476�=p6�opJsLKEM=>6�J�476 W N[LKJs;õ9�oâF<6?>�9KóN?LPôGXb6?>Á6�J�>QopL`FH6?>�> W 6?9�JsLK6?>�6�=ÚXb=p6�LPôM;<6 476?> W N?LKJK;�9�opFH6?>�9FóN?LPôMX�6?>^Ý�í)EMo>Á6Sã£@W FH;7ß�opEG=>�9�EM����6�=:J�Fqð X�=p6�LjôG;H6+4³ð 68ãâ9�;HJ�N[Js;<EM=�6?>QJ$47X�Js6�LK� ;<=pX�6�X8ä�Xb=p6���6�=:J W N?L`X8ä�X�=â6���6/=7JSÝÇ�D6�JKJs6ß�oN[=:JK;HJKX�=pEMo>D>Z6�LsJ)õ�X�Jso47;H6�L�FH6 W LKE:9/6?>K>Qo> 476q> W N[FHFõN?JK;<EM=�>Q6�F<EM=ÀFH6q47X8ä�6�FHE WpW 6�� 6�=7J'476qFõN�9�NM>K9�NM476;<=:JKL�NY@ =7o�9�F<X?N?;<Ls6�Ý7�D6�9KóN W ;<JKLs6HäMN?F<;õ4:6)6?>s>Z6�=:JK;H6�F<FH6��+6�=�J�FH6�9�E:476�476�47X?>Q68ãâ9�;<J�N[JK;HEG= >ZJ�N[JK;�>ZJs;7ß�op6)6bJ FõN47;�>ZJKLs;<rpoâJK;<EM=�6�=�X�=p6�LjôG;<6�4³ð 68ãâ9�;HJ�N[Js;<EM=|>ØEGopLs=p;<6 W N?L�F<6�9�E:476�OníÁ�Wâ ¡bÝ �OÝ�)o´��óN W ;<JKLs6�î�=pEMo>À=pEMo>+N[JKJ�NG9KópEG=�> W FHo> W N?LKJK;�9�opFH;�(�Ls6���6�=:J:õ!Fqð XbJKo476�476�Fqð Xb��;õ>s>Z;<EM=ã4:6
W LsX�X ß�op;<FH;<rpLs6�Ýlâ�ð N?r�EM=4pN?=9�6�476?> W N?LKJK;�9�opFH6?>~9KóN[LjôGX�6?>F;s47;<Ls6?9�Js6?>=<C6�=�>ØEM=9�Js;<EG= 476qFqð X�=p6�LjôG;<6C4³ð 6Sãp9�; @J�N?JK;HEG=$6?>QJ~47;�>K9�oâJKX�6�Ý?0q=`��E:4,(bF<6 476�9/E�N[FH6?>K9/6�=9�6�È�;H=9�FHo>oõ¯ODí��Wâ ¡OÝ �bÈ[6Y>ZJ347X?9�Ls;<J34pN[=>39�6�9KóN W ;<JKLs6�Ý0)=p6�47;�>K9�o�>K>Z;HEG=�6?>QJ1> N[;<Js6�>ZopLqFõNm>ØEMLK��N?JK;<EM=�476?> W N?LKJK;�9�opFH6?>�9�EG� W E >Z;HJK6?> 476 W LKX�X�ß£op;HF<;HrpLK6¯4pN[=�> FH6=pE Ç:N[o�Ý£�D6q9KóN W ;<JKLs6)äMN[FH;õ476 F<6C9�E:476¯476�9�NM>K9�NM476�;<=:JKL�NY@ =7o�9�F<X?N?;<Ls6 6bJ~FõN�4:6?>K9�Ls; W Js;<EM=$4³ð op= W LKE:9/6?>K>Qo>6�=�476�o�ã�X�J�N W 6?>^Èp6�=�;H=9�F<o�N[=:J op=p6/>ØEMLK��N?JK;<EM=�NG4eóâE:9Á4:6 W N[LKJs;õ9�oâF<6?>�9�EM� W E�>Q;<JK6Y>^Ýâ N)4:6�o4ã:;�(���6 W N[LKJs;<6D4:6 Fdð 68ã W E�>QX~6?>ZJ�;H=7JsLKE:47oâ;<JK6AN[o$��óN W ;<JKLs6�É E >QEG=:J W LKXY>Z6�=:JKX?>rpLK;)(8ä�6���6b=7JF<6Y> W LsE?¤K6�J�>�476C>ZEMopL�9�6Y>Õ;H=7Js6�=>Z6Y>�476 =p6bopJKLsEG=>>ÈG476 LKX?NM9�JK6bopL�>¨óOÇ:rpLs;õ476?>Ç6bJ~476�> N[;�>K9�6?N?o4ã�L�NM47;<E NG9�Js;5> >^Ýâ NÚ4:6?>K9�Ls; W Js;<EM=¼4:6%Fdð 68ã W X�LK;H6�=9�6$6b=¼9/;<rpFH6?>ÁX W N[;õ>s>Z6?>$N?;<=>Q;Xß£oâ6%FH6�JKL�N[;HJK6���6b=7J�476?>$4:EG=p=pXb6?>LK6bFõN[Js;Aä�6?>¨õqFqð XbJKo476 476 FõN W LKE:4:o9�JK;HEG= 476?>�=p6�opJsLKEM=>~>ZEM=7J3LKX?N?F<;õ>QX?>&N[o���óN W ;<JsLK6� bÝlíqEGo>~4:;õ>K9/opJKEM=>476?>�9/EGLKLs6?9�Js;<EG=�>�N WpW EGLsJKX�6Y>)N?o4ã���6?>ZoâLK6?>>Ýâ6?>�LKX?>QopF<J�N[J�>Á4:6ÀFdð 68ã W X�LK;H6�=9�6�>ZEM=7J W LsX?>Z6b=7JsX?>�N[oé��óN W ;<JsLK6����OÝ�â6?>�476bo4ã�> NM9�JK6�oâL�>�9�EG=:JKLs; @rpoN?=7JyõÚFõN W LKE:47o9/JK;<EM=f476�=â6�opJKLsEG=>��vFõN W LKEMrN[rp;HF<;HJKX!4:6�LKXYNG9�Js;<EG=´6bJÀFH6!47X8ä�6bF<E WâW 6b��6�=:J$476?>LKXYNG9�Js;<EG=�>�>Z6?9/EG=4pN?;<Ls6?> ¢¯>ZEM=7J¯X�JKo4:;<X?>�>QX W N?LKX���6b=7J�6�= >ØEM=9�Js;<EG=Ã476$Fdð X�=p6bLPôG;H6�47o¨> N?;õ>s9�6?N[o�ÈÇ476+FõNôGXbEG��X�JsLK;H6�476qFõN�9�;<rpFH6�6�J 476qFõN�=N[JsopLK6�47oÀ��N[JKXbLK;õN?o+9�EG=�>ZJK;HJKoN?=7J FõN�9�;HrpF<6�Ý�â N W LsE:47o9�Js;<EG= JKEGJ�N[FH66�JD4:;5- X�LK6b=7Js;<6�FHF<6D476�=â6�opJKLsEG=>&6?>ZJ~XSô�N[FH6���6�=:J�X�Jso47;<Xb6 6�=s>ØEM=9�JK;HEG=+476q9/6?> W N[L�N?�3(�JsLK6?>>Ýlè�EMopL�+=â;<L8ÈF<6�9�E�npJ¯476 W LsE:47o9�Js;<EG=�476?> =p6bopJKLsEG=>�6?>ZJ�XSäGN?F<opX�6�=3>ØEM=9�JK;HEG=�476�Fqð X�=p6�LjôG;H6�47o[> N[;�>K9�6?N?o¨Ýè�EGoâL`9/EG=9�FHopLK6�È�FH6À��óN W ;<JsLK6��G�$LsX?>Zop� 6`F<6Y>)LKX?>QopF<J�N[J�>)F<6?> W F<o>q��N[Ltß£oN?=7J�>)4:6+9�6$JKL�N�äMN?;<F~6�J



�^æ  uP�åâè ËõÔ à?�ÚÙOvi�/Ö Ô à Ò � Ó Ý Ô ËvÒ Ö
ß�op6�F7ß�op6?> W 6�L�> W 6Y9�JK;Lä�6?> >QEG=:J�47EM=p=pX�6Y>^È W EGo4äMN?=7JqopJK;HF<6�� 6�=7JA9�EG� W F<X�Js6�LDF<6 W LsX?>Z6b=7J�JsL�N8äMN[;<FdÝ



�Sñ

S T ÎVUÒÙ_ØeÛCÓ

Ó Ô Ù�Ö�U Z ÖeÙ_ØcÙ Ó U ÛrÙ�× Ó Y ØcÎïÑ X

â6�47;�> W E�>Q;<JK;M>�68ã W X�LK;H��6�=:J�N?F�í�B 8p8£O`�qí)6bopJKLsEG=é8:9�;<=:JK;HF<F�N[JKEML�N[=�4n8£O FH;õ9�;Hop� 476�Js6?9�JKEML�¢qopJs;<F<;�>ZX
W EGopL¯68ã W F<EGLs6�L�F<6Y> LKX?NM9�JK;HEG=>q476$> W N[FHFõN?JK;<EM=�6?>QJ�9/EG=>QJK;<JsopX�476$4:6�o4ã�47XbJK6?9�Js6�opL�>)æ�ë�ÈFqð oâ= W EMopL�FõN47X�Js6?9�Js;<EG=+4:6?> =p6bopJKLsEG=>��qì EMopF<6+õ�íq6�opJKLsEG= 476+ì 6�LKFH;<=Á@�ìWí&ì)¢tÈ[6�JDFdð N[oâJKLK6 W EGopL FõN�47X�Js6?9�Js;<EG= 476?>W N?LKJK;�9�opFH6?> 9KóN[LjôGX�6Y>��qì EGoâF<6�õÀ8�;<FH;õ9�;Hop�}476�ì 6�LsF<;<=+@Wì)8 ;7ì)¢KÝ

â6?>Á=â6�opJKLsEG=>�>ZEM=7J�47X�JK6Y9�JKX?>¯4pN[=>`F�NCìWí&ì&È�>KN?=>`>Q6�op;HF r�NG>Á6b=ÚX�=â6�LPôM;<6�È W N[L`oâ=p6���X�JjópE:476476�� E:47X�L�N?JK;HEG= W 6�LK��6bJKJ�N?=7JDop=�9�EM� W J�N<ôG6�476�9�6�o�ã£@ 9�;qÈ�X8ä�Xb=p6���6�=�J W N[L�X8ä�Xb=p6���6�=:J8ÝMB~= W F<o>�4:69�6�JsJK6�>ØEG=9�Js;<EM=¨ÈÇFõNCìWí&ì W 6�LK� 6�J�4:6+>ZX�FH6?9�JK;HEG=p=â6�L)6bJ�476+9�EM� W JK6bL)FH6?>)LKXYNG9�Js;<EG=�>^È�47EM=p=N?=7J�N[;H=>Z;op=p6�;H=,>ØEGLs��N[Js;<EG=�>ZopLqFqð X���;õ>s>Z;HEG=+476�=p6�oâJKLKEM=>�LK6�F�N[JK;Lä�6�N[o�ã�LKX?NM9�JK;HEG=> =:o9�FHX?N[;HLK6?>>Ý
â6?> W N?LKJs;õ9�opFH6?>q9FóN?LPôMX�6?>^È 476?> W N[LsJK;õ9/opF<6?>�F<XSô�(�Ls6?>)N?o4ã�>ØL�N<ôM��6�=:J�>�476s+ >s>Z;HEG=¨È�>QEG=:J�47X�Js6?9�JsX�6?>W N?L)F�N�ì)8�;7ì´9�EM� W E�>QX�6�476+�8áM¡�47X�Js6?9�Js6�opL�> 476$8�;<FH;õ9�;Hop�}476�ñG�M� 4³ð X W N?;õ>K>Q6�opLSÝ0)=p6�68ã W X�LK;H6�=9�6 W LKXY9�X?476�=:JK6qLKXYN[F<;�>ZX�6�õyâ BD��2
N8ä�6?9qop=�> N?;õ>K9/6?N[o�4³ð N[=:JK; W LKEGJsEG=>/fM*qEGF& láMN�g&N��EM=7JsLKX�ß£op6+F<6�9�EGo W FõN<ôM6�476�9/6?>`476bo4ãÚ;H=,>ØEGLs��N[Js;<EM=>�N WpW EGLsJ�N?;<J+op=p6���6b;<F<FH6�opLs6$47X�Js6�LK� ;<=N?JK;<EM=476�Fqð X�=p6�LjôG;H6�4³ð 68ãâ9�;<J�N[JK;HEG=éB ß£oâ6%F�N���6?>QopLK6 476?>`=p6bopJKLsEG=>+>Z6�oâFõ>^ÝD�D6 W 6�=4pN?=7J+F<6Y>$47X�JK6Y9�JK6�oâL�>476�8�;A476$FõNCì)8�;àì5=p6 W 6�LK� 6�JKJs6�=7J W NG>�476s>ØEGoâLK=p;HL�F<6?>¯47EG=p=âX�6?>�N8ä�6?9ÁF�N�ß£o�N[F<;HJKX�ß£o¨ð op=�>DÇâ>ZJB(���6

W FHo>�9�EM� W F<6bJq476$JKX�FH6?>K9/E W 6?> W EGoâLKL�N?;<J�N[JsJK6�;H=47Ls6D�ÇFõN�>QX W N?L�N[Js;<EM=Ú;�>ZEGJsE W ;àß£oâ6$=¨ð 6?>QJ W NG> W 6�LK��;�>Z6W EGopL¯F<6?> W N[LsJK;�9�opF<6Y>)9KóN[LjôGX�6Y> FHX8ô�(�Ls6?>��vFõ9 W ¢ 6bJ)op=â6�ôGL�N[=4:6 W N?LKJs;<6$4:6?>)> W 6?9�JKLs6?>)6�=�X�=p6�LjôG;H6$476?>;õ>QEGJsE W 6?>q476�FqðmóbÇâ47LKE�ô�(�=p6¯=¨ð 6?>QJ W NG>qNG9b9�6?>K>Q;<rpFH6�Ý8�;�9/6�FõN�=¨ð 6?>ZJ W NM> W LsXQ¤Ko47;�9�;õN?rpF<6
õ�F�Neß�oN?F<;<JsX�4:6�Fqð ;<=,>ØEMLK��N?JK;<EM=!>QopL`Fdð X�=p6bLPôG;H6+4³ð 6Sãp9�;HJ�N?JK;<EM=¨È9�EM����6�=pEMo>)FH6�ä�6�LsLKEG=�> opFHJKX�Ls;<6�oâLK6���6b=�J8Èp9/6�FõN`=p6 W 6�Ls��6�J W NM>�4³ð N�ä�EM;<Lqop=p6�9�EG� W N[L�N?;õ>QEG=�9�EM�À@W F)(�JK6�6�=7JsLK6$FH6?>�47EM=p=pX�6?>�68ã W X�LK;H��6�=:J�N?F<6b> 6�J�F<6Y>)LKX?>QopF<J�N[J�>Á4:6?>)��E:4,(bF<6?>q9�EG� ��6�9�6�FõN N W o!��JKLs6> N[;HJ�õ!8:��%�0�2Hí¯B©fvâ6?4� �É�gqÝ&B~= W N[LKJs;õ9�oâF<;<6bL�F<6?>�> W 6?9�JsLK6?>�6�=�X�=p6�LjôG;<6 476?> W N[LKJs;õ9�oâF<6?>�9KóN[LjôGX�6?>F<XSô�(�Ls6?>`� W È�4³È�J8È Þq6$6�J Þ)6G¢¯N WpW EGLKJs6�=:JÁr6?N?o9�EMo W 4³ð ;<=,>ØEMLK��N?JK;<EM=>Xõ%FõN�>ØEG;õ>�>QopL�FõN W LK6b��;�(�Ls6X�J�N W 6+��OníÁ��¢D6�Jq>QopL�FõN+476�o4ã:;�(b��6�X�J�N W 6À� 47X?>Q68ãp9/;<J�N?JK;HEG=�>QJ�N[Js;õ>QJK;7ß�op6G¢ 4:o W LKE:9�6?>s>Zo>>Ý�Xð 6?>QJ W EMopLKß�opEM;�N[o�47;õ> W E >Z;HJK;5>'68ã:;õ>ZJ�N[=:J~=pEMo> N8ä�EG=�> NM4�¤KEG;H=7JC>Z;Lã`JKXbF<6?>s9�E W 6?>~LKX W N[LsJK;õ>�õ�ß£oN?JKLs6N[=�ôGF<6Y>À47;M- X�LK6�=:J�>�� �G� ÈWî ñ È�����ñ 6�J��SñG� ¢ W 6�Ls��6�JKJ�N[=:J`op=â6�>QX W N?L�N[Js;<EM=´;õ>ZEMJKE W ;7ß�op6 W EGopL+F<6?>X�FHX���6�=:J�>�¤Ko>jß£o�ð�õ 0¯�OÝ~�D6?>�JKX�FH6?>K9/E W 6?>^È'9�EGo W F<X?>�N[o�ã�47X�JK6Y9�JK6�oâL�>Hæ�ëVopJs;<F<;�>ZX?>q4pN?=>ÁFH6�opL���E:4:6476�9/EG� W J�N<ôM6�476¯�ÀopFHJK; W F<;H9�;HJKX�È W 6�Ls��6�JKJs6�=:J~op=p6qX�JKo�476�9�EM� W F�(bJK6q47o W LKE:9�6?>s>Zo>�4:6�> W N?F<F�N[JK;HEG=�6b=>ØEG=�9�JK;HEG=�476�Fqð X�=p6�LjôG;<6�47X W E�>QX�6�4pN[=>�F<6�=pE Ç:N?oÚ�ØX�=p6�LjôG;H6�4³ð 6Sãp9�;HJ�N?JK;<EM=Ç¢KÝ



�8á  uP�åâè ËõÔ à?�ÚáHvi� ��� ËØÑ è ÒÑ8ËõÔ Ëàé �sê&èDÜ:à Ë Þé��Ö Ô åp×~�������'�
~'} ��� �&_£�`a ���c�}a[�"�3�����`a �
I)oª> N?;<J�476Ã>ZEM=-N[r�>Z6�=9/6ã476Ã9KóN[LjôG6�È F�Né>Z6�opFH6!;<=:JK6�L�NG9�Js;<EM= W E >K>Q;<rpFH6ã47of=p6�oâJKLKEM=-N8ä�6?9�FõN��N?JK;�(bLK6�ß�o¨ð ;HFGJsL�N8ä�6�L�>Q6~6?>QJ~4³ð EGLs;AôG;H=p6D=7o�9�F<X?N?;<Ls6�Ý8â6?>R>ØEML�9�6Y>Õ��;�>Z6?>6�= ¤K6�o`XbJ�N[=:J&476 9�EMopLKJs6?> W EMLKJKXb6?>�qß�op6�Fàß£oâ6?>a>Ø��¢tÈ[F�N W LKEGr�N[rp;HF<;<JsXq4³ð ;H=7Js6�L�NM9�JK;HEG=+476Y>A=â6�opJKLsEG=> N8ä�6?9 FõN���N?JK;�(bLK6 6Y>ZJ�> N[;HrpF<6q9�EM� W N?LKX�6õ+9�6�F<FH6�4:6?> W N[LsJK;�9�opF<6Y>�9FóN?LPôMX�6?>^ÝO�FG68ã:;õ>QJK6~op=â6ôML�N?=476�äMN[LK;HX�JKX 4763JK6?9Kóp=p;àß£op6Y>Ç476D4:X�JK6?9/JK;<EM=�476?>Ç=â6�opJKLsEG=>>ÝG��óNG9/op=p6 4³ð 6b=7JsLK6~6�FHF<66?>QJ NM4pN W JKX�6:õ�op=â6Hô N[����6 6�=+X�=p6�LjôG;<6qEGo�õÁoâ=p6�4:X�JK6?9/JK;<EM= W N[LsJK;�9�opF<;)(�LK6�Ý£�D6 W 6�=�4pN[=:J8È�JKEMopJK6Y> 9�6?>��X�JjópE:476?>�opJs;<F<;�>Z6�=:J�op=p6�47X�Js6?9�JK;HEG=�;<=47;HLK6?9/JK6�476?>)=â6�opJKLsEG=>Xä7;�N F�N7�vFH6?> ¢ W N?LKJK;�9�opFH6���>�¢�9KóN[LjôGX�6 ��> ¢NG>s>ZE:9�;HX�6�� > ¢KÝ
è�EGoâLq9�EGo4ä:LK;HLDFõN|ô N[��� 6�6�=�X�=p6bLPôG;H6�4:6?> =p6�opJsLKEM=> FH6�=7J�>)� B �/��6N`�¢&N[o4ã =p6�opJsLKEG=�> L�N W ;õ476?>��B ���M����68``¢tÈ�=pEGJsLK6�47X�Js6?9�JK6bopL 6?>QJ)r�NG>ZX�>QopL)F�N`JK6?9Kóp=p;àß£oâ6�476�47XbJK6?9�Js;<EM= W N[L���E:47XbL�N[Js;<EM=¨Ý

�Có8J ó8J @�þA���/�H��	�úù&ú�ûPýöù&ÿ³÷4úF�Z÷A�B����	&ý�þ �Wù&ÿ¨þ4ý�÷������
â N�JK6?9Kóp=p;àß£oâ6+476�47X�Js6?9�Js;<EG= W N[L$��E:47XbL�N[Js;<EM=ã9�EM=>Z;�>ZJs6Cõ%L�N[F<6b=7Js;<L�F<6+=p6�opJsLKEM=ã;<=9/;õ476�=:J W N?Lop=p6 >Zo�9�9�6?>s>Z;<EM=ã4:6�47;M- o>Z;HEG=>$�vXbFõNG>QJK;àß£op6Y>)EGoã;H=pX�F�NG>ZJs;7ß�op6?>�¢�>QopL`FH6?>)=pE Ç:N[o�ã�9�EG� W E >KN[=:J�F<6$��; @F<;H6�o!��E:47XbL�N[Js6�opLq6�J�476$��6?>QopLK6bL)Fdð X�=p6bLPôG;H6$47X W E >ZX�6 W N?LÁFH6$LK6?9/opF~4:6?>�=pE Ç:N[o4ã�9�;<rpFH6?>)EMo³Ê�6�J W N?LFqð X���;�>K>Z;HEG= 476 W N[LsJK;�9�opF<6Y> 9KóN[LjôGX�6?> EMo!476�L�N�Ç�EM=p=p6�� 6�=7J�> Ý
âEGL�>�476�FõN$47;M- o>Z;HEG=¨ÈpFH6Á=â6�opJKLsEG=�JKL�N?=>=>�(bLK6�op=p6 W N?LKJK;H6�476�>ZEG=!� EG��6�=:JDN?o�=pE Ç:N[o�9�;HrpF<6�ß£op;6?>QJDN[FHEGL�>~��;�>Õ6b=$��EGo4ä�6b�À6�=:J8Ý â6�JKL�N[=>�>Ø6�LKJD4:6)��EM��6�=:JÇX�J�N[=:J W FHo>�;<� W EMLKJ�N[=:J W EGoâL�476?>&=pE Ç:N[o4ãF<XSôG6�L�>^È7FH6?> � E:47X�L�N?JK6�oâL�>)ôGXb=pX�L�N?F<6�� 6�=7J3opJK;HF<;õ>QX?> >QEG=:J�Fqð 6?N[o�EMo!476Y>�9�EG� W E >ZX?> EMLPô�N?=p;7ß�op6?>>Ý�);<=�>Z;N W L�(?>�oâ=+9�6�LKJ�N[;H=`=pEM�ÀrpLs6 476�47;M- o>Z;HEG=>D4pN?=>�F<6 ��E:47X�L�N[Js6�opL&F<6 =â6�opJKLsEG=+N?opL�N W 6�L�47o$op=p6WôML�N?=476

W N?LKJK;H6+476 >ZEG=�X�=p6bLPôG;H6$;<=p;HJK;�N[F<6�6�J�EG=Ã47;<L�NCß£o¨ð ;<F&6?>ZJ¯JPóp6�Ls��N[FH;õ>QX`F<EML�>jß£op6+>QEG=ãXb=p6�LPôM;<6+9�;H=pX�Js;7ß�op6N[oâL�N�N?JKJK6b;<=:J�Fqð Xb=p6�LPôM;<6�9�EMLKLK6Y> W EG=4âN[=:J:õ Fdð N ôG;<J�N[Js;<EG=�JPóp6bLK��;àß£op6�47o���;HF<;H6�o¨Ýp�D6�F<FH6�@ 9�;Ç6?>QJ�4:X.+=p;H6
W N?L)op=â6ÁFHEG;���N ã,j 6�F<FH; 6�=p=p6q47EM=7JqFõN�äMN?F<6�opL�� E<Ç�6b=p=p6XäGN?opJq�OÝ �G¡�ñÀ68`�õ Js6�� W X�L�N[JKoâLK6¯N[�+rp;õN?=7Js6�Ýâ N`47;M- o>Z;HEG=�X�F�NG>QJK;7ß�op6¯�`�v=�È =Ç¢¸ì 6Y>ZJDF<6 W LKE:9/6?>K>Qo> 47EM��;<=�N[=:J W EGopLq476Y>A=â6�opJKLsEG=>DJPóp6bLK��;àß£op6Y>¤Ko>jß£o¨ðòõRß�op6�Fàß£oâ6?>�P�68`�Ý³â6$9�EM� W EGLsJK6���6b=7JC476?>q>Z6?9�Js;<EM=> 6'&�9�NM9�6?>�476�47;5- o>Q;<EM=!X�FõNM>ZJK;àß£oâ6 W EMopL9�6�JsJK6&ô N[��� 6)6�=�X�=â6�LPôM;<6�47X W 6b=4�476�F�N`��NG>s>Z6�47o�=pE Ç:N[o��

y =pE Ç:N?o4ãéF<X8ôM6�L�>$6�JCß�op6�Fàß£op6Y>`=pE Ç:N[o4ãé��N ôG;7ß�op6?> �~F<6?>+>Z6?9/JK;<EM=>À6.&�9�NM9�6?>$>ZEM=7J�9�EG=>QJ�N?=7Js6?>¤Ko>jß£o�ð�õÚF�NÚLKX8ôM;<EM=f47ofP�68` E oâ=f9�6�LKJ�N[;H=¼=pEM�ÀrpLs6�476!LKX?>QEG=N?=9�6?> 476�47;5- o>Q;<EM=fNG>K>Q6
bF�N[LPôM6?>�� ¢~6Y>ZJ�EGr�>Z6�Ljä�X�Ý:�)o7@ 476�F7õ$4:6�9�6�JsJK6�LsX8ôG;HEG=�F�N$>Z6?9�Js;<EM=�6.&�9�NG9�6¯4768ä:;<6b=7J W F<o>LsX8ôGopFH;�(�Ls6�6�Jq476�F�N[LPôM6?> LKXY>ZEG=�N[=9�6Y>)47EM��;<=â6�=7JDF�N$>Z6?9�Js;<EM=%6'&�9�NM9�6�JsEGJ�N?F<6�476�47;M-Ço�>Z;<EM=¨Ý
y =pE Ç:N?o4ã$F<EMopL�4p> �4õÁr�NG>K>Q6�X�=p6bLPôG;H6�ÈGF�N`>Z6Y9�JK;HEG=+6.&�9bNG9�6q476¯47;M-Ço�>Z;<EM=�X�F�NG>ZJs;7ß�op6q6?>ZJ 9�EM=>ZJ�N[=:JK6¤Ko>jß£o�ð�õ`FõN`LsX8ôG;HEG=�476?> LKXY>ZEG=�N[=9�6Y> E 6bF<F<6+äGN?LK;H6ÁL�N W ;�476���6b=7J N8ä�6?9)Fdð X�=p6bLPôG;H6�Ý
y =pE Ç:N?o4ã�;<=:JK6bLK��X?4:;õN[;HLK6?> ��9/EG����6&N?JKJs6�=47o¨È?F<6Y>�>Z6?9�Js;<EM=>Õ6'&�9�NM9�6?>�476 47;M- o>Z;HEG=$X�F�NG>ZJs;7ß�op6D>QopL9�6Y>)=pE Ç:N[o4ã�EG=:J�op=�9�EM� W EGLsJK6���6b=7J ;<=:JK6�Ls��X?47;�N[;<Ls6�6�=:JKLs6$9�6�FHop;&EGr>Q6�LPä�X W EMopL�F<6?>q=pE Ç:N[o4ãFHX8ôG6�L�> 6�J W EGopLqF<6Y> =pE Ç:N[o�ã�F<EMopL�4p>>Ý

â6?>q47;5- o>Q;<EM=> ;H=pX�F�NG>ZJs;7ß�op6?> �`�v=¨È =¨ð ¢ � Èâ�`�v=�È ¡[=�ð ¢nì&È:�`�Ø=¨È W ¢K�XÈ�`�Ø=¨È ¢QI�Èp6bJ�9lÝLÝAÝ:4768ä:;<6�=â=p6�=:J�47E?@��;H=N[=:JK6?>&N[o:@Q476bF7õ�476Xß�op6�F7ß�op6?>&P�68`´9�N?L8ÈG6b=�476Y>K>ZEMo>^È�Fdð X�=p6bLPôG;H6 47oÀ=â6�opJKLsEG=$=¨ð 6?>ZJ W NG> >Zo,&�>KN?=7Js6W EGopLq68ãâ9�;<Js6�L FH6�=pE Ç:N[o�Ý



áHvvÙOv .%Ü Ô �:Ý Ô ËØÒ Öé�&� Ñ Ö&� ÓÕÔ à Ò Ö Ñ � î
â6?>&47X�JK6Y9�JK6�oâL�>�9�EM=>ZJsLKop;HJ�> W EMopL&��6?>ZoâLK6�L F<6?>Ç�+opF<Js; W FH;õ9�; JsX?>476D=p6�opJsLKEG=�>�N8ä�6?9D9�6�JsJK6~Js6?9Kóp=p;7ß�op6476�� E:47X�L�N?JK;HEG=ãopJs;<FH;õ>Z6b=7J�op=é4:E W N?=7J+47EM=7J$FH6?>`>Q6?9�Js;<EG=�>Á6.&�9�NG9/6?>�476�9�N W JsopLK6Y>ÁL�NM47;õN?JK;Lä�6?>>QEG=:JÀJsL�(?>�ôML�N[=�476?>^Ý)â6�L F<6�47oÎ��E:47X�L�N[Js6�opL`6Y>ZJ+N[FHEGL�>À476�L�N[F<6b=7Js;<L>Zo:&�>sN[����6b=7J�F<6?>$=p6�opJsLKEM=> W EGopLyß£op6�F<6�oâL�>$X�=p6�LjôG;<6Y>À>QEG;<6b=7J 4pN[=�>�F�N�LsX8ôG;HEG=f476Y> LsX?>ZEM=N[=9/6?>476�9�N W JKopLs6�L�NG47;�N[JK;Lä�6�476�9�6?>`=pE Ç:N[o�ãé47E W N[=:J�>^ÝWâ Nã47XbJK6?9�Js;<EM=¼4:6?>`L�N8Ç�EG=â=p6���6�=:J�>:ô�N?����N%6b=F<;LôG=p6�EMo�N W L�(Y>Aoâ=�9�6bLKJ�N?;<=$Js6�� W >~4_ð ;<LsL�NM47;õN?JK;<EM= W 6�LK��6bJ~4³ð X8äMN[FHop6�L~FH6?>��+opF<Js; W FH;õ9�;<JKXb>�476q=p6�opJsLKEM=>47;M-ÇXbLK6�=:JK;H6�F<FH6?> EMo!;<=:JKX8ôMLKX�6?>>Ý³â6?> 47E W N?=7J�> 9�EMopL�N?����6�=:J opJs;<FH;õ>ZXY>)>QEG=:J�F<6�P�=!4pN?=>�476?>�rN[;H=>476�P�=Ç8A! z Þ !�È:F<6�*¯4³ÈpF<6$� 4³Èp6bJ�9lÝLÝAÝZÝ

�Có8J ó�� ö�úü��ÿ³÷�úF�,÷�ú¨ø&þ�ù&úD�&ú¨øH÷�þA���/EkK ��þ��fþ��
â N�ì EGoâF<6Cõhí)6�opJsLKEM=>À4:6cì 6bLKF<;H=´�«+1ô4ÝD¡OÝH�[¢�6?>ZJ+op=Î47X�Js6?9�Js6�opL+476�=p6�oâJKLKEM=>$rNG>QX!>ZoâLÀop=â6JK6Y9Fóp=â;7ß�op6�4:6���E:47X�L�N[Js;<EG= N�ä�6Y9 FH6 *¯4V9/EG����6�9�N W JK6�opL�476�=p6�opJsLKEM=>^Ý3BAFHF<6�6Y>ZJ$9/EG=>QJK;<JsopX�6�4:6476�o�ã$476�� ; @ > W óA(bLK6?>D�vL�N�Ç�EM=À6Sã7Js6�LK=p6D��î?��9���È?L�N8Ç�EG=+;<=:JK6bLK=p6D�M¡G��9���¢tÈK¤KEM;<=:JK6?> W N[L op=p6 W N?LKJK;H6�9>Ç£@F<;H=47Ls;7ß�op6q476q������6DL�N8Ç�EM=À68ã:JK6bLK=p6�ÈM476��8ñ�9��}4³ð X W N[;�>K>Z6bopL8È�>QEGo4:X�6:õ�FõN�476���; @Q> W óA(�Ls6 ;<=:>ØX�LK;H6�opLK6�Ýâ N�476b��; @ > W ó�(�LK6�>Zo W XbLK;<6bopLK6�6?>ZJ¯N[��E ä:;<rpFH6�6�Jqop=p6�>ØEG;õ>qLK6.>Ø6�Ls��X�6�F�NÀ9bN�ä:;<JsX�;<=:JKX�Ls;<6�opLs6�JK;H6�=:J)FH;<6�o476�9KóN[�+rpLK6+õ$LKX?NM9�JK;HEG=�N8ä�6?9)op=�47;�N[�3(�JsLK6¯476:æ��+9���Ý

¡bÝ<� y ±_6F}Z]>E�[rMO;:@\[RVX3�?�@A;�����;>?�BdQP3�=sI�MO;&V&;FQF@\57=£7V)�XVo¦yM�[�=sI�@A;jI�MO;F?��y6K3�=Fk�a�?bQP[lBd573�=sI
?�Bq5A@\5vI ]K;jI�G�3�?OQ�6^;KB�Bn;c]KBd?OMO;SU)~ a�[�?b6F}Z;¨§X6857�>@A;rE�57=46^;�[�9<;j6�@\[cV)±_5vV [�?�6^;>=OBdQF;jJ:��M�Qj3�5ABD;¨§x6857�^@A;
]qG�[�5vIKI ;:[�?r6^;>=OBdQF;�£�@\[�V)±_5vV ;PI>BxQF;KBd57QF]K;T¦bU

â6�9�EG=:JK6�=â6�opL8Èâ9�EG=�>ZJK;HJKopX W Ls;<=9/; W N?F<6���6b=7JD4:6`1p6$�ØX W N?;õ>K>Q6�opLq476Y> W N?LKEM;õ>cw:ñ$����¢'6?>ZJ�Ls6�� W FH;476��8ñM�G�!Fq476�F<;àß£op;�476 >K9�;H=7Js;<F<F�N[=:J�í�B�@Q� æ���47E W X�õ!�bÝ �hxm6�=é��NG>s>Z6�4:6 *¯4³Ý)â6rí�B�@ �<æ �Ú6?>ZJ9�EM=>ZJs;<JKoâX�4³ð op=Ã>ZEGFLäMN[=:J��K��È ¡bÈmæ�@�%�LK;H��X�JjóOÇ:F<r6�=Ab£(�=p6�0i� Þ ¢3¤KEMoN[=:J`FH6$L FH6�4:6À��E:4:X�L�N?JK6�opL6�J 476�476�o�ã¼>s9�;<=:JK;HF<F�N[JK6bopL�>`FH;7ß�op;õ476Y>�� W N?L�NãJK6�L W ópX�=bÇ:F�6�J W E W E W ¢�4:EG=:J�F<6�L FH6!47of>Q6?9�EM=4¼6?>ZJ476�9KóN?=4ôG6�L�F�N%F<EM=4ôGoâ6�opL$4_ð EG=�476�476?>�L�NM47;õN?JK;<EM=> W EMopL$F<6?>�N?��6�=p6�L�4pN[=>`F�N�b�EM=p6�476+��6�;HF<FH6�opLK6



�8É  uP�åâè ËõÔ à?�ÚáHvi� ��� ËØÑ è ÒÑ8ËõÔ Ëàé �sê&èDÜ:à Ë Þé��Ö Ô åp×~�������'�
6.&�9�NG9/;<JKX�476?> W ópEGJsEG�+opF<Js; W FH;õ9�N?JK6�oâL�>�� =p��¢tÝ,â6?>�;õ>QEGJsE W 6?>q47ocô NG47EMF<;<=â;<op� *¯4%6�J
*¯4 W E >K>N(Y476�=:J`op=p6+JKLB(?>&ôGL�N[=476 >Z6Y9�JK;HEG=�6.&�9bNG9�6+476 9�N W JKopLs6$L�NM47;õN?JK;Aä�6��Ø=¨È ¢¯476�áOÝH�%�b� 6�J¡OÝòñÚ�b� r�N[LK=�>^È�Ls6?> W 6?9/JK;Aä�6b��6�=�J8È W EMopL$476Y>Á=p6�oâJKLKEM=>ÁJjóp6�Ls��N[FH;õ>ZXY>^È W 6�LK� 6�JKJ�N[=:J�FõN�9�N W JKopLs6�476?>=p6�oâJKLKEM=>�6�J�FõN$47XbJK6?9�Js;<EM=�476�9�6�JsJK6�9�N W JKoâLK6 W N[LqFqð X���;�>K>Z;HEG= 476 Ý0)=Î9 =â6�4_ð 6�=:JKLsX�6À6bJ$op=Î9 =p6�476�>QEGLKJs;<6 W 6�LK� 6�JKJs6�=7J�FH6 W NG>s>KN ôG6�47o§> N[;�>K9�6YN[oÎ476 W N[LsJÀ6b=W N?LKJ¯47o�47X�JK6Y9�JK6�oâL8Ý��D6Y>)9 =p6?> =p6�>QEG=:J W NM>)9/6�=7JsLKX?> >ZopLqFõN$9/;<rpFH6�Èp47X'+=p;õ>s>KN?=7J�op=â6ÁEMo4ä�6�LsJKopLs6`4:6 bÝvî 4768ôMLKX?> W EGoâL`FõN W N?LKJs;<6$;<=:JK6bLK=p6$6�J ñOÝ ��4768ôGLsX?> W EGopL�FõN W N[LsJK;H6À68ã:JK6bLK=p6�Ý��D6?>�EGo�ä�6�LKJsopLK6?>9�EM=47op;�>Z6�=:JXõ`op=p6�JKLB(?>1> N[;<râF<6 W 6�LsJK6�4³ð N?=4ôGFH6�>ZEGFH;õ476�476�Fdð EGL�47LK6�476+�ox�Ý��óNlß�op6¯476���; @Q> W óA(�Ls6 6?>QJD6�=7JsEGopLsX�6q476q47EMoAb�6 W ópEMJKEG�+opFHJK; W F<;õ9bN[JK6bopL�> X ß�op;õ47;�>ZJ�N[=:J�>^Ýbâ6?>D>ZopLQ@

> NG9/6?>�;<=:JK6bLK=p6?>&47o+LKX?>Q6�LPä�EM;<L3>ZEM=7J 9�EMo4ä�6�LKJs6?>&4³ð op=â6 W 6b;<=:JKopLs6 LKX'iX?9Kóp;õ>s>KN[=:JK6¯�qí�B�ñ�á7�[¢3N
+=�4_ð N[� X�@F<;HEGLs6�L�FõN�9/EGF<FH6?9�Js;<EG=�476 F<op� ;�(�Ls6�Ý/I)6?>&>Z;<�+opF�N[JK;HEG=>Ç� EG=:JKLK6b=7J�ß£o¨ð N[o���EG;H=>ÕF�N � EG;<Js;<XD4:6 FõN�F<oâ��;�(�Ls69�EMF<F<6Y9�JKX�6q=¨ð 6?>ZJ W NM>)4:;<LK6Y9�JK6�� 6�=�JDX���;õ>Q6�Ý0)=é>nÇp>QJ�(���6+4:6ÀLs6.>ØLKEM;õ47;�>K>Z6b��6�=:J W N?L+9�;<L�9�opF�N[JK;HEG=Ã4³ð 6YN[o�õ%Fqð 68ã:JKX�Ls;<6�opL�476ÀF�N%rEGoâF<6 W 6�Ls��6�J476+��N[;H=7Js6�=p;HL�FõN�JK6�� W XbL�N[JsopLK6�47oãFH;7ß�op;õ476�>K9�;H=7Js;<FHFõN[=:J�6�J�476+Fqð ;<=:JKX�Ls;<6�opLq4:6ÀF�N%9KóN?�ÀrpLs6�õ%LKXYNG9 @JK;HEG=�õ�6�=bä:;<LKEM=f��¡Y@��8ñ �XÝ �D6bJKJK6 W LKXY9�N[opJs;<EM= W 6�Ls��6�J+476�LsX?47op;HLK6�F<6�9�EMopL�N?=7J 476�rpLKoâ;<J >ZopL+F<6?>W ópEMJKEM�ÀopFHJK; W F<;�9�N[Js6�opL�>D476�F�N�ìWí&ì¼6�J�F<6Y>Ç¤KEG=�9�JK;HEG=>q>Z;HF<;õ9/;<op�}476�F�N�ì)8�;7ì&Ý

� Ë Ö&å Ó êÎè&à Ò ä �:Ö�åpÖ Ô �&��×ØåÚ#$��#

~ ~ ~
~~ ~

~

~

~
~

~
~

~ ~

~
~ ~

Liquid scintillator - 50 cm

prompt signaldelayed signal

GeV p

pπ γ

γ

Gd

p

p
n

100 ns 10 µs

PM

¡OÝ ¡ y ±,6F}Z]>E�[CMO;WG_Q^57=�685mGZ;:MO;�MO]KBn;j6^Bd573�=�Moi ?O=�=,;F?sBdQP3�=�;KB�MO;:@\[�aO]F=,]>QP[lBd573�=�MO;PI&IS5�a�=4[�?���U
â N�+ZôMopLK6+¡bÝ ¡À6?>QJ)oâ=p6`Ls6 W LKXY>Z6�=:J�N?JK;<EM=!>s9FópXb��N[Js;7ß�op6�4:o W LKE:9�6Y>K>Zo�>�476`L�N[FH6�=7Js;õ>s>Z6���6b=7J 6�J�4:69�N W JKopLs6q476?>�=â6�opJKLsEG=>>È�6�J~4:6?>D>Z;AôM=N[o�ã�ôGXb=pX�LKXY>~4pN[=�>AF�N&ìWí&ì&Ý�âEGL�>Pß�o¨ð op=+=p6�oâJKLKEM= W X�=A(�JsLK6q4pN?=>F<6�>K9�;H=7Js;<FHFõN[Js6�opL�FH;7ß�op;õ476�476�FõN�ìWí+ì&Èp;<F3>Zoprp;HJ)oâ=�9�6�LKJ�N[;H=�=pEM�ÀrpLs6$476�47;5- o>Q;<EM=>�>ZopL�FH6?>�=pE Ç:N[o4ã4³ðòÞHÇp4:LKElô2(�=p6+6�J$4:6�� N[Lsr�EM=p6�È W Ls;<=9/; W N?o4ãã9/EG=>QJK;<JsoN[=:J�>$4:oã��;<FH;<6�o�Ý¶â6�Ls6?9�opFC476�9�6Y>Á=pE Ç:N[o�ã£@9�;HrpF<6 6�=4ôG6b=47LK6qop=p6q68ãâ9�;<J�N[Js;<EG=+4:6?>DN[JKEM��6?>�6bJ~��EGFHX?9�opFH6?>&47o�>s9�;<=:JK;HF<F�N[JK6bopL�ß�op;>Q6�4:X?>Z68ãâ9�;HJK6�=:J�6b=



áHvvÙOv .%Ü Ô �:Ý Ô ËØÒ Öé�&� Ñ Ö&� ÓÕÔ à Ò Ö Ñ �b 
X���6bJKJ�N?=7Jqop=é>Q;AôM=N[FDF<oâ��;<=p6bo4ãrß£op6bF7ß�op6?>)=N?=pE�>Q6?9�EM=476?>�N W LB(?>�FõN W LKE:4:o9�JK;HEG=é4:oã=p6�opJsLKEM=¨Ý~�D6>Z;LôG=N?F�L�N W ;õ476�>Q6�L�N+N WpW 6�FHX�4pN[=>�FõN$>Qop;<Js6 ÑSË Ö&åp× è&à Ò Þéè Ô Ý�DEG��� 6Á;HF~6?>QJ�;<=4:;7ß�opX$>QopL�F<6$>s9FóâX���N+9�6+>Z;LôG=N?F W LKEM� W J�6Y>ZJ�=pEM=ã>Q6�opFH6���6�=:J�;<=4:op;<J W N[L�FH6L�N?F<6�=:JK;�>K>Q6���6�=:J&476?>�=â6�opJKLsEG=>D��N[;�>�N?o>K>Q; W N[L F<6�4:X W J�4_ð X�=p6bLPôG;H6�476Y> W N[LKJs;õ9�oâF<6?>~9KóN?LPôGXb6?>�6�J 476?>L�N8Ç�EM=p=p6���6b=7J�> W X�=pX�JsL�N?=7J�4pN?=>ÁFH6�>s9�;<=:JK;HF<FõN?JK6�oâL8Ý��Xð 6?>QJ`4:EG=9Àoâ=p6À� 6?>ZopLs6+476+FõN�>ZEM����6+476?>X�=p6bLPôG;H6?>�47X W E >ZX�6Y>Á4âN[=>�F<6�>K9�;H=7Js;<FHFõN[Js6�opLSÝÇ�D6 W 6�=4pN?=7JSÈÇFõN�9�EM=Oä�6�L�>Z;HEG=�6b=ÚFHop��;�(bLK6�X�J�N[=:J�47X W 6�=:@4pN?=7Js6�476�F�N�=N[JsopLK6q6�JD476qFqð X�=p6�LjôG;H6�476?>D47;M- X�LK6�=:J�>&L�N8Ç�EG=p=â6���6�=:J�>~�);Pß�op6�=9Kóp;H=4ôo<C;<� W EGLsJ�N?=7J W EMopLF<6Y> =p6�oâJKLKEM=>q476�rNM>K>Z6�X�=â6�LPôM;<6G¢tÈ7;<F 6?>ZJ ;<� W E >K>Z;HrpF<6¯4³ð 68ã W F<EG;HJK6�L�ß�oN[=:JK;HJ�N?JK;Aä�6b��6�=:J~Fqð ;<=,>ØEMLK��N?JK;<EM=>KN?o,>D6�= W NM>K>sN[=:J W N?L)oâ=p6�>Z;<�+opF�N[JK;HEG=��Tä�EM;<Lq>Z6Y9�JK;HEG=>WñbÝ �OÝ ¡`6�JXáOÝH�[¢tÝ8�;ÇFH6�L�N?F<6�=:JK;�>K>Z6b��6�=:J~47o =p6�opJsLKEG= 6?>ZJ JKL�(Y>AL�N W ;�476$�dß£op6bF7ß�op6?>�=N?=pE�>Q6?9�EM=476?>�¢KÈp>sN$9�N W JKopLs6 W N?Lop= W LsEGJKEM=éEGo W N[L$op=é=pE Ç:N[o 476k*�4_È�op=p63>ØEM;õ>`JPóâ6�LK��N?F<;�>ZX�È W 6�oâJ W Ls6�=47Ls6cß�op6�Fàß£oâ6?>���;õ9�LsE�>Q6�@9�EM=476?>)ä�EM;<LK6+ß�op6�F7ß�op6?>D47;)b?N[;H=p6?> 476���;�9�LKE >Z6?9�EM=476?>D4,nyõ`FõN?> N?;<rpFH6�9�EM=9�6�=:JKL�N[JK;HEG=�6b= *¯4�6bJWõ`FõNLK6bFõN[Js;Aä�6�� 6�=:J{> N[;HrpF<6q>Q6?9�JK;HEG=+6.&�9�NG9�6C476¯9�N W JsopLK6 W N?L)Þ�ÝOâ NÁLsX?NG9�Js;<EM= W �v=¨È ¢Q4$=p6�LK6 W LKX?>Q6�=7Js6Xß£oâ6���hx�476Y>Á9bNG>)6�J¯Fqð Xb=p6�LPôM;<6�47o X���;�> 6?>ZJ�4:6+¡OÝ ¡ P�6N`�Ý¶â N�9�N W JKopLs6 W N[L¯op=!;õ>QEGJKE W 6�47o§*¯4!6?>ZJ47EM=9)FõN W F<o�> W LsEGrN?rpF<6�6bJ 6Y>ZJ�>Qop;Aä:;<6 W N[L�Fqð X���;�>K>Z;HEG=�4³ð 6�=+��E Ç�6�=p=â6�� 4³ð X�=p6�LjôG;H6)JsEGJ�N?F<6&ä�EM;õ>Q;<=p6476+É�P�6N`�Ýsâ6?> W LsE:47op;<J�>~;<=:JK6�L�N<ôG;�>K>Q6�=7J W N[L 6.- 6�J �DEG� W JKEM=�N8ä�6?9 FH6?>�X�FH6?9�JKLsEG=>347o���;HF<;<6bo W EMopLW LsE:47op;<Ls6Àoâ=�>Z;AôM=N[FDFHop��;<=â6�o4ãCß�op6`Fdð EM=�N WpW 6�FHF<6�L�N�4pN[=�>ÁFõN >Zop;HJK6 Ñ8Ë Ö&åp×�à?� Ô åpà?�&Ü W oâ;õ>Pß�o¨ð ;<F>ZoâLPä:;<6�=:JWß�op6�Fàß£op6Y> ��;�9�LKE >Z6?9�EM=476?> N W LB(?> FõN$LKXYNG9�Js;<EG=�4pN[=>�FõN+9�;HrpF<6�Ýè�EGoâL�9KóNlß�op6�LsX?NG9/JK;<EM=¨ÈpFõN�ìWí+ìôGX�=A(bLK6�47EM=9`4:6�o4ã�JnÇ W 6Y>�476�>Z;AôM=N[o�ã��

y op=�>Z;LôG=N?F�L�N W ;õ476 ��; W LKEM� W JN<s¢ 47EM=7JqFqð N[� W FH;<Jso476�LK6'iO(�JK6�F�NÀ>QEG����6¯476?> Xb=p6�LPôM;<6?>�4:X W E�>ZXb6?>W N?LDJKEGoâJK6?>DF<6?> W N[LKJs;õ9�oâF<6?> W X�=âX�JKL�N[=:J 4âN[=>DF<6�F<;àß£oâ;õ476C>K9�;H=7Js;<F<F�N[=:J�6bJ 4:EG=:J EM= W 6�oâJ >Q6�>Q6�LPä:;<LW EGoâL)��N?LKß�op6�L op=p6�LKX?NM9�JK;HEG=¨Èâ9�EG� ��6)=âEGo>�F<6&ä�6bLKLKEM=>�4pN?=> F�N$>Zop;HJK6�Ý
y 476Y>$>Z;AôM=N[o�ãVFH6�=:J�>|ôMX�=pX�LsX?> W N?L$F<6?>$9�N W JKoâLK6?>$>Qo9�9�6?>s>Z;Lä�6?>À� N�ä�6Y9Àop=p6CôGL�N[=4:6�4:;õ> W 6�L�>Z;HEG=4pN?=>�F<6�Js6�� W >�¢D476�=p6�oâJKLKEM=> W 6bLK��6�JsJ�N?=7J op=�9�EG� W J�N<ôM6�476�9�6�o4ã�@Q9/;qÝ

	 �:Þéè Ñ ����Ý�åâè Ô?Ó à?�À�&� Ñ Ö&� ÓÕÔ à Ò Ö Ñ � Ô Ý Ò à?à?�7Ý Ô ËØÒ Ö Ñ × Ë Ü7� Ñ å ÓãÔ �7Þéè Ñ Þ Ò à Ô �&���&Ü Ô �7Ý Ô ËØÒ Ö
â N W LKEMrN[râ;<F<;HJKX�4:6�9�N W JKopLs6�4³ð oâ=�=p6�opJsLKEM= W N[L�F<6�*¯4�6?>ZJ LK6 W LsX?>Z6b=7JsX�6�>QopL F�N?+ZôMopLK6�¡bÝ �OÈ:JK6�FHF<6ß�o¨ð 6�FHF<6¯N XbJKX���6?>QopLKX�6¯6�=3>ØEG=9�Js;<EM=�4:o�JK6b� W >cf N<óNÉG�ogdÈ W EGopLqop=�=â6�opJKLsEG=�;õ>K>Qo�476`F�Nm+ >K>Q;<EG=�47o��>jÝ~B~FHF<6�6?>QJ$LK6�FH;<X�6 N[oéJs6�� W >�476�47;M-Ço�>Z;<EM=Î47oé=p6�opJsLKEG=Î4pN?=>`F<6�>K9�;H=7Js;<F<F�N[Js6�opL�6�J W 6�oâJ$��JKLs6X?9�Ls;<Js6�>ZEMo> F�Nm>ØEGLs��6�N[=�N[FAÇ:JK;àß£oâ6D�

� ¡OÝ<�?¢
â6?> W N[L�N[�3(bJKLK6Y> 6bJ >ZEG=:J�LK6�FH;<X?>$LK6Y> W 6?9�Js;Aä�6��+6�=:J�õãFõNã9/EG=9�6b=7JsL�N[Js;<EM=´6�=�Þ � W EMo4ä�EG;HL��E:47XbL�N[Js6�opL+47oÎF<;àß£op;�476 >K9�;H=7Js;<F<F�N[=:J�¢¯6�J
õ�F�NÚ9/EG=9�6b=7JsL�N[Js;<EM=V6b=¬*¯4f� W EGo4ä�EM;<L 476�9�N W JKopLs6!476?>=p6�oâJKLKEM=> ¢tÝZè�EGoâL)op=â6`9/EG=9�6b=7JsL�N[Js;<EM=%6b=¨*¯4�476��OÝ ��x�È 0¯�OÝçæ� �ñÀ6�J 0��bÝ<�b�<æ[f�è3N[LXásî�gdÝ
í)EGo�>oä�E Ç�EG=>�ß£oâ6�F<6 Js6�� W >�4:6q9�N W JsopLK6 F<6 W F<o> W LKEMrN[rpFH6�6?>ZJAN[JKJs6�;<=:J�áOÝvî >~N W L�(?>&FõN)LsX?NG9�Js;<EM=6�JXß�op6� lÉbÝ �x 476Y> =p6�opJsLKEG=�>)>QEG=:J�9�N W JKoâLKX?>�4pN?=>�op=p6m>Ø6b=p��JKLs6�6�=�JK6b� W > 4:6|æ�æ >Á��ä�EG;HLq>Z6?9�Js;<EM=¡OÝ �OÝH�[¢KÈ¨äMN[FH6�opL�9KópEM;õ>Z;H6 W EGopL�FõN�F�N[LPôM6�opL�476$F�N W EMLKJK6 476 9�EG� W J�N ôG6��ØLK6 W LKX?>Q6�=7JsX�6$6�=�476Y>K>ZEMo>`4:6FõN3+ZôGoâLK6G¢tÝâ N W EMLKJK6�476 9�EM� W J�N ôG6�=�ð 6?>QJÁEMo4ä�6�LsJK6�ß£op6��OÝvî >�N W LB(?>`FõN�47X�JK6Y9�JK;HEG=Ã4³ð op=Ã>Z;LôG=N?F



¡G�  uP�åâè ËõÔ à?�ÚáHvi� ��� ËØÑ è ÒÑ8ËõÔ Ëàé �sê&èDÜ:à Ë Þé��Ö Ô åp×~�������'�
; W LKEM� W JN< W EGopL$XSä7;HJK6�L�476�9�EG=,>ØEM=47Ls6�9/6�>Z;LôG=N?FqN�ä�6Y9Àop=Î>Z;LôG=N?Fq476�9�N W JsopLK6�Ý �D6?9�; ;<=4:op;<J$op=â6F<XSô�(�Ls6 W 6�LKJs6�4_ð 6.&�9�NG9/;<JKX�;H=,>ØX�LK;H6�opLs6�õ��OÝòñx�Ý��D6�JKJs6+47;õ>QJKLs;<rpopJs;<EM=!6�=!JK6�� W > W 6�Ls��6�J¯476 >ZX W N?LK6�LF<6Y>Ç=p6�opJsLKEG=�>ÕX�� ;õ>>Z;H�ÀopFHJ�N?=pX��+6�=7J'�v6�=���EM;<=> 476��b� > ¢ F<EML�>�476DF�N LKX?NM9�JK;HEG=�6�J&476 F<6?> 47X�=pEM�ÀrpLs6�Lop= W N?L)op=�Ý

0

10

20

30

40

50

60

0 10 20 30 40 50

Time (µs)

C
ap

tu
re

 p
ro

ba
bi

lit
y 

(µ
s-1

)

98.3 %

gate 44µs



áHvvÙOv .%Ü Ô �:Ý Ô ËØÒ Öé�&� Ñ Ö&� ÓÕÔ à Ò Ö Ñ ¡:�
%�6�� W >D��EGLsJ��v=>�¢�M OÝòá �bÝ<�^æ  7� ábÝ �:�À�b�

ælæ �bÝ<�8á æ�  î�Ý�É�É%�b�
æ  OÝòñ �bÝ<�8ÉM¡G  �b�OÝ �%�b�
ñlñ �bÝ ¡G�M�lñ �b�OÝ<� î��b�
álá �bÝ ¡G�:��� ¡M�OÝ�á:�À�b�
îY�OÝçæ �bÝ ¡<æ ¡G� ¡ æ4Ý ¡M¡%�b�

¡OÝ<� y ��3l;A��685T;>=bB{I ;KB M�?cG43l@g�l=4µ�ER;rMO;r6K3�Q>QF;j6^Bd573�=MO;jI�;L¿:;KB{I�MO;CBD;FEHG4I�E�3�QKB�;>=
®S3�=46^Bd573�=CMO;+6^;XMO;>Q>=45T;>Q8U4�:3lBd3�=sI�Y8?1;WI ;>?�@A;X@\[HG_QK;>E�5T`>QF;x@\5�a�=,;:;PI>B�QK;K@\[lBd579<;+��@\[HG_QF]jI ;>=OBn;&ER;jIS?OQK;8U

L�N WpW EGLsJ8È�F<6?>&�ÀopFHJK; W F<;H9�;HJKXb>Ç��E Ç�6�=p=p6?>�4:6�=p6�opJsLKEG=�> W LKE:47op;HJ�>~6�=+9�;HrpF<6Y>Õ��;H=9�6?>�>QEG=:JD476�Fdð EGL�47LK6q4:6¡G�`=â6�opJKLsEG=>�N?F<EML�>Wß�o¨ð 6�FHF<6?> W 6�o4ä�6b=7J N[JsJK6�;H=47Ls6:ñG�`=p6bopJKLsEG=> 6�=�9�;<rpFH6?> X W N[;�>K>Z6Y>^Ý��Xð 6?>ZJ W EGopLtß£opEM;=pEMo> =pX8ôMF<;AôM6�LKEM=> 9/6�JKJs6q9�EGLsLK6?9�Js;<EM= W EGopL F<6?>D��6?>ZoâLK6?>�6b=�9�;<râF<6?>~��;H=9�6?>>È[6�J�ß�o¨ð 6bF<F<6q>Q6�L�N W LK;�>Z6�6b=9�EM� W JK6 W EMopLqF<6?> ��6Y>ZopLs6?>~6�=�9�;<rpFH6?> X W N[;�>K>Z6Y>^Ý
� Ý�åâÝ Ë Ô Ü��&���&Ü Ô �7Ý Ô ËØÒ Ö

â�ð 6.&�9�NM9�;<JsX~;<=:JKLs;<=>8( ß£oâ6~47o�47X�Js6?9�JK6bopLÇ6?>QJ&47X.+=â;<6 9�EG� ��6�F<6DL�N WpW EGLsJ~47o�=pEG�+rpLs6D476D=p6�opJsLKEM=>47X�Js6?9�JsX?>�>QopL~FH6 =pEM�ÀrpLs6�476�=â6�opJKLsEG=>&6�=7JsL�N?=7J�>^ÝM0)=$=p6�opJsLKEM=$=p6q>Z6�L�N�47X�Js6?9�JsXWß�op6�>>ð ;<F:6?>QJD9�N W JKopLsX6�J F<6?> 4:6�47X?>Q68ãp9/;<J�N?JK;HEG= >Zo,&�>KN?����6�=:JD9�EM=Oä�6�LsJK;�>A6b=�F<op� ;�(�Ls6 W EGopLq4:X?9�F<6b=9Fóâ6�LDN[o���EM;<=>~JsLKEG;�>476?>�4:;õ>K9/LK;<� ;<=N?JK6�opL�>DNG>K>QE:9�;<XY>)N?o4ã W ópEGJsEG�+opF<Js; W FH;õ9�N?JK6�oâL�>^Ýâ�ð 6.&�9�NM9�;<JsX�4:6�47X�JK6Y9�JK;HEG=é=p6 W EGo4äMN?=7J��bJKLK6���6?>QopLKX�6�476���N[=â;�(�Ls6�>Q;<� W F<6�6�=®>ØEM=9�Js;<EG=f4:6Fqð X�=p6�LjôG;H6�47o!=p6�oâJKLKEM=¨È 9�6�F<FH6�@ 9�;Ç6?>QJ�4:X�JK6�Ls��;<=âX�6 W N?L)op=â6+>Z;<�+opF�N[JK;HEG=�P�EM=7Js6À� N?LKF<E�N�ä�6Y9�FH6�9�E:476I�B�í�OK8���I)XbJK6?9�Js;<EM=�B�&�9�;H6�=9^Ç$E�>�í)6�oâJKLKEM=>�O�=�8:9�;H=7Js;<FHFõN[JsEGL/¢"f�è&EG;oîSæhgqÝ�D6`9/E:476�47X?9�Ls;<J FH6�L�N[FH6�=7@JK;�>K>Q6���6�=:J 47o�=p6�opJsLKEG= W N[L¯47;M-Ço�>Z;<EM=>�X�FõNM>ZJK;àß£oâ6?> >QopL)FH6?> =âE<Ç:N?o4ã�4³ðòÞHÇâ47LKE�ô�(�=p6�Èp476$� N[LsrEG=p6$6�J476/*¯NG4:EGF<;H=p;<oâ��N[;H=>Z;_ß�op6�F<6Y>�47;M- o>Z;HEG=>D;<=pX�F�NG>QJK;7ß�op6?>&>ZoâL FH6 =pE Ç:N?o�476�� N?LKrEG=â6 W EGo�äGN?=7J 6�=:JKL�N @=p6�LA>KN�47;õ> W N[Ls;<Js;<EG=$EMo+>KN��+opF<Js; W FH;õ9/N[JK;HEG=+�v=�È ¡[= ¢KÝ�O�Fâ47X?9�Ls;<J&X8ô�N?F<6���6b=7J�F�N�9�N W JKopLs6q47oÀ=â6�opJKLsEG= W N?Lop=+=pE Ç:N[o 4³ð�ÞXÇp47LsElô2(�=p6�EGo�476/*¯NG47EMF<;<=â;<op� W LsE:47op;�>KN[=:J�4:6?> 6�J~Fdð ;<=:JK6bL�NG9/JK;<EM=$476¯9�6?> N8ä�6?9 F<6?>X�FH6?9�JKLsEG=>�4:o!��;<FH;<6�o¨Ý4â N W LKE W N<ô�N?JK;HEG=Ã476`F�N FHop��;�(bLK6�=¨ð 6?>ZJ W NG> W Ls;õ>Q6`6�=�9�EG� W JK6�=p;&FõN$LKX W EG=�>Z6476?> W ópEMJKEG�+opFHJK; W F<;õ9bN[JK6bopL�>>ÝÇO�F�Ç�N!47X�Js6?9�JK;HEG=Ã4³ð oâ=Ú=p6bopJKLsEG=ãFHEGL�>jß£oâ6�Fqð X�=p6�LjôG;<6+4:X W E�>ZXb6 W N[L�F<6?>L�N8Ç�EM=p=p6���6b=7J�> 6Y>ZJq>Zo W XbLK;<6bopLK6�õ`op=�>Z6�op;HF¨ß�op6�Fqð EG=�N�¤Ko>QJK6�N�+=�476`Ls6 W LsE:47op;<Ls6�FõN`�+opF<Js; W FH;õ9�;<JKX��6?>QopLKXb6`68ã W X�LK;H��6�=:J�N[FH6��+6�=�JXõ W N?LKJK;HL�4³ð op=â6+>ZEGoâL�9�6+476 ��>q>Q6�LPäMN?=7J�4:6�>QEGopL�9�6ÀXbJ�N[FHEG=é��ä�EG;<LN[o�>K>Z;3>Z6Y9�JK;HEG=rñOÝ �OÝ ¡�¢KÝ
â N�9�EMopLKr6+4³ð 6.&�9bNG9�;HJKX�EMrpJK6�=:op6 W N[L�9/6�JKJs6`>Q;<�+opFõN?JK;HEG=�6?>ZJqLK6 W LKX?>Q6�=:JKX�6�>ZoâL)F�N�+ZôGoâLK6$¡bÝmæ�6b=>ØEG=�9�JK;HEG=�476qFqð X�=p6�LjôG;H6q47o�=p6�oâJKLKEM=�¤Ko>jß£o¨ðòõÀ�b�G�$P�68`�Ý�è�EMopL�op=p6Xô�N?����6�6�=+X�=p6bLPôG;H6);H=,>ØX�Ls;<6�opLs6Xõ���+P�68`�È:9�EGLsLK6?> W EG=4pN?=7Jq6?>s>Z6�=:JK;H6�F<FH6��À6b=7J�õ$4:6?> =p6�opJsLKEM=> XSäGN W EGLKXY>^ÈpFqð 6.&�9�NG9�;HJKXq6?>ZJ�FHX8ô�(bLK6���6b=7J;<=:>ØX�LK;H6�opLK6Xõ:ÉM�x�Ý4è�EMopL 9�6?> Xb=p6�LPôM;<6?>>ÈGF<6Y>A=â6�opJKLsEG=> >ZEM=7JD6?>s>Z6�=:JK;H6�F<FH6��À6b=7J�L�N[F<6b=7Js;õ> W N[LC476?>D47;M-Ço:@>Z;HEG=> XbFõNG>QJK;àß£op6Y>^Ý��)o:@Q476bF7õ`4:6�9�6�JsJK6qX�=p6�LjôG;<6�È74:6?> 47;M- o>Z;HEG=> ;H=pX�FõNM>ZJs;7ß�op6?>^È W LK;H=9�; W N[F<6b��6�=:J~>QopL FH6=pE Ç:N[o�476$� N[Lsr�EM=p6+N WâW N[L�N[;õ>s>Z6�=:J8È W EGo4äMN?=7J�6b=7JsL�N =p6�L�F�N$47;õ> W N[Ls;<JK;HEG=�47o�=p6bopJKLsEG=!9/EG����6¯4pN?=>FõN�LKX?NM9�JK;HEG=��q�Ø=¨È ¢nì 6¯47EM=7J FõN`>Q6?9�Js;<EG= 6.&�9bNG9�6qLK6�F�N[Js;Aä�6�6?>QJ ��N ã7;H��N[FH6)õ��b�$P�68`�ÝOâ�ð N?o4ôG� 6�=7J�NY@JK;HEG=�476�Fqð X�=p6�LjôG;H6�47o�=p6�opJsLKEM=¨Èp=pX?9�6Y>K>Z;HJ�N?=7J op=p6�47;õ>QJ�N?=9�6�476�L�N?F<6�=:JK;�>K>Z6b��6�=:J W F<o�>)ôGL�N?=476�È N[;H=>Z;ß�op6�Fqð N WpW N?LK;HJK;<EM=�4:6�; W ;)(8ôG6Y>=<+õ�=p6�opJsLKEM=>D9�EG��� 6 F�N�LKX?NM9�JK;HEG=��q�v=�È W ¢¸ì&È�9�EG=:JKLs;<rpoâ6�=7J�õÁ4:;<��;H=7op6bL



¡G¡  uP�åâè ËõÔ à?�ÚáHvi� ��� ËØÑ è ÒÑ8ËõÔ Ëàé �sê&èDÜ:à Ë Þé��Ö Ô åp×~�������'�
Fqð 6.&�9�NG9�;HJKX¯476�47X�Js6?9�JK;HEG=�4:6ÁF�N�ìWí&ì&Ý

â N$9�EGoâLKr6�4³ð 6.&�9�NM9�;<JsXqN`X�JKX�Nb¤Ko>ZJsX�6 W N?L op= W EGFLÇ7= ��6¯476�4768ôMLKX�=â6�o,>A47EG=:J FH6?> 9�E�6'&�9�;H6�=:J�>>ZEM=7J�;H=47;àß£opXY>�>ZopL�F�Nm+ZôGopLs6$¡bÝmæ+N�+�=!476 W 6�LK� 6�JKJsLK6qFqð oâJK;<FH;õ>sN[JK;HEG= 476�9�6/+F<JsLK6 W EMopL�9/EG� W N?LK6�L F<6?>LKXY>ZopFHJ�N[J�> 476Y> 9�E:476Y> 476�>Q;<�+opFõN?JK;HEG=+N[o�ã�47EG=â=pX�6?>D68ã W X�Ls;<��6b=7J�N[F<6b>^Ý�í)EMo>)ä�6�LKLsEG=>~op=â6�68ã:JK6�=>Q;<EM=476�9�6�JsJK6�9/EGopLsr�6�õ W F<o�>�óN?opJK6�X�=â6�LPôM;<6�4pN?=>�FõN$>Z6Y9�JK;HEG=rñOÝ �OÝ ¡bÝ

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 10 20 30 40 50 60 70 80 90 100

Neutron energy En (MeV)

E
ff

ic
ie

n
cy

 ε
n

εn = 0.820652
+0.00689154 En
-0.00423934 En

2

+0.000370167 En
3

-1.80244E-05 En
4

+5.2007E-07 En
5

-8.97261E-09 En
6

+9.06944E-11 En
7

-4.95096E-13 En
8

+1.12679E-15 En
9



áHvvÙOv .%Ü Ô �:Ý Ô ËØÒ Öé�&� Ñ Ö&� ÓÕÔ à Ò Ö Ñ ¡M�
�Có8J ó�� ö�úFE�ù/��E�÷�þA��I&øW÷��N���/Erù&ú ø&ûn÷A�B	&û8�N�H�D÷bÿuù&úª�+ú¨øH÷4þ��C�¯E

â6?>�47;�>ZJsLK;<râopJK;HEG=>q476`�+opFHJK; W F<;õ9�;<JsX�4:6`=p6�oâJKLKEM=>�>QEG=:J)EMrpJK6�=:op6?>�6�=�9�EG� W J�N[=:J�F<6�=pEG�+rpLs6`4:69�N W JKopLs6?>�=p6�opJsLKEM=p;7ß�op6?>:ß�op;DEG=:J`F<;H6�o�4pN?=>Áop=â6�>Ø6�=â��JKLs6�476+F<6Y9�JKopLs6+476
ælæ Ý�0q=Ú68ã:6�� W F<6$4:647;�>ZJKLs;<rpoâJK;<EM=>�476�=p6�oâJKLKEM=>�6?>ZJ���EM=7JsLKX¯>ZopLqFõNm+1ôGopLs6`¡bÝ�ñ W EGopLqop=p6�9�;HrpF<6�4_ð �)o�4:6�ÉbÝvî���ôOÊY9�� Ý
â Né47;õ>QJKLs;<rpopJs;<EM=´JKEGJ�N[FH6!��6?>ZoâLKX�6��v;H=9�FHoN[=:JÀrâLKop;HJ�476 >ØEG=�4 6�J 6�� W ;HF<6��$6�=:J�>�¢�6?>QJ�LK6 W LKX?>Q6�=:JKX�6W N?L)Fdðmóp;�>ZJKE�ôGL�N[����6q6�= W EM;<=:JK;HF<F<XY>^Ý�!q=rä�EG;<JqN WpW N?L�N JKLs6�È³õ�ôGL�N[=4:6$�ÀopFHJK; W F<;�9 ;HJKX�È£oâ=�X W N?opF<6b��6�=:J4pN?=>�FõN�47;õ>QJKLs;<rpopJs;<EM=¨È�FH;<X
õ�op=!6�� W ;<FH6��À6b=7JC476?>�9�N W JKopLs6?>�476+=p6�opJsLKEM=>�9�N[o>QX W N[L�op=â6�47EMoprpFH6LKXYNG9�Js;<EG=�N8ä�6?9�6�=���E Ç�6�=p=p6¯¡G�$=p6�oâJKLKEM=> X���;�> W N[L¯9Fó�NG9�op=â6�Ý��D6?> XSä�X�=p6���6b=�J�>a>ØEMLKJKoâ;<J�> W 6�o4ä�6�=:J��JsLK6$��N?LKß�opX?> W op;õ>qLK6Q¤K6�JsX?>�F<EGL�>�476$Fqð N[=N?FAÇâ>Z6���ä�EG;HL�>Z6?9/JK;<EM=!¡bÝ �OÝH�[¢q6�=!;H� W E�>KN?=7J¯op=p6+9�EM=47;<Js;<EM=>ZoâL)F�N�ß£oN?=7Js;<JsX�476�F<op� ;�(�Ls6WôGX�=pXbLKX�6�4pN?=> F�N W EGLKJs6$476�9�EM� W J�N<ôG6�Ý

1

10

10 2

10 3

10 4

10 5

0 20 40 60

Mean   14.09

Mn

Ev
en

ts

1

10

10 2

10 3

10 4

10 5

0 20 40 60

Mean  0.7833

Mn

Ev
en

ts

Au (8.7 mg/cm2)



¡<æ  uP�åâè ËõÔ à?�ÚáHvi� ��� ËØÑ è ÒÑ8ËõÔ Ëàé �sê&èDÜ:à Ë Þé��Ö Ô åp×~�������'�
� Ò�Ó à?Ý�� Ñ �&�!è Ò ×v× ÓÕÔ�ËvÒ Öé��åâÖ Ñ ×vå��&Ü Ô �:Ý Ô ËØÒ ÖV�&� Ñ Ö�� ÓÕÔ à Ò Ö Ñ
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2.5 GeV p + Au (8.7 mg/cm2)
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;s9FóN?o4p>�<�6?>ZJ�râ;<6�=�47X?9/LK;<Js6 W N?L)FH6`9/E:476�ODí��Wâ ¡OÝ �bÈp6�JXß�op6�Fqð Xb��;õ>s>Z;<EM=�õ$Fqð X ß�op;<FH;<rpLs6q476 W N[LsJK;õ9/opF<6?>X8äMN W EML�N[Js;Aä�6?> 6Y>ZJ�rp;H6�=�47X?9�Ls;<JK6 W N[L�*¯B P!Oní�OKÝ0)=p6�X�Jso476�476�Fdð X���;�>K>Q;<EG= 476?> W N[LKJs;õ9�oâF<6?>�476 W LsX�X ß�op;<FH;<rpLs6�>Q6�L�N`LsX?N[FH;õ>QX�6�N[o���óN W ;<JKLs6�î�Ý

~'} ��].�&_£�%]b_ _.� �´�3�º�%^u�a�&_ ��]
�c��] ���c�¨�1�¼]£� _ ���p�[��� �3���
0)= W LK6b��;<6�L¯JK6?>QJ+476�FõNcäMN[FH;õ47;HJKX 476�FõN!>Z;H�ÀoâFõN[Js;<EM=Ú6�J�476?>$9�E:4:6?> F�N!9�EG� W E >KN?=7J ��OníÁ�Wâ ¡OÝ �6�J/*¯BDP!Oní�OKÈOä�EG;HLq>Z6?9/JK;<EM=�ñbÝ �£¢tÈ W 6�opJq��JKLs6?> N?;<J�6�=�9�EG� W N[L�N[=:J�F<6?> �+opF<Js; W FH;H9�;<JsX�>D476�=p6�opJsLKEG=�> 6�J476 W N?LKJs;õ9�opFH6?>~9KóN[LjôGX�6Y> 4:X�JK6?9/JKX�6?>�68ã W X�LK;H��6�=:J�N[FH6��+6�=:JÇ6�JA9�6�F<FH6?>&47X�JK6bLK��;H=pX�6?> W N?LDFõN�>Z;H�ÀopF�N[Js;<EG=�Ý�D6�JsJK6�;<=:>ØEGLK��N[JK;HEG=�6?>ZJ~;H� W EGLsJ�N[=:JK6q9bN[L8ÈM9�EM����6D=pEGo�>AFH6Wä�6�LKLsEG=>>È[FH6?> W N?LKJs;õ9�opFH6?>~47XbJK6?9�JsX�6?>�X�J�N?=7J6?>s>Z6�=:JK;H6�F<FH6��À6b=7J4_ð EGLs;AôM;<=p6~XSäGN W EGL�N?JK;Lä�6�È�9lð 6?>ZJ op= W LK6b��;<6�LJs6?>ZJ&47o�9�E:4:6 4_ð X8äMN W EML�N[Js;<EM=`��N?;õ>ÇN?o>K>Q;476�Fqð X�=p6�LjôG;H6�4³ð 68ãâ9�;<J�N[JK;HEG=�� E<Ç�6b=p=p6">ØEGopLs=p;<6 W N?L�OníÁ�Wâ ¡bÝ �OÝ
í)EGo�>ÀN8ä�EG=�>�ä�EGopFHoãopJK;HF<;�>Z6�L�Fqð ;H=,>ØEGLs��N[Js;<EM=ã47EM=p=pX�6 W N?LÀFH6�9�E:476�476�>Q;<�+opFõN?JK;<EM= W EGopL 9�EM�À@W Ls6�=47Ls6ÁF�N�ôGX�=âX�L�N?JK;<EM=�476�FõN$F<op��;)(�LK6 W LKEG� W JK6�Ý
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â6?>+47;õ>QJKLK;HrpopJs;<EG=�> 6�=Î�ÀoâF<JK; W F<;H9�; JsX�476�=p6�opJsLKEM=>%�Ø=Ç¢KÈ�óbÇâ47LKE�ô�(�=p6Ã�qÞÁ¢tÈ�ópX�FH;<op� �qÞ)6M¢�6�J�4:6F<6bopL+>ZEM����6D�ÇFH6?> W N[LsJK;�9�opF<6Y>ÁF<XSô�(�Ls6?>��vF W ¢�>ZEM=7J$Ls6 W LKXY>Z6�=:JKX�6Y>`>ZoâL$FõN +ZôGopLs6ráOÝ<��Ý)â6?>+>DÇ:�ÀrEGFH6?>LK6 W LKX?>Q6�=:JK6�=:J)FH6?>�47EG=â=pX�6?>�68ã W X�LK;H��6�=:J�N[FH6?>^ÈpJ�N[=4:;õ>:ß£oâ6ÀFH6?>&óp;õ>QJKElôML�N?����6?>q9�EGLsLK6?> W EG=476b=7J�N[o�ãLKXY>ZopFHJ�N[J�>`476Y>`>Z;H�ÀoâFõN[Js;<EM=>�N8ä�6?9$OníÁ�WâÎ>KN?=>m+FHJKL�N ôG6!�Ø6�= W EM;<=:JK;HF<F<XY> ¢KÈ'N W LB(?>?+FHJKL�N<ôG6��v6�=�JKL�N[;<J�>W FH6�;<=>�¢6�J3N W LB(?>R+�F<JKL�N<ôM6qN�ä�6Y9�op=p6C9�EG=4:;<JK;HEG=�>ZopL~F�N)4:X�JK6?9/JK;<EM=�4³ð N?o`��EM;<=>Çop=â6 W N?LKJK;�9�opFH6 9KóN?LPôGXb6�v6b=ôGLs;õ>QXG¢KÝWâ Nã9�EM=47;<Js;<EM=f476!47XbJK6?9�Js6�L$6�=n9�E =�9�;õ476b=9�6�N[o´��EM;<=>`oâ=p6 W N?LKJs;õ9�opFH6!9KóN[LjôGX�6�6?>ZJN WâW F<;àß£opXb6+>ZopL�F<6?>�47EM=p=pX�6?>�68ã W XbLK;<� 6�=7J�N[FH6?>Á� >DÇ:�ÀrEMF<6?>�¢q476�> N�_�EM=�õ%FH;<��;HJK6�LqF<6?>�9�EM=7JsLK;HrpopJK;HEG=>47o�rpLsop;<Jq476/>ØEM=4Ú��ä�EG;<Lq>Q6?9�Js;<EG=�æ4Ý �bÝ<�?¢KÝ;v¢Xâ�ð N?F<F<oâLK6$4:6?>�47;�>ZJKLs;<rpoâJK;<EM=>�476�=p6�opJsLKEM=>`��9/EGopLsr�6$6b= W EM;<=:JK;HF<F<XY> ¢D6?>QJ�rp;<6b=!9�EM=p=7oâ6`6�J W LKX�@>Z6b=7Js6)op=â6 W N?LKJs;<6+õ�r�NG>K>Q6��+opF<Js; W FH;õ9�;<JKX�ß�op6qFqð EM= W 6�opJ�NM>K>QE:9�;<6�L�õ�476?>~LKX?NM9�JK;HEG=>DJKLB(?> W 6bo�47;�>K>Q; W N�@JK;Lä�6?>��vLsX?NG9�Js;<EM=> W XbLK; W ópX�LK;àß£oâ6?> ¢&E W 6bo�476q=p6�opJsLKEG=�> >ZEM=7J W LKE:4:op;<J�> 6�JDop=p6�F�N[LPôM6)rE >K>Z6�9�6b=7JsLKX�6õ)6�=bä:;<LKEM=>&¡lñ)=p6bopJKLsEG=>~9/EGLKLs6?> W EM=4pN[=:J�õ)oâ=+47X8ä�6�FHE WpW 6���6b=7J W FHo>~9�EM� W F<6bJ�476�F�N)9�NM>K9�NM476�;<=:JKL�NY@=:o9�F<XYN[;<Ls6�Ý4â6?>q9�EGFHF<;õ>Q;<EM=> W X�LK; W ópX�Ls;7ß�op6?>�47X W E >Z6�=:J W 6�o!4³ð X�=p6�LjôG;H6�4pN[=�>)F<6�=pE Ç:N[o�ÈpFqð Xb��;õ>s>Z;<EM=�4:6=p6�oâJKLKEM=>)6?>QJ�N[FHEGL�>�ôML�N?=476���6b=7J1> N8ä�EGLs;õ>QX�6 W N?L�L�N WâW EMLKJ�õÀFdð X���;�>K>Q;<EG=�476 W N[LsJK;�9�opF<6Y>)9KóN[LjôGX�6Y>&õ9�N?o>Z6 476?>)6'-Ç6bJ�>�476+FõN+rN[LsLK;�(bLK6+9�EMopF<EM�Àrp;H6�=p=p6�Ý��Xð 6Y>ZJ W EGopLtß£opEM;DF<EGL�>Pß�o¨ð oâ=p6$9�EM=47;HJK;<EM=Ú6Y>ZJ�;H�À@W E�>QX�6+>ZopLqFõN+47X�Js6?9�Js;<EG=�6�=!9/E =9/;õ476�=�9�6�N8ä�6?9�F<6?>�=p6�oâJKLKEM=>�4³ð N[o���EG;H=> op=p6 W N[LsJK;õ9/opF<6�9KóN[LjôGX�6�ÈF<6Y>�X8ä�X�=p6b��6�=:J�>¨õ�rNG>s>Z6��+opFHJK; W F<;õ9�;<JsXD>ZEM=7J JKLB(?>a>ØEGLsJK6�� 6�=7J&LKXY47op;<J�>���9�EM� W N[L�N[;�>ZEG=�óâ;õ>ZJsElôML�N[� ��6?>6�=�JKL�N[;HJ�> W FH6�;<=>D6�J 6b=eôMLK;�>ZX?>�¢KÝ��DEM����6q=pEGo�>�ä�6�LsLKEM=> 4pN?=>�FõN$>Zoâ;<JK6�Èp9�6�JsJK6�9/EG=47;HJK;HEG=�9�EM=47op;HJXõLK6 ¤K6�JK6�L F<6?> XSä�X�=p6���6b=�J�>�õm> N[;HrpF<6�X�=p6bLPôG;H6�4³ð 68ãp9/;<J�N?JK;HEG=¨Ý
â6/+F<JsLK6�68ã W X�LK;H��6�=:J�N?F7LsX?47op;HJ FõN`�+opFHJK; W F<;H9�;<JsX�476¯=p6�opJsLKEG=�>�4³ð 6�=bä:;<LKEM=>æ$oâ=p;<JsX?>)� 9�EG� W N[L�N?; @>ZEM=�9�EGoâLKr6?>)6�= W EG;<=:JK;HF<FHX?> 6�Jq6�=!JKL�N[;<J�> W F<6�;H=> ¢tÝ³â N�LsX W EG=>Q6+476`F�NRìWí+ì&È47o�> N?;<J�476�>KNRôML�N?=4766.&�9�NG9/;<JKX W EMopLqF<6?> =p6bopJKLsEG=>q476/> N[;HrpF<6�X�=p6bLPôG;H6+�v=p6�oâJKLKEM=>q4³ð X8äMN W EML�N?JK;<EM=Ç¢ 6�J�op=p6�6.&�9�NG9/;<JKX�ß£op;47X?9/LKE J FHEGL�>jß£oâ6�Fqð X�=p6�LjôG;<6¯N[o�ôG��6�=:JK6�È£Js6�=4Cõ$>ZXbF<6?9�Js;<EM=p=p6�L�;Q=N[JsopLK6�FHF<6�� 6�=7J8< F<6?>D=p6�opJsLKEG=�>)4³ð X8äMNY@

W EGL�N[JK;HEG=¨Ýâ N�47;�>ZJKLs;<rpoâJK;<EM=!476�=p6�opJsLKEM=> 6Sã W X�Ls;<��6�=:J�N?F<6q6?>ZJqrp;H6�=�Ls6 W LKE:4:op;<Js6 W N?L)F�NÀ>Q;<�+opFõN?JK;<EM=¨ÈpN?o>K>Q;rp;H6�=$6�=+��E Ç�6�=p=p6�ß�o¨ð 6�=$F�N[LjôG6�opLq�ØJ�N[r�ÝOábÝ<�?¢KÈ:N8ä�6?9 op=+X?9�N[LsJD476���op=p;<JsXq>ZopL F<6?>�äGN?F<6�oâL�>~��E Ç�6�=p=p6Y>>ZEM;<J�áx�Ý��D6�JsJK6 47;5- X�Ls6�=9�6�6?>ZJ�JsEGopJ�õ|> N[;HJ`9/EG� W N?JK;HrpF<6�N�ä�6Y9`9�6�ß£oâ6$Fqð EM= W 6�opJ�N[JsJK6�=4:LK6 4³ð op=â6>Z;H�ÀoâFõN[Js;<EM=¨È?4³ð N?opJ�N?=7J�ß£op6 F<6 JKL�N?;<Js6���6�=:J&476?>�LsX?NG9/JK;<EM=>&>Z6?9�EM=4pN?;<LK6Y>�;<=4:op;<Js6?>�4âN[=>~FõN+ìWí&ìã9�EM�À@
W EGLsJK6�476?>�N WpW LKE ã:;<��N?JK;HEG=>>Ý7Iq6 W F<o>DF<6?>)äMN[FH6�opL�> N[r�>ZEGFHop6?>q476?> >Z6?9�Js;<EM=> 6.&�9�NG9�6Y> >ZEM=7J�JsL�(?>Drp;<6b=LK6 W LKE:47oâ;<JK6Y>^Ý

;<;Ø¢â6Y> 4:;õ>ZJsLK;HrpopJK;HEG=>D476 W N?LKJK;�9�opFH6?>D9FóN?LPôMX�6?>D>ZEM=7JD6�FHF<6?>~N?o>K>Q;Çrp;H6�=+LK6 W LsE:47op;HJK6?> W N?L FõN�>Q;<�+o7@FõN?JK;HEG=��vJ�N?r¨Ý�ábÝ<�[¢&6�J36�= W N[LKJs;õ9�oâF<;<6bL W EGoâL FH6?>�Þ)6�Ý�â N`>Q;<�+opFõN?JK;<EM=�JK6�=4$=pX?N?=p��EM;<=>�õ�>QEGo>�@�6?>QJK;H��6�LF<XSô�(�Ls6���6�=:J�FõN�>Q6?9�Js;<EG=!6'&�9�NM9�6+N[o�=p;Lä�6?N[o�476+P w:áÀ6bJ�õ�F�N�>ZopLs6?>ZJs;<��6bL�4pN?=>ÁF�N�ß�op6�op6+476+FõN47;�>ZJKLs;<rpoâJK;<EM=¨Ý O�F�> N?opJ`Ls6���N?LKß�op6�L+ß£op6+F<6�+FHJKLK6+68ã W X�LK;H��6�=:J�N[F�6Y>ZJ`r6?N?o9�EMo W ��EM;<=>�>Z6b=>Z;HrpF<6+>QopLF<6Y>�47;õ>QJKLK;HrpopJs;<EG=�>�4³ð�Þ)6��vE >Z6�oâF<6�F�N W N?LKJs;<6�X8äMN W EGL�N[Js;Aä�6�6?>ZJq>Q;<�+opF<Xb6G¢�ß�op6�>ZopLqF<6?>�4:;õ>ZJsLK;HrpopJK;HEG=>4³ðòÞ
�vE FõN W N[LsJK;H6�47;HLK6?9/JK6 6bJ XSäGN W EGLKXb6)6?>QJ >Z;<�+opFHX�6G¢'9�N[LDFõN�9�EM=7JsLK;HrpopJK;HEG=+476Y> W N[LKJs;õ9�oâF<6?>D47;HLK6?9�Js6?>6?>QJ � EG;<=�>A;H� W EGLsJ�N[=:JK6 W EMopL FH6?>�Þ)6`�Ø6�= W N[LsJK;õ9/opF<;H6�L W EGopL F<6?> Þ)6M¢�ß�op6 W EGopL F<6?>�Þ-�Tä�EG;HL >Z6?9�Js;<EM=áOÝ �OÝ �£¢KÝ I)o > N?;<J¯476?>q>Z6�op;HFõ>WóN[oâJ�>)6�=�X�=p6�LjôG;H6`4:6`FõN
ì)8�;àì5476�¡lábÈ³æ� À6bJ|î�á�P�68` W EMopL W È 4%6�JqJ8ÈLK6Y> W 6?9�Js;Aä�6���6b=�J8ÈÇ��ä�EG;HL�>Z6?9/JK;<EM=�æ4Ý �OÝ ��¢KÈ�9/6�F<FH6�@Q9/;�JK6�=4hõ�>ZX�FH6?9�Js;<EG=â=p6�Lq6?>K>Q6�=7Js;<6�FHF<6��+6�=�Jq476Y> W N[LsJK; @9�opFH6?>~X8äMN W EGLsX�6?>>ÝZí)EGo>�ä�6�LKLsEG=> 4pN[=�> FõN$>Zoâ;<JK6�ÈOß�op6�FH6 W EM;õ4p>�476¯FõN W N[LKJs;<6�4:;<LK6Y9�JK6¯476?> 476�opJsX�LKEM=>
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6�Jq476Y> JKLK;HJKEM=> 6Y>ZJ1> N[;HrpF<6�4pN[=>�FõN$>QEG��� 6�476Y>WÞ 4:X�JK6?9/JKX?> W N[LqFõN�ì)8�;àì&Ý
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W N?LKJK;H6�X8äMN W EGL�N[Js;Aä�6q476?>3> W 6?9�JsLK6?>�6bJ~>QEG=+X8ä�EGFHopJK;HEG=$N8ä�6?9DFqð X�=p6�LjôG;<6 4³ð 68ãâ9�;<J�N[JK;HEG=¨ÝMO�F76Y>ZJD9�F�N[;HLK6���6b=7JN WâW N[Lso�ß�o¨ð ;HF�6Y>ZJ�47;M&�9/;<F<6�4³ð ;õ>QEGF<6bL)op=â6+9�EG� W E >KN[=:JK6 W opLK6�� 6�=7J�XSäGN W EGL�N?JK;Lä�6$6�J:ß�op6`���b��6�N[o�ãN[=�ôGF<6Y>ÀN?LKLK;)(�LK6Y>^È~FõN�9�EM=7JsLK;<râopJK;HEG=Î476 W LKX�X ß�op;HF<;<râLK6�6?>QJÀ=âEG=¼=âX8ôGFH;AôG6YN[rpFH6�Ý�í)X?N?=p��EG;H=>^È Þ)6�6?>ZJN WâW N[Lso¼9/EG����6�op=p6�JKLB(?>ÁrEM=p=p6�>ZEM=476 W EGoâL$JK6?>QJK6�L�Fqð XSäGN W EGL�N?JK;HEG=é6�J$N
&�Ls��6�L�F�NeäMN[FH;õ47;HJKX 47o9�E:476�*¯BDP!Oní�OKÝ��D6�FHop; @ 9�;ÇLs6 W LsE:47op;<Jq4:6Á��N[=p;)(�LK6">ØEGLsJ�9�EMLKLs6?9�JK6¯F<6?>�> W 6Y9�JKLs6?>�4³ð XSäGN W EGL�N?JK;HEG=¨Ýí)EGo�>`N8ä�EG=>�6�=ãEMopJKLs6 W oé47;�>K9�oâJK6�L�4³ð op=é9�6�LsJ�N?;<=�=pEG�+rpLK6 4³ð 6.- 6�J�>�F<;HX?>�N[oéLK6Y9�opFD47oé=pE Ç:N?oX���6bJKJK6bopL)6bJ`��EM=7JsLK6�L:ß�o¨ð N[o4ã!X�=â6�LPôM;<6?>�4³ð 68ãp9/;<J�N?JK;HEG=�N[JsJK6�;H=7Js6?>�4pN[=�>`FõN�LKX?NM9�JK;HEG=´� ¤Ko>Pß�o¨ðòõ% M�G�P�68``¢�F�N�476?>s9�LK; W JK;HEG= W N[L�op=���E:4,(�FH6+>ZJ�N?JK;�>ZJK;àß£oâ6À6?>QJ�6�=9�EMLK6
äGN?F<;�476À6bJ�ß�o¨ð ;<F~=¨ð 6?>ZJ�=:opFDr6?>ZEM;<=4³ð ;<=:JKLKE:4:op;<Ls6�op=p6�68ã W N[=�>Z;<EM=�Jjóp6�LK� ;7ß�op6q47o�=âE<Ç:N?o W EMopLqLK6 W LsE:47op;HLK6�F<6?>�4:EG=p=pXb6?>^Ý�D6 W 6�=4pN?=7J�F�N W N[LsJK;H6RóN?opJK6$Xb=p6�LPôM;<6+476Y>�> W 6?9�JsLK6?>�476+4_ÈÇJ8È Þq6�È Þq6�È â;36�J â;D=¨ð 6Y>ZJ W NM>LK6 W LKE:47oâ;<JK6 W NM> F<6Y>A� E:4,(�F<6Y>^ÝOâ�ð X�JKo4:6q476�9�6�JsJK6 W N?LKJs;<6+õ|óN?opJK6qX�=p6�LjôG;H6�6?>ZJ LKX?N?F<;õ>QX�6qN[o���óN W ;HJKLs6î�Ý
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â6?>�> W 6?9/JKLK6Y> 6�=�X�=p6bLPôG;H6�9�;H=pX�JK;àß£oâ6�476Y> W N?LKJK;�9�opFH6?> 9KóN[LjôGX�6Y> EG=:J ��EM=7JsLKXqop=p6�9�EG� W E >KN?=7Js6:õ
óN?opJK6+X�=p6�LjôG;H6���N[o:@Q476bF7õ�4³ð 6b=Oä:;<LsEG=��G��6�J:æ �%P�68` W EGoâL`F<6Y>&Þ·6�J�Þ)6�ÈLK6?> W 6?9�JK;Lä�6���6�=:J�¢�ß�op;~=â6W 6�opJ~�bJKLK6 68ã W F<;àß£opXb6 W N[LDFqð X8äMN W EGL�N[JK;HEG=+4³ð op=$=pE Ç:N[o$6b=$X ß£oâ;<F<;HrpLK6DJjóp6�LK� ;7ß�op6�Ý��D6�JKJs6q9�EG� W E >KN?=7Js66?>QJ�JKX���EM;<= 4³ð oâ=p6�X���;õ>s>Z;HEG=+L�N W ;õ476�ß�op;&N`F<;H6�o�N8äMN[=:JXß£op6�Fdð X ß�op;<FH;<rpLs6q>ZEM;<JqN[JsJK6�;H=7JSÝpI�N?=>q9�6�>Z6b=>EG= W 6�opJ W N?LKF<6bLq4³ð X�� ;õ>K>Q;<EM=�476 W LsX�X ß�op;<FH;<rpLs6�ÝI�N[=�>%F<6�9bNG47Ls6�47o5� E:4,(�F<6�6�=f476�o�ã¼X�J�N W 6?>^ÈqOníÁ�Wâ�È Fdð X�� ;õ>K>Q;<EM=¼4:;<LK6Y9�JK6�476Ú=:o9�FHX�EG=�>À6?>ZJ68ã W F<;àß£oâX�6 6�J3LK6 W LsE:47op;HJK6 W N[LDFõN�9�NM>K9�NM476q;<=:JKL�N�@�=:o9�FHX?N[;HLK6q47oâL�N[=:JDFõN�ß£op6bF<F<6 op= 9�6�LKJ�N[;H=$=pEG�+rpLK6q4:6=:o9�F<XbEG=>&>ZEM=7J~X ¤K6?9�JKXY>�47o$=âE<Ç:N?o¨ÈM>Z;<� W F<6��+6�=:J W N[L 9�EMF<F<;�>Z;HEG=�N8ä�6?9 4³ð N[opJsLK6?>&=7o9/F<X�EM=>^ÝG�D6 W 6�=�4pN[=:J9�6q��E:4,(�FH6)6Y>ZJ ;H=9�N W N[rpFH6�4:6�LK6 W LKE:47op;HLK6�6bJ 4_ð 68ã W F<;àß£oâ6�L~FõN/>ØEGLs��N[Js;<EG= 476 W N[LKJs;õ9�oâF<6?>D9�EM� W E�>Z;HJK6?>F<XSô�(�Ls6?>�ß�op;=pX?9�6?>s>Z;HJK6�4:6 W Ls6�=47Ls6)6b=�9�EM� W Js6 F<6Y>�;<=:JK6�L�NG9�Js;<EM=>~LKX?>Q;õ47op6bF<F<6Y>Õ6�=:JKLs6�=7o�9�F<X�EM=>^Ý:�D6�JKJs69�EM=>ZJ�N[J�N?JK;HEG=¨È�Nb¤KEGopJsX�6$N?o > N[;<J�ß£op6�FõN+476?>s9�LK; W JK;HEG= W opLK6�� 6�=7JC9�FõNM>K>Q;7ß�op6$47o���E:4,(�FH6�476$9�NM>K9�NM476=¨ð 6?>ZJ W F<o>oäMN?F<;õ4:6�F<EGL�>Pß�op6�F<6Y>�F<EM=4ôGop6bopL�>D4³ð EG=476q4:6?>�=:o9�F<XbEG=>~>QEG=:J 47o$������63EGL�4:LK6¯476WôGL�N[=476bopL
ß�op6)FH6?>~47;�>ZJ�N[=9�6Y> ;<=:JK6bLZ@ =7o9/F<X�EM=>ÕEM=7JSÈ�JKL�(Y>AJ JSÈ7;<=�9�;<JsXWõÁ;H=7JsLKE:47oâ;<LK6qop=p6qX�J�N W 6);H=7Js6�LK� X?47;õN?;<Ls6 4:6��;�>Z6+õ Fdð X ß�op;<FH;<rpLs6�Ý

â6!9�E:4:6�ôGX�=pXbL�N[FH6���6�=:J�opJK;HF<;�>ZX W EGopL�JsL�N?;<JK6bLÀFH6 W LKX�X ß�op;HF<;<râLK6�6?>QJÀFH6�9�E:476ã� BDP �Z� NM>K9�NM476B�ãp9/;<JKEM=fP�E:476�FØ¢+47X8ä�6�FHE WpW X W N[L�P!NG>nóp=p;)�¼6�J N[F�f P!NM>� lÉ�gqÝ)�D6�9�E:4:6!LK6 W Ls6�=4¼FH6 >ØEGLK��N[F<;�>Z��6>Z6b��; @ 9�FõNM>K>Q;7ß�op6q476?> 68ãâ9�;HJKEG=�> ;<=â;<JK;HX W N[L�*)Ls;5& =�6�JC47X8ä�6�FHE WpW X W N?LXì FõN?=p=�f�ì FõN�î ñ�g 6�J W 6�LK��6bJ 4:6W LsE:47op;<Ls6�476?> 9�EG� W E >Z;HJK6?>~6�J 476�4:X?9�LK;HLK6�FH6�opL 47;õ>QJKLs;<rpopJs;<EM=�N?=4ôGopF�N[;HLK6�Ýâ0)=ÀJsL�N?;<JK6b��6�=:J�ß£o�N[=:JK;7ß�op647o W LsX�X ß�op;<FH;<rpLs6 W 6�opJq��JsLK6�JsLKEGo�ä�X`4âN[=>�F<6�� E:4,(�F<6�1 f 1p6?>�ÉG��gdÝ
í)EGo�>�ä�6�LKLsEG=>�9�6 W 6�=4pN?=7J�4pN[=�>$9�6�9KóN W ;<JsLK6�È�ß�op6�FõN�476?>s9�LK; W JK;HEG= W N[L$op=Ã��E:4,(�FH6À6�= 476�o4ãX�J�N W 6?>~LK6?>QJK6WäMN[FH;õ476 W EGopL Fqð 6Y>K>Z6b=7Js;<6�FdÈ�6�J�ß�o¨ð 6�F<FH6 W 6�LK� 6�J&476qLK6 W LsE:47op;HLK6q476���N?=p;�(bLK6DLK6�F�N[Js;Aä�6���6b=7JLKXYN[F<;�>ZJs6$F<6?>�> W 6?9�JKLs6?>�476 W LsEGJKEM=>^È&������6�>Z;DFõN W LsE:47o9�Js;<EG=Ã476 9�6�o4ã�@ 9�;~6?>QJ�>ZEMo>Z6?>QJK;H��X�6�È W N[L�FH69�E:476�ÈoõCóN[oâJK6�X�=â6�LPôM;<6+9�;H=pX�JK;àß£oâ6���B ���M�!P�68``¢�6�J�>ZoâLZ@ 6?>ZJs;<��X�6+N?o4ã!X�=p6bLPôG;H6?>�;<=:JK6�Ls��X?47;�N[;HLK6b>�v6b=7JsLK6$�Sñ 6�JXñM�ÀP�68``¢tÝ
�Xð 6?>QJ+4pN[=�> FH6�9�NG4:LK6�476�9�6�JsJK6���E:47X�FH;õ>sN[JK;HEG=ã6b=¼4:6�o4ã�X�J�N W 6Y>Rß�op6�=pEGo�> W LsE W E�>Q6�LKEM=>Àop=â6N[FHJK6�Ls=N[Js;Aä�6�N[o4ã´��E:4:(�F<6?>$4:6 W LsX�X ß�op;<FH;<rpLs6�opJK;HF<;õ>QX?> W EMopL3>ØEGLs��6�L 476?> W N?LKJs;õ9�opFH6?>�9�EM� W E�>Q;<JK6Y>^Ýí)EMo>);<=:JKLsE:47op;HLKEG=�>)F<6�9�EG=9/6 W J¯476$9�E N[FH6?>K9�6b=9�6$4âN[=>)FH6$9�E:4:6+ODí��Wâ ¡OÝ �bÝ¶â6Y>)LKX?>QopF<J�N[J�>�476+9�6�JsJK668ã:JK6�=�>Z;<EM=�>Z6�LsEG=:Jq9�EG� W N[LKXY> N[o�ã�4:EG=p=pXb6?> 68ã W XbLK;<� 6�=7J�N[FH6?>�6�Jq47;�>K9�oâJKX?>>Ý
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� ó8J ó8J 	�Is���&ù&ý��/�_ú�ù&úFEk	&ý�þO÷����_ø&ûPúFE ù/�Pþ�úF�,÷�úFE úF� ���/�Z÷A�B��� ù&úû ÿF�+ú¨þ �Pú
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â�ð X8ä�EMF<opJs;<EM=!476�Fqð N?rEG=4pN?=9�6+476Y> W N[LsJK;�9�opF<6Y> FHX8ô�(�Ls6?>^ÈpXb��;õ>Q6?>�476m> N2_�EG=�4:;<LK6Y9�JK6�Èp6b=�>ØEG=�9�JK;HEG=476+Fqð X�=p6�LjôG;<6�4³ð 6Sãp9�;HJ�N?JK;<EM=�6?>QJ�LK6 W LsX?>Z6b=7JsX�6$N?o4ãhß£o�N[JKLs6�N?=4ôGFH6?>�>ZopL�FõN�+1ôGopLs6cî�ÝH�lÝoâ�ð N[rEG=4âN[=9�6476?> W N?LKJK;�9�opFH6?>�;K4:;<LK6Y9�JK6?>�<+��4:X.+=p;H6`9/EG����6+õ$FõN+>Z6?9�Js;<EM=�áOÝçæ4ÝH�[¢ 6?>ZJq6?>ZJs;<��Xb6)6�=�47;5- X�Ls6�=9�;�N[=:J�F<6?>N[rEM=4pN[=�9�6?>���6?>ZoâLKX�6?>>Èbõ$9FóN�ß£oâ6�N[=4ôMF<6�ÈâN8ä�6?9�9�6�FHF<6?>D9�N?Fõ9�oâF<X�6?> W N?L)FH6�9�E:476�4³ð X8äMN W EGL�N[Js;<EG=���ä�EG;<L+Zô�Ý¨áOÝH�8ñ£¢tÝ��D6�JsJK6$>QEGFHopJK;HEG=�>Z6b�ÀrpFH6 W LsX.>ØX�L�N?rpF<6�õ�9�6�FHF<6�ß�op;~9/EG=>Q;<JK6�õ�>ZEGo�>ZJKL�N[;HLK6$F<6Y>)N?r�EM=4pN?=9�6?>��6?>QopLKXb6?>�N[o4ãÎN[=�ôGF<6Y>$N[LKLs;�(�Ls6?>$9�N?L$=pEGo>+N8ä�EG=>�ä:of��>Q6?9�JK;HEG=uáOÝçæ7¢�ß£o�ð op=p6�>ØL�NG9/JK;<EM=é=pEG=Î=pX8ôGFH; @
ôG6YN[rpFH6�476 W LsX�X ß�op;<FH;<rpLs6�>Zoâr>Z;�>ZJK6��v6Sãp9�6 W JKX W EGoâL F<6Y> Þq6G¢KÝ7�D6 W 6b=4pN[=:J8È:N?o7@Q4:6�F7õ�476&áM�G��P�6N`�ÈGF<6?>47;�>ZJKLs;<rpoâJK;<EM=> 6b=ÀX�=â6�LPôM;<6¯4³ð 68ãâ9�;HJ�N[Js;<EM=À��6Y>ZopLsX�6?>�6�JC>Z;H�ÀopFHX�6?>�=p6¯>ZEG=:J W NM> 6�=�JsEGJ�N[F�NM9�9�EML�4���ä�EG;<L+Zô�ÝoábÝvîM¢�9�ð 6?>QJ W EGopLtß£opEM;DF<6?>�N?rEG=4pN?=9�6?>`=â6+>ZEG=:J W NG>���EG=:JKLsX�6?>qN[o7@ 476�Fàõ�476+9�6�JsJK6�äMN[FH6�opL8Ý�â6?>>Z6Y9�JK;HEG=> 6.&�9�NM9�6?> >QEG=:J);H=7JsX8ôGLsX�6?> >ZopL�JsEGopJqF<6�> W 6?9/JKLK6¯6�=�X�=p6�LjôG;<6+� ¡G�G�+P�68``¢KÝ

â�ð N?F<F<oâLK6�ôMX�=pX�L�N[FH6+476?>�47;�>ZJsLK;<râopJK;HEG=>)� EG=:JKLK6�op=�NM9�9�LsEG;õ>s>Z6�� 6�=7Jq4:6$Fqð N?rEG=4pN?=9�6+476Y> W N[LsJK; @9�opFH6?>F;K4:;<LK6Y9�JK6?>�<¯N8ä�6?9 Fqð X�=p6�LjôG;<6q4_ð 68ãâ9�;<J�N[Js;<EG=�Ý��D6¯9�EM� W EGLKJs6���6�=:J~6?>QJ >DÇâ>ZJKXb��N[Js;7ß�op6 W EGopL�JsEGopJs6?>F<6Y> W N[LKJs;õ9�oâF<6?>~6�JxõÁJKEMo> F<6Y> N?=4ôGFH6?>^ÝO!q= W 6�opJC9�6 W 6�=4âN[=:J =pEMJK6�Lxß£op6qFqð N[rEG=�4pN[=9/6�476?> W N[LsJK;õ9/opF<6?>F<XSô�(�Ls6?>)6?>QJÁLsX?47op;HJK6+N?o4ããN?=4ôGFH6?>�N[LsLK;�(bLK6?> W N?LÁL�N WpW EMLKJ+N[o�ã�N[=4ôMF<6?>�N8äMN[=:J8È&9�EG� ��6�47XQ¤Kõ�>Q;AôM=N[FHX>ZoâL FH6?>~> W 6Y9�JKLs6?>�6�=$X�=â6�LPôM;<6���ä�EG;HLD>Z6?9/JK;<EM=
áOÝ �OÝ<�?¢KÝ7�D6¯9�EM� W EGLKJs6���6�=:J W 6�oâJ >Q6q9�EG� W LK6�=�47LK6 W N[LDFõN��N?=p;�(�Ls6�47EM=7J Fqð X�=p6�LjôG;<6 6?>ZJ 47X W E >ZX�6¯4pN?=> FH6)=pE Ç:N?o W N?L FH6 W LKEMJKEG= ;<=9�;�476�=:J��?op=p6¯N[o4ôM��6�=:J�N[Js;<EM=476�Fdð X�=â6�LPôM;<6¯4³ð 68ãâ9�;HJ�N[Js;<EM=$;<� W FH;7ß�op6�op=�NM9�9�LsEG;õ>s>Z6�� 6�=7JA47o�=pEG�+rpLK6¯476�9/EGF<FH;õ>Q;<EG=�> 4âN[=> FH6�=pE Ç:N[o¨Èß�op;&>^ð NG9�9�EM� W N ôG=p6�4_ð op= W FHo>)ôGL�N[=4�=pEG�+rpLK6�476 W N[LsJK;õ9/opF<6?>�;s47;HLK6?9�Js6?>=<tÝ
*qF<EGr�N[F<6b��6�=:J8ÈDF<6�9�EM� W EGLKJs6���6�=:J+476?>�47;M- X�LK6�=:JK6Y> W N[LsJK;�9�opF<6Y>%9/EG� W E�>Q;<Js6?>À6?>QJ%JsL�(?>�ä�EM;õ>Z;H=¨È68ãâ9�6 W JsX W EMopL)FH6?> Þq6�47EG=:J�F<6+ô�N[;H=�6?>ZJ W FHo> ;<� W EMLKJ�N[=:J�N8ä�6?9�Fqð Xb=p6�LPôM;<6¯4³ð 6Sãp9�;HJ�N?JK;<EM=¨Ýp�D6?9�; W 6bopJFõN?;õ>s>Z6�L >ZEMo> @ 6�=:JK6�=4:LK6�oâ= W LsE:9�6?>K>Qo>�476[>ØEGLs��N[Js;<EG=Î9�EM���+op= W EGopL F<6?>$9�EM� W E�>Q;<JK6Y>$476���NM>K>Q6�m0¯¡`6�Jq�m0¯�`6�J�FHX8ô�(bLK6���6b=7JD4:;5- X�LK6b=7J W EGoâL)FH6?> Þ)6�Ý

� ó8J ó�� ö�úFE±E,	�úF�,÷�þ4úFEhúF�ÕÿF�&ú¨þ �jú�ù&úFE§	&þA��÷����/E�ú³÷/ûPúD�{�Wù&ú��l�-ø!ö��Có
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Au (p,1H) X at Ep = 2.5 GeV (Θ = 30)
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a) E* ≤ 220 MeV

b) 220 MeV < E* ≤ 370 MeV

c) 370 MeV < E* ≤ 470 MeV

d) 470 MeV < E* ≤ 570 MeV

e) E* > 570 MeV
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p + Pb

l=10 cm Φ=15 cm
S1
S1∩PromptBNB
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0.4 GeV
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Beam

Outer pipe of the BNB

Beam diffusion by target position 2

Target - position 2

Target - position 1

Reaction chamber

Beam diffusion by target position 1
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�lÝ �G� �SáOÝ�áM¡ ábÝ ¡7� ÉOÝçæ�� �bÝ  7� ��Ý   æ �b�OÝ ��É ÉOÝ �<æ¡OÝ �G� � î�Ýmæ�É ábÝ  lñ  OÝ ¡lÉ î�Ý�áG� �bÝmæ ¡ �>æ4Ýmæ�ñ ÉOÝòñsî�OÝ �G� �SÉOÝ �:� î�ÝmæOî ���OÝ �G¡ �M�lÝ ¡<æ æ�Ý�É�î �SñOÝ ¡�É  OÝ �lá
ñOÝ �G� �b OÝ ¡�É ÉbÝ �<æ ���OÝ ¡G¡ �SÉOÝòÉlñ ábÝ ��ñ �SáOÝ�ÉM�  OÝòñG�
î�Ý �G� ¡M�OÝ �M¡ ÉbÝvî?  �G�lÝòñsî ¡�áOÝ �G  î�Ý �M� � î�Ý  �á  OÝòÉlñ�b�OÝ �M� ¡:�lÝ<�b�  bÝ ¡7� �G�lÝòáG  ��ñOÝçæ�ñ î�Ý�É�ñ �b OÝ ¡M¡ ���OÝH�8É�b¡OÝ �M� ¡:�lÝ�ñ æ  bÝ �7� �G�lÝòÉlñ æ �OÝòÉlÉ ÉbÝ �M� �b OÝ�áM� ���OÝ �<æ�SñOÝ �M� ¡:�lÝvîSæ  bÝ ¡lá �G�lÝòálñ æ  OÝ �7� î�ÝvîY� ¡M�OÝ<�Sñ ���OÝH�8ñ¡M�OÝ �M� ¡M¡OÝ<�M�  bÝmæ�ñ ��¡OÝ �G� áM�OÝ ¡<æ ábÝ�ñ�É ¡M�OÝ�É�ñ ���OÝ ¡G�¡�ñOÝ �M� ¡M¡OÝ ��î  bÝmæ�� ���OÝòÉG� á�ÉOÝòÉ7� ñbÝvî�É ¡:�lÝmæ�á ���OÝ �G��M�OÝ �M� ¡M¡OÝ�á�á  bÝ�ñ<æ �8ñOÝòñG  î�ñOÝòálñ æ�Ý�ñ�ñ ¡M¡OÝ ��ñ  OÝ  lÉ��ñOÝ �M� ¡M¡OÝvîY�  bÝ�ñG� �8ñOÝ �sî ÉM�OÝ �sî �bÝ  �î ¡M¡OÝ<� î  OÝòÉlá

ß
ÙOv<ÛV��� � ÛÃÝ�Þ
�OÝòñG� �SÉOÝ�ñ�É ábÝ�ñG   OÝ �sî ��Ý  lñ �bÝ�É�î �>æ4Ý  M� ÉOÝòÉlá�lÝ �G� �b OÝ�ñM� î�Ý �lÉ ���OÝòÉlá �bÝvî É ��Ý  M� �SñOÝvîY¡  OÝçælæ
ñOÝ �G� ¡M¡OÝ�É�ñ  bÝ�ñG  ��¡OÝçælæ �SÉOÝòÉG� ábÝmæ�æ �b OÝvî � �G�lÝ ¡<æ�b�OÝ �M� ¡ æ4Ý�á�ñ ���bÝ�ñ:� ��¡OÝ �G¡ ��ñOÝ  G� ÉbÝ ¡M� ¡M¡OÝ<�b¡ �G�lÝ\î? �SñOÝ �M� ¡�ñOÝ�á�î ���bÝ�ñ�ñ ���OÝH�8ñ æ�ÉOÝòñsî  bÝ�áM¡ ¡M�OÝ ��É �G�lÝòÉ<æ¡M�OÝ �M� ¡�áOÝ ¡:� ���bÝ�ñ�î �^æ4Ýòá<æ ñ�î�Ýçæ�É  bÝ  M¡ ¡ æ4Ý �M� �G�lÝ\î á¡�ñOÝ �M� ¡�áOÝmæ   ���bÝ�ñ�ñ �8ñOÝòñG� á�ñOÝ �lñ  bÝvî�á ¡ æ4Ý�ÉM� �G�lÝòásî�M�OÝ �M� ¡�áOÝ�ñ�ñ ���bÝ�ñM¡ �8áOÝòÉlÉ î �lÝ �G   bÝvîSæ ¡�ñOÝ<�>æ �G�lÝòñ7���ñOÝ �M� ¡�áOÝ�ñ:� ���bÝ�ñM¡ �<î�Ý  G� î�ñOÝòÉG¡  bÝ�á:� ¡�ñOÝ ¡�ñ �G�lÝçæ�ñ
æ �OÝ �M� ¡�áOÝ ¡:� ���bÝvî � �8ÉOÝ �7� É:�lÝòÉ7� î�Ý � æ ¡�ñOÝmæ�ñ �G�lÝ ¡<æ

ß
ÙOv<ÛV��� � Ùpá�Ý�Þ
�SñOÝ �M� ¡�î�Ý  �É �G��Ý�ñ�î ���OÝ  <æ æ  OÝ �lñ ÉbÝvîY� ¡�ñOÝvî�î ��¡OÝ\îlî¡M�OÝ �M� ¡�ÉOÝvî�î �G��Ý�á�É ���OÝòáG� áM�OÝ �lñ î�Ý�á:� ¡�î�Ý ��á ��¡OÝòálá¡�ñOÝ �M� ¡M OÝ �M  �G��Ýmæ�ñ �<î�ÝH�^æ á�áOÝòñ<æ  bÝ<�Sá ¡�î�Ý�áM  ��¡OÝòñlÉ�M�OÝ �M� ¡M OÝ�áM� �G��Ý�ñ:� �<î�ÝH��  îY�OÝçæp� î�Ý�á�É ¡�ÉOÝ �M� ��¡OÝçæp���ñOÝ �M� ¡M OÝvîY� �G��Ý ��á �� OÝ\î?  î�î�ÝH�8É î�Ý  �î ¡�ÉOÝ�ñ�ñ ��¡OÝ ¡lñ�M OÝ �M� ¡M OÝ�áM� �G��Ý ��á ¡7�lÝ  lÉ ÉM�OÝòñlñ î�Ý ��É ¡�ÉOÝvîY� ��¡OÝH���



¡M�7�
ß
ÙOv<ÛV��� � Ù4Ü�Ý�Þ

�lÝ �G� �b OÝvî�ñ î�Ý ¡G¡ �G�lÝòÉlñ �bÝvîlî ��Ý  �á �SáOÝ � æ  OÝòñlñ¡OÝ �G� ¡:�lÝ ��î ÉbÝmæ�É ��¡OÝçæ�¡ î�Ý�álñ �bÝ �M¡ � î�Ý�á�á ���OÝçæ���OÝ �G� ¡M¡OÝmæ �  bÝ<��  ��¡OÝ  G¡ �M�lÝ �sî æ�Ý�É�ñ �SÉOÝ  :� �G�lÝ �lÉ
æ4Ý �G� ¡M�OÝmæ�æ  bÝ�ñlÉ �^æ4Ýçæ�¡ �>æ4Ýçæ�� ábÝmæbî �b OÝ  M¡ �G�lÝòñ<æ
ñOÝ �G� ¡ æ4Ý ¡M¡ ���bÝ ¡M� ���OÝòÉG¡ �SÉOÝ �lÉ ábÝ�É�ñ ¡M�OÝ  M� �G�lÝ  G�
î�Ý �G� ¡�ñOÝ�á æ ���bÝ  �î ���OÝòáG� ¡�ñOÝòáG� î�Ý  �É ¡M¡OÝmæ � ��¡OÝòñG�
ÉOÝ �G� ¡�áOÝ ��É �G��Ý<�b¡ �^æ4Ý �G� ¡�ÉOÝçælæ ÉbÝvîSæ ¡M�OÝ ¡:� ��¡OÝ\î8æ�b�OÝ �M� ¡�áOÝ  �É �G��Ýmæ�æ ���OÝ\î?� ��ñOÝ �G¡ ÉbÝvî � ¡ æ4Ý<�Sá ��¡OÝòÉG��b¡OÝ �M� ¡�ÉOÝ � æ �G��Ý�áM¡ �^æ4Ý �<æ �M OÝ  <æ  bÝ�áM¡ ¡�ñOÝmæ � ���OÝH�� �SñOÝ �M� ¡�ÉOÝ�ÉM� �G��Ývî � �^æ4Ýçæ�É æbî�ÝòÉG�  bÝ�ÉM¡ ¡�áOÝ ¡M� ���OÝH�<î¡M�OÝ �M� ¡M OÝ  M  �G��ÝvîY  �^æ4Ý �lÉ ñ�ÉOÝòásî  bÝ<�M� ¡�î�Ývî�É ���OÝH���¡�ñOÝ �M� �:�lÝ ¡M¡ �G��Ý�É�î �<î�Ý  lá á æ4Ý  G   bÝ  :� ¡M OÝ ¡M¡ ���OÝ ¡lÉ�M�OÝ �M� �:�lÝ�ñM� �G��Ý�É�É �<î�Ýòá<æ îY�OÝH�8ñ ÉbÝ<�SÉ ¡M OÝ  �É ���OÝ �G¡��ñOÝ �M� �:�lÝ�á�É �G��Ý�É�á �� OÝ  G� î�ÉOÝçælæ î�Ý ��î �M�OÝ�ñM¡ ��¡OÝ\î��

ß5áHv{Üã��� � ÛÃÝ�Þ
�OÝ ¡lá ¡M�OÝ �M¡ ábÝvî?¡ ���OÝH�8É �bÝ  lñ �bÝmæ � �SñOÝ ��á  OÝ\î?�¡OÝ �G� ¡M�OÝ ¡M   bÝ�ñsî ���OÝH�G� î�Ý�ÉG� �bÝ �M� �SÉOÝ  �î �G�lÝ  7��b�OÝ �M� ¡M OÝ�ñM� ��¡bÝ �M¡ �8ñOÝ\î?� � æ4ÝòáG   bÝ�ñ:� ¡�ñOÝ  M¡ �^æ4Ý ¡G ¡M�OÝ �M� �M¡OÝ �M� ��¡bÝ�ñ æ �8ÉOÝòá<æ ñ�áOÝòñlÉ ���OÝ  lÉ ¡M OÝ ��É �^æ4Ý ¡lÉ��ñOÝ �M� �M¡OÝ  M� ��¡bÝmæ � ¡lñOÝ ¡G� îSæ4Ýçælæ �G�lÝH�<î �:�lÝ �M� ���OÝ\î��

ß5áHv{Üã��� � Ùpá�Ý�Þ
��ñOÝ �M� ��î�Ý ¡�É ���bÝ�áM  ¡G�OÝòÉG  îY OÝòñlñ î�Ý<�b¡ ��ñOÝ�É:� �^æ4ÝòÉG¡

ß5áHv{Üã��� � Ù4Ü�Ý�Þ
¡OÝ �G� ¡M�OÝ�É�É  bÝ  lÉ ���OÝ ¡<æ î�Ý�ÉG� �bÝ ��É �b OÝ ��É ��¡OÝ �7�
ñOÝ �G� ¡�î�Ý  �á ��¡bÝ�ñ�î ���OÝ  lá �b OÝçæ�  ñbÝ�áM� ¡ æ4Ý<�Sá �^æ4Ý ¡G��b�OÝ �M� �M¡OÝvî�á ���bÝ  �î �8ñOÝ �G� ��ñOÝ ¡lñ ÉbÝ�ñ�á ¡M OÝ �M� �8ñOÝ\îlî�SñOÝ �M� ��ñOÝ�ÉM� �^æ�Ý<�SÉ �8ÉOÝ �lá æ�áOÝ  <æ ���OÝòñG� �M¡OÝ �M¡ �8áOÝ ¡lá¡M�OÝ �M� ��î�Ý�É�á �^æ�Ý<� î ¡G¡OÝçælæ ñ�ñOÝòñG� ��¡OÝ ¡lÉ � æ4Ý�áM� �8áOÝ �<æ¡�ñOÝ �M� ��ÉOÝ  M� �^æ�Ý ¡:� ¡G�OÝ\î?� á�ñOÝòÉ7� ���OÝòÉ<æ ��áOÝmæbî �8ñOÝ  G �M�OÝ �M� �M OÝ�á�ñ �^æ�Ý ¡M� ¡G�OÝ �G  î �lÝ\î É  bÝmæbî ��î�Ýmæbî �8ñOÝòÉsî��ñOÝ �M� æ �OÝ ¡ æ �^æ�Ý � æ ¡sî�Ýçæ�É î�ñOÝ  <æ  bÝmæâ� ��ÉOÝmæ � �8ñOÝòñlñ

ÙOvõáÚ��� � ÛÚÝ�Þ
ñOÝ �G� � î�Ý�ÉM¡ ÉbÝ�É7� ���OÝòñsî �M¡OÝ  G� æ�Ý�á�É � î�Ý<�b  ÉOÝ  7�¡M�OÝ �M� ¡M�OÝ �:�  bÝ �G  ¡7�lÝH�G� ÉM�OÝH��¡ ¡bÝ�á�î �b OÝ  M¡  OÝH���� æ4Ývî�ñ �b OÝ�á:�  bÝ<��� î�Ý\î É  M�OÝ ¡<æ �bÝ �M� �b OÝvî�ñ ÉOÝ  G�

ÙOvõáÚ��� � Ùpá!Ý�Þ
ñOÝ �G� �SÉOÝmæ ¡  bÝ �7� ���OÝòÉlá �M¡OÝ\î É æ�Ý�á:� � î�Ý�É�î  OÝ �7�¡M�OÝ �M� ¡:�lÝ�É�ñ  bÝ�ñG¡ ���OÝ �G� ÉM�OÝ �G� ��Ý  �É ¡:�lÝ�áM�  OÝòáG�



¡G�M¡G��Ö&Ö&�sê&��� v`� Ü Ñ�Ó × Ô å Ô?Ñ �&�Á×87Hå�æ Ó�Ñ/Ô �7Þé�:Ö Ô �&� Ñ � ËØÑ�Ô à Ë ß Ó�Ô ËØÒ Ö Ñ �7Ö�Þ Ó × Ô Ë è�× Ë Ý Ë Ô Ü Ñ ����Ö&� Ó�Ô à Ò Ö Ñ
� æ4Ývî�ñ ¡:�lÝ�á�É  bÝ �G� �� OÝ ¡lÉ  :�lÝçæ�ñ �bÝ �M� ¡:�lÝvî�î  OÝH�^æ
ÙOvõáÚ��� � Ù4Ü!Ý�Þ
�lÝ �G� �SñOÝ<�M� ábÝvî É ÉOÝ\î ñ ábÝ�ÉG� ¡bÝ ¡ æ �b�OÝ �M� î�ÝòálÉ¡OÝ �G� �SáOÝ �M� î�Ý�Élá  OÝòáG  �b�OÝòñlÉ �bÝ�ÉM� �>æ4Ývî�ñ ÉOÝçæOî
ñOÝ �G� �SÉOÝvîY�  bÝ�ñG�  OÝ\î?� �M�OÝ �lá æ�Ý�á:� � î�Ý  M�  OÝòñ<æ�b�OÝ �M� ¡:�lÝ ¡M   bÝ�Élñ ���OÝ ¡sî ñ æ4Ý ¡G  ñbÝ ¡�É ¡M�OÝ ��É ���OÝH�8É�SñOÝ �M� ¡M¡OÝmæ    bÝ�áG� ��¡OÝçæ�� á�î�Ý ¡sî ñbÝ �M� ¡:�lÝ�ñM  ���OÝH�8ñ¡M�OÝ �M� ¡M¡OÝ�ÉM�  bÝ�ñG� �^æ4Ý ¡G¡ î�î�Ý ¡7� �bÝ�á�î ¡M¡OÝ ¡�î  OÝ  7�¡�ñOÝ �M� ¡M¡OÝvî�ñ  bÝmæ�� ¡lÉOÝòÉlÉ ÉM¡OÝòá<æ ¡bÝ  M� ¡M¡OÝmæbî  OÝòásî�M�OÝ �M� ¡M¡OÝ�áM   bÝmæ�� �<î�Ý  <æ É�ÉOÝ �G  �bÝ �M� ¡M¡OÝ�áM   OÝ �lñ� æ4Ývî�ñ ¡M¡OÝmæ    bÝ �G� ���OÝ ¡lá  M�OÝçæ�á �bÝ �M� ¡M¡OÝ�ñ�á  OÝH�8á

ÙOvHÛ ��� � ÛÚÝ�Þ
�OÝ ¡lá �SáOÝmæ�æ ñbÝ  sî  OÝ �lñ ��Ý�áG¡ �bÝvîY  �b�OÝ<�Sá ÉOÝ �G��OÝòñG� �SáOÝ�É:� ábÝ  lñ  OÝòÉ<æ �bÝ �G  ��Ý ¡M¡ �>æ4Ý ¡�ñ ÉOÝçæ���lÝ �G� � î�Ý  �ñ î�Ý  lñ ���OÝòÉsî ábÝvî8æ ¡bÝmæ � �SñOÝ�ñM�  OÝ ¡G�¡OÝ �G� �b OÝ�ñ�î  bÝ �lÉ �G�lÝòÉG� �b�OÝòñlÉ �bÝ�É�É � î�Ý�ñ æ ���OÝ ¡G¡�OÝ �G� ¡M�OÝ�ÉM  ���bÝ ¡M� ��¡OÝ �sî ¡M�OÝH�<î æ�Ý  �ñ �b OÝ ��ñ ���OÝòÉlá
æ4Ý �G� ¡M¡OÝ �M¡ ���bÝ�á�á ��¡OÝòáG¡ ¡�áOÝ �7� ábÝ<�Sá ¡M�OÝ<�SÉ �G�lÝ �<æ
ñOÝ �G� ¡M�OÝ ��É ���bÝ�É�É ���OÝòÉlñ �M�OÝòÉ<æ î�Ýmæ   ¡:�lÝ<�SÉ �G�lÝòálñ
î�Ý �G� ¡ æ4Ý<�SÉ �G��Ý�á:� �G�lÝòÉG� æ ¡OÝ  lñ ñbÝ   æ ¡M¡OÝ  M¡ �G�lÝ  lá�b�OÝ �M� ¡�ñOÝ�ñ�É �G��Ý ��î ���OÝòÉG� ñM¡OÝòÉsî î�Ý  M� ¡ æ4Ý<�b� ��¡OÝ �7��SñOÝ �M� ¡�î�Ý<�SÉ �G��Ý�ñ�î �8ñOÝ ¡G� á�ÉOÝòáG¡ ñbÝ�ÉM� ¡�áOÝmæ�æ �G�lÝ  G¡¡M�OÝ �M� ¡�î�Ý�É�î �G��Ýmæ � �<î�ÝòñG¡ î�ÉOÝ �lá ñbÝ  �É ¡�î�Ý<�b¡ �G�lÝòÉG�¡�ñOÝ ¡M� ¡�î�Ý  �É �G��Ý ¡�á ¡G¡OÝçæp� É æ4Ý ¡lá ñbÝ ��ñ ¡�î�Ý�ñ æ �G�lÝòñsî�M�OÝ ¡M� ¡�î�Ý  M¡ �G��Ý ¡ æ ¡láOÝ  lÉ ÉM OÝ �G� æ�Ý ��á ¡�î�ÝvîSæ �G�lÝ �lÉ� æ4Ýmæ   ¡�î�Ý�É æ �G��Ý<�Sá �7�lÝ\îlî  :�lÝòá<æ �bÝvîSæ ¡�î�Ývî�î �G�lÝ ¡lñ

ÙOvHÛ ��� � Ùpá!Ý�Þ
¡M�OÝ �M� �M�OÝvî � �G��Ý  �ñ �8ÉOÝ �G  î�î�Ý\î?� ñbÝ  :� ¡M OÝ�É�á ��¡OÝòñG�¡ æ4Ý �M� �:�lÝ �M� �G��Ývî�á �<î�Ýçæ�á É æ4Ý �lñ æ�Ýmæ�É �M�OÝ � æ ��¡OÝ ¡G¡�M�OÝ �M� �:�lÝ �M¡ �G��Ý�á�á �G¡OÝ ¡sî É�ÉOÝ �<æ æ�Ý ��î �M�OÝvî�á �G�lÝòÉlÉ� æ4Ýmæ   �M�OÝ  �ñ �G��Ý�ñM  ¡lñOÝçæ�ñ  M¡OÝH�G� ¡bÝ<�Sñ �M�OÝ�É:� �G�lÝòálá
ÙOvHÛ ��� � Ù4Ü!Ý�Þ
�lÝ �G� � î�Ý�ñ�ñ ÉbÝmæ�ñ  OÝ �lÉ î�Ý �lá ��Ý�É:� �SñOÝ�ñ�ñ  OÝ ¡<æ¡OÝ �G� �b OÝ�É�É  bÝ�álá ��¡OÝ �<æ �b�OÝòálÉ æ�Ý ��î � î�Ý�ÉM  ���OÝçæ�É�OÝ �G� ¡:�lÝ�ñM� ���bÝ �M  ���OÝòñ<æ �b OÝòñlÉ ábÝ �M¡ �b OÝ ��î �G�lÝ ¡G¡
æ4Ý �G� ¡M¡OÝ�ÉM  �G��Ý<�M� ��¡OÝ\îlî ¡�ñOÝòÉG� ábÝ�ñ�á ¡M�OÝvî�É �G�lÝòÉG�
ñOÝ �G� ¡ æ4Ý ¡ æ �G��Ýmæ ¡ �8ñOÝH��� �M�OÝ �7� ÉbÝ ¡M¡ ¡M¡OÝ �M  ��¡OÝ ¡G¡
î�Ý �G� ¡�áOÝmæ�æ �G��Ý�áM  �8ÉOÝ �sî ��î�ÝòÉ<æ �G�lÝçæ�  ¡ æ4Ý �:� ��¡OÝòÉ7�
ÉOÝ �G� ¡�î�Ý ¡�É ��¡bÝmæ   ���OÝçæ�É æ�ñOÝ  sî î�Ý ��á ¡�ñOÝ�ñM  ���OÝH��¡



¡M�G�
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