
���������
	�������������������������� !#"%$�&'"
��(*)�+-,.!0/1(*)�+32������4�5	���67�98:�4(;�<2�=>�?)
@BA "
(;C.C A /���CDC>(*EF�G��(H2�=>�?)JILK�MF�4�N=D %�O)�2<P

QSR4Q�TVU.U�WNXZYV[]\_^a`cbD[<`ed�b.\_f]gih�jkR�lmW#\<XZY�[<\a^_`cbD[]`cdnbD\af]goh�pqR�pmd�W#rq`cdch�skROt�uvW#f�h�wxR4syT4h*tSR]zG`_h4skRO{�\af�|
}�~��>�y��lm�����y�y�����?~yY��>}��>�?Y��y�m�7������~��O�y��h;Q���pF�%����������~yY��>}7z
�]R;��dndDu�f�|#Un\af4h7pqRGjyW#�]�Vu�h7QSR �7R?l�`c`cbnW#r�W#f�h�~FR �NRGjy\a��UBXZYV[]\_^a`cbD[<`ed�b.\_f]gih

j�R*��R*�0Wa��^Vb.\_f4h*QkR;j�R*�*\#UDUD`cdD�_`e�v��hH�*R*��R*~�`cu�rq`edBhG��R;��R*Y����0TN��Un`LWafN��skR�{<��`cf�|NR
��~�l����y�y�����;}��D���y�y� �O�y����~��;}y��~Oz

}mRF���_`edn`oUDUchk�SR�Y�T���^a\_bD^�¡ah
�����O���?lm�¢���9w£�>�O�4�>��¤¥WafN��¤¦�y~Oz

¤§R��?\_r�W#f4h¨�*R�¤¦WadD^_\'©�u�Unªah
�H�*��~��>Q��«�>�y}��?~��y�;}��D�����y���y�y������~�Y��>}7z

�*RS�0W#u�f4h
�>�yQ��>�y�«�>��YV}��>}���}��3���¬}��7�7j������H�ml�z¨h?pF���y����~
��R��?�vWabDu�`ah���R��?dnW©�®¯\_dn��hy��R��NR�Y�`e`c��¡_h���R �?R7w£u�����u�War�b.\_f
¤¦��Y�Y��y�7jy��Y���}�}�Y£�>��YV}��>}��y}��3���%}����7jy�����*�ml�z

~FRS�yRkY�`e|_`e��h
����~*}�j�w°�7YV}���~��±�y��������~yYV�>}7z

Y�R�Q�u�`eUD`cdDuv���4hG��RHl��vWabD�NW#TNbnbD`edBh�~FROl�u���r�Waf4h*skR QkRH�auvW#f�|]hHl¨R�pmTNrk²NWad.Unªe^�uZhH~FR QkRH~�W#fNbD\arq`_h
~7��}�lm��~yY³�y��������~yYV�>}7z

{HR ´µ�yR�¤¶`eªcu�Waf�uZh
}���¤¦�?���·����������~yY��>}7z

�NR �*R?�?��`ef�h��yR?�?��TN��W#^_\'��h?QSR?lmWabD^a`c����h7�]R�l�\arq`cªah��NR ´.�SRGjyW#f]b.`cf4h
QSRyj�u�|au�f�²]\aUD�NWar¸hm��R wxR��V`��_Wa|a`edBhy�]R��4`B~�\_bD`ah

~FR�¤¶uv���NW#`c��bch�Y�R��yWafN��WNh7��R�~�`cu�Unªah���R�YVW#�]W�h���R�w�\a¹�UnbD`e^���\'©�bD^0u�h
}�jm��¤¦��Yº�_�?�*�H�?~yYN�����y�;}��D�����y�»�y���7���O��~��;}y��~��V�y�?�>�4�>}7z

��R ~FRkpmu�f�f�`e¡_h
���������?~yY��>}7z¼���������*��~��yQF�

�NRS~�W#�vb>Un\af4h
�y�y�����?~yY��>}7z½����pF����YV��Y

��R �NRS�?`cu�bD`ah
�y�y�����?~yY��>}7z½����¤¦�y~Ozm���y��Q

�]R¨�7W#�vW#d��o\]h
�y�y������~�Y��>}7z¾���9�y��w j��y¤¦�7YVj��>~y�

��RS��u�¡0W#fNWa|a`
���������?~yY��>}7z¿���J���>~�l��>���>�

À*Á_Â;ÃVÄ�Å9Æ�ÇaÈ�ÉcÊ0Ë�Ã'ÈkÅ9Æ�Ì<ÄkÍ>ÂiÉcÎnÏ>ÐÒÑcÊ0ÓOÉeÍ>ÂGÂ�Ó�Ó�Â�Ê'Ï>Ð�ÉcÔ�ÕaÍ>ÑBÖVÂ�Ó4Ñe×VÏ>Á0Â*Ï�Í.ÉcÊ_Ó�ÐØÏ>Ð�ÑcÊm×�Í>ÑcÙ
ÙFÂ�Ó�ÑcÊ_ÚÛÊ#Ü0Î�ÔÒÂ�ÑcÊ
Ë_Â�ÝeÍ>Â�Â�Ó7Ñe×O×�Í>Â�ÂiËaÑBÙ³Ï>ÑSÞ'Ü0ÉeÍ>ß'ÚÛÝBÔÒÜ0ÑcÊàË_Â�ÝeÍ>Â�Â�Ó7Ñe×O×�Í>Â�ÂiËaÑBÙ�Ð�ÊàÂnáaÎ�ÔÒÜ_Ó�Ð�âBÂyÕaÍ>Ñ'Î�Â�Ó�Ó�Â�Ó�ã�À*Á0ÂyÎnÍ>ÑBÓ�Ó7Ó�Â�ÎnÏ>ÐÒÑBÊ_Ó�Ñc×
Ï>Á0Â�Ó�ÂGÕ_Í>Ñ'ÎnÂ�Ó�Ó�Â�Ó;ÉoÍ>Â7ÉeÔ�Ó�Ñ�ÉBËaâBÉeÊ'Ï.ÉcÝBÂnÑBÜ0Ó�äB×vÑcÍ*Ð�Ê#âÂnÓµÏ>Ð�ÝBÉeÏ>ÐÒÑBÊ�Ñe×NÏ>Á_ÂGÑBÓ�Î�ÐÒÔÒÔ�ÉeÏ>ÑcÍ�åkÖVÂ�Á0ÉiâaÐÒÑeÍ*ÉoÍ>ÑBÜ0Ê0Ë�Ï>Á0Â�Þ'Ü�ÉoÍ>ß
Î�ÑBÜ_Ê#Ï>ÐÒÊ_Ý�ÕaÍ>ÂiË_ÐÒÎnÏ>ÐÒÑBÊNäaÓ�Ð�Ê_Î�Â7Ï>Á_ÂnåkË_Â�ÎDÍ>ÂiÉcÓ�Â7Í>ÂnÔ�ÉoÏ>ÐÒâÂ�ÔØåkÓ�Ô�ÑiæHÂnÍGæGÐÒÏ>ÁSÂ�Ê0ÂDÍ>Ýcå�Î�ÑcÙFÕ�ÉeÍ>Â�Ë�æGÐØÏ>Á¨ÑeÏ>Á0ÂnÍ*Õ0Á0ÑeÏ>ÑBÊaÚ
Ð�Ê0Ë_Ü_Î�ÂiË¸Õ_Í>Ñ'ÎnÂ�Ó�Ó�Â�Ó�ãèç¨ÑeÍ>Â�ÑoâÂnÍiä�Ï>Á0Â�Ó�ÂkÕ0Á_ÑcÏ>ÑcÍ>Â�ÉcÎnÏ>ÐÒÑBÊ_ÓmÐÒÊ¦ÊaÜ_Î�ÔÒÂ�Ð*ÎiÉeÊ¦ÖVÂSÜ_Ó�ÂiËLÏ>ÑàÓ�ÂiÉeÍ>Î.Áè×�ÑcÍmÏ>Á_Â�ÑBÊ0Ó�ÂDÏ
Ñc×�Þ'Ü�ÉeÊ#Ï>Ü_Ù�Î.Á_Í>ÑBÙFÑ#Ë#åaÊ�ÉcÙFÐÒÎ�Ó�éÛê�ëHì�í�Õ_Á0Â�Ê_ÑBÙFÂ�Ê0ÉSÓ�Ü0Î.Á¶ÉeÓ�Î�ÑcÔ�ÑeÍ�Ï�Í.ÉeÊ0Ó�Õ0ÉeÍ>Â�Ê_Înå¶ÉeÊ�ËLÊ#Ü0ÎnÔ�Â�ÉeÍyî�ÔØÏ>ÂnÍ>ÐÒÊ0Ý
Ânï�Â�ÎnÏ>Ó�ã�ðLÂkÕaÍ>ÑBÕVÑcÓ�ÂkÏ>Ñ�ÕVÂnÍ�×�ÑcÍ>ÙJÓ�ÐÒÊ0ÝBÔÒÂ�Ó�Ã'È�ÅñÆ Ì Ä�ÙFÂiÉcÓ�ÜaÍ>Â�ÙFÂ�Ê'Ï�×�Í>ÑcÙ�Á'å_ËaÍ>ÑcÝBÂ�ÊNä�ÉcÊ�Ë¸ÎnÑBÐÒÊ0Î�Ð�ËaÂ�Ê0Î�Â
ÃVÄqÅ9Æ�Ç_ÈkË_ÐØï�ÂnÍ>Â�Ê'Ï>Ð�ÉcÔVÎDÍ>ÑBÓ�Ó*Ó�Â�ÎDÏ>Ð�ÑcÊ�ÙFÂiÉcÓ�ÜaÍ>Â�ÙFÂ�Ê'Ï>ÓHÉoÏHÏ>Á_Â?Þ'Ü0ÉcÓ�ÐØÚ¯×�Í>Â�Â?ßaÐÒÊ_Â�Ù�ÉeÏ>ÐÒÎ�Ó4×�Í>ÑcÙ»Ë_ÂnÜ_Ï>ÂnÍ>ÐÒÜ0Ùqäò�ó7Â
ÉcÊ�ËõôZöië�×�ÑcÍ?Õ0Á0ÑeÏ>ÑBÊqÂnÊ0ÂnÍ>ÝcÐ�ÂnÓ?ÖVÂnÏZæ*Â�ÂnÊõ÷#ã ÷Bø�ù7Â�ú5Ï>Ñkø'ã û�ù7Â�ú°ÉeÏ?ÉmÎ�Â�Ê'Ï>ÂnÍ�ÚÛÑe×�ÚÛÙ�ÉcÓ�Ó�ÉcÊ_ÝBÔÒÂyÑc×�üBýBþ'ã*ÿaÂnâÂ�Ê
Ë_ÐØï�ÂnÍ>Â�Ê'ÏFÂ�Ê_ÂnÍ>ÝcåèÓ�ÂnÏ�Ï>ÐÒÊ_ÝBÓkÉeÍ>Â�Ê_Â�ÂiË_Â�ËèæGÁ0ÐÒÎ.Á�ÎiÉeÊ�ÖVÂ�ÉeÎDÁ_ÐÒÂ�âÂiË¦æGÐÒÏ>Á��LË_ÐØï�ÂnÍ>ÂnÊ#Ï�ÔÒÐÒÊ�ÉeÎ�Â�Ê0ÂDÍ>ÝBÐÒÂ�Ó�ã�À*Á0Â
Õ_Í>ÑBÕVÑcÓ�ÂiËàÙFÂiÉcÓ�ÜaÍ>Â�ÙFÂ�Ê'ÏGæGÐ�ÔÒÔ4ÖVÂ�Î�ÉeÍ�Í>ÐÒÂiËàÑBÜ_Ï7ÐÒÊ ó7ÉcÔÒÔ��£Ü0Ó�ÐÒÊ0ÝSÉ¨øeý����£Â�ÔÒÂ�ÎnÏ�Í>ÑcÊ ÖVÂ�ÉcÙ¬ÐÒÙFÕ_Ð�Ê_ÝBÐÒÊ0ÝkÑBÊõÉ
�	� Î�ÑBÕ_ÕVÂnÍ�Í.ÉBËaÐ�ÉeÏ>ÑcÍiä<É�Ô�Ð�Þ'Ü0Ð�Ë�Á'å_ËaÍ>ÑBÝcÂ�ÊõÉcÊ0ËõËaÂ�Ü_Ï>ÂDÍ>Ð�Ü_Ù�Ï.ÉoÍ>ÝBÂnÏiä]É�Á0ÐÒÝBÁõÕ_Í>ÂnÓ�Ó�Ü_Í>Â�Á_Â�ÔÒÐÒÜ0Ù�ÝÉcÓ�Ï.ÉoÍ>ÝBÂnÏiä]É
Ó�ÑBÔÒÐ�Ë¦ôZöiëºÏ.ÉoÍ>ÝBÂnÏiä]ÉcÊ0ËàÏ>Á_ÂyÏZæ*Ñkó�ÉeÔ�Ô
�£ó��7ÿ¨Ó�ÕVÂ�ÎnÏ�Í>ÑcÙFÂnÏ>ÂnÍ>Ó�ã�?Ü0Î�ÔÒÂiÉoÍ�Ï�Í.ÉcÊ_Ó�Õ�ÉeÍ>ÂnÊ0ÎnåàÑe×HÏ>Á0Â�ÃVÄ¸Å Æ4Ç0È
Õ_Í>Ñ'Î�Â�Ó�ÓG×�Í>ÑcÙ ò ó7Â�ÉcÊ0Ë ôZö ë�æGÐ�ÔÒÔ�ÖVÂ�ÙFÂ�ÉcÓ�Ü_Í>Â�ËNä_Ð�Ê¨Î�ÑBÊ��µÜ0Ê_ÎnÏ>ÐÒÑBÊqæGÐØÏ>Á�ÂnáaÕ0ÔÒÑeÍ>Ð�Ê_ÝmÏ>Á0Â�Ê#Ü0ÎnÔ�Â�ÉeÍ?Ë_Â�ÕVÂnÊ�Ë_ÂnÊ0Î�Â
Ñc×�Í.ÉoÏ>Á0ÂnÍ�Ù�åaÓµÏ>ÂnÍ>ÐÒÑcÜ0Ó;ÑBÓ�ÎnÐ�ÔÒÔ�ÉeÏ>ÐÒÑcÊ0Ó?æGÐØÏ>ÁqÂnÊ0ÂnÍ>ÝeåSÏ>Á0ÉeÏ;Ï>Á0Â�������yé Õ]ä ÷eÕ�íHÂnáaÕVÂnÍ>ÐÒÙFÂ�Ê'Ï>Ó*Á�ÉiâÂ7Ð�Ê0Ë_ÐÒÎiÉoÏ>ÂiËNã
�����������	� �"!$#&%('



�

�������	��
�����������
�����o��TNbDu��_`7[NdD\V�o`BbDbD`cb;WadD`�`BbDbD`ef0Unu�Wa��UD\�b.UDTN�Vu�`cb�\#®<UDd�W#fNbDu�UDu�\afNb*®¯dn\ar�UD��`yf�\afV´µ[<`edDUDT�dn²NW'Unu��_`7UD\F[<`edDUDT�dn²NW'Unu��_`�dD`c|au�rq`�\#®�tF�7QkR

}���`��Vu���`edn`ef0Unu�Wa�<�edD\0bDb?b.`B�iUDu�\af]b;®¯\ad7r�W#f�¡¨`����o��TNbDu��_`�dD`BWa�oUDu�\afNb�������W#U?��u�|a�à`cf�`edn|a¡qW#f]����WadD|_`�rq\arq`ef0UnT�r¬UDd�W#fNb.®¯`ed7W#[�[<`cWadGUD\
\a²<`e¡LUn��`�0TNWadD^¸�o\_T�f0UDu�f�|àdnT���`�� � ��R�}���`�0TNWadD^L�o\aTNf_Unu�fN|àdDTN��`S©7W_b�\adnu�|au�fNW#����¡ \a²VU�W#u�f�`c�¦²NWabD`c�¸\_f¦�Vu�rq`cfNb.u�\af]W#�*W#fNWa��¡VbDu�b�\a®
U>¡�[�uv�eW#��dn`ef�\_dDr�Wa��u�ªcWa²���`�UD��`c\adnu�`BbeR;}���`mbDWarq`�dnT���`y©�Wab7��W#UD`cd?\_²VUnWau�f�`B�àu�fLW¨bD��\adDU.´��Vuvb>U�W#fN�e`�[]`cd.UnT�dn²NW'Unu��_`FtF�7Q»W#[N[�dD\0Wa����²�¡
�7dD\V��bD^�¡SWafN���4`c[NW#|_`�� ����R;Q�`cbD[�u�Un`yr�W#f�¡¨b.TN�c�o`BbDbD`cbch_Wmrq\V�V`e��´µu�fN��`e[<`efN�V`cf0U�UD`Bb>U?\#®�UD�N`yW#[�[NdD\0Wa���4ha�cW#����`B�¨UD��`y�NWa�Vdn\afq��`c��uv�ou�U>¡
�o\_fNbD`edn�W#UDu�\af�dnT���`ahUn`efN��bHf�\aUOUn\�Wa|adn`e`?©�u�Un�¨��W#UnWyu�fSUD��`�bDu�rqu���WadO`cf�`edn|a¡FW#f]��rq\arq`ef0UnT�r³dn`e|au�\af�R4�µU;�NWabO²]`c`efqb.TN|a|a`Bb>Un`c�mUn�NW'U
�o\_f0UDdnu�²�T�UDu�\afNb�®¯dD\_r�f�\_f�ªe`cdD\õ[NW#dDUD\_f¶\adn²�u�U�W#�HW#f�|_T���Wad�rq\arq`ef0UnT�r¢�o\aTN���¶²NdD`BW#^ UD��`S�NWa�Vdn\af¶�N`e��u��eu�U>¡¶�o\_fNbD`edn�W#UDu�\af¸dnT���`��  !��h
W#��UD�N\aT�|_��UD��`Bb.`L�o\af0UndDu�²�TVUnu�\_fNb�W#dn`à[<\'©?`cdkbDT�[�[�dn`cbnb.`B��WabSb.��\'©�f�²�¡��4`c[NW#|_`õW#fN���7dn\V��b.^�¡"� �#��R¦��fºWa���Vu�UDu�\af§bD\arq`à\a®�UD��`
�odn\_bnb.´µbD`c�oUDu�\af���W'U�W¦�eWaf�W#�vbD\¦²]`L`��V[��vW#u�f�`B��u�f�UD`ednr�bk\a®�f�\af�´�[<`edDUDT�dn²NW#UDu��a`à�eWa���eT��vW'UDu�\af]b$� %&�µR�Y�\_rq`àdD`B�o`cf_Uq�V`e�_`e��\a[�rq`cf_U�beh
bDTN���§Wab�UD��` |a`efN`ed�W#��u�ªc`c���o\_T�f0UDu�f�|¦dnT���`õ[�dD\_[]\0b.`B��²0¡��_u�'�(	)+*-,.� /+�µhHUD��`L�V`ednu��'W#UDu�\af�\#®�Un��`��0TNWadD^0´��o\aTNf_Unu�fN|¶dDT���`�®¯dn\ar«UD��`
W#f0Unu�´��V`SY�u�U.Un`ed�0a�?\_fV®¯\adnr�W#�4�Hu�`c���è}���`e\_dD¡�XÛ�y�]Y10a�7�*}�g��e\adndD`Bb.[<\af]�V`efN�e`�� 2&��h�W#fN�LUn��`�r�Wa���Nu�f�`cdD¡õUD\õ�e\arq[�TVUn`�Un��`��NW_�VdD\_f�uv�
��u�|_�_U�®¯dn\af0U�©�W�a`�®¯T�fN�iUnu�\_fNb��V`c�a`e��\a[<`c�L²�¡õ�7dn\��Nb.^�¡3'�(.)#*-,4� 5+�µh��NW�_`y®¯\V�eTNb.`B�Lu�f0UD`cdD`Bb>U�²NW_��^à\af UD�Nu�b�bDT�²V¹>`B�iUBR
��fSdn`c�e`ef0UH¡_`cWadnbch#Wydn`efN`e©7`c�FUndD`cfN�S�NWabH²<`e`efq\_²Nb.`cdD�_`c�Fu�fq�V`eTVUn`edn\afS[���\#Un\#´��Vuvb.u�f0UD`e|_dnW#UDu�\af�`��V[]`cdDu�rq`ef0Unb;W#U;YV�O�y��WafN�S�0��Wa²

� 6+�4´��-� � ��R���fNb.`eU�\#®*UD��`�bn�eWa��u�f�|q²<`e�NW��u�\ad��NW_b�²]`c`ef¸\a²]b.`cdD�_`c� u�f¶�V`cTVUD`cdD\_fL[N��\#Un\#´��Vu�bDu�f_Un`e|_dnW#UDu�\af7�-�!�ah4� � �OW'UyW�bDT�dn[�dDuvbDu�f�|_��¡
��\'©³rq\arq`ef0UDTNr¢UDd�W#fNb.®¯`edm\a®��aR 8�XZl�`e�90'�Bg;:SUD\LUD�N`¨f�TN�e��`c\af4R¨j�\'©7`e�_`edBh�WL[<\a�vW#dnu�ªBW'Unu�\_f¦rq`cWabDT�dn`erq`ef0Um\af��V`eT�UD`edn\af�[���\aUD\#´
�Vuvb.u�f0UD`c|ad�W'UDu�\af<�-�=�+��h�dn`c�o`cf0UD��¡L�cW#dndDu�`c�¸\_TVU�u�f�j�W#���H�%W'U��_`���`ed�bD\af¦��Wa²�XÛ�0��Wa²]gih�bD��\'©�by��u�bnW#|_dD`c`erq`ef0U�©�u�UD�è�]Wa�Vdn\af¶��`c��uv�ou�U>¡
�o\_fNbD`edn�W#UDu�\af�u�f�Un��`�bDWarq`�^�u�fN`er�W'Unu��?dD`c|au�\af�©��N`edn`�Un��`>�0TNWadD^F�e\aT�f0UDu�f�|�²]`c�NW��u�\_dOuvb*W#[�[]W#dn`ef0UD��¡m\a²NbD`edn�a`B��R�}���`Bb.`7[NW#d�Wa��\&��`Bb
r�W#^_`�u�U�`cbnbD`ef0UDuvW#��Un\¨TNfN�V`ed�b.UnW#f]�àUn��`F`���Wa�oU�r¨`B���NW#fNu�bDr9|a\'�_`ednf�u�f�|kUn��`F`cWadD��¡�\af]b.`eU�\a®*bn�eWa��u�f�|¨²]`c�NW��u�\_dcR
}�\'©�W#d���b�UD��uvb�|a\0W#��h_u�U�u�b�u�rq[]\_d.U�W#f0U?Un\q��\�\a^à�e��\0b.`c��¡�W#U��e��Wau�r�b7\#®*W#|_dD`c`erq`ef0U?²<`oU>©7`e`cfõUn��`F�Vu-�<`cdD`cf_Unu�Wa���odn\_bnb?bD`c�oUDu�\af¸��W'U�W

W#f]�èUn��`?�0TNW#dn^è�e\aT�f0UDu�f�|¸[�dn`c�Vuv�iUnu�\_f4Ràj�uvb.UD\adnuv�eW#����¡ah�Un��`à`e�vWab.UDuv�¨[�dn\#UD\_fV´µ[�dD\aUD\_fºXA@�@<gmbn�eW#U.UD`cdDu�f�|¶W'UF��u�|a��`cf�`edn|a¡èWafN����WadD|_`
rq\arq`ef0UnT�r�UDd�W#fNb.®¯`ed��NWab�[��vW¡a`B�¦Wà�_`edn¡ u�rq[]\_d.U�W#f0U�dn\a��`aR���f¦®ÛW_�iUch<Un��`Sdn`o´�bn�eW#��`c�B6�8�CS�o`cf_Un`edD´�\a® ´�r�W_bDb�@�@è`c��W_b>Unu��SbD�cW'U.Un`ednu�fN|
��W#UnW�h>D&E;FHGJIG�K b.�N\'©9b.T�²]b>U�W#f0UDuvW#��\_bn�ou�����W#UDu�\afNb¨W#²<\aTVU¨UD�N`L[<\'©7`ed¨��W©9²<`e�]W�0u�\adBR���bD�eu����vW'UDu�\af]bSWadD`Lf�\#Uqdn`cb.UDdnu��oUD`c�§UD\�UD��`L@�@bD`c�iUn\ad�M7UD��`c¡�W#dn`¶W#�vb.\�b.`c`efºu�fONP@5�Q�V`c�5W#f�|_��`¶bn�eW#U.UD`cdDu�f�|O���= +�RM�UD��`¶\_���S���&%��yWabq©7`e����Wab¨Un��`¶f�`e©3��W'U�WT�-�&2&�kX ®¯dn\ar±�0��Wa²
`��V[<`ednu�rq`cf_U��U6# #´J�=8! 0g�\af�[���\#Un\¸[�dD\V�VT]�iUDu�\af�\#®����NW#dn|a`B�¦[�u�\af]behHW'U9V#WRX.YZ[6!8\CSWa��bD\¶b.�N\'©³��u�f_U�bF\#®7\_bn�ou����vW'Unu�\_f�Wa²]\_TVUFUD��`
D!]H^¨bD�cW#��u�fN|1M�bD`e`k®¯\adm`���W#rq[���`q�Ou�|NR_�_Rk}���TNbeh�u�UFu�b�`BbDbD`ef0UDuvW#�OUD\¸�o\_fV�Ndnr·W#fN�èr�W#[è\_TVUmUD��`Bb.`¨\_bn�ou�����W#UD\adn¡¸bD�cW#��u�f�| ²]`c�NW��u�\_dcR
�ybDu�f�|õ��u�|a�è��T�rqu�f�\_bDu�U>¡L`��V[]`cdDu�rq`ef0UnWa�4®ÛWa�eu���u�UDu�`cbmb.T]���¦WabF�7�����y�7h]UD��`Bb.`S\_bn�ou����vW'Un\adn¡ bn�eW#��u�f�|à²<`e�NW��u�\ad��cW#f¦²<`ku�f��a`Bb>Unu�|0W'UD`B�
©�u�UD�§bDu�|_f�u��<�eW#f0Un��¡�u�rq[�dn\'�a`B��[NdD`B�ouvb.u�\af4RL}���uvb�©�u����7W#�vb.\¶��`c��[�uv�V`cf_Unu�®¯¡�UD�N`à`���Wa�oU�fNW'UnT�dn`õW#fN��Un��`àT�fN��`edn��¡�u�f�|¦rq`c���NWaf�uvb.r
dn`cbD[]\_fNb.u�²���`�®¯\ad�UD�N`�bD�cW#��u�f�|¨²<`e�NW��u�\adBR
}���`m`ef�`cdD|_¡àW#fN�õf0T]�o��`cW#d��V`c[]`cfN�V`cfN�o`m\#®*b.T]��� \0bD�eu�����W#UD\_dD¡q²<`e�NW��u�\ad7u�b�Wa��bD\¨�edDT]�ouvW#��u�f UD�N`mbD`cWadn���õ®¯\ad�bDu�|_fNW'UnT�dD`Bb�\a®;tF�7Q

bDTN��� W_b�Un��`Ff�TN�o��`cWad��]��Un`ednu�f�|q`��<`B�iU�W#fN�¶�7}mRV�7¡��Nf�`c��¡àr�Wa[�[�u�f�|S\_TVU�UD��`mf�TN�e��`BW#d7UDd�W#fNbD[NWadD`cfN�o¡¨\'�a`cd�Un��`�bD�cW#��u�fN|kdn`e|au�\af u�U
bD��\aT��v�¦²<`q[]\0bDbDu�²���`SUD\ UD`Bb>U�UD�N`¨f�TN�e��`BW#d��N��UD`ednu�f�| `��<`B�iUFu�f�Wõf�`e©%dD`c|au�r¨`_RFw�`�Wa��bD\õf�\aUD`SUD�NW#UmUD��`SUDd�Wa�Vu�UDu�\af]W#����¡¶Wa�c�o`c[VUD`B�
` l��vW#TN²]`cd�W#[N[�dD\&�Vu�r�W'UDu�\afbaqr¨u�|a�0U�²]`kUD`cb.UD`B�¶u�f¶UD��`Bb.`SdD`BWa�oUDu�\afNby\af¦f�TN�e��`cuZRy}��N`kdn`c�o`cf0U�[���\aUD\a´�[�u�\af¶`��V[]`cdDu�rq`ef0USXÛ�U6# b�=8# �g
W#�vbD\L�e\a����`B�iUD`B�è��W#UnWL\afèUD��`�c<dTefN_]g@�[�dn\V�o`BbDb�u�f7hBj�`aRq}���uvbm©7W_byT]b.`B�¦Un\L`���UDd�Wa�iU�UD�N`SUndnWafNbD[NW#dn`efN�e¡¶WabmW ®¯T�fN�iUnu�\_f�\a®
rq\arq`ef0UnT�r9UndnWafNb>®¯`cdD`B� b��0TNW#dn`?i j�iV²0¡õUnWa^0u�f�|¨UD�N`kWa�c�o`e[�UnW#f]�o`F�o\_dDdn`c�oUD`c�õdnW#UDu�\q\#®*[�u�\_f¸[���\#Un\a[�dn\V�VTN�oUDu�\afL¡0u�`e�v� ®¯dD\_rkhBj�`mUD\
UD�N`à¡�u�`c����®¯dn\ar : j9WafN���o\_dDdn`c�oUD`c��®¯\_dFUD��`àUDd�W#fNbD[NW#dn`ef]�o¡¦\a® : j�RH}���`�UDd�W#f]b.[NWadD`cfN�o¡èdD`Bb.T���Unbkb.T�|_|a`Bb>U��V`c�0uvW'Unu�\_fNbm®¯dn\ar«UD��`
UDd�Wa��u�Unu�\_fNW#��f�TN�e��`BW#d�[���¡Vb.uv�eb�[�uv�iUnT�dn`?����5&��RG}��N`FdD`Bb.T���Unb�WadD`m�o\_fNbDu�b.UD`cf_U�©�u�UD�¦l��vW#T�²<`ed��cW#�v�oT��vW'Unu�\_fNb�©���uv��� u�fN�e��TN��`mUD��`StF�7Q
[���`cf�\arq`cf�\af \#®O�e\a��\ad?UDd�W#fNbD[NW#dn`ef]�o¡¸X��7}�giR�� �Nd�b>U�u�fN�Vuv�eW'Unu�\_fõ\a®*�7}7´���u�^a`y`��<`B�iU�u�fàUD�Nu�b�^�u�fN�à\a®�dD`BWa�oUDu�\afàuvb7u�f0UD`cdD`Bb>Unu�fN|SW#f]�
�eWa���vb7®¯\adyr¨\_dD`F��W#UnWq©�u�UD�¸u�r¨[NdD\'�_`c�Lb>U�W'UDuvb.UDuv�eW#��[�dD`B�ouvb.u�\af�XÛbD[<`c�ouvW#����¡ W'U�Un��`F��u�|a��`cd�rq\arq`ef0UnT�r9UndnWafNb>®¯`cdnb�gihNu�f¸\ad��V`cd�UD\�[�TVU
UD�N`cbD`ydn`cbDT���U�b�\_fõWF�]dDrq`ed?²NWabDuvbeR*}���`��_T]W#��u�U�W'UDu��a`yfNW'UnT�dD`�\#®�Un��`m�7}£`��<`B�iU7u�b7�Vd�W#r�W'Unu��cW#����¡q�Vu-�<`cdD`cf_U7®¯dn\ar¬f0T]�o��`cW#d��N��UD`ednu�f�|NR
��f�`¨©7W¡L\ad�UD�N`S\aUD��`cdch<UD�N`ef4h�Un��`¨`��V[]`cdDu�rq`ef0UnWa�O\_TVUn�e\arq`k\a®GUD�N`¨bn�eW#U.UD`cdDu�f�| \af¦Un��`¨f0T]�o��`cW#d�UnWadD|_`oU�b�uvb�`��V[]`B�iUD`B�¶Un\ ²<`S\a®
u�f_Un`edn`cb.U�UD\àW¨©�u���`�W#TN�Vu�`ef]�o`aR
��fFUD��uvbO`��V[]`cdDu�rq`ef0Uch'©7`G[�dn\a[<\_bD`;Un\�rq`cWabDT�dn`;UD�N`G�Q�V`c�V´µWaf�|a��`��odn\_bnb.´µbD`c�oUDu�\af GJIG�K ®¯\ad�UD��`l@OXmc_noNqpGg;dàW#fN�	dGXmc_noN_]1@�g�[�dn\V�o`cbnbD`cbcR��f¸[NW#dDUDuv�oTN��WadchV©7`F[��vW#fLUD\�r�W#[¸\_TVU�UD��`Fdn`e|_u�\_f \a®sr D�Z � R � %k´U��R  1�Fl�`e�³u�fL�Nf�`�b.UD`c[NbeR?w�`F©�u�����W#�vb.\qrq`cW_b.TNdD`�UD�N`�[���\aUD\#´

[�u�\afqUndnWafNb.[]W#dn`efN�e¡�©�u�Un��UD�N`tdGXmc_noN_]1@�g*[�dn\V�o`cbnb;\_fàW�hBjy`�UnWadD|_`oUG©�u�UD��u�r¨[NdD\'�_`c�qb>U�W'Unu�b.UDuv�eWa�N[�dn`c�eu�bDu�\_f4haTN[qUD\FUn��`���u�|a��`Bb>U�i j�i
Wa�c�o`BbDbDu�²N��`�W'U��0��Wa²4RH��fqW_���Vu�UDu�\af�©7`�©�u�����r�W#^_`7UD��`��]dnb.UG[���\aUD\#´µ[�u�\afSUDd�W#fNbD[NWadD`cfN�o¡�rq`BWabDT�dD`crq`ef0U;u�fqUn��`�bD�cW#��u�fN|FdD`c|au�\af¨©�u�Un�
UD�N`udGXmc_noN_]b@<g�[�dn\V�o`BbDb�\_f¦W�Eo:B�°UnWadD|_`oUcR�}���`kdD`Bb.\_��TVUnu�\_f¸\#®*UD��uvb�`��V[]`cdDu�rq`ef0Uyuvb�`���[<`c�oUD`B�¸UD\õ�e\afN�e��T]b.u��a`c��¡õUD`cb.U�UndnW_�Vu�Unu�\_fNW#�
f�TN�o��`cWad�rq\���`e�vbeh�WafN�¸�Vu�b.UDu�f�|_T�u�bD�L²]`eU>©?`c`ef¸�'W#dnu�\_TNb7r¨\V�V`c��b�²NWabD`c� \af¦tF�7Qxu�fõUn��`F[]`cd.UnT�dn²NW'Unu��_`�dn`e|_u�rq`_R
}���`m[�dD\_[]\0bDWa��²]\V�V¡àuvb�\adn|_Waf�u�ªe`c� Wab?®¯\a����\'©�u�f�|]RGY�`c�oUDu�\afL�.�?�e\af0UnWau�f]b�Un��`F[���¡Vb.uv�eb7rq\#Unu��'W#UDu�\afNb�\a®�UD�N`F[�dD\_[]\0b.`B�àrq`cW_b.TNdD`e´

rq`ef0Uch�YV`c�iUnu�\_f§�.�D�k�V`BbD�edDu�²]`Bb�Un��`õ[NdD\_[]\0b.`B��`��V[]`cdDu�rq`ef0Uch�YV`c�iUnu�\_f§�����e\af0UnWau�f]b�Un��`õ²<`cWar«Unu�rq`LdD`��0T�`cb.UchGY�`B�iUDu�\af��JU�W#��^�b
W#²<\aT�U�UD��`��e\a����Wa²]\_dnW#UDu�\afà²NW_��^�|adn\aT�fN�Nb7WafN� dD`Bb.[<\afNbDu�²�u���u�UDu�`cb�W#f]�LY�`B�iUnu�\_fL���?uvb7UD�N`�b.T�rqr�W#dn¡aR



�

0

1

2

3

4

5

2 4

γ p → π+ n (Θcm=90o)

s7 dσ
/d

t(1
07 Ge

V14
 n

b/
Ge

V2 )
World data
E94104

0

5

10

1 2 3

γ n → π- p (Θcm=90o)

√s (GeV)

����ù�ã�����À*Á_Â�Ó�ÎiÉeÔÒÂiË ËaÐØï�ÂnÍ>Â�Ê'Ï>Ð�ÉcÔ�ÎnÍ>ÑcÓ�Ó�Ó�Â�ÎnÏ>ÐÒÑBÊNä��	��
�

��
ÉcÓ�ÉF×vÜ_Ê0ÎnÏ>ÐÒÑBÊõÑc×�� �mÉoÏ�É�Î�Â�Ê'Ï>ÂnÍ�ÚÛÑc×�ÚZÙ�ÉeÓ�Ó�ÉcÊ_ÝBÔÒÂ�Ñe×;ücý þ ã�À*Á0Â�Ô�ÂD×�Ï�Õ0ÉcÊ0ÂnÔ�Ð�Ó?×vÑcÍ

Ï>Á0Â�ÃÈ¨Å3Æ Ì ÄLÎ.Á�ÉeÊ0Ê_Â�Ô<ÉeÊ�ËSÏ>Á_Â�Í>ÐÒÝBÁ'Ï7Õ0ÉcÊ_Â�Ô]ÐÒÓG×vÑeÍ7Ï>Á0Â�Ã�ÄàÅ�Æ Ç È�Î.Á�ÉeÊ0Ê0ÂnÔ¯ãHÀ*Á0Â�Ó�ÑcÔ�Ð�Ë�Î�ÜaÍ>âÂ�ÐÒÓ7É�î_Ï�Ö�ÉcÓ�Â�ËqÑBÊ¨Ï>Á_Â�Ï�æ*ÑeÚÛÎ�ÑBÙFÕVÑcÊ0Â�Ê'Ï
ÙFÑ#Ë_ÂnÔ�� �����¯ã4À*Á0Â*ÑcÕVÂ�Ê�ÓµåaÙ�ÖVÑBÔÒÓ4ÉeÍ>ÂGË_ÉeÏ.É�×�Í>ÑBÙ°ËaÐÒï�ÂDÍ>Â�Ê'Ï4ÂnáaÕVÂnÍ>ÐÒÙFÂ�Ê'Ï>Ó<ÔÒÐÒÓµÏ>ÂiË�ÐÒÊ���� � ��ÉeÊ�ËyÏ>Á_ÂHÓ�ÑcÔ�Ð�Ë�ÓµåaÙ�ÖVÑBÔÒÓ4ÉeÍ>ÂGË_ÉeÏ.É�×�Í>ÑBÙ���ü��Bý�������� ���¯ã

!#"�$&%b���'%)( �����*,+ �������-%

�/.10�2�3 453 687�093�/.:6;0�3 450;<B�=6�>57-?10;@<�'2 AB4C>C>5?�3 45.:0;2

}���`��o\af]b>Unu�UnT�`ef0U��o\_T�f0UDu�f�|mdDTN��`�[�dn`c�Vuv�iU�bHUD��`�`cf�`edn|a¡���`e[<`efN�V`cfN�o`�\a®NUn��`��Vu-�<`cdD`cf_Unu�Wa���odn\_bnb*b.`B�iUDu�\afqW'U*�Q�V`B�S�e`ef0UD`cd.´µ\#® ´µr�Wabnb
W#fN|a��`�®¯\_d�W#fL`����o��TNbDu��_`�U>©?\a´�²<\V�V¡àdn`cWa�oUDu�\afLW'U���u�|a�¸`ef�`cdD|_¡àW#fN�L�vW#dn|a`�rq\arq`ef0UDTNr9UDd�W#f]b>®¯`cd�Wab?®¯\a����\'©�b�D

E�FHGIE jsZKJ�X V+WRXmg G D�L ]H: n X;�Bg
©���`cdD`DSW#f]� j�WadD`�UD��`k¤èW#fN�V`c��b.UnWar��'WadDuvW#²���`cbchHDkuvb�UD�N`Sb��_T]W#dn`F\#®*UD��`kUD\aUnW#�O`ef�`cdD|_¡õu�f¸UD��`¨�o`cf_Un`edD´�\a® ´�r�W_bDb7®¯d�W#rq`kWafN� j�u�b
UD�N`�r¨\_rq`ef0UDT�r�UDd�W#fNb.®¯`edGb��0TNW#dn`c�Su�fSUn��`�D����]W#f�f�`c�ZR*}���`t�0TNWaf_Unu�U>¡ud uvb*UD�N`�UD\#U�W#��f�T�rS²]`cd;\#®�`e��`erq`ef0U�W#dn¡F�N`e�v��b;u�f¨UD��`�u�f�u�UDuvW#�
W#f]���NfNWa��b>U�W'UD`Bbeh�©���u���`'JOX V#WRXmg?��`e[<`efN��b7\_f �V`eUnW#u��vb?\a®4UD�N`��V¡�fNWarqu��cb?\a®4UD�N`�[NdD\V�o`BbDbcRH��fàUD�N`m�cWabD`y\a®�[�u�\afõ[N��\#Un\a[�dn\V�VTN�iUnu�\_f
®¯dn\ar9W¨f�TN�o��`e\_fàUnWadD|_`oUBh_Un��`	�0TNW#dn^��o\_T�f0UDu�f�|SdnT���`m[�dD`B�Vuv�iUnb�WLD!]H^mbn�eW#��u�f�|S²<`e�]W�0u�\ad?®¯\ad GJIG�K W'U�W��1��`B� �e`ef0UD`cd.´µ\#® ´µr�Wabnb?Waf�|a��`aR}���`	�0TNWadD^L�o\aTNf_Unu�fN|¨dnT���`F©7W_b�\adnu�|au�fNW#����¡�\_²VUnWau�fN`c�L²NWabD`c�L\_f¸��u�rq`ef]b.u�\afNWa��W#f]W#��¡�bDuvb�T�fN�V`cd�UD��`SWabnb.T�rq[VUnu�\_fNb7UD�]W'U�Un��`�\afN��¡
bn�eW#��`cb7u�fõUn��`Fb.¡Vb.UD`cr9W#dn`�rq\arq`cf_U�WSWafN�õUD�NW#U��e\arq[<\_bDu�Un`��NW_�Vdn\afNb��eWafõ²<`mdD`c[���W_�o`B�à²�¡à[<\au�f_UD´���u�^a`m�o\af]b>Unu�UnT�`ef0UnbcR*��rq[���uv�ou�U�u�f
UD�N`cbD`�WabnbDT�rq[VUDu�\afNb�u�bGUD��`�W#[�[NdD\&�Vu�rqW#UDu�\af¨UD�]W'U�Un��`��e��W_bDb�\#®4�VuvW#|_dnWarqbcha©��Nu����àdn`e[NdD`Bb.`cf_UG\_fV´�b.��`c���]u�f]�V`e[<`efN��`ef0U�bn�eW#U.Un`ednu�f�|F\a®
[NWau�d�b*\#®4�o\_fNb.UDu�UDT�`cf_U �0TNWadD^Vb�XZ��W#f]��b.�N\#� �VuvW#|_dnWar�bng>�-�=6&�µh_�cW#fq²]`yf�`e|_��`B�iUD`B��R*���vb.\Ff�`c|a��`c�oUD`c�¨©7`edn`��o\af0UndDu�²�TVUnu�\_fNbH®¯dD\_r �0TNWadD^
\adn²�u�UnWa�0Waf�|aT��vW#dHrq\arq`ef0UnT�r¸h'©���u����¨W#dn`�[<\'©?`cdHbDT�[�[NdD`BbDbD`c�F²NTVUG�eW#fS|au��a`?dDuvb.`�UD\��NWa��dD\_f���`e��uv�ou�U>¡'MNu�[N[�u�fN|mWarq[���u�UDT]�V`cbcRO}���`Bb.`
�o\_T�f0UDu�f�|�dDT���`cbH©7`edn`7Wa��bD\m�o\af��NdDrq`B��©�u�UD��u�fkUn��`�®¯d�W#rq`e©7\adn^�\a®][<`edDUDT�dn²NW#UDu��a`�tF�7Q£W#fNWa��¡VbDu�bOT�[SUD\FWy��\a|0W#dnu�Un��rqu���®ÛWa�oUD\_dH\a®;N Y
W#f]�õW#dn`�²]`c��u�`e�_`c��Un\S²<`m�'W#��u�� W'U���u�|_� `cf�`edn|a¡_h_u�f UD��`m[<`edDUDT�dn²NW'Unu��_`mtF�7Q»dn`e|_u�\_f4R*YVTN��� WafNW#��¡Vb.uvb�dn`e��u�`cb7\afõUD��`�®ÛWa�oUD\_dDu�ªcW#UDu�\af
\#®<UD�N`�`����o��TNbDu��_`�[�dD\V�e`cbnb*u�f0UD\�Wm�]W#d��Sbn�eW#U.UD`cdDu�f�|FW#rq[���u�UDTN�V`�W#fN�qWFbD\#® U �0TNW#dn^kWar¨[N��u�UDTN��`�u�f]b.uv�V`�UD�N`��NWa��dD\_f4R���f¨UD�N`���W_b>U;®¯`c©
¡a`BW#d�b?Waf Wa����´�\_dn��`ed�b?�V`crq\afNb.UDd�W'Unu�\_fà\#®OUD��`F�o\_T�f0UDu�f�|¨dDT���`cb?®¯\_d7�]W#d��à`����e��TNbDu��a`�[�dD\V�e`cbnb.`Bb��NW_b7²]`c`ef¶b.�N\'©�f�UD\�W#dnuvb.`y®¯dD\_r UD��`
�o\_dDdn`cbD[<\afN�V`cfN�o`m²<`oU>©7`e`cf Un��`kWaf_Unu�´��V`kY�u�U.Un`ed�b.[NW_�o`�WafN�¸�o\af�®¯\adnrqWa���N`e�v�LUD�N`e\adn¡7� 2��O©���u����¦�e\af�fN`c�iU�b�bDT�[]`cdnb.UDdnu�f�|qUD��`c\adn¡�UD\
bDT�[]`cdn�e\afV®¯\_dDr�Wa�_|0W#T�|_`�Un��`e\_dD¡_RO����UD�N\aT�|_�SUn��` �0TNW#dn^��o\_T�f0UDu�f�|�dnT���`�W#|adn`e`Bb�©�u�UD����W#UnWy®¯dD\_r�W��WadDu�`oU>¡k\#®]`����o��TNb.u��a`7[�dn\V�o`cbnbD`cbch
UD�N`�\#Un��`ed�f]W'UDTNdnWa���o\_fNb.`��0T�`efN�e`F\#®*[<tF�7QOD�UD�N`���`e��uv�ou�U>¡L�e\afNbD`edn�'W'UDu�\af¸bD`e��`c�iUnu�\_f¸dDT���`ahNUD`cfN��b�f�\aU�UD\ W#|adn`e`m©�u�UD�¦��W#UnWqu�f¸UD��`
`��V[<`ednu�rq`cf_U�W#����¡¦UD`cb.UD`B��dD`c|au�\af4R�jyW_�Vdn\af���`e��u��eu�U>¡��o\_fNb.`cdD�'W#UDu�\af�W#dnu�bD`cb�®¯dn\ar �0TNWadD^¦�N`e��u��eu�U>¡��o\af]b.`cdD�'W'Unu�\_f�W#U���u�|_��`cf�`edn|au�`cb



 

W#f]�¸UD��`S�a`B�iUD\_d�|a��T�\_fV´R�0TNWadD^L�o\_T�[���u�f�|õfNW'UnT�dD`S\#®7tF�7Q%W#fN�¶²�¡¸f�`c|a��`c�iUnu�fN|�UD��`S��u�|a��`cdy\adn²�u�UnWa�OW#fN|aT��vW#d�r¨\_rq`ef0UDT�r¢b.UnW#UD`cb
\#®s�0TNWadD^Vb�\_d�|a��T�\af]b�u�f¶�NWa�Vdn\af]beR�}���`kbnW#rq`k��u�rq`ef]b.u�\afNWa��W#f]W#��¡�bDuvb�©���uv���¶[�dD`B�Vuv�iUnb�UD��`��0TNW#dn^ �e\aT�f0UDu�f�|�dnT���`kW#�vb.\�[NdD`B�Vu��oUnb
�NW_�VdD\_fõ��`c��uv�ou�U>¡ �e\afNbD`edn�'W'Unu�\_fà®¯\ad�`��V�e��T]b.u��a`m[�dn\V�o`cbnbD`cb�W'U���u�|a�L`ef�`cdD|_¡õW#f]�õ�vW#dn|a`�rq\arq`ef0UDTNr UDd�W#fNb.®¯`ed�bcRH�µ®*�NW_�VdD\_fõ��`c��uv�ou�U>¡
�o\_fNbD`edn�W#UDu�\af���\_���Nbeh;Un��`Lu�fN��TN�o`B��[<\a�vW#dnu�ªBW'Unu�\_f�\#®�Un��` dn`c�e\au��?[NdD\aUD\af�u�f�UD��`¸T�f�[<\a�vW#dnu�ªe`c���V`eTVUn`edn\af§[N��\#Un\#´��Vu�bDu�f_Un`e|_dnW#UDu�\af
[�dn\V�o`cbnb�u�b�`��V[]`B�iUn`c��UD\¸²<`�ªe`edn\NR���[<\a�vW#dnu�ªBW'Unu�\_fèrq`cW_b.T�dn`erq`cf_U?�-�=�&�?u�f��V`cTVUD`cdD\_f�[��N\#UD\a´µ��u�bDu�f0Un`e|ad�W'Unu�\_f¦�NW_bF²]`c`ef��eWadDdnu�`c�
\aT�UydD`B�o`cf_Un��¡ ²�¡àUD�N`k�_�OW#²¶� 5�6'´ 8Q��6S�e\a����Wa²]\_dnW#UDu�\af4RGw£�Nu���`FUD�N`�u�f]�VTN�o`B�¸[]\_��WadDu�ªcW#UDu�\af¸�V\�`cb�b.`c`er9Un\õW#[N[�dD\0Wa���Lªe`cdD\�W#dn\aTNfN�
W�[��N\#UD\_f¶`ef�`cdD|_¡õ\a®.�_R 8àl�`c��W'U�6!8\CF�o`cf_Un`edD´�\a® ´�r�W_bDb�Waf�|a��`ahNUD��`�[<\a�vW#dnu�ªcW'Unu�\_fLUDd�W#fNb.®¯`edy�NW'UnWõW#dn`Fu�fN�e\afNbDuvb>Un`ef0Uy©�u�UD�¶�NW_�VdD\_f
��`c��uv�ou�U>¡ �e\afNbD`edn�'W'UDu�\af�R
}���`F`ef0UDu�dn`mbDT�²V¹>`B�iU�uvb��a`edn¡õ�e\af0UDdn\'�a`cdnbDu�Wa�ZR��>b.|_T�d�W#fN�¸�4��`e©7`e����¡0f�´�Y�rqu�UD� � %+��W#dn|aT�`�UD�]W'U�u�®OUn��`Ff�TN�o��`e\_f ©�W�a`e´Z®¯T�f]�iUDu�\af �NWab

bDu�|_f�u��<�eW#f0U*b>UndD`cf�|#Un�kW'UH��\'©�UndnWafNb.�_`ed�b.`U�_T]W#dn^�rq\arq`cf_U�WkX����?gihUD�N`ef�Un��`7�NW#d��F|a��T�\_f�`������NWaf�|a`�X¯`cbnbD`ef0UDuvW#�_UD\yUD��`7[]`cd.UnT�dn²NW'Unu��_`
W#[N[�dD\0Wa���]g7©��Nu����¶dn`c�Vuvb.UDdnu�²�T�UD`cb�UD��`kUDd�W#fNb.®¯`edn`c�¸rq\_r¨`cf0UDT�r�W#rq\afN|�UD��`�_T]W#dn^�bchNuvb�fN\õ��\af�|_`ed�dn`=�0T�u�dD`B��R�}���`SWa[�[���u��cW#²�u���u�U>¡
\#®4[<`edDUDTNdD²NW#UDu��a`yUD`c���Nf�u �0T�`Bb?W#U�Un��`cbD`���\'©:rq\arq`ef0UDTNr�UDd�W#fNb.®¯`ed�bGuvb�u�f bD`ednu�\aTNbU�_TN`cb.UDu�\af4R;}���`cdD`�W#dn`�f�\S��`o�Nf�u�UDu��a`mW#f]b.©7`ed�b*UD\
UD�N` �0T�`Bb>Unu�\_fV´����1)+(	��
�(��Q'u'�H'������(�����'�
����#*��?)#(���������� �"!$#&%'�J)(*)�')+���H*,� '��.-S��fN�V`e`B��Un��`�`���Wa�iU7rq`c���NWaf�u�bDr�|a\'�_`ednf�u�fN|FUD��`
\a²]b.`cdD�_`c�$�0TNWadD^à�e\aT�f0Unu�f�|qdnT���`F²]`c�NW��u�\_d7dn`er�Wau�fNb�W¨rS¡�b.UD`cdD¡_R;}��0T]behVu�U�u�by�odnTN�ouvW#��Un\qWa��bD\q��\�\_^q®¯\ad�\#Un��`ed�tF�7Q�b.u�|afNW#UDT�dn`cbcR
��[NWad.UF®¯dn\ar¢Un��`�`cWadD��¡¦\_fNb.`eUF\#®�bD�cW#��u�f�|¸W#f]�èUn��`à�VuvbDWa|adn`e`cr¨`cf0U�©�u�UD���NW_�Vdn\afè�N`e��u��eu�U>¡��o\af]b.`cdD�'W'Unu�\_fèdnT���`ahObD`e�_`ed�W#�*\#Un��`ed

b.UDdnu�^�u�f�|¸[���`efN\arq`efNW¸�]W�a`q²]`c`ef�\_²Nb.`cdD�_`c�èu�fB@�@�`e�vWab.UDuv�¨bn�eW#U.Un`ednu�f�|]RL��f�`àbDTN����[���`cf�\arq`ef]W uvbmUn��`à\_bn�ou�����W#UDu�\af�\#®7UD��`õ��u�® ´
®¯`edn`ef0Unu�Wa�O�odn\_bnb.´µbD`c�oUDu�\af¸W#²<\aTVU�UD��`¨bD�cW#��u�f�|�²<`e�]W�0u�\ady[�dD`B�Vuv�iUD`B�¶²�¡õUn��`�0TNWadD^¸�o\_T�f0UDu�f�|àdnT���`õX D!] E;F�®¯\_d @�@èbD�cW'UDUD`ednu�f�|0goh��Nd�b>U
[<\au�f_Un`c��\aT�U�²0¡�j�`ef]�VdD¡"� � 8&��u�fO�=6\2#��R�Y�`c�e\afN����¡_h4UD�N`àb.[�u�f��o\_dDdn`e�vW'Unu�\_fè`��V[<`ednu�rq`cf_U�u�f @!@�bn�eW'UDUD`cdDu�f�|L�Nd�b>U��eWadDdnu�`c��\aTVU�W'U
��dn|a\_f�f�`S²0¡è�?d�W#²�²"'�(�)#*-,?� � ���*bD��\'©�b�b>UndDu�^�u�f�| ²]`c�NW��u�\_d�D�u�U�uvb0/  àUnu�rq`cb�rq\adn`k��u�^a`e��¡L®¯\ad�[�dn\#UD\_fNbyUD\¸bD�cW'U.Un`ed�©���`efèUD��`cu�d
bD[�u�f]b?WadD`�²]\aUD�à[NWadnWa����`e�<W#fN�õf�\adnr�W#�NUD\�Un��`mbD�cW'U.Un`ednu�fN|�[��vW#f�`yUD�NWafõ©���`cf�UD��`c¡àW#dn`yW#f0Unu�´µ[NW#d�W#����`e��h_W'U?UD��`��vW#dn|a`cb.U�rq\arq`cf_UnT�r
UDd�W#f]b>®¯`cdnbSXA@21 : Z %�3 8�6¦XZl�`c��0#�cg : h V#W�4 X54 Z 6!8 C goRm�OW'Un`edmb.[�u�fV´��o\_dDdn`e�vW'Unu�\_fL`��V[]`cdDu�rq`ef0Unb�� ��� �G�o\_fV�NdnrJUn��`S`BW#dn��¡¸\_²Nb.`cdD�'W#UDu�\af
²�¡¸�?d�W#²�²<'�(.)#*-,�� � ���*W#fN�¸bD��\'©?`B�àUn�NW'UyUD��`�bD[�u�f¦�o\adndn`e�vW'UDu�\af7658989XÛ|au��a`ef¸²�¡ I;:�<>= <�? ] I;:@<A= B�?I;:�<>= <�? p I;:@<A= B�? g��'W#dnu�`Bb�©�u�UD�¸`ef�`cdD|_¡ Wa²]\_TVU�UD��`[<tF�7Q¬[�dn`c�Vuv�iUnu�\_f4Rm}���`e\_dD`eUDuv�eW#�Hu�f_Un`edn[�dn`oUnW#UDu�\af¶\a®GUD��uvb�\_bn�ou����vW'Un\adn¡ ²<`e�]W�0u�\ad�\#®;Un��`�bD�cW#��`c�¶�odn\_bnb.´µbD`c�oUDu�\af§X D+E;F GJIG�K g�W#fN�¦UD��`b.UDdnu�^�u�f�|õbD[�u�f�´µ�e\adndD`c��W#UDu�\af¸u�f$@!@�bn�eW#U.Un`ednu�f�|�©�Wab�W'UDUD`erq[VUn`c�è²0¡¶�7dn\��Nb.^�¡ah��7W#dn��bD\af�h]W#f]�¦�4u�[�^�u�fT� � �&�H©�u�UD�Nu�fèUD��`k®¯dnWar¨`c©?\_dD^
\#®q�0TNWaf_UnT�r�����dD\_rq\���¡0f]W#rqu�� �0TNWadD^¨W#fN�q|_��TN\af�u�f_Un`ed�Wa�oUDu�\afNbch#©���`cdD`�u�f0UD`cd.®¯`cdD`cfN�o`�²<`oU>©7`e`cf��NW#d��¨[<tF�7Q�b.��\_d.UD´µ��u�b.UnWafN�o`�W#f]�
��\af�|a´µ�Vuvb.UnW#f]�o`FXÛ�OW#fN��bD��\!�GgGW#rq[���u�UnTN�V`cb�©7W_b;�VuvbD�eTNbDbD`c�¨®¯\_d;UD�N`��Ndnb.UGUnu�rq`aR;}���`��OW#fN�Nb.��\!� W#rq[���u�UDTN�V`�W#dnu�bD`cb;�VTN`�UD\�rST���UDu�[���`
u�fN�V`e[<`ef]�V`ef0Ukbn�eW'UDUD`cdDu�f�|¸²]`eU>©?`c`ef �0TNW#dn^¦[NWau�d�b�u�f��Vu-�<`cdD`cf0U��NWa�Vdn\af]beRq����UD��\_T�|a��`BWa����bD�cW'U.Un`ednu�fN| [�dn\V�o`BbDb�uvbFu�U�b.`c��®�W¸b.�N\adDU
�Vuvb>U�W#fN�e`?[NdD\V�o`BbDbch#�Vu-�<`cdD`cf0UHu�fN�V`c[]`cfN�V`ef0UGbn�eW'UDUD`cdDu�f�|_bH�eWafk²<`7®ÛW#d;W#[NWad.UBh��u�rqu�Un`c�S\af���¡F²�¡mUD��`��NW_�VdD\_fkbDu�ªc`aR*¤¶\adn`e\'�_`edBhc|_��T�\_f�uv�
d�Wa�VuvW'Unu��_`k�o\_dDdn`c�oUDu�\afNb�|_u��_`�dnu�bD`FUD\LW�[��NW_b.`kUD\õUD��uvb�Warq[���u�UDT]�V`k©���uv���¦uvb��cW#�v�oT��vW#²N��`�u�fè[�tF�7Q � �  +�µR�}��Nu�b�`���`c�oU�uvby²<`e��u�`c�a`B�
UD\S²]`�W#fNWa��\_|a\_TNb*UD\kUD��`m�o\_T���\ark²�´�f�TN�e��`BW#d;u�f_Un`edD®¯`edn`efN�e`�Un�NW'U7u�b?\a²NbD`edn�a`B�¨u�f ��\'©�´µ`ef�`cdD|_¡k���NWadD|_`c��´µ[NW#dDUDuv�o��`�bn�eW'UDUD`cdDu�f�|NRH�µU?©�Wab
W#�vbD\LbD��\'©�f¦Un�NW'U�W#Umrq`B�Vu�TNr·`ef�`cdD|_u�`Bb�UD��uvbm[��NW_b.`¶XÛWafN�èUD��TNb�UD�N`¨\0bD�eu����vW'UDu�\af<g�uvbm`ef�`cdD|_¡¦�V`e[<`ef]�V`ef0U?� � %��µh4©���u���`�²<`c�e\arqu�fN|
`efN`edn|a¡�u�fN�V`e[<`ef]�V`ef0U�W#U�W_b.¡�rq[VUn\#UDuv�eWa����¡à��u�|a�L`efN`edn|au�`cb9� � %��µh4� � /&�µR
��Wab.UD��¡ah��7W#dndn\a���l'�( )#*-,t� � 2��<dn`e[<\adDUD`B�¨UD��`mW#f�\_r�W#��\aTNb;`cf�`edn|a¡q�V`c[]`cfN�V`ef]�o`y\a®4f�TN�o��`cWadGUDd�W#f]b.[NWadD`cfN�o¡k®¯dD\_r�Un��`��_T]WabDu�´µ`e�vWab.UDuv�

�kXÛ[4h � []gk[�dn\��e`cbnb�DSUD�N` f�TN�e��`BW#d�UndnWafNbD[NW#dn`efN�e¡¦�Nd�b.USdnu�bD`cb�®¯\a����\'©7`c��²�¡�Wè�V`B�odn`cWabD`aR�}���u�bSu�f_UndDu�|aTNu�f�|èdD`Bb.T���US©�WabS�o\_fV�Ndnr¨`B�
dn`c�o`cf0UD��¡�W#Uq�7dn\�\a^��NW�a`cf � � 5&��©�u�Un�ºu�rq[�dn\'�a`c�§`��V[]`cdDu�rq`ef0UnWa��Un`c����fNu �0T�`Lu�f5©���uv���§Un��`õ�]fNW#��´µb.UnW#UD` ©7W_b¨�e\arq[���`oUn`e��¡�dn`c�e\afV´
b.UDdnTN�iUn`c��Ry~yW#�vb>Un\af¦W#f]�¶�Gu�dD`$� � 6+�H`���[N��Wau�f�`B�LUD��`k®¯dD`c`�@�@¦\_bn�ou����vW'Un\adn¡õ²<`e�NW��u�\ad�u�f¶Un��`Sbn�eWa��`B�¶�Vu���`edn`ef0Unu�Wa�O�odn\_bnb�bD`c�oUDu�\af¦W#f]�
UD�N`m�SX¯[4h � [<g�f�TN�e��`BW#d?UDd�W#fNbD[NWadD`cfN�o¡qdn`cbDT���U�b7TNb.u�f�|SUD��`�uv�V`cW_b?\a®Ou�f0UD`edD®¯`edn`ef]�o`y²<`oU>©7`e`cfõUn��`mb.��\_d.UD´µ��u�b.UnWafN�o`�W#fN� ��\_f�|#´��Vuvb>U�W#fN�e`
W#rq[���u�UDTN�V`Bb�W#f]�àUn��`StF�7Qxf�TN�o��`cWad7�N��Un`ednu�fN|�`���`c�iUBR?�7W#dn��bD\af�h��?�]Wa����^���T�fNW_b.����u���u�h�WafN�¸¤¶¡���dn`ed9� ��8&���NW�_`�Wa��bD\�W#[�[N��u�`c�¸bDTN���
W#f�u�f0UD`cd.®¯`cdD`cfN�o`õ�e\afN�e`e[VUkUD\¶Un��`u@�@�bD�cW'UDUD`ednu�f�|¦W#fN���]W�a`�`��V[��vW#u�f�`B��UD��`@!@§[<\a�vW#dnu�ªBW'Unu�\_f��NW'UnWNR¸w£��u���`ahG�7dn\V��b.^�¡�W#fN���V`
}O`ed�W#rq\afN�7�  \8&���o�vW#u�rq`c�õUD�NW#U�UD��`Fb.UDdnTN�iUnT�dn`mbD`e`cf u�fBD&E;F GJIG�K XA@!@$e @!@<goh�UD��`C6D8�8xbD[�u�f¶�o\adndn`e�vW'UDu�\af W'U�r DD/ %Sl�`c�9XÛW#dn\aTNfN�
�o`cf0UD`edD´µ\#® ´µrqW_bDb�W#fN|a��`S\a®>6!8\CegL� � ���µh � ��� ��hOW#fN�èUD��`E6SXA@ln � @�gyUDd�W#fNbD[NW#dn`ef]�o¡¸dD`Bb.TN��U��eWafè²<`àW'UDUDdnu�²�T�UD`c�èUD\GF�HFJI2I E IKI E dn`cbD\af]W#f0U
b.UnW'Un`cbcR;}���`m\a[<`ef�u�f�|¨\#®4Un��u�b����]W#f�f�`c��|au��a`cb7dnu�bD`�Un\�W#f Warq[���u�UDT]�V`m©�u�Un�LWS[��NW_b.`mb.�Nu�® U�bDu�rqu���Wad?Un\kUn�NW'U�[�dn`c��u��oUD`c�õ®¯\ad�|_��T�\_f�uv�
d�Wa�VuvW'Unu��_`��e\adndD`B�iUDu�\af]beR
�£f�T�rk²<`edG\a®<fN`e©£�V`e�_`e��\a[�rq`cf_U�b*�NW�a`�|_`ef�`cdnW#UD`B�kdn`ef�`c©?`B�¨u�f0UD`cdD`Bb>UGu�f¨UD��uvb;Un\a[�uv�#RG{<�NWa\�W#fN�à�?��\_bD`	� �1���N�NW�_`�W#dn|aT�`B��Un�NW'U

WS²�dD`BW#^V�V\'©�f�u�fõUn��`m��\V�cW#��u�U>¡q\#® �_T]W#dn^_´µ�NW_�VdD\_fà�VTNWa��u�U>¡¦XÛ�VTN²�²]`B�¸Wab ` dn`cb.UDdnu��oUD`c�à��\V�eWa��u�U>¡Pa�\a® �0TNW#dn^0´��]Wa�Vdn\af��VTNWa��u�U>¡�g?dD`Bb.T���Unb
u�f�\_bn�ou����vW'Unu�\_fNb;W#dn\aT�f]�kUn��`ybn�eWa��u�f�|��oTNdD�_`cb*[�dn`c�Vuv�iUn`c�q²�¡�Un��`y�e\aT�f0UDu�f�|FdnT���`aR;}���`e¡S`��V[��vW#u�f¨UD�NW#UGUD��`�b.rq\�\#Un��²]`c�NW��u�\_d;\#®�UD��`
bn�eW#��u�f�|¸��W©�b�WadDuvbD`q��T�`õ�V`Bb>UndDTN�oUDu��a`�u�f0UD`edD®¯`edn`ef]�o`q²]`eU>©?`c`ef��'W#dnu�\aTNbmu�f0UD`ednrq`c�VuvW'Un`�dD`Bb.\_fNW#f]�o`�b>U�W'Un`cbFu�f�`����o��TNbDu��_`�[�dD\V�e`cbnb.`Bb
W'U���u�|_�¦`efN`edn|au�`cbchN��\'©7`e�_`ed�W'U���\'©7`edy`ef�`cdD|_u�`Bb�UD��uvb��eW#f]�o`e���vW'UDu�\af¦��T�`�Un\õ�V`cb.UDdnTN�oUDu��a`�u�f0UD`edD®¯`edn`ef]�o`�²�dn`cWa^Vb��V\'©�f¶��\��cW#����¡¸W#f]�
|au��a`Bb¨dDuvb.` UD\�\0bD�eu����vW'UDu�\af]bSWa²]\_TVUqUD��`¦bDrq\0\aUD�5²]`c�NW��u�\_dcR£��f�Un��`¶\#Un��`edq�NWafN��h��auu'�()#*-, � /&���]W�a`¸�V`ednu��_`c�5W�|a`efN`ed�W#��u�ªc`c�
�o\_T�f0UDu�f�|qdDTN��`m²NW_b.`B�õ\_f [<tF�7QxWafNW#��¡Vb.uvbch0²�¡õbD¡Vb>Un`er�W'Unu��cW#����¡õ`ef�T�rq`ed�W'Unu�f�|SUD�N`���\V��^õ�o\_rq[]\_f�`ef0Unb�\a®HW¨�NW_�VdD\_f�uv�y��u�|_�0U.´��o\afN`
©�W�a`�®¯T�fN�oUDu�\af4R;}���`cu�d?|a`cf�`ed�W#��u�ªc`c�¨�o\_T�f0UDu�f�|�dnT���`�®¯\ad��]W#d��S`����o��TNb.u��a`�[NdD\V�o`BbDbD`cbGu�fN�e��T]�V`y[NWad.Un\afq\adn²�u�UnWa�NW#f�|_T��vW#dGrq\arq`cf_UnT�r
W#f]�¶�NWa��dD\_fL�N`e��u��eu�U>¡ MNu�[4h<UD��TNb�UD��`c¡L[NdD\'��uv�V`FUD�N`Sbn�eW#��u�f�|à²<`e�NW��u�\ad�\a®;UD��`S��`e��u��eu�U>¡ MNu�[�[�u�f�|LW#rq[���u�UnTN�V`cbcRy}���`Su�f0Un`edD®¯`edn`efN�e`
²<`oU>©7`e`ef°UD��`��Vu-�<`cdD`cf_U¸��`c��uv�ou�U>¡ MNu�[�W#fN�°f�\afV´ MNu�[ W#rq[���u�UDTN�V`BbL\#��`ed�bõW§fN`e©·rq`c���]W#f�uvb.r¾Un\�`��V[��vW#u�f£Un��`�\0bD�eu����vW'UDu�\af]bàu�f
UD�N`èbD�cW#��u�fN|§�odn\_bnb>´�b.`B�iUnu�\_fNbqW#fN�£bD[�u�f°�o\adndn`e�vW'UDu�\af]beR �7dn\V��b.^�¡ '�(�)+*-,�� 5&���NW�a`¶TNbD`c�5Un��`èWaf_Unu�´��V`èY�u�U.Un`ed�0a�?\_fV®¯\adnr�W#�y�Hu�`e�v�
}���`c\adn¡õ�o\_dDdn`cbD[]\_fN�V`cfN�o`�\ad�b.UDdnu�f�|P0|0W#T�|_`��VTNWa��u�U>¡7� 2=�4Un\à�o\_r¨[NTVUD`mUn��`F�NWa��dD\_f�u�����u�|_�_U�®¯dn\af0U�©�W�a`�®¯T�fN�iUnu�\_fNb�`��VW_�iUn��¡õWafN�Lu�U



%

0

2

4

6

8

10

2 3 4
ln(s)

(a)

0

0.2

0.4

0.6

0.8

1

10 20 30
s(GeV2)

A
N

N (c)

0

2

4

6

8

10

2 3 4
ln(s)

Full
hel. flip (s-11)
hel. flip (s-12)

(b)

s10
dσ

/d
t (

10
14

nb
ar

n 
G

eV
18

/c
2 )

x100

0

0.2

0.4

0.6

0.8

1

10 20 30
s(GeV2)

A
N

N

Full
pQCD

(d)

����ù�ã'÷I�Hé¯Éí4À*Á0Â*î0Ï4Ï>Ñ;ÈÈ�Ó�ÎiÉeÏ�Ï>ÂnÍ>ÐÒÊ_Ý�Ë0ÉeÏ.É�ÉoÏ���������üBý þ Ñc× �?ÉcÔÒÓµÏ>ÑBÊ�ÉeÊ�Ë	�4ÐØÍ>Â � ÷eü��¯ã;é ÖVí���ÐØÏHÀ*Á0Â;Ó>ÉcÙFÂGË_ÉeÏ.É7æGÁ_Â�Ê�Ï>Á0Â;Á_Â�ÔÒÐÒÎ�ÐØÏ�å�
�ÐÒÕ0Õ_Ð�Ê_Ý
ÉcÙFÕ_ÔÒÐÒÏ>Ü0Ë_Â�Ó�ÉoÍ>Â�ÐÒÊ0ÎnÔ�Ü0Ë_ÂiË�ãGÀ*Á0Â�Ó�ÑcÔ�Ð�Ë�ÔÒÐÒÊ0Â�ÐÒÓ?Ï>Á0Â�î_Ï?Í>ÂnÓ�Ü0ÔØÏiä�Ï>Á0Â�ËaÑcÏ�Ï>ÂiËqÔÒÐÒÊ0Â�ÐÒÓ7ÎnÑBÊ'Ï�Í>ÐÒÖ0Ü_Ï>ÐÒÑcÊq×�Í>ÑBÙ³Ï>Á0Â�Á_Â�ÔÒÐÒÎ�ÐØÏ�å�
0ÐÒÕqÏ>ÂnÍ>Ù� � Ç<ô�ô ä_Ï>Á0Â
Ë_ÑeÏ�ÚZË0ÉcÓ�Á_ÂiË ÔÒÐÒÊ0Â�ÐÒÓ�Î�ÑBÊ'Ï�Í>ÐÒÖ0ÜaÏ>ÐÒÑBÊL×�Í>ÑBÙ Ï>Á0ÂmÁ_Â�ÔÒÐÒÎ�ÐØÏ�å�
0ÐÒÕ Ï>ÂnÍ>Ù� �BÇ<ôZöcãSÀ*Á_Â� �BÇ]ôZö�Î�ÑBÊ'Ï�Í>ÐÒÖ0ÜaÏ>Ð�ÑcÊ¸Á�ÉeÓ�ÖVÂ�Â�Ê¸Ù�Ü0ÔØÏ>ÐÒÕ0ÔÒÐÒÂiË Ö'å �iýcý¨×vÑcÍ
Ë_ÐÒÓ�Õ_Ô�É�å Õ0ÜaÍ>ÕVÑBÓ�Â�Ó�ãLé Îoí�À*Á0Âmî0Ï�Ï>Ñ������ ×�Í>ÑBÙ9ÕVÑBÔ�ÉoÍ>Ð��nÂiË�ÈÈ¸Ó�ÎiÉoÏ�Ï>ÂnÍ>ÐÒÊ0ÝàË0ÉoÏ.É�ÉeÏ�� ��� �xücý þ Ñe×?ë*ÉeÍ>ÔÒÓ�ÑBÊ������! �" � �Bý��¯ãLé¯Ë�í#��ÐØÏyÏ>ÑSÏ>Á0Â
Ó>ÉcÙFÂ?Ë0ÉoÏ.É�æGÁ0Â�ÊFÏ>Á0Â�Á0ÂnÔ�ÐÒÎ�ÐØÏZå	
�ÐÒÕ�ÉcÙFÕ_ÔÒÐÒÏ>Ü0Ë_Â�ÓHÉeÍ>Â�ÐÒÊ0Î�ÔÒÜ�ËaÂiËNã�À*Á0Â�ÎnÍ>ÑBÓ�ÓµÚÛÓ�Â�ÎnÏ>ÐÒÑcÊqË0ÉoÏ.É�ÉeÍ>Â?×�Í>ÑBÙ �?Ân×Zã:� �ø��VÉcÊ�ËmÏ>Á_Â�� ��� Ë0ÉoÏ.É�ÉoÍ>Â�×�Í>ÑBÙ
��Ân×�ã8� ÷I�ä�÷B÷��¯ã

¡�u�`c���NbyW#f¶`��0T�u��'Wa��`cf_U�|a`cf�`ed�W#��u�ªc`c�¸�o\_T�f0UDu�f�|àdnT���`�©�u�Un��\aT�UyUD�N`kTNbD`�\#®G[<`edDUDTNdD²NW#UDu��a`mUn��`e\_dD¡_R���fèWq®¯T�dDUD��`cd�Un`cb.U�\#®;Un��`cbD`�f�`c©
W#[N[�dD\0Wa����`Bbeh*�eWa���eT��vW'UDu�\af]bF\#®�Un��` f�TN�e��`c\af�®¯\_dDr¨®ÛWa�oUD\_dnbFu�fN�e��TN��u�f�| �0TNW#dn^è\_dD²Nu�U�W#�?Waf�|aTN��Wadkrq\arq`ef0UnT�r u�f§[�tF�7Q � � � ��W#f]�
UD�N\_bD`q�e\arq[�TVUn`c�è®¯dD\_r¢��u�|a�0UD´Z®¯dn\af0Um�NWa�Vdn\af��V¡�fNW#rquv�ebL� 5+�G²<\#UD��bD`e`er·UD\L`��V[��vW#u�fèUn��` E#%$ ®ÛW#����´�\!��\a®�Un��`q[�dD\aUD\_f¦®¯\adnr¨®ÛWa�oUD\add�W'UDu�\Nh'&)(yX+*9:Bg G &-,�X�*9:cgoh�rq`cWabDT�dn`c� dD`B�o`cf_Un��¡ W'U��_�OW#²Lu�f¸[<\a�vW#dnu�ªBW'Unu�\_fàUDd�W#f]b>®¯`cd�`��V[]`cdDu�rq`ef0Unb9� �!�+��R
��f�W_���Vu�UDu�\af�UD\LUD�N`cbD`¨fN`e©��V`e�_`e��\a[�rq`ef0U�beh�©7`q�NW�a`¨`���W#rqu�f�`c�"� �# +�GUn��`�dn\a��`S\a®�UD�N`���`e��u��eu�U>¡ MNu�[N[�u�fN|¦W#rq[���u�UnTN�V`cbmu�f�UD��`

\_bn�ou�����W#UD\adn¡§bn�eW#��u�f�|�²<`e�]W�0u�\adq\a®>@�@:bn�eW#U.Un`ednu�f�|�WafN�§Un��`¶\_bn�ou�����W#UDu�\afNb¨u�fºUn��`¦bD[�u�f£�e\adndD`c��W#UDu�\afNbS\a²NbD`edn�a`B�§u�f:[]\_��WadDu�ªe`B�3@�@
bn�eW'UDUD`cdDu�f�|NR¸w�`àf�\aUDuv�o`c��Un�NW'U�¹>TNb.USTNbDu�fN|¶UD��` ��W#f]��b.�N\#�5Warq[���u�UDT]�V` WafN��u�U�b�u�f0UD`edD®¯`edn`ef]�o`�©�u�UD��Un��` bD��\adDUk�Vuvb>U�W#fN�e`�UD`cdDr¸h
®ÛW#u��vb�UD\��V`BbD�edDu�²]`mUn��`���W#UnWqW'U���\'© `cf�`edn|au�`cbmX D/. ��8�l�`e��:giR7Y�u�f]�o`mUD�N`���W#f]��b.�N\#�èW#rq[���u�UDTN�V`Fuvb�`���[<`c�oUD`B�õUn\�²]`�bDu�|af�u��]�eWaf0U
\afN��¡àW#U7��u�|a�õ`ef�`cdD|_u�`Bbeh�u�U7uvb7f�\#U�T�f�dn`cW_b.\_fNW#²���`�Un�NW'U�UD�N`�Wa²]\'�_`�®¯\adnr�W#��u�bDr �V\�`cb7f�\aU��V`BbD�edDu�²<`�UD�N`m�NW'UnWSW'U���\'© `ef�`cdD|_u�`BbeRHw�`
TNbD`c�èUD��`�|_`ef�`cdnWa��u�ªe`B�è�e\aT�f0UDu�f�|¸dnT���`q\a®7�_u�'�(�)+*-,U� /#�;UD\¸\a²�UnW#u�f�UD��`àbn�eWa��u�f�|L²]`c�NW��u�\_d�\a®�Un��`���`e��uv�ou�U>¡ MNu�[�[�u�f�|¦W#rq[���u�UnTN�V`BbeR
��T�d7f�`e©°��U�� �# #��u�fN�e��TN��u�f�|kUD��`���`c��uv�ou�U>¡&MNu�[ W#rq[���u�UDTN�V`Bb��V`cbn�odnu�²<`cb�UD�N`�bn�eWa��`B�à�odn\_bnb>´�bD`c�iUnu�\_f�Wab?©?`c����WabGUD��`mbD[�u�f�´µ�e\adndD`c��W#UDu�\af
��W#UnW rkTN����²]`eU.Un`ed�bD[]`B�ouvW#����¡¦W#U�Un��`q��\'©�`ef�`cdD|_u�`BbcXZ�Ou�|NR � giRS}��N`¨�N`e��u��eu�U>¡ MNu�[�W#rq[���u�UnTN�V`cbFWadDuvbDu�f�| ®¯dn\ar�UD�N`¨[]W#dDUD\af�\adn²�u�UnW#�
W#fN|aT��vW#d�rq\arq`ef0UDTNr W#dn`kf�\_fV´µf�`e|_��u�|au�²���`S©���`cf¦Un��`q[NW#dDUD\_f¦UDd�W#f]b.�_`ed�b.`�rq\_r¨`cf0UDT�r �cW#f�f�\#UF²<`¨fN`e|a��`c�oUD`B�è�o\_rq[NW#dn`c�è©�u�Un�
UD�N`FU>¡�[�u��cW#��rq\arq`cf_UnT�r�bD�cW#��`�u�fLUD��`k`����o��TNbDu��_`�[NdD\V�o`BbDbD`cbcRG�7U�dn`e�vW'UDu��a`c��¡õ��\'©�`ef�`cdD|_u�`Bb?UD��uvb�uvb��o`cd.U�W#u�f���¡�UD��`S�eWabD`ah�WafN� UD��TNb
\afN`õ©7\aT��v��`��V[<`c�oUSUn��`¸��`e��u��eu�U>¡ MNu�[ºWarq[���u�UDT]�V`cbSUD\�²<`LW�b.u�|af�u��]�cW#f0U¨�e\af0UDdnu�²NTVUDu�\af�Un\¦Un��`¶�odn\_bnb>´�b.`B�iUnu�\_f�W#US��\'© `ef�`cdD|_u�`BbeR
¤¶\_dD`c\'�a`edBh�Un��`à|a`cf�`ed�W#��u�ªe`c���e\aT�f0UDu�f�|¦dnT���`�\#®��_u '�(9)#*-,¶[NdD`B�Vu��oUnbSW¸rkTN����®ÛW_b>Un`ed�®ÛWa����´µ\#��©�u�UD�§`cf�`edn|a¡è®¯\adFUn��`õ�N`e��u��eu�U>¡ MNu�[
W#rq[���u�UDTN�V`BbSW_b�`���[<`c�oUD`B��R��yf�`���War¨u�fNW#UDu�\af�\#®�Un��`õ`��V[���uv�ou�U¨�e\af0UDdnu�²�TVUDu�\af§®¯dD\_r Un��` �Vu-��`edn`ef0U¨War¨[N��u�UDTN��`cbqb.�N\'©%Un�NW'USUD��`
��`c��uv�ou�U>¡ M]u�[èWarq[���u�UDT]�V`cb�W#fN�¸Un��`eu�dyu�f0UD`cd.®¯`cdD`cfN�o`�WadD`�u�fN�V`c`c�B�0T�u�UD`¨b.u�|af�u��]�cW#f0UyW'U���\'©�`ef�`cdD|_u�`Bb�W#f]�¸��`e��[è�V`BbD�edDu�²]`�UD��`¨��W'U�W
W'U���\'© `cf�`edn|au�`cbcRG~�`Bb.T���Unb�®¯dD\_r9\aTNd���UnbyW#dn`mbD��\'©�fLu�f¦�Hu�|NR � R�}���`Bb.`�WadD`m�a`cdD¡õ[�dD\_rqu�bDu�fN|¨dn`cbDT���Unb�WafN�¸b.��\_T��v� ²<`�`��VWarqu�f�`B�
®¯\ad�\aUD��`cd�dD`BWa�oUDu�\afNbcR
�µU*©�WabH[�dn`e��u�\aTNbD��¡�Un��\aTN|a�0U*UD�NW#UHUn��`�\_bn�ou����vW'Un\adn¡	D&E;FHGJIG�K ®¯`cW#UDT�dn`?uvb*T�f�u �0T�`7UD\.@!@qbn�eW'UDUD`cdDu�f�|�\adHUD\��NWa��dD\_fku�fN�VTN�e`c�S`����o��TNbDu��_`[�dn\V�o`cbnbD`cbcRºj�\'©7`e�_`edBh;u�U��NW_bq²]`c`ef:b.TN|a|a`Bb>Un`c�§UD�NW#Uõb.u�rqu��vW#dq\_bn�ou�����W#UDu�\afNb¨b.�N\aT��v��\V�c�oT�d�u�f5��`eTVUn`edn\af�[N��\#Un\#´��Vu�bDu�f_Un`e|_dnW#UDu�\af

� �!/&�µh7WafN�º[���\#Un\#´µ[�u�\af5[�dD\V�VT]�iUDu�\af]b�W'U���WadD|_`LWaf�|a��`cb � �\2=�µR°}���`ètF�7Q¢dn`o´�bD�cW'UDUD`ednu�f�|��cW#�v�oT��vW'Unu�\_fº\a®yUD�N`¦�V`eTVUn`edn\af5[���\aUD\#´
�Vuvb.u�f0UD`c|ad�W'UDu�\afk[�dD\V�e`cbnb�²�¡���d�W#fN^_®¯TNd.UBha¤¶u�����`edBhaYVW#dn|_bDuvW#fkWafN�SY0UndDu�^�r�W#f�� �!/+��[�dD`B�Vuv�iUnbOUn�NW'U*UD�N`�W_���Vu�UDu�\afNWa�_`cf�`edn|a¡���`e[<`efN�V`cfN�o`



/

\#®]UD��`���u���`edn`ef0UDuvW#�]�odn\_bnb>´�b.`B�iUnu�\_f4h²]`c¡a\af]��Un��`�D+E E GJIG�K bn�eWa��u�f�|mW#dnu�bD`cbH[�dnu�r�WadDu���¡�®¯dD\_rxUD��` d�� @qbn�eW#U.Un`ednu�f�|mu�fkUn��`��NfNWa�Nb.UnW'Un`aRH�µ®UD�N`cbD`G[�dn`c�Vuv�iUnu�\_fNb�W#dn`G�o\_dDdn`c�oUchcbDTN���m\_bn�ou�����W#UD\adn¡�²<`e�NW��u�\ad�r�W¡y²<`�W�|_`ef�`cdnWa�®¯`cW'UnT�dn`;\#®V��u�|a�m`ef�`cdD|_¡�`����e��TNbDu��a`;[���\aUD\_dD`BWa�iUnu�\_fNbcR
}���TNb�u�U�u�b��_`edn¡�u�rq[<\adDUnWaf_U�Un\q`��V[]`cdDu�rq`ef0UnWa����¡õbD`cWadn���õ®¯\ad�UD�N`cbD`F\_bn�ou����vW'Unu�\_fNb7u�f¸[���\aUD\_dD`BWa�iUnu�\_fNbcR
�NW#dnd�W#dBhOY0UD`cdDr�Waf�WafN�§{<�NW#fN|<� ��5&���NW�_`qbD��\'©�f�UD�]W'UFUD�N`õ��WafN��bD��\#���e\af0UDdnu�²NTVUDu�\afNbkW#dn`qbDT�[�[NdD`BbDbD`c��W'U���`cW_�Vu�fN|#´µ\ad��V`edmu�f

�vW#dn|a`o´�W#fN|a��`F[���\#Un\a[�dn\V�VTN�oUDu�\af¦²�T�U�Un��`e¡¦�cW#fè�e\af0UDdnu�²�TVUD`qW'UFbDT�²���`cWa��u�f�| \ad��V`ed�u�f E# Wab�[]\_u�f0UD`B�¦\_TVU�²�¡¸Un��`¨bnW#rq`¨W#TVUn��\ad�beR��fè[NdDu�fN�ou�[���`ah�Un��`OMNTN�iUnTNW'Unu�\_f�\a®?W [���\#Un\af�u�f0UD\¸W � H� u�fèUD��`qu�f�u�UDuvW#�;b>U�W'Un`¨�cW#f�Wa��bD\ �e\af0UDdnu�²�TVUD`qW#f�u�f]�V`e[<`efN��`ef0U�bD�cW'U.Un`ednu�fN|W#rq[���u�UDTN�V`�W'U?bDT�²V´µ��`BWa�Vu�f�|F\_dn�V`cdcRHj�\'©7`e�_`edBh'UD��`y�a`c�oUD\_d.´µrq`cbD\afS��\arqu�f]W#fN�e`y�Vu-�<d�Wa�oUDu��a`�rq`c���NWaf�uvb.r%u�b?W#��dD`BWa�V¡kbDT�[�[NdD`BbDbD`c�¨u�f
�a`B�iUn\adGrq`cbD\af�[N��\#Un\a[�dn\V�VTN�iUnu�\_f�W'U��vW#dn|a`��'W#��T�`BbG\#® j � �!6&�µR���fqUD��`�\aUD��`cd��NWafN��bDTN����u�f]�V`e[<`efN��`ef0U7bn�eW#U.UD`cdDu�f�|�War¨[N��u�UDTN��`��eWaf
�o\_f0UDdnu�²�T�UD`Fu�f¸UD��`F�]fNW#�Hb>U�W'UD`Fu�®Grq\adn`�UD�NWaf¶\af�`��]Wa�Vdn\afL`��Vuvb>Uyu�f¸UD�N`F�NfNWa��b>U�W'Un`ahN©��Nu����¶uvb�UD�N`k�eW_b.`m®¯\_d�²]\aUD�¶Un��`k�V`cTVUD`cdD\_f
[���\aUD\a´µ�VuvbDu�f0UD`c|ad�W'Unu�\_f§W#fN��f0T]�o��`e\af�[���\#Un\#´µ[�u�\af�[NdD\V�VTN�oUDu�\af§dn`cW_�iUnu�\_fNbeR�}���TNbch�W#fºT�fNWark²�u�|aT�\_TNbS\a²NbD`edn�'W'UDu�\af�\#®�bDTN����Waf
\_bn�ou�����W#UD\adn¡à²<`e�NW��u�\ad�u�f¶`����e��TNbDu��a`F[���\aUD\_dD`BWa�iUnu�\_fNb�©�u�UD�¦�NW_�Vdn\afNb�u�f¸UD�N`F�NfNWa�Ob.UnW'Un`kW'U���WadD|_`9j7r�W¡ [�dD\'��uv�V`�W�bDu�|_fNW'UnT�dD`F\a®
tF�7Q��NfNWa��b.UnW'Un`mu�f0UD`cdnW_�iUnu�\_f4R;}���`mr¨\0b>U�dn`c�e`ef0U���W'U�WS\_f E X c n @<g d�dD`BWa�oUDu�\af7�-�!�ahq� � �Hb.��\'©°UD�NW#U�UD��`F\0bD�eu�����W#UDu�\afNbch�u�®*[�dn`cbD`ef0Uch
W#dn`F�a`cdD¡ ©?`BW#^ u�f¶Un��uvb�[�dn\V�o`cbnbch]W#f]�LUD��`SdnWa[�u��¸�Vdn\a[¶\a®*UD��`¨�odn\_bnb�b.`B�iUDu�\af§X GJIG�K�� EY���� g�r�W#^a`Bb�u�U�u�r¨[NdnW_�iUDuv�eWa��UD\ u�f��_`cb.UDu�|_W'Un`
bDTN��� \0bD�eu����vW'UD\_dD¡�²<`e�]W�0u�\adBR
l�u��_`ef�Un�NW'U7UD��`�f�TN�o��`e\_fà[���\aUD\#´µ[�u�\afà[NdD\V�VTN�oUDu�\afà�]Wab7WFrkTN��� ��WadD|_`ed��edD\0bDb.´�b.`B�iUDu�\af�W#U?��u�|a�à`cf�`edn|au�`cb�X GJIG�K � EY	� goh0u�U�u�b?�a`cdD¡

�V`Bb.u�dnWa²���`�Un\�TNbD`mUD��`Bb.`Fdn`cW_�iUDu�\af]b7UD\��a`cdDu�®¯¡�Un��`F`��Vuvb>Un`efN�e`F\#®;b.TN���¸\0bD�eu�����W#UDu�\afNbcR;��fL®ÛWa�oUyb.\_r¨`m[�dn`c�eu�bDu�\af¶��W'U�W¨\af c\@�e Nqp_d
W#f]�LcHdBe N_]b@ ©7W_bGdn`c�e`ef0UD��¡Sdn`e[<\adDUD`B�q²�¡q�0��Wa²�`��V[<`ednu�rq`ef0U�� 6# a´���8# ��-�&2=�µR;}���`ydn`cbDT���UnbGu�fN�Vuv�eW#UD`yUD��`m�o\_fNb>Unu�UnT�`ef0U��o\aTNf_Unu�fN|
dnT���`�²]`c�NW��u�\_d?W#U��e`ef0UD`cd.´µ\#® ´µr�WabnbGW#f�|_��`�\#®l6�8�C#h_®¯\_d?[N��\#Un\afà`cf�`edn|au�`cb7W#²<\'�a`$/S�¨l�`e��X¯u�R `_RGW#²<\'�a`�Un��`�dD`Bb.\_fNW#fN�e`�dn`e|au�\af<giRH��f
Wa�N�Vu�Unu�\_f¨UD\mUD�N`�D!]H^�bn�eW#��u�f�|m²]`c�NW��u�\_dch'Un��`cbD`���W#UnWFW#�vbD\mbDT�|_|a`cb.UGW#fq\_bn�ou�����W#UD\adn¡F²<`e�NW��u�\adBROj�\'©7`e�_`edBhUD��`ydnW#UD��`cdG�o\_WadnbD`7²]`BW#r
`efN`edn|a¡ bD`oUDUDu�f�|_by[�dn`e�a`cf0UyW��o\af]�o��TNb.u��a`�b.UnW#UD`cr¨`cf0U�W#²<\aTVUyUD��`S\_bn�ou����vW'Un\adn¡à²]`c�NW��u�\_dcR7¤¶\adn`e\'�_`edBh�UD��`k[���\#Un\#´µ[�u�\af¶[�dn\V�VTN�iUnu�\_f
��W#UnW¨�eW#f¸W#�vbD\k²<`��V`cbn�odnu�²<`c� b.u�rqu��vW#dn��¡�²0¡õu�fN�e��T]�Vu�fN|SUn��`m��`e��uv�ou�U>¡&MNu�[LUn`ednrqb�Wa��\_f�|S©�u�UD� UD�N`m�OW#fN�Nb.��\!�¶UD`cdDr�b�� �! +�µhV��\'©?`c�a`cd
²<`c�eWaTNbD`¨\a®�Un��`��o\_WadnbD`k`cf�`edn|a¡¦bD[NW_�ou�f�| \a®�Un��`���W'U�WõUn��`qdD`Bb.TN��U�bm\#®�Un��`cbD`qf�`e©���UnbFWadD`¨f�\aUFW_b�u�����T]b>UndnW#UDu��a`�Wab�UD�N` @�@��eWabD`aR
}���TNbch�UD\��_`ednu�®¯¡LW#f�¡ b.UDdnTN�oUDT�dn`Fu�fLUn��`kbn�eW#��`c�¸�edD\0bDb.´µbD`c�oUDu�\afL\#®*[���\aUD\#´µ[�u�\af¸[�dn\V�VTN�iUnu�\_f¸[�dD\V�e`cbnb.`BbehVu�Uyuvb�u�r¨[<`ed�W'Unu��_`mUD�NW#Uy©7`
�V\�WS�Nf�`�bn�eWaf \a®OUn��`�bD�cW#��u�fN|Sdn`e|_u�\_fõ®¯\_d�UD��`�c @$e Nqp�d�WafN��cHdBe N_]b@¸[�dn\V�o`BbDbD`cb�W'UyWL6�8�Cm�o`cf0UD`edD´µ\#® ´µrqW_bDb7W#fN|a��`aR

�&6�AB>57I?�
� 4C> 3�7�
�450;< ?10�@<� .:>5.�
u��
	?10�2��;?�
	7�0�A��

�µ®�UD�N`�\0bD�eu����vW'UDu�\af]b?WadD`mWk[<`ed�bDu�b.UD`cf_U7®¯`cW#UDT�dn`m\#®��]W#d��àf�TN�o��`e\_f bn�eW#U.UD`cdDu�f�|]h_Un��`mf�`���U�fNW#UDT�d�W#� �0T�`cb.UDu�\afõUD�NW#U�W#dnu�bD`cb?u�b�D*©��NW'U
uvb�UD�N`�f�TN�o��`cWady�V`e[<`ef]�V`efN�e`�\#®*Un��`�\_bn�ou�����W#UDu�\afNb���}���`edn`�W#dn`F`cb.UnWa²���uvbD��`c�¸rq`oUn��\V��b�®¯\_d�\a²�UnW#u�f�u�f�|qUD�N`k`��V[<`c�oUD`c�¶W#U.Un`ef�TNW'Unu�\_f
u�fèf�TN�o��`cWad�U�W#dn|a`oU�b�`���uvb.UcR��µU�uvb�WadD|_T�`c�LUn�NW'Um�vW#dn|a`u�0TNWadD^¸b.`c[NW#d�W'Unu�\_fNbkXÛ��\_f�| ��u�b.UnWafN�o`¨W#rq[���u�UnTN�V`cb�g�UD`ef]�¦f�\aUyUD\ [�dn\a[NWa|_W'Un`
u�f�Un��`õb.UDdn\af�|_��¡¶u�f0UD`cdnW_�iUDu�f�|¸f�TN�o��`cWadFrq`c�Vu�T�r¸hO©��Nu���`õbDrqWa���s�0TNWadD^�b.`c[NW#d�W'Unu�\_fNb�[�dD\_[NW#|0W'Un`S©�u�UD�§bDr�W#����W'UDUD`ef�TNW#UDu�\af4Rà}��Nu�b
��`cWa�NbyUn\LbDT�[�[NdD`BbDbDu�\_fè\a®GUD��`q\0bD�eu�����W#UDu�\af¦[N��`ef�\_rq`efNWLW#dnu�bDu�f�|õ®¯dn\ar¢u�f0UD`cd.®¯`cdD`cfN�o`S\#®�Un��`q��\_f�|¸�Vu�b.UnWafN�o`qW#rq[���u�UDTN�V`q©�u�UD��UD��`
bD��\adDUS�Vuvb>U�W#fN�e` War¨[N��u�UDTN��`aR�}���u�bSuvbS�VTN²�²]`B��W_b ` f0T]�o��`cW#d��N��Un`ednu�fN|NR a·}���uvbkf�TN�e��`BW#d��]��Un`ednu�f�|�u���`cW¦uvbS[�TVU¨®¯\adn©7Wadn��WabS\afN`
\#®7UD�N`�`��V[��vW#u�fNW'Unu�\_fNb�®¯\admUD�N`�T�f�TNb.T]W#�Gb.UDdnTN�iUnT�dD`�u�f�UD��`qUndnWafNb.[]W#dn`efN�e¡¶r¨`BWabDT�dn`c��u�f��kXÛ[4h � []g�`���[<`ednu�r¨`cf0UnbF�eWadDdnu�`c��\aTVU�W'U
�7dD\�\_^0�]W�a`ef � � 2=�µR*}��N`e¡k\_²NbD`edn�a`7UD�NW#UGUD�N`�UDd�W#fNbD[NWadD`cfN�o¡F�]dnb.UGdDuvbD`cb*®¯\_d7t :�� ��´_5�XZl�`c��0'�Bg;:ah0WafN�SUD��`cfà�V`c�edD`BWabD`cb;W'U?��u�|_��`ed
rq\arq`ef0UnT�rJUndnWafNb.®¯`ed�behNW_b�bD��\'©�f¸u�f¦�Hu�|?��R��xrq\adn`FdD`B�o`ef0U�`���[<`ednu�r¨`cf0Uu� � 5&��h<�o\_r¨[N��`eUD`e��¡LdD`B�o\af]b>UndDTN�oUDu�f�|¨UD��`��NfNW#��´�b>U�W'UD`F\a®
UD�N`q�SX¯[4h � [<g�dD`BWa�iUnu�\_f4h4�o\_fV�Ndnr�byUn��`q�'W#��u��Vu�U>¡¶\#®?UD��`q`BW#dn��u�`edF�7dD\�\_^0�]W�a`ef¶`��V[]`cdDu�rq`ef0UcRS�µ®?Un��`q\_bn�ou����vW'Un\adn¡L²<`e�]W�0u�\ad�\#®?UD��`
�odn\_bnb.´µbD`c�oUDu�\af¶uvb�bDT�[�[NdD`BbDbD`c�èu�f�f0T]�o��`eu*\af�`¨©7\aT��v�¦`���[<`c�oUmUD\¸b.`c`S\0bD�eu�����W#UDu�\afNb�u�f¦UD�N`SUndnWafNbD[NW#dn`efN�e¡ah<©���uv����WadD`��=5!8 F \_TVU�\a®
[��NW_b.`¨©�u�UD��UD��`q\0bD�eu�����W#UDu�\afNb�u�fèUn��`q®¯dn`e` @!@��odn\_bnb>´�bD`c�iUnu�\_f4Rk}���uvbmuvbm²]`B�eW#T]b.`SUD��`¨UndnWafNb.[]W#dn`efN�e¡¶u�b�®¯\adnrq`c��²�¡è�Vu��0uv�Vu�f�|LUD��`
�kXÛ[4h � []g��odn\_bnb>´�b.`B�iUnu�\_f¨²�¡SUD��`U@!@õ�edD\0bDb.´�b.`B�iUDu�\af�bn�eWa��`B�q²0¡SUD�N`y[�dn\#Un\af�f�T�rk²<`ed��£\a®�UD��`�f0T]�o��`cW#d�UnWadD|_`oUcRG��fqUD�N`y\#Un��`ed?�NW#f]�
WabHrq`ef0Unu�\_f�`c�S`cWadD��u�`cdch#�7dn\V��b.^�¡�WafN�S��`�}O`ed�W#rq\_fN�$�  �8&�N�e��Wau�r³UD�NW#UHUn��`�b>UndDT]�iUDTNdD`�bD`e`efSUD�N`96SXA@ln � @�g�UDd�W#fNbD[NW#dn`ef]�o¡mdD`Bb.TN��UG�eWaf
²<`SW'UDUDdnu�²NTVUD`B�LUD\ F�HFJI2I E IKI E dD`Bb.\_fNW#f0Uyb.UnW#UD`cbcR�w£��u���`Su�f0UD`cdD[NdD`eUnW'Unu�\_fNb�\a®HUn��`�`c��W_b>Unu�� @�@ e @!@��odn\_bnb�b.`B�iUnu�\_f4h�Un��`SWafNW#��¡�ªeu�f�|
[<\'©?`cd 65898�WafN�LUD��`�UDd�W#fNbD[NW#dn`ef]�o¡õ��W#UnWqdn`er�W#u�f¶�o\_f_UndD\'�_`ed�b.uvW#��h0UD��`ku��V`BWab�\a®Hf�TN�e��`BW#d��]��Un`ednu�f�|�`��<`B�iU�WafN�LUD�N`�u�f0Un`edD®¯`edn`efN�e`
²<`oU>©7`e`efàUD��`��NW#d��q[<tF�7Q»bD��\adDU.´��Vuvb>U�W#fN�e`�W#fN�qUn��`���\_f�|#´��Vuvb>U�W#fN�e`y��WafN��bD��\#�¶W#rq[���u�UnTN�V`Bb�²�¡�~�W#�vb.UD\af W#fN�à��u�dn`u� � 6&��W#dn`�Wa²���`
UD\¸`���[N��Wau�f�²]\aUD��UD��`?D+E;F GJIG�K X�@!@ e @�@<gy\_bn�ou����vW'Un\adn¡¶²]`c�NW��u�\_d�WafN�¦Un��`à�7dD\�\_^0�]W�a`ef¦�SX¯[4h � [<g�UDd�W#fNbD[NW#dn`ef]�o¡¶��W'U�W�Rà�7W#dn��bD\af�h
�?�NW_����^��0TNfNWabD���0u���uZhaWafN��¤¶¡���dn`edt� �!8&�<�NW�a`�Wa��bD\�W#[N[���u�`c�qbDTN���àW#fqu�f0UD`edD®¯`edn`ef]�o`��o\_fN�o`c[VUGUn\F`��V[��vW#u�fqUD��`s@�@�[]\_��WadDu�ªcW#UDu�\af���W#UnW�R
�ybGrq`cf_Unu�\_f�`c�¨u�fqUD��`�u�f0UDdn\V�VTN�iUnu�\_f4ha\0bD�eu����vW'UDu�\af]b;W#dn`�b.T�|_|a`Bb>Un`c�S²0¡kUD��`yf�`e©:�odn\_bnb>´�bD`c�iUnu�\_fS��W#UnWmu�f�[���\aUD\#´µ[�u�\afq[�dn\V�VTN�iUnu�\_f

dn`cWa�oUDu�\afNbcR�Y�TN����\0bD�eu����vW'UD\_dD¡�²<`e�NW��u�\ad¨u�bS[�dn`c�Vuv�iUn`c��®¯dn\arñtF�7Q�u�®yUD�N` u�fN�V`c[]`cfN�V`ef0Uàbn�eW'UDUD`cdDu�f�|�XZ��W#f]��b.�N\#��gSdD`c|au�\afNbSW#dn`
u�r¨[<\adDUnWaf0UcR �yTN�o��`cWadq�N��Un`ednu�fN|�u�f:UDTNdDf£bD��\aT��v�ºdD`cr¨\'�_`LUD��`Bb.`¶dn`e|_u�\_fNbeR£}���TNb�\_f�`¶�eWaf5u�f��a`Bb>Unu�|0W'UD` UD�N`¦f�TN�o��`cWadq�N��Un`ednu�fN|
`���`c�oU7²�¡qrq`cW_b.T�dnu�f�|�UndnWafNb.[]W#dn`efN�e¡Su�f�UD�N`�[�u�\af [���\aUD\a[NdD\V�VTN�oUDu�\afàdn`cW_�iUnu�\_fNbG\_fà��`cW��¡qf�TN�o��`eu�R;�Hu�|]R� qb.�N\'©�b;UD�N`�©7\adn���õ��W'U�W
X¯TN[�[]`cd�[NW#fN`e� g?WafN�LW¨�cW#�v�oT��vW'Unu�\_fõ\a®�UD�N`mbn�eWa��`B�õ�Vu-��`edn`ef0UDuvW#�4�edD\0bDb.´µbD`c�oUDu�\af$D�^ GJIG�K ®¯\ad7Un��` c\@�e Nqp_d;h�W_b�Wk®¯TNfN�iUnu�\_f \a®�r DFW'U
Wõ�e`ef0UD`cd.´µ\#® ´µr�WabnbyWaf�|a��`k\a®U6!8\CkWafN�¶Un��`¨�cW#�v�oT��vW'Un`c�¸UndnWafNbD[NW#dn`efN�e¡�XÛ��\'©7`ed�[NWaf�`e� g�\a®GUD�N`uc @7e Nqp�d�[�dn\V�o`BbDb�Wab�Wà®¯TNfN�iUnu�\_f
\#®9r Dõ®¯\_dS��`BW��¡�U�W#dn|a`eUnbkbDTN����W_bLEo:'��hOTNbDu�f�|�WèU>©?\a´µ�e\arq[<\af�`cf_USr¨\V�V`c�?\a®��0W#u�f4hGpmT�fN�VT�h�W#fN��~�W#�vb>Un\af � �\2���R�}���`cdD`LW#dn`
U>©7\L�Vu-��`edn`ef0UF[��NWabD`cb�u�fèUn��`¨U>©?\a´µ�e\arq[<\af�`cf_Umrq\V�V`e� DyUn��` tF�7Q�`efN`edn|a¡0´µ��`e[<`efN�V`cf0U�[��]WabD`¨�VTN`SUn\LUD��`q|a��T�\_fèd�Wa�VuvW'Unu�\_f�Wab
u�fèUn��`¨®¯dD`c`q�edD\0bDb�bD`c�iUnu�\_f4h�WafN�¶Un��`�[��NW_b.`q�Vu-�<`cdD`cfN�o`q²<`oU>©7`e`efèUD��`qU>©7\¸W#rq[���u�UnTN�V`cbmu�f�UD��`q`���`c�oUDu��a`qf�TN�o��`cWad�[<\#Un`ef0UDuvW#�vbmu�f



2

����ù�ã ��� 7Ü_Î�ÔÒÂiÉeÍSÏ�Í.ÉcÊ_Ó�Õ�ÉeÍ>ÂnÊ0Înå§ÉeÓ¨ÙFÂiÉeÓ�Ü_Í>ÂiË�ÐÒÊ�Ï>Á0Â �yé Õ]ä ÷eÕ�í�ÕaÍ>Â�Î�Â�Ó�ÓqÑcÊ�ÎiÉeÍ>ÖVÑcÊ]ã»À*Á0ÂõÓ�Á�ÉBËaÂiË�Ö�ÉeÊ�Ë�Í>Â�ÕaÍ>Â�Ó�Â�Ê'Ï>ÓSÏ>Á_Â ù7Ô�ÉeÜ0ÖVÂnÍ
ÎiÉeÔ�ÎnÜ0Ô�ÉeÏ>ÐÒÑBÊq×�ÑcÍ?ÎiÉeÍ>ÖVÑcÊ�ÉcÊ0ËkÏ>Á_Â�Ó�ÑBÔÒÐ�ËqÔÒÐ�Ê_Â�ÐÒÓGÏ>Á_Â�ÎiÉcÔÒÎ�Ü_Ô�ÉeÏ>ÐÒÑBÊq×�Í>ÑBÙ ��Ân×�ã8� ÷cü��

UD�N`�f0T]�o��`cW#dmrq`c��u�T�r¸Rqw£��u���`qUn��` tF�7Q�[��NW_b.`��cW#f�²]`��V`eUD`ednrqu�fN`c��²�¡¶��U.Unu�fN| Un��`q®¯dn`e`��odn\_bnb>´�bD`c�iUnu�\_f4h<UD��`��vW'UDUD`cdF[��NWabD`¨u�b
T�f�^�f�\'©�f�R�}���`�dn`cbDT���U�b�\a®HUn��`�U>©7\#´��o\_rq[]\_f�`ef0U�rq\���`e�*b.��\'©�f¶WadD`�\_²VUnWau�fN`c�L®¯\ad��Vu���`edn`ef0U��Wa��TN`cb�\a®*UD��`¨b.`B�o\af]� [N�NWabD`aR��yf
`���`c�oUDu��a`>@���«�odn\_bnb?bD`c�oUDu�\afà\a® ��8�rk² u�b7TNbD`c�õu�f UD�Nu�b��eWa���eT��vW'UDu�\af ²NWabD`c�à\afàUn��`C6kX���n���� @�g���W#UnW �  %��µh�W#fN�àUD��` N����«�odn\_bnb
bD`c�iUnu�\_f�u�bSW'U.Un`ef�TNW#UD`c��²�¡ E# ²NWabD`c��\_f�UD��` [<tF�7QJ�cW#�v�oT��vW'Unu�\_f"�  1����R¸����UD��\_T�|a��Un��`õ�cW#�v�oT��vW'Unu�\_f�©�Wabk�eW#dndnu�`B��\_TVU�®¯\_dFUD��`c @?e Nqp_d����NWaf�f�`c�*XÛ©���`edn`�®¯dD`c`mbD[NW_�o`m�odn\_bnb>´�b.`B�iUnu�\_fà��W'U�Wk`���uvb.Unb�gih�UD�N`�®¯\_����\'©�u�f�|k®¯`BW'UnT�dD`Bb�W#dn`�`���[<`c�oUD`B�à®¯\_d?Un��` cHd e N_]1@
���NWaf�f�`e�7Wabk©?`c��� D¶X¯u g�W#f�\'�a`ed�W#���GbD��\'©�u�fN�odn`cW_b.`�u�f�UD�N`àUDd�W#f]b.[NWadD`cfN�o¡�WabLr D u�fN�odn`cW_b.`Bb�M�XÛu�u g�Waf§\_bn�ou�����W#UD\adn¡¦²<`e�NW��u�\adS©�u�Un�
W#rq[���u�UDTN�V`���`e[<`efN�Vu�f�|õb.UDdn\afN|a��¡à\af UD��`kdD`c��W#UDu��a`m[��NW_b.`m²<`oU>©7`e`efLUn��`F`���`c�oUDu��a`Ff�TN�o��`cWad�[]\aUD`cf_Unu�Wa�4\#®HUD�N`kb.�N\adDU.´��Vu�b.UnWafN�o`mW#f]�
UD�N`õ��\af�|a´µ�Vuvb.UnW#f]�o`àW#rq[���u�UDTN�V`Bbku�f�Un��`õf�TN�e��`BW#dkrq`B�Vu�TNrLR�w£��u���`LW¶dD`c��W#UDu��a`à[N�NWabD`õW#fN|a��`à\#®�{��?~�� [�dn`c��u��oUnbkUD��`Lb.r�W#����`cb.U
W#rq[���u�UDTN�V`S®¯\ad�Un��`S\0bD�eu����vW'UDu�\af�h]u�UFu�b��Vuvb>®ÛW�_\adn`c�¸²�¡¸UD��`q�7dD\�\_^0�]W�a`ef¶�SX¯[4h � []gyUndnWafNb.[]W#dn`efN�e¡L��W#UnW7�  \/&��R�}��N`S`���[<`ednu�r¨`cf0UnW#�
�a`cdDu��]�cW'UDu�\af�\#®7UD��`qf�TN�e��`BW#dm�N��UD`cdF`���`c�iU�©7\aTN����²]`àWL�_`edn¡¦u�f0Un`edn`cb.UDu�f�|L�e\afV�]dDr�W'Unu�\_f�\a®�Un��u�b¨tF�7Q ²NWabD`c��W#[�[NdD\0Wa���èu�f�UD��`
UDd�W#f]b.u�UDu�\af�dD`c|au�\af4R��N\admW �V`eUnWau���`c���VuvbD�eTNbDbDu�\afè\_f¦Un��`Sf�TN�e��`BW#d��N��UD`cdDu�f�|L`���`c�iU�WafN�¦dn`e�vW'Un`c�èbDT�²V¹>`B�iU�beh�©7`Sdn`o®¯`cd�UD\¸Wõdn`e��u�`e©
W#dDUDuv�o��`m\af UD��`�bDT�²V¹>`B�iUu�  ! +�µR
��f�W_���Vu�UDu�\af¦Un\ f�TN�e��`BW#d��N��UD`ednu�f�|õUn��`q[�u�\afV´µ[���\aUD\a[NdD\V�VTN�oUDu�\af¦[NdD\V�o`BbDb�\af���u�|a�0UFf�TN�o��`eu;bDTN����W_b hcj�`��cW#fè²<`¨TNb.`B�¦Un\ ��\�\a^

®¯\ad�Un��`��o\_rq[���`crq`ef0UnWadD¡à[N��`ef�\_rq`efNW¨\#®��?\a��\ad�}Od�W#fNbD[NW#dn`ef]�o¡aRG�7}mhV�Nd�b.Uy�o\af#¹>`c�iUnT�dn`c� ²0¡L¤¶T�`c����`ed�WafN�¸�?dn\V��bD^0¡ �  � ��dn`o®¯`cdnb
UD\àUD��`kbDT�[�[NdD`BbDbDu�\_f¸\#®*�NfNWa��XÛWafN�¸u�fNu�Unu�Wa�vgyb>U�W'UD`Fu�f0UD`cdnW_�iUDu�\af]b�\#®;�NW_�VdD\_fNb�©�u�UD�¸Un��`�f�TN�o��`cWad�rq`c�Vu�T�r�u�f¶`����o��TNbDu��_`F[�dD\V�e`cbnb.`Bb
W'Uà�Nu�|_�£r¨\_rq`ef0UDT�r±UDd�W#fNb.®¯`ed�bch7WafN�:u�bõW�fNW'UnT�dnWa�y�o\_fNbD`=�0T�`ef]�o`¸\#®StF�7QSRG�µUõuvb�²NWabD`c�5\_fºUn��`¦uv�V`cW�Un�NW'UBh�W'UõbDT	�à�ou�`ef0UD��¡
��u�|a�Lrq\arq`ef0UDTNr9UDd�W#f]b>®¯`cdch0UD�N`��V\arqu�fNW#f0U�W#rq[���u�UnTN�V`Bb�®¯\ad�`��V�e��T]b.u��a`�dD`BWa�oUDu�\afNb7u�f0�_\a���a`��NWa��dD\_fNb7\#®Odn`c��TN�o`B�àUndnWafNb.�_`ed�b.`mbDu�ªc`
XÛ��T�²�²<`c� UD��`F[<\au�f0U���u�^a`F�o\_fV�N|_T�dnW#UDu�\af \ad����*��g�©��Nu����¸�eWafõUn��`ef¸[NW_bDb�T�f]�Vu�b.UDTNdD²<`c�õUD��dn\aTN|a� UD��`Ff�TN�e��`BW#d�rq`c�Vu�T�r¸RG}���uvb�u�b
WàfN\'�a`e�GtF�7Q¬[���`cf�\arq`efN\afè©��Nu����4h�u�®?\_²Nb.`cdD�_`c��h<©7\aT��v�¶²<`qW �o��`cWad�r�W#fNu�®¯`Bb>U�W'UDu�\afè\#®��NW_�Vdn\afNb/MNTN�oUDTNW#UDu�f�|õUn\LW b.r�Wa���;bDu�ªc`
u�f�UD��` f�TN�o��`eTNbcR��0��Wa²�`��V[<`ednu�rq`ef0Uq� 6# a´���8# ]h�dn`c�o`cf0UD��¡�dn`e[<\adDUD`B��UD��`õ�Ndnb.USrq`BWabDT�dD`crq`ef0Uk\#®�f�TN�e��`BW#dkUDd�W#fNbD[NW#dn`ef]�o¡è\a®�UD��`
c d e N_]H@è[�dn\V�o`BbDby®¯dD\_r hBjy` �-�=5&�µRF}���`¨r¨`BWabDT�dn`c�¸UndnWafNb.[]W#dn`efN�e¡LbD`e`cr�UD\ ��`e��u�W#UD`S®¯dD\_r3UD��`SUDd�Wa�Vu�UDu�\af]W#�Hf0T]�o��`cW#d�[���¡Vb.uv�eb
[�dn`c�Vuv�iUnu�\_fNb�W#UGUD�N`y��u�|a��`cd�rq\arq`cf_UnT�r%UDd�W#fNb.®¯`ed�b;Un�NW'U?bDT�|_|a`cb.Unb�WS�7}7´���u�^a`�²<`e�NW��u�\adBRH}��Nu�b�u�bGUD��`y�Ndnb.U�u�fN�Vuv�eW#UDu�\afà\a®��7}7´µ��u�^_`
`���`c�oU�u�f¸UD��uvb�^�u�fN�¸\#®;dn`cW_�iUDu�\af�hN��\'©7`e�_`edBh�UD��`¨b>U�W'UDuvb.UDuv�eW#��[�dD`B�ouvb.u�\af¸\a®HUn��`S�NW'UnW�W#U�UD�N`k��u�|a��`Bb>U�`cf�`edn|au�`cb�©7W_b�[]\�\_dcR��xf�`c©
rq`cW_b.T�dn`erq`cf_UG©�u�UD�õ²]`eU.UD`cd7b.UnW#UDuvb>Unu��cW#�][�dD`B�ouvb.u�\afqu�f�UD�Nu�b�`ef�`cdD|_¡Sd�W#f�|_`�W#fN�q`���UD`ef]�Vu�fN|FUD��`�rq`cWabDT�dn`erq`ef0U;Un\���u�|a��`Bb>U�`cf�`edn|au�`cb
[<\_bnb.u�²���`mW#Uy�_�OW#²Lu�b��edDT]�ouvW#��®¯\ad��e\afV�]dDrqu�f�|¨UD��`Bb.`mdn`cbDT���U�beR
~�`c�e`ef0UD��¡ah�W§�Nd�b.UL�o\_rq[���`eUD`��eWa���eT���W#UDu�\af°\a® ` �e\a��\ad�UndnWafNbD[NW#dn`efN�e¡Pa§W#fN��
 f�TN�e��`BW#dõ�N��Un`ednu�fN|��u�f
[]`cd.UnT�dn²NW'Unu��_`�tF�7Q-�NWab

²<`e`ef5�eWadDdnu�`B��\aT�US®¯\_dS`c��`B�iUDdn\#´µ[�dn\V�VTN�iUnu�\_f�`��V[<`ednu�rq`ef0U�b �  1����R§}���`Bb.`L�eWa���eT���W#UDu�\afNb¨bD��\'©�UD�NW#USUn��`Lf0T]�o��`cW#dS�N��UD`cdDu�f�|�`���`c�iU
uvb¨�e\arq[���`erq`ef0U�W#dn¡�Un\��e\a��\adkUDd�W#fNbD[NW#dn`ef]�o¡£X��7}�gk`���`c�oUcR§w£��u���`Lf�TN�e��`BW#dS�N��UD`ednu�f�|�T]b.`Bb�Un��`¸f0T]�o��`cW#d¨rq`c�Vu�T�r W_�iUDu��a`c��¡_hGu�f
�7}���WadD|_` rq\arq`cf_UnT�r UndnWafNb.®¯`ed�b¨bD`e��`c�oUà\aTVU�Un��`¦bD��\adDUà�Vu�b.UnWafN�o`¶War¨[N��u�UDTN��`¶©���u����£WadD`LUD�N`ef5®¯dD`c`¸UD\�[�dn\a[NWa|_W#UD` UD��dn\aT�|_�
UD�N`è[NW_bDbDu��_`¶f�TN�o��`cWadàrq`c�Vu�T�r¸Rx��f Wa�N�Vu�Unu�\_f4h�²NW_b.`B�:\af:UD�N`7�0TNW#f0UnT�r¾��u���TNbDu�\_f£r¨\V�V`c��²�¡:�NWadDd�W#dBh7��u�T�h���d�W#f�^0®¯T�dDU W#f]�



5

0

0.5

1

1.5

2

2 2.5 3 3.5 4

γ p → π+ n (Θcm=90o) on 1H

√s (GeV)

s7 d
σ/

d
t(

10
7 G

eV
14

 n
b

/G
eV

2 )

World data
E94104

0.2

0.4

0.6

0.8

2 2.5 3 3.5 4

phase=0
phase=π/4
phase=π/2

√s (GeV)

N
u

cl
ea

r 
T

ra
n

sp
ar

en
cy

 f
ro

m
 12

C

γ p → π+ n (Θcm=90o) on 12C

����ù�ãB���4À*Á_Â?Ü_Õ0ÕVÂnÍOÕ�ÉeÊ0Â�Ô�Ó�Á_ÑiæGÓHæ*ÑeÍ>Ô�Ë�Ë_ÉeÏ.É�ÑBÊmÏ>Á_Â?Ó�ÎiÉeÔÒÂiË�Ë_ÐØï�ÂnÍ>Â�Ê'Ï>Ð�ÉcÔVÎnÍ>ÑcÓ�ÓµÚÛÓ�Â�ÎnÏ>ÐÒÑBÊ�� � 
 �

 �
×�ÑcÍ*Ï>Á_Â;Ã'ÈkÅJÆ<Ì<ÄqÕ_Í>Ñ'ÎnÂ�Ó�Ó�ä_ÉcÓ*É�×�Ü0Ê0ÎDÏ>Ð�ÑcÊ

Ñc× � �yÉoÏ?É�Î�Â�Ê'Ï>ÂnÍ�ÚÛÑc×�ÚÛÙ�ÉcÓ�ÓGÉcÊ_ÝBÔÒÂ�Ñc×4ücý þ ã�À*Á0Â�Ó�ÑcÔ�Ð�ËqÎ�ÜaÍ>âÂ�ÐÒÓ�É�î0ÏGÑe×�Ï>Á0Â�Ë_ÉeÏ.É�Ö0ÉcÓ�ÂiËkÑBÊ¨Ï>Á_Â7Ï�æHÑcÚÛÎ�ÑcÙFÕVÑBÊ0ÂnÊ#ÏGÙFÑ#ËaÂ�Ô � �B���¯ãOÀ*Á0Â�ÔÒÑiæ*ÂnÍ
Õ�ÉeÊ0Â�ÔHÓ�Á0ÑiæGÓ�Ï>Á_ÂkÎ�ÉcÔÒÎ�Ü0Ô�ÉoÏ>ÂiËèÊ#Ü_Î�ÔÒÂiÉeÍyÏ�Í.ÉcÊ_Ó�Õ�ÉeÍ>ÂnÊ0Înå¶Ñe×GÏ>Á0ÂFÃ'È�Å¾Æ�Ì<Ä�Õ_Í>Ñ'Î�Â�Ó�Ó�ÉcÓFÉ¨×�Ü0Ê_ÎnÏ>ÐÒÑBÊ¦Ñc×�Î�ÙFÓyÂ�Ê0ÂDÍ>Ýcå'ä � �F×vÑcÍ¨ôZöië?ä�ÐÒÊ¸Ï>Á0Â
Ï�æHÑcÚÛÎ�ÑcÙFÕVÑBÊ0ÂnÊ#ÏGÙFÑ#ËaÂ�Ô � �B���¯ã

ã

Y0UndDu�^�rqWaf"�  ��+��h�UD��`q`��V[NWafNbDu�\_fèUnu�rq`q\#®7UD��`��?�H�»dn`e�vW'Unu��_`kUn\LUD��`qUnu�rq`qUD\LUndnW�_`ed�b.`kUD��`�f�TN�e��`cTNbmu�bFWaf�`BbDbD`ef0Unu�Wa�O®ÛW_�iUn\adm®¯\ad
UD�N`à\a²NbD`edn�'W'Unu�\_f�\a®7Un��`L�7}¬`���`c�oUcR¶}���TNbchO©���u���`à\af�`�`��V[]`B�iUnb�UD\¦\_²NbD`edn�a`¨UD��`õ\afNbD`oU�\a®y�7}¬`��<`B�iUSbD\�\af�`cd�u�f���u�|a�0U�f�TN�o��`eu
�o\_rq[NW#dn`c�qUn\k��`BW��u�`cd�f�TN�o��`eu�h0UD��`��vW#dn|a`��
��u�rqu�U7[�dn\'��u���`cb�WS[<`edDUDT�dn²NW'Unu��_`e��¡¨�cW#�v�oT��vW#²N��`���u�rqu�U�®¯\ad?UD�N`�f�TN�e��`BW#dG�]��Un`ednu�f�|¨`���`c�oUcR
}���uvb�r�W#^_`cbuhcj�`LW#fN� Eo:'��W¦|a\�\V������\auv�o`õW_bmUD�N`àUnWadD|_`oU�bF®¯\adkUD��`õ[�dD\_[]\0b.`B��f�TN�o��`cWadFUDd�W#fNbD[NWadD`cfN�o¡�r¨`BWabDT�dn`erq`ef0UcR¦��u�|_�0U
f�TN�o��`eu�bDTN���qWab hcjy`�W#dn`?[NdD`B�Vu��oUD`B��Un\�²<`�²]`eU.Un`ed;®¯\_dOUn��`�bD`cW#d�����\a®��7}§[N��`ef�\_rq`ef�\_fS²<`c�cW#TNbD`�\#®NUn��`eu�d;dn`e�vW'UDu��a`c��¡�bDr�W#����f0T]�o��`cW#d
bDu�ªc`cbcR¨}���`qf�`c©�dn`cbDT���Unb�®¯dD\_r � 6! #´J�=8! 3����5&��W#�vbD\ u�fN�Vuv�eW#UD`¨UD��`�rq`cdDu�Unbm\a®Uhcjy`qf0T]�o��`eu;u�f�Un��`�b.`BW#d����¦®¯\_d��7}mR4�NT�dDUD��`cdDrq\adn`ah
f�TN�o��`e\_fè�o\_fV�N|_T�dnW#UDu�\afNby\a²VU�W#u�f�`c�¶®¯dD\_r�Un��`¨`���Wa�oU�f�TN�o��`cWad�|_dD\_T�fN�¶b.UnW#UD`k©�W�a`e®¯T�fN�oUDu�\afèWadD`kW�'Wau��vW#²���`�®¯\_d�hBj�` �  P2=�µR�}���`Bb.`
�o\_fV�N|_T�dnW#UDu�\afNb�Wa��\_f�|q©�u�Un�¸UD��`F`c��`cr¨`cf0UnW#dn¡à�NW_�Vdn\afV´µf�TN�o��`e\_f �odn\_bnb.´µbD`c�oUDu�\afNb��eWaf ²<`�TNbD`c� Un\à�eW#dndn¡�\aTVU�[�dn`c�eu�bD`F�eWa���eT���W#UDu�\afNb
\#®HUD�N`Ff0T]�o��`cW#d�UndnWafNbD[NW#dn`efN�e¡ �  \5&��u�f¸UD��`m®¯d�W#rq`c©?\_dD^�\a®;l��vW#T�²<`ed�UD��`c\adn¡3�  \6&�µR�}���`edn`o®¯\_dD`_hV[�dn`c�ouvbD`�rq`BWabDT�dD`crq`ef0U�\#®*f0T]�o��`cW#d
UDd�W#f]b.[NWadD`cfN�o¡S®¯dn\ar[hcjy`�f�TN�e��`cu]uvb?Wk²]`cfN����r�W#dn^¨UD`Bb>U�\#®�Un��`cbD`�UndnW_�Vu�Unu�\_fNW#�<f�TN�o��`cWad?�cW#�v�oT��vW'Unu�\_fNb?WafN�à�cW#fà²<`�T]b.`B�qUD\S`��V[���\adn`
©���`cdD`kUD��`q�eWa���eT���W#UDu�\afNb�b.UnW#dDUyUn\ ²NdD`BW#^¶�V\'©�f4Rk��f¶Un��`S\aUD��`cdm�NW#fN�gE;:'��uvb�W |a\�\V�¸UnWadD|_`oU�UD\õ��\�\a^L®¯\admf�TN�e��`BW#d��]��Un`ednu�f�|¸Wab
bD��\'©�f ²�¡�Un��`��eWa���eT��vW'UDu�\af]b�\#®H�0W#u�f '�( )+*-,l� �\2��µR
}���`7bD`cWadn���m®¯\_d;�7}��]WabH²]`c`efSr¨\aUDu��'W'UD`B��W#fN`e©�²�¡mUD��`7dn`c�o`cf0UOu�fNb.u�|a�0UOUD�NW#UOUn��`?\_fNbD`oUO\a®��7}��eWafk[�dn\'��u���`�W#��UD`cdDfNW#UDu��a`�bD\aTNdn�e`

\#®�u�fV®¯\adnr�W'Unu�\_f � %#8+�]\af¨Un��`y|_`ef�`cdnWa��u�ªe`B�k[NWad.Un\af��Vuvb>UndDu�²�TVUnu�\_fNbyX�lm��Q�bngt� %Q���]²�¡kr�Wa[�[�u�f�|�\aT�UGUD��`y²]`c�NW��u�\_d;\#®�UD��`�UDd�W#fNbD�a`cdnbD`
�o\_rq[]\_f�`ef0Unb�\#®7UD��`�©�W�a`e´Z®¯T�f]�iUDu�\af�Rõ}���`õlm��Q�bF©���uv����©?`cdD`��V`c�a`c��\_[]`B��u�f�UD�N`���W_b>UF®¯`c©¬¡_`cWadnbch�[�dn\'�0uv�V`qUn��`�dD`c��W#UDu�\afNbD��u�[
²<`oU>©7`e`efõUD��`���\af�|_u�UnTN�Vu�fNW#��W#f]�qUDd�W#fNbD�a`cdnbD`�rq\arq`cf_UnT�r9b.UDdnTN�iUnT�dD`�\#®O[NW#dDUD\_fNbGu�f Wk®ÛWab.U7rq\'��u�f�|k�NW_�Vdn\af3� %P���µR*�µ®4UD�N`�\_fNbD`oU?\a®
�7}xW#f]�¶f�TN�o��`cWad��N��UD`cdDu�f�| WadD`k`��V[]`cdDu�rq`ef0UnWa����¡¶�o\_fV�Ndnr¨`B��h<²]`B�eW#T]b.`S²]\aUD�èWadD`kbD`ef]b.u�UDu��a`kUD\àUn��`�UndnWafNbD�a`ed�bD`�b.u�ªe`S\#®G�NW_�VdD\_f�uv�
�o\_fV�N|_T�dnW#UDu�\afNbch0UD��`c¡à�NW�_`�Un��`F[<\#UD`cf0UDuvW#��UD\q²<`�W¨[]\'©7`edD®¯T���rq`cWafNb7UD\�rq`cW_b.TNdD`�UD��`F`��V[]`cdDu�rq`ef0UnWa����¡à`e��TNbDu��_`�lm��Q�b9� %!8Vhb% � ��R
}���`�u�rq[NW_�iU7[NW#d�W#rq`oUn`ed?dD`c[�dD`Bb.`cf0UnW'Unu�\_f�\#®4Un��`Flm��Q�b?�cW#fõ²<`�TNb.`B�qUD\¨rq\V�V`e�]UD��`�`���`c�oUDu��a`mb.u�ªe`�\#®4Un��`�^0fN\���^_`c�q\_TVU7[]W#dDUDuv�o��`
u�f�W#f��NW#d��¶`��V�e��T]b.u��a`�[NdD\V�o`BbDb�� %#�&�µRS�7}x�eWafè\afN��¡¸\V�e�eT�d�u�®�Un��uvb�`��<`B�iUnu��_`SbDu�ªc`Suvb�bDr�W#����`cdyUn�NW#fèUD��`¨rq`cWaf�b��_T]W#dn`�dnW_�Vu�TNby\a®
UD�N`¨�]Wa�Vdn\af�W#fN�¦UD��TNb�UD�N`¨\_²NbD`edn�W#UDu�\af¦\a®��7}x©�u����*UD��`cf��e\afNb.UDd�W#u�f¦Un��`q[]\0bDbDu�²N��`qW#fNWa��¡0Unu��S²]`c�NW��u�\_d�\a®�lm�?Q�bL� % � �µR¨l�u��a`cf
UD�N`�UDdn`erq`cfN�V\aT]b;u�f0Un`edn`cb.U�|a`cf�`ed�W'Un`c�¨²�¡kUn��u�b?f�\'�_`e�V®¯\_dDr�W#��uvb.r%\#®�lm��Q�b�u�U�uvbG�_`edn¡ku�r¨[<\adDUnWaf0UGUD\kbD`cWadn���¨®¯\_d��7}5u�fõdD`BWa�iUnu�\_fNbch
bDTN���LW_b�[���\aUD\#´µ[�u�\afL[�dn\���TN�iUnu�\_f \_f ��u�|_�0U�f0T]�o��`eu�hV©���`edn`F��u�f_U�b�\#®��7}°��u�^_`F²]`c�NW��u�\_d��NWab�²<`e`cfLdn`e[<\adDUD`B�7�-�=5+��R
��f¸bDT�rqr�W#dn¡ah0UD�N`F[�dD`c��u�rqu�f]W#dn¡õ� 6! #´J�=8# kdD`Bb.T���Unb�u�f¶W¨dnW#UD��`cd��e\_WadnbD`�b.UD`c[ \a®sr D_h�bD`e`erJUD\�bDT�|a|_`cb.U7\0bD�eu�����W#UD\_dD¡�²<`e�NW��u�\ad�u�f

UD�N`�bn�eWa��`B���odn\_bnb>´�b.`B�iUnu�\_fqM\D ^bGJIG�K R;}���TNbch�u�U�u�b?`cbnbD`ef0UDuvW#�NUD\S�e\afV�]dDr bDTN���à\_bn�ou�����W#UD\adn¡k²<`e�]W�0u�\ad?²�¡¨[<`edD®¯\adnrqu�fN|kW�rq`cW_b.TNdD`cr¨`cf0U©�u�UD�¸�Nf�`cdyb.UD`e[¸\a®sr D�u�fLUD�N`9c\@ e Nqp_d�W#fN� c dBe N_]b@¶[�dn\V�o`BbDbD`cbcRG��T�dDUD�N`ednr¨\_dD`_hNW¨f�TN�o��`cWad�UDd�W#fNbD[NWadD`cfN�o¡�rq`cW_b.TNdD`cr¨`cf0U
\#®7UD�N`LcHd e N_]b@�[�dn\��e`cbnb�®¯dD\_r«W3Eo:B��W#fN�ghBj�`qUnWadD|_`oU�©�u����?W#����\'©�UD��`�u�f��a`cb.UDu�|_W#UDu�\af�\#®7UD��`�f�TN�e��`BW#dm�N��UD`cdDu�f�|¶`��<`B�iUkW#f]�



6

�o\_��\_d7UDd�W#fNbD[NW#dn`ef]�o¡aR

! �	�'!��=%��>
 (��,+�%b����� (��>�L� %

w�`�[�dn\a[<\_bD`�UD\q�eWadDdn¡q\aTVU�W�rq`BWabDT�dD`crq`ef0U?\a®4UD��`m[��N\#UD\a´�[Nu�\_fà[�dn\���TN�iUnu�\_f �odn\_bnb.´µbD`c�oUDu�\af¨®¯\ad7UD�N`y®¯T�f]��W#rq`ef0U�W#�HcHd e N_]1@
[�dn\V�o`cbnbq®¯dn\ar W : j h h j�`èWafN� E;: �9UnW#dn|a`eU W#f]��®¯\_dàUn��` c @ e N p d�[NdD\V�o`BbDb�®¯dD\_r¾W���¡V�Vdn\a|a`cf5UnW#dn|a`eUõW'U W��o`ef0Un`edD´�\a® ´
r�Wabnb�Waf�|a��`k\a®U6!8��h4W'Uur D / � 3 � % l�`e�%UD\ ��R  1�ql�`e�¬u�f�b>Un`e[Nb�\a®?W#[�[NdD\&�Vu�rqW#UD`c��¡ 8�R � l�`c�kR�}���`¨rqW#�Vu�rST�r¢²]`BW#r¢`cf�`edn|a¡
dn`=�0T�`cb.UD`B��u�b�%VR 5¸l�`c�khHu�f�W_���Vu�UDu�\af§bDu���\#UD�N`ed�`cf�`edn|au�`cb�WadD`�dJ�0T�`cb.UD`B��h��N\'©?`c�a`edBhU)#*m* 
�'��&'�"'�H'������ '�
 �J)  )J'�)��+� � '��+'�� � �m( �
	�
 
�(�7�(� ��'J��'Jb( *,� H)���'J 'J����� 'J
�R�}Od�W#fNbD[NW#dn`ef]�o¡à©�u����O²]`k®¯\adnrq`c�L²�¡õU�W#^�u�fN|�UD��`kdnW#UDu�\�\#®*UD��`S[�dn\���TN�iUnu�\_f¦�odn\_bnb>´�b.`B�iUnu�\_fõ®¯dn\ar
hcjy`�WafN� Eo:B�5UD\SUD��`�[�dn\���TN�iUnu�\_f �odn\_bnb.´µbD`c�oUDu�\af¨®¯dD\_r :ejkR0w�`�[���WafàUn\Sr�W#^_`yu�fN�Vu���u��VT]W#���odn\_bnb>´�bD`c�iUnu�\_f�rq`cWabDT�dn`erq`ef0U�bG©�u�UD�¸W
��� b.UnW#UDuvb>Unu��cW#�<T�fN�e`edDUnW#u�f0U>¡�W#fN�õ[]\_u�f0U.´�UD\a´�[<\au�f0U7bD¡Vb>Un`er�W'Unu���T�fN�e`edDUnW#u�f0UDu�`cb?\#® . � � R*}��Nu�b7©�u�����W#����\'©°Wk[�dn`c�eu�bDu�\af�Un`cb.U7\a®4UD��`
\_bn�ou�����W#UD\adn¡à²<`e�NW��u�\ad�u�f¸UD�N`kbD�cW#��`c� ®¯dn`e`k�edD\0bDb�bD`c�oUDu�\af4R�}���`kbD¡Vb>Un`er�W'Unu��mTNfN�o`cd.U�W#u�f_Unu�`Bb�®¯\adyUD��`�UDd�W#fNbD[NW#dn`ef]�o¡àrq`cW_b.TNdD`cr¨`cf0U
©�u�����²<`�|_dD`BW'Un��¡¨dD`B�VTN�e`c�à©��N`efõ©7`�UnW#^_`�Un��`mdnW#UDu�\k\#®Hj�`e��u�T�r9W#fN�¸�7W#dn²]\_f�UD\L:ejkR�}���TNbeh0®¯\_d�UndnWafNb.[]W#dn`efN�e¡¨©7`y[N��WafàUD\¨r�W#^_`
rq`cW_b.T�dn`erq`cf_U�b�©�u�UD�¦�o\_rk²�u�f�`B�¶b>U�W'UDuvb.UDuv�eW#�HW#fN�¸bD¡Vb>Un`er�W'Unu��FTNfN�o`cd.U�W#u�f_Unu�`Bb�\#®�. % � R���\_d h jy`kW ��� b.UnW#UDuvb>Unu��cW#�4T�f]�o`edDUnWau�f0U>¡
©�u����H`efNWa²���`kTNbyUD\L�o\af��NdDr3Un��`S�V`c��u�W#UDu�\afNby®¯dD\_r3UD��`ql���WaT�²]`cd�[NdD`B�Vu��oUDu�\afNb�\adF�7}7´���u�^a`�²<`e�NW��u�\ad�b.`c`ef¦u�f¶UD�N`¨�U6# #´J�=8! ���W'U�W
\afBhBj�` ����5&��R�¤¶\adn`e\'�_`edBh��eW#�v�oTN��W#UDu�\afNb�\a®��_Wau�f '�(t)+*-,� �\2��Hu�f¦UD��uvbydn`e|_u�\_f¸[�dD`B�Vuv�iUy\0bD�eu�����W#UDu�\afNb�\#®;UD�N`k\ad��V`cd�\#®s�!8 � ®¯\_d�Eo:B��h
UD��TNb�W¨�o\_rqu�f�`B�õTNfN�o`cd.U�W#u�f_U>¡�\a® . % � bD��\aT��v�à²<`�bDT	�à�ou�`ef0U?Un\q[�dD\'��uv�V`�`e��u���`efN�e`y®¯\_d�\ad�W#|0W#u�fNb>U?UD��`Ff�TN�e��`BW#d?�N��UD`ednu�f�|q`���`c�iU
u�fLf�TN�e��`BW#d�[���\aUD\a´�[�u�\afL[�dn\V�VTN�iUnu�\_f [NdD\V�o`BbDbD`cbcR
�?¡Su�f0Un`edD´µbD[NWa�eu�fN|yUn��`�[�dn\a[<\_bD`c�¨��W'U�Wm[]\_u�f0UnbGu�fq²<`oU>©7`e`ef¨Un��`�W#��dD`BWa�V¡kdD`c[]\_d.Un`c�¨��W'U�Wy®¯dn\ar¬� 6! #´J�=8# ����+2=��Un\F�NW�a`��oTVU7�V\'©�f

UD�N`kdn`=�0T�`cb.Uy®¯\_dy²<`cWar�Un\�¹>TNb.Uu2q�Vu-�<`cdD`cf_Um²<`cW#r�`cf�`edn|au�`cbcR�w�`k[�dn\#¹>`B�iU�Un�NW'U�UD��uvb�©�u����O²<`SbDT	�à�ou�`ef0U�UD\�Un`cb.U�Un��`k\0bD�eu����vW'UD\_dD¡
²<`e�NW��u�\ad?WafN�qUn\ku�f0�_`cb.UDu�|_W#UD`�UD�N`�f�TN�e��`BW#dG�]��Un`ednu�f�|S`���`c�oUcRGY�\arq`�\#®�UD�N`y²<`cW#r `cf�`edn|au�`cb��eW#fõ²]`mWa�c�o\arqrq\V��W'Un`c�q²�¡����NW#fN|au�f�|
UD�N`�f�T�rS²]`cd�\#®H[NWabnb.`Bb7u�f UD��`m��u�f]Wa�#h�bD\¨\af���¡�UD�NdD`c`��Vu-��`edn`ef0U�`ef�`cdD|_¡�[]`cd�[NWabnb�W#dn`�f�`c`c�V`B��RG}���`m²<`cW#rJ`ef�`cdD|_¡q���]W#f�|_`�uvb7UD��`
r�W#u�f�\'�a`cdD�N`cWa��\a®VUD��uvb�`��V[]`cdDu�rq`ef0UcR*}���`G®¯dn`=�0T�`cf0UO²<`cW#r»`cf�`edn|a¡m���NW#fN|a`�W_����bHW#f�\aUD��`cd���`e�a`c�a\a®N�o\arq[���`��Vu�U>¡mu�fkbn����`B�VT���u�f�|yUD��`
`��V[<`ednu�rq`cf_UBhVUD��TNbyrqu�f�u�rqu�ªcu�fN|qUD��`�f�T�rS²]`cd�\#®;���NWaf�|a`Bb�b.��\_T��v� |_\�Wq��\_f�|q©7W¡�Un\'©7Wadn�Nb���`e��[�u�f�|àbD���N`c�VT���`mUD�Nu�b�`��V[]`cdDu�rq`ef0UcR
Y�u�fN�o`�Un��uvb;`��V[<`ednu�rq`ef0UGuvb*\'�a`cdD��`BWa�ku�f0UD`cfNbDu��_`ah#u�UGu�bG��u�|_����¡S�V`Bb.u�dnWa²���`�Un\F[]`cd.®¯\_dDr³u�U�\_f¨Wa���VU�W#dn|a`eUnb*Wab*\_f�`�`��V[<`ednu�rq`ef0U;u�fNb>Un`cW_�
\#®?²�dD`BW#^�u�f�| u�UFT�[èu�f0UD\¶bDrqWa����`ed�`��V[<`ednu�rq`cf_U�beR¨¤¶\adn`e\'�_`edBh�Un��`q[�dD\_[]\0b.`B�¦`���[<`ednu�r¨`cf0U�uvbFW b.UDd�W#u�|a�0UD´Z®¯\_dD©�W#d��Lr¨`BWabDT�dn`erq`ef0Uch
©���uv���¸dD`��_TNu�dn`cb�Un��`kb.UnWafN��W#d��LjyW#���O�³`=�0T�u�[�rq`ef0UcR�}���TNbehNu�f0UD`cdD©7`cW��u�f�|¨UD��`kdDT�fNf�u�fN|�\#®HUD��uvb�`���[<`ednu�r¨`cf0Uy©�u�Un�¸UD��`kdDT�fNf�u�fN|
\#®O\#UD�N`ed��o\arq[NW#UDu�²���`�jyWa����� `��V[]`cdDu�rq`ef0Unb��cW#fà²<`�Wk[�d�Wa�iUnu��cW#�<dDTNf�f�u�f�|Sbn�o`cfNW#dnu�\�®¯\ad?UD��`mbD���N`c�VT���u�f�|k\a®Ob.T]���õW#fà`��V[]`cdDu�rq`ef0UcR
w£��u���`mUD�N`F��WadD|_`�W_�e�o`c[VUnWafN�o`F�V`eUD`B�iUDu�\af¶WafN� WSU�W#|a|_`c� [���\aUD\af¸�eWa[NW#²Nu���u�Unu�`Bb��NW�a`m`cf�\adnrq\aTNb�Wa���Waf0UnW#|_`cb?®¯\ad�r�Waf0¡õ`��V[]`cd.´

u�r¨`cf0Unb�u�f¦jyWa���H��h�UD�N`�[�dn\a[<\_bD`c�L`��V[<`ednu�rq`ef0Uy©�u�����\afN��¡L²]`k[]\0bDbDu�²N��`F©�u�UD�¶Un��`�T�fNu �0T�`k�0��Wa²¶�eW#[]W#²�u���u�U>¡L\#®*��u�|_�¶��TNr¨u�f�\0b.u�U>¡aR
}���`q[�dn\a[<\_bD`c��rq\arq`ef0UDTNr·dnWaf�|a`S®¯\admUn��`��o\_u�fN�eu���`efN�e`¨rq`BWabDT�dD`crq`ef0UF\#®�Un��`�cHdOe N_]H@�[NdD\V�o`BbDb�r�W#^_`cbmjyWa���G�¬Un��`�\afN��¡
[<\_bnb.u�²���`�[N��W_�o`FW'Uy�0��Wa² ©���`cdD`FbDTN���¸WSrq`BWabDT�dD`crq`ef0U��eW#fL²<`��eW#dndnu�`B�à\aT�UcR

�/"������O!�U�u� (��>���

���:7�
��8457��

}���`m`��V[]`cdDu�rq`ef0U�©�u�����`erq[���\'¡qUD��`Fj�W#�����»�edD¡_\a|a`cf�uv����u �0T�uv�à��¡V�Vdn\a|a`cfõW#f]� �V`cTVUD`cdDu�T�r U�W#dn|a`eUnbchaUn��`m��u�|_�õ[�dn`cbnbDT�dD`���`c��u�T�r
UnWadD|_`oU�W#f]�¦Un��`àb.\_��uv�èUnW#dn|a`eU��vWa�N�V`edF©�u�UD��W¸�eWadD²<\afè®¯\au��;UnWadD|_`oUFW#��\af�|¸©�u�UD��UD��`�j�W#�������o\a[N[]`cdFdnW_�Vu�W#UD\_dcRq}���`qr�W+�Vu�rST�r
`efN`edn|a¡�\a®<Un��`�²�dn`er�bnb>UndnWa����T�f�|m²]`BW#r%u�b�`cbnb.`cf_Unu�Wa����¡�`��_T]W#�VUn\FUD��`�`c��`B�iUndD\_f¨^�u�f�`oUnu���`ef�`cdD|_¡aRO}��N`�UnWadD|_`oUcha��\V�eW#UD`B���V\'©�fNb.UDdn`cW#r
\#®�Un��`àd�Wa�VuvW'Un\adBh4u�bku�dnd�Wa�VuvW'Un`c��²0¡�UD�N`à[���\aUD\af]b�W#fN��Un��`à[�dnu�rqWadD¡è`e��`c�iUndD\_f�²]`BW#r¸RL}��N`$�0TNWabDu�®¯dn`e`�^�u�f�`er�W#UDuv�eb�WadD`à����\0b.`cf
®¯\ad�UD��`?dGX c n N ] @<g�W#fN� @OX c n N p g d:[�dn\V�o`cbnbD`cbcRõ}���`õbDu�fN|a��`cbFrq`cW_b.TNdD`cr¨`cf0U�©�u�����²<`à[<`edD®¯\adnr¨`B��TNb.u�f�|¸Un��`à��`o® U.´�W#dnr«j�~yY�UD\
�V`eUD`c�oU�Un��`tNqp�R;}���`y�e\au�fN�ouv�V`ef]�o`�rq`cW_b.TNdD`cr¨`cf0UG©�u����]²<`�[<`edD®¯\adnrq`c�qTNbDu�fN|mUD��`�jyW#���]�°dDu�|a�0U.´�W#dnr%j�~yYS®¯\ad�UD��`�N_]��V`oUn`c�oUDu�\af4h
W#f]�àUn��`F��`e® U.´�W#dnrJjy~�Yà®¯\_d7UD��`F[�dn\#Un\af¸�V`oUn`c�oUDu�\af4R;}���`��V`eUD`B�iUD\_d�[NWa��^'Wa|a`cb�®¯\ad�²<\#Un�¶jy~yYLW#dnr�b7u�f UD��uvb�`���[<`ednu�r¨`cf0U�©�u����4²]`
uv�V`ef0UDuv�eWa�*UD\LUD�]W'UFTNbD`c��u�f�UD�N`¨dn`c�e`ef0UD��¡¦�o\_rq[���`eUD`B���U6# a´���8# à`���[<`ednu�r¨`cf0UcRq�Ou�|NR4% bD��\'©�b�UD��`�`���[<`ednu�r¨`cf0UnW#�*�vW¡a\_TVU�®¯\_dmUD��`
[�dn\a[<\_bD`c� `��V[<`ednu�rq`ef0UBR
}���`LcHd e N_]1@�dn`cWa�oUDu�\af�u�bFWLU>©7\#´µ²<\���¡¦[�dn\��e`cbnbeRà�7¡�`eu�UD��`cd��V`oUn`c�iUnu�fN|¶UD��`�rq\_r¨`cf0UDT�r-W#fN��UD�N`àW#f�|_��`�\a®?Un��`�[���\aUD\#´

[�dn\#Un\af�\adk��`oUD`B�iUnu�f�|¦UD��`àrq\_r¨`cf0UDT�r W#fN��Waf�|a��`�\#®7UD�N`à[���\aUD\#´µ[�dn\V�VTN�o`B��[�u�\_f4hH\af�`õ�cW#f��V`eUD`ednrqu�fN`�UD��`õu�fN�eu���`ef0Uk[���\aUD\_f
`efN`edn|a¡aRH��fqUD�Nu�b�`��V[]`cdDu�rq`ef0Uch0f�TN�o��`cWad;UnWadD|_`oU�b�XÛ�V`cTVUD`cdDu�T�r[hcjy`yW#f]�$E;:��g;©�u����]²]`�`erq[���\'¡a`c�¨u�fNb.UD`cW_�q\#®4Wm®¯dn`e`�f�`cTVUDdn\afqU�W#dn|a`eU
©���uv���õ�V\�`cb7f�\aU?`���uvb.U?u�fõfNW#UDT�dn`aR;}���TNbch0rq`BWabDT�dD`crq`ef0U�\#®�UD��`�rq\arq`ef0UnWkW#fN� bD�cW'U.Un`ednu�fN|kW#f�|_��`Bb�\a®4²]\aUD�õUD��`�[�dn\#UD\_fàW#fN�àUD��`
[�u�\afLW#dn`�f�`c�e`cbnbDWadD¡¨u�fõ\ad��V`cd�Un\kdn`c�o\_fNb.UDdnTN�iU?UD��`�u�f]�ouv�V`ef0U�[���\#Un\af `ef�`cdD|_¡aRG�yUD��`cd?u�f�`e�vWab.UDuv�����NW#f�fN`e��h0bDTN��� W_b � N¦[�dn\V�VTN�iUnu�\_f
�eWaf ²<`m`cbnb.`cf0UDuvW#����¡�`c��u�rqu�fNW#UD`B��hNbDu�fN�e`yUn��uvb�u�b�W¨�o\_u�f]�ouv�V`efN�e`mr¨`BWabDT�dn`erq`ef0U�W#fN� \af���¡�Un��`m��u�|_��`cb.U�`ef�`cdD|_¡�[�dn\#UD\_fNb�W#fN� [�u�\afNb
W#dn`��V`eUD`c�oUD`B��R�}���u�b�UD`c���Nf�u �0T�`k�NWab�²<`e`cf¦©7`e���4`cb.UnWa²���uvbD��`c�¸u�f¸UD��`kdD`B�o`ef0Un��¡L�o\arq[���`oUn`c�¶j�W#�����³`���[<`ednu�r¨`cf0Uy� 6# a´���8# ]RG�ybDu�f�|
UD�N`q�NW'UnW ®¯dn\ar �U6# a´���8# Nh<©7`S�NW�_`¨�e\arq[NWadD`B�¶UD�N`¨dn`c�e\afNb.UDdnTN�oUD`c�è[���\aUD\af�`efN`edn|a¡¦bD[]`B�iUDdnT�r¢®¯\_d�W$hj�`¨U�W#dn|a`oUm©�u�UD��¤¶\af0Un`



��8

π+
/p π -

/e

Copper Radiator(6%)

Electron Beam

Photons

A1(
n=

1.0
15

)

A2(
n=

1.0
55

) S1

Gas
 C

ere
nk

ov
(1

.0m
)

S2

VDC

Pion
 R

eje
cto

r
Gas Cerenkov(1.5m)

VDC

S2

S1 AM
(n=1.025)

LD2

Left Arm Spectromter Right Arm Spectrometer

Preshower and Shower

Dipo
le

Q2

Q1

Q3

Q1

Q2

Q3Dipole

���µù�ãVø �OÀ*Á0Â�Õ_Í>ÑcÕVÑBÓ�ÂiËSÂnáaÕVÂnÍ>ÐÒÙFÂ�Ê'Ï.ÉcÔ�Ô�ÉiåÑBÜ_Ïiã�À*Á_Â�Ë_ÂnÏ>ÂnÎnÏ>ÑcÍ�Õ�ÉeÎDßcÉcÝcÂ�Ó�ÉeÍ>Â�Ð�Ë_ÂnÊ#Ï>ÐÒÎiÉeÔNÏ>Ñ�æGÁ�ÉeÏ�Á0ÉBË¨ÖVÂ�ÂnÊ¨Ü0Ó�Â�ËSÐÒÊ ��ü��cÚ ��ý��_ã

Reconstructed Eγ (MeV)

0

0.01

0.02

0.03

0.04

0.05

0.06

2350 2400 2450 2500 2550 2600

Yi
el

d 
(a

rb
. u

ni
ts

)

����ù�ã � � �?ÂnÎ�ÑBÊ_ÓµÏ�Í>Ü0ÎnÏ>ÂiËàÕ0Á_ÑcÏ>ÑcÊ Â�Ê_ÂnÍ>ÝcåõÓ�ÕVÂ�ÎDÏ�Í>Ü0Ù ÉoÏy÷#ã ø � ù7Ânú�ÉeÊ�Ë ����� � üBýBþm×�ÑcÍ�É¨òDó7Â�Ï.ÉoÍ>ÝBÂnÏiãmÀ*Á0ÂmÎ�ÜaÍ>âÂ�ÐÒÓ�×�Í>ÑBÙ¬Ï>Á_Â�ç¨ÑBÊ'Ï>Â
ë*ÉeÍ>ÔÒÑFÓ�ÐÒÙ�Ü_Ô�ÉeÏ>ÐÒÑBÊNãHÀ*Á_Â�Ó�Á�ÉcË_ÂiËSÉeÍ>ÂiÉFËaÂ�Ê0ÑeÏ>Â�Ó;Ï>Á0Â�Õ_Á0ÑcÏ>ÑcÊ¨Â�Ê_ÂnÍ>ÝcåkÍ>Â�ÝcÐ�ÑcÊ¨æGÁ0ÐÒÎ.ÁqÐÒÓGÜ0Ó�ÂiËSÏ>Ñ�Âná#Ï�Í.ÉcÎnÏGÏ>Á_Â�ÂnáaÕVÂnÍ>ÐÒÙFÂ�Ê'Ï.ÉcÔVåaÐÒÂ�Ô�ËNã

�7W#dn��\¦b.u�rkT��vW'Unu�\_f�\#®�UD��` bDWar¨`�XÛ�Hu�|7/_giR¶}���`õ`����o`c����`ef0UkW#|_dD`c`erq`ef0U�²<`oU>©7`e`cf�UD��`�U>©7\¶|au��a`BbFTNbSWa���V`B���o\_fV�]�V`cfN�o`àu�f�UD�Nu�b
UD`B����f�u �0T�`aR

���87 �,>57�A�3�
	.:0��/7I?�� ? 0�@ 3��;7$�=? @�45?�3�.�


��fL`e��`c�iUndD\_fõ²<`cWar9©�u�Un�¶Wk²<`cWarJ�oT�dndn`ef0U7\a®_%!8��&6�uvb�dD`��_TNu�dn`c�à®¯\ad7UD��uvb�`��V[<`ednu�rq`cf_UBRG}���`m`��V[<`ednu�rq`ef0U�©�u�����TNbD`mW¨�e\a[�[<`ed
d�Wa�VuvW'Un\ad�\#®>/ � dnW_�VuvW'UDu�\af���`cf�|#Un�4h4©���uv����u�b�[��vWa�e`c��T�[Nb.UDdn`cW#r¢\a®�Un��`¨UnW#dn|a`eUm���]W#rk²<`edBRS}��N`q�e\a[�[<`edmd�Wa�VuvW'Un\adm�o\_fNb>UndDT]�iUD`B�
²�¡õUn��`k~�T�UD|a`cdnb���f�u��a`cdnbDu�U>¡õ�NW_b�²<`e`ef¶T]b.`B�¸u�fèbD`e�_`ed�W#�4�e\arq[���`oUD`B�¦jyWa���H�x[���\aUD\_f¶`��V[]`cdDu�rq`ef0Unbyu�f]�o��TN�Vu�f�|�UD�N`krq\_b.Uydn`c�o`cf0U
� 6! #´J�=8! �`��V[<`ednu�rq`ef0UBR
}���`S[NdD\_[]\0b.`B�¶dDTNf�f�u�f�| �e\afN�Vu�UDu�\af]by\a®GUD��uvb�`��V[<`ednu�rq`ef0UFW#dn`k�_`edn¡L�e��\0b.`kUD\ UD��\0b.`S\#®?�U6# #´J�=8! NhVUn��`q²NWa��^�|_dD\_T�fN� ®¯dD\_r�UD��`



���

� ÖVÂiÉeÙ ��� � � ������é Ô�ÉcÖ�í �����
ù7Â�ú ù7Â�ú ù7Â�ú ËaÂ�Ý ù7Ânú
	eÎ
÷'ã �øB÷ ÷#ã ÷���� ÷#ã ÷�� ���_ã � ý �cã � ��� �
÷'ã ûø�� ÷#ã �cûB÷ ÷#ã � � ���Bã �ø �cã øcü�� �
�#ã �oø � �aã ýB�eû ÷#ã øcû �cüaã �Bø �cã ���'÷eü
�#ã �cüBü �aã �B÷	� ÷#ã ûBýBø � � ã û÷ ÷'ã ýB�I�i÷
�aã � � � �_ã øcû � �aã ýBû � �aã �Bø ÷'ã øcýB� �
ø'ã ÷cýBý ø#ã �o÷cø �aã ÷�� �B÷#ã �iü ÷'ã ���cüBø
ø'ã ûBý÷ ø#ã �B÷�� �aã ��� �cýaã � � �#ã ýBû÷eü

À � � �;� ���À�ÉeÖ0ÔÒÂ�Ñc×�ß#Ð�Ê_Â�Ù�ÉeÏ>ÐÒÎ�ÓG×vÑeÍ7Ï>Á_Â�È<évÃ��µÆ<Ì4í�Ä Í>ÂiÉeÎnÏ>ÐÒÑBÊõÉeÏ?Õ0ÐÒÑBÊõë?ã ç ãNÉeÊ0ÝBÔÒÂyÑc×OüBý�ã�À*Á0ÂyÕ0Á_ÑcÏ>ÑBÊ¨Â�Ê0ÂnÍ>Ýeå�ÔÒÐÒÓµÏ>ÂiËqÐÒÓ#�Bø�ç¨Â�ú£ÔÒÂ�Ó�Ó
Ï>Á�ÉeÊSÏ>Á_Â�Â�ÔÒÂ�ÎnÏ�Í>ÑcÊ�ÖVÂiÉcÙxÂ�Ê_ÂnÍ>Ýcå'ã

�o\_[�[<`ed�d�Wa�VuvW'Un\ad��VTN`FUD\�Un��`�[�dn\V�VTN�oUDu�\af¶\#®;��\'©
`cf�`edn|a¡ f�`eT�UDdn\afNb�WafN�¸��u�|a�¸`efN`edn|a¡õ[Nu�\_fNb�©7`edn`��V`erq\_fNb>UndnW#UD`B� fN\#U�Un\�²]`¨W
[�dn\a²���`er3²�¡¶� 6# a´���8# ]R7�yf�\#Un��`ed�`��V[<`ednu�rq`ef0UBh��U8!8#´���8\2�©���u����è[�dD\_[]\0b.`Bb�UD\ TNbD`SW$%!8 �&6�²<`cWar��NWaby²]`c`efèWa[�[�dn\'�a`c�L²�¡LUD��`
���y��R

� ?�
	<17I3

w�`�[��vW#fSUD\mTNbD`�UD�N`�j�W#���N�:��u �0T�uv�S��`eTVUn`ednu�T�r¸h_��u �0T�u��¨��¡V�Vdn\a|a`cfSWafN�k��u �_TNu��¨��`c��u�T�rJX ��� dBR �ZRH`cW_���]gH�odn¡a\#U�W#dn|a`eUnb�WafN�qWmb.\_��uv�
UnWadD|_`oU;\#®4�cW#dn²]\_fLX 5�%#8arq|Nh ��� dBR ��R goR;}���`���u �0T�uv�q�0¡V�Vdn\a|_`efkUnW#dn|a`eUG©�u�����²<`�TNbD`c�¨®¯\_d*UD��`ybDu�f�|a��`cb_c @$e Nqp�dLrq`cWabDT�dn`erq`ef0UGW#f]�
®¯\ad��o\au�fN�eu��V`cfN�o`F²]Wa��^�|adn\aT�f]� b.UDTN��u�`BbeR7}���`k�VT�rqrS¡àUnWadD|_`oUy�e`e����©�u����4²<`�TNbD`c�L®¯\_dybDu�f�|_��`Bb�²NWa��^�|_dD\_T�fN�Lb>UnTN�Vu�`cbcR?w�`F[�dn\a[<\_bD`
UD\¨dnT�fàUn��`m`��V[]`cdDu�rq`ef0U�W'U�Wkr�W#��u�rkTNr `e��`c�iUndD\_fõ²<`cWar9�oT�dndD`cf0U7\a® %#8��4��hV©���uv���õuvb�b.u�|afNu��]�cW#f0UD��¡q²]`c��\'©°UD��`m��`BW'U���\0Wa��Un�NW'U
UD�N`kjyWa�������odn¡a\#U�W#dn|a`eU7dn\aTVUnu�fN`e��¡õ�NWafN�V��`cbcR�}���`�`cf�`edn|a¡õ��`e[<\_bDu�Un`c�¸W'U�Un��`F��u�|a��`Bb>U�`ef�`cdD|_¡èX %�R 5àl�`c��g�©�u�UD�3%!8 �4�³\#®*²]`BW#r
uvb�²]`c��\'©
UD��`���8!8Sw�W#U.U�b�`=�0T�u��'W#��`ef0U�UD��uv��^àU�W#dn|a`oU�[<\'©?`cd���u�rqu�UBR

% � 7�A�3�
	. � 7I3�7�


}���`FU>©7\õjy~yY¸bD[<`c�iUndD\_rq`oUD`cdnb�©�u����O²<`�TNbD`c�LUn\àr�W#^_`mUD��`¨�o\au�fN�eu��V`cfN�o`kr¨`BWabDT�dn`erq`ef0UcR�}���`�dnu�|a�0U.´�W#dnr�j�~yYL©�u����H²]`�T]b.`B�
®¯\adyUD��`N_]º�V`eUD`c�oUDu�\af4h�W#f]�LUD��`S��`e® U.´�W#dnr3j�~yYL®¯\adyUD��`S[�dn\#UD\_f¶�V`oUn`c�iUnu�\_f4Ry}���`k[�u�\_fèW#dnr3r¨\_rq`ef0UDT�r�bD`oU.Unu�fN|õd�W#f�|_`cb�®¯dn\ar
�aR � � ´ ��R 8!5¨l�`e��0#��WafN�õUD��`FW#fN|a��`�d�W#f�|_`cb�®¯dD\_r �!8NR 2m´s ! NR 5�C#R;}���`m[�dD\aUD\_f W#dnr rq\arq`ef0UnT�rJW#f]�õW#fN|a��`�bD`oUDUDu�f�|qdnWaf�|a`BbG®¯dn\ar
�aR /Q��´ �NR  %¨l�`c��0#�FW#fN� � /NR 8�5�´U�\%VR �!� CR�}���`F��u�|a�N`cb.Uyb.u�f�|a��`cb�d�W'Un`mu�f¸Un��`�b.[<`c�oUDdn\arq`oUn`ed�uvb���`cbnb7UD�NWafB%apFj�ª_h�©���uv���Luvb�rkT]���
��\'©?`cd;UD�NWaf�UD�N`y��u�rqu�U?®¯\_dGUD�N`�UDdnu�|a|a`cdGd�W'UD`_RH}��N`y��`o® U.´�W#dnr�jy~yYà©�u����<Wa��bD\F²<`yTNbD`c�qUn\S�V`eUD`B�iU�Un��`�Nqp�®¯dn\ar WF��¡V�Vdn\a|_`ef¨UnWadD|_`oUcR

� ? A��9<�
	.:6�0�@

}���`��V\arqu�fNW#f0UF²NWa��^�|_dD\_T�fN�¶[�dn\V�o`BbDb�®¯\admUn��uvbF`��V[<`ednu�rq`ef0UFuvb�UD��`��0TNWabDu�´�`c��W_b>Unu��¨�kXÛ`ah ` � []g�dD`BWa�oUDu�\af4Rq}���`��0TNWabDu�`c��W_b>Unu��cW#����¡
bn�eW'UDUD`cdD`B�¦`e��`c�oUDdn\af��NWabmf�`BW#dn��¡LUn��`àbDWarq`Srq\arq`cf_UnT�r WafN��Waf�|a��`qWab�UD��`q[��N\#UD\a´�[NdD\V�VTN�e`c�è[�u�\_f�u�f�UD��`q[�u�\af�W#dnr¸h4W#fN�èUD��`
bn�eW'UDUD`cdD`B�à[�dn\#Un\af¸W#�vb.\¨�NWab�fN`cW#dn��¡qUD��`�bnW#rq`�r¨\_rq`ef0UDT�r3W#fN�Lbn�eW'UDUD`cdDu�f�|qW#f�|_��`mWab7Un�NW'U�\#®HUD�N`�[N��\#Un\#´µ[�dD\aUD\_fõu�fõUn��`F[�dn\#UD\_f
bD[]`B�iUDdn\arq`eUD`edBRõw�`��NW�_`�`cb.UDu�rqW#UD`B�èUn��`õbDu�fN|a��`cbFd�W'Unu�\¸\#® ��]_0&N_]£®¯\_dmUD��` ��j � WafN����Q � UnWadD|_`oU�behO²NWabD`c��\af�Un��`à\a²]b.`cdD�_`c�
d�W'UDu�\�u�f�UD�N`�`���[<`ednu�r¨`cf0U7� 6! #´J�=8! NR�}���`�dnW#UDu�\�uvb�. �=8F®¯\ad?UD��`���Q � UnWadD|_`oU?WafN� . %!8m®¯\ad?UD��`���j � UnWadD|_`oUBRH}���`��o\_rk²�u�fNW'Unu�\_f
\#®OUD��`F|0Wab��?��`cdD`cf�^a\'���o\_T�f0UD`cdchV[�dn`cbD��\'©7`ed�W#fN�LbD��\'©?`cd7�e\aT�f0Un`ed�b7�cW#fL[�dn\'�0uv�V`mW#fL`e��`c�oUDdn\afõdn`>¹>`B�iUnu�\_fõ®ÛW_�iUD\_d�\#®�%#8!8�8�h0©���uv���
uvb�b.T	�à�eu�`cf_U7®¯\ad7Un��`m[�dD\_[]\0b.`B�à`���[<`ednu�r¨`cf0UcR;��fàUn��`m[�dn\#UD\_f WadDr¸h�|a\�\V�à[NWad.Unu��e��`�uv�V`ef0UDu��]�cW'UDu�\afL\#®H[�dn\#UD\_fNbch�Nqpº[NW#dDUDuv�o��`cb7W#f]�
[<\_bDu�UndD\_fNb*u�b�dD`��0T�u�dn`c�4RO}���`�[<\_bDu�UDdn\af¨²NWa��^�|adn\aTNfN�SWadDuvbD`cbH®¯dn\ar�[]W#u�d;[�dD\V�VT]�iUDu�\af�\a®]Un��`�²�dn`er�bnb>UndnWa����T�f�|m[���\aUD\af]bGW#fN�q�cW#fq²]`
dn`>¹>`c�oUD`B�àb.T ���eu�`cf0UD��¡�TNb.u�f�|kUD��`�|_W_b7�?��`cdD`cf�^a\'�q�o\_T�f0UD`ed7²<`c�eWaTNbD`�UD�N`�d�W'Un`��NWab?²<`e`ef `cb.UDu�r�W'UD`B��Un\k²<`�d�W'Un��`ed7��\'©FR*����UD�N\aT�|_�
UD�N`�Nqp [NW#dDUDuv�o��`cb�®¯dn\ar�Un��`�c\@ e Nqp�d§dn`cW_�iUnu�\_fNbmW#dn`k^�u�fN`er�W'Unu��cW#����¡¶`c��u�rqu�fNW#UD`B�èu�fèUn��`q[�dn\#UD\_f�WadDr¸h�UD�N`�Nqp ²NWa��^�|_dD\_T�fN�
`e�_`ef0U��cW#f¦�o\_rq`�®¯dn\ar3rkT���UDu�[���`k[�dn\V�o`cbnbD`cbchN©���uv���¶�NW�a`kdD`c��W#UDu��a`e��¡õ��\'©»dnW#UD`Bb�²<`c�eWaTNbD`�\#®*UD�N`k[��NW_b.`Sb.[NW_�o`k�e\afNb.UDd�W#u�f0UcR�}���`
�o\_rk²�u�fNW#UDu�\afà\a®4UD��`m�	�mW#f]�õ� � W#`cdD\_|a`c�]�o\_T�f0UD`cdnb�©�u�����[�dD\'��uv�V`yrq\_dD`yUD�NWaf bDT	�à�ou�`ef0U>Nqp�dD`.¹>`c�oUDu�\af4h�©���uv���õ�NW_b�²<`e`cf �e��`BW#dn��¡
�V`cr¨\_fNb.UDd�W'UD`B��²�¡F`��V[<`ednu�rq`cf_UG�U6# #´J�=8! NR4�NT�d.Un��`ednrq\adn`ahUn��`��o\au�fN�eu��V`cfN�o`7dn`=�0T�u�dD`cr¨`cf0UH`��<`B�iUDu��a`c��¡�bDT�[�[NdD`BbDbD`cb*W#����²NWa��^�|_dD\_T�fN�
���NWaf�f�`e�vbchc`��V�e`e[VU�UD��`�X¯`ah ` � []g����]W#f�f�`c�ZRH���V[<`ednu�rq`ef0U��U6# #´J�=8! 7��`erq\afNb.UDd�W'Un`c��Un�NW'U4Un��`��e\au�fN�ouv�V`ef]�o`yXÛ`ah ` � []g�²NW_��^�|adn\aT�fN��`e�_`ef0Unb
W#dn`ybDT	�à�ou�`ef0UD��¡¨dD`.¹>`c�iUn`c��©�u�UD�àUD��`�[NW#dDUDuv�o��`�uv�V`ef0Unu��]�cW'Unu�\_fà�eW#[]W#²�u���u�UDu�`cb�[�dn\'�0uv�V`B�q²0¡¨Un��`��V`eUD`B�iUD\_d�[NW_��^'W#|a`BbGbD��\'©�f�u�f �Ou�|NRP%VR



� �

� ÖVÂiÉeÙ ��� � � ������é Ô�ÉeÖVí � � é Ô�ÉcÖ�í ����� � �÷'ã �BøB÷ ÷#ã ÷���� ÷'ã ÷�� ���aã � ý �Bø#ã ��� �cã � ��� � �cã � ÷�� �
÷'ã ûBø�� ÷#ã �cûB÷ ÷'ã � � ���cã �ø � �aã øB÷ �cã øcü�� � �cã üBý��Bý
�#ã �iø � �aã ýB�eû ÷'ã øcû �Bü#ã �Bø �B÷#ã � � �cã ���'÷eü ÷'ã ý � �B�
�#ã �eüBü �aã �B÷	� ÷'ã ûcýø � � ã û÷ �I�Bã ýBý ÷'ã ýB�I�i÷ ÷'ã �ýBücû
�aã � � � �_ã øcû � �#ã ýBû � �#ã �Bø ÷eüaã �o÷ ÷'ã øcýB� � ÷'ã û � �cý
ø'ã ÷eýBý ø#ã �o÷cø �#ã ÷�� �÷'ã �iü ÷eûaã �iý ÷'ã ���cüBø �#ã ���	�B÷
ø'ã ûcý÷ ø#ã �B÷�� �#ã ��� �Bý#ã � � ÷��#ã ýBû �#ã ýBû÷eü �#ã �'ø����

À � � �;�)� � �VÀ<ÉcÖ0ÔÒÂ�Ñe×4ßaÐÒÊ_Â�Ù�ÉeÏ>ÐÒÎ�Ó;×vÑeÍ?Ï>Á_Â�Þ'Ü�ÉcÓ�ÐØ×�Í>Â�Â�Ä�évÃ��>Æ�ÇaÈ�íHÍ>ÂiÉeÎnÏ>ÐÒÑBÊàÉeÏ?Õ0ÐÒÑcÊàë?ã ç ãVÉcÊ_ÝBÔÒÂyÑc×�üBý�ã*À*Á_Â�Õ0Á0ÑeÏ>ÑBÊqÂnÊ0ÂnÍ>Ýeå¨ÔÒÐÒÓµÏ>ÂiËqÐÒÓ �Bø
ç¨Â�ú:ÔÒÂ�Ó�Ó;Ï>Á0ÉcÊ¨Ï>Á_Â�Â�ÔÒÂ�ÎnÏ�Í>ÑcÊqÖVÂiÉcÙxÂnÊ0ÂnÍ>Ýeå'ã

� ÖVÂiÉeÙ ��� é �ií � � éÛ÷cí � �é �ií � �'éÛ÷cí
ù7Â�ú ù7Ânú ù7Â�ú ù7Â�ú ù7Â�ú
÷'ã �BøB÷ ÷#ã �BýB÷ ÷'ã ÷BøB÷ ÷#ã ÷ � ÷'ã ÷eû
÷'ã ûBø�� ÷#ã ûBý�� ÷'ã �Bø�� ÷#ã � � ÷'ã �Bû
�#ã �iø � �aã �iý � �#ã ýø � ÷#ã ø�� ÷'ã øeü

À � � �;� � � � �]À�ÉeÖ0ÔÒÂmÑc×*Î�Â�Ê'Ï�Í.ÉcÔ4Õ0Á_ÑcÏ>ÑcÊLÂ�Ê_ÂnÍ>ÝBÐÒÂ�ÓyÉcÊ0Ë � ��æGÁ_Â�Ê Ï>Á_Â��iýcý�ç¨Â�ú
Ö0ÐÒÊ ÖVÂDÏ�æ*ÂnÂ�Ê¶÷cø¨ÉcÊ0Ë �i÷Bøqç¨Â�ú
ÖVÂ�ÔÒÑiæ Ï>Á_ÂmÂ�Ê0ËõÕVÑcÐ�Ê'Ï
Â�Ê_ÂnÍ>ÝcåSÐÒÓ?ËaÐÒâaÐ�ËaÂiËSÐÒÊ'Ï>ÑF÷�Ö_ÐÒÊ0Ó�ã À*Á0ÐÒÓGæGÐ�ÔÒÔ]ÖVÂ�Ë_ÑBÊ_Â7×vÑeÍ � ���º÷'ã û�ù7Ânú�ã

�&4C087 � ? 3 4CA�2

}OWa²���`Bbk�SW#fN� �.�kbD��\'©�bFUn��`L^0u�f�`crqW#UDuv�ebk®¯\adSUD��`�@OX c n NqpGg d WafN�§WafN��Un��` �0TNW_b.u�®¯dn`e`?dGX c n N_]1@<gkdD`BWa�oUDu�\afNbkdD`Bb.[<`c�oUDu��a`e��¡aR
}���`�[N��\#Un\af¶`efN`edn|a¡õuvb�U�W#^_`efLUD\à²<`L2!%q¤¶`e�%²]`c��\'©
UD�N`k`e��`c�oUDdn\af¸²<`cW#r3`efN`edn|a¡ah<b.u�fN�e`FUD��`kdnWaf�|a`F\a®*[N��\#Un\af¶`efN`edn|au�`cb�Un\à²]`
TNbD`c�¶uvb�W �=8�8à¤¶`c��²�u�f¶®¯dn\ar � %�¤¦`e�¬²]`c��\'©»Un��`k`cfN�¦[<\au�f0U�`efN`edn|a¡ UD\3� � %q¤¶`c�%²<`e��\'©»UD�N`k`ef]�¦[<\au�f_U�`ef�`cdD|_¡aRyjy\'©?`c�a`cd
bDu�fN�e`mUD��`Fd�W'Un`cb�WadD`mdn`e�vW'UDu��a`c��¡õ��u�|_�L®¯\ad�r D). � R 5�l�`e�ShN©7`m�cW#f¶�Vu���u��V`mUn��`?��8!8¨¤¶`e�³²Nu�f¸u�f_Un\qU>©?\?%!8¨¤¦`e�³²�u�fNb�®¯\_d�UD��`Bb.`
��\'© r Dq[<\au�f_U�beRà}��N`¨d�W#fN|a`¨u�f r D�. � R 5¶l�`e��©���uv����u�bF�e\'�a`cdD`B�¦²�¡èbD[���u�U.Unu�fN| Un��uvb��=8�8 ¤¶`c� ²�u�f�uvbFbD��\'©�f�u�f�}OWa²���`��D�.�iR
}���`q[�u�\af��o`cf_Un`edD´�\a® ´�r�W_bDb�W#f�|_��`quvb96!8��kW#UFWa���GbD`oUDUDu�f�|_bcR�}���`q^�u�f�`cr�W'UDuv�ebm�]W�a`¨²]`c`ef�����\_bD`efèUD\¶�o\'�_`ed�UD�N`¨dn`e|_u�\_fè²<`oU>©7`e`cf
�o`cf0UD`edD´µ\#® ´µrqW_bDb?`efN`edn|a¡ r DZ � R � /k´ ��R  1��l�`e�Sh�u�f¸b.UD`c[Nb�\#®;W#[N[�dD\&�Vu�r�W'UD`c��¡�8NR � l�`e�SR

�/.:6;0�3 450;<B��? 3�7�2

}���`õ�o\_T�f0UDu�f�|¶d�W'UD`õ©?`cdD`�`Bb>Unu�r�W'Un`c��TNbDu�f�|¸UD��` ��W'U�W¸UnWa^a`ef�\_f�UD��` : jJWafN� h jy`�UnWadD|_`oUnbk�VT�dnu�f�|¦�U6# b�=8# ¸W#f]��W¦¤¶\af0Un`
�7W#dn��\¸bDu�rkT��vW'Unu�\_f�\a®?Un��`�`��V[<`ednu�rq`ef0U�TNbDu�f�|¸UD��`àj�W#�����9¤¶\_f0UD`õ�7W#dn��\¶¤��7�?����rq\V�Vu��]`c��®¯\adF`���[<`ednu�r¨`cf0Uk� 6# a´���8# ]R¨}���`
¤¶\_f_Un`¨�7W#dn��\àTNbD`cbyW���UyUn\àUD�N`k`��Vuvb>Unu�fN|õ��W'U�W�\af c dge N_]1@OhNUn��`krq`BWabDT�dD`B� N_] G Nqp:d�W'Unu�\q®¯dn\ar3`��V[<`ednu�rq`cf_Um� 6! #´J�=8# qW#f]�
rq\arq`ef0UnT�r¢�Vu�b.UDdnu�²�TVUDu�\af]b�®¯\_d�:ejkh hcj�`¨W#fN�3Eo:'� UD\õbDu�rST��vW'UD`kUD��`S[���\aUD\afè`ef�`cdD|_¡ bD[]`B�iUDdnT�r3®¯\ad�`cW_���¸UnWadD|_`oUkX Eej�h :ejkh hcj�`
W#f]�BEo:'�£dn`cbD[]`B�iUnu��_`e��¡VgoR�}���`�dn`c�e\afNb.UDdnTN�oUD`c� [���\aUD\_fL`cf�`edn|a¡ b.[<`c�oUDdnT�rJ®¯\_d c dBe N_]1@¶\af¶WLhj�`�Wa|adn`e`cb��_`edn¡à©7`e���4©�u�Un�¸UD��`
��W#UnW�h<Wab�b.`c`ef¶u�fè�Hu�|$/NRyY�u�r¨u��vW#dn��¡L©?`SW#�vb.\�[<`edD®¯\adnrq`c�¶Wà¤¶\_f0UD`¨�7WadD��\àb.u�rkTN��W#UDu�\af¸®¯\adyUD��`uhBjy`kW#fN�3Eo:'�£U�W#dn|a`eUnb�W_bybD��\'©�f
u�f��Hu�| /¶W#fN���Hu�|72�Rõ}���`�rq\_r¨`cf0UDT�r-�Vu�b.UDdnu�²�TVUDu�\af�®¯\_d�E;:�x©�Wabm\_²VUnWau�fN`c��®¯dD\_r«j�W#���7�x`��V[]`cdDu�rq`ef0UnWa�G��W'U�W � %# +��R �ybDu�f�|
UD�N`S�eWa���eT��vW'UD`B� UDd�W#fNbD[NW#dn`ef]�o¡õ\_²VUnWau�fN`c�L®¯dn\ar�~�`o®��  �5&�µh]©7`k�cW#f¶|a`eU�W#f¶`Bb>Unu�r�W#UD`�\a®HUn��`kdn`e�vW'Unu��_`mUDd�W#fNbD[NWadD`cfN�o¡à\a®UE;:�
©�u�Un�
dn`cbD[]`B�iU�UD\ h j�`aR?��fN`m�cW#fLUD��TNb�\_²VUnWau�fLUn��`��o\_u�fN�eu���`efN�e`�d�W'Un`cb?®¯\ad Eo: �5®¯dn\ar9Un��uvb�dD`c��W#UDu��a`�UDd�W#fNbD[NWadD`cfN�o¡�TNbDu�f�|¨UD��`Fdn`e�vW'Unu�\_fqM

� dD`c��W#UDu��a` Z
� � $	�
��
	��

Z Q�W'U�WNXRE;:��Fg G ¤¦\af0UD`S�7WadD��\�X Eo:��Fg
Q�W'U�WNX h�� �'g G ¤¶\af0UD`k�7WadD��\�X h�� �'g X � g

}���`�dn`e�vW'Unu��_`mUDd�W#fNbD[NWadD`cfN�o¡à²<`oU>©7`e`cf3E;:'�
W#fN� hj�`�©�Wab7U�W#^a`cf¸UD\�²<`8NR 5NR7�y���OdnW#UD`cb�©?`cdD`F`Bb>Unu�r�W'Un`c�L®¯\_dyW?%#8�¤¶`c�³[���\aUD\_f
`efN`edn|a¡F©�u�fN�V\'©�®¯\_dUr D-. � R 5ml�`e�£W#f]�SW��=8�8y¤¶`c�£[���\aUD\afS`ef�`cdD|_¡F©�u�f]�V\'©§®¯\_dsr D�� � R 5ml�`e�kh_b>U�W#dDUDu�f�| � %y¤¦`e�:²]`c��\'©�UD��`
`ef]�S[<\au�f0UG`ef�`cdD|_¡aRH�:²]`BW#r%�eT�dndD`cf_U*\#®q%#8 �4�khaW�/ � �e\a[�[<`ed;d�Wa�VuvW'Un\ad;W#f]��Eo:B��UnWadD|_`oU*\#®<UD��uv��^�f�`cbnb�5�%!8yrq|P0'�or�:�©�WabHTNbD`c�¨u�f
UD�N`�`Bb>Unu�r�W'Unu�\_f4RGY�u�fN�o`�UD��`mW�'W#u���Wa²���`�� 6! #´J�=8! m�NW'UnWSuvb�rq\adn`��e\_WadnbD`e��¡¨bD[NW_�o`c��UD�NWafàUD�Nu�b7`��V[<`ednu�rq`cf_UBhVWk��u�fN`cW#d7`���UndnWa[]\_��W#UDu�\af
©�WabGT]b.`B�qUD\S`cb.UDu�rqW#UD`yUD��`�dnW#UD`cbG®¯\ad7`ef�`cdD|_u�`BbG²<`oU>©7`e`cfõW#f�¡SU>©?\k�U6# a´���8# F��W'U�W�[<\au�f0UnbcR*}��N`yd�W'UD`Bb;®¯\_dGUD�N`�&%F�or ��Q � U�W#dn|a`eU
©7`edn`m��`oUD`cdDrqu�f�`c�õ®¯dn\ar9Un��`�� 6! #´J�=8! �rq`cWabDT�dn`c� dnW#UD`BbeR;}���`m`cb.UDu�r�W'Un`c�¸�o\_T�f0UDu�f�|qdnW#UD`cb�WadD`mbD��\'©�f ²<`e��\'© u�f¶}OWa²���`����
}���`kbDu�f�|_��`Bb E X c n N_]Hg�WafN� E X c n @<g7d�W'Un`cb�©7`edn`m`cb.UDu�rqW#UD`B�õ®¯dn\ar�UD�N`F\a²NbD`edn�a`B� bDu�fN|a��`cb�d�W'Un`cb�u�f¦� 6# a´���8# ]R*}��N`k�o\_u�fN�eu���`efN�e`

UDu�rqu�fN|Sdn`cbD\a��TVUDu�\af�©�WabGUnWa^a`efàUD\¨²]` � fNb7u�fàUD�N`y`cb.UDu�r�W'Unu�\_fõ\#®�Un��`mWa�e�eu���`ef0UnWa�Nd�W'UD`BbeR*}���`�`#] G N_]èd�W'UDu�\k©�Wab�`cb.UDu�r�W'UD`B��®¯dn\ar
UD�N`�\a²NbD`edn�a`B�¦d�W'UDu�\Lu�f�`��V[<`ednu�rq`cf_U��U6# #´J�=8! NRk}��N`àb.u�f�|a��`cb�d�W'Un`cbch�UD��`àW_�e�eu��V`cf0UnW#�*d�W'Un`cbFW#f]��WafN�¦Un��`�`#] G N_]£dnW#UDu�\õ®¯\_dmUD��`



���

Eγ   Coincidence   Reconstruction

 Ee = 4.232GeV    Θ =90o    I = 50 µA      Target = 12C

0

0.05

0.1

0.15

0.2

0.25

3800 3850 3900 3950 4000 4050 4100 4150 4200 4250 4300

����ù�ã�� �4À*Á0Â�ç¨ÑBÊ'Ï>Â7ë*ÉeÍ>ÔÒÑ�Ó�ÐÒÙ�Ü_Ô�ÉeÏ>ÐÒÑBÊ�Ñc×]Ï>Á0Â;Í>Â�Î�ÑcÊ0ÓµÏ�Í>Ü_ÎnÏ>ÂiË�Õ0Á0ÑeÏ>ÑBÊ�Â�Ê_ÂnÍ>ÝcåFÓ�ÕVÂnÎnÏ�Í>Ü0Ù°×vÑeÍ*Ï>Á0Â�ôZöiëèÏ.ÉeÍ>ÝcÂnÏiã�À*Á0Â�Ó�Á�ÉcË_ÂiËmÍ>Â�ÝcÐÒÑBÊ¨ÐÒÓ�Ï>Á0Â
�iýcý�ç¨Â�ú5æGÐÒÊ�ËaÑiæºÜ_Ó�ÂiËkÏ>ÑmË_ÂnÏ>ÂnÍ>ÙFÐÒÊ_Â7Ï>Á0Â7Í.ÉoÏ>Â�Ó;×vÑeÍ � ���?÷#ã û�ù7Â�ú5ÉcÊ0ËkÏ>Á0Â�Í>Â�Ë¨Ë0ÉeÓ�Á0ÂiËSÔ�ÐÒÊ_Â�Í>Â�Õ_Í>Â�Ó�ÂnÊ#Ï>Ó;Ï>Á_Â�Â�Ê�ËkÕVÑBÐÒÊ'ÏGÂ�Ê0ÂDÍ>Ýcå'ã

������� � � � �]ó�÷�Í.ÉeÏ>ÂnÓ �]ì�÷�Í.ÉeÏ>ÂnÓ ònó?Â7Í.ÉeÏ>Â�Ó ôZöië�Í.ÉeÏ>Â�Ó
ù7Â�ú ù7Â�ú ó�� ó�� ó�� ó �
÷'ã �øB÷ ÷#ã ÷�� ÷��B�#ã � �cýaã � � ã � ÷ �Bã ø��
÷'ã ûø�� ÷#ã �B� û��#ã � �i÷#ã � ÷'ã �÷ ýaã ø��
�#ã �oø � ÷#ã øeû øeýaã ý � ã ÷ �cã ��� ýaã ���
�#ã �cüBü ÷#ã ûI� ÷ �Bã � ÷'ã ýB� ý#ã ø	� ýaã ���
�aã � � � �aã ýcû � ã � �cã ý � ý#ã ÷ � ý#ã ý � �
ø'ã ÷cýBý �aã ÷	� �aã � ý#ã � ø ý#ã ��� ý#ã ý����
ø'ã ûBý÷ �aã ��� �cã � ý#ã ÷B÷ ý#ã ý � ÷ ý#ã ý÷��

À � � �;� �Zú �B��ÓµÏ>ÐÒÙ�ÉeÏ>Â�Ë�Í.ÉeÏ>Â�Ó�×vÑeÍ �Nó�÷�é Ó�ÐÒÊ0ÝcÔ�ÂnÓ.íDä"�]ì�÷�é Î�ÑcÐÒÊ0Î�Ð�Ë_ÂnÊ0Î�ÂoíDä'ò�ó7Â�é Î�ÑBÐÒÊ_Î�Ð�Ë_Â�Ê_Î�Âoí4ÉcÊ�ËkôZöië�é Î�ÑcÐ�Ê_Î�Ð�Ë_Â�Ê_Î�Âoí�ÐÒÊ�É�øcýyç¨Â�ú�Õ_Á0ÑcÏ>ÑcÊ
Â�Ê_ÂnÍ>ÝcåkæGÐÒÊ�Ë_Ñiæ§×vÑeÍ � � �º÷'ã û�ù7Ânú:ÉcÊ0ËqÉO��ýBýFç¨Â�úºæGÐ�Ê0Ë_Ñiæ�×vÑcÍ � ���º÷#ã û�ù7Â�úyä0ÓµÏ.ÉoÍ�Ï>ÐÒÊ0Ýk÷Bø�ç¨Â�ú:ÖVÂ�ÔÒÑiæ§Ï>Á0Â�Â�Ê0ËSÕVÑBÐÒÊ'ÏGÂ�Ê_ÂnÍ>Ýcå'ã

��Q � UnWadD|_`oUnb�uvbFb.��\'©�f�u�f�}HW#²���`cb��kR¨}���`�b.u�f�|_��`Bbeh4W_�e�ouv�V`cf_U�W#�vbmW#fN�¦UD��`q` ] G N ] dnW#UDu�\ W#dn`¨`��V[]`B�iUn`c�èUD\¸²]`�bDu�rqu���Wad�®¯\ad�UD��`
bD\a��u��õUnWadD|_`oUnb��e\arq[NWadD`B��UD\qUn��\_bD`�®¯\ad�Un��`���Q � UnW#dn|a`eUcR

� � �VévÃ���Æ Ç íHÍ.ÉoÏ>Â�Ó �VévÃ�� È�íOÍ.ÉeÏ>ÂnÓ ÉeÎ�Î�Ð�Ë_Â�Ê'Ï.ÉeÔ 	 Ç�
 Æ Ç é �]ì�÷cí 	 Ç�
 Æ Ç é �]ó�÷cí
ù7Ânú ó � ó�� ó��
÷#ã ÷�� ÷��'ã ø û � �#ã ÷ ûaã û��4ÚZý � ýaã �'ø �B�#ã �
÷#ã � � � �#ã ý ûcüBý#ã � �_ã ���4ÚZý � ýaã øI� ���_ã û
÷#ã øcû ûaã � � �o÷'ã ÷ ÷#ã ü��4ÚZý � ýaã � ý �Býaã �
÷#ã û�� �Bã � ÷ � ü#ã ø ýaã � �4ÚZý � ýaã �Bø �B÷#ã ÷
�aã ýBû ýaã ��� �i÷��aã ÷ ýaã ���4ÚZý � ýaã û�� ÷	�_ã �
�aã ÷�� ýaã � � ÷#ã � �Bã ���4ÚZý�� ýaã üø ÷��aã ü
�aã ��� ýaã ÷ �aã ø �Bã ���4ÚZý�� �Bã ý�� ÷ �Bã ø

À � � �;�¦ú ���4ÓµÏ>ÐÒÙ�ÉeÏ>ÂiËkÓ�Ð�Ê_ÝBÔÒÂ�Ó;Í.ÉeÏ>ÂnÓ*×vÑcÍ �Nì�÷yÐÒÊSÉ �iýcýFç¨Â�úºÕ0Á0ÑeÏ>ÑBÊkÂ�Ê0ÂDÍ>Ýcå�æGÐÒÊ�Ë_Ñiæ§ÓµÏ.ÉoÍ�Ï>Ð�Ê_ÝF÷cømç¨Â�ú5ÖVÂnÔ�Ñiæ�Ï>Á_Â�Â�Ê�Ë�ÕVÑBÐÒÊ'Ï;Â�Ê_ÂnÍ>Ýcå'ã



�= 

� � �]ó�÷�ÖVÂiÉcÙ»Ï>ÐÒÙFÂ �Nì�÷yÖVÂiÉeÙ»Ï>ÐÒÙFÂ ò�ó7Â�ÖVÂiÉeÙ»Ï>ÐÒÙFÂ ôZöië�ÖVÂ�ÉcÙ»Ï>ÐÒÙFÂ À<ÑeÏ.ÉcÔ
ù7Â�ú Á0ÑBÜaÍ>Ó Á0ÑcÜ_Í>Ó Á_ÑBÜ_Í>Ó Á0ÑcÜ_Í>Ó Á0ÑcÜ_Í>Ó
÷#ã ÷�� ýaã ø ý#ã ø �Bã ý �cã ý �#ã ý
÷#ã �B� ýaã ø ý#ã ø �Bã ý �cã ø �#ã ø
÷#ã øeû ýaã ø ý#ã ø �Bã ý ÷'ã ø �aã ø
÷#ã ûI� ýaã ø ý#ã ø �Bã ø ø'ã ý �'ã ø
�aã ýcû ýaã ø �cã ý �aã ø ���cã ø � � ã ø
�aã ÷	� ýaã ø �cã ø � ã ø � � ã ý ÷	�_ã ø
�aã ��� �Bã ý �#ã ø ���Bã ø ÷cü#ã ý �ø#ã ý

�?ÉBË_Ð�ÉoÏ>ÑcÍ �  �_ã ý û#ã ý ÷ � ã ý �iý��_ã ø ���÷#ã ø
�7ÉcË_Ð�ÉeÏ>ÑeÍ�����À ÷#ã ý �#ã ý ûaã ø �ø'ã ý �Bûaã ø
�HÝBËàÿ#Ï>Ü�ËaÐÒÂ�Ó ø ��ý �iø
À<ÑeÏ.ÉcÔ ÷cý �

�7âBÂnÍ>Á0ÂiÉcË � ��� ÷	� � ��ý
ù?Í.ÉeÊ�ËqÀ<ÑeÏ.ÉcÔ ���cã ý ÷ �Bã ý ���_ã ø � �cüaã ø ÷�� � é ���Bã ømË_ÉiåaÓ.í

À ��� �8��ú,��1�4ÓµÏ>ÐÒÙ�ÉeÏ>ÂiËkÖVÂiÉcÙ»Ï>ÐÒÙFÂ7Í>Â�Þ#Ü_ÐØÍ>Â�ÙFÂ�Ê'Ï>ÓH×vÑeÍ?Ï>Á_Â �]ó�÷#ä �]ì�÷'ä�ÉeÊ�Ë ôZö ë�Ï.ÉoÍ>ÝBÂnÏ>Ó�ã

� 7I?�� �/4 � 7 �,2�3�4 � ? 3�7

�?`BW#r Unu�rq`Bb�dD`��0T�u�dn`erq`cf_U�b?®¯\ad���W#UnW¨©�u�Un�LUD��`md�Wa�VuvW'Un\ad�©?`cdD`�`cb.UDu�r�W'Un`c� ®¯\ad�W¨|a\0W#��\#® ��� b.UnW#UDuvb>Unu��cW#��T�f]�o`edDUnWau�f0U>¡�®¯\_d�UD��`
��j � hN�OQ � h1hBj�`kWafN� E;:'�:U�W#dn|a`eUnbcR�}���`�²<`cWar9UDu�rq`�`cb.UDu�r�W'Un`cb�®¯\_d�UD��`S��W'U�Wq©�u�Un��\aTVUyUD��`�d�Wa��u�W#UD\ad�WadD`�U�W#^a`cfLUD\�²<`kW¨UD��u�d��
\#®�Un��`�UDu�r¨`�dn`=�0T�u�dD`B�q©�u�Un�àUD�N`�d�Wa�VuvW'Un\adBRO}���`�²]`BW#r�Unu�rq`y`Bb>Unu�r�W#UD`cb7W#dn`�bD��\'©�f�²<`e��\'©£u�fõUnWa²���`��y�iR*�µU�u�fN�e��T]�V`cb��=8k��\aT�d�bG\a®
²NW_��^0|_dD\_T�fN��b.UDTN��u�`Bb7®¯\ad7UD��`F�e\au�fN�ouv�V`ef]�o`�r¨`BWabDT�dn`erq`ef0U7WafN� %���\_T�d�b�\a®O²NW_��^0|_dD\_T�fN��b.UDTN��u�`Bb7®¯\ad?UD��`FbDu�f�|_��`Bb7r¨`BWabDT�dn`erq`ef0UcR
��fàWa�N�Vu�Unu�\_f¨UD\mUD�N`	�=61�7�N\aT�d�b*\#®�²]`BW#r%UDu�rq`���uvb.UD`c�¨u�fqUD��`�UnW#²N��`_ha©7`�`cb.UDu�rqW#UD`�Un��`�UDu�rq`�®¯\ad�²]`BW#r�`cf�`edn|a¡S���NW#f�|_`9� %�%&��®¯\_d;UD��`
2�^0u�f�`crqW#UDuv��[]\_u�f0UnbFX /S���]W#f�|_`cb�g;Un\¨²<`FW#fLW�a`ed�W#|_`�\#®_/k�Ndnb�`BWa��� WafN��Un��`m\'�a`cdD��`BWa�q®¯\_d7UnW#dn|a`eU����]W#f�|_`y®¯dn\ar9�edD¡_\#´�UnW#dn|a`eUGUD\
��`c��u�T�r¬UnWadD|_`oU��NW_bG²<`e`cfõ`cb.UDu�r�W'Un`c�qUn\�²]`�W#²<\aTVU> k��d�bG`BWa���à���NWaf�|a`_RH}���TNbGUD��`yUD\aUnW#�<\'�a`cdD�N`cWa�S®¯\_d�²<`cW#r�`cf�`edn|a¡¨W#fN�qU�W#dn|a`eU
���NWaf�|a`Fuvb�`���[<`c�oUD`B�¸UD\à²<`kWadD\_T�fN�B�!/�� �  q��\_T�dnbcR������HbD[]`B�iUndD\_r¨`eUD`cd�bD`oU.Unu�fN|õ���NW#fN|a`cb�©�u����4U�W#^a`F[N��W_�o`k�VTNdDu�f�|à²<`cWar�`cf�`edn|a¡
���NWaf�|a`Bbeh<UD��TNb�Un��`edn`¨WadD`Sf�\¸Wa���Vu�UDu�\af]W#�*\'�a`cdD��`BWa�L®¯\_dmbD[<`c�iUndD\_rq`oUD`cd�rq\_r¨`cf0UDT�r·WafN�èWaf�|a��`¨���]W#f�|_`cbcRm�7TVUm®¯\_dyUn��`�b.u�f�|a��`cb
rq`cW_b.T�dn`erq`cf_UBh4Un��`��NWa��dD\_f�bD[]`B�iUndD\_r¨`eUD`cd�W#f�|_��`�W#f]��rq\_r¨`cf0UDT�r-���NW#f�|_`cbFWafN�¦Un��`�U�W#dn|a`oU�WafN��dnW_�Vu�W#UD\_dm���]W#f�|_`cb�©�u�����Wa���
dn`=�0T�u�dD`�W#fõ\'�_`edn��`cW_�¨\#®OWa²]\_TVU ��8���\_T�d�bGUn\#UnWa�<®¯\ad�W#���]Un��`	2F^�u�f�`er�W'Unu���[<\au�f_U�beR;}���TNbch0UD��`�UD\aUnW#��\'�_`edn��`cW_�qu�b7`��V[<`c�oUD`c�àUD\¨²]`
2+8¨��\_T�d�b7WafN� UD��`mUn\#U�W#��UDu�rq`FdD`��0T�u�dn`c�õ®¯\ad�Un��`F`��V[<`ednu�rq`cf_U�uvb � 2#/k�N\aT�d�bFX;���aR %k��W¡Vb�giR

% �;2�3�7 � ?�3 4CAL�O0�A�7�
	3�?1450�3 4 7�2�? 0�@ ! 
	.���7�A�3�7�@ ��7�2 6;>53 2

}���`à`��V[<`ednu�`cfN�o`�|0W#u�f�`c��u�f§� 6! #´J�=8# ¸bDT�|a|_`cb.Unb�UD�]W'U�Un��`õbD¡�b.UD`cr�W'UDuv��T�f]�o`edDUnWau�f0Unu�`BbF\#®7UD��uvb�^�u�fN��\#®�`���[<`ednu�r¨`cf0USW#dn`q©?`c���
T�fN��`ed*�o\af0UndD\_�ZR��N\adOUD��`��odn\_bnb.´µbD`c�oUDu�\afmrq`cWabDT�dn`erq`ef0U�b4Un��`?bD¡Vb>Un`er�W'Unu���T�fN�o`cd.U�W#u�f0UDu�`cbHW#dn`�`��V[<`c�oUD`c�FUD\�²]`�.T% � ROjy\'©?`c�a`cdchcUD��`
bD¡�b.UD`cr�W'UDuv��T�fN�o`cd.U�W#u�f0U>¡àu�fL`efN`edn|a¡à�V`c[]`cfN�V`ef]�o`m\#®OUD��`F�odn\_bnb.´µbD`c�oUDu�\afà©�u�����²<` . � � RGY�u�fN�e`mUD��`�UDd�W#f]b.[NWadD`cfN�o¡qrq`cW_b.TNdD`cr¨`cf0U
uvb?WkdnW#UDu�\�rq`cWabDT�dn`erq`ef0UBh_r�W#f�¡¨\#®�Un��`�bD[<`c�iUndD\_rq`oUD`cd�dn`e�vW'Un`c��bD¡�b.UD`cr�W'UDuv��`cdDdn\ad�b;©�u������eWafN�o`c�ZR*w�`y`���[<`c�oU?Un��`yfN`oU�b.¡Vb.UD`er�W#UDuv�
T�fN�e`edDUnWau�f0U>¡L®¯\ad�UD�N`SUndnWafNbD[NW#dn`efN�e¡ rq`BWabDT�dD`crq`ef0U�Un\ ²<`�. � � Rk}���`¨[�dn\#¹>`B�iUD`B�¦dn`cbDT���Unb�®¯\adm��j � h4��Q � hqhcjy`¨WafN� Eo:B�xW#dn`
bD��\'©�fèu�f��Hu�|NR 5�hO�Ou�|NR 6Nh4�Ou�|NR���8 WafN�è�Hu�|NR����aRk�Hu�|NR_�!�qW#�vb.\Lb.�N\'©�byUn��`��eWa���eT���W#UD`B�¶UDd�W#f]b.[NWadD`cfN�o¡ �  �/&�;®¯\_d�UD��dn`e`q�Vu-�<`cdD`cf_U
[��NW_b.`�Waf�|a��`cb�\#®�8�Cah1 \%�CFW#f]� 6�8�C#R?�µUyuvby�e��`BW#d�Un�NW'U�Un��`�[�dn\#¹>`B�iUn`c�¸b>U�W'Unu�b.UDuv�eWa��W#fN�¶bD¡Vb>Un`er�W'Unu��mTNfN�o`cd.U�W#u�f_Unu�`Bb�W#dn`mrq\adn`mUD�NWaf
bDT	�à�ou�`ef0U�Un\kr�W#^_`y�V`o�]f�u�Unu��_`�b.UnW#UD`erq`cf_U�b�\_fqUD��`�[�dn`c�Vuv�iUn`c��\0bD�eu����vW'UDu�\af]b;u�fàUD��`mbD�cW#��`c���edD\0bDb.´µbD`c�oUDu�\af�W#f]�qu�fõUD��`9E;:�ºf0T]�o��`cW#d
UDd�W#f]b.[NWadD`cfN�o¡_R

� �
	�	 +��9���=+ ���J��� � +u� ���	����L
 +�L
k���#%8!����-%1� � ��	 � ��� �#%

¤¦W#f�¡¨r¨`crk²<`ed�b;\#®�Un��`y�eT�dDdn`ef0U?�e\a����Wa²]\_dnW#UDu�\af¨�NW�a`�²<`e`cfàu�f0�_\a���a`B�ku�fõWFf�T�rS²]`cd�\#®�²�dn`er�bnb>UndnWa����T�f�|F[���\aUD\_f�²]`BW#r¬`��V[]`cd.´
u�r¨`cf0UnbyW#U�YV�O�y��W#fN�¶�0��Wa²4R�¤¶\_b.Uyrq`erS²]`cdnby\#®*UD��`S|adn\aT�[¶WadD`F`���[<`ednu�`efN�e`c�¸u�f¶dDT�fNf�u�fN|�UD��`¨jyWa����´µ�³dnW_�Vu�W#UD\_dchN�edD¡_\#U�W#dn|a`oU�b
W#f]�¨bD[<`c�iUndD\_rq`oUD`cdnbcR*}���u�b�`��V[<`ednu�rq`ef0UGuvb�W�®¯\_����\'©�´�TN[¨\a®<`��V[]`cdDu�rq`ef0U?� 6! #´J�=8! �W#f]�qr¨\0b>UGrq`crk²<`ed�b;�NWa�q[]W#dDUDuv�ou�[NW'Un`c�¨u�fqUn�NW'U
`��V[<`ednu�rq`cf_U�W_b�©?`c����W_b7UD��`�j�W#���4�»[���\aUD\#´µ[�dn\#Un\afõ[<\a�vW#dnu�ªcW'Unu�\_fõ`���[<`ednu�r¨`cf0Unb�XZ� 5!6#´R81�=6�WafN�¸� 6! #´ 8Q� � giR



�&%

0

1

2

3

4

5

1 1.5 2 2.5 3 3.5 4
√s (GeV)

s7 d
σ/

d
t(

10
7 G

eV
14

 n
b

/G
eV

2 ) World data around 90o

E94104
E02010 Projected

����ù�ãVû��GÀ*Á_ÂyÓ�Î�ÉcÔÒÂiËõË_ÐØï�ÂnÍ>Â�Ê'Ï>Ð�ÉcÔ]ÎnÍ>ÑBÓ�ÓµÚÛÓ�Â�ÎnÏ>ÐÒÑcÊ � � 
�

��
×vÑeÍ7Ï>Á0ÂGÈ�évÃ���Æ�Ì�í�ÄLÕ_Í>Ñ'Î�Â�Ó�Ó7ÉeÏ�ë?ã ç ãVÉcÊ0ÝcÔÒÂ�Ñc×OücýþBä�ÉcÓ7Ém×vÜ0Ê_ÎnÏ>ÐÒÑBÊ�Ñe×HÎ�ÙFÓGÂ�Ê_ÂnÍ>Ýcå

� �mÐÒÊ¦ù7Â�úxÉeÔÒÑBÊ0ÝSæGÐÒÏ>Á Ï>Á0ÂFÕ_Í>Ñ �µÂnÎnÏ>ÂiËLÙFÂiÉeÓ�Ü_Í>Â�ÙFÂnÊ#Ï>Ó?×vÑcÍyÏ>Á0ÐÒÓ�ÂnáaÕVÂnÍ>ÐÒÙFÂ�Ê'ÏFévÍ>Â�ËLÓ�ÑBÔÒÐ�ËLÕVÑBÐÒÊ'Ï>Ó.íDã �»÷ � ÓµÏ.ÉeÏ>ÐÒÓµÏ>ÐÒÎiÉcÔ*Ü_Ê0Î�ÂDÍ�Ï.ÉcÐÒÊ'Ï�åõÉcÊ0Ë
É�ÕVÑBÐÒÊ'Ï�ÚÛÏ>ÑeÚÛÕVÑBÐÒÊ'Ï � � ÓµåaÓµÏ>Â�Ù�ÉeÏ>ÐÒÎyÜ0Ê0ÎnÂnÍ�Ï.ÉcÐÒÊ'Ï�åqÉBË0ËaÂiË�ÐÒÊLÞ'Ü�ÉcËaÍ.ÉoÏ>Ü_Í>ÂyÐ�Ó7Ó�Á0ÑiæGÊ ÐÒÊ�Ï>Á0ÂyÕ_Í>Ñ �µÂnÎnÏ>ÐÒÑBÊ]ã À*Á_ÂFÓ�ÑBÔÒÐ�ËõÎ�ÜaÍ>âÂyÐ�Ó?Ï>Á0Â�Ó>ÉeÙFÂ�ÉeÓ�ÐÒÊ
��ÐÒÝ_ã �qé Ü0Õ_ÕVÂnÍGÕ�ÉeÊ0Â�Ô�íDã

0

2.5

5

7.5

10

1 1.5 2 2.5 3 3.5
√s (GeV)

s7 d
σ/

d
t(

10
7 G

eV
14

 n
b

/G
eV

2 ) World Data
E94104
E02010 Projected

����ù�ã�üI��À*Á_Â¨Õ_Í>Ñ �µÂnÎnÏ>ÂiË¦ÙFÂiÉcÓ�ÜaÍ>Â�ÙFÂ�Ê'ÏqévÍ>ÂiË¶Ó�ÑcÔ�Ð�ËèÕVÑBÐÒÊ'Ï>Ó.íy×vÑeÍFÏ>Á0ÂkÓ�ÎiÉcÔÒÂiË�Ë_ÐØï�ÂnÍ>Â�Ê'Ï>Ð�ÉcÔ;ÎnÍ>ÑcÓ�ÓµÚÛÓ�Â�ÎnÏ>ÐÒÑBÊ�×�ÑcÍFÏ>Á_ÂSÕaÍ>Ñ'Î�Â�Ó�ÓFÄ4évÃ���Æ Ç ÈVí�ÉcÓ
ÉS×�Ü0Ê0ÎDÏ>Ð�ÑcÊLÑe×;Î�ÙFÓ�Â�Ê_ÂnÍ>Ýcå � ��ÐÒÊ¦ù7Â�úyã��»÷ � ÓµÏ.ÉeÏ>ÐÒÓµÏ>ÐÒÎiÉcÔ*Ü_Ê0Î�ÂDÍ�Ï.ÉcÐÒÊ'Ï�åõÉcÊ0ËLÉkÕVÑBÐÒÊ'Ï�ÚÛÏ>ÑeÚÛÕVÑBÐÒÊ'Ï � � ÓµåaÓµÏ>Â�Ù�ÉoÏ>Ð�Î�Ü0Ê0ÎnÂnÍ�Ï.ÉcÐÒÊ'Ï�åõÉcË0Ë_Â�Ë ÐÒÊ
Þ'Ü�ÉcËaÍ.ÉeÏ>ÜaÍ>Â�ÐÒÓGÓ�Á0ÑiæGÊqÐÒÊ¨Ï>Á0Â7Õ_Í>Ñ �µÂ�ÎnÏ>ÐÒÑcÊ]ãHÀ*Á0Â�Ó�ÑBÔÒÐ�Ë¨Î�ÜaÍ>âÂ�ÐÒÓGÏ>Á0Â�Ó>ÉeÙFÂ�ÉcÓ�ÐÒÊ&��ÐÒÝ_ã �qé Ü0Õ_ÕVÂnÍGÕ�ÉeÊ0Â�Ô�íDã



��/

4He Nuclear Transparency

0.4

0.5

0.6

0.7

0.8

1 2 3 4 5 6
|t|(GeV/c)2

T
ra

n
sp

ar
en

cy

with CT

no CT

E94104
6 GeV Projected

����ù�ã8�iýI�GÀ*Á0Â�Õ_Í>Â�Ë_ÐÒÎnÏ>ÂiË¨Ê#Ü_Î�ÔÒÂiÉeÍ�Ï�Í.ÉcÊ_Ó�Õ�ÉeÍ>ÂnÊ0ÎnåS×vÑcÍ�ònó7ÂyÉeÓ7É�×�Ü0Ê0ÎDÏ>Ð�ÑcÊ�Ñc×�ÙFÑBÙFÂnÊ#Ï>Ü_Ù
Ï�Í.ÉeÊ0Óµ×vÂDÍ�Ó>Þ'Ü�ÉoÍ>ÂiË�� ���aÐ�Ê¶éÛù7Ânú
	eÎií�öyÉeÔ�ÑcÊ0ÝFæGÐØÏ>Á
Ï>Á0Â�Õ_Í>Ñ �µÂnÎnÏ>ÂiËSÙFÂ�ÉcÓ�Ü_Í>ÂnÙFÂ�Ê'Ï>Ó�ã ��÷ � ÓµÏ.ÉeÏ>ÐÒÓµÏ>ÐÒÎiÉcÔNÜ0Ê_Î�ÂnÍ�Ï.ÉcÐÒÊ'Ï�åmÉcÊ0ËSÉ�ÓµåaÓµÏ>Â�Ù�ÉeÏ>ÐÒÎ�Ü0Ê0ÎnÂnÍ�Ï.ÉcÐÒÊ'Ï�åFÑe× � � ÉcË0Ë_Â�Ë�ÐÒÊSÞ'Ü�ÉBË#Í.ÉeÏ>ÜaÍ>Â?ÐÒÓ*Ó�Á_ÑoæGÊkÐÒÊ
Ï>Á0Â7Õ_Í>Ñ �µÂ�ÎnÏ>ÐÒÑcÊ]ã

12C Nuclear Transparency

0

0.2

0.4

0.6

0.8

1

1 2 3 4 5 6
|t|(GeV/c)2

T
ra

n
sp

ar
en

cy

6 GeV projection
phase=0
phase=π/4
phase=π/2

����ù�ã �����mÀ*Á_ÂkÕaÍ>ÂiË_ÐÒÎnÏ>Â�ËLÊ#Ü0Î�ÔÒÂiÉoÍyÏ�Í.ÉeÊ0Ó�Õ0ÉeÍ>Â�Ê_ÎnåL×�ÑcÍkôZöië°ÉeÓ�É¨×�Ü0Ê_ÎnÏ>ÐÒÑBÊ¸×vÜ_Ê0ÎnÏ>ÐÒÑcÊ¸Ñc×GÙFÑcÙFÂ�Ê'Ï>Ü0Ù%Ï�Í.ÉeÊ0Óµ×�ÂnÍ�Ó>Þ'Ü0ÉeÍ>ÂiË�� ���]ÐÒÊ�éÛù7Â�ú 	eÎoí�ö
ÉcÔÒÑcÊ0Ý�æGÐØÏ>ÁSÏ>Á_Â7ÕaÍ>Ñ���Â�ÎnÏ>ÂiË¨ÙFÂ�ÉcÓ�Ü_Í>ÂnÙFÂ�Ê'Ï>Ó�ã �:÷ � ÓµÏ.ÉeÏ>ÐÒÓµÏ>ÐÒÎiÉeÔ<Ü0Ê_Î�ÂnÍ�Ï.ÉeÐ�Ê'ÏZå�ÉcÊ0Ë¨É�ÓµåaÓµÏ>Â�Ù�ÉoÏ>ÐÒÎ7Ü0Ê_Î�ÂnÍ�Ï.ÉeÐ�Ê'ÏZå�Ñc×�� � ÉBË_Ë_ÂiË�ÐÒÊqÞ'Ü�ÉcËaÍ.ÉeÏ>ÜaÍ>Â
ÐÒÓ7Ó�Á_ÑoæGÊàÐÒÊqÏ>Á0ÂyÕ_Í>Ñ �µÂnÎnÏ>ÐÒÑBÊ]ã7À*Á0Â�Ï�æHÑcÚÛÎ�ÑcÙFÕVÑBÊ0ÂnÊ#Ï�ÙFÑ#ËaÂ�Ô�Õ_Í>Â�Ë_ÐÒÎnÏ>ÐÒÑBÊ�Ö'å��BÉcÐÒÊ]ä	��Ü_Ê�Ë_ÜqÉcÊ�Ë �?ÉcÔÒÓµÏ>ÑcÊ)� ������×vÑeÍ�Õ_Á�ÉcÓ�Â ��ýaä9�'ø þ ÉcÊ0Ë�üBý þ
ÉeÍ>Â�Ó�Á_ÑiæGÊ�ÉcÓGÖ0Ô�ÉeÎDßVä_ÝcÍ>Â�Â�ÊqÉcÊ�ËSÖ0ÔÒÜ0Â�ÎnÜ_Í>âÂBä#Í>Â�Ó�ÕVÂnÎnÏ>ÐÒâÂ�ÔØå'ã



�+2

%b�O( ( +u�,$

w�`S�NW�a`F[�dn\a[<\_bD`c�¸W�rq`BWabDT�dD`crq`ef0Uy\#®*Un��`	c @ e Nqp_d�dD`BWa�oUDu�\af¦W#f]� cHd7e N_]b@�W'U�Wà�e`ef0UD`cd.´µ\#® ´µr�Wabnb�W#f�|_��`F\a® 6!8��R�w�`
[��vW#f�UD\�rqWa[�\_TVUSUn��`LdD`c|au�\af§\a® r D3Z � R � %¶´	��R  1� l�`c�3u�f§�]f�`Lb.UD`c[Nb¨\#®�Wa[�[�dn\&�Vu�r�W'Un`e��¡ 8�R %èl�`e�SR*w�`¸©�u�����W#�vbD\èr�W#^_`
[���\aUD\a´�[�u�\afLUndnWafNb.[]W#dn`efN�e¡àrq`cWabDT�dn`erq`ef0Uyu�f¸UD�N`kbD�cW#��u�fN|�dD`c|au�\af¸©�u�Un�¶UD�N` dGXmc_noN_]1@�g�[�dn\V�o`cbnb�W'UyUD��`��_T]WabDu�´�®¯dD`c`F^�u�f�`cr�W'UDuv�eb
\af¸WLhcjy`mUnWadD|_`oU�W#fN�õUD�N`F�Nd�b>U�rq`cW_b.T�dn`erq`cf_U�\_fLW$Eo:B�£UnWadD|_`oUcR;}���`Bb.`Frq`BWabDT�dD`crq`ef0Unb7©7\aT��v� UD`cb.U�UD�N`F\_bn�ou����vW'Un\adn¡�²]`c�NW��u�\_d
\#®�Un��`ybn�eW#��`c�S®¯dn`e`�bD[NWa�e`��Vu-�<`cdD`cf_Unu�Wa�]�edD\0bDb.´µbD`c�oUDu�\afNb*Wa²]\_TVU;UD��`��_T]W#dn^S�o\_T�f0UDu�f�|F[�dn`c�Vuv�iUnu�\_f4R*��fN��²�¡k�Nf�`e��¡¨rqWa[�[�u�f�|F\aT�UGUD��`
f�TN�o��`cWad�UDd�W#f]b.[NWadD`cfN�o¡õ\'�a`ed�Un��`Sbn�eWa��u�f�|�dn`e|_u�\_fLu�U�bD��\aTN���¸²<`�[<\_bnb.u�²���`FUD\�Un`cb.U�UD�N`kuv�V`cW_b�\#®?�7}»W#fN�¸f�TN�e��`BW#d��]��Un`ednu�f�|õ`���`c�iU
u�fLWkf�`e©
dD`c|au�r¨`_ROw�`m©�u�����TNbD`yUn��`mb>U�W#fN��Wadn� jyWa����´µ�
`=�0T�u�[�rq`ef0U�W#��\af�|¨©�u�UD� W�/ � �e\a[�[<`ed�d�Wa�VuvW'Un\adBRH}��N`�j�W#����´��
�edD¡_\a|_`ef�uv�
��u �0T�uv����¡V�VdD\_|a`cf¨WafN�q��u �0T�uv�à�V`eT�UD`ednu�T�r W#fN��W�bD\a��uv�¨�cW#dn²]\_fqUnWadD|_`oUG©�u����<²]`yTNb.`B��R;�£Un\#UnWa�N\a® � % � ��\_T�d�b�X;��8�R %m��W¡Vbng*\a®�²]`BW#r
UDu�rq`F©�u����4²<`FdD`��0T�u�dn`c�õ®¯\ad�Un��uvb�`��V[<`ednu�rq`ef0UBR

+u� �L�?��� 	 �>
 � �,(��U�L�'%

w�`mUn�NW#f�^¸l¨R �kRN¤¶u�����`edBh�¤�R]Y�W#dn|_bDu�Waf W#f]� }mR�wxR]Qy\_f�f�`e����¡à®¯\ad��N`e��[V®¯T����e\arqrq`ef0UnbcR

��� ��ë?ãað�Á_ÐÒÏ>Â/��� �! �"�ä �4Á#åaÓ�ã��?Ânâ�ã�
����Nä�øcû¨é ��üBü��íDã
� ÷ ��ÿVã �_ã �OÍ>Ñ#ËaÓ�ß'åqÉeÊ�Ë�ù�ã ��ã1��ÉoÍ�Í.ÉeÍiä'�4Á'åaÓ�ã ��Â�âVã �NÂnÏ�Ïiã ����ä8���oø���é �iüB���í
	'�4Á'åaÓ�ã ��Â�âVã0ì�����ä;� �BýBü�é ��üB�Bøcí
	Vú�ã�çqÉeÏ>âBÂ�Â�â���� �! �"�ä�7Ü_ÑeâBÑ
ëHÐÒÙFÂ�Ê'Ï>Ñ �]ÂnÏ�Ïiã��ä1�I�iüqé ��üB���í
	

� �	��ù�ã ��ã �]Â�Õ0ÉcÝBÂcäVÉcÊ0ËqÿVã �aã �OÍ>Ñ#ËaÓ�ß'å'ä �4Á'å_Ó�ã"��Â�âVã0ì����Nä�÷I�oø��¨é �iücûBýíDã
� ���7À7ã�ù7ÑBÜ_Ó�Ó�ÂnÏiä ��ã �4ÐØÍ>Â�ÉeÊ�Ë �_ã ��ã��7ÉeÔÒÓµÏ>ÑBÊ]ä ��Á'åaÓ�ã"�?Ânâ�ãaì����Nä;�i÷cý÷¨é ��üBü � íDã
� ø � yã���Ó�ÝBÜaÍ?ÉcÊ�Ë¨ë?ã �NÔ�ÂDæ*Â�ÔØåaÊ_Ú�ÿaÙFÐØÏ>ÁNä ��Á'åaÓ�ã ��Â�âVã��]ÂnÏ�Ïiã����Nä��iýcûBýqé ��üBû��íDã
� � ���yã �BÐ ä �_ã Ú+��ãVçqÉmÉeÊ�Ë&�Hã��OÜ�ÉcÊNä ��Á'åaÓ�ã"�?Â�âVã��]ÂDÏ�Ïiã����Nä�÷���� � ý��kéÛ÷cýcý �íDã
� � � �aã ��ÑBÔÒÎ.Á0ÐÒÊ0Ó�ß#Ð�ÉeÊ�Ëàç ã �_ãNÿ'Ï�Í.ÉcÓ�Ó�ÔÒÂnÍiä �4Á'å_Ó�ã �?Ânâ�ã �]ÂDÏ�Ïiã����NäVý ��� � ýI�¨éÛ÷eýBý÷cí
	 �yã ë?ã ��Í>ÑoæHÂnÍ�ÉeÊ�Ëàë?ã �DãVÀ�ÉcÊNä 7Ü_Î�Ô ã �4Á#åaÓ�ã �������Nä �cü �
éÛ÷eýBý �í
	 ��ã �?Ê0ËaÍ>Â�Ânâ�ä �4Á'åaÓ�ã ��Â�âVãaì����ä�ý�� � ýBýI�SéÛ÷eýBý �íDã

� û	��ÿVã �_ã	�OÍ>Ñ#Ë_Ó�ß'åmÉcÊ�Ë�ù�ãB�Hã'ËaÂ?À]ÂnÍ.ÉcÙFÑcÊ�ËNä ��Á'åaÓ�ã �NÂnÏ�Ïiã �������Nä_÷ ���yéÛ÷cýcý��í
	�ÿVã �aã �OÍ>Ñ#Ë_Ó�ß'å����%�! �"�ä �4Á'åaÓ�ã	��Â�âVãBì����Nä'ýB� � ýBýI��éÛ÷eýBý��íDã
� ü	� �aã �ÉcÕVÑcÔÒÐÒÏ.ÉeÊ0Ñ �����  �"�ä ��Á'åaÓ�ã ��Â�âVã �]ÂDÏ�Ïiã�����ä<÷Bø��Bý é ��üBûcûí
	4ÿVã �_ã��_Í>Â�ÂiËaÙ�ÉcÊ ��� �! �"�ä �4Á'åaÓ�ã �?Â�âVãNë����Nä �iû � �Lé ��üBü �í
	 �aã �;ã��HÂ�Ô �����

�  �"�ä ��Á'åaÓ�ã"�?Â�âVã �]ÂnÏ�Ïiã���]ä � � � é �iücüøBíDã
���iý	��ë?ã �HÑ'Î.Á0Ê0É���� �! �"�ä �4Á'å_Ó�ã"��Â�âVã��]ÂnÏ�Ïiã�����ä �'ø�� � é �iücüBûíDã
����� �,�;ã ë?ã�ÿ#ÎDÁ#Ü0ÔØÏ>ÂBä ��� �! �"�ä ��Á'åaÓ�ã��?Â�âVã��]ÂDÏ�Ïiã���Vä8��ý÷ �cý÷qéÛ÷cýcý��ií
	
���o÷ ����ã"��ÑBÓ�Ó�Ð ��� �! �"�äaÁ0ÂnÕ_ÚÛÕ0Á 	cý��Býøc÷cýB�'äVÓ�Ü0Ö_ÙFÐØÏ�Ï>ÂiË�Ï>Ñ	��Á'åaÓ�ã"�?Â�âVã �]ÂnÏ�Ï>Ó�ã 	�ç ãVç¨ÐØÍ.É ��ÐØÏ.É ��� �! �"�ä �4Á#åaÓ�ã��?Ânâ�ã0ë�!�]ä0ý����ýcýøqéÛ÷cýcý��'íDã
��� �	� �mã#ð�Ð ��Â�Ó�Ñ'ÑcÍ>ÐØå#É#ä���� �! �"�ä �BÑcÜ_Í>Ê0ÉcÔ���Á'åaÓ�ã��?Â�âVã �]ÂnÏ�Ïiã û � ä�÷eüB�cø¨éÛ÷cýBýI�oíDã
�������?ì�ã ��ã �?æ*Â�Ê������! �"�ä �4Á'åaÓ�ã �?Ânâ�ã�������ä9�	�eü��Sé �iü � üí
	 �mã �yã �BÂ�Ê0ß#ÐÒÊ0Ó������  �"�ä �4Á#åaÓ�ã ��Â�âVã'ì�����ä0÷����'ø�é �iüBûcýí
	0ë?ãaó�ÉeÝBÔÒÐÒÊ �����! �"�ä	7Ü0ÎnÔ¯ã

�4Á'åaÓ�ã �"�����Nä;�mé �iüBû �íDã
���oø � ��ã ��ã��?Ê0Ë_ÂnÍ>Ó�ÑcÊ ��� �  �"�ä ��Á'åaÓ�ã ��Â�âVã�
#�$�]ä � �cüqé �iü�� � íDã
��� � �&%���Á_ÑcÏ>ÑcÕ_Í>Ñ#Ë_Ü_ÎnÏ>ÐÒÑBÊqÑe×H��ÔÒÂ�ÙFÂnÊ#Ï.ÉoÍ�å ��ÉeÍ�Ï>ÐÒÎ�ÔÒÂ�Ó('_ä�ÂiË_ÐØÏ>ÂiËkÖ#åkóyã�ù7ÂnÊ ��Â�Ô ä ��ã �BÑ'ÑcÓ7ÉeÊ�Ëkð5ã ��×vÂ�ÐÒÔ]Õ0Õ8� � Ú�÷ � ûaä<é �iüB���íDã
���	� ���4ã!��ã�)�Á#Ü ��� �! �"�ä �4Á#åaÓ�ã��?Ânâ�ã��NÂnÏ�Ïiã�����ä�ýB÷B÷eýBý ��éÛ÷eýBý �Bí
	 �4ã!��ã�)VÁ#Ü ��� �  �"�äaÊaÜ_Î�ÔØÚÛÂnáaÕ 	cý��ýcüBý���ûaã
���iû	�?ì�ã_ì7Ü_Ï�Ï.É ��� �! �"�ä ��Á'åaÓ�ã"�?Ânâ�ã0ë����Nä0ý÷ �iýBýI�kéÛ÷cýBý �íDã
���iü	����ãaú�ã �<ÉeÊ�ËaÓ�Á0Ñcï�ä �4Á#åaÓ�ã"��Â�âVã_ì��$�]ä8��ý÷	��é �iüB�	�'íDã
� ÷cý	����ã ð:ãaó7Â�Ê0ËaÍ�å'ä ��Á'åaÓ�ã"�?Ânâ�ãaì��*�NäV÷��BýBýqé ��üB�	�'íDã
� ÷I� �?ì�ã ù�ã�ëOÍ.ÉcÖ_Ö ��� �  �"�ä ��Á'åaÓ�ã ��Â�âVã��]ÂnÏ�Ïiã!�+��ä��o÷cø��¨é ��üB�cûBíDã
� ÷B÷ ��ù�ã ��ã�ëHÑcÜ_Í�Ï-��� �  �"�ä �4Á'å_Ó�ã �?Ânâ�ã �]ÂnÏ�Ïiã����äNøeýB��é �iüBû � íDäNÀ7ã ÿ�ã �HÁ�ÉoÏ>Ð�É ��� �! �"Òä'��Á'åaÓ�ã ��Â�âVã �NÂnÏ�Ïiã����Nä���� �ø�é �iüBûB÷BíDä��;ã �yãNëOÍ>ÑcÓ�Ö0ÐÒÂ ���

�  �"�ä ��Á'åaÓ�ã"�?Â�âVã_ì����Nä � ýcýqé �iücû��oíDã
� ÷ �	��ÿVã �_ã ��Í>Ñ#Ë_Ó�ß'å'äVë?ã �;ã�ë*ÉoÍ>Ô�Ó�ÑcÊ]ä�ÉcÊ�Ëkó�ã �]ÐÒÕ0ß#ÐÒÊ]ä �4Á'å_Ó�ã���Â�âVã_ì����]ä�÷c÷��eûqé �iüB�eüíDã
� ÷�������ã0ÿaÂ�ÊNä �4Á'å_Ó�ã"��Â�âVãaì,���Nä0û � ýqé ��üBû �íDã
� ÷Bø � �aã �HÑeÏ�Ï>Ó�ÉcÊ�Ëqù�ãVÿ'Ï>ÂnÍ>Ù�ÉcÊNä�?Ü0Î�Ô ã �4Á#åaÓ�ã �-�����Nä � ÷¨é �iücûBüíDã
� ÷ � ����ãaó�ã�ç¨Ü0Â�ÔÒÔÒÂnÍiä �4Á'åaÓ�ã���Â�ÕNã����äV÷��B�¨é �iücû��iíDã
� ÷�� ����ã ÿ�ã0ë*ÉeÍ�Í>ÑcÔ�Ô ��� �! �"�ä �4Á'å_Ó�ã���Â�âVã �NÂnÏ�Ïiã�����ä�� � ücûqé �iücûBûíDã
� ÷cû	�.��ã0çqÉeÍ.Ë_ÑeÍ)��� �! �"�ä �4Á#åaÓ�ã��?Ânâ�ã��NÂnÏ�Ïiã�����äVøeýBûBø¨é �iüBücûí
	 �yã �]Â�ß#Ó>ÉcÊ_Ñoâ���� �! �"�ä ��Á'åaÓ�ã"�?Ânâ�ã �]ÂDÏ�Ïiã����ä�÷ �o÷ �cý��DÚ�kéÛ÷eýBý��iíDã
� ÷cü	� �aã ��ã��7ÉeÔÒÓµÏ>ÑBÊ�ÉeÊ�Ë �?ã �4ÐÒÍ>Âcä �4Á#åaÓ�ã"��Â�âVã �NÂnÏ�Ïiã�����ä;��û÷��qé �iüBûcûíDä �_ã ��ã �7ÉeÔÒÓµÏ>ÑBÊ�ÉeÊ�Ë ��ã �4ÐØÍ>ÂBä �4Á'å_Ó�ã���Â�âVã �NÂnÏ�Ïiã����NäV÷ ��� �qé �iücüBýíDã
� �Bý	��ë?ã �;ã�ë*ÉoÍ>Ô�Ó�ÑcÊ]äVç ãVëHÁ0ÉcÎ.Á0ß#Á#Ü0Ê�ÉeÓ�Á#âaÐÒÔÒÐ ä�ÉeÊ�ËO�HãVçSåaÁ_Í>ÂDÍiä �4Á'å_Ó�ã"��Â�âVã0ì����Nä�÷cûBüI��é �iücü÷BíDã
� ��� ��ê�ã�)VÁ�ÉeÑFÉcÊ0Ë&�Hã1�;ã�ëHÔ�ÑcÓ�ÂBä �4Á'åaÓ�ã ��Â�âVã��]ÂnÏ�Ïiã�����ä0ý÷c÷cýBý��àéÛ÷cýBý �íDã
� �÷ ����ãaú�ã �HÂ�ÔÒÐØÏ>Ó�ßaÐ ä���ã �BÐ�ÉeÊ�ËO�Hã!�OÜ�ÉeÊ]ä ��Á'åaÓ�ã��?Â�âVã��]ÂDÏ�Ïiã�����äVýcü÷cýcý ��éÛ÷cýcý �BíDã
� � �	��ç ã �mã �BÑBÊ_Â�Ó���� �! �"�ä �4Á#åaÓ�ã"��Â�âVã �NÂnÏ�Ïiã��!�<ä;� �BücûqéÛ÷cýBýcýí
	 ��ãVù�É�å'ÑcÜ ��� �  �"�ä �4Á'åaÓ�ã���Â�âVã��]ÂnÏ�Ïiã����Nä�ýBüB÷ �BýI��éÛ÷cýcý÷BíDã
� �����?ì�ã_ì7Ü_Ï�Ï.É�ÉeÊ�Ë¨óyã0ù�ÉcÑ_ä0Á0Â�ÕaÚÛÕ0Á 	eý������o÷ � �
� �ø ��ë?ã0ð:ã ��ßÂnÍ>ÔÒÑc×Zä���� �! �"�ä �4Á'åaÓ�ã ��Â�âVã;�oøeüaä���� �Bûàé �iü � �cí
	���ã�ë?ã ��ÉcÙFÙFÂnÍ>Ü0ËNä ��� �! �"�ä �4Á'åaÓ ��Â�âVã�ì��<ä�� �Býcüõé ��üB�I�ií
	 �mã �yã �BÂ�Ê0ß#ÐÒÊ0Ó�ä

��� �! �"�ä �4Á#åaÓ�ã��?Ânâ�ã��NÂnÏ�Ïiä����]ä �÷Bø¨é ��üB�cûBíDã



��5

� � � ���4ã ��ã��_Í.ÉcÊ_ß'×vÜ_Í�Ïiä_ù�ã ��ã�ç¨ÐÒÔÒÔÒÂnÍiä�ç ã ç ã�ÿ_ÉoÍ>ÝBÓ�Ð�ÉcÊNä�ÉeÊ�Ëqç ã �.ã�ÿ'Ï�Í>ÐÒßaÙ�ÉeÊ]ä �4Á'å_Ó�ã ��Â�âVã"�]ÂDÏ�Ïiã����<ä �cý��øSéÛ÷cýcýBýíDä�ç ã ç ãVÿaÉeÍ>ÝcÓ�Ð�ÉeÊ]ä_Õ_Í>ÐÒâcÉeÏ>Â
ÎnÑBÙFÙ�Ü_Ê0ÐÒÎiÉoÏ>Ð�ÑcÊ]ã

� �B� ����ã �ÉeÐ�ÊNä �?ã ��Ü0Ê0Ë_Ü]äaÉeÊ�Ë �_ã �?ÉcÔÒÓµÏ>ÑBÊNä0Á_Â�Õ_ÚÛÕ_Á 	cýcýBýBøI�o÷ � ã
� �Bû	��ù�ã ��ã1�0ÉeÍ�Í.ÉeÍiä�ù�ã�ÿ#Ï>ÂnÍ>Ù�ÉeÊ]ä_ÉcÊ0Ë¨ó�ã�)VÁ�ÉcÊ_Ý_ä ��Á'åaÓ�ã��?Â�âVã��]ÂDÏ�Ïiã����Nä�÷c÷B÷cüqé ��üBûcüíDã
� �Bü	�,�;ã �?Ê0ÎnÐ�ÉeÊ'Ï���� �! �"�ä �4Á'å_Ó�ã���Â�âVã �NÂnÏ�Ïiã����Nä�� � ûB÷¨éÛ÷cýcýBýíDã
� �ý	��ÿVã �_ã �OÍ>Ñ#ËaÓ�ß'å'ä0ÉeÊ�Ë¨ù�ã:�Hã0Ë_Â�À<ÂDÍ.ÉcÙFÑBÊ0ËNä �4Á#åaÓ�ã��?Ânâ�ã��NÂnÏ�Ïiã��!�]ä8��ü÷	��é �iüBûcûíDã
� ��� ����ã ��Ü_Ê�Ë_ÜNä �_ã�ÿaÉcÙ�Ü0Â�ÔÒÓ�Ó�ÑBÊNä ��ã �ÉeÐ�ÊàÉeÊ�Ë �_ã ��ã��?ÉcÔÒÓµÏ>ÑBÊNä �4Á#åaÓ�ã"��Â�âVã0ì����Nä8��� �cýBýBü�éÛ÷eýBýBýBíDã
� �'÷ ��ÿVã �_ã ��Í>Ñ#Ë_Ó�ß'åqÉeÊ�Ë �yã ó�ã0ç¨Ü0ÂnÔ�ÔÒÂnÍiä ��Á'åaÓ�ã �]ÂnÏ�Ïiã � �!���Nä � ûøSé ��üBûcûíDã
� �	�	��ù�ã ��ã1�0ÉeÍ�Í.ÉeÍiä_ó�ã �]ÐÒÜNä �4ã �4ã1�aÍ.ÉcÊ0ß'×�Ü_Í�Ïiä_ÉcÊ0Ë�ç ã �Dã�ÿ#Ï�Í>ÐÒß#Ù�ÉcÊ]ä �4Á'åaÓ�ã ��Â�âVã��]ÂnÏ�Ïiã�����ä � û � é �iüBûcûíDã
� ��������ã �ÉeÐ�ÊNä �?ã ��ÐØÍ>ÂBä0ÉcÊ0Ë �_ã ��ã �?ÉcÔÒÓµÏ>ÑcÊ]ä �4Á'åaÓ�ã���Â�ÕNã������ä � �Sé �iücü � íDã
� �'ø � yã ë?ã ��ã0çqÉcß#ÐÒÊ0Ó���� �  �"�ä ��Á'åaÓ�ã"�?Â�âVã"�NÂnÏ�Ïiã�!�Nä8��üBû � é �iücü��'í
	�À7ã ù�ã � � 7Â�ÐÒÔÒÔ���� �! �"�ä �4Á'åaÓ�ã �NÂnÏ�Ïiã�������ä0ûB�Sé ��üBüBøBí
	�ì�ã ��Ö0ÖVÑeÏ�Ïiä �����! �"�ä

�4Á'åaÓ�ã���Â�âVã��]ÂnÏ�Ïiã����]äVøcý��B÷¨é �iücüBûBí
	 �mã�ù�ÉeÍ�Í>Ñiæ�ä ��� �! �"�ä0ÿaÜ_Ö0ÙFÐØÏ�Ï>ÂiËFÏ>Ñ)��Á'åaÓ�ã"�?Ânâ�ã0ë?ã
� � � ����ã �ÉeÐ�ÊNä�ÕaÍ>Ð�âcÉeÏ>Â�ÎnÑBÙFÙ�Ü_Ê0ÐÒÎiÉoÏ>Ð�ÑcÊ]ã
� � � ����ã���Í�Í>Ð�ÉcÝBÉaä�úyã ��ã ��ÉcÊ0Ë_Á�ÉoÍ>ÐÒÕ�ÉcÊ0Ë_Â�ÉeÊ�Ë ��ã��?ã0ð�ÐÒÍ>ÐÒÊ_ÝÉaä ��Á'åaÓ�ã"�?Ânâ�ã0ë����Nä ÷ � � ÷¨é ��üBüøcíDã
� �û	�?óyã0ù�ÉcÑ_ä �yã �_ã_ó7ÑcÔÒÏ?ÉeÊ�ËSúyã ��ã ��ÉcÊ0Ë_Á�ÉoÍ>ÐÒÕ�ÉcÊ0Ë_ÂBä �4Á#åaÓ�ã"��Â�âVãVë"�!�<ä�÷����cüqé ��üBü � íDã
� �ü	� ��ã �_ã�ù7Ô�ÉeÜ0ÖVÂnÍiä_ÐÒÊ�� ��� ���	� ��
������� ����� ������� �! ����	��
�����
>ä ÂiËaÐÒÏ>Â�ËqÖ#åFð5ã1�;ã ��Í>ÐÒÏ�Ï>ÐÒÊ ��� �! �"�äNé ��Ê'Ï>ÂnÍ>Ó�Î�ÐÒÂ�Ê_Î�ÂBä�7Ânæ"�OÑcÍ>ßVä9�iüBøcüíDã
� øcý	��ÿVã��]ÐÒÜ_Ï>Ð]ÉcÊ0Ëqÿ�ã �mã0À�ÉcÊ_Â ��É#ä�Á0ÂnÕ_ÚÛÕ0Á 	cý��Býøeý����aã
� øI� ���yã	�BÐ ä ��Á'åaÓ�ã ��Â�âVã �]ÂDÏ�Ïiã+��Nä � ��ýõé ��üBüB�cí
	 �4Á'å_Ó�ã �?Â�âVãVì ���Nä8� �����Lé �iücüB�cí
	 �yã úyã �7ÉcËaåaÜ0Ó�Á_ß#Ð�ÊNä'�4Á#åaÓ�ã �NÂnÏ�Ïiä �-�����]ä���� �àé ��üBü � í
	

�4Á'åaÓ�ã���Â�âVãaì,���Nä�øBøc÷���é �iücüB�cíDã
� øB÷ ��ç ã �HÜaÍ>ßBÉoÍ.ËaÏ�ÉcÊ0Ëqù�ã �yã�ç¨ÐÒÔ�ÔÒÂnÍiä0Á0Â�ÕaÚÛÕ0Á 	eý �I�o÷I��üBý#ã
� ø �	��ç ã �HÜaÍ>ßBÉoÍ.ËaÏiä���Ê'Ï �_ãÒã�ç¨Ñ#Ë�ã �4Á'åaÓ�ã �����Nä��	� �qéÛ÷eýBý �íDã
� ø����?ì�ã_ì7Ü_Ï�Ï.Éaä �4Á]ã ì�ã_À*Á0Â�Ó�ÐÒÓ�ä ?ÑcÍ�Ï>Á'æ*ÂnÓµÏ>ÂnÍ>Ê�?Ê0ÐÒâÂnÍ>Ó�ÐØÏ�å'ä �?Ê0Õ0Ü_Ö0ÔÒÐÒÓ�Á0ÂiË�ä�é �iücüBüíDã
� øBø �?óyã���Í>ÂnÏ>Ð ä_Õ_Í>ÐÒâBÉoÏ>Â�Î�ÑcÙFÙ�Ü0Ê_ÐÒÎiÉeÏ>ÐÒÑBÊNã
� ø � ��ç ã �yã0ÿ#ÁaÜ_ÕVÂ-��� �  �"�ä ��Á'åaÓ�ã ��Â�âVãaì�ã����Nä��iü÷ ��é �iü��cüíDã


