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I�JLKNMPONKRQNSUTWVYXZT[S�\]TWVYQ�M[^.KN_&O�Ma`cbT�deKNXZSU_&KNMPfWTYghONTiSUTWf[_&O�jkSlTYmZTn\UT[SlVYTno&SkbTpJLf�\]Xq_LKr`�TiMlQeJLmts
muJv\]Xq_LKNoN^wQNONXqMPKN_LONMPQNSkbTWMUT[K	\UT[SU_LKNMxONKryNSlTWz�{�XqMl\U_&SUXZghONT|`NT[M}bTW\UON`NTWM~ghONX$mZONXF_&K	\}bTW\�bTnf[_&KNMUJLf[SkbT[TWM[�
��_LONM�K�_&ONM�Q�TWKNf�{NTWSU_&KNM�T[KNMlONXZ\UTaMlONS�mqTWM�Vi_k`.�T[mZT[M�\]{cbT[_&SlXqghONT[M�`cbT�j&T[mZ_&QNQcbTWM�JLO�fW_&ONSUM�`NO�`NT[SlKNXqTWS
`NTWVYXts�MUX��T[fWmqT�Qw_&ONSc\]T[K	\UT[S�`NT�SlT[QNSl_�`NO�XqSUT�mqT[M�`�_&KNKcbTWT[M�T���QcbTWSUXqViT[K	\]JLmqTWM[^�T�\�T���JLViXqKNTWSU_&K�M�QNmqONM�T[K
`cbT�\�JLXZm�mqTWM�gkO�T[Ml\UXq_&K�M�SlT[Ml\]JLK	\�_&O�j&TWSl\UT[Mi�J|fWT��l_LONS[�

�n��� ��� �0��� ���l�}�p�>�F�Y�[�$�i�����}�����}� �>�Y�}�¡ ¢ �i� ���>£����¤�¥ �i¦[�n§Y�W�
¨.T}VY_L\©MUQeJLmZmuJª\UXq_&K�K�«¬T[Ml\�QNJLM`�«¬_&SUXZ®&XqKNT�muJª\UXqKNTF¯cfª«°TWMl\<�J2m�«¬_&SUXZ®&XqK�T�ONK±Vi_L\�JLK�®&muJLXZM[^�QNmqO�M

QNSkbT[f[XZMkbTWVYTWKh\²ONK<`NT³fWT[M|KcbTW_&mq_L®&XqMlVYTWMPz´SkbT[ghONTWKh\UMnT[K2mqJLKN®&ONT³JLKN®&mqJLXqMlTL^�f[SkbTwbTR�J�QeJLSl\UXqS~`NO0jLT[SUywT
oL\U_©MUQeJªmqmqo�^egkOµ«°_&K}QwT[O�\�S]JªXqMU_LKNKeJLyNmZT[ViT[K	\�\]S]Jª`NONXqSlTxQeJªS�o&T�¶µSlXZ\]TWSUoN�w¨.Txz·JLX¸\�gkO�T²mqTWM�QN{	¹kMUXZf[XqTWKNM
JLXZT[K	\�XZKhjLT[K	\�bT�ONKVY_ª\�Qw_&ONSc`�bT[MlXq®&KNTWS�fWT�QN{cbTWKN_&V��T[KNT�\�bT[Vi_&Xq®LKNT�`�T�M]JxfW_&ViQNm��T�\]T�KN_&O�jLTpJLO�\�bTL^NT�\
T[Mº\�`N_&KNf�ONK�yw_&K�XqKN`NXZfpJª\UT[ONS�`NT�muJ²QNSkbT[fW_�fWXZ\�bTP`NT�MUJ|`�bT[fW_&O�j&TWSl\UTxQeJLS�SUJLQNQw_&Sl\a�Jnm»«°{�XqMl\U_&XqSlT�`NTPmqJ
f[_LVYQNSkbT[{NTWKNMUXZ_&K�`NO�K�_¼¹&JLO½Jv\]_&ViXqghONTª�eI�T�z·JLXZ\[^N`NTWM�SkbTpJLf�\]Xq_LKNM�`NT~MUQeJLmZmuJª\UXq_&K³_&K	\�bT�\�bTP_&yNMlT[Sºj$bTWT[M
¾ Ml_&ONMYmuJ½z´_&SUViT�`NT[MYSkbTWMUXq`�ONM³`NT�f[TWM³SkbTpJLf�\]Xq_LKNM�¿|`��T[MYmuJ}deK;`�T[M©JªKNKcbT[TWM©À&Á�^�K�_&K;QeJªMYMlONSY`�T[M
JLfWfwbT[m�bT[SUJª\]TWONSUMW^wVYJLXZM�MU_&O�M�m»«°T�¶µT�\�`NTPS]Jp¹&_LKNM�fW_&MUViXqghONTWM[�

¨._&SUMlgkOµ«°XZm�JÂbTW\�bT½Q�_LMUMUXZyNmqTÃ`NT}`NXqMlQ�_LMUT[S³`�«ÄJªf[fwbTWm�bTWS]Jª\UT[ONSlM`NT}QNSU_ª\]_&KNMW^�`NTWM�S]JL`NXZ_ªs�f�{�XqViXqMl\UT[M
_&K	\Pf[_LVYViT[KNfwbTÃ�JXqSUSUJL`NXZT[S�`NTWM}bT[f�{eJLK	\UXqmqmZ_&KNM�T�\P_&K	\Pf[_&K�Ml\�Jv\�bTnmuJ©®&SUJLKN`NT|jªJLSlX�bTW\�bT²`NTWM}bTWm�bTWVYTWKh\UM
QNSl_�`NO�XZ\]MW��I|�T[M %�ÅLÆhÇ ^!ÈkT[SUywT[SW^�T[K2MlTYyeJªM]JLK	\²MlONS~ONK2MUXZVYQ�mqT|fpJªmqf[O�m�`�TYmZ_&KN®&ONTWONS~`�«°_LKN`NTi`NT³mqJ
QeJLSº\]XZf[ONmZT�XqK�f[Xq`�T[K	\]Tª^�QNSl_&Q�_LM]JLX¸\�ONK�QNSlT[ViXqT[ScfpJL`�SUT�\U{�bT[_&SlXqghONT�Qw_&ONS�mZT[M�SkbTpJLf�\]XZ_&KNM�`NT�MUQeJLmZmuJª\UXq_&K
`eJLK�M�O�K�yNSlTWzÉJLSl\UXqf[mZTnÊËÀ ÆLÌ T�\�`�XqMl\UXqKN®LOeJLXZ\�`NT[Ok�±bTW\�JªQ�TWM�`NJLKNM�mqT�QNSl_�fWT[MlMUONM�`NTPMUQeJLmZmuJª\UXq_&K�¯

Í ONK�TaQN{NJLMUT~S]JLQ�Xq`NTP`NT~f[_&mZmqXZMUXq_LK©T[K	\]SlTamZTPKN_�¹	JLO�f[Xqy�mqTPTW\�mqTPQNSl_v�lT[f�\]XZmqTL^eMlTa`cbT[SU_LONmuJLK	\�MU_LONMmqJ�z´_&SlVYTn`NTif[_LmqmqXZMUXZ_&KNM�T[K	\USUT³KhONfWm�bTW_&KNM[^!ghONX$SUT�\]XqSlTYO�KR\]S[�T[M~z·JLXqyNmZT|KN_&V²y�SUTi`NT³KhONfWm�bT[_LKNM
JLORKN_�¹	JLO0f[Xqy�mqTnTW\amqTimuJLXZMUMlTi`NJLKNMxO�K8bTW\]Jª\aT���f[X¸\�bT|s�_&KR`cbT[K�_&VYViTnf[T�\U\]TYQN{eJLMlT³f[JLMUf[JL`NT
XZKh\US]JLKhONfWm�bT[JLXqSlTÉÎ

Í ONK�T�MUTWf[_&K�`NT�QN{eJLMlTL^�QNmqONMcmqTWKh\UTL^k`eJLKNMcmuJLghONTWmqmZT�mZT�o&Q�SkbTWz´SUJL®&ViT[K	\]oaghONX�jkXqTWK	\�`�«ZÏTW\USUT�z´_LSUVÐbTbT�jLJªf[ONT$MU_LK~TÑ��fL�T[M!`�«�bT[KNTWSU®&XZTET[KBbT[ViTW\l\�JLK	\.`NTWM�KkO�f[m�bTW_&KNM�sÒQNSkbTWzpbTWSUT[K	\UXqT[mZmqTWVYTWKh\�`�T[M.KNTWO�\]Sl_&KNM
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I è½çNõqêºý]õqé�íWý]õZî&é2ìWéhýUòUì�ëqìWê²çNìWð�ñ<ô��NèLêUìWêiç�ð ô�òUîkí[ì[êlêUðNênêlìJ�lðNêlýUõLKeì0øè½ëqèM
´î&õqêxôeèLò²ëZì[êxýUì[ùiôNê
ípèªò]èLí�ý�üì[òlõqêºý]õqöhðNìWêçNì[ê�ôNòlî�íWì[êlêUðNêON·çNì}ë»û°îLòUçNòlì½çNìBöhðNì[ëZökð�ì[ê ÓQPSRSTVU êôwî&ðNòëuè2í[èLêUí[èLçNìªó�í[î&é	ý]òlì
ÓQPSRSTVW ê$ô�îLðNòEëuè�çcüìWêUì�ñ�íWõZý�èvý]õqîLéYXFìWý�ôeèLò$ëqè�éeèªý]ð�òUì�ùMZìWùYì�ç�ì[ê�ôNòUîkí[ìWêUêUð�ê[þS�EéYì�[µì�ýcëqè�ípèLêlípèLçNì�ì[êºý
ðNéNì�êUð�õZý]ì�çNì�í[îLëqëqõZêUõZî&éNêÉõZéNçNõL�kõZçNðNì[ëZëqìWêÉçeèLéNê$ëZì[êUöhðNìWëqëZì[ê�ëqì[ê$í[èLò]èLí�ý�üìWòUõqêºý]õZökð�ì[ê$çNð³é�î¼ï&èLð³é�ì��lî&ð�ì[é	ý
öhð�û¬ðNé©ò\ZîLëqì�écüì^]Lëqõ_]LìpèL÷NëZì�ôNðNõZêUöhðNì�ëqì[ê�çNõ`[�üìWòUì[é�í[ì[êcç�û�üì[éNìWòa]&õZì[ê�çNì�ëZõuèLõZêUî&é|ìWéhýUòUì�ékð�í[ë�üìWî&éNê�êUî&é	ýcý]ò[øìWê
ôwìWý]õ¸ý]ìWê�çNì��Lèªéhý�ë�û�üì[éNìWòa]&õZì�èLô�ô�î&òºý�üìWì�ôeèLòcëqì�ôNòUî\�lìWíWýUõqëqìªþS�$é³òUì	�ªèLé�í��NìLóNð�éNìb
´î&õZêcë»û�üìWéNì[ò�]&õqì�çcüì[ôwî&êküì[ì
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� Ø�ÙÓ�èqÖhæ¥å%Ý�ÕoÚ Õoð:åÓ/Ú¶ÖhÓ3Ó/ÔKå$ÒhÝ�#Ó/ÛÔ,Ó/áâÓ/Ú�å!ð�æ#ì:åÝ&ÔqÙÓ/Ó�Ô,Ó/×&Õ#Ú ×�ÓwáâÕ0Ò:Ó�ÒhÓ�ÛqÙÓ�ÔÕo×�Ö:å%Ý�ÕoÚ æ#Ò:Õoì:å0ÙÓ¥ã��(Úì�æ#Û,×&Ó Ò7Ø æ¥ìhìhÛÕqê�îhÓ��Aí4í � �UÕo×�å��/átæ#ÚhÚ0ï@í4Ó/î:×&Ý&Ú:Ü¥ï�í�×&Ó/Ú¶ð~Ó/ê�ñ ����� í�í � � ×&æ#ÔÕ��ï�í�Ó/îh×�Ý&ÚhÜ¥ï@í4×�Ó/Ú¶ð�Ó�ê�ñ �ÕoÖ � æ¥ÚhÒ�æ#Ö0ï � ×&æ#ÔÕ��×�ÕoÛÔ,èqÖ:Ó_×&Ó8ê/æ#×&ê�Öh×¶Ó/Ô,åùð�æ#ÔqÙÓ_Ô,ÖhÛùÖ:Ú�Ó/ÚhÔ,Ó/á�ð:×&Ó>ÒhÓ_ìhÔ,Ó/ÖhÒ:Õ¥ï@ì�æ¥Û,å%Ý�ê/Öh×�Ó/Ôlì�Ó�Öhìh×&æ#Ú�å× æ;åÕ#å�æ#×�Ý�å0ÙÓ�ÒhÓ3×�Ø�Ó/Ô,ì�æ#ê/ÓâÒhÓ�Ô ìhîhæ#ÔÓ�ÔwÝ&Ú:Ý�å%Ý&æ#×&Ó�átÓ�Ú�å(æ#ê�ê/Ó�ÔÔÝ�ðh×&Ó
�lÕ#Ú ì�æ¥Û×&Ó·ÙÓ�Ü�æ#×&Ó�átÓ�Ú�å$ÒhÓtÔ,Ý&á�Ö:× æ9ïå%Ý�ÕoÚ�ÒhÓ ×¡Ø�ÙÓ�è¶Ö�æ¥å%Ý�ÕoÚàÒhÓ��_Õo×�å��/átæ#ÚhÚàì�æ#Û�× æ�á ÙÓ�åîhÕ0Ò:Ó ÒhÓ�Ô4Ó�ÚhÔÓ�á�ðh×�Ó/Ô�ê�Õoáâìh×&Órå%Ô/ã~ä_îhæ#è¶ÖhÓwê�Ó/×&×�Öh×&ÓÙÓ/×rÙÓ/áâÓ/Ú�å�æ¥Ý&ÛÓUÒhÓÂ×�Ø�Ó/Ô,ì�æ#ê�ÓÂÒhÓ/Ô ìhîhæ#ÔÓ�Ô>Ó�Ô,å>æ#Ý�ÚhÔÝ0ì�Ó�Öhìh×rÙÓ/ÓAÒhÓ��éì�æ#Û,åÝ&ê�Öh×&Ó�Ô � è¶ÖhÝ:ÔÕoÚ�å8× æ¥Ý&ÔÔqÙÓ/Ó�Ôn×&Ý�ðhÛÓ�ÔÒhÓ$ÔÓ$ÒUÙÓ�ìh× æ¥ê/Ó/ÛkÔ,Ó/×&Õ#Ú5×&æ�á ÙÓ�ê�æ#ÚhÝ�è¶ÖhÓ$î�æ#áâÝ&×�åÕoÚhÝ�Ó/ÚhÚhÓ4ê/×&æ#ÔÔ,Ý&è¶ÖhÓnö
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� Ð ã54 �
� æ�ìhÛ,Õoð�æ#ð:Ý&×&Ý�å0ÙÓ�Ò:Ótê�Õo×&×�Ý&ÔÝ�ÕoÚ Ó�Ú¶åÛÓâ×&Ó�Ô!ìhæ#Û,åÝ&ê/Ö:×&Ó/Ô�åÓ/Ô,åÔ Ó�Ô,å ÚhÕoÛ,áÞæ#×�Ý&ÔqÙÓ/Ó�ì�æ¥Û!×�Ó3ÚhÕoá�ðhÛ,Ó3ÒhÓì�æ#ÛKå%Ý�ê/Öh×�Ó/ÔÂìh×&æ#ê~ÙÓ�Ó/ÔkÒ�æ#ÚhÔkê�î�æ¥èqÖ:Ó ê�Ó/×&×�Öh×&Ó�ÒhÓ ì:î�æ#ÔÓ\ö

6�78/8 þ 6 8�89
: Ú<;�ÚP×�Ó ì~Õ#åÓ/Ú�å%Ý�Ó/× . Ó/ÔKå2Ö:ÚhÓ�ì�æ¥Û%æ#á ÙÓ�åÛÝ&Ôæ¥å%Ý�ÕoÚ«ÒUÙÓ�ì�Ó�ÚhÒ�æ#Ú�å Ò:Ó ×&æ Ò:Ó/ÚhÔ,Ý�å0ÙÓ ×&Õqê�æ¥×&Ó>= � ' � ã

�_Ý�Ó/Ú è¶Ö7Ø�ÖhÚ-ê�æ#×�ê/Öh×\æ#Ö:å%Õ9ï@ê/Õ#î_ÙÓ/Û,Ó/Ú�å$ÒhÓwå@ëqì~Ó�?�æ#ÛKå%ÛÓ�Órï@ßWÕqê�ñ�ÔÕoÝ�å(å%îUÙÓ�ÕoÛÝ�è¶ÖhÓ/áâÓ/Ú�å�ÚUÙÓ�ê/Ó�ÔÔ%æ¥Ý&ÛÓ � ×&Ó�Ôê/Õ#Ú¶åÛ%æ#Ý�Ú�å%Ó/Ô8Ô,ÖhÛU×�ÓAå%Ó�átìhÔ Ò:Ó4ê/æ#×&ê�Öh×hê/Õ#ÚhÒhÖhÝ�ÔÓ/Ú�å@�æ�Ö:å%Ý�×&Ý&Ô,Ó/ÛnÖ:ÚhÓ4ìhæ#Û%æ#á¢ÙÓ�åÛÝ�Ô%æ¥åÝ&ÕoÚ�Ô,Ý&áâìh×&ÝA;_ÙÓ/Ó � ì�æ¥ÛÓ�B0Ó�átìh×�Ó$ð�æ#ÔqÙÓ�Ó$ÔÖhÛk×&Ó�Ôkì�Õ#åÓ/Ú�å%Ý�Ó/×�ÔÂÒhÝ�åÔÂÒhÓ�C0ñ�ë0Û,átÓ\ö
. � = �UþED � =GFH=(I ��JLK � =GFH=(I �NM

� æ;ìhÛqÙÓ�ÔÓ/Ú:ê/ÓâÒhÓ-=5Òhæ#ÚhÔ�ê/ÓrååÓ�Ó�B0ìhÛÓ�ÔÔ,Ý&ÕoÚ æ#ÔÔ,ÖhÛÓ3ÖhÚ:Ó3æ#Ö:å%Õ9ï@ê/Õ#î_ÙÓ/Û,Ó/Úhê�Ó�×&ÕoÛ,Ô(ÒhÓ�×�Ø@ÙÓ/#Õo×&Ö0å%Ý&Õ#ÚÒhÖ5Ô,ëqÔ,å��Ó/áâÓ#ã � Ø�ÖhÔæ#ÜoÓwÒ:Ó/Ô�ì�æ#Û,åÝ&ê�Öh×&Ó�Ô�åÓ/Ô,åÔ�æ¥ÔÔÖ:ÛÓwè¶ÖhÓ ×&Ó$ê�æ¥×&ê/Ö:×lÒ:Ó ×&æâÒhÓ�ÚhÔÝ�å0ÙÓ$ç®æ#Ý�å�Ô,Ó/ÚhÔ � átæ#Ý&Ô× æ ê/ÕoÚ�å%Û,Ó/ì�æ¥Û,å%Ý�Ó(Ó/Ú
Ó�Ô,åkè¶ÖhÓ�Ô,Ó/Öh×�Ó/ÔÂÒhÓ�ÔO#æ¥×&Ó/Ö:ÛÔAáâÕ}ëoÓ/Ú:ÚhÓ/ÔkÒhÓ(×&æwÒhÓ�ÚhÔÝ�å0ÙÓ�×&Õqê�æ¥×&Ó�ÔÕoÚ�åÂÕoð0å%Ó/Ú¶ÖhÓ�Ô7öÖhÚcåÓ/×kê�æ¥×&ê/Ö:×4ÚhÓ5ÛÓ�ÚhÒZìhÛæ¥å%Ý�èqÖ:Ó/áâÓ/Ú�åÞìhæ#ÔÞê�Õoátì0å%Ó�ÒhÓ/ÔQPhÖhê�åÖ�æ¥å%Ý�ÕoÚhÔtæ#Ö:åÕoÖhÛâÒhÓ2ê�Ó/ÔQ¥æ#×�Ó/ÖhÛ,ÔáâÕ´ë#Ó/ÚhÚ:Ó/Ô/ã : Ú Ò7Ø�æ#Ö:åÛÓ�Ô(å%Ó/Û,átÓ�Ô � ×�Ó/Ô4Ý&Ú:ç�ÕoÛ,áÞæ9å%Ý&Õ#ÚhÔ4Õ#ð:å%Ó�ÚqÖ:Ó/Ô�ÚhÓ�ì~Ó/Û,átÓråå%Ó�Ú�å�ì�æ#Ô�ÒhÓwê�æ#×�ê/Öh×�Ó/Û �ì�æ#Û�ÓRB0Ó/áâìh×&Ó � ÒhÓ/Ô!ÔÓ�ê�å%Ý�ÕoÚhÔ$Ó/Sâê/æ#ê/Ó�ÔwÒhÓ3ìhÛ,Õ0ÒhÖ:ê�å%Ý�ÕoÚT�7Ó�Ú Û,Ó/¥æ#Úhê�îhÓâÝ&×\ÔÓ/Ûæ�ì~ÕoÔ,ÔÝ&ð:×&Ó�Ò7Ø�ÙÓ�åÖhÒhÝ&Ó�Û×&Ó�Ô
ÙÓ/oÕ#×&Ö:åÝ&ÕoÚhÔÂÒ:Ó/ÔkÛqÙÓ/æ#ê�åÝ&ÕoÚhÔkÓ�Ú�ç�ÕoÚ:ê�å%Ý�ÕoÚ
ÒhÓ$×�Ø@ÙÓ/Ú:Ó/ÛÜ#Ý&Ó�ÕoÖ�ÒhÓ$× æ�átæ#ÔÔ,Ó$ÒhÓ/Ô�ì�æ#ÛKå%Ó/Úhæ#Ý&Û,Ó/Ô/ã
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���������<�W�/�@�W���v�W�G��� ������¡�W����¢N�£�¥¤<�§¦d�W¢N��¢��/��¨�©ª�G�¥«¬�®ª�W�G�������¯�¢@�°�±��¢²�W³A�²�/´§�/µ&�§¶�·¯<µ¸�/�#¢����/¬j�#µ
�²¢N�#¯<¹W���º�5�W�<��¢��G�¥¤��� �³����� <���°��»r¼Gµª�H´§³�½G¯<��¾i�#����/��¯��°�W³°¢N�T½G¯<³�¬ª��µt����®ª�W�²�Hµ&�d��¯<¢d¯�µi¿0�#¢�´§�W��³°��´��
��¯�¢N��´���µ(�±�/�À�W�N��³�½G¯<�W¬o�v�/¢�´��/�± <�§�²¢��W³�����¢@���W´§����¶�/����´���µ(�����§�<¢��#®���¶��´��Á¶�tÂÃ�/�#¢����� ��Ä´§�Wµ�³�¶��¢��
���<�W���²�H¬( ��#µ�����µ��/�#µ����/¢N¹H�Wµ(�l�°�/�_���#¢N¢G����°�H�²³��#µ��Z�/µ(�²¢��	���#¯<�²�/�_�°�/�_�ª�W¢N��³°�/¯��°�/��Å#»T�Hµ��_¯�µ-�²�/�ª´§�G �¶�����W¬
�°�r�v�W����µ(�²³����v¢����N���/µ&��³��ª�W¢	�¥¤ª�H½G¯<�����W¢N��³°��¯<�°�r�/�N�����W�°�/¯������¶�±�¥¤ª�W½&¯��@�ª�W�	 ��+����´�����¶�±�ª�W¢Æ�²³�¢Ç ��T�°�
¢G��/��¯��A�¥�Wµ(���� <���\³°µ(�²�/¢²�W���²³°�Wµ�����¹#�����°�/�	�\¨²È��H¯<�²¢N�����ª�W¢Æ�²³°�/¯��°�/��Å

É ���\´§�G �¶�������O <³��²�	 <�� £¼£µ��W´§³�½&¯��@´§�#������/¯��À�W³�¢��d�WÊË¢N��µ(�\¯�µÌ�²¢��W³�����´���µ(�Ì��������Í(�Wµ(�� �¯i���W´§�Î�#¢Æ¨
�²�/´§�/µ(�T ���¯�µ>��µ��N��´±®<�°�± ������#¢N���+¤ª�W¯£�²��´���µ(�T <³°�°¯Ï��WÅ�dÐªµ> <���²¢��W³�����¢r�����d¢G����H�/�²³��#µ��dµG¯<��������W³°¢N���/¬
³°�d�$��/�£��>³°´§�WÍ#³�µÇ��t <�Ñ�°�/�Ì�W ª�W�£�²��¢/¬O���N���/µ&��³°�/�°�°�/´§�/µ(�>Ò�ÓÕÔÖ�°�×��¢�³����Ñ�/µE���#´��<�²�Ø ��Ñ ��/¯£�Ù��ÊË���²�
´�³°��¢N�#���/�#��³�½G¯<����Ú

Û �����±µ&¯��/������Wµ������#µ(�-�²¢��W³��£����±�N�#¯����À�Ø¿0�W¢�´��Q ��·�ª�W½&¯����²�� ����#µ� ��ÌÍ#�W¯����N³°�/µ��� ª�Wµ��-�º�¡�/���ª�W�/�
 ��@��¤��W���§Üº�H¯t��³°��¯Ì <�@¿0�Wµ��/��³°�#µ��	 <��»+³�¢²�W�H¬<�N�#¯<¹#�/µ(�r¯<��³°��³°�G��/���	 ª�Hµ����°���	���W�°�/¯��°�	´�³°�/¢��#�N���H¨
��³�½&¯����²Ý��ÞÐªµt <���<¢���µ< �¢�����µi���#´��<���T�°��¯<¢	µª�H�²¯<¢��@½&¯ª�Wµ(�²³�½G¯<�Zß

Û �����-���W�°�°³���³��#µ����/µ(�²¢��iµ&¯���������#µ<���N�#µ(�����#¯�´�³°�N�����W¯à��¢N³°µ��/³°�Î�Ì ��iá
�W¯���³O½&¯�³	³°µ(����¢� <³��Ñ¶�>¯�µ
µ&¯��/������Wµt ��T¹W��µ�³�¢\�N�@���À�W�/��¢	�N¯�¢�¯�µtµ<³�¹#���W¯i �����/µ���¢NÍ#³°�@�/µ&��³�¶�/¢���´���µ(�\�G����¯<�Ç��WÅ

É �â�²¢²�H³��²�/´§�/µ(�> ��ã�À�L��¢��#���WÍ(�H��³°�#µä <���Á�ª�W¢Æ�²³°�/¯��°�/�Ñ���Æ�>�²¢��W³��£��â�ª�W¢Ñ�����å��/½G¯��H�²³��#µ��> ��ã�°�
´à������Hµ�³°½&¯��+µ<�/æ	�²�Wµ�³°�/µ�µ��T���°�W���N³°½&¯��H¬ª��¹#���@¯�µÌ¤��W´§³������#µ�³°�/µ§³�µ�����¯ª�Wµ(�	¯�µÌ�Î�W����µ(�²³����Ë Ë�5�W���²³��#µ×¶� U
���W¢�������´���³�¢�³°½&¯��H¬� ��T�z¼G�v��ç£«(¼G¢�´��WÅ

è �/�N�²�\�W����¢N�£�¥¤<�W¬# �³A�²�O <�	�À�T»r¼Gµª�W´�³°½&¯���¾i�#����/��¯��°�W³°¢N�	é+¯ª�Wµ(�²³�½&¯���Ü�é@¾Ø»@ÝOê�ë£È�ìª���Æ�í Ç��/¹W���°�W�£¨
�Ï��/�� <����¯�³���¯�µ���½G¯<³°µ�î��W³°µ��T Ë�5�Wµ<µÇ����/��¬µ��W�²�W´§´���µ(���ª�H¢\ï<Åª�r³°�¥¤<���°³�µ�Å

ð �����Æ��µÏ����/���N�²�W³�¢��T ��+¿0�#¯<¢�µ�³�¢O�W¯Ì�/�£ ��T¯<µ��T³°´§�WÍ#�\ ��+�²�W¯��O�°�/�Oµ&¯���������#µ<��ÜÕ�Î�#��³A�²³°�WµÄ�/�	³�´§�<¯��A¨
��³��#µÝQ¶�Ø����³°µ<�N�¥�Hµ&�� �¯× Ç���®�¯£�- ��Q�°�t�/�#�°��³°��³��#µ�Å è �Ä�v�W³°µ(�±�i���#µ<�N�²³A�²¯Ï��§¯�µ��Q¿Õ�H³°®��������N�§ Ë�¡¯�µ<�Q�²�/�°�°�
�W���<¢��G�¥¤��ZÚd¶�Ñ´��#³°µ<�± ��¡�W������³°½&¯���¢�¯�µà��¢�³�µ���³��v�§ ��·á
�H¯��°³Ï�N�²¢N³°���iÜÕ�H�¡�/�N�N¨/¶�Þ¨z <³°¢��Q³°µ(�²�/¢� �³�¢��Q���#¯<�²�/�
�°�/�@���#���°³°�N³°�#µ<�r½&¯�³í�W´t¶��µ��/¢²�W³���µ(�@¯�µñµ&¯���������#µÙ¶�i�G���/¯��Î��¢@¯�µf��/�¥�Þ���N�#¯��@�À�Ì´���¢T ���©ª��¢N´§³ÀÝ�¬v¢�³°�/µ
µ����Î��¯<��Í(�W¢��Wµ(�²³°¢r½G¯<�§����µ<�ò¼#�W¯â�H³°µ��N³ZÍb���µÏ���¢G������/¢²�·³°µ(�²¢N³°µ���¶��½&¯��/´§�/µ&���N�²�W®���������¬� ��-¿Õ�W³A��¬��N³í�#µ
�À�H³°���N�r¯�µÄ�����vµ���¼(�W¯ó��/¹W�#�°¯<��¢O�N��¯��º¬<³°�Î���/¢²�±¿0¢G��/½&¯���´�´§�/µ(�Ä���´��/�N�²��¯<¢O���Î�#µ(�¥�WµÏ��T ��+µ&¯���������#µ<��Åªô\µ��
���W�°¯<��³°�#µt¶�+�/����¢��#®<��¶��´��Ç�/�N�l ��O�����N����¢_�����_���Wµ<ÐªÍ#¯�¢��H�²³��#µ��Z�<¢G���¨��²³�¢G����/�_��µ��À�H³°�����Wµ(�_�°�Çµ���¼(�W¯�³°µ<³��²³°�W�
��/¹W�#�°¯<��¢����/¯��j�/����µtµ��@¢����²��µ��Wµ(�d½&¯����°�/�	���#µ£ÐªÍ#¯�¢��H�²³��#µ��	½&¯�³j���¡��¹v¶�/¢��/µ&�d�N�²�W®�������Å
É �5�W�<��¢��G�¥¤��ré�¾t»å�T���#µ<µG¯§ ���µ��#´±®<¢���¯G����¯��/�W¶���Ï ª�Wµ��í�°�@ <�����/¢�³��<�²³��#µ§ <���í���#���°³���³°�Wµ��Z ���³°�#µ<�

�°�W¯�¢� ����W¯£�¸¹G³��������N���±³�µ(�²��¢N´à��/ �³À�H³°¢��/�§ÜÕ½&¯�����½&¯����± <³°î��H³°µ��/�� ��Ä¾t�/õö�ª�W¢�µ&¯��/����/�#µ��¥ÝRÅ_ç£�Wµã�W������³A¨
���Þ�²³°�Wµ÷¶�Ø�°�t ��/����¢N³°�<��³°�#µ× ��Q�°�t��¤ª�H���Ì¢²�H��³° ��� �¯ã��¢N�£�/���N��¯��- ��§���ª�H�°�À�Þ�²³°�Wµ¸�N��´±®����Ö��/Í(�W�°�/´§�/µ(�
���Wµ&¹H�W³�µ����Hµ&���@ê�ë U ìºÅWøo�#¯<�²��¿0�#³°�
���/�N�²�	�H�����°³����H��³°�#µ����Æ�_�v�/¯±¿0¢G��/½G¯<��µ(�²�����H¢Z���O´��G ��O ��O <�����/¢�³��<�²³��#µ
 �¯�µ���¼(�W¯����Æ�l���£���/����³A¹#�/´§�/µ&�Ç���£³°ÍW���Wµ(�í��µ��²�/¢�´����_ ��	����´����í ��	���W����¯��º¬W �¯�¿Õ�W³A�_ ����_��¢²�W³A�²��´���µ(���
µ&¯�´à���¢�³�½&¯����Z�N�#��¤�³��N��³°½&¯Ï����
½G¯Ë�¡³�´§�Î�#���/µ(�_�À�\ ����N��¢�³��<�²³��#µ�Ðªµ<�O ��O�/��¢N�²�W³°µ<�
��¤Ï��/µ��#´t¶��µ��/�_��¤(¼G��³°½&¯��HÅ
ù µ-�°¯�³£��¢G���¿Æ¶��¢N�	 ��#µ��	 ��/�_´§�G �¶�/�°���
³°µ(�£��/Í#¢²�Wµ(�_ <���_��³�´§�<�°³�Ð����H��³°�#µ��j�N¯����������´���µ(�¥�W³�¢��/�_ ª�Wµ��_���Ï�²¢��W³A¨
�²�/´§�/µ(�d <���·�������/´§�/µ(�²�	½&¯ª�Wµ(�²³�½&¯�����ÚÎ�°�/�	���W�N���W <���\³°µ(�²¢��Wµ&¯���������W³�¢����/Å
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µ 9�T/M8¶u9$S�9�Jr:}H^:<46Jz:<4�`K�9�XY9$QWM
Jr9�JrK&X�S69��·HA4t:m`bK&9LS�n�Z9$5&9[XYi
4�9�8Vnp9�]_7$4�:<Hy:<4�M
5e8&K/5&MON;HAK\9$Jr:�XZ9$QIHAXz:<4�9
K&5&4t�GM
XYT~Z9$T/9$5;:L9[5b:YXY9�S69$JL5bK&7[SDZ9$MA5&J19D:'`bKVn|9$5;:YXY9?7}s&HA`bK&9�Z9[T\4�JYJY4�M
5¸7$9D:Y:<9�Z9$5&9[XYi
4�9=9$Jr:euHe5&M
K��A9�HAK
¹ T/MON
9$5�5�Z9$9 ¹ 8�9jJYM
Xz:<9-`bK&9-S�9'5&MON;HyKPQW9$Xr8�:<M
K_:<9jTwZ9$T/M
46Xr918�9-S�n�Z9$T/46JYJr46M
5\Q&XZ9[7WZ9[8&9$5;:<9 dWº 5vQ�9[K�:
9$Jz:<4�T\9[X�7$9-:<9[T\Q&JL8&9=Xr9$S�H�]&H^:<46MA5v7$M
T/T\9"»

¼{½
cA¾
¿yÀ

M¶uK ¾ 9$Jr:�S�9�X<H�N
MA5\8&Ke5&MON
HAK\9D: ¿AÀ S�H'�4�:Y9$JrJY9L8&KeJYM
5/8IHA5�JmS�HjT\Hy:<4�u9$XY9�5K�7$SDZ9$HA46Xr9 dyÁ 5b:YK&4�:Y4��A9$T/9$5;:
46S�9[Jr:=HA4�JZ9�8Vnp4�T{Hyi
465&9[XL`K�9lJY4(S�n�Z9$5&9[XYi
4�9?8Vn|9D]_7$4t:}Hy:Y46M
5�8&9[�4�9$5;:-:<X$u9$Jj4�T\QWM
Xr:<HA5;:<9yxIS�n|465;:<9[Xr�yHAS6S�9=8&9
:<9[T\Q�J-9$5;:<Xr9/8�9$K_]ÂZ9[T\4�JYJr46M
5&J'8&9[�469[5;:-:<X$u9[J=7$M
K&Xz:�x¶HyK�QWM
4�5b:j8&9l5&9lQ&S�K&J-S�HA4�JYJr9$XjS�9?:<9[T\Q&J{uHvS6H
:<s�9$XYT\HAS�46J<H^:<46MA5/8�9jJ$n|M
Q+Z9[XY9$X�Ã&S69[J�7�HAS�7$K&S�J�9[Jr:<4�T\9[5;:�`bK&9-7$9D:Y:Y9jS64�T\4t:<9�JY9-Jr4�:YK&9jHAK_:<M
K&X+8&9 2 B�9DC
QIHAX�5bK&7[SDZ9[M
5&J dgÄ K_�¦8&9[SzuH�x�S�H�T�K&St:<4t�GX<HAi
T/9$5;:<Hy:<4�M
5{Q&Xr9$5&8PS69-Q&HAJLJYK&XLS�n¦Z9[�yHAQWM
XYHy:<4�M
5 d

µ np4�8�Z9$9�JY9[S6M
5\S�HA`bK&9[S6S69�S�9$J�Q&XYMAQ&XY4DZ9[:_Z9[J+8�918&9[5&JY4t:_Z918&K{5&MON
HAK�QW9$K��A9$5;:-k9[:YXY9�T\M8&4tÅ�Z9$9[J-uHRsIHAK�:Y9
Z9$5�9$XYiA469�8Vnp9�]_7$4�:<Hy:<4�M
5{Jr91:YX<HA8&K�46X<Hy4�:�5&MA:<HAT\T/9$5;:�QIHAX�K&5vHyUIHA46JrJY9[T\9[5b:�8&9$J+UIHAXrXY4�u9[XY9[J+8Vn¦Z9$T/46JrJY4�M
5
uH¸sIHAK�:Y9wZ9[5&9$Xri
469 d(� 9[:Y:Y9\4�8+Z9$9/H«Z9[:_Z9\HyQ&Q&S64�`bK�Z9$9e8IHA5�J�S�9l7$M8&9\8�n�Z9D�AHyQ�M
XYHy:<4�M
5q8&9/ÆjXY9[JYJY5�9$Xv�ÈÇb>O�
T\HA46J�S6Hl7$M
5��GXrM
5;:}Hy:Y46M
5ÉuHeS�n|9D]_Q+Z9[XY4�9$5&7[9R5�9RS�K&4V9[Jr:�QIHAJ��·H��
M
XYHAU&S�9�»IS�H�8&4�T\4�5bK�:<4�M
5�8&9RS�H�UIHyXYXY4�u9$Xr9
7$MAK&S6M
T?U&469[5&5&9{7[M
5&8&K�4�:ÊuH�K&5�9��GM
Xr:Y9{JYK�XY9$Jz:<4�T{Hy:Y46M
5É8&9vS�n�Z9$T/46JrJY46MA5É8&9�Q&HAXr:Y467$K�S69$J?7}sIHAXYi�Z9$9$Jl9D:
8&M
5�7�K&5�9�5&9D:Y:Y9�JrM
K&Jz�¡9$Jz:<46T\Hy:Y46M
5~8&9PS�H�Q&XrM_8�K&7[:Y46M
5Ë8&9PXZ9$Jr468&K�J\Xr467}s&9[J\9[5ÌQ&XrMA:<MA5&J�� c >bx c �^� d
� M
K�:<9D�GM
46J�K�5&9�4�T\Q�SDZ9$T/9$5;:<Hy:<4�M
5{Q&S�K&J�T/M_8+Z9[XZ9[9R8�9R7[9[:�9[Í�9[:�Xr9$Jr:Y9�9[5;�_4�J<HAiA9�HAU&S�9 d
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Ó 5ÔHAXri
K&T/9$5;:�XZ9$7[K&XYXr9$5;:¸8IHA5&J{S69$J\8&46Jr7$K&JrJY4�M
5&J�QWM
Xr:<HA5;:�JrK&X�S69[J{XZ9�HA7D:<46MA5&J{8&9ÊJYQIHAS�S�Hy:Y46M
5
9$Jz:�S�H©5+Z9[7$9$JrJY4t:_Z9w8VnpHAJYJrK&XY9[X�K&5�9w:YX<HA5�JY4�:Y46M
5Õ8&M
K&7[9Ë9[5;:<XY9wS6H©Q&sIHAJr9ËXYHAQ&4�8&9AxjQ�XY465�7$46Q&HAS69[T\9[5b:
8+Z9[7$XY4t:<9jQ&HAX�K&5vT/M_8Vu9$S69euH�QIHAXz:<467[K&S69[J�4�5&8+Z9$QW9$5�8IHA5;:<9[J$xI9[:�S�H?Q&s&HAJY9ÊZ9D�AHyQ�M
XYHy:<4t�
9yx�i
M
K_�
9$Xr5+Z9$9=QIHyX
8&9[J�Q&s+Z9[5&M
T�u9$5&9[Jv7$M
S�S69$7D:<4t�GJ dmÁ S1HÉ8&M
5&7ÖZ9[:_Z9ÊQ&XYM
QWM
JZ9Ê8Vn|465;:<XrM_8�K&46Xr9�K&5�9ÕZ9[:<HAQ�9Ê465;:<9[XYTwZ9$8&46HA46Xr9Ax
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ê+ëì[í&î
ï/ï ëì[ì~ð&ñ ëì�ò ëì$óbô&õ�ö6õ�÷&ñYìyø'óbô&õlðWì$ô�ùËúì[ùYñYì~ûrî
ï\ï\üAõ�ñYì$ï/ì$í;ù ê�ëì$ý[ñYõ�ùYì~ý$î
ï/ï/ì�ô&í&ìwý�üyûYý�ü ê ìÌûrì
ê+ëì[ñYî
ô&ö6üAí;ù�ûrô&ñ�ô&í{ûYðWì$ý[ùYñYìjì[í ëì$í&ì[ñYþ
õ�ì ê õ6ûYý[ñYìDù�ø÷IüAû ëì'ûYô&ñ ê ì$û�ý$üAö6ý[ô&ö6û ê ìjï/î ê¶ÿì$ö�ì�ì[í�ý$îAô&ý��&ì�����ì[û
íbô&ý$ö ëì$î
í�û�ûrî
í;ù ê õ�ûYðWî
û ëì[û�ûrô&ñ�ý[ì+ûrð�ì[ý[ùYñYì ÿü�ö��|õ6ûrûYô&ì ê ì�ö�üLý�üAûrý�ü ê ì+ì[í	�Gî
í&ýDù<õ6îAí ê ì+ö�ì$ô&ñ ëì$í&ì[ñYþ
õ�ìAøOìDù"ö�ì
û�
ûzù ÿì$ï/ì ëì�Aî
ö6ô�ì��rô&ûYóbô�� ÿü-ý$ì�óbô&ì�ö6ü1ñ ëì[ðIüAñzù<õ�ùYõ6î
í ê ì�ö�� ëì[í&ì$ñrþ
õ6ì�ì[í;ù<ñYì�ö6ì$û"íô�ý$ö ëì[î
í&ûmûrî
õ�ù"ý$î
ï/ðIüAñYüA÷&ö6ì
ÿülô&í&ì ê õ6ûzù<ñrõ6÷&ô�ùYõ6î
í ê ì-ù�
_ðWì=ù��&ì[ñYï/õ6óbô&ì����1íPý�üAö�ý$ô&ö ê � ëì��Aüyð�î
ñYüyù<õ�î
í¸ì$ûzù'üyö6î
ñrû�ô�ù<õ�ö6õ6û ëì��

� î
í&ý[ñ ÿì[ùYì$ï/ì$í;ù�ø¶ö��põ�í&ûYì[ñrùYõ6î
í ê �pô&íqý[î ê ì ê ìlð&ñ ëì ëì$óbô&õ6ö�õ6÷&ñrì�ì$í;ùYñYìlö�ü\ý�üAûrý�ü ê ìeìDù=ö�� ëì�yüAðWî
ñ<üyùYõ6î
í
ü�ðWî
ô&ñ�ì��ì[ù ê ì ê õ�ï\õ�íbô&ì$ñ��Gî
ñzù<ì$ï/ì$í;ù?ö�� ëì$í&ì[ñYþ
õ�ì ê ô�ð&ñ ëì��Gñ<üAþAï\ì[íbù?ðIüAñRö�� ëì$ï/õ6ûrûYõ6îAí ê ì\óbô&ì$ö�óô�ì$û
ðIüAñzù<õ�ý$ô&ö�ì$ûLñ<üAð�õ ê ì[û$øgì[ù ê î
í&ý ê ì��·ü��
î
ñrõ6ûYì[ñ1ö6ü/ð�ñYî ê ô&ý[ùYõ6î
í ê ìRñ ëì[ûYõ ê ô&û1ð�ñYîý��&ì$û ê ô�ð&ñrî��rì$ýDù<õ6ö�ìRüAô
ê+ëìDù<ñYõ�ï\ì[í;ù ê ì/ý[ì$ô���ð&ö�ô&û ëì$ö�î
õ6þ
í ëì$û ê ô�ð&ñYî��rì[ý[ùYõ6ö6ì ÿü¸ö��|õ6ûrûYô&ì ê ìeö6ü¸ð��IüAûYì ê � ëì�yüAðWî
ñ<ü^ù<õ6îAí�� �_õ�ý$ìDù
ì��ì[ù�ù<ì$í ê~ÿü?üAï ëì[ö6õ�î
ñYì[ñ�ö�� üyý$ý$îAñ ê ü��
ì[ý=ö6ì$û ê î
í&í ëì$ì$û�ì!�_ð ëì$ñrõ6ï/ì$í;ù}üAö�ì$û ê �pô&í¸ý[î ê ì'ý$î
ï/ï\ì#"�ì[ñrù<õ�í&õtò
$ ñYì[ûYûrí&ì$ñ[øWõ�ö¶üAþ
þAñ<ü��
ìRüAô¸ý$îAíbùYñ<üAõ�ñYì-ö�ì$û ê+ëì%&ý$õ6ì[í&ý$ì[û ê ì$û�ý$î ê ì$ûLï/õ6ý$ñrî
ûYý[î
ð&õ�óô�ì$û�ð&ö�ô&ûLñ ëì$ý[ì$í;ù<û�

& ö6ô&ûrõ6ì$ô�ñYû{ñYüAõ6ûrî
í&û\ð�î
ô�ûYûYì[í;ù ÿü ê îAô�ù<ì[ñ ê ì�ö�ü�í ëì$ý$ì[ûYûrõ�ù ëì ê ìÊö�� ëìDù}üAðWì ê ì�ð&ñ ëì ëì$óbô&õ�ö6õ6÷�ñYìPð�î
ô�ñ
ö�ü ê ì$ûrý$ñrõ6ð�ùYõ6î
í ê ì$û-ñ ëì$üAý[ùYõ6î
í�û ê ì�ûrðIüAö�ö�üyùYõ6î
í��'��ü{ð�ö6ô&û'ùYñYõ(�_õ6üAö6ì=ì[ûrù-óbô��|ì$ö�ö6ì?í)� üAï ëì$ö�õ6î
ñrì=óô�ì�ù<ñ ÿì[û
ðWî
í&ý[ùYô&ì$ö�ö6ì[ï\ì[íbù$ø*�Aî
õ6ñrì ê+ëì[þ
ñ<ü ê ìAø&ö�� üAý[ý$î
ñ ê�ê ì[û�ý$î ê ì$û�ï/õ6ý[ñYî
ûrý$î
ð&õ�óbô&ì$û�ü��Aì$ý=ö��|ì��_ð ëì[ñYõ6ì[í&ý$ì+��,'õ�í&ûYõ
ý$ì[ñrù<üAõ6í&û+î
÷&ûrì$ñ��yüA÷�ö6ì$û�üAûYûrî_ý[õ ëì[û�ð&ñ ëì$ý$õ�û ëì[ï\ì[íbù ÿü�ö6üRð��&üAûYìjõ�í;ù<ì$ñrï ëì ê õ�üyõ6ñYì�óbô��|ì$ûzù�ûYô�ð&ð�îAû ëì$ì ê�ëì$ý[ñYõ6ñrì
ö6ì�ð�ñ ëì ëì[óbô&õ6ö�õ6÷&ñrìAø
ý[î
ï\ï/ì�ö�� ëì$ï/õ6ûrûYõ�î
í ê ìLí&ì$ô_ù<ñYîAí&û ê � ëì[í&ì$ñrþ
õ6ìLõ6í;ùYì$ñYï ëì ê õ�üAõ�ñYì�-/.10 ÿü ×3254 ì�6�7�øûrî
í;ù
ù<ñ ÿì$ûm÷&õ�ì$ílñrì$ð&ñrî ê ô�õ�ù<û"ðIüAñmö6ì[û�ï/î êVÿì[ö6ì[û�ì$í ê ì[ô�� ëìDù}üAðWì$û98;: 2+< � $ ì�ð&ö�ô&û�ö�� ëìDù<ô ê ì ê ôeý$î
ï/ð�îAñrù<ì[ï\ì[í;ù
ê ì[û(ý$üAûYý$ü ê ì[û(ì[í�%Ií ê ìmð��IüAûrì�ñYüAð&õ ê ì=8;: 2 ø>:�. < ï/î
í;ù<ñYì"ô&í&ì ëì�Aî
ö6ô�ùYõ6î
í ê ì�ð&ö6ô&û�ì$íRð&ö6ô&û�ð&ñYî
þAñYì$ûrûYõ(�
ì
ê ìqö�� ëì$í�ì$ñYþAõ6ì ê �|ì��_ý[õ�ù}ü^ù<õ6îAíVø�ûYõ�ï�ô&ö6üAí;ùvüAõ�í&ûYõjì[íÖóbô&ì[ö6óbô&ìqûYîAñrù<ìqö6üÉù<ñ<üyí&ûYõtù<õ6îAí?�
ì[ñYûPô&í&ìqð��IüAûrì
ý$îAö6ö6ì[ý[ùYõ@�
ì+�

ACBED FHG�IJG�KML G�NPO QSRUTVNWG�XYI

Z\[^]#[�Z _C`�a?b	ced�fhg�a?iCj^d�fhg�k`�lnm`�gpoEdqk`�a?rts#uwv dEx�o/`�ayi�`za�b{rtoEoEr|g�dEcef
�¶ì$û�ñrì$ý��&ì[ñYý��&ì[û�ñ ëì[ý$ì$í;ùYì$û�ûYô�ñ�ö�ü-ûrðIüAö6ö6üyù<õ�î
íeî
í;ù ëìDù ëì�ö�üAñrþ
ì$ï/ì$í;ù�ï\îyù<õ@� ëì[ì$û�ðIüAñ�ö�ü=ð�ì[ñYûYðWì$ýDù<õ(�
ì

ê ìjö6üRý[î
í&ûzù<ñYô�ý[ù<õ�î
í ê ì1ý$õ6÷�ö6ì$û ê ìjûrðIüAö6ö6üyù<õ�î
í ê � ëì$ý��&ì[ö6ö6ì1õ6í ê ô&ûrùYñYõ6ì[ö6ö�ì��*�¶ì$û�ûrý�� ëì$ï\üAû�þ ëì[í ëì$ñYüAö6ì[ï\ì[í;ù
ì$í}�õ6ûYüAþ ëì[ûRûrî
í;ù=ý$î
í�ûrù<õtù<ô ëì[û ê �pô�í&ìeý$õ6÷�ö6ì ê ì/ð�ö6î
ï�÷~-·î
ô ê �|ô&í�üAö6ö�õ�üAþAì ê ìlð�ö6î
ï�÷ò¦÷&õ�ûYï�ô�ù��Vø ê î
í;ù
ö�üvù<ì[ï\ð ëì$ñ<ü^ù<ô&ñrì ê ìC�Gô&ûrõ6î
í�ì$ûrù�í&ìDùYù<ì[ï\ì[í;ù�ð&ö�ô&û�÷&üAûYûrì{óbô&ì{ý[ì$ö�ö6ì ê ôÉð�ö6î
ï�÷�ð&ô&ñ�7=ûrô&ñRö�üAóbô&ì[ö6ö6ì
ì$ûzù�ì[í��Aî>
 ëìqô&íy�·üAõ6ûrý$ì�üyôéõ6í;ùYì$í&ûrì�- ê ì�ö��|î
ñ ê ñYì ê ì�. 2�2 ï�,�7 ê ì�ð&ñrîAù<î
í�ûY�e�(ü�ý$õ�÷&ö6ì�ü�
;üAí;ù ê ì$û
ê õ�ï\ì[í&ûYõ�î
í&û�ï\üAý[ñYî
ûrý$î
ð&õ�óbô&ì$û5-Gð&ö6ô&ûrõ6ì[ô&ñYû ê õ���üyõ6í&ì[û ê ì-ý[ì$í;ù<õ�ï ÿìDù<ñYì[û ê üAí&û�ö��pü��_ì ê ô��·üAõ6ûrý$ì$üAô'7Dø_ö6ì[û
ñ ëì$üAý[ùYõ6î
í�û\íbô&ý[ö ëì�üyõ6ñYì[û\ûrî
í;ù�ûrô&ûYý[ì$ð�ùYõ6÷&ö�ì$û ê ì�ûrìÊð&ñrî ê ô�õ6ñYì ÿüqù<î
ô�ùYì$û\ö6ì$û ëì$í�ì$ñYþAõ6ì$û/õ6í�� ëì$ñYõ�ì$ô&ñrì$û ÿü
ý$ì[ö6ö�ì ê ôy�·üAõ�ûYý$ì$üAô��\�míéý[î
í&û ëì[óbô&ì$í&ý[ì�ö�üqûYõ�ï�ô&ö�ü^ù<õ6îAí ê ì$û/ý$õ�÷&ö6ì[û ëì[ðIüAõ6ûrûYì[û{ñYì[óbô&õ6ì[ñrù\ô&í&ìP÷�î
í�í&ì
ê ì[ûYý$ñrõ6ð�ùYõ6î
í ê ì$û=ñ ëì$üAý[ùYõ6î
í&û'ûYô&ñjùYî
ô�ù<ìlö6ü�þ;üAï/ï\ì ê � ëì$í&ì[ñYþ
õ�ìeüAý$ý[ì$ûYûrõ6÷&ö�ì�� � ìDùYùYìlõ6ï/ð�î
ñzù}üAí�ý$ì ê ì$û
÷IüAûrûYì[û ëì[í&ì$ñrþ
õ6ì[û�ì[ûrù�ñYì[í��Gî
ñrý ëì$ì�ðIüAñmö�� ëì[ï\õ�ûYûrõ6î
í ê ì�ð&üAñrùYõ6ý$ô�ö6ì$ûmñYüAð&õ ê ì$û ê üAí�û�ö6üjð��IüAûrì ê ìLý�üAûrý�ü ê ìyø
ý��IüAý[ô&í&ì ê ì=ý$ì$û�ðIüAñzù<õ�ý$ô&ö�ì$û ëì[ù<üAí;ù1ûrô&ûYý[ì$ð�ùYõ6÷&ö�ì ê ì�ð�ñYî ê ô&õ6ñrì ÿü/ûrî
í¸ù<î
ô&ñLô&í�ì�ñ ëì�üAýDù<õ6îAíPíbô&ý[ö ëì$üAõ6ñrì
-·îAíPð&üAñYö�ì ê ì=ý�üAûrý�ü ê ì����������yíbô&ý[ö ëì�üyõ6ñYì[û�7!�
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0 - 400 MeV
400 MeV - 700 MeV
1 GeV - 700 MeV
Total production
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ðÈ�Ð�ËÌÈ1Æ�Ý�Â�ÊIÅ�ÊIí�ÁÃÂ�ÝÞÊ9ÄOÅ�ÎÏÄ�Ç�È|Â�ÎÏÝZÜÊ9Ä©Å�È|Í�ÄOÐóÈ�Å ÜÊ9Ç�Ê9Í�Å�È1Í�ÒßÊwÊßÍäÇ�ÁÃÄ�ÎoÝÞÎÏÁÃÍ�Å�ÆAÄ�ÎgÉ1Í�È1ÐëÍ�Á1ÍAÒßÁÃÂ�ÂdÎgÉ;ÜÊ|Y

ÀzÊ�Ä�ÎÏÉÃÍ�È1Ð	Ê9Ä�Ý©Ò9Á1Â�Â�ÎÏÉ;ÜÊ�ÎgÍ�Å ÜÊßÇ+ÊßÍ�Å�È1Ô�Ô�Ê9Í�ÝWÇ�ÁÃÆ�Â Ò�Ó�È1ç"Æ�ÊIÈ1Í�ÁZÅ�Ê=Ê9Í~È1Ç�Ç�ÐgÎÏç�Æ�È1Í�Ý�Æ�Í�Ç�ÁÃÐoñZÍ½öÁÃÔàÊ
Å�Ê�Å�ÊßÉÃÂ�ÜÊ�÷'ø�ÊßÝ�ÊßÍäÐÏÊIÂ�Ê9Í�ÁÃÂ�ÔàÈ1ÐgÎÏÄÞÈ1Í�ÝQðÈ�Æ�Í�Ê�â|È1ÐÏÊ9Æ�ÂOÈ|Â�Õ�ÎoÝÞÂÞÈ|ÎgÂ�Ê|Û�ÎÏÒ9Î�ù1ø1øÃø�Y

ÀzÊ9Ä�ÄdÎgÉÃÍ�È1ÆZôJÅ�Ê9Ä�Ö-×�Ø�Ù�Ú�Ä�Ò9ÁÃÂdÂ�ÎÏÉ.ÜÊ9Ä�Å�Ê-ÐgÈãÅ ÜÊ9Ç�Ê9Í�Å�È|Í�Ò9Ê�ÊßÍ^â�ÎÏÝ�Ê9Ä�ÄdÊ�ÊßÝàÊ9Í^Ç+ÁÃÄdÎÏÝ�ÎgÁÃÍëÛ7ÄdÁÃÍ�Ý
Â�ÊßÇ�Â�ÜÊßÄ�ÊßÍ"ÝZÜÊ9Ä�Ä�Æ�Â�ÐóÈàî�ÉÃÆ�Â�ÊuX�Yûú�Yëõ�ÍlÅ�ÁÃÎoÝCÒßÁÃÍ�Ä�Ý�È|Ý�Ê9Â�ç"Æ�Ê�ÐgÈàÂ�ÜÊßÄ�ÁÃÐÏÆ�ÝÞÎÏÁÃÍ�ÁÃÕZÝÞÊ9Í"Æ�ÊuÈ1Ç�Â9ðÊßÄIÒ9ÊßÄ�Å�Ê9Æ�ô
Ò9Á1Â�Â�ÊßÒßÝ�ÎgÁÃÍ�ÄIÍ�ËÌÊßÄdÝ�Ç�È1ÄIÇ�È1ÂdÝ�ÎgÒ9Æ�ÐgÎ�ðÊßÂ�ÊßÔàÊßÍ"ÝCÄÞÈ|Ý�ÎgÄ�í£È1ÎgÄ�È1Í�ÝÞÊ1Y�ü�Ê9ÆZô�ÂÞÈ1ÎÏÄ�ÁÃÍ�Ä�Ò9ÁÃÍ�Ò9ÁÃÆ�ÂdÊ9Í�Ý�ðÈ�Ò9ÊßÐóÈWì�Å�Ê9Ä
Å ÜÊßÇ;öÁ1ÝÞÄ�ÅëË�ÜÊ9Í�ÊßÂ�ÉÃÎÏÊIÝÞÂ9ðÊßÄ~ÜÊßÐgÊmâ)ÜÊßÄ=ç"Æ�Î�Ç�Ê9Æ�â1Ê9Í�Ý�Ô�Á�Å�ÎÏî�ÊßÂWÐgÊIÒßÁÃÔ�Ç+ÁÃÂ�ÝÞÊßÔàÊßÍ"Ý�Å�ÆAÉ�È1Ñ|Û�ÊßÝ�Æ�ÍAÝ�È1ÆZô�Å�Ê
Ò�È|Ç�ÝÞÆ�ÂdÊ�È1Ò9ÒßÂ�Æ�Ê�Å�Ê9ÄlÜÊ9ÐÏÊ9ÒßÝ�Â�ÁÃÍ�ÄIýàÅ�Ælí£È1ÎoÝ�Å�Ê�ÐgÈ�Ç�ÂdÊ9Ä�ÄdÎgÁÃÍþÜÊßÐgÊßâ7ÜÊßÊ�Å�Æ�É�È1ÑuÊmÝIÅ�Ê�ÐgÊßÆ�Â�Ç�ÐÏÆ�ÄCí£È1ÎÏÕ�ÐgÊ
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�E�Y�e�����_�E�1�!� �~� ��T�����m�;�n�m�����l���G�T�¡�_�r�}¢ ��T���l�n�����r����� ��T���n�E���T�;� :
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�E�@�n�����Y�E�}�E���T©�l��l���n���T���_�m�E���;�T�4� ��T�G�T�;�Y�E���l�T���l���G�������_�������l�!�l���n�T�]���4��� ����� :
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���z�m��¤Æ���n�]�M�;�z� �Å� ��l�J�l���Y�E�;�T�¿�T�È�G���n�C�_�m�E� : ¨ �T� �e�E�n�m�e�_�������!�n���1�U�E���n���T� ��l�T�Å©�$�l�T�m���T���;�Ë�P�E�.Ì
����T���]�;�P�e��� :�� ���n��É������l�T�m�;�CÍ|�l�G�E�����]�T�1�_��E�.Íw���T��©�U�S¢=�l�������n���ËÎÏ�ÐÑ � � �r� ��l�n�����;�_����������� ��l���_�e���
�_�T©�T��¤Æ���¡�_�l���l���r���r�j¢=�e¾S�E�mÄ����m���n�T�]�T�1����È�n�����Y�E�	���T�Z¥*¦ £.§¡¨ �r��Ò�"©�@�m�Å�������P�e���T�z�l���n�n�¿�m�M�J�����1�
���r�Y�E���_�E�E�U�;�U��¢=�����$������T�4�E�;�.���l�4�n�r� ��l������� : ¨ �l�!��¾S����l���!�]�m�+�l� ����.�����T�;�T�r�n���4�m�MÊY������� 8.:�/;:
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K6L�MONQPSR-T�U/VP�N6WXTXP>TXPSR-Y[Z\MXR^]_Z\W`KQTXRaL�WJb-c�d ô�e U/VPfMXPSKhg\Y_P�T>VPSijZ\R5VPfP?k=P�N-TXZ�MXl>][P>MXZ\monXKQPpT�U/VPS]_PflfNQKQZ\MXRaTXP
T�VPfKQY[q�P&lfK5VPSPfR	rsT#L�MXR�]_PSRpl	t#L�monXKQPfR>i#L�Kpl	t#L�uOWXP�vwK6L�g\m3PSMxN�PSRyN>TXZ�MXl&iX][WXRzVPS]_P�qsVPSP&uOW�U�{Lo]|U}Z\KhTXY_MXL�Y_KhP�~
TXP3]�U�Z\KQT`KQPzTXP õ��\�A� Pf� ô lfmA� E ~^L�W�]_Y[PSW�TXP�� õ��A� Pf� ô lfmA� E i�Z\W`K�W`M�v=L�Y[RQlSPSL�W{L��3���?P���T#L�MXR
TXPfRD�:�&d��y�>R�KQPSm3iX][Y_PSR>TXP?gxL���{L$��nXL�K ô

�>PfNhN6P?Y_M`�XWXPSMXlfP?TXW�N6L�W���TXP�lSZ\m3i`N6L�g\P�ijPSW`N?�P�N6KQP?Y[MONQPSKhiXK5VP�N�VPSP�{L�i#L�KhN6Y[K<TXP?]�L��#g\WXKhP ó.ô��.ôO�
PSRyNDKhPSiXK5VPSRQPfMxN�VP�]_P�RQY[g\M#L�]^T�VPf]_Y[q5K5VP;i#L�K�][PSR��1�Dd��y�>RzkwlSZ\KhKQY[gaVP;T`W:N6Pfm�iXR�TXP;q�Z\]�r�PSM1vwZ\MXlfNQY_Z\M1TXW
N6Pfm�i`R3VPSlfZ\WX]�VP&L�W�lSZ\W`KQR<TXW�T�VPfq�PSKhRQPSm3PSMxN T�U�WXM�iXL�uOWXPfN�T�U}Y[Z\MXRpTXWAd��yd�~5]_Z�KQRsT�U�WXMXPDm3PSRhWXKQP�Z¡{W�][P
N	L�W��ATXP?lSZ�m�i`N6L�g\P:VP�N	L�Y¢N TXP?]�U�Z\KQTXKhP�TXP;£ �5¤ ��kwq�Z\Y_K�]_LJ]�VPfg\PSMXT`P�T`P�]_LJ�#g\WXKhP�ijZ\WXK�][PSR�T�VP�N	L�Y[]_R6r ô

¥ M�Z\nXRQPfKhq�P�uOWXP�RhY`][P>RQY[g\M#L�]5PSRyNsiXK6L N6Y_uOWXPfm�PfMxN-lSZ�MXRhN6L�MxNsi�Z\W`K-]_PfRaY_Z�MXR-i#L�RhR6L�MxND{L&i`KQZ���Y_m3Y[N�VP
TXPfR-L�MXZ5TXPfR�k=l�U}PfRhNy¦S{L ¦§TXY_KhP�lfPSW��oi�Z�WXK¨][PSRhu5W`PS]_R¨]_PfR�VPS][PSl�N6KQZ�MXRaTXP�T�VPSKhY[q�P<L�WXKhZ\MxNaW`Mov=L�Y_n`]_Psi#L�KhlSZ\WXKhR
T#L�M`R�][P©gxL���r�~<Y[]&q�L�KQY[P:N6KS{PSR$vwZ\KyN6PSm3PSMxN�L�WªlfZ\WXKQRAT�U�WXM«lf¬5lS][P(TXWd��ydªTXL�MXR$]_P(lSL�RAi�Z�WXK$]_PfR
Y_Z�MXR<i#L�RhR6L�MxN ][Z\Y_M�TXPSR L�M`Z�TXPfRS~�KQPSi`KQZ5TXWXY_RQL�MxN�]�U}L�][]_WXKhP�g¨VPfM�VPSKQL�]_P&TXPD]�U�Y_MxNQPSMXRhY[N�VP�TXW$v=L�Y_RhlSPSL�W ô �>P�N
L�lflSKQZ�Y_RQRhPSm3PSMxN L�i`i#L�KQPfMxN�lSZ\KhKQPfRQijZ\MXT$PSM�v=L�Y[N�{LoWXM$m3Z\Y_M`TXKQP N	L�W5��T`PDl�L�i�N6WXKhPDTXPSR�VPf]_PflfN6KhZ\MXR�TXP
T�VPfKQY[q�P?T#L�MXR ]_P�g\L�� ô

e P>v=L�Y[N¨uOWXP�lSP�N®Pf¯�PfN-T>VPSijPSMXT`P�VPfN6KhZ\Y[NQPSm3PSMxN-T`P<]�L�i�Z\RhY[NQY_Z\M;i�PfKQm3PfN-T`P<m�P�NQNQKQP>]|U/VPf]_PflfN6KhZ\MXY[u5W`P
tXZ\KhR?TXPzl�L�WXRhP ô ¥ MCL$TXZ�MXl©{LAv=L�Y[KQP:{L$WXM�Pf¯�PfN�iXKhZ\iXKQP3L�W�gxL�� ô �"]®RSU}L�g\Y¢N?iXKQZ�n#L�nX][PSm3PSMxN?T�U�WXMXP
R6L N6WXKQL�N6Y[Z\M�~x]_Y�VPSPJ{L?]�L?TXPSMXRhY[N�VPAVPf]_PSl�N6KhZ\MXY_uOWXP$VPS][Pfq®VPSP�~�T`PSRpRQY[NQPSRpKQPflSZ\mJn`Y_M#L�MxNQR�uOWXP�lSZ\MXRyN6Y¢N6WXPfMON>]_PfR
Y_m3iXWXKhPfN�VPSR�iXK5VPSRQPfMxN6PSR�T#L�MXR�]_P�g\L��3k=Z��5¬5g#{PSMXP�~°P�L�W�MXZ�N6L�m�m3PSMxN	r ô

�>PfNhN6PzlSZ\M`RhN	L N	L�NQY_Z\M(ijPSKhm�P�N?TXP�lSZ\m3iXKhPSMXTXKhP�WXM±iXt�VPfMXZ\m1{PSMXPziX][WXRQY[PSWXKhRDvwZ\Y_RDlfZ\MXRyN	L�N�VP�]_Z\KhR
TXPfR�P!�`i�VPSKQY[PSMXlfPSR�iXK5VPfljVPST`PSMxN6PfR�²XTXPfRpq�L�KhY�L�NQY_Z\MXRaTXPSRpRQY[g\M#L�W���TXPSR<�:�Dd��y�>Rf~`L�RQRQPf��KQL�iXY[TXPSRf~xPfN�u5W`Y
M�U/VPfN6L�Y_PfMON iXL�R�lSZ\KhK5VPf]�VPSPfRJ{LzT`PSR�q�L�KQY_L�N6Y[Z\MXR>T`PDN6PSm3i�VPfK6L�NQWXKQP�Z\WATXP?iXKhPSRhRQY_Z�M�TXL�MXR�]_PfR�l	t#L�mJn`KQPSR ô
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F!G5HIGKJML9NDO9GQPSRUT)JMGKNWV9XZYG�GK[\H]XWG$^`_EGaHb^dcbeKRUXIXIGaNIL)RS[9Ogfh T h NIRUJiJMGQO9GKN�H]GKJML9N�O9G�PURSTjO h [9N ö
XZYGakSlmRU[9Non�V9G�[7RSV9N�O9GaPURS[9N�O9lmNpH]lm[7kSV9GKX`q\T h NIGaeKRS[7O9G�L h XWH]lrG�O9Vis�t�uwv�Ga[\PxlrXIRS[iy\z�J�fGaH]XWGKN	O9G�PZlmO9G|{
GaH�TmGaN�e~} h J��9XIGaN$����ux�p����F!GaN�[9R�� h Vx�d�`O9RU[�H�T��<YGK[9GaXIkSlrG�[���GaNWH�L9TmV9N h L9XKfGKN�TrGKV9XQL h NIN h kSG�O h [9N�TrG
OEYGakSX h O7GKV9XQn�V9G�O9G$T���RSXWO9XIG$O9G�yU�S���$��G����/O9RSl�PSGa[�H���H]X h PUGKXINWGKX�y�J�fG�H]XWGKNQO9G$k hU� fh T h L9XIGaNINIlrRS[
O9G ö � h XWNK�/��TmN�PURS[\H5��ODYGKL)RSNIGaX�Ga[\PxlrXIRS[w�S���$�wGa���

�DRS[9NWlmOEYGaXIRS[9N�y�[7R�� h Vx��q _���� �¢¡ �¤£�¥ � �¦¡ �§£�¥ �~¨�© ��ª$X h eKG�fh V9[«e h TmeaV9T¬O9G�L)GKXpH]G�O`�<YGa[9GKXWkSlmG�O h [9N
T h J h H]l�fGKXWGU�7RU[�L)GKV7H�e h TmeKV7TmGKX�T h O9lrQYGKXWGK[9eaG¢O7G¦HIGKJML9NQO9G$PSRST®�/GK[\H]XWG¢V9[wL h XWeKRSV7XIN5O h [9NQTmG�PZlrO9G
GaH5TrG$J�¯GaJiG$L h XIeKRUV9XIN�H]X h PSGKXWN h [\H�TmGaN5����ux�p�-v�GaH5T®� h lrX~{dq

_���� �¢¡ q�°�±a²�³ öU´S´7µwö·¶$¸�¹�º °5±a»D³ ö¥ö � µ y ¶�¸�¹�º ¼�½;¾ �7¿�z�À)Á
£�¥ � �¦¡ q�°5±K²�³ ö � õxÂ�ÃU¶$¸�¹�º °5±a»D³ ö � öxÂ�õÄ¶$¸�¹�º ¼�½;¾=´ zx¿WÀ)Á
£�¥ � ¨�© q�°�± ² ³Åy7¿�z Â�ÃU¶$¸Æ¹�º °5± » ³ ö·ÇUÇ9Â�õÄ¶$¸�¹�º ¼�½Å¾=ÃUÇ ��À)Á

F!G$X h TrGK[\H]lrNINIGaJiGa[\H�n�V���lrTmNENIV9�9lrNINWGK[\H|�/L)RSV9XDÈ h lm�9TrG�n�V���lmTdNIRSl�H|�7[`��GaNWHQO9RS[7e$L h Nb[EYGakSTmlrkSG h �9TmG5O9V
È h l�H¢O7GiT h kSX h [9O9GML9XZYGKeKlrNIlrRS[ÉXWGKn�V9lmNWG�O h [9N�TrGMe h TmeaV9T	O9VgHIGKJML9N�O7GMPURST��>Êo[ËGadGaH¢RS�7HIGK[9lrX¢V7[9G
L9XZYGKeKlrNIlrRS[ÌO9G¦�7�r¿�NWV9XQTmG$e h TmeKV7T!O9G��B[DYGKeaGKNINWlrHIG�V9[9G�XZYGKNIRUTmV7HIlmRS[ÍO9G¬q

Î ¶�Ïa¶Å¾ z Â ¿��ZÐ c

�DGKT h lrJiL)RSNIG�V7[9G�XZYGKNIRUTmV7HIlmRS[ h VMJiRUlm[9N h V7NINIlj�)RS[9[9G5NIV7XETrGKNoH]GaJiL9N�O9GQPSRST®�\n�V9ljNIRS[\H�PSRSlrNIlm[7N
O9G�¿��S��[9Na�)Ñ�[�G �7lrkSG$O9RS[7e�q

Î ½�Ò�Ó�¾ ¿��S�aÀjÁ
uxl�RS[ÔeaRSJML h XIG�eaGKN$e~}9l�`XWGKN h VZ�Ôe h TmeKV7TmN�L9XZYGKe)YGKO9Ga[�HINK��RS[ÔPSRUlrH$�9lrGK[Ôn�V���V9[9G�H]GaTmTrG�L9XZYGKeKlrNIlrRS[

[9GiLdGaV7HÍ¯GaHIXIGMRS�7HIGK[�V9G�n�V���GK[ÕL9XWGK[ h [�H�GK[ËeaRSJiLxH]G�TrGiX h TmGa[\H]lmNWNIGaJiGa[�H¢O h [7N�TmGaN�����ux�p�ÖGaH�N h
P h XIl h H]lrRS[�Ga[wÈ×RS[7eaH]lrRS[ÌO9Vw[9R�� h Vwn�V9G¢T®��RU[wRU�9NIGaXWPSG·�

��[9GØL h X h JÙYGaH]XWlmN h H]lrRS[#H]XKfGKNÌNIlrJiL9TrGÔO9GØT h LdGaXWHIGØO`�<YGa[9GKXWkSlmG«O���V9[�lrRS[;XIGaT h HIlrPZlmNpH]GÔO h [7N�T h
J h H]l�fGKXIG�O9RS[9[9G¬q

¼ °3³=ÚEÛ
_
Ü _ ³ ¶�Ý � Þ _ ¼�ß

� h lrN�eaGaHWH]GQÈ×RSXIJ�V7TmG�[���GKNpHEP h T h �9TmGDnZV7G�L)RSV9X	O9G5LdG�H]l�H]GKN�YGaL h lmNWNIGaV9XIN�O9G5J h HIl�fGaXIGU�Uà h [9N	TmGQe h N
O���V9[9G�kUX h [9O7GwYGKL h lmNWNIGKV7XbeKRSJMJMG�TrG�k h·� O9GaN Ç e~} h J��9XIGaNQ����uZ�p���7lmTjGaNWH�[EYGaeKGaNIN h lmXIG�O9G�L9XWGK[9O7XIG
GK[�eKRSJML7HIG¢T®��lr[7á/V9Ga[9eKG¦O9G¦T h J h NWNIG¦NIV9X5TmG�X h TmGa[�HIlmNWNIGKJMGK[\HK�)eaG�n�V9l�L)GKV7H�¯GaH]XWG¦È h lrHQGK[ h�â RSV7H h [\H
V9[ÌH]GaXIJMG$eKRSXWXIGKe�H]l�È¬L9XWRSL)RSXWHIlmRS[9[7GKTEfh ¶$Ï Û q
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É'¶D¨8³+²E¬�³?¿P³?¹[¬Z¾D³+»i¶<«�¹'»�½³+ª'¾Dµ'²�Æ5½³?»ZÉ1³+»Z¶<«%¹'»�ªB«%¨-¬�©�¹S¬Rµ'¹¢½³+¾D³+²E¬�¨8«�¹ ±'¿P©�¶<»J²?³+¾<©^½³E¬�©�¶\¬iÉ'³¬�«�µ1¬�³Ê{©BË²?«%¹
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Ü'Ý�Þvß?à �á�â�ã à{ä1å�ä á ÜLà �á¸æ£ã à Ä å Äeá ÜKà çÐ�ÂSá
è ¹w©n¹'«�¬�½³ ÜKà á�¾D³J¬�©�µ�Ç/É'³�ª1¨8«XÉ'µ'²?¬8¶<«%¹l¨X½³+³+¾GÉ'³R¾�Î�¶D»8«�¬8«%ªB³�h±S¾<³R¾<©�¼B³?¾'écêeë�¶D¹'É'¶<´[µ9©�¹[¬L¾<©�×�©eÚ

¾<³?µ'¨�¿P³?»8µ'¨X½³+³�³�Ç1ª5½³+¨8¶D¿P³?¹S¬�©�¾D³+¿I³+¹S¬5×X¶<©A¾M©s¿�½³E¬�Æ'«XÉ'³ZÉ5½³+²?¨8¶\¬�³�²?¶\ÚvÉ'³+»)»8µ'»?±1³?¬Jì à ÇB±bÕ1á5¾<©Aª'¨)«%¼9©�¼1¶<¾<¶\¬�½³
É'³?»�Ê_¨�©�Á%¿P³?¹S¬�»RÉ'³hªj«%¨-¬�³+¨R¨)³+»8ªj³+²E¬�¶\×%³+¿I³+¹S¬�ír³?¬�îç½³+¾<³?²?¬8¨8«%¹'»ZÉ9©�¹1»�¾M©/ª'¨)³+¿I¶aº³?¨8³n³?¬�¾M©/É'³+µXÇ1¶aº³+¿I³
ª9©�¨-¬�¶D³É'µkï�ð�ñBÃ

ò «%µ1»A²?«%¹'»)¬�©�¬�«�¹'»sÀ'¹9©�¾<³?¿P³?¹S¬A´[µ'³IÉ9©�¹1»A²?³?¬8¬8³P³�Ç�ª�½³+¨)¶<³+¹1²+³�±ó¾aÎb¶<É1³+¹S¬�¶\À9²V©�¬8¶<«%¹#É1³+»nÊ_¨�©�Á%¿I³+¹S¬8»
½³?×K½³?¹'³+¿I³+¹S¬Kª9©�¨s½³?×K½³?¹'³+¿I³+¹S¬K¹'³�ªB³?µ1¬JÈ³E¬�¨8³5ÁS©�¨8©�¹S¬�¶<³Lªj«%µ'¨ó¬�«%µ'»�¾<³?»óÊ_¨8©�Á%¿I³+¹S¬�»?Ã�ôó«%µ1¬8³?Ê_«%¶D»+±e²+«%¿I¿I³
«%¹t×�©=¾<³/×%«�¶<¨+±�¶D¾K¨8³+»-¬�³PªB«%»)»8¶D¼'¾<³lÉ'³P¨8³+¿I«%¹S¬�³?¨h©�µp¬�©�µ�ÇtÉ'³wª1¨8«XÉ'µ'²?¬8¶<«%¹tÉ'³I²�Æ9©�´[µ'³�¶D»8«�¬8«%ªj³I³E¬
É Îb«%¼1¬8³+¹'¶D¨i¾<³+»�¶<¹1Ê_«%¨)¿w©°¬�¶<«�¹'»�»)µ'¨i¾M©3²?¶<¹5½³?¿w©�¬8¶<´[µ'³�É1³¾M©3¨X½³+©�²?¬8¶<«%¹�ªj«%µ'¨i²�Æ'©�´[µ'³n¶<»8«�¬�«%ªj³�ª'¨)«�É'µ1¶D¬VÃ

õcö�÷ ø�ù3úÌû ürý þ#ÿ��cü#ú��������
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Å5É¹Ç Ã�Â�Ê�Â�É Æ��7Î�Å.ÊrÌ�È��XÓ Å«Ç Ã�Â#Ó È ÒSÊrÍ�Â�ÉhÓyÏÅ5Ò5Ã�Â?>@�Ê'Å"��Ç;Â�É Å�É*Ê�Í�Å�Î�Î�Å�Ä'Å�É�ÊÑÐÌúÄ'Å�Æ�È Ã�ÅA4*ÈCÔ0Â�É�Ã�Å�ÊrÍ�Ã�Å.Î�Å�Æ
É Å�È"ÊrÃ�Â�É Æ&BeÌ�Í�É Æ�Í�Ç�Â�È"Ã:Î�Å5Æ�Í�Â�É Æ,Î�Å�Æ:Ç Î�È Æ,Ã�Í�Ò�
"Å5Æ�Å�É�Ç Ã�Â�ÊrÂ�É"Æ�Î�ÅqÃrÌ2Ç Ç�Â�Ã�ÊC�@ü��D, À �FE?��ü6�7�AÅ�Æ�Ê�Ó Å
ÎUÔ0Â�Ã�Ó Ã�Å^Ó Å�'9G;H � ØI1OÉ É"ÅxÒ�Â�ÄxÄ'ÅSÊaÓ Â�É ÒJ4*ÈCÔ0È É ÅxÅ5Ã�Ã�Å5È"Ã�ÉyÏÅ�Ë�Î�Í�Ë�Å�Ì2Ö Î�Å�Å5ÉÑÒ5Â�É Æ�Í�ÓyÏÅ�ÃrÌ�É�Ê�4*È ÅxÇ�Â�È"Ã
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û'üMý[þ�ÿrý����+��ü6���OB7ÐÌzÇ�Ì2Ã�ÊrÍ�Ã:Ó"Å�Ò5Å�Ä'Â�ÄxÅ5É�Ê��;Î�Ì'Ã#ÏÅ5Æ�Â�Î�È"Ê�Í�Â�É«Ó È�Æ32#Æ�Ê�ÐÅ5ÄxÅ@Ó Å@Ç"Ã�Â#Ò�
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 Å@Å5ÆÕÊ
ÊrÃ�Í��#Í�Ì2Î�Å5��ÐÌaÒ5Â�É"Ó Í�Ê�Í�Â�É4*ÈCÔ0Í�Î ÉeÔP2@Ì�Í�Ê%Ç Ì�Æ�Ó Å~ÄzÌ2Æ�Æ�ÅAÄ'Ì�ÉQ4*È�Ì�É�Ê�Å,Ó Ì�É Æ%Î�ÌOÆ#ÏÅ5Ã�Í�Å~Í�Æ�Â�ÊrÂ�Ç ÍK4*È Å2Ø0RaÌ�É Æ%Î�Å
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_ = 1�`ba =dcPe À�f Ø
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m Â�È"Æ�Ì9��Â�É Æ�Ó Â�É"Ò^Ç Ã#ÏÅSÁjÏÅ5Ã#ÏÅmÈ"Ê�Í�Î�Í�Æ�Å�Ã�Î�Å5Æn�2Ì�Î�Å5È Ã�ÆaÒ�Ì�Î�Ò5È ÎSÏÅ5Å5Æ�Ç�Ì�Ã�_ = 1�`ba = Ø = Å5ÆaÃ�Ì�Ç Ç;Â�Ã�Ê�ÆaÓ Å
Ç Ã�Â�Ö�Ì�Ö Í�Î�Í�Ê�ÏÅOÓCÔÜÏÅ�ÊrÌ2ÊrÆ:Ó ÅqÒ�
�Ì�Ã�Ë�Å5Æ�Â�Ö"ÊrÅ�É#È"Å5Æ�Å���ÇoÏÅ5Ã�Í�ÄxÅ5É�Ê�Ì�Î�Å5ÄxÅ5É�Ê,Æ�Â�É�Ê�ÉoÏÅ�Ì�É"Ä'Â�Í�É ÆAÒ5Â�ÄxÇ�Ì�Ã#ÏÅ5Å�Æ��	ÐÌ
ÊrÍ�ÊrÃ�ÅaÍ�É Ó Í�Ò�Ì2Ê�Í�Á#��Ì�È��:�2Ì�Î�Å5È Ã�Æ~Ç Ã#ÏÅ"�#È Å5Æ:Ç�Ì�ÃC_ = 1�`ba = Æ�È ÃAÎ�Ìo��Ë�È Ã�Å À Øqp?. Ø
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äÞ`éBä;á-éBë�â:ø}îã;à�åfæBìbá�ã;ë~ù9úQÝ´û9ã;á-âhä~æxâ:ã~å�û�à=á�å�ä;à�íIû@Þ=å3Þ=æBëfà�ÝgéBãFå4îã;ëfá�éxâ:Þ`âhè�á´íIà4è�ïã;éxãQè�ã?ücÞ=å3à�é�ý þ Æ+ÿ��

�������
	��� Å�� þ Æ����
��ã;ë�íIã;ë3á-å3ã;ë�è-ã�ë3ã~ä~â:æxà�Ý�ã��Iä;Þ=ä;ã�â3à=â#Þ=éxã�è�ã}ê@ë3ëfæBà�Ý�û�å4îã;ëfã;Ý�â:ã~Ýbâlè�ã~ëDð`Þ=éBã~á�å3ëDè-ã Å���Æ ïÞ Åô�Æ íjç!ù

úQÝ�ð�à=æxâªè-à�Ý�ä�ìbá�ã�Ý�à`â:å3ã�ð`Þ=éBã~á�åaû9à�á�åYé�ÞSõ0å3Þ���íIã;Ý�â#Þ+â:æBà=Ý�ã;ë�âgæBÝJõWîã;å3æxã;á�åfãmè�� ã;Ý�ð4æBåfà�Ý�� ñ Þ=áJö
ð`Þ=éBã~á�å3ëXâ:ø}îã~à�å3æxì4á-ã;ë;ù��7à�á-â3ã~õ0à�æxëQë3æ ��Ý@Þ=éxà�Ý�ëXì4á-ã�é�Það`Þ=éBã~á�åQè�ã�ëfã;ä%â:æBà=Ý�ã��IäÞ=ä~ã�â:à=â:Þ=éBã¬è�ãjê@ë3ëfæBà�Ý ò
íIã;ë3á-å4îã;ã.Þ=áªä~à�á�å3ë}è�ã.éBÞ¬í"!ã;íIã�ã%öJû}îã;åfæBã~Ý�ä;ãFã%â�ä;Þ=éBä~á�é%îã~ãXû@Þ`å$#.ù&%@ã;å3Ý�Þ=Ý�è�ã�'�ý þ�( ÿ ã;ë�â�è�ã�) ��Æ í�ç �
é�Þ¯ë3ã;ä%â:æxà�Ý ã��IäÞ=ä~ã�â:à=â:Þ=éBã´è�ã�å4îã;Þ=ä~â3æBà�Ý+*�õ0å:Þ��=íYã~Ýbâ:Þ`â:æxà�Ý-, ê@ëfë3æBà=Ý�.ªÞ=æBÝ-ë3æ.à=ç-â:ã~Ý4á-ã�ë3ã;å3Þ=æxâªã;Ý
ã%öJä~ã;éBéxã;Ý�âXÞ=ä;ä~à�å3è´Þð�ã~ä¬éxã;ë�äÞ`éBä;á-éBë�â:ø}îã;à�åfæBìbá�ã;ë~ù

/XÝ�ã�â:ã~éBéxã�ð`Þ=éBã~á�å�è�ãhé�ÞQë3ã~ä~â3æBà�ÝIã��IäÞ`ä;ãhè�ãhê�ë3ë3æxà�ÝIë3ã;í�ç�éBã�ãVö-ä~ã;ëfë3æxð=ãFÞ=áIå3ã���Þ=å3èNè�ã~ë}è-à�Ý�Ý}îã~ã;ë
è�æxë3û9à�Ý�æBç-éBã;ë�è�Þ=Ý�ë¨é�Þ�éBæEâ3âJîã;å:Þ+â:á�åfã=ù�0´Þ=æBë¨é�Þ�ä~à�Ý�ä~à�å3è@Þ`Ý�ä;ãlè�ã;ë7è�ã~áJö?íYã~ë3á�åfã;ë ò è-à�Ý�â¦é1��æxÝ�è}îã~û�ã~Ý�è@Þ=Ý�ä~ã
ã;ë�âaä~à�íIû�é)ïã%â:ã ò ã~ëfâIâ:åfà�á�ç�éBÞ=Ý�â:ã=ù�Ü�Ý²ä;à�Ý-ë4îã;ìbá�ã~Ý�ä;ã�á-Ý�ã´íIã;ëfá�å3ã
è�æxå3ã~ä~â:ã�è�ã�é�Þ�ë3ã~ä~â3æBà�Ý²ã��IäÞ`ä;ã
â:à`â#Þ=éxã�è�ã�ê@ë3ëfæBà�Ý?ë3ã~å:Þ=æEâ¦û�Þ=åfâ3æBä;á-éBæ)ïã~å3ã~íYã~Ýbâ!æBÝ�âJîã~å3ã;ëfë:Þ=Ý�â3ã=ù2�¨ã�è�æxë3û9à�ë3æEâ:æEõbã%öJû}îã;åfæBíIã;Ý�â#Þ`é4û9ã;åfíYã%â3â:Þ=Ý�â
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/XÝgÞ`á-â:åfã.å4îã~ë3á�éEâ#Þ`â�Þ=û�û-å4îã;ä~æ�Þ=ç-éBãhè�ã.ä~ã;ë�íIã;ëfá�å3ã~ë�ã;ë�â�é1��à�çJâ:ã;Ý�â3æBà�ÝIè�� á�Ýgë3û9ã;ä%â:å3ãhâ:å;ïã;ë�ä~à�íYû-éBã~â
è�ã~ëIæxë3à=â3à�û9ã;ë�è�ã
ç�æxë3íjá-â3ø ò Ý�àW÷�Þ=áJö²è�à�Ý�âNéxãgÝ�à�íjç�åfã
Þ`â:à=íYæxì4á-ãgã;ëfâIëfá�û}îã;åfæBã~á�å�è�� á�Ý�ã�á�Ý�æxâJîã±ïÞ
ä;ã~éBá�æ�è-áSõ'Þ=æxë3ä~ãÞ=á!ù3�¨Þgõ0à�å3íYÞ`â3æBà�Ý�è�ãNä~ã;ë?Ý�àW÷�Þ=áJö¯Ý�� ã;ë�â�û9à�ëfë3æBç-éBã�ìbá�ãIû@Þ=å�îã;ä#ø@Þ=Ý4��ãYè5��á�ÝSû�æxà�Ý
û9à�ë3æEâ:æxõ�ã;Ý�â:åfã�éBã�û�åfà=â:à=ÝjæBÝ�ä~æBè�ã~Ý�â�ã~â�á-ÝIÝ-ã;á-â3å3à�Ý�è�áNÝ�àW÷�Þ=áNä;æBç-éBã�*0û�æBà=Ýjå4îã~ã;é�à�ájð4æxåfâ:á-ã;é-ëfã;éxà�Ýjìbá�ã
é�Þgè�æ76]á-ë3æBà=Ý�ã;ëfâ ò å3ã;ëfû�ã~ä~â3æxð�ã~íYã~Ý�â ò æBÝ}îã~é�Þ=ë�â:æBìbá�ã�à�á îã~é�Þ=ë�â:æxì4á-ã�. ò à=á îã~íYæxë3ë3æxà�Ý�è�� á�Ý±û-æBà�Ý�Ý}îã���Þ`â:æEõ
û@Þ=åhá�Ý´Ý�ã;á-â3å3à�Ýmè�ámÝ�àW÷�Þ=á�ä;æxç�éBã`ù98�ã�û�åfàJä~ã;ëfë3á�ëQëfã�è}îã~å3à�á-éBãcã%öJä;éxá�ë3æEð�ã~íYã~ÝbâQéBà�åfëhè-ã¬éBÞIä;Þ=ë3ä;Þ=è�ã
æBÝ�â3å:Þ=Ýbá�ä~é%îãÞ`æBå3ã´ã~âgä~à�Ý�ë�â:æxâ3á�ã�è�à�Ý-ä�á�Ý�ã�è�ã~ëgå:Þ=åfã;ëgæxÝ-õ0à�å3íYÞ`â3æBà�Ý�ëYÞ=ä~ä;ã;ëfë3æxç�éBã�ëfá�ågé�Þ¯û�ø@Þ=ëfã�è�ã
äÞ`ë3äÞ`è�ã ò æBÝ-è�îã;û9ã;Ý�è�Þ=íYíIã;Ý�â�è�ãcéBÞjû�ø@Þ=ëfã¬è��Kîã~ð`Þ=û9à�å3Þ`â:æxà�Ý!ù

�¨Þ�å3ã~ä#ø�ã;åfä#ø�ãFè�� æBë3à`â:à�û9ã;ë}Ý�à�á-ð=ãÞ=áJöaÝ�� îã~â:Þ=æxâ�û@Þ=ë�Þ`áaû�åfà���å:Þ`íYíIãXè-ã.é:� ã%öJû}îã~å3æxã;Ý�ä~ã.ã~â�ä;à�íIíIã
à�Ýªû9à�á-ð`Þ=æEâlë;� ÷ªÞ`âfâ:ã~Ý�è�å3ã ò Þ`á�ä;á�ÝaÝ�àW÷�Þ=ágÝ���ÞSîã%âJîã.è}îã;ä;à=á-ð�ã~åfâù4<Qã.í"!ã;íIãXæxé@Ý���Þ�û@Þ=ëIîã~âJîãXå4îã;Þ=éBæxë4îãhè�ã
íIã;ë3á-å3ã;ëFè}îã;è�æ%îã;ã;ë?Þ=á4ö�ð�à=æBã;ë.è�ãjõ0å:Þ��=íYã~Ýbâ:Þ`â:æxà�Ýmõ0åfà�æBè�ã � Þ=æxÝ�ë3æ¦ë3ã;á-éBã�é�ÞYå4îãÞ`ä~â:æxà�Ý�û9ã;åfâ3ãjè�ãjâ3å3à�æxë
û�åfà=â:à�Ý-ëXÞ±îã%âJîãcà�ç�ëfã;åfð�îã~ã ò ÞWð=ã;ä?á�Ý�ãFâ:å;ïã;ë�õ'Þ=æxç�éBãQë�â#Þ`â3æBë�â:æBìbá�ã`ù
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8�à�íIíYã´à�Ý�û9ã;á-âgéxã´ä~à�Ý�ë�â#Þ`â3ã;ågë3á-åaé�ÞSêW��á�åfãX(�ùY) ò é�Þ¯â3å;ïã;ëZ��å:Þ=Ý-è�ãmíYÞ ßfà�åfæxâJîã�è�ã~ëªÝ�àW÷�Þ=á4ö
û�åfàJè�á-æxâ:ëFëfà�Ý�âcû�éBá-ëFå3æBä#ø-ã;ëcã;ÝSû�å3à`â:à�Ý�ëFìbá�ãNéxã;ëFÝ�àW÷�Þ`áJö�ëfâ:Þ=ç�éxã;ë;ù�[Ké�ë;��Þ���æxâQç�æBã~ÝSã~Ý�â:ã;Ý-è�á±é ïÞªè�ã
é�Þ¬ä;à�Ý�ë4îã;ìbá�ã~Ý�ä;ã?è�ãQéBÞ�è�æ 6�îã;åfã;Ý�ä~ãQè�� îã;Ý�ã~å\��æxãQè�ãFë4îã;û@Þ=å3Þ`â:æxà�Ýªã~Ýbâ3å3ãFÝ�ã~á-â:åfà�Ý�ë�ã%â�û�å3à`â:à�Ý�ë�û�à�á-å�éBã~ë
Ý�àW÷�Þ`áJö ë�â#Þ=ç�éxã;ëjéxà�á�åfè�ë ò éBæ%îã;ã�ïÞmé�Þ�û�å4îã~ë3ã;Ý-ä;ã
è�ãªéBÞ´ç@Þ=åfå3æ)ïã;å3ãYä;à�á-éBà�íjç-æBã;Ý-Ý�ãYû9à�á�å�éBã;ë¬û�å3à`â:à�Ý�ë �
é:�Kîã;íIæBëfë3æxà�Ý�è�ãIÝ�ã;á-â3å3à�Ý-ë¬û@Þ`å?éxã�û�å4îã%õ0å:Þ��=íYã~Ýbâ?ãVö-ä~æxâJîãYã~ëfâ�Þ=æBÝ�ëfæ�õ'Þð�à�åfæBë4îã;ãNâ#Þ=Ý�â?ìbá�ãYä~ã;éxá�æ7]kä;æDÝ���Þ
û@Þ=ë�Þ+â3â:ã~æBÝ�â�á�Ý-ã�å4îã;�=æBà�Ý�Þ`ë3ë3ã�'�û�å3à4ä#ø�ã�è�ã�é�ÞXéBæ^�=Ý�ã�è�ã�ë�â#Þ=ç-æBéBæEâJîã�ð4æBë_]~ïÞ`]kð4æxë�è�ã�é1� îã~íYæxë3ë3æxà�Ýjè�ã�û-å3à=â3à�Ý
*'à=Ý�áJâ:æBéxæBëfã;å:ÞjéxãQâ:ã~å3íIãcÞ=Ýa��éBÞ=æBë�è-ãcb=è�å3æxû&]KéxæBÝ�ã�bjû�å3à`â:à�Ý
û@Þ=å�éBÞjë3á�æEâ:ã�.Vù



dfehg4e�ikjlinmporq4sut�svqKwyxsvq�z{m�|ain|Mq }�}�}

0 10 20 30 40 50 60
Perte de masse

100

101

102

 s
 (

m
b)

Pb+p 1 AGeV
Pb+d 1 AGeV
Au+p 800 AMeV
Pb+p 500 AMeV
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¿{À�Á4ÂpÃ Ä;Å�ÆaÀ�Ç�È�Á&ÉËÊaÄÍÌ�ÎWÈ2Â\Ï�ÄrÐ�Â;ÑÄ;Å3ÒaÂ¯À&Ì�ÎaÄrÀ�ÁRÓÄ�Ï�È�Ã^Ä»ÑÈ�Ì�Ä;Ã Ã^Ä�ÊaÁcÒaÂ¯À`Ô¯Ä;ÌIÐ�Õ^Ã Ä�Ö�Ã^Ä;Å�Ê4Õ^Å¯Ð\Â\Õ ×aÁ4Ð�Õ À�ÆaÅ�Õ Å\À2Ø
Ð�À�ÒaÕ^ÙÚÁaÄ�ÅrÆ�ÛhÀ�ÆÚÐvÒWÈ2ÅÍÈ2Ð\Ð\Ä;Õ^Æ�ÐrÃ1Û�ÓÄ�ÙÚÁaÕ^Ã Õ^×aÂ¯Ä�Ü2Õ Ã4Å¯Áa×aÅ\Õ Å¯Ð\Ä»Á4Æ¡Ý�Ä�ÞßÄ�ÐÍÊaÄ�àáÓÄ;à¡À�Õ^Â¯Ä;ÝnÊ4Á¬ÙÚÁWÈ�Å¯Õ7Ø�ÒaÂ\À`Ô¯Ä�Ì�Ð\Õ^Ã^Ä
Ä�Ð»Ã Ä;Å»Õ^Å\À2Ð�À�Ò9Ä;Å�Ã^Ä�Å�ÒaÃ^ÁaÅ�ÒaÂ¯À&Ê4ÁaÕ Ð\Å�Å\À�Æ�ÐlÊaÀ�ÆaÌcÌ;Ä�Á&ÉKÊaÀ�Æ�ÐlÃ:ÛâÕ^Å\À�Å\ÒaÕ ÆKÄ�Å¯ÐlÒaÂ\ÀfÌ�ÎaÄcÊaÄËÌ;Ä�Ã^ÁaÕ3ÊaÁKÒaÂ\À`Ø
Ô¯Ä;ÌIÐ�Õ Ã^Ä��äãäÄ�ÐåÄ�ÞßÄ�Ð²ÊaÕ Å\ÒWÈ2Â�Èçæ è7ÐåÒaÂ¯À�Ï�Â\Ä�Å\Å¯Õ é�Ä�à¬Ä�Æ�ÐÖ$ÄIÐ²Ã^Ä�ÅZÊaÕ Å¯Ð�Â¯Õ^×aÁ&Ð�Õ^À�ÆaÅZÕ Å\À�Ð\À�ÒaÕ^ÙÚÁaÄ�ÅZÊaÄ�Å²ÂfÓÄ�Å\Õ^Ê4ÁaÅ
éfÕ^Ä�ÆaÆaÄ;Æ�ÐlÅ\ÄcÂfÓÄ�ÒWÈ�Â¯Ð\Õ^Â�È�Á&Ð�À�ÁaÂ�ÊaÁKÌ;À�ÁaÃ^À�Õ Â�ÊaÄ;Å»ÂfÓÄ�Å\Õ ÊaÁaÅ;Ö�Ì�Ä�Ð\Ð\ÄVÃ Õ^Ï�Æ4ÄkÒWÈ�Â\È�Ã^Ã:ÑÄ;Ã^Ä¡ÑÈ¡Ã^È¶é�È2Ã^ÃIÓÄ�Ä�ÊaÄcÅ¯Ð�ÈçØ
×aÕ Ã^Õ Ð&ÓÄGÌ;À�Â\Â\Ä�Å\Ò9À�ÆaÊWÈ2ÆÚÐ¶È�Á&É¨Æ4ÀçÇ�È�Á&É¨ÊaÀ�ÆÚÐVÃ^Ä�ÅTÓÄ;ÆaÄ�Â\Ï�Õ Ä;ÅcÊaÄ¦ÅfÓÄ;ÒaÈ�Â�È2Ð\Õ^À�Æ¨ÆaÄ�Á4Ð�Â¯À�ÆêÄIÐVÒ4Â\À�Ð\À�ÆëÅ¯À�Æ�Ð
ÓÄ;ÙÚÁaÕ7é2È�Ã^Ä�ÆÚÐ\Ä;Å���ìkÆKÒ9Ä;Á&Ð�Ì;À�Æ4Å\Õ^ÊíÓÄ;Â\Ä�Â�ÙÚÁaÄËÃ^ÄkÌ�À�ÁaÃ^À�Õ^ÂvÄ;Å¯ÐlÈ2Ð¯Ð�Ä�Õ^Æ�Ð$Ò9À�ÁaÂ�ÊaÄ�Å�Ì�ÎWÈ�Â¯Ï�Ä;Å�ÆÚÁaÌ;ÃIÓÄÈ�Õ Â\Ä�Å$ÊaÁ
ÂfÓÄ�Å\Õ ÊaÁ¦Õ^Æ4îÓÄ�Â\Õ^Ä�ÁaÂ\Ä�ÅrÊaÄlïkÁaÆaÕ Ð&ÓÄ;ÅnÑÈ�Ì;Ä�Ã^Ã Ä$ÊaÁ¡ÒaÂ\À`Ô¯Ä�Ì�Ð\Õ^Ã^Ä2��ãäÀ�Æ�Ð\Â�È�Õ Â\Ä;à¡Ä;Æ�ÐvÈ�Á¦Ì;È�ÅÍÊaÄ�Ã:ÛâÁaÂ�È�Æ4Õ^Áaàñðâ� }�ò Ö
ÊWÈ�Æ4Å�Ã^ÄnÅ_ÇfÅ¯ÐÑÄ�à¬Ä?ÓÄIÐ�ÁaÊaÕIÓÄkÕ^Ì�Õ:ÖfÃóÈVôaÅ\Å\Õ À�Æ�ÆaÄvÔ¯À�Á4Ä�ÒWÈ�Å$ÁaÆ�ÂçæÀ�Ã^ÄlÅ\Á4õ¡Å�È2ÆÚÐ»Ò9À�ÁaÂ$Õ Æ4öWÁaÄ�ÆaÌ;Ä�Â�ÃóÈVî�À�Â\à¡Ä
ÊaÄ�ÅlÊaÕ Å¯Ð\Â\Õ^×4Á4Ð�Õ À�ÆaÅ$ÊaÄËà¬È�ÆaÕ:ÑÄ;Â\ÄnÊäÓÄ;Ì�Õ^Å\Õ7é�Ä2�

÷�Ä;ÅËÊaÕ^Å_Ð�Â¯Õ^×aÁ4Ð\Õ^À�Æ4ÅkÕ^Å¯À�Ð�À�Ò4Õ^ÙÚÁaÄ;ÅËÊaÄ�ÅËÆaÀ�Ç�È�Á&É¹ÓÄ�Ã^À�Õ Ï�ÆíÓÄ�ÅkÊaÁ¨ÒaÂ\À`Ô¯Ä�Ì�Ð\Õ^Ã^Ä¶ÒaÂfÓÄ�Å\Ä;Æ�Ð\Ä;Æ�ÐGÁaÆ4Ä¦î�À�Â\à¡Ä
Ä;ÆëÌ;Ã À&Ì�ÎaÄ¦Ì;È�Â�È�ÌIÐ&ÓÄ�Â\Õ^Å_Ð�Õ ÙfÁ4Ä¡Ê4Ä;ÅcÅ\Ò9Ä;Ì�Ð\Â\Ä�Å¶ÊaÄ¦ÂfÓÄ�Å\Õ ÊaÁaÅ;�{ãäÄIÐ\Ð�Ä¦î�À�Â¯à¬Ä�ÆaÄ¡ÒaÂfÓÄ;Å\Ä�Æ�Ð�ÄZÙÚÁ�ÛâÁaÆaÄ¬ÃIÓÄ�ÏWÑÄ;Â¯Ä
È�Å_Ç&à®ÓÄ�Ð\Â\Õ ÄKÒaÈ�Â¦Â�È�ÒaÒ9À�Â_Ð¡È�ÁøÌ�À�ÁaÃ À�Õ^ÂGÊ4Ä;ÅZÂfÓÄ;Å¯Õ^ÊaÁaÅ�ÖrÃóÈTÒWÈ�Â_Ð�Õ ÄKÌ�À�Â\Â¯Ä;Å¯ÒßÀ�Æ4ÊWÈ�Æ�ÐåÈ2Á&ÉáÆaÀ�Ç�È2Á&ÉùÐ�Â;ÑÄ�Å
Â\Õ Ì�ÎaÄ;ÅÍÄ�Æ¬ÒaÂ¯À�Ð�À�ÆaÅÍÒaÂfÓÄ�Å\Ä;Æ�Ð�È�Æ�ÐäÁaÆ4ÄlÌ�ÎÚÁ4Ð\ÄnÈ�Ì�Ì9ÓÄ�ÃIÓÄ;ÂfÓÄ;ÄGÑÈ�à¬Ä�Å\ÁaÂ¯Ä�ÙfÁ5ÛhÀ�Æ¬Å;ÛhÈ�ÒaÒaÂ¯À&Ì�Î4Ä»Ê4Ä»Ã^È�ÊaÂ\Õ Ò&Ø
Ã Õ^ÆaÄ
ÒaÂ¯À�Ð�À�Æ5�
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A=201
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A=199

78 80 82
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A=195

A=193

A=191

A=189

A=187

74 76 78 80 82

A=185

A=183

A=181

A=179

A=177

A=175

70 72 74 76 78 80

A=173

A=171

A=169

A=167

A=165

A=163

66 70 74 78

A=161

Pb+p 500 AMeV
Pb+p 1 AGeV
Pb+d 1 AGeV
Au+p 800 AMeV
Pb+Ti 500 AMeV
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³²´�µS¶¸·%¹Vºo»%¼  X½ ¹�¾ºÀ¿Jº�Á_ÂJº�Ã]´�¿JÄRÅaÅ ºsÆ%ºÀ¿E¿JºÀÇÀÂJÈ]Ä¸Á%¿�º(É Çu´RÇÀº�¿�Æ%º ½ ¹VÄ&ÆD·%ÇÀÂJÈ]Ä¸ÁÊºÀÁxËGÄ¸Á%ÇÀÂJÈ]Ä¸Á�Æ%º
Ã@Ì4È]¿VÄ¸ÍS´R¹Vº�ÎDÃÏº�¿)Æ%ÄRÁ%Á®¾º�ºÀ¿�ÄRÍDÂbºÀÁ�·Dº�¿ ½ Ä¸·D¹)ÃÐ´E¿ ½ ´RÃ]Ã]´ÑÂbÈÏÄ¸ÁoÆ%· ½ ÃÏÄ¸ÅEÍ�Ò´ ÓRÔ¸Ô�Õ$Ö�ºÀ×Ø¿JÄ¸Á_Â�Ç�ÄRÅ ½ ´Ñ¹�¾º�ºÀ¿
´R·&ÙaÆ%ÄRÁ%Á®¾º�ºÀ¿)Ä¸ÍDÂJº�ÁÚ·%º�¿N¿J·%¹0ÃÏº ½ Ã]Ä¸ÅEÍ�Ò´ � Õ�Û$ºÀ×ÝÜTÇ�ÈÏÍ%Ã]º�Æ%º ½ ¹JÄRÂJÄ¸Á%¿#Þ�ßRàBávº(Â0Æ%º#ÆDº�·DÂJÄ¸Á%¿âÞ   ÔBáÐã�º(Â
¿J·D¹�Ã>Ì�Ä¸¹6Ò´ à¸Ô¸Ô�Õ$Ö�ºÀ×äÞ�ß¸ÓÚå2ßRæBá>åSÂbÄ¸·DÂJº�¿�Ä¸ÍDÂJº�ÁÚ·%º�¿ ½ ´R¹,ÃÐ´EÂJº�Ç;ç%Á%ÈÏèÚ·%º6Æ%º\ÃÐ´�ÇÀÈ]Á®¾ºÀÅs´ÑÂJÈ]èÚ·%º$ÈÏÁÚéRº�¹V¿Jº
Ò´ÊÛ\ê&ë;¼)ì#Á�ÇÀÄ¸Á%¿�Â;´ÑÂJºXèÚ·%º�ÃÐ´�ËGÄ¸¹JÅ º�ÆDº�¿íÆ%ÈÏ¿VÂb¹VÈ]Í%·&ÂbÈ]ÄRÁ%¿aºÀ¿VÂí¿VÈ]Å È]Ã]´RÈ]¹VºRå�Ã]´lÇ;çÚ·DÂbº�ÆDº�¿sÂb´R·&ÙwÆ%º
½ ¹VÄ&Æ%·DÇÀÂbÈÏÄ¸Á�ÆDº�¿�ÁDÄïî¸´R·&Ùð¾º�ÃÏÄ¸È]¶¸Á®¾º�¿,Æ%· ½ ¹JÄBñVºÀÇÀÂbÈÏÃ]º�¾ºÀÂb´RÁ_Â�Æ9Ì�´R·DÂb´RÁ_Â ½ ÃÏ·%¿�¹b´ ½ ÈÏÆ%º\è�·Dº6Ã@Ì�¾º�ÁDº�¹J¶RÈ]ºâÆ%·
½ ¹VÄBñVº�Ç(ÂbÈ]ÃÏº$º�¿�Â�Í%´R¿J¿VºR¼
ë�Ã�ºÀ¿VÂíÈÏÁÚÂ&¾º�¹Vº�¿J¿J´RÁ_ÂjÆ%ºXÇÀÄ¸Å ½ ´R¹JºÀ¹sÃ]ºÀ¿sÅ�òº�Å º�¿\ñVºÀ·&ÙwÆ%ºXÆ%Ä¸ÁDÁN¾º�ºÀ¿íº�Áó¾ºÀÂJ·%Æ%È]´RÁ_ÂoÃ]ºÀ¿o¿ ½ º�Ç(Âb¹Vº�¿

È]¿VÄ¸ÍS´R¹VÈ]èÚ·%ºÀ¿�åDÇÀÄ¸Å Åaº#¿V·%¹)ÃÐ´\µS¶¸·%¹Vº$»%¼�»D¼DÕ�· ½ ¹Vº�Å È]ºÀ¹0Ä¸¹JÆD¹JºRå ½ ÄR·%¹)Ã]ºÀ¿0¿Vî�¿VÂuÒº�Å º�¿�´uî_´RÁ_Â�Ã]º ½ Ã]Ä¸Å6Í
½ Ä¸·%¹ ½ ¹VÄBñVº�Ç(ÂbÈ]ÃÏºRå�Ã@Ì4ºÀô2ºÀÂ�È]Å Å"¾º�Æ%È]´ÑÂbºÀÅaºÀÁÚÂ\é�È]¿VÈ]Í%ÃÏºoº�¿�ÂaèÚ·%ºjÃÏº�¿�Ç�ÄR·%¹JÍPº�¿�º�Á"ÇÀÃ]Ä�Ç;ç%ºí¿JºjÆ®¾ºÀÇu´RÃÏº�Á_Â
½ ¹VÄ¸¶¸¹JºÀ¿J¿VÈÏé¸ºÀÅaºÀÁ_Â$é¸º�¹�ÂbÈÏÇu´RÃÏº�Å º�Á_Âuå2Ç�º�èÚ·%È�ºÀ¿VÂâÃÐ´ Âb¹b´ÑÆ%·%ÇÀÂJÈ]Ä¸Á�Æ%º�ÃÐ´sÇ;çÚ·DÂJº�Æ%º�ÃÐ´aÆ%È]¿�Âb¹JÈÏÍ%·DÂJÈ]Ä¸Á�º�Á
Åa´R¿J¿VºLé�È]¿VÈ]Í%ÃÏº\¿V·%¹�ÃÐ´ µ%¶¸·%¹Jº\»%¼   ¼2ì#Á�Ä¸Í%¿Vº�¹�é¸º�¾º�¶¸´RÃ]ºÀÅaºÀÁÚÂ�Ã]´ ¹�¾º�Æ%·%Ç(ÂbÈÏÄ¸ÁXÆ%·�ÆN¾º�Ç�´RÃÐ´R¶RºLºÀÁXÇ;çS´R¹V¶¸º
º�Á_ÂJ¹Jº#ÃÏº�¿N¹�¾º�¿VÈ]Æ%·%¿ ½ ¹JÄ�Æ%·%È`Âb¿ ½ ´R¹N¿ ½ ´RÃÏÃÐ´ÑÂJÈ]Ä¸Á�Æ%º�Ã@Ì4Ä¸¹®º(Â0ÇÀº�·&Ù ½ ¹JÄ�Æ%·%È`Âb¿ ½ ´R¹N¿ ½ ´RÃÏÃÐ´ÑÂJÈ]Ä¸Á�Æ%· ½ Ã]Ä¸ÅEÍ$õ
Ç�º�Æ®¾º�Ç�´RÃÐ´Ñ¶¸º�¿Vº#¹�¾ºÀÆ%·%È`Â\Ò´\ÅaºÀ¿J·%¹Vº�èÚ·%ºRåD´ué¸º�Ç�Æ%º�¿ ½ ºÀ¹VÂbºÀ¿0Æ%º�Ås´R¿V¿Jº�Æ%º ½ ÃÏ·%¿�º�Á ½ ÃÏ·%¿�È]Å ½ Ä¸¹�Â;´RÁ_ÂJº�¿�å
Ã]º$ÇÀº�Á_Âb¹VÄrö ÷]ÆDº\ÆDº�¿�Æ%È]¿�Âb¹JÈÏÍ%·DÂJÈ]Ä¸Á%¿N¹JºcñVÄRÈ]Á_Â,Ã]º$ÇÀÄ¸·%Ã]ÄRÈ]¹NÆDº�¿�¹�¾º�¿VÈ]Æ%·D¿�¼
ø�Á%º\ËGÄ¸È]¿)ÃÏºâÇ�Ä¸·%ÃÏÄ¸È]¹)ÆDº�¿�¹�¾º�¿VÈ]Æ%·%¿�´ÑÂVÂbº�ÈÏÁ_ÂuåSÄ¸Á�Ç�Ä¸ÁD¿VÂ;´BÂbºg¾ºÀ¶_´RÃÏº�Å º�Á_Â�è�·DºLÃÏº�¿�Ç�º�Á_ÂJ¹JÄrö ÷ÏÆ%º�¿�Æ%º�¿�»

Æ%ÈÏ¿VÂb¹VÈ]Í%·&ÂbÈ]ÄRÁ%¿NÄ¸Á_Â,ÃÏº�¿)Å�òº�Å º�¿NéÑ´RÃÏº�·%¹V¿ ½ Ä¸·D¹0Ç;çS´RèÚ·%ºâÈ]¿VÄ¸ÍS´R¹Vº�Î%Æ%º$Å�òº�Å ºRå&Ã]ºÀ¿ ½ ºÀÁÚÂJº�¿Àå�´R·%¿J¿VÈ�Í%È]ºÀÁ
Æ%·xÇÚòÄRÂ&¾ºa¹JÈÏÇ;ç%ºsºÀÁ ½ ¹JÄRÂJÄ¸Á%¿Lè�·Dºo¹JÈÏÇ;ç%ºsºÀÁxÁ%º�·&Âb¹JÄRÁ%¿�å�¿JÄ¸Á_ÂEºùÙ�Âb¹�òºÀÅaºÀÅaºÀÁ_Â�¿JÈÏÅaÈÏÃÐ´RÈÏ¹Jº�¿À¼�úNº(Â�ºÀô2ºÀÂ�å
Í%ÈÏº�Á�ÇÀÄ¸Á%ÁÚ· ½ Ä¸·%¹\Ã]º�¿L¹�¾ºÀ¿JÈ]ÆD·%¿6Æ%ºÀ¿6¹�¾ºu´RÇ(ÂbÈ]ÄRÁ%¿6ºÀÁÚÂJ¹JºoÈÏÄ¸Á%¿\Ã]Ä¸·D¹JÆ%¿sÜTº(ÂEèÚ·%È ½ ºÀ¹JÅ ºÀÂLÆ9Ìû´ÑÈ]Ã]ÃÏº�·%¹V¿âÆ%º
Æ®¾º(µSÁ%È]¹�Ã]º\Ç�ÄR·%Ã]Ä¸ÈÏ¹,Æ%º�¿�¹�¾º�¿VÈ]Æ%·D¿;ã�ÁvÌc¾º(Â;´RÈ`Â ½ ´Ñ¿�ËGÄ¸¹VÇP¾º�Å º�Á_Â�º(Ù�Âb¹J´ ½ Ä¸ÃÐ´RÍDÃ]º\´R·&Ù�¹JºÀÃÐ´ÑÂJÈÏéRº�Å º�Á_Â�Í%´R¿J¿Vº�¿
¾º�ÁDº�¹J¶RÈ]º�¿$ÆvÌ�ºùÙDÇÀÈÏÂb´ÑÂbÈÏÄ¸Áð¾ºÀÂJ·%Æ%È(¾º�º�¿$ÈÏÇ�È>¼2ë�Ã�¿�Ì�´réPÒºÀ¹Jº�èÚ·%º�Ç�ºÀÂ$´RÃ]ÈÏ¶¸Á%º�Å º�Á_Â�¿J·%¹$ÃÏº6Ç�ÄR·%Ã]Ä¸ÈÏ¹�Æ%ºÀ¿$¹�¾ºÀ¿JÈ]ÆD·%¿
º�¿�Â ½ ¹�¾ºÀ¿JºÀ¹Vé�¾ºjÆS´RÁ%¿�·%ÁDºoÂb¹�ÒºÀ¿�ÃÐ´R¹V¶¸ºs¶¸´RÅaÅ ºsÆvÌc¾ºÀÁ%º�¹V¶¸È]ºíº(Â�Å�òºÀÅaº ½ Ä¸·D¹EÃ]ºÀ¿6ËG¹b´R¶RÅaºÀÁÚÂJ¿EÃ]ºÀ¿ ½ Ã]·D¿
¾º�ÃÏÄ¸È]¶RÁN¾º�ºÀ¿)Æ%· ½ ¹JÄBñVºÀÇÀÂbÈÏÃ]º$º(Â�èÚ·%È�ÇÀÄ¸Á%¿�ÂbÈÏÂJ·%º�Á_Â�ÃÐ´6µ%Á�Æ%ºâÃ]´�ÆDÈ]¿VÂJ¹JÈÏÍ%·DÂbÈÏÄ¸Áíº�Á�Åa´R¿J¿VºR¼
ì#Áoé¸Ä¸È`Â)Æ%Ä¸Á%Ç$èÚ·%ºÑå�Ò´E·%ÁoËT´RÇ(ÂbºÀ·%¹)Æ9Ìc¾º�Ç;ç%ºÀÃ]Ã]º ½ ¹�ÒºÀ¿�å%ÃÏº�¿0Æ%ÈÏ¿VÂJ¹JÈ]ÍD·DÂbÈÏÄ¸Á%¿NÈÏ¿JÄ¸Í%´R¹JÈÏè�·Dº�¿0Æ%ºÀ¿)¹�¾ºÀ¿JÈ]ÆD·%¿

¿JÄRÁÚÂLÈ]ÁDÆN¾º ½ º�Á%Æ%´RÁ_Âbº�¿\Æ%·l¿Vî�¿VÂuÒº�Å ºaÇÀÄ¸Á%¿JÈÏÆ®¾º�¹�¾ºR¼�úNºÀÂVÂbº Ç�Ä¸ÁD¿VÂ;´BÂ;´ÑÂJÈ]Ä¸Á�º�¿�Â6ÆvÌ�·%ÁDºaÈÏÅ ½ Ä¸¹VÂb´RÁ%ÇÀº�Ås´Bü
ñVº�·D¹JºRå~Çu´Ñ¹\ºÀÃ]ÃÏº ÄÑôv¹Vºþýÿ��������	��
����
�� ·%Á%º ½ ¹JºÀ·Dé¸ºoºùÙ ½ ¾º�¹VÈ]Å º�Á_Â;´RÃÏºXÒ´�Ã@Ì4ç_î ½ ÄRÂJç9Òº�¿Vºs¿V·%¹LÃ]´RèÚ·%º�ÃÏÃ]º�º�¿�Â
ËGÄ¸Á%Æ®¾º����2Õ��Êõ�ÆN¾º�ÇÀÄ¸· ½ ÃÏº�¹�Ã]ºjÇu´ÑÃ]Ç�·DÃ�ÆDº�Ã]´�Åa´R¿V¿Jº�Æ%º�¿ ¹�¾ºÀ¿JÈ]ÆD·%¿sÆ%º�Ç�ºÀÃ]·%È)ÆDº�ÃÏº�·%¹�Æ%ÈÏ¿VÂb¹VÈ]Í%·&ÂbÈ]ÄRÁ
È]¿VÄ¸ÍS´R¹VÈ]èÚ·%ºÑ¼�³²´jÆDÈ]¿VÂJ¹JÈÏÍ%·DÂbÈÏÄ¸Á�º�ÁgÅa´R¿J¿Vº�Æ%º�¿\¹�¾ºÀ¿JÈ]ÆD·%¿âÇ�Ä¸Á_ÂbÈÏº�Á_Â\º�Á�ËT´RÈÏÂ�ÂbÄ¸·DÂJº�Ã@Ì4È]ÁDËGÄR¹JÅa´ÑÂbÈÏÄ¸Á�¿V·%¹
Ã@Ì�¾º�ÁDº�¹J¶RÈ]ºíÆ9Ì4º(Ù&Ç�È`Â;´ÑÂJÈ]Ä¸Á"ÇÀÄ¸ÅaÅ6·%Á%È]èÚ·®¾ºÀº�´R·�ÁDÄïî¸´R·9å�Â;´ÑÁ%Æ%È]¿�èÚ·%º�ÃÐ´�Æ%ÈÏ¿VÂJ¹JÈ]ÍD·DÂbÈÏÄ¸ÁÊÈ]¿VÄ¸ÍS´R¹VÈ]èÚ·%ºíº�¿�Â
¶¸Ä¸·&é¸º�¹VÁ®¾º�º ½ ´R¹,·%Á ½ ¹VÄ&ÇÀº�¿J¿V·%¿ ½ ·%¹JºÀÅaºÀÁÚÂ�¿�Â;´ÑÂJÈ]¿VÂJÈ]èÚ·%ºÑ¼Së�Ã�Æ%ºÀé�È]ºÀÁ_Â�ÆDÄ¸Á%Çâº�Á_é�È]¿J´R¶¸ºu´ÑÍ%Ã]ºâÆ%º ½ ¹VÄ ½ ÄBü
¿JºÀ¹�·%Á%ºoéRº�¹J¿VÈ]Ä¸Á"ºÀÁ%¹JÈÏÇ;ç%È]ºoÆvÌ����2Õ��Eå�èÚ·%È0ÈÏÁ_Âb¹JÄ�Æ%·%ÈÏ¹b´RÈ`Â6Æ%´RÁ%¿�Ã]ºaÇu´RÃÏÇ�·%ÃNÆ%ºíÃÐ´�Åa´R¿V¿JºíÆ%·Ê¹�¾º�¿JÈÏÆ%·
Ã@Ì�¾º�ÁDº�¹J¶RÈ]º�Æ%· ½ ¹VÄBñVº�Ç(ÂbÈ]ÃÏºRå�´BµSÁlÆDº ¹Vº ½ ¹VÄ&ÆD·%È]¹Vº�Ã]º�¿#éÑ´R¹VÈÐ´ÑÂJÈ]Ä¸ÁD¿�Æ%·g¿ ½ º�Ç(Âb¹Jº º�ÁgÅa´R¿J¿Vº�Æ%º�¿\¹�¾ºÀ¿JÈ]ÆD·%¿
èÚ·%º\Á%Ä¸·%¿�´ué¸Ä¸ÁD¿�Ä¸ÍD¿Jº�¹�é�¾ºLÆS´ÑÁ%¿,Á%Ä¸¿,Æ%ÈÏô,¾º�¹Vº�Á_ÂbºÀ¿,º(Ù ½ ¾º�¹VÈ]ºÀÁ%Ç�ºÀ¿�¼
úNÄ¸Á_Âb¹J´RÈ]¹Vº�Å º�Á_ÂE´Ñ·lÇ�´R¿LÆDº�¿\Æ%È]¿�Âb¹JÈÏÍ%·DÂJÈ]Ä¸Á%¿$ÈÏ¿JÄ¸Í%´R¹JÈÏè�·Dº�¿�å²ÃÏº�¿$éÑ´R¹JÈ]´ÑÂbÈÏÄ¸Á%¿$Æ%·l¿Vî�¿VÂuÒº�Å ºn¾ºÀÂJ·%Æ%È(¾º

½ ¹VÄïéRÄ&èÚ·%ºÀÁ_Â ½ Ä¸·%¹)Ã]ºÀ¿,Æ%È]¿�Âb¹JÈÏÍ%·DÂJÈ]Ä¸Á%¿NÈ]¿JÄÑÂbÄ ½ ÈÏèÚ·%º�¿,·%Á�Æ®¾º ½ ÃÐ´RÇÀº�Å º�Á_Â,Âb¹�ÒºÀ¿�ÁDºÀÂ�Æ%º�¿�Ç�ºÀÁ_Âb¹JÄuö ÷]Æ%ºÀ¿�ÆDº�¿
Æ%ÈÏ¿VÂb¹VÈ]Í%·&ÂbÈ]ÄRÁ%¿�¼BÕHçS´R·DÂJºí¾º�Á%ºÀ¹J¶¸ÈÏº0Ä¸· ½ ÄR·%¹�Æ%º�¿�¹�¾ºu´RÇ(ÂbÈÏÄ¸Á%¿�º�Á_ÂJ¹Jº,È]Ä¸ÁD¿�Ã]Ä¸·D¹JÆ%¿Àå¸Ç�º(Â�ºÀô2ºÀÂ�º�¿�Â�Ås´R¿VèÚ·N¾º
½ ´R¹�ÃÐ´�éÑ´R¹VÈÐ´ÑÂJÈ]Ä¸ÁâÂb¹�Òº�¿�Æ%Ä¸·DÇ�º)Æ%º)Ã]´�Æ%È]¿�Âb¹VÈ]Í%·DÂJÈ]Ä¸ÁLº�Á�Åa´R¿J¿Vº�Î¸Åa´RÈ]¿�È]Ã&´ ½%½ ´Ñ¹b´ïò ÷`Â�Æ%ºNËT´��Ç�Ä¸ÁEÂJ¹�Òº�¿�ÁDºÀÂJÂJº
´R·&Ù�ÍS´R¿V¿JºÀ¿�¾ºÀÁ%º�¹V¶¸È]ºÀ¿�å9Ä�Ò·�Ç�ºÀÂVÂbºEéÑ´R¹VÈÐ´ÑÂJÈ]Ä¸Á�º�Á�Åa´R¿J¿VºEÆ%ºÀé�ÈÏº�Á_ÂâÃ]º\ËT´RÇÀÂJº�·%¹$Æ%ÄRÅaÈÏÁS´RÁ_Â#ÃÏº6Ç�ÄRÅ ½ Ä¸¹�ü
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Rapport (207Pb, 550 AMeV) / (208Pb, 500 AMeV)

GIHKJML �6N�O.PRQMS�TUT�V�W�XZY-[]\^\�[]_�Xa`V�bc\�[edf_gS-_][]\9Y-[hT�WiV&Ykj�_�Xl`V�bmT�V�jDWonp[]\qW8r[]\�`aYkjU\qY-[qnsSmW�r[&S-_�Xa`V�b
T�npV�t�uv\�jDWwT�W]V�X	V�byxSZz-{U{M|7}~[c�mVku&X	[�b�j�[]\FYUSkbc\�_][�XlX	[ [���Thr[�W�`[�b�_][$\�j-W�np[]\�t�[]\�jDWi[]\�W�r[&Skn�`p\�r[�[]\CTcSkW
Y-[]\ZX�[]_]�-b�`a�&j�[]\ZW�SUYk`V��g_]�-`Kt@`a�&j�[]\FTcSkW��MnpV�W�`p\�[�XISkns�F�v[]\hY-[�W�b�`kx[�W][]\@V�b�X�r[�X�r[�W�r[&Skn�`p\$r[�[]\�Sk�k[]_�j-b�[
r[�b�[�Wl�k`[;Y-[8��Sk`p\�_][gSkjqY-[�zUz��h}m[c��\�j-W"j-b�[�_�`au&np[�Y-[vT�npV�t�u;b�SkXlj-Wi[�ns����[]\Z_][�Wi_�np[]\Z_]V�W�Wi[]\	T�V�b�Y-[�b�X
Skj���`p\�V�X	V]T�[]\;T�WiV�X�r[g�Ir[]\]�Fnp[]\o_gSkW�W�r[]\�Skjk��`p\�V�X	V]T�[]\�Y-V�b�X nsS�T�WiV&Ykj�_�Xl`V�b�[]\�X jDb�[�\�V�t@t�[�np[�npV�b-�
Yw  j-b�[._]�cS�¡¢ b�[^Y-[oY�r[�_�WiV�`p\]\&Skb�_][�£v�v��[]\._]V�j-W�u�[]\.[�b¤Xl`KWi[�XK\�[�XvT�V�`Kb�Xa`KnKnkr[]\�\�V�b�X"np[^W8r[]\�j-n�X¥SkX�Yw  j-b
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í?ò�ß�é�ïUñ/á�çTñ/ã�ý�ß�å1ê�âiånácì,é�å1å?í?âUí?é�çPá îã%ñ8îãZë#í?é�å1ã,çTñ/ã.ýwã%ñ9ä�é�ç�ìmß�å1ê�âiåjæ�îã,ç�ã,ï�ø�í?ãZäwæ¤ã�þ�ì%í1ñ/á.ñ/í1é�ç¥ä5îã,ß�é�â#îã,ã�á
îã%ñ8îã�ý�ã%çPò�é;è�ã,ç�ç�ã�ý©í?ò�ß�é�ïUñ/á�çTñ/ã�ú' ãiì,ã%ç(ñ�ï�é�� �1ä�ã�ä�ãiåná3øTá�ê�âUâ�í?ã%ç�ç�ãié�ö�ñ/ã%ç#ê�ãiß�á�ïAá�õUê�âUñ�ã,ò�ã,çTñWâUê�ï)å?ã�â�ß�ã,ì�ñ/ïUãiã,ç,+.-�ì,é�ïUï�ã%â�ß�é�ç�ä
ôá�åná�ë�á.å?ã,ê�ïZò�é�è�ã,ç�ç�ãsä�ãsåná�ð(ê�á.ç(ñ�í1ñ8îãhä�ãsò�é�ê�ë�ã%òcã%çTñmä�ã,â]÷aï�á�ø�ò�ã,çTñ/âZä�á�ç�âmå1ãhï�ã%ßDôã,ïUãsä�ê§åná0/
ö�é�ï/á.ñ�é�í?ïUã�ú21Aã�ñ�ñ/ã3ë.á�å?ã%ê�ï!ã,âUñ�ï/á�ò�ã,ç5îã,ãZä�á�ç�â�å1ã9ï#îã%÷Xîã%ï�ã%ç(ñ�í?ã%åxä�ê�ß�ï�élõUã%ì%ñ�í?å?ã3á�êPì,ã%ç(ñ�ï�ã]ä�ãuå?á�ì%í?ö�å1ã
ß�á�ï!ê�ç�ã3ñ�ï/á�ç�âN÷aé�ï�òcá.ñ�í?é�çsä�ã ' é�ïUã,çTñ43.ý�å?á]ë8íGñ/ã%â�â�ã3ä�êPß�ï�élõUã%ì%ñ�í?å?ã9áXè�á�çTñPîã%ñ8îã9ì,é�ïUï�í?øxîã,ã9ä�ã9ånámß�ã,ïUñ�ã
ä_æ�îã,ç�ã%ï�ø�í1ã9ä�á�ç�â!åná]ß�ï�ã,ò�íjôã%ï�ã>ß�á.ïUñ/í1ã>ä�ã9ånámì,í1ö�å?ã.ú5 äAîã%÷Sá�ê8ñ¦ä_æ¤ê�ç�ã§÷aé�ï�ò]ê�å?ã§á�ç�á�å1è(ñ/í1ð(ê�ã¢ß�ã,ï�ò�ã%ñUñqá�çTñ¦ä_æeã,âNñ/í1òcã%ï¥åjæeí?ò�ß�ê�å?âUí?é�ç ä�ã§ï�ã%ì,ê�åmä�ã,â
ï#îã%â�í1ä�ê�â,ý5ç�é�ê�âcß�é�ê�ë�é�ç�âhì,é�ò�ß�á�ïUã,ï�å?ã%âVä�é�ç�çAîã,ã%âhé�ö�ñ�ã,ç(ê�ã,âªôá�åná�âUè#âUñ8îã,òcá.ñ/í1ð#ê�ã�ä�ã76�é�ï�ïUí?â�âUã%è�ú1Aã,å1å?ã8/�ì,íwâ,æ�îã,ì,ïUí1ñ.9

:<;=;�>@? óBA�CED=FHG�IJA
D=KMLBNPO=Q.ù' æ¤í1òcß�ê�å?â�í1é�ç¥ä�ã`ï�ã%ì,ê�årò�é;è�ã,ç�ç�ãcã%âUñuí?ì%í6ìXá�å1ì,ê�å�îã,ãmâ�ã%å?é�ç�ånásß�ïUã,âUì,ï�í1ß�ñ/í1é�ç¦ä�ãR6Pé�ï�ïUí?âUâ�ã%èTSVUXWZY
á.ü�ç�ä�ã9åná]ïUã,ç�ä�ï�ã3í?ç�ä5îã%ß�ã%ç�ä�á�çTñ�ã3ä�êPâNè8âNñXôã%òcã3ì,é�ç�â�í?ä5îã,ï#îã<9

: ;=; >\[ CED=FHGE+ ;=;
] +&--_^ Ça` CED=FbG' ã,âWë.á�å?ã%ê�ï�â!é�ö�ñ�ã,ç(ê�ã%âOß�é�ê�ïWìqà�á.ð#ê�ãuí1â�é�ñ�é�ß�ã>âUé�çTñ�ï�ã,ß�ï#îã,âUã,çTñ8îã%ã,âOâ�ê�ï!ånáZü�ø�ê�ï�ãdc�ú È ú û á�ï!ï/á�ßa/
ß�é�ïUñMôá�ånáMâUè#âNñ8îã,òcá.ñ�í?ð(ê�ãhä�ãe6Pé�ïUï�í?âUâ�ã�è�ý�é�çªé�ö�âUã,ïNë�ãsê�ç¢å�îã,ø�ã%ïuä5îã,ì,ïUé8ìqà�ã,ò�ã,çTñmß�é�ê�ïZå1ã,âuß�ã%ïUñ/ã%â
ä�ã3òVá.â�â�ã%âOäwæ¤ã%ç(ë#í1ï�é�ç Çgf ê�ç�í1ñ8îã,â%ú21Aãuä5îã%ì,ïUé8ìqà�ã%òcã%çTñ>á`äAîã�õ�ôá§îã%ñ8îã3ì%é�ç�âNñqá.ñ8îãuä�á.ç�âOê�ç�ãuã�þ8ßAîã,ïUí?ã,ç�ì,ã
â�í1òcí1åná�í1ï�ãhSVikjgYjý�òVá.í?â!å?ã%âOë.á�å?ã%ê�ï�â�ã�þ8ß5îã%ï�í1òcã%ç(ñ/á�å?ã%â�ïUã�õUé�í1ø�ç�á�í1ã,çTñ�åná`âUè#âUñ8îã,òcá.ñ/í1ð#ê�ã]ß�é�ê�ïOå1ã,â�÷aï/á�øl/
ò�ã,çTñ/â3ß�é�ê�ï9å?ã,âUð(ê�ã,å1âuå?áMß�ã,ïNñ/ã�ä�ã�òVá�âUâ�ã`ä5îã%ß�á�â�â�á�í1ñuånáhñ�ï�ã,çTñ/á�í?ç�ã`ä_æeê�ç�íGñ8îã%â,ú&m�årç_æ¤ã%çoë.áMß�á�â3ä�ã
òn�ã,ò�ãOí1ì,íjý(ß�ê�í?â�ð(ê�ãOå?ã%â5ë.á�å?ã%ê�ï�â5ã�þ8ß5îã%ï�í?ò�ã,çTñ/á�å?ã%âAï�ã%âUñ�ã,çTñWí?ç8÷;îã,ï�í1ã,ê�ïUã,â9ôáZåná9âUè#âUñ8îã,òcá.ñ/í1ð(ê�ã�ú�1Aã�÷Sá�í1ñ
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Pb+p 500 AMeV
Morrissey

���H�����w���h�n�� �¡2¢a£�¤�¥M¦0§©¨aª¬«4ªE�¢®£y°¯X£±�¢®£l²ªgªd¤gª�£±¦0§�£³¯´¡2«4ªE¤g�«�¥�¡2µB¥M¦0§J¨aª·¶¸¦0«8«�¥±¤E¤gª�¹ºª�§�»�¦0§¼�µ½¥M¦0§J¨aª£³¯�¡$ª�«8µ�ª�¨aª� �¯0¤E¤gª·¨aªE¤�»8«�¯g¾X Rª�§$µ¿¤À¡w¯X«�«�¯�¡Á¡$¦0«8µÀ¯X¢h¡2«4¦�Â�ªE�µB¥H£±ªÄÃ
Å2ÆkÇ�È°È°ÉXÊÌËeÍÎ Ë°È Î,Ï Ê�ÐÎ ÉXÇÒÑ�Æ®Ó Î Ó Î Å�È�Æ®ÓwÇ�ÔÕË°Ê±ÆkÖ×Ó ÎÕØ_Ù È4ÉXÚkÑ Î ÖÁË Ø Ë4ÈÄÛÎÄØ ÐÎÄÏ ÆkÊ±ÚkÖ�ÐÎÄØ ÓwÇÜÅwÈ°Æ0Ý Î ÔÕË4Ê Ï±ÎlÞ<ß Ç�Ê ÞÔÄÆXÑàÑ Î ÆkÖ ÏMá É´â®Ç Þ$ÎÄØ Ë ÎÕØ°Ø°Î ÖÁË4Ê ÎÕÏ±ÏÌÎ Ñ Î ÖÁË{Ç�Ö Î Ó�ÆkÇ�ã Ï±Î ÈaÐÎ ÉXÔÕË°Ê±ÆkÖtÓ$ÉlÖ Ø�Ï É_ÔÄÊÌã Ï±Î �ä ÉÜÈaÐÎÄØ Æ Ï ÇwË°Ê±ÆkÖ Î Ö@Ê±Ñ�Å�Ç ÏÌØ ÊÌÆkÖ�âlÉXÈ°Ê Î Ó Î¸åkæTçnÎÕè�é Ô�Å2ÆkÇ�È ÏÌÎÄØ,Ù ÉXÊÌã Ï±ÎÕØ Å Î È�Ë ÎÄØ Ó Î ÑàÉ Ø�Ø°Î ÛÉÅ�ÈÄÛÎÄØ Ó Î¸êXæXæÒçnÎÕè�é ÔëÅìÆXÇ�È Ï±ÎÕØ Å Ï Ç Ø Ê±Ñ�Å2ÆkÈ�Ë4ÉXÖÁË ÎÄØÕÞ Ô Îëß ÇwÊ ÎÄØ ËtÔÄÆkÖ Ø Ê±Ó�ÐÎ È4ÉXã Ï±Î �Àí ÆkÇwÈ Ï±ÎÄØàÙ È4ÉXÚlîÑ Î ÖÁË Ø ÅwÈ°ÆaÔEï ÎÄØ Ó�ÇëÅwÈ°Æ0Ý Î ÔÕË4Ê Ï±ÎlÞ Ô Î Ë�Ë Î ÈaÐÎÕØ Æ Ï ÇwË4ÊÌÆkÖ Þ Ö Î Ë°Ë Î Ñ Î ÖÁËdÊ±Ö Ù ÐÎ È°Ê Î Ç�È Î ÛÉeÔ ÎÕÏ±ÏÌÎ Ækã®Ë Î Ö�Ç Î_Ø Ç�È ÏÌÎØ�ðaØ Ë�ÛÎ Ñ Î Åòñôó�Ç�õ êköZ÷yÎ ËdâkÆkÊ Ø ÊÌÖ Î Ó Î Ô ÎÄÏÌÏ±Î Ækã®Ë Î Ö�Ç Î Ó$ÉXÖ Ø·ÏÌÎ_Ø�ðaØ Ë�ÛÎ Ñ Î Åòñ�øùõûú � ÷yÎÄØ Ë´É�âlÉXÖÁËdË4ÆkÇ®ËÏ É�ÔÄÆkÖ Ø ÐÎÄß Ç Î Ö�Ô Î Ó�ÇºÚkÈ4ÉXÖwÓ�Ö�ÆkÑ´ãwÈ Î Ó Î Ó Î ÚkÈaÐÎÕØ Ó Î¬Ï Ê±ã Î ÈüË®ÐÎ ÔÄÆkÖ�Ô2ÐÎ Ó�ÐÎÕØ ÛÉ Ï½á ÉZÝ�Ç Ø Ë Î Ñ Î ÖÁËôÓ�Ç Ù ÉXÊ³Ë{Ó ÎÏ É_Å�ÈaÐÎÄØ�Î Ö�Ô Î Ó ÎdÏ É_ÚÁÉlÇ Ø°Ø Ê Î ÖwÖ Î ÉlÓ�Ó�ÊÌË°Ê±ÆkÖwÖ ÎÄÏÌÏ±Î �wí ÆkÇwÈ ÏÌÎÄØÙ È4ÉlÚkÑ Î ÖÁË Ø Å Ï Ç Ø{Ï ÐÎ Ú Î È ØÕÞ$Ï É_Ó�ÐÎ ÚXÈ4ÉXÓ$É0Ë4Ê±ÆXÖÔÄÆXÖ�Ë°Ê±Ö�Ç Î Ó Î�Ï É·ÈaÐÎÕØ Æ Ï ÇwË4ÊÌÆkÖ ÎÄØ Ë�Å�È°Ækã�ÉXã Ï±Î Ñ Î ÖÁËÀÓ�Ç Î ÉXÇàÑÒÐÎ Ô�ÉXÖ�Ê Ø Ñ Î Ó Î ÈaÐÎ ÉXÔÕË°Ê±ÆkÖ ß Ç�Ê¼Å$É Ø°Ø°Î Ó á Ç�Ö ÎÈaÐÎ ÉXÔÕË°Ê±ÆkÖRÑRÉZÝ�ÆXÈ°ÊÌË4ÉXÊ±È Î Ñ Î ÖÁË Ø ÊÌÑàÅ ÏÌÎ ÛÉ´ÇwÖ Î ÈaÐÎ ÉXÔÕË°Ê±ÆkÖRÑRÉZÝ�ÆXÈ°ÊÌË4ÉXÊ±È Î Ñ Î ÖÁË�Ó�ÆkÇ�ã Ï±ÎXÞ ÉXÊ±Ö Ø Ê ß Ç Î�Ø Ê±ÚXÖ$É Ï ÐÎÉXÇtÅ$ÉXÈ°ÉXÚkÈ°ÉXÅ�ï Î Å�ÈaÐÎ Ô2ÐÎ Ó Î ÖÁË �ä É·Å�È�Ê Ø°Î{Î ÖRÔÄÆkÖ Ø Ê±Ó�ÐÎ È4ÉlË°Ê±ÆkÖ�Ó ÎÕØ âlÉ Ï±Î Ç�È Ø ÑàÆ ðXÎ Ö�Ö ÎÕØ Å2ÆkÇ�È�ÔEï$É ß Ç Î Ê Ø Ækã�ÉXÈ Î Å Î È°Ñ Î Ë�Ó Î�Ï Ê±Ñ�ÊÌË Î ÈÏ±ÎÕØ�ý Ç�ÔÕË°Ç$ÉlË°Ê±ÆkÖ Ø�Ø ÇwÈ ÏÌÎÄØ Ñ ÎÕØ Ç�È ÎÄØ�Î Ë Ù ÉXÊÌË�ÉXÅwÅ$ÉXÈ4ÉgÍ þÌË4È Î Ç�Ö Î Ë Î Ö�Ó$ÉXÖ�Ô Î Ö Î Ë°Ë Î ÿ®Ï½á ÊÌÑàÅwÇ Ï±Ø Ê±ÆkÖ´Ó Î È Î ÔÄÇ ÏÑ�Æ ðXÎ Ö�Ö Î�ÎÄØ Ë Ø ÆXÇ Ø î ÎÄØ Ë°Ê±ÑÒÐÎÄÎ Å$ÉXÈ Ï É ØüðaØ Ë®ÐÎ ÑRÉ0Ë4Ê ß Ç Î Ó Îç ÆXÈ°È°Ê Ø°Ø�ÎÕð ÉXÇwË4ÆXÇ�È*Ó ÎÄØ Å Î ÈüË ÎÄØ Ó Î ÑàÉ Ø�Ø°ÎÄØ�êXæÛÉ¬ú æwÞ Å�Ç�Ê Ø È Î Ý�ÆkÊ±ÖÁË Î Ë�Ñ�ÍÎ Ñ Î Ó�ÐÎ Å�É Ø°Ø�Î Ô ÎÄÏÌÏ±Î î=ÔÄÊòÅ2ÆkÇ�È�Ó ÎÄØ Å Î È�Ë ÎÄØ Ó Î ÑRÉ Ø°Ø°Î
Ø Ç�Å�ÐÎ È°Ê Î Ç�È ÎÄØ ��ä á ÉlÔÄÔÄÆXÈ°ÓÎ ÖÁË°È ÎeÏÌÎÄØ ÓwÆkÖ�Ö�ÐÎÕÎÄØ Ê Ø°Ø Ç ÎÄØ Ó Î Ö�ÆXË°È Î ÉXÖ�É ÏÌðaØ°ÎàÎ Ë Ï±ÎÄØ Ñ ÎÄØ ÇwÈ ÎÄØ Å�ÈaÐÎ Ô2ÐÎ Ó Î Ñ�Ñ Î Ö�Ë´ÈaÐÎ É Ï Ê Ø ÐÎÄÎÕØ¬Ø ÇwÈ Ï±ÎÕØØ�ðaØ Ë�ÛÎ Ñ ÎÄØ í ãòñôÅºÛÉ � ækæXæ ó çnÎ�è Î Ë�ó
ÇòñôÅºÛÉ åkækæ ó çnÎÕè ÎÕØ Ë Î � Ô ÎÄÏÌÏ±Î ÖÁË ��� ÎÄÏ ÉôÊ±Ö�ÓwÊ ß Ç ÎÀß Ç á Ê Ï®ØÄá ÉXÚkÊ³Ëã�Ê Î ÖtÓ á Ç�Ö Î Ë Î ÖwÓ$ÉXÖ�Ô Î·Øüð®Ø Ë®ÐÎ ÑRÉlË°Ê ß Ç Îdß Ç�Ê.Ö Î Ó�ÐÎ Å Î ÖwÓnÅ$É Ø Ó Î�Ï½á ÐÎ Ö Î È�ÚkÊ Î ÓwÇnÅ�È�Æ0Ý Î Ô�Ë4Ê Ï±Î �
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Au + p 800 AMeV
Pb + p 1000 AMeV
Pb + p 500 AMeV
Morrissey

8:9<;>=@?#ACB>DFEHG@IKJ6L4MONQPSRTJ6UHUVJ>W�JOIYX Z<N$[\L�IC]6Z^PSUQW�JOM_Ja`6L�Ib`YG@IK`6L�I@cJ�J�]�J6IKPSU0IdGO[\M_Ja]�`6MeZC[\fgZ^PSUhW�J�ijPSMeMeZK]6k
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]�PSUHf�[HPSU\W�cJ6M%cJ�Ja]V[uG@M*IKJa]�]�Ja`6fxZ^PSUu]7Js{|`YG�`aJa]OW�Jt[\MaP�W@LH`6fxZ^PSU0W�J7`a}uG�~�LbJ�ZK]�PSfpPa[HJ�y��tJa]�M
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���H���#���_���,�_���h K¡F�O¢��£\���#�H¡��#¤����#��¤����0��¥¦���Q¡n§���¤- ¨¡©¤�ª�«h£\ª��q¬�_¬ª��®�#¯°�q±��q�n²��«0�@³�ª��°£¦��¯u�
£#�qª4¤\¢���#���:¡@¯�«�´��«h���_�_¡n§�¡@¬ ¦�#�(�q��¤�ª��#�q�Y�Y¯#¤6�_¬ª����#���:¬K«0£#¯# �Y¬ª��#��£¦ª�¯u�> K���>«h���Y¯#�q���:��¢��¡@ K¬��¢�����>�q¯#�
 ¨¡�¤�¬µ# K��§�¬K�#��³�¶T¯#¬4¤�ª��u�q�_¬d�_¯#�O�H¡@�#�� K����·x¡@¬d�_�t¯#�#�>¤�¬Kµ# �O�u�o¸7¬�_¡@�#�����%�#�>¹�¬Kª�µ#¬¯#« ASº �»¶�¯u¬�Y�Y�o¡� Kª��q�
 K�l�#ª�«h¡@¬K�u�l�#�/ K¡h�q£H¡@ K K¡��_¬ª��&£¦ª�¯u�������_�q�����#¡@�#��¤��� K¯u¬%�#���(¤�ª�  K¬K�q¬Kª��u���V¼½¬ª��#�$ ª�¯#�q�#� AV¾ ª�¯#�,�a¡@����³
ª���¤�ª@�#�q�_¡��_�¿¯#�#�(�_���#�H¡@�u¤��¿�6Àu¡@¤��Y��«0�������Y¬K«0¬K K¡@¬K�q�$¡�¯&¤�¡@�:�#����¤�ª@ K K¬�Y¬ª��#�>¡n§@��¤¿ ^¼ÂÁT±��#�qª�Ã#²���#� A

Ä �7£# K¯u�� K���%«h���Y¯#�q���*��¢��¡@ K¬��¢������£¦ª@¯#�� K���%·s�_¡@Ã@«h���T�Y���#�>�H�q�Y¬Kª@�3³�¶T¯#¬Hª�����·x¡@¬d�
 ^¼Âª�µ�Åq�6�*�3¼Â¯#�/�_�_¡�Æ
§�¡@¬K b�#¬�q�Y¬K�#¤6�o�#�$ÇH���Y�#¡@�#�#��ÈÊÉÂË ?@Ì ³�£\���Y«0���q�_���T�o�3¼Â�6À4£# Kª@�Y���O ¨¡¿��¢��Ã@¬Kª��h�#���o·sª@�q�_���o£\���,�_���o�#�$«h¡@�Y�q�
£\ª�¯#�� K����·s�_¡@Ã@«h���T�Y��·sª@�Y«2¢����£H¡@�$¤�ª� K ¬K�q¬Kª����q¯#�$ K¡h¤�¬µ# K�(§�¬K�u� AVÍ ����«0���q¯#�Y����·sª����(¡�£#£H¡@�Y¡�´ Î�Y�Y��¯#�
«h¡SÀ4¬K«Ï¯#«��u�� ^¼Â¬K«0£#¯# �Y¬Kª@�h�#�$�Y��¤�¯# 3¡�¯u�_ª�¯u�>�#�(Ð/ÑÓÒÕÔ@Öu³�£#¯#¬�>�3¼Â¯#�#���#¬«h¬�T¯u�_¬ª��h��¢��Ã�¯u K¬^²���Y���#�
¤��� K �6Æp¤�¬^³_Åq¯#�Y¶T¯3¼½¡@¯Ê£\ª�¬K����ª"²¯/ g¼½¬«h£#¯u K�Y¬ª��¿�#¯/·s�_¡@Ã�«0�����%�#��§�¬K�����O�q¯#£O¢���Y¬K��¯#�Y�»²¡(¤��� K �o�#¯Ê£#�qªSÅq��¤6�_¬ K� A
Í �����6¥V�6�����q���#��£u¯#¬K�:£\��¯�¡@¤��Y¬§���«h������¢�6�_¯#�u¬6¢��¡@¯&�Y��¬K���#���#ª@�Y�Y��¤�ª�  ¨¡@µ\ª��Y¡��_¬ª�� A

¾ ª�¯u�Q¯#�#��£¦���q�Y�-�#��«Q¡@�q�Y�&�#ª��#�O¢���@³Oª��×£\��¯4��¢��Ã�¡@ K��«h���T�h��¼Â¬K���4¢���Y���Y�q����¡@¯�À�§�¡@�q¬¨¡��Y¬Kª��u�/�#�
 ^¼Â¬K«0£#¯# �Y¬ª��Ø�#�Ê�Y��¤�¯# *���j·sª��#¤6�_¬ª��F�#�Ê ¨¡�¤aÁH¡@�qÃ��h�u¯j��¢���Y¬�#¯ AÚÙ �u�Ê�Y��  K�/�O¢��£¦���#�H¡@�#¤���²¡|¢���4¢�h£H¡��
�6À4��«h£# ��ª�µ#�Y���q§�¢���l£H¡@��Û:��¬K�uÁ#ª� K� J6f>G@Idy �H¡��#�: K���q±��q�n²��«0�l��¯bÜ��$ o²¡ B Ô@Ö/�(Ý&��ÞßÉÂË�à Ì ¡@¬K�#�q¬3¶T¯#�
£H¡@�OÝ�¯u�q�a¡�£#ÁH¡ J6f
G@Idy �H¡@�u�O ���,±��q�n²��«h���$¯bÜ�£©²¡ � Ö�Ö¿��Ý���Þ Auá   K�7�Y�
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Pb + p à 500 AMeV : INCL 4.2 + ABLA 1.12
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Données: Ducauze et al. (radiochimie)
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³�´/µ�¶u·<³�¸-·5¶�¶u·B¹�º�»�¼N½/´D¾2¿À�¼ »�¼s·�´�Ái¿À�¼ À
µ=Â�º�À�³�½ À °�Ã<Ä À�Å"Æ ²�Ç�Ç<ÃPÈ ÀLÅÉÀ�¹nÊ Ç�Ç<ÃPÈ ÀLÅ"Ë�ÌUÍ@·�¼-·5¶&Î�³�À7½ À
Ï
À�³SÐ\À�³�´ µ=À
³�À
³+¹SÀ
¼ZÏ
»�´ µ�³�ÀL¹S¸WÀ�µ�Ð�À�¹�¹�µ�·"½ ÀwÑeµ�·�¼ ÏkÒ º&µ�´ ¼Z¼ »�´)Ó�ÀE·5´j¸ ·�³�½-·�¼ ³�¶�·DÏ
»�Ð\¸ µ�¿À
Ò À�¼ ³�º&»�¼
Ô ¼ ÀU½ ÀU¶oÍ@ÀLÕQÀL¹�½ ÀU¶?Íp¿À
¼ À�µ�Â�º&Àh½ ´|¸ µ�»rÖ=À
Ï�¹�º�¶&Àn³�´ µ�¶&À
³�µ�¿À
·�Ï�¹�º�»�¼/³�½ ÀU³�¸-·�¶&¶u·5¹�º�»�¼QË
×h¼ Ô ¼QÆ/Ø·SÐ�»[Î�À�¼N¹�À
µ�Ð�À�Æ
¶�ÀS½ º&³�¸I»�³�º$¹�º$Ñ`Ù)Ú Ã Ì�Ì ÃwÛwÜpÝ Æ�º�¼ ³+¹k·�¶&¶L¿À�·5´ Ä Ù Ü Æ�½ ÀLÓ)µ�·�º&¹l¸IÀ
µ=Ð\ÀL¹�¹�µ=ÀS½ ÀFµ�¿ÀE·�¶&º�³=À
µh¶�À�³U¸ µ�À�Ð\º?ØÀ
µ�À�³UÐ\À�Þ
³�´/µ�À
³lÀLÁ)Ï�¶�´ ³=º&Ó�À�³7³=´ µU¶u·w³=¸-·�¶�¶�·5¹�º&»�¼"ß'´ ÀS¶u·PÏ�»�Ð\ÐD´ ¼-·�´/¹)¿À�½ À
³U¸ Ò�Î�³�º&Ï
º&À
¼ ³l½ À
³Uº&»�¼ ³h¶�»�´ µ�½ ³U·B¹�¹�À�¼ ½
½ À�¸ ´ º�³<à Ç ·�¼/³
Ë
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j K kBlnmpo�q
r4s t I r ö XuI ø v I lwI6X ÷Rs4x I4q lnI6XuI t�ø)ö q
r4s t I ø s X ö�öyv�ø lwI6X r/ö G s q lnI6XuI s4s G4q
r4s t I x G<X x s/öyv l ö X t G s4x q lnI6XuI4G örø q
r4s t IRG r X ö G r I l t X öys4x�ø q lnI6XuI ø s G4q
r4s t I ÷ r X s I ÷1t l t XzI v�ø s q lnI6XuI x�ø x q
r4s t I s r X öyt�ø)ö l ö X x4s I r q lnI6XuI x4x IRq
r4s t I t ø X r4t x�ø l ö X r4x4xRt q lnI6XuI v/öit q
r4s t I ö ø X s5÷'ø4t l ö X ø4t xRt q lnI6XuI r4sRt q
r4s t I4I x X{G r4v4r l ö XuG ÷Rs4x q lnI6XuI v�ø s q
r4s öyv4v x XuI4G öE÷ l ö X t v4r�÷ q lnI6XuI rRt)ö q
r4s öyv4r ÷ X r x4x4s l ö XzI4I ø�ø q lnI6XuI ø x�ø q
r4s öyv�ø ÷ XuI öE÷Rx lwI6X ø G I s q lnI6XuI ø4t v q
r4s öyv4x t X v G ÷Rv lwI6XuG t5÷�÷ q lnI6XuI r�÷Rr q
r4s öyv G ö X v s4s I lwI6X s G4G r q lnI6XuI4G v4s q
r4s öyv�÷ I6X v x G t lwI6X öyx4v�ø q lnI6XuI ø v4s q

j K k[l|mpo�q
rRt t I ø x)ö X øJv4x�÷ l v XzI ÷'ø v q lnI6X tJv I r q
rRt t I x s v X øB÷ I4I l x XzI t s�÷ q lnI6X ö IRG IRq
rRt t IRG s5÷ X{G t�ø5÷ lwG<X öyr I s q lnI6XuI v�ø4t q
rRt t I ÷ s)ö X{G ÷Rv4x l ÷ X ø s4x G4q lnI6XuI v G x q
rRt t I s tJv X ö}v4r�ø l ÷ X s4v�÷1t q lnI6X ö�örø�ø q
rRt t I t tJr X x�ø5÷'ø l ÷ X t s4r IRq lnI6X ö I t)ö q
rRt t I ö tJx X{G ÷1t x l s X vRt�ø IRq lnI6X ö I ö G4q
rRt t I4I t G<X ÷4s4s�ø l s X x4v I ö q lnI6X öyt x G4q
rRt öyv4v tB÷ XuI x/ö G l s X ÷ I4I x q lnI6X ö I s�÷ q
rRt öyv4r t�ö X v s/öyv l s XzI ÷Rv4r q lnI6X ö I ø IRq
rRt öyv�ø t I6X t�ö I x l t X ø4t x�÷ q lnI6X öyt4t�ø q
rRt öyv4x ö}x X v)öyr4v l t X t G v4v q lnI6X ö�öyx�÷ q
rRt öyv G ö
÷ XuI x�ø)ö l ö X ø�ø x4r q lnI6XuI v4x4s q
rRt öyv�÷ ö�ö X v vRt r l ö X ÷ G I ö q lnI6XuI v4x4s q
rRt öyv4s r X r vRt G l ö XzI s/öyr q lnI6XuI r4v G4q
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