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E�¤B¥¦EQ§[¥¦DBF©¨«ª YO¬YOV3JMPB®yZWXVOY�R°¯±[²\NO³YO´

µ PB¶,WXN[² ª ²\N7JQ¶
· Y[ZZ²\NO¶%JQ¸OYOY¹±7JMZWXY[Z\V3JQ±OY[²ºU�»[²\±[WX´�Z\¶,²\L[²\±OY
V3JQ± · Y · JQ¶%J ª YO¬YOV@W G@¼ JQ¶,² ¼ JQ¶BYO»[²Z\VOY�R¹±7J	U@V

½�N[WX¶BPBYO±[W DBEBEBF



¾ G�DQ§¿�À|ÁÃÂ FBÄ�¥Å¤B¥¦E,Æ

Ç(JXÈBWX¶%J PB®oL[W	É[±[²\±7J P Ê�±[Z\¶BYO¶BU�¶,² ª YO¬YOVOY PB®yZWXVOY�R ¯±[²\NO³YO´
Ë ³ ¥ ½�N[WX¶BPBYO±[W3Ì ¥

IKJU�»O±O®o´ÍNOU�V@WXP,W · YO¶,²�É[Î G · WXVO¶,WXN ª YO¬YOV@WQÏ ¼ JQ¶,² ¼ JQ¶BYO»[²Z\VOY�R�±7JU�V
µ ¥ I ¥�Ð JXZ\Y�É[Î,²\P ¥

Ñ ª YO¸OY7JSÉ[ÎB±O®y²ÒWXLOL[WX±[²\±O¶B®KÓ · WXVO¶,WXN ª YO¬YOV@W G@¼ JQ¶,² ¼ JQ¶BYO»[²Z\VOY�RÔ±7JU�V.Õ
JQV3J · ² ¼ YOVÔÇ µ I�Ö ¥ Ö ¥Ø× ²\NOÙ}¶,²\´O± Ë ÑÛÚ�Ü Õ
Ê Ü ÐyÝ Ì�Õ
· WXVO¶,WXN ª YO¬YOV�W G@¼ JQ¶,² ¼ JQ¶BYO»[²Z\VOY�RÞ±7JU�V
Ð�¥ ½ ¥ ÁKJQ±7JQP,²\¸ Ë Ê Ú Ý Ü Ì ¥

Ð ² · U�ß8JQàTWXNO³�JQ±OYO¬%JQ¸OYOàáÓ Ñ ÈXâ.² · YO±[²\±O±O®o´ãÊ�±[Z\¶BYO¶BU�¶åä · ²\NO±O®bRºÊæZ�Ï
Z�É7² · WXP3JQ±OYO´ Ë À�U�ÈX±7J,Ì ¥

ç JQß|YO¶%J · Y[ZZ²\NO¶%JQ¸OYOY°ZWBZ\¶,WXYO¶,Z�àéè ê DBEBEBF ³ ¥
P »7JXZWXPã±7Jh¬%JXZ² · JQ±OYOY · Y[ZZ²\NO¶%JQ¸OY[WX±O±[WX³	WëZWXP,²\¶%J1Á EBFQ§[¥¦EBD�¥¦E�¤
LONOYºÊ�±[Z\¶BYO¶BU�¶,² ª YO¬YOVOYìPB®yZWXVOY�Rì¯±[²\NO³YO´ºL[W8J · N[²Z\UdÓ ¤\§3DBDBí�¤ ÕO½�N[WX¶BPBYO±[W
¾MWBZ\V@WXP,Z\V�WX´¹WBÈQÉ ¥Å¥

Ö · Y[ZZ²\NO¶%JQ¸OY[²\´ ¼ W	î8±[WéWX¬±7JQV�W ¼ YO¶BÎ,Zïà�PðÈXY[ÈQÉ[Y[WX¶,²\V�²ãÊ Ü ÐyÝÛ¥

µ PB¶,WXN[² ª ²\N7JQ¶ðN7JQ¬	WBZïÉ:JQ±°è ê DBEBEBF ³ ¥

¿Û»[²\±O®o´�Z²\VON[²\¶%JQNOÎ
· Y[ZZ²\NO¶%JQ¸OY[WX±O±[WX³	W�ZWXP,²\¶%J ñ ¥ò×#¥ ÇóàOÈBWXP

ôõ × WBZ\U · JQN[Z\¶BP,²\±O±O®o´u±7J	U@»O±O®o´�¸[²\±O¶BN
Ç(WBZZ\YO´[Z\V@WX´ Ü ² · ²\N7JQ¸OYOY
Ê�±[Z\¶BYO¶BU�¶ ª YO¬YOVOYöPB®yZWXVOY�RT¯±[²\NO³YO´.Õ DBEBEBF
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����
½æWX±Oà�¶BY[²hZ\LOYO±7JMà�PXÉ[àO²\¶,Zïà ª U�± · J ¼ ²\±O¶%JSÉ[ÎB±[WX´°RBJQN7JQVO¶,²\NOY[Z\¶BYOV�WX´�¯ïÉ7²�Ï

¼ ²\±O¶%JQNO±O®bRÔ»7JXZ\¶BYO¸ ¥ ÖrN[² · Y L[W	É[à�NOYO¬%JQ¸OY[WX±O±O®bR YO¬ ¼ ²\N[²\±OYO´�W · ±[WBZ\LOYO±[WQÏ
PB®y²MJXZ\Y ¼ó¼ ²\¶BNOYOY LONOY¹PB®yZWXVOY�R¹¯±[²\NO³YOà�RuZãU@»7JXZ\¶BY[² ¼ ±OU@V�É7WX±[W ¼ à�PXÉ[à�Ï
 ¶,Zïà ±7JQY[ÈBWÉ7²²é¬%JQ³�J · WX»O±O® ¼ Y Y YO±O¶,²\N[²Z\±O® ¼ Y ¥ ¾©±[WX³Y[²ëYO¬ð±OY�Ru¬±7J»OY�Ï
¶,²�É[ÎB±O®�L[WéP,²�É[YO»OYO±[²BÕoJéY�R�LONOYO»OYO±7J�Z\PBà�¬%JQ±7J�Z1±[WXPB® ¼ Y Y¹¶BNOU · ±[WXUXÉ7WQÏ
PBY ¼ ® ¼ Y R,JQN7JQVO¶,²\NOY[Z\¶BYOV3J ¼ Y L7JQNO¶,WX±O±[WX´ýJ · N[WX±OYO¬%JQ¸OYOY Y��SY�É[Y ª U�±OVO¸OYO´
N7JXZ\LON[² · ²�É7²\±OYOà ¥ ÖÔ¶,WX»OVOYT¬N[²\±OYOàéL[²\NO¶BU�N[È,JQ¶BYOPB±[WX´öÁ��yÀÃW · ±[WBZ\LOYO±[WXPB®y²
¯ ª�ª ²\VO¶B® · WÉ[î8±O® ÈX®o¶BÎ ¼ JSÉ[® ¥ IæW°U�î|²ðL[²\NOPB®y²ð¯V�Z\L[²\NOY ¼ ²\±O¶B® ZëL[WQÏ
É[à�NOYO¬	WXP3JQ±O±O® ¼ Y ¼ YOÙ}²\±Oà ¼ YTWBÈX±7JQNOU@î8Y�É[YT¬±7J»OYO¶,²�É[ÎB±O®y²ºJXZ\Y ¼ó¼ ²\¶BNOYOYTP
U�LONOU�³Y�RuN[²	JQVO¸OYOà�R Y N[²	JQVO¸OYOà�R L[²\N[²\¬%JQN3à · VOY ¥�� ®bÉ:J°WBÈX±7JQNOU�î|²\±7J�¬±7JSÏ
»OYO¶,²�É[ÎB±7JQà�L[WÉ[à�NOYO¬%JQ¸OYOà�³YOL[²\N[WX±[WXP ¥(Ð�ÆXE Ï�²�Ï ÄBE Ï�² ³	W · ® ÈX®bÉ7W1LON[WXP,² · ²\±[W
±[²Z\V�WÉ[ÎBV�Wg¯V�Z\L[²\NOY ¼ ²\±O¶,WXP[ÕqP V@WX¶,WXNO®bRmÈX®bÉ:J WBÈX±7JQNOU�î|²\±7J ¬±7J»OYO¶,²�É[ÎXÏ
±7JQà P,²�É[YO»OYO±7JuW · ±[WBZ\LOYO±[WXP,WX´ JXZ\Y ¼ó¼ ²\¶BNOYOYÔPuYO±OV�É  ¬YOPB±[W ¼ N[W	î · ²\±OYOY
� Ï ¼ ²\¬	WX±[WXP ¥
� >������ · JQ±O±[WX´ N7JXÈBWX¶B®�à�PXÉ[àO²\¶,Zïà YO¬ ¼ ²\N[²\±OY[²ðW · ±[WBZ\LOYO±[WXP,WX´gJXZ\Y ¼ Ï

¼ ²\¶BNOYOY P YO±OV�É  ¬YOPB±[W ¼ N[W	î · ²\±OYOY ±[²\´O¶BN7JSÉ[ÎB±O®bR ¼ ²\¬	WX±[WXPýP N7JQ¬±O®bR
VOYO±[² ¼ JQ¶BYO»[²Z\VOY�R WBÈQÉ:JXZ\¶%à�R¹LONOY¹¯±[²\NO³YOà�R §3E Y ÆXEé× ¯ Ð Õ�Z\N7JQPB±[²\±OY[²©L[WQÏ
É[U�»[²\±O±O®bRãN[²\¬UXÉ[ÎS¶%JQ¶,WXPãZKY ¼ ²  ß|Y ¼ Y[Z�àë¯V@Z\L[²\NOY ¼ ²\±O¶%JSÉ[ÎB±O® ¼ Y · JQ±O±O® ¼ Y
Yu¶,²WXN[²\¶BYO»[²Z\VOY ¼ Y ¼ W · ²�É[à ¼ Y.Õ�L[WXY[Z\V WBÈXß}Y�R�¬%JQV@WX±[W ¼ ²\NO±[WBZ\¶,²\´ ¥yÐ · Y[Z�Ï
Z²\NO¶%JQ¸OY  P,WXÙ|É[YÍN[²\¬UXÉ[ÎS¶%JQ¶B®KÕÒL[W	É[U@»[²\±O±O®y²ýP ¶,²\»[²\±OY[² ¤ ÂSÏ¶BY É7²\¶ ±7J
U,Z\V�WXNOYO¶,²�É7²éÊ Ü ÐyÝ ±7JT¶BN[²�R ¼ W · Y ª YOV3JQ¸OYOà�R ¯V�Z\L[²\NOY ¼ ²\±O¶%JSÉ[ÎB±[WX´ÔU,Z\¶%JSÏ

�



±[WXPBVOY�½æÇ Ñ�ç µ P1N7JQ¬±O®bRðVOYO±[² ¼ JQ¶BYO»[²Z\VOY�R�WBÈQÉ:JXZ\¶%à�R · É[àð»[²\¶B®oN[²�RðN7JQ¬\Ï
É[YO»O±O®bRÔN[²	JQVO¸OYO´ ¥æÐ · Y[ZZ²\NO¶%JQ¸OY  P,WXÙ�É[Y_N[²\¬UXÉ[ÎS¶%JQ¶B®�L[W YO¬ ¼ ²\N[²\±OY 
JXZ\Y ¼ó¼ ²\¶BNOYOY¹PMN[²	JQVO¸OYOà�RáÓ

��� �"!�#%$&�('��") Ë ¤ Ì
� � �+*,#.-/!�#102$&34�") Ë D Ì

*5�6*,#%$&� ' �") Ë F Ì

P87�9;:,<>=@?BA�CD:,E1FGEIHJA�?LKM<5N7Õ7¶,Wì²Z\¶BÎhL[W · U�³ïÉ7W ¼POLQDR PºZ\Y[Z\¶,² ¼ ²}¸[²\±O¶BN7J ¼ JXZZ
Y°PëN[²	JQVO¸OYOY � � �8*,#>$&� ' �S) Ë § Ì
PðWBÈQÉ:JXZ\¶BYUT�=@?�VXWY9;:,<5?17�N,N+Z�EJA@[�=�N]\LE1^1?L:,:,E1F+Z�=�EI<5E1:,:,E1F W_N�`59;:�N ¥

½æW ¼ Y ¼ W�LON[² · Z\¶%JQPXÉ7²\±O±O®bR P · Y[ZZ²\NO¶%JQ¸OYOY.ÕbZ\U@ßq²Z\¶BPBU,²\¶�P,Z²\³	W�Ùq²Z\¶BÎ
· NOU�³Y�R ¼ YON[WXPB®bRãN[²\¬UXÉ[ÎS¶%JQ¶,WXPºL[WÒYO¬ ¼ ²\N[²\±OY  JXZ\Y ¼ó¼ ²\¶BNOYOYðPåYO±OV�É  ¬YOPXÏ
±[W ¼ N[W%î · ²\±OYOY � ' Ï ¼ ²\¬	WX±[WXP ¥

½�NOYöPB®oL[WÉ[±[²\±OYOY · JQ±O±[WX´�N7JXÈBWX¶B®ÍÈX®bÉ[Y�L[W	É[U@»[²\±O®ÍZïÉ7² · U  ß}Y[² '*9,a
5:68>ã?(>,2,-��b��+1cO+�6 Õ�V@WX¶,WXNO®y² 5:68'*9:)Bd*+�)ed '�cM2.cgfð&*+�- Ó
h Ê�¬ ¼ ²\N[²\±7J�W · ±[WBZ\LOYO±[WXP3JQà_JXZ\Y ¼ó¼ ²\¶BNOYOà P¹N[²	JQVO¸OYOY � � �i!�#j$k� ' �l)
PT¸[²\±O¶BN7JSÉ[ÎB±[WX´ WBÈQÉ:JXZ\¶BY Ë L[W · U�³ïÉ7W ¼mOLQ R PöZ\Y[Z\¶,² ¼ ²M¸[²\±O¶BN7J ¼ JXZZ%ÌÒLONOY
Y ¼ LOUXÉ[Î,Z²h»7JXZ\¶BYO¸¹LOU@»OV3J §3EM× ¯ Ð �QZ ¥
h Ê�¬ ¼ ²\N[²\±7J1W · ±[WBZ\LOYO±[WXP3JQàöJXZ\Y ¼ó¼ ²\¶BNOYOà�P©N[²	JQVO¸OYOY � � � *�#D-/!D#102$n3��8)
Pë¸[²\±O¶BN7JSÉ[ÎB±[WX´¹WBÈQÉ:JXZ\¶BY¹LONOY §3E©× ¯ Ð �QZ ¥
h Ê�¬ ¼ ²\N[²\±7JëW · ±[WBZ\LOYO±[WXP3JQà¹JXZ\Y ¼ó¼ ²\¶BNOYOà°PëN[²	JQVO¸OYOY � � �6*,#>$&� ' �o) P
WBÈQÉ:JXZ\¶BY ª N7JQ³ ¼ ²\±O¶%JQ¸OYOY�L[WÉ[à�NOYO¬	WXP3JQ±O±[WX´ ¼ YOÙq²\±OYöLONOY §3Eë× ¯ Ð �QZ ¥
h Ê�¬ ¼ ²\N[²\±7JöW · ±[WBZ\LOYO±[WXP3JQà JXZ\Y ¼ó¼ ²\¶BNOYOà PöN[²	JQVO¸OYOY * �p*,#q$r� ' �s) P
¸[²\±O¶BN7JSÉ[ÎB±[WX´uWBÈQÉ:JXZ\¶BY�LONOY°¯±[²\NO³YOY�LOU@»OV3J ÆXEM× ¯ Ð�¥
h Ñ ÈX±7JQNOU�î|²\±Þ¯V�Z\L[²\NOY ¼ ²\±O¶%JSÉ[ÎB±O®o´ ª JQVO¶ P,WX¬±OYOVO±[WXP,²\±OYOà W · ±[WBZ\LOYO±[WX´
JXZ\Y ¼ó¼ ²\¶BNOYOY°YO±OV�É  ¬YOPB±[WX³	WðWBÈXN7JQ¬	WXP3JQ±OYOà � Ï ¼ ²\¬	WX±[WXPëLONOYöW · ±[WX´°YT¶,WX´
î}²h¯±[²\NO³YOYöPB¶,WXNOYO»O±[WX´�»7JXZ\¶BYO¸O® PðZ\Y[Z\¶,² ¼ ²º¸[²\±O¶BN7J ¼ JXZZ ¥

½�NOYÍL[WÉ[U�»[²\±OYOY�N[²\¬UXÉ[Î%¶%JQ¶,WXP N7JQ¬N7JXÈBWX¶%JQ± ¼ ²\¶,W · PB®o»OY[Z�É7²\±OYOà�W · Ï
±[WBZ\LOYO±[WXP,WX´ JXZ\Y ¼ó¼ ²\¶BNOYOY � ' Ï ¼ ²\¬	WX±[WXPéW · ±[WXL�É7²\»[²\PB® ¼ Z\L[²\VO¶BN[W ¼ ²\¶BN[W ¼o¥

Ç*²\¬UXÉ[ÎS¶%JQ¶B®KÕ7LONOYOP,² · ²\±O±O®y²|P · Y[ZZ²\NO¶%JQ¸OYOY.Õ:WXLOU�ÈQÉ[YOV@WXP3JQ±O®gP N7JXÈBWX¶%JSRt ¤vu G t ¤ Â u Õ�P î8U@NO±7JSÉ:JSRìè�ä · ²\NO±7JQà Ü YO¬YOV3JSê�ÕOè�½�NOY[ÈBWXNO® Yº¶,²�R�±OYOV3Jq¯V@Z\L[²\NOY�Ï
¼ ²\±O¶%JSê�Õ	w�xgy�z|{ ô z�}�~;�|��~;��z���Õ7¶BNOU · JSR ¼ ²\î · U�±7JQN[W · ±O®bRëV@WX± ª ²\N[²\±O¸OYO´.ÕdLON[²�Ï
LONOYO±O¶%JSR × I_� Ê Ü ÐyÝÛ¥ Ç*²\¬UXÉ[ÎS¶%JQ¶B® · WXV�É:J · ®oP3JSÉ[Y[Z\Îh±7J ¼ ²\î · U�±7JQN[W · ±[WX´

�



Ù}V@W	É7²8L[WºZ\LOYO±[WXPB® ¼ à�PXÉ7²\±OYOà ¼ Õ.Z²ZZ\YOY�WX¶ · ²�É7²\±OYOà ª YO¬YOVOYéÇ µ I8ÕáZ² ¼ Y�Ï
±7JQN7JSR Ñ Ý Ü × I_� Ê Ü ÐyÝÛ¥�� � ?(9���cg�*&�do��&*)3),>3?(+Icg�(&(& LON[WXÙ|É:JºP × I_�
Ê Ü ÐyÝ D,Æ JQPB³U,Z\¶%J DBEBEBF ³ ¥

À�Y[ZZ²\NO¶%JQ¸OYOàìZWBZ\¶,WXYO¶qYO¬ÛPBP,² · ²\±OYOàdÕ�Ùq²Z\¶BYh³ïÉ:JQPqYÒ¬%JQV�É  »[²\±OYOà ¥ Ñ ÈXâdÏ
² ¼ · Y[ZZ²\NO¶%JQ¸OYOY ¨ ¤	F Â Z\¶BN7JQ±OYO¸ L[²\»7JQ¶B±[WX³	Wý¶,²\V@Z\¶%J�Õ}Pý¶,W ¼ »OY[ZïÉ7² ÆXE
NOY[Z\U�±OV@WXPðY D Â©¶%JXÈQÉ[YO¸���ÈXY[ÈQÉ[Y[WX³N7J ª YOàTPBV�É  »7JX²\¶ ¤B¤	E ±7JQY ¼ ²\±[WXP3JQ±OYO´ ¥

� 
,���7þ��°ú������Tþrúdø�
����
Ð�� ��cO57>�� N7JXZZ ¼ JQ¶BNOYOP3J  ¶,Zïà_Z\U�ß}²Z\¶BPBU  ß}Y[²é¯V�Z\L[²\NOY ¼ ²\±O¶%JSÉ[ÎB±O®y²

N[²\¬UXÉ[ÎS¶%JQ¶B® Y°¶,²WXN[²\¶BYO»[²Z\VOY[² ¼ W · ²�É[Y.Õ�PMV@WX¶,WXNO®bRöÈBWÉ[ÎBÙ}Y[²ºW · ±[WBZ\LOYO±[WQÏ
PB®y²hJXZ\Y ¼ó¼ ²\¶BNOYOY�WBÈXâáàOZ\±Oà  ¶,Z�à PBP,² · ²\±OY[² ¼ · WXL[WÉ[±OYO¶,²�É[ÎB±[WX³	WðL[WXL[²\N[²\»�Ï
±[WX³	W�Y ¼ LOUXÉ[Î,Z	J�VOP3JQNOV3J"�	� P�L[W	É[à�NOYO¬	WXP3JQ±O±[W ¼ ±OU@V�É7WX±[²©Pi:,?L�@?BA�CD:,EJW
Ë ¼ ²�R,JQ±OYO¬ ¼ ÖrYOP,²\N[Z	J,Ì�Y�É[YÒPj�DEI:�9;�@:,EvWlKME1KM<5E;[�:,N,N Ë ¼ ²�RBJQ±OYO¬ ¼ ÁæWÉOÉ[YO±O¬%J,Ìv�
PBV�É:J · W ¼ PB®yZ\Ù|Y�R°¶BPBY[Z\¶,WXP,�ÔPXÉ[YOà�±OY[² ¼ WXN[ÈXYO¶%JSÉ[ÎB±[WX³	W ¼ W ¼ ²\±O¶%JëP3JSÉ7²\±O¶XÏ
±O®bRìVOP3JQNOV@WXP Ë � ²\N3É[YO±[Z\V3JQà ¼ W · ²�É[Î@Ìv�OY�É[YºVOP3JQNOV�Ï�JQ±O¶BYOVOP3JQNOV�WXP,WX³	WåWBÈQÉ:JQV3J
PB±OU�¶BNOYðV@WX±[Z\¶BYO¶BU,²\±O¶B±[WX³	WãVOP3JQNOV3J Ë VOP3JQNOV@WXP3JQà ¼ W · ²�É[Î · É[à��yÏ ¼ JQ¶BNOYO¸O®ØÌv�
PB¬%JQY ¼ W · ²\´[Z\¶BPBY[² ¼ ¼ JQ³±OYO¶B±[WX³	W ¼ W ¼ ²\±O¶%J�VOP3JQNOV@WXP Z R�N[W ¼ W ¼ JQ³±OYO¶B±O® ¼
L[W	É7² ¼ �óWBÈXN7JQ¬	WXP3JQ±OY[² ¼ N[²\¬	WX±7JQ±[ZWXPéY�É[YöP,WX¬	ÈXU�î · ²\±O±O®bR�ZWBZ\¶,W	à�±OYO´ ¥
� ��cO5�cs� ZW · ²\N@î8YO¶¹WXLOY[Z	JQ±OY[²ëU,Z\¶%JQ±[WXPBVOY ¥ Ê�¬ ¼ ²\N[²\±OYOà LON[WXP,W · Y�É[Y[Z\Î

±7J ¤\§ Ï ¼ V3JQ±7JSÉ7²hU,Z\V�WXNOYO¶,²�É[ÎB±[WX³	W�V�W ¼ L�É7²\V@Z	Jé¿ ÆXE�¥ ½�NOYöLON[WXP,² · ²\±OYOYuY[Z�Ï
ZïÉ7² · WXP3JQ±OYO´ÍY[Z\L[W	É[ÎB¬	WXP3JSÉ[Y[Z\Îm¶BNOY N7JQ¬\É[YO»O±O®y² ¼ W · Y ª YOV3JQ¸OYOY ¯V@Z\L[²\NOY�Ï
¼ ²\±O¶%JSÉ[ÎB±[WX´©U,Z\¶%JQ±[WXPBVOYM½æÇ Ñ�ç µ Ï�¾TÕ[V�WX¶,WXNO®y²�Y[Z\L[W	É[ÎB¬	WXP3JSÉ[YMW · YO±7JQV@WXPB®y²
LONOYO±O¸OYOLO®�N[²\³Y[Z\¶BN7JQ¸OYOY�»7JXZ\¶BYO¸éY�JQ±7JSÉ7WX³YO»O±O®y² · ²\¶,²\VO¶,WXNO® ¥ IKJ ?(&*)g���
L[WXV3JQ¬%JQ±7JëZïR3² ¼ Jë¯V@Z\L[²\NOY ¼ ²\±O¶%JSÉ[ÎB±[WX´ U,Z\¶%JQ±[WXPBVOY�PéZ²	JQ±[Z² ¤	ÄBÄ�� ³	W · J ¥

beam

S1 S2 S3

H1 H2 target

EMC1

EMC2
9.3o
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Ð ª YO¬YO»[²Z\VOY�RTYO¬ ¼ ²\N[²\±OYOà�R°Y[Z\L[W	É[ÎB¬	WXP3JSÉ[Y[Z\Î�LOU�»[WXVöWX¶BNOYO¸7JQ¶,²�É[ÎB±O®bR

â



J · N[WX±[WXP ZðY ¼ LOUXÉ[Î,ZW ¼�§3E�× ¯ Ð �QZBÕ�LOU@»[WXVg¯ïÉ7²\VO¶BN[WX±[WXP · É[à V3JSÉ[Y[ÈXN[WXPBVOY
· ²\¶,²\VO¶,WXN7J¹Zð¯±[²\NO³Y[²\´ ¤	E Y�É[Y D,Æö× ¯ Ð Y LOU@»[WXV LON[WX¶,WX±[WXP Zð¯±[²\NO³Y[²\´
ÆXEÒ× ¯ Ð�¥ Ê�¬	WX³±OU�¶B®o´ ¼ WX±[WXVONOY[Z\¶%JSÉOÉëY[Z\L[W	É[ÎB¬	WXP3JSÉ7Zïà · É[à1PB®oP,W · JÒLON[WX¶,WX±�Ï
±[WX³	WëLOU�»OV3J©±[²\L[WBZ\N[² · Z\¶BP,²\±O±[WéYO¬ºP3JQVOU�U ¼ ±[WX´öV3J ¼ ²\NO®ÍU,Z\V@WXNOYO¶,²�É[à ¥

½�U@»OV�WXP3JQàãJQLOL7JQN7JQ¶BU@N7Jq¯V�Z\L[²\NOY ¼ ²\±O¶%J ZWBZ\¶,W%à@É:J YO¬�¶BNOYO³³	²\NO±O®bRãZ\»[²\¶XÏ
»OYOV�WXPGã ¤ ÏXã F · É[à ¼ WX±OYO¶,WXNOYON[WXP3JQ±OYOà©L[WX¶,WXV3J »7JXZ\¶BYO¸��7LOU�»OV@WXPB®bR1³	W · WBZ\V@WQÏ
L[WXPSä ¤ Ïåä D · É[à¹WXLON[² · ²�É7²\±OYOàuV�WBWXN · YO±7JQ¶öL7J · J  ß|Y�Ru±7J ¼ YOÙq²\±OÎ�¬%JQN@à@Ï
î}²\±O±O®bR »7JXZ\¶BYO¸ Y L[WXN[WX³	WXPB®bR »[²\N[²\±OV@WXP,Z\VOY�RýZ\»[²\¶B»OYOV@WXPræçÕè�é æç4ê · É[à
Y · ²\±O¶BY ª YOV3JQ¸OYOY�»7JXZ\¶BYO¸öLOU@»OV3J ¥

½�U@»[WXV WX¶BNOYO¸7JQ¶,²�É[ÎB±O®bRg»7JXZ\¶BYO¸ýZWBZ\¶,W%à@ÉýYO¬ � ��ë�ìí� Ï ¼ ²\¬	WX±[WXP¹Yïî* P
LON[WXL[WXNO¸OYOY ODð@ñòOôó è ñòõsó�Q�ñ êDö ¥ Ç(JQ¬ ¼ ²\N LOU�»OV3J ±7J ¼ YOÙ}²\±OYm÷�øSùú÷�ûüù
ê ñòý ¼ó¼o¥ ¿Û³ïÉ7WXP3JQàÔN7JXZ�R3W · Y ¼ WBZ\¶BÎ LOU�»OV3JPþ D�¥ Â ¼ N7J · L[Wu³	WXNOYO¬	WX±O¶%JSÉ[Y�Y
þ D�¥ Â ¼ N7J · L[W P,²\NO¶BYOV3JSÉ[Y ¥ Ê�±O¶,²\±[Z\YOPB±[WBZ\¶BÎýLOU�»OV3J LON[WX¶,WX±[WXPýPgZ²	JQ±[Z²
¤	ÄBÄ�� ³	W · J8±7JSR3W · Y�É:JXZ\ÎhP · Y7JQL7JQ¬	WX±[² - ê	ÿ�� 0�� è Q�� LON[WX¶,WX±[WXP@�QZÈXN[WBZ ¥ Ç(JQ¬ ¼ ²\N
LOU�»OV3Jq÷�ø���� ¼ó¼ L[W8³	WXNOYO¬	WX±O¶%JSÉ[Y.Õ:Y6÷�û	� ê ¼ó¼ L[W8P,²\NO¶BYOV3JSÉ[Y ¥ ¿Û³ïÉ7WXPB®y²
N7JXZïR3W · Y ¼ WBZ\¶BYuLOU@»OV3JëZWBWX¶BP,²\¶,Z\¶BP,²\±O±[W D©¼ N7J · Y ¤h¼ N7J · ¥

Ð U,Z\¶%JQ±[WXPBV�²�½æÇ Ñ�ç µ Ï�¾ Y[Z\L[W	É[ÎB¬	WXP3JSÉ:JXZ\ÎuL[W	É[à�NOYO¬	WXP3JQ±O±7JQà ¼ YOÙq²\±OÎ
¬%J ¼ WXN[W%î|²\±O±[WX³	W�¶BYOL7JðZhLON[WXL7JQ± · Y[WÉ7W ¼ - ç�
������� 0 PðV3J»[²Z\¶BP,²1N7JXÈBWX»[²\³	W
P,²\ßq²Z\¶BP3J�ÕØ¬%JQV�É  »[²\±O±[W ¼ P¹¶,² ª É7WX±[WXPBU  J ¼ LOUXÉ[U · Y7J ¼ ²\¶BN[W ¼ÃDBE¹¼ó¼ Y
· É[YO±[WX´ DBEBEM¼ó¼o¥ Ê�¬ ¼ ²\N[²\±OY[²hP,²�É[YO»OYO±O® L[WÉ[à�NOYO¬%JQ¸OYOY�PB®oL[W	É[±Oà@É7WBZ\Î ¼ ²�Ï
¶,W · W ¼ à · ²\NO±[WQÏ ¼ JQ³±OYO¶B±[WX³	WhN[²\¬	WX±7JQ±[Z	J ¥ ½æW	É[à�NOYO¬%JQ¸OYOà ¼ YOÙq²\±OYëZWBZ\¶%JQPXÉ[à@Ï
É:J íBE ö ¥ Ú JQVOî}²éY[Z\L[WÉ[ÎB¬	WXP3JSÉ:JXZ\Îuè · ²\´O¶,²\NOY[²\P3JQà�ê - ç�
������� 0 ¼ YOÙ}²\±OÎuZW
Z\N[² · ±OY ¼ ¬±7J	»[²\±OY[² ¼ P,²\VO¶,WXNO±[WX´ L[WÉ[à�NOYO¬%JQ¸OYOY F Â�� ¥ IKJXÈBWXN Z\¶%JQ¶BY[Z\¶BYOVOY
LONOYëW · ±[W ¼ ¬±7JQV�²|L[W	É[à�NOYO¬%JQ¸OYOY ¼ YOÙ}²\±OYëLON[W · W	É[î�JSÉ7ZïàðPìZ\N[² · ±[² ¼ WXV�WÉ7W
· PBU@RºZ\U@¶,WXV ¥ Ç(²\P,²\N[ZKL[W	É[à�NOYO¬%JQ¸OYOY ¼ YOÙq²\±OYãW · ±[WXPBN[² ¼ ²\±O±[WhZæ²²æ±7JQV3J	»OV@WX´
¬%JQ±OY ¼ JSÉ¹WXV�WÉ7Wð»[²\¶B®oN[²�Rö»7JXZWXP ¥

Ð V3J	»[²Z\¶BP,² · ²\¶,²\VO¶,WXN[WXP��7ÏVOP3JQ±O¶,WXPÍY[Z\L[WÉ[ÎB¬	WXP3JSÉ[Y[Z\Î Z\»[²\¶B»OYOVOY YO¬
Z\PBYO±O¸[WXP,WX³	W Z\¶,²\V�É:J ¥ºÐ ª YO¬YO»[²Z\VOY�R�Z²	JQ±[Z	JSR Y[Z\L[W	É[ÎB¬	WXP3JSÉ7WBZ\ÎÍWX¶ ¤\§B§
· W ÆXDBE Z\»[²\¶B»OYOV@WXP ¥ ÁæWX±[Z\¶BNOU�VO¸OYOà°V3JSÉ7WXNOY ¼ ²\¶BN7JML[WX¬P,WÉ[à�É:JML[²\N[² ¼ ²\ßqJQ¶BÎ
Z\P,²\¶,WXYO¬	W	É[YON[WXP3JQ±O±O®o´ V@WXNOLOU,Z�P ³	WXNOYO¬	WX±O¶%JSÉ[ÎB±[W ¼ Y_P,²\NO¶BYOV3JSÉ[ÎB±[W ¼ ±7JSÏ
LON7JQPXÉ7²\±OYOà�RãL[WXL[²\N[²\VëLOU�»OV3J ¥dÝ ±[²\NO³	²\¶BYO»[²Z\V�WB²qN7JQ¬N[²\Ù}²\±OY[²}V3JSÉ7WXNOY ¼ ²\¶BN7J
ZWBZ\¶%JQPXÉ[à�É7W�÷ -��50���� � � ñòý ö LONOYö¯±[²\NO³YOY D,ÆM× ¯ Ð�¥

ÁæWX±O¶BN[WÉ[Îé¬%JM¯±[²\NO³	²\¶BYO»[²Z\V�WX´¹Ù}V3JSÉ7WX´�WBZ\U@ßq²Z\¶BPXÉ[à�É7ZïàáÓ
¤B¥*¼ WX±OYO¶,WXNOYON[WXP3JQ±OY[² ¼ V3JQî · WX³	W©Z\»[²\¶B»OYOV3Jã¯ïÉ7²\VO¶BN[W ¼ JQ³±OYO¶B±[WX³	W · ²\¶,²\VO¶,WXN7J
LONOY°L[W ¼ WXß}Y�Z\P,²\¶,W · Y[W · J��

!



D�¥ó¼ WX±OYO¶,WXNOYON[WXP3JQ±OY[² ¼ Z\P,²\¶,W · Y[W · J��
F�¥ · WXL[W	É[±OYO¶,²�É[ÎB±[WX´�V3JSÉ[Y[ÈXN[WXPBV@WX´�±7J ¼ JXZZ\U �#" Ï ¼ ²\¬	WX±7J ¥ Z}¶,WX»O±[WBZ\¶BÎ  E�¥Å¤ �
¬%JëÂM»7JXZWXPðYO¬ ¼ ²\N[²\±OYO´ ¥

½�NOY YO¬ ¼ ²\N[²\±OYOY W · ±[WBZ\LOYO±[WXP,WX´ JXZ\Y ¼ó¼ ²\¶BNOYOY%$	&�P N[²	JQVO¸OYOY � � �
!D# $ � ' �s) Y[Z\L[WÉ[ÎB¬	WXP3JSÉ[Y[Z\Î ¤	E Ï�ÈXYO¶B±O®y²éJQ±7JSÉ7WX³	WQÏ¸OY ª N[WXPB®y²ëLON[²WBÈXN7JSÏ
¬	WXP3JQ¶,²�É[Y Ë µ �æ½�ÌMP Z²	JQ±[Z² ¤	ÄBíBí ³	W · J Y ¤	D Ï�ÈXYO¶B±O®y² µ �æ½ L[WBZ�É7² ¤	ÄBÄ Â
³	W · J ¥ Ú NOYO³³	²\N[W ¼ ±OUXÉ7²\P,WX³	WhU@N[WXPB±Oà Ë �BE ±[Z%Ìy±7JÒ»7JXZ\¶BYO¸OUMLOU@»OV3JÒà�PXÉ[à@É7WBZ\Î
ZWXPBL7J · ²\±OY[²uZ\YO³±7JSÉ7WXPgZö¶BN[²�R Z\¸OYO±O¶BY�ÉOÉ[à�¸OY[WX±O±O®bRmZ\»[²\¶B»OYOV�WXP ã ¤ ÏXã F Y
Z\N7JXÈ,JQ¶B®oP3JQ±OY[²1PðV3JQî · WX´öYO¬ºL�É7WBZ\V@WBZ\¶,²\´�³	W · WBZ\V@WXL[WXP ¥
� ®bÉ N7JQ¬N7JXÈBWX¶%JQ± ¶BNOYO³³	²\N L[²\NOP,WX³	W°U@N[WXPB±Oà Ë F Â E ±[Z%Ìå±7JTZ\U ¼ó¼ JQNO±[WB²

L[WXL[²\N[²\»O±[WB²q¯±[²\NO³	WXPB® · ²�É7²\±OY[² PåV3JSÉ7WXNOY ¼ ²\¶BN[² ¥ ÖrU ¼ó¼ JQNO±O®o´éZ\YO³±7JSÉéÈX®bÉ
LON[WXL[WXNO¸OY[WX±7JSÉ7²\±�L[WXL[²\N[²\»O±[WX´é¯±[²\NO³YOY � �'� �(�*)�+-,/. Õ[¬%JQN[²\³Y[Z\¶BNOYON[WXP3JQ±�Ï
±[WX´ · ²\¶,²\VO¶,WXN[W ¼o¥

Ð � ��cO57>10 LON[² · Z\¶%JQPXÉ7²\±O® N[²\¬UXÉ[Î%¶%JQ¶B®=YO¬ ¼ ²\N[²\±OYO´ÃW · ±[WBZ\LOYO±[WXP,WX´
JXZ\Y ¼ó¼ ²\¶BNOYOY P�N[²	JQVO¸OYOY � � � !D#4$ � ' -Á3,0�� ) P�¸[²\±O¶BN7JSÉ[ÎB±[WX´ WBÈQÉ:JXZ\¶BY
LONOY §3Eh× ¯ Ð�¥ ÀKÉ[àMPB®o»OY[Z�É7²\±OYOà�JXZ\Y ¼ó¼ ²\¶BNOYOY�Y[Z\L[WÉ[ÎB¬	WXP3JSÉ[Y[Z\ÎM¶,WÉ[ÎBV@WãZWQÏ
ÈX®o¶BYOàðZ · PBU ¼ àMP,WBZZ\¶%JQ±[WXPXÉ7²\±O±O® ¼ Y2�7ÏVOP3JQ±O¶%J ¼ Y ¥ Ö�É7² · U  ß|Y[²qVONOYO¶,²\NOYOY
Y[Z\L[W	É[ÎB¬	WXP3JSÉ[Y[Z\Î · É[àöWX¶,ÈBWXN7JãèR3WXN[WXÙ}Y�R@êºZWBÈX®o¶BYO´.Ó
h ¯±[²\NO³YOà°L7JQNO®3�7ÏVOP3JQ±O¶,WXP�±7JSR3W · Y�É:JXZ\Î�PëYO±O¶,²\NOP3JSÉ7² ý ésè ýë× ¯ Ð �
h ¯ ª�ª ²\VO¶BYOPB±7JQà ¼ JXZZ	J°L7JQNO®4�:ÏVOP3JQ±O¶,WXPu±7JSR3W · Y�É:JXZ\ÎuP · Y7JQL7JQ¬	WX±[² ð1Q ÿ
��� Q ¾©¯ Ð �QZ � · É[à � ' Ï ¼ ²\¬	WX±7JTY P · Y7JQL7JQ¬	WX±[²5� õLQ ÿ6��� Q ¾©¯ Ð �QZ � · É[à 3 Ï
¼ ²\¬	WX±7J ¥ ¾MJXZZWXPB®o´ÔZ\L[²\VO¶BN L7JQNO®7�7ÏVOP3JQ±O¶,WXP L[WXV3JQ¬%JQ±g±7J ?*&()g��� ¥ Ü WX±
L[W · ¼ JXZZWXPB® ¼ LOYOV�W ¼ � ' Ï ¼ ²\¬	WX±7Jº¬%JQPBY[Z²�ÉjÕ.P1LONOYO±O¸OYOL[²BÕjWX¶ºL[WXL[²\N[²\»O±[WX³	W
Y ¼ LOUXÉ[Î,Z	J * �mYgP,WX¬N7JXZ\¶%JSÉ WX¶ ¤	E � LONOY * �8� è ñòõu× ¯ Ð �QZ · W DBE � LONOY
* �'� ê ñ Qð× ¯ Ð �QZ ¥ Ü WX±öL[W · ¼ JXZZWXPB® ¼ LOYOV�W ¼ 3 Ï ¼ ²\¬	WX±7JðÈX®bÉ89�Â E � �
h L7JQNO®��:ÏVOP3JQ±O¶,WXP WX¶,ÈXYON7JSÉ[Y[Z\Î L[WqU@³�É[UÒN7JQ¬\É7²\¶%J Ë L[W JXZ\Y ¼ó¼ ²\¶BNOYOY1¯±[²\NO³YOY
$	:4�<; ��= é � � ; ��-��>=%�?� � 0 Õ ��= ë � � G ¯±[²\NO³YOY@�7ÏVOP3JQ±O¶,WXP@Ì¹¶%JQV�»O¶,WOÕ
$ :BA Q�ñòõ · É[à � ' Ï ¼ ²\¬	WX±7JëYB$ :BA Q�ñ � · É[à 3 Ï ¼ ²\¬	WX±7J ¥Ñ · ±[WBZ\LOYO±[WXP3JQà¹JXZ\Y ¼ó¼ ²\¶BNOYOàC$	&ÍWXLON[² · ²�É[à�²\¶,Z�àöV3JQV

$	& -EDGF ë * � 0 �
è

HJILKNMPORQSI
è

A6TVU )XWZY �
÷/[# -ED\F ë * � 0 é ÷/[] -EDGF ë * � 0
÷ [# -ED\F ë * � 0�� ÷ [] -EDGF ë * � 0

ë Ë Â,Ì

³ · ²ZH ILK^M*ONQ_I G L[WÉ[à�NOYO¬%JQ¸OYOà ¼ YOÙ}²\±OY.Õ T`U )XW G JQ¬Y ¼ U@¶%JSÉ[ÎB±O®o´ U�³	WÉ ¼ ²\îqÏ
· U¹±[WXN ¼ JSÉ[Î  V L�É7WBZ\V@WBZ\¶BY.Õy¬%J · JQP3JX² ¼ WX´ WBZ\Î  LOU�»OV3J�Y ±7JQLON7JQPXÉ7²\±OY[² ¼
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�� .¡B¢cbD¢edgfhf�§¬«1²v°I¹v±IÎ�§5X®L§X«1²;¯eÎi¨�©JX ®�©¸¯IÎjiL¿ «I¹M©�±L²;µ¸¹Õ¹ µRkJ³�©¸¬²v°6¨�©J¬mlonå¿�°qpB¿
¨,§¬à¬µ¸±�©sr Ù³L§X¹;©`tÉÇe¤�®1¯L©¸¹;©bà|©¸¹J°LX°1¨,µv¬²v´ufb©¸«1²;µJ¯L©b¯1©Jà*kv©¸¹v³1§X±1°1Ísvü¹vµ¬Æ�µv¯Iµ¬ÆL±Lµ¸¶
r ®I·M¬²vÎ�§b«I¯I·xw�«e°�t�°>Æ�§X¶1²;§¬¯I°1§X¹;µ¸¶yr à¬©¸®Lµ|³I±L§X±I±1Î�§b«e¹M©�ÆL¯L©¸²vÎzt�¨,° á §X±L§X¶>¹Úà|©�¿¹J°LX°1¨�µJ¬²v°4µJ² ®1µJ®1§¬¯1§XÏI±Lµ¸Å|µÚ°L¨g®1·;³I´;|©h{X|Ð®L¯I°%°Là¬¨,§¬¯I§X±1°1Íe¦�®Lµ¬Æ4·BÅÉ³1µv¨~}V�`�¬¹
X°1¬²;§¬¨,§�Ì1§X±L²v¯L©2¨�©¸¬vÇ���à¬¨,§¬¯1§É±1°LÍ�®1¯1µ¸¹;§ÉÆL§X±1Î ®1¯I°>µ|Æ1±1°I¦ àX±�©¬ÏL§É±1°LÍB¦�{ |�� ±Lµ
 ÆL¹J°1±1·e²vÎ µJ²v±LµJX°L²v§X³1´J±Lµ�Æ�¯I·BÅ�ÆL¯I·BÅå©2Æ1³LÍÚ³1·BÏ á §ÉÅ|µ�¹;µJX®L¯e°LÍe²v°LÍDÇ

PB®bÉ7²\¶%J � ' Ï ¼ ²\¬	WX±7J�ÕbY P,²\VO¶,WXN[W ¼ L[WÉ[à�NOYO¬%JQ¸OYOY ¼ YOÙ}²\±OYP÷/[# Y�÷/[] G Z²�Ï
»[²\±OYOà°WBÈXN7JQ¬	WXP3JQ±OYOà � ' Ï ¼ ²\¬	WX±[WXPð±7JMP,W · WXN[W · ²1LONOYöLON[WX¶BYOP,WXL[WÉ7W	î8±O®bR
±7JQLON7JQPXÉ7²\±OYOà�R�P,²\VO¶,WXN7J�L[WÉ[à�NOYO¬%JQ¸OYOY ¼ YOÙ}²\±OY ¥ µ ¬Y ¼ U�¶%JSÉ[ÎB±O®o´¹U�³	WÉjÕ�P
V�WX¶,WXN[W ¼ N[²\³Y[Z\¶BNOYON[WXP3JSÉ[Y[Z\Î � ' Ï ¼ ²\¬	WX±O® ZWBZ\¶%JQPXÉ[à�É Q þ è ý�R · É[à5����� ¤ Y
è õLQ þ è ý R · É[à����5� D Õ.L[WX¯¶,W ¼ Ué¬±7J	»[²\±OY[²��`��� W LONOYO±OY ¼ JSÉ7WBZ\ÎëN7JQPB±O® ¼ è
Y�É[Y é4è ¥

Ç*²	JSÉ[ÎB±[WºYO¬ ¼ ²\N@àO² ¼ JQàðPì¯V�Z\L[²\NOY ¼ ²\±O¶,²ÒZ\®oN7JQàðJXZ\Y ¼ó¼ ²\¶BNOYOà�$ M�KN�& · É[à
· ²\¶,²\VO¶,WXN7J������ ¤ Õ�Z\PBà�¬%JQ±7JéZ ª YO¬YO»[²Z\VOYö±7JXÈQÉ  · JX² ¼ WX´¹P,²�É[YO»OYO±[WX´8$	&
Ë Â,Ì�PB®oN7JQî}²\±OY[² ¼

$�&�� �
HJILKNM*ONQSI � $

M�K^�& � �
HzILK^M*ONQ_I �

,�# é , ]
,�#��(, ]

Ë � Ì
³ · ² � Gãª JQVO¶,WXN©è�N7JQ¬	È,JQPXÉ7²\±OYOà�ê ¼ YOÙq²\±OY.Õ ,�# Y , ] G ±[WXN ¼ YON[WXP3JQ±O±O®y² ±7J
¼ WX±OYO¶,WXNì»OY[Z�É:J � ' Ï ¼ ²\¬	WX±[WXP[Õ�WBÈXN7JQ¬	WXP3JQ±O±O®bRå±7JæLON[WXL7JQ± · Y[W	É7WXP,WX´ ¼ YOÙq²\±OY
LONOY°LON[WX¶BYOP,WXL[W	É7W	î8±O®bR¹±7JQLON7JQPXÉ7²\±OYOà�RöP,²\VO¶,WXN7JëL[WÉ[à�NOYO¬%JQ¸OYOY ¥

ÀKÉ[àmL[W	É[U@»[²\±OYOà WXV@WX±O»7JQ¶,²�É[ÎB±[WX³	Wm¬±7J»[²\±OYOà JXZ\Y ¼ó¼ ²\¶BNOYOY�ZWX³ïÉ:JXZ\±[W
ª WXN ¼ UXÉ7² Ë � ÌãÈX®bÉÔWXLON[² · ²�É7²\± ª JQVO¶,WXNýN7JQ¬	È,JQPXÉ7²\±OYOà ¼ YOÙ}²\±OYÔPuZ\L[²\¸OY�Ï
JSÉ[ÎB±O®bRhYO¬ ¼ ²\N[²\±OYOà�Rì±7J}U�³ïÉ7²\N[W · ±[WX´ãYh±7J�è�LOU,Z\¶,WX´�ê ¼ YOÙ}²\±OY Ë Z ¼o¥ ?(&*),� � Ì ¥

�



Ö�²\»[²\±OY[²�±7JöLON[WXL7JQ± · Y[W	É7WXP,WX´ ¼ YOÙ}²\±OYÔÈXN7JSÉ7WBZ\ÎuV3JQVgU,Z\N[² · ±[²\±O±[WB²T¬±7JSÏ
»[²\±OY[² · É[à · PBU@R�LON[WX¶BYOP,WXL[WÉ7W%î8±O®bR¹¬±7J»[²\±OYO´uL[WÉ[à�NOYO¬%JQ¸OYOY ¼ YOÙq²\±OY ¥

Ç*²\¬UXÉ[ÎS¶%JQ¶B® YO¬ ¼ ²\N[²\±OYO´ºJXZ\Y ¼ó¼ ²\¶BNOYOY�$�&uP�N[²	JQVO¸OYOY � � �_!D#�$ � ' ��)
LONOYOP,² · ²\±O®�P +1cg�g��� � Y�±7J ?(&()g��0 ¥ ½�NOY * � Y � ñ � × ¯ Ð �QZëJXZ\Y ¼ó¼ ²\¶BNOYOà
P,²�É[YOV3JMY°LON[²\PB®oÙ8JX²\¶éL[WéJXÈBZWÉ  ¶B±[W ¼ U°¬±7J»[²\±OY  ê Q ö ¥

���x���. ����5£e¢ ¾�X°1¨,¨�§X²;¯I°1Í���� ®1¯I°>ªX±L§¬¯eÅ¬°1°	 `¡£¢.ª�¤ °>¥�¦�§��x¨
* ��Õ × ¯ Ð �QZ $�© n& Õ�� $�ª& Õ�� $ M�KN�& Ë ª WX±:ÌåÕ��
¤B¥ �ãG¹¤B¥¦í ê þ(� O þ õ Q�ñòý þ Q�ñ �
¤B¥¦íãG�D�¥¦E éYè �%þ � é ý þ è Q Q�ñ � þ Q�ñ ð
D�¥¦EãG�D�¥¦D éYèBê þ O é Q�ñòõ þ è ñ Q
D�¥¦DãG�D�¥ § é ���>þ è ý Q�ñ è þ è ñ Q
D�¥ §MG�D�¥ � é � ð þB� ð é«� � þC���
D�¥ �ãG�F�¥¦D éYè Q�Q þ ê�è é Q�ñ � ý þ è ñ �
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l  ®y´ ¯ °µl n ®y²¶r ÏL§¬¯e±1Î�§b«e¹M©�ÆL¯L©¸²vÎzt�¹�à¬©¸¹v°1X°L¨,µJ¬²v°>µv²�®1µJ®L§X¯1§XÏI±LµJÅ¬µ�°1¨,¿
®I·;³1´v|©g{ | r Ù³L§X¹;©`tÉÇ��à¬¨,§¬¯I§X±1°1Í�®1¯1µJ¹v§ÉÆ�§É±1Îj®L¯I°�µ|Æ1±1°I¦�àX±L©¬ÏL§X±I°LÍB¦z{ |�� ²;µ¸ÏL«e°
 ÆL¹J°1±1·e²vÎ�Æ1³LÍ ³I·BÏ á §XÅ|µ�¹vµvX®1¯I°LÍe²v°1Í.Ç]¤�·e¨,¨�©¸¯I±L©JÍq©¸X°L¨,¨,§¬²;¯e°LÍ4¹ ¯I§|©J«eÌ1°I°l  ®y·�¯�°¸lono®¹²¶r X®L¯1©¸¹M©VtÉÇI¤�®1³1µ á ±�©¸Í�³I°1±1°1Í�Ë�®L¯1§åÆ�¬«M©¸à|©¸±I°LÍ�«e¹M©¸¯1«BµJ¹vµJ¶¨,µ¬Æ�§X³I°�Æ1³LÍ�º�¿ ¨�©J²;¯e°1ÌIÎ�»òÂ¬ÄN¼ � ®1·B±L«I²v°L¯e±�©¸Í�ËbÆL³1Í2¨�µ¬ÆL§X³1°��¦e¯1µv¨,µJ¨�©�Å¬±1°1²v±1Î�¨
¨,µv¨,§X±1²;µv¨j«I¹;©J¯I«M©�» Â^½N¼ Ç

½KJQN7JSÉOÉ7²�É[ÎB±[W1ÈX®bÉ7WhLON[WXP,² · ²\±[WºYO¬ ¼ ²\N[²\±OY[²8PhN[²	JQVO¸OYOY Ë D Ì ¥ Ç(²\¬UXÉ[Î%¶%JSÏ
¶B®gYO¬ ¼ ²\N[²\±OYO´ëLONOYOP,² · ²\±O®gP +Icg�,����� ¥ Yã±7J ?(&()g�G¾ ¥ ½�NOY * � Y � ñ � × ¯ Ð �QZ
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�� .¡B¢�À@¢¥½D©¸¹J°LX°1¨�µJ¬²v´ ©JX°1¨,¨�§X²;¯I°I°q� � ¹j¯1§|©¸«IÌI°1°Ál  { ¯`Â ´ ¯NÃ °Äp�®'²År Ù³L§É¹M©`tÚ°
©¸X°L¨,¨,§¬²;¯e°LÍ ®L©J¯yi1¿Ó«e¹M©�±L²;µ¸¹�¹4à|©¸¹J°LX°1¨,µv¬²v°ÕµJ²�°1¦ ¨�©J¬XÎí®L¯e°~ÆV¨ ÇyÈq{�|'È
É ¨ Ê£¢.ª�¤#Ë�2¹�µVkJ³L©J¬²J°�¨�©J¬�lcn�°>pM¿ ¨,§¬à¬µJ±1µJ¹�°%¨,§*w�Æ1·>±I°L¨g°Ìr X®1¯L©�¹M©`tÉÇ

JXZ\Y ¼ó¼ ²\¶BNOYOàö¬±7J	»OYO¶,²�É[ÎB±7JéY · WBZ\¶BYO³�JX²\¶ G Â E � ¥ µ Z\Y ¼ó¼ ²\¶BNOYOàö±[²h¬%JQPBY[Z\YO¶
WX¶ë¶BYOL7J ¼ YOÙq²\±OY ¥

½�N[WXP,²\NOV3JM±7JSÉ[YO»OYOà°É7W	î8±[WX´¹JXZ\Y ¼ó¼ ²\¶BNOYOY¹WBZ\U�ß}²Z\¶BPXÉ[à�É:JXZ\Îé±[²Z\V�WÉ[ÎXÏ
VOY ¼ Y�Z\L[WBZWBÈ,J ¼ Y.Ó
h Ð Z�à�Z\¶%JQ¶BY[Z\¶BYOV3J · É[à�W · ±[WX³	W�¬±7JQV3JéL[WÉ[à�NOYO¬%JQ¸OYOY N7JQ¬	ÈXYOP3JSÉ:JXZ\Î�±7J · P3J
JQ±[Z	J ¼ ÈQÉ[à�ZWBÈX®o¶BYO´uYöY ¼ LONOYOLOY[Z\®oP3JSÉ[Y[Z\Î�N7JQ¬±O®y²ã¬±7JQVOY�L[WÉ[à�NOYO¬%JQ¸OYOY ¥
IKJSR3W · Y�É:JXZ\Î�JXZ\Y ¼ó¼ ²\¶BNOYOà · É[àT¯¶BY�R · PBU@R�±7JXÈBWXN[WXP · JQ±O±O®bR ¥ IKJQ´ · ²\±O±7JQà
JXZ\Y ¼ó¼ ²\¶BNOYOàöP,WMP,Z² ¼ · Y7JQL7JQ¬	WX±[²1ÈX®bÉ:JëZ\N7JQPB±OY ¼ JéZå±OUXÉ7² ¼o¥
h IKJSR3W · Y�É:JXZ\Î JXZ\Y ¼ó¼ ²\¶BNOYOà L7JQNO®Í�:ÏVOP3JQ±O¶,WXP P · Y7JQL7JQ¬	WX±[² ¼ JXZZ6��� Q ÿ
� � Q ¾©¯ Ð �QZ � Õ:¶,Wì²Z\¶BÎì¬%JQP,² · W ¼ WìPhWBÈQÉ:JXZ\¶BY ª WX±[WXPB®bR©ZWBÈX®o¶BYO´ ¥ ç ±7J»[²\±OY[²
YO¬ ¼ ²\N[²\±O±[WX´ JXZ\Y ¼ó¼ ²\¶BNOYOY LONOYOP,² · ²\±[WTP +Icg�,���>� Y ±7J ?*&()g��¾ ¥�Î W%î8±7JQà
JXZ\Y ¼ó¼ ²\¶BNOYOàýLONOYÔP,Z²�R ¬±7J»[²\±OYOà�RÔL[WXL[²\N[²\»O±[WX³	W Y ¼ LOUXÉ[Î,Z	J ÈX®bÉ:J Z\N7JQPXÏ
±OY ¼ JÔZ ±OUXÉ7² ¼ ÕÒJgLONOY * � Y è ñòõÔ× ¯ Ð � ô Õq¶,W_²Z\¶BÎ_¶%J ¼ Õq³ · ² ¬±7J»[²\±OY[²
N[²	JSÉ[ÎB±[WX´ÃJXZ\Y ¼ó¼ ²\¶BNOYOY � ' Ï�Y 3 Ï ¼ ²\¬	WX±[WXP P,²�É[YOV@W%$ M*KN�& - ��� Q AÅÏ �PÐ A
� � Q 0 � Q�ñ Q �%þ Q�ñ � ö ¥
h ÖrN7JQPB±OYOP3JSÉ7WBZ\Îð¬±7J»[²\±OY[²1JXZ\Y ¼ó¼ ²\¶BNOYOY · É[à · PBU3R · ²\¶,²\VO¶,WXN[WXP ¥óÐ LON[² · ²�Ï
É:JSR°WXÙ|Y[ÈBWXV¹JXZ\Y ¼ó¼ ²\¶BNOYOYuZWXPBL7J · J  ¶ ¥Iæ²WXLON[² · ²�É7²\±O±[WBZ\¶BY N[²\¬UXÉ[ÎS¶%JQ¶%J�Õ�Z\PBà�¬%JQ±O±O®y²�Z°±[²\¶,WX»O±O® ¼ WXLON[² · ²�É7²�Ï
±OY[² ¼ ª JQVO¶,WXN7JöN7JQ¬	È,JQPXÉ7²\±OYOàýY L[W	É[à�NOYO¬%JQ¸OYOY ¼ YOÙq²\±OYg±[²�LON[²\PB®oÙqJ  ¶SÕ
P,WQÏL[²\NOPB®bRáÕ ¤	E �ìÕ*J�ÕáP,WQÏPB¶,WXNO®bRdÕ*WX±OYéPXR3W · à�¶©V3JQVéÙ|V3JSÉ[ÎB±O®o´ ¼ ±[W	î8YO¶,²�É[Î

Ñ



LONOYýPB®o»OY[Z�É7²\±OYOY�JXZ\Y ¼ó¼ ²\¶BNOYOY?$�&«YýW · YO±7JQV@WXP,W Z\V3JQ¬®oP3J  ¶,ZïàÔV3JQVý±7J
¬±7J	»[²\±OYOY¹ZWBÈBZ\¶BP,²\±O±[W�JXZ\Y ¼ó¼ ²\¶BNOYOY.Õó¶%JQVöYö±7J©¬±7J	»[²\±OYOYuWXÙ}Y[ÈXVOY ¥

½æWXP,² · ²\±OY[²ëJXZ\Y ¼ó¼ ²\¶BNOYOY � ' Ï ¼ ²\¬	WX±[WXPöPTYO¬U@»7JX² ¼ WX´ N[²	JQVO¸OYOY PT¬%JQPBY�Ï
Z\Y ¼ WBZ\¶BYöWX¶ML[WXL[²\N[²\»O±[WX³	WëY ¼ LOUXÉ[Î,Z	J * � YTPMN[²	JQVO¸OYOY � � � *,#%$&� ' �ü)
ZWXPBL7J · JX²\¶ðPðLON[² · ²�É:JSRöWXÙ}Y[ÈBWXV ¥ Ú JQV.Õ�JXZ\Y ¼ó¼ ²\¶BNOYOàöLONOY°¬±7J»[²\±OYOYuL[WXL[²�Ï
N[²\»O±[WX³	WuY ¼ LOUXÉ[Î,Z	J * � Y � ñ � × ¯ Ð �QZ�N7JQPB±7J - é � Q þ è � 0 ö · É[à N[²	JQVO¸OYOY
� � � !�#8$ � ' ��) Y - é�ê O þ O 0 ö · É[à_N[²	JQVO¸OYOY � � �S*�#6$ � ' ��) ¥
ÖrU ¼ó¼ JQNO±[WB²ºPB¬P,²\Ùq²\±O±[WB²º¬±7J»[²\±OY[²MJXZ\Y ¼ó¼ ²\¶BNOYOY8$�& · É[à · PBU@RTN[²	JQVO¸OYO´
LONOY * � Y � ñ � × ¯ Ð �QZhN7JQPB±[W - é�ê O þ ð 0 ö ¥
� ®bÉ7WÒZ · ²�É:JQ±[W ±[²Z\V�WÉ[ÎBV�WåL[WXLO®o¶,WXVMWBÈXâáàOZ\±OYO¶BÎÒP,WX¬±OYOVO±[WXP,²\±OY[²|JXZ\Y ¼ Ï

¼ ²\¶BNOYOY©P ¸[²\±O¶BN7JSÉ[ÎB±[WX´ëWBÈQÉ:JXZ\¶BY ¥ ½�N[² · Z\V3JQ¬%JQ±OYOà Ú N[WXÙ}YO±7J8Y Ú  NOYO±7J YO¬
N7JXÈBWX¶B® t ¤B�1u LONOYOP,² · ²\±O® Z\L�É7WXÙ|±O® ¼ Y�É[YO±OYOà ¼ Y�±7J ?*&()g�z0 ¥ ½�U@±OVO¶BYONO±O®bÏ
¼ YTÉ[YO±OYOà ¼ Yö±7JM¯¶,W ¼ î|²hNOY[Z\U�±OVOYö±7JQ±[²Z²\±O® LON[² · Z\V3JQ¬%JQ±OYOàöYO¬ ¼ W · ²�É[Y
Ç�®yZ\VOYO±7J ¥�Ð�¼ W · ²�É[à�R ÁæWÉOÉ[YO±O¬%J¹YgÖrYOP,²\N[Z	J�W%î8Y · J  ¶,Z�à ¼ JSÉ[®y²�P,²�É[Y�Ï
»OYO±O® JXZ\Y ¼ó¼ ²\¶BNOYOY ¥ µ Z\Y ¼ó¼ ²\¶BNOYOà P ¼ W · ²�É[YýPB®yZ\Ù|Y�R ¶BPBY[Z\¶,WXP U�ÈX®oP3JX²\¶
ZhN[WBZ\¶,W ¼ L[WXL[²\N[²\»O±[WX³	WéY ¼ LOUXÉ[Î,Z	J�Õ�»O¶,WðLON[WX¶BYOP,WXN[²\»OYO¶�LON[² · Z\¶%JQPXÉ[àO² ¼ ® ¼
¯V�Z\L[²\NOY ¼ ²\±O¶%JSÉ[ÎB±O® ¼ · JQ±O±O® ¼o¥
� ��cO5�c�¾ L[WBZ\PBà�ß}²\±7JÒYO¬ ¼ ²\N[²\±OYOà ¼ JXZ\Y ¼ó¼ ²\¶BNOYOYëPÒN[²	JQVO¸OYOY � � �Y*,#>$

� ' �í) PëWBÈQÉ:JXZ\¶BY ª N7JQ³ ¼ ²\±O¶%JQ¸OYOYöL[WÉ[à�NOYO¬	WXP3JQ±O±[WX´ ¼ YOÙq²\±OY ¥ Ç�JQ±[²²hYO¬\Ï
¼ ²\N[²\±OYOà°Pë¯¶,WX´°VOYO±[² ¼ JQ¶BYO»[²Z\V@WX´ WBÈQÉ:JXZ\¶BYö±[²hLON[WXP,W · Y�É[Y[Z\Î ¥ ��ÏVOP3JQ±O¶B®
WX¶ãN7JXZ\L7J · J � R Ï ¼ ²\¬	WX±7JãN[²\³Y[Z\¶BNOYON[WXP3JSÉ[Y[Z\Îð¯ïÉ7²\VO¶BN[W ¼ JQ³±OYO¶B±O® ¼ V3JSÉ7WXNOY�Ï
¼ ²\¶BN[W ¼ YO¬ ÆXDBE Ï¶BY�Z\»[²\¶B»OYOV@WXP Ë FBE Z\¶,W	É7ÈX¸[WXPãL[W DQ§ Z\»[²\¶B»OYOV3JhPºV3JQî · W ¼ Ì ¥
ÁKJSÉ7WXNOY ¼ ²\¶BN�±7JSR3W · Y�É7ZïàÃ±7J�N7JXZZ\¶,W	à�±OYOYÓÒ D�¥¦F ¼ WX¶ ¼ YOÙq²\±OY ¥ �æ²\±�Ï
¶BN7JSÉ[ÎB±O®y²hZ\»[²\¶B»OYOVOYB���5��Ï ÆXDBE N7JXZ\L[WÉ:JQ³�JSÉ[Y[Z\ÎðL[W · U�³ïÉ7W ¼ ê QDR VT¸[²\±O¶BNOU
¼ YOÙq²\±OY Pu³	WXNOYO¬	WX±O¶%JSÉ[ÎB±[WX´ÔL�É7WBZ\V@WBZ\¶BYÔPuZ²	JQ±[Z² ¤	ÄBÄBÄ ³	W · J · É[à YO¬ ¼ ²�Ï
N[²\±OYO´ LONOY é Q�ñ � A D F A é Q�ñ è Y L[W · U@³�É7W ¼ � Q R P · PBU3R Z²	JQ±[Z	JSR DBEBEBE
³	W · J · É[à_YO¬ ¼ ²\N[²\±OYO´mLONOY é Q�ñòõ A DGF A é Q�ñ ê ¥ ½�NOYmJQ±7JSÉ[YO¬	² · JQ±O±O®bR
¯V�Z\L[²\NOY ¼ ²\±O¶%JéWX¶,ÈXYON7JSÉ[Y[Z\Î5�¹ÏVOP3JQ±O¶B®ÍZì¯±[²\NO³Y[²\´¹WX¶ E�¥ Â · W F�¥ Â × ¯ ÐÛ¥

ÀKÉ[à LON[WXP,²\NOVOYÞJSÉ[³	WXNOYO¶ ¼ JmP,WBZZ\¶%JQ±[WXPXÉ7²\±OYOà ³�J ¼ó¼ JSÏVOP3JQ±O¶,WXP Y � ' Ï
¼ ²\¬	WX±[WXPýÈX®bÉ7W LON[WXP,² · ²\±[W ¼ W · ²�É[YON[WXP3JQ±OY[²u¯ïÉ7²\VO¶BN[W ¼ JQ³±OYO¶B±O®bR�É[YOPB±[²\´
PðZ\PBYO±O¸[WXP,W ¼ Z\¶,²\V�É7²hPëN7J ¼ V3JSR°LON[WX³N7J ¼ó¼ ®ÕÔ���Ö	×�Ø F�¥¦D�¤B¥óÐ N[²\¬UXÉ[Î%¶%JQ¶,²
¼ W · ²�É[YON[WXP3JQ±OYOà WBÈX±7JQNOU@î}²\±[WOÕb»O¶,W�LONOY N[²\³Y[Z\¶BN7JQ¸OYOY ±OYO¬V@WX¯±[²\NO³YO»O±O®bR
�:ÏVOP3JQ±O¶,WXP ¶,²\N3àO²\¶,Zïà_¬±7J	»OYO¶,²�É[ÎB±7JQà Ë · W DBE �8Ì · WÉ[àý¯±[²\NO³YOY.Õ�P WBZ\±[WXPXÏ
±[W ¼ Õ:YO¬\Ï¬%JåL[WXN[WX³�JåN[²\³Y[Z\¶BN7JQ¸OYOYð¯ïÉ7²\VO¶BN[WX±OYOVOY ¥ ç JQPBY[Z\Y ¼ WBZ\¶BÎ1WX¶B±[WXÙq²\±OYOà
N[²\³Y[Z\¶BNOYONOU,² ¼ WX´T¯±[²\NO³YOY�V�Y[Z\¶BYO±O±[WX´�L[WXV3JQ¬%JQ±7J1±7J ?*&()g�ÚÙ ¥ IKJh¯¶,W ¼ î|²

Û



NOY[Z\U�±OV@² L[WXV3JQ¬%JQ±[WOÕ8»O¶,WÔ¯ ªKª ²\VO¶BYOPB±[WBZ\¶BÎ N[²\V�WX±[Z\¶BNOU@VO¸OYOY ¯ïÉ7²\VO¶BN[W ¼ JQ³\Ï
±OYO¶B±O®bRýÉ[YOPB±[²\´ P V3JSÉ7WXNOY ¼ ²\¶BN[²¹P WX¶,Z\U@¶,Z\¶BPBY[² ª WX±7JuLON[²\PB®oÙqJX²\¶ íBE �
LONOY°¯±[²\NO³YOY E�¥ Â × ¯ Ð YöÈQÉ[YO¬V3JMV ¤	EBE � LONOYö¯±[²\NO³YOà�R°PB®oÙ}² E�¥¦íë× ¯ Ð�¥
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±1µv¬²v´�¹;µvX¬²�©¸±1µJ¹v³1§X±1°1Í ªå³1§¬«1²;¯Iµv¨�©¸ÅX±1°L²J±LµJÅ¬µ�³1°I¹v±1Í ¹�Æ�§¬²v§¬«1²;µJ¯1§ur X®L¯1©¸¹M©Vt�µv²
°1¬²v°1±I±Lµ¸¶%ªX±1§¬¯IÅX°1°	i1¿Ó«e¹M©�±L²�©�®L¯I°%¨,µ|ÆL§X³1°1¯1µ¸¹M©¸±I°1°@Ç

½æWXLON7JQPBVOYðV©¯±[²\NO³YOYëÉ[YOPB±OàáÕdL[WÉ[U�»[²\±O±O®y²qLONOY ¼ W · ²�É[YON[WXP3JQ±OYOY.ÕjL[WX¬\Ï
P,W	É[Y�É[YöU@»[²Z\¶BÎðL[WX¶,²\NOY¹¯±[²\NO³YOYöYöLON7JQPBY�É[ÎB±[WðP,WBZZ\¶%JQ±[WXPBYO¶BÎé¯±[²\NO³Y  Y
¼ JXZZ\U � ' Ï ¼ ²\¬	WX±7J ¥ IKJ ?(&*)g�Lß L[WXV3JQ¬%JQ± ¼ JXZZWXPB®o´_Z\L[²\VO¶BNÔL7JQNO®«³�J ¼ó¼ JSÏ
VOP3JQ±O¶,WXP[Õ�Ù}YONOYO±7JMV@WX¶,WXN[WX³	Wí÷�à ZWBZ\¶%JQPXÉ[àO²\¶ ¤ Âë¾©¯ Ð �QZ � ¥
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½�NOYýYO¬ ¼ ²\N[²\±OYOYã$�& ¼ W%î|²\¶ P,WX¬±OYOVO±OU�¶BÎ · WXL[WÉ[±OYO¶,²�É[ÎB±7JQà JQLOL7JQN7JSÏ
¶BU�NO±7JQàÃJXZ\Y ¼ó¼ ²\¶BNOYOàdÕºZ\PBà�¬%JQ±O±7JQàÃZ · N[²\´ ª W ¼ ¯ïÉ7²\VO¶BN[WX±OYOVOYÞ¶BNOYO³³	²\N7J�Õ
LON[WBZ\»[²\¶%J ¼ Y ¼ WX±OYO¶,WXNO±O®bR Z\»[²\¶B»OYOV�WXP_É[Y[ÈBW · NOU@³Y ¼ Y LONOYO»OYO±7J ¼ Y ¥ Ê�¬\Ï
¼ ²\N[²\±O±7JQà¹JXZ\Y ¼ó¼ ²\¶BNOYOà¹à�PXÉ[àO²\¶,Z�à¹Z\U ¼ó¼ WX´¹N[²	JSÉ[ÎB±[WX´ JXZ\Y ¼ó¼ ²\¶BNOYOY�$	& Y
JQLOL7JQN7JQ¶BU�NO±[WX´öJXZ\Y ¼ó¼ ²\¶BNOYOY ¥ ÀKÉ[àð¶,WX³	WOÕj»O¶,WBÈX®�YO¬	È,JQPBYO¶BÎ,Zïà°WX¶1¯¶,WX³	W©Z\Y�Ï

�Xä



Z\¶,² ¼ JQ¶BYO»[²Z\V�WX³	W�Z · PBYO³�JðJXZ\Y ¼ó¼ ²\¶BNOYOY.Õ�ÈX®bÉ�N7JQ¬N7JXÈBWX¶%JQ± ¼ ²\¶,W · Õ�WBZ\±[WXP3JQ±�Ï
±O®o´©±7J · WXLOU�ß}²\±OYOY.Õ:»O¶,WhJXZ\Y ¼ó¼ ²\¶BNOYOà ª WX±7J8N7JQPB±7J ±OUXÉ  ¥ ½æW · JXZ\Y ¼ó¼ ²\¶XÏ
NOY[²\´ ª WX±7Jå$�æ KRç-èVO^M L[W · N7JQ¬U ¼ ²\P3JX²\¶,ZïàÔJXZ\Y ¼ó¼ ²\¶BNOYOà L7JQN ³�J ¼ó¼ JSÏVOP3JQ±O¶,WXP
PB±[² ¼ JXZZWXP,WX³	WÒLOYOV3J � ' ¼ ²\¬	WX±[WXP ¥ Ñ Z\±[WXP3JQ±OY[² ¼ · É[à1¶%JQV�WX³	WÒU�¶BP,²\N3î · ²\±OYOà
ZïÉ[U@î�JQ¶¹N[²\¬UXÉ[Î%¶%JQ¶B®«N7JQ±[²²ðLON[WXP,² · ²\±O±O®bR ¯V@Z\L[²\NOY ¼ ²\±O¶,WXP G ½æÇ Ñ�ç µ Ï�¾
Ë Z ¼o¥ N[²\¬UXÉ[ÎS¶%JQ¶B® � �bcO5:670 Ì�YB� ÆXEQ§ t ¤	íLu�¥
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�� .¡B¢oé�¢¥½D©¸¹J°LX°1¨�µJ¬²v´�³Lµ^w�±1µJ¶%©JX°1¨�¨,§¬²v¯I°1°�µJ²�¥�¦4Æ1³LÍÚ¬§¬©¸±L¬©�¹;§XX±�©�ÔR¡R¡V¡�ÅÉÇ�r å³1§X¹M©VtÉÇ
¤�®1¯L©¸¹;© ®1¯1§ÉÆL¬²�©¸¹J³L§X±L©Ú©JX°1¨,¨�§X²;¯I°1Í>�h�'l n ¿ ¨,§¬à¬µJ±1µJ¹�¹�µVkJ³L©J¬²J°¹f�¯L©�Å|¨,§X±L²�©�¿
ÌI°1°j¨g° á §X±1°j¹ à|©¸¹J°LX°1¨�µJ¬²v° µv²¹¥�êDÇ�»g©¸à¬¯1§ á §É±1°L§>®Lµ¹¥�ê5¨�§É±LÍe§¬²;åÍ5µv²y¡eÇ ¡vÊ®1¯I°¹ëJ�x¨ É È³¥�ìuÈqëJ��¨íÆ�Æ�µ�¡eÇ ¡`½�®1¯I°¹ëJ�x¨ Ç�È�¥�ê«ÈÁëJ�x¨ îeÇ�¤�®1³1µ á ±�©¸Í�³I°1±1°1Ísï¯1©JXÏ1§¬²vÎG¹�¯L©¸¨�«;©¸¦Ú¨,µ¬Æ�§X³I°«ð�µ�³I³1°I±Là|©BÑ;®1·B±L«I²v°L¯e±1Î�§�³I°1±1°I°sï�®L¯I§ÉÆ�¬«;©Jà|©�±1°LÍ
«e¹M©J¯I«BµJ¹;µ¸¶j¨�µ¬ÆL§X³1°ÐÆ1³LÍmº�¿ ¨�©J²;¯e°1Ì1Î6r Æ1¹;§ «1¯e°1¹vÎ�§�®1¯I°I¹;§ÉÆL§X±1ÎoÆL³1ÍÐ¯L©¸àX±1Î(¦
àX±L©¬ÏL§X±I°1¶ÚàX±L©¬ÏL§X±I°1¶�ñLò\óNôõöõ_÷^ø Ë�¬¯I§ÉÆL±1§XÅ|µbàX±L©¬ÏL§X±I°LÍ2·eÅå³Lµ¸¹;µ¸Å|µ2¨�µJ¨,§X±L²�©�¹J±1·e²;¯e°«BµJ±1¬²v°1²v·M§X±1²v±Lµ¸Å|µ2«I¹M©¸¯1«M©VtÉÇ

Î W	î8±7JQà JXZ\Y ¼ó¼ ²\¶BNOYOà ZWXP ¼ ²Z\¶BY ¼ J°ZM±OUXÉ7² ¼ Ë N[²\¬UXÉ[Î%¶%JQ¶ · É[à W · ±[WX³	W
YO¬h¶BN[²�RöZ²	JQ±[ZWXPðLON[² · Z\¶%JQPXÉ7²\±¹±7J ?(&*)g�Eù Ë ZïÉ7²\P3J,Ì�Ì ¥

Ñ V@WX±O»7JQ¶,²�É[ÎB±O®y²ºN[²\¬UXÉ[ÎS¶%JQ¶B® ZÒU�»[²\¶,W ¼gª JQVO¶,WXN7J1N7JQ¬	È,JQPXÉ7²\±OYOà°YTL[WQÏ
É[à�NOYO¬%JQ¸OYOY ¼ YOÙq²\±OYmLONOYOP,² · ²\±O® ±7J ?(&*)g�Ìù Ë Z\LON7JQP3J,Ì ¥ Ñ Ù}Y[ÈXVOY WXLON[²�Ï
· ²�É7²\±OYOà ª JQVO¶,WXN7J N7JQ¬	È,JQPXÉ7²\±OYOà � YÔL[WÉ[à�NOYO¬%JQ¸OYOY ¼ YOÙq²\±OY.ÕæV@WX¶,WXNO®y²
ZWBZ\¶%JQPXÉ[à  ¶éWXV@W	É7W ¤	E �ìÕ�±[²hU@»OYO¶B®oP3JSÉ[Y[Z\Î ¥

µ Z\Y ¼ó¼ ²\¶BNOYOàhYO±OV�É  ¬YOPB±[WqN[W	î · ²\±O±O®bR � ' Ï ¼ ²\¬	WX±[WXP8PqWBÈQÉ:JXZ\¶BY ª N7JQ³\Ï
¼ ²\±O¶%JQ¸OYOYTL[WÉ[à�NOYO¬	WXP3JQ±O±[WX´�»7JXZ\¶BYO¸O®mYO¬ ¼ ²\N3à�É:JXZ\Îð¶%JQVOî}²ÒPM¯V@Z\L[²\NOY ¼ ²\±�Ï
¶%JSRµ� ÆXEQ§ LONOY DBEBE¹× ¯ Ð YgP � I Î LONOY DBE Ú ¯ Ð P Z\Y[Z\¶,² ¼ ²�L[WXV�W	à ¼ Y�Ï
Ùq²\±OY ¥ Ç(²\¬UXÉ[Î%¶%JQ¶B®�¶BN[²�Rö¯V@Z\L[²\NOY ¼ ²\±O¶,WXP°PéWBÈQÉ:JXZ\¶BY T	=]?LV¬W49;:�<Ð?L7,N�N�Z,E�ú
A][�=�N]\1EL^1?1:�:,EIF �]?LKM<5N,7�û�LONOYOP,² · ²\±O® P +Icg�,����� ¥áÐ W1P,Z²�RM¯V�Z\L[²\NOY ¼ ²\±O¶%JSR
JXÈBZW	É  ¶B±[WB² ¬±7J	»[²\±OY[² JXZ\Y ¼ó¼ ²\¶BNOYOY P,WX¬N7JXZ\¶%JX²\¶�Z N[WBZ\¶,W ¼ ; D F ;�Y LONOY
ÈBW	É[ÎBÙ|Y�Rö¬±7J	»[²\±OYOà@R¶; D\F ; · WBZ\¶BYO³�JX²\¶ è Q éôè ý ö ¥ Ñ ¶,Z  · J ¼ W%î8±[Wé¬%JQV�É  Ï
»OYO¶BÎ[Õ�»O¶,WéJXZ\Y ¼ó¼ ²\¶BNOYOàöYO±OV�É  ¬YOPB±[WéWBÈXN7JQ¬	WXP3JQ±O±[WX³	W � ' Ï ¼ ²\¬	WX±7JðPéWBÈQÉ:JSÏ

�]�



�G���x�. ����>b�¢ »�§XàX·;³1´¸²�©¸²vÎÐ°1à¬¨,§¬¯1§X±I°1¶����5¹�µVk¸³�©¸¬²v°�f�¯L©�Å|¨,§X±L²�©�Ì1°1°2®1µ�³1ÍI¯e°Là¬µ¸¹M©�±1±1Î(¦
®1¯1µJ²;µJ±1µJ¹�¹�¯L©JàÉ±1Î(¦>ª¬«BX®L§¬¯e°L¨,§X±1²�©¸¦�®1¯I°yÆ�Èm{ | È�Êu¢@ª�¤#Ë�vÇ

Ý V@Z\L[²\NOY ¼ ²\±O¶ ; $	&Ì; ë ö
� ÆXEQ§ Õ Ü I µ Î t ¤	Ä1u è � ñ �_þ è ñ �
ãoØsÖ�ü|Õ � I Î t DBELu è ��þ(�

À}JQ±O±O®o´�¯V�Z\L[²\NOY ¼ ²\±O¶ èBê ñòõ þ ê ñòõ

Z\¶BY ª N7JQ³ ¼ ²\±O¶%JQ¸OYOYML[WÉ[à�NOYO¬	WXP3JQ±O±[WX³	WºLON[WX¶,WX±7JåLON7JQVO¶BYO»[²Z\VOYë±[²�¬%JQPBY[Z\YO¶
WX¶ö¯±[²\NO³YOYgP · Y7JQL7JQ¬	WX±[² §3E Ï DBEBEBEBE¹× ¯ Ð PöÉ:JXÈBWXN7JQ¶,WXNO±[WX´gZ\Y[Z\¶,² ¼ ² ¥ Ê�¬\Ï
¼ ²\N[²\±O±7JQà JQ±7JSÉ[YO¬YONOU  ß8JQà_Z\L[WBZWBÈX±[WBZ\¶BÎ P · JQ±O±[WX´_N[²	JQVO¸OYOY · WXP,WÉ[ÎB±[W
PB®yZWXV3J�Õ è Q éôè ý ö ÕrJ�Z²\»[²\±OY[²ãWBÈXN7JQ¬	WXP3JQ±OYOà � ' Ï ¼ ²\¬	WX±[WXPTP,²�É[YOV@W ¥ Ú JQVOY ¼
WBÈXN7JQ¬	W ¼ Õ · JQ±O±7JQà N[²	JQVO¸OYOà ¼ W	î|²\¶öY[Z\L[W	É[ÎB¬	WXP3JQ¶BÎ,Zïà · É[àuYO¬ ¼ ²\N[²\±OYOà L[WQÏ
É[à�NOYO¬%JQ¸OYOYöLON[WX¶,WX±O±O®bRöLOU�»OV@WXP ¥

Ç(JQ±[²²ìPë¯V@Z\L[²\NOY ¼ ²\±O¶,²1½æÇ Ñ�ç µ ÏS� Ë Z ¼o¥�� �bcO57-C0 Y t DIu ÌKYO¬ ¼ ²\N3à�É:JXZ\Î
JXZ\Y ¼ó¼ ²\¶BNOYOàÞ$ & P N[²	JQVO¸OYOY � � �ü*,# $ � ' �ô) LONOY Y ¼ LOUXÉ[Î,Z²TLOU�»OV3J
§3Eé× ¯ Ð �QZ1P�¸[²\±O¶BN7JSÉ[ÎB±[WX´ WBÈQÉ:JXZ\¶BY ¥ µ Z\Y ¼ó¼ ²\¶BNOYOàuLONOY�¯¶,W ¼ P,WX¬N7JXZ\¶%JSÉ:J
L[W ¼ W · UXÉ  ZqN[WBZ\¶,W ¼ * � Y · WBZ\¶BYO³�JSÉ:J é � Q ö ¥ Ú WX»OV3JºL[²\N[²Z²\»[²\±OYOà�JXZ\Y ¼ Ï
¼ ²\¶BNOY[²\´ ±OUXÉ[à Ë LONOY ª YO¶BYON[WXP3JQ±OYOY É[YO±[²\´O±[WX´ ª U@±OVO¸OY[²\´:ÌìZWBWX¶BP,²\¶,Z\¶BP,WQÏ
P3JSÉ:J * '� � è ñ � ð þ Q�ñ è ýh× ¯ Ð �QZ ¥Gý ¶,WBÈX®ýZ\N7JQPB±OYO¶BÎå±7JQÙ}Yã±[WXPB®y²|N[²\¬UXÉ[Î%¶%JQ¶B®
Z}N7JXÈBWX¶,WX´ t D1u Õ ¼ ®_L[WBZ\¶BN[WXY�É[Yð¬%JQPBY[Z\Y ¼ WBZ\¶BÎëJXZ\Y ¼ó¼ ²\¶BNOYOY�WX¶h¯±[²\NO³YOY � ' Ï
¼ ²\¬	WX±7JMPðZ\Y[Z\¶,² ¼ ²º¸[²\±O¶BN7J ¼ JXZZ ¥

E(cms), GeV
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-100

-50

0

1 2 3 4

�� .¡B¢�þ.¢ ¾�X°L¨,¨,§¬²;¯e°LÍ«�h�Ál n ¿ ¨,§¬à¬µ¸±Lµ¸¹Ú¹Ú¯1§|©¸«IÌI°1°�l�«®>{ ¯ °µl n ®Ì²�¹Úà¬©¸¹v°1X°L¨,µJ¬²v°
µJ²�ªÉ±L§¬¯eÅ¬°1°>l n ¿ ¨,§¬à¬µ¸±�© ÿo¹�X°1¬²;§¬¨,§bÌ1§X±L²;¯1©�¨�©J¬2¹ µVk¸³�©¸¬²v°¹f�¯1©¸Å|¨,§X±1²�©¸Ì1°I°
¨g° á §X±I°yr � � ¯1§¬àX·v³1´¸²�©J²vÎÕÆD©�±1±1µJÅ|µ�ª¬«BX®L§X¯I°L¨,§X±1²�©`t�° ¹�Ì1§X±L²v¯L©¸³I´v±1µJ¶ µVk¸³�©¸¬²v°r�� � ¯I§¬àX·;³I´J²�©¸²vÎ ¯L©NkvµJ²vÎ�» Ô^¼ tÉÇ

���



µ Z\Y ¼ó¼ ²\¶BNOYOà ±7J»OYO±7JX²\¶ÔP,WX¬N7JXZ\¶%JQ¶BÎÔL[W ¼ W · UXÉ  Ë Z ¼o¥ ?(&()g��� ÌðLONOY
* ' � è ñ � ý þ Q�ñ � × ¯ Ð �QZ ¥ Ú JQV V3JQV YO¬ ¼ ²\N[²\±OYOàmP t DIu LON[WXP,W · Y�É[Y[Z\Î�L[W ·
U�³ïÉ7W ¼ OLQDR P Z\Y[Z\¶,² ¼ ²ö¸[²\±O¶BN7J ¼ JXZZBÕ�¶,W * '� ÈX®bÉ�ÈQÉ[YO¬	WXV V * ' ¥ Ú JQVOY ¼WBÈXN7JQ¬	W ¼ ÕyP�WBÈB²\Y�R VOYO±[² ¼ JQ¶BYO»[²Z\VOY�R WBÈQÉ:JXZ\¶Sà@R JXZ\Y ¼ó¼ ²\¶BNOYOà L[W ¼ W · UXÉ 
±7J	»OYO±7JX²\¶éP,WX¬N7JXZ\¶%JQ¶BÎéLONOY�W · ±[WX´�Y°¶,WX´öî|²h¯±[²\NO³YOY � ' Ï ¼ ²\¬	WX±7J ¥

½�N[² · Z\V3JQ¬%JQ±OYOà©W · ±[WBZ\LOYO±[WXP,WX´�JXZ\Y ¼ó¼ ²\¶BNOYOY�$�& PÒN[²	JQVO¸OYOY � � �_*�#%$
� ' �Ð) t D�¤Mu · É[à ¼ W · ²�É[Y©ÁæWÉOÉ[YO±O¬%J�Õ[L[W	É[U@»[²\±O±O®y² µ ±[Z²�É[Î ¼ YO±[W · É[àh¯V@Z\L[²�Ï
NOY ¼ ²\±O¶%Jy� ÆXEQ§ t DBD Õ DBFIu Õ@LONOYOP,² · ²\±O® ±7J ?(&*),� ù Ë Z\LON7JQP3J,ÌrZ\L�É7WXÙ}±[WX´åÉ[YO±OY[²\´ ¥
½�N[² · Z\V3JQ¬%JQ±OY[² µ ±[Z²�É[Î ¼ YO±[WöP°N7J ¼ V3JSR ¼ W · ²�É[YýÖrYOP,²\N[Z	J°ZïÉ:JXÈBW�WX¶	É[YO»7JSÏ
²\¶,Z�à�WX¶©LONOYOP,² · ²\±O±[WX´öVONOYOP,WX´ ¥ IKJã¯¶,W ¼ î}²ÒNOY[Z\U�±OV@²ìLOU�±OVO¶BYONO±O® ¼ YTÉ[Y�Ï
±OYOà ¼ YÔLONOYOP,² · ²\±O®�LON[² · Z\V3JQ¬%JQ±OYOà_VOP3JQNOV�WXP,WX´ ¼ W · ²�É[Y · É[à �yÏ ¼ JQ¶BNOYO¸O®
±7JuWBZ\±[WXP3JQ±OYOY ª WXN ¼ UXÉ[® Ë D�� Ì©YO¬TN7JXÈBWX¶B® t DQ§Lu YýLON[² · L[WÉ7W%î|²\±OYOàáÕ|»O¶,W
N[²\¬UXÉ[ÎS¶%JQ¶B® Z�É:JXÈBWì¬%JQPBY[Zïà�¶ºLONOYëL[²\N[²�R3W · ²8WX¶ì¯±[²\NO³YOY DBEBEì× ¯ Ð V §3Eì× ¯ Ðt D Â u�¥

Ð � ��cO57>³Ù WXLOY[Z	JQ±O®ýN[²\¬UXÉ[Î%¶%JQ¶B®ÔYO¬ ¼ ²\N[²\±OYOàMJXZ\Y ¼ó¼ ²\¶BNOYOYMPÒN[²	JQVO¸OYOY
*��Y*�# $&� ' � ) PÒ¸[²\±O¶BN7JSÉ[ÎB±[WX´ðWBÈQÉ:JXZ\¶BYMLONOY©¯±[²\NO³YOY ÆXE × ¯ ÐÛ¥ À|Wå¯¶,WX³	W
JXZ\Y ¼ó¼ ²\¶BNOYOàöP · JQ±O±[WX´öN[²	JQVO¸OYOY¹Pð¸[²\±O¶BN7JSÉ[ÎB±[WX´uWBÈQÉ:JXZ\¶BY�YO¬ ¼ ²\N@à@É:JXZ\Î�P
· PBU@Ru¯V�Z\L[²\NOY ¼ ²\±O¶%JSR ¥ÛÐ ����Ç�I�LONOY ¯±[²\NO³YOY DQ§�× ¯ Ð � ô ÈX®bÉ[Y WBÈX±7JQNOU@Ï
î}²\±O® ¬±7J»OYO¶,²�É[ÎB±O®y²ö¯ ªKª ²\VO¶B® t D��Iu ÕÛW · ±7JQV�WOÕKZ\¶%JQ¶BY[Z\¶BYO»[²Z\VOY[²�WXÙ}Y[ÈXVOY
¯V�Z\L[²\NOY ¼ ²\±O¶%JÔÈX®bÉ[Y P,²�É[YOVOY ¥ Ê�¬ ¼ ²\N[²\±O±7JQàmP Ü ²\N ¼ Y�É:JXÈB² JXZ\Y ¼ó¼ ²\¶BNOYOà
$�& LONOYö¯±[²\NO³YOY�LOU�»OV3J DBEBEë× ¯ Ð ÈX®bÉ:JMN7JQPB±7JM±OUXÉ  t D,Æeu�¥

ÁKJSÉ7WXNOY ¼ ²\¶BNO®�N7JXZ\L[W	É:JQ³�JSÉ[Y[Z\ÎöL[W · U@³�É7W ¼ O]ñ ê R V¹¸[²\±O¶BNOU ¼ YOÙq²\±OY P
³	WXNOYO¬	WX±O¶%JSÉ[ÎB±[WX´gL�É7WBZ\V@WBZ\¶BY.Õ�»O¶,WöZWBWX¶BP,²\¶,Z\¶BP,WXP3JSÉ7W�U�³ïÉ[U OLQ R P�Z\Y[Z\¶,² ¼ ²
¸[²\±O¶BN7J ¼ JXZZýLONOY�Y ¼ LOUXÉ[Î,Z²ÔLOU@»OV3J ÆXEm× ¯ Ð �QZBÕåY�L[²\N[²\VONO®oP3JSÉ[YÞW · Y�Ï
±7JQV�WXPB®o´ ¶,²�É7²Z\±O®o´mU�³	WÉjÕ�²ZïÉ[YmZ ¼ WX¶BN[²\¶BÎýYO¬¹¸[²\±O¶BN7J L[WÉ[à�NOYO¬	WXP3JQ±O±[WX´
¼ YOÙq²\±OY ¥ ���5� ¤ Ë §3íBE Z\»[²\¶B»OYOV@WXP[Õ|UXÉ7W	î}²\±O±O®bR P PBY · ²öLON3à ¼ WXU�³	WÉ[ÎB±[WX´
¼ JQ¶BNOYO¸O® DQ§ Z\¶,WÉ7ÈX¸7J�L[W DBE Z\»[²\¶B»OYOV@WXPöP�V3JQî · W ¼ Ì ±7JSR3W · Y�É7Zïà ±7J�N7JXZ�Ï
Z\¶,W%à�±OYOY ��¥¦Äã¼ WX¶ë¸[²\±O¶BN7J ¼ YOÙ}²\±OY.Õh���5� D Ë ¤	D Z\¶,W	É7ÈX¸[WXPéL[W ¤	D Z\»[²\¶B»OY�Ï
V�WXP@Ìh±7J�N7JXZZ\¶,W	à�±OYOY D�¥¦í�¼o¥yÐ ¯V�Z\L[²\NOY ¼ ²\±O¶,²TYO¬ ¼ ²\N3à�É:JXZ\Î JXZ\Y ¼ó¼ ²\¶BNOYOà
� ' Ï ¼ ²\¬	WX±[WXPéP · Y7JQL7JQ¬	WX±[²ºL[WXL[²\N[²\»O±O®bRöY ¼ LOUXÉ[Î,ZWXP�WX¶ ¤ · W FM× ¯ Ð �QZ ¥
ý ¶,WBÈX® P,WBZZ\¶%JQ±[WXPBYO¶BÎ � ' Ï ¼ ²\¬	WX±O® LONOY�¯±[²\NO³YOà@RéÈBW	É[ÎBÙ}² ¤	Eh× ¯ Ð ÈX®bÉ

Y[Z\L[W	É[ÎB¬	WXP3JQ± Z\L[²\¸OY7JSÉ[ÎB±O®o´ JSÉ[³	WXNOYO¶ ¼ P,WBZZ\¶%JQ±[WXPXÉ7²\±OYOà É[YOPB±[²\´ ¥ µ É[³	WQÏ
NOYO¶ ¼ N[²\V�WX±[Z\¶BNOU@VO¸OYOYe�7ÏVOP3JQ±O¶,WXP WBZ\±[WXP3JQ±�±7J PB® · ²�É7²\±OYOY ¯ïÉ7²\VO¶BN[W ¼ JQ³\Ï
±OYO¶B±[WX³	W É[YOPB±Oà L[W_YO¬P,²Z\¶B±[WX´ ª WXN ¼ ² Z Y[Z\L[WÉ[ÎB¬	WXP3JQ±OY[² ¼ JSÉ[³	WXNOYO¶ ¼ J�Õ
WXLOY[Z	JQ±O±[WX³	WéPMN7JXÈBWX¶,² t DBíIu Ó

�Lâ



À}JQ±O±O®o´ÔJSÉ[³	WXNOYO¶ ¼ L[WX¬P,WÉ[à�É_N7JQ¬ · ²�É[à�¶BÎuL[²\N[²\VONO®oP3J  ß|Y[²Z�à É[YOPB±OY
· JQî}² P ¶,W ¼ ZïÉ[U@»7JX²BÕì²Z�É[Y�N7JXZZ\¶,W	à�±OY[² ¼ ²\î · U ±OY ¼ Y ±[² LON[²\PB®oÙqJSÉ7W
W · YO± Z\»[²\¶B»OYOV ¥ ÀKÉ[à LON[WXP,²\NOVOYgJSÉ[³	WXNOYO¶ ¼ JöÈX®bÉ7W�LON[WXP,² · ²\±[W ¼ W · ²�É[YON[WQÏ
P3JQ±OY[² ¼ ²\¶,W · W ¼ ¾MWX±O¶,²�Ï�ÁKJQN,É7W ¥åÐ +1cg�g����0 L[WXV3JQ¬%JQ±7J_¯ ªKª ²\VO¶BYOPB±[WBZ\¶BÎ
JSÉ[³	WXNOYO¶ ¼ J · É[à�¯±[²\NO³YOY�L7JQNO® � �PÐ � è ýë× ¯ Ð�¥
�G���x�. �����¬D¢ dgf�f�§¬«1²J°1¹v±1µv¬²J´�©¸³IÅ|µv¯e°L²;¨�© ¯L©¸àÉÆ�§X³1§X±1°1Íp®L§¬¯I§¬«1¯eÎ(¹M©	��
�°1¦MåÍp³1°I¹v±1§X¶

®1¯I°ÐªX±L§¬¯eÅ¬°1°�ÿ�����8Æ��>¢.ª�¤p¹_à|©¸¹J°LX°1¨,µv¬²v°ÕµJ²_¯L©¸¬¬²;µ�ÍB±1°LÍY¨,§*w�Æ1·yiL¿
«e¹M©�±L²�©J¨g°@Ç
Ç(JXZZ\¶,W%à�±OY[² Ë Pëà�»[²\´OV3JSR[Ì ¤B¥ Â ¤B¥¦D ¤B¥¦E
Ý�ªKª ²\VO¶BYOPB±[WBZ\¶BÎ Ë �8Ì Ä�¤ íBí Æ�¤

IKJ ?(&*),��� L[WXV3JQ¬%JQ±O® ¼ JXZZWXPB®y²ðZ\L[²\VO¶BNO® · É[à · PBU3R�V3JSÉ7WXNOY ¼ ²\¶BN[WXP ¥
ý ²\¶BVOY[² LOYOVOY � ' Ï ¼ ²\¬	WX±7JhPBY · ±O®�LONOY�P,Z²�RM¬±7J	»[²\±OYOà@R * ��P1Y[ZZ�É7² · U,² ¼ WX´
WBÈQÉ:JXZ\¶BY ¥ Ç(JQ¬N[²\Ùq²\±OY[² � ' Ï ¼ ²\¬	WX±7JqL[W ¼ JXZZ²KZWBZ\¶%JQPBY�É7W ¤	E ¾©¯ Ð · É[à · JSÉ[ÎXÏ
±[²\³	WMV3JSÉ7WXNOY ¼ ²\¶BN7J5����� ¤ YöWX¶ ¤	D · W ¤%Æ ¾©¯ Ð · É[à(���5� D LONOYöN7JQ¬±O®bR
¯±[²\NO³YOà�R � ' Ï ¼ ²\¬	WX±[WXP ¥

�� .¡B¢��.¢¥À�©¸¬¬µJ¹JÎ�§2X®L§¬«I²;¯IÎ ÆL³LÍ Ö�×_Ø�Âsr Ühë��*t�°�Ö�×_Ø(Ô�r ´hë���t�Æ1³LÍÚ¯1©JàX±IÎ(¦Ú°1±L²v§¬¯I¿
¹;©¸³Lµ¸¹Ú®Lµ¸®L§¬¯I§XÏ1±IÎ(¦�°1¨g®1·;³I´;¬µ¸¹h{�|,Ç

IKJ ?*&()g�/����c L[WXV3JQ¬%JQ±[W · PBU ¼ ²\NO±[WB²1N7JXZ\LON[² · ²�É7²\±OY[²MVOYO±[² ¼ JQ¶BYO»[²Z\VOY ¼
L[²\N[² ¼ ²\±O±O® ¼ * � Y D F ¥ ÀKÉ[àÔLON[WXP,²\NOVOY�V3J»[²Z\¶BP3J · JQ±O±O®bR_ÈX®bÉ:J L[W	É[U3Ï

� !



»[²\±7Jö¬%JQPBY[Z\Y ¼ WBZ\¶BÎu»OY[ZïÉ:J � ' Ï ¼ ²\¬	WX±[WXP[Õy±[WXN ¼ YON[WXP3JQ±O±[WB²�±7J°LON[WXÙq² · Ù|YO´
»[²\N[²\¬ ¼ YOÙq²\±OÎ°LOU@»[WXV.ÕoWX¶°L[WXL[²\N[²\»O±[WX³	W°Y ¼ LOUXÉ[Î,Z	J Ë Z ¼o¥ ?(&*)g�>����� Ì ¥ Ç*²�Ï
¬UXÉ[ÎS¶%JQ¶ ±7JSR3W · YO¶,Zïà P R3WXN[WXÙq² ¼ ZWX³�É:JXZ\YOY Z°YO¬ ¼ ²\N[²\±OYOà ¼ Y�YO±OP3JQNOY7JQ±O¶XÏ
±O®bRTZ²\»[²\±OYO´öYO±OV�É  ¬YOPB±[WX³	WðWBÈXN7JQ¬	WXP3JQ±OYOàö¬%JQN@à�î}²\±O±O®bR � Ï ¼ ²\¬	WX±[WXPðLONOY
* � Y è ñòõ × ¯ Ð �QZBÕKL[W	É[U@»[²\±O±O®bR ±7J U,Z\¶%JQ±[WXPBV�² Ü8Ñ ÀqÖ Ë ½�N[WX¶BPBYO±[W3ÌéLONOY
¯±[²\NO³YOY ÆXE�× ¯ Ð t DBÄLu Õ�PTV@WX¶,WXNO®bR V@WX¯ ªKª YO¸OY[²\±O¶°L[WXV3JQ¬%JQ¶,²�É[à ¯V@Z\L[WX±[²\±�Ï
¶B®ÞZ²\»[²\±OYOà ��� Ï Y � � Ï ¼ ²\¬	WX±[WXP¹ZWBZ\¶%JQPBY�É é ý]ñ � õ þ Q�ñ Q ��Y é ý]ñòõ�õ þ Q�ñ Q �
- ��� Ë × ¯ Ð �QZ%Ì 0 � = ZWBWX¶BP,²\¶,Z\¶BP,²\±O±[W ¥

�� .¡B¢,£"!D¢ÞÝ2¹v·e¨,§¬¯I±1µv§b¯1©JX®1¯1§ÉÆL§X³L§É±1°L§JlcnX¿Ó¨,§¬àXµJ±Lµ¸¹�®1µ�{ | °�¥ ¦ r$#`t�°>à|©�¹v°LÉ°L¨,µv¬²J´Úµv²v¿
±LµJX°L²;§É³1´v±1µJÅ|µ ¬§ÉÏL§X±I°LÍ_µv²u{ | r&%�t ��' ß|Ü)(iË>Ï1°1å³1µ�®I·BÏL«BµJ¹JÎ(¦%Ï�©¸¬²v°IÌ � ®1¯1µJ¿
á §ÉÆ á °1¦�ÏL§X¯1§¬àb¨g° á §É±1´1ÇL»g©Jà¬¯I§ á §X±1°1§�®Lµ�{X|Ð¬µvX²�©¸¹v³1ÍI§X²s¡eÇ ¡"*s¢.ª�¤#Ë�vÇ

Ü JQVO¶,WXN_N7JQ¬	È,JQPXÉ7²\±OYOà ÈX®bÉÔLON[WXP,²\N[²\±�±7J ¼ ²\±OÎBÙq²\´ Z\¶%JQ¶BY[Z\¶BYOV@² ¥ Ñ ±
R3WXN[WXÙqW}ZWXPBL7J · JX²\¶ Z�LON[WXÙ|É[® ¼ YºZ\L[²\¸OY7JSÉ[ÎB±O® ¼ YºYO¬ ¼ ²\N[²\±OYOà ¼ Y ¥ Ú JQV.Õ�LONOY
* � Ò è ñòõ × ¯ Ð �QZ � � õ]ñ �5þ è ñ ��ÕKJuLONOY * �µÒ � ñ è × ¯ Ð �QZ ª JQVO¶,WXN_N7JQ¬\Ï
È,JQPXÉ7²\±OYOà � � O]ñ ��þ è ñòý�¥ IKJ ?(&*),����� L[WXV3JQ¬%JQ±7JöJXZ\Y ¼ó¼ ²\¶BNOYOàáÕyLON[WBZ\U ¼ Ï
¼ YON[WXP3JQ±O±7JQà · É[à · PBU@RuV3JSÉ7WXNOY ¼ ²\¶BN[WXP ¥�Ð W°P,Z² ¼ · Y7JQL7JQ¬	WX±[²ðYO¬ ¼ ²\N[²\±OYO´
JXZ\Y ¼ó¼ ²\¶BNOYOà�ZWXPBL7J · JX²\¶�Zå±OUXÉ7² ¼o¥
� ��cO5�c�ß L[WBZ\PBà�ß}²\±7J8L[WXY[Z\VOUhWBÈXß}Y�Rh¬%JQV@WX±[W ¼ ²\NO±[WBZ\¶,²\´ ¥ ½�NOYºY[ZZ�É7² · WQÏ

P3JQ±OYOYMN[²	JQVO¸OYOY � � � *,#>$&� ' � ) Ë Z ¼o¥d× É:JQPB® F Y § Ì�ÈX®bÉ7WåWBÈX±7JQNOU�î|²\±[WOÕ
»O¶,W1JXZ\Y ¼ó¼ ²\¶BNOYOà�±7J»OYO±7JX²\¶ãP,WX¬N7JXZ\¶%JQ¶BÎ©LONOYð¬±7J»[²\±OYOY � 'ç à,+ 9 è ñ � ýã× ¯ Ð�¥
� ®bÉ[YéLON[W,JQ±7JSÉ[YO¬YON[WXP3JQ±O® · JQ±O±O®y²Ò¯V@Z\L[²\NOY ¼ ²\±O¶,WXPëPãWBÈQÉ:JXZ\¶BY ª N7JQ³ ¼ ²\±�Ï
¶%JQ¸OYOY ¼ YOÙq²\±OYuLONOY DBD Y DBEBE�× ¯ ÐÛ¥ µ Z\Y ¼ó¼ ²\¶BNOYOà¹±7J»OYO±7JX²\¶öP,WX¬N7JXZ\¶%JQ¶BÎ
LONOYöW · ±[W ¼ ¬±7J»[²\±OYOY�¯±[²\NO³YOY¹PëZ\Y[Z\¶,² ¼ ²1¸[²\±O¶BN7J ¼ JXZZ Ë Z ¼o¥ ?*&()p��� Ì ¥
� ®bÉ_LON[WXP,² · ²\±�JQ±7JSÉ[YO¬öP,Z²�R · JQ±O±O®bRgL[W JXZ\Y ¼ó¼ ²\¶BNOYOY ¥ Ç(²\¬UXÉ[Î%¶%JQ¶B®

LONOYOP,² · ²\±O® ±7J ?*&()g�%�o0 ¥ µ Z\Y ¼ó¼ ²\¶BNOYOà YO±OV�É  ¬YOPB±[WX³	W�N[W%î · ²\±OYOà � � Y
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�� .¡B¢,£I£e¢-#`t�½.©�¹v°LÉ°L¨,µv¬²J´%X·e¨,¨�©J¯e±LµJ¶�r Æ1³LÍ�µRkvµJ°I¦�Æ�§¬²v§¬«1²;µJ¯1µ¸¹�t�©JX°1¨�¨,§¬²v¯I°1°¹� � µv²
®Lµ¸®L§¬¯I§XÏ1±1µJÅ|µ4°L¨g®1·v³1´;¬©eÇ.%Xt�¾�X°1¨,¨�§X²;¯I°1ÍÐ®L¯e°GÔ^ y¢.ª�¤j» ÔJÄN¼(°GÔN¡V¡Ì¢.ª�¤z» ÔV½^¼
¹ÐÌ1§X±L²;¯1©¸³I´v±Lµ¸¶ µRkJ³L©J¬²v°@Ñ	«I¯I°I¹M©JÍq®1µv«M©¸àXÎ(¹M©¸§¬²q¯L©¸XÏL§¬²JÎl¾�±LX§X³1´v¨,°I±Lµ4ÆL³LÍ
ªX±L§X¯IÅ¬°I°_ÔN¡V¡s¢@ª*¤ °>¥ ê ����» ÔJÊN¼ Ç
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�� .¡B¢,£`b�¢¥½.©�¹v°1X°L¨,µvX²v´£� � µv²�¥ ¦ °>®1µ|³1±Lµ¸¶�ªX±L§¬¯eÅ¬°1° ¹�X°LX²;§¬¨,§�Ì1§X±L²v¯L©�¨�©J¬�¹�¯1§¬©J«I¿
Ì1°I°s{ ¯ ®�{>°?l0/�®�² ¹>µRkJ³L©J¬²v°mf�¯1©¸Å|¨,§X±1²�©¸ÌI°1°�®1µ�³1ÍI¯e°Là¬µ¸¹M©�±1±Lµ¸Å|µÚ®1·BÏL«;©
¹Úª¬«BX®1§¬¯I°1¨�§É±L²�©¸¦ÚÖ�ÃvÔ"1�®L¯e°4ÔJÔ�¢@ª�¤zr å³1§X¹M©Vt(°�Ö\½N¡R �®L¯e°_ÔN¡V¡s¢.ª�¤

�X�



E0 (cms), GeV

13.3(cent)
18.5(cent)
22(beam)

40(cent)
200(beam)

40(cent)
40(targ)
24(cent)
70(targ)

200(beam)
200(beam)
22(beam)

200(beam)
200(beam)
200(beam)

0 1 2 3 4 5

�� .¡B¢,£V¬D¢-2�µJÏ1«I°Ú±�©¬ÏL©¸³�©�®Lµ�ÍB¹v³1§X±1°1Í ©JX°1¨�¨,§¬²v¯I°1°ÚÆ1³LÍÚ¯L©¸àX±1Î(¦ ªX«eÉ®L§¬¯e°L¨,§X±L²vµJ¹1Ç3�¬ß54�ÛÓË
ª¬«BX®L§X¯I°L¨,§X±1²vÎ ¹qÌL§É±L²;¯1©¸³1´J±Lµ¸¶GµVk¸³�©¸¬²v°5r ®1¯I°�¥�ì³§Þ�`t � Û/ÜBÝ�Þ5Ë;¹ÕµVk¸³�©¸¬²v°
f�¯L©�Å|¨,§X±L²�©�Ì1°I°�¨g° á §X±I° �76 ß|Ü8(sËv¹ µVkJ³L©J¬²J°>f�¯1©¸Å|¨,§X±1²�©¸Ì1°I°%®I·eÏ1«M©eÇ

� ' Ï ¼ ²\¬	WX±[WXPM±7J»OYO±7JX²\¶ëP,WX¬N7JXZ\¶%JQ¶BÎëLONOY�W · ±[W ¼ Y�¶,W ¼ î}²Ò¬±7J	»[²\±OYOY � 'ç à9+
P · Y7JQL7JQ¬	WX±[²¸Ò è ñòý ÿ � ñq× ¯ Ð�¥|Ð ¶,W î}²¹PBN[² ¼ àáÕ · É[à � � Ï ¼ ²\¬	WX±[WXPÔ¯¶,W
±[²ìPB®oL[W	É[±Oà�²\¶,Z�à ¥�Ý ¶,W ¼ W	î}²\¶�ÈX®o¶BÎéZ\PBà�¬%JQ±[WðZh¶,² ¼ Õ�»O¶,W � � Ï ¼ ²\¬	WX±O® WBÈQÏ
N7JQ¬U  ¶,ZïàuWX¶�P3JSÉ7²\±O¶B±O®bR;:[ÏVOP3JQNOV�WXP[ÕbL[WÉ[à�NOYO¬%JQ¸OYOà V@WX¶,WXNO®bR ZWXPBL7J · JX²\¶
ZTL[W	É[à�NOYO¬%JQ¸OY[²\´mLON[WX¶,WX±7J Y_Y�RÔ»OY[Z�É7W ÈBW	É[ÎBÙ}²BÕK»[² ¼ · NOU@³Y�RÔVOP3JQNOV@WXP ¥
½�NOY�WBÈXN7JQ¬	WXP3JQ±OYOY � � Ï ¼ ²\¬	WX±[WXPéPBV�É:J · ¼ WX³U�¶ · JQP3JQ¶BÎéY · NOU@³Y[²hV3JQ±7JSÉ[®KÕ
LONOYý¯¶,W ¼ ZWBWX¶B±[WXÙ}²\±OY[²TPBV�É:J · WXP V3JQ±7JSÉ7WXP ¼ W%î|²\¶ ¬%JQPBY[Z²\¶BÎ ±[²é¶,W	É[ÎBV@W
WX¶ã¯±[²\NO³YOYéPB¶,WXNOYO»O±[WX´�»7JXZ\¶BYO¸O® PãZ\Y[Z\¶,² ¼ ² ¸[²\±O¶BN7J ¼ JXZZBÕ.±[WºY�WX¶ã¯±[²\N�Ï
³YOY Z\Y[Z\¶,² ¼ ® ¸[²\±O¶BN7J ¼ JXZZ=< ) ¥ ½æWX¯¶,W ¼ U JXZ\Y ¼ó¼ ²\¶BNOYOà � � Ï ¼ ²\¬	WX±[WXP_P

� ¿



*�#X* PB¬%JQY ¼ W · ²\´[Z\¶BPBYOY P,WðP,Z²�R�Z�É[U�»7JQà�R°±7J	»OYO±7JX²\¶�P,WX¬N7JXZ\¶%JQ¶BÎTLONOY¹ÈBWÉ[ÎXÏ
Ù}Y�R_¬±7J»[²\±OYOà�R � ç à9+ ÕK»[² ¼ · É[à � � Ï ¼ ²\¬	WX±[WXPgY ¯¶,W LONOYOP,W · YO¶ÔV N7JQ¬\Ï
±[W ¼ U�¬±7J»[²\±OY  ¶,WX»OVOY P,WX¬±OYOVO±[WXP,²\±OYOàÍJXZ\Y ¼ó¼ ²\¶BNOYOY � � Ï ¼ ²\¬	WX±[WXP_LONOY
N7JQ¬±O®bRÔ¯±[²\NO³YOà�R ¥ ��Z�É[Y U�V3JQ¬%JQ±O±[WB²öLON[² · L[W	É7W	î|²\±OY[² P,²\NO±[WOÕæ¶,W P î*�#|* Ï
PB¬%JQY ¼ W · ²\´[Z\¶BPBYOYýJXZ\Y ¼ó¼ ²\¶BNOYOY ��� Ï Y � � Ï ¼ ²\¬	WX±[WXP · W	É[î8±O® L[WöWX¶B±[WXÙq²�Ï
±OY  V *,#¬* PB¬%JQY ¼ W · ²\´[Z\¶BPBY  L[W ¼ ²\±Oà�¶BÎ,Zïà ¼ ²Z\¶%J ¼ Y.Õ�»O¶,WëY°±7JXÈQÉ  · JX²\¶,Zïà
P¹¯V@Z\L[²\NOY ¼ ²\±O¶,² ¨ JXZ\Y ¼ó¼ ²\¶BNOYOà � � Ï ¼ ²\¬	WX±7J¹±7J»OYO±7JX²\¶ P,WX¬N7JXZ\¶%JQ¶BÎ LONOY
¶,W ¼ î}²öZ	J ¼ W ¼ ¬±7J»[²\±OYOY � 'ç à9+ ÕÛ»O¶,W Y JXZ\Y ¼ó¼ ²\¶BNOYOà � � Ï ¼ ²\¬	WX±7J P *,#¬*
PB¬%JQY ¼ W · ²\´[Z\¶BPBYOY.Õ(JåL[WXP,² · ²\±OY[²ìJXZ\Y ¼ó¼ ²\¶BNOYOY�PhN[²	JQVO¸OYOY î*,#��Õ*G$&� � �6)
JQ±7JSÉ7WX³YO»O±[WéL[WXP,² · ²\±OY  JXZ\Y ¼ó¼ ²\¶BNOYOYuPMN[²	JQVO¸OYOY *,#��+*G$&��� �S) ¥
� ®bÉTWBÈX±7JQNOU@î}²\± ª JQVO¶QÕá»O¶,W · É[à � Ï ¼ ²\¬	WX±7J�Õ.N[W · YOPBÙ}²\³	WBZ�à�WX¶1VOP3JQNOV3J�Õ

»OY[ZïÉ7WéV�WX¶,WXNO®bR¹PTJ · N[WX±[²©ÈBWÉ[ÎBÙq²ãYuL[WÉ[à�NOYO¬%JQ¸OYOà¹V�WX¶,WXN[WX³	WTZWXPBL7J · JX²\¶
Z L[WÉ[à�NOYO¬%JQ¸OY[²\´�J · N[WX±7J�Õ(JXZ\Y ¼ó¼ ²\¶BNOYOàT±7J»OYO±7JX²\¶MP,WX¬N7JXZ\¶%JQ¶BÎëLONOY�W · ±[W ¼
Y°¶,W ¼ î}²h¬±7J»[²\±OYOY � 'ç à9+ ¥

Ñ ÈX±7JQNOU@î}²\±O±7JQà1U@±OYOP,²\N[Z	JSÉ[ÎB±[WBZ\¶BÎìP,²�É[YO»OYO±O® � 'ç à9+ ¼ W	î|²\¶åU@V3JQ¬®oP3JQ¶BÎ
±7JMZ\U�ß}²Z\¶BP,WXP3JQ±OY[²hU�±OYOP,²\N[Z	JSÉ[ÎB±O®bR°L[W · Z\¶BNOU�VO¶BU@N�PéJ · N[WX±7JSR ¨ V@WX±[Z\¶BY�Ï
¶BU,²\±O¶B±O®bR VOP3JQNOV�WXP ÁæWX±O¸[²\LO¸OYOà V@WX±[Z\¶BYO¶BU,²\±O¶B±O®bRÔVOP3JQNOV@WXP Ù}YON[WXV@W WBÈQÏ
Z\U�î · JSÉ:JXZ\Î_Pý±7J»7JSÉ7² VOP3JQNOV�WXP,WX´ ¯NO®KÕ}±[Wg¶,W	É[ÎBV@W_±[² · JQPB±[WÔL[W	É[U@»OY�É:J
P,WX¬ ¼ W%î8±[WB²qLON3à ¼ WB²}¯V@Z\L[²\NOY ¼ ²\±O¶%JSÉ[ÎB±[WB² · WXV3JQ¬%JQ¶,²�É[Î,Z\¶BP,WhPÒÉ:JXÈBWXN7JQ¶,WXNOYOY
Y ¼o¥ À�î|² ªKª ²\N[ZWX±7J t FBELu�¥ Ñ · ±[WBZ\LOYO±[WXP3JQà JXZ\Y ¼ó¼ ²\¶BNOYOà ¼ W	î|²\¶ L[W%à�PXÉ[à�¶BÎXÏ
Z�àéLONOY�P,WX¬	ÈXU�î · ²\±OYOYTV@WX±[Z\¶BYO¶BU,²\±O¶B±[WX³	WëVOP3JQNOV3J ¥jÐ ²�É[YO»OYO±7J � 'ç à,+ ¼ W%î|²\¶
ÈX®o¶BÎéZ\PBà�¬%JQ±7JëZ ¼ YO±OY ¼ JSÉ[ÎB±[WX´¹¯±[²\NO³Y[²\´¹P,WX¬	ÈXU@î · ²\±OYOà ¥

Ð V�WX±O¸[²°³ïÉ:JQP F%G]� LONOYOP,² · ²\±O® PB®oP,W · ®�L[WuY[ZZïÉ7² · WXP3JQ±OYOà ¼o¥�> 2@c]a
4����@?(>3'(&*& Z ª WXN ¼ UXÉ[YON[WXP3JQ±O® WBZ\±[WXPB±O®y²hN[²\¬UXÉ[Î%¶%JQ¶B® · Y[ZZ²\NO¶%JQ¸OYOY.Ó

÷ ����
�A���� �°þ��.B.C�D9E���ú����
½�N[WXP,² · ²\±[W¹YO¬ ¼ ²\N[²\±OY[²($	& YO±OV�É  ¬YOPB±[W¹N[W%î · ²\±O±O®bR � ' Ï ¼ ²\¬	WX±[WXP P

WBÈQÉ:JXZ\¶BY ª N7JQ³ ¼ ²\±O¶%JQ¸OYOYýL[WÉ[à�NOYO¬	WXP3JQ±O±[WX´ ¼ YOÙ}²\±OYýY L[W · U@³�É7W ¼ïOLQ R P
Z\Y[Z\¶,² ¼ ²h¸[²\±O¶BN7J ¼ JXZZBÓ
¤B¥ ½�NOYðU�»7JXZ\¶BYOY · Y[ZZ²\NO¶%JQ±O¶%JºL[W · ³	WX¶,WXPXÉ7²\±7JºU,Z\¶%JQ±[WXPBV3Jº½æÇ Ñ�ç µ Ï�¾0YðLON[WQÏ
P,² · ²\±ð±7JXÈBWXN · JQ±O±O®bRëPhN[²	JQVO¸OYOY � � �6!�#�$ � ' � ) P1Z²	JQ±[Z	JSR ¤	ÄBí�� Ï ¤	ÄBíBí
³	W · WXP ¥ ½æW · ³	WX¶,WXPXÉ7²\±ÔL7JQV@²\¶ LON[WX³N7J ¼ó¼ YgLON[WXP,² · ²\±ÔJQ±7JSÉ[YO¬T±7JXÈXN7JQ±O±O®bR
· JQ±O±O®bRáÕ�LONOYOP,W · à�ß}Y�RTV�ZïÉ7² · U  ß}Y ¼ PB®oP,W · J ¼ Óh Ñ · ±[WBZ\LOYO±[WXP3JQà JXZ\Y ¼ó¼ ²\¶BNOYOà8$	& YO±OV�É  ¬YOPB±[WX³	W�N[W%î · ²\±OYOà¹P�N[²	JQVO¸OYOY
� � �í!�#%$&� ' �ü) P©¸[²\±O¶BN7JSÉ[ÎB±[WX´�WBÈQÉ:JXZ\¶BYöLONOYT¬±7J»[²\±OYOYöL[WXL[²\N[²\»O±[WX³	W

�XÑ



Y ¼ LOUXÉ[Î,Z	J * � Y � ñ � × ¯ Ð �QZMP,²�É[YOV3JTY N7JQPB±7J - é � Q þ è � 0 ö LONOY ¯±[²\NO³YOY
LOU�»OV3J §3Eë× ¯ Ð�¥
h µ Z\Y ¼ó¼ ²\¶BNOYOàéW · YO±7JQV�WXP3J · É[àëN7JXZZ²\à�±OYOY � � ±7JìL[WÉ[à�NOYO¬	WXP3JQ±O±O®bRéP,W · WQÏ
N[W · ±[WX´�Y · ²\´O¶,²\NOY[²\P,WX´ ¼ YOÙ}²\±Oà�RáÕj¶,W©²Z\¶BÎã±[²å¬%JQPBY[Z\YO¶MWX¶©¶BYOL7J1L[W	É[à�NOY�Ï
¬	WXP3JQ±O±[WX´ ¼ YOÙq²\±OY ¥ ÖrU ¼ó¼ JQNO±[WB²�¬±7J	»[²\±OY[²}JXZ\Y ¼ó¼ ²\¶BNOYOY5$ & · É[à1N[²	JQVO¸OYO´
� � �ü*,# $ � ' �i) Y � � �i!D#G$ � ' �ô) LONOY * � Y � ñ � × ¯ Ð �QZ�N7JQPB±[W
- é>ê O þ ð 0 ö ¥
h ½�NOY�¬±7J	»[²\±OYOà@R�L[WXL[²\N[²\»O±[WX³	W©Y ¼ LOUXÉ[Î,Z	J * � A è ñ � JXZ\Y ¼ó¼ ²\¶BNOYOà�Z\N7JQPB±OY�Ï
¼ JMZh±OUXÉ7² ¼o¥
h µ Z\Y ¼ó¼ ²\¶BNOYOà YO±OV�É  ¬YOPB±[WX³	WmN[W	î · ²\±OYOà 3 Ï ¼ ²\¬	WX±[WXPm¶%JQVOî|²ýP,²�É[YOV3J Y
· WBZ\¶BYO³�JX²\¶ - é�� �>þB��� 0 ö LONOY * � Y � ñ � × ¯ Ð �QZ ¥
h Ð ¶,WKî|²�PBN[² ¼ àåJXZ\Y ¼ó¼ ²\¶BNOYOàÒV�W ¼ ÈXYO±7JQ¶,WXNO±[WX´ºL7JQNO®C�:ÏVOP3JQ±O¶,WXP|P�WBÈQÉ:JXZ\¶BY
¼ JXZZ ¼ ²\î · U ¼ JXZZ	J ¼ Y � ' ÏæY 3 Ï ¼ ²\¬	WX±[WXP�ZWXP ¼ ²Z\¶BY ¼ J�Zì±OUXÉ7² ¼o¥
h Ç(JXZ\»[²\¶B® P�N7J ¼ V3JSR¹VOP3JQNOV�WXP,WX´ ¼ W · ²�É[Y · É[à��yÏ ¼ JQ¶BNOYO¸O®�R3WXN[WXÙqW°WXLOY�Ï
Z\®oP3J  ¶ð¯V@Z\L[²\NOY ¼ ²\±O¶%JSÉ[ÎB±O®y² · JQ±O±O®y² ¥D�¥ ½�NOYëU�»7JXZ\¶BYOY · Y[ZZ²\NO¶%JQ±O¶%JhL[W · ³	WX¶,WXPXÉ7²\±7J1¯V@Z\L[²\NOY ¼ ²\±O¶%JSÉ[ÎB±7JQà�U,Z\¶%JQ±[WXPXÏ
V3Jå½æÇ Ñ�ç µ Ï D Y©LON[WXP,² · ²\±ð±7JXÈBWXN · JQ±O±O®bR©PìN[²	JQVO¸OYOY � � �Ð*,#�$ � ' � ) P
Z²	JQ±[Z	JSR ¤	ÄBÄBÄ Ï DBEBEBE ³	W · WXP ¥ ��WXY[Z\V3JQ¶,²�É7² ¼ L[W · ³	WX¶,WXPXÉ7²\±ýL7JQV@²\¶¹LON[WX³N7J ¼ó¼
· É[àìJQ±7JSÉ[YO¬%J · JQ±O±O®bR è�P�É[YO±OY  ê�YÒè�PB±[²yÉ[YO±OYOY�ê ¥ ½æW · ³	WX¶,WXPXÉ7²\±O®gJSÉ[³	WXNOYO¶XÏ
¼ ®ÃN[²\V�WX±[Z\¶BNOU@VO¸OYOYýZWBÈX®o¶BYO´ Y LON[WXP,² · ²\±gJQ±7JSÉ[YO¬é±7JXÈXN7JQ±O±O®bR · JQ±O±O®bR ¥
Ñ Z\±[WXPB±O®y²}PB®oP,W · ® · JQ±O±[WX³	WìY[ZZïÉ7² · WXP3JQ±OYOàM¬%JQV�É  »7J  ¶,ZïàëPåZïÉ7² · U  ß}² ¼ Ó
h Ð L[²\NOPB®y²qYO¬ ¼ ²\N[²\±O±7JQà�JXZ\Y ¼ó¼ ²\¶BNOYOàëPìN[²	JQVO¸OYOY � � �5*,#>$ � ' � ) N7JQPB±7J
$ & � - é4èBê ñòõ þ ê ñòõ 0 ö LONOY é Q�ñòõ A D F A é Q�ñ �öY * � P · Y7JQL7JQ¬	WX±[²éWX¶ ¤
· W Dë× ¯ Ð �QZ ¥
h ½�NOY é Q�ñ � A DGF A é Q�ñ è × ¯ Ð �QZãY * �ýP · Y7JQL7JQ¬	WX±[²ëWX¶ Q�ñòý éiè ñòý�× ¯ Ð �QZ
JXZ\Y ¼ó¼ ²\¶BNOYOà�Z\N7JQPB±OY ¼ JëZh±OUXÉ7² ¼o¥
h µ Z\Y ¼ó¼ ²\¶BNOYOà PÔWBÈQÉ:JXZ\¶BYÓ; DGF ; Y Q�ñ �_ZWXP ¼ ²Z\¶BY ¼ JÔZuYO¬ ¼ ²\N[²\±OYOà ¼ Y P,W
Ü I µ Î Ë � ÆXEQ§ Õ DBEBEM× ¯ Ð ÌKY � I Î Ë DBE Ú ¯ Ð PëZ\Y[Z\¶,² ¼ ²hL[WXV@W	à ¼ YOÙq²\±OY:Ì�P
WBÈQÉ:JXZ\¶BY ª N7JQ³ ¼ ²\±O¶%JQ¸OYOYëL[W	É[à�NOYO¬	WXP3JQ±O±[WX³	W1LON[WX¶,WX±O±[WX³	WhLOU@»OV3J ¥áÝ V@Z\L[²\NOY�Ï
¼ ²\±O¶%JSÉ[ÎB±[W�U,Z\¶%JQ±[WXPXÉ7²\±[WOÕ�»O¶,W�JXZ\Y ¼ó¼ ²\¶BNOYOà P,WX¬±OYOV3JX²\¶�PTWBÈQÉ:JXZ\¶BY ª N7JQ³\Ï
¼ ²\±O¶%JQ¸OYOY L[W	É[à�NOYO¬	WXP3JQ±O±[WX³	W�LON[WX¶,WX±7J°Y ±[²M¬%JQPBY[Z\YO¶�WX¶°¶,WX³	WOÕbà�PXÉ[àO²\¶,Z�à
É[Y°¯¶,WX¶ðLON[WX¶,WX±�LOU�»OV@WXP,WX´ö»7JXZ\¶BYO¸[²\´.Õ�Y�É[Yö»7JXZ\¶BYO¸[²\´ ¼ YOÙ}²\±OY ¥
h YO±OV�É  ¬YOPB±[WB²åN[W	î · ²\±OY[² � ' Ï ¼ ²\¬	WX±7J1PMWBÈQÉ:JXZ\¶BY ª N7JQ³ ¼ ²\±O¶%JQ¸OYOY�L[W	É[à�NOY�Ï
¬	WXP3JQ±O±[WX³	W°LON[WX¶,WX±7J ¼ W%î|²\¶�Y[Z\L[W	É[ÎB¬	WXP3JQ¶BÎ,Zïà · É[àuYO¬ ¼ ²\N[²\±OYOà L[WÉ[à�NOYO¬%JSÏ
¸OYOY°LON[WX¶,WX±O±[WX³	W�LOU@»OV3J ¥

�XÛ



h ÖrU@ßq²Z\¶BPBU  ß}Y[²º¶,²WXN[²\¶BYO»[²Z\VOY[² ¼ W · ²�É[Y¹R3WXN[WXÙqW�WXLOY[Z\®oP3J  ¶�L[W	É[U@»[²\±�Ï
±O®y² · JQ±O±O®y² ¥F�¥ ¾MW · ²\NO±OYO¬YON[WXP3JQ±7Jh¯V�Z\L[²\NOY ¼ ²\±O¶%JSÉ[ÎB±7JQàðU,Z\¶%JQ±[WXPBV3Jh½æÇ Ñ�ç µ Ï�¾�Y©LON[WXP,²�Ï
· ²\±ö±7JXÈBWXN · JQ±O±O®bR°PðN[²	JQVO¸OYOY *5�+*,#_$ � ' �S) P ¤	ÄBÄ�� ³	W · U ¥�Ð L[²\NOPB®y²
LON[WXP,² · ²\±O®�Y[ZZ�É7² · WXP3JQ±OYOàð±7JìLOU�»OV@²qLON[WX¶,WX±[WXP[ÕáPB®oP,² · ²\±O±[W ¼ ZqL[W ¼ WXß}Î 
YO¬	WX³±OU�¶,WX³	W ¼ WX±[WXVONOY[Z\¶%JSÉOÉ:JöYO¬ëU,Z\V�WXNOYO¶,²�É[à ZMî|²Z\¶BV@WX´ ª WXVOU,Z\YON[WXPBV@WX´ ¥
Ñ Z\±[WXPB±O®y²ìPB®oP,W · ® YO¬ ¼ ²\N[²\±OYO´öP · JQ±O±[WX´öN[²	JQVO¸OYOY°¬%JQV�É  »7J  ¶,Z�àTPëZ�É7²�Ï
· U  ß}² ¼ Ó
h µ Z\Y ¼ó¼ ²\¶BNOYOàmPýN[²	JQVO¸OYOY *+�"*�#o$ � ' �U) LONOY ÆXEg× ¯ Ð PÔWBÈQÉ:JXZ\¶BY
è ñ Q A * � A ê ñ Qu× ¯ Ð �QZ�ZWXP ¼ ²Z\¶BY ¼ J¹Z�±OUXÉ7² ¼ P¹LON[² · ²�É:JSRýWXÙ|Y[ÈBWXV.Õ�»O¶,W
R3WXN[WXÙqW¹ZWX³�É:JXZ\U,²\¶,ZïàÔZéN[²\¬UXÉ[ÎS¶%JQ¶%J ¼ Y1� ÆXEQ§ LONOY DBEBE�× ¯ Ð YýWX¶	É[YO»7JX²\¶XÏ
Z�àöWX¶éN[²\¬UXÉ[Î%¶%JQ¶,WXP[ÕrL[WÉ[U�»[²\±O±O®bR�LONOY DQ§�× ¯ Ð Po����Ç�I ¥ µ Z\Y ¼ó¼ ²\¶BNOYOàöP
WBÈQÉ:JXZ\¶BYu¯±[²\NO³YO´ WX¶ ÆXE · W DBEBE�× ¯ Ð · ²\´[Z\¶BPBYO¶,²�É[ÎB±[W ¼ JSÉ:J ¥ ��Z�É[YuZ\U�ßq²�Ï
Z\¶BPBU,²\¶°¬%JQPBY[Z\Y ¼ WBZ\¶BÎ¹JXZ\Y ¼ó¼ ²\¶BNOYOY WX¶T¯±[²\NO³YOY.Õb¶,WT¯¶,WTLON[WXY[Z�R3W · YO¶¹LONOY
YO¬ ¼ ²\±[²\±OYOY¹¯±[²\NO³YOYöLOU@»OV3JëWX¶ DQ§ · W ÆXEM× ¯ Ð�¥
h ½�N[² · Z\V3JQ¬%JQ±OYOà�¶,²WXN[²\¶BYO»[²Z\VOY�R ¼ W · ²�É7²\´�±[²ÒLON[WX¶BYOP,WXN[²\»7JQ¶©L[W	É[U@»[²\±O±O® ¼
N[²\¬UXÉ[ÎS¶%JQ¶%J ¼o¥

§[¥ Ê�¬ºZWXP,WXVOU�LO±[WBZ\¶BY¹P,Z²�R°LON[WXP,² · ²\±O±O®bR°¯V�Z\L[²\NOY ¼ ²\±O¶,WXP ¼ W%î8±[W�Z · ²�É:JQ¶BÎ
ZïÉ7² · U  ß}Y[²hPB®oP,W · ®KÓ
h Ê�¬ºZ\N7JQPB±[²\±OYOàöN[²\¬UXÉ[Î%¶%JQ¶,WXPéYO¬ ¼ ²\N[²\±OYO´ JXZ\Y ¼ó¼ ²\¶BNOYOY�PëN[²	JQVO¸OYOY � � �
*�#�$ � ' � ) Ë � � � !�#>$&� ' � ) ÌbPå¸[²\±O¶BN7JSÉ[ÎB±[WX´ðWBÈQÉ:JXZ\¶BY©L[W · U�³ïÉ7W ¼�OLQ R
P Z\Y[Z\¶,² ¼ ²T¸[²\±O¶BN7J ¼ JXZZ�YýPuWBÈQÉ:JXZ\¶BY ª N7JQ³ ¼ ²\±O¶%JQ¸OYOYÔL[WÉ[à�NOYO¬	WXP3JQ±O±[WX´
¼ YOÙq²\±OY ZïÉ7² · U,²\¶SÕy»O¶,WuJXÈBZWÉ  ¶B±[WB²é¬±7J»[²\±OY[²TJXZ\Y ¼ó¼ ²\¶BNOYOYgLONOY §3E�× ¯ Ð
±7J	»OYO±7JX²\¶ÔP,WX¬N7JXZ\¶%JQ¶BÎgLONOY W · ±[W ¼ Y�¶,W ¼ î|²u¬±7J»[²\±OYOY Y ¼ LOUXÉ[Î,Z	J � ' Ï
¼ ²\¬	WX±7JðP�Z\Y[Z\¶,² ¼ ²1¸[²\±O¶BN7J ¼ JXZZ * ' 9 è ñ � ýé× ¯ Ð �QZ · É[à · PBU3R°N7JQ¬\É[YO»O±O®bRVOYO±[² ¼ JQ¶BYO»[²Z\VOY�R�WBÈQÉ:JXZ\¶,²\´ ¥
h ÖrN7JQPB±OYOP3JQàgN[²\¬UXÉ[ÎS¶%JQ¶B® PuN[²	JQVO¸OYOY * �í*�# $ � ' �ô) LONOY ÆXEu× ¯ Ð Y
N[²	JQVO¸OYOà�R � � �6*,#%$ � ' �í) Ë � � �S!D#%$&� ' �í) Ì�LONOY §3E©× ¯ Ð PðW · ±[WX´
Y ¶,WX´ î}²ëVOYO±[² ¼ JQ¶BYO»[²Z\V@WX´ÔWBÈQÉ:JXZ\¶BY Ë L[W · U�³ïÉ7W ¼ OLQ R P�Z\Y[Z\¶,² ¼ ²ë¸[²\±O¶BN7J
¼ JXZZ%Ì�Õ ¼ W%î8±[W1Z · ²�É:JQ¶BÎ1PB®oP,W · Õd»O¶,W1JXZ\Y ¼ó¼ ²\¶BNOYOàë¬%JQPBY[Z\YO¶ãWX¶ºZWXNO¶%JìPB¬%JQY�Ï
¼ W · ²\´[Z\¶BPBU  ß}Y�R¹»7JXZ\¶BYO¸ ¥ Ê�±7J	»[²ëZ�É7² · U,²\¶°LON[² · L[WÉ7W%î8YO¶BÎ�¬±7J»OYO¶,²�É[ÎB±[WB²
YO¬ ¼ ²\±[²\±OY[² · YO±7J ¼ YOVOY PB¬%JQY ¼ W · ²\´[Z\¶BPBYOà LONOYuYO¬ ¼ ²\±[²\±OYOY ¯±[²\NO³YOY LOU�»OV3J
WX¶ §3E · W ÆXEë× ¯ Ð�¥
h � WÉ[ÎBÙqWB²�¬±7J	»[²\±OY[²�JXZ\Y ¼ó¼ ²\¶BNOYOY_PuN[²	JQVO¸OYOY � � �i!�# $ � ' �ô) U�V3JSÏ
¬®oP3JX²\¶ ±7J¹¬±7J»OYO¶,²�É[ÎB±O®o´_PBV�É:J · P3JSÉ7²\±O¶B±O®bRgVOP3JQNOV@WXP P YO±OV�É  ¬YOPB±[WB²
N[W%î · ²\±OY[² � ' Ï ¼ ²\¬	WX±[WXPöLONOY L[WXL[²\N[²\»O±O®bR Y ¼ LOUXÉ[Î,Z	JSR * � Y � ñ � × ¯ Ð �QZëY

�cä



D\F 9 QO¥ ��ZïÉ[YðP *D*�# ÏPB¬%JQY ¼ W · ²\´[Z\¶BPBYOYéYO¬\Ï¬%JåLON[WX¶BYOP,WXL[WÉ7W%î8±O®bRëL[Wå¬±7JQVOU
L[W	É[à�NOYO¬%JQ¸OYO´F:7ÏØY ! ÏVOP3JQNOV@WXPëP©LON[WX¶,WX±[²åY�L[²\N[² ¼ ²\Ù|YOP3JQ±OYOàTV3JQ±7JSÉ7WXPMYO¬
L[W	É[à�NOYO¬	WXP3JQ±O±[WX³	W Yg±[²\L[W	É[à�NOYO¬	WXP3JQ±O±[WX³	W LON[WX¶,WX±7J ¼ W	î|²\¶ LON[WXY[ZïR3W · YO¶BÎ
ZWXVON7JQßq²\±OY[²_JXZ\Y ¼ó¼ ²\¶BNOYOY.Õº¶,W PmZïÉ[U@»7JX² � � *,# PB¬%JQY ¼ W · ²\´[Z\¶BPBYOàÞÈBWÉ[ÎXÏ
Ù8JQàgJXZ\Y ¼ó¼ ²\¶BNOYOà ¼ W	î}²\¶ P,WX¬±OYOVO±OU@¶BÎ LONOYÔWBÈXN7JQ¬	WXP3JQ±OYOY � ' Ï ¼ ²\¬	WX±7JuYO¬
P3JSÉ7²\±O¶B±O®bR î:[ÏVOP3JQNOV3JëWX¶ëL7J · J  ß}²\³	W � � ¼ ²\¬	WX±7JMYG:[ÏVOP3JQNOV3JMYO¬hL[W	É[à�NOY�Ï
¬	WXP3JQ±O±[WX³	WéLON[WX¶,WX±7J ¥
h ¾MW · ²�É[Y.Õ�³ · ²�ÈBWÉ[ÎBÙ}Y[²�¯ ªKª ²\VO¶B® WBÈXâáàOZ\±Oà  ¶,Z�àìWXN[ÈXYO¶%JSÉ[ÎB±O® ¼�¼ W ¼ ²\±O¶,W ¼
VOP3JQNOV�WXP[Õo±7JQY[ÈBWÉ7²²éL[WÉ[±[WöWX¶BN7JQî�J  ¶¹Z\U@ßq²Z\¶BPBU  ß}Y[²M¯V@Z\L[²\NOY ¼ ²\±O¶%JSÉ[ÎXÏ
±O®y² · JQ±O±O®y²BÕ�¶,WX³ · JãV3JQV ¼ W · ²�É[Y�±7JMWBZ\±[WXP,² ¼ ²�R,JQ±OYO¬ ¼ WXP�ÖrYOP,²\N[Z	J�ÕóÁæWÉOÏ
É[YO±O¬%J¹Y PB®yZ\Ù}Y�R ¶BPBY[Z\¶,WXP R3WXN[WXÙ}WuWBÈXâáàOZ\±Oà  ¶ N[²\¬UXÉ[Î%¶%JQ¶B® PuWBÈQÉ:JXZ\¶BY
ª N7JQ³ ¼ ²\±O¶%JQ¸OYOYöL[WÉ[à�NOYO¬	WXP3JQ±O±[WX´u»7JXZ\¶BYO¸O® ¥

Â ¥ ½�N[WXP,² · ²\±�JQ±7JSÉ[YO¬ýP,Z²�R Z\U�ß}²Z\¶BPBU  ß|Y�R · JQ±O±O®bRÍYO±OV�É  ¬YOPB±[WX³	WmN[WQÏ
î · ²\±OYOà � Ï ¼ ²\¬	WX±[WXP ¥rÐ N[²\¬UXÉ[ÎS¶%JQ¶,² · JQ±O±[WX³	W�JQ±7JSÉ[YO¬%JéWBÈX±7JQNOU@î}²\±¹¯V@Z\L[²�Ï
NOY ¼ ²\±O¶%JSÉ[ÎB±O®o´ ª JQVO¶QÕ�»O¶,WéP�ÈBWÉ[ÎBÙ}YO±[Z\¶BP,²ã¯V�Z\L[²\NOY ¼ ²\±O¶,WXP¹JXZ\Y ¼ó¼ ²\¶BNOYOà
±7J	»OYO±7JX²\¶ãP,WX¬N7JXZ\¶%JQ¶BÎ©LONOYé¯±[²\NO³YOY�PB¶,WXNOYO»O±[WX´�»7JXZ\¶BYO¸O®�PãZ\Y[Z\¶,² ¼ ²Ò¸[²\±�Ï
¶BN7J ¼ JXZZhP · Y7JQL7JQ¬	WX±[² è ñòý é � ñ Qé× ¯ Ð �QZ ¥�Ý ¶,Wë±[²h¬%JQPBY[Z\YO¶�WX¶ð±7J»7JSÉ[ÎB±[WX´
¯±[²\NO³YOYöLOU�»OV3JMY°U@³�É:JMPB®bÉ7²\¶%Jë»7JXZ\¶BYO¸O® ¥
��¥ À}JQ±O±O®o´ ª JQVO¶ ¼ W%î|²\¶ðZ�É[U�î8YO¶BÎM¯V@Z\L[²\NOY ¼ ²\±O¶%JSÉ[ÎB±O® ¼ U�V3JQ¬%JQ±OY[² ¼ ±7J1±7JSÏ
É[YO»OY[²uV@WX±[Z\¶BYO¶BU,²\±O¶B±O®bR VOP3JQNOV�WXP[Õq³ · ²u¯±[²\NO³YOà � ' PÔZ\Y[Z\¶,² ¼ ²u¸[²\±O¶BN7J¼ JXZZãWXLON[² · ²�É[à�²\¶�¯±[²\NO³Y  Z\PBà�¬Y¹P,WX¬±OYOV3J  ßq²\´IH�îHML7JQNO®ÍYö±[²º¬%JQPBY[Z\YO¶
WX¶ë¯±[²\NO³YOY�LOU�»OV3J ¥

�KJ�����
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» ÂP¼MN�Ç O�ÇQPSR7T"U8VXW �ZY�[ Ç \ÉÇ�P�]_^a` b_T"c ��d Ç N�ÇQPS` be#�fg^ac ��h Ç \ÉÇQij^lkmVXU8T"c � i�Ç N�Ç]Øjn [ VXU)T � P�Ç P�Ç�Oo^X¿

]_^ac8`pnrqan7VXU)Tsc �td Ç P�Ç.uS]e#sqan7T"c �0Yo[ Ç P�Ç,×v#�b [ kX^aW7U)T � P2Ç w(Ç�×x^a`pn7qany#	WrVXW � P�Ç P�Çg×xTs]_T"zlT"c �
{�|X{�|Q}�~Z�����y��~y� � P�Ç \ÉÇB×��7`pW7VXU � È�Ç i�Ç h�[ ] [ `pnr^ac � O�Ç \ÉÇ)w�#	be#skm#	U)nr# � P�Ç �	Ç)w.] [y� U)Ts�"k��7# ���
N�Ç ��Ç����)U)Tsc � ��Ç �	Ç�È8T"kXT"c8^ac � N�Ç �,ÇbÈ8T"kXT"c��7#sW7T"c � P�Ç h Ç�N�#s`pVXkX^ac�r È)^l]_R [ U8nrTsc � \ÓÒbÖ�w\t �
h Ç ÈDÇaijTs]_VX`pTsc �5Y�[ Ç × Ç5��#	z5#	]_VXWrTsc � i�Ç P�Ç5��nr#sqanr#	b [ ]_T"c � × Ç Yo[ Ç��QVX% [ ]_� � N�Ç h Ç|×v#	be#	f�T"W7T"c �
P�Ç i�Ç h ^a�"#sWrTsc ��Y�[ Ç P�Çuº�`pTscjr&O [ %rWr# ��� \ h �ht ��Yo[ Ç È)n@Ç�i�#	�3#�b [ ]_V��7# � �,Ç h Ç�u�kXTsW7b_V �
u�Ç u�ÇD×v#sqlny#	]e#	`pnrc8VXkXV � P�Ç \ÉÇ d qan7^l]e#s`pn7c)VXkXV �y� Ç × Ç�È7#sU8n7^akm#s`pnrc8VXkXV\r � %7VmkXVX`pVgÈ�be#	b_^hº�Ç t��
���S{������j l¡�¢¤£�¥-�o¦0¦Q��¡x§� ����¨¦Q©� l¡ª��¥�¥���«�§9¦¬ l¡¤v����®¤«,£,�M�j e¯
¦Q 5£,¡�¦°��§²±Z³7¯e¢��S{�| � w.]_T"qa^l^ � VXWr�s`bÈ)w�\ h ¿ÙÂ|Ãs*"*9VXW�×xVmW7Wr^5#	RrTskmVX` � c8Tsk Ç.Â�ÂP ;ÃeÇ
» Ô^¼.× Ç È�Ç)PS´�#s�skXT"%r^lkmV �3Y�[ Ç È)n.Ç3ij#s�3#�b [ ]_V��7# � ��Ç h Ç8u�kXT"W)b_V � u�Ç u�Çe×v#	qany#�]e#s`pn7c)VXkXV � P�Ç \ÉÇ d qanr^X¿

]e#s`pn7c)VXkXV �v� Ç × Ç_È7#sU8n7^akm#s`pnrc8VXkXV � i�Ç u�Ç�ØjnrVXkm# � za^Br � %rVXkXVX`pVqÈ8be#�b_^�º�Ç t � N�Ç O�Ç�P�RrT"U8VXW �
Yo[ Ç \åÇµP�]_^a` b_Tsc ��d Ç N�ÇµP�` be#	fg^lc �µh Ç \åÇ�iM^akXVmU8Tsc � P�Ç h ÇµN�#s`pVXkX^ac �¶d Ç P2Ç·uS]e#	qanrTsc �
P�Ç P�Ç¸O�^l]_^ac8`pnrqan7VXU)Tsc � u�Ç N�Ç�¹ºn7T"kXT"%7T"c �¸Yo[ Ç P2Ç+×v#	b [ kX^aW7U8T � P�Ç w(Çp×x^l`pnrqanr#sWrVXW �
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h Ç u�Ç�×xVXWy#s^lc � P�Ç P2Ç�×xTs]_T"zlT"c � {�|X{�|�}�~Z���Q�r��~y� � P2Ç \ÉÇ�×��)`pWrVXU � ÈDÇ i�Ç h�[ ] [ `pnr^ac �
O�Ç \ÉÇ�w�#	be#	km#sU8ny# � P�Ç �	Ç�w.] [y� U8Ts�"k��7# ��� N�Ç N�Ç,���)U)#skXVXW � N�Ç ��Ç����)U8T"c � �,Ç �	Ç�È)TskmTsc8^ac �
N�Ç ��ÇBÈ)T"kXTsc8�7#	WrT"c � N�Ç Yo[ Ç3��nrT � �8]_^ac � i�Ç N�ÇeØjn [ VXU8Tsr È)^l]_R [ U8nrTsc � \ÁÒ�ÖMwGt ��h Ç È�Ç�ijT	]_VX`pT"c �
Yo[ Ç × Çj��#sz5#�]_VXWrT"c � × Ç Y�[ Ç»��VX% [ ]_� � N�Ç h Ç(×v#�be#	fgTsWrTsc � P2Ç i�Ç h ^l�3#sW7T"c �jY�[ Ç P�ÇGº�`pTsc �
i�Ç P�Ç7��ny#	qany#�b [ ]_T"c�r&O [ %rWr# �7� \ h �ht
}·���x¦Q¼����S}·��¡x§½£,¥K§�v�µ¦Q l¡�¢��j��¯�¦Q©� l¡¾�v¦�¿�}·}·�S§���¿G l¡; l¡�«��M¼�¯
¦Q �{�� ©���£,®x¼�«�§� a£,¡ £,¥ ©� �³À��¡v® ��§�� }���¦0£,¡�¦Á l¡ §�v�
«���¡x§������@���o¢� 5£,¡Â��§¶}½£,}·��¡v§�¼�}Ã±Z³7¯e¢��S{vÄy«�| w.]_^aR7]_VXW7b�\ÓÒbÖ�w,¿ÙÂ|Ãs*vÃ�¿
Ê`½ � È)Tsc�Ç � Ç hS[ qak Ç wtn7�)`¬Ç 1R¡)�  vÊ;Ô�¿Ú vÊ`½ � r/Â¬Ã"*vÃVt �0Å�Æ 1R¡)� ÄJÃ31�¿E½N¡R  � r/Â¬Ã"*vÃVt
» ÊN¼ÇN�Ç O�Ç0PSRrTsU8VmW ��Y�[ Ç \ÉÇtP�]_^a` b_T"c �.d Ç N�ÇtPS` be#�fg^ac �.h Ç \ÉÇ.iM^akXVmU8Tsc � i�Ç N�Ç�Øjn [ VXU)T � P�Ç P2Ç0Oo^X¿

]_^ac8`pnrqan7VXU)Tsc �td Ç P�Ç.uS]e#sqan7T"c �0Yo[ Ç P�Ç,×v#�b [ kX^aW7U)T � P2Ç w(Ç�×x^a`pn7qany#	WrVXW � P�Ç P�Çg×xTs]_T"zlT"c �
{�|X{�|Q}�~Z�����y��~y� � P�Ç \ÉÇB×��7`pW7VXU � È�Ç i�Ç h�[ ] [ `pnr^ac � O�Ç \ÉÇ)w�#	be#skm#	U)nr# � P�Ç �	Ç)w.] [y� U)Ts�"k��7# ���
N�Ç ��Ç����)U)Tsc � ��Ç �	Ç�È8T"kXT"c8^ac � N�Ç �,ÇbÈ8T"kXT"c��7#sW7T"c � P�Ç h Ç�N�#s`pVXkX^ac�r È)^l]_R [ U8nrTsc � \ÓÒbÖ�w\t �
h Ç ÈDÇaijTs]_VX`pTsc �5Y�[ Ç × Ç5��#	z5#	]_VXWrTsc � i�Ç P�Ç5��nr#sqanr#	b [ ]_T"c � × Ç Yo[ Ç��QVX% [ ]_� � N�Ç h Ç|×v#	be#	f�T"W7T"c �
P�Ç i�Ç h ^a�"#sWrTsc ��Y�[ Ç P�Çuº�`pTscjr&O [ %rWr# ��� \ h �ht ��Yo[ Ç È)n@Ç�i�#	�3#�b [ ]_V��7# � �,Ç h Ç�u�kXTsW7b_V �
u�Ç u�ÇD×v#sqlny#	]e#	`pnrc8VXkXV � P�Ç \ÉÇ d qan7^l]e#s`pn7c)VXkXV �y� Ç × Ç�È7#sU8n7^akm#s`pnrc8VXkXV\r � %7VmkXVX`pVgÈ�be#	b_^hº�Ç t
£,È�¦Q�S��{���§� a£,¡ £,¥É¦Q 5¢�¡x l¥� 5«���¡v§ ¦Q©� l¡ ��¥�¥���«�§�¦Ê l¡ v����®
«,£,�j�M 5¦Q a£�¡�¦K��§²±Z³7¯e¢��S{vÄy«�| � w�n)�)`¬Ç ��^lbpb|Ç i(ÔN vÊ)�  ;ÄBÂX¿Ú ;ÄN  � Â|ÃJÃV¡
»  R¼G¤�Ç Ý Ç@¾�®1µv«I°I± �ZË Ç ��ÇQÌ	§X³I°L«BµJ¹ � ¾�Ç Ë Ç�¤�©JÉ°1³1´v§X¹ ��Í Ç À Ço¢BµJ±IÏ�©¸¯1§X±1«eµ � ¼�Ç ¾�Ç�¢@¯1©¬ÏL§X¹ �
¤�Ç Ë Ç�¢.¯I° á °I± � ¾�Ç À ÇJÝ�©�¹v°eÆ�§X±1«eµ � ¾2Ç ¾�Ç/Ý�§¬¯1§X¹"
�°L«BµJ¹ ��Í Ç ¾�Çh�b³I´v°I± � ¤�Ç ¾�Ç�ð�µv¯I¿
¨g°1³1°IÌ1Î(± �tÍ Ç ¾2Ç�À�©J²v·v³L§X±1«eµ � ¤�Ç ¾�Ç	À%§ÉÆ1¹;§ÉÆL§X¹ �MÍ Ç À Ç	À%§X³1´J±1°L« � ¾�Ç º�Ç�À%§a
�©�±1°1± �
Ë Ç â�Ç]À>°1¦v©¸³I°1± �ºÎ | Î |»Ï�ÐyÑ�Ò7Ó.ÐyÔ ¾�Ç ��Ç@À>Î�X±1°1« � ¤�Ç Ì�Ç Ë ·e¯I· á §X¹ � Ý Ç ��Ç.º2©J²�©�³�©¸¦v© �¾�Ç Æ Ç,º�¯e·vÆ�«BµJÅå³LÍMÆ � ¤�Ç Õ�Ç�»,Î�«BµJ¹ � Õ�Ç Æ Ç�¤	µ|³1µJ¹v´v§X¹ � ¤�Ç Õ�Ç	¤	µ|³LµJ¹J´;ÍB±Lµ¸¹ �jÍ Ç ¤�Ç�Ö�©J¯I¿
³Lµ¸¹ � ¤�Ç Í ÇrÖ�µ¬ÆLÎ�¯I§X¹ � Ì�Ç ¤�Çy×b·B¶1«eµ � ð�Ç â(ÇrØo§X¬²;§¬¯I¨�©�±Lµ¸¹ � ¾2Ç ¤�Ç Å «I·e²v°I± � Õ�Ç ¤�ÇL¾�³1§¬«I¿
¬§¬§X¹;©�r�ÙNt � Õ�Ç ¤�Ç Ë µ¸Åå©¬Ï r�ÙRt�r � Æ ¤#d � º�¯Iµv²v¹J°1±Lµ`t �oË Ç ¤�Ç�Ì	µJ¯I°LXµJ¹ � d�Ç ��Ç�Ì�·B±1ÍI²;µ¸¹M© �
Í Ç À Ç\ð2©Jà|©¸¯I°I±LµJ¹ �»Í Ç Æ Çgðb°1¬§X³1§X¹ � ¤�Ç ¢DÇGð�µ|³LµJ¨,°1§XÌ � À Ç Í Ç�Õb°Xk¸·e¯IÅ � ¤�Ç Ë Ç(À�©J²�©¸¿
f�µJ±1µJ¹ � ¾�Ç Ì�Ç Ë §ÉÅå©¸±Lµ¸¹ � Ì�Ç ¤�Ç Ë §ÉÅå©¸±Lµ¸¹ �8Í Ç ¾�Çvºb³1°1 ��Í Ç ¾�Ç"Ú�¬µ¸¹ � ¾�Ç Ë Ç Æ §åÆ�µv¯IµJ¹«r&Õ2©¸¿
kvµJ¯L©J²vµv¯I°1Í>ÍMÆ�§X¯I±1Î(¦Ú®1¯1µRkJ³L§X¨G¼�� Å � � Ý2·xkJ±L©`t��
Û�Ü"Ý	ÒrÞ0ÐyÔyßrÒáàvâ�ã�äjå�¯_Ï æ0Ó0çéè.Ü3Ü5Ó.ê3ætÐyÔyÒ7Þ0è�çëÐ�ætÞ0ÐZÜ"ì�è0Þ0ÐyÔyí9îÊÒyÜ"è.ï�ï�ê8Ý)¯
ð è0ñòÔóè0Þ.ßQÓ.ô�õ3è�ÔyÞ0ÐZïöÐy÷ ð Òrõ3ÐrÔyÒrÞ0è�èøÞ0ê8ñ0Ý ð Ò7Ó.ùyÞ�í,îúïSê)õ"ÐyÞ0ÐyÔLÞ�ÒóûºÜ3ßºÐr¯
ð è0Ý)ê�Ó.ùyÞ0ÐZïüß�Ðyï�ì�Ó.ê)ß�Ü"ê¶ý�þ Î�ÿ º�¯I§X®L¯e°1±1²�� Æ ¤#dUÂ¬ÃvÃ`½|¿ÓÊ"* � º�¯Iµv²v¹J°1±Lµ Â¬ÃvÃ`½ �
º�¯I°�kIÇ 2�§X¦B±]Ç d	«BX®]Ç�Â¬ÃvÃs*�r  t � ¬²;¯@Ç1Ô¸Ê
» 1^¼ h Ç \åÇºij^akXVXU8T"c � N�Ç \åÇºij^akXT [ `pT"c � i�Ç N�Ç@Øjn [�� U8T � P2Ç × ÇyO�#sc8V � ^aW7U8T � P2Ç P2ÇyOo^�]_^ac8`pnrqan7VmU8Tsc �

d Ç P�ÇºuS]e#	qanrTsc � N�Ç h ÇZuS]_VX`pnrVXW �ZY�[ Ç N�Ç7��ny#�]_kmTsc � N�Ç Yo[ Çy��n7T � �8]_^ac �)Yo[ Ç P2ÇD×v#�b [ kX^aWrU8T �
N�Ç P�Ç�×x^ � c8^ � ^ac �rY�[ Ç × ÇD×x^akXW7VmU � P2Ç w�Ç�×x^a`pqany#	WrVXW � {�|X{�|�}�~Z�����y��~y� � P�Ç \ÉÇ�×��)`pWrVXU �
ÈDÇ i�Ç h�[ ] [ `pnr^lc � O�Ç \åÇMwM#�be#skm#sU8ny# � P2Ç \åÇMwM#	c)kXVXWrTsc � N�Ç ��ÇM���)U8T"c � ��Ç Ö�Ç	È8nr^a` b_^l]_´�#	WrTsc �
��Ç �	Ç�È)TskXT"c8VX^ac � N�Ç ��Ç�È8T"kXT"c��7#sW7T"c � × Ç h Ç�ºSU8ny#sW7T"c � P2Ç h Ç�N�#s`pVXkXVm^lc � P2Ç Ö(Ç Y #sU [ b_VXW �
��Ç N�Ç P�kX^aU8`p^a^ac)# � �,Ç N�Ç h Ts�3#	qan � × Ç P�Ç i��7qlnrU8T"c � O�Ç ØM]e#sW � ^akXk ��� Ç+× [ k � #	c)VXW �
��Ç@�S#	�)´�T"W � r&\�Wr` b_V�b [ b_^ T	foÒ�VX�"n Ö�W7^l]_�s�úw�n)�)`pVmql` � w.]_Tsb_c8VXWrT`tÉÑ h Ç È�Ç ijT	]_VX`pT"c �
P�Ç h Ç0�0^ � T	]_T"c � N�Ç u�Ç0��T"kXTs´�Vm^�b_` � P�Ç P�Ç�� [ U8ny#sW7VXW � N�Ç h Çg×v#	be#	f�T"W7T"c � P�Ç i�Ç h ^a�"#sWrTsc �
Yo[ Ç P2Ç7w�kXVX` �rY�[ Ç P�Çxº�`pTscmr � T"VXW7b�\�W7` b_V�b [ b_^oT	f h�[ qakX^5#	]���^a`p^5#	]_qln � O [ %7Wy#`t��
©������j �}· l¡x����¿ë����¦Q¼��j§�¦;£�¡é����� �v¦º¿x}·}���§���¿Ê l¡ë§�v� l n ¯
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©���£�®�¼�«�§� a£�¡ £,¡ �Ê©�£��M���� ��M��® §�����¢���§á��§��7³²¢	�){�
  �v��©�¯
�Q l¡v�=©���£	�M��¯p}ª«�~Z�g�Ç���~���������~���� R7]_^aR)]_VXW7b�\ÁÒ�ÖMwg¿ÙÂ|ÃJÃ`½�¿�1MÂ � w.]_Tsb_c8VXWrT � Â¬ÃvÃ`½
» ÄN¼ h Ç ij^akXVXU8T"c � N�Ç ij^akXT [ `pT"c � i�Ç6Øjn [ VXU8T � P�ÇKO�#sc8V � ^lWrU8T � P2Ç Oo^�]_^ac8`pnrqan7VmU8Tsc �

N�Ç)uS]_VX`pn7VmW �8Yo[ Ç"��ny#�]_kmTsc � N�Ç���n7T � �8]_^ac �3Y�[ Çe×v#�b [ kX^aW7U)T � N�Çe×x^ � c8^ � ^lc �"Yo[ ÇB×x^akXWrVXU �
P�Çq×x^a`pnrqanr#sW7VmW � {�|F}µ~Z���Q�r��~y� � P2Çj×��)`pWrVXU � È�Ç h�[ ] [ `pn7^ac � O�Ç wM#�be#skm#sU8ny# �
P�Ç�w�#sc8kXVXWrT"c � P2Ç�wt] [r� U8T"�skX�7# ��� ��Ç>È)n7^a` b_^l]_´�#	WrT"c � �,Ç>È)TskmTsc8^ac � N�Ç�È)TskXT"c��7#sWrTsc �
× Ç�º�U8ny#	WrT"c � P2ÇºNo#s`pVXkX^ac � P�Ç Y #	U [ b_VXW�r È)^l]_R [ U8nrTsc � \ÁÒbÖ�wGt �0d ÇQuS]e#	qanrTsc � N�Çº���)U8T"c
r��¸#	�)W7^pÈ�be#	b_^qº�WrVXc�t ��h Ç�ijTs]_VX`pTsc � Ö(Ç�i [ W)�7#	b_T"c)# � P�Ç��0^ � Ts]_Tsc � N�Ç���T"kXTs´�Vm^�b_` �
N�Ç�×v#�be#	fgTsWrTsc � P�Ç h ^a�3#	WrTsc �tY�[ Ç�wtkmVX` ��d Ç�È)n7qanr^ac8^akX^ac �.Y�[ Ç�º�`pTsc�r&O [ %7Wy# �t� \ h �ht �
O�Ç]ØM]e#sW � ^akXk �.� Ç�× [ k � #sc8VXW � ��Ç��S#	�)´�T"W � r ×xVmqlnrVX�3#	W�º�WrVXc�t�P2Ç�� [ U8ny#	WrVXW�r&��ny#	]_U8Tsc �
��\ w � t»��Ç7PSkX^aU8`p^a^ac)# � �,Ç h T"�3#	qan � × Çyi��7qlnrU8T"c�r ×xT"`pqlT��pÈ8be#	b_^�ºSWrVXc�Ç t��
¦Q l¡�¢��j� ¦Q©� l¡ �x¦�¿x}�}·��§���¿ £,¥ú©� l³I}·��¦�£�¡�¦=©���£,®x¼v«���®ª��§² ¦�� ³  l¡��7³7¯�¢��S{á©ó© ©�£,�j���� ��M��®Ã«,£,�M�j 5¦� 5£,¡�¦t| w.]_T"ql^a^ � VXW7�"`%Â¬Ê	b_n
\�W)b_^l]_Wy#�b_VmTsWy#	k4È8�)´�RrTs`pV [ ´ÊT"WsÒSVm�snI¿ÓÖtWr^l]_�	�sÈ)R7VXW¬w�n)�7`pVXqa`Zr È7wt\ h Ãs*`t � w.]_Tsb_c8VXWrT �
� [ `p`pVm# �  ;Ä31MÇ
» ½^¼@¾�Ç Ë Ç�¤�©¸X°1³I´;§X¹ � ¤�Ç Ë Ç�¢.¯I° á °I± �)Í Ç ¾�Ç1À�©J²v·v³L§X±1«eµ �)Î | Î |0Ï�ÐrÑ0Ò7Ó.ÐrÔ � ¾�Ç ��ÇBº2©¸¹J³1°1¿±Lµ¸¹ � Õ�Ç Æ Ç�¤	µ|³Lµ¸¹v´v§X¹ � ¤�Ç Õ�Ç�¤	µ|³LµJ¹J´;ÍB±Lµ¸¹r�

ÿ ß�Ü"ì0ê ð è.ï�ê8Þ0Ý	Ò7Ó0ùyÞ0Ðyê�è0õ3û�Ñ0ê8Þ0è0ê�û��5Ó.ÐyÔyÐyñxõ3ÒrÔyè0Ü"è.ï�ÐZÜsÝ7è! �Ó.ê)ß�Ý ð ÐZï�Ò"�sÞ0è0Ý)Þ0Ðr¯
�"Ð�Ó.è0ÔyÞ�ç ®L¯1§É®L¯I°I±L²�� Æ ¤#d�¿ÙÂ¬ÃvÃ"*�¿E½vÔ � º�¯1µJ²v¹v°I±Lµ � Â¬ÃvÃ"*BÑLº�¯e°XkIÇ 2�§X¦B±@Ç d	«BX®@ÇLÂ|ÃJÃvÃxr  tÉÇ
¬²;¯.Ç1ÊV½
» *N¼�¾�Ç Ë Ç�¤�©¸X°1³I´;§X¹ � ¾�Ç À ÇxÝ�©¸¹v°eÆ�§X±1«Bµ �rÍ Ç ¾2ÇDÀ�©J²J·;³L§X±1«Bµ �7Î | Î |�Ï�ÐyÑ0Ò)Ó.ÐyÔ � º�Ç ¾2Ç�¤	§É¿¨,§X±Lµ¸¹ � Õ�Ç Æ ÇL¤	µ|³Lµ¸¹v´;§É¹ � ¤�Ç Õ�ÇL¤	µ|³LµJ¹J´;ÍB±Lµ¸¹r�

ÿ ß�Ü"ì0ê ð è.ï�ê8Þ0Ý	Ò7Ó0ùyÞ0Ðyê�è.Ü3Ü5Ó.ê3ætÐyÔrÒrÞ0è0ê�#0è�$ ð ÐyÔyÐ"�"Ð�Ý ð è%�&�"ê ð ÒxÞ0Òv÷yÐ8Ó.ù('�è0ê {()
º�¯1§X®1¯I°I±L²�� Æ ¤#d ÔR¡R¡eÂX¿�* � º�¯1µJ²v¹v°I±Lµ � ÔN¡V¡eÂJÇ
» ÃN¼1¾�Ç Ë ÇN¤�©¸X°1³I´;§X¹ � ¤�Ç Ë ÇR¢@¯e° á °1± � ¾�Ç ¾�Ç*Ý�§¬¯I§X¹3
�°1«eµ¸¹ � ¤�Ç ��ÇNð�¯L©¸¹JÌLµ¸¹ �"Í Ç ¾2Ç;À�©¸²v·;³1§X±1¿«Bµ � ¤�Ç ¾�Ç@À%§åÆL¹;§åÆ�§X¹ ��Í Ç À Ç]À%§X³I´v±1°1« � ¾2Ç º�ÇDÀ%§a
�©¸±1°I± � Ý Ç ¾�Ç.À%µJ¯1µJà¬µJ¹ ��Î | Î |jÏ�Ðr¯

Ñ0Ò7Ó0ÐyÔ � Õ�Ç ¤�Ç Ë µ¸Åå©¬Ï � ¤�Ç Ì�Ç Ë ·e¯e· á §X¹ � ¾�Ç Æ Ç º�¯I·vÆL«BµJÅå³LÍMÆ � º�Ç ¾2Ç�¤	§X¨�§É±LµJ¹ � Õ�Ç Æ Ç]¤	µ¸¿³Lµ¸¹v´;§É¹ � ¤�Ç Õ�ÇL¤	µ|³LµJ¹J´;ÍB±Lµ¸¹ � À Ç Ë Ç�Ú�¦v©¸±Lµ¸¹ � ¤�Ç Í Ç�Ö�µ|Æ1Î�¯1§X¹ � ð�Ç â�Ç�Ø�§¬X²;§¬¯1¨�©�±LµJ¹ �
¾�Ç â(Ç Å «I·e²v°I±+*�,.-�/1032"054608792;:<2�=62?>A@B/�C�=62ED�FG-�HJI(KL2"M�N;OAI(C�0QP<2"-"CLR ��Ë Ç ¤�Ç�Ì�µv¯I°1¬µJ¹ �
¤�Ç Ë ÇBÀ�©¸²�©Vf�µ¸±LµJ¹ � ¾2Ç Ì�Ç Ë §XÅå©�±LµJ¹ �3Í Ç ¾�Çvºb³1°1 �sÍ Ç ¾2Ç"Ú�¬µJ¹ � ¾2Ç Ë Ç Æ §åÆ�µv¯IµJ¹S*LTVUXW�HZY�2�[
-(H1-�-"@\M3,.-"/Z032�03460^]�Y<HJI�-�@_D`2�/Z/ba(HZYXC<P�c<-"2"M�N d�4eU�-"cZR � ¾2Ç ¾�Ç�Õb·B¦;©�±1°I±f*hg.ciI�j6=eC<P�/1=62"M
k 2E:<2"=eCX[l0`HLD�-�2"m�HZ/Z=62�Mn2�-�/Z052"034&03Nogpc1I�j6=6C�PiR5�
ýxõ�ï�ê ð ê8Þ0è�ê,Ð8æ.Þ0ÐZÜ"ì0è�Þ0ÐyÔyÐyñ ÒyÜ"è.ï�ï�ê8Ý ð è�è ì ð è ±Z³+qB Î Ô�è0Þ0ßQÓ.ô�õ3è0ÔyÞ�ÐZï ð Ðr¯
r ætê8Þ0è0è l n ¯_ï�ê8õ3ÐrÞ0ÐyÔ°Ô°Ðr÷rÓ.ÒyÜsÝ7ès$ ð Ò��3ï�ê8Þ0Ý	Ò"#�è0èµì�Ð)Ó0ç ð è0õ3ÐrÔyÒrÞ0Þ�Ðyñ�ïSè�'�ê�¯
Þ0èj| � º�¯1§X®1¯I°I±L²�� Æ ¤#d ÔR¡R¡vÊ�¿/ÔMÂ � ®1¯I°I±LÍe²;µ2«%®1·xkJ³I°L«M©�Ì1°I°�¹�w�·e¯I±L©¸³+t Å ÆL§¬¯I±L©JÍ«f�°1¿
àX°L«;©<u

»òÂ*¡N¼D¾2Ç Ë Ç¤�©¸X°1³I´;§X¹ � ¤�Ç Ë Ç�¢@¯e° á °1± � ¾2Ç À ÇRÝ�©¸¹v°eÆ�§X±1«Bµ � ¾2Ç ¾�Ç^Ý�§¬¯1§X¹"
�°L«BµJ¹ �)Í Ç ¾2ÇBÀ�©J²J·e¿³L§X±1«Bµ �ZÍ Ç À Ç@À%§X³I´v±1°1« � ¾�Ç º�ÇDÀ%§a
�©�±1°1± ��Î | Î |�Ï�ÐyÑ0Ò)Ó.ÐyÔ � Õ�Ç ¤�Ç Ë µJÅå©¬Ï � ¤�Ç Ì�Ç Ë ·B¿
¯I· á §X¹ � º�Ç ¾�Ç%¤	§¬¨,§X±Lµ¸¹ � Õ�Ç Æ Ç�¤	µ|³Lµ¸¹v´;§É¹ � ¤�Ç Õ�ÇL¤	µ|³Lµ¸¹v´;ÍB±Lµ¸¹ � ¤�Ç Í ÇvÖ�µ¬Æ1Î�¯1§X¹ �
ð�Ç â�Ç�Ø�§¬X²;§¬¯1¨�©�±LµJ¹ � ¾�Ç â(Ç Å «I·e²v°I±+*�,.-"/Z032�03460v7w2;:<2�=62?>V@G/ZCX=&2;D	FG-(HJI(KL2"M�N;OAI�CX03[
P<2�-�CLR �QË Ç ¤�ÇQÌ	µJ¯I°LXµJ¹ � ¤�Ç Ë Ç]À�©J²�©Rf�µJ±1µJ¹ � ¾2Ç Ì�Ç Ë §ÉÅå©¸±Lµ¸¹ ��Í Ç ¾�Ç.ºb³1°1 �ºÍ Ç ¾�Ç�Ú�¬µJ¹ �
¾�Ç Ë Ç Æ §åÆ�µv¯IµJ¹�*LTVUXW&HZY�2�-(H1-�-"@\Mx,.-�/Z052"05460y]�Y�HzI�-"@_D{2"/�/ba(HZYXC<P�c<-"2�M"N|d�4eU�-�c1R

�@â



¾�Ç ¾�Ç)Õb·B¦v©¸±1°I±}*hgpc1I�j&=eC<P�/Z=62�M k 2E:<2"=eCX[l0`HLD�-"2�m�HZ/Z=62�Mn2"-"/Z032�034605Nog.ciI�j6=eC<PiR��
àxÐyè.Ü"ß°Ð�ætÞ0ÐZÜsì0è0Þ0ÐyÔrÐyñ ÒyÜsè.ïoï�ê8Ý ð è0è Ô è�Þ.ßQÓ.ô�õ3è0ÔrÞ0ÐZï ð Ð r æ.ê)Þ�è0è lon ï�ê8õ3Ðr¯
Þ0ÐyÔ¸Ô~#0ê8Þ0Ý ð Ò7Ó0ùyÞ0Ðyñ¶Ðy÷7Ó.ÒyÜ"Ý)è½ì ð è� 3Þ0ê ð �sè0è¶ì ð ÐrÝ7ÐyÞ�ÐyÔ��7³�qG Î | º�¯I§X®L¯e°1±1²
� Æ ¤#d ÔR¡R¡vÊ�¿/ÔJÔ � ®1¯I°I±LÍe²;µ�«�®1·xkJ³I°L«M©�Ì1°I°�¹£w�·e¯I±L©¸³�t Å ÆL§¬¯I±L©JÍ«f�°LàÉ°L«M©Xu

»òÂJÂP¼rP�Ç × Ç	O�#sc8V � ^lWrU8T � N�Ç h ÇsuS]_Vm`pn7VXW � N�Ç Yo[ Ç���nrT � �8]_^ac � N�Ç \ÉÇ	�o]e#sc�b_`pTsc ��Y�[ Ç P�ÇJ×v#�b [ kX^aWrU8T �
N�Ç P�Ç ×x^ � c8^ � ^ac � Yo[ Ç × Ç ×x^akXWrVXqaU � P�Ç w(Ç ×x^a`pqanr#sWrVXW �
{�|X{�|9}�~Z���Q�r��~y� � O�Ç P�Ç(×xTs]_TszaT"c � ��Ç N�Ç h Ts�3#sqln � È�Ç i�Ç h�[ ] [ `pnr^lc � w�Ç P2Ç�È)^a´�^lWrT"c �
��Ç Ö�Ç1È)n7^a` b_^l]_´�#	WrT"c � N�Ç ��ÇLÈ)TskmTsc8VÇ#	WrTsc � ��Ç �	Ç1È)T"kXTsc)VX^ac � P�Ç h Ç8N�#s`pVXkXVX^ac � P2Ç Ö(Ç Y #	U [ b_VXW
*����w�B��N������������h�(��N��V�;�L�L�l�ZR �¾h Ç ÈDÇIijT	]_Vm`pTsc � P�Ç h Ç¾�0^ � Ts]_Tsc � N�Ç h Çi×v#	be#	f�T"W7T"c �
P�Ç i�Ç h ^a�"#sW7T"c �MY�[ Ç P�Ç�wtkXVX` �jYo[ Ç P�Ç�º�`pTsc�*z�����9�wN��p���Z�(��N��V�;�L�L�l�ZR � P�Ç P�ÇM� [ U8ny#sW7VXW
*����6���o�iN��������� &����N5¡( <���<����¢£R5�
¦o���o¤y�h��¯�¦o¥_��� ��¦�§_¨|¨©�;�Z�<§����  Z���3��ªo¦����o� l n ©��	~�«�ª��&���Ç~��É}s�)�"¦Xªo�X�;« �"�
���o�²©���~��l�%����~¬�7³¾¢��8{ª���3���7���;�����a~�� w.]_^a`p^aW)b_^ � #	b®lP�OoNoP h Ø�ÖtO¥È � º�O�\/Ö�È
\ h È � \ � º � ÖqË�È Y ×_×�Ö � ��\/Ö�ÈxP h O�È7wt\ h Rr È)w�\ h ¿�wt]e#	ny#�¿/ÔN¡V¡JÊ`tÉÇ

»òÂ|Ô^¼�¾�Ç Ë Ç�¤�©JX°I³1´v§X¹ �yÎ | Î |0Ï�ÐyÑ0Ò)Ó.ÐyÔ �
ã9÷(¯�è�ê�ÐZÜ"Ðy÷yê8Þ0Þ�ÐZÜ"Ý)è Ð8æ.Þ0ÐZÜ"ì0è�Þ0ÐyÔyÐyñ ÒyÜ"è.ï�ï�ê8Ý ð è�è è0Þ.ß�Ó.ô�õ3è0ÔyÞ0Ð"�"Ð ð Ð r ætê�¯
Þ0è�ç l ¯_ïSê)õ"ÐyÞ0ÐyÔ�Ôf 3ßQÜ"ì�ê ð è.ï�ê8Þ0Ý	Òrî ÜQ$�è.ß�Ü"è ð ÐyÔyÒrÞ�Þ0Ðyñ°ï�è�'�ê8Þ0ùyô�| º�¯I§X®L¯e°1±1²� Æ ¤#d ÔR¡R¡vÊ�¿z°E° � ®L¯1§åÆ�¬²�©�¹v³L§É±Lµ�¹£w�·e¯I±L©¸³�t Å ÆL§¬¯I±L©JÍ«f�°LàÉ°L«M©Xu

»òÂ¬ÊN¼ {�|0}�~Z���Q�r��~y� � È�Ç � ]_Ts`pnrVXW � P�Ç No#	`pVXkmVX^ac
 ��%«%�g�"�"����~��µ~��~���o�±ª_�%�����E��¦a�r������«%��~��^¦Xª%_¦�����ª��&��ªo�X�|²á�"~��%¦����h�Xªo���o�+³%ªQ���<´o¦"|
wt]_^lR7]_VXW7b�\ÁÒ�ÖMw ÔR¡R¡vÊ�¿z°E° � ` [ %r´�V�bpb_^ � b_T�wtn7�)`¬Ç7�Q^lbpb|Ç

»òÂP R¼�P�Ç × Ç�O�#	c8V � ^aWrU8T � N�Ç h Ç8uS]_VX`pnrVXW � N�Ç Yo[ Ç"��n7T � �)]_^lc � N�Ç \åÇ3�o]e#sc�b_`pTsc �sYo[ Ç P2ÇB×v#�b [ kX^aWrU8T �
N�Ç P�Ç ×x^ � c8^ � ^ac � Yo[ Ç × Ç ×x^akXWrVXqaU � P�Ç w(Ç ×x^a`pqanr#sWrVXW �
{�|X{�|9}�~Z���Q�r��~y� � O�Ç P�Ç(×xTs]_TszaT"c � ��Ç N�Ç h Ts�3#sqln � È�Ç i�Ç h�[ ] [ `pnr^lc � w�Ç P2Ç�È)^a´�^lWrT"c �
��Ç Ö�Ç@È8nr^a` b_^l]_´�#	WrTsc � N�Ç �,Ç�È8T"kXT"c8Vm#sW7T"c � �,Ç �	Ç@È8T"kXT"c8VX^ac � P�Ç h ÇZNo#	`pVmkXVX^ac � P�Ç Ö(Ç Y #	U [ b_VXW
*����w�B��N¬���b���������(�<N��A�E�L�i���ZR h Ç ÈDÇ=iMTs]_VX`pT"c � P�Ç h ÇÂ�0^ � T	]_T"c � N�Ç h Ç ×v#	be#	f�T"W7T"c �
P�Ç i�Ç h ^a�3#	WrTsc �jYo[ Ç P2Ç»wtkmVX` �»Y�[ Ç P�Ç\º�`pT"cµ*z�����w�wNp�p���Z�(��Np�A�E�L�L�l�ZR�P2Ç P2Ç�� [ U8ny#sW7VXW
*����6���o�iN��������� &����N5¡( <���<����¢£R
�`�7���"���á�	�;¦Xª�����¦·¶J��~�¨ ©���~��a�o���Q~ ©o~Z�Ç�"�<�h¸6�;«É�w¹o¥%�E����¨º���o�ø©���£	�M��¯p} �
wt]_^l`p^aW7b_^ � #�b�»�\�W7b_^�]_Wy#	b_VXTsWy#sk�� Ts]_U8`pn7T"R�T"W%Ò�VX�"n4ÖtWr^l]_�	�4È8RrVXW�wtn7�)`pVXqa`bÈ)w�\ h ¿ÁÔR¡R¡vÊ �
O [ %7Wy# � È8^aR7b_^l´�%r^l]bÂ¬Ä¸¿ÁÔR¡ � ÔN¡V¡vÊ

»òÂ51^¼ {�|X{�|.}µ~Z���Q�r��~y� � P�Ç h Ç7N�#s`pVXkXVX^acv#	W � È�Ç × Ç � ]_Ts`pnrVXW
©��X��¦��������·~�¶S���o�µª%�%�����;�<¦a�r�+¦Xª%_¦��Z�&ªQ�&�Xªo�X�;¦¼���½���o�½�Q�"«%��~��%¦Z² �"~��o¦����h�Xªo���o�
³%ª��"�<´o¦ � wt]_^l`p^aW7b_^ � #�b+»Â\�W7b_^l]_Wr#	b_VXT"Wr#sk9� Ts]_U8`pnrTsR T"W ÒSVm�sn Ö�W7^l]_�s� È)R7VmW w�n)�7`pVXqa`
È7wt\ h ¿/ÔN¡V¡JÊ � O [ %7Wy# � È8^aR7b_^a´�%7^l]bÂ¬Ä¸¿ÁÔR¡ � ÔR¡R¡vÊ

»òÂ¬ÄN¼g¤�Ç À Çy2(¯1µ á °I± �)Ë Ç â�Çr2»��¯I°I±�ËÚº�¯1§X®1¯I°1±1²u� Æ ¤#d *"*¸¿ÁÔN¡eÂ � ¤	§¬¯I®I·e¦;µJ¹ � Â¬Ã"*"*
»òÂ�½^¼ × Ç u�Çy���7`pU8VXWÚË>È)TscDÇ � Ç h�[ qak Çywtn7�)`¬Ç ±�¾ � ½R¡"*�r/Â|Ã"*s*`t
»òÂa*N¼]¬µv²;¯e·vÆL±I°1Ï1§¬¬²v¹vµuâG½R¡N �ËÚÏ�©¸¬²v±1µv§�¬µJµVk"
2§X±I°L§
»òÂ¬ÃN¼7O�Ç ��Ç"P � #s´�`0^lb�#	k Ç¸Ë��gÖt��×x\ ��PSi�¿�w�º�i�¿ÓÃeÂÉ¿åÂ¬Ê¸¿ÓÖ � P h �D¿ÓÒ�ÖMwg¿�w���¿ÓÃeÂÉ¿åÂ*¡ � \ �0N�Ö,¿ÓÃBÂX¿Ú ;Ã �

� #sW Â|ÃvÃBÂvÇ�ÂP "R7R@Çy¹gÇ wtn7�)`¬Ç Ø»1JÄ)� Âa*eÂX¿ÙÂa*R  � Â¬ÃvÃ;Ô

� !



» ÔN¡N¼M��Ç Ø�Ç�ijkm#	W � Ë_È7wt\ h w,Ò Y È)\ Ø(ÈvP � ��Ò�\ Ø � R7]_T"ql^a^ � VXW7�"`�Tsf�Â�15b_n \�W7b_^l]_Wr#	b_VXT"Wr#sk�È8RrVXW
w�n)�)`pVmql`�È��7´�R7T"`pV [ ´¶r È7wt\ h ÔN¡V¡vÔVt � ��T"W7��\�`pkm#sW ���0h ^Z� Y T	]_U � Ã¸¿ÙÂP YÈ)^aRÕÔN¡V¡vÔBÇ ^X¿�wt]_VXW)b
P�]_qan7VXc)^s�7n7^aRI¿ ^Z°�ËN¡;ÔBÂ|ÔR¡BÂ|Ê

» ÔMÂP¼g× ÇyP�Wr`p^akX´�VXWrT2Ë�R7]_VXc)#	b_^oqlT"´�´ [ W7VXq5#	b_VXT"W
» ÔJÔ^¼g× ÇyP�Wr`p^akX´�VXWrT � × ÇrijTs�"kXVXT"Wr^�#sW � �	ÇL× [ ]_�sVÇ#�Ë��G�E¿<�ZÀ%�A¢1��À ®+Ár³ r/Â|ÃJÃvÃ`t/¡31^ `¡vÔV½
» Ô¸ÊN¼ × ÇyP�Wr`p^akX´�VXWrT9#sW � �	Ç × [ ]_�"Vm#�Ë�wtn7�)`¬Ç �Q^�bpb|Ç iG V MÔ�r/Â|ÃJÃ"*`t �  `½R¡¸¿Ú `½s* ÑÃÂ<Ä�Å�ÆLÅeÂ�Ç�È�É&Ê�É�Ë6Ì�Í
» Ô^ R¼gÈDÇ × Ç � ]_Ts`pnrVXW�#	W �xh Ç Ö(Ç � � [ ]_VXW�Ë+�B�E¿<��Ào�A¢1��À ® 1JÔ8� Ê"*JÄ;Ôxr/Â¬ÃvÃ"1Vt �
» Ôs1^¼g¤�Ç À Çy2(¯1µ á °I±>ËÚÏL©J¬²v±1µv§bXµvµVks
2§X±1°1§
» Ô¸ÄN¼ � ÇyP�W7b_VXkXkX^�¢1�V�&ÎÏÀ � �B�E¿<��À�Ð_¢1���JÀ(Ñ ± � 1vÔ¸Ê�r/Â|Ãs*V¡`tÉÇ
» ÔR½^¼»O�Ç �,ÇtP � #s´�`�¢1�?�&Î � wt]_^aR)]_VXW7bÚÃN J¿�*"* � \ÁÒ�ÖMw(r$w.]_Tsb_c8VXWrT � Â|ÃJÃR `tÉÑ��G�E¿<�ZÀ��A¢1��ÀGÒ"Ó �  ½^ ½
r/Â|ÃJÃvÄ`tÉÇ

» Ô	*N¼�¾�Ç ¾�Ç)Õ�§ÉÆ1±L§X¹ � º�¯I§X®L¯e°1±L²�� Æ ¤#d ÃJÊ¸¿ÙÂ�1¸Ê � º�¯Iµv²v¹J°1±1µ � Â|ÃJÃvÊ
» Ô¸ÃN¼ ¤�ÇL¾Jkv¯1©J¨,µJ¹�°>Æ�¯@Ç � º�¯1§É®L¯I°I±L²�� Æ ¤#d *R ¸¿�*"*
» ÊR¡N¼���Ç7wt^lbp]_T"W7zaVXT � È�Ç�È8VX´ [ km#9#	W � u�Ç7��VmqlqaT � w�n)�)`¬Çr��^ac�Ç)O�Ä`½ � ¡vÃN `¡R¡R  � ÔR¡V¡JÊeÑ

�oa


