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*�é ØÊõ)�#åÎÙÜåÎØÚç û Øßé�ê é�ê<Þ.Ý�ÞQõ�Û<âßé�õ+ãÎð�ñ áhò�ó ØÚç î�åÎÝ%Þ�ç�é�ê>Þ�õ�ØÊõ à �� � Í�+ É�ò�Å Í�+ Æ Í Ë�Á 		 �Í,+.-ÜÍ Å Í�+0/21 Ë � 	� � Í,+�Í ò - Å Í�+ Í31ÎÍ Ë åJç ô 	� � Í�+ ÌÜÍ Å Í�+ É - Ë � û ØÊé�ê ë4� Í�+0/5/21 åÎç ô í6�Í,+ ó Ì�- Ç87 ä3�ÈØÚãÜÛ<õ%âÊüÿé�ê<Þ@þ�ãÜç�é�Þ8�öåJÝ�âÚã�æ�ÞQé�ê>ã ô îEÞQÝ%ð2ãÜÝ%æ�õøæ�Û>ù�ê�äIÞQé�é�Þ�ÝKé�ê�åÎç�é�ê>Þù�åÎâÚùQÛ<âïå'é�ØÚãÎç®ä�ü�ê�åÎç ô�Ç *�ç�é�ÞQÝ�ÞQõ%é�ØÊç<ÙÜâßü®Þ�ç>ãÜÛ<ÙÜê9��ë\ØÊõøç<ãÎéøæ�Û<ù�ê õ�æ�åÎâÊâÚÞ�Ýré�ê�åÎç Í Ç�ó �Û>ç<âÚØ��ÎÞøØÚç.é�ê>ÞKù�åÎâÚùQÛ<âïå'é�ØÚãÎç.äºüWê<åÎç ô û ê<Þ�Ý%Þèë:� /�+�Ì ó � É Í2; Û � û ê<ØÚù�ê�ÞÇ°*î<âÚåÎØÚç>õ û ê�üé�ê<Þ�æ åÎçºÛ�åJâ�ù$åÎâÊù�Û<âÚåJé�ØÊãÜç<õ�ð9åÎØÊâÚÞ ô¶Ç<� ê>ØÚõ û ãÜÛ>â ô æ�Þ$åJç9��é�ê�åJé�é�ê<Þ�î<Ý%ãÜä�åÎä<ØÊâÚØßé�ü·é�ãî<åÎØÚÝrå õ�Þ�åfì*åÎç�é�Ø¶± � Û�åJÝ=� û ØÊé�ê®å ù�ãÜç>õ%é�Øßé�Û<ÞQç�éGì � Û�åÎÝ$�\ØÊõ&åÎâÊæ�ãÎõ%érÞ � Û�åÎâÄé�ã.å î<åÎØÚÝ%ØÚç<Ùû Øßé�ê�å\õ�Þ�åk± � Û�åJÝ=� Ç�� ê<Þ�õ�åÎæ�Þ�õ�Þ�ÞQæ�õ¬é�ãMê>ãÜâ ô ð2ãÜÝKé�ê<Þ�î<Ý�ãÜä<åÎä<ØÚâÊØÊé�ü�í�é�ã\ð2ãÜÝ%æ åä<åÎÝ%üÎãÜçÈì*åÎç�é�Ø¶±�ä<åÎÝ%üÎãÜç\î<åÎØÚÝ'�>Ý�å'é�ê<ÞQÝ�é�ê�åÎç.é�ê>Ý�Þ�ÞKæ�Þ�õ�ãÎç<õ Ç
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� ê<ÞVUXWZY á ±[ pÞÑ°>îIÞ�Ý%ØÚæ�Þ�ç�é¬ØÚõøãÜç<Þ�ãÎðmð2ãÎÛ<ÝøÞÇ°*îEÞQÝ�ØÊæ�ÞQçºé�õ�åJéøé�ê<Þ\UXW�Y á õ%é�ãÜÝ�åÎÙÎÞÝ�ØÚç>Ù	å'é�]^WZ_2` ØÊçaUråÎæ�ä<Û<Ý%Ù��^bªÞ�Ý%æ åJçºü Ç *�ç�é�ê>ØÚõWù�ê�åÎî>é�Þ�ÝWé�ê<Þ ô ÞQõ�ØÊÙÜçjãJðèé�ê>ÞÞÇ°*îEÞQÝ�ØÊæ�ÞQçºé û ØÚâÊâhäIÞ ô Þ�õ�ùQÝ�ØÊäEÞ ô ä<Ý%ØÚÞ�&<ü5�ªùQãÜç<ù�ÞQç�é�Ý�å'é�ØÚç>Ù	ãÜç�é�ê>Þ î<åÎÝ%é�õWé�ê�åJé\åÎÝ%ÞØÚæ�îEãÜÝGé�åÎç�éöð2ãÎÝöé�ê<ÞKåÎç�åJâÊüÈõ�ØÊõ�ù$åÎÝ%Ý�ØÚÞ ô ãÜÛ>é�ØÚç@é�ê<ØÚõ�é�ê>Þ�õ�ØÊõ Ç
cedgf hSiVjekml�n%kpopq:rts�k
� ê<Þ�UuW�Y á ±� ·ÞÇ°*îEÞQÝ�ØÊæ�ÞQçºé û åÎõdä<Û<ØÚâßé�é�ãªæ�Þ�åÎõ�Û>Ý�Þ#�ö÷{±v�*ØÊãÜâïå'é�ØÚãÎç¬ØÊçèé�ê<Þ� xw¯±�æ�Þ�õ�ãÎçõ%üÈõ%é�Þ�æ�õ ÇHá õ õ%Þ�ÞQç�ØÚç é�ê<Þ\Û<ç<Øßé�åÎÝGü é�Ý�ØÚåÎç<ÙÜâÊÞ.ØÚç ú�ÙÜÛ<Ý%Þ ÉÜÇ / �zÞ$åÎù�ê�åJç<ÙÜâÚÞ�ù$åJç äIÞæ�Þ�åÎõ�Û<Ý%Þ ô ä�ü®ãÎç<Þ�ãÜÝræ�ãÜÝ%Þ�åÎî>î<Ý�ãÜî>Ý�Øïå'é�Þ�âßüWù�ê<ãÜõ%Þ�ç ô Þ�ù�å$ü*õ Ç × ãÎÝré�ê>Þ+åÎç<ÙÜâÊÞÔô ØÊé)y õé�ê<Þ#õ�ã�ù$åJâÚâÚÞ ô{z ÙÜãÜâ ô Þ�ç| x} ô Þ�ù$å$ü�~ à�����Å � � Ë�� ������� }� Ç�� ê<ØÚõ ô ÞQù$å$üøæ�ã ô Þ
ØÊõ�ù$åÎâÊâÚÞ ôz ÙÜãÜâ ô Þ�ç�~��Äõ%ØÚç<ùQÞ ØÊéªê�åJõ¬õ%ãÜæ�Þ�é�ê<Þ�ãÎÝ�ÞQé�ØÚù�åÎâ#åÎõ û ÞQâÚâ#åÎõøÞÑ°>îIÞ�Ý%ØÚæ�Þ�ç�é�åJâ#å ô �JåÎç�é�åÎÙÎÞ�õ Ç� ê<ØÚõ ô Þ�ù$å$ü¬æ�ã ô Þ�ØÚõ ô ãÜæ�ØÚç�åJé�Þ ô äºüèåré�Ý�Þ�Þ ô ØïåJÙÜÝ�åÎæ Å ç<ãÎédØÚç<ùQâÚÛ ô ØÊç<Ù�âÚãÈãÜî<õ Ë � û ê<ØÊù�êù$åÎçÿäIÞ�ù$åJâÚù�Û>âïåJé�Þ ô Þ�åÎõ�ØÊâÊü Ç W�°*îIÞ�Ý%ØÚæ�Þ�ç�é�åÎâÊâÊü.é�ê<Þ�õ�ØÊÙÜç�åJé�Û<Ý�ÞQõ&ãÎð#õ%Û<ù�ê å ô Þ�ù�å$üÿåÎÝ%ÞÞ$åÎõGü.é�ã+é�Ý%ØÚÙÜÙÜÞQÝ�ãÜç"� ÷ÄÞQé Í Æ��6Çñ�ØÊé�ê�� Å��%Ë äIÞ�ØÚç>Ù·é�ê>Þ ô ÞQù$å$ü Ý�åJé�Þ�ãÎð ����� ������� }� åÎç ô��� Å��%Ë é�ê�åJé�ãÎð � � �
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������� }� �<é�ê<Þøõ%ã�ù�åÎâÚâÊÞ ô �ö÷{±)åÎõGüÈæ�æ�ÞQé�Ý%ü.äIÞ�ùQãÜæ�ÞQõ��0UX �ª / �0à

«£¬�­ Å��%Ë � � Å��%Ë Á �� Å®�%Ë� Å®�%Ë°¯±�� Å®�%Ë �jõ%ØÚç Æ ôKõ�ØÊç�² � Å Ì ÇÊÉfË
� ê>Þ�âÚåÎõ%éøÞ � Û<åÎâÚØßé�ü®ØÚõ&é�Ý�Û<Þ ØÊç�é�ê<Þ³_Èé�åJç ô åÎÝ ô þ\ã ô ÞQâ û ØÊé�êÿé�ê<Þ�åÎç<ÙÜâÊÞ�ô	ð2Ý�ãÎæ é�ê>ÞÛ>ç<ØÊé�åÎÝ%ü�é�Ý%ØïåÎç<ÙÎâÚÞ Ç
� ê<Þ£�JåÎÝ�ØÚåÎä<âÚÞ%² ô ÞQç<ãÎé�Þ�õ�ê<Þ�Ý%Þ&é�ê<Þªæ�Ø�´*ØÊç<Ù�î�åÎÝ�åÎæ�ÞQé�ÞQÝ)� ô ÞQú�ç>Þ ôä�ü³²��Bµ°¶· û ê<ÞQÝ�Þ|¸6¹ ØÚõmé�ê<Þ&æ�åÎõ�õ ô Ø�ºEÞ�Ý�ÞQç<ù�ÞhãÎð4é�ê<Þ&é û ã: } æ åJõ�õöÞQØÚÙÜÞQç<õ%é�åJé�ÞQõåJç ô�» ØÚõöé�ê<Þ�ØÊÝ�æ åÎõ%õ û Ø ô é�ê Ç� ã.æ�Þ$åÎõ%Û<Ý�Þ «u¬�­ ØÊé&æèÛ<õ%éøäIÞt�ºç<ã û ç û ê>ÞQé�ê>Þ�ÝKå8 x}øãÜÝªå  } ô Þ�ù$å$üÎÞ ô�Ç U�ã û é�ãô ãWé�ê<ØÚõ z é�åÎÙÜÙÎØÚç<Ù5~�ä�ü�åÎç�åÎâßü�¼�ØÚç>Ù@é�ê<Þ ô ÞQù$å$üÿî<Ý%ã ô Û>ùQé�õøãÎð#é�ê<Þ ãÎé�ê<ÞQÝ| À±�æ�Þ�õ%ãÜçÿØÚõõ%ê<ã û çMØÊç\×�ØÚÙÜÛ<Ý%Þ Ì ÇßÉÜÇ½�ç>ð2ãÜÝGé�Û<ç�å'é�Þ�âßü5� ô Û<Þ�é�ã\é�Þ�ù�ê<ç<ØÊù$åÎâ#î<Ý%ãÜä<âÊÞ�æ�õ)�dõ%ØÚç Æ ô�ùQãÜÛ<â ô ç<ãJéèäIÞ æ�Þ$åÎõ%Û<Ý�Þ ô ØÚçé�ê<Þ¬üÎÞ$åÎÝ Æ ÍÜÍÜÍ Ý�Û<ç>ç<ØÚç<Ù îEÞQÝ�ØÚã ô�Ç _*ØÊç<ù�Þøé�ê<ÞQç9�Eé�ê<Þ�î<Ý%Þ�ùQØÚõ�ØÊãÜçMãJð� öå5 öåJÝhåÎç ô  mÞ�âÊâÚÞØÊõ�õ�Û<ù�ê�é�ê�å'éuUXW�Y á ±� �ØÚõ�ç<ã�âÚãÎç<ÙÜÞ�Ýmù�ãÜæ�îEÞ8é�Øßé�Ø��ÎÞ6�0UX ÍÜÍ �0Ç
c�d¿¾ ÀÁi�Â Ã ÄÆÅTÇ ÈVÉ
q6Ê�r�Ë:Â ÅTl�Ì�Ë r�ÉÎÍÏÄ È\Ð
� ê>Þ z=Ñ å ô Ý�ãÜç�Ò&âÚÞ'�ºé�Ý�ãÜç�Ó@ØÚç<ÙuÔ@ç<âïåJÙÜÞ)~XUuW�Y á ØÚõdå ô ãÜÛ<ä>âÚÞmõGé�ãÜÝ�åÎÙÜÞzÝ�ØÚç>Ùhð2ãÜÝdî>Ý�ã2±é�ãÜç<õ4åÎç ô ÞQâÚÞQùQé�Ý%ãÜç<õ Å ãÜÝ�îIãÜõ�Øßé�Ý�ãÎç<õ Ë åJé¶é�ê<Þ z=Õ ÞQÛ>é�õ%ù�ê<Þ�õÖÒ&âÚÞ'��é�Ý�ãÎç<Þ�çt×ÙØWç<ù�ê<Ý�ãJé�Ý�ãÎç�~
]^WZ_2` Å õ�ÞQÞ ×dØÊÙ Ç Ì Ç ÆÜË³Ç *�é�ê�åÎõ å�ù�ØÊÝ�ùQÛ<æ�ð2ÞQÝ�ÞQç<ù�Þ ãÎð - Ç Ì �Èæe�èé�ê<Þ Þ�âÊÞ�ùQé�Ý�ãÜç>õÅ îEãÎõ�ØÊé�Ý�ãÜç>õ Ë ê�å��ÜÞ åÎçHÞ�ç>Þ�Ý�ÙJü�ãÎð Æ 1 Ç�ó bøÞ�Ú åJç ô é�ê<Þ�î<Ý%ãÎé�ãÜç>õ.ê�å��ÜÞ·åÎç�Þ�ç<ÞQÝ�ÙÎüãJðxª Æ Í bªÞ'ÚÛ�Ü]^WZ_ Í É)�0Ç|� ê<ØÚõhüÈØÊÞ�â ô õªåÎäIãÜÛ>é / Æ bøÞ�Ú ØÚçMé�ê<Þ+î<Ý%ãÎé�ãÜç0±�çºÛ<ù�âÊÞ�ãÜçÿùQÞ�ç<±é�Þ�ÝøãÎðzæ åJõ�õªõ%üÈõGé�Þ�æ²ãJðöå@ú�´*Þ ô é�åÎÝ%ÙÜÞQéøÞ¿´*îEÞQÝ�ØÚæ�Þ�ç�éKåÎç ô åÎäIãÜÛ>é Ì Æ Í bøÞ�ÚµØÚç®é�ê>Þî>Ý�ãÎé�ãÜç<±�ÞQâÚÞQùQé�Ý%ãÜçWù�ÞQçºé�Þ�Ý�ãÎð�æ åÎõ%õ�õ%üÈõ%é�Þ�æ Ç
� ê<ÞQÝ�Þ�åÎÝ�Þ�ð2ãÎÛ<ÝªÞ�´*îIÞ�Ý�ØÊæ�ÞQç�é�õKåJéªé�ê>Þ+õ%é�ãÎÝ�åÎÙÜÞ+Ý%ØÚç<Ù à|Ý W�½£_ÿåÎç ô U É � û ê<ØÚù�ê·åÎÝ�ÞùQãÜâÚâÊØ ô ÞQÝ�Þ�´*îIÞ�Ý�ØÊæ�ÞQç�é�õhé�ã Þ�´>åÎæ�ØÚç>ÞKé�ê<Þ¬õGé�Ý%Û<ùQé�Û<Ý�Þ�ãJð�é�ê<Þ¬î<Ý�ãJé�ãÜç9�ÙUrÞQÝ�æ�Þ�õ'� û ê<ØÊù�êØÊõ
åhú�´*Þ ô é�åÎÝ�ÙÜÞ8é
Þ�´*îIÞ�Ý%ØÚæ�Þ�ç�é
Û<õ%ØÚç<ÙªãÜç>âÊüKé�ê<ÞöÞQâÚÞQùQé�Ý%ãÜç+äIÞ$åÎæ é�ãªÞ�´>åÎæ�ØÚç>Þzé�ê>Þ�õ�î<ØÊçõGé�Ý%Û<ùQé�Û<Ý�Þ@ãJðmé�ê>Þ çºÛ<ù�âÊÞ�ãÜçÞ��åÎç ô UuW�Y á ±� û ê<ØÚù�ê·ØÚõ¬åÎâÚõ%ãMåWú�´*Þ ô é�åÎÝ�ÙÜÞ8éèÞ¿´*îEÞQÝ�Ø¶±æ�Þ�ç�é�ä<Û>é�Û<õ%ØÚç<Ù+é�ê<Þøî<Ý�ãÎé�ãÜç<õ Ç
� ê>Þ�î>Ý�ãÎé�ãÜçÿäEÞ�åÎæ ØÊõ ô Ø��*Ø ô Þ ô ØÊç�é�ã ÆÜÆ Í îIãÜõ%õ�ØÚä>âÚÞ�õGé�åÎä<âÊÞ�ä<Û<ç>ù�ê<Þ�õKãÎð û ê<ØÚù�ê�ãÜç>âÊüÉ$ò Í åJÝ�Þ ú�âÚâÊÞ ô�ÇV� ê>Þ�âÊÞ�ç<ÙÎé�ê�ãÎðmãÜç<Þ�ä<Û<ç<ù�ê ØÊõKåÎäEãÎÛ>é É ç<õ'� û ØÊé�êßª - ç<õ¬äEÞ8é û ÞQÞ�çé û ã�ä<Û<ç<ù�ê<ÞQõ Ç
c�dàc ÀÁi�Â Ã ÄÆÅTÇ�áÞâ ÍpÂuÉmÂ£n�É
q³Ê
� ê>ÞVUuW�Y á ±[ ô Þ8é�Þ�ù8é�ãÜÝ¬ØÚõ¬å\õ%ØÚç<ÙÜâÊÞÇ±�åÎÝ�æ ð2ãÜÝ û åÎÝ ô ±)åÎç<ÙÎâÚÞ õ�îIÞ�ù8é�Ý�ãÎæ�Þ8é�Þ�Ý'� ô Ø��ÈØ ô Þ ôØÊç�é�ã{�JåÎÝ%ØÚãÜÛ>õKõ%Û<ä<± ô ÞQé�Þ�ùQé�ãÜÝ�õ Å õ�ÞQÞ.×dØÊÙ Ç Ì Ç Ì Ë³Ç@á õ¬õ�ÞQÞ�ç ØÊç·é�ê>Þ�ú�ÙÜÛ>Ý�Þ��Äé�ê<Þ åÎç<ÙÜÛ>âïåÎÝÝ%Þ�ÙÜØÊãÜçèùQãg�ÜÞ�Ý%Þ ô ä�ü¬é�ê<Þöõ%îEÞQùQé�Ý%ãÜæ�ÞQé�ÞQÝdØÊõdäIÞQé û Þ�Þ�ç É Í åÎç ô ÆÎÆ Í æ�Ý�å ô ØÚç�´²± ô ØÚÝ%Þ�ùQé�ØÚãÜçåJç ô\É Í é�ã É -ÎÍ æ�Ý�å ô ØÊç�üZ± ô ØÚÝ�ÞQùQé�ØÚãÜç9��ùQãÜÝ�Ý%Þ�õ%îEãÜç ô ØÚç<Ùøé�ã¬åøù�ãg�ÜÞQÝ�åÎÙÜÞrãÎð¶åÎäEãÎÛ>é�ª Í3ããJð�é�ê<Þzõ�ãÜâÊØ ô åJç<ÙÜâÚÞ�ØÚçKé�ê<ÞmÝ�Þ�õGédð2Ý�åÎæ�Þ�ãÎð�é�ê<Þmî<Ý%ãÎé�ãfìÈçºÛ<ù�âÊÞ�ãÜç�õGüÈõ%é�ÞQæä�ÜUu �ª ó��6Ç UrÞQÝ�Þ��åJõré�ê>Ý�ãÜÛ<ÙÎê<ãÜÛ>é�é�ê<ØÊõ�é�ê<Þ�õ%ØÚõ'�Iü�îIãÜØÚç�é�õ�Û<î û åÎÝ ô õøåÎç ô ´\ØÊç û åÎÝ ô õhØÊç\Ý%Þ�õ�îIÞ�ù8é&é�ã é�ê>ÞUXW�Y á Ý�ØÊç<Ù Çm� ê>Þ¬î<Ý%ãÎé�ãÎç�äIÞ$åJæ îEãÎØÚç�é�õ�åÎâÊãÜç<Ù+é�ê>ÞKîIãÜõ%ØÊé�Ø��ÜÞ£¼Ñ± ô ØÊÝ�ÞQùQé�ØÊãÜç Ç
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×dØÚÙÎÛ<Ý�Þ Ì Ç Æ*à�� ê<Þ�UXWZY á õ%é�ãÜÝ�åÎÙÎÞKÝ%ØÚç<Ù å'é%]^W�_3`ä�Ü]^WZ_ Í É)�0Ç

×dØÚÙÎÛ<Ý�Þ Ì Ç Ì àZè å$üÜãÜÛ*érãJð�é�ê<Þ�UuW�Y á ±� ô Þ8é�Þ�ù8é�ãÜÝ�� ÷�üÈÝ Í Æ5�0Ç



Ì�/ Ïm�X�u� Ð�Ñ�Ò ��¡vÐ � Ñ � Ñ�Ò �£¢¥¤ Ñ�¦ � Ñ�Ò�Ô¨§MÑ�© Ð

proton beam

above 2

ou
ter

 2

inn
er 

2

below 2

below 1

inn
er 

1

above 1

ou
ter

 1

station 2

station 1×dØÚÙÎÛ<Ý�Þ Ì Ç / à _*ù�ê>Þ�æ�åJé�ØÊù£�*ØÊÞ û ãÎð�é�ê<Þªé�åÎÝ%ÙÜÞQé)�<é�å��JÞ�çWð2Ý�ãÜæ��0UX ÍÜÍ �0Ç
é#�vé��¨ê ëßì£íFë6��îWö�í9ï
� ê>Þ&é�åÎÝ%ÙÜÞQé�ùQãÜç<õ%ØÚõ%é�õ�ãÎð4Þ�ØÊÙÜê�é û ØÚÝ%Þ�õ�å'éöé û ã õGé�åJé�ØÚãÜç<õ'�>õ%Þ�î�åÎÝ�åJé�Þ ô ð2Ý�ãÜæ�Þ$åÎù�êWãÎé�ê<Þ�Ýä�ü /ÜÍ æ�æ Å õ�ÞQÞK×dØÚÙ Ç Ì Ç / Ë8Ç�� ê<Þ û ØÊÝ�Þ�õ�åJÝ�ÞªØÚç.äIÞ$åJæ ô ØÊÝ�Þ�ù8é�ØÊãÜç ó ÍÜÍtð æ�é�ê<ØÊùà�@åÎç ôåJÝ�Þ ó Í³ð æ û Ø ô Þ Çu� ê>ÞQü\ù$åÎçÿäIÞèæ�ãg�ÜÞ ô ØÚç®åJç ô ãÜÛ>é�é�ã.å ô�ñ Û<õ%é&åÎç ô õGé�åÎä>ØÚâÚØ�¼�Þªé�ê>ÞØÊç�é�Þ�Ý�åÎùQé�ØÚãÜç Ý�åJé�Þ Çò� ê<Þ ô ØÚõ%é�åÎç<ùQÞ.ãÎðrå û ØÊÝ�Þ é�ãÿé�ê<Þ.äIÞ$åÎæ ù�ÞQçºé�Þ�Ý ØÚõ�åÎäEãÎÛ>é�ð2ãÜÛ<Ýé�ã�õ�Ø�´�õ%é�åÎç ô åJÝ ôýô Þ'�ÈØïå'é�ØÚãÎç<õ�ãÎð�é�ê>Þ.äEÞ�åÎæ � ×�Û<ç�ª5ª �0Çò� ê>Þ�äIÞ$åJæ ê�åÎõ åÿÝ%ãÜÛ<ÙÜê<âßü
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3.0 mm

2.8 mm

Driftelectrode

GEM

MSGC

2. multiplication step

1. multiplication step

pitch 300µm anode 10µm cathode 170µm

3.0mm

2.8mm

    factor 15-50

   factor 100-1000
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·j��º��8�"�T�%� �?� @�� Ì�Ì · (wã �8�"�M���)�q�T�-�K�d�8���8���m�^���)����� ¸t²��9¸V��� ���8� ¸ ��� * �q� �-¹��
��� ²f± �)���q�"�"�q���-� , ���t�'��¹8¹8� ���"� ( 5c� á ��º��8�q� @8( 1 �d�8� �`���k�8���t¹8�È�=¸-�"�@º-�d�%¹8�8���������\¸ (kã �8�
É2�2���Æ� ���t�w���s�q�d���^î��k���q���m�d�-�t���K���S�d�8� ´uYpã�W �^�%�8��� Ypã�Y�´>(
´ �n�q�8��»������ á � º-�8�q� @8( 4�� �@·��%�d�^�À�����À���K��·e�)��º-�8���8� � »��8�"� ���æ¢�� �c»Ó�¾·������
�d�d�%�^î����5�q�"º-·:�����d�5���t�'·j�%�q�^�8���.�d�S�q�8�'�d��·:� Ú^]|_ �t��º-·:�����5º-� ä�� �8ºS�q� �q�e�d�S�c»Ó�
�d�d�%�^î��T�q�2���t���8ºj�%�`� �=���m�T���8�>�t��º-·:����� (£_ �8�^�M�q�d���^î��+���t��������� ���<�������8��� ( 5c�M���q�8�"�
�d�[�q�"���"�"�N�q�8�½�d�q���^îÀ»�� �d� �q�8�M�����m�±A��2�����\�c¸À���q�-· �b�q�3�S���5��� �-�8�"� � �b�q�%�¡�c»w���t�
�q�-�)�q���8�I�=�%�����"�³²4´Tµ�¶�·9¸Q·)¹ºµ)»�· �çâ � � 0)1 ��»O���O�)�"ä-�"���-¹���� (Óá ���q�m� � �-�8�\¸'�q�"���-�)�t�d�t�8�"�q���
�^�2���qº����S�d�q���^î��Y���-���^�%���8� �8ºe� Ú£]|_ �q�"º-·��"�������q�`�����"��¹)�q��� (Ôã �8�"�o�q�8�T�q�d���^î������t�
�q��� ���3�d���M�����"�-�q�8� �8º'�d���:�t��������� ���SÉ2º-�)�q�����9·:���t� � *�á � àM, �d�2�R�k� �I�n·:�=�%�q�8�t�5���-�
�d�8�~A��2�%��� �c¸n�%�Æ�d�8�I�d�d�%�^î (Ëã �)� á � à �8�t���O�q�8�`���8·e�����Ó�����8� �q�Ó� �j�d�)� Ú^]|_�� ·������
�d�d�%�^î����k���8� Y 5 Ê�U�� ���8�o�d�)��¼ _ ¹��"���8��º-�t�������
���q�"���8�-·Ú���p�q�8�+�d�d�%�^î (

ÿ 	���
�	���é�D
C
ã �8�@ä-���m�d� ´ � �8º��q���¡�c»O���q�.�8�t���¼��¸ ´£Ypã�W ���N������� ��� b|Y�\�Ú£WZY � ´ �)� 0-& � ( ã �8�
¹8�q� ·j���m¸[ä-�"�t�d� ���"�S���q�K���-�8�8�U��¸���� �8�t�q���t���8º[�R�j� �=���m�j�d�)�q���<�d�d�%�^î����d�[�.ä-���m�d� ´
�=���8�)���2�%�q��»��8�"�q�N�q�8���q�d���^î��'�2�=ä-���d�M� ���'»�� �q�8��� &)( Ì �t�^�%�8�2���t�7�8�"ä����%�d� �-�8�>�%�I�
�^���tº-�"��»����t�n·������q�8�t���¾���.�d�8� ²½�Z± ¹8�����8�'���Ó�d�8�n»����t� (³\ �)� ¸@� �)���-�q·��%�q���-�M�%�O�d�)�
�d�d�%�^î<�t��º-·:�����d�k���-�8�8�M� �<�q�8� Ú£]|_ ���q�5�8�t���@�8�"�q� (kã �8���t�'�=���)�8���2�R�d���T���q�5�d�8�"�
É8�q�q���5�8�q� �8ºI� Ç ��� ·j�%� á ���\�d�"�Z��¹8¹)�q�����^� ( 5c���d�8� �Æ�È���m�Æ�t�q��¹��d�q���^î��
�����5���Ë� ´ �"���8�)���
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���t�-·E�:ä����m�d� ´ � �s�d�8�5�d�d�%�^îK�8���`�:����»B¹8�t�-�2���8� ���\�c¸j�d�j���"���-�8ºn�d�:�d�8�5ä-�"�t�d� ´�(Tã �
�"�8�q�)�q���d�2�%�Y�q�8�+»����t�5¹��-�t� �d� �-�N� �Y���-�t�q���3� � �e»����t�`���-��� �P»�� �8ºe·:���^�2�%�8���t· ���Y�8�t��� (

s�d¿¾ ÀÁi�Â âäÄÆÄ ÇpÌ�rts'jekml)kÎÀ<q8q6s
F WZW �0b � � 0)1 �g� � b ��� 0)1 �,�����Ó���N����ñt���3�Y�-�q� �����d�"�S���2�%� ¸��q� �V�q�6�-�����-�V�8��º��j���3ä-�"�Z���2�%� ±
¸��t���T�q�2�%�+�2�%�`�q�-·:�e�%�)ä%�����^��º-�"�T»�� �q�@�q�"�q¹����"�+�q� ´£Ysã�W�� � �Ô�-�)� ¸K�q�"���-�8�m�d�t�8�"�q���
�8�%�^�+�����d�8���3ä-�����q�O��� î��w�q�d���^î�� � ä-�"�t�q�����"� � �8�)�V�8�%�Ô�8� �Ô� �)���-�q·��%�q���-�>���q���8�t��� (�] �8�
�q�S�j���8�m�d�8�"�T�q�"�8�8�3�d�����@���Ë�d�8�>���)���-�t·j�R�d�����<�%�8�@�2�%�d�j���-·:¹8�t���q�t���-� � É2� ���`� �<�d�)�
F WZW ���-�t·j�%�k���t�>�t·j��� ���"���q�2���M·:���)��É8����� (kã ���^�)�8���������\¸=F WZW É2� ���T���q�>�j�q¹����"�È���
î�� �8�À��� Y¿\�\`ãT�ÕÊ�W�YI0-& �YÉ2� ��� (7ã ���8�'�d�8�3¸[�=�������S�q�=�%���8�t���8º Y¿\�\`ã+(Z_ � �8���
�q�8�T�8�%�^��ä-�-� �8·��I���V�q�"�8�8�"���N»�� �q�j�t���q¹����3�w�d��·�� �8�8É2� ��� � ���2�%� ¸��q�"�O»�� �q�oF W�W ���q�
���%�t�d�"� (9´ �8���q�8���Ô���6ä��%���d��º-�w� �p�d�)� _8à �%�q�q� ´8]5_2Ú ���t�q� ´�� b ��� 0)1 �¿�2¹2���^îR��º-�Y�8���q�"�:���
�q�8� Ú �à¯|¯ �0b � � 0-0 � Ç ����·����jÉ2�\�d�"�w�2���t���oä-���m�d� ´ � �8º:�q���¡�c»O���q� (�_8à �%�q�q� ´8]5_2Ú ���t�q� ´
� �>�8�t���8º<�d��·:¹8���%�d�:·��3�^�½¹)�q�-º-�q��·:·�� �8ºK�q���^�8�)�ÀA��8���n�%�8�7���5�d���8� & �q� 4�0 �q��·:���
���%�t�d�"�Y�d�2��� Ú �à¯|¯ � �q�q�"� � � b ��� 0)1 �¿� (

Û |ôó�|¨ê ëßì£í ~DÁxíÖøxï��%íGÂ�íÖûÞï�÷u�xø
���)�����<¹8�q�����"�q�t���8º[�d�)�M·�� �8��É2���@�%�8� »��q�\�d���)ºb�����d�)�¨F W�W É2� �<���-�j»��)���^� �d�)�
¹)�q�-º-�q��·ÄÃQ´)Å4ÆRÇ½´7·7È½É9´T´½��¸ ã �8�-�q�m�d�"� b � ����� � b ��� 0�4 �Ë»O�����^��î%���b���5�K�2�%�q��� � �%�
�3ä-�"���`�q��� ���3�d�����½�2���t���M���<�d�)���m�^���8�8���q�<�q�-�)�q���8��ÆJ¶½´ ·R»�·J¶;Ê½ËR·4´7·4Ì�Ê½��¸ à � �^�2�����
_ �^�8·��"��� ���8º � _ �^� 0�4 ���w»O���'�8�t��� (¾ã �8�o�"ä-�"�����t��� ���"�q���-�[�t��ñt�"�"�d�'�"·�¹6�c¸[���8�À�2�%�
�3ä-�"���q� (Óã �8�������Y�)�-�8����¸S�q��A��)���q� �8º 3

Í �w¹8�q� ·j���m¸kä����m�d� ´ �=���8�)���2�%�q�Ë�8�=�%�Z�d�8�9�d���qº-�3�Z»����t� * � �8�8��¹����)�8�����
��� b �t��ä-��� ,

Í �%���������t�Y�q�8�q�"�5�q�d���^î������S�d�)� Ú£]|_
Í �d�8���"ä������I�d�:���+�m¸6�)�^�8�q�-�)�-�8�k�q�j�eÉ2� ���"�S�8�8�8�^�

Í \+ã�Y �)�q� �¡�O�d��·:���w�q�2�%���"�-�q�t���q¹��-�8�K�d�:�'�8�-·:���2�%�Ï�8�8�)�^�½���t�-�q�t���8º (
5c�e���8�8�\�d����� � �q�`���)�q�8�t�Y�Tº-���6�ÎA��2�����\�c¸����2�d�)�Ó�d�q���^î�� � �k�q�d���^î5�q�"���"�"�d� �-��»O���9�)�-�8� 3

Í \ �)� ¸j�q�d���^î��I�q�"�����3�d�"�½��¸ Ê �����8���t��·:�Pä��5���q���8�t��� (

Í W �%�^�¼�q�d���^î��2���S�d�[¹��-�����S�8���^î;�d�����¼���"���"¹)�^���)���@»����8�)�P»v���q���8�8� �d�)�
�^���tº-�"�Y»�� �q� (

Í W �%�^�K�q�d���^îS�2�%���q�n�2�=ä-���%���������t� ¾ Ú^]|_ �8�\�d�����8� Ì ·j�%���N�d�q���^î��"�k�)� �d�Hí (
ï �¡õ �3ô+��òtô�ó��Tñ �d÷ òÔó±ñRò � � öÐö ú # ú��Júçó�ùTó��Tñ �3õ �Ï�JòVóÐô � � �=ö�Ð úÕó±ñ�!¥Ñ¥Ò5ñPúÕó ö � õ �Õù�Ó �3ö ó±ñPò�Ô�Õ �3õ �Ö Õ ó±ô � � ��ö ó±ñRò"
 ö ò
� ÷ ò ö Ó�ó±ñRòL����ó¥� õ ó±ñRòL
 � ú õ ó±ô � � � òtôÆñPúÕó öKÐZ�3ö �Ï� õ òL� � ó±òmô
ú õ óÐñPò ö ò"�Jò
�uó±ú�� õ ���

ó±ñPò&� �Hõ ��ú�� � ó±ò ö
�
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á ��º-�)�q� @8(Õ&43Ëã �8���c¸�¹8�������Ï�q�-¹������-º�¸����¥n * � ,¿�Øp ���)� r�* � , �8�"�=�=¸�� (

´ ä����m�d� ´ �t��� ���"�q���-�[»O���:��¹8¹8� ���"�7�d�2�%�nî%���"¹8�����8� ¸b¹8�q� ·j���m¸¾ä����m�d���"���'»�� �q���Ù� ±
¹��-�t� �q���-�n��� �-�q���d�5�d�8���^�%�qº-�3� (�_ �"���-�)�2���t¸nä����t�q���"���Ó�����8�8�j��¸ b|Y�\�Ú£W�Y »Ó���t�T�8�%�
�8�q�"� (
´ �¡�d�"�Ó�q�8�`�"ä��������q�"���"�"�d� �-� � ���:�d�8�k�=���t���-�j�q�8�S�%���-�6� @8(JÌ ·:��� �������'�"ä-�"���d�����t�T���3�¡� �
»��8��� �N���7�q�8�S�d�8�8º��t�d�"�À�q�8�������-�)� 1-(�¾ ·:����� ���-�h�"ä������d�:�q�"·j�%��� (bà �-�m�n�q��ñt�"�"�q���
�"ä-�"���d�V�2���n�T»��q���8º��8�8�8�^�n���t�-�q�t���8º��-�p�8�+¹8�q� ·j�%�t¸�ä-�"�t�d� ´ �=�%�8�8���8�%�d�O»O���9���-�)�8�
��¸S�q�8���"ä������T�t��� ���"�q���-� (

s dàc À i�Â hSÊ�Â^s)lYu l�Ì�rtÊmj È8Â£s)Â^n#É�l)q6Ì q?ÚÜÛ rtÌzy lÝy�r�ÉmÂ£k
5c�.�q�8�'�8� ´ �5�m�d��¹.�����8�8� �2�%�d�"�`���-�T�q�8�'��¸6¹����t�-�8�+»Ó���q�'�t��� ���"�q��� (>ã �8�'�q� º-�2�%�q�8�q�"�
�d�:�q��¹8���d�%�q�+�d�8�"·Ú���q�-·Ä�d�8���2���^î�º-�t�-�8�8�K»O�"�q���d�-¹��-� �-º-���"�O���
�d�)�5î�� �8�<�t�8��»��½� �
á ��º-�)�q� @8(Õ&�� �"�-�q�t���q¹��-�8�)���8ºn�d�'�d�)�5�)���=�=¸��

Í n��ßÞ q ¯zà
Í p�q �ßn4¯áÞ q
Í r q � n4¯�� q
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¹2���m�d���"��� ·����q� �çà � Ú � âäã ·:�-�t��¹8�t�-·:���8�"��� F Y ���

� ��·:� �8�"�=�=¸ �d�8� �Y�8������¸
n 1�1-1PÌQ��¾7�-&��;0Q�J0-0R¾ � (��5ª n��åÞ¥qt¯¨à ¾-&4� ªI�;04�JÌ
p q 1�&�4617�Õ&)1V�;0Q� 1�& @8( ª)1 p qV� n4¯áÞ�q ª5ªQ���7� � �;04�Õ0-&�Ì
r q 1Ï¾ � 4Q��@�ÌY�;0Q� 4�ª 46(�@9¾ r q�� n4¯���q ¾ � ���I�;04� �

ã ���8� � @)( 4Q3 5c�¾�q�8�����^���)��� � �d�)�j·:�-�t�5��·:¹��-�t�d������¹)�q�-¹����m�d���"���%�¿n �¥p ���8� r ��¸ ±
¹����t�-�8�Y���-�w�q�8�������8��� ¸��q� �����q�+� ���m�d���o�%�Iº�� ä-�"�o��� �0U ��º 0�4 � ( F Y ·������8�PEe�d�%�8�^�8���)º
Ó �%�d� � � ��ã½���Y�d�8�5ä-�"������� �c¸o�%�9��� º-�����d��·:���Y�q�8��� � ���3�d��·:�`���p�d�8��¹2���t�q���"���+���<� �q�I�t���m�
���q��·:� (

�%�8�N�d�8�`���2��� �-º-�-�8�V�8�"�=�=¸��Y���Æ�d�8�`�����d� ± ¹2���m�d���"���"� (pã �)�0n;��¸�¹��"�q�-�8�w���t�-· �d�8� p�q
�%�8� r q �8������¸��k���q�`��º���� �N�q�"���-º-�)� ¼ �"�S��¸N�d�8�T�8������¸on �åÞ q ¯Ià (Ëã �8�+�t¸�·e���-���
p ���8� r ��� »O�=¸6�I·:�=��� p�q ���)� r q �q�8�q�-�)º-�8�-�)���q�8�����d�8�"�q� � � � ´ ���"¹)�`»��8�"�q��� �����
�m�^�%�q���:�8� º ���t�����d�\¸>���Ë� �9� �Ë�-��ä����-�8� ( 5c� ã �%�8��� @)( 4 �d�)�Y·��-�m�Ë��·:¹��-�t�d�����9¹8�t�-¹��"�t�q�����
�����w�d�8� �����2���\¸6�t���Y���
�d�)��n �½p �%�8� r ��¸6¹����t�-�8�k���q���t�8��»�� (

Û |véP|¨ê �%íGÂ�íÖûÞï�÷¨ø~¦aæ zf��ø£ú|÷�ú0�
ï�íG}
ã �¼�q��� ���3��nå�����8�8� �2�%�d�"� _ �����"�-�q�)���8ºU�d���d�)�À�q�-¹��-���-º%¸ @8(Õ&2* � ,�� �����^���3ä-�"���¾���
�t�=���t�^�8���:���-�p�c»Ó����¹8¹����q� �q���\¸>�^�2�%�qº-�"�n�q�d���^î�� � �q�8� * ÞKç , Þ q ���)�n�q�8� * �%���q� ±u, ¹8�t���d�-�
�q�d���^î (9ã �)���q�Y�c»Ó�+�d�d�%�^î��V���t�OÉ8�t�d���n�8�t���8º`�q�8� _�Ú �"�t�d� ´ �q�%�¡�c»w���t�w�d���Tä����t�q� ´Ù� ���8� ±
�q�8���I�-�<�=��� �����6nUä-�"�t�q� ´�(X_ �^���m�d� �8º'»�� �d�K�d�8�5��¸�¹����q�8���t�����d�2�R�k�q�8��¹8���t�q����� �`»�� �q�
�����qº����T·:�-·:�����d�)·l� �T�d�)�e¹8�q�%�d�-�@�-�T�����d� ± ¹8�t���d�-�4è+���8�M�q�8�e���q�8���+�-�)�e���T�N¹8���-�
�%�8�½�%�q�q� º-�8� �8º:�q�8�����-�t�q�"�q¹��-�8�8� �8º�·����t�q��� � �q�8������ä%���q��������·j�%�q�I���Y�=�%�����)�È�%�q��� ( 5 �
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�N¹2���t�q���"����»��\�d� r ·����q�`� ���d�N¹2�%�t�d� ��� ���k»��\�d�@îR���-�.�%�8�zn ·����q�T»O���`�t��·e�)�È�%�q��� (
ã �8���;�q�8�o����ä%���q�������n·j�%�q�n�8�8�8�"�:�q�8� p ·����q�n��¸�¹��%�d�8�"�q��� êh* à4Þ Þ , ���n¹8� ���q�q��� (
ã �8�T�t���q�)� �Ó�=���N���I�q���"�N��� á ��º��8�q� @8(�� �����Ó�8� º �"�q�"���Vä%�����)���V���Z�d�)� r ·:�-·:�����d�8· (
ã �8�k�q���^����·:�-·:�����d�8·����Ï�q�8� r �����8�8� �2�%�q���V���n�d�8�k�2�%�^��¹��=��î��O���"�c»Ó���"� 1�0�b � Ú
���8� 1PÌ�b � Ú ���8�[��������·��"�e�8��º�����º����8� �n������ä�� &-0 b � Úe(sá �q�-·å�d�)���q�j¹8�����q� � �c»Ó�
�d�8� �8º-���=���<����� �=���t�8��� 3 É2�t�t�k�q�ÝA��8� �q� �8º êh* à�Þ Þ ,Pé 1R� Ì61�b � Ú »���� �Z�8���I���6�`�=»O��¸
����¸ r£� �t�������8� � »�� �q�N�d�8�+�"�)�Y�-� êh* à�Þ Þ , ' 1R�J&7�tb � Út� »��8� �^�o���Ó»Ó��� �Æ������ä-�`�d�)�
p ·����t� � ���8� ¸<�����-�)�`�³A��2���t�q���`�%�Ë�d�8� r ��¸�¹����q���8�+·j�=¸<º-�"�T���-�m� � �q�"�8�8��� �8ºN�d�)�
�2���^î�º-�q���8�8�½�;::�����"���d� ¸ (
^ ���q�:�q�2�%�5���)�t�d� �8º<���¾� ��ä%���t�È������·����q�t���5�-�����d�)�����)¸��2��·:�������9ä%���q�����8���"�+�=���h���
�2���8º-�"�q�-�)� � �t���8�"�e� �k�=���@�"�q���%�d���t�d�t�8�"�q�8�q�"�+�-�T�3ä-�"�¾��¹�����î<� �<�q�8�e�2���^î�º-�t�-�8�8� (
ã ���)�5�q�8�n� º ���"�5���Ô�q�8���+�"�)�5�2���`�d�o���'� ´ ��·:���8�"� ( 5c�.É2º-�8�t� @8( ª�� �d�8�n� ��ä%���t�È�����
·j���t���q¹����"�q�q�8·Ý�%�O�d�)� r �=���)�8���2�R�d���5���@�q�8�'�d�8�8º��t�d�"�b�t�8�¾� �+�q�8��»��¾�-�8���£ñt�8�m�
��¹8¹8�\¸6� �8ºo�q�-·:�n�q���¡�5¹8�t���t�����"�"�q���-�h���)�q� � �-·:� �q�q���8ºN�q�8�n���)�5�-� êh* à4Þ Þ ,�� ���8�.�d�)�
�d��·:�j�t¹��"�"�d�t�8·å»�� �d�¾�d�8���d��·:�j�"�)�d�e�)�)�'���)�8� �q���-�2�%��� ¸<�d�8� êh* à�Þ�Þ , �"�)� ( 5 �e���
�8���d� �������8���'�q�2�%���d�8�:�2���^î�º-�t�-�8�8�b���8�8�"���¾�^�2���8º-�"�>�\�d���q�2�%¹������8� ��Ù: Ï«HGJI`¥LKH®u�3©
®��2�e¯3×�®MIw�3Î��3¬R¥�®u�mS�¥�©d«R×6 ºSn®��2��r�¤:¥RÙ^Ù�� »��8� �^�o���O� �8�8� �=�%�q���N��¸S�%�o���q�t�P» (Ëã �)���Y���
�8���k�'¹8�q�-�)����· � �t���8�"���q�8� r ¹��=��îj� �d�t���\�s� ��� ´ ¹��"�"�q���<�q�n����·e�8�^�K�2���t�q��»Ó��� � �8�6�
� �Y�2�%�O�d�'���T�^�%î����K�����q�'�����"�-�8���Y���-�O�q�8�`�2�%�^î�º��q�-�8�)�K�t�8�)�q�d���3�d�����S�����d�8�+�t��º-�2�%� (
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s�dCN OQP�Émrtl)Ì�Â0y È�l)Ë6Ì�r�s�k
5c� á � º-�8�q�"� @8(\1�0���@8(\1-1 ���8� @8(\1P4,� �q�8�n·j�%�q�+�q¹����3�d�q�K����n �Kp��Kr ���8�@�d�)�������%���q� ±
¹8���t�q����� ���:��� �����q� �q�8�)�S���q�<�q�8��»�� ( ã �b�q�8�InÚ���8� p �8� �t�q�q���)�)�d� �-�8��� b ���8� ±
�t�È���b¹�����î¾¹)���8�e� ���8�����5�2���^î�º-�q���8�8�[»w�%�>É8�q�q���[�8�t���8ºM�q�8�o¼ _ ·:�"�d�)�6� * �q�"� ���æ¢��
�çÊ ��» ª7� � ,3(½ã �)�NÉ8�e�t���q�)� �d�e���q���t�^�R�d���[� �b�d�)�j�8� �t�d��º-�d��·:� (<ã �8�j»�� �)�d�8�>���w�d�)�
n ] n ���q���q��·:�������`� �b�����d�7�t�8�8�>���8�[�����-�)� 46(\1oà � Úe(
ã �8�N�d�%·����8�-���)�5���-���d�)�
pÔ] p �8���m�d�q� �8�)�q���-�8��»��8�"�q�O�q�8�O»����6�d�e� �9�����-�)� 46(�@�à � Ú>(�ã �8�O¹2���t�q���"���V�2�%�^�kº-�q�-�)¹
ä%��� �8���I���t�+���8�)���=�R�d���o� �o�q�8���8���m�d�-º��d��·:�w��¸N�d�)���%�q�q��» (
ã �)�k»O��¸n�q�8�T���8·e�����t�Ó�%�Æ¹2���m�d���"���"�Ô»Ó���t�T�8�3�d�"�q·:���8�"�j���:�=�%�q�T�%��n����8� p ��¸�¹���� ±
���8�+���I�d�8�e���-� ����»����)º (T´ ���
�8���8�T���½�q�8� &2� ¹��=��î<�q�"º-���-� * ¹8� �=���t�e�q�3�����T�q� _ ���3�d�����
@)(�@8(\1 ���-�5�d�8�j�8�"É2�)� �d� �-�b�%�Y�d�8� &�� �q�"º-���-� , ·:�����8�5�d�8�N�"�-�q�t���t¹��-�)�8���8ºMä%��� �8�:���
�q�8����� �8�=���O¹2���t�Y�����w�d�2�%�I�8� �K���q�����)�8���<�8¹ (
ã �N�8�3�d�"�q·:���8���d�8�����8·e�����T�%� r ��¸6¹����t�-�8�`� �½�����^�@�q�8� � É2�t�t�`� b ���8�q�I���8�8�3�d�����
»O���Ë�t�8���"���q�m���8���\¸>É8�t�d�"�n�q�`�d�8� r �t��º-�2�%���s���Ë�q�"���n��� á ��º-�8�t��� @)( 1P4)* � , ���8� @8(\1P48* � ,3(
á �-�k�d�8� r �q� º-�2��� �k�d�)�eÉ8���8���)� y �T»O�-�tî½�-�6�����-�t�q���3�d�\¸ (5ã �8���+�8�3�d�"�q·:���8�"�T�d�8� &��
�t��º-� �-�N���Æ�q�8� r ��¸6¹����t�-�8����� � � @��J4'à � Ú ���-�O�q�8�T�d�)�8º-�t�q���K���8� � � &4�Õ&'à � Ú
�����p�d�8�Y�����q���-�'�t�8� (9´ �"�d�8�����\¸5�q�8�Y�q�"�q�8�\�d�p»Ó�-� y �Ô�^�2���)º-�Y�q� º-�8� É8�=�����d�\¸�»��\�d�e�q�8���t�
���8·>���"�q� � � ´ ����¹6�5����� r ���½�q�8�'�=���t�����@�q�8� � �8�)�+�d�)�e�8�8�"���t�d�������q�������%�q�'����¸�»O��¸
�����qº��:�q�8���t� (Mã �8� &2� �q�"º-�����¾���-���d�8�j�=���t���-�b�q�8�7�"�-�q�t���t¹��-�)�8�>�d�M�������)� 1-(�¾7¾�4
b � Ú § 1�(�¾7�-4 b � Úe(8ã �8�"�S�d�8�����8·e�����Y���
�"���q�q� ���Y���N�q�8� &2� �t��º-� �-�N»w�%�I�"�-�8���d�"�
� �e�=�%�^�'�8���m�d�-º-�q��·B��� á ��º��8�q� @8( 1�4 ���
»O�"���8�%�p�����d�8�Ó�q��º����-� 1�(�¾-&ub � Ú �q� 1-( � b � Út�
� ´ �����)�8���8ºS�q�8�'¹�����îM�t��º-� �-� � �q�Kº��"�+�d�)�'�2���^î�º-�q���8�8�h���"ä���� (eã �8���+�q���8º-�n�%�q�-�8�)�
�q�8�e¹��=��îo»O���+�^�8�-�t���.�q� �8���>�q�8�e�2�%�^î�º��q�-�8�)�h� �T�t�8¹8¹��-�q�"�h�q�N���>�8��º-�)���`�%�q�-�8�)�
�q�8�5¹�����îo�q��º����-�<���I�q���"�M��� _ �"�"�d� �-� @)(�@8(Õ&)(wã �)���I¹8�q�����"�8�8�q��»���� �Æ���5�q�)�P»��½�8���t�
�����w�d�8��� ´ ��·:¹8� �+���s�q�8� r ��¸�¹��"�q�-�)�k� �o�q�8���=���t�����<�t�8� *�á ��º (¥@8(\1P48* � ,q,H(
ã �)�S���)·e���"�'���������q�q���"�'���b�q�8� &2� �t��º-� �-�[·:�����d� �-�8���7������ä��S���e�"�-�8���d�"�À�q�@���
�Ô�SR �)(Ëã �8�k���8·e�����w���Z�2���^î�º-�q���8�8�S�����q�q���"�O� �¿� �SR � � �%�8�j�d�)���N�t�=��� ���j�q���d�)�
�t��º-�8���s�t��º-� �-� � º-� ä�� �8º 4;���T�B1R� 1 �"���d�q� ��� (`ã ���8�`�d�8�����8·e�����`��� r �R�¡�d���I�d�8�>���)�q�
� �S�d�8���=�%�q���-�o�q�8�K���

*��I� 4Q����,pf¼*Ð4;����� 17�\1P, � Ì�� R 4Q��� _ ¯ 17�\1 _ � Ì��;&4�
´ ���Z�t���t�8� �q�k�R�¡�d���w�q�8�����)�q�T�%�q�+���������"�"�q���o��� ã ���8��� @)(J&)(
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á ��º-�)�q� @8(\1�043Iã �8�VnB�%�8� n ·j�%�q�`�t¹��"�"�d�q� 3n* � , n ���t�-·l�q�8�e�����q���-�.�q�8� �Ô* � , n
���q�-· �q�8�>�����q���-�½�t�8� �p* � , n����q�-· �q�8���q�8�8º-�m�d�"�M�q�8� �9* � , n����q��· �d�8���d�8�)º-�t�q���
�q�8� (
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á ��º-�8�t� @8(\1-173`ã �)� p ���)� p ·����q�+�t¹��"�"�d�q� 3:* � ,~p ���t�-·l�q�8�n�=���t�����h�t�8� �V* � , p
���t�-· �d�)�>�=�%�q���-�M�q�)� �9* � ,[p ���q�-· �q�8���q�8�8º-�m�d���½�q�8� �9* � , p ���q��· �d�8�5�d�8�8º��t�d�"�
�t�8� (
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Nent = 14     

Mean  =  1.693

RMS   = 0.07261

 in CΩ l

Nent = 14     

Mean  =  1.693

RMS   = 0.07261PDG
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Nent = 15     

Mean  =  1.709

RMS   = 0.07404

 in WΩ
l

Nent = 15     

Mean  =  1.709

RMS   = 0.07404

PDG
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á ��º-�)�q� @)( 1P4;3Iã �)� r �%�8� r ·j���t�T�t¹��"�"�d�q� 3'* � , r ���t�-·l�q�8�e�����q���-�M�t�8� �Ô* � , r
���q�-· �q�8�������q���-�<�q�8� �s* � ,Pr ���q�-· �q�8���d�8�8º��t�d�"�M�q�)� �s* � , r ���q��· �d�8���d�8�)º-�t�q���
�q�8� (Ô´�b ���8�q�t�È���o�"�-�8���o���+É8�q�q���o�d�'�d�8� r ¹�����î�� (
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¹8���t�q����� � �^���tº-�"��·��%�q���q����� ���8·>���"�
n Ê 1Y@�4 � ��� 1P4%&
n Ê � 07�)1Ó�«� �
n � �7�-0R@k� ª �
n � &�ÌR�R@k�«¾-&
p Ê 1Ï� � � 1PÌ
p Ê �)1Ó� 1�0
p � �R@k� 1�0
p � ÌR¾�� ª
r Ê ¾I�;&
r Ê Ì��;&
r � 1-1V� &
r � 1�0�� &

ã ���8� � @)(J&43sã �8�T���8·>���"�Ó���Ï��¸6¹����t�-�8�w�t���"�-�8�t�q�q�8�3�d�"�S�%�¡�d�"�O�%���2���6�d�V���:�����q�j�t�8�8� �
�8���^î�º-�q�-�)�8�o�q�8�)�q�d���3�d�"� (Ôã �8�`ä%�����8�"�O»Ó���q�+�������"�8�È�R�d���N���w�8�"�q���t�������o�����d�8�T�q� ´ � (
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X`_ba c a X`d1e f/_gf
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t�m��|ink��xy|��m�w2 ��$k2t�m�j��� �p��|i�j���w2m��|j��)k2yLouw��Jh�i�j���j��*i�ws��turÂwzm�o�pFyLj�o�t�k2 �o�j���tq�4�*i�j
��turL�|y|t� ����*t�wzm�r·¸�outu{�j�out���j;�*t���j�®�wzy²�*y|k2m�rLÆ2j�yLr|j>��wz��j�m��*���ÃprÄ À w2�4�|i�j��7wzm��*j��)k�y|ouw
i�k¤Æ2j�k(rLtu��tuo�k�yxrLink2}-jlo�tu{�j��*i�wzrLj w2� �*i�j �nk��*k��bh�i�j�y|j���w2y|j��n�|i�j ��tur��*y|t� ����|tuwzm~��yLwz�
�|i�j5��wzm��*j��)k2yLouw(�nk��*k�v�tuouo4 Ëj���wz��}�k2y|j��7v�tq�*iB�*i�j yLj�k2o1�nkH�$k(tumB�*i�tur�r|j����|tuwzm��

Ð)ÑZY�Ñ�Ò à/Ý�ÅÇÆ�ábâ<\äå�ÝxÞ�ânÕ á²ã�È áJß�áÊÉ8Ü ÝxÞ)ß�Õ à/ábâ�ãäÝË[�\�ÅËÌ�ã�áJßr\äÝ�Þ
�çmæÄÁtu�z��yLj�rÍss�µK�¸Îk À �*wCss� ê �n¸ k À k�m���ss� êzê ¸Îk À �*wnss� ê2ê ¸ � À �J�*i�j��~k�r|r�}-j�k2{�r(t�m\�*i�j
�7wzm��*j·�)k2yLouw�k2yLj)r|j�j�m��Jh�i�j)v�tu���|i�rgw2���|i�j j k2m��dk+}-j�k�{�r²k�y|j)k�ouosk2 Ëw2���²k6� k2�;�*wzy
�s� ² rL�~k2o�ouj�yx�*i�k2mBtum��|i�j�y|j�k2o4�nkH�$k�¸ rLj�jlÄJt����g��� ê ��k2m��7��� êzê ��w2y)��wz��}nk2yLturLwzm À ���çm
ÄÁtu�z��yLj�rEss��K��|w^s�� ê ����tL64j�y|j�m�� Æ�k2y|tuk2 �o�j�r k2yLjx}�o�w2�|�|j�����wzy j k2m��yk7v�t��|i5��wz��}nk2y|t�r|wzm
�|wÃ�|i�j���wzm��*j��)k2y|o�w+r|tu����o�k��|tuwzm4��Änwzy(�*i�j���wzm��|j9�)k2yLouw+��t�rL�*yLtu ��s�*tuw2m�r(tum��*i�j
��wz��}nk2y|t�r|wzmÞ�-t�m���wzm��*y|k2yLp��*wF�*i�j���k2r|r·}Ëj�k2{�r)�Ëwzm�o�p���k2m���tu�nk��|j�r·�*ink��>k2yLj�k j ��k
w2y�mô¸ {�m�w¤v�m���y|w2� �*i�j���wzm��|j��)k2yLouw(�*yL���*i�Í^�Jh��è�*k2 �o�j�r À vxj�yLj�k2����j�}s�*j��Þ�4k2m��
w2m�o�p7�*i�w2r|j�m�w���wzy|t��ztum�k��*t�m�����yLwz� k�}nk2yL�|tu��ouj���j���k�p�tum��BtumCHJ�bÍ�Ê6h^��k2r�out�rL�|j���tum



ó�õµÎsõ%îlì�ìgñ²ï>ð�î>ø�ìgñ ì,u�ò·ò·ñ6ì·ð�÷Vu�ø>û é s
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products of
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underlying
event

impact points
Monte Carlo

detector hits
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detector hits
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PYTHIA /JETSET

GEANT detector simulation

FRITIOF

digitization

detector modules
interaction with

interaction at target

hit preparation

dst/mini files

event reconstruction

ÄJtu�z��y|jJss� ë�z h�i�j5��wz��}nk2yLturLwzmBw2� �*i�jl�7wzm��*j5�)k2y|o�w(}�y|w������;�*t�wzm��*w��|i�j ink2m���o�tum��
w2�²y|j�k2o �nk��$k,�-�*k2{2j�m9��y|wz� ½�Í>��k#� ê (Î�>Ê·w2�*jl�*inkH�6�|i�j(��w2m��|jF�)k2yLouw��|y|���|i�t�r6r|k¤Æ2j��
Ï ¹FÐ�Ñ)Ò$¹�HJ�bÍ�Ê·h t�r���k�ououj��9��jVNs��j�}�����wzyx�|i�j��$i�j��${�wzm~�|i�j���j���k�pBouj�m��2�|i+¸ rLj�j��*jON�� À �
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Ç�j����|tuwzmfs�� ê � ë � h�i�t�r�j�m�rL��y|j�r��*ink��>�*i�jFk2����j�}��$k2m���j�rlk2yLj���w2m�r|t�rL�*j�m���� r|t�m���j��|i�wzrLj
��j���k�p�rÂk2y|j)k2ourLw�m�w2�g��wz��m��*j���t�m��*i�j·��wzm��*j·�)k2yLouw>�|y|���|i(�zj�m�j�y*kH�*tuw2m��Jh�i�j�rLtu�zm�k2our
vxj�yLj�w2 ��$k2t�m�j���v�tq�*i��*i�jFrLj�ouj����|tuwzm�rlk2m��Ã�����*rl��t�r|����r|r|j��/t�m/��i�k2}��*j�y ����k2}�}�o�tuj��
�|w7�|i�j~��k��$k7k2r v�j�ouoÂk2r �*w��*i�j~��wzm��*j��)k2y|o�w���h�i�j~�nkH�$kBv)k2r�k2ourLw� �k2�${��zy|wz��m��
��wzy|yLj��;�*j��Þ��v�i�tu�$i(v)k�rbm�w2�bm�j���j�r|r*k�yLp���wzyÁ�*i�j·��w2m��|j·�)k2y|o�w���v�i�tu�$iFturg �k2�${��zy|wz��m��
��yLj�j�k�� �*i�t�r rL�$k��zj2��h�i�j~ nk��${��2y|wz��m��\v�k2rl�*k2{2j�mStum��|i�j�y|k2m��zj�½±{�Ó&¾2ÔlÕ~{�Ó é Ôl(
k�m��\½/{EÖ é ÔlÕ~{EÖ@¾2Ôl(4�|w�yLj�������j��*i�j���wzm��*yLtu ����|tuwzm���yLwz���*i�j�rLtu�zmnk�oË�*i�k�����w�j�r�m�w2�
i�k¤Æ2j�k(}-j�y���j�����H k2��rLr|t�k�m�rLink2}-j5k�r·t�r�wz �Æ�tuwz��r)��w2y)�*i�j j �~k�r|r�}-j�k2{�r��
¯���j��*w9�*i�jB}Ëw�wzy�r��$k��|turL�|tu��r��*i�t�r�v�k2rFm�w2�(��j�k�r|tu �ouj���w2y��*i�jMm�i�ps}-j�yLwzm�r(��wzy(k�ouo
Æ�k2yLt�k2 �ouj�r��×���s��tum�ÄJt��z��y|j�ss� êzê4Ø {O}G�6tur·}�ouw2�L�*j��7�|wz�zj��|i�j�y�v�t��|i��|i�j��7wzm��*j(�)k�y|ouw
��turL�|y|t� ����*t�wzm���w2y��*i�jJm"k2m�� m i�p�}Ëj�y|wzm�r· -w2�|i���wzyx�|i�j���k2yL Ëw2m�k2m����*i�j��*��m��2rL�*j�m
yL��m����çm%k�ouox�|i�j�rLj�}�ouw2�|r��*i�j7��wzm��*j��)k2yLouw9i�t�rL�|wz�zy*k���r(k�y|j�m�w2y|��k2out7��j��\�*w9�*i�j
m����� Ëj�y·w��Jj�m��|y|t�j�r�tumB�*i�jl��k��$k(i�t�rL�*w2�zy*k2��r��
¯�kH�$k�k2m�����wzm��*j6�)k2yLouw�k2�2y|j�jxv�t��*i�tum�j�y|y|w2y|rg��wzyÁ��wzr��b��t�rL�*yLtu ��s�*tuw2m�r��E��N���j�}��|tuwzm�r
k�y|j)�*i�j�r¶W��nk2yLj��F�*y*k�m�rLÆ2j�y|rLj6��wz��j�m��*���gpaÙÄ w2���|i�j j k2m��°k�i�ps}-j�yLwzm�r��²Ä�w2yJ�*i�j j
}�k2yL�|tu��o�j�rJk2ourLw>�*i�j�y*k2}�t���t��çp4Últum��|i�j)��j�m��*j�ybw2�-�~k2rLrgrLp�r��*j�� k2m����|i�j�Änj�p�m���k2myÛ�¤
t�m5�|i�j���w2m��|j��)k2yLouw6��j�Æ�t�kH�*j²��y|wz�<�*i�jx�nkH�$k����bÆ2j�m��|i�j���w2m��|j��)k2yLouw6��tur��*y|t� ����|tuwzm
w����*i�j�k2��tu�����*ink�obk2m��zo�j�Ü�w��x�|i�j j i�p�}Ëj�y|wzm�r5t�rlm�w2�l��wzyLy|j��;�B¸�r|j�j~ÄJt�����ss��Kn¸�� À|À
v�i�tuouj²tq�Jt�r���wzy|yLj��;�J��wzy �*i�j j ¸ r|j�j)ÄJt�����ss�Ýs�¸ j ÀLÀ ��h�i�tur�����r��g -jx����jx�|w�k2m5tum���wzy|yLj����
��j�r|��y|t�}��*t�wzm�w2�Á�*i�j5��j��|j��;�*wzy6j�É���t�j�m���tuj�r���Í>o�o �|i�j�rLj���t�r*k2�2y|j�j���j�m��*r· Ëj;�çv�j�j�m9�*i�j
�7wzm��*j7�)k2yLouw�k2m��S�*i�j���k��$k��2t�Æzj~y|turLj~�*w�rLp�rL�|j���k��*t���j�yLy|wzyLr���turL����rLr|j��%ouk��*j�y�tum
Ç�j����|tuwzmUss� ���
h�i�j�k2�zyLj�j���j�m��5w2�)�|i�j~��wzm��*j��)k2y|o�wUm Ø {~}G����t�rL�|y|tu ����*t�wzm�v�t��*iÃ�*i�j��nk��*k7��wsj�r
m�w2�)wzm�o�p�r|i�w¤v"�*i�k����|i�j ��wzm��|j �)k2y|o�w�t�r�y|j�outuk2 �ouj��� �����k�our|w5�*ink��x�*i�j6}nk2y��*tu��ouj�r�tum
�|i�j �nk��*k�k�y|j tum���j�j��Tm i�p�}-j�y|w2m�r��Âh�i�j r*k2��jlk2y|�2����j�m���i�wzou��r)��wzy j k2m��Mk)�
h�i�j���wzy|yLj�rL}Ëwzm���tum��B��k2ou����o�kH�*j��+k�����j�}��$k�m���j�rl��wzy j k2m��fk"i�p�}-j�yLwzm�rlk2y|j(rLi�w¤v�m
t�m7ÄJtu�z��y|j�r�s�� êÏë �|wÞs�� ê s��
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 in C-runΛ pt2_2
Nent = 14563  
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 in C-runΛ y_2
Nent = 14561  
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 in C-runΛ xf_2
Nent = 14561  
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 in C-runΛ phi_2
Nent = 14563  
Mean  =  3.068
RMS   =  1.955
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ÄJtu�z��y|j�ss��K z h�i�j���w2��}nk�y|turLwzm7w2�²��w2m��|j��)k�y|ouw�k2m����nk��*k�k2m����*i�j5��k2r|r·}-j�k2{Bt�m
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Ä�j;p�m��~k�mCÛ�¤�¸ j À k2m��Ãk#��tu�����|ink2oJk2m��zo�jdÜ&¸�� À �5h�i�j���wzm��|j~�)k�y|ouwB��turL�|y|t� ����*t�wzm�r
k2y|j m�wzyL�~k�out���j����|wF�|i�j m����� -j�y�w2�Áj�m��*yLtuj�r�w2���*i�jlyLj�k2o1��k��$k(i�t�rL�*w2�zy*k2�7�
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 in W-runΛ pt2_2
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 in W-runΛ xf_2
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 in W-runΛ phi_2
Nent = 8958   
Mean  =  3.029
RMS   =  1.951
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 in C-runΛ xf_2
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 in C-runΛ phi_2
Nent = 7243   
Mean  =  3.038
RMS   =  1.465
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 in W-runΛ pt2_2
Nent = 3613   
Mean  = 0.7143
RMS   = 0.6246
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 in W-runΛ xf_2
Nent = 3614   
Mean  = -0.04939
RMS   = 0.0352
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 in W-runΛ phi_2
Nent = 3613   
Mean  =  3.026
RMS   =   1.52
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Ü�¸ j À �Jh�i�j·�7wzm��*j·�)k2yLouw���t�rL�|y|tu ����*t�wzm�rÁk2y|j)m�wzy|��k2out7��j��5�*w6�*i�j�m����� -j�yJw2��j�m��*yLtuj�r
w��Á�|i�j y|j�k�o1�nk��$k(i�t�rL�|wz�zy*k����
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 in C-runΞ l
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 in C-runΞ pt2_2
Nent = 194    
Mean  = 0.7021
RMS   =   0.62
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 in C-runΞ y_2
Nent = 195    
Mean  = -0.6158
RMS   = 0.3733
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 in C-runΞ xf_2
Nent = 195    
Mean  = -0.05034
RMS   = 0.03349
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 in C-runΞ phi_2
Nent = 194    
Mean  =  2.898
RMS   =  1.808
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 in W-runΞ pt2_2
Nent = 84     
Mean  = 0.8883
RMS   = 0.6888
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 in W-runΞ xf_2
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Mean  = -0.05309
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 in W-runΞ phi_2
Nent = 84     
Mean  =   2.99
RMS   =  1.918
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w��Á�|i�j y|j�k�o1�nk��$k(i�t�rL�|wz�zy*k����
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 in C-runΞ pt2_2
Nent = 83     
Mean  = 0.7968
RMS   = 0.6355
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 in C-runΞ xf_2
Nent = 83     
Mean  = -0.04966
RMS   = 0.02558
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 in C-runΞ phi_2
Nent = 83     
Mean  =  3.056
RMS   =  1.416
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Ü9¸ j À �Jh�i�j·��wzm��*j·�)k2yLouw���turL�|y|t� ����*t�wzm�rÁk2y|j�m�wzy|��k2o�t���j��5�|w��*i�j)m����� Ëj�ygw2�-j�m��*yLtuj�r
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 in W-runΞ pt2_2
Nent = 60     
Mean  = 0.9086
RMS   = 0.6576
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 in W-runΞ xf_2
Nent = 59     
Mean  = -0.04254
RMS   = 0.02268
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Mean  =  3.391
RMS   =  1.595

data
MC
data
MC

 in W-runΞ phi_2
Nent = 60     
Mean  =  3.391
RMS   =  1.595
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w��Á�|i�j y|j�k�o1�nk��$k(i�t�rL�|wz�zy*k����
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Mean  = -0.06591
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 in C-runΛε xf
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i�p�}-j�y|w2m�r·�|y*k2m�rLÆzj�y|rLj���wz��j�m��*����r¶W��nk2yLj���prÙÄ ¸�j À ��Änj;psm��~k2m�Û�¤~¸�� À �
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 in W-run
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Nent = 20     
Mean  = -0.06831
RMS   = 0.03823
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ÄJtu�z��y|jðss� ê K z h�i�j)k�����j�}��$k�m���j�rJ��wzy1�*i�j j i�p�}-j�yLwzm�rJt�m5�|i�jÂ�|��m��zr��*j�m�y|��m4�+�bouw2�L�*j��
k2y|j �*y|k2m�rLÆ2j�yLr|j���wz��j�m��*��� r¶W��nk2yLj��Þp ÙÄ ¸Îk À �-Ä�j;p�m��~k�mMÛ�¤�¸�  À �n��wzy j �*y|k2m�rLÆ2j�yLr|j
��wz��j�m��|����r¶W��nk�y|j��°paÙÄ ¸ � À ��Änj�p�m���k2mSÛ�¤�¸ � À �
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 in C-runΞε pt2
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Mean  =  1.287
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 in C-run
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ε xf
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Mean  = -0.06827
RMS   = 0.04028
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k�y|j��|y*k2m�rLÆzj�y|rLj7��wz��j�m��*��� r¶W��nk2yLj��np ÙÄ ¸ k À �gy|k2}�t���t��çpCÚÃtumÃ�*i�j���j�m��*j�y�w2����k2r|r
r�p�rL�*j�� ¸   À ��Änj�p�m���k2mgÛ�¤è¸ � À k�m�� k#��tu���s�*ink2o>k2m��zo�jfÜ�¸ � À ��Í6m�� ��w2y��|i�j k
i�p�}-j�y|w2m�r·�|y*k2m�rLÆzj�y|rLj���wz��j�m��*����r¶W��nk2yLj���prÙÄ ¸�j À ��Änj;psm��~k2m�Û�¤~¸�� À �
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 in W-runΞε pt2
Nent = 10     
Mean  =  1.531
RMS   = 0.8537
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 in W-runΞε xf
Nent = 10     
Mean  = -0.06818
RMS   = 0.03858
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Mean  =  1.527
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 in W-runΞε pt2
Nent = 10     
Mean  =  1.527
RMS   =  0.908
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 in W-run
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ε xf
Nent = 10     
Mean  = -0.07052
RMS   = 0.04763
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ÄJtu�z��y|j�ss� ê s z h�i�j)k�����j�}��$k�m���j�rg��wzy1�*i�j�k�i�ps}-j�yLwzm�rgt�ml�|i�jx�|��m��zr��*j�m�y|��m4�+�bouw2�L�*j��
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ÄÁtu�z��yLj�ss� ê¤é�z h�i�j6k2����j�r|rLtu �o�j�{�tum�j��~k��|tu�)yLj��zt�wzm�r z j yLj��zt�wzm(v�t��*id� ³ ê H�j�òôóvprÄEó
ë ³ snH�j�ò�k2m��ÊÓ ë ³ �ióõÚ¡óö� ³ s,��k<yLj��zt�wzm\v�tq�*i÷� ³ ê H jVòøóùprÄyó ë H�j�ò k2m��
Ó ê ³ sdó�Ú5óÊ� ³ s(k2m��Tm yLj��zt�wzm�v�t��|iT��H�j�òúóvprÄEó ë ³ sdH jVò8k2m��fÓ ë óxÚ�óÊ�
¡B¢~û üÀýMÁ/¨�°bª�« þ ®5¬g´�ª°ÂÌ®�«nÿ ¾ÀÂIý7µ µ ¨>¬b°²´�¨!Â
�çml�*i�t�r r|j��;�*t�wzm5tq��tur ��j�rL��yLtu -j���i�wÏv/�*i�jÂy|j�r|��oq�*r wzm5�|i�j²i�ps}-j�yLwzm�y|k��*t�wzr)�Ïtum��|j��zy|k��*j��
k�m�����t76Ëj�y|j�m��*t�k�o�tumÍpaÙÄ k2m��SÛ�¤3�nk2m����*i�jli�p�}-j�y|w2m9k2r�ps����j��*yLtuj�r)v�j�y|jlwz ��$k�tum�j����

Ð)Ñ���Ñ�Ò ÓSÔ�Õù\�Þ�ß�Õé]ÂânáJß�Õé_�Ö���Æ�Õ ânÝ�Þ ØÅáJßr\�ÝÂå
h�i�j·i�p�}-j�y|w2m�y|k��*t�wzrÁvxj�yLj·��k2ou����o�kH�*j�����w2yJ��wz��yb��tL64j�y|j�m��²{�t�m�j���k��*t���yLj��zt�wzm�r��JÄJtuyLrL�
k�ouo1}nk2y��*t���ouj�r)v�j�y|j�k2����j�}��|j��9�Ëk2ourLw�t�mB�*i�j���wzm��*j��)k2y|o�w(�*y|�s�*i9��ouj�k2��t�m��(�*w�k2m�jON��
�|y*k2}-wzouk��*t�wzmB�*w~�|i�j5v�i�w2ouj�}�ink2r|j�r|}nk2��j��Ër|tum���j��|i�j(��w2m��|jF�)k2yLouw5¯�kH�$k�v�k2r�}�y|w2�
������j�� È ouout�m����*i�j~v�i�wzouj�}�ink2r|j~r|}nk2��j2�+h�i�t�r�w2����w2��y|rLjBtu��}�out�j�r y|j�o�p�tum���wzm/�*i�j
�7wzm��*jF�)k2yLouwF�*w���j�r|��y|t� Ëjl�*i�j5��tur��*y|t� ����|tuwzm�r�w2�J�*i�j5}nk2yL�|tu��ouj�r�vxj�ouo�tum7�*i�j5y|j��ztuwzm
w2���*rLtu��j��*i�j���j;�*j����*w2y�k2����j�}s�$k2m���j2���1w�wz{�tum��\k��~Çsj����*t�wzm¡ss� ë � ê �Â�*i�j�k2�zyLj�j���j�m��
 -j��çvxj�j�mS�7wzm��*jF�)k2yLouw~k2m����nk��*k�t�r>m�w2�>Æzj�y�p��2wsw��9�-ouj�k�Æ�tum�����wz�� s�*r�w2�b�|i�j���wzy.�
yLj��;�*m�j�r|rÂw2���*i�t�rgjVN��*y|k2}-wzo�k��|tuwzm4�����nk�out��*k��*tqÆzj�o�p i�w¤vxj�Æzj�y)���*i�j���t�rL�|y|tu ����*t�wzm�rJt�m��*i�j
�7wzm��*j��)k2y|o�w�r|i�wz��ou�+ ËjF��wzy|yLj����lw¤Æzj�y��*i�j(v�i�wzo�j(}�ink2rLj�rL}nk2��j2�FÍ>m\k2o��|j�yLmnk��*tqÆzj
k�}�}�y|wzk2�$iè�*w\jVN��*y|k2}-wzo�k��|j7�|w\�|i�j�v�i�w2ouj7}�ink2rLj�r|}�k2��j9t�r�}�y|j�rLj�m��*j��Åtum&Çsj��;�*tuw2m
s��µK�� ë �
h�i�j~{�tum�j��~kH�*tu�FyLj��zt�wzm�r v�i�j�yLj��*i�j~}nk2y��*t���ouj�r�v�j�y|j���j;�*j����*j��æk2y|jF�*i�j���wzo�ouw¤v�tum����
h�i�jlrLj���wzm��7y|j��2tuwzm�k��M�|j�y)�|i�j�v�i�wzo�j�}�ink2rLjlrL}nk2��jlt�r)�*i�j�yLj��zt�wzmBw2� j k2����j�}s�$k2m���j
v�tq�*i�� ³ ê H jVò ó prÄ|ó ë ³ sCH jVòQk2m�� Ó ë ³ �¡ó ÚÊó � ³ s,�Âk2o�r|w+��k�ououj�� j y|j��ztuwzm
ouk��*j�y�wzm��Ãh�i�jB�*i�tuy|��yLj��zt�wzm�tur5�*i�jBrLwÃ��k2ouo�j��ik y|j��ztuw2m�w2��� ³ ê H�j�ò óËprÄyó ë
H�j�ò8k�m��nÓ ê ³ s|óxÚÞóx� ³ s��sv�i�j�y|jlk2ourLw��*i�j�m����� Ëj�y)w2�Á}nk2yL�|tu��ouj�rxw2� j k2m��Mm k2y|j
��k2ou����o�kH�*j����*w��zj;��k2o�r|w�y|k��*t�wzr>o�tu{�j	�? j;�*�2��h�i�j�o�k2r���yLj��zt�wzm9tur·�*i�jÍm yLj��zt�wzm�w��c�
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?? � ³ ë �2��´x� ³ �$�2� ��� ë s2¾�� � ³ Kz¾�´x� ³ � ² ��� é ¾�? � ³ �2�:��´x� ³ �$�2� �����:s ë�? � ³ � ² ¿�´x� ³ � êzê ��� ê Kz¾�� ê ³ ë ´ ê ³ � ê ��K� � � ³ � ë ¾�´x� ³ � ê¤é ��� êÏë� � � ³ �z¾�´x� ³ � é ��� ëzë

ì

?? � ³ ê ¾z¿�´x� ³ �$�:s ��� ë2é�ë�� � ³ é ��´x� ³ ê s ��� é ¾�? � ³ �$K2��´x� ³ �$�:s �����:s#��? � ³ êzê ´x� ³ � ë ��� ê K�� ê ³ ��´x� ³µ² ê ��K� � � ³ ê ¿�´x� ³ � ² ��� ê �� � � ³ �:��´x� ³ ê ¿ ��� ê ¿
hJk2 �oujSss� ë�z h�i�j�i�p�}-j�y|w2m@y|k��*t�wzr�jON��*y*k�}Ëwzouk��*j��/�*w��*i�j~v�i�wzouj�}�ink2rLjBr|}nk2��j��²wz ��
�$k2t�m�j��\k2r rL�*k��*j��\t�m+�|i�jF�*jVN�����h�i�jFouk2rL� ��wzou����m+�zt�Æ2j�r��*i�j���w2m��|j��)k2y|o�w��|y|���|i
}�y|j���tu�;�*tuw2m��

H jVò óvp�Ä+ó ë ³ sdH jVò k�m���Ó ë óÊÚÞó ���xh�i�j�r|jly|j��ztuw2m�r·k2y|j ��j�}�tu�;�*j���tum7ÄJt��z��y|j
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Ä�w2y��*i�tur~}�k2yL�)���|i�j9m����� -j�yLrBw2�lk2o�o��|i�y|j�j�{�tum���r~w2� i�ps}-j�yLwzm�r�k2m��è�*i�j�tuy~k2m��*tL�
}nk2yL�|tu��ouj�r�vxj�y|jl�$k2{�j�m9�4k2r��*i�j;p7vxj�yLj�wz ��*k2tum�j��7tum7r|j��;�*t�wzm9���µss�)h�i�j5r*k2��jl}�y|w���jO�
����y|jFv�k2r�k�}�}�out�j��9�|w7�|i�jFy|j���wzm�r��*y|�����*j�����w2m��|j��)k�y|ouw���rLtum���wzm�o�p j �Ik k2m���m
��k2m���tu�nk��|j�r��*i�k��·��wFm�w2�·��wz��j���y|w2� ��j���k�p�r>w2�Á}nk2y��*tu��ouj�r�outur��*j��Btum�Çsj��;�*t�wzm9s�� ê � ë �
h�i�tur�k2ourLw���j�k2m�r5�*i�k��5�|i�j�m����� Ëj�y|r���r|j��/i�j�yLj~��tL64j�yl��yLwz� �*i�w2r|j~t�m\�|i�j���k2rLr
}Ëj�k2{�rlrLj�j�m\t�m+�|i�jFÄJt��z��y|j�rJss��K��*wMss� êzê �5Íô��j�v w2�x�|i�j�rLjF}nk2yL�|tu��ouj�r>y|j���k2t�m�j���t�m
�*i�j �7wzm��*j �)k2yLouw���t��4�*i�j�j;Æzj�m���t�m�k2����t��|tuwzm���wzm��$k�tum�j��Bk���t�y|j��;�*oqp�}�y|w�������j�� j wzy
k j ��wz��t�m�� ��y|wz�¯k�yLj�r|w2mnk2m���j2�²h�i�turxtu��}�out�j�rb�*i�k�� j i�ps}-j�yLwzm�r���wz��t�m��5��yLwz� � ���j���k¤p�r�k�y|j �$k2{�j�m9t�m��|w~k�����w2��m���tum��*i�j�r|j�y*k��|tuwzr��×�xp7wzm�oqp�k2����j�}s�*tum��~��k�m���tu��k��*j�r
�*ink��(k2y|jBk j �êk<wzy|mô�*i�j� nk2�${��zyLwz��m���Æ�k2m�t�r|i�j�rFk2m��æk�rLtu��}�ouj5Hlk2��r|r|tuk2mS��k2m
 Ëj È �L�*j��Ã�*wB�*i�j�rLtu�zm�k2o �(h�i���r �*i�jFm����� -j�yLrlvxj�yLj�w2 ��$k2t�m�j��+ �p+k2����tum��B�|i�jÞK2Ô
y|j��2tuwzmFw2�-�*inkH�ðHlk2��r|r|tuk2m�k2m��(�$k�{�t�m����*i�j�tuybr�W���k2y|j�y|w�w2�Âk2rg�|i�j�j�yLy|wzy��bÄnwzyg��ouk2y|tq�çp5�
�*i�t�r·��k2ou����o�kH�*tuw2m~v�tuo�o4 -jlrLi�w¤v�m�t�m�k�m7jON�k2��}�ouj��s�*i�j y*kH�*tuw ?? tum��|i�j ��k2yL Ëw2m�yL��m��
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ì\jFink�Æzj���j È m�j��Ã�*i�j�k2����j�}��*k2m���j� �p���tqÆ�tu��t�m����*i�jFm����� -j�y w2��}nk2y��*tu��ouj�r�tum9�*i�j
�7wzm��*j5�)k2y|o�wFk��M�*j�y�y|j���wzm�r��*yL�����|tuwzm7k2m��������*r� �p��*i�j�m����� Ëj�y�w2��}nk2yL�|tu��ouj�r�tum��*i�j
�7wzm��*j(�)k�y|ouwF�*yL���*i9k��M�*j�y6rL��k2o�tum������ º ¹�º���wzy��*i�j j ��k2m���t��nk��|j�r z�� ? · Ù���������� ¸�� �Ù ��� � ! � � ·
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yLj��zt�wzmFE yL��m y|k��*t�w Æ�k2ou��j �9�"�|y|���|i
j �-� ?? � ³ � ²$² ´¡� ³ �$�z¾ ��� é �2�
j ��ì ?? � ³ Kz¾$��´¡� ³ �$�z¾ ���Ýs ê ¾

k��-�

?? � ³ s ² é ´¡� ³ � êzê ��� ² K$K�� � ³ s$s�´¡� ³ �z¾ ����¾ ²�? � ³ �z¿$K�´¡� ³ �$�z¿ ��� ê �z¾�? � ³ � ² ¾�´¡� ³ � êzê ��� ê �z��� ê ³ ��´¡� ³ ¾ ê ��K� � � ³ �2�:K�´¡� ³ � ë K ����� ²� � � ³ �z¿�´¡� ³ � ² ��� ê K

k��rì

?? � ³ � ² ��´¡� ³ � êzê ��� é Kz¿�� � ³µ² ¾�´¡� ³ ê ¾ ����¾$K�? � ³ �:s2¿�´¡� ³ �$�z¾ ���µ�2¾ ê�? � ³ �z¾ ² ´¡� ³ � ê ² ��� ê K ë�� ê ³ ��´¡� ³ ¿ ê � ê� � � ³ ë2é ´¡� ³ êzê ����� é� � � ³ �z��´¡� ³ ë � ��� ê �
m£�-� �� ê ³ K�´ ê ³ ê ê � �
m£�rì �� ê ³ K�´¡� ³µ² ê � ë

hJk2 �ouj,s��µK z h�i�j)i�p�}-j�y|w2m�y|k��*t�wzr ��wzyÁ�|i�j)��tL64j�y|j�m��Jy|j��2tuwzm�r��Jh�i�j�o�k2r��g��w2ou����m��ztqÆzj�r
�*i�jF�7wzm��*jF�)k2yLouw��*y|�s�*i�}�yLj���t����*t�wzm��·h�i�j(y|j��ztuw2m�r>k�y|j z j z �s� ê H�j�ò ó�prÄðó ë �µs
H jVò§k2m���Ó ë ³ �5ó ÚSó � ³ s,��k z �s� ê H jVò óiprÄ�ó ë ���5H�j�ò k2m��vÓ ê ³ s�ógÚSó � ³ s,�
m z ��H�j�òúóvprÄEó ë �Ýs°H jVò8k2m��fÓ ë ó¡ÚÞóÊ���

prÄgyLj��zt�wzm Ú~yLj��zt�wzm ??

� ³ ê H�j�òúóvp�Ä�ó ê ³ �°H�j�ò
Ó ê ³ K ² s|ó�Ú5óÃÓ�� ³µ² s � ³ � é ´x� ³ � ê
Ó�� ³Ý² sÍóxÚ�óÃÓ�� ³ ê¤ë s � ³ é ² ´x� ³ � ë
Ó�� ³ êÏë sÍóxÚÞóx� ³ s � ³ ¾2��´x� ³ �z¿

ê ³ �ÞH�j�òúóvp�Ä�ó ê ³ ¾°H�j�ò
Ó ê ³ K ² s|ó�Ú5óÃÓ�� ³µ² s � ³ �:K�´x� ³ �2�
Ó�� ³Ý² sÍóxÚ�óÃÓ�� ³ ê¤ë s � ³ s#K�´x� ³ �2�
Ó�� ³ êÏë sÍóxÚÞóx� ³ s � ³ ézé ´x� ³ � ²

hÁk2 �ouj4s���� z h�i�j5y|k��*t�w ?? ��w2y���t76Ëj�yLj�m��·{�t�m�j���k��|tu��yLj��zt�wzm�r)��wzy)�|i�j ��k2yL Ëwzm7y|��m��
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prÄJyLj��zt�wzm Ú�y|j��ztuw2m ??

� ³ ê H�j�òÇó�p�Ä+ó ê ³ �°H�j�ò
Ó ê ³ K ² sdó�Ú5ó Ó�� ³µ² s � ³ � ê ´x� ³ � ë
Ó�� ³Ý² s|ó¡ÚÞóÃÓ�� ³ êÏë s � ³ s#��´x� ³ � ë
Ó�� ³ êÏë s|ó¡Ú5óÊ� ³ s � ³Ý² é ´x� ³ �z¾
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� �btur���wzou��j���v�t��|i(k!H k2��rLr|t�k�m���tur��*yLtu ����|tuwzm �*w>�zt�Æ2jx�*i�j��*w¤p���wzm��*j��)k�y|ouw�k��M�*j�yÁ�*i�j
��tu�ztq�*t7��k��|tuwzmÃk2m��/y|j���wzm�r��*y|�����*t�wzm��9h�i�j�y*k��|tuw7w2���*i�j~�çv�w��2t�Æzj�r5�|i�jBk2����j�}s�$k2m���j
��wzyLy|j��;�*t�wzm7��w2y)�*i�j��*w¤p7�7wzm��*j5�)k2y|o�w��
h�i�j�m�k)r|j���wzm���p ÙÄ ��tur��*y|t� ����|tuwzm�t�r��zj�m�j�y*kH�*j�� ��wzo�ouw¤v�tum��Â�*i�j²r|k2��jg����m����|tuwzmnk�o���wzyL�{�
 ������|i�tur��*t���jl��r|t�m����|i�j�}�k2y*k2��j��|j�yLr6��y|w2� �|i�j�yLj�k2oÁk2����j�}s�$k2m���j(��wzyLy|j����*j����nk��*k
r|i�w¤v�m�t�m~ÄJt��z��yLj�rðss� ê ¿ �|wÍs�� ësê ��wzyb�|i�j6��k2y| -wzm�y|��m4�bh�i�tur²��j È m�j�rx�*i�j��*w¤p���w2m��|j
�)k2y|o�w¿�Ly|j�k2og�nk��*k/��� k2o�r|wB��k2ouo�j��9�*w¤p��nk��$k���yLwz�Ìm�w¤v wzm���h�i�j�r|j�m����� -j�yLr5k���k2tum
k2y|j�r|��j�k2yLj��Ãv�t��*i\k9H k2��rLr|tuk2m\��turL�|y|t� ����*t�wzmÃk2m��+�*i�j�mS�ztqÆzj(�*i�jF�*w¤p+�nkH�$k7k��M�*j�y
y|j���wzm�r��*y|�����*t�wzm���h�i�jlo�kH�|�*j�y�tur��*i�j�m���wzy|yLj����|j��9��r|tum����|i�j�k�����j�}��$k�m���j���wzy|yLj��;�*tuw2m
��y|wz� �*i�j��*w¤p �7wzm��*j\�)k2y|o�w���j�rL��yLtu -j�� k2 Ëw¤Æ2j2�Q� �5j�Æzj�yLp��*i�tum��%tur�}-j�y���j����)�>�*i�j
��wzyLy|j��;�*j��~��t�rL�*yLtu ��s�*tuw2m�r|i�w2��ou�( -j)�*i�j�r|k2��j�k�rg�*i�j�wzyLtu�zt�mnk2o�����m��;�*tuw2m�v�t��*i(v�i�t��$i
�*i�j��*w¤pB��k��$k(v�j�y|jl}�y|w�������j����c�gÆzj�yLp���j;Æ�t�k��|tuwzmB��y|w2���*i�k���tur·k(��j�k2r|��y|j���wzy)�*i�j
rLp�rL�|j���k��*t��lj�y|yLwzy��
Í y|j�r|wzo����*t�wzm�w2�êÔ3À �Á · � ³ �z¿�H jVò^Ù6v�k2r6��r|j��9��wzy��*i�j �*w¤p���wzm��*j��)k2y|o�w���Änwzy��*i�j
�*w¤p7�nk��$k�k��$�:¼�o�k�y|�zj�y·rL��j�k2y|t�m��Fv)k2r6��r|j��9��v�i�tu�$i�tur��*i�j � k2���|wzy��*inkH�6�|i�j5��k2rLr
}Ëj�k2{�r)k2yLj�v�t���j�yÂtum(�|i�j6yLj�k2o��nkH�$k��*ink2m�tumF�*i�j���w2m��|j��)k�y|ouw��Jh�i�j·}nk2y|k2��j;�*j�y|rÂw2�
�*i�j�r|j>��turL�|y|t� ����*t�wzm�r²k2yLj6o�tur��*j���tum�hÁk2 �ouj�ss� ê �����|i�j�p�k2yLj6�$i�wzr|j�m~�*wl Ëj·��o�wzr|j��*w �*i�j
Æ2k�ou��j�r6w2�Á�*i�j È �|r6t�m�ÄJt��z��yLj�r�ss� ë ¾�k�m��9s�� ê ¿F��j�m��*t�wzm�j���k2 -wÏÆ2j2�)h�i�j5yLj�r|��o��*r6k2yLj
r|i�w¤v�m9t�m�ÄJt��z��yLj4ss�µK#� z �|i�j5k2����j�}��*k2m���jl��wzy��*i�j ?? �n�|i�jl�|w¤p��nk��$k ?? � ��tur��*y|t� ����|tuwzmk2r>tq�·v�k2r6�zj�m�j�y*k��|j��9t�m���wz��}�k2y|t�r|wzm��*wF�*i�j5��wzyLy|j����*j����*w¤p7�nk��*k���Í>o�r|w�r|i�w¤v�m�t�m
ÄJtu�z��y|jyss�µK#�n¸ � À t�r·�|i�j5�|w¤p��nk��$k ?? �ç��turL�|y|t� ����*t�wzm7k2r·t���v)k�r��zj�m�j�y*kH�*j�����t�Æ�tu��j��7 �p
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h�i�j�}-wztum�� t�r �|ink�� �*i�jx}nk�y*k2��j��|j�y|r ��wzy��|i�j j k2m�� j ��tur��*yLtu ����|tuwzm�r1tum��*i�jÂy|j�k2o��nk��*k
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��t76Ëj�yLj�m���}nk2y|k2��j;�*j�y|r~��wzy��*i�j���tur��*y|t� ����|tuwzm�r'�)v�w2y|r|j�m �|i�j9yLj�r|��o����·ouj�k2��t�m��\�|wæk
rLp�rL�|j���k��*t��lj�y|yLwzy� Ëj�tum��Fk2r�ouk2y|�zj k�r)�*i�jlk2����j�}s�$k2m���j���wzy|yLj����|tuwzm4�
h�i���r²�|i�j�k2����j�}��$k2m���j�wzm ?? tq�*rLj�o���turgk6��j�k2r|��yLj���wzy��*i�j)r�p�rL�*j��~kH�*tu��j�y|yLwzy)�2wzyJ��wzy|j}�y|j���turLj�oqp�tq�*r���j;Æstuk��*t�wzmB��y|wz�`��m�t��çp�t�m�j�k2�$iÞp ÙÄ  �tum��xh�i�j�k�����j�}��$k�m���j���wzy|yLj��;�*tuw2m
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t�mB�*i�j ��k�y| -wzm�y|��m9�n��wzm�j���wzy j ¸Îk À k�m�� j ¸�  À �
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k�m��7��w2y)�*i�j��*��m��zrL�|j�m�y|��m�k�� Ø ? · é � Ø ? · ê K��²h�i�j r|��j�k2yLtum��(v�k2r��$i�wzrLj�m�t�m7kv�k�p��*i�k��)�*i�j�k2����j�}��*k2m���j�r Ê ]Ê ] ¸��|i�j�i�tur��*wz�2y*k2��tum�ÄÁtu���+ss�µK#Kn¸ � ÀLÀ ouw�wz{Fy|w2���zi�oqp�k2r�|i�j wzm�j�r6t�m��|i�jy�Ly|j�k2oÒ���7wzm��*j��)k2y|o�w�t�m7ÄJtu�z��y|j4ss��K2���bh�i�jl��w2y|y|j�r|}-wzm���t�m��(Æ�k2ou��j
t�r!Ô l ª ·Ç� ³ �2�B��wzy��|i�j(�*w¤pÃ��w2m��|j��)k2y|o�w�k�m�� ê ���B�*t���j�r>�*i�k�� Æ2k�ou��j���wzy��|i�j��*w¤p
��k��$k���k2r·k2 Ëw¤Æ2j2�
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��k2ouoqp���wzyL �tu����j�m9��t���k5r|t�m��zo�j6m�����ouj�w2m�*�m�����o�j�wzm~tum��*j�y*k2�;�*tuw2m�t�r�k2rLr|����j��Þ�s�*i�turÂ����rL�
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m�w2��t�m��*j�y|k2���xv�t��|i�k5rLtum��2ouj�m�����o�j�wzm9�s ����xr|t�����o��*k2m�j�wz��r|oqp(v�t��|i�k5�2y|wz��}�w2�1m�����oujV�
w2m�r�½/��k2o ² s�(Î�5h�i�t�r���k�m�m�w2�  -j��*i�j(��k2rLj���wzy6�|i�j���wzm��*j��)k�y|ouw��4r|t�m���jFÄ����çh,�.-�Äx�
k�r���j�rL��yLtu -j��æj�k2yLout�j�y�t�mæÇsj����*t�wzm�ss� ê � ê �b��wzm�r|tu��j�y|r�tum���wzi�j�yLj�m��F����oq�*t�}�ouj�r|��k��|�|j�y.�
t�m��zr)v�tq�*iBr|t�m��zo�j�m�����o�j�wzm�r�wzm�o�p+½±�bt�¾ ë ( �bÍ<��t76Ëj�y|j�m���{�t�m���w2�ÁjVNs}�o�k�mnk��*t�wzmBturx�*ink��
�2t�Æzj�m(tum�½/H�wzy ²$² ( ���6j�y|j)�*i�j) Ëj�k2� }�k2yL�|tu��o�jxt�rgr|�� �%Lj��;�b�*w�����oq�*t�}�ouj²r|��k��|�|j�yLtum�� k2m��
o�wsw2r|j�r6Æzj�o�ws��t��çp�¸Îk2m���}-wzrLr|tu �o�p���k2tum�r��~k�r|r À tum9�*i�j È y|r�� tum��*j�y*k2�;�*tuw2m�� h�i�j�yLj���wzyLj
�|i�j�}�yLws������j��7}�k2yL�|tu��o�j�rxw2�1�*i�j>r|j���wzm���tum��|j�y*k����*t�wzm���k2m�k2}�}-j�k2y���wzyLj> nk��${�v�k2yL��r
�|ink2m7tur�k2o�ouw¤vxj��� �p�k(r|tum��zouj�t�m��|j�y|k2���|tuwzm��
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y|��m Q ú y*kH�*tuw Æ�k2ou��j jVNs}��

� ��� �3s ê ���µs$s$s

?? �s� ê ¿ �s� ë ����� �s� é K �s�µKz¾�� ê �Ýs ê � ë�? �s�µ�z¿ é �s�µ�2�$��? �s�µK$� �s�µ� ² ¿� � �s�µK2� �s�µ� ë ¾� � �s� ¿ ê �s� ê �

ì ��� � ² ê ���µs é�ê

?? �s� ê ¾ �s� ê ¾2¿�� �s� é s �s� é ��� ê � é ê ����? �s�µ�z¿$s �s�µ�$K���? �s�µK:s �s� êzê� � �s�µK ² �s� ê ¿� � �s� ¿$K �s���:�
hJk2 �ouj é � ë�z h�i�j6y|j�rL��o��|rxw����*i�j·r|t���}�ouj���ws��j�o��*y�pst�m�� �*w È m��~wz}s�*tu��k2o�}�k2y*k2��j��|j�yLrQBk2m��yú6��wzy)�*i�j5�nkH�$k(tumB�*i�j5��k2y| -wzm7k2m����*��m��zrL�|j�m�yL��m��Âh�i�jlo�k2r�����wzo�����m��ztqÆzj�r
�*i�j�Æ2k�ou��j�rl��wzy �*i�j���wzy|yLj�r|}-wzm���tum���y|��m9�Jk2r�o�tur��*j��ÃtumÃhÁk2 �oujÞss� ë �Bh�i�j���wz��y È y|r��
y|w¤v�rl��w2y�j�k2�$i\y|��mÃ��wzyLy|j�r|}-wzm���rl�*wB�*i�j(��wz��yly|k��*t�wzr���rLj��\��w2y�wz}��*t���t7��k��|tuwzmÞ�Ë�*i�j
w2�*i�j�y�y*k��|tuwzr���wFm�w��6��j�}-j�m��7r|w������$i7wzmyQ~k2m��yú¤�
�çm��*i�jl��w2m��|jVN���w��g�*i�t�r�jVNs}�o�k�mnk��*t�wzm9�ntq�6t�r6}-wzrLr|tu �ouj��*w���m���j�y|rL�*k2m��9��v�i�p��|i�jJÛ�¤��
��tur��*y|t� ����|tuwzm�r�w2���|i�j�i�p�}Ëj�y|wzmÅy|k��*t�wzr�r|i�wz��ou�& -j9��tL64j�y|j�m�����wzy���t76Ëj�y|j�m����$k2yL�zj��
�~k��|j�yLt�k2o�r��5¯���j��|w��*i�j��$ink�m��zj��û� w2y|j�m��¶���*y|k2m�r���wzy|��k��*t�wzm+tumÃ����oq�*tu}�ouj(r|��k��|�|j�yG�
tum��zr'�2k�m�p ��turL�|y|t� ����*t�wzm tumJÛ�¤�r|i�wz��ou�lr|��j�k�y�w2���Áv�tq�*ily|t�r|tum��·m�����ouj�k2y �~k2rLrÁm����� Ëj�y
w2���*i�j6�$k�y|�zj;����r|t�m���j·�*i�j·����oq�*tu}�ouj�r|��k��|�|j�yLtum��5 Ëj���wz��j�rÂ��w2y|j·}�y|wz �k2 �ouj��gh�i�t�rx��k2m
jVNs}�o�k�tumnW��nk2o�t��$kH�*t�Æ2j�oqp7�|i�j���wzm��|j~�)k�y|ouw~��tur��*y|t� ����|tuwzm�r6tum+ÄJt��z��yLj é � ë k2r�v�j�ouobk�r
�*i�j� �yLw�k2��j�m�tum���w2� �*i�j�Û�¤�� ��tur��*yLtu ����|tuwzm�w2� ?? ��wzyÂ�*i�j��|��m��zr��*j�m�yL��mB��wz��}nk2yLj����|w�*ink��·w2���*i�jl��k2y| -wzm�y|��mS¸�r|j�j5ÄJt�����ss� ë ��k2m�� é ��K À �

ü�ý þ R 	Ïþ��I> ;#��>F
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M���Ïý þ9��>A@ R D þ P 
?��þ�D
h�i�j���ws��j�o�}�yLj�rLj�m��*j��9tum���ink2}��|j�y ë p�t�j�ou��j��SW��nk2outq�$k��|t�Æ2j�o�p~�zw�ws��y|j�r|��oq�*r���wzy��*i�j
i�p�}-j�yLwzmæy*k��|tuwzr ?? � �� � �? k2m�� �? ��wzy5�|i�jÞì�Í>¿:s�y|j�r|��oq�*r��9Ê6w¤v��*i�j�}�k2y*k2��j��|j�yLrQ@k�m���ú���k2m& -j�w2}��*t���t7��j��<¹�º¼»�º ��wzyF�*i�j�y|j�r|��oq�*r�wzm ?? � �� � �? k2m�� �� ��w2y��*i�j
v�i�wzoujF}�i�k2r|j�r|}nk���j~t�m��*i�j���k2yL Ëw2m/k2m��Ã�|��m��zr��*j�m\y|��mÃw2�x�*i�t�r �|i�j�rLtur���Í¯�zouw2 nk2o
��t�m�tu����� v�k2rgk���k2tum���w2��m��5��w2y1 Ëw2�|i5yL��m�rÁk2m��5t�� ouw�wz{�j��lr|tu��tuouk2yË�|w·�|i�jÂ��t�m�tu�����
��wzyx�|i�j�ì�Í>¿:s5�nkH�$k��gh�i�j� Ëj�rL��r|wzo����*t�wzm�r²��wz��m��Bk�y|j>�2t�Æzj�m~t�m�hJk� �ouj é � ë v�t��|i~�*i�j
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�$k2yL�zj�� }nk�yL�*t���o�j rLouwz}-j ê rLouwz}-j ë r|ouw2}Ëj ë t�mÃ½1ì9Í�¿z¾$�#K2(
� j Ó ê ³ ë ´x� ³ ê Ó ë ³ s�´¡� ³ ë Ó ë ³ Kz¿�´x� ³ � ê
� j Ó ê ³ ��´x� ³ � Ó ë ³ é ´¡� ³ é Ó�K ³ ëzë ´x� ³ �#K
ì j Ó�� ³ ê ´x� ³ ¾ Ó ê ³ é ¿�´¡� ³ � ² ò
ì j Ó ê ³ s�´x� ³ K Ó ë ³ ��´ ê ³ � ò

hÁk2 �o�j é �µK z j È �6y|j�r|��oq�*r���wzyêpaÙÄ ��wz��}�k2y|j��7�|w�yLj�r|��o��*r���y|w2��m�j��s�*y|w2m�*���k�y| -wzm���wzoL�
o�turLtuwzm�r)k��·k2 -wz��� ë2é �°H�j�ò8 -j�k2��j�m�j�y|�2p2�

��wzy|yLj�rL}Ëwzm���tum��9Æ�k2o���j�r���yLwz���*i�jBjON�}-j�yLtu��j�m����*k2{2j�m@��yLwz� hÁk2 �o�jSss� ë �f� �(r|j�j���r
�|ink��·�*i�j5��w���j�o�}�y|j���tu���|r·�|i�j5�|��m��zr��*j�m�Æ�k2ou��j�r6�����$i9 -j��|�|j�y>k2m���i�k2r>j�r|}-j���tuk2ouoqp
}�y|wz �o�j���r��*wF�zj����|i�j5y|k��*t�wzr�w2�Ji�p�}-j�yLwzm�r�v�t��*i7��tL64j�y|j�m��6rL�|y*k2m��2j�m�j�r|r>yLtu�zi����Âh�i�j
}�k2y*k2��j��|j�yLrhQ�k�m��åú5k2yLj�r|t���t�o�k2y���wzy�k2ouo �*i�yLj�j���k2r|j�r�¸ tum��*i�jÍì�Í>¿:s~��k�r|j(t��6v)k�rQÞ· � ³ �z� ² k2m��üú!·ù� ³ s#K é À k2m���rLwBk2y|jl�*i�j�i�p�}-j�yLwzm�y*k��|tuwzr��6Í6��k2t�müQ�k2m��üúlk2y|j
��ouwzrLj6�|w|���µs,��t�m���tu��k��*t�m��5k2ou��wzrL�Âj�W���k2o�}�yLwz nk2 �t�outq�*tuj�rg�*w� ���tuo���k�ink���y|wzm���y|wz��r|j�k
k�m�����wzm�r��*t��|��j�m���W��nk2yL{�r6k2m����*i�jl}�y|w��������|tuwzmBw��g nk2y�pzwzm�r��|wF��j�r|wzm�r��
h�i�j7y|k��*t�wzr�k�m��|tL� i�p�}-j�yLwzmS�*w+i�p�}Ëj�y|wzm@k2m��Ô�? k2yLj�W��nk2outq�$k��|t�Æ2j�o�p+yLtu�zi����\h�i�t�r�turk�rL�*w2m�turLi�tum����¤r|tum���jb�*i�jb��w���j�o�m�j��zo�j��;�*r�k2ou��wzr��1k2o�o2{�tum�j��~kH�*tu��r1k2m����çvxw6t���}-wzy��$k2m��
}�y|w���j�rLr|j�r)�4m�k2��j�o�p��|i�jlouj�k���tum��(�çv�t�rL�>k2m����|i�jlouj�k���tum��F}nk�yL�*t���o�j�j�6Ëj����>tum���ou����tum��
i�k2��y|w2m�t���k��*t�wzm��×ì\j�ink�Æzj��|w~��wzm���o�����jl�*ink��>��wz�� �tumnkH�*wzyLtu��r�t�r·�|i�j���k2tum7}nk2y��6�|w
jONs}�o�k2t�mB�*i�j i�p�}Ëj�y|wzm7y*k��|tuwzr��
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h�i�j j k2m�� j ��t�rL�*yLtu ��s�*tuw2m�r�tumip ÙÄ v�j�y|jÃr|i�w¤v�m tum ÄJtu�2��y|j�rMss� ê ¿æ�|w¡s�� ësê ��wzy
 -w2�|i�yL��m�r���h�i�j5rL��� w2�J�çvxw~jON�}-wzm�j�m��*t�k�o ����m����|tuwzm�r�{ ê " jON�}�¸ç»HGJI~pMK ê " paÙÄ À Ö¡{ ë "
jONs}�¸ »PGJI~pMK ë " paÙÄ À vxj�y|j È �|�|j��Ã�*w��*i�j�����h�i�j È �ly|j�rL��o��|r�k�y|jFout�rL�*j��\t�m+hJk2 �ouj é ��K
�|wz�zj;�*i�j�y�v�t��|i���wzyLy|j�rL}Ëw2m���tum��9Æ2k�ou��j�r���y|wz� m�j����*yLwzmæ Ëj�k2� w2m���k2yL Ëwzmæt�m��|j�y|k2�V�
�|tuwzm�r²k��Âk2y|w2��m�� ë2é �4H�j�ò ½ ì�Í�¿z¾#�$K2(Î�ê��N���j�}��Â��wzyg�|i�j j È �²y|j�r|��oq�*rb��wzyg�*��m��zrL�|j�m9�
�|i�jlr|ouw2}Ëj }nk2y|k2��j��*j�y|r���y|w2� ������Í��G� k2o�o1k2�zyLj�j v�t��*i7j�k��$i�w2�|i�j�y�v�t��|i�tum�j�y|y|w2y|r��
h�i�j�rLouwz}-j ë }nk2y|k2��j;�*j�y|r tum��*i�j���k2y| -wzmÃy|��m/k2�zyLj�j(v�t��|i�tum+j�yLy|wzyLr�v�t��*i+�*i�j���wzy.�
yLj�rL}Ëwzm���tum���Æ�k2ou��j�r6��yLwz� ½1ì9Í�¿z¾$�#K2( ���çm��|i�j�ì9Í�¿z¾�jVNs}Ëj�y|t���j�m��)�4k°è�k��|�|j�m�t�m���w2�
�|i�j j k2m�� j paÙÄ r|}-j����|y|��� k� Ëw¤Æzjþý ê ³ ê H jVò tur�r|j�j�m�k2ourLw��
h�i�j�p ÙÄ ��t�rL�|y|tu ����*t�wzmBw2� ?? t�r�r|i�w¤v�m7tum7ÄJtu�2��y|j4ss� ë KFk2m���t�r×è�k��· Ëj;�çv�j�j�mU�ÞH�j�ò Ùk�m�� ê H�j�ò^Ù5k2r jVNs}-j��;�*j��Þ�gr|t�m���jFjXW��nk�o²�|i�j�yL�~k�og��tur��*yLtu ����|tuwzm�r���wzy�}nk2y��*tu��oujFk2m��
k�m��|tL� }nk2yL�|tu��ouj6vxj�yLj�k�r|r|����j��7��wzy)�|i�j jVN��*y|k2}-wzo�k��|tuwzm�ÄnwzyL����ouk|ss� ê �
ì"i�j�m È �L�*tum��7�|i�j�Û�¤X�ç��turL�|y|t� ����*t�wzm+w2� ?? ���*i�j�y|j�r|��oq�*r�k�y|j�wz ��$k�tum�j��Sk2r5outur��*j��/tumhÁk2 �o�jJss� é �ê� �·k2�zyLj�j�r)v�t��*i�tumBj�yLy|wzyLr)��wzy��|i�j���k2yL Ëw2mBy|��m\¸ÿ_ Ø · ²�³ ë ¿,´ ê ³ s À v�t��|i
�|i�j Æ2k�ou��j���y|w2� ½tV k2��¾ ² ( ¸ÿ_ Ø · ²�³ ë ² ´x� ³ ê ������w2y6k�ouo��$k�y|�zj;�6��k��|j�y|tuk2our À k2m��7v�t��|i
�|i�j�Æ�k2o���j���w2y5��k2y| -wzm/��yLwz� ½1ì9Í�¿z¾$�#K2(�_ Ø · é ³ ézé ´ � ³ �z¾��7h�i�j~Æ�k2ou��j���wzy �*i�j
�|��m��zr��*j�m9y|��mA_ Ø ·ôs ³ �^´ ê ³ ë k2o�r|w�k2�zyLj�j�r·v�t��|i�tum��*i�j5o�k2yL�zj j�yLy|wzyLr)�4 ����6v�tq�*i�k
ê ³ s2Ô+��j;Æ�t�k��|tuwzm��ÂÇ�wF�|i�j�yLj5��tu�2i��) Ëjlk(��j�}-j�m���j�m���j�w2���*i�j Ø ? }nk�y*k2��j��|j�y�wzmB�*i�j
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y|��m y*k��|tuw Æ�k2ou��j w2�*i�j�y�}�*�Í ��� ¨ ± �jVNs}-j�yLtu��j�m��*r ½�H�j�ò�(
� ?? � ³ ¿z¿�´¡� ³ � ² � ³ é ² ´x� ³ ê � � »�· K ê Ó÷s#Kì ?? � ³ é ��´¡� ³ � ²
� �� � ³ é ¾�´¡� ³ êÏë � ³ é�ë ´x� ³ �:s ¿$�$�
ì �� � ³ é ² ´¡� ³ ê ¿
� �� ê ³µ² ´ ê ³ � � ³ s$s,´x� ³ ê s ¿$�$�ì �� ê ³µ² ´¡� ³ ¾
� � � � ³ �:s�´¡� ³ �$K � ³ �:s$s�´¡� ³ � ê � ¿$�$�ì � � � ³ ë ¾�´¡� ³ êÏë
� � � � ³ �z¿�´¡� ³ � ² � ³ �z¿z¿�´¡� ³ � ê � ¿$�$�ì � � � ³ �z��´¡� ³ ë �

hJk2 �ouj é � � z ÄJt�mnk2oJyLj�rL��o��|rlw��x�|i�jFjVN��*y|k2}Ëw2o�k��|tuwzm��|w�Û�¤Þ·Q���1v�i�j�y|j(�*i�jFj�y|y|w2y�wzm?? t�m���o�����j�r��|i�j5r�p�rL�*j��~kH�*tu� j�y|y|w2y����çm��*i�j5ouk2rL���çvxw~��wzou����m�r'�ny|j�rL��o��|r���y|wz��w��*i�j�y
jVNs}Ëj�y|t���j�m��|r)k2yLj6�2t�Æzj�m9���$k2{�j�m���y|w2� ½tV k2��¾ ² (Î�gh�i�j�yLj�rL��o��xwzm ?? v)k�r�wz ��*k2tum�j��� �p}�y|w2�|wzm�*�}�y|w2�|wzm\��wzouo�turLtuwzm�r'�4�*i�j�w2�|i�j�y�Æ�k2o���j�rlk2yLj���yLwz� }�yLw2�*wzm3*� Ëj�yLp�ouo�tu���Qtum��|j�y.�
k2���|tuwzm�r��²h�i�j5yLj�rL��o��|r·w2m � � k�m�� � � k2y|j �ztqÆzj�m�k���prÄ¢· � ³µ² s(k2m��dprÄ?· � ³ ¾�����wzy)�*i�j
m����� Ëj�y|r>��yLwz� w2�*i�j�y>jONs}Ëj�y|tu��j�m��|r�k��cprÄ��·ô��k2yLj�yLj�k2����yLwz�`�*i�j5��wzyLy|j�r|}-wzm���t�m��
È �z��yLjlt�m\½tV k2��¾ ² (b�
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ÄÁtu�z��yLj é ��� z h�i�j���t�y|��ouj�r6k2yLj ?? jONs�|y*k2}-wzouk��*j����*w°Û�¤y·ù����h�i�j�r�W���k2y|j�r k2y|jl�nk��*k
��yLwz� w2�|i�j�y }�*�Í¯jONs}Ëj�y|tu��j�m��|r�k2o�r|w�out�rL�|j��+tum+hÁk2 �ouj ê �µss�Fh�i�j�r¶W��nk2yLj�rlwzm�oqp+k2y|j
È �|�*j��7�|w(�*i�j�����m��;�*t�wzm�� " ¸ ê Ó Ù	�
 º À�� ��v�i�j�yLj�� tur)�|i�j j �~k2rLr)�nk�r·t�m\½tV k2��¾ ² (Î�
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 in A-AΛ/ΛEnergy dependence of hr
Nent = 0      
Mean x =      0
Mean y =      0
RMS x  =      0
RMS y  =      0

ÄJtu�z��y|j é �µs z h�i�j>��t�y|��ouj�r²k�y|j��*i�j�������Í����@yLj�r|��o��*rÂwzm ?? jON��*y*k�}Ëwzouk��*j����|w!Û�¤!· ���
h�i�jFr¶W��nk2yLj�r5k2y|j(Í,*�Íô�nk��*k���y|wz� jVNs}Ëj�y|t���j�m��|r Ê6Í6��¾Ã½���t�r¦� ë (v�¢ì9Í�¾ ² ½ �)k2o�¾z¾�(v�
ì�Í�¿:s\½ Í6 nkz¾ ² k)(Âk2m��/Çsh�Í^�Q½�
4tu��� ê (6¸�}�y|j�out���t�mnk2yLp À ����w2rL� m����� -j�yLr�k2yLjFoutur��*j��
tum�Çsj��;�*t�wzm ê �µK��
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Nent = 0      
Mean x =      0
Mean y =      0
RMS x  =      0
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 in A-AΞ/ΞEnergy dependence of 

hr
Nent = 0      
Mean x =      0
Mean y =      0
RMS x  =      0
RMS y  =      0

ÄÁtu�z��yLj é � é�z h�i�j���t�y|��o�j�r k2yLj �� jVN��*y|k2}-wzo�k��|j����*w�Û�¤°·ú�7k�m��Ã�|i�jFr¶W��nk2yLj�rlÍ�*�Í
��k��$k���yLwz� jON�}-j�yLtu��j�m��*rÍì9Í�¾ ² ½ �)k2o�¾z¾�(v�êì�Í>¿:sæ½ Í6 nkz¾ ² k)(�k2m��èÇ�hÁÍ�� ½�
4t��Þ� ê (
¸�}�y|j�out���t�mnk2yLp À �sm����� -j�yLr>k�y|j�out�rL�|j���tum�Çsj����*t�wzm ê ��K��
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�$k2yL�zj��x�~kH�*j�yLt�k2oÎ�E� �4�*i�t�r²vxwz��o����|��y|m�wz���Â�*w� -j��*y|��j����*i�j·jVN��*y|k2}-wzo�k��|tuwzm�ÄnwzyL����o�k
ss� ê vxwz��ou��m�w��6 -j��zw�ws�B��wzy�k�ouo4��k��|j�y|tuk2our'����rLtum��(�|i�j r*k2��j�}nk2y|k2��j;�*j�y _ Ø �
h�i�j�jON��*y*k�}Ëwzouk��*j��ÃÆ�k2o���j�r���w2yli�p�}-j�y|w2m\y|k��*t�wzr k2y|j�k2�zk2tum�o�turL�|j��+tum+�$k� �ouj é � �B�*w2�
�zj��|i�j�ylv�t��*i\y|j�r|��oq�*r ��y|wz� ��tL64j�y|j�m���}�y|w��*wzm�*�m�����ouj���r�jONs}Ëj�y|tu��j�m��|r�k2m���k2ourLw�jON3�
�*y*k�}Ëwzouk��*j����*wTÛ�¤Þ· ����h�i�j~yLj�rL��o��|r5�ztqÆzj�mÃ��wzy � � k�m�� � � k�y|j�k���prÄ,·Ç� ³µ² s7k�m��
prÄ�· � ³ ¾s��h�i�j�r|jBm����� -j�yLr�vxj�y|j�k2ouyLj�k2��p+}�y|j�rLj�m��*j��ætumæÇsj����|tuwzm ê �µKs� ê jON��*y*k�}Ëw2�
o�k��|j����|w�prÄ¢· ���bh�i�j^������Í����%Æ�k2ou��j�r�k��zy|j�j6v�t��|i�tum�j�yLy|wzyLrxv�t��|i��|i�j>w2�|i�j�yx�nk��*k
��wzy(k2o�oxy|k��*t�wzr��+Änwzy � � k2m�� � � tum\�*i�j��|��m��zr��*j�mæyL��mS�*i�jB��j�Æ�t�k��|tuwzm/tur ë ³ ë Ô"k�m��ê ³ ¿2Ôg� Çst�m���j��|i�j�Æ�k2o���j�r6tum��|i�j���k2y| -wzm�y|��m9��w�k2�zyLj�jlv�t��*i�tum ê Ô
��k2m����*i�j�w��*i�j�y
�nk��$k�v�k2rb�$k2{�j�m�v�tq�*iF -j�yLp�o�outu��� k2rb�*k2y|�zj;�²�~kH�*j�yLt�k2o¥���|i�turb��wz��ou�F -j·k2m�t�m���t���k��|tuwzm
��wzy·k�m�����ouj�k�y·��k2rLr·��j�}-j�m���j�m���j���-�m7�|i�j5w��*i�j�y·i�k2m��9�n�*i�jlj�y|yLwzy|r6k2y|j ouk2y|�zj k�m��
�*i�j ��tL64j�y|j�m���jlm�w2��y|j�k2ouoqp~rLtu�zm�t È ��k2m����
�çm9ÄJt��z��y|j é �����n�|i�j jVN��*y|k2}Ëw2o�k��|j�� ?? Æ�k2o���j�r6k2y|j }�o�w2�|�|j���k2r���t�y|��o�j�r��*w2�zj��|i�j�y�v�t��|iw2�*i�j�y�}�yLw2�*wzm3*�m�����o�j���r���k��$k����çm+ÄJtu�z��y|j é �Ýs�t��6tur>}�ouw2�L�*j���v�t��*i�m�����ouj���rG*�m�����ouj���r
�nk��$ks���çm\ Ëw2�|i/ÄÁtu�z��yLj�r'� �|i�j������·Í��G� �nk��*k È �|r�v�j�ouo²tum��*wB�|i�j�w¤Æ2j�y*k�ouob}�t����*��y|j��
k2}nk2y��>��y|w2� �|i�j���k2y| -wzm�Æ�k2o���j�r6 Ëj�tum��Bk� �t��6i�tu�2i����çm9�|i�j���w2m��|jVN���w2���JHJ�Å}�y|w2�
������j��~t�m�m�����ouj���rG*�m�����ouj���r�t�m��|j�y|k2���|tuwzm9�2wzm�j�v�w2��ou��jVNs}-j����Â�*i�j������·Í��G���nk��*k �|w
 Ëj)rLtu�zm�t È ��k2m��*o�plo�wÏvxj�y��*ink�m��*i�j)m�����ouj���rG*�m�����ouj���rb�nk��*k��2v�i�t��$i(turJm�w2�J�|i�j)��k�r|j2��� �
��wz��o��� Ëjlk2yL�z��j��B�|ink����*i�jljON��*y*k�}Ëwzouk��*t�wzm�t�r)v�y|wzm����n ������*i�j Æ�k2o���j�r�t�mB�*i�jJkæy|jO�
�ztuwzmSÓ ê ³ s|ó¡Ú5óx� ³ s�k2y|j�k�ouy|j�k2��p�i�tu�zi�k2m��Fvxwz��o�� È �ÂjXW��nk2o�o�plv�j�ouontum��|w��*i�j�}�o�w2���
�çm�ÄJtu�2��y|j é � é �|i�j�m7�*i�j5jVN��*y|k2}-wzo�k��|j�� �� tur�}�ouw��|�*j��7v�tq�*i�m�����ouj���rG*�m�����ouj���r��nkH�$k��Í>��k2t�m(�*i�j�������Í��G��Æ�k2ou��j�r È �Âv�j�ouont�m��|w��*i�j�w2�|i�j�y²�nk��*k5k�m���t�r²m�w2�²r|t��zm�t È ��k2m��|o�p
ouw¤v�j�y)��k2oq�*i�w2���ziB�*i�j j�y|y|w2y|r·k2y|j�w��J��wz��y|rLj5ouk2y|�2j2�
ð�Ñ�ÒxÑZY ØÅÕ å�Ì�ãçß�å&ÝxÞ Ö���ñ5Õ�ânÝxÞ Ù"å���ÅõÅ�Õ�ß�â<\äÕ å
�çm�ÄJt��z��y|j é � ² �z�|i�j j k2r�p�����j��|yLpF��t�rL�*yLtu ��s�*tuw2m(tumdÛ�¤�~ ? ¸FÛ�¤ À tur²}�ouw��|�*j����|wz�zj;�*i�j�y
v�t��*iÃy|j�r|��oq�*r ��y|wz� �*i�j�jVNs}-j�y|t���j�m��Í� ² ¾ ê ½�Í>t��¦�$�)(Î�Þ�çmÃ�*i�j°� ² ¾ ê jVNs}-j�yLtu��j�m����Jk
� �  -j�k�� v�t��|i@��wz��y(��t�k2��wzm��@k2m��%wzm�j7}�o�k��|tum���� ��w2tuour�k2r(�$k2yL�zj��|rFvxj�yLj���r|j��4�
Ä�w2y>�*i�j���k2yL Ëwzm�yL��m9�4�|i�j(k2�2y|j�j���j�m���w2�²�*i�jÍ�����·Í��G�<k2m��C� ² ¾ ê �nk��*k�tur6�zwsw����
h�i�tur r|��}�}Ëw2yL�*r��|i�jF��wzyLy|j��;�*m�j�r|r5w2�x�|i�j�k2m�r|k��¦�FtumÃÇ�j����|tuwzm ê � ë � ë �(Änwzy��*i�jF�|��m��2�
rL�*j�m��$k2yL�zj��)�J�*i�j5�����·Í��G�ô�nkH�$k�t�r�rLp�r��*j���k��|tu��k�ouo�p+i�tu�zi�j�y5�|ink2m�tum\�*i�j�yLj�rL��o��|r
��y|wz�À� ² ¾ ê ��h�i�tur���wz��o���k2ourLw9 -j�k�m�����ouj�k�y��~k�r|r���j�}-j�m���j�m���j��x ������*i�j�j�yLy|wzyLr
k2y|j�r��$k��|tur��*tu��k2o j�yLy|wzyLr�wzm�oqp5�4rLw��*i�j�y|j���k2m�rL�|tuo�o� -j�rLtu�zm�t È ��k2m���rLp�r��*j���k��|tu��j�y|y|w2y|r��
Í>m�w2�|i�j�y�i�t�m����*ink���m�����ouj�k2y�j�6Ëj��;�*r·��wF}�o�k�pBk(yLwzouj���tur)�|ink����|i�jJ������Í��G� ��w2m��|j
�)k2y|o�wlt�m���o�����t�m���Ä+���çh,�.-�Ä���w2ygm�����o�j�k2y²j�6Ëj��;�*r²��k�m�yLj�}�yLws������j��*i�j j k�rLp�����j��|yLp
¸ r|j�j·ÄJtu����ss� ë2é À W��nk�out��*k��*tqÆzj�o�p  -j��|�|j�yg�|ink2m��*i�j�}���y|j�m�����ouj�wzm�*�m�����ouj�w2m�rLtu����o�k��|tuwzm
�+��h����çÍ^ $"$�bh·Ç��bh ��w2m��|j��)k�y|ouw ��rLj���tum�½ Í6t��¦�$�)(Î�gh�i�j·wz���|��wz��j�w2�4�|i�turÂ��w2m��|j
�)k2y|o�wBtur�r|i�wÏv�mÃtumÃÄJt��z��yLj é ��¿���h�i�j�Ä+���çh,�.-�ÄÅy|j�rL��o��|r tum���ou����j5�*i�jFj�6Ëj��;���*inkH�
�*i�j6k2rLp�����j;�*y�p(turbouk2y|�zj�ybtum(�*i�j��|��m��zr��*j�m~y|��m��gh�i�j·o�k2yL�zj�k2r�ps����j��*y�pFk��êÛ�¤!· �
�*ink��l}����X��o�j��+�*i�jFk����*i�w2y|r w2��½ Í6t��~�#�)(b��k�p9 -j�jONs}�o�k2t�m�j��+ �p�m�����ouj�k�y�j�6Ëj����|r��d� �
�*i�t�rxt�m���tu��k��*t�wzm�rbw2�4m�����o�j�k2yÂj�6Ëj��;�*r�t�m��|i�j�Û�¤��çk2rLp�����j;�*y�p(��tur��*yLtu ����|tuwzm�k2yLj��$k2{�j�m
r|j�yLtuwz��r|o�p��4�*i�j���w���j�oJtum�½�H����~� ë (g}�y|j�rLj�m��*j��\t�m+Çsj����*t�wzm ê � ë � ë v�w2��ou��ink�Æ2j��*wB -j
�$ink2m��zj���rLtum���jltq��wzm�oqpBk2����wz��m��|r·��wzy�rLtum��2ouj�ink���y|wzm3*�m�����o�j�wzm7tum��*j�y*k2�;�*t�wzm�r��
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Nent = 20     
Mean  = -0.07448
RMS   = 0.04085

 in C-runΛA xf_ass
Nent = 20     
Mean  = -0.07448
RMS   = 0.04085
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Nent = 20     
Mean  = -0.06346
RMS   = 0.04741

 in W-runΛA xf_ass
Nent = 20     
Mean  = -0.06346
RMS   = 0.04741
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ÄÁtu�z��yLj é � ² z h�i�j j k2r�ps����j��*y�p�Û�¤X�ç��t�rL�*yLtu ��s�*tuw2mBtum���wz��}nk2yLturLwzmB�*w�y|j�rL��o��|r·��yLwz�
� ² ¾ ê ½ Í6t��~�#�)(>��w2y���k2yL Ëw2m8¸Îk À k�m��Å�*��m��2rL�*j�m ¸   À � ���c��Í������nk��*k��6r��$k��|tur��*tu��k2o
j�y|yLwzy|r�wzm�o�p��x�|i�j9� ² ¾ ê y|j�r|��oq�*r�k�y|j7�~k2yL{2j��è �p%�|i�j7��tuyL��o�j�r)��t��*r�j�yLy|wzyLr�k2yLj7�|wsw
rL�~k�ouoË�|w� -j�r|j�j�m�tumB�*i�t�r�}�ouw����
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ÄJtu�z��y|j é ��¿ z ����h����çÍ! #"$�²h·Ç��²h�yLj�r|��o��*r���w2y j k2rLp�����j;�*y�p9��w2��}nk�y|j����|wT� ² ¾ ê
y|j�rL��o��|r)���$k�{2j�mF��y|w2�`½�Í>t��¦�$�)(Î�Eì"i�j�m���wz��}nk2yLtum����|i�turJ�|w��*i�j�yLj�r|��o��²w2�-�*i�j������·Í��
�Ì��w2m��|j\�)k2y|o�w%k�our|w���r|tum��%Ä����çh,�.-�Ä§�*wær|t�����o�kH�*j9m�����ouj�k�yBj�6Ëj����|rS¸�r|j�j/ÄJt����
ss� ë�é À �g�|i�jS������Í��G�¯��w2m��|j7�)k2y|o�w9y|j�}�y|w�������j�r(�*i�jB�nk��$k9W��nk�out��*k��*tqÆzj�o�pÃ Ëj;�|�|j�y)�
tum���t���k��|tum����*inkH� m�����ouj�k2y�jV64j����*r ��k�p� -j�tu��}-wzyL�*k2m���tum���m���j�y|rL�*k2m���t�m���i�ps}-j�yLwzm
k2rLp�����j;�*yLp���tur��*y|t� ����|tuwzm�r��

í7¢O½ �Q¶�¬b±�ªBª��

��j�k2m�v�i�t�ouj�k9�����$i@ouk2y|�2j�y�k���wz��m���w2�·tum��*j�y*k2�;�*tuw2mS�*y|t��z�zj�y��nk��*k�v)k�r(y|j���wzy|��j��
k��4������Í��G�6�4Í6�M�|j�y k�yLwz���zi�yL��m+r|j�o�j��;�*tuw2m9��wzm�j È m���rlk2 -wz��� ² ����tuo�out�wzm�j�Æzj�m��*r
v�t��*i9�|i�j(��k�y| -wzm9� ² ����tuo�outuw2m7j;Æzj�m��|r�v�t��*i9�|i�j��*��m��zrL�|j�m\k2m�� ë s~��tuo�out�wzm�j�Æzj�m��*r
v�t��*i%kÃ�|t��*k2m�tu��� v�t�y|j2�%h�i�tur�tur��|j�m@�*tu��j�r(�|i�j�rL�$kH�*tur��*t���r(��wzy(�*i�j7��k�y| -wzmèk�m��
k2ou��wzrL�!K$���|tu��j�r��|i�jFrL�$kH�*tur��*t���r���wzy��|i�j(�*��m��2rL�*j�m\�*k2y|�zj;�l��r|j��\t�m+�|i�turlk2m�k2o�p�r|t�r��
h�i�tur���j�k2m�rF�*inkH���|i�j�Æ2k�ou��j�rF��w2y�k�ouo)i�p�}Ëj�y|wzmèy*k��|tuwzr(t�m���o�����tum���k���m wzy(�*i�j�tuy
k2m��*tL� }nk2y��*tu��ouj6��k2m� -j���j�k2r|��yLj��Bv�t��|i7k��*i�yLj�j��*t���j�r)r|��k2ouo�j�yÂrL�*k��*t�rL�*t���k2oËj�yLy|wzy)��wzy
��k2yL Ëwzm�k2m���k È �M�|i�w2�Á�*i�jlj�yLy|wzy���wzy��*��m��zrL�|j�m9��wz��}�k2y|j����*wF�*i�tur6k2mnk2oqpsrLtur���h�i�t�r
k2ourLwStu��}�out�j�r(�*i�k��~�|i�j9rL�*k��*t�rL�|tu��k�o6j�y|y|w2y~wzm �� tum%�*i�j��|��m��zr��*j�mÅy|��mÅ��j���yLj�k2rLj�r
��y|wz� w¤Æzj�y|s#�:¼ �*w�k2 -wz��� ê �:¼V�J�|i�j�rL�*k��*t�rL�|tu��k�oxj�y|y|w2y�wzm �� tum/�|i�j���k2y| -wzmSyL��m��y|wz� k2 -wz��� ê¤é ¼ �*w6k2 -wz����s$¼��E�çm�k2����tq�*t�wzmlk·��j�k2rL��y|j���j�m��Jw2�s�*i�jðk�k�rLp�����j��|yLp
v�t��*i5k2}�}�y|wz}�yLt�k��|j²��m���j�yL�*k2tum��*t�j�r1v�tuo�oz -j���w2��jb��j�k�r|tu �ouj2�Á��k�p� -j)k�}ËwzrLr|t� �oujbm�����ouj�k�y
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� ú ÷ û ú î:�Ù� ú ù ï ý ��,1þ�9º6 �M÷�ï@óÆó ú ��ï ,�= ù î��¤� ú ÷Y��,D� ú �29 ú ú þ²ð

( ú îÆþ{3Óï@þ y �MîÆó/�Ëï ,�= ù 9 ú þ � þD� ú ô5� ú óÿó:� ú þ ï �q(Ö]��w�Z+,H÷}9Hî ú � ÷ ú ,Hþ�9Hóÿî�= ùHú hèþ04
� ú ÷�ô	� +,��@§u,1þ�� r 9/ï@÷	,Hþ�� ú ÷ ý%ú ô	�Mþ�9 ú ÷�ô � ÷�ï ,Ö[Mï =�
&, ú óÆîÿþ ú o�, ûHû ï@þ�§?42]�îÆ÷�ô	= ù ð

� ,�� ú ÷	9 ú � ��+��= ù � ú î:= ù � ú îÆþ ú þ û î��¤� ú ÷ y �MóÆó ú � ú þ·(¤ï@÷�=²4 � þ�9H÷0üú�r (�î:= ù ï ú óòï r
(�î yLù ï@îÿó�,Hþ�9ÖlP�M÷�ô	� ú þ�9/ï-þ y@ú þ r §�,�� ú îÿþ ú þº�²+,H÷Ù9/ï@ô�ô úÚù ÷|��,�� ú}� ÷ ý%ú î/�öô y óÿî���ï r1ý%ú î
9 ú ÷º� �½� ú �2`£ï@ô¶�ö÷	��= y-ú þ ú þ � ÷ ýcú î:�®`£ï@÷¶9 ú ÷Ýþ_+� ��î�� ú 8�,��¤�M÷�î��¤� ú ÷­6 �M÷ ù ï-þ�9 ú þ�ð
û ,��«ï@þ�9 ú ÷ ú þÖ9Hï��²+,H÷ r 9Hï�� ô�î ú ô�î�= ù î��¤� ú ÷v6=î ú ó û ú î/�Y�²+,H÷Ù��î�= ù ,Hþ�9º� ú îÆþ úJ� ÷�ï � ú þ
� ú þ�� �c� ú þ ù ï ý%ú þ�ð
�¸ý%ú ÷�ï ,�= ù ï@óÆó ú þ}(�î/�@�Móÿî ú 9 ú ÷�þw9 ú ÷m8|j FH� 42){���Móÿóòï ý �M÷�ï��öî:�Mþ r 91î ú ��î�= ù ,Hþ�� ú ÷�ô	� +,D�@§?�ù ï ý%ú þº,Hþ�9º9Hî ú ��îÆ÷ ý%ú î � ÷�ï � ú þ¶� úÚù �Mó/� ú þ ù ï ý%ú þ r �Mîÿó:��� ú îÆþ¶3Óï@þ y ð
û ,Hô
+ï���§ óÿî�= ùHú ÷�3Óï-þ y �Mîÿó:��9 ú þ z�ú ,D� ú þ r 9Hî ú �²+,1÷Y��î:= ù 9Hî ú ô úJ� ÷ ýcú î:� y �M÷�÷ úuy �@,H÷"� ú ó ú 4ô ú þ ù ï ý%ú þ\tv[ � ù ï@þ r (¤ï@÷	=?4 � þ�9H÷0üú r (�î:= ù ï ú óòï�,Hþ�9�(�î�= ù ï ú ó�ð

) ú ô��MþD9 ú ÷�ô���+��= ù � ú î�= ù ��î�= ù~ýcú î�9 ú þ���] ù�� ô�î y-ú ÷�¥w��= ùHú ÷�þ�� ý%ú 9/ï@þ y@ú þ r � ú ÷öïM4
9 ú îÆþ¤9 ú ÷ û ú î/��9 ú ÷Y3�î û ó�� ��ï@÷ ýcú î:� ý � �v9/ï@ôx`¿+��= ùHú þ&��óÆî:= ùHú>y �0= ùHú þ®��î/��j�,�= ù�ú îÆþ ú þô�, û%ú ÷ � ,Hô	�Mó ú î�= ù ð�o û%ú §Úî ú óÿó ýcú 9/ï@þ y-ú þ���+��= ù � ú î:= ù ��î�= ùÝýcú îm[Mï@þ r<� î�=u�@ó ú r<F �MþHþ �
,Hþ�9Äo0� ú ûHùHú þÕ�²+,H÷�î ù ÷ ú�� ÷ ú ,1þ�9Hô�= ù ï��½�®,Hþ�9Õhèþ�� ú ÷�ô	� +,D�@§�,Hþ���6=î ú ó ú ÷ � ÷5� r 9Hî ú 9/ï-ô
� ú ô�ï �«� ú o0��,�9Hî:,��i§u, ú îÿþ ú ÷�ô ú ù ÷�ô�= ù +�Mþ ú þ û ú î/�H� ú ��ï = ù � ù ï ý%ú þ²ð

h�þ�9��Tóòï@ô5� ý ,D�Ëþ�� �Ëó ú ï@ô	���Ö��+��= ù � ú î�= ù ��î:= ùsýcú îx� ú îÿþ ú þÎj�ó:� ú ÷�þ ý%ú 9/ï-þ y@ú þ r
9/ï��²+,H÷ r 9Hï��×ô�î ú ��îÆ÷�9/ï@ôvo0�@,D9Hî�,�� ú ÷	��+���@óÆî�= ù ��,1þ�9c��î�= ù 9Hï ýcú î%,Hþ�� ú ÷�ô	� +,D�@§?� ù ï ýcú þ
,Hþ�9­6 �M÷�ï@óÿó ú � r 9Hï��ñô�î ú ��î:= ù §�, ú îÿþ ú � � ,Hô�óÆï@þ�9Hô�ï ,D� ú þ�� ù ï@ó:� ú ÷	�G,D�öî:� ��,Hþ�9­��î:= ù
9/ï ý%ú îx
�þ1î�= ù ��þ0,1÷ � ¹ þ/ï@þD§ î ú óÆó\,1þ&� ú ÷�ô	� +,D��§�� ù ï ý%ú þ�ð
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