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®?¤A­4ì�®?½¼°²Ì4® �ÍÏ�µ·´u­P°¦³¼¥1½�ª«±1ÉA¤²±1§ÒµÄ®�¯1­7½¼°¹®�­P³3¤²¾(®�¯1­7³¼ª×ì·¶1½¼¤�ÌP­P³¼³¼­P³¼Á
ÕÖ¯1ª«³Ñ°¦¶1¶1½�¤¦°²Ìñ¯�ª«³Ö®?¯�­P¤²½¼­4®?ª«ÌP°²§«§×µgÌP§«­P°²±�°¦±1¨�³¼¥º"¸­?½�³Ñ¾Î½�¤¦´ ±1¤�¯1°¦¨1½¼¤²±1ª«ÌA¥1±1ÌP­P½@®�°²ª«±�®?ª«­P³¼Á!óË±��
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o jlkrÉ · â�qÁ<Uâ�JÜä å æjlkrÉ çKJ�> r â�qÁ<vâqãÜä å æjlk¼É ç·ã�>
â�qÁ<Uâ J ä å æjlkrÉ ç J > h â�qÁ<vâ ã ä å æjlkrÉ ç ã > < � Á�� � >
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q É ·
QPS�TUQ � W6X Yg��O� Z � \ ã QDS¼TUQ V W6X Yg��O� Z V \QPS¼TyQ � W8X Yg��Q� ^ � \ ã QDS¼TUQ V W6X Yg��O� ^ V \QPS�TUQ � W6X Y Z � \ ã QDS¼TUQ V W X8Y[Z V \QPS�TUQ � W8X Y ^ � \ ã QDS¼TUQ V W X8Y[^ V \
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q É � q jlkrÉ · â�qÁ<Uâ J ä å æjlkrÉ ç J > h â�qÁ<vâ ã ä å æjlkrÉ ç ã >
â�qÁ<Uâ J ä å æ ç J > h â�qÁ<vâ ã ä åºæKç ã > ·

· � hhq ÿî � 
 q Q ÌP¤¦³
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ª©³3±�­PÉ²§«­PÌ4®?­P¨1Á
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÷��Z¨1­PÌP°Zµ|³3®?¤�å æ ç £º¯1­P½�­7®�¯1­Äå æ ¨1­PÌP°Zµ|³3®?¤!°!¨1¤²¥1Ï1§Òµ���ÊÖ°¦Ï1ª©Ï1Ï¸¤ �Z³¼¥1¶1¶1½¼­P³¼³¼­P¨Ñ<UÀ�Ê3éº>Ñá1±1°¦§
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q [�X 8 < Î � çÍe6>�· â�qÁ<Uâ�JÜä �ÒçØã�e±J � X Y çKJ�> h â�qÁ<UâqãÜä �ÒçÊJ�e�ã � X Y ç·ã�>
â�qÁ<Uâ J ä �Òç J e ã � X Y ç J > h â�qÁ<Uâ ã ä �Òç ã e J � X Y ç ã > �

� q ÿX hsq ÿQ h 
 q X q Q ÌP¤²³��YÌP¤²³0<?� Q h � X >*< � Á�� � >
o [�X 8 · â�qÁ<Uâ�JÜä �ÒçØã	e¯J � X Y çKJ�> r â�qÁ<UâqãÜä �ÒçÊJ�e�ã � X Y ç·ã�>

â�qÁ<Uâ J ä �Òç J e ã � X Y ç J > h â�qÁ<Uâ ã ä �Òç ã e J � X Y ç ã > �
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 q Q q X ³¼ª«±6�0³¼ª«±r<#� Q h � X >

q ÿQ hhq ÿX h 
 q Q q X ÌP¤²³��YÌP¤²³0<?� Q h � X > < � Á��#
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®?¯1­ZÒ�¨1ª©½¼­PÌ4®?ª«¤²±Í¾Î¤²§«§©¤�£ ¯1­P§«ª©ÌP°¦§ ®?½¼°�`4­PÌ4®?¤¦½�ª«­P³¼Á�Õ9¤!¥1±1ª u ¥1­P§Òµ ¶1°¦½¼°²´A­4®?­P½¼ª©ÚP­Ä°!¯1­P§«ª×ì ª©±Þ®�¯1½�­P­
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®?¯1­�³¼ª©É¦± ¤¦¾ o Á ¿Ã¤²³Zª×®�ª×Å(­ØÌñ¯1°²½¼É²­P¨g®?½¼°²Ìñ¬�³�ÌP¥1½UÅ�­�ÌP¤²¥1±�®�­P½�ÌP§«¤JÌñ¬�£ºª©³¼­�ª©±Ý®�¯1­ q�r H ¶1§«°²±1­
£Ñ¯1­P±·§©¤�¤¦¬Jª«±1ÉÐ°¦§©¤¦±1É0®?¯1­aÒÐ¨1ª«½�­PÌ4®�ª©¤¦±�°¦±1¨·±1­PÉ²°�®?ªÒÅ�­qÌñ¯1°²½¼É²­P¨z®?½¼°²Ìñ¬�³�Ï¸­P±1¨·ÌP§©¤�Ìñ¬?£ºª©³Z­PÁAÕÖ¯1­
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�uª«³�®?¯1­º°¦±1É²§«­ÑÏ»­4®à£�­P­P±A®�¯1­_ÒÄ°¹ì|ª«³Ë°²±1¨A®?¯�­Ñ¶1°¦½@®�ª©ÌP§«­º´u¤¦´u­P±�®�¥1´uÆ
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Âßª«É²Á�
²Á��u³¼¯�¤Z£Ñ³�®?¯1­7¨1­Pá1±1ªÒ®?ª«¤²±�¤¦¾ à æ ³¼ª«É²±1ÁÂ(¤²½3¨1­PÌP°Zµ|ª©±1ÉA¶1°¦½@®�ª©ÌP§«­P³¼Æ
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£Ñ¯1­P½¼­ Ø � ª©³�®�¯1­Ö®?¯1­Ñ¨1­PÌP°ZµØ§©­P±1É�®?¯Þª©±u®�¯1­Ö®?½¼°²±1³UÅ(­P½�³Z­7¶1§«°²±1­PÁË¢à±u®?¯�­7¾Î¤²§«§©¤�£Ñª«±1É�£�­Ö£ºª©§«§ ÌP°²§«§
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DFE�G HJILKNMPORQ STSUHWVTX8Y[Z4\^]`_ba&c4d�e�K+f

gihTj&k�l^mon�p�qsrTt�uwv�uwkxjzyNq{uiqsy|y�jzl�u�jz}~q{r~m����{��g�u��o�sjzrT�oqs}Tmo��y|m�torTj�k�qsn`�Tjz�{}~�A��lBkxh�j`y�jzmou��Tl^j��
y�jzr�k��o�&n�hTmol^tojz}��Tmol�k�qsnx�sjzu�y��oy|jzrxk�m����0j���qs�{�8}Tjzu�nzl�qs��j`k�hTqsu�uwv�uwk�jzy��2u�hT����r�q{r��6qsto�s�o�s�o�
uwkxmol�k�q{rTtP�Al���y�k�hTj�}Tj���q{nzj�nz�{��u�jzu k�kx�¡k�hTj���jzm�y¢morT}/y|����qsrTt£�o��k	�Lmol^}�u��0g4hTj�q{rTrTjzl�y��ouwk
kxl�m�n�p�qsrTt�}Tj���qsnzj¤qsu8m�u�q{�sq{nz��rW}Tj�kxjzn�k���l��o��hTq{n¥hWnz��rTu�q{uwk�u8���¦k�hTl^jzj¤u��T��}Tj�k�jzn�kx�ol^u@kxhTm§k¤nz�¥��jzl$kxhTj
l^jztoqs�orP¨ ©C¨�ªR��m�r�}|�z«�����m�¬zq{y­��k�hTm���morTto�sjz��gihTj¤�Tl�uwk
�{m�v[jzl8�o��u�q{�sq{nz��rWu�jzrTu���l�u��[nzmo�s�{jz}W®¯m�v[jzl
°�°�± ® °o°�²W³ �o´�µ{�Cq{u�qsrTu kxmo�s�{jz}¶}Tqsl�jzn�kx�·vU�or�kx��kxhTj���jzlwv��{�sq{�Tyb��jzm�y¸�Tqs��jz�$��q¹k�h�kxhTj�u�jzrTu��ol^u�m§k
l^mo}Tqsqi�§�sºo»�m�rT}-���{����nzy¼�Al^�oy½kxh�j¾��jzmoy��|gihTj���jzmoy¼�Tqs��j�qsu`y|m�}Tj¾�o�8��jzlwv��s�{qs�Ty¼��jznzm��Tu�j
kxhTq{uLy|j�kxmo�¿hTmou2kxh�j¾��jzuwk�y�jzn�hTmorTqsnzmo�¿À��Tm��{q¹k�qsjzu&��q·kxh�k�hTj¾�{���Ljzuwk�r��Tnz�sjzmol�q{r�kxjzl�m�n�k�qs�orPnzl���u�u
u�jzn�kxq{��r��

g4hTj�® °�° q{u��Á�o�s�{���Ljz}���vÃÂ�Ä¾ÅÇÆ^Æ ³ ��Èoµs��y|m�}TjL�o�@���[j�nz�orTnzjzr�kxl�qsnL�{m�v�jzl�u����¯u�qs�{qsnz�or�u�jzrTu��ol^u
�s��nzm�k�jz}Ãm�k�l^mo}Tqsq+��j�k	�LjzjzrÃ���{��»¡m�rT}/� ° �s�¡nzy���g4hTj­Æ	r�kxjzy|jz}Tq{m�k�j�ÂTq{�sq{nz��rÃ®¯m�v[jzl^u ± Æ	ÂT® ²¾³ » ° µ
m�l�jBk�hTji����k�jzl^y|�ouwk4u�qs�{qsnz�or�}Tj�k�jzn�kx�ol^u�����q¹k�h��orTji�{m�v�jzlC�o��u�jzrTu��ol^u8m�k¤m�l^mo}Tqs�TuC�o���o�`nzyÉq{rLkxhTj
nzjzr�kxl�m��[l�jzt�q{��r�morT}�k	�L���{m�v[jzl^u2m§k�l^mo}Tqsq�� ° morT}���´­nzyÊqsr�k�hTj¤�A�ol��Lmol^}�l�jzt�q{��rT�iÂT�Tl^l����Tr�}TqsrTt
kxhTj`u�q{�sq{nz��r~}Tj�k�jzn�kx�ol^uiq{uBkxhTj`Ë4jzrxk�l^mo��Ì���k�jzl�g¿l^mon�p�jzl ± Ë4Ì�g ²�³ »��§µ{��m�ºo�<�LyÍ�{��rTt�n�v��{qsrT}Tl�qsnzmo�
����jzr���nzjz�s�¿}�l^q{�Îk�n¥hTmoy­��jzl�nz���[jzl^q{rTt�k�hTj
���o�s�Ty|j­��j�k	�LjzjzrP�oº��{�¡nzy�morT}Ï��ºo���{º¡nzy¼���8l^mo}Tqs�Tu
m�rT}J¨ ©C¨�ªÐ�§�
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ã¿äæåBä�ç è�é¿êìë¿í�îwí�ïÒð[ñóò~ê¦ôzê�ïoôxð[õÓö
gihTj&u�q{�sq{nz��r¾uwk�l^q{�­}Tj�k�jzn�kx�ol^u ³ »��oµ�m�kiËi÷L�ìÆ�Æ@�Tl^�¥��q{}Tj&m��Tl^jznzq{u�j&}Tj�kxjzl�y�q{rTm�k�q{��r¾����kxhTj&�Tm�lwkxq{nz�sj
kxl�m�ø�jzn�kx�ol�v£nz�{��u�j�k��Lk�hTj���jzmoyN�{qsrTjz�
gihTj�q{y��Tmon�k��Tm�l�m�y|j�kxjzl4l^jzu����{��kxq{��rùy|jzm�u��Tl^jz}ùq{r�kxhTj�k�l^morTuw�[jzl^u�j����smorTj�qsu4�o�¿��ú�û6y|�
ü u�q{�sq{nz��r0}Tj�kxjzn�k���l|q{u|�A�TrT}Tmoy�jzr�k�m��{�¹vým�l�j���jzl�u�j����Tq{m�u�jz}0����r£ø��TrTn�k�qs�orT�Ï�þhTjzr-m�n�hTm�l�t�jz}
�Tm�lwkxq{nz�sjF�Tmou�u�jzu�k�hTl����Ttoh4kxhTjF}Tj�k�jzn�kx�ol¯y|m�k�jzl^q{m��{�Ôq¹k&nzm��Tu�jzu+qs�orTqs¬zm§kxq{��rT�2�[��l+m¤u�jzy�q{nz��rT}T�Tn�k���l��
kxhTq{u�y�jzmorTu�kxhTm§k|jz�{jzn�kxl���r���hT�o�sj��Tmoqsl�u�m�l�j��Tl���}T�Tnzjz}T�¡ÿF�{jzn�kxl���rTu�}Tl�qs� k`k����Lmol^}Tu�k�hTj�morT��}Tjz�
m�rT}-hT���{jzu�}Tl�qs� k�kx�¥�Lm�l�}Tu`kxhTj~nzm§kxh��¦}Tjz�8��hTjzl^j�kxhTjùn¥hTmol^toj~q{u�tom�k�hTjzl�jz}T� gih�j~m�y|���Tr�k��o�
n�hTm�l�t�j£q{u��¤k��Ï�Tl^uwk��ol^}Tjzl��­�Tl�������lwkxq{��rTmo�2k��PkxhTj£��m�k�hý�sjzrTt§k�hUkxl�m��[jzl^u�jz}�qsrUk�hTj£}Tj�k�jzn�kx�ol
y�m§kxjzl�qsmo�$��v¡k�hTj�n¥h�m�l�t�jz}ù�Tmol�k�qsnz�{jz�

� vóu�jzt�y|jzr�kxq{rTt�k�hTj¡�/�ol¾r/u�q{}Tj����CkxhTj­ø��TrTn�k�qs�or/qsr�kx����uwk�l^q{�Tu��PmorT}/l^jzmo}Tq{rTtP����k¾kxhTj
n�hTm�l�t�j~}Tjz����u�q·kxq{��r-u�jz�Tmol^m§kxjz�·v ��rÏj^��jzlwv uwkxl�qs�T�8�Ljù����k�m�q{rÏu�jzrTu�q¹k�q¹��q¹k vJkx��kxh�j~���ou�q¹k�qs�orÏ�o�
kxhTj�n�hTmol^tojz}£�Tm�lwkxq{nz�sjz� ü �s��kxhTj�Ë4÷L� Æ^Æ¤u�qs�{qsnz�or£}Tj�kxjzn�k���l�u`mol^j�q{y��T�{jzy�jzr�k�jz}£m�u�y�q{nzl^�ouwkxl�qs�
}Tj�kxjzn�k���l�u��ig4hTj2k v��Tq{nzm��$}Tqsuwk�m�r�nzjL��j^k	�Ljzjzr¾k	�L��u kxl�qs�Tuiqsuimo���o��k�� ° ûCy��iË4hTmol^tojL}Tjz����u�q·kxq{��r
�Ál��oyþm�u�qsr�t��{ji�Tm�lwkxq{nz�sj4�Tm�u�u�qsrTt�kxhTl����TtohLk�hTjiu�qs�{qsnz�or�u�jzrTu���lCnzm�r���jil^jzmo}��o��k4�or���r�ji��lCy��ol^j
uwkxl�qs��u���g4hTqsu¾n¥hTmol�t�j�}Tjz����u�q·kxq{��rUqsu¾�Tu�jz}�k��Ã}Tj�kxjzl�y|qsrTj�k�hTj�hTq·k�����u�q¹k�qs�orJqsrìkxhTj¡}Tqsl�jzn�kxq{��r
��jzl���jzrT}Tq{nz�T�smolBk��Lk�hTj�uwkxl�q{�Tu��
gihTjzl�j�m�l�jLk	�L�¾k v���jzu����2y�q{nzl^�ouwk�l^q{�¶}Tj�kxjzn�k���l�u���u�q{rTt��{j�m�rT}¶}T�o�T�T�sj���u�q{}Tjz}T��Æ	r¶u�qsr�t��{j���u�qs}Tjz}
}Tj�kxjzn�k���l�u~��rT�·v7�orTj ± � ² u�qs}Tj£���4kxhTj¡ø��TrTn�kxq{��rýqsu~u�jztoy�jzr�k�jz} q{r�kx�/uwk�l^q{�Tu�� ÷L�o�T�T�{j���u�qs}Tjz}
}Tj�kxjzn�k���l�u&hTm��[j����§kxh¡u�q{}Tjzu&����kxhTjFø��TrTn�k�qs�or¡u�jzt�y|jzr�kxjz}¡q{rxk��­u kxl�qs�Tu��igihTj���jzrTjz��kL�o�$}T�o�T�T�sj��
u�qs}Tjz}�}Tj�kxjzn�k���l�u6qsu�kxhTm§kB��hTqs�{j���rTj ± � ² u�qs}Tj�hTmou6uwk�l^q{�Tu6�Tm�l�m��{�sjz��k��2k�hTj��L}Tq{l^jzn�k�qs�orT�T�Tl�����qs}Tq{rTt
�
	�� ����u�q¹k�qs�or�y�jzmou��Tl�jzy�jzr�k�u��@kxhTj ± r ² u�qs}Tj|nzmor�hTm��[j|uwk�l^q{�Tu�m�k�m�r�morTt��{j ± u kxjzl�jz�ùmorTt��{j ²
��q·kxhùl�jzu���jzn�k4k��Lk�hTj
��}Tq{l^jzn�k�q{��rT�@m�rT}ùnzmorù�Tl�����qs}Tj
�|���ou�q¹k�qs�orùqsrT�A�ol^y|m�k�qs�orT�
���ol�Â�Ä�Å�Æ^Æ �iy|m�}Tjù�o�
}����T�T�{jùu�qs}Tjz}-u�qs�{qsnz�or-u�jzrTu��ol^���A���Tl|u�qs�{qsnz�or-u�jzrTu��ol^uWm�l�jùm�u�u�jzy¾�T�sjz}
qsr�k��ùm��o�smo}T}Tjzl��ùuwk�l^�Tn�k��Tl^j`��hTqsn�h�qsu���È�nzy¸�s�orTt��ìgihTj|l�jzm�}T�o��kWjz�{jzn�kxl���rTq{nzu�m�l�j|y|���Tr�kxjz}
}Tqsl�jzn�kx�·v�kx��kxhTj�u��Tl��Am�nzj��o�[k�hTj�u�q{�sq{nz��r�u�jzrTu���l¤m�k­jzm�n�h�jzrT}��o�[k�hTj��smo}T}Tjzl��
g4hTj��smo}T}Tjzl^u¤mol^j
��l�t�morTqs¬zjz}/q{r/mor/m��T�Tl�����qsy|m�k�jz�¹vón�v��{qsrT}Tl�qsnzmo�&nz�orT�Tt���l^m§kxq{��rT�¤nzl^jzm§kxq{rTt��o�Tm�l�l^jz�{u��o� ü Â�Ä�Å
Æ^Æ4�Tm�l�l^jz�¿qsuLu�jzt�y|jzr�kxjz}Ãq{r�kx�£�����Ljz}Ttojzu��Bjzm�n�hÃnz���[jzl^q{rTt¡m��T�Tl�����qsy|m�k�jz�¹v�º °�� qsr � �¿�A��l�jzmon¥h
�Ljz}Ttoj�k�hTjzl^j¡m�l�j�����j¡�sm�v[jzl^u��Jÿ8mon�hJ�{m�v[jzl­�Tl^�¥��q{}Tjzu¾��rTj¡m���q{m��2y|jzm�u���l^jzy|jzrxk��orU��rTj¡u�qs}Tj
m�rT}|m�y�jzmou��Tl�jzy�jzr�k¤m§kCk�hTj4uwk�jzl^jz��m�rTto�sj4�or`kxhTj4�§kxhTjzl8u�q{}Tj ± u�jzj6k�m��T�{j4����� ² �&g4hTj4l�jzu����{��kxq{��r
��r�k�hTj�u�q{rTt��{j�hTq¹k­q{u­����û6y|��gihTjzl�j�mol^jik�hTl^jzj�Â�Ä¾Å=Æ�Æ&�Tm�l�l�jz�su��¯y|���Tr�k�jz}�m�}�ø�m�nzjzr�k¤kx�Wjzmon¥h
��k�hTjzlimo�s�orTtLkxhTj
�§��m���q{u��$mou4u�hT����r~q{rù�Bq{t��{���súo�$nz�¥��jzl�qsrTt`kxhTj�rT��y|q{rTm��$q{r�kxjzl�m�n�k�qs�orùl^jztoqs�or~m§k
kxhTj¾nzjzr�k�jzl��o�$kxhTj¾Ë4÷L�óÆ^Æ4÷`j�kxjzn�k���l���gihTj¾nz���[jzl�m�toj¾���$k�hTj¾u�qs�{qsnz�orP}Tj�k�jzn�kx�ol�u��T��uwv�u kxjzy¼qsu
u�hT����rùqsrù�6qsto�i�o�s´o�
gihTj�q{rTrTjzl�y��ouwk��sm�v[jzl^��® °�° ��qsu­y|m�}Tj¡���iu�q{rTt��{j���u�q{}Tjz}Ju�q{�sq{nz��rJu�jzrTu���l�u¤��hTqsn�hJ�Tl�����qs}Tj¡��rT�·v
��	�� y|jzm�u��Tl�jzy�jzr�k�u����T��k¤mo�su��o����jzq{rTt���rT�·v�m�k­�§�s»�nzyÉ�Al^�oyýkxhTjiq{r�kxjzl�m�n�k�qs�or�����q{rxk����Tl�����qs}Tjzu
kxhTj���jzuwk�l�jzu��o�s��k�qs�orù��r�k�hTj�kxl�morTuw��jzl�u�j�q{y��Tmon�k��Tmol^moy�j�k�jzl��
gihTj�Æ	Â�®0qsu�y|m�}Tj��o�F}T�o�T�T�{j���u�qs}Tjz}¶u�q{�sq{nz��r¶u�jzrTu���l�u�m�r�}¶q¹k|��l^����q{}Tjzu��T��kx��k	�L�ùm�}T}Tq·kxq{��rTmo�
kxl�m�n�p�qsrTt��{m�v�jzl�u|}Tjz��jzrT}TqsrTt��or-�Tu�jz�T}T�ol^mo�Tqs}Tq·k	v ± �Bqsto�R���{´ ² �RÆ	r0�Tm�lwkxq{nz�T�smol|Æ	ÂT®Ç�Tl�����qs}Tjzu
mìhTqstohTjzl4kxl�m�n�p�qsrTtìj��|nzqsjzrTn�v-��v-nz�orTrTjzn�k�qsrTt|k�l^mon¥p�u­qsrJÂ�Ä¾Å ��q¹k�hùk�hTjW�orTjzu�q{r�Ë4Ì�gÊm�rT}
m��{�s����u6k���j���k�jzrT}�kxl�m�n�p�qsr�t���j�v[��rT}�kxhTj�Ë4Ì�g��{qsy|q¹k ± ¨ ©C¨�ªÐ� ² �@m�r�}ù�T��kx�Ã¨ ©C¨�ªR���
ü �{��kxhTj�u�q{�sq{nz��rù}Tj^kxjzn�k���l�u4m�l�j��Tu�jz}ùq{r�kxhTj�Ì
��q{rTj�kxl�m�n�p¡l^jznz�orTuwk�l^�Tn�k�qs�orùm��{t��ol^q·kxhTy|�
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ã¿äæåBäæã è�é¿êHG�ê�ñ$ôzõ)ITî4JLK¿ôzê�õ�è&õ)ITïNM[ê�õ
gihTjLËiÌ�g }Tl�qs� k`n�hTm�y¾��jzl&�Tl�����qs}Tjzu¿kxhTj2kxl�m�n�p�qsrTt¾�o�@n�hTmol^tojz}¡�Tmol�k�qsnz�{jzu&m§k`�smol^toj�l�m�}Tq{q�qsr­kxhTj
�Tu�jz�T}T�ol^mo�Tqs}Tq·k	vùl^jztoqs�orP¨ ©C¨�ªÐ�§�[toq¹��q{rTt�morWm�nznz�Tl�m�k�j¤qsrT�A��l�y�m§k�qs��rWq{r�kxhTj �&	�� �T�{m�rTj¤�A��l@kxhTj
y�jzmou��Tl�jzy�jzr�k
���¦kxhTj6k�l�m�rTuw�[jzl^u�j¤y��oy�jzr�k��Ty��[m�rT}Wu��T�Tuwk�m�r�kxq{m��{�¹v~�{jzu�u8monznz�Tl^m§kxj4q{rT�A��l�y�m§kxq{��r
qsrùkxh�j �O	 ���T�{m�rTjW�Á�olik�hTj|y|jzm�u��Tl^jzy|jzr�k����¿kxhTjP��nz�oy�����rTjzr�k��RQTSx�Ãg4hTjWËiÌ�gÐnz�or�kxmoqsrTu
È��Wu�jzrTu�ji��qsl�j��{m�v�jzl�u��T��hTqsn�h�mol^j�l�m�}Tq{m��{�¹v¶tol^�o�T��jz}�q{r�kx�Wjzqstoh�k=�ou��T��jzl��sm¥v�jzl�u�����g4hTqsu¤nzmor���j
u�jzjzrù�Al^�oy=k�hTj�jzrT}ù�T�{m�k�j�u�jzn�k�qs�orùu�hT����rùqsrù�6qsto�i�o�sÈo�

òpó ô�õËöÂ÷_ø3ù7+3û8Ñ ý ÙÓ��õ¦�8�����	�Ë÷4�4ó öÕ÷4��
�ý��Ë÷¥�8�Ó�.ý�Ö$U�ü ÷¥���z��
�ý��Â÷�ù
ÿFm�n�hUu��T��jzl^�{m�v[jzl¾qsu�}Tq¹��qs}Tjz}/qsr�k��Pnzjz�s�{u��imorT}Ujzmon¥h/nzjz�s�&nz�orxk�moqsrTuù���Pu�jzrTu�j­��q{l^jzu��ÏgihTj

y�mV��qsy­�Ty }Tl�qs� k�}�qsuwk�m�rTnzj¶q{uùmo�T�Tl^�W��q{y�m§kxjz�·vókxhTj¶u�m�y|j¶�Á�olùm��{�`u��T��jzl^�{m�v[jzl^u��bgih�jzl^jz�A��l�jz�
kxhTj�r��Ty­��jzlL���Fnzjz�s�{u`qsr£m�toq¹�[jzr£u��T��jzl��sm�v[jzlLu�nzmo�sjzu`mo�T�Tl^�W��q{y|m�k�jz�¹vì��q·kxh¡k�hTj¾l�m�}Tq{�Tu`���@kxhTj
u��T��jzl��sm¥v�jzl���g4hTj�jzr�k�qsl�j�Ë4Ì�gÇnz��r�k�m�q{rTu¤º ° �{��� ° u�jzrTu�j4��q{l^jzu
u��TmorTrTqsrTt�k�hTj�jzr�k�qsl�j��{jzrTt�k�h��o�
kxhTj�}Tj�k�jzn�kx�olLq{rP¬z� ü �T�Tl^�W��q{y�m§kxjx�¹vUhTm��{�$k�hTj
��qsl�jzu`l��TrPmo�s�orTtX�~}Tqsl�jzn�kxq{��r ± ��mV��q{m��Y� ² �WgihTj
��k�hTjzlLhTmo�s�Fm�l�j¾uwk�l��TrTt�m�k|m�u�y|m��s�6m�rTto�sj ± ��� ² ��q·kxh£l�jzu���jzn�kLk��­kxh�jO�~}Tqsl�jzn�kxq{��r ± ��uwk�jzl^jz�Z� ² �
gihTq{u�mo�s�{����u2k�����jzl^�A��l�yÊkxl�m�n�pùl�jznz��rTuwk�l^��n�kxq{��rÃq{rWk�hTj �=	 �¡�T�{m�rTjz�¾gihTj­mon�kxq·��j
���o�s�Ty|j­�o�
kxhTj`Ë4Ì�gý��jztoqsrTuim§k�m�l�m�}�qs�Tui���+�oº��{��nzyÍ�Al���y k�hTj`��jzmoy��{qsrTj`m�r�}�j���k�jzrT}Tui����k�k���m�l^mo}Tqs�Tu
�����§º��o�sº~nzy|��gih�j�n�hTm�y¾��jzlLq{u`º[� ° nzyb�{��rTto�P[Bmol�k�qsnz�{jzu`�ol^q{t�q{rTm§kxq{rTt��Al���y k�hTj�qsr�k�jzl^mon�kxq{��r
���oqsr�ki��q¹k�hJ¨ ©C¨oªÐ�L��m�u�u6k�hTl����Ttohùm��{�Ôk�hTj�´�u��T��jzl^�{m�v[jzl^u¤���[kxhTj�Ë4Ì�g4�

g4hTj�nzjz�s�6�sm¥v��o��kx�Cu�hT����r£qsr£�6qsto�W�o�<� ° �A�olLu��T��jzl^�{m�v�jzl`�o�6nz�orTu�q{uwkxu`�o�Fm­��qsl�j��T�smorTj�nz��r��
kxmoqsrTq{rTt¡u�jzrTu�j­morT}Ã����k�jzr�kxq{m��[��qsl�jzu ± �Á�ol��Tjz�s}Pu�hTm��Tq{rTt ² morT}Ãm¡�Tjz�{} ± ��l�nzm�k�hT��}Tj ² u�hTjzj�k���r
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òpó ô3õÈöÕ÷_ø�ù8 ��3û8Ñ ý ÙÓ��õ¦�8�����	�Ë÷4�4ó öÕ÷¥�Pó �.ý�Ö$U�ü þ�÷�
�
�ù
g4hTjCËiÌ�g�qsu¯�T�s�{jz}���q·kxh�mor ü l^to��r���ÿ@kxh�m�rTjCtom�u@y|qe��k��Tl^jCmorT}�Æ	u��o�Tl^�o��v���mo�snz�ohT��� ± �oÈ��{»f�{��Èo�s»Z�<� ² �

gihTj4t�mouCy|qg�¦k��Tl^j4qsu8n�hT��u�jzrLk���hTm���j4m�nz��rTu kxmorxk¤}Tl�qs� kC�[jz�s��nzq¹k v�monzl^�ou�u�k�hTj4nzjz�s����qs}�k�hT�+�=hTjzr
m�n�hTm�l�tojz}��Tm�lwkxq{nz�sjW�Tmou�u�jzu4k�hTl^�o�Tt�hùk�hTjW}Tj�kxjzn�k���l4���o�s�Ty|jz�¯k�hTjWt�mou�qsu­qs�orTqs¬zjz}T�PÿF�{jzn�kxl���rTu
}Tl^q{� k�k����`m�l�}Tuik�hTj|rTjzmol^jzuwk�u�jzr�u�j`��qsl�jz�ìg4hTj|jz�{jzn�kxl�qsnW�Tjz�s}�qsr�mùn�v��{qsrT}Tl�qsnzmo�8uwv�uwkxjzy tol^�¥��u
j�������rTjzr�k�qsmo�s�·vÃ��q¹k�h¶}Tjznzl�jzm�u�qsrTtùl�m�}Tq{�Tu�� ü u�mùnz�orTu�jzÀ��TjzrTnzjz�Fm�r�m��Ômo�smorTn�hTj�y¾�T�¹k�qs�T�{qsnzm§kxq{��r
���Cn¥hTmol^toj�h�m��T��jzrTu�q{rTu�qs}Tj¤kxhTj­hTqstohÃjz�sjzn�k�l^q{n��Tjz�{}ìl�jzt�q{��rT�¿q{r|k�hTj4��q{nzqsrTq·k	v��o��k�hTj4��qsl�jz�+}T�Tj
kx�Ãjz�{jzn�kxl���r��¥m�k���y nz�o�s�{qsu�q{��rTu��JgihTj¡l�jzu��T�¹k�qsrTtÃn�hTmol^toj�l�jzm�n�hTjzu
kxh�j���qsl�j�morT}�k�hTqsu¾u��§��nzm��{�sjz}
��hTq·kh��qsu8l�jzm�}|�o��k¤��v~jz�sjzn�k�l^�orTqsnzu��&g4hTj4m��Ômo�smorTn¥h�ji}Tq{u�n�hTm�l�toji��l^����q{}Tjzu8m�tom�q{r|���(i½� °hj ��gihTj
y�mV��qsy­�Ty¼jz�sjzn�k�l^�orÃ}Tl�qs� k�q{u�mo�T�Tl�����qsy|m�k�jz�¹vó� °�° rTu��¾÷L�Tj
k���k�hTj¾y�mot�rTj�k�qsn¾�Tjz�s}Pjz�{jzn�kxl���rTu
}Tl^q{� kLm§kLm¾®¯�ol^jzr�k�¬�m�rTto�sj��o�RiÇºo»��+��q·kxh¡l�jzu���jzn�k&kx�
k�hTj�l^mo}Tqs��u���g4hTj�nzjz�s��q{u+kxq{�¹k�jz}¡��vkiÇºo»��
��q·kxhùl�jzu���jzn�k4k��Lk�hTj�l^mo}Tqsmo�$}Tq{l^jzn�k�q{��r�k���nz�oy���jzrTu�m�k�j��A��l6kxhTq{u4j�l�jzn�k��

ÂTq{t�rTmo�suC�orLkxhTjiu�jzrTu�jB��q{l^jzu8m�l�ji�Tl^��nzjzu�u�jz}���v­kxhTj ü ÂT÷nm ± ü y��T�{qs��jzl^��ÂThTmo��jzl^��÷`qsu�nzl�qsy|q¹�
rTm�k���l���q·kxh|n¥hTmol^tojijzrTnz��}Tqsr�t ² n¥hTq{�T����hTq{n�h��Tl^�¥��q{}TjzuCq{rT�T��k4�Tl���ø�jzn�kxq{��rT��moy��T�{qs��nzm�k�qs�orT���T�T�su�j
u�hTm���qsrTto�¯�Tmou�jz�sq{rTj�l^jzu kx�ol^m§kxq{��rT�+}Tq{u�nzl^q{y�q{rTm�k�qs�orìm�rT}ìn�hTm�l�t�j�y|jzm�u��Tl�jzy|jzrxk ³ »oº�µ{�Lg4hTj��T�T�su�j
qsu�u�jzr�k`k�hTl^�o�Tt�hoi¸���¾yb�o�Fy|qsnzl�����nz�om���q{m��6nzmo�T�sjz�$��qsm~l�jz��jzm§kxjzl�nzm�l�}Tu&k��~g4qsy|j�k��~÷Lq{t�q·kxmo�
Ëi�or���jzlwkxjzl ± g4÷LË ² ����mol^}Tu4q{r�k�hTj�nz���{�sq{u�qs�orùhTmo�s�{�
gihTj£�T�T�{u�j£�sjzmo}TqsrTtÏjz}Tt�j£toq¹�[jzu¾kxh�jPmol^l�q¹��m��&kxq{y�j£q{rT�Á�ol^y|m�k�qs�orým�r�}Jk�hTj£�T�T�su�j���qs}�kxhT�­qsr
rTm�rT�ou�jznz�orT}T��qsu&l�jz�sm§kxjz}�k��¤kxhTj�moy��o�Tr�kL���@n�hTm�l�t�j�nz�o�s�{jzn�kxjz}¡��v�k�hTjF��q{l^jz� ü �Îk�jzl2nzmo�sq{�Tl^m§kxq{rTt
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kxhTj¤��qs}�k�hW�Ômol�qsm�k�q{��rTuL}T�Tj¤kx��kxh�j­ËiÌ�g t�jz�oy|j�kxlwv��[k���k�hTj­�Tm§kxhÃ�{jzrTt�k�hÃ����k�hTj­mou�u���nzqsm§kxjz}
kxl�m�n�p���k���kxhTj�tom�u�t�moqsrÃ}Tqpl�jzl^jzrTnzjzu��Á�ol8kxhTj­È�����qsl�jzu���k�hTj�®¯morT}Tm��Ãm�u�u���nzq{m�k�jz}|k���k�hTj4k�l^mon�p
qsu�}Tj�k�jzl^y|qsr�jz}T�C�Tu�qsrTt¾k�hTj�m�y|���Tr�kW���¯kxhTj�n�hTm�l�t�j�nz�o�s�{jzn�kxjz} ± qsr¶rTmorT��u�jznz��rT} ² �Á�ol`jzmon¥h¶hTq·k
m��{��rTt¾kxhTj�k�l^mon�p��Tm§kxh£�{jzrTt§kxhT�W�[l���y kxhTj�®¯morT}Tmo��k�hTj�jzrTjzl�t�vU�s�ou�u`q{u`y�jzmou��Tl�jz}£m�rT}£�Tu�jz}
�Á�ol8�Tmol�k�qsnz�{j¤qs}Tjzr�k�qs�Tnzm§kxq{��rT� ü }�j�kxmoqs�{jz}|}Tjzu�nzl^q{��kxq{��rW�o�¦k�hTj4nzmo�sq{�Tl^m§kxq{��rWq{uF�Á�o�TrT}Wqsr ³ »o�oµ ³ »o»�µ{�
gihTj�gi÷`Ëþ���om�l�}Tu�nz��r�k�m�q{r£mo�su���kxhTj��T�ql�jzl&��hTjzl�j�k�hTj�}�m�k�m~m�l�j�uwk��ol^jz}���hTq{�sjL�Lmoq¹k�qsrTtù�Á�ol
kxhTj�j��[jzr�kxu�k��~��j�m�nznzjz��k�jz}¶��vÃkxhTjLk�l^q{t�tojzl^�~gih�j�gi÷LËÉmo�r��q{�sq{m�lwv/nzm�l�}¶nzm�k�n�h¶hTq¹k�u��A��l�kxhTj
jzÅFkxl�jzy�jz�·v/�[m�uwkWg¿l^mon�p�jzl ± Å
�6g ² k�l^mon�pWkxl�qstot�jzl��Tl���nzjzu�u��ol ± ÂTjzn�k�qs�or¶�o�s´o�<� ² ��s�q¹k�k�qsy|jzu�mol^j
�sm§kxjzl
�Tl���nzjzu�u�jz}ì��v��Tm§k^k�jzl�rìl^jznx��torTq¹k�qs�or ± kxl�m�n�p�qsrTt ² u���� k	�`m�l�j4k����Á�ol^y hTjz�{qsnzmo��kxl�m�n�p�u���gihTj
hTq¹k�l^jzu��o�s��k�qs�orù���[k�hTj�ËiÌ�gRqsu4mo������k¡��� ° ûCy��4gihTj�k�l^morTuw��jzl�u�j�y|��y|jzrxk��TyNl�jzu��o�s��k�qs�orùhTm�u
��jzjzrùy|jzm�u��Tl�jz}ù�Tu�q{rTt�nz�ou�y|qsn�l�m�v£j���jzr�k�u6kx�|��j��

tTu�v
Q�wxzy °�{Ú°o° �§ú ³}|
~��4�f� µ���� { ± �o�s» ²

gihTjBk�l^mon¥p�q{rTt`mo�sto��l�q¹k�hTy�uCl�jznz��r�uwkxl��Tn�k4�Tmol�k�qsnz�{jBkxl�m�ø jzn�k���l�qsjxu ± hTjz�{qe��jzu ² k�hTm§k4��jzuwk¤nz��l�l^jzu�����rT}
kx�`kxhTj��o�Tu�jzlw��jz}ùhTq·kxu����¤jznz�orTuwk�l^�Tn�k�jz}�kxl�m�ø�jzn�kx�ol^q{jzu4m�l�j�l�jz�Ájzl�l^jz}�k��|m�uL�Ákxl�m�n�p�u��o�

g4hTj�kxl�m�n�p�u6��q¹k�hùm��Ômoqs�{m��T�{j�ËiÌ�g�q{rT�Á�ol^y|m�k�q{��rùmol^j�q{y�����lwkxmor�k��A��l4u�j��[jzl^mo�$l�jzm�u��orTu��
� k�hTj�v¶m�l�j��A�TrT}Tm�y|jzr�kxmo�@�A��lCkxhTjik�l�qstot�jzl¤�Tm�u�jz}��or�n�hTm�l�t�jz}�k�l^mon�p¦u¤morT}��A��lCkxhTj�u���jznzqsmo�

�{j���jz���
kxl�qstot�jzl&����kxq{y�q{¬zjz}¡�Á�ol � �¥�Thxv�u�q{nzu ± ÂTjzn�kxq{��r¡�o�s´ ² ��u�jz}�kx�¾nz���{�sjzn�k`}Tm§kxm¾m�rTmo�¹v�u�jz}
q{r�k�hTqsu6k�hTjzu�q{u��

� k�hTj�vJ�A�ol^y½k�hTj¾�Tmou�q{uL�o�$k�hTj¾g4Ì��ól^jznz�orTuwk�l^�Tn�k�qs�or�k����Tl�����qs}Tj��Tm�lwkxq{nz�sj�qs}Tjzr�k�qs�Tnzm§kxq{��r
q{rT�A��l�y�m§kxq{��rù�A�olBk�l^mon�p���m�l�jzrxk��Tmol�k�qsnz�{j��

� k�hTj�v7nzmorý��jP��u�jz} q{rJk�hTj£u�qs�{qsnz�or l�jznz��r�uwkxl��Tn�kxq{��rUk��/y�m§kxn�hUkxhTj£hTq¹k�u~qsrUkxhTj£Â�Ä�Å
}�j�kxjzn�k���l6kx�`kxhTj�Ë4Ì�gÏkxl�m�n�p�kxl�m�ø jzn^kx�ol�v(�

� k�hTj�vÒ�¿k�hTjzy�u�jz�¹�[jzu���nz��r�k�m�q{rJqsr��Á�ol^y|m�k�qs�orJmo���o��k¡�Tmol�k�q{nz�sj��[jz�s��nzq·k	v¶k�hTl^�o�Tt�h�k�hTj�y|jzm��
u��Tl^jzy|jzr�k��o��k�hTj�jzrTjzl�t�v£�s�ou�u��

ü �{�¦k�hTjFk�l^mon¥p�u¿kxh�m�k&�LjL�Tu�jLqsr­kxhTjL�Á�o�s�{����qsrTt¾mol�j�l�jzÀ¦�Tq{l^jx}�k��¾hTm���j2k�hTj�Ë4Ì�g m�rT}­kxhTjLÂ�Ä�Å
Æ^Æ2q{rT�A��l�y�m§kxq{��rT�

ã¿äæåBä�� �!ITôzôxê¦õÓñ���ê¦ïÒð���ñ+íwôzí�ð�ñ���î��[ð�õ�íwôzé���ö
ü u4j����T�{m�q{rTjz}~q{r¾kxhTj`�Tl�j���qs�o�Tuiu�jzn�k�qs�orTu��$n¥hTmol�t�jz}~�Tmol�k�qsnz�{jzui�sjxm���j`u�y�mo�s�$n¥hTmol�t�j`}Tjz����u�q·kxq{��rTu
m�u�k�hTj�vó�Tm�u�u�k�hTl����TtohÃkxhTj­k�l^mon¥p�q{rTtPuwv�uwk�jzy�� � vó�A���{�s�¥��q{rTt��¤��lo�Ákxl�mon¥p�q{rTtf�o�6kxhTjzu�j¡}�jz�����
u�q¹k�qs�orTu��L�Tm§k^k�jzl^r0l�jznz��torTq¹k�qs�or0m��{t��ol^q·kxhTy|uWnzmor0l^jznz�orTuwkxl��Tn�k|k�hTj�n�hTm�l�t�jz}0�Tmol�k�qsnz�{j���l�qstoqsrTmo�
kxl�m�ø�jzn�kx�ol�vÒ�

g4hTjzl^jÃmol^jÃu�j��[jzl^mo�
mo�sto��l�q¹k�hTy�u¡�Tu�jz}�k��Jl�jznz��rTuwk�l^��n�k�kxl�m�n�p�u¡qsr�k�hTjÃËi÷`�ÐÆ^ÆLk�l^mon�p¦q{rTt
uwv�uwkxjzy|���Ã��u k¾k�l^mon¥p�u�mol^j~l^jznz�orTuwkxl��Tn�k�jz}/�Tu�qsrTt��	Ì���k�u�q{}Tj���Æ	rq�£m��{t��ol^q·kxhTy|u���hTqsn�hÃ��qs�{�&��j
}Tjzu�nzl�qs��jz}¾hTjzl�jz�2g4hTj2r�m�y|j2�o��k�hTqsuBtol^�o�T�¾����m��{t��ol^q·kxhTy|uBu��Ttot�jzuwk�u�kxhTm§k¿kxh�j¯k�l^mon�p�q{u¿�A�o�s�{���Ljz}
�Ál��oy=k�hTj�����k�u�q{}Tj����[kxhTj�k�l�m�n�p�qsrTt|uwv�uwkxjzy qsr��`m�l�}Tu��

g4hTj2kxl�m�n�pWq{u��Tl�uwk`l�jznz�orTuwkxl��Tn�k�jz}��Tu�qsrTt��orT�¹vÃË4Ì�g q{rT�A��l�y�m§kxq{��rT�ig4hTjLË4Ì�g jx�sjzn�k�l^�orTqsnzu
l^jz����lwkxu¾hTq·k­kxq{y|j�morT}Uqsr�k�jzt�l�m�k�jz}Jn�hTmol^toj¡�Á�ol­j��[jzl�vÜhTq·k­��q{l^j¡q{rUm�rUj���jzr�k��UgihTj¡hTq·k­kxq{y�j
nz��l�l^jzu�����rT}Tu¯k��4k�hTj8kxq{y�j8��hTjzrWmor�m��Ômo�smorTn�hTj
�¦nznz��l^l�jz}W�or�m�u�jzrTu�jC��qsl�jz��g4hTj¤h�q¹kFk�qsy|j
nzm�r
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��j|qsr�kxjzl��Tl�j�kxjz}�m�uikxh�j�}Tl�qs� k�kxq{y|j��o�¯kxh�j�n�hTm�l�toj�q{r�k�hTj�tom�u��@��hTjzr¶q·kWhTmou���jzjzr¶nz�ol^l�jzn�kxjz}
�Á�ol8kxhTj��Tmol�k�qsnz�{j4kxq{y�j��o���Tqstoh�kx��gihTj�hTq·k¤k�qsy|j�l^jzu����{��kxq{��rìq{u
����k�hTj���l�}Tjzl¤�o�6mW�Aj�� rTu���k�hTqsu
l^�o�Tt�hT�·v~nz��l�l^jzu�����rT}Tu$k���k�hTj4m���jzl�m�toj4u��Tl�jzm�}|���¦k�hTj4nz���{�sq{u�qs�or`kxq{y�jzu���Æ k¤q{u8mou�u��Ty�jz}`k�hTm§kCkxhTj
nz���{�sq{u�qs�orWkxq{y�j­m��·�Lm�v�u�hTm�����jzrTu�m�k
k�hTj�u�m�y|j4k�qsy|j�q{rìm¡n�v�nz�{j�}��Tl^q{rTt�m�uwkx�ol^jz� ü rÃm��[jzl^mot�j
���+nz�o�s�{qsu�q{��r�k�qsy|jzuiq{ui}T�orTj`�A��liy|m�r�vP�Tl�j���q{���Tu4j���jzr�k�uimorT}~q·k�qsui�Tu�jz}~mouBk�hTj`j���jzr�k�nz�o�s�{qsu�q{��r
kxq{y�jz�Os�q¹kLkxq{y�jzuLnz�ol^l�jzn�kxjz}P�A�olFkxhTj¾nz�o�s�{qsu�q{��r�k�qsy|j¾m�l�j¾qsr�kxjzl��Tl�j�kxjz}Pm�uL}Tl�qs� k�k�qsy|jzuLm�r�}Ãmol^j
�Tu�jz}��A��lF�Tm§k�kxjzl�rWl�jznz�ot�rTq·kxq{��rT��g¿�­��jzl^�A�ol^yÇkxhTj
�TrTmo�okxl�m�n�p���kx��m�r�m�}T}�q¹k�qs�orTm��Òkxq{y�j
�����Tq{t�h�k
nz��l�l^jzn�k�qs�orùq{u4��jzl��Á�ol^y|jz}ùmou�u��Ty�q{rTt|y�mou�u��sjzu�u4�Tm�lwk�qsnz�{jzu��

g4hTj¡hTjz�sq{nzm��+kxl�m�n�p��B��hTjzrU�Tl���ø jzn�k�jz}U��r�k��Wk�hTj �C	�� �T�{m�rTjz�iq{u¾mÃnzq{l^nz�{jz�Ugih�qsu¾u�q{y��T�{q¹�
�Tjzu`�Tm§k^k�jzl^r£l�jznz��torTq¹k�qs�orT�Cu��¾kxhTj���l^uwk|uwk�jz�£���F�Tm§k^k�jzl^r£l�jznz��torTq¹k�q{��r£q{r¡kxhTj�Ë4Ì�gþ�s����p�u��Á�ol
nzqsl�nz�T�smolW�Tm�k�hTuWq{r¶k�hTj�l�m�}Tq{m��¤u��T��jxl^�{m�v�jzl�uW�o�2kxhTjìËiÌ�g4�¤Ëijz�{�su�qsr�kxhTj�l�m�}�qsmo�4u��T��jzl^�{m�v[jzl^u
m�l�j�u�jzm�l�n�hTjz}J�Á�ol�u�j�kxu­�o���Ã��l­y��ol^j�hTq·kxu¤k�hTm§k¡nzmor���j���k�k��ìmÃuwkxl�m�q{t�h�k��sq{rTjz��gihTjzu�j�u�j�kxu
m�l�j�nzmo�s�{jz}�� u�jzt�y|jzr�kxu���� ü uwkxl�moqstohxk����sq{rTj���k|�o�Fm~u�jztoy�jzr�k|t�q·��jzu�u��q�|nzqsjzr�k|qsr��Á�ol^y|m�k�qs�or¡k��
j���kxl�m����o�sm§kxj`l����Ttoh�y|jzm�u��Tl^jzy|jzr�kxui���+nz�Tl���m�k��Tl^j`m�rT} �*� �iÌ�rTnzjLu�jzt�y|jzr�kxuim�l�j`�Á�o�TrT}T��k�hTjzl^j
m�l�j8k �L�­m��T�Tl���mon�hTjzu¯k��¤k�l^mon¥p|�TrT}TqsrTto��Ì�rTj�m��T�Tl���mon�h�q{u¯k��­�sq{rTpLk���toj�kxhTjzl¯k�hTj
u�jxt�y|jzrxk�u&�Á�ol
��hTq{n�h�kxhTj�y|jzm�u��Tl^jzy|jzr�kxu4�o�¿nz�Tl���m�k��Tl^j�morT} � � m�l�j�nz�orTu�qsuwk�jzr�kx�4g4hTj���k�hTjzl4m��T�Tl���mon¥h�qsu6k��
qsy|�Tl^�¥��j�k�hTj�nz�Tlw�Ôm§kx�Tl�j�m�rT} �*� y�jzmou��Tl^jzy|jzr�k��o�Fm~u�jzt�y|jzr�k|l^jznz�orTuwkxl��Tn�k�jz}£qsr¶u��T��jzl��sm�v[jzl
´���vÃnz�orTuwkxl�m�q{rTq{rTt�q¹k�uinzqsl�nz�T�smol���k�k���kxh�jL��jzmoy|�sq{rTjz��morT}­k�hTjzr~m�}T}Tq{rTt�hTq·kxuinz��rTu�qsuwk�jzr�k���q·kxh
kxhTq{u��Tm§kxhT�­Ì�rTnzj­m¡nzq{l^nz�T�{m�l��Tm�k�hÃq{u��A���TrT}Ãq{rWk�hTj �
	�� �T�smorTjz�¿u�jztoy�jzr�k�u�morT}ÃhTq¹k�u�q{rWkxhTj
uwkxjzl�jz�ìu��T��jzl^�{m�v�jzl�u­m�l�jWmo}T}Tjz}J�xv¶kxhTjzq{l��Tl^�W��q{y|q¹k	v¶kx�|k�hTjWnzq{l�nz�T�smol���kx�¶g4hTqsu­l�jzu��T�·kxu­qsrJm
kxhTl�jzj���}Tq{y�jzrTu�q{��rTmo�¦kxl�m�n�p|��k���g¯v��Tq{nzm��{�¹vÒ��qs�@�orTj�m��{t��ol^q·kxh�y½�Amoqs�{u+k��­l�jznz�orTuwkxl��Tn�k`m¤k�l�m�n�p��¦kxhTj
��k�hTjzl8mo�sto��l�q¹k�hTyR��q{�s�[rT��k���gihTq{uFl�jzu��T�¹k�uFq{rWm�hTq{t�h�k�l^mon�p¾l�jznz�orTuwkxl��Tn�k�qs��r�j���nzq{jzrTn�v ± iÇÈo»f� ²
qsr¡kxhTj�ËiÌ�g=�Á�ol2k�l^mon¥p�u&��h�qsn�hP�Tmou�u&kxhTl�����t�h£m��{�B´�u��T��jzl��sm¥v�jzl�u ±¡  x1¢ � °�° �Ãj�Ä � n ² �|gihTj
kxl�m�n�pùl�jznz��rTu kxl��Tn�kxq{��rPj���nzq{jzrTn�v�y��ouwk��¹v�}Tjz��jzrT}Tu��orÃhT���Íy|m�r�vùk�l^mon�p¦uLm�l�j­l�jznz�orTuwkxl��Tn�kxjz}
qsrPkxhTj~j���jzr�kx�ÜÆ	�Ck�hTjzl�j�m�l�j�y|m�r�v�k�l^mon�p¦u�nz�{��u�j¾kx�£jzmon¥hÏ��k�hTjzl^�¤hTq·kxu��Ál���y¢�orTj­k�l^mon�p�nzm�r
u�hTm�}����ÐhTq·kxu¤�Ál���yþk�hTj���k�hTjzlBk�l^mon�p¦�@l^jzu��T�¹k�qsrTt|qsrùj��|nzqsjzr�n�vP�{��u�u�jzu��

Ì�rTnzjLm
k�l^mon¥pWqsu�l�jznz��rTuwk�l^�Tn�k�jz}�qsr­kxhTjLËiÌ�gi��q·k`qsu�j���kxl�m������{m�k�jz}�qsr��Lmol^}­kx�
k�hTjLÂ�Ä¾ÅF��Æ�Æ	�
� m�u�jz}ì��r�k�hTj�jzuwk�qsy|m�k�jz}�jzl�l^�ol^u¤�or�k�hTjikxl�m�n�p��Tmol^moy�j�k�jzl^u��@m�k�hTl^jzj�}Tq{y|jzrTu�qs�orTm��£�	l���mo}q�Wqsu
�Á�ol�y�jz}|mol^�o�TrT}`k�hTj4j���kxl�mo�����{m�k�jz}`k�l^mon�p¦��Â�k�m�lwkxq{rTt��Al���y�k�hTj4����k�jzl�y��ouwk
�sm�v[jzl^�[morT}`�`��l�p¦q{rTt
qsr��Lmol^}Tu��4u�q{�sq{nz��rÏnz�s�Tuwk�jzl^u��A���TrT}/q{rTu�q{}Tj­kxhTj~l^�om�}/mol^j~m�}T}Tjz}Pkx�¡kxhTj¾kxl�m�n�p�� ü u�m£nz�s�Tuwk�jzl
t�j�k�u`mo}T}Tjz}T��kxhTj�l���mo}£toj�kxu�rTm�l�l^���`jz}£m�nznz�ol^}�qsrTt¾kx�¾kxh�j�p¦rT�¥���{jz}Tt�j����@k�hTj��T��}Tm§kxjz}¡k�l^mon�p
�Tm�l�m�y|j�kxjzl�u����¤jx}T�TnzqsrTtLkxhTj&��qs}�k�h~����kxhTj`l���mo}~l^jz}T�TnzjzuBk�hTj`n�hTm�rTnzj`�o�¯mo}T}Tqsr�t�m���l^�orTt�hTq·k
kx��k�hTj6kxl�m�n�p���morT}�mo�su���l^jz}T�Tnzjzu$kxh�jinz�oy��T��k�m�k�qs�or`kxq{y�jz��Æ	rLk�hTj4�Tl^uwk¤��m�u�u8���¦kxhTq{u8m��{t��ol^q·kxhTy|�
��	k� nz�s�Tuwk�jzl�uCmol^j4mo}T}Tjz}T�&Æ	r`k�hTjiu�jznz�orT}|�Tm�u�u���nz�{�Tuwkxjzl�u$��q·kxh|uwk�jzl^jz��q{rT�A��l�y�m§kxq{��r|mol^j4m�}T}Tjz}
kx�`kxhTj�k�l�m�n�p��

DFE¥¤ HJILK=H�\^f K§¦1¨~QL©^\^_2I4e-O�K+eÔK¯Y@e6ªFV

gihTj­giq{y�j­Ì��6�6�sq{t�h�k¾}Tj�k�jzn�kx�ol ± g4Ì�� ²¾³ »��oµ+qsuFk�hTj��Tl�qsy|m�lwv�uwv�uwk�jzy �Tu�jz}Ã�Á�ol�«­¬§«ó�Tm�lwkxq{nz�sj
u�jz�Tmol^m§kxq{��r¾m§ki�s�¥��y��oy�jzr�k�m��&gihTj�giÌ��Ã}Tj�k�jzn�kx�olBy�jzmou��Tl^jzu�k�hTj+kxq{y|j+kxmop�jzr���v�kxhTj��Tm�lwkxq{nz�sj
kx�4kxl�m���jz�[�Ál���yRkxhTj¤nz�o�s�{qsu�q{��rW���oqsr�k8k��ik�hTj¤giÌ��¶uwv�uwk�jzy|�&Ë4��y¾�TqsrTq{rTtik�hTqsuFq{rT�Á�ol^y|m�k�qs�or���q·kxh
kxhTj�À��Tm�r�k�q¹k�qsjzu`y|jzmou��Tl^jz}£��vìkxhTj�ËiÌ�g ± ��qstohxk|�sjzrTtoh�kD®ýmorT}£�Tm�lwkxq{nz�sj�y|��y|jzr�kx�Ty¯Q ² ��rTj
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nzm�rùjzuwk�q{y�m§kxj�k�hTj��Tm�lwkxq{nz�sj�y�mou�u4m�u

° y
Q
�

�²±
®

w 	 � { ± �o�s� ²

gihTj|g4Ì��ý}Tj�k�jzn�kx�ol�nz�orTu�qsuwk�u��o�2�[�����Tm�l�u����&u�nzq{rxk�qs�{�sm§kx�ol��o�&}Tqsy|jzrTu�qs�orTu��´³/�´³/��úoÈ � °Xµ
�Á�ol�y�q{rTtÏmPkxhTq{rýn�v��{qsrT}Tjzl~q{r/kxhTj¶u��Tm�nzj¶m��Ômoqs�{m����sj¶��j�k	�`jzjzrUk�hTj£Ë4Ì�gb}Tj�k�jzn�kx�ol~m�rT}/kxhTj
u����{jzrT��q{}~nzlwv��ouwk�m�k��$m�uiu�hT����rùqsr~�6qsto�i�o�s�o� � m�l�uimol^j��s��nzm�k�jz}~m§k�l�����t�hT�·vPjzÀ¦�Tmo�$}Tqsuwk�m�r�nzjzuiqsr
� m§k¤kxhTj�l^mo}Tqs�Tu
���i�§� ° nzy morT}�k�hTj��A�T�s�¯uwv�uwk�jzy nz���[jzl^u8kxhTj�l^jztoqs�orU¨ ©C¨¦ª½��morT}�k�hTj�jzr�kxq{l^j
l^jztoqs�orùqsr � �

Æ	r�k�jzl^mon�kxq{��r¶���Fm~n�hTm�l�t�jz}£��m�lwkxq{nz�sj���q¹k�h¡k�hTj�}Tj�k�jzn�kx�olLy|m§kxjzl�qsmo�Bq{u`nzmo�s�{jz}£m~hTq¹k����=hTjzr
m�n�hTm�l�t�jz}��Tmol�k�qsnz�{j�kxl�m���jzl�u�jzu4k�hTj|u�nzqsr�kxq{�s�{m�k���l�y�m§kxjzl�qsmo�s�&�ThT��k���rTu�mol^jWjzy|q¹k�kxjz}T�2morT}ùkxhTjzu�j
�ThT��k���rTuF�Tl����Tmot�m§kxjCkx���`m�l�}Tu$k�hTj4jzr�}Tu8�o�¦kxhTj¤u�nzq{rxk�qs�{�sm§kx�ol8�Tmol^��gihTj¤�ThT��k����¥y­�T�¹k�qs���sqsjxl�k��T��jzu
± [&�Ãg4u ² q{rTuwk�m��{�sjz}Ãm§k�kxhTj­����k�hÃjzrT}Tu��o��k�hTj­�Tmol
nz�o�s�{jzn�k
k�hTj­�{qstohxk�morT}WkxhTj­�Al���r�k���jzrT}Ãjz�sjzn��
kxl���rTq{nzuFy�jzmou��Tl�jzu@kxh�j4mol^l�q¹��m��okxq{y�j¤�o�¦k�hTj¶[&�Ãg0�T�T�{u�j¤m�rT}�k�hTj¤m�y|���Tr�k�����n�hTm�l�t�j¤nz�o�s�{jzn�kxjz}
± ��hTqsn�hJqsu­l^jz�{m�k�jz}ùk��|kxhTj�r¦�Ty¾��jzl����i�ThT��k���rTu­�Tl^��}T�Tnzjz} ² �¶gihTj��Thxv�u�q{nzm��F�{��nzm�k�qs�or��o�¿kxhTj
�Tm�l6��hTjzl^jikxhTj�hTq¹k4�Lmou4l�jzt�q{uwk�jzl^jz}��Tl^�¥��q{}Tjzu6k�hTj � �{�¦nzm§kxq{��r�����kxhTj�hTq¹k�� � v£nz�oy��Tmol^q{rTt`kxhTj
m�l�l^q·�Ômo�Tkxq{y�jzu
�o��k�hTj��T�T�su�jxu¤m§k¤k�hTjik �L�WjzrT}Tu
�o��k�hTj��Tm�l¤q·k­q{u
����u�u�qs�T�{j4kx�W}�j�kxjzl�y�q{rTjik�hTj·�
���ou�q¹k�qs�or|�o�¦kxh�j4hTq¹k���gihTj¤ËiÌ�g¶k�l^mon¥p�uFm�l�j6k�hTjzr|j���k�l^mo�����{m�k�jz}�kx�ik�hTj4giÌ��£u v�uwk�jzyÐ�s��nzm§kxq{��r
kx�Ã�TrT}�kxh�j�y�m§kxn�hTjzu­��j�k �Ljzjzr�k�hTj�kxl�m�n�p�kxl�m�ø�jzn�kx�ol^q{jzu­morT}�kxhTj�hTq·kxu¾qsr�k�hTj�giÌ��Çuwv�uwkxjzy|�
gihTq{u­m�u�u���nzq{m�k�jzu¤kxhTj�kxq{y�q{rTtìq{rT�Á�ol^y|m�k�qs�orJ�Ál���y kxhTj�giÌ��Ï��q¹k�hùk�hTj�kxl�m�n�p�qsrTtìq{rT�A��l�y�m§kxq{��r
�Ál��oy=k�hTj�ËiÌ�g4�

�6qsto�i��������u�hT�¥��uBkxhTj`���[jzl���qsj��Ð���Tk�hTjLjz�{jzn�k�l^�orTqsnzuil^jzmo}����o��k`u v�u kxjzyÍ�A��li��rTj`giÌ��Un�hTm�r��
rTjz�s�iÆ k�uwkxmol�k�u¿��q·kxh­k�hTjL�ThT��k����¥y­�T�¹k�qs���sq{jzl+kx�T��jF��hTjzl�jFk�hTjL�sq{t�h�k�qsu�nz�o�s�sjxn�kxjz}�morT}¡nz�or���jzlwkxjz}
kx��m�n�hTmol^toj`�T�T�{u�jz�ig4hTj��Tl^j���moy��T�{qs�Tjxl�l�jznzjzq·��jzu4m�rTjzm�l��·vP}Tqpl�jzl^jzr�k�qsmo�$�T�T�su�j��Al^�oy=kxhTj­[&�Ãg
�Tm�u�j­morT}ì}�l^q·��jzu�q·k
kx��kxhTj­}Tqsu�nzl^q{y�q{rTm�k���l���g4hTj­�Tl^j���moy����sqs��jzl
qsu�}Tjzu�q{t�rTjz}Wk���hTm��[j­m��Tqs�{qsr��
jzm�l¤tom�q{rT��kxhTj�t�moqsrìq{u
l^jz}T�Tnzjz}ì�A��l¤�Tq{t�tojzl¤�T�T�{u�jzu8��hTq{n�h�q{rTnzl�jzm�u�jzu8k�hTj�}�v�rTmoy�q{n�l^morTt�j�m�rT}
y�mop�jzu6q¹ki����u�u�q{�T�sj¿kx�Ly|jzm�u���l^j+k�hTj&n�hTmol^tojzuB�Al���yó�[jzl�v��{m�l�t�j��T�T�su�jzu6�Tl��¦}T�Tnzjz}���v�hTjzm���v�u��{���
�Tm�lwkxq{nz�sjzu��Lg4hTj�}Tqsu�nzl^q{y�q{rTm�k���l�����hTq{n¥hìhTmou
m�rìmo}�ø��Tuwkxmo�T�sj4k�hTl^jzu�hT���{}T�¯u�jz�sjzn�k�u8kxhTj�u�q{t�rTmo�su8k��
��j|�Tl��¦nzjzu�u�jz}���vÏj�l�jzn�kxq·��jz�·vÏ�T�¹k�jzl�qsrTt�����k�kxhTj|rT�oqsu�jz� ü � kxjzlikxhTj|}�qsu�nzl�qsy|qsrTm§kx�olikxhTj|u�q{t�rTmo�
�Tm�k�hùqsu¤u��T�sq·k�morT}�kxh�j�u�qstorTm��@qsu¤u�jzr�kik��Lk�hTj�kxq{y�j�morT}ùn�hTm�l�t�j�y�jzmou��Tl^jzy|jzr�k�nzq{l^nz�Tq·kxu��

g4hTj¾}Tqsu�nzl�qsy|qsr�m�k���lL�Tl^����q{}TjzuLm¡u kxmol�k�u�qstorTm���kx�­kxhTj¾g4qsy|j�� kx�§� ü y��T�{q¹k��T}Tj¾Ëi�or���jzlwkxjzl��B�ol
g ü Ë4����hTq{n¥h¶q{u`�{m�k�jzl`uwk����T��jz}£��vìk�hTj�Ë4÷L� nz�oy�y|�or£uwk����¶u�q{t�rTmo�s�¡g4hTj�g ü Ëþl^jzmo}����o��k|qsu
nz��r��[jzl�k�jz}�qsr�k���m�}Tq{t�q·kxq{¬zjz}ùk�qsy|jWl^jzmo}TqsrTtì�xv-mU���§���Tq¹k ü r�m��{��t§� kx�§��÷Lq{t�q·kxmo�8Ë4��r���jxl�k�jzl�n�hTqs�
± ü ÷LË ² �@g4hTj�}Tqstoq¹k�qs¬zjz}�kxq{y�j�qsu¤�T�ql�jzl^jz}�qsr�kxhTjiÄO�ÃÿÜy|�¦}T�T�{j�nzmo�s�{jz}�m�r ü ÷n�Ãÿ&� �Á�ol6kxhTj
�T�¹k�qsy|m�k�jùl�jzm�}����o��k���vUk�hTjù}Tm�k�m�m�nzÀ��Tqsu�q¹k�qs�or-uwv�uwk�jzy��Rg4hTjùn�hTm�l�t�jùy|jzm�u��Tl^jzy|jzr�k�nzq{l^nz�Tq·k
nz��r��[jzl�k�u¤k�hTj�l^jznzjzq·��jz}Uu�qstorTm��2q{rxk��Ãmìnz�Tl�l^jzr�k­kxhTm§k�qsu­��m�u�u�jz}ìkx�Ãmìn�hTmol^toj�u�jzrTu�q·kxq·��j ü ÷`Ë
kxhTm§k�qsu`m��{u����{�¦nzm§kxjz}£�or�k�hTj ü ÷£�Pÿ$� y���}T�T�{jz�|gihTj��Tl^q{y�mol�vU�T�Tl^����u�j����8y|jzmou��Tl^q{rTt­kxhTj
�T�T�su�j�n�hTmol^toj�q{u8kx�W��jzl^�A��l�yÉk�hTj�nx��l�l^jzn�k�qs�or��A�olCkxh�ji�Ômol^q{m�k�qs�orìqsr|k�hTjik�qsy|qsrTt�y�jzmou��Tl�jzy�jzr�k
���[k�hTj��T�T�su�jzuC��q·kxh���m�lwv�q{rTt|m�y|�T�sq·kx�T}Tjzu ± u��|nzm��{�sjz}�k�qsy|j���u��{j���q{rTt�nz�ol^l�jzn�k�qs�or ² �

g4hTjìgiÌ��Ðjz�sjzn�k�l^�orTq{nzu�m��{u��J�Tl^����q{}Tjzu�k�hTjì����jzl^m§kxq{��rTu¡�Á�olWnz�orT�Tto�Tl^m§kxq{��rT��y��orTq¹k���l�qsrTto�
nzm��{qs�Tl�m�k�qs�orÃm�r�}Wkxjzuwk�qsrTt¡����k�hTj­uwv�uwkxjzy|� ü y|��l�j­nz��y|�Tl^jzhTjxrTu�q¹�[j­}Tjzu�nzl�qs��k�qs�orÃ����kxhTj­g4Ì��
�Ál��orxk���jzrT}Wjz�sjzn�k�l^�orTqsnzuFnzmorW��j¤�Á�o�TrT}Wqsr ³ »oúoµs��gihTjCk�qsy|qsrTt�l�jzu��o�s��k�qs�orW����kxhTj¤jz�sjzn�k�l^�orTqsn¤l�jzm�}��
����k¤q¹k�u�jz�{�[q{uC� ° �Tu8m�rT}�nz�or�kxl�qs�T��k�jzu���jxl�v��sq·k^k��sj6kx��kxhTji�¥��jzl�m��{��k�qsy|qsrTt�l�jzu����{��kxq{��r��o�ÒkxhTjig4Ì��
}Tj�kxjzn�k���l��
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VME BUS

CAFE

DECAF

CHARGE
INJECTOR

C
LO

C
K

S
IG

N
A

LS

RECEIVER

START

STOP
RESET

ENABLE
OUTPUT
MONITOR
PULSE

OTHER
CHANNELS

BUFFER

THRESHOLD

CONVERTER

GATE

INPUT

WIDTH

ADMEM 

AMPLITUDE

BASE

PMT SIGNAL

CABLE

PMT 

MONITOR CIRCUIT

TIME-TO-AMPLITUDE

Q MEASUEMENT
CIRCUIT

PASSIVE

10-BIT ADC

12-BIT ADC

CAFE

DECAF

DECAF

PREAMP

DISCRIMINATOR

òpó ô�õËöÕ÷zø3ù7 ) �û$¸+
 ÷�þ��Âö ���0ó�þjöÕ÷�ýÓ��@���õ¦�4þ��0ý�ó ���������Ë÷_ü$U�ò þw� ý��Ò�Ë÷�
�ù
g4hTj
giÌ���jz�{jzn�k�l^�orTqsnzu2y|jzm�u��Tl^jzu¯k�hTj8kxq{y�j
�o��k�hTj�[$�PgÜ�T�T�{u�j8��q·kxh�l�jzu���jzn�k2kx�¤kxhTj
Ë4÷L�

nz��y|y��or�uwk��o��u�q{t�rTmo�s�¶Æ	rJ��l�}Tjzl4kx�ìnzmo�snz�T�{m�k�j�k�hTjWmon�kx�Tmo�&�Tqstoh�k�k�q{y�jW�o�¿k�hTjW�Tmol�k�qsnz�{jz�+kxhTj
}Tqsl�jzn�k­y|jzm�u��Tl�jzy�jzr�k­hTmou8kx�W��j�nz�ol^l�jzn�k�jz}���v�k�hTj4kxq{y�j�q¹k
kxmop�jzu8k�hTj��ThT�§kx�orTu8kx�Wl�jzm�n�h|kxhTj
[$�Pgiu��&��v¶kxhTj�kxq{y�j���u��{j���q{rTtìnz�ol^l�jzn�kxq{��rT�&��v£k�hTj�k�q{y�j�q¹k�k�m�pojzu4k�hTjWu�qstorTm��{u4k��|kxl�m��[jz�@kxhTj
�sjzrTt§kxh¡����kxhTj�nzm����sjzu&qsr�kxhTj�}Tm§kxm­monzÀ¦��qsu�q·kxq{��r¡uwv�uwk�jzy���m�r�}�u��­�orT��g4hTj
y|moqsr¡nz��r�k�l^q{�T��kxq{��rTu
kx��k�hTj~giÌ��Ük�qsy|qsrTt¶l�jzu����{��k�qs��r-qsr�nz�s�T}Tj~�Th�v�u�q{nzu�j�l�jzn�kxu|u��Tn�hÏm�u`kxh�j~l^morT}T��y¼��m�l�qsm§kxq{��rTu
qsr�k�hTjÃr��Ty­��jzl��o���ThT��k���jz�sjzn�k�l^�orTu¡q{r�kxh�jÃ�ThT��k�����y¾�T�¹k�qs�T�{qsjzl�u¡morT}�k�hTjW�Ômol^q{m�k�qs�orTu¡q{r�kxhTj
jz�sjzn�k�l^�orWkxl�m�r�u�q¹k�kxq{y�j­q{rTu�qs}Tj¤k�hTj·[&�Ãgi�¿Æ	rÃm�}�}Tq¹k�qs�orT�[kxhTj¤��m�l�qsm§kxq{��rTu�q{rWk�hTj�u�hTm���jzu�����kxhTj
[$�Pgþ�T�T�{u�jzu�y�mop�j�q{y�����u�u�q{�T�sj�mù�Tl^jznzq{u�j�}Tj�kxjzl�y|qsrTm§kxq{��r¶���¯k�hTj��T���su�j�m�l�l�q¹�Ômo��k�qsy|j��Tm�u�jz}
��r�m�k�hTl^jxu�hT���{}�nzl^�ou�u�qsrTt�kxq{y�jz��g4hTj�u�q¹k��Tm�k�qs�orTui��hTjzl�j|y��ol^j`k�hTm�r���r�j��Tmol�k�q{nz�sj|�Tl^��}T�Tnzjzu
m¡h�q¹k�qsr�k�hTj¾u�nzq{r�kxq{�s�{m�k���lL�Tmol�nzmorTrT��k�mo�¹�Lm¥v�u`��j¾}Tj^kxjzn�k�jz}Pm�rT}£nz��r�kxl�qs����kxj¾u�q{t�rTq{�Tnzmorxk��¹v�k��
kxhTj�g4Ì�� l^jzu����{��kxq{��rT��ÿ¹��kxl�m����o�sm§k�qs��r¶�o�¯kxhTj�y|jzm�u��Tl�jz}¶�Tm�lwkxq{nz�sjLk�l^m�ø�jzn�k���l�qsjzu�k��¾k�hTj�g4Ì��
}Tj�kxjzn�k���l&q{u&q·kxu�jz�{�@qsy|�Tl^jznzq{u�j�morT}¡mo�su��¾y|m�pojzu&m¾nz��r�k�l^q{�T��kxq{��r�k��
kxhTjFk�qsy|q{rTt­�TrTnzjzlwk�m�qsr�k vÒ��Æ	r
kxhTj�jzrT}T���`j¾mon�hTqsj��[j¾mor£����jzl�m��{��k�qsy|j¾�o�$�Tq{t�h�kLk�qsy|qsrTt~l^jzu��o�s��k�qs�or£����� °o° �Ó�§» ° �Tu`�A��l`y��ouwk
�Tm�lwkxq{nz�sjzu��
gihTj�j�����jzn�k�jz}�u�jz�Tm�l�m�k�qs�or������Ljzl µ �A��l¯k�hTjF�Ôm�l�qs�o�Tu&�Tm�lwk�qsnz�{j
u���jznzqsjzu+k�hTm�k`qsu&m�n�hTq{j��Ôm����sjF��q·kxh
giÌ��ùm��{��rTjz�Ôm�u�u��Ty|qsr�t�� °�° �Tu¯�A�ol�k�hTj$k�qsy|j8���6�Tq{t�h�k2l^jzu����{��kxq{��rT��mou¯m¤�A�TrTn�kxq{��r��o�Ôy��oy|jzrxk��Ty
qsu�u�hT����r�q{r��Bq{t��Ã�������o�ì�[�ol�nz�oy���m�l�qsu��orT�@k�hTj|j�����jzn�k�jz}o«­¬z«Ru�jz�Tmol^m§kxq{��r��Ál���yNk�hTj|Ë4Ì�g
}Tÿ$¬o}r�ùy|jzm�u��Tl�jzy|jzrxk�q{uFmo�su���u�h�����r�kx��q{�s�{�Tuwkxl�m�k�jCk�hTj¤nz�oy��T�{jzy�jzr�k�m�lwvù���¥�LjzlF����Ë4Ì�g���q·kxh
l^jzu���jzn�kik��Lk�hTj�g4Ì��/�Tmol�k�qsnz�{j�qs}Tjzr�k�qs�Tnzm§kxq{��rT�

�Ãjzmou��Tl�qsrTtLkxhTj�m�l�l^q·�Ôm��Ôk�qsy|jzui����k�hTj`n�hTm�l�t�jz}ù�Tm�lwkxq{nz�sjzu6��q·kxh~l�jzu���jzn�kik���k�hTj`Ëi÷`�Unz�oyL�
y��or-u kx�o�-u�qstorTm��4q{uWrT��kìu�����nzq{jzrxkWkx��}Tjz}��Tnzjù�Tmol�k�qsnz�{jùy|m�u�u�jzuW��jznzmo�Tu�j�k�hTj�kxq{y�j����2kxhTj
Q Q�q{r�kxjzl�m�n�k�qs�or ± � ��q¹k�h�l^jzu���jzn�k�k���k�hTj|nz��y|y��or�uwk�����u�q{t�rTmo�8nzm�r~�Ômol�vÏu�q{t�rTq{�Tnzm�r�k��¹vÏ�Al^�oy
j���jzr�kFk���j���jzr�kWjx�5s����Lj��[jzl@k�hTj¤nz�oy­�Tq{rTjz}Wg4Ì��~k�qsy|qsrTt�y|jzm�u��Tl^jzy|jzr�kxu2�A��lFmo�s�ok�hTj
�Tm�lwkxq{nz�sjzu
º�»�¼V½;½¿¾WÀ�½¿Á¿ÂÃ½¿Ä
ÅÃ½¿ÀZÆÈÇ�Æ¡ÂÃÉgÊ�Ë
À�ÊÍÌÎ½¿Ç&ÉgÅ&Ä�½¿ÏVËV½¿ÄXÆ¡Å v)ÐfÑ¥ÒÃÓ Ô²Õ8Ö�v)ÐfÑÍ×ÍÓ Ô²ÕØ²ÙhÚhÛ Ü Ì�¼V½¿ÇÃ½¶Ý�ÞRßqàYáãâ�ä5åçæ è éTê Ò è êÔ ê�ë
ì ÉgÅ&ÂÃ¼V½½¿¾WÀ�½¿Á¿ÂÃ½¿Ä4ÂÃÉgí�½¹Ê�îZïVÉgð�¼WÂ�Ê�îZÂñ¼�½�ÉrÀZÆ¡ÇÃÂÃÉ}Áóò}½¹Ê�îZí�ÆÈÅÃÅõô�àÎÆ¡ËVÄ4íAÊ�íA½¿ËöÂÃ÷Ví�âhøZù vNÐrÑ É}Å�Âñ¼�½�ÂÃÉ}í�½�Ê�îZï�Égð�¼öÂ�ÇÃ½¿Å�Ê�òg÷�ÂñÉ}Ê�ËZøú »�¼VÉ}ÅõÉ}ÅûíAÊ�ÅÃÂÃògüýÄV÷�½RÂÃÊþÂÃ¼V½RÇÃ½¿ò�Æ¡ÂÃÉgÿ�½¿ò}üýòYÆ¡ÇÃð�½RÅÃÉ��¿½RÊ�î�ÂÃ¼V½ ÀVÇÃÊ�ÂÃÊ�ËVÅ�Æ¡ËVÄ­Æ¡ËöÂÃÉgÀ�ÇÃÊ�ÂÃÊ�ËVÅ���÷VËVÁ¡¼�½¿ÅõÇÃ½¿ÅÃ÷�ògÂÃÉ}ËVðþÉ}Ë­Æ(ò}Ê�ËVð
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Momentum (GeV/c)
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qsr¡kxhTj�j��[jzrxk|nzm�r£��j��Tu�jz}�k���jzuwk�qsy|m�k�j�kxhTj��Ôm��{�Tj���� ± � ��vJm�u�u��Ty�q{rTt­k�hTm�kLk�hTjzu�j��Tm�lwkxq{nz�sjzu
nz��rTu�qsuwkW�o�2p�rT����r¶y|qe��k��Tl^j|���2��qs�orTu��8p�m��orTu�morT}��Tl^�§kx�orTu�morT}�jzuwkxq{y�m§kxq{rTt�k�hTjL�Ômo�s�Tj|�o� ± �
kxhTm§kWqsu�y|��uwkWnz�orTu�q{uwkxjzr�k���q¹k�h¶mo�s�$kxhTj|���Tu�jzlw��jz}��Tmol�k�qsnz�{jzu��ùÆ	r�y��ouwkWj��[jzrxk�uikxhTj ± � nzmor¶��j
}Tj�kxjzl�y�q{rTjz}¡��q¹k�h£m~l�jzu����{��k�qs�or£���2l^�o�Tt�hT�·vU» ° �Tu���hTq{n�h£qsu�u�q{t�rTq{�Tnzm�r�k��¹vUu�y|m��{�sjzl&k�hTm�r�kxhTj
qsr�k�l^q{rTu�qsnLk�qsy|qsrTtùl^jzu��o�s��k�qs�or¶���¯k�hTj�g4Ì�� y|jzm�u��Tl^jzy|jzr�kx��Æ	r¶nz�orTnz�s�Tu�qs�orT��k�hTj�nz��y¾�TqsrTm§kxq{��r
���¿kxhTjW�Tmol�k�qsnz�{jWqs}Tjzr�k�qs�Tnzm§kxq{��r�q{rT�A��l�y�m§kxq{��r�}Tjzl�q¹��q{rTt��Al^�oyNk�hTjWËiÌ�gÊm�rT}�g4Ì���}Tj�k�jzn�kx�ol^u
m��{�s����u¯k���u�jz�Tmol^m§kxj8k�hTj
�Tm�lwkxq{nz�sjzu2�Tmou�jz}���r�k�hTjzqsl2y�mou�u2qsr�mo�sy|��uwkLm��{�ok�hTj¤y|�oy�jzr�kx��yÊl^morTt�j
l^jz�{j��Ômorxk��A��l � ���Th�v�u�qsnzu4m§k�Ë4÷L�6�

DFE�� HJILKNMPX$©¥ªFV�\^f K+eÔK¯V�d

Ì���kxu�qs}Tj4k�hTj�u��o�sjzrT�oqs}T�[kxhTj­u�nzqsr�k�qs�{�sm§kx�ol����Tmou�jz}ìnzmo�s�ol^q{y�j�k�l�v�nz����jzl�u8k�hTj�l�jzt�q{��rÏ¨ ©C¨�ª º���q·kxh
u�jz�Tmol^m§kxj�jz�sjzn�k�l���y|m�torTj�kxq{n�m�rT}ùhTmo}Tl^�orTqsn�y|jzm�u��Tl�jzy�jzr�k�u��ig4hTj�Ëi÷`�/nzm��{��l�q{y�j�k�jzl^u4hTm��[j�m�r
qsy|���ol�k�m�r�k|l����{j�q{r�kxhTj��Th�v�u�qsnzu��Tl���tol^moyb��vUy|jzm�u��Tl^q{rTt~jz�{jzn�kxl���r¶m�r¶�ThT�§kx�or¶jzrTjzl^toqsjzu��$ø�j�k
jzrTjzl^toqsjzu¤m�rT}ùrTj�k4kxl�m�rTu ��jzl�u�j�jzrTjzl�t�v��T�����
ÂTqsrTnzj
k�hTqsuLmorTm��·v�u�qsuL}T��jzuLrT�§k��Tu�j¾nzmo�s�ol^q{y�j�k�lwv�q{rT�Á�ol�y�m§kxq{��rT��kxhTq{uLuwv�uwkxjzy½��q{�s�B��j¾}Tjzu�nzl�qs��j
�Tl^q{j���vÒ� ü }Tj^kxmoqs�{jz}�}Tjzu�nzl^q{��kxq{��r�nzm�r���jW�A���TrT}�qsrùk�hTj|Ë4÷L��Æ^ÆLg¿jzn�hTrTq{nzm��8÷Ljzu�qstoro�
jz����lwk
³ �oú�µ{�

g4hTj­Ë4÷L�ÜÆ^Æ4nzm��{��l�qsy|j�kxjzl�h�m�u�mL�o�Tl^��ø�jzn�k�q¹�[j¤k����Ljzl��¡t�jz�oy�j�k�l�vÒ�¾g4hTqsuLy�jzmorTuFk�hTm§k¾q·k�qsu
u�jzt�y|jzr�kxjz}�q{r­©ìmorT} � �§kx�¥�Ljzl^u��¾���oqsr�k�qsrTt
k��
k�hTj�q{r�kxjzl�m�n�k�qs�or¡l�jztoqs�orT��g4hTjLnz����jxl^mot�jL���TkxhTj
nzm��{��l�qsy|j�kxlwv£uwv�uwkxjzy qsu¤�§«-q{r � m�rT}U¨ ©C¨�ª�º|qsr��Tu�jz�T}T��l�m���qs}Tq·k	vÒ�
gihTj�nzm��{��l�qsy|j�kxjzl¾nz�orTu�q{uwkxu����4morUjz�{jzn�kxl���y|mot�rTj�k�qsn ± ÿ&� ² u�jzn�k�qs�orU�A���{�s�¥�Ljz}U��vÜmPhTmo}Tl^�orTqsn
u�jzn�kxq{��r��FÆ	r����§kxh�u�jzn�kxq{��r�uTk�hTj8mon�kxq·��jFjz�sjzy|jzr�kxu+m�l�j8u�nzqsr�kxq{�s�{m�k���lTk�qs�{jzu+l^jzmo}��o��k2�xv`�Lm��[jz�sjzrTt§kxh
ÂÃÉgí�½¹Ì�É}ËVÄVÊ�ÌCÄV÷VÇÃÉ}ËVð�Ì�¼VÉgÁÈ¼nÆûâ âAÉgËöÂÃ½¿Ç�Æ¡Á¿ÂÃÉgÊ�Ë4ÁöÆ¡Ë4ÊöÁ¿Á¿÷VÇ�ø
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u�hTqs� k�qsrTt ± �=®¯Â ² �T��jzl^uFjzy­��jz}T}Tjz}|q{r`k�hTj¤u�nzqsr�k�qs�{�sm§kx�ol^��gih�j6�=®+Â|�T��jzl�uFm�l�j4u����sq{nzjz}`k���nz�sjzmol
�T��jzl�u�����hTq{n¥hÃnzm�l�lwv~kxhTj­�sq{t�h�k¾�o��k
k����ThT��k���y¾�T�¹k�qs�T�{qsjzl8k��T��jzu ± [$�Pg ² �{�¦nzm§kxjz}Ã�or|k�hTj��Tmon�p
�T�smorTj����¿jzmon�hùjzrT}T�T�s�Tto�
gihTj�ÿ&� nzm��{��l�qsy|j�kxjxl4q{u4mW�sjzmo}q¬�u�nzqsr�kxq{�s�{m�k���l¤u�moy��T�{qsrTtW}Tj���qsnzji��q·kxh�mW�TrTq¹k­�sm�v[jzl4nz�oy�����u�jz}
�������{»�y|yÉ�sjzmo}|m�rT}|��y|yÉu�nzq{r�kxq{�s�{m�k���l��&g4hTjzl^j4mol^j4�oº��sm¥v�jzl�u8qsr|}Tjz��k�h��A��l8m�k���k�m���k�hTqsn�p�rTjzu�u
���Cmo������k¾�[��� � ± l^mo}Tqsm§kxq{��rÃ�{jzrTt§kxhTu ² m�k�rT�ol^y|m��¿qsrTnzq{}TjzrTnzjz�­g4hTj­jzrTjzl^t§v�l^jzu����{��kxq{��rÃ�o��kxhTj
ÿ$� u�jzn�kxq{��r�qsu4mo�T�Tl^�W��q{y�m§k�jz�¹v-���Z� ��� � ��q¹k�hùm��V� nz��rTuwk�m�r�k4kxjzl�y��
gihTj�hTm�}Tl���rìnzm��{��l�qsy|j�kxjzl¤q{u¤mW�oºW�sm�v[jzl¤qsl���rìm�rT}ìu�nzqsr�k�qs�{�sm§kx�ol¤u�m�y|�T�sq{rTtW}Tj���qsnzj4��q·kxh�mW�TrTq·k
�sm�v[jzl4nz��y|���ou�jz}ù���¿�|qsrTn�hùq{l^�orùm�rT}ù�|y�y u�nzq{rxk�q{�s�sm§k���l��

DFE�� HJILK�� �£ª2]��LK+eÔK¯Y@e6ªFV

�Ã�T�orTu�m�l�jW�Tm�lwkxq{nz�sjzu¤��hTq{n¥h�q{r�kxjzl�m�n�k���q·kxh�y|m�k�kxjxl��orT�¹v-��vÏq{��rTq{¬zm�k�qs�orT�P�[�olik�hTjWjzrTjzl^toqsjzu
k	v��Tqsnzmo�¦�o��k�hTqsu¿j�����jzl�qsy|jzr�kx�Ók�hTj�v|}��
rT��k�nzm��Tu�j2u�hT�¥�Ljzl^u¿q{r¤kxhTj2jz�sjzn�k�l^�oy|m�torTj�kxq{nF�ol+hTmo}Tl^�orTqsn
nzm��{��l�qsy|j�kxjzl�u�� ü uWm�l�jzu��T�·kx�Lqs�Lm�y­�T�or0qsuW�Tl��¦}T�Tnzjz}0morT}-q·kìhTmou|jzr����Ttoh-y|��y|jzr�kx�Ty|��q·k
��q{�s�@�Tm�u�u6k�hTl^�o�Tt�h�kxh�j`nzmo�s�ol^q{y�j�k�jzlB��q¹k�h~y|qsr�qsy|m��$q{r�kxjzl�m�n�k�qs�or���q·kxh�kxhTj�q{rxk�jzl^r�m��$y|m�k�jzl^q{m��{�
gihTjzl�jz�A��l�jz�Ck�hTj~nzmo�s�ol^q{y�j�k�jzl�nzmorÏ��j~nz�orTu�q{}Tjzl^jz}Ïmou�m¶�T�¹k�jzlL��hTq{n¥hÏl�j�k�m�q{rTu��Tm�lwkxq{nz�sjxuLkxhTm§k
u�hT���`jzl
��hTjzr/qsr�k�jzl^mon�kxq{rTt���q¹k�h/y�m§k^k�jzl^���Ã�T�or/}Tj�kxjzn�k�qs�or/uwv�uwkxjzy|u�mol^j­k�hTjzl^jz�A�ol^j��T�{m�nzjz}
����k�u�q{}Tj�kxhTj�nzmo�s�ol^q{y�j�k�jzl^u��

g4hTj2Ëi÷L�ìÆ^Æ@÷Lj�k�jzn�kx�ol+hTmou¿�A���Tl¿qsrT}Tjz��jzrT}Tjzr�k&y­�T�or­uwv�uwkxjzy|u��@kxhTj2Ë4jzr�kxl�m��*�Ã�T��r­÷`j�kxjzn��
kx�ol ± Ë;��� ² �Òk�hTj
Ë4jzrxk�l�m��õ�Ã�T�or����Tt�l�m�}�j
÷Lj�k�jzn�kx�ol ± Ë;�k[ ² �Òk�hTj
Ë4jzrxk�l�m��õ�Ã�T�or�ÿ¹��kxjzrTu�q{��r
÷Lj�k�jzn�kx�ol ± Ë��PÅ ² m�rT}¾k�hTj`Æ	r�k�jzl^y|jz}Tqsm§kxjn�P�T��r~÷Lj�k�jzn�k���l ± Æ²��� ²�³ »o´�µ{�ig4hTj`Ë����ÇmorT}¾kxhTj
Ë���[J}Tj�k�jzn�kx�ol^uFmol^j¤y|m�}Tj¤�o��}Tl�q{�Îk�nzjz�s�{u��[morT}�kxhTj¤Ë;�ÃÅý}Tj�kxjzn�k���lFqsuFy|m�}Tj¤�o��}�l^q{�Îk�nzjz�s�{uFm�rT}
u�nzqsr�k�qs�{�sm§kxq{��r¶nz�o�Tr�kxjzl�u��C�Tu�jz}¡k��~l^j�ø�jzn�k|�Tmon�p�t�l����TrT}¶�Tm�u�jz}£�or�kxq{y�q{rTt~qsrT�A�ol^y|m�k�qs�orT� ��u�q{rTt
kxhTj`kxq{y�q{rTtùqsrT�A�ol^y|m�k�qs�or¶�Al���yÍk�hTj�}Tl�qs� kWnzjz�s�{u��o�¯k�hTj�y­����r¶u v�uwk�jzy|u��8u�hT��lwk�kxl�m�n�p�u ± nzm��{�sjz}
��uwk��T�Tu�� ² m�l�j�l�jznz��rTuwk�l^�Tn�k�jz}T��g¿l�m�n�p�u
l�jznz��r�uwkxl��Tn�kxjz}ÃqsrWkxhTj�Ë4Ì�g7m�l�j�j���k�l^mo�����{m�k�jz}|k���kxhTj
y­�T�or�uwv�uwk�jzy�u�� � mou�jz}��or~k�hTj`k�l�m�n�p�k�l^m�ø�jzn�kx�ol�v-j��¦k�l^mo���o�sm§kxjz}ùkx��k�hTj|y¾�T��r�uwv�uwkxjzy|�¯kxhTj
jzuwkxq{y|m�k�jz}Pjzl^l���l�uL�or�kxh�j
kxl�m�n�p�qsrTt��Tmol^moy�j�k�jzl^u`m�rT}�k�hTj¾���ou�q·kxq{��rP�o�$kxhTj�y­�T��r£uwkx�T�T�6m"! w
�Ômo�s�TjW���¿k�hTj`k�l�m�n�p���uwkx�T��y|m�k�n�h�q{u�nz��y|�T��k�jz}T�Pg¿��jzrTu��Tl�j|to���¦}�y¾�T��r�À��Tmo�sq¹k vÒ�2mor��T�T��jzl
�sq{y�q·k�q{u4�T�{m�nzjz}ù�or�kxhTj���m��{�Tj����#! w $ �Ôk�hTj%! w ���[kxh�j�kxl�m�n�p���uwkx�T��y�m§kxn�hùqsr�k�hTj � nz���ol^}Tq{rTm�k�jz�

�Ã�ouwk��Tmol�k�qsnz�{jzu��Tmou�u�q{rTt
k�hTl����Ttoh­k�hTjLnzm��{��l�qsy|jzr�kxjzl¿��q¹k�hT����k�u�hT���Ljzl�qsrTt�mol^j`y­�T��rTu����T��k
kxhTq{u�qsu�mo�su��¡����u�u�qs�T�{j­�Á�ol
�Tq{��rTu��ol
pÓm��orTu���gihTjzu�j��Tmol�k�q{nz�sjzu�nzm�rWk�hTjzrÃ�Ámop�j­y­����rÃu�qstorTm��{u�qsr
kxhTj�y¾�T��rùn�hTmoy­��jzl�u��ig+v��Tq{nzm��{�¹vÒ��k�hTjzu�j��Am�poj�l^m§kxjxu4m�l�j�m�k4kxhTj���jzl^nzjzr�k��sj��[jz�s�

DFE�& HJILK=HWVT\^_2_2K¯V

gihTj�kxl�qstot�jzl4�T�sm�v�u4m�rùq{y����ol�k�m�r�k�l����{j`q{rùm�}Tj�kxjzn�k���lim§k�mnQ Qùnz�o�s�{qs}Tjzl��$m�u6k�hTj`g¿j��Ôm§kxl���rT�@�Á�ol
k	�L�`y|moqsr�l^jzmou��orTu��&�Bq{l^u kx��kxhTjinz���{�sq{u�q{��r�l�m�k�j�q{uCm����o��k4�o�s»n��s�¬z����hTqsn�h�qsuCy­��n¥h�hTq{t�hTjzl�k�hTm�r
kxhTj
l�m�k�j
m§kF��hTqsn�h�Ë4÷L��}Tm�k�m�nzmor���j
uwkx�ol^jz}��or�k�m���jz�B� °o° s
¬z�iÂTjznz��rT}T�¦kxhTj8k���k�mo�[hTmo}Tl^�orTqsn
nzl^�ou�u8u�jzn�k�qs�or ± qsrTnx�s�T}Tq{rTt�kxhTj4jz�{m�uwk�qsnz�[qsrTjz�{m�u kxq{nz��morT}|}Tqpl�l�m�n�k�q¹�[j4�Tl^��nzjzu�u�jzu ² qsu8mo���o��k­� °o° y­�
��hTq{�sj�q{r�kxjzl�jzuwkxq{rTt¾�Thxv�u�q{nzu&u�q{t�rTmo�su�hTm���j�m¾y­�Tn�h¡�s�¥�Ljzl&nzl^�ou�uw��u�jzn�k�qs�orT��g4hTj(' '4nzl^�ou�uw��u�jzn�k�qs�orT�
m�u2morWj���moy��T�{jz��qsu2mo������k�� °o°�° k�qsy|jzu2u�y|m��{�sjzl�� ° ���4y­�T��ÿ@�[jzrWq{��k�hTj¤��m�rT}���qs}�k�h�k��4��l^q·kxj
��r
kxmo��j&�`���T�{}~��j�y­�Tn�h~�smol�t�jzl��$j��¦k�l^mon�kxq{rTt���rT�{qsrTj�kxhTj�y��ouwk�qsr�kxjzl�jzuwk�qsrTt��Th�v�u�qsnzu4j���jzr�k�ui�Al^�oy
kxhTj��{m�l�t�j�r��Ty­��jzl`���2rT�ol^y|m��Cj���jzr�kxu��`���T�{}¶��j�l^jzÀ��Tq{l^jLk��~l�jz}T�Tnzj�k�hTj�nz��u k|m�rT}�k�hTjLkxq{y�j



"�� "$#&%&'&($)+*-,�./($#&)0($)&1�%2($*43657"8369�9�:<;�)+*-%25&;=($#&)0"$;�>@?A:	:B;�)�(�)�"C(836*

rTjznzjzu�u�mol�v¡k���l�jznz��rTuwk�l��Tn�k�}Tm§kxmo�
gihTq{u&q{u&m�n�hTq{j���jz}¡��v|kxh�j��Tqs��jz�{qsr�jz}¡}Tm�k�m­monzÀ��Tqsu�q·kxq{��r¡u v�u kxjzy m�rT}�k�hTjFk�hTl^jzj��{j���jz�¦kxl�qstot�jzl&�o�
Ëi÷`�/Æ�Æ¯kxhTm§k�q{u4u�hT�¥��rùq{rù�Bq{t��4������ºo�

L2 trigger

Detector

L3 Farm

Mass
Storage

L1 Accept

Level 2:
Asynchronous 2 stage pipeline
~20µs latency
300 Hz Accept Rate

L1+L2 rejection:  20,000:1

7.6 MHz Crossing rate
132 ns clock cycle

L1 trigger

Level1:
7.6 MHz Synchronous pipeline
5544ns latency
<50 kHz Accept rate

L2 Accept

L1 Storage
Pipeline:
42 Clock 
Cycles Deep

L2 Buffers: 
4 Events

DAQ Buffers 

PJW  10/28/96

Dataflow of CDF "Deadtimeless" 
Trigger and DAQ

òpó ô3õÈöÕ÷_ø�ù8 �"3û8×�ó�ý
ô�öOýÓ�Ü�����	�Ë÷�Ö8×�ò�Ø	ØB�ÂöOó ô3ô�÷ëö4ý
öQþw� ó �Â÷�þ<�ÂõËöÕ÷�ù
�=q·kxh
kxhTq{uBm�l�n¥hTq·kxjzn�k��Tl�j¯kxhTj&t��{����m���kxl�qstot�jxl+}�jznzqsu�q{��r¾qsuB��jzl��Á�ol^y|jz}¾qsr­u�j���jzl�m���uwk�jz�Tu��2ÿFmon¥h

�sj��[jz���Tl^�¥��q{}TjzuBm�l^m§kxj&l^jz}T��n�kxq{��r¾u��q��nzq{jzr�k¿kx��mo�s�{���ý�Tl��¦nzjzu�u�qsrTt�q{r¤k�hTj2r�j��¦k��{j���jz�{�2ÿFm�n�h¾�sj��[jz�
��jzl��Á�ol^y|u6u�jz�{jzn�kxq{��r�l�jznz��r�uwkxl��Tn�kxq{rTtL�Th�v�u�q{nzu6À��Tm�r�kxq·kxq{jzu���q¹k�h�qsrTnzl�jzm�u�q{rTtLl�jzu��o�s��k�qs�or�kxhTmor�kxhTj
�Tl^jznzjz}Tq{rTto��g4hTj`k	v��Tq{nzm��8l^m§k�jzu����&j��[jzr�kxu�monznzjz��k�jz}���vÏjzm�n�h~k�l^q{t�tojzl��{j���jz�8mol^j|l�jz���ol�k�jz}�qsr
g¿m��T�{j����{�*)��

g4hTj2®¯j��[jz���@kxl�qstot�jzl ± ®2� ² q{u¿�ol^tom�r�qs¬zjz}¾m�uBm�uwv�rTn¥hTl���r����TuB�Tqs��jz�sq{rTj¯k�hTm�k��Tl��¦nzjzu�u�jzu¿j��[jzr�kxu
m�k�k�hTj��T�TrTn�h¶nzl���u�u�qsrTtùl�m�k�j�morT}�k�m�pojzu�k�l^q{t�tojzl�}Tjznzqsu�q{��r~��q·kxh�qsr¶mù�{m�k�jzrTn�v/�o�2»��{»�û6u��ù���ol
j���jzlwv-j���jzr�k¡m��{�$k�hTjW}Tj�kxjzn�k���l�u�uwk���l�j�k�hTjW}Tm�k�m�q{r�m��o��u kxmot�jW�Tq{��jz�{qsrTjWmorT}�u�jzrT}ùk�hTjzyNk��
kxhTj­®2��� ü � kxjzl
��� � �TrTn�hìË4l^�ou�u�qsr�t�uFkxhTj�®2�ik�m�pojzu8k�hTj�}Tjznzqsu�qs�orì��rWkxhTj�j��[jzr�kx�+�����orìm�®2�
kxl�qstot�jzl6monznzjz��k���k�hTj�}Tm§kxm`�or�jzmon¥h��Al^�orxk���jzrT}�nzm�l�}�mol^jBkxl�m�rTu��Ajzl�l^jz}Lkx�`�orTj��o�[�A���Tl6�{��nzm���®¯j��[jz�
� ± ®¯� ² �T��l�jzl^u���gihTj¾®+�¡��jzl^�A��l�y|uLm�y��ol^j�m�nznz�Tl�m�k�j¾m�r�m��·v�u�q{uL�o�$k�hTj¾j���jzr�k�qsr£�Áj��=k�jzrTuL�o�
,�»�¼V½(Â�Æ-�Vò}½ûÉ}ÅqÇÃ½¿òYÆ¡ÂÃÉ}ÿ�½ûÂÃÊ�ÂÃ¼V½ûÇ�Æ¡ÂÃ½þÆ¡ÂÎÂÃ¼V½(íAÊ�íA½¿ËöÂÎÊ�îrÂÃ¼V½(Á¿Ê�ògò}½¿Á¿ÂÃÉgÊ�Ë&Ê�îrÂÃ¼V½ûÏ�ÇÃÅÃÂ/.10-2Aâ13 Ö54 Ê�îrÄZÆ¡Â�Æ�ø76
ÉgÂÃ¼&ÇÃ½¿Á¿½¿ËöÂ

÷VÀVð�Ç�Æ¡Ä�½¿Å�ÌÎ½�Ê1��ÂÍÆ¡É}ËnÆ98r½¿ÿ�½¿ò ì9: Á¿Á¿½¿ÀVÂ�Ê�î;.-2=<?>9� Ü Æ¡ËVÄnÆ98f½¿ÿ�½¿òA@ : Á¿Á¿½¿ÀVÂ�Ê�î;B-212=>9�öø
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� ED¹þÅþ"÷¥�¦� ø�ú�ÿGFIH
ÑÈ÷���÷�
WøED¹þÅþ"÷¥�¦� "3ú��+FIH
¸���÷����KJnõ ó�
Ú��÷ëö â3ú+L�J6���
ÑÈ÷���÷�
�"ED¹þÅþ"÷¥�¦� ���+FIH
9;ý��Õ÷4���(<z� ��öOý
ô�÷ ø)�+L�J6���

ü0ý�%�
 ÷Zø3ù�ø3ûO9�ý��Â÷­�Ô�n÷¥�3÷����	�aý�þëþ�÷��Ò�Õ÷��D%�Ù ÷�ý�þw���ÕöQó ô�ô3÷Åö�
 ÷���÷�
�ù.ü$�Ë÷=%0ý����x�¿óÚ�z� � ý3þÅþ"÷¥�¦�Â÷��D%�Ù~�	�Ë÷
¸��3÷¥���MJnõ óÚ
��#÷Åö4ý����L� �È÷�×�ý��Qý�@�ÑÒ�3ô�ô>ó �Ëô�� Ù�� �Â÷����Pý�öÕ÷_ý�
 � �ÆöÂ÷�����ö �Â÷��Èù

y�q{nzl^�ou�jznz�orT}Tu��
÷Lm§k�m£l^jz�{m�k�q¹�[j¾kx�¶j���jzr�k�u�k�hTm§kùu�m�k�qsu��Îv ®¯�¶l^jzÀ��Tqsl�jzy�jxrxk�u��¤mol^j~l�jzm�}Ï����k���v�k�hTj�ÿ@Ä¤jzr�k

� �Tqs�{}Tjzl ± ÿ$Ä � ²­³ »�Èoµ¯u v�u kxjzy m�rT}ìmol^j�uwk���l�jz}ìqsr|k�hTj�÷ ü mÊ�T��l�jzl^u��`gihTjzl�jz��kxhTj�j��[jzr�k­�Al^mot��
y�jzr�k�u¡�o��k�m�qsr�jz}ó�Al���y }TqYl�jzl�jzr�k£u��T�Tuwv�uwk�jzy m�l�jÃ�ol�t�morTqs¬zjz} qsr�k��UmU�Tl�����jzl��¹v7��l�}Tjzl�jz}óu�j��
À¦��jzrTnzjz�û�Tmot�tojz}­��q·kxh­k�hTj�j^��jzr�k`r��Ty­��jzl&m�rT}��Ajz}­kx��kxhTjLnz��y|�T��k�qsrTt¾�Amol^y7��hTq{n¥h���jzl��A��l�y�u
kxhTj�®+j���jz�@º��A�TrTn�k�qs�orTu��ig4hTj�ÿ@Ä � q{u4m����sj�k����Tl��¦nzjxu�u4ú�»D� � ¬ou4���¿}Tm§kxmo�

�6qsto����������u�hT����u&kxhTj��T�s��n�p�}Tqsmot�l�m�y¼�o�$k�hTj¾Ëi÷`�óÆ^ÆCkxl�qstot�jzlLuwv�uwk�jzy½��q·kxh�k�hTj¾®+j���jz�i�
m�rT}U®+j���jz�&�Ãu��T��uwv�u kxjzy m��{��rTt���q¹k�hìkxhTjzq{l­q{r�kxjzl�nz��rTrTjzn�k�q{��rTu��/gihTj¡u kxl��Tn�kx�Tl�j¡���4����k�hU®2�
m�rT}Ï®¯�£mol^j~u�q{y�q{�smol^��[Fh�v�u�qsnzmo������ø�jzn�kxu�mol^j~l^jznz�orTuwk�l^�Tn�k�jz}Ï�xvJkxhTj~u��T�T��l^��nzjzu�u��ol^u��8��hTq{n¥h
�Ájzjx}P}Tm�k�m�k��­kxhTj¾to�s�o�Tm��B}Tjznzq{u�qs�orPhTmol^}��Lmol^jx�BjzhTq{n�hPnz��y­��qsrTjzu2k�hTq{uLqsrT�A�ol^y|m�k�qs�orPm�r�}�kxmop�jzu
kxhTjLkxl�qstot�jzl`}Tjznzq{u�q{��rT�¡gih�j�jzÅFkxl�jzy�jz�·vU�[m�u k�g¿l�m�n�pojzl ± Å��Bg ² �6m§k|®¯j���jz�4�§�CmorT}¡k�hTj�ÂTq{�sq{nz��r
Ä¤jzl�k�j��£g¿l�m�n�pojzl ± Â�Ä¾g ² �¯m�k­®¯j���jz�¯���¯�Tl^�¥��q{}Tjikxl�m�n�p�qsrTtWqsrT�A��l�y|m�k�qs�or��Á�TrT}Tmoy|jzrxk�m��Tkx�|l�j�ø�jzn�k
�Tm�n�p�t�l����Tr�}ùj���jzr�kxu��

g4hTj6kxhTq{l^}`k�l�qstot�jzl8�sj��[jz� ± ®¯º ²¤³ »�ÈoµTq{u8m��Am�l�yÉ�o���Tm�l�m��{�sjz���Tl��¦nzjzu�u���l�u��[jzm�n�h|�A�T�{�¹v~m�rTmo�¹v�¬zq{rTt
mùu�qsr�t��{j�j��[jzrxkWl��TrTrTq{rTtù�flÒ�¥�sq{rTj�l�jznz��rTuwk�l^��n�kxq{��r�nz�¦}Tj|�or¶q·kx�ùg4hTj�®¯ºù��u�jzu�k�hTj��A�T�{�C}Tj�kxjzn��
kx�ol�l^jzu����{��kxq{��r�kx�Ãl^jznz�orTuwkxl��Tn�k�k�hTj���hT���{jWj^��jzr�kx��gihTj�®¯ºì��jzl��A��l�y�u­m|k�hTl^jzj�}Tqsy|jzrTu�q{��rTmo�
l^jznz�orTuwk�l^�Tn�k�qs�orP���8mo�s��kxhTj
k�l^mon¥p�uLmorT}���jzlwk�qsnzjzu���ÿ$�[jzr�kxuLmol^j¾u�jz�sjzn�k�jz}P��v�l�jz��jzm§kxq{rTt�k�hTj¾®¯�
u�jz�sjzn�k�qs�orTu4�or�kxhTj���j�k^k�jzlil�jznz��r�uwkxl��Tn�kxjz}ùÀ��Tmor�kxq·kxq{jzu��

ÿ@��jzr�k�u�monznzjz��k�jz}���v£k�hTj�®¯ºìmol^j�u�jzr�k¡��v£k�hTjW÷`m�k�m���®+��tot�qsr�t|kx�Ãy�mou�u­uwkx�ol^mot�j�morT}ùk��
��rT�{qsrTj¡y|��rTq·k���l�qsrTtP�Tl^��nzjzu�u�jzu�kx����jzl�qs� v�kxhTm§k­k�hTj¡}Tj�kxjzn�k��ol^�Bkxl�q{t�tojzl­morT}U}Tm�k�mÃmonzÀ��Tqsu�q·kxq{��r
uwv�uwkxjzy|u
m�l�j��A�TrTn�k�qs�orTqsrTtWnz�ol^l�jzn�kx�·vÒ�Lg4hTj��o��kx�T��k­l�m�k�j��o��k�hTjik�hTqsl�}��{j���jx�¯qsu
m��T�Tl�����q{y�m§kxjz�·v
´ ° s�¬z�

ü }Tj�kxmoqs�{jz}ó}Tjzu�nzl^q{��k�qs�orÜ�o�&k�hTjÃËi÷`��kxl�qstot�jzl¡uwv�uwkxjzy nzm�ró��jì�A�o�TrT}óqsr ³ � ° µ{�ÊÆ	r�kxhTj
�Á�o�s�{����qsrTt`�Lj���qs�{�$}Tjxu�nzl^q{��j�k�hTj�kxhTl�jzj�kxl�qstot�jzl4�sj��[jz�su��

ã¿äONBä�ç P2êRQ[ê¦î�çùôzõÓí�����ê¦õ
gihTj¤®¯j���jz�+�inz�orTu�q{uwkxuF�o�¦kxhTl�jzj4�Tmol^mo�s�{jz��uwv�rTn�hTl^�orT���TuF�Tl��¦nzjzu�u�qsrTt�uwk�l^jzmoy|u��&g4hTj4�Tl�uwk
uwk�l^jzmoy
�TrT}Tu¤nzm��{��l�qsy|j�k�jzl4�Tmou�jz}�����ø�jzn�kxu��Tk�hTj�u�jznz��rT}��orTj��TrT}Tu¤y¾�T��rTu��T��hTqs�{jikxhTjik�hTqsl�}���rTj��TrT}Tu
kxl�m�n�p�u
qsr|k�hTj�Ë4Ì�gi�I�
�|k��W����}Tqpl�jzl�jzr�k¤k�l^q{t�tojzl^u
nzmor���j��A�ol^y|jz}ì�Tu�qsrTt�u�qsy|�T�sj üTS ÷`u
m�rT}
Ì­�¤u4�o�+�o��ø jzn�k�u4�Al^�oy=k�hTjzu�j�uwk�l^jxm�y|u��

g4hTjùjzÅFkxl�jzy�jz�·vý��mouwkìg+l�m�n�pojzl ± Å��Bg ² q{}Tjzr�kxq{�Tjzu`kxl�m�n�p�u`��q¹k�h Q x ���Fk�hTjù��l�}Tjzl��o�����{»
U j�Ä
¬on�qsr�kxhTj �·	�� ��qsj�� �Tu�qsrTt¾k�hTj�q{rT�A��l�y�m§kxq{��r¶�Tl�����qs}Tjz}¶��vU�A�o�Tl`m���q{m��6u��T��jzl��sm�v[jzl^u��o�
kxhTj¾ËiÌ�g4� ü uLy�jzr�k�qs�orTjz}Ãjzmol^�{qsjzl��[k�hTj­u��T��jz�sm�v[jzl^uLm�l�j­mol^l�m�rTtojz}Ãq{rÃnzjz�{�suL���¤�§����qsl�jzu�jxm�n�hT�
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RUN II TRIGGER SYSTEM

Detector Elements

GLOBAL 
LEVEL 1

L1 
CAL

COT

XFT

 MUON

MUON
PRIM.

L1
MUON

 L2 
CAL

CAL

XTRP

L1
TRACK

SVX 

SVT

CES

XCES
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GLOBAL 
LEVEL 2 TSI/CLK

òpó ô3õËöÂ÷_ø3ù7 �#<ûRò�õ¦� þ��Qó �Ó� ýÓ
Z%�
 �Îþ-ÿ��Èó�ý�ô3öQýÓ�Ü�Ô���	�È÷�Ö8×�ò�Ø Ø�:Ëö � �¿ý����L�Õ÷�þ�������
 ÷¥�3÷�
��ÂöOó ô�ô3÷Åö �Où

��l�qsjzr�k�jz}¾m§kimor¾morTto�sj����õiÇº�» � l�jz�sm§kxq·��j¿k��2kxhTj�l�m�}Tq{m��Ô}�qsl�jzn�kxq{��rT�&gih�jzl^j�m�l�j�m2kx�§k�m��Ô�o�+�§�������o´
m���qsmo����q{l^jzu��8m�rT}¡k�hTj�hTq·kxu���r£jzmon�h¡��q{l^j�m�l�j�nz�smou�u�q{�Tjz}£mou`�Tl���y|��k��ol`}Tjz�sm¥v�jz}T�C�A��l`m¾kx�§kxmo�
���$ºo���{��»o�­�Tq·kxu&���$q{rT�A��l�y�m§kxq{��rT� ü n�hTm�l�tojz}�k�l^mon¥p|�Tm�u�u�qsrTt¤k�hTl^�o�Tt�h¡m�r¡m���qsmo��u��T��jzl^�{m�v�jzl¯��qs�{�
t�jzrTjzl�m�k�j�m`y|mV��q{y­�Tyþ�o�¿�§�n��hTq·kxu��`�o�[�Tl���y|��k4��l6}Tjz�{m�v[jz}�hTq·kxu��&gihTji}Tjz�TrTq¹k�qs�or��o�[m`�Tl���y|��k
��lLm¡}Tjz�{m�v[jz}PhTq¹kL��q{�s�B}Tjz��jzr�}P�T����r�k�hTj¾y|m���qsy¾�Ty�}Tl�qs� kLkxq{y�j¾q{r�kxh�j¾ËiÌ�g4�¿�[��lLm¡���TrTn¥h
u��Tm�nxqsrTt��o�&º�Èo��rTu��¯k�hTj|y|mV��q{y­�Ty }Tl�qs� k�k�qsy|j|q{u·i ���[��rTu��2m�r�}�u���m���l^�oy���k�hTq·k���nznz�Tl^u
��hTjzrTj��[jzlFk�hTjzl^j¾qsuLm¡h�q¹k�q{rWk�hTj
kxq{y�j
��q{rT}T��� ° ���o�¡rTu��BmorT}Ãm¡}�jz�sm�v[jz}PhTq¹k�q{uL}Tjz�TrTjz}Pm�uLm
hTq¹k��Am��{�sq{rTtLk�hTj�qsr�k�hTj���qsrT}T���Ê�o���Ó�§���`rTu��

g¿l^mon�p�q{}Tjzr�kxq{�Tnzm�k�qs�orùqsu4monznz��y|�T�sq{u�hTjz}ùqsr�k �L���Tl��¦nzjxu�u�jzu4��v�k�hTj��Bq{rT}Tjzlim�rT}�k�hTj�®¯qsrTpojzl
���om�l�}Tu��NgihTjP�6qsrT}�jzl¡u�jzmol^n�hTjzu~�Á�ol�hTqstoh Q x kxl�m�n�p0u�jztoy�jzr�k�u�q{r jzm�n�h �o�ikxhTj£�Á�o�Tl�m���qsmo�
u��T��jzl��sm¥v�jzl�u��o�¯k�hTj�Ë4jzr�kxl�m��Cg¿l�m�n�p�jzl��ùgihTj|®¯q{rTp�jzl�u�jzmol^n�hTjzu��A��l�mù�A�o�Tl����o��k^���o� ���Á�o�Tl�y|m�k�n¥h
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m�y|��rTt~u�jzt�y|jzrxk�u�qsr¡k�hTj��~�{m�v[jzl^u��8nz��rTu�q{uwk�jzrxk`��q¹k�h£m~�Tl���y|��k|hTqstoh��óQ x k�l^mon¥p��¡Æ	�FrT�¾k�l^mon�p
qsu|�Á�o�TrT}T�8kxhTj~®+qsrTpojzl�u�jzm�l�n¥hTjzu|�A��l�m¡k�hTl�jzj�������k������ � k�hTl^jzj~y|m�k�n�hÏm�y|��r�t£u�jztoy�jzr�k�u�q{rPkxhTj
qsrTrTjzl�y��ouwk�º��{m�v�jxl^u��
��u�q{rTt�kxh�qsuLmo�sto��l�q¹k�hTyÊk�hTj
kxl�m�n�pDQ x morT} � mol^j¾y|jzm�u��Tl�jz}���q·kxhPm�l^jzu����{��kxq{��rP�o� ° � ° ��úo�

Q w x U j�ÄO¬on�m�rT}ù�|y|l^mo}T�$l�jzu���jzn�k�q¹�[jz�¹vÒ�
g¿l^morTu�q·kxq{��rPy���}T�T�{jzuL}Tl^q·��j¾�Á�o�TrT}�kxl�m�n�pùq{rT�A��l�y�m§kxq{��rP�Al^�oyÊk�hTj­®¯q{rTp�jzlLy���}T�T�sjzu2k���kxhTj

Å
g;�¶[ ± jzÅ�g��¤mZ[B�o�sm§kxq{��r��TrTq·k ² uwv�uwk�jzy��T��hTq{n¥h�j���kxl�m������{m�k�j�k�hTjikxl�m�n�p�u6k��`k�hTj�nzmo�s�ol^q{y�j�k�jzl
m�rT}4k�hTjFy­�T�or�n�hTmoy­��jzl�u��Ôm��T�T�{qsjzu�k�l�qstot�jzl¯y|�oy�jzr�k��Ty-kxh�l^jzu�hT�o�s}Tu+morT}�}Tqsu kxl�qs�T��k�jzu�kxhTj@k�l^mon�p
}Tm�k�mLk��Lk�hTj�®¯j��[jz�8�`m�rT}ù®+j���jz�@�Lk�l^q{t�tojzliu v�u kxjzy|�

ã¿äONBäæã P2êRQ[ê¦î�ã�ôzõÓí�����ê¦õ
gihTj�®¯j��[jz�6��kxl�qstot�jzl�nz��rTu�q{uwk�u����2u�j��[jzl^mo�6m�u v�rTn�hTl���rT�o�Tu�u��T�Tuwv�uwk�jzy�u���hTq{n¥h¶�Tl�����qs}Tj�q{rT�T��k
}Tm�k�mÃk��PkxhTj U �{���Tmo�L®¯j��[jz�`�/nzl�m�k�j¡k�hTm�k�j��Ôm��{�Tm§kxjzu¾��hTj�k�hTjzl�mor�v7�o�4kxhTj¶®¯�Ãk�l^q{t�tojzl^uùqsu
u�m�k�qsu��Tjz}T�

[Fl^��nzjzu�u�q{rTt��A��lWm�®¯�~k�l^q{t�tojzl|}Tjznzq{u�q{��r0uwk�m�lwkxuWmo�Îk�jzl`k�hTjùj��[jzr�kìqsu���l^q·k^k�jzr0qsr�k�����rTj��o�
kxhTj¾�A���TlL®¯�¡�T�ql�jzl^uL�orPm��{�¿�Al^�or�k^��jzrT}PmorT}�kxl�qstot�jzlLy���}T�T�{jzuL�xvJm¡®&��m�nznzjz��k����=hTq{�sj¾®¯��qsu
m�rTmo�¹v�¬zq{rTtLk�hTj�j���jzr�k4kxhTm§k��T��l�jzlinzmorTrT��k���j��Tu�jz}�kx�|uwkx�ol^j�mo}T}Tq·kxq{��rTmo�$®2�`m�nznxjz��kxu��

÷Lm§k�m�mol^j`nz���{�sjzn^kxjz}~�Al^�oy k�hTj`®¯���T�ql�jzl�u��o��kxhTj`®¯j��[jz�C�2kxl�qstot�jzliuwv�uwkxjzy|u ± Å
�6gýmorT}~®2�
����Ì S ² morT}��Ál���y k�hTjLnzm��{��l�qsy|j�kxjzl�u�hT���`jzl&y|m���qsy¾�Ty }Tj�k�jzn�k���l ± Å4ËiÿFÂ ² ��ÂTqsy¾�T�¹k�m�rTjz�o�Tu��·v
mìhTmol^}��Lmol^j�nz�{�Tuwk�jzl��TrT}Tjzl ± ®¯��Ë ü ® ² �Tl��¦nzjzu�u�jzu¤kxhTj�nzmo�s�ol^q{y�j�k�jzl�}Tm§kxmìmorT}JÂ�Ä¾g ± ÂTq{�sq{nz��r
Ä¤jzl�k�j��£g+l�m�n�pojzl ²�³ �[��µ ³ �o�oµs�@}Tjzu�nzl^q{��jz}ùq{r�kxhTj�r�j��¦k�ÂTjzn�k�qs�orT�$�TrT}Tu6k�l^mon�p¦u¤qsrùÂ�Ä�ÅF��Æ^Æ �

Ì�rTnzj2kxhTjL����ø�jzn�kxu�m�l�jLm��Ômoqs�{m��T�{jz�¦k�hTj U �{���Tmo��®¯j��[jz���¾�Tl^��nzjzu�u�jzu¿k�hTj�}Tm§kxm¾morT}­kxmop�jzu¿kxhTj
}Tjznzqsu�qs�orT�

VKWYX�ZM[Y\^]^[9X�_R]^\^]^`bac[edfX7g*hiX7j�V=glkR`nmcX7g o?_cdpVrq
gihTj~Ì�rT�sq{rTj�Â�qs�{qsnz�orÃÄ¤jzlwkxj��óg¿l�m�n�pojzl ± Â�Ä�g ² q{u��Tm�lwkù���8kxhTj~®¯j���jz���¡k�l^q{t�tojzl^�ÜÆÁkùl^jznzjzq·��jzu
kxhTjù�sq{uwk��o�8kxhTjùËiÌ�g=kxl�m�n�p�u�l�jznz��r�uwkxl��Tn�kxjz}-��vJkxh�j~Å��BgN�Tl���nzjzu�u���l ± �A��l�jzmon�hPk�l^mon�p�kxhTj
nz�Tl���m�k��Tl^jps½m�rT}|k�hTj�m�¬zq{y­��k�hTm��+m�rTto�sj � m�l�j�y�jzmou��Tl�jz} ² morT}|kxhTj�}Tq{t�q·kxq{¬zjz}ì�T�T�{u�j�hTjzqstoh�kxu
��r�kxhTj�u�q{�sq{nz��r��sm¥v�jzl�u ± � ° )�n�hTm�rTrTjz�{u ² �¤gihTj�Â�Ä�gR�sq{rTp�u6k�hTj�Å��6gÏkxl�m�n�p�uCkx�`k�hTj�u�qs�{qsnz�orùhTq·kxu
m�rT}Ãl�jznz��r�uwkxl��Tn�kxu2kxl�m�n�p�uF��q¹k�hÃ�f�|qsrTj��¥�sq{p�j­À��Tm��{q¹k vÒ�­gihTj­l�jzu��o�s��k�qs�orÃ����k�hTj­Â�Ä�g qsu(t ��u �
y�l�m�}T�9tWQ x u °�{Ú°o° º#v¿Q wx U j�ÄO¬on4morT}�tbw u ºo»4ûCy��o��hTjzl�jMw­qsu@k�hTjCkxl�m�n�p�qsy|�Tm�n�k��Tm�l�m�y|j�kxjzl��
kxhTj�}Tq{uwk�m�rTnzj��o�[nz�s�ou�jzuwk4m��T�Tl���mon�h����ok�hTj��Tmol�k�qsnz�{j¿kxl�m�ø�jzn�kx�ol�v¡hTjz�{qe��k��2k�hTj�¬���m���q{u6�o��k�hTj�Ë4÷L�
l^jz�Ajzl�jzrTnzj�uwv�uwkxjzy|�

� v-�Tl�����qs}Tq{rTtìmì�Tl^jznzq{u�jWy|jzm�u��Tl^jzy|jzr�k��o�¿k�hTjWq{y��Tmon�k¡�Tm�l�m�y|j�kxjzl��o��n�hTm�l�t�jz}J�Tm�lwkxq{nz�sj
kxl�m�n�p�u��6Â�Ä�g mo�s�{����u2k�l^q{t�tojzl�qsrTt���r£j���jzr�k�uLnz�or�kxmoqsrTq{rTt¡�{��r�t¡�{q¹�[jz}P�Tmol�k�qsnz�{jzu�� � hTm�}Tl���rTu`qsr
�Tm�lwkxq{nz�T�smol�hTm��[j�mù}Tjznzm�vÏ�sjzrTtohxkW�o�¯k�hTj��ol^}Tjzl��o�2» °o° û6y¸morT}�k�l^mon¥p�ui��hTq{n�h¶nz�oy�j|����kW�o�
kxhTj � }Tjznzm�vì��jzlwkxq{nzjzu`hTm���j�m�r£qsy|�Tmon�k��Tm�l�m�y|j�kxjzlL�orPm¥��jzl�m�toj¾tol^m§kxjzl2k�hTm�r-� °o° û6y|�|gihTj
���T����lwkx�TrTq·k	v0�Zl�jzl�jz}J��v�kxhTj¡Â�Ä�g½���6kxl�qstot�jzl�qsrTtÃ}�qsl�jzn�kx�·v0�or � hTm�}Tl���rU}Tjznzm�v���jzlwkxq{nzjzu¾qsu
m��Ômoqs�{m��T�{j��A��l6kxhTj��Tl�uwk4kxq{y�j�m§k�morùhTmo}Tl^�orùnz���{�sq{}Tjzl^�

g4hTj8Â�Ä�g�hTmou¯mC��qs}Tjz�·v��Tm�l�m��{�sjz�{qs¬zjz}�}Tjzu�q{t�rq�8q¹k2qsu+y�mo}Tj8�o�$���¤qs}Tjzr�k�qsnzmo�Òu��sq{nzjzu ± ���`jz}Tt�jzu�� ²
�L�ol^p�qsrTt�q{r��Tm�l�m��{�sjz�{�ìÿ8mon�h~�Ljz}Ttoj|l^jznzjzq·��jzu�m�rT}���l^��nzjzu�u�jzu�}Tm�k�mù�orT�¹vÏ�Al���yNkxl�m�n�p�u�q{r~kxhTj
�T�smorTj¡��jzl���jzrT}Tq{nz�T�{m�l
kx��k�hTj¡��jzmoy��{qsrTj ± uwk�jzl^jz�Pq{rT�Á�P�Al^�oy Â�Ä�Å Æ^Æ�qsu�}Tl^�o�T��jz} ² m�rT}/��rT�·v
��q·kxhCQ x mo�����[j�� U j�ÄO¬onz�
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g4hTj�kxl�m�n�p�qsrTt|�Tl��¦nzjzu�u¤qsu4��jzl^�A�ol^y|jz}ùqsr�k �L��u kxjz�Tu��
� [6m�k�kxjzl�rìl^jznz�ot�rTq·kxq{��rq��nzmorT}Tqs}Tm§kxj4kxl�m�n�p�u
m�l�j�u�jzm�l�n¥hTjz}ìmoy��orTtWmW�sq{uwk­�o�B�Tl�jznzm��{nz�T�sm§kxjz}

�{���Êl^jzu����{��kxq{��rù�Tm§k^k�jzl^rTu ± �ol^�om�}Tu�� ² �
� g¿l�m�n�p|��k�kxq{rTtf�im­�A�T�{��l^jzu��o�s��k�qs�or¡��k`�o��kxhTjLhTq¹k`nz����l�}TqsrTm§kxjzu��A���TrT}­��q·kxhTq{r¡jzmon¥h�l^�om�}�qsu

��jzl^�A�ol^y|jz}ù�Tu�qsr�t�m|�sq{rTjzm�l�qs¬zjz}ùmo�sto��l�q¹k�hTy|�
g4hTj4�Tm�k�kxjzl�r|l^jznz�ot�rTq·kxq{��r|uwk�jz�|qsu8��jzl^�A��l�y|jz}|qsr|m�nz�oy��T�{j�kxjz�·v~�Tm�l�m��{�sjz���Lm�v~��v­k�hTj ü u�u����

nzqsm§kxq·��j
�Ãjzy��ol�v ± ü � ² uwv�u kxjzyþ��hTq{n�hù�Tu�jzu4�A�T�{�$nz�Tu kx�oy=Ä�®¯ÂTÆ&n¥hTq{�Tu ± ü �Pn�hTqs�Tu ³ ��ºoµ ² �4gihTj
ü � uwv�uwk�jzy nz��y|�Tm�l�jzu4mo�s��k�hTj�u�q{�sq{nz��r�nz�s�Tuwk�jzl^u¤m�rT}�Å
�6gÏkxl�m�n�p�u6��q¹k�h�k�hTj�u�j�k��o�¿�Tl^jznzmo�snz���
�sm§kxjz}ù�Tm§k^k�jzl^rTu�� ü ��m�k�kxjzl�r~q{u4}Tjz�TrTjz}ùm�u4m�nx��y­�Tq{rTm�k�qs�orù���¿u�qg�P�Tq{rTu ± �oÂT�T��jzl�Â�kxl�qs�Tu�� ² �i����j
ÂT�T��jzl�Â�kxl�qs�Tu¾nz�ol^l�jzu����orT}ìkx��kxhTj¡����u�q·kxq{��rUnz���ol^}Tq{rTm�k�jzu¾���6k�hTj¡�Tm�lwkxq{nz�sj�k�l^m�ø�jzn�k���lwv0�orU����j
u�qs�{qsnz�or~�{m�v�jzl�u��Ô��hTqsn�h~nzmor~��j`n�hT�ou�jzr~m�y|�orTt�k�hTj`���[j`Â�Ä�ÅÇÆ�ÆF�{m�v�jzl�u��Ôk�hTj`u�qe��k�h~ÂT�T��jzl�Â�k�l^q{�
nz��l�l^jzu�����rT}Tu¤k��|kxhTj�m�¬zq{y­��k�hTm��FmorTt��{j����¿k�hTjW�Tmolwkxq{nz�sj�kxl�m�ø jzn^kx�ol�v-m§k¡mì}Tq{uwkxmorTnzjW�o���§�ìnzy
�Ál��oy kxhTj���jzmoy �{qsrTjz�-g4hTj¡�o��k��T��k~��� ü � uwv�uwkxjzy¢qsu�k�hTj¡�{qsu k~���¤�Tm�k�kxjxl^rTu ± ��l���mo}Tu�� ² �Á�ol
��hTq{n�hùm�k��sjzmouwk���rTj�hTq·k�hTmou4��jzjzrù�A����rT}ù��rùjzmon�hùÂT�T��jzl�Â�kxl�qs�T�4ÿ8mon�hùÂ�Ä�g/�Ljz}Ttoj��Tu�jzu4ºo�f«
�Tm�k�kxjzl�rTu6��hTqsn�hùnz���[jzliy|�ol^j�k�hTm�rùÈo»f� ���[k�hTj��ThTm�u�j�u��Tm�nzj��A�ol�Q x�¢ � U j�ÄO¬�nz�

g4hTj�k�l^mon�pì��k^k�qsr�t~y�j�k�hT�¦}¶qsu��Tmou�jz}£�or£�{qsr�jzm�l`mo�T�Tl^�W��q{y�m§kxq{��rTu�morT}£�Tl�qsrTnzq{�Tmo�6nz��y|�����
rTjzr�kxu4morTm��·v�u�qsu ³ �o��µ{�

�6qsto�Tl^j2������»
u�hT�¥��u[kxhTj2Â�Ä�g�kxl�m�n�p`q{y��Tmon�k&�Tm�l�moy�j�k�jzl+l^jzu��o�s��k�qs�or��A�ol�kxl�m�n�p�u[��q·kxh�Q xyx �
U j�Ä � nz�ig4hTj���q{}�k�hù���[kxhTj U mo�Tu�u�q{m�rù��k��Á�olBk�hTj�}Tqsuwk�l�qs�T��k�qs�orùqsrù�6qsto�i�o�<�§»�q{u4»�»�û6y|�ig4hTqsu
qsuim�nz��y¾�TqsrTm§kxq{��r~����kxhTj`qsr�kxl�qsrTu�qsn`Â�Ä¾gýq{y���m�n�k��Tm�l�moy�j�k�jzl�l^jzu��o�s��k�qs�orT��morT}­k�hTj2k�l^morTuw�[jzl^u�j
u�qs¬zj�����kxhTj���jzmoy½�sq{rTj�� t{z}|�~ y tR�b� x%� t{������� �¦��hTjzl�j tR�
����� qsu&m�������kLº ° û6y|��g4hTjzl^jz�A�ol^jz�¦kxhTj
qsr�k�l^q{rTu�qsn�Â�Ä�gRl^jzu��o�s��kxq{��rùq{u4m�������k�º�»�û6y|�
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ã¿äONBä�� P2êRQ[ê¦î5��ôzõÓí�����ê¦õ
gihTj
k�hTqsl�}P�sj��[jz�¿�o�$kxhTj¾Ë4÷L��k�l^q{t�tojzl�q{uLqsy|�T�{jzy�jzr�k�jz}Ã�orPmL[FË �Amol^y|��ÿ@��jzlwv�Ë;[��Éq{r�kxhTj
�Ámol�y �Tl�����qs}Tjzu�m¡�Tl��¦nzjzu�u�qsrTt¡u��s�§k¾�A�ol
�orTj­j���jzr�k��4�=q·kxhÃl����TtohT�·v�º °�° Ë�[���u��¿morT}Ãm�rÃq{rT�T��k
l^m§kxj&�o��iÇº °�° s�¬z��kxhTq{uBm��{�s��nzm§kxjzuBmo�T�Tl�����qsy|m�k�jz�¹vP�Fu�jznz�orT}
kx�L��jzl��Á�ol^y=j���jzr�k�l�jznz��r�uwkxl��Tn�kxq{��r
m�rT}�k�m�poj�m`kxl�qstot�jzl4}Tjznzqsu�q{��r��

�6qsto�&��������u�hT����u$kxh�jiq{y��T�{jzy|jzrxk�m�k�qs�or|���¦kxh�ji®¯j^��jz�Tº��Ámol^y|��gihTj4}Tj�k�jzn�kx�olCl�jzm�}T�o��k¤�Al^�oy
kxhTj�®¯j��[jz�$���T�ql�jzl^u4qsu4l�jznzjzq¹�[jz}���q{m�mor ü uwv�rTn�hTl^�orT���Tu4g¿l�m�rTu��Ajzl��P�¦}Tj ± ü g�� ² uw��q·kxn�hùm�rT}
}Tqsuwk�l�qs�T��k�jz}�kx���§��� nz��r��[jzl�k�jzl¥�ùrT��}TjC[FËiu��Fu�hT����r¶q{r¶�Bq{t��~�o�<�§�ùqsr¶�{qstoh�k|�T�{�Tjz�~gih�j�y�moqsr
kxmou�p�����kxhTjzu�j�rT�¦}�jzu2qsu+k���mou�u�jzy­���sj
mo�s�Òk�hTj
�Tq{jznzjzu2�o�ÔkxhTj
u�m�y|j
j��[jzrxkLmou¯k�hTj�v�m�l�j
}Tjz�{q¹�[jzl^jz}
�Ál��oyN}Tqpl�jzl�jzr�k�u��T��}Tj�k�jzn�k���l�uBk�hTl^�o�Tt�h�kxhTj ü g;� uw��q¹k�n�hT�ig4hTj`j��[jzr�k�qsu6kxhTjxr~�Tmou�u�jz}���q{m�m�r
j�kxhTjzl�rTj�k~nz�orTrTjzn�kxq{��rÃk��Pm�� �Tl��¦nzjzu�u���l��PrT��}Tjz�-gihTjzl�j�m�l�j�m����o��k��§» ° rT�¦}Tjzu�q{rÃkxhTj��Am�l�y
m�uLu�hT����rÃqsrP�Bq{t��­�o�<�§���­ÿFmon¥hP�Tl^��nzjzu�u��ol�rT�¦}�j­qsuLm�u�jx�Tm�l�m�k�j­}T�Tmo�¹���Tl��¦nzjzu�u���l![FËi�¿ÿFm�n�hÃ�o�
kxhTj4k	�L�WË;[��
u
�or�k�hTj�rT��}Tj��Tl^��nzjzu�u�jzu
mWu�q{rTto�sj�j���jzr�k­m§k­m�kxq{y�jz�Lg4hTj�®+j���jz�¯ºW}Tjznzq{u�q{��rìqsu
�Tm�u�jx}���rJrTjzm�lw���TrTm��FÀ��Tm��{q¹k v-l^jznz�orTuwk�l^�Tn�k�qs�or���jzl��A��l�y�jz}���v-m��	���¹k�jzl¥�ìj���jznz��kxmo�T�sjz�¶Æ	�¿kxhTj
j���jznz��kxmo�T�sj¾}Tjznzq{}Tjzu2kx��m�nznzjz��k�m�rPj��[jzr�kx�6q¹k�qsu2k�hTjzrP�Tm�u�u�jz}�kx�­kxhTjo� ����k��T��kh��rT�¦}�jzuL���$kxhTj
�Ámol�y���g4hTjzu�j
rT�¦}�jzuFu�jzrT}�k�hTj
j���jzr�k��or��Lm�l�}�kx�4k�hTj
Ëi�orTu��Ty|jzlFÂTjzl��[jzl�¬�÷Lm§kxm­®¯��tot�jzl ± Ë4ÂT® ²
uwv�uwkxjzy �A��l4uwk���l�m�toj��Tl^uwk���rù}�qsu�p��@m�rT}ù�{m�k�jzli�or�kxmo��jz�

òpó ô3õÈöÕ÷.ø�ù8 �!3ûX�WöOó � þëó ��
 ÷����4¸��3÷¥����J0õ óÚ
��Ëó �Ëôsý����PÑË÷¥�3÷�
$" òpó�
 �Õ÷ÅöOó �Ëô>ùU×�ý��Qý~�~ö �Ô�Ð�	�Ë÷��~ö �����Æ÷¥���
þ�öOý��Â÷¥� ó �
�ËöÂ÷�� ý
öÕ÷��C%�Ù <ËþÅý��Ò�Ë÷ëö­Ö$�I�+�r�²<ÒÖ$�I���4ý������~÷��\ó ��� �|� �È÷�D;ü�L � �¿ó �Qþw� ù U6���	�Ë÷���� �È÷ëö
�Oó��#÷
�Ô���	�Ë÷
���¿ó �Qþ��9�nþ�������÷ëö	�Õ÷Åö&�¦�T�#÷¥��� Ö(>���ý�� �Õ÷��&%�
 ÷4÷���÷���� �¹ý������0ý�� �&�	�È÷��ý�	�­�Ëö	�Wþ�÷�� � ��ö&�¦�T�#÷¥�
�²� 9��ÂùRD·þëþ�÷��¦�Â÷��Æ÷���÷���� �·ý
öÂ÷
�0ý�� �Õ÷��`� ����õ¦�	�ËõÒ�2�¦�T�#÷¥���²U����@�8�0ó�þ��W�Õ÷������ �È÷�� �	���	�Ë÷¾Ö��Ó�¦�Õõ���÷ëö
<�÷ëö ��÷ëö4ý�����×�ý��Qý�ÑÒ�3ô�ô>ó �Ëô�� Ù�� �Õ÷���� Ö$<Ò�Ó×�Ñ��Õù
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ã¿äONBäæå J¡õ)��ITñ¿í���ITôxí�ð[ñóð;�¶I¶è�õÓí����[ê�õ�è4I �¿î�ê
gihTjCk�l^q{t�tojzl8uwv�uwk�jzyÐ}Tjzu�nzl�qs��jz}|mo�����[j¤qsuFmo�T�sjCk����Tu�jCkxhTj¤qsr��Á�ol^y|m�k�qs�orW����À��Tq¹k�j4mor�v~}Tj�k�jzn�kx�ol
u��T�Tuwv�uwk�jzy��ùËi�oy­�Tq{rTqsrTtùmo�s��k�hTj�y|jzm�u��Tl^jzy|jzr�kxu����¯k�hTj`�Ôm�l�qs�o�Tu�u��T�Tuwv�uwkxjzy|u�q¹kWq{u����ou�u�q{�T�sj
kx��j���nzq{jzrxk��¹v�l�jznz��l�}T��m§k|k�hTjùu�moy|j�k�qsy|jz�Lj���jzr�kxuWn�hTmol^mon�kxjzl�qs¬zjz}0��vý}TqYl�jzl�jzr�kìu�qstorTm§kx�Tl�jzu��
Æ	rT}Tjzjz}ùkxhTjW}Tm§kxm�nz�o�s�{jzn�kxjz}���vÏË4÷L��Æ�ÆLnzm�r���jW�Tu�jz}ùk���uwkx��}�vPk�hTj|�Tl�����jzl�k�qsjzu��o�+k�hTj`k����
À¦��m�l�p|m�rT}­�Ljzmop|���ou��orTu&mou+�`jz�s��mou+k�hTj�}Tjxnzm�v�u&�o�@�¡morT}�n�hTmo}Tl^�orTu����ol+kx�¾u�jzm�l�n¥h�j���qs}TjzrTnzj
���¿�Th�v�u�qsnzu¤��j�v��orT}�k�hTj�Â�kxmorT}Tm�l�}��Ã��}Tjz�s�

ÿFm�n�hùu�qstorTm�k��Tl�j`l�jzÀ��Tqsl�jzu4nzjzl�k�m�q{r~u�jz�sjzn�k�qs�orTu4m�k�jzmon�h¾k�l^q{t�tojzli�{j���jz�{�Ôk���j���nzq{jzr�kx�·vPnz�o�s�{jzn�k
kxhTj�}Tm§kxmo�ig4hTj�nz�oy­�Tq{rTm�k�qs�orù���[k�hTjzu�j�u�jz�{jzn�kxq{��rTu4}Tjz��rTj�m�g¿l^q{t�tojzl;[Bm§kxhT�

ü �s��k�hTj�g¿l�qstot�jzl�[6m�k�hTu6mol�j��{qsuwk�jz}�q{r�k�hTj�g¿l�qstot�jzl6g¿mo�T�sjz�&g4hTj�g¿l�qstot�jzl6g¿m��T�{j�q{uC��l�t�morTqs¬zjz}
qsrùu���n¥hùm`�Lm�v¡k�hTm�k4kxhTj�l�m�k�jzu4m§k�jzmon�hù�sj��[jz�$}T�or ¡·k�j���nzjzjz}�k�hTj��sq{y�q·kxu4�{qsu kxjz}ùq{r�kxmo�T�sj��o�s�o�

ã¿äONBäO¢ è�é¿êìèp£�ð�è&õ)I�ïNMÏè&õÓí�����ê¦õP�!ITôxé�¤^è�è­è�¥
Æ	r�kxhTj��A���{�s����qsrTt`�Lj���q{�s�$}Tjzu�nzl^q{��j&k�hTj�gig4g/kxl�qstot�jxli�Tm�k�h~��u�jz}~�A�olBkxhTj�m�rTmo�¹v�u�q{u4}Tjzu�nzl�qs��jz}
qsrùk�hTq{u�gihTjzu�qsu��£g4hTj�k�jzl^y g6�L�ìg+l�m�n�p£g¿l�qstot�jzl ± g4gig ² qsu­�Tu�jz}ù��q¹k�hTqsr�Ë4÷L�Ïkx�ìq{rT}Tqsnzm§kxj
k	�L�ùp¦q{rT}¶���¯k�l^q{t�tojzl^u�k�hTm�kWl^jzÀ��Tq{l^j�m§k|�{jzm�uwk�k	�L�ùn¥hTmol^tojz}�kxl�mon¥p�u�q{r¡k�hTj�j���jzr�k��$��q·kxh¶u��oy�j
p¦q{rTjzy|m�k�qsnzmo�6nz�orTuwk�l^moqsr�k�kxhTm§k��Lj�mol^j�to��q{rTt�kx�ù}Tjzu�nzl�qs��j�q{r�k�hTj��A���{�s����qsrTto�~g4hTjzu�jLk�l^q{t�tojzl^u
m�l�j`m����sj&k���j¥�¦k�l^mon�k��Á�T�{�¹vPhTmo}Tl���rTq{n`}Tjznzm�v�ui�Al���yNm��smol^toj`�Tm�n�p�t�l�����rT}~����k�l^mon�p¦u���ø��Tuwk��Tu�q{rTt
kxhTj2kxl�m�n�p�u�l^jznz�orTuwkxl��Tn�k�jz}¡��vìÂ�Ä�g4��gihTj2k	�L�
k�l^q{t�tojzl^u�}TqYl�jzl&��v|k�hTj��Am�n�k�kxhTm§k`��rTjLqsu�y|jzm�r�k
kx�¡nz���{�sjzn�k�k	�`�������¦}�v�}Tjznzm¥v�u��¿�{qspoj§¦ �¨ª© «�¬Y«{­ � ± � [8ÆÍ[8Æ ² �[��hTq{�sj¤k�hTj­�§kxhTjzl�qsuLu�jzrTu�q·kxq·��j¤k��
y­�T�·kxq·������}�v£}Tjznzm�v�u��$�{qspoj%¦ ¬ ®

� « ¬ © ³�¯ ¬ « � µ « ¬ ± � Ë�s ü �¶� ² �

ã¿äONBäO° è�é¿êìèp£�ð�è&õ)I�ïNMÏè&õÓí�����ê¦õ�öxê¦îwê¦ïÒôzí�ð�ñ
± X7²cX7\�³
gihTj|®¯j���jz�¤��u�jz�{jzn�kxq{��rTu�m�l�j�nz�oy�y|��r~kx��kxhTj � Ë�s ü �¶� m�rT} � [FÆ²[FÆ8k�l�qst�tojzl��Tm�k�hTu�� ü k
�sjzmouwk�k	�L�ùÅ��Bgýk�l^mon�p¦ui��q·kxh����T����u�q·kxj|n�hTm�l�t�j|m�l�j�l�jzÀ¦�Tq{l^jz}�qsr~kxhTj|j���jzr�k��~g4hTj�y�q{rTqsy¾�Ty
kxl�m�rTu ��jzl�u�j�y|��y|jzr�kxmW����k�hTjik�l^mon¥p�u
hTm���j4kx�W��j�hTqstohTjzl6k�hTm�rì��� ° � U j�ÄO¬�n�morT}�k�hTjzqsl¤u�nzmo�smol
u��Ty�hTm�u2kx�¡��j¾t�l�jzm�k�jzlFkxhTmorÃ»o�s» U j�ÄO¬�nz�¾�Bqsr�m��{�¹vùk�hTj­mo¬zqsy­��k�hTmo�+�o��jzrTq{rTt¡m�rTto�sj­��j�k	�Ljzjzr
kxhTjzy|��nzmo�snz�T�{m�k�jz}Jm§k­kxhTj¡l^mo}Tq{m��2}Tq{uwkxmorTnzj��o�Bk�hTj�Ë4Ì�g½u��T��jzl��sm¥v�jzl­� ± � y � ° »��{»�úo»Ãnzy ² �
´ �¶µ µ �{y­�Tuwk���j °�· ´ �cµ · ��ºo» � �

± X7²cX7\�¸
ü k�®¯j��[jz�F�Wk�hTj � [FÆ²[FÆ`morT} � Ë�s ü �¶� m�l�j�u��T�{q¹k�kxjz}T� � �§kxhìkxl�qstot�jzl­�Tm§kxhTu¾l^jzÀ��Tqsl�j�k �L�
Â�Ä�gÏk�l^mon¥p�uC��q¹k�h��o�T����u�q¹k�j�n�hTm�l�t�jz��gihTjzr|kxhTj�p�qsrTjzy|m§kxq{nzm��¯nz��kxu
m�l�j�}Tqpl�jzl^jzr�k���jznzm��Tu�j��Á�ol
kxhTj � Ë;s ü ��� �Tm�k�hT��kxh�j�j���jzr�kxu�m�l�j�rT��k|�A�T�s�·vUl^jznz�orTuwk�l^�Tn�k�jz}£��v�k�hTj�k�l^q{t�tojzl^��gih�j�nz��kxu
l^jz�{m�k�q¹�[j�kx�`k�hTj�k	�L�`kxl�qstot�jzl4�Tm�k�hùmol^j�l�jz���ol�k�jz}ùqsr�k�m��T�{j����{º��

g4hTjLq{y��Tmon�k��Tm�l�m�y|j�k�jzl ± wº¹ � ² morT}­k�l^morTuw��jzl�u�j`}Tjznzm�vÃ�{jzrTt�k�h ± ®I»½¼ ² ����kxhTj � nzmorT}Tqs}Tm§kxj
��jzlwkxj��Üm�l�j�nzmo�snz���sm§kxjz}Uuwk�m�lwkxq{rTtÃ�Al^�oy kxhTj¡�Tmol^moy�j�k�jzl^u¾�o�Bk�hTj�k �L�ÃÂ�Ä�gÇk�l^mon¥p�u¾�Tu�q{rTtWkxhTj
¾À¿ ¾ ÉgÅAÂñ¼�½�Æ��óÉ}í ÷�Âñ¼�Æ¡ò¹Æ¡ËVð�ò}½&Ê�î�ÂÃ¼V½&ÂÃÇ�Æ¡Á-<öÅ�í�½öÆ¡ÅÃ÷VÇÃ½¿ÄDÆ¡Â�ÂÃ¼V½TÁ;Â6»HÅÃ÷VÀ�½¿ÇÃò�Æñü�½¿ÇE0�øEÃYÂ�É}Å�ÇÃ½¿òYÆ¡ÂÃ½¿ÄnÂÃÊp¿nÄÅ�öü�ÂÃ¼V½ÇÃ½¿òYÆ¡ÂÃÉ}Ê�Ë�Æ�¿ ¾ åª¿nÄ ë ÅÃÉ}Ë Ö74 áOÇÅÈ1É�ä Ü Ì�¼V½¿ÇÃ½/Ç�å ì 2ËÊ½ÌÍÊ1Î1Ê�Æ¡Ë�Ä�É·É}Å�ÂÃ¼V½¹ÂÃÇ�Æ¡Á-<5Ï Å�Á¿÷�ÇÃÿVÆ¡ÂÃ÷VÇÃ½öø
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ü0ý�%�
 ÷äø3ù7"3û|ÑÈ÷���÷�
�øZþ�õ¦�	�`ý��¦��
�ó ÷��´%�Ù~� �È÷"J �[Ø���Ø|ý�����J ÖÐFIDn9�L �ÂöOó ô�ô3÷Åö �Où Ü � ó �`�	�Ë÷äó����0ý�þ��
� ý
öOý���÷��Â÷Åö&�Ô�T�	�È÷��ÕöQý3þHÿWù Ül¹ � ý���� Ý9»½¼ ý
öÕ÷4öÕ÷�� �>÷�þ<�Oó ��÷�
 Ù��	�Ë÷ ó���� ý3þ��2�0ý�öOýÓ��÷��Â÷ëö¹ý������ÂöOý��Ò� �3÷Åö �Õ÷
��÷�þÅý�Ù�
 ÷¥�Ëô�� ���Ô��� �È÷|þÅý����Ëó��Ëý��Õ÷4�3÷Åö �Â÷öEWù�ü$�Ë÷¥Ù ý�öÕ÷_þëý�
�þ�õ�
�ý��Â÷��L� �Oý�ö �Qó �Èô��~ö ���ó� �È÷­Õëõ0ý����Qó �Qó ÷¥����÷�ý�@
�ÕõÈöÕ÷��£%�Ù <h>·ü ý�����÷��Oþ�öOó %�÷��aó ���	�Ë÷i�Õ÷WE��Qù

�Á�o�s�{����qsrTt|jzÀ��Tm�k�qs�orTu��
QR» y Q x � nz�ou � �/Þ Q x w nz��u � w QR¼ y Q x � u�q{r � �/Þ Q x w u�qsr � w ± �o�sú ²

u�����k�hTj­�Tqstohxk�}Tq{l^jzn�k�qs�orù���[k�hTj � nzm�rT}Tq{}Tm�k�j���jzlwkxj��£q{u4t�q·��jxrù�xv(�

nz��u � � y
Q{»
Q x u�qsr � � y

QR¼
Q xfß ± �o�s´ ²

��hTjzl�j
Q x y Q w » Þ Q w ¼ ± �o�sÈ ²

m�rT}�k�hTj�nz����l�}TqsrTm§kxjzu¤���[k�hTj � nzm�rT}Tq{}Tm�k�j���jzlwkxj��£mol^j

à � y
w � nz��u � w 	 w w nz�ou � �nz��u � � u�q{r � w 	 nz�ou � w u�qsr � � á � y

w � u�qsr � w 	 w w u�q{r � �nz�ou � � u�qsr � w 	 nz��u � w u�q{r � �
± ����� °o²

kxhTjzl�jz�A��l�j
®Å»i¼ y

à � v�QR» Þ á �
v�QR¼

Q x wº¹ � y à � u�qsr � � 	 á �
nz��u � � { ± ������� ²

± X7²cX7\=â
gihTj�kxhTq{l^}ùk�l^q{t�tojzl��sj��[jz�F��jzl^�A�ol^y|u�u�jz�{jzn�kxq{��rJ��r�kxl�m�n�p�u4k�hTm�k¡m�l�jWl�jznz��rTuwk�l��Tn�kxjz}��Tu�qsrTt|kxhTj
�f�|qsrTj&m��{t��ol^q·kxhTy m�rT}¾y�m§kxn�hTjz}¤k���Â�Ä¾gìk�l^mon¥p�u��&gihTj2y|m�k�n�hTqsrTt�qsuB}T��rTj&qsr � m�rT}­nz�Tlw�Ôm§kx�Tl�jz�
gihTj�k����{jzl^morTnzjzu­mol^j�l�jzu���jzn�k�q¹�[jz�¹v7��»Ãy�l�m�}JmorT} � { »P³Ç� ° � j � ° �q� ��gih�jWu�m�y|j�nz��kxu­mou­qsr
®¯j���jz�&�Pmol^j¡��jzl^�A��l�y|jz}U��r/h�v��Tl�qs}Ãkxl�m�n�p�u��/g4hTj¡nz��k~�orìk�hTj¡qsy|�Tm�n�k~�Tmol^moy�j�k�jzl¾l^jzÀ��Tq{l^jzu
kxhTjÃp�rT�����sjz}�t�jÃ�o�&k�hTjÃj���m�n�k£��jzmoy ����u�q·kxq{��rT�Ç�=q·kxhTq{róËi÷`��k�hTjÃy��ouwk£m�nznz�Tl�m�k�jÃ��rT�{qsrTj
y�jzmou��Tl�jzy�jzr�k����+k�hTj|��jzmoy ����u�q¹k�qs�orT�Fq{r�jzmon¥h��Tm�l�l^jz�{�Fq{u��Tl�����qs}Tjz}���vÏÂ�Ä¾g4�8gihTj|®+j���jz�8º
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nzm��{nz�T�sm§kxjzuLkxhTj~qsy|�Tm�n�kù�Tm�l�m�y|j�k�jzl
k�l^morTuw�[jzl^u�j­k��¡kxhTj­k�hTl�jzj�}Tqsy|jzrTu�q{��rTmo�&��jzm�y¢���ou�q¹k�qs�orT�
��hTq{n�hùqsu4nzmo�snz�T�{m�k�jz}ùuwk�m�lwkxq{rTt|�Ál���yþkxh�j�Â�Ä¾gRy�jzmou��Tl�jzy�jzr�k��

®¯j��[jz�¯º|mo�T�T�{qsjzu
m|�T}��Tnzqsmo�@tojz��y|j�kxl�q{n�nz��k­��r|kxhTjik�l�m�n�p�u¤�Tu�jz�T}T�§��l�m��Tq{}Tq¹k	v(��¨ © �äã w ¨ · � { �o�
Æ	r�kxh�j � [8Æ²[FÆ
mùnz��k|�or�kxhTj�l�jznz�orTuwkxl��Tn�kxjz}¶q{r��Ôm�l�qsmor�k|y|m�u�u����¯k�hTjLkxl�m�n�pÃ�Tm�q{l^u�mou�u�q{t�rTq{rTt
kxhTj
«Üy|m�u�uFk�������k�hWkxl�m�n�p�u
q{u�m��T�T�{qsjz}Ãm�uF�Ljz�{�p�`� U j�ÄO¬ � w ·æå�çlç · ú U j�ÄO¬ � w ��g4hTjzl^j­qsu
rT��k�m�r�morTm��{��to���Tuinz��k`�A��l � Ë�s ü �¶� ��jznzmo�Tu�j2k�hTj�j^��jzr�kxu�mol�j�r���k`�A�T�{�¹vÃl^jxnz��rTuwk�l^�Tn�k�jz}���v
kxhTj�k�l^q{t�tojzl^�

DFE�è a&eÔXC]��LX8VG�é�`X8e�Xëê`V�ª4Y@K+dÔd�\^]L_

gihTjÃj���jzr�kxu¡m�nznzjz��k�jz}Ü��vÏk�hTj|kxl�qstot�jzl�morT}Üuwk���l�jz}�k��ùk�m���jìm�l�jìrT�§kP����k�qsy|m��
�A��l��Th�v�u�qsnzu
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 / ndf 2χ�  137.9 / 131
Prob   0.3225
p0        0.00745±

�
 0.05365 

p1        0.0346±
�

 -0.3709 
p2        0.030± 1.146 
p3        0.00840±� 0.04365 
p4        0.1078±

�
 0.3497 

p5        0.054±� 1.539 
p6        0.003536±

�
 0.002659 

p7        2.044±
�

 2.046 
p8        0.464±� 2.138 
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 / ndf 2χ�  138.1 / 128
Prob   0.2555
p0        0.00859± 0.05164 
p1        0.0480±

�
 -0.3767 

p2        0.032± 1.099 
p3        0.00759±

�
 0.04494 

p4        0.1403±
�

 0.4551 
p5        0.043± 1.453 
p6        0.002108±

�
 0.003367 

p7        0.782±
�

 2.398 
p8        0.185± 1.891 
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 / ndf 2
�

χ  176.3 / 154
Prob   0.1051
p0        1.022± 2.485 
p1        0.1004± 0.2509 
p2        0.197± 1.754 
p3        1.023± 7.515 
p4        0.01928± -0.08717 
p5        0.1664± 0.5446 
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 / ndf 2χ�  137.9 / 131

Prob   0.3226
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p1        0.0384±� -0.3395 

p2        0.035± 1.206 
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 0.03391 

p4        0.2827±
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 0.5231 

p5        0.070± 1.529 

p6        0.003068±� 0.002387 

p7        2.05±  2.03 

p8        0.488±
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 2.182 
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Prob   0.7218

p0        0.01001± 0.07261 

p1        0.0409± -0.3774 

p2        0.026±
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p4        0.3792±
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 / ndf 2χ§  134.7 / 129
Prob   0.3473

p0        0.01178±
¨

 0.07039 

p1        0.0576±
¨

 -0.3267 
p2        0.015± 1.133 

p3        0.01180±
¨

 0.02669 

p4        0.3756±
¨

 0.8406 
p5        0.097± 1.279 

p6        0.001809±
¨

 0.002876 

p7        0.825± 2.547 

p8        0.199±¨ 1.745 

-10 -8 -6 -4 -2 0 2 4 6 8 10

0

0.005

0.01

0.015

0.02

0.025

0.03

 / ndf 2χ§  134.7 / 129
Prob   0.3473

p0        0.01178±
¨

 0.07039 

p1        0.0576±
¨

 -0.3267 
p2        0.015± 1.133 

p3        0.01180±
¨

 0.02669 

p4        0.3756±
¨

 0.8406 
p5        0.097± 1.279 

p6        0.001809±
¨

 0.002876 

p7        0.825± 2.547 

p8        0.199±¨ 1.745 

 / ndf 2χ©  138.3 / 128

Prob   0.2527

p0       ª  0.01206± 0.06881 

p1       ª  0.0527±
«

 -0.3368 

p2       ª  0.019±
«

 1.166 

p3       ª  0.01213± 0.02817 

p4       ª  0.4020±
«

 0.8813 

p5       ª  0.104±
«

 1.364 

p6       ª  0.001785± 0.002969 

p7       ª  0.784± 2.553 

p8       ª  0.19±  1.85 
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 / ndf 2χ©  150.4 / 127

Prob   0.07704

p0       ª  0.00606±« 0.08532 

p1       ª  0.07572± -0.06641 

p2       ª  0.028±
«

 1.206 

p3       ª  0.008458±
«

 0.009156 

p4       ª  0.407±
«

 1.986 

p5       ª  0.297± 1.004 

p6       ª  0.008749±
«

 0.005285 

p7       ª  2.502±« 2.814 

p8       ª  0.682±
«

 1.826 
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 / ndf 2χ©  115.3 / 125

Prob   0.7214

p0       ª  0.006714± 0.006692 

p1       ª  0.399± -1.582 

p2       ª  0.19±
«

  0.85 

p3       ª  0.00773± 0.07365 

p4       ª  0.12465± -0.01199 

p5       ª  0.048± 1.206 

p6       ª  0.00525±
«

 0.01942 

p7       ª  0.33±
«

  1.64 

p8       ª  0.093±
«

 1.712 
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 / ndf 2χ§  202.8 / 154

Prob   0.005085

p0        2.200± 3.898 

p1        0.07422±
¨

 0.02155 

p2        0.292± 1.176 

p3        2.2±
¨

   6.1 

p4        0.03465± -0.01334 

p5        0.6100±¨ 0.2794 
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 / ndf 2χÉ  80.68 / 49
Prob   0.002924
p0        0.00008± 0.03245 
p1        0.00040±

Ê
 -0.00114 

p2        0.0023±Ê -0.1993 
p3        0.00387± 0.01032 
p4        0.0165±

Ê
 0.3292 

p5        0.00898±
Ê

 -0.02156 
p6        0.03254±

Ê
 -0.05682 
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 / ndf 2χÌ  99.09 / 49

Prob  
Í

 3.032e-05

p0       Î  0.000037±Ï 0.004644 

p1       Î  0.0004± -0.1872 

p2       Î  0.001± 2.715 

p3       Î  0.00±
Ï

 -16.31 

p4       Î  0.0±  64.8 

p5       Î  0.0± -149.4 

p6       Î  0.0±
Ï

 173.4 

p7       Î  0.0±Ï -79.2 

0
Ë

0.2
Ë

0.4
Ë

0.6
Ë

0.8
Ë

1 1.2 1.4

0
Ë

0.005
Ë

0.01
Ë

0.015
Ë

0.02
Ë

0.025
Ë

0.03
Ë  / ndf 2χÌ  99.09 / 49

Prob  
Í

 3.032e-05

p0       Î  0.000037±Ï 0.004644 

p1       Î  0.0004± -0.1872 

p2       Î  0.001± 2.715 

p3       Î  0.00±
Ï

 -16.31 

p4       Î  0.0±  64.8 

p5       Î  0.0± -149.4 

p6       Î  0.0±
Ï

 173.4 

p7       Î  0.0±Ï -79.2 
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 / ndf 2
Ó

χÔ  126.3 / 141
Prob   0.8074

p0        0.0000± 0.0107 

p1        0.0001322± -0.0003096 

p2        0.00036± -0.01109 

p3        0.0003726± 0.0007426 
p4        0.000697± 0.008298 

p5        0.0003131±
Õ

 -0.0005693 

p6        0.000477± -0.003794 

p7        0.0000794± 0.0001381 

p8        0.0001059± 0.0006628 
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 / ndf 2
Ó

χÔ  126.3 / 141
Prob   0.8074

p0        0.0000± 0.0107 

p1        0.0001322± -0.0003096 

p2        0.00036± -0.01109 

p3        0.0003726± 0.0007426 
p4        0.000697± 0.008298 

p5        0.0003131±
Õ

 -0.0005693 

p6        0.000477± -0.003794 

p7        0.0000794± 0.0001381 

p8        0.0001059± 0.0006628 

 / ndf 2χÉ   2543 / 314

Prob       0

p0        0.000008± 0.003125 
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 / ndf 2χÉ   2543 / 314

Prob       0

p0        0.000008± 0.003125 
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Res_pip_soft_min2_slicemom_0

Entries  117836

Mean     -0.2

RMS     1.949

Underflow  0.01144

Overflow   0.002133
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Res pip soft Res_pip_soft_min2_slicemom_1

Entries  191349

Mean   -0.06701

RMS     1.746

Underflow  0.00731

Overflow   0.001223
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Res pip soft Res_pip_soft_min2_slicemom_2

Entries  165516

Mean   -0.003376

RMS     1.623
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Res pip soft

Res_pip_soft_min2_slicemom_3

Entries  115944

Mean   -0.004855

RMS     1.554

Underflow  0.003065

Overflow   0.0008312
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Res pip soft Res_pip_soft_min2_slicemom_4

Entries  75482

Mean   -0.005057

RMS     1.517
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Overflow   0.0003191
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Res pip soft Res_pip_soft_min2_slicemom_5

Entries  48720

Mean   -0.02276

RMS     1.511

Underflow  0.002428

Overflow   0.0002058

-10 -8 -6 -4 -2 0 2 4 6 8
Þ

10

0

0.01

0.02

0.03

Res_pip_soft_min2_slicemom_5

Entries  48720

Mean   -0.02276

RMS     1.511

Underflow  0.002428

Overflow   0.0002058

Res pip soft

�
	 �
�����­�
� ¼1µ � XS+¥T$=Ç#�>@?3'9¿L��!v*��&	 '&	 2
����*��m'Q!G	 *
+L�Q���"�&	�J/�$#�=Y	 +È57*857�1+K'��G5�TG	 +��&�
Xf+¥T$= �L��'9¿L��!G#(�&#�57�
�"'��"�&	 `K#%'&	 *
+ÿ*
T�'&#�	 +L�KJÁ.Á	 '�¿ÿ'�¿���'9�&	 ���
�"�Q'9�&#
>�?4�&�Q[�ß­*-57�"+4'9�$5ÄTG	 + ® ú �Ç�¢à���|yN�>���')#(��')	 +L���m�9*-5 ú � µ
à���|yN�>1^9�



ûf£ ûf£-Ó�³o´�³�ª.²Ê°�²c´R«10H³�°�«e®�¬�®�Ø-Ó3³�´R°�«eÑ�§!²_«½ÖÊ²j¬D°Ï«­ØÏ«eÑÏ³R°Ï«e®©¬�ÖÊ«­¯!°Ï´R«­üº¨�°Ï«e®�¬�¯ ¶�ù

Res_pim_soft_min2_slicemom_0

Entries  135963

Mean   -0.092

RMS     2.152

Underflow  0.007761

Overflow   0.002072
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Res pim soft Res_pim_soft_min2_slicemom_1

Entries  206389

Mean   -0.05184

RMS     1.981

Underflow  0.004972

Overflow   0.0009943
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Res pim soft Res_pim_soft_min2_slicemom_2
á
Entries  172705

Mean   -0.0297

RMS     1.864
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Overflow   0.0006864
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Res pim soft

Res_pim_soft_min2_slicemom_3

Entries  118623

Mean   -0.007113

RMS     1.781

Underflow  0.002775

Overflow   0.0007614
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Res pim soft Res_pim_soft_min2_slicemom_4

Entries  76214

Mean   -0.01277

RMS     1.731
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Overflow   0.0005004
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Res pim soft Res_pim_soft_min2_slicemom_5

Entries  49928
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 / ndf 2χÉ  302.3 / 131
p0        0.01458± 0.01522 
p1        0.128± -0.651 
p2        0.216± 1.263 
p3        0.0137± 0.0809 
p4        0.1044± -0.2403 
p5        0.081± 1.817 
p6        0.001520± 0.002258 
p7        1.082± 4.005 
p8        0.383± 1.806 
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 / ndf 2χÉ  302.3 / 131
p0        0.01458± 0.01522 
p1        0.128± -0.651 
p2        0.216± 1.263 
p3        0.0137± 0.0809 
p4        0.1044± -0.2403 
p5        0.081± 1.817 
p6        0.001520± 0.002258 
p7        1.082± 4.005 
p8        0.383± 1.806 

 / ndf 2χÉ  240.6 / 131
p0        0.00720± 0.06951 
p1        0.0282± -0.3303 
p2        0.030± 1.375 
p3        0.00650± 0.02713 
p4        0.197± 0.469 
p5        0.098± 1.916 
p6        0.001347± 0.002484 
p7        0.605± 1.562 
p8        0.884± 3.781 
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 / ndf 2χÉ  240.6 / 131
p0        0.00720± 0.06951 
p1        0.0282± -0.3303 
p2        0.030± 1.375 
p3        0.00650± 0.02713 
p4        0.197± 0.469 
p5        0.098± 1.916 
p6        0.001347± 0.002484 
p7        0.605± 1.562 
p8        0.884± 3.781 
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 / ndf 2χ  255.3 / 131
p0        0.05977± 0.03345 
p1        0.2808± -0.6173 
p2        0.358± 1.556 
p3        0.05651± 0.06309 
p4        0.628972± -0.005858 
p5        0.422± 2.101 
p6        0.003490± 0.002279 
p7        1.72±  4.77 
p8        0.474± 1.722 
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 / ndf 2χ  255.3 / 131
p0        0.05977± 0.03345 
p1        0.2808± -0.6173 
p2        0.358± 1.556 
p3        0.05651± 0.06309 
p4        0.628972± -0.005858 
p5        0.422± 2.101 
p6        0.003490± 0.002279 
p7        1.72±  4.77 
p8        0.474± 1.722 

 / ndf 2χè  256.5 / 131
p0        0.00578± 0.07333 
p1        0.0355± -0.4204 
p2        0.029± 1.597 
p3        0.00569± 0.02569 
p4        0.2335± 0.9222 
p5        0.062± 2.229 
p6        0.0001737± 0.0002581 
p7        0.201± 7.419 
p8        0.6369± 0.8504 
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 / ndf 2χè  256.5 / 131
p0        0.00578± 0.07333 
p1        0.0355± -0.4204 
p2        0.029± 1.597 
p3        0.00569± 0.02569 
p4        0.2335± 0.9222 
p5        0.062± 2.229 
p6        0.0001737± 0.0002581 
p7        0.201± 7.419 
p8        0.6369± 0.8504 

 / ndf 2χÉ  289.4 / 131
p0        0.01866±

Ê
 0.07731 

p1        0.0946±Ê -0.4344 
p2        0.031±

Ê
 1.511 

p3        0.01864±
Ê

 0.01954 
p4        1.127± 1.112 
p5        0.292±

Ê
 1.746 

p6        0.002940±
Ê

 0.002558 
p7        2.350±

Ê
 3.582 

p8        0.703±
Ê

 2.495 
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Ë  / ndf 2χÉ  289.4 / 131

p0        0.01866±
Ê

 0.07731 
p1        0.0946±Ê -0.4344 
p2        0.031±

Ê
 1.511 

p3        0.01864±
Ê

 0.01954 
p4        1.127± 1.112 
p5        0.292±

Ê
 1.746 

p6        0.002940±
Ê

 0.002558 
p7        2.350±

Ê
 3.582 

p8        0.703±
Ê

 2.495 

 / ndf 2χÉ  283.4 / 131
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 / ndf 2χ�  128.7 / 106
Prob   0.06612
p0        0.00040± 0.01477 
p1        0.000479± -0.001748 
p2        0.0010± 0.0895 
p3        0.000337± 0.003867 
p4        0.00375± 0.01959 
p5        0.0077± 0.1746 
p6        0.000087± 0.001194 
p7        0.011± 0.176 
p8        0.0112± 0.4161 
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 / ndf 2χ�  108.8 / 106
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 / ndf 2χ§  160.5 / 123

Prob   0.01311

p0        0.19±
¨

 50.13 

p1        0.000630±
¨

 0.001033 
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 / ndf 2χ�  140.4 / 111
Prob   0.03112
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p6        0.000082±� 0.001101 
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Res_PISp_slicept_0_subtracted

Entries  22104

Mean   0.01707

RMS    0.1855

Underflow  0.003507
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Res_PISp_slicept Sideband Subtracted Res_PISp_slicept_1_subtracted

Entries  30851

Mean   0.01775

RMS     0.192

Underflow  0.003979

Overflow   0.002218
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Res_PISp_slicept Sideband Subtracted Res_PISp_slicept_2_subtracted

Entries  20978

Mean   0.01701

RMS    0.1948

Underflow  0.003162

Overflow   0.001724
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Entries  20978

Mean   0.01701
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Res_PISp_slicept_3_subtracted

Entries  12569

Mean   0.02199

RMS    0.1952

Underflow  0.004325

Overflow   0.002323
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Res_PISp_slicept Sideband Subtracted Res_PISp_slicept_4_subtracted

Entries  7326

Mean   0.01843

RMS     0.185

Underflow  0.00453

Overflow   0.001098
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Res_PISp_slicept Sideband Subtracted Res_PISp_slicept_5_subtracted

Entries  4515

Mean   0.02579

RMS    0.2058

Underflow  0.004011

Overflow   0.002005
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 / ndf = 30.68 / 332χ:

Prob   0.583
p0        29.5±

;
 164.9 

p1        0.002± 5.182 
p2        0.00124± 0.02458 
p3        129.8±

;
  2026 

p4        0.003±
;

 5.082 
p5        0.00345±; 0.04821 
p6        34.2±;  1013 
p7        0.000±

;
 5.103 

p8        0.00023±; 0.01556 
p9        495.0±; 413.7 
p10       3.35± -12.79 
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