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gEhjilk`mon9pKq(rtsvu�w�xys{z}|f~��sZx�s��Gq�m���~�mort~�s�q�x�s�z �s`i�m��`pP��zIs	~�s�k`p5���`��G���y�����a�N�<�����T���T�A��T�K�V���t�N�����&�f�T�����V�N�<� �N�¡�t�¢�¤£��N�V�&����¥<¦��§�N¨©��ª«���­¬®�¯±°b²9³ ´µ ¯¶°b²P·C¸�¹Nº ¹ µ ¯±°b²�» g¼/½ ¹T¾ ¯±°b² ½ ¹K¾«¯¶°b²�» g¼G¿ ¹T¾ ¯¶°b² ¿ ¹T¾«¯±°b² ¯ g�À7Á<g ²�GÂ� ½ ¹K¾ ³ÄÃ ¹ ½ ¾ »�Ã ¾ ½ ¹tÅ ·CÆoÇ ½ ¹ÉÈ ½ ¾5Ê ¯ g�À7Á¡Ë ²¿ ¹K¾ ³ÌÃ ¹ ¿ ¾ »�Ã ¾ ¿ ¹ ¯ g�À7Á�Á ²�MÍ��T� º ¹ ³vÃ ¹`Å ·UÆ ½ÏÎ¹ ¯±°b²ÑÐ Î Å ·CÆ«Ò ¿ ¹ ¯¶°b²3Ó Ô �T� Ð Î ³ÖÕÔM× Î�Ø �GÂ� × Î �&�N�«�`���T�`¨Ù���&�&���T�K��¥��Ú(�N����� À Ð Î �T�`ÛÝÜ±���V¨Ù�T�«�t���<���V�K£�����K�V�K�¡� ���&������¥��T�`�(��T�*��K�&���a�T���&�t¥��Þ���V����£ß�áàÉâ ¯ Ë ²Ñã â ¯ g ² Àâ`�<��Ü±�����f���¡�a�V�É¥<�����D�R�ä��£*��K�&���a�T����¥���¥*��K�V��Í9��K���T��Í��N�V�¢�N�¡�&�åÂ�­���æ£<�¢�N�T��¥����¢�­¥*��K�V��Í9��K��£§���Pç�&���K����� Ø ���è£ß�K�É�¤¥*��T�K��¨©£b�N�&�K�é���©���N���&�N�������K�ê�K�}¥��T� ã £§�N�P�a���T�Ù¬����<�ë£§�N�P�a���Ù£ß���������©���3ç���&�N�������K�Þ¥��éìo���&�N� ®Sí Ø �T�t���<�é£§���V�a����¥��é� î��N¨Ù£�¥��S�&�N����� ®fï ª«���GÍX��Kî����K�������<���K�N���a�N�¡�¥���� î§��¨Ù£���¬ ® Õ ³Ïð¡ñ ´µ ñ ·C¸�¹Nº ¹ µ ñ ³Ì®Sí Å ®Sï ¯ g�À7Á ¼ ²�MÍ��T� ®fïI³�» òð ñ&ó Õ ´µ ñ ·C¸�¹©ô§Æ × Ë ½ ¹tÅ Æ Ò Û
ñË ¿ ¹Nõ µ ñ ¯ g�À7Á¡ö ²÷ �I�y�����a�N�<�����T�ø¥<�I�T�����a���«� ®fï �&��¥*��T�K��¨©£b�N�&�Þ�K�!�������K���¡�a�V��ù��É�a���N�øª«���SÍ9��Tî����T�����¥��T��� î§��¨Ù£��t� î§�N�V�(��K� ¯ ���é���N�N�a�N���N���K��� î§�N�V�(�� ®fï§ïG² �T�`�������K���¡�a�V��ù��É�a���N��Í9��Kî<���K�<�¢�N�¡�t¥��K�� î§��¨Ù£������T�<�a�V�K� ¯ �����y�����a�N�<�����T�å������� î§�N�&�(�� ®Sú�ïG² Àû9�ü���¡�a�&��¥������a�N�¡� ½vý¹ ³ Õþ Ô ¯ ½ Õ¹­ÿ · ½ Ô¹ ² Ø ���¤�T�����&�N�¡�é� î��N�&�(��æ£ß�K�<���T�7� ã £��&��¨Ù�T���V��������ÙÜ±���&¨©�¤¥��­�C�7���¡�a�K�&�N�T�&�����I�K�¡�a�V�­��� �K���<�a�N�¡��� î§�N�V�(��æ�MÍ��T�­���K��� î��N¨Ù£<�o¥��`�&�N���N� ½ �¹ ¯±°b²�5� ½��¹ ¯¶°b² ¬®Sï§ï�³ ð��� ¾�� � � ó 	 � ¹ � 
 » Æ� Ë ��
 ¹ï§ï ½ �¹ Å 
 ¹��ï§ï ½ �¹�� �MÍ��K� 
 ¹ï§ï ³ ´� � ¸�¹ gË ¯ g »}¸��:²�� ¯ g�À7Á�� ²

�G���y�����a�N�<�����T���<���Þ� î§�N�&�(��é�T�A��T�K�&�\��¬®fú(ïI³ ð«ñ ´µ ñ ¸ß¹ � Æ × òË ½ ò¹ Å Æ Ò Û ñ ¿ ¹ � µ ñ ¯ g�À7Á�� ²
û9� ¥D��TÍN�K���N£�£§�N�¡�Þ�K� ���N�N�a�N���N���K� Ø �T��¨Ù£É�a���&�K�«� ¥�� µ Õ ³ ô � 	� õ�� Ø µ Ô ³ ¯ � 	 ²�� Øµ ò ³ � �� Ø �T�t¥��ÞÜU�N���fª«��� × ò �/�7�N���\�f£§�N���V�������K���V�������<���T�&� Ø �N�Þ�&�&���ÉÍ��©¬®fú(ï�³ ô Æ Ë ½ ò¹ Å Æ Ò Û ÕË ¿ ¹ õ ´� 	! ¸ ¹ � 	! ¯ g�À7Á�" ²

» ô Æ Ë ½ ò¹ »}Æ Ò Û ÕË ¿ ¹ õ ´� � ¸�¹ � � ¯ g�À7Á�# ²
Å Æ Ò Û ÔË ¿ ¹ ´� 	%$ ¸�¹ � 	!$ ¯ g�À ¼ h ²
Å Æ Ò Û òË ¿ ¹ ´� �§¸�¹ � � ¯ g�À ¼ g ²
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Total significance

 5 σ

  ∫ L dt = 30 fb-1
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`badcfehgjikg�eml#npo+qSg�r�` s	cmeftbnusSqSemg#vwt-xyg�s{zg�cfehg�qSg�ljtbohomg#i|`bomomnu}Svpg#qSaK}k` oh` s~qSgj�9nu� � o
oZc�tbsdq�tbemq��t;vpt��	tbl#l#g9� ���S�f�G�#� 3 �\� g��\��r���t�� g�rUaSs
sSnu�bg�tba
qdg�r�` s���tbsSr�gMqSgU�	�;���

�[� g+iSeh` }Sv��g�l�g\qdg_vpt/ljt�omomg+qSa��9nu� � o��
� tjl�tbohomg1qda�}|` oh` s�qSg/�9np�b� o9g�ohc+t�� g�r�c�¡g�g
qSg1r�` emehg�r�cfnp`bsSo;iSeh`(�bg�s�t�s.c+qdg1}k` aSr�vug�o
qdg�xyg�ehl�nu` sSo�l�tbohomnuxyo���¢�t�npo�r�g�oMr�` emehg�r�cmnp` sdo�xy` s	cUtbiSiStbeft�z £¤cfehg�qSg�oMqSnu�bg�em�bg�sSr�g�oM¥.a�t�¦
qdeft�cmnp¥.aSg�o+¥.aSn�vwt�xy` s	c_qSn¤� g�eh� g�e��t-§�tba�cfgW¡g�sSg�em� nugb¨�oft�adx�ohn=aSsKt(©hadohcfg�l�g�s	c_cme��g�o_��s
g�ohc�g��|g�r�cfaª¡g�g�s	cfehg�vug�o«qSn¤�B¡g�emg�s	cmg�o#r�` s	cfehnp}Sa�cfnp`bsSo�� � t¬omaSikg�ehoh­®lW¡g�cfehnpg~¯°�	±(²Ug�oZcjaSs
l#`�­ g�s]¡g�v�¡g��	tbs	cPqSgBe®¡g�om` aSqdemg�r�g9idem` }Sv��g�l#gb�.³=vpvugUiSe®¡g�qSnucPv�´µg�¶�nuohcfg�sSr�g9q{´µaSsji�t�ehcfg�s�tbnuemg
ohaSikg�emoZ­®lW¡g�cfemnu¥.aSg�ik` aSePr�§�tb¥.aSg;iStbehcmnpr�advpgb�®·�g�o�i�t�ehcfnur�aSvug�oPs{´µ` s	c�i�t�o#¡g�c�¡g9`b}Somg�eh��¡g�g�o
©hadom¥.a{´¸�t�iSe®¡g�omg�s	c��d·�g�ikg�sSq�t�s.c�¨�vug�o�r�`bs.cmeftbnus	cfg�oªtbiSik` eZc�¡g�g�o�i�tbe�vpg�oªt�r�rk¡g�v�¡g�eft�cmg�aSehoª` s	c
ikg�ehl�nuoMq{´¹¡g�c�t�}Svpnue�¥.aSg+qSg+vwt
iS§	­®omnp¥.aSg_sS` a�� g�vuvpg\qS`bnuc+zg�cmemg��t
v�´¹¡g�r�§Sg�vpvug\qSa�ºGg��1�

�[� ´µ` emnu� npsdg;qSg�o 2 x»tbl#npvpvug�oPqSg+i�tbeZcfnpr�aSvpg�o��
ºGem`bnpo9x»t�l�nuvpvpg�oM` s	c�¡g�c�¡g1` }domg�eZ��¡g�g�o+g¼¶diª¡g�emnul�g�s	c�tbvug�l#g�s	c/½kvpg�o�cfeh` npoBvpg�idcf` sdo�r�§�tbeh�@¡g�o
¾ �m¿7�mÀ_g�cGvpg�oGcmem` nuo�sSg�a�cfemnusS` o@Á�Â��¼Á(Ã®�¼Á�Ä ¨(tbnusSomn	¥.aSgPvpg�o@ohn¤¶+¥.a�t�emÅ.o@Æ&��Ç��¼È ��É(��Ê��mË|eftbsd�Y¡g�o
qStbsSo�vpg�l#`®q��g�vug�g�s#qSg�o�qS`baS}Svpg�cfo�q{´µnpoh` omiSnus{�.·�` l#l#g�qSnucPt�aSi�tbemt���tbs	c�¨ vwt;l#g�ohaSemgUqSg
vpt\vwtbeh� g�aSe=qdg9qª¡g�omnus.c�¡g�� emt�cfnu` s#qSa�}k` oh` s-Ì9Íªtba � ³PÎÏ¯Ð�.Ñ�²kt+ikg�eml#npo=qdg9ehg�l#` s	cfg�ePtba
sd` l/}Sehg�qSgBx»tbl�nuvpvug�o7qSg9sSg�a�cfemnusS` oªv�¡g��bg�emo�¨�qdg�l�tbomohg9nusdx�¡g�ehnpg�ademg
�t1vwt+l�`bnucfn�¡gMqSg�r�g�vuvpg
qdajÌ Í ¨ g�c�vugMe®¡g�ohaSvucft�c�g�¶�iª¡g�emnul�g�s.cftbvSg�ohcPr�` l#i�t�cmnp}Svug�t�� g�r9v�´Òg¼¶�npohcmg�sSr�gUqSg 2 x»tbl�nuvpvug�o��
� t�cf§ª¡g�` ehnpg
s{´µg�¶�iSvunp¥.aSg
i�tbo+r�g«x»t�nuc\g¼¶diª¡g�emnul�g�s	c�tbv���·�g�ikg�sdq�tbs	c�¨&vwtj�®nu` vwt�cmnp` s�qSg«vwt
oZ­®lW¡g�cfemnug9·�ÎÔÓyr�` s(©haS�	tbnuom` s#qSgBr�§�tbem�bg;·Õg�c�iStbemn¤c�¡gUomi�t�cfnwt�vpgUÎPÖ�¥.aSnkt¬¡g�c�¡gU` }domg�eZ��¡g�gb¨
sª¡g�r�g�omohnucfg9v�´µg�¶�npoZcfg�sSr�gBq{´Òtba�l#` nusSo 2 x»t�l�nuvpvpg�o�¨�r�gB¥.aSn�emg�sdqjvpgMl#`®q��g�vugMr�` §ª¡g�emg�s.c�t�� g�r
r�g�chcfg+` }Sohg�eh��t�cmnp` s �

�[� g+sS` l1}Semg\qSg+i�t�eftbl��g�cmemg�oUvunp}Sehg�o��
� g�o×���WiStbeftbl��g�cmemg�o�vunp}Sehg�o¼Ø»Ù~Ó 2 r�` sSoZc�tbs	cmg�o�qdg×r�` aSiSvptb� g�¨M�Úljtbohomg�o�qdg×vug�idcm` sSo
r�§Stbem�@¡g�o�g�cj¥.a�tbemÅ.o�¨ 2 t�sS� vpg�o�g�c���iS§�tbohg�i|`baSe�vptÛl�t�cfehnpr�g�·�Ü_¢Û¨9��i�t�eftbl��g�cmemg
qdgK��nu` vwt�cfnp`bsÝ·�ÎÞi|` ade�vpg�o�nps	cfg�eftbr�cfnp`bsSo�xy` eZcfg�o�¨+�]i�t�eftbl��g�cmemg�o�i|` ade�vpgK�Bnp� �bo�Ö
sª¡g�r�g�omomtbnpehg�o1�t�vpt�r�` sSohcmemaSr�cfnu` s�qSa�¢�`®q{�g�vpg�ß®c�tbsdq�tbemq-g�c��t_vwt�ide®¡g�qdnpr�cmnp` s�qSg�o�` }Somg�eZ¦
��tb}dvpg�oªom` s	cMcmem` i�sd` l/}Sehg�a�¶ji|`baSe�ikg�sSohg�e�¥.aSg\vug\¢�`®q{�g�vug\ß®cftbsSq�t�emq-r�`bsSohcmnucfadg;aSsSg
cm§ª¡g�`bemnpgjaSvucmnpl#gb�Y·�g�r�nMvptbnpohomg�omaSiSik` ohg�e«¥.aSgàr�g-l#`�q{�g�vpg�g�ohc#aSsdg�cf§ª¡g�` emnug�g��|g�r�cfnu�bgb¨
��tbvptb}Svug;i|`baSeMvpg�oB}Stbomohg�oà¡g�sSg�em� nug�o��

�[� ´µaSsSn¤��r�t�cmnp` s �á t�sSo/vpg-¢�`�q{�g�vpg�ß.c�tbsSqStbemq{¨@vpg�o
nps	cfg�eftbr�cfnp`bsSo�x»tbnu}Svpg�¨_¡g�vpg�r�cfeh` ljt�� sª¡g�cmnp¥.aSg�g�c
xy` eZcfg
oh` s	cPiSemnuomg�o=g�s�r�` l#idcfgMr�` emehg�r�cmg�l#g�s	cPq�tbsSo=ads#r�tbqSehgUcm§ª¡g�`bemnp¥.aSgMadsSnu��¡g�¨ vpg�o7cf§ª¡g�` emnug�o
qdgª©mtbaS� g��dâà¡g�tbsSl#` nusSo�¨�vpg�o�qSnu�B¡g�ehg�s	cfg�oM�	tbl#l�g�o�q{´µnps	cfg�sSomn¤c�¡g;qdg;r�g�oBnus	cfg�emtbr�cmnp` sdo�sSg
oh` s	c
i�tbo1g�sSr�` emg�r�` l#iSemnuomg�o��=·�g�o/qSnu�U¡g�ehg�sSr�g�o
oh` s	c
g�¶�iSvunp¥.aª¡g�g�o/�@¡g�s�¡g�emtbvpg�l�g�s.c/i�tbe
ads�lW¡g�r�tbsSnpohl�g�qSgU}SemnuomaSehgMqSgUoh­®lW¡g�cfehnpgMomgUiSeh`�qdaSnpomtbs	c;�t+adsSg-¡g�r�§Sg�vpvpgMq ´¹¡g�sSg�eh� npgMcfe��g�o
¡g�vpg���¡g�gb� � ´Ònus	cfg�emtbr�cmnp` sã� emt��®n¤c�t�cmnp` sSsdg�vpvugjs{´µg�oZcjiStbo�r�` sSohnpqª¡g�e®¡g�g�� � g�o�l#`®q��g�vug�o#t�� g�r
qdg�oUqSnpl#g�sdomnp`bsSo�omadiSiSv�¡g�l�g�s	c�tbnuemg�oMqª¡g�r�`baSvpg�s.cUqdg_vpt�cfg�s	c�t�cmnu� g+q{´µnpsdr�vpademg;vpt/� eft��®nucft�¦
cmnp` sàg�cUvpg�o 2 tbadcmemg�oBnus	cfg�emtbr�cmnp` sdoMq�tbsSoUvpg\r�tbqSehg_qdg�vpt1cf§ª¡g�` emnug\qSg�oBr�` ehqSg�o��
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XYZ Right handed coordinate system 

            with z in beam direction
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FCAL2 (W)

FCAL3(W)

FCAL1(Cu)

PLUG(Cu)
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½7°[¼i¬®+­*©¹¦²ªqÔ~¦ÃÂ[°[«|¬�¼i§�­ ¬5Å­Yßh­*®B¯º«$°>§Fªi­+¨<ßh­B¯º¨Mªi­&��å>åô½7°[¼i¬�¼i§i­�­+æM®Ã¦X®*«|¯ÙÅ­�ª�­'�Fªi­ ù>å çkÓ)(�§i­¯%­*©$©|­k¬5Å­Yßh­*®B¯º«$°>§Ç¬%­*½7°[¨h­W¨h¼i¬c©¹¦-®+°[Ñ�Äi«|§È¦>«|¨%°[§ ªjÔ~«|§�ËK°[¬%Ñ�¦X¯%«$°[§i¨_½i¬%°�Â>­*§È¦>§�¯Mªi¼û®Ã¦>©|°[¬%«|Ñ�Æ­B¯º¬h­Å­+©$­*®B¯º¬h°[Ñw¦XÉ[§ÍÅ­+¯%«$Ü"¼i­X·Àªi¼²®*¦>©$°[¬h«$Ñ�Æ­+¯%¬%­<¿È¦>ªi¬h°[§i«|Ü5¼�­�­+¯<ªi¼-¯%¬º¦�ßh­+®+¯%°[É[¬º¦X½i¿i­�«|§"¯%­*¬h§i­>Ó¸Ø¸­�®*¦HÊ©|°[¬%«|Ñ�Æ­B¯º¬%­WÅ­*©|­*®+¯%¬%°[Ñ�¦>É[§ÍÅ­+¯º«|Ü"¼i­>·ÙÉ[¬HÁ¦>®+­wÆ¦c¨º¦cÉ[¬º¦X§iªi­<É[¬º¦X§5¼�©¹¦>¬h«|¯ÙÅ­�½À­+¬%ÑM­+¯Pªi­'ª�«$¨h¯%«$§iÉ>¼i­*¬(©|­*¨ßh­B¯º¨Pªi­��Wªi­*¨�ßh­+¯%¨*�<óO¥�Ó
+
¦>½i«$ª�«|¯ÙÅ­�ªi­<¬5Å­*½7°[§i¨h­_­B¯
Äi¬%¼i«s¯Ø�Ô�«$ÑM½È¦>®+¯wªi¼UÄi¬h¼i«|¯IªjÔ~­+Ñ�½i«|©$­+Ñ�­+§"¯�­+¯9ªjÔÕÅ­+©$­*®B¯º¬h°[§i«$Ü"¼i­-¦ ¼i§i­»®*°>§i¨5Å­+Ü5¼�­*§i®+­¾ªi«|¬%­+®+¯º­ ¨%¼i¬©|­*¨c½7­*¬hËK°>¬%Ñ�¦>§i®*­+¨cªi¼û®Ã¦>©|°[¬%«|Ñ�Æ­B¯º¬%­ûÅ­*©|­*®+¯%¬%°[Ñ�¦>É[§ÍÅ­+¯º«|Ü"¼i­>·0­*§û½È¦>¬h¯%«$®+¼i©$«|­*¬WÆ¦»ÄÈ¦X¨%¨%­UÅ­*§�­*¬%É>«$­Ì-,¢î¶é>åcê'­+ë'ÒB·5°�Æ¼w«$©|¨Í½7­*¼ÙÂ[­*§�¯Pªi°>Ñ�«|§i­*¬\©¹¦&¬5Å­*¨h°[©$¼Ù¯º«$°>§w­*§ Å­+§i­*¬hÉ[«$­�­+¯�­*§I½7°[¨%«s¯º«$°>§�ªi¼I®*¦HÊ©|°[¬%«|Ñ�Æ­B¯º¬%­XÓ�	�°[¼i¬�ÑM«$§i«|Ñ�«|¨%­*¬�©|­�Äi¬%¼i«s¯¸ªqÔ�­*ÑM½i«$©|­*ÑM­*§�¯Ã·+«$©X­*¨h¯�§ÍÅ­+®*­+¨%¨º¦X«$¬%­�ªqÔ~¦ÃÂ[°[«|¬¸¼i§&ª�Å­+¯%­*®+¯%­*¼i¬

­B¯�¼�§i­»Å­*©$­+®+¯%¬%°[§i«|Ü"¼i­<¬º¦>½i«|ªi­>Ó
ê'¬º¦>§"¼i©$¦>¬%«s¯ÙÅ­

	�°[¼i¬¸©$­+¨¸ªi«/.PÅ­*¬h­*§�¯º­+¨�¬º¦>«|¨%°[§i¨�Å­+Â[°5Ü"¼ÍÅ­*­+¨0½�¬5Å­*®7Å­*ªi­+Ñ�ÑM­*§�¯*·�Ñ�«|§i«$ÑM«$¨%¦X¯º«|°[§Pªi¼<Äi¬%¼i«s¯¸ªqÔÕÅ­*©|­*®+¯%¬%°[§�«$Ü"¼i­­B¯xªqÔ�­*ÑM½i«|©$­*ÑM­*§�¯*·¸«$ªi­+§"¯%«|úÈ®*¦X¯º«|°[§ôªi­*¨_½È¦>¬h¯%«$®+¼i©$­+¨*·¸ÑM­*¨%¼�¬%­wª�­w½7°[¨%«s¯º«$°>§ô½�¬5Å­*®+«$¨h­>·�¬º¦>½i«|ªi«|¯ÙÅ­
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[]\_^�`\�acbed]fg\ihDj]^lk]m/npo-q�mrj9sr\t\unvjcbed]d]\w^�`\�flbesrk�nxmrb�dy\�dz`\ud]\�^l{emr\ihPs/\w[$`\Wnx\�|Wnx\uk]^Xd}`\�|u\�fgflm/ng\_k]d]\
{e^gq�d�k]s~q�^lm/n�`\$[���q�kv�tbemrd9f��v�L���t���@�9���
�e�<���9���e�e��h�fgk]^Ds~q*^�`\�{em/bed&� �R�
�������E[]\uf���\ufgk]^l\�f
[]\Ea]^�`\u|�mrflmrbed����Bd]\Bfg\�{���\ud�nxqinxm/bedw\ud��Tb�k��p|ube�ta�q�^lngmr�t\�d
nxf<flk]m/�iq�d
n$s~q�{
q��t��\�[]\Ea]fg\uk��
[]be^gq�a]m/[]m/n�`\T\ufln�d$`\�|�\ufgfgq�mr^l\����Rqtf�`\�a]q�^xqingmrbed��� ¢¡¤£�d$`\u|�\ufgfgm¥nx\¦k9d�|�be�ta�q�^7nxm/��\ud�nBfla}`\�|um/§�¨�k]\
q©�e\u|pk]d9\Tng^�ª\�f�§�d9\T{�^xq�d�k]srq�^gm¥n�`\��

« ^gk]m¥n�|�b�¬}`\�^l\�d
n*\ud��­[9\�fgflbek]fE[]\T��®�\u¯°a�q�^�|©qid�q�s
�EdTj]^lk]m/n�|�b�¬}`\�^l\�d
nDa]q�^¤|©q�d]q�s
fgk]a$`\�^gm/\�k]^�ªqL�*®�\u¯±a
\u^lnxk9^gjc\�^xqim/nRs~q²�t\�flk]^g\)[��³`\�d]\u^g{em/\<�wq�d��
¨�k�q�d
nx\i� « mr\ud�¨�k]\�srq¦^�`\�flbesrk�nxmrb�d_\�d�`\�d]\u^g{em/\��wq�d9¨�k]q�d
nx\�fgbem¥n�[]be�tmrd$`\�\�a�q�^�srq¦^�`\ufgbes/k9nxm/bed
\�d@`\�d]\u^g{em/\p[]k'|©q�s/be^gm/�'ª\Wnx^l\�¬�q�[]^lbed]mr¨�k]\ih#sr\Td]be�¦j]^l\p[9\p|�q�d�q�k�´'a]s/k]fBmr�ta
be^7n�q�d
nL[�qid]fEs/\
|©qisrbe^lmr�'ª\unx^l\µ`\�s/\�|ung^gbe��q�{ed$`\unxm/¨�k]\va
\uk9n�q¶��bemr^uh¤a�q�^�sr\Xj]mrq�mrf�[9\�s·�³`\usr\�|Wnx^lbed]mr¨�k]\v[9\�s/\�|ungk]^g\ih
k]d�mr�ta�q�|Wn�f�`\u^gmr\uk�´�fgk9^Bsrq¦��\ufgk]^l\�[]\ps·�³`\ud]\�^l{emr\*�wq�d9¨�k]q�d
nx\��

¸ q�^)q�m/srsr\uk]^gfuh�s/\�f�|©qisrbe^lmr�'ª\unx^l\�f�`\usr\�|Wnx^lbe�wqi{ed$`\ungmr¨�k]\uf�[]bem/��\�d
n)a
b�k9�ebem/^�fgk]j9mr^<[]\�f<^gq�[]m~q��
nxm/bed]fTa�q�^7nxmr|uk]srm¹ª\�^l\��t\�d
n�mr�ta
b�^ln�qid�ng\�fuh¤\un¦[9\u��^gbed
n�º\unx^l\w|�q�a�q�j]s/\�fT[]\t^�`\�flmrf7nx\�^�ªq'[]\ufp»�k�´
[]\X¼¶��½-¾�d9\�k9ng^gbed]f� i|��X¿B\unB[]\�f�nxq�k�´�[]\�^gq�[]m~q¢nxmrb�d]f²[]\p���e�vÀ�Á�Âe�

Ã�Ä�Å Æ Ç©ÈDÉÊÉ�ËÍÌ Î&Ï�Ð�ÉÊÑÒÎ!ÓLÔ¦Õ�ÖtÐ<Ç©× ØÉ*Ù�Ð�É ÚÉ�Õ�É�Ó�Ù�Ð�Öt× Ô�ÛtËÜÚÉ*Ù�Ç©Ý_Î�É

« mr\udÞ¨�k]\ßsrqG^�`\�flbesrk�nxmrb�dàfgbem¥nÒnx¬$`\ube^gm/¨�k9\��t\�d
náfgk]a$`\�^gm/\�k]^l\±[]q�d]fásr\µ|�q�fá[��âk]d°|�q�srb¢�
^gm/�'ª\Wnx^l\ã¬]b���be{]ª\�d]\ihBs/\ã|�¬9bem¥´@[]\ãs~qß|�bes/s~q�jcbe^xq¢nxmrb�d:f��â\�fln�a
be^7n�`\äfgk]^'s~qß|©q�s/be^gm/�ß`\Wnx^lmr\åªq
`\�|�¬�qid�ngmrs/srbed]d]q�{e\�¨�k9m�a]^�`\ufg\ud�ng\ã[9\�d]be�¦j9^g\�k�´�q©�iq�d
n�q�{e\uf�������q©��qid�nxq�{e\Ò[]\Ò|u\�|�¬]bemæ´:\ufln
[��âbej9ng\�d]m/^�[]\�fw[}`\ung\�|ung\�k]^lf_nx^�ª\uf�[]\ud]fg\uf�acbek]^�k]d:|�b¤ºk�n�^xqimrfgb�d]d�q�j]s/\�h<\�d:|�¬9bemrflmrfgfgq�d
n_k]d
��qin�`\u^gm~qikãqij]fgbe^lj
\uk]^T[]\�d]fl\�\unTac\�kã|�b¤ºk9ng\�k�´
���¤\to�\u^�hRsr\X|�k9m/��^g\ih�s/\Xa]srbe��j]¿p^l\��ta]srm/fgfl\�d
n
|�\uf}|ubed][]m¥nxmrb�d]f����¤\E|�¬9bem¥´t[��âk]d���qin�`\�^gmrq�kX[]\�d9fg\*ac\�^l��\Wn}[��çq©�eb�mr^)[]\�f$srbed]{�k]\�k]^lf$[9\E^gq�[]m~q��
nxm/bed]f}o-qimrj]s/\�f���è�d_\ué
\unLsrq�|�be�ta�q�|um/n�`\*[]\�|u\unlnx\�a�q�^7nxm/\�[]k_[$`\Wnx\�|Wnx\uk]^La
\u^g�t\un²[9\�[]mr�tmrd�k]\u^
sr\uf�mrd9o�^gq�flng^gk]|Wnxk]^l\�f²s/mW`\u\�fpªq¦|u\�srk9m¥�­|umc�ê|�^lÂ�beflnxqin©h�flng^gk]|Wnxk]^l\�fL[]\�fgk9a]a
b�^lnl�xh][]bed9|�sr\�|ubRºk9n©�9ë�\
a]s/k]f�h�m/s}\uflnvnx\u|�¬]d]bes/be{em/¨�k9\��t\�d
nXa]srk9f�o-q�|�m/sr\�[9\_|�bed]f7nx^lk]mr^l\_k]d]\_fg\u{e�t\�d
n�qingmrbedìs/bed]{em¥nxk��
[]m/d�q�sr\�q©�e\u|�|�\wn­Â�ac\�[]\�|©q�s/be^gm/�'ª\Wnx^g\i��í}\wn­Â�a
\�[]\�fl\�{e�t\�d
n�q¢nxmrb�dyac\�^g�t\un�[]\w|ubed]d�q¶º î/nx^l\
sr\p[$`\u��\�s/bea]ac\��t\�d
n�\�dÒa9^gb�o�bed9[]\�k]^*[]\�f�{�\�^gjc\�f*\un�\ufln�[]b�d]|�a�qi^lnxm/|�k]s/m¹ª\u^g\��t\�d
nEk9nxm/sr\Ta
b�k]^
s¹�âmr[9\�d
nxm¥§�|©qingmrbed_[9\�f_`\�s/\�|ung^gbed9fB\WnB[]\�f�¡¤£¶�

ï�ð � ï�ñ k9ngmrs/mrfg\�k9d]\)o�\uk]mrs/sr\�[]\)a]s/be�¦j�|�be�t�t\$qij]fgbe^lj
\uk]^�\unPk]d]\}|�¬]q��¦j]^l\�ªqLmrbed9mrfxq¢nxmrb�d
^g\u��a9srmr\Ò[��çq�^l{ebed�srm/¨�k]mr[]\Ò|ube�t��\Ò[]mW`\�s/\�|ung^gm/¨�k9\Òa
bek9^�srqìa�q�^lngmr\áq�|Wnxm¥�e\��B����q¶�iq�d
nxq�{e\á[]\
s¹��q�^l{ebedG\ufln�k]d]\Òjcbed]d9\�nx\�d�k]\äq�k�´:^xqi[]m~qingmrbed9f�h<k]d]\Òjcbed]d]\Òf7n�q�j9mrsrm¥n�`\�nx\u��acbe^g\usrs/\�h)k]d]\
\W´�|u\�srs/\�d
nx\�srm/d}`\©q�^lm/n�`\v[]\�^�`\�acbed]fl\wfgk9^pk]d9\w{
q��t�t\v[���\ud]\�^l{emr\t[]\�¼¶��®�\u¯òªq&� ð \W¯¦h�k]d]\
o-q�|umrsrm¥n�`\)a
b�k]^�s~q*|�q�srm/j]^xq¢nxmrb�d�\un<k9d]\�j
b�d]d]\�¬]be�tbe{P`\ud$`\�m¥n�`\$[]\L|�bed]f7nx^lk]|ungmrbed�hi[]bed]|�k9dXo-qimrj]s/\
nx\u^g�t\�|�bed]f7n�q�d
n���ó­s²o-q�k9nXk]d]\�jcbed]d]\_f7n�q�j9mrsrm¥n�`\ãªqÒs/bed]{�nx\u^g�t\�qi§�dô¨�k]\�sr\_flÂ�f7n©ª\��t\�fgbem¥n
bea$`\u^xqingmrbed9d]\�s¤acbek]^�srq¦[]k]^�`\u\p[9k&�Rõ�í*�

�Rb�^gfg¨�k��âk]d]\'a�q�^7nxmr|uk]sr\�|�¬�q�^l{P`\�\�nx^gq¶��\�^lfg\�s·�çq�^l{ebedßsrm/¨�k]mr[]\ih�\�s/sr\�|�^�`\�\&[9\&s¹�âmrb�d]mrfgqinxm/bed��
�¤\�f�|�¬�q�^l{e\�f�¨�k]m�qia]a�q�^gq�mrflfg\�d
n�fl\v[}`\�a]srq�|�\ud
nT��\�^lfTs/\�f&`\usr\�|Wnx^lb�[]\uf�fgbek9f�s¹�â\ué
\un�[]ká|�¬�q��ta
`\�s/\�|ung^gm/¨�k9\�h²|u^�`\©qid�n�k]dö|�b�k]^xq�d
n��t\�flk]^xq�j9sr\��²è<dö^xqimrfgb�dö[9\Òs~qµ[]m/��m/d�k�nxmrb�dG[]köd]be�¦j]^l\
[��³`\�s/\�|ung^gbed9fD¨�k]m�fg\}[$`\�a]srq�|�\ud�nD[�q�d]fPsr\<{
q�ap[���q�^g{eb�d�srm/¨�k]mr[]\)q�kp|�bek9^gfD[9kpnx\u��a9f�h¢sr\<|�bek9^xq�d
n
[]m/��m/d�k9\�q�a]^�ª\ufBq¶��bemr^Lq¢ngnx\umrd
nLfgb�d'��q¢´�mr�¦k9�'�
÷³ø³ùRúçøDù·û�ü¢ýuþ-ùlÿølü�ø��iø���û����Wû	�
��úçû¢þ�����
û¶ù·ølû�������� þ��	�ølþ��çþ-ù��Wü�ù��	�çø7ü��Wû���������� ��ù��!�uü¢þ�"
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L�MONPM�Q R�SUTWV+X�SYV+TYZ\[ ]Z9X_^B`�a�b�V+Z
cedYfhg�ikj)l/jnmomoiUmojqpsr;toukvhwUvyx�z;{ki|l}fhm�~%��t��D�j�����jel/~%����t�j/���=�kmoiU��tojnik���B������iUln��iU��j/�=l/~h�k����t���i��j/j/�

{��!fh�k��~%����j/iU���/��{����j/m�j/ln����~6{kj/�1jn�9{��yik��t�����j/���hf�momoj�psu�fh�Yz�{��!fh��u%~%�Fmotog�ikt�{kjBf}�%jnleik�kj�u1�j/~h���j�����t�j
jn��fhlnl/~%��{��j/~h����������~%ik����f���to�|to��jn�Pm��!fhlnl/j/����fh�klnjq{kiD{��jn��jnln��j/ik�nv
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¬�©�±�¸s©�¿ ¦ ¯ ¨©n©�±6¸1²%±U©Pº�©�¯�Ä�©+¬	«}±�¿�³Á©B®�³µ´}ªFÄ�¼�½�©�¿B®%«}¯�¸¹° ¦ ²h³Á©�¿+¬�©
³µ«
ºh©�¯�Ä�©)°¡´}±�°�¿�©�±6¸;³�Å «}¯¡º�´}±Æ³Ç°¡»�²%°¹¬�©�¼
½�©�¿ ¨©�³µ© ¦ ¸¹¯O´}±�¿È¬�Å °¡´}±�°�¿�«�¸¹°¡´}±É¬ ¨©�¯�°oÊ}©�±6¸CÊ�©�¯�¿Ë³µ©�¿ ¨©�³µ© ¦ ¸¹¯O´�¬�©�¿�ÌB®�©�¯�ªq©�¸¡¸Í«}±6¸�¬�©|ªF©�¿�²h¯�©�¯|²h±­¿�°µº�±U«}³
®�¯O´�®%´}¯�¸¹°¹´�±�±U©�³e«}²Î¬ ¨©�®eÏ´	¸C¬WÅ ¨©�±U©�¯¡º�°Í©�¼�½W«�Ð¾º�²%¯�©Ë¬�©Ë¬}¯O´}°¹¸s©
®U¯ ¨©�¿�©�±�¸s©�³µ«È¿�¸¹¯�² ¦ ¸¹²%¯O©�©�±·« ¦�¦ ´}¯O¬ ¨©�´}±
®�©�¯�ªF©�¸¡¸Í«}±�¸�²h±k© § ©�¯�ª ¨©�¸¹° ¦ °o¸ ¨©)ªq«�Ñ	°�ªq«}³Á©F©�±ËÒ·¬}²�¬ ¨©�¸s© ¦ ¸s©�²%¯eÓ�Ô�Õ�¼

Ö �Îf��k��~%���¾jnik�Kpsr;toukv�wUvÇ×%zCj/���+l/~%�k����tØ��i��jÀ{kj�{kjni��ÚÙÍjniktom�moj/��{��!fhl/t�j/�)to�k~}�6Û6{Yfh�km�jÜ{kj $ ��Ý
�|�Þ{����j/�Yf�to����j/ik�n��{��!ik�É��t�����f�u%jD{Uj8ßY�U��j8{kj8�hj/����j�t����U�6�j/uh�e�jÆ{kjDln~%mom�j·ps�k��j/�k��j/u�zËjn��{kj
�kmofhg�ikj/�){kjF�kmo~%�Ü�D�k��to��j/��j/����fh�k{UàCt�l�dÚj/������jÜm�j/�CÙÍj/ikt�mom�j/��{��!fhl/t�j/��to�k~}�6Û6{Yfh�km�jÀj��
{UjÀ�k��j�á
�k��j/ukv¾â_j/��ÙÍj/ikt�momojn��{��!fhl/t�j/��to�k~}�6Û6{Yfh�km�jÀj��+{kjF�k��jn�k��jnuã��j/���|jn����jn���|�f�m��Çfh�U��~%���¾jnik�){��Çf}�%~hto�
ik�Uje��t�u%to{Ut����j-j��;iU�kj��j/mofh����tolnt����j-��iUä|��fh����j/�-��~%ik�9moikt���j/���|jn������j�{kj�l/~%�U��j/���%jn����f)ÙÍ~h���|jh�	f�ßY�
{��O�jn�6tØ��j/��iU�kjK{e�jnÙÍ~%���Èf���to~h�Ú�km¹f�����t�g�ikjË��~%iU��m��yjnå¾jn�q{kjË��~%�­�U��~%�k��jË�¾~hto{k�nv_â_j/��j��6���6�j/�|t����j/�
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éló×«å Õ Ï ó×"× é Î É Ï Ê\Ì Î Ú Ù × Ê ×"ßvß Ù ßv× × Ö�é × é�ó× Ö ×"ätæ�Ð É ×"ä�ß Û Ð É Ï Ö Î É�Ö�ékÙsé�ó×"å ÍÕ�Ö-é�Ûqó× É ×"ä è Ð�×/å©Î ä�ähÎ åJå Õ ä Ö
ÜÎsß Û Ð É Ï Ö Î É�Ö/é ×�ß�Î Ê"Õ ßvß�Ð�ÏVÐ Õ�É åJä Õ ÖtÕ�É íqåJä Õ ÖtÕ�É ñ��qß Ê"Õ�É�Ö Ð�× É�Ö Î Ù ÏVÏtÐ ÙkÉ × Õ�Ù�é × Ù�î�Ê Î�ä Ö ×«Ï�æ�Î Í �vÖ ät×«Ï
����� Ô ø ����� Ô	��Î Ï Ö ×"ähú;ån×"äVæ�× ÖtÖ Î ÉHÖ�é × Ê«Õ�ÉJç©è Ù ät×«äsßv×"Ï Ê\Ì$ÍÎ ÏVÏtÐvÏ;ê�ä Õ�É�Ö Î Ù�î øþÑ�Ó/Ô0ú?ã¬× Ö;ÙkÉ ×
Ê Î�ä Ö ×�ï�Þ	� ø�ï$äVÐ è�è ×"ä/Î Éké Þ Ù Ï ô � Õ)ékÙ ßv×rú�ã�Ú Ù Ð¤äV×�
Ê"Õ Ð Ö ß�×«ÏlÏVÐ è�É Î Ù�î ï0ï�Ô ÜÎ é Ð�Ï Ö ätÐvì Ù ×"ä/Î Ù)î
Ê Î�ä Ö ×«Ï éJÙ�Ê\Ì$ÍÎ�ÏtÏtÐvÏ�ö�÷;Ô × Ö/Ê"Õ ß�ß�× Ê«Ö ×0ß�×"Ï7ÏVÐ è�É Î Ù�îAé�Û�Õ�Ê«Ê"Ù åkÎ Ö Ð Õ�É ø�ì Ù Ï ô ú ékÙ�Ê\Ì$ÍÎ ÏVÏtÐvÏ"ã)Î ç©É�é ×
ß�×«Ï�Î Ê\Ì ×"æ�Ð É ×"ä á ×«ätÏ5ß�Î Ê Î ä Ö ×;å¤×«ätæ�× ÖVÖ Î É�Ö�é × Ê"Õ�É Ï Ö ä Ù Ð�äV×�ß Û�Õ�Ê«Ê"Ù å©Î Ö Ð Õ É+è ß Õ ì©Î�ß�×Aø�ì Ù Ï ô ú é ×
ßYÎ;å©Î ä Ö Ð Ö Ð Õ�É ÏtÐ ÖhÙló× é Î É Ïlß�× Ê\Ì$ÍÎ ÏtÏVÐ�Ï�ï0ï�Ô5ñ � ß Û Î äVätÐ Ü×"ät× é ×«Ï�ö0÷�Ô5ãJÏV× Ö ä Õ�ÙJá × É�Ö ß�×«Ï�æ Õ�éJÙ ß�×«Ï
é × Ö ätÎ É ÏtÐ Ö Ð Õ�É ñ��qßvÏAät×�
Ê«Õ Ð á × É�Ö ß�×"Ï ékÕ ÉkÉló×"×«Ï�æ�Ð�ÏV×"ÏA× É ê Õ ätæ�×ëå©Î ä�ßv×"Ï Ê Î�ä Ö ×«Ï�ö�÷�ý × Ö ß�×«Ï
Ö ätÎ É ÏVæ�× ÖtÖ × É�Ö Î Ù Ï ô Ï ÖNÜ×"æ�× é�Û Î Ê Ú Ù ÐvÏtÐ Ö Ð Õ�Éxè ß Õ ì©Î ß é�Û � ï�ò �
� åkÎ ä û ß�Ðv× É Ï�Ï ó×«ätÐv×"Ï Õ å Ö ÐvÚ Ù ×"Ï
Ïtå ó× Ê Ð�Î ß�ÐvÏ ó×«Ï�ø Ê Î ä Ö × ç ßvß�×��5÷�ò � ú?ã è ä ÍÎ Ê ×+Î Ù åkä Õ ÖhÕ)Ê"Õ ß�× � íqò�Ð É�� ñ ò�Î ç©è�Ù äV×���ñ à�� åkä ó×"ÏV× É�Ö ×
ß Û�Õ ä è Î É ÐvÏhÎ Ö Ð Õ�É�é ×"Ï Ê\Ì$ÍÎ ÏVÏtÐ�Ï�ö0÷�Ô Ï Ù ä�ßYÎ�å©Î ä Ö Ðv× È ��� à���é ×�ßYÎ Ê Î á ×"ä É × ékÙ+éló× Ö × Ê?Ö × Ù ä"ñ
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c	dfe	dfc gChjilk`ilmonh;pqhsrtrvu
w9ó× Ì Ð Ê"Ù ß�×"ä é ×"Ï�Ð É ê Õ äVæ�Î Ö Ð Õ�É Ï ÜÎ ÙkÉ®Ö Î Ù)î±é ×�ß Û¥Õ ä é äV× é × ûRx ���@y�ã Î á × ÊëÙkÉ9Ø Ð ÖVÖ ×"ä é ×

ß Û�Õ ä é ät× é × àMxRx åkÏ�× Ö$ÙkÉ ×/Ï ô)ÉkÊ\Ì ä Õ�É ÐvÏhÎ Ö Ð Õ�É;è ß Õ ì©Î ßv× é × ÖhÕ�Ù Ï�ßv×"Ï ó×"ß ó×"æ�× É�Ö Ï ékÙ Ï ô Ï ÖNÜ×"æ�× ã ékÕ�É�Ö
ßYÎ Ö Î�Ð�ß�ßv× Ê Î ähÎ Ê?Ö�ó×«ätÐ�Ï Ö ÐvÚ Ù ×s×«Ï Ö�é ×sß Û¥Õ ä é äV× é × à'xRx æ é ×sß Õ�ÉkèSz ×«Ï Ö�ÙkÉ × Ö�ÍÎ Ê\Ì ×sÎ ä ékÙ × ñ � Õ�Ù ä
ä ó×«å Õ Éké ät× ÜÎ Ê × éló× ç ã¤ßv×sÏ ô Ï ÖNÜ×«æ�×Qï0ï�Ô=ø�ï0Ð�æ�Ð Ékè ãJï$äVÐ è�è ×«ä5Î Éké Ô Õ�É�Ö ä Õ ßYú�Î ó× Ö�ó× éló× á ×"ß Õ åkå ó×
å Õ�Ù äAß Û × É ÏV×"æQìJß�× é ×"Ï û × î å ó×"äVÐ�× ÉkÊ ×«Ï ékÙ òo��Ô Î ÙâÊ"Õ Ù ätÏ é�Û�ÙkÉ ×+å Ì Î ÏV× é ×9äV× Ê\Ì ×«ä Ê\Ì ×9× Ö
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¾À¿Á�ÂRÁ�ÃGÄRÅ�Å�Á<Æ6Á<Ç�ÈÊÉ�Ë`ÌÎÍ�ÏÑÐÓÒ%Ô.Õ?Ö¤×�Ã�ÅØÁ�ÙKÆ6Á�È ¾ ÁÎÈKÙ,Ú^Ç�ÛKÆ6Á�ÈKÈKÙKÁSÃ+Á<Û
ÜGÇ�Ý ÄRÙKÆÞÚßÈ,Ü+ÄRÇ�Û`È,Á<Æ6Å�ÄRÙKÁ�ÃGÃGÁ�Û
¾ Á�ÛCà<ÄRÃ+ÃGÜGÛ=ÜGÄRÇ�Û ¾ ÚßÇ�ÛCÃGÁâáoã«äqÁ�ÈCÃ+Á<Û ¾À¿Á�à<ÜGÛ=ÜGÄRÇ�Û ¾ Á ¾À¿Á<à�ÃGÁ�Ç�à4å�Á<Æ6Á<Ç�È ¾ ÁâÇ�ÜæÂRÁ'ÚßçLÍ�Ú^çèÛ=Á<ÜGÇ
¾ Á?à4åéÚ^ê)ç�ÁCÁ�ë�Å ¿Á�ÙKÜGÁ�Ç�à<ÁßÖoáoÚÞìéíRç�Ù=ÁSî�ÖæÍMï ¾ ÁÎíRÚ^ç�à4å�ÁSÅ�Ù ¿Á<Û=Á<Ç�È,ÁSÃ+ÁÎÛ=ðlÇ�ÄRÅ�È,ÜGê)ç�Á ¾ Á?È,ÙKÚ^Ç�Û=Ý Á�Ù=È
¾ Á�Û�ÜGÇ�Ý ÄRÙ=ÆÊÚ%È,ÜGÄ^Ç�ÛSÈ,Á<Æ6Å�ÄRÙKÁ�ÃGÃGÁ�Û ¾ çBáoã«äñÂRÁ�ÙKÛ�ÃGÁ�ÛâÁ�ë�Å ¿Á�ÙKÜGÁ�Ç�à<Á�Û<Ö�á�Á<Û�Û=ÜGíRÇéÚßç�ë ¾ çLáoã¸ä
ÉVá£ã¸äòà�ÃGÄlà4ó�ô"á£ã¸äòÄRÙ=õ�Ü+È<ô"ö�ç�Ç�à4å�ä�Ä^ç�Ç�È,Á<Ù6Ë�Á<Û=Á�È'ÖæÖæÖTÕ¢ô�Ç ¿Á<à<Á�ÛKÛKÚ^ÜGÙ=Á<Û6ÅØÄRç�ÙSÃGÁZà�ÄRÇ�È,Ù%÷Ä^ÃGÁ ¾ Á
Ã�ø�Ú^à�à ¿Á�Ã ¿Á<ÙKÚßÈ,Á�ç�Ù<ôßÛKÄRÇ�È�í ¿Á�Ç ¿Á<Ù ¿Á<Û ¾ Ú^Ç�Û�Ã.Ú¸ÛKÚ^ÃGÃ+Á ¾ Á�à�ÄRÇ�È,Ù�÷ÄRÃGÁ	ù�ä�ËúÉVù�ÙKÁ�Â^Á<Û=ÛKÜGÇÊä�ÄRÇ�È,Ù=ÄRÃéË�Ä�Ä^ÆZÕ¢ô
¾ ÚßÇ�ÛÀç�Ç�Á�à'Ú^íRÁ ¾ Á`ûüÚ^ÙKÚ ¾ Ú'ðRô\ýÚ
ÅéÚ^Ù}È,Ü+Ù ¾ øOç�ÇÊÛ=ðlÛ}È'ýÁ<Æ6Á ¾ Á�í ¿Á<Ç ¿Á�Ù,ÚßÈKÜGÄRÇ6Ë`û�Ö�á�Á<Û�ÛKÜ+íRÇéÚ^çlëCÛKÄRÇ�È
Á�Ç�ÛKç�ÜæÈ,ÁSÈ,ÙKÚ^Ç�Û=ÆÞÜ+Û
ÅéÚ^Ù«ìéõ�Ù=ÁCÄRÅ�È,Ü+ê)ç�ÁCÆÞÄRÇ�ÄRÆÞÄ ¾ Áßô\íRÙ�÷Ú^à<Á�ýÚ ¾ Á<Û
ÈKÙ,Ú^Ç�Û=ÆÞÁ�ÈKÈKÁ<ç�Ù=ÛXÃGÚ^ÛKÁ�ÙKÛ ¾ Á
åéÚßç�È,ÁÎÅ�ç�ÜGÛ=Û,Ú^Ç�à�Á^ô�þ=ç�ÛKê)ç¤øOÚ^ç�ë ÿZÁ�ë�Å ¿Á�ÙKÜGÁ�Ç�à<Á�Û<Ö�×�Ã+Û¸ÛKÄ^Ç)È
Ú^ç�ÛKÛ=Ü;ÈKÙ,Ú^Ç�Û=ÆÞÜ+Û«Ú^çlë � ÄRÇ�Á�Û ¾ Á?È,Á�Û=È
Á�Ç ÝVÚ^ÜGÛ=à<Á'Úßç�ë Á�ÈÞýÚZÃ�øOÜ+Ç�Û=ÈKÙKç�Æ6Á<Ç�È4Ú%È,ÜGÄ^Ç ¾ Á�Û¸ÝVÚ^Ü+ÛKà<Á<Ú^ç�ë�ÛKÜæÈ,ç ¿Á ÛKç�Ù«Ã�ø�ÚßÇ�Ç�Á'Úßç ¾ çIáoã«ä Á�È«ÛKç�Ù
Ã+Á<Û�ÃGÜ+íRÇ�Á<Û ¾ ÁÑÈ,Ù,ÚßÇ�Û=Ý Á�Ù=È���ù��ØÖ�á�øOå�ÄRÙKÃ+ÄRíRÁ ¾ çLáoã«ä Úèç�Ç�Á1Ý Ù ¿Á<ê)ç�Á�Ç�à<Á ¾ ÁIÿ ¦ ô ¦ Ò ¥�� ã � Ö
á�øÓÜGÇ�à�Á<Ù=ÈKÜ+ÈKç ¾ Á
ÛKç�Ù@ÃGÚÎÅØÄRÛ=Ü+ÈKÜGÄRÇZÈKÁ<Æ6ÅØÄRÙ=Á<Ã+ÃGÁ ¾ Á�Û`Ý Ù=ÄRÇ�È,Û ¾ øÓå�ÄRÙ=ÃGÄRíRÁSÉTþ=Ü+È=È,Á�Ù4Õ�Á<Û}È ¾ Á���	 ÒSÅ�Û
à�ÄRÆÞÆ6Á
ÃGÁ
Æ6ÄRÇ�È,Ù=Á
Ã.Ú?ìéí^ç�ÙKÁXî�ÖæÍMï ¾ Á ¾ ÙKÄ^Ü+È,ÁßÖ

JTAG

1:32 MM TREE COUPLER

TTCrx

ELECTRONICS CONTROLLER

• 40.079 MHz clock
• Level 1 trigger accept
• Bunch counter reset
• Bunch crossing number
• Event counter reset
• Event number
• Broadcast commands 
• Subaddress 
• Addressed parameters

Fine and coarse 
programmable delays

LHC 
EXPERIMENT
AREA

I2C

-20 dBm

TTCvi

-18 dBm

SYSTEM CONTROL

TTCmi MINICRATE

TTCtx

LHC Clock + Orbit
to other

TTC partitions

TTCcf

LHCrx

GLOBAL TRIGGER

LVL 1
Muon

LVL 1 
Cal

L1A

LHC Clock + Orbit

L1A + Data

Encoder

0 dBm  1310 nm

Multimode fibres
(Max atten 2 dB)

-20 dBm

Encoded TTC

0 dBm 1310 nm

LHC Clock 1 40.079 MHz

LHC Orbit
11.246 kHz

SR 4
SYNC

FARADAY
CAGE

LHC Clock 40.079 MHz

ENCODER

1:32 SM TREE COUPLER

LASER

MODULATOR
LHC Orbit
11.246 kHz

PCR

Other LHC experiment areas
Test beam areas

LHC beam instrumentation
Other destinations

+16 dBm

-3 dBm

Singlemode fibres
(Max atten 17 dB)

1310 nm
MONITOR

SYNC
LHCrx

Phase-stabilised singlemode fibre SR4 - PCR

A B

TTCvi

Clock 2

Single-point 
RF interface 
(coax)

BST 
MESSAGE 

PROCESSOR

MONITOR

TTCex
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} ç6Ç�ÜæÂRÁ'Úßç ¾ Á	à4åéÚ^ê)ç�Á�Á�ë�Å ¿Á�ÙKÜGÁ�Ç�à<Áßô)ÃGÁ<Û�Û=ÜGíRÇ�Ú^ç�ë ¾ çÊáoã¸äèÛ=ÄRÇ�È�ÙKÁ&~à�ç�Û�ÅéÚ^Ù"ìéõ�ÙKÁ	ÄRÅ�ÈKÜGê)ç�Á

ÅéÚßÙ«ç�ÇIÆÞÄ ¾ ç�Ã+Á ¾ øÓÜGÇ�ÈKÁ<Ù=ÝVÚßà<ÁK�u�`ä�Æ6Ü�Ð��ßÔ�ôØÝVÚ^ÜGÛKÚ^Ç�È«ÅéÚ^Ù}È,Ü+Á ¾ çÑÛ=ðlÛ}È'ýÁ<Æ6Á ¾ Á ¾À¿Á�à<ÃGÁ�Ç�à4å�Á�ÆÞÁ�Ç)È
à�Á<Ç�È,ÙKÚ^Ã�É�ä0��ù�Õ¢Ö�á�Á�þ=Ü+È=È,Á�Ù�Á<Û}È�Ú^Ã+ÄRÙKÛ ¾ ÁÎÍ ¦ Å�Û<Öüä�Á¸ÆÞÄ ¾ ç�Ã+Á ¾À¿Á�à<Ä ¾ Á«Ã+Á<Û�Û=ÜGíRÇéÚßç�ë6È,Á<Æ6Å�ÄRÙKÁ�ÃGÛ
¾ ç�áoã«ä¸ôüç�È,Ü+ÃGÜ+Û ¿Á<Û�Á�Ç�ÛKç�ÜæÈ,ÁXÅéÚ^Ù�ÃGÁ ä0��ùjÉ�ä�Á�Ç�È,Ù,ÚßÃ��£ÙKÜ+íRíRÁ<Ù�ù�Ù=Ä�à�Á<ÛKÛ=ÄRÙ4Õ¢Ö\Ì«Á�Û@Ü+Ç�Ý ÄRÙ=ÆÊÚßÈKÜGÄRÇ�Û
¾ ÁSÛ}ðlÇ�à4å�ÙKÄ^Ç�ÜGÛKÚßÈ,Ü+ÄRÇ ¾ Á<Û«ÝVÚ^Ü+ÛKà�Á'Ú^ç�ëØô�ÚßÜGÇ�Û=Ü�ê)ç�ÁCÃGÁÎÛ=ÜGíRÇ�Ú^Ã ¾ Á ¾À¿Á<à<Ã+Á<Ç�à4å�Á<Æ6Á<Ç�È ¾ ÁSÇ�Ü+Â^Á'Ú^çèÍ
¾ Á
à4å�Ú^ê)ç�Á ÛKÄRç�Ûo� ¾À¿Á�È,Á�à�È,Á�ç�Ù<ôéÁ�È ¾ Á�Û`Ü+Ç�Ý ÄRÙ=ÆÊÚßÈKÜGÄRÇ�Û�Å�ÄRç�Ù�Ã.Ú?à�ÄRÇ�ìéíRç�Ù,ÚßÈKÜGÄRÇZÛ=ÄRÇ�È`Ú�þ=ÄRç�È ¿Á<Û�ô�Á�È
Á�Ç�à<Ä ¾À¿Á<Û�ôüà<Ù ¿Á<Ú^Ç�È¸Ã+Á«ÛKÜ+íRÇéÚ^Ã"�u�`ä¸ô�à�ÄRÇ�È,Á�ÇéÚ^Ç�ÈT�
� Ã�øOå�ÄRÙKÃ+ÄRíRÁ ¾ ç�áoã«ä ýÚCÿ ¦ ô ¦ Ò ¥h� ã ���
� Ã+Á ¾À¿Á<à�ÃGÁ�Ç�à4å�Á<Æ6Á<Ç�È ¾ Á Ç�Ü+Â^Á'Ú^ç1Í �
� Ã+Á6ö�ç�Ç�à4åèä�Ä^ç�Ç�È,Á<Ù Ë�Á<ÛKÁ�È'ô£ê)ç�Ü�ÅØÁ�ÙKÆ6Á�È ¾ Á6ÙKÁ<Æ6Á�È=È,Ù=ÁIýÚ ¦ Ã+ÁCà<ÄRÆ6Å�È,Á�ç�Ù ¾ ÁÞÅ�Ú^ê)ç�Á�È
¾ Ú^Ç�Û�ç�Ç³à�ðlà<Ã+Á ¾ ÁXÃ�ø�Úßà<à ¿Á�Ã ¿Á�Ù,ÚßÈKÜGÄRÇ ¾ Á�Û@Å�ÙKÄ^ÈKÄRÇ�Û �
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2 1x8 fanouts
  radtol 10H116
  A tree on top
  B tree on bottom

#2

SPAC2

LHC4913SPAC1

LHC4913

LHC4913A tree

LHC4913B tree
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LHC4913TTC ORx1

LHC4913TTC ORx2

SPAC data flow
 2 independent links:

SPAC1 for MS1,SM1
SPAC2 for MS2,SM2

OTx = radtol Taiwan OTx
Rx =  radtol TrueLight TRR−1B43−000 daughter boards

TTC receivers
  radtol TrueLight TRR−1B43−000 daughter boards
only 1 TTC fiber active at a time

TTCrx
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amplifier excited by a variable frequency source and
mounted about 25cm from the power bus side of the
enclosure. The driving coaxial cable was passed through a
number of ferrite toroids, acting as baluns to reduce the
radiated electric field strength. A calibrated loop antenna

(COM-Power AL130) was placed 25cm in front of the
transmitting loop. The signals from the 128 channels on
each FEB are summed in four groups of 32 channels for
trigger purposes. In one of the techniques, these sums were
used, rather than the individual channel signals, to increase
the level of coherent noise relative to the random noise.

3.1. Measurement of Coherent noise with a
Network Analyzer

The first technique makes use of a network analyzer
(HP4395). The RF output of the spectrum analyzer is
connected to the power amplifier (see Fig. 4) as the source
of electromagnetic interference. The calibrated antenna
output is connected to the “A” input of the analyzer and
the amplified sum signal is connected to the R (reference)
input. The network analyzer is swept over the range of
1 to 40MHz, using a narrow filter bandwidth (100Hz).
The narrow bandwidth suppresses all frequencies except
the exciting frequency, and the instruments displays a plot
of the RF level measured on the sum signal, normalized to
the excitation field as measured by the receiving
antenna.The results, normalized to the coherent noise per
channel assuming an equal contribution of each channel,
are shown in Fig. 5a as a solid line for the “slice” of the
board (i.e. the sum top and bottom of one quarter of the
FEB) nearest to the power supply bus (worst case). Fig. 5b
plots the coherent noise of each slice: the noise decreases
as the distance from the transmitting antenna and the

3.2. Measurement of Coherent Noise with the
DAQ and Non-coherent Clock

The second technique makes use of the complete FEB
digitizing and data transfer capability of the FEB data
acquisition system (DAQ). The 40MHz digitizing clock is
asynchronous with respect to the electromagnetic
interference frequency. The RMS fluctuation of the
pedestal values for all 128 channels over a large number of
software generated triggers (10,000), each 32 samples
deep, taken by the switched capacitor array is measured.
Channels more sensitive to pick-up than the average (due,
for example to less effective grounding or shielding) show
higher levels of total noise. Fig. 6 shows the plot of the
rms noise versus channel number for a frequency of
28.5MHz, at which the average coherent noise is
maximum. It can be seen that the first half of the FEB
(ch.1-64) is barely affected. The worst coherent noise is
for the channels nearest to the transmitting antenna and
also nearest to the slots for the power supply, the timing,
trigger and control (TTC) cable and the SPAC cable.

This coherent noise is due to EMI coupling into the
input of the preamplifiers: it is greatly reduced when the
capacitors connected to the input of the FEB on the
pedestal are removed.

The plot of Fig. 6 shows also an odd- even effect,
related to the length of the pins of the right angle
connector at the input of the FEB. This technique is useful

Fig. 3: Magnetic Field H measured by the monitoring
antenna 25cm in front of the transmitting loop.
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Fig. 4: Block diagram of the experimental setup to
measure the coherent noise due to an external
electromagnetic field by means of a network analyzer. The
Tektronix AWG2020 is used to provide an external time
base phase locked to the 40MHz clock to the HP4395 to
phase lock the RF interference signal when necessary.
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ATLAS Level-1 Calorimeter Trigger Algorithms 
ATLAS L1Calo Group, compiled by E. Eisenhandler 

1 Introduction 

This document provides a summary of the ATLAS Level-1 Calorimeter Trigger algorithm 

definitions. It includes changes made since the Level-1 Technical Design Report [1], and 

spells out what is done in case of signal saturation or arithmetic overflow in the trigger logic. 

The information is based on the specifications for the PreProcessor ASIC [2], Cluster 

Processor FPGA [3], Jet/Energy Module (JEM) [4], and Common Merger Module [5]. 

2 Electron/photon and tau/hadron cluster triggers 

The inputs to the electron/photon and tau/hadron trigger algorithms are a set of ~7200 trigger 

towers, of granularity 0.1  0.1 in   . These are formed by analogue summation of 

calorimeter cells. There are separate sets of trigger towers from the electromagnetic (e.m.) 

and hadronic calorimeters. These triggers cover the region | | < 2.5, which is the limit of 

inner-detector coverage and of high-granularity electromagnetic calorimetry. Trigger tower 

words are 8 bits with, nominally, 1 GeV of transverse energy (ET) per count . (Among other 

things, note that the calorimeter responses to e.m. and hadronic showers are not equal.) 

The electron/photon (e.m.) and tau/hadron trigger algorithms are illustrated in figure 1. They 

are based on a window of 4  4 towers in both the e.m. and hadronic calorimeters, and make 

use of six basic elements, each formed by summing ET over a group of towers: 

Figure 1: Trigger towers used in the electron/photon and tau/hadron triggers. 

1. Four overlapping e.m. clusters, each summed over two e.m. towers, which are used to 

measure the ET of electromagnetic showers. 

2. A hadronic core, the four hadronic towers centred in the algorithm window behind the 

e.m. clusters, the sum of which is used for isolation tests in the hadronic calorimeters. 
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Y[Z]\0^`_bacY 9]d Afe
Z�\hg ijgWacY;kmlon n@lRprq�s 9 qRputov s 8 pwZ 9 9 vRpwY@s t 9 p�n[t q@tHprs�q
Z�\hg ijgWaxZRkyn 9 n[tHpwY@v q�ZRprZ�Z n@n;pws@q 9 sRprqoY t 9 p 8 q q 8 p 9 t
ZRkyn 9 \zg i{gWa 8 kmlon q�vRputoZ tosRprZ�Z s�Y;p 8 t 9 sRpwn@Z toZ;pwZ�Z q�vRprloY
8 k 9 Y*\hg ijgWa 8 kms soY;prq 8 q�sRprs�Z v@ZRpwZ@Z n@ZRpwY 8 qoY�p 9 Z n[tHp 8 v
8 kms|\zg i{gWacY�kmZ n@ZRprvon 9 n;p 8 t s�Y;pwl 9 9 lRp 8 l 9 Z;pwZ�Z 9 qRpwY 9
Y;kmZ|\}g i{gWacY�kmlon n@qRputWn qoY;p 9 Z s�Y;pws@q 9 qRprs�q tol;p�n 9 qoY;prs�q

Y 9 \0^`_baxl�Z d Afe
Z�\hg ijgWacY;kmlon n@sRpwY@v 9 vRprq 9 s 9 pwZ�Y qoY;prs�Z t 9 pwZ�l q�vRpwY@Z
Z�\hg ijgWaxZRkyn 9 s�ZRprl�Z 9 sRp 8 t s[tHpwq�Y q�vRprq�l tos;pwv@t n[tHprZ�Z
ZRkyn 9 \zg i{gWa 8 kmlon n�n;pwn@s 9 lRprZ�q s@qRprt�l 9 lRprs�Z Y�Y�pwvoY q@tHpwn 8
8 k 9 Y*\hg ijgWa 8 kms s�sRp 8 Z s�ZRprq 9 v�Y;prt 9 q�sRprq�Z q 9 pwq�l n@ZRprlon
8 kms|\zg i{gWacY�kmZ 9 Y;prq�l t 8 p 8 s q 8 pwv@Z 9;8 prl 9 l�l;pwl�l q�lRprq�l
Y;kmZ|\}g i{gWacY�kmlon n[tHpwY@v q 8 pwY@v s[tHpwq�Y 9 sRprsoY 9 s;pwqoY 9 sRprvon

l@Z]\0^`_baxl 9]d Afe
Z�\hg ijgWacY;kmlon s�ZRp 8 n qoY;p 9 q s@qRp 9 n q 9 putWn toq;pws 9 n�Y;p 9 Z
Z�\hg ijgWaxZRkyn 9 s�ZRp 8 n 9 lRpwn@l s@qRpwl@q q 9 p 8 Y tol;p�n 9 n@ZRprZ�Z
ZRkyn 9 \zg i{gWa 8 kmlon s 9 putol q�sRprq�q v 8 pwq�n q�qRprs�Z toZ;pwZ�Z n�n;putoZ
8 k 9 Y*\hg ijgWa 8 kms n�n;pwY@l qon;p 9 Z s@lRpwq 8 s@tHprl�s n[tRpwl�q v 8 pwY@l
8 kms|\zg i{gWacY�kmZ n[tHputWY tWn;prZ�q v�Y;pwl 8 l�sRp 8 Z l�l;pwl�l t 8 prqon
Y;kmZ|\}g i{gWacY�kmlon n@ZRp 9;8 n 8 putol n[ZRpwZ@Z 9 tHprs�s t 8 pwv@t qoY;pwn 9

l 9 \0^`_ba~toZ d Afe
Z�\hg ijgWacY;kmlon n@qRprs 8 9 qRprv 8 s[tHp 9 n n@lRprl�l qoY�p 9 s n�n;put�t
Z�\hg ijgWaxZRkyn 9 n@sRput 8 9;8 prs 8 s[tHp 9 v n�Y;prl�q q�Z;pwv�s n[tHprv�l
ZRkyn 9 \zg i{gWa 8 kmlon n@qRprvon q�ZRprZ�Z s[tHpwl 9 n@lRprq�s 9 q;pwZ�Z s 8 prq 8
8 k 9 Y*\hg ijgWa 8 kms n@lRp 8 n 9 sRp 8 t s 8 p�Y 9 n@qRprq 8 qon�prt�t s 8 putos
8 kms|\zg i{gWacY�kmZ n�Y;prZ@t 9�9 p 9 q s�Y;prt�q qon;prsoY q�q;pwqon q�sRp 9 Y
Y;kmZ|\}g i{gWacY�kmlon n�n;prson 9 vRp 8 s�lon v@ZRprt 8�8 n@qRpwn@s 9 n n�Y;pwn�Y�n[l n[vRprt 8�8 s

t�Z]\0^`_ba~t 9]d Afe
Z�\hg ijgWacY;kmlon soY;p 8:9 q�vRprvoY s�n;p�Y 8 n@vRpwY@s n@Z;pwqoY soY;prs 8
Z�\hg ijgWaxZRkyn 9 s�lRp 8 Z q�sRp 9 t s@qRpwl�Y n�n;putWY q 9 pwv�q s�ZRp 8 Z
ZRkyn 9 \zg i{gWa 8 kmlon soY;prZ@t q�sRpwY�Y s@vRpwl[t s 8 pwY@Z n 8 pwqon s 9 prs�l
8 k 9 Y*\hg ijgWa 8 kms s�lRpwY�Y q�sRpwn 9 v@ZRp 9 l s 8 pwn 9 q�s;pwZ�v s�sRprs�v
8 kms|\zg i{gWacY�kmZ n@sRprl 8 n 9 pwn@q s@ZRpwZ@Z n�n;p 9 l n[tRp�Y@v n@vRprq�l
Y;kmZ|\}g i{gWacY�kmlon s�ZRpwY@v n@lRprl�l s 9 p�n 8 n@vRp 9 t n 9 pws�q soY;putol

t 9 \0^`_ba 9 Z d Afe
Z�\hg ijgWacY;kmlon n 9 p 9 n 9 sRputos s 8 p 9 t n�n;prq 9 q�q;pws�l s 8 prl�v
Z�\hg ijgWaxZRkyn 9 n@qRprq�Z 9 vRp 8 s n[vRp�n�t s 8 prv�v n[tRp 8 q s�lRpwY[t
ZRkyn 9 \zg i{gWa 8 kmlon n@qRprl�q 9 qRprvoY s@lRpwv@v q�sRprl@t 9;8 prtol n 9 prlon
8 k 9 Y*\hg ijgWa 8 kms n[tHprqon 9�9 p 8 n s@qRpwv@q n@sRp 8 n q�v;pwZ�v s�lRprv 8
8 kms|\zg i{gWacY�kmZ n 8 prZ 9 9 qRprs�q s�Y;p 9 t s�lRprZ@t n�n�p 9�9 son;prl�Z
Y;kmZ|\}g i{gWacY�kmlon n@lRpwY@v q 9 p 9 Y n@n;pwq�n s�lRpwY[t s�Z;pwZ�Z s 9 p 8 v

���{��� tHprs����H���
���m������*��� � ���m� ��� ���
������� ���[���`��� ����� �o�$�;� �X� �m� � � � ���  ��&¡ �£¢f¢ �¥¤��¦X§@¨ª© ��«R¬5­P®:¯° �]� �� �����F±K± � ± ���²�W�P�K³ � ��´ � � � ��� �[µm� �P�� W�P�²� �  �� ���  [� ± ���²�;� ����� �o��¶£·;¸f¹ ± ���²��� ����� �o� �
� � � �P� ��� �(¶£· U ¸
� ��± ���+��� ����� �o��� � � �
� � � �m� ��� ��¶º· VXU ¸�¯¼»¼���"� ����B  ±������ � � � � � � � ��� ����½¤�]µ
� �
�y�Q� � � �   � � ±  �´ � � � � �������¹
� �  ���� � ¾���P�¿�P� � � � � � �m� �X�X±F± ���$�[�ÁÀÂ� �¼Ã _ ¯



Ä:Å@Æ Ç+È$É�Ê
Ë5Ì7Í ÎÐÏ�Ñ&Í Î Ç`Ò`Ó�ÔjÌ7Í|ÕÁÇ Ì{ËfÒ`ÓzÖ.Î�Ô�Ê�È�ÒDÌ�Ò"Ó(Ô&Ö"É�Ó(Ô×É(Ì7ØÙÉ.Ô
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ç ç�è çWéXè ç ç�è ç�é5è

Å@ê|ë~ì`íbîcÅ�Å]ï Ýfð
ê]ë}ñ òjñWîcÆ;ómô�õ ö�ê;÷wêRÄ øoÆ�÷wê@ù öoõ�÷�õ;Ä ö�ê;÷�Æ@ê õ�Æ�÷�õ@ô ö�ôR÷uùHÄ
ê]ë}ñ òjñWîxêRóyõ@Å öoÆ�÷wôoÅ øRÄ@÷wê@ù öoõ�÷wö�ö öoÆ�÷wê�ê õ@ö;÷�Æ@ú öoÆ;÷rú�ø
êRóyõ@Å|ëhñ òjñWîûÄ�ómôoõ õ@ö;÷rùWõ Å@ú;÷rù�ù öoõ�÷�õ�õ õ[ùR÷wôRÄ øRÄ@÷�Æ@ê ö�êR÷rú@ù
Ä�ómÅ�Æ*ë}ñ òjñWîûÄ�ómö õ@ô;÷wø�ô Å@ú;÷�Å@ô ö�ô;÷�õ@ø öoÆ�÷wö�ø õ�Å�÷wê�ê ö�öR÷SÄ�ê
Ä�óPö]ëhñ òjñWîcÆ;ómê õ�õ�÷wô�ø ø�ê;÷wê�ê ú�ê;÷FÄ�ø ö@ùR÷FÄ�Ä õ@ø;÷wê�ú ú�êR÷SÄ�ø
Æ;óPê]ë}ñ òjñoîüÆ;ómôoõ ö�ô;÷wô�ô õ[ùR÷wê�ô ö�ú;÷�Æ@ø ö@ùR÷wú�ê öoÅ�÷FÄXù ö@ùH÷wõ�Å

Å�Å*ë~ì`íbîxø�ê�ï Ýfð
ê]ë}ñ òjñWîcÆ;ómô�õ ö;Ä�÷rù ø�ø;÷�Å[ù ö�ø;÷�Å�Æ öRÄ@÷�Æ�õ õ@ô;÷wê�ô ö@ùH÷SÄ:õ
ê]ë}ñ òjñWîxêRóyõ@Å öRÄ@÷wö�ê øoÅ�÷wê�ö ö@ùR÷�õ�õ öoÆ�÷wê@ù õ[ùR÷wø�ô ö�ôR÷uùoö
êRóyõ@Å|ëhñ òjñWîûÄ�ómôoõ öoÆ�÷wê�ê ø�ú;÷FÄXù öoõ�÷�Æ@ú õ@ø;÷�õ�Æ ø�ô;÷wôRÄ öoÆ;÷rêRÄ
Ä�ómÅ�Æ*ë}ñ òjñWîûÄ�ómö õ@ú;÷wê�ú øoõ�÷rùWÆ öoõ�÷wêoÆ ö�ê;÷�Æ@ö õ[ùR÷FÄ�ú ö@ùH÷rö�ê
Ä�óPö]ëhñ òjñWîcÆ;ómê öRÄ@÷wøoõ øoÆ�÷�Æ�Æ ú�ô;÷wô�ô ö@ùR÷wöoõ öRÄ@÷wöoÆ ö�øR÷røoõ
Æ;óPê]ë}ñ òjñoîüÆ;ómôoõ ö�ê;÷�Å@ê ø@ùR÷wø�ô ö�ö;÷wø�ö ö�ú;÷�Æ�õ ö@ùR÷wöRÄ úRÄ�÷wÅ@ø

ø�ê|ë~ì`íbîxøoÅ]ï Ýfð
ê]ë}ñ òjñWîcÆ;ómô�õ öoÆ�÷wôoÆ õ�Æ�÷FÄ�ú öoÅ�÷wöoõ öRÄ@÷rùWõ ö�ê;÷wø�ô öRÄ�÷wõ�õ
ê]ë}ñ òjñWîxêRóyõ@Å öoÆ�÷wúoÆ øoÅ�÷wê�ø ö�ø;÷�Æ@ø öRÄ@÷wø@ù öoÅ�÷wê�ê öRÄ�÷rê@ù
êRóyõ@Å|ëhñ òjñWîûÄ�ómôoõ ö�ê;÷wö�ú õ;Ä@÷wö@ù ö@ùR÷�Å@ê õ@ø;÷�Å�Æ õ[ùR÷�õ@ø õ�õ;÷wÆ�õ
Ä�ómÅ�Æ*ë}ñ òjñWîûÄ�ómö ö�ô;÷�õ�Å õ�Æ�÷rùHÄ ú�ê;÷�Æ@ê ö@ùR÷wôRÄ õ[ùR÷�Å�Å ö�úR÷rö�ê
Ä�óPö]ëhñ òjñWîcÆ;ómê õ�õ�÷wø�ô øoõ�÷wö�ø ö�ô;÷wô�ô öoÅ�÷FÄXù öoÅ�÷FÄ�ú öoÅ;÷SÄ�Ä
Æ;óPê]ë}ñ òjñoîüÆ;ómôoõ öoÅ�÷wôoÆ öoõ�÷�Å@ê ö�ô;÷wøRÄ ö�ú;÷rùWõ ú�ê;÷wê�ê ö�úR÷rê�ø

øoÅ*ë~ì`íbîcõ@ê�ï Ýfð
ê]ë}ñ òjñWîcÆ;ómô�õ öoÆ�÷rùoö øoõ�÷�Å@ø ö�ö;÷�Æ@ö öoÆ�÷rùWÅ õ�Æ�÷rùoö ö�øR÷SÄ�ê
ê]ë}ñ òjñWîxêRóyõ@Å ö@ùR÷rùWÅ õ;Ä@÷wö�ö öoõ�÷�Å@ê ö@ùR÷wôoÆ õ�Å�÷�õ@ø ö�øR÷uùoê
êRóyõ@Å|ëhñ òjñWîûÄ�ómôoõ öoÅ�÷�Æ�Æ ø�ö;÷wø�ø úoÆ�÷wêoÆ õ@ö;÷wê�ø øoõ�÷FÄ�ú öoÆ;÷rê�ö
Ä�ómÅ�Æ*ë}ñ òjñWîûÄ�ómö ö�ê;÷�Å@ø õ@ê;÷�Å@ú öoÅ�÷FÄXù ö�ö;÷wêoõ õ�õ�÷rùWÆ úoÆ;÷rôRÄ
Ä�óPö]ëhñ òjñWîcÆ;ómê ø�ú;÷wê�ú ùWÆ�÷wö�ø öoÅ�÷�Æ@ú õ�Æ�÷wê�ê Å@ê;÷wê�ê ö@ùH÷rô�ö
Æ;óPê]ë}ñ òjñoîüÆ;ómôoõ õ@ö;÷�Å�õ ø�ú;÷�Æ@ô ö�ø;÷wøoõ ö�ø;÷rùWÆ öoÆ�÷wêoÅ ú�êR÷uùoö

õ@ê|ë~ì`íbîcõ�Å]ï Ýfð
ê]ë}ñ òjñWîcÆ;ómô�õ ö�ø;÷rùoô õ@ú;÷wô�ú ö�ö;÷wö�ô ö�ê;÷�õ@ö õ�Å�÷wê�ê öoÆ;÷wõ�õ
ê]ë}ñ òjñWîxêRóyõ@Å öoõ�÷�Å@ø ö@ùR÷wô�ö ö�ö;÷FÄ�Ä ö�ê;÷�õ�Å õ@ô;÷wô�ô öRÄ�÷rúoõ
êRóyõ@Å|ëhñ òjñWîûÄ�ómôoõ ö�ú;÷�Æ@ú öoÆ�÷�Æ�Æ úRÄ@÷wöoõ õ@ú;÷wêoõ ø�ö;÷wê�ú ö�ôR÷wÆ@ê
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Figure 7: Jet rejection after photon identification and isolation cuts as a function of the jet ET at
low luminosity. The tuning was done to achieve a 80% efficiency for photons coming from Higgs
decays.

that the photon shower sizes scale with energy and not ET , the leakage outside the shower core
into the isolation ring varies with rapidity. Taking this effect into account might slightly improve
the jet rejection. In addition, the isolation cuts might be tuned differently for converted and
non-converted photons.

These results show that besides the shower shape analysis and isolation into the hadronic calorime-
ter the isolation around an electro-magnetic cluster is a useful quantity for γ/jet separation. Never-
theless, isolation cuts need to be very carefully applied. They cover a big region in the calorimeter
and hence will be quite sensitive to pileup and electronic noise contributions, as well as to dead
and noisy cells. In addition isolation is quite physics dependent and if applied as standard criteria
on the event filter, they must be loose enough in order not to throw away physics. Probably they
are better suited to be applied ‘only’ during the offline reconstruction.

7 Conclusions

γ/jet separation has been studied in detail in [8]. The standard photon identification cuts are
mainly based on the shower shape analysis within the electro-magnetic calorimeter and the leakage
into the first sampling of the hadronic calorimeter. Using these cut values which were optimised
for a 80% photon efficiency (independent of ET ) for photons from H → γγ decays, a jet rejection
of 1440 (880) was found at low (high) luminosity. In this note the γ/jet separation power was
studied for the case that in addition to the standard photon identification cuts as studied in the
past an isolation around a photon candidate is added. For the case of prompt photons different
isolation criteria have been studied. Firstly a ‘simple’ cone or better to say ring algorithm, which
sums the ET deposit in all cells in a ring around a photon candidate, with an inner cone size of
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LNM�OQPSRUTWVGX	Y L7M�OQP[Z\T]VGX	Y LNM$OQP	^�TWVGX_Y
`ba�c dUefd\g�hKijX `ba�c d\efdUg!hKikX `baGc d\efdUg!hKikX

l�lWmon�p�mrqsq t Z\T\u�T t R\v\Txw t R\u\u\y
Y�z|{ n>p�m}qsq t P_T\u�Z t u\Z~P t y�T~P
dU�~�j��X_i n>p�mrq�q t y\TU^ t T t T

ik�!�\esdUg P[RUu�Z ^xw�y�u P�P_u�y Zxw�Z�v vxw�Z Z\^�u�w
z��\��e t u�Z�R\u~P t ��� v\Z�v t ^�Z\^�u�R
� ��� ����X t P�P � P_v t v � R~P t wUy�w�y
�!�j�[� q�q R\v\T�T\T v\^�u�T\T RU^xw�T�T y � ^�y�T R\T\y\T�T � P�P � u��X_���S��X:� t ��X:�W�����fdU���~� t Z � ^ t Z�R � t R�w�v

��X_���S��X:� t ��X:�����\g!�~�\e�� t P_T � t P_T\u t P[T~P
��X_������X:� t ��X	�������fdU�����K�\g!�~�\e�� t w\w � t w � ^ t y�Z\T

��X_���S��X:� t ��X:� ^�y\T�T P[RUZ � ^sP_T�T P�P_u�u Z �\� T P[T~P_T
��X_�'� q�t ��X:�6�����fd\�j�~� t � Z\Txw t ^�u\v�R t ^xRKP	^
��X_�'� q�t ��X	������g��~��es� t yU^ t yU^ t � v��X_�'� q�t ��X:� � u\T�T � Z�wKP ^�v\T�T ^�v � w ^sP_T\T ^xR�wS^
�f� z��kP_TD�'�[�'�:� t Tf� T � t Tf� T�y t T~� T\y
�f� z�� Z\TD�'�[�'�:� t Tf� T � t Tf� T�y t T~� T�w
�f� z¡��P[T\T]�'�[�'�	� Tf� T�Z Tf� T � Tf� T\^ Tf� T � Tf� T�Z T~� T\y
¢-£�¤ ¥ �kP_TD�'�[���¦� t � � T\^ t ^s� y�R t ^f�§w�v
¢-£�¤ ¥ � Z\TD�'�[���¦� Z~� v uf�¨w�^ ^s� T uf� T�T Zf� � u~� Z�w
¢-£ ¤ ¥ �kP_T\TD�'� ��� � y~� � P_^f� v�w yf� � P_Zf� vxw � � u P_Zf� T�Z
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J$KMLNPORQ�STN5S�QVU�W�X�W�Y 4 6 8:8 W[Z]\�X�O�^ LN_Y K NP`ba�cdORNeX�U	NfS�NfS�N	Qg`hOjibklN	c.S�Nfm�^�Q�anORcoS�Np \qXTSsrtYuNvm�^dQ�a�OwS�N p \qX�Sfau^d^ LNeS�Q�UeO�aum�Y�NvU	\qX�cxORanORQ LNvS�NCyb^�W�auczk�{T\�OR\qXTc	|/NeO}YuNvm�^dQ�a�OzS�N p \qX�S

^ LN	S�Q�UPORa�m�YuN~|�U	\�X�cdO�a�ORQ LN
S K Q�X_\qQES�N	Qg`]�dNeO�c"Z]W�Y'a�S�N	X,O�a�� LNec"N	X_k�{�\~OR\qX�ce� J N�m�^dQ�a�O2S�N p \qX�S
^ LN	S�Q�UPORa�m�YuN�klN	QbOvk�W�^RW�� ��OR^dN�^ LN	S�{�a�m�a�O�\qau^dN�S�W~X�c�Q�X�N=k�^dN	ZCa��Ne^�N=W�kTk�^�\gU�{�N=kl\qQ�^
Ue\qX�c�a�S LN	^dN	^
Y K QTO�auY�a�O LNCS�Q[U�W~X�W�Y 4 6 8:8 ����N	klN	X�S�W�X,O�|�k�W�^�Q�X[U�{�\�an`[W~S LN	��Q�W~OCS�N�y~W�^da�W�mTYuN	c�S�aucdU	^�a��
ZCauX�W~X�O�N	ce|�\qXfk�NeQTOw^ LN	STQ�au^dN�U	NCm�^�Q�anOzS�N p \qX�S��W=Q�X_O�W�Qb`ES�NvY K \q^�S�^dN�S�N �q�o� S�Qfm�^�QTa�O
S�N p \qX�S�au^d^ LNeS�Q�UeO�aum�Y�N���� ��X.STN}m�a�N	X�U	\qX,O�^RW�a�X�S�^�NwY�W p NeXt�NeO�^�NwN	X�Z]W�cdc�Nwk�\qQT^ Y�NzU�W�Y�U	Q�YtS�Q
kl\�ORNeX,ORauNeYtS�NzS LN	Ue\qQTy�N	^dO�N�S�Q�U�W~X�W�Y�Ue\qX�c�a�S LN	^ LN�|:Q�X�N LNPORQ�S�NwS�Nzc�a�Z
Q�YuW~ORa�\qX�U	\�Z]k�Y��NeO�N�W LNPO LNp W�anORN]k�\qQT^
YuN]c�au��X�W�Y�W���X�S�N=^�NeX�S�^dN=U	\qZCkTORN�S�N	c�NP �NPORc�S�Q�S LNPORNeUeORNeQ�^	��¡ X�N=^ LNec�\qY�QTORa�\qX
NeX�Z]W�cdc�N�^�NeY�W~O�a�y�N�¢¤£:¥§¦0¨	©5ª�«�STN"Y K \q^�ST^�N"S�N�¬�| ��� W LNeO LN"O�^�\qQby LNeN��:­�^��W~U	N]�W�Y K QTO�auYua�cRW~O�au\qX
S�Nec�k�^ LN	S�a�UeO�au\qX�cvS�Nec�cdN	UeO�au\qXTc]NP®]U	W�U	Necf�WfY K \q^�S�^dN�¯ J±° |$YuNok�\~ORN	X,O�auN	Y²S�N�S LNeU	\qQTy�N	^xORNEWLNPO LN�k�^ LN	cdN	X,O LNoNeO
Z]\qX,O�^�N�QTX�N=W�Z LN	Y�au\q^�W~ORa�\qX_S�N�Y K \q^dS�^�NCS�N ����� cdQ�^
Y�W.c�au��X�a���U	W�X�UeN�N	X
Ue\qZ]k�W�^RW�a�c�\qXoW�y�N	UwY K W�X�W�YnibcdN�S�Nv¬�³q³q³�¢µ´²¶�·2«>�

J$KMLNPORQ�STN�S�Qfm�^�QTa�OzS�N p \qX�Sfau^d^ LN	STQ�UeO�aum�Y�N�W�ZC\qX,OR^ LNvY�W=k�Ne^dO�auX�NeX�U	NvS�Q¸U�{�\qan`ES�NvY K auZ��
k�QTYuc�a�\qX_OR^RW~X�cdy�N	^�cdN�U	\�Z]ZCN
y~W�^�auW�m�YuN�klN	^dZ]NPO�ORW�X,O�S�NCS�a�c�U	^dauZCauX�Ne^�YuNvm�^dQ�a�OwS�N p \qX�S¸k�W�^
^�W�k�kl\q^dO�W�Q�cdau�qX�W~Y���¡3XTN LNeO�Q�S�N�QTO�auY�aucRW~X�OCQ�XTN�Z LNeOR{T\bS�N.S�N�^�W�k�kl\q^dO]S�N.Z�W�`ba�Z
Q�Z¹S�N
yg^RW~auc�NeZ
m�YuW�X�U	N�ZC\qX,OR^dNzQ�X.�qW�auX=cdQ�k�k�Y LN	ZCN	X,O�W�a�^�N�cdQ�^²U	Nwk�\qQbyq\qa�^�S�NwS LN	Ue\qQTyqNe^dO�N��º X»k�W~^dORa�U	Q�Y�auNe^	|�QTX¼ml\qc�\�X¼S�N¸½3a��q�qc5�Wh¬ ��� ­�Ne¾z¨~¿PÀ�k�NeQTO5¢�Át¨�Â Ã Ä Å�ÆR³,Çq«��NeO�^�N
S LNeU	\qQbyqN	^xO0NeX}QTX}W~XwSTN J ½2�2��ÈjYqU	\�X�yga�N	X,O±S�N�k�^ LNeU	aucdN	^/��Q�N�YuN��qW�auX�NeXwcdau�qXTa���U	W�X�U	N$NeX,OR^RW�� �uX�N
Q�XC�,W�a�XvW�QvU�W�^d^ LNÉNeXCO�N	ZCk�c$S�N²S LN	Ue\qQTy�N	^dO�N��bÊ0auX�W�YuNeZ]NeX�O	|~Y�N	c$^ LN	c�QTY�O�W�ORc�Z]\�X�O�^�NeX�O�QTX]�,W~auX
kl\�ORNeX,ORauNeY�NeX�ORNeZ]kTc�S�N3S LN	Ue\qQTyqNe^dO�N�c�Q�k LNe^�a�N	Q�^z�W ���q��� ¢µ�,W�a�X]S�N3Y K \q^�ST^�N S�N ��Ë��
� c�Q�^�Y�W
cdau�qX�an��U�W~X�U	N~|:Ê0au��� � � Ë ³,«P�
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