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¯D°z±�²´³ µ¶±�·¸°z¹�·=º$²´»�º½¼¶¾�µ¶¿�¾¶À/ÁÂ²Ã¿Bµ¶¼\±�¾�²´º�Ä$¹zÅ�ÆzÅ�Ä$Åj»hÄ�²´¾¶ÇÂ¾¶À/È�É½Ê�º�Ë
Ì ¹zÅcÆz²´º0Ä�±$²ÃÍzÎ<Ä$²´¾\ÇÏ¾¶ÀUÈ�É%Ê�º½²ÃºSÅhÐ=Ä�±$µ¶¼�µ¶¿´µ¶»�Ä$²´»�²´Ç�Ç:µRÄ$Îz±$ÅRË½ÑL²´¼\Îz±�Å�Òcº�¹z¾GÓSº�Ä�¹zÅ

Æz²Ãº�Ä$±$²´Í<Î<Ä�²Ã¾\Ç¢¾¶À�È�É½Ê�º�Ä$¹:µRÄ�¹:µ�Ô\ÅÂ¹:µ¶Æ�±�ÅjÆzº�¹z²ÃÀWÄ$º�ÀÕ¾¶ÎzÇzÆÖÀÕ¾¶±�Ä$¹zÅ�¹<¾\º�Ä ¼�µ¶¿´µ[Ð4²´Åjº�Ë
Ì ¹z²ÃºSÆz²´º0Ä�±$²ÃÍzÎ<Ä$²´¾\Ç×²Ãº�Ø:¿´¿ÃÅjÆ�ÓS²ÃÄ$¹Ï¾\Í=Ù�Åj»hÄ�º%ÇzÅ�µR±½µRÇzÆÏÍZÅh·\¾\ÇzÆÂÚGÛ�Ü<ËÞÝ4Ë
ß ²Ã¼\¹�ÅjÇzÅ�±$¼¶·Ï¼�µR³ ³ µ�±�µ�·=º½»jµ¶Ç�Í¤Å�µ¶Ízº$¾¶±$Í¤ÅjÆ�Í�·�Åj¿ÃÅj»hÄ�±$¾¶Ç4àt°¤¾\º$²�Ä�±�¾\ÇÏ°:µ¶²´±x°<±$¾Rà

ÆzÎ<»�Ä�²Ã¾\Çá¾\ÇáÄ�¹<Å�Æz²ÃâZÎzº$Å�Ízµ¶»fãl¼\±$¾\Î<ÇzÆä¾RÀc²ÃÇ<ÀÕ±�µR±$ÅjÆá°<¹z¾¶Ä�¾¶ÇzºÏµ¶º×Ä�¹<Å�·á°z±�¾\°:µ¶¼\µRÄ�Å
Ä$¾¢Ä$¹zÅ�å>µ¶±�Ä$¹�Ë^Ñ�²Ã¼\Îz±$Å�æVº�¹z¾GÓSº�Ä$¹zÅ�º$Îz±0Ô=²ÃÔRµ¶¿ç°z±�¾\Í:µ¶Í<²´¿´²�Ä�²ÃÅjº×µ[ÀWÄ�Åj±�èqÉ�µ¶Ízº$¾¶±$°4à
Ä$²´¾\Ç ²´º�»�¾\Çzº$²ÃÆzÅj±�ÅjÆÏµ¶º�µ	ÀÕÎzÇz»�Ä$²´¾\Ç¸¾¶À#¼�µ¶³�³¸µ�±�µ�· ÅjÇzÅ�±$¼¶·¶Ë ß ²´¼\¹<Åj±�Å�ÇzÅj±�¼¶·×¼\µ¶³ ³ µ
±$µG·=º�é0ê%ë\Ü\Ü�È�Å�ì�íLµ¶±�Å�º0Ä�±$¾¶Çz¼\¿Ã·cµRÄ�Ä�Å�Ç=ÎzµRÄ�Å�Æ�µ¶ÇzÆ	ÓS²Ã¿´¿lÇz¾¶Ä�³¸µ¶ãRÅ�²ÃÄ�Ä�¾�¾\Îz±�Æ<Å�Ä�Å�»�Ä$¾\±jË
Ì ¹zÅcÍZÅ�º�Ä½»f¹:µ¶Çz»�Å�ÁÂ²Ã¿Bµ¶¼\±�¾�¹:µ¶ºSÄ�¾�º$Å�Å�È�É½Ê�ºS²ÃºSÄ$¾¸³ µ[Ð4²´³�²´Ú�Å�Ä�¹zÅ�º$Å�Çzº$²�Ä�²�Ô4²�Ät·

¾¶À�Ä�¹zÅ×Æ<Å�Ä�Å�»�Ä$¾\±	Ä�¾Â¼�µ¶³�³¸µÏ±�µ�·=º�Í¤Åj¿Ã¾2Óïî�ë\Ü\Ü�È�Åhì�Ë/ð�Î<±c»�Îz±$±�ÅjÇ�Ä�¹z²´¼¶¹ñÄ�±�²´¼\¼¶Åj±
Ä$¹z±$Å�º$¹z¾\¿ÃÆÂ³ µ¶ãRÅjº%²ÃÄSÆz²�ò »�Îz¿ÃÄSÄ$¾�Ä$±$²´¼¶¼\Åj±x¾\Ç�³ µ¶Ç�·�¾¶À�Ä$¹zÅjº�Åc¿Ã¾GÓ�Å�±½Å�ÇzÅj±�¼¶·ÏÅ�Ô¶ÅjÇ�Ä�º�ó
º�²´Çz»�Å�Ä�¹zÅh·×Æz¾�Ç<¾¶Äx¼\Å�ÇzÅj±$µRÄ�Å�³ µ¶Ç�·¸¹<²ÃÄ�º�²´Ç¸Ä$¹zÅ�°¤¾\ÇzÆ�¯�ô¸¿´µ�·\Åj±�Ë Ì ¹z²´ºx³�Åj³�¾	°<±$¾Rà
°¤¾\º$Å�º�µ�Ä�±�²´¼\¼\Å�±�ÓS¹z²´»f¹�¿´¾GÓ�Å�±$ºSÄ�¹zÅ�Ä�±�²´¼\¼¶Åj±xÄ�¹z±�Åjº�¹z¾\¿´ÆÂµ¶ÇzÆÂ²´Çz»�±$Åjµ¶º$Å�º½Ä�¹<ÅcÇlÎz³�Í¤Åj±
¾¶ÀLÅ�Ô¶ÅjÇ�Ä�º%ÀÕ±$¾\³õÄ�¹zÅ�º$Å�¿´¾GÓäÅjÇzÅ�±$¼¶·Ï¼�µR³ ³ µ	±�µ�·�º�¹z¾GÓ�Å�±$º�Ë
Ì ¹z²ÃºU³�Åj³�¾�ÍzÎz²Ã¿´Æzº�¾\Ç�Ä�¹<Å%Ó�¾\±$ã�°<±$Åjº�ÅjÇ�Ä�Å�Æ×²´Ç�³�Åj³�¾\º>µ¶ÇzÆ�ÄfµR¿´ãlº>Íl·�ö£²ÃÚ ß µ�·=º

µ¶Ç<ÆÂ÷�µ�Ô=²´Æ�ø%¾2·¶Åjº�é+ÁÂÅ�³ ¾\ºxÆzµRÄ�Å�Æ�ùUú[àqú[àtÜ\Ü<óÞæ2àfÒGÝ2àqÜ<ÒGíhË
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Ristime(ns)

Ñ�²Ã¼\Îz±�Åxë<ù/ÉS²´º�Å�Ä$²´³�Å�Æz²Ãº�Ä�±�²´ÍzÎ4Ä�²´¾¶Çzº�ÀÕ¾\±/ØzÄ>ÅhÔ\Å�ÇlÄ$ºçéÕÍz¿´Î<Åx»jÎz±0Ô\Å¶ó=ÚjÅ�Çz²ÃÄ$¹¸µRÇz¼\¿´Å�º ��� Ý
ÆzÅ�¼zËÞí�µRÇzÆ�ÀÕ¾¶±xÎzÇ<ØzÄ%Å�Ô¶ÅjÇ�Ä�º�éP±�ÅjÆ�»jÎz±0Ô\ÅGísË��%Ç<ØzÄ%Å�Ô¶ÅjÇ�Ä�º½¹:µ�Ô\Å�¿´¾\Ç<¼\Åj±x±�²´º$ÅhÄ�²Ã³ Å�ºjË
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Ì ¹zÅ�Ç<Å�ÓS¿Ã·6²´Çzº0Äfµ¶¿Ã¿´Å�Æñì�ÁÂå Ä�±�²´¼\¼¶Åj±�»jµ¶±$Æ¢µ¶¿Ã¿´¾GÓSº	Î<º�Ä�¾�³ µ¶ã¶Å×Ä$±$²´¼¶¼\Åj±cÆzÅj»�²´º$²Ã¾\Çzº
Í:µRº$ÅjÆ�¾\Ç�Ä�¹<Å	±$²Ãº$ÅhÄ�²´³�Å�µ¶ÇzÆ º�²´Ú�Å	¾¶À/Ä$¹zÅ�µRÇ:µ¶¿´¾¶¼ º�Îz³ °zÎz¿´º�Å¶Ë½Ñ�²´¼¶Îz±$Åcë º�¹z¾GÓSº�Ä�¹zÅ
±�²´º$ÅhÄ�²Ã³ Å%Æz²´º0Ä�±�²´ÍzÎ<Ä$²´¾\Ç<º�ÀÕ¾\±�ÆzµRÄfµ	ÅhÔ\Å�ÇlÄ$º%Ä$¹:µRÄ�Ø<Ä�ÓS²ÃÄ$¹�ÚjÅjÇ<²ÃÄ�¹ÏµRÇz¼\¿´Å�º�¿ÃÅjº$º�Ä$¹:µ¶Ç � Ý
ÆzÅ�¼\±$Å�ÅjºUµ¶ÇzÆ�ÎzÇ<Ø<Ä>Å�Ô\Å�Ç�Ä�ºjË��½Ç4ØzÄ>Å�Ô¶ÅjÇ�Ä�º�ó<Å�Ô¶ÅjÇ�Ä�º>ÓS¹z²Ã»f¹ Æz¾�Çz¾RÄ�ØzÄ>Ó�Å�¿´¿<Ä$¾cµ�°z¿´µ¶ÇzÅ
º�¹z¾GÓ�Å�±�µ¶±$Å µ¶º�º$Îz³�ÅjÆ6Ä$¾�Í¤Å¸ÇzÅjµ¶±0à ¹z¾\±�²´Új¾¶ÇlÄ�µ¶¿�³�Îz¾¶Çzºjó�ÓS¹z²´»f¹6Ó�Å ÓS²Ãº$¹6Ä$¾�±�ÅqÙ�Åj»hÄ�Ë
¯½º�Ä$¹zÅ�Ä�±�²´¼\¼\Å�±	Ä�¹<±$Åjº�¹z¾\¿ÃÆÖ²Ãº�¿´¾GÓ�Å�±$Å�Æ�óUÄ$¹zÅÏ»j¾\Ç�Ä$±$²´Í<Î<Ä�²Ã¾\ÇVÀÕ±$¾\³ Ä�¹z²Ãº�ÎzÇ<ØzÄ�éP¿Ã¾\Çz¼
±�²´º$ÅhÄ�²Ã³ Å�í>º$µ¶³ °<¿´Å%²´Çz»�±$Å�µRº$ÅjºxÆ<±�µ¶³ µRÄ�²Ã»�µ¶¿Ã¿Ã·¶Ë�¯ »jÎ<Äx¾¶Ç¸Ä�¹zÅ�±$²´º�Å�Ä$²´³�Å%ÀÕ¾\±�¿´¾GÓ�Åj±�Ç<¹z²ÃÄ
ÅhÔ\ÅjÇ�Ä$º½Ó�¾\Îz¿´ÆÏ¹zÅ�¿´°�±$Å�ÆzÎz»jÅ�Ä$¹zÅ�±�µRÄ$Å�ÀÕ±�¾\³ïÄ$¹z²´ºSÎzÇ4ØzÄ%º�µ¶³�°z¿´ÅRË
Ì ¹zÅÂ±$²´º�Å�Ä$²´³�Å�¾RÀ�Á�� ¼�µ¶³�³¸µ�±$µG·=º º$ÅjÅ�³ º�Ä�¾IÍ¤Å�Å�Ô\Å�Çá³ ¾¶±$Å�»j¾\Çz»�ÅjÇ�Ä�±$µRÄ�Å�Æ

µRÄ�º$¹z¾¶±�Äç±�²´º�Å�Ä�²Ã³ Å�ºjË�Ñ�²´¼\Î<±$Å � º$¹z¾GÓSºçÄ$¹zÅ�±$²Ãº$ÅhÄ�²´³�Å�Æz²´º0Ä�±$²ÃÍzÎ<Ä$²´¾\ÇÏÀÕ¾\±�¼\µ¶³ ³ µ Á��
ÅhÔ\ÅjÇ�Ä$º�éÕÔ\Å�±$º�²´¾\Ç�ë4Ë æ4ó=Çz¾�º�²´³�Î<¿BµRÄ$ÅjÆ�Çz¾\²´º�Å½²ÃÇz»j¿ÃÎzÆzÅ�Æ×¹zÅj±�ÅGíUµ¶º�Ó�Åj¿Ã¿-µ¶º�ÎzÇ<ØzÄ�Å�Ô¶ÅjÇ�Ä�º�Ë
¯½ÆzÆz²ÃÄ$²´¾\Çzµ¶¿¶º0Ä�ÎzÆ<·�Ó�µ¶º�°¤Åj±�ÀÕ¾¶±$³�ÅjÆ�¾\Ç�Ä�¹zÅ�Á���º�µ¶³�°z¿´Å�ºUéPÍ¤¾¶Ä�¹�¼�µR³ ³ µ�µ¶ÇzÆ�°z±�¾¶Ä�¾\Ç
º�¹z¾GÓ�Å�±$ºfísË^Ñ�²´¼¶Îz±$Å�ÝI¹:µRº×Ä�¹zÅ�±�²´º$ÅhÄ�²Ã³ ÅÂÆz²´º0Ä�±$²ÃÍzÎ<Ä$²´¾\Çzº ÀÕ¾\±×¼�µ¶³�³ µIµ¶ÇzÆ °z±�¾¶Ä�¾\Ç
º�¹z¾GÓ�Å�±$ºjó:²ÃÇz»j¿ÃÎzÆz²ÃÇz¼	º�²´³�Îz¿´µRÄ�Å�Æ¸Çz¾¶²´º$ÅRË>ø½¾\²Ãº$Å%Ó�µ¶º�µ¶ÆzÆzÅ�ÆÏÄ$¾	Ä�¹<Åjº$Å�º$²´³	Îz¿BµRÄ$²´¾\Ç<º�Í�·
»�¾\³�Íz²ÃÇz²´Çz¼�¹z²�Ä�º>ÀÕ±$¾\³ »j¿´¾=»fã�Ä�±�²´¼\¼¶Åj±$º>ÓS²ÃÄ$¹�Ä$¹zÅ�Á��Ö¹z²ÃÄ$ºjË���±�¾¶Ä�¾\Ç<º�µ¶±�Å%Ô4ë<ËÞæ�¾¶ÀZÄ�¹zÅ
º�²´³�Îz¿´µRÄ�²Ã¾\Ç�ó¶Ý¶Ü�È�Åhì½à�ÒGÜ\Ü Ì Å�ì�ólµRÇzÆ ÅhÔ\Å�ÇlÄ$ºUÓS²�Ä�¹�µRÄ>¿ÃÅ�µ¶º0Ä�æ¶Ü�¹z²ÃÄ$º�²´Ç�Ä�¹<Å%Æ<Å�Ä�Å�»�Ä$¾\±jË
È�µ¶³�³¸µ¶º�µ¶±$Å�µR¿´º$¾�Ô4ë<ËÞæ×¾¶À�Ä$¹zÅ�º$²Ã³�Îz¿Bµ[Ä�²´¾¶Ç�ó�ÝRÜÂÈ�Å�ì%àqë\Ü¶ÜÏÈ�Åhìï°<±$²´³ µ¶±0·�Å�ÇzÅj±�¼¶·\ó
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Risetime(ns)

Ñ�²Ã¼\Îz±�Å � ùxÉ%²Ãº$ÅhÄ�²´³�Å�Æz²´º0Ä�±�²´ÍzÎ<Ä$²´¾\ÇÏÀÕ¾\±%¼�µ¶³�³¸µ�Á�� éÕÍz¿´Î<ÅGíSµ¶ÇzÆ ÎzÇ4ØzÄçÆ:µ[Äfµ éÕ±$Å�Æ íhË
È�µ¶³�³¸µ�Á�� Å�Ô¶ÅjÇ�Ä�º	µ¶±$Å�ìçë<ËÞæ4ó�Ü[à � Ý¸Ú�ÅjÇz²�Ä�¹�µ¶Çz¼¶¿´Åjº�ó�µ¶ÇzÆ�±$Å��=Î<²´±$Å�÷çÅ�¿Bµ¶Çz¼¶¿´Å � æ4ËÞÝ
ÆzÅ�¼\±$Å�Åjº�Ë Ì ¹<Å	Á�� ¼�µR³ ³ µ¶º�Æ<¾�Çz¾¶Äx²ÃÇz»j¿ÃÎzÆzÅçº�²´³�Îz¿´µRÄ�Å�Æ×Çz¾\²Ãº$Å�¹zÅ�±$ÅRË �½Ç<ØzÄSÅhÔ\Å�ÇlÄ$º
µ¶±�ÅçÄ�¹zÅ�º$µ¶³ Å�µ¶º%Ñ�²Ã¼\Îz±�Å�ë<Ë

ÆzÅ�¿Bµ¶Ç<¼\¿´Å � æ4ËÞÝ¸ÆzÅ�¼zËÃó�µ¶Ç<Æ�ÅhÔ\Å�ÇlÄ$º�ÓS²�Ä�¹�µRÄ�¿ÃÅ�µ¶º0Ä�æ¶Ü�¹z²ÃÄ$ºç²´Ç�Ä$¹zÅ�ÆzÅ�Ä$Åj»hÄ�¾\±�Ë Ì ¹zÅjº�Å
¼�µR³ ³ µ�±$µ�·4ºc¹:µ�Ô\ÅÏµ�°z±$ÅhÀÕÅj±$Å�Ç�Ä�²BµR¿´¿Ã·�º�¹z¾\±0Ä�Åj±c±$²Ãº$Å�Ä$²´³�Å�Ä$¹:µ¶ÇI°<±$¾¶Ä$¾\Ç6º�¹z¾GÓ�Å�±$ºjóUµ¶º
Ä$¹zÅÏ¼�µ¶³�³¸µ�±$µ�·4º�Ä�¹zµRÄ�Ä�±�²´¼\¼\Å�±	Ä�¹<Å�Æ<Å�Ä�Å�»�Ä$¾\± ²ÃÇVÄ�¹z²Ãº�ÅjÇzÅ�±$¼¶·V±$µ¶Çz¼\Å�µ¶±�ÅÏ³ ¾\º0Ä�¿�·
ÀÕ±�¾\³ ÇzÅjµ¶±SÚjÅ�Çz²ÃÄ$¹�Ë

� ����©��ñ© � 		� 
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Ì ¾×Í¤Å�µ¶Íz¿ÃÅcÄ�¾ Äfµ¶ãRÅ�Ä�¹zÅ�µRÆzÆz²ÃÄ$²´¾\Çzµ¶¿£±�µRÄ$Å�ÇzÅ�ÅjÆzÅ�Æ�Ä$¾�µ¶»��=Î<²´±$ÅcÄ�¹zÅ�º$Å�ÀPµ¶º0Äç±$²Ãº$ÅhÄ�²´³�Å
µ¶Ç<Æ�¿´¾GÓ Çz¹z²ÃÄ½º�µR³ °z¿ÃÅ¶ózÓ�Å	ÇzÅ�ÅjÆ�Ä$¾¸»�Î<Äç²ÃÇlÄ$¾ ¾¶Îz±½»�Îz±$±�ÅjÇ�Ä�Ä$±$²Ã¼\¼\Åj±xÓS²�Ä�¹Âµ ³�¾4ÆzÅ�º�Ä
±�²´º$ÅhÄ�²Ã³ Å�»�Î<Ä�Ë Ì ¹zÅ�ÀÕ¾\¿´¿Ã¾GÓS²´Çz¼IÄ$±$²´¼¶¼\Åj±�º�Å�Ä�Î<°"¹:µ¶º�ÍZÅ�ÅjÇ"º0Ä�ÎzÆ<²´ÅjÆ µ¶ÇzÆä²´ºÏÍZÅ�²´Çz¼
°z±�¾\°¤¾\º$Å�Æ�ù

� Ì ±$²Ã¼\¼\Å�±çÒ\ùUø �UÁ Ì ê�� � é � ÝRÜ¶³�ì�íhó=ÓS²ÃÄ�¹ÏÇz¾�±$²Ãº$ÅhÄ�²´³�Åç»�Î<Ä�º�ó:Çz¾ °<±$Åjº�»�µ¶¿ÃÅ¶Ë
� Ì ±$²Ã¼\¼\Å�±Sæ4ùUø �UÁ Ì ê½Ý¶ëÂéXë�æRÜ¶³�ì�íhó4±$²´º�Å�Ä$²´³�Å������4Ë Ý�Çzº�ó:Çz¾�°z±$Å�º$»�µR¿´Å¶Ë
� Ì ±$²Ã¼\¼\Å�±xë<ùUø �UÁ Ì ê½æ¶ÜÂé0Ò2æ¶ÝR³�ì�íhó4±$²´º�Å�Ä$²´³�Å��çÝRÜ�Çzº�ó:Çz¾�°z±$Å�º$»jµ¶¿´ÅRË
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Ñ�²Ã¼\Îz±�Å�Ý4ù%ÉS²´º�Å�Ä�²Ã³ Å�Æz²Ãº�Ä�±�²´ÍzÎ4Ä�²´¾¶ÇÂ²ÃÇ Íz¿´Î<ÅcÀÕ¾\±½¼�µ¶³�³¸µ Á��^éÕÔ4ë<ËÞæ ¾¶À�Ä$¹zÅ�º$²Ã³�Îz¿´µ[à
Ä$²´¾\Ç�óZÝ¶Ü×È�Åhì½àqë¶Ü\Ü×È�Å�ì °z±$²Ã³¸µR±�·ÏÅjÇ<Åj±$¼R·\ó�ÆzÅ�¿Bµ¶Ç<¼\¿´Å � æ4ËÞÝ ÆzÅj¼<ËÃó-µ¶ÇzÆ ÅhÔ\ÅjÇ�Ä$ºçÓS²ÃÄ�¹
ê½æ¶Ü�¹z²ÃÄ$ºfí�µ¶ÇzÆN°z±�¾¶Ä�¾¶Ç Á�� éÕÔ4ë<ËÞæñ¾¶À�Ä$¹zÅ�º�²´³�Î<¿BµRÄ$²´¾\Ç�ó�Ý¶Ü6È�Åhì½àfÒ�Ü\Ü Ì Å�ì	ó�µ¶Ç<Æ
ÅhÔ\ÅjÇ�Ä$º½ÓS²ÃÄ$¹�ê�æRÜ�¹<²ÃÄ�º�íhË>Ê�¾RÄ�¹Ï¾¶À�Ä$¹zÅjº�Å�º$²´³	Îz¿BµRÄ$²´¾\Ç<º�²´Çz»�¿´ÎzÆ<Å�Çz¾\²´º�Å�¹z²ÃÄ$ºjË

� Ì ±$²Ã¼\¼\Å�± � ù6ø �UÁ Ì ê½æ¶Ü é0Ò2æ¶ÝR³�ì�íhóUÇz¾V±$²Ãº$ÅhÄ�²´³�Å�»�Î<Ä�º�ó½°<±$Åjº�»�µ¶¿ÃÅjÆáÀÕ¾\±×¿Ã¾GÓ±$µRÄ�ÅRË
Ì ¹zÅÂ³�Îz¾\Ç ¿Bµ�·\Å�±�Ô¶Å�Ä$¾zó�ÀÕ¾\±�±$Åjµ¶º$¾¶Çzº Ä$¾ñÍ¤ÅÂº�¹z¾GÓSÇNº$¾=¾\Ç�ó�¹:µ¶º�ÍZÅ�ÅjÇÖ²´¼\Çz¾¶±$ÅjÆ

ÀÕ¾\±çµ¶¿´¿#Ä�¹zÅ�º$Å�Ä�±�²´¼\¼¶Åj±$º�Ë Ì ¹<Å�°z±$Å�º$»�µR¿´Å�±�µ[Ä�Å�ÀÕ¾\± Ì ±$²Ã¼\¼\Å�± � ÓS²´¿Ã¿LÍ¤Å�ÆzÅ�Ä$Åj±�³ ²ÃÇzÅjÆ�º�¾
Ä$¹:µRÄxµ�ÀÕÅ�Ó ß Ú½¾¶À£Ä�¹<²´º�º$µ¶³�°z¿´Å%²´ºU»j¾\¿Ã¿´Å�»�Ä�Å�Æ¸Ä�¾	ÅjÇzº�Îz±$Å�Ä$¹zÅ�º0Äfµ¶Í<²´¿´²�Ät·�¾¶À�Ä$¹zÅ�Ä�±�²´¼\¼¶Åj±
»�Î<Ä�º�Ë Ì ¹z²´º�Ä�±�²´¼\¼\Å�±�µ¶±$±$µ¶Çz¼\Å�³ Å�Ç�Ä	¹:µRºcÍ¤ÅjÅ�ÇñÄ�Å�º�Ä$ÅjÆ�ó�µRÇzÆ6±�ÎzÇzº�º�ÄfµRÍz¿Ã·�µRÄ	î�Ò �\Ü\Ü
ß Ú¶óLÓS²�Ä�¹ �<ËÞë � Æ<Å�µ¶Æ<Ä$²´³�Å¶óLµ¶ÇzÆ6µ�ì�ÁÂå ÷�ÁÂ¯õ±�µ[Ä�Å�¾¶À%Ý4Ë�Ò�� Á��RºjËÏ¯�Æ<Æz²´Çz¼�Ä�¹zÅ
±�²´º$ÅhÄ�²Ã³ Å>»jÎ4Ä/²´Ç Ì ±�²´¼\¼¶Åj±�æ�µ¶¿´º�¾�¹zÅ�¿´°zº�Ä�¾ç±�ÅjÆzÎ<»jÅ�Ä$¹zÅ�Ä$±$²´¼¶¼\Åj±�±�µRÄ$ÅUÔRµ¶±�²BµRÄ$²´¾\Ç<º�Æ<ÎzÅ�Ä�¾
Ä$Åj³�°ZÅ�±�µRÄ$Îz±$Å%Ô¶µR±$²Bµ[Ä�²´¾¶Çzº>²´Ç¸ÓS²ÃÇlÄ$Åj±�ózµ¶º�èU°<±$Åjº�ÅjÇ�Ä�Å�ÆÏ²´Ç¸Ä$¹zÅ�Ñ:ÅjÍz±�Î:µ¶±0·×æRÜ\Ü�æcö£¯�ø�ö
»�¾\¿´¿´µ¶ÍZ¾¶±�µRÄ$²´¾\Ç ³ Å�Å�Ä�²ÃÇz¼zË
Ì ¹zÅcÅ�ò�»j²ÃÅjÇz»h·ÂÀÕ¾\±xÄ$¹zÅ ��Ý¶Ü Ç<º�»jÎ4Ä�ÀÕ¾\±xÄ�¹<Å	¼�µ¶³�³ µ�±$µ�·4º½º$¹z¾GÓSÇ ²ÃÇ Ñ�²Ã¼\Îz±�Å	Ý

²Ãº���Ý � Ë Ì ¹<Å¸Å�âZÅj»hÄ�²�Ô\Å�µ¶±�Å�µÂµ¶º	µÏÀÕÎzÇz»hÄ�²´¾¶Ç6¾¶Àx°<±$²´³ µ¶±0·�ÅjÇzÅ�±$¼¶·�ÀÕ¾\±�Å�Ô¶ÅjÇ�Ä�º�Ä$¹:µRÄ
ØzÄSÓS²�Ä�¹Âµ×æ4ËÞÝ�Æ<Åj¼\±�ÅjÅ�Íz²´Ç�ó:°<±$Åjº�ÅjÇ�Ä�Å�Æ�¹zÅj±�Åc±�Åj¿´µRÄ�²�Ô\Å�Ä�¾�Ä�¹zÅ�Å�âZÅj»hÄ�²�Ô\Å�µR±$Å�µ�ÓS²ÃÄ$¹�µ
º0Äfµ¶ÇzÆzµ¶±$Æ�Ý¶Ý�Ä�ÎzÍ¤Å¶óZÇz¾×±�²´º$ÅhÄ�²Ã³ Å�»jÎ<Ä�Ä�±$²Ã¼\¼\Å�±%ÀÕ¾\±SÄ�¹<²´º�°<±$¾\°¤¾\º$Å�Æ Ä�±�²´¼\¼\Å�±½²Ãº½º�¹z¾GÓSÇ
²ÃÇ�Ñ�²´¼¶Îz±$Å��<Ë Ì ¹<Å�²´Çz»�±$Å�µRº$Å�²´Ç�Å�âZÅj»�Ä$²ÃÔ¶Å�µ¶±$Åjµ×ÍZÅ�¿´¾GÓ ë\Ü\ÜÏÈ�Å�ì ²Ãº�µ¶Í¤¾\Î<Ä � Ä$²´³�Åjº
Ä$¹zÅxº�Ä�µ¶ÇzÆ:µ¶±�Æ�Å�âZÅj»�Ä$²ÃÔ¶ÅSµ¶±$Åjµ<Ë Ì ¹zÅSº$µ¶³ Å�°z¿´¾¶Ä$º�Ó�Åj±$ÅS³ µ¶ÆzÅ�ÀÕ¾¶±LÄ�¹<Åx»jÎz±�±$ÅjÇ�Ä>Ä�±�²´¼\¼¶Åj±
²ÃÇz»j¿ÃÎzÆz²´Ç<¼�Ä�¹zÅ�³�Îz¾¶Ç�¿´µ�·\Åj±xÔ¶Å�Ä�¾<ó µ¶ÇzÆÂµ¶±$Å�º�¹z¾GÓSÇ�²´Ç�Ñ�²Ã¼\Îz±�Å �4Ë
Ì ¹z²Ãº½±�²´º$ÅhÄ�²Ã³ Åç»�Î<Ä%Ô¶µR¿´ÎzÅ�¾¶À�Ý¶Ü�Çzº%Ó�µ¶º½»f¹z¾\º$Å�Ç�º�¾ Ä�¹zµRÄSÄ�¹zÅ�Ä�±�²´¼\¼\Å�±x±�µRÄ$Å�ÓS²ÃÄ�¹

Ä$¹zÅÂ¿Ã¾GÓ�Å�º�Ä °Z¾\º�º$²ÃÍz¿´Å�Ä�¹<±$Åjº�¹z¾\¿ÃÆDé+æRÜ�°z³cÄ�ºfí�Ó�µ¶º¸Í¤Åj¿Ã¾2ÓïÄ�¹zÅÂ÷S¯���¿´²´³�²ÃÄ�µRÄ�²Ã¾\Ç6¾RÀ
æ¶Ü¶Ü\Ü ß Ú¶Ë�Ë½¯½Ç�µ¶¿ÃÄ$Åj±�Ç:µRÄ�²�Ô\Å�º$ÅhÄç¾¶À�Ä$±$²´¼¶¼\Åj±�º%Ó�¾\Îz¿ÃÆ�±$²Ãº$Å�Ä�¹zÅ�Ä�¹z±�Åjº$¹<¾\¿´Æ ¾¶Ç Ì ±$²´¼¶¼\Åj±

Ý



N≥73 .or. (N≥53 .and. rt≤87.5) .or (N≥20 .and. rt≤50)
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Ñ�²Ã¼\Îz±�Å �4ùxéXö£ÅhÀWÄsí Ì ¹zÅ½ÇlÎz³	ÍZÅ�±�¾¶ÀZÄ�±$²Ã¼\¼\Å�±$º�Ä�¹:µ[Ä�ØzÄUÓS²ÃÄ$¹z²´Ç�µ	æ4Ë Ý�ÆzÅ�¼\±$Å�Å�Íz²ÃÇ °:µRº$º0à
²ÃÇz¼½Ä$¹zÅ�º�Ä�µ¶ÇzÆ:µR±$Æ�Ý\ÝSÄ�ÎzÍ¤Å�±$Å��lÎz²´±�Åj³�ÅjÇ�ÄSéÕÍz¿´ÎzÅ�íLµ¶Ç<Æ�°:µ¶º�º$²´Ç<¼�Ä�¹zÅ�°z±$¾\°¤¾\º�ÅjÆ�Ä�±�²´¼\¼¶Åj±
éÕ±$ÅjÆ:íhË%éXÉS²´¼¶¹lÄfí Ì ¹zÅç±�µ[Ä�²´¾�¾¶À�Ä$¹zÅjº�Å�ÄtÓ�¾�±$Å�°z±$Å�º$ÅjÇ�Ä$º�Ä�¹zÅ½²´Çz»�±$Å�µRº$Å�²ÃÇ¸Åhâ-Å�»�Ä�²�Ô\Å�µR±$Å�µ
ÀÕ¾\±�Ä�¹zÅ�Æ<Å�Ä�Å�»�Ä$¾\±jË Ì ¹zÅ�²ÃÇz»j±�Å�µ¶º�Å×²´ÇIÅhâ-Å�»�Ä$²ÃÔ\ÅÏµR±$Å�µ Í¤Åj¿Ã¾GÓ ë¶Ü\Ü�È�Å�ì ²Ãº�µ¶Í¤¾\Î<Ä �
Ä$²´³�Åjº�Ä$¹zÅ�º�ÄfµRÇzÆ:µ¶±�ÆÂÅhâ-Å�»�Ä�²�Ô\Åcµ¶±$Åjµ<Ë

N≥55 .or. (N≥30 .and. N(high thresh muon)≤1)
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Ñ�²Ã¼\Îz±�Å �4ù½¯�Ç:µ¶¿�·=º$²´º�¾¶À�Ñ�²´¼\Î<±$Å �×±�Åj°¤Å�µRÄ$ÅjÆ�ÀÕ¾\±�Ä$¹zÅ�»jÎz±�±$Å�ÇlÄ�Ä$±$²´¼¶¼\Åj±½º$Å�Ä�Ä�²ÃÇz¼\ºjó£²ÃÇ4à
»�¿´ÎzÆz²ÃÇz¼�Ä�¹<Å�³	Îz¾\ÇÏ¿Bµ�·\Å�±xÔ\Å�Ä$¾zË

�



N≥73 .or. (N≥53 .and. rt≤87.5) .or (N≥25 .and. rt≤67.5)
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Ñ�²Ã¼\Îz±�Å �<ùÏ¯�Ç:µ¶¿�·=º$²´º�¾RÀ�Ñ�²Ã¼\Îz±$Å ��±�Åj°¤Å�µRÄ$ÅjÆÖÀÕ¾¶±�µ¶Ç�µR¿ÃÄ�Å�±$Ç:µ[Ä�²ÃÔ¶Å×Ä�±�²´¼\¼\Å�±�ë<ó>ÓS²ÃÄ�¹
ø ��Á Ì ê æ\Ýç°z³	Ä$º>µ¶ÇzÆ�±$²Ãº$Å�Ä$²´³�Å � ��æ4ËÞÝ�Ç<ºjË Ì ¹zÅS²ÃÇz»j±�Å�µ¶º�Åx²´Ç�Å�âZÅj»hÄ�²ÃÔ¶Å%µ¶±$Åjµ�Í¤Åj¿Ã¾GÓ
ë\Ü¶Ü È�Å�ì ²ÃºSµ¶Í¤¾\Î<Ä%ë�Ä�²´³�Åjº�Ä�¹zÅ�º�Ä�µ¶ÇzÆ:µR±$Æ�Å�âZÅj»�Ä$²ÃÔ¶Å	µ¶±�Å�µ<Ë

ë<ó#µRÇzÆ6µR¿´¿´¾GÓ ¿´¾¶Çz¼\Åj±�±$²´º�Å�Ä$²´³�Å	ÔRµ¶¿´ÎzÅ�ºjË�¯½Ç6µ¶¿�Ä�Å�±$Ç:µRÄ$²ÃÔ¶Å�Ä�±$²Ã¼\¼\Å�±çº$ÅhÄ$Ä�²ÃÇz¼�Ó�µRº	µ¶¿Ãº$¾
»�¾\Çzº$²ÃÆzÅj±�ÅjÆ�ózÓS²�Ä�¹ Ì ±�²´¼\¼¶Åj±xë�º$ÅhÄ%Ä$¾Âé Ì ±$²´¼¶¼\Åj±�Ò�µ¶ÇzÆ�æ	Ó�Å�±$Å�ÎzÇz»f¹:µRÇz¼\ÅjÆ:íhù

� Ì ±$²Ã¼\¼\Å�±xë<ùUø �UÁ Ì ê½æ\Ý�é0Ò2æ¶ÝR³�ì�íhó4±$²´º�Å�Ä$²´³�Å�� �\æ4Ë Ý�Çzº�ó:Çz¾�°z±$Å�º$»�µR¿´Å¶Ë
Ì ¹z²Ãº�Ä�±$²Ã¼\¼\Å�±�º$Å�Ä�Ä�²ÃÇz¼�µ¶Ç<Æ�Ä$¹zÅ½°<±$¾\°¤¾\º$Å�Æ Ä$±$²´¼¶¼\Åj±�º�Å�Ä$Ä$²´Çz¼�¿´²Ãº�Ä$ÅjÆ�µ¶Í¤¾2Ô¶Å½·=²´Å�¿´Æ�µ¶Í¤¾\Î<Ä
Ä$¹zÅcº$µ¶³�Å�Ä$±$²´¼¶¼\Åj±S±�µ[Ä�Å�²´ÇÏÄ�¹zÅcÆzÅ�Ä$Åj»�Ä$¾\±jË Ì ¹<Å	Å�âZÅj»hÄ�²�Ô\Å�µR±$Å�µ�²´Çz»�±$Åjµ¶º$Åc±$Åj¿´µRÄ�²�Ô\Å�Ä�¾
Ä$¹zÅ�Ý\Ý Ä$ÎzÍZÅ�Ä$±$²Ã¼\¼\Åj±½²´ºçº�¹z¾GÓSÇ�²´Ç�Ñ�²Ã¼\Îz±$Å �<Ë Ì ¹zÅ�²´Çz»�±$Åjµ¶º$Å�²ÃÇ Ä�¹zÅ	Å�âZÅj»�Ä$²ÃÔ¶Å µR±$Å�µ
ÀÕ¾\±�Ä$¹z²´º>»�µRº$Å%²´º>Çz¾¶Ä�µ¶ºU¹z²´¼¶¹�²ÃÇ�Ä$¹zÅ%¿´¾GÓ�Å�±>¼�µ¶³�³¸µ�±�µ�·�Å�ÇzÅj±�¼¶·�±�µ¶Ç<¼\Åcé � ë\Ü\ÜcÈ�Åhì�í
µ¶ºUÄ�¹zÅ�°z±$¾\°¤¾\º�ÅjÆ¸Ä$±$²´¼¶¼\Åj±�ó4ÅhÔ\ÅjÇ×Ä$¹z¾\Îz¼¶¹¸Ä�¹zÅ�²´Çz»�±$Å�µRº$Å�²ÃÇ×¼�µ¶³�³ µ	Á��NÅhò »�²´Å�Çz»�· ²´º
¹z²Ã¼\¹zÅ�±�é �\ë � Ô\Åj±�º$Îzº ��Ý � íhË Ì ¹<Å½¼�µR²´Ç�²´Ç�Ä�¹<Å½ÇlÎz³�Í¤Åj±U¾¶ÀZ¿´¾GÓNÅ�ÇzÅj±�¼¶·�¼�µ¶³�³¸µç±$µ�·4º
Í�·Â±$ÅjÆ<Îz»j²ÃÇz¼×Ä�¹zÅcÄ�±$²Ã¼\¼\Å�±½Ä�¹<±$Åjº�¹z¾\¿ÃÆ Ä�¾Ïæ¶Ü °z³	Ä�º�³ ¾\±�ÅcÄ$¹:µ¶Ç�¾¶âZº$ÅhÄ�ºçÄ�¹<Å�±$Å�ÆzÎz»jÅ�Æ
Åhò »�²´Å�Çz»�·¶Ë

� � 	�® �/«�ª/«�¬�«�ª�� ª/© ª���	 � ����
		¨ ���� ��§

� ¾\Îñ³ ²Ã¼\¹�ÄcÓ�¾\ÇzÆ<Åj±�²�À�Ä�¹<Å¸°z±�¾\°Z¾¶º$ÅjÆñÄ�±$²Ã¼\¼\Å�±jó�º�²´Çz»�Å¸²�Ä	Æz¾=ÅjºcÎzº$Å×µÂ±$²Ãº$ÅhÄ�²´³�Å�»jÎ<Ä
¾\Ç�Å�Ô\Å�Ç�Ä�º�Ä�¹:µ[Äç°z±�Å�Ô=²´¾\Î<º$¿Ã·�¹:µRÆ Çz¾\ÇzÅ�µ¶°z°z¿Ã²´ÅjÆIé Ì ±$²Ã¼\¼\Åj±çæ\íhó Ó�¾\Îz¿´Æ�Æ<Åj»j±�Å�µ¶º�Å�¾\Îz±
º�ÅjÇzº�²ÃÄ�²�Ô=²ÃÄt·�ÀÕ¾¶±�¾¶Í=Ù�Åj»hÄ�º�¿´²´ãRÅ/Ä�¹zÅ���±$µ¶Í�Ë�ètÇ�ÀPµ¶»hÄ�ó2Ä�¹zÅ>¾\°<°Z¾\º�²ÃÄ$Å�²´º£Ä�±�ÎzÅ¶ó2Ä�¹zÅ>°z±�¾\°¤¾\º$Å�Æ
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Ñ�²Ã¼\Îz±�Å½ú4ù�ø½Îz³	ÍZÅ�±�¾¶À�Å�Ô\Å�Ç�Ä�º�Ä$±$²´¼¶¼\Åj±�²´Çz¼cÁÂ²Ã¿Bµ¶¼\±�¾�ÀÕ¾¶±�µ�º$¾\Î<±$»jÅ�Æ:µ�·¸µRº�µ�ÀÕÎzÇz»�Ä$²´¾\Ç
¾¶ÀLÆzÅ�»j¿´²ÃÇ:µRÄ$²´¾\Ç�Ë/Ê�¿´ÎzÅ�»�Îz±�Ô¶Å	²Ãº�Ä�¹zÅ�ÇzÅhÓD°z±$¾¶°Z¾\º�ÅjÆÏÄ�±�²´¼\¼\Å�±xº$ÅhÄ$Ä�²ÃÇz¼�µ¶ÇzÆ�±$Å�ÆÂ»�Îz±�Ô¶Å
²Ãº�Ä�¹zÅcÝ\Ý	Ä�Î<ÍZÅ�º�Ä�µ¶ÇzÆ:µR±$ÆÏÄ�±$²Ã¼\¼\Å�±jË

Ä$±$²´¼¶¼\Åj±�µ¶»hÄ�Î:µR¿´¿Ã·I²´Çz»�±$Å�µRº$Åjº�Ä�¹zÅ�º$Å�Çzº$²�Ä�²�Ô4²�Ät·VÄ�¾�Ä�¹zÅ�º$ÅÂ¾\Í=Ù�Åj»hÄ�º�ËäÑL²´¼\Îz±�ÅÏúñº�¹z¾GÓSº
Ä$¹zÅ�ÇlÎz³�Í¤Åj± ¾¶ÀçÄ$±$²´¼¶¼\Åj±�ÅjÆ�ÅhÔ\Å�ÇlÄ$º×ÀÕ¾\±�Ä�¹zÅÂÇzÅ�Ó °z±�¾\°Z¾¶º$ÅjÆÖÄ�±$²Ã¼\¼\Å�± º�Å�Ä$Ä$²´Çz¼¶º¸µ¶Ç<Æ
Ä$¹zÅ¸º0Äfµ¶ÇzÆzµ¶±$Æ¢Ý¶ÝÏÄ�Î<ÍZÅ�Ä�±$²Ã¼\¼\Å�±�ÀÕ¾\±cµÂº�¾\Îz±�»jÅ×Æ:µ�·6µ¶º�µÏÀÕÎzÇz»hÄ�²´¾¶Ç6¾¶ÀxÆ<Åj»j¿Ã²´Ç:µ[Ä�²´¾¶Ç�ó
µ¶º�º$Îz³�²´Ç<¼�µ ��±�µ¶Í=àt¿´²Ãã¶Å½º$°¤Åj»�Ä$±$Îz³ µ¶ÇzÆÏµ¶ÇÏµR±$Íz²�Ä�±�µR±�·�Çz¾\±�³¸µ¶¿Ã²´ÚjµRÄ�²Ã¾\Ç�ËLÑ�²´¼\Î<±$Å	Ò�Ü	²´º
Ä$¹zÅSº�µ¶³�Å�Ø:¼\Îz±�ÅxÓS²ÃÄ�¹�µ¶Ç���æç»�Î<ÄU¾¶À£æ=Ë Ý�µ¶ÇzÆ�µ¶Ç ø%ØzÄU»�Î<ÄU¾¶À£æRÜ�µR°z°z¿´²ÃÅjÆ�éÕº�ÄfµRÇzÆ:µ¶±�Æ
»�±�µ¶ÍÂ»jÎ<Ä$ºfíhËSètÇ Í¤¾¶Ä$¹�»�µRº$Åjº�ó�µ�»j¿´Åjµ¶±S²´Çz»�±$Åjµ¶º$Åc²´ÇÏÄ�¹zÅcÇ=Î<³�ÍZÅ�±½¾RÀ/Ä�±�²´¼\¼\Å�±$ºS²´º%º$Å�ÅjÇ�ó
Å�º$°¤Åj»j²´µ¶¿´¿�·×ÀÕ¾\±Sº$¾¶Îz±$»�ÅcÄ�¹zµRÄ½Ä$±�µ¶Ç<º$²ÃÄ%ÇzÅjµ¶±%ÚjÅjÇ<²ÃÄ�¹-Ëxè Ä½Ó�¾\Îz¿ÃÆ�°z±�¾\Í:µ¶Íz¿�·ÏÍZÅ�¼\¾=¾4ÆÏÄ�¾
±�Å�µ¶ÆzÆ<±$Åjº�º�Ä$¹zÅ�º$Å�Äc¾¶À�»jÎ<Ä$ºcÎ<º$ÅjÆñ²´Ç�Ä�¹zÅ ��±$µ¶ÍIµ¶Çzµ¶¿Ã·=º$²Ãº�µRÀWÄ�Å�±�Ä�¹zÅ�ÇzÅhÓ Ä�±�²´¼\¼\Å�±�²´º
²Ã³ °z¿ÃÅj³�ÅjÇ�Ä�Å�Æ�Ë
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 New trigger
 old multiplicity trigger

Ñ�²Ã¼\Îz±�Å½ÒGÜ4ù�ø%Îz³�Í¤Åj±�¾RÀ Å�Ô\Å�Ç�Ä�º�Ä�±�²´¼\¼\Å�±$²ÃÇz¼çÁ�²´¿BµR¼\±$¾SÀÕ¾\±/µ½º$¾\Îz±�»jÅ�ÆzµG·	µ¶º�µ%ÀÕÎzÇz»�Ä$²´¾\Ç
¾¶À�ÆzÅj»�¿´²ÃÇ:µRÄ�²Ã¾\Ç�ËU¯�ÆzÆ<²ÃÄ�²Ã¾\Ç:µ¶¿Ã¿Ã·¸µ¶Ç ��æ�»�Î<Ä½¾¶À>æ4ËÞÝ�µ¶ÇzÆ µ�Ç<ØzÄ½»jÎ4Ä�¾¶À>æ¶Ü�¹zµGÔ¶Å	Í¤ÅjÅ�Ç
µ¶°<°z¿´²ÃÅjÆ�¹zÅj±�Å¶Ë>Ê�¿ÃÎzÅ½»�Îz±�Ô¶Åç²´º>Ä�¹<Å�ÇzÅhÓ °z±$¾\°¤¾\º�ÅjÆ¸Ä$±$²´¼¶¼\Åj±Uº$ÅhÄ$Ä�²ÃÇz¼�µRÇzÆ¸±�ÅjÆ×»�Îz±�Ô¶Åç²´º
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