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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
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C7EU_OE Ô Ö')�u1ÖY×¨Õ�{
©ªK�W\_*I7EU_¦[iW\_(T\K�ELaXELRgM;_OWYKÀGQIFELKNMOGXPwRUTVMOGXWYKºM;W¸�@E�_*ELaQGQTV�SaXE\u1�?Ez_OEL~�fSGX_OEyMOCFTVM(TZM;_*T\R*ÉºGQd¦jlTVMOR*C7ELI}M;W

MOC7E ��­ RUaQfSd;M;EU_L{�BDC7EqM;_*T\ROÉ�GQK7`}R*CST\j��@EU_¸¬��DÈHB ® GQd�K7W\M�E$#lRUGXELK�MyGJKËMOC7EqM;_*T\R*ÉeGQKF`ºGQK²MOC7EZCFGX`YC�¹ »9¹
_OEU`YGXWYK��@ELRUT\fFd;EzW\[�MOC7E	aJT\ROÉºW\[?`\EUWYj	EUM;_*GQRUT\a"T\RURgEUcFMOT\KSRgE\{nÈHK�MOCFEzW\MOC7EU_�CFT\KFI�u���E	j�fFd;M¦�@E	TV�SaQE�M;W
_OELRgWYKFd;M;_^fFRgMDM;_*T\R*Éed3f7cnM;WlMOCFE(cSd;ELfFIFWV§�_*TVcSGQIFGQM�m	W\[�¹ »�¹ ! ³=� ´	��mZfFdOGJK7`zCFGXMOdDGQK¸MOC7E�dOGQaJGQRgWYKZI7EUM;ELRgM;W\_3GJK
MOC7E¦M;_*T\R*ÉnPFM;MOGQK7`7uFRgWYKFd*GQI7EU_OMOGQKF`zMOC7E¦��GQI7E(RgW��\EU_*TV`\EyGQK²¹ »�¹eW\[�MOC7E�dOGQaJGQRgWYKZI7EUM;ELRgM;W\_L{MK�W���EU�\EU_Lu@d;EUELIFGJK7`
M;_*T\ROÉ�d	GQKÁMOCFE¸CFGX`YC¡¹ »9¹�_OEU`YGXWYKÁWYKFaXm²��GXMOC�dOGJaQGQRgWYKÁCFGXMOdyGQdyEgÒ�M;_OELjzELaXmÁIFGN#hRUfFaXMU{Ë©ªKÁMOC7EnM;_*T\R*ÉeGJK7`}[«W\_
cSaQf7`�ELaXELRgM;_OWYKpGQI7ELK�MOGXPSRUTVMOGXWYK9ueMOC7E(d;EUELI¸M;_*T\ROÉnGQd�RgWYKFd;M;_^fFRgM;ELIn�emqGQK�M;EU_Oc@W\_*TVMOGQKF`/�@EUM��?EUELKnMOC7E¦cS_*GQj	TV_Om
�\EU_OM;EgÒhT\KFIhMOC7E3dOC7W¨�?EU_;§�j	TÏÒqCFGXM�GJK	MOC7E ��­ RUaQfSd;M;EU_L{-Ð�GQaQGJRgWYK	d;MOT\KFIFT\aQWYK7E�M;_*T\R*ÉeGJK7`/GQd�c@EU_O[iW\_*jzELIz��GQMOC
MOC7E(CFGXMOdoGJKnMOC7E(dOGQaJGQRgWYKZI7EUM;ELRgM;W\_A�wT\d;ELInWYKnMOC7E/d;EUELInM;_*T\R*ÉnMOC�fFdD_OELRgWYKFd;M;_*fSRgM;ELI9{
BDC7Ezd;MOTV_*MOGQK7`nc@WYGQK�M3W\[?MOC7E	cwaQf7`qELaXELRgM;_OWYKËGJI7ELKNMOGQPSRUTVMOGXWYK}GQd¦T\K �?­ RUaJfFd;M;EU_¦��GXMOC}¯D°�± ÅVÇbµHEU¶

GQK²MOC7E,O ��­ RUT\aXW\_*GQj	EUM;EU_L{Ë|}En_OEL~efFGX_*EhMOCFTVMzT}RUaQfSd;M;EU_zGQK�MOC7EndOC7W¨�?EU_;§�j	TÏÒ�I7EUM;EU_*RgM;W\_º¬PO � Ð ® ��GQMOC
³=� Å ! ¹ »�¹ ! Å(� ÞeuoT\KFI�MOCFTVMhT}cSaQf7`}ELaQELRgM;_OWYK M;_*T\R*É���GXMOCQ��°�± ³LÞËµ3EU¶/ÍÏÎpGQdy_OELRgWYKFd;M;_^fFRgM;ELI ��GQMOC
jzW\_OE(MOCST\KºÅlCFGXMOd�GJKnMOC7E/d*GQaQGQRgWYKnI7EUM;ELRgM;W\_¨{ABDC7E/aQTVM;EU_*T\a�d*CFTV_*GQK7`zW\[>MOCFE�ELK7EU_O`\m¸IFEUc1WYd*GXMD�@EUM��?EUELKpMOCFE

Ö\Å



RUT\aXW\_^GQjzEUM;EU_3M;W¨�?EU_*d¦GQdD_*EL~�fFGQ_OELInM;Wq_OELd;ELj/�SaXE(MOCFTVM3W\�FMOT\GQKFELIpGQKbT	�@ELT\jÆM;ELdOMU{�BDC7E/_*TVMOGXWlW\["CST\I7_OWYKFGQR
M;W	ELaQELRgM;_OWYj	TV`YK7EUMOGQR�ELK7EU_O`\mnI7EUc@WYdOGXM;E¦GQdD_OEL~�fSGX_OELIqM;W	�@E(aXELdOdoMOCST\K¸Ç��ÝÇYÞe{�BDCFE(GQd;WYaQTVMOGXWYKnGJdo_OEL~efFGX_OELIqM;W
�@E(aXELdOdDMOCFT\K¸Ç��Q³(T\dAGQKZMOC7E�RUT\d;E�W\[�RgELK�M;_*T\a9ELaQELRgM;_OWYKpGQIFELKNMOGXPwRUTVMOGXWYK9{
�����9�«� ���-�S�]�\���?���1�Y���������(��� G"�]�
|}ED_*EL~�fFGQ_OE�WYKFEoW\[wMOC7EDj�f7WYKyM;_*GQ`\`\EU_*d�[«W\_>MOCFEoEU�\ELKNM"M;W¦�@EoT\KFT\aXme¥UELI	T\d�WYK7EoW\[1WYf7_>c@WYdOdOGQ�SaXE�RUT\KSIFGQIFTVM;E
EU�\ELK�MOd(CFT¨�eGQKF`ZTZj�f7WYK9{¦©ªKºMOC7EzI7ELRUGQdOGXWYKºW\["MOCFEyj�f7WYK�M;_*GQ`\`\EU_Lu�TqM;_*T\ROÉº��GXMOCA��° ÃÄ³L´¸µ3EU¶/ÍÏÎ/MOCFTVM
j	TVMOR^C7ELd�TDj�f7WYK�d;MOfF��GQK¦MOC7E�j/f7WYK/R*CFT\j/�@EU_?¬�� ­�� uV� ­ OpW\_>� ­��¦® {ÏBDCFGQd@_OEL~efFGX_*ELjzELKNM�RgW\_*_OELd;c@WYKFIFd
M;W	MOCFE(cSd;ELfFIFWV§�_*TVcSGQIFGQM�m	_OEU`YGQWYKnW\[�¹ »9¹�ÃÌ³=�ÝÇ�{
­ f7WYKpRUT\KFIFGQIFTVM;ELd�TV_OE�GQI7ELK�MOGXPFELIZ�emqEgÒeM;_*TVc@WYaQTVMOGJK7`zMOC7E��DÈ¦B�M;_*T\ROÉ�d�M;WlMOC7E�j�f7WYK¸I7EUM;ELRgM;W\_L{?|}E

CFT¨�\E�M���WAM�mec@ELd�W\[7CFGX`YC�§XÊS°lj/f7WYK/dOT\jzcSaQE"fFd;ELI(GQK(MOCFGQd�T\KFT\aQmedOGJdU{�ÈHK7E�GQd�TDM;_^T\ROÉ(aQGQKFÉ\ELIHM;WAT�aJGQK7EN¬iM;_*T\R*É ®
d;EU`Yj	ELKNMoGQKh�@W\MOCZ� ­�� T\KFIn� ­�� O�RUT\aJaXELIhTz� ­�� O�j�f7WYK�¬O¹ »9¹F¼DÇ�{*) ® u7T\KFIZT\K7W\MOC7EU_�M�mec@E3GJd-T�M;_*T\ROÉ
aQGJK7É\ELIÀM;WÀ� ­�� RUT\aQaXELI²T�� ­�� j�f7WYK ¬¿Ç�{*)�¼Â¹ »�¹>¼�³V{ÝÇ ® {A"7W\_y�@W\MOC�� ­�� O T\KFI�� ­�� j/f7WYKSdUu]�?E
_OEL~efFGX_*E?MOCFE3�DÈHBÁM;_*T\R*Éy��GXMOC���°²Ã ÅVÇ/µ3EU¶�ÍNÍÏÎÏ{"BDCFEM��°pW\[1MOC7E3�DÈ¦BÁM;_*T\ROÉzGQd>fFdOELI	T\d>MOC7EDjzELT\d*f7_OELI
jzWYj	ELKNMOfFj�W\[�MOC7E¦j/f7WYKZRUT\KFISGQIFTVM;E\{>|}E¦[¿f7_OMOC7EU_?_OEL~efFGX_OEAMOCFTVM�MOC7EHELK7EU_O`\mlGQKhMOC7E¦RUT\aXW\_*GJjzEUM;EU_�M;W¨�?EU_
RgWYK�MOT\GQKFGQKF`lMOC7Eyj/fFWYKbGQdARgWYKFdOGQdOM;ELKNMA��GXMOC¸MOCFE�I7EUc@WYdOGQMDEgÒec@ELRgM;ELIº[i_OWYjÆTqj	GQKFGJj/fFj�GQWYKFGX¥LGQK7`lcSTV_OMOGQRUaXE
M;Wn_OE x;ELRgM(d;ELRgWYKFISTV_Om¸cSTV_OMOGJRUaXELdHGQK�R*CFTV_O`\ELI}CST\I7_OWYK�dOC7W���EU_*d¦GJKºRUT\aQW\_*GQjzEUM;EU_H��CFGJR*CºcF_OW�IFfFRgE�d;MOf7�SdHGQK
MOC7E(j�f7WYKnR^CFT\j��@EU_*dL{���T\ROÉe`\_OWYfFKFIFdD[«_OWYj�RgWYd*j	GQRH_*T¨medDTV_*E¦_OELjzW¨�\ELI¸��mq_OEL~efFGX_*GQKF`�MOCFTVMoMOC7E(ISGQd;MOT\KFRgE
W\[>RUaXWYd;ELdOM�TVcFcF_OWYT\R^CnW\[�MOC7E(_OELRgWYKSd;M;_*fFRgM;ELInM;_^T\ROÉnM;W	MOC7E¦�@ELT\j aJGQK7E\u
	hGJdoaXELdOdoMOCFT\KpÇ�{ Å	RUjn{

"7W\_oCFGX`YClj	WYjzELKNMOfSj��DÈ¦B�M;_*T\R*ÉedLueMOCFE�_OELd;WYaJf7MOGXWYKlTVM�MOC7EAW\_*GX`YGQKhGQdM>�� @ Ç�{ Þ�RUjÓT\aXWYK7`�MOC7E��@ELT\j
aQGJK7E(T\KFI >
	 @ Ö\ÞVÇ���j [iW\_�MOC7E�GQjzcST\RgM�cSTV_*T\jzEUM;EU_HGQKnMOC7E�M;_*T\KFd;�\EU_*dOE�cSaQT\KFE\{ ½ KFI¸T\aQdOWlMOC7E�ISGQd;MOT\KFRgE
�@EUM��?EUELK¸MOCFE(EgÒeM;_^TVc1WYaJTVM;ELInM;_*T\ROÉnT\KFI¸MOC7E¦M;_*T\ROÉ¸dOEU`YjzELKNMOdAGQKnj�f7WYK¸R*CST\j��@EU_Lu��:�ºGQd�_OEL~efFGX_OELIZM;Wz�@E
aXELd*dAMOCST\K�Öeu�ÞhT\KFI )lRUj [iW\_(� ­�� u�� ­ O�T\KFI�� ­�� _*ELd;c@ELRgMOGX�\ELaXm\{ "�GQKFT\aQaXmZ�?Ezj	TVÉ\EyMOC7E�GJd;WYaQTVMOGXWYK
_*TVMOGQW	RUf7Mo��GXMOC�� ! Ç�{Q³V{?�DÈHB�M;_*T\R*ÉedATV_OE¦_OEL~efFGX_OELIqM;W	CFT¨�\E�TVMDaXELT\d;M�ÖyCSGXMOdoGQKq�@W\MOCnTÏÒ�GQT\a9T\KSInd;M;EU_OEUW
d;EU`Yj	ELKNMOdAW\[>��ÈHB¦uFT\KFI¸GJd�_OEL~�fSGX_OELIZM;WlCFT¨�\E�TVM�aXELT\dOM3×yCFGXMOdoGJKZM;W\MOT\a uwT\dDGJKZMOC7E�RUT\d;E(W\[�ELaXELRgM;_*WYK9{

&('�� � �>. 476$�-2H.@8;:	<>=?.98O032 =D2y6�� 0������"<�.@8*0A2��
BDCFE�x;EUMH_OELRgWYKFd;M;_^fFRgMOGXWYK�GQKºMOCFGQd3cSTVc@EU_3ELjzcSaXW�med¦TZRgWYK7E	RUaQfSd;M;EU_¦T\aX`\W\_*GXMOCFj���GQMOCbRgWYK7Ez_^T\IFGQfFd���� �
� ¬H�y» ®�� v¡¬
��� ®���� Ç�� �	Ô Ö\´ÏÕ�{�|}E�j	ELT\dOf7_OE?MOC7E�M;_*T\KFd;�\EU_^d;E�ELK7EU_O`\m�¯D° � ¯�dOGJK !7uÏ��C7EU_OEM!AGJd]MOCFE�c@WYaQTV_
T\K7`YaQE(W\[]MOCFE�RgELKNM;_*WYGQInW\[�MOC7E�RUaQfFdOM;EU_*doM;W¨�?EU_*dAT\KFI¸RUT\aQRUfFaJTVM;ELI¸fFdOGQKF`�MOCFE(jzELT\dOf7_OELI��	c@WYdOGXMOGXWYKqW\[�MOC7E
EU�\ELK�MA�\EU_*M;EgÒ1{?B�W\MOT\a�ELK7EU_O`\mn¯#GJdoMOC7E(dOfFj W\[�MOCFE(ELK7EU_O`\mZI7EUc@WYdOGXM;ELI¸GJKnRUT\aXW\_*GQjzEUM;EU_AM;W¨�?EU_*dD�AGXMOCFGQKZT
RgWYK7E\{��\EUMOdoTV_OEHGQI7ELK�MOGXPFELIqT\d�GQd;WYaQTVM;ELIZRUaQfFdOM;EU_?T\KFIq��CSGQR*CqRgWYKNMOT\GJKndOGX`YKFGXPwRUT\KNM?CFT\I7_OWYKFGJRDELK7EU_O`\ml��C7EU_OE
GXMOd�jzELT\dOf7_OELj	ELKNMOdACFTL�\E�T	_OELd;WYaQf7MOGQWYKZW\[L9��Ï¯D° � ÞVÇ 7 Í ; ¯o° ¬�µ3EU¶ ® < Ö 7 Ô Å')ÏÕ�{

�\EUM?ELK7EU_O`YGXELd�MOC�fSd?j	ELT\dOf7_OELIh��mlMOC7E3RUT\aQW\_*GQjzEUM;EU_oRUaQfFdOM;EU_?j�fFd;M?�@EARgW\_O_OELRgM;ELIZ[iW\_��ÏTV_^GXWYfFd-IFEUM;ELRgM;W\_
E �@ELRgMOdy�@EU[«W\_OEqMOC7EUmÀTV_OEZfFd;ELI�GQK²cSC�medOGJRUd�T\KFT\aXm�d;ELdU{}ÈHf7_yT\KFT\aXm�dOGQd/TVcFcSaXm�M��?W}d;M;EUcSd�W\[DRgW\_O_OELRgMOGQWYKFdUu
WYK7EqGQd! ST¨�\W\_;§�GQKFIFEUc1ELKSI7ELKNM¦`\ELKFEU_*GQR	RgW\_O_*ELRgMOGXWYKFdh¬¿d*GQjzcSaXmºRUT\aQaXELI#"ª`\ELKFEU_*GQR	RgW\_O_*ELRgMOGXWYK%$ ® u�MOC7ElW\MOCFEU_/GQd
ELK7EU_*`\mZRgW\_*_OELRgMOGXWYKpIFEUc1ELKSI7ELKNM�WYKnMOCFE& STL�\W\_AW\[�MOC7E(GQKFGXMOGJT\awcwTV_OM;WYK¸RUT\aQaXELI'"ªM;W\cbd;c@ELRUGXPSRHRgW\_O_*ELRgMOGXWYK%$�{

Ö\Ö



"�aQTL�\W\_O§�GQKFI7EUc@ELKFI7ELK�M"`\ELK7EU_^GQRARgW\_*_OELRgMOGXWYKFd?TV_OE3[«WYfFKSI	�emlT(cF_*W\`\_*T\jÓW\[�d;MOfFI7mz��CSGQR*ClEgÒ�T\j	GJK7ELd-MOCFE
M;_*T\KFd;�\EU_^d;E�ELK7EU_O`\m��wT\aQT\KFRgEoGQK/MOC7EoIFG § x;EUM�T\KFIyMOCFE���v-x;EUM�d*T\jzcSaXELdU{ ½ M�����"?uÏMOCFE�x;EUM>ELK7EU_O`\m�RgW\_O_OELRgMOGXWYK
CFT\d��@EUELKzd;MOfFIFGQELI/GQKzdOEU�\ELK	d;M;EUcSdUuNELT\R*C	d;M;EUchRgW\_O_OELd;c@WYKFIFGJK7`�M;W�ISG��1EU_*ELKNM�E �@ELRgMOdU{>|}EDdOGQjzcwaXm(aQGQd;M�MOC7ELdOE
d;M;EUcSdoW\[�MOC7E�RgW\_*_OELRgMOGXWYKFdAC7EU_OE Ô Ö'%ÏÕ-Ñ
��� EU�\ELa�³�§�B�C7E�»��3EUc@ELKFI7ELKSRgE3GQKZ��T\aXW\_*GJjzEUM;EU_	��ELd;c@WYKFd;E\Ñ"�?W\_O_OELRgMOGQWYKhM;Wyj	TVÉ\E3MOC7EHRUT\aXW\_*GQjzEUM;EU_
_OELdOc1WYKSd;E�fFKFGQ[«W\_*j�GJK¸»n�em¸fFdOGQK7`zMOCFE/IFG § x;EUMD�ST\aJT\KFRUGQK7`	cS_OWeRgELISf7_OE(T\KFIºGQdoM;ELd;M;ELIº�emnMOC7E
��v-x;EUM
dOT\j	cSaXELdoGQKnIFTVMOTlT\KFI ­ WYKNM;Ez��TV_*aXW	dOGJj/fFaJTVMOGXWYK9{

��� EU�\ELa�Å/§-�oT\aXW\_*GQjzEUM;EU_AÐ�MOTV�SGQaQGXM�mp¬¿BDGQjzE¦I7EUc@ELKFIFELKFRgE ® Ñ-�?W\_O_OELRgMOGXWYKZ[iW\_oMOC7EH�VTV_*GQTVMOGXWYKnGQKqcSCFW\M;WV§
MOf7�@EZ_OELd;c@WYKFdOEqIFfFEqM;W²TV`YGQK7`}E �@ELRgMOdUu�MOCFEU_OEU[«W\_*EnMOC7E¸RgW\_O_OELRgMOGXWYK�GQdzTVcFcSaQGQELIËWYKFaQmËM;WÀMOC7EnIFTVMOT
dOT\j	cSaXE\{

��� EU�\ELaDÖ¸§��ATL��Ð�RUT\aQEq[iW\_l�?ELK�M;_*T\a���T\aXW\_*GJjzEUM;EU_��DELd;c@WYKFd;ELdLÑZÐ�RUT\aQGJK7`b[i_OWYj
��fSK²©*©(M;W���fFK²©
ELK7EU_*`\m�dORUT\aQEq�emÁd;MOfFI7m�GQK7`��S§ x;EUMz�ST\aQT\KFRUGJK7`Á¬ x;EUMOdlGJK²MOCFEZRgELK�M;_*T\ao_*EU`YGXWYK ® {ÁBDCFGQdyGQdzK7ELRgELd*dOTV_Om
�@ELRUT\fFd;El��EldOMOGQaQa�_OELaXmºWYKÀMOC7E���fFK�©HcSTV_*T\j	EUM;_*GX¥LTVMOGXWYK}[iW\_ � EU�\ELa�ÞnRgW\_*_OELRgMOGXWYK ¬¿KFW\M;ElMOCFTVM(MOCFE
RgELK�M;_*T\a�RUT\aQW\_*GQjzEUM;EU_DW\["����"Á��T\d�K7W\MD_*EUcSaQT\RgELInGQKZMOC7E/I7EUM;ELRgM;W\_3fFcF`\_*T\I7E¦[iW\_���fSKZ©O© ® {

��� EU�\ELa � § ­ fSaXMOGXcSaXE�© K�M;EU_*T\RgMOGXWYK�Ñ]© M"GQd�c@WYdOdOGX�waXE-M;W(CFT¨�\E�jzW\_OEoMOCST\KyWYK7EDGQK�M;EU_*T\RgMOGXWYKzc@EU_>RgWYaQaQGQd*GXWYK
IFfFElM;W�CFGX`YC�§�aQfSj	GQK7WYdOGQM�mbRgWYaJaQGQdOGXWYKSd�TVMyB�EU�VTVM;_OWYK9{�BDCFGQd/RgW\_O_OELRgMOGXWYK�MOTVÉ\ELdzGQK�M;W�T\RURgWYfFKNMyMOC7ELj¸{
BDCFE¸RgW\_O_OELRgMOGXWYK GQd	I7ELIFfSRgELIÁ[«_OWYj T\KFT\aXme¥LGQK7`�MOC7EpjlGQKFGQj�fFj �SGQT\d	ISTVMOTÀT\dlT}[¿fFKFRgMOGQWYKÁW\[3MOCFE
KefFj/�1EU_oW\[��\EU_OMOGQRgELd3GQKZMOC7E(d*T\jzE(�@ELT\j��SfFKSR*CnRg_OWYdOd*GQK7`7{

��� EU�\ELa�Þ�§ ½ �wd;WYaQf7M;E��-K7EU_*`\m�Ð�RUT\aXE\Ñ�BDCFGQd�RgW\_O_OELRgMOGXWYKyT\RURgWYfFK�MOd>[iW\_�MOC7E?RUT\aQW\_*GQjzEUM;EU_>K7WYK�§�aJGQK7ELTV_*GXM�m\u
[i_*TV`YjzELK�MOTVMOGXWYKpT\KSI¸fFKFI7EU_^aXmeGJK7`�EU�\ELK�M�¬ � dOGQK7`��AfFKZ©�RgW\_O_OELRgMOGXWYKp[iT\RgM;W\_ ® {

��� EU�\ELa )h§ � KFI7EU_^aXmeGJK7`��-�\ELKNMUÑ¦BDC7EycSTV_*M;WYKFdHW\MOC7EU_¦MOCFT\K�MOC7WYdOE	GQKN�\WYaQ�\ELI}GQKºMOC7EzCFTV_*I�RgWYaQaQGQd*GXWYK
¬¿GQKlWYf7_�RUT\d;E¦GXM�GQd-MOC7E3r^sr"Rg_OELTVMOGQWYK ® GJK	MOC7E-Ê sÊZdOmed;M;ELj¸u�RUT\aJaXELIld;c@ELRgMOTVM;W\_�cSTV_OM;WYKSdUueCSTL�\EH_OELT\RgMOGXWYKFd
W\[1MOC7ELGX_>W���K	T\KFI	aQELTL�\E�d;WYj	EoELK7EU_O`\mzGQK�MOC7EDRUT\aXW\_*GJjzEUM;EU_L{>BDCFGQd�ELK7EU_*`\myGJd>RUT\aQaXELIyMOC7EDfFKSI7EU_*aXm�GQK7`
ELK7EU_*`\mbT\KFI�j�fFd;M3�1EydOf7�SM;_*T\RgM;ELI9{�BDCFE�fFKSI7EU_*aXm�GQK7`zELK7EU_*`\mbGQdHjzELT\dOfF_OELIº[«_OWYj j	GJKFGQj�fFj �SGJT\d
IFTVMOT	_OEL~�fSGX_*GQK7`�EU�\ELK�MOd�WYKFaQmlWYK7E(�\EU_*M;EgÒ1{

��� EU�\ELa@×H§�ÈHf7M?ÈH[���WYK7E���K7EU_O`\m1Ñ]© M�RgW\_O_*ELRgMOd-MOC7EAcSTV_OMOGQRUaQEg§�aXEU�\ELaFELK7EU_*`\mz[«W\_?aXELTVÉÏTV`\E3W\[@_*T\IFGQTVMOGQWYK
WYf7MOd*GQI7E3MOC7E3RUaJfFd;M;EU_*GQKF`/RgWYK7E(fFdOELIl[iW\_]xªEUMoI7EUPSKSGXMOGXWYK9u�MOTVÉeGQKF`�MOCFE $^x;EUMoELK7EU_O`\m $��ST\ROÉhM;W�$VcwTV_OELKNM
cSTV_*M;WYKÀELK7EU_O`\m $�{¸BDCFGJd(RgW\_O_OELRgMOGXWYK�T\aQaXW���d�fSd(M;WbRgW\_*_OELRgM/MOCFElcSTV_OMOGJRUaXE	aXEU�\ELa�xªEUM/ELK7EU_O`\m}M;WpMOCFE
cSTV_*M;WYK¸aXEU�\ELa9�emhMOTVÉ�GQK7`	GJKNM;W	T\RURgWYfFK�M�ELKFEU_O`YGXELdo[i_OWYj GQKSGXMOGQT\awcSTV_OM;WYKn��CSGQR*CnTV_OE/K7W\MDGQKFRUaQfSI7ELIhGJK
x;EUM�RUaQfFdOM;EU_*GQK7`7{

|}E/fFdOELIyx;EUM�ELK7EU_O`YGQELd�RgW\_O_OELRgM;ELI�f7cbM;WhaXEU�\ELa � GQK¸MOC7E�EU�\ELK�M3dOELaXELRgMOGXWYK¸W\[>WYfF_AT\KFT\aXm�dOGQdL{�©ªK¸MOC7E/EU�\ELKNM
_OELRgWYKFd;M;_^fFRgMOGXWYK9u���EpTVcScSaXmËMOCFE¸`\ELK7EU_*GQRnRgW\_*_OELRgMOGXWYK�fFc�M;W²aXEU�\ELa�Þe{�|}Ep[¿f7_OMOC7EU_	TVcFcwaXmËM;W\c�dOc1ELRUGQPSR
RgW\_O_OELRgMOGXWYKSd	[iW\_lMOCFGQdycwf7_Oc@WYd;E\u?��CFGQR^CÁ��GQaQa��@E¸I7ELdORg_^GX�@ELI�GQK R*CSTVcFM;EU_qÞe{ "�GX`Yf7_OEbÖe{Q³bdOC7W���dzM�mecSGQRUT\a
`\ELK7EU_*GQR¦RgW\_*_OELRgMOGXWYKpd*RUT\aXELdo[iW\_�aXEU�\ELa � T\KSI¸aXEU�\ELa�ÞzRgW\_*_OELRgMOGXWYKFdU{

Ö �



Detector Eta
-3 -2 -1 0 1 2 3

C
o

rr
e

c
ti

o
n

 F
a

c
to

r

0.8

1

1.2

1.4

1.6

1.8

2
Et =  10 GeV/c
Et =  20 GeV/c
Et =  40 GeV/c
Et =  60 GeV/c
Et = 100 GeV/c

Level 4 Correction Scale

Detector Eta
-3 -2 -1 0 1 2 3

C
o

rr
e

c
ti

o
n

 F
a

c
to

r

0.8

1

1.2

1.4

1.6

1.8

2
Et =  10 GeV/c
Et =  20 GeV/c
Et =  40 GeV/c
Et =  60 GeV/c
Et = 100 GeV/c

Level 4 Correction Scale

Detector Eta
-3 -2 -1 0 1 2 3

C
o

rr
e

c
ti

o
n

 F
a

c
to

r

0.8

1

1.2

1.4

1.6

1.8

2
Et =  10 GeV/c
Et =  20 GeV/c
Et =  40 GeV/c
Et =  60 GeV/c
Et = 100 GeV/c

Level 5 Correction Scale

Detector Eta
-3 -2 -1 0 1 2 3

C
o

rr
e

c
ti

o
n

 F
a

c
to

r

0.8

1

1.2

1.4

1.6

1.8

2
Et =  10 GeV/c
Et =  20 GeV/c
Et =  40 GeV/c
Et =  60 GeV/c
Et = 100 GeV/c

Level 5 Correction Scale

"�GX`Yf7_*ElÖe{Q³VÑ�BDC7EzRgW\_O_OELRgMOGQWYKËdORUT\aXELd([«W\_�x;EUM¦ELK7EU_O`\m}RgW\_O_*ELRgMOGXWYKFdU{zBDC7E	aQEU[«M¦cSaQW\MOd¦TV_OEzMOC7ElRgW\_O_*ELRgMOGXWYKFd
TVcFcwaQGXELI	M;W�x;EUMOd?GJKlRgWYaQaQGJdOGXWYKlISTVMOT�u�T\KSIl_*GQ`YCNM�cSaXW\MOd?TV_OEA[iW\_ ­ WYK�M;E/��TV_*aXW7{>BDCFE�M;W\cZcSaXW\MOd?TV_OE3��C7ELK	�?E
RgW\_O_*ELRgM�fFchM;WyaXEU�\ELa � u�T\KSIlMOC7E3�@W\M;M;WYjÄcwaXW\MOd�TV_*EA[iW\_oaXEU�\ELa1Þe{���W\_O_OELRgMOGXWYKqdORUT\aXELd?[iW\_�x;EUMOd?��GXMOCldOEU�\EU_*T\a
IFGN�1EU_OELK�M(¯ ° TV_*EldOC7W���K9{zBDC7ELd;EzcwaXW\MOd(dOf7cSc1WYdOE�MOCFE3xªEUMOd(CSTL�\E�� ­ ELKFEU_O`\m�[«_*T\RgMOGQWYK�W\[�Ç�� Þ¸T\KFI}MOC7E
EU�\ELK�MOdACSTL�\E�WYKSaXmlWYK7E��\EU_OM;EgÒ1{

&(' & ��� ����. 	p=����A8*2��
BDCFEHGJI7ELKNMOGQPSRUTVMOGXWYKqW\[��>xªEUMOdD[«_OWYj�M;W\c¸~efFTV_OÉqI7ELRUTLmqcSaQT¨medoT\KnGJjzc@W\_OMOT\KNM?_OWYaXE¦GQKqMOCFGJd?T\KST\aXmed*GQdU{-Ð�GQKFRgE
jzWYdOM�W\[�MOC7E"EU�\ELK�MOd�RgWYjlGQK7`o[i_OWYj¡K7WYK�§�r sr1cF_OW�RgELdOd�cST\d*dOGQK7`oT\aQa\|¡v-x;EUMOd�d;ELaQELRgMOGXWYK�I7WDKFW\M�RgWYKNMOT\GJK(�@W\M;M;WYj
W\_�R^CFTV_*j�~�fFTV_*Éed¦GQK�MOCFEzPSKFT\a>d;MOTVM;E\u�MOC7Ez_OEL~efFGX_OELj	ELKNMHW\[�cF_OELd;ELKSRgEzW\[	�Dx;EUMOd¦cF_OW��eGQIFELd¦T¸dOGX`YKFGQPSRUT\KNM
_OELISfFRgMOGXWYKZW\[�MOC7E¦�ST\ROÉe`\_OWYfFKSInEU�\ELKNMOdL{-|}E�fFdOELIZM��?WlIFG��@EU_OELK�M��*§�MOTV`\`YGQKF`hT\aX`\W\_*GQMOCFj	dUuSÐ ���?¶3B � T\KFI
�YEUM�O"_OW\�wTV�SGQaQGXM�m\u7GQKZW\_*I7EU_DM;WhT\R*CFGXEU�\E��*§�MOTV`\`YGQK7`lRgWYKFISGXMOGXWYKFd�MOCFTVMAGQdDd;ELKFd*GXMOGX�\EHM;W	MOC7E(rtsr?EU�\ELKNMOdU{
���i����� 
�¤h ���
�� �9£
I���¢N� � ���
BDCFE�dOGJaQGQRgWYK¸�\EU_*M;EgÒ��oxªEUM3MOTV`¸T\aX`\W\_*GXMOCSj ¬�Ð ���?¶HB � MOTV`\`YGQK7` ® d;ELTV_^R*C7ELdH[iW\_HMOC7E�ISGQd;cSaQT\RgELj	ELKNMAW\[-MOC7E
d;ELRgWYKSIFTV_Omy�\EU_OM;EgÒ	IFf7EoM;W ��CST\I7_OWYK	I7ELRUT¨med-M;W(MOC7EDcS_*GQj	TV_Om��\EU_OM;EgÒ	W\[@MOC7EoEU�\ELKNM���GXMOCFGJK�T�xªEUM Ô � ÇFu � ³gÕ�{
© M>fFd;ELd�M;_*T\ROÉ�d>��CSGQR*CyTV_OE���GXMOCSGQK&��� ! Ç�{ � W\[wMOC7E]xªEUM>TÏÒ7GQd�T\KFIyCFTL�\EDCFGQMOd�GJK�MOC7EodOGJaQGQRgWYK�IFEUM;ELRgM;W\_L{"BDC7E
T\aX`\W\_^GXMOCFj�c1EU_*[«W\_*jldDT\d3[«WYaQaQW¨��dUÑ(¬ª³ ® ÐeELaXELRgM3`\W�W�IbM;_*T\ROÉ�d��9��CFGJR*CpT\aJaXW¨��d�[«W\_3M��?WZcST\dOd;ELdL{D© KbMOC7E�PF_*d;M

Ö\Þ



cST\dOdUuVTVM]aQELT\d;M�MOC7_OEUE�M;_*T\ROÉ�d]��GXMOC�ÊF°Ë±�Ç�� ÞAµ3EU¶�Í\Î>T\KSI�T\K�GJjzcST\RgM�cSTV_^T\jzEUM;EU_�d*GX`YKFGXPSRUT\KSRgEA¹ � - Í�9����\¹e±Åe{ ÞZTV_OEz_OEL~efFGX_OELIº��CFEU_OE�9����/GQKSRUaQfFI7ELdAMOC7E	fFKFRgEU_*MOT\GQKNM�mbWYK�MOCFEzM;_*T\ROÉ}T\KFI��@ELT\jy§�aQGJK7E/c@WYdOGQMOGXWYKFdU{ ½ M
aXELT\d;M>WYK7EoW\[@MOC7EoM;_^T\ROÉ�d-j�fFd;M"CFT¨�\E"ÊF°Ë±¡³�µHEU¶/ÍÏÎ�{>©ªKyMOC7E�dOELRgWYKFIzcST\dOdLuY��CFGQR^Cy_OEL~efFGX_OELd�MOGX`YC�M;EU_-M;_*T\R*É
_OEL~efFGX_OELjzELK�MOd¦M;WºCFTL�\EZTVM/aXELT\dOM(M��?WbM;_^T\ROÉ�d/�AGXMOCZÊF°Ì± ³qµ3EU¶�Í\Î	T\KFI ¹ � - Í�9����\¹>±ÄÖeu�GJKFRUaQfFIFGJK7`qTVMaXELT\d;MoWYK7E¦M;_^T\ROÉZ��GXMOC/ÊF°Ë±¡³=� Þhµ3EU¶�Í\ÎÏ{A¬ Å ® ��ELRgWYKFd;M;_*fFRgMDTzdOELRgWYKFIFTV_Omq�\EU_OM;EgÒ¸fFdOGQKF`�d;ELaQELRgM;ELI¸M;_*T\R*ÉedU{
¬ Ö ® ��T\aJRUfFaQTVM;E(MOC7E�M��?WV§�IFGQjzELKFd*GXWYKFT\a�I7ELRUT¨mpaXELK7`\MOC¸W\[>MOC7E�d;ELRgWYKFISTV_Omn�\EU_OM;EgÒ�¬����
	 ® [«_*WYj MOC7E(cS_*GQj	TV_Om
�\EU_OM;EgÒ@{�¬ ��® �DEL~efFGX_OE�M;W�CSTL�\E�� �
	 Í�9
������± ÖeuN��C7EU_*E 9
�����DGQd�MOC7EDELdOMOGQj	TVM;ELIlfSKFRgEU_OMOT\GQK�M�m�WYK�� �
	 ��CFGQR^C
GQd�M�mecSGQRUT\aJaXmb³8%VÇ���j�M;W	_OELIFfSRgE¦MOC7E(�ST\R*É�`\_OWYfSKFIn[i_OWYj�MOC7E¦[¿T\aQd;E(d;ELRgWYKSIFTV_OmZ�\EU_OMOGQRgELd¨¬¿jlGQd;MOTV`Yd ® {

��T\d;ELInWYK¸d*GQj/fSaQTVMOGXWYKhW\[]MOC7E �*§�MOTV`\`YGQKF`lT\aX`\W\_*GXMOCSjnu�MOC7E �*§�MOTV`	_OEL~efFGX_OELjzELK�M�É\EUEUcSdAÞ\Ö 7 W\[]MOC7E¦M;W\c~�fSTV_OÉhEU�\ELK�MOdD�ACFGQaXEH_OELjzW��eGJK7`	jzW\_OE(MOCST\K %\Þ 7 W\[�MOC7E(�wT\ROÉe`\_OWYfFKFInEU�\ELK�MOdU{?BDC7E(IFG��@EU_OELKFRgE¦�@EUM���EUELKMOC7EHE$#lRUGXELKFRgmqGQKqMOC7E¦dOGQj�fFaQTVMOGXWYKqT\KFIqMOCFTVMDGQKhMOC7E(IFTVMOTyCFT\d��@EUELKZjzELT\dOfF_OELInfFdOGQKF`/T �*§�ELK7_*GQR^C7ELIZIFG x;EUM
dOT\jzcSaQE(GQKZ��CFGQR^C¸T	K7WYK7§�GQd;WYaQTVM;ELInELaQELRgM;_OWYKpGQdD[«WYfFKSI¸GQKnTHx;EUMU{-©ªK¸[¿T\RgMUuSMOCFE(E$#lRUGXELKFRgmnGQK ­ WYK�M;Ez��TV_^aXW
dOGQj�fFaQTVMOGXWYK�d;MOfFISGXELdyI7W�ELdzKFW\Mz_OEUcF_OW�IFfFRgEqMOCFTVM	GQKÁIFTVMOTÀT\KST\aXmed*GQdU{À|}E¸[iWYfFKFIÁIFTVMOTÏ§�M;WV§ ­ WYK�M;E}��TV_^aXW
MOTV`\`YGQK7`�E$#lRUGXELKFRgm	d*RUT\aXEA[¿T\RgM;W\_�W\[�Ç�� ´\Å��ºÇ��ÝÇ ) Ô � ³UÕ�u���CSGQR*ChGQd�fSd;ELIlGQK ­ WYK�M;E���TV_*aXW�d;MOfFIFGQELd"M;W��1EUM;M;EU_
I7ELdORg_*GQ�1EAMOC7EHcSC7ELK7WYj	ELKFTyGQKhISTVMOT�{-BDC7EHEU_O_OW\_oGQKSRUaQfFI7ELd?T\aQa@d;m�d;M;ELj	TVMOGQRHT\KFInd;MOTVMOGJd;MOGQRUT\a9fFKFRgEU_*MOT\GQKNMOGQELdU{

���«����D ���7� Eh¢Y���-���?��£������ 
3� I I����JI
�\EUM O-_OW\�STV�SGQaJGXM�mºGQd¦T\KÀT\aX`\W\_*GQMOCFj MOCFTVM�GQd�fFd;ELI�M;WpI7EUM;EU_^j	GQK7Ez��CFEUMOC7EU_(T�x;EUM�GQdHcF_OW�IFfFRgELI�cS_OWYjzcFMOaXm
TVMoMOC7E¦cF_*GJj	TV_OmlGQK�M;EU_*T\RgMOGXWYKZc@WYGQK�MUu�W\_D[i_OWYj�MOC7E(I7ELRUT¨mhW\[�TzaXWYK7`V§�aQGQ�\ELIZcSTV_OMOGQRUaXE Ô � ÅVÕ�{"B�CFGQd�T\aX`\W\_*GXMOCSj
j	TVÉ\ELd�fSd;E"W\[�MOC7E-GQKF[«W\_*jlTVMOGXWYKHW\[�MOC7E"M;_*T\R*Éed]MOCFTVM]TV_*E-T\dOd;W�RUGQTVM;ELI/M;W�T�x;EUM�M;W�I7EUM;EU_^j	GQK7E>MOC7E�cF_OW\�STV�wGQaQGXM�m
[«W\_]MOCFGQd�ELKFd;ELj/�SaXE"W\[7M;_*T\R*Éed�M;WA�1E�RgWYKFdOGQd;M;ELK�M��AGXMOC�RgWYj	GJK7`D[i_OWYjÌMOCFE-cF_*GJj	TV_Om��\EU_*M;EgÒ1{>BDC7E�cF_OW\�STV�wGQaQGXM�m
IFGQd;M;_^GX�Sf7MOGXWYK¸W\[-TqcF_*GQj	TV_*m�xªEUM¦GQdA��mºRgWYKFd;M;_*fSRgMOGXWYK�fFKFGX[iW\_*j	aXmZIFGQdOM;_*GX�Sf7M;ELIp[«_*WYj�ÇqM;W}³V{?"7W\_(TZaXWYKF`V§
aQGX�\ELI3x;EUMUueMOC7EAIFGJd;M;_*GX�SfFMOGXWYK�c@ELTVÉ�d�TVM?Ç�u��ACFGQR*CljzELT\KFd"MOCSTVM-MOC7EAcF_OW\�STV�SGJaQGXM�m/W\[�dOfFR^CHx;EUM-M;W��@EDcS_*GQj	TV_Om
GQdA�\EU_OmbdOjlT\aQa {�"�GQ`Yf7_OEzÖe{ ÅZGQaQaQfFdOM;_*TVM;ELdDMOC7EAx;EUMAcS_OW\�STV�SGQaJGXM�mnIFGQdOM;_*GX�Sf7MOGQWYKFdo[i_OWYjÄxªEUMOdHW\_*GQ`YGQKFTVMOGQK7`h[«_*WYj
aQGX`YC�M�~efFTV_OÉ�dUuwR^CFTV_*jnu@T\KFI¸�@W\M;M;WYjÄx;EUMOdU{�BDCFGJdocF_OW\�STV�wGQaQGXM�mqGQd��ST\d;ELIpWYKpMOC7EyGQjzcwT\RgMDcSTV_*T\jzEUM;EU_^d3T\KSI
MOC7ELGX_�fSKFRgEU_OMOT\GQK�MOGXELd¦W\[�MOC7E	M;_^T\ROÉ�d/GQK�MOCFEHxªEUMU{ZBDC7E	GJjzcST\RgM(cSTV_^T\jzEUM;EU_�W\[oTnM;_*T\R*ÉÀGQd(T\dOd*GX`YK7ELI}��GQMOC
Tzc@WYdOGXMOGX�\E�W\_AK7EU`YTVMOGX�\EydOGX`YKbI7EUc@ELKFIFGQKF`�WYKpMOC7E/ISGX_OELRgMOGXWYKnW\[�MOC7E/M;_*T\ROÉp��GXMOCn_OELdOc1ELRgM�M;WhMOC7EoxªEUM3TÏÒ�GQdL{
"7W\_�MOCFE(GQjzcST\RgMocSTV_^T\jzEUM;EU_AGQKZMOCFE?� � �pcSaQT\K7E\u7MOCFE(dOGX`YK¸GQdoIFEUPSK7ELInT\d
� dOGQ`YK � c@WYdOGXMOGX�\E¦GX[�RgWYd �b± Ç�{
� dOGQ`YK � K7EU`YTVMOGX�\E�GX[]RgWYd.� ! Ç�{

��C7EU_OE �ZGQd�MOC7EHT\K7`YaXE��@EUM���EUELKqMOC7E-xªEUM�TÏÒ7GQd�T\KSIlMOC7E3M;_*T\R*Élc@WYGQK�M"W\[�RUaXWYd;ELdOM?TVcFcS_OWYT\R*CqM;W�MOC7EAcS_*GQj	TV_Om
�\EU_OM;EgÒË¬¿dOC7W���K¸GQK,"�GX`Yf7_*E�Öe{ Ö7¬¿aXEU[«M ®;® { ½ K7W\MOC7EU_D��TLmZW\[�EgÒecS_OELdOdOGQKF`�MOCSGQdoI7EUPSKFGQMOGXWYKZGQd
� dOGQ`YK � c1WYd*GXMOGX�\EpGX[HMOC7Eºc@WYGQK�M	W\[(GQK�M;EU_*d;ELRgMOGXWYK W\[(MOC7EbM;_*T\ROÉ WYK MOC7ElxªEUMqTÏÒ�GJdhGQdhGQK MOCFEºdOT\j	E
C7ELjlGQd;cSC7EU_*E3T\d�MOC7E�x;EUMDIFGX_OELRgMOGXWYK�{

� dOGQ`YK � K7EU`YTVMOGQ�\EyGQ["MOC7Eyc@WYGQKNMAW\[�GQK�M;EU_*d;ELRgMOGQWYKbW\[�MOC7E�M;_*T\ROÉºWYK�MOC7E�xªEUM¦TÏÒ7GQdHGQdHGQKpMOCFE�W\cSc1WYd*GXM;E
C7ELjlGQd;cSC7EU_*E3T\d�MOC7E�x;EUMDIFGX_OELRgMOGXWYK�{

Ö')



Jet Probability
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

A
rb

it
ra

ry
 S

ca
le

10
-3

10
-2

10
-1

1
b-jet

c-jet

prompt jet

Jet Probability

"�GX`Yf7_*E�Öe{ ÅeÑ��\EUM O-_OW\�STV�SGJaQGXM�mqIFGQd;M;_^GX�Sf7MOGXWYKSd"[i_OWYj�cF_OWYj	cFMUuFR*CFTV_^j T\KFIn�@W\M;M;WYj x;EUMOdU{

"7W\_	T�cF_*GQjlTV_OmqxªEUMUu?T\aQaoGXMOd�cSTV_OMOGJRUaXELdydOC7WYfFaQI�W\_*GQ`YGQKFTVM;Eq[«_OWYj MOCFEncF_*GQj	TV_*m}�\EU_OM;EgÒ1{��Hf7EnM;W}MOC7E
PSKSGXM;EHM;_*T\ROÉ�GQK7`z_OELdOWYaQf7MOGXWYK9u�MOC7ELdOE¦M;_*T\ROÉ�d�TV_OE¦_*ELRgWYKFd;M;_*fFRgM;ELI¸��GXMOCZT	K7WYK�§�¥UEU_*W	GQjzcST\RgM�cSTV_*T\j	EUM;EU_�T\KFI
CFT¨�\EpEL~efFT\aocF_*W\�STV�SGQaQGQM�mÀM;WÀ�@EZELGXMOC7EU_lc1WYd*GXMOGX�\EZW\_hK7EU`YTVMOGQ�\EpdOGX`YK7ELI�u�T\dld*C7W¨��K�GJKQ"�GQ`Yf7_OEpÖe{ � ¬¿aXEU[iM ® {
BDCFE���GQIFMOCnW\[�MOC7E/GQj	cST\RgM�cSTV_^T\jzEUM;EU_3ISGQd;M;_*GX�wf7MOGXWYKq[«_*WYj MOC7ELd;E/M;_*T\ROÉ�dHGQd�dOWYaXELaXmnIFf7E(M;WhMOC7E�M;_^T\ROÉ�GQK7`
I7EUM;ELRgM;W\_3_OELd;WYaJf7MOGXWYKnT\KFI¸j�fFaXMOGQcSaXEHdORUTVM;M;EU_*GQK7`YdL{
½ aXWYK7`V§�aJGX�\ELI�cSTV_OMOGQRUaQE��AGQaQa]M;_*TL�\ELa�d;WYjzE	IFGQdOMOT\KFRgEzT\aXWYK7`nMOC7E3x;EUM(IFGX_OELRgMOGQWYK��1EU[iW\_OEzI7ELRUT¨meGQKF`7u�T\KFI

GXMOdzIFELRUTLmÁcF_OW�IFfFRgMOd���GQaJa"cF_OEU[iEU_OELK�MOGQT\aQaXm²CFTL�\Enc@WYdOGXMOGQ�\EZd*GX`YK7ELIÁGQjzcST\RgMycSTV_^T\jzEUM;EU_L{ ½ K�GQaJaQfFd;M;_*TVMOGQWYK
W\[?TnaXWYK7`V§�aQGX�\ELIbcSTV_OMOGJRUaXE�T\KSI}GXMOdHI7ELRUTLmºM;_*T\ROÉ�d(GQdHdOCFW¨��K�GQKA"�GX`Yf7_OE	Öe{ Ö}¬i_*GX`YC�M ® {�BDCFE�dOGQ`YK7ELI�GQjzcST\RgM
cSTV_^T\jzEUM;EU_AIFGJd;M;_*GX�SfFMOGXWYKhGJdodOC7W¨�AK¸GQK,"�GX`Yf7_OE�Öe{ � ¬i_^GX`YCNM ® {
BDC7EzM;_*T\R*ÉeGQKF`¸_OELd;WYaQfFMOGXWYK}RUT\KÀ�@EzEgÒ�M;_*T\RgM;ELI�[«_OWYj MOC7ElIFTVMOTn�em�PFM;MOGQK7`nMOCFElK7EU`YTVMOGX�\EqdOGQI7EzW\[�MOC7E

dOGQ`YK7ELIZGQjzcST\RgM?cSTV_*T\jzEUM;EU_DISGQd;M;_*GX�wf7MOGXWYKzW\[]cF_*GQj	TV_*m3xªEUMOdU{�B�Wzj	GQKSGQj	GX¥UEDMOCFEHRgWYK�M;_*GX�wf7MOGXWYKh[«_OWYjÓ�ST\ISaXm
jzELT\d*f7_OELI	M;_^T\ROÉ�d-��GQMOC	aQTV_O`\EA_OELRgWYKFd;M;_*fSRgM;ELIlGQjzcwT\RgM"cSTV_*T\jzEUM;EU_^dUu�MOCFE�IFGQd;M;_^GX�Sf7MOGXWYK�W\[9T(_*ELaQTVM;ELIl~efFT\K�§
MOGXM�m\u�MOC7EldOGX`YKFELIÀGQjzcST\RgM¦cwTV_*T\jzEUM;EU_ydOGX`YKFGXPwRUT\KFRgEp¬i_*TVMOGXW¸W\[�MOC7EhGQjzcST\RgM(cwTV_*T\jzEUM;EU_�M;WºGXMOd(jzELT\d*f7_OELI
EU_O_*W\_ ® uFGQd�cSTV_*T\j	EUM;EU_*GX¥UELI¸GQKSd;M;ELT\I9{ ½ aJd;W7uFTz~�fST\aQGXM�mqRUf7M�WYKnM;_*T\R*ÉZGJd?TVcScSaQGXELIq[iW\_oMOC7E¦M;_*T\ROÉqM;W	�@E¦fFd;ELI
GQKZMOCFE(MOTV`\`YGQK7`	W\[wx;EUMOdU{-BDCSGQd�~�fFT\aJGXM�mZRUf7M�RgWYKFd*GQd;MOd�W\[�MOC7E¦[iWYaQaXW¨�AGQK7`zRgWYKFIFGXMOGQWYKFdHÑ
� M;_*T\ROÉ�ÊF°Ë±�Ç�� Þhµ3EU¶z{
� ¹ � - ¹ ! Ç��Q³LÞ	RUj¸{
� jzW\_OE¦MOCFT\KbÖzCFGXMOdoGQK � � �ºaJTLm\EU_DW\[�MOC7E�Ð�¶ � I7EUM;ELRgM;W\_L{
� M;W\MOT\a�KefFj/�1EU_oW\["�DÈHBÌTÏÒ�GQT\a9CSGXMOd(Ã�ÅVÇ�{
� M;W\MOT\a�KefFj/�1EU_oW\["�DÈHBÌTÏÒ�GQT\a9CSGXMOd(Ã¡³¨×�{

ÖY×



Primary
Vertex

Track 1

Jet

Track 2

Y

X
D

2

D
1

φ
1

φ
2

(Track 1 : D   is positive signed)
1

2
(Track 2 : D   is negative signed)

Primary
Vertex

Track 1

Jet

Track 2

Y

X
D

2

D
1

φ
1

(Track 1 : D   is positive signed)
1

2
(Track 2 : D   is negative signed)

φ
2

φ
3

Track 3

(Track 3 : D   is positive signed)
3

Secondary Vertex

D
3

"�GQ`Yf7_OE�Öe{ ÖeÑ3¬ � EU[«M ® M;_*T\ROÉ�d�[i_OWYj TycS_*GQj	TV_Omh�\EU_OM;EgÒ@{3¬ ��GQ`YCNM ® M;_^T\ROÉ�dD[i_OWYj T	d;ELRgWYKSIFTV_Omq�\EU_OM;EgÒ1{

��� - W\[]M;_*T\R*Én��GXMOCFGJKZÞyRUjÆW\[]MOCFE(cF_*GQjlTV_Om	�\EU_OM;EgÒ@{

|}EoI7EUPSK7E�T3cF_OW\�STV�wGQaQGXM�mz¬ "ªM;_^T\ROÉ�cF_OW\�STV�SGJaQGXM�m $ ® MOCSTVM�T3M;_*T\R*É�GJK/T-x;EUM]W\_*GQ`YGQKFTVM;ELd�[«_*WYj�MOCFE?cS_*GQj	TV_Om
�\EU_OM;EgÒ@{ ½ aXMOC7WYf7`YCpM;_*T\ROÉ�dH��GXMOCbK7EU`YTVMOGX�\EzdOGX`YKFELIpGQjzcwT\RgM�cSTV_*T\j	EUM;EU_*dHTV_OE�fSd;ELIpGQKpMOC7EyRUT\aQGX�F_*TVMOGQWYK¸W\[
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xªEUM?IFTVMOT\d;EUMU{-B�C7EDc@WYdOGXMOGX�\E�cSTV_OM-W\[9MOCFEAIFGQdOM;_*GX�Sf7MOGQWYKzGQd"K7W\_*jlT\aQGX¥UELIldOW�MOCFTVM?MOC7E�M;W\MOT\a1TV_OELT/�@ELRgWYjzELdA³V{"7W\_-T¦`YGQ�\ELKzM;_*T\ROÉ1ueMOC7EoM;_*T\ROÉycF_*W\�STV�SGQaQGQM�m�GQd>IFEUPSK7ELIzT\d>MOC7EDTV_*ELT¦��C7EU_OEoMOCFEDdOGX`YK7ELIzGQj	cST\RgM>cSTV_*T\jzEUM;EU_
GQd3aQTV_O`\EU_¦MOCFT\KºMOCFTVMHW\[-MOCSGQd�M;_^T\ROÉ1u�T\d¦GQaQaQfSd;M;_*TVM;ELIpGJKA"�GX`YfF_OEyÖe{ Þe{ ��mºI7EUPSKFGQMOGXWYK9uSMOCSGQd3�ÏTV_*GJTV�SaXE/CST\d¦T
 STVMHIFGQd;M;_*GQ�Sf7MOGXWYKn�@EUM���EUELK}ÇZT\KFIÁ³�[«W\_HM;_*T\R*Éed�GQKpcS_*GQj	TV_Om�x;EUMOdU{/ÈHKºMOC7EyW\MOC7EU_(CST\KFI9u@GXM3CST\d3Tqc@ELTVÉ
TV_OWYfFKFInÇ	[«W\_DM;_^T\ROÉ�d�GQK/x;EUMOdDW\_*GQ`YGQKFTVMOGQK7`y[i_OWYj C7ELT¨��m� ST¨�\W\_�cSTV_*M;WYKFdU{
½ K7W\MOC7EU_oK7EU� �ÏTV_*GJTV�SaXE�¬ "«x;EUM�cF_OW\�STV�wGQaQGXM�m $ ® GQd�IFEUPSK7ELI	M;WzR^CFTV_*T\RgM;EU_*GX¥UE¦MOCFEAcF_*W\�STV�SGQaQGQM�myW\[�MOCFGQd�x;EUM

W\_*GX`YGQKSTVMOGQK7`¦[i_OWYj·MOC7EAcF_*GQjlTV_Om��\EU_OM;EgÒh��mzRgWYj/�SGQKFGQKF`(MOC7EDM;_*T\R*É	cF_OW\�wTV�SGQaQGXMOGQELd]W\[9M;_^T\ROÉ�d?GJKzMOC7E>x;EUMU{"B]W
d;EUE/CFW¨� ��EyRUT\aQRUfFaQTVM;E/MOC7Eox;EUM3cF_OW\�STV�SGJaQGXM�m\uwRgWYKFdOGQI7EU_AT¦x;EUM���CSGQR*CbCFT\d�M���Wq`\WeWeIº~�fST\aQGXM�mZM;_*T\R*Éed3��GQMOC
c@WYdOGXMOGX�\E�d*GX`YK7ELI¸GQj	cST\RgM�cSTV_^T\jzEUM;EU_*d3GQKpGXMU{AÐ7f7cFc@WYd;E¦MOC7E/M��?WhM;_*T\R*Éed3ELT\R^CºCST\d�M;_*T\R*É¸cF_OW\�wTV�SGQaQGXM�m �l³
T\KFI���Åe{ � EUM�� � �	³��
��Åe{ "�GX`Yf7_*EoÖe{*)(dOC7W¨�Ad�MOC7EDRUf7_O�\EoW\[@RgWYKFd;MOT\K�M"cF_OW\�wTV�SGQaQGXM�m\u\T\KFIyMOC7EoTV_OELT¦�@ELaXW��
T\KFInM;WhMOC7E�aXEU[iMDW\[�MOC7E/RUfF_O�\E�GQdoMOCFE/d;EUMDW\[>M���WV§�M;_^T\ROÉbRgWYj/�SGQKSTVMOGXWYKFdo��GQMOC¸TzcF_OW\�wTV�SGQaQGXM�mhaXELd*doMOCFT\K¸W\_
EL~�fST\a>M;W��/{lBDCFGQdHTV_OELTpGQd(I7EUPSKFELI�M;W¸�@EzMOC7E3xªEUM�cF_OW\�STV�SGJaQGXM�mpW\[?MOCSGQd�xªEUMU{ "7W\_/TnM���WV§�M;_^T\ROÉnx;EUMUu�MOCFE
cF_OW\�STV�wGQaQGXM�mqGQd����^Û	� � �Á¬;³ �ÀaQK
� ® {�©ªKb`\ELK7EU_*T\a u1WYK7E/RUT\Kºc@EU_O[iW\_*jÆT\K�GQK�M;EU`\_*TVMOGXWYKºGQK��@§�IFGQjzELKFd*GXWYKFT\a

Ö\´



Signed Impact Parameter Signed Impact Parameter

"�GX`Yf7_*E3Öe{ � Ñ�¬ � EU[iM ® dOGX`YK7ELIhGQjzcST\RgM�cSTV_*T\jzEUM;EU_�IFGQdOM;_*GX�Sf7MOGQWYKy[«W\_?M;_*T\ROÉ�d?[«_*WYjÄcF_^GQj	TV_Om��\EU_OM;EgÒ@{A¬ ��GX`YC�M ®
dOGQ`YK7ELI¸GQjzcwT\RgMocSTV_*T\jzEUM;EU_3IFGQd;M;_*GQ�Sf7MOGXWYKl[«W\_DM;_^T\ROÉ�d�[i_OWYj d;ELRgWYKSIFTV_Omq�\EU_OM;EgÒ1{

d;cwT\RgE�T\KFI¸dOCFW¨�¡MOCFTVM�MOC7E�x;EUMDcF_OW\�STV�wGQaQGXM�m	[«W\_ATAxªEUMD�AGXMOC �}M;_*T\ROÉ�dA��WYfFaJIZ�1E Ô � ÖVÕ�Ñ

���^Û	� � �
� 4���
��� -
¬ �¸aQK � ® ��
	

��CFEU_OE
� � �	³ �8��Å � � � � � �

Ð�GJKFRgEAMOCFE-x;EUM�cF_OW\�STV�wGQaQGXM�myGJd�I7EUPwK7ELIZGQKhd*fFR*CZT��?T¨mqRgWYj/�SGQKSGQK7`�MOCFEAM;_*T\R*ÉhcS_OW\�STV�SGQaJGXMOGXELdUuNGQMOd?ISGQd;M;_*GX�wf�§
MOGXWYKh_OELdOfSaXMOd"dOGQjlGQaQTV_"M;W/MOCFTVM�W\[9M;_^T\ROÉ	cF_*W\�STV�SGQaQGQM�m\{�© KFIFEUELI9u�T\d?d;EUELKqGQK "�GX`Yf7_OEHÖe{ Åeu�MOC7E>x;EUM-cF_*W\�STV�SGQaQGQM�m
CFT\dHT  STVM¦IFGQdOM;_*GX�Sf7MOGQWYKZ[«W\_HMOC7EzaQGX`YC�M  wTL�\W\_l¬icF_*GJj	TV_Om ® x;EUMOdUu�T\KFIºCFT\dHdOCFTV_Oc�c@ELTVÉpTV_OWYfFKSIbÇh[«W\_?x;EUMOd
W\_*GQ`YGQKFTVMOGQK7`¦[i_OWYj·CFELTL�em  wTL�\W\_?cSTV_OM;WYKFd�¬¿dOELRgWYKFIFTV_OmAx;EUMOd ® {>© K	MOC7E��*§�MOTV`\`YGQK7`/��GXMOCyMOC7E��YEUMJO"_*W\�STV�SGQaQGQM�m
T\aX`\W\_^GXMOCFjnu7�?E�RUT\K¸cwaQT\RgE(T\K¸TV_O�SGQM;_*TV_OmhRUfFMUuFM;Wld;ELaXELRgM>xªEUMOd���GXMOC/x;EUMDcF_OW\�STV�wGQaQGXM�m	�ÏT\aJf7ELdDaXELdOd�MOCST\K¸MOC7E
RUf7MA�ÏT\aJf7E�T\d3aQGXÉ\ELaXmqM;WlW\_*GQ`YGQKFTVM;E�[i_OWYj�C7ELTL�em  STL�\W\_HcSTV_*M;WYKFdU{oBDCFGQd�MOTV`\`\EU_(RUT\K�uSMOC7EU_OEU[iW\_OE\u1�@E(MOfFK7ELI
[iW\_�ELT\R^CpT\KFT\aXm�dOGQd�M;W\cwGQRH_*TVMOC7EU_DELT\d*GQaXm\{
BDCFGQd�T\aX`\W\_*GQMOCFj CFT\do�@EUELK¸RUT\aJGX�F_*TVM;ELIZ[iW\_�M���WlRUfFMD�ÏT\aJf7ELdoW\[>Ç�{ÝÇ7³�T\KFIpÇ�{ÝÇYÞ	GQKZMOC7Ey����"²ELK���GX_OWYK�§

jzELK�M3[«W\_"xªEUMOdA��GXMOCb¯o°�± ³UÇZµ3EU¶z{���W\M;E�MOCFTVM3MOCFGQdD¯D°�GQd��@EU[«W\_OE�MOC7E/TVcFcwaQGQRUTVMOGXWYKnW\[>MOCFEox;EUMAELK7EU_*`\m
RgW\_O_*ELRgMOGXWYK9{�BDC7E(_OELd*fFaXMOdoW\[�MOC7E�RUT\aJGX�F_*TVMOGXWYKnT¨�\EU_*TV`\ELIºW¨�\EU_HMOC7E�RUT\aJGX�F_*TVM;ELI¸¯D°Ë_*T\K7`\E/GQdDdOfFjlj	TV_*GX¥UELI
GQKºB�TV�SaXEzÖe{Q³ Ô �\� u � ÞÏÕ�{ "7W\_¦EgÒ7T\jzcSaXE\u9GX[>�?EycSGQROÉpMOC7EzRUf7MAW\[?Ç��ÝÇYÞeu�MOC7E�MOTV`\`\EU_�CFT\d3MOC7EyE$#lRUGXELKSRUGXELd3W\[
Å') 7 T\KFI � �*% 7 [«W\_�CFELTL�emZT\KSI¸aQGX`YC�M  STL�\W\_"xªEUMOdLuF_OELd;c@ELRgMOGX�\ELaXm\{
&('�
 � 8 � �@8*2�� 	��9=D2����!� �������Á2
� � ������� ���
BDCFEqcS_OELd;ELKFRgEqW\[AK7ELfFM;_*GQK7WYd�GQdyGQK7[iEU_O_OELI²[«_*WYj�M;_^T\KFd;�\EU_*d;EZELK7EU_*`\m�GQj/�ST\aQT\KSRgEqGQK²MOC7EnI7EUM;ELRgM;W\_L{�BDC7E
j	GJdOdOGQK7`yM;_*T\KSd;�\EU_*d;E¦ELK7EU_*`\mZGJdoRUT\aQRUfFaQTVM;ELIbT\d¦Ñ

�¯ ° � ��¹ ��� ¯
�
°��� � ¹ ¬ Öe{Q³ ®

Ö'%



Signed Impact ParameterD0/σ D0

"�GX`Yf7_OEnÖe{ ÞeÑqB�C7Ehc@WYdOGQMOGX�\EhcwTV_OM/W\[AMOC7EZGQjzcST\RgMycSTV_*T\j	EUM;EU_	dOGX`YKFGXPwRUT\KFRgElW\[AM;_*T\ROÉ�d	GQK²cF_*GQjlTV_OmqxªEUMOdL{
B�_^T\ROÉ}cF_OW\�wTV�SGQaQGXM�mºGJd�I7EUPSKFELIÀT\d�MOCFEhdOCFT\IFELIËTV_OELTb[«W\_�`YGX�\ELK²GQjzcST\RgM/cSTV_*T\jzEUM;EU_ydOGX`YKFGQPSRUT\KFRgE	��CFELK
MOC7E¦M;W\MOT\a�TV_*ELTlGQdoK7W\_^j	T\aQGX¥UELIZM;Wp³V{

RUf7M E$#lRUGXELKFRgmZ[iW\_�C7ELT¨��m� ST¨�\W\_�¬ 7 ® dORUT\aXE([¿T\RgM;W\_ jlGQd;MOTV`z_*TVM;Eh¬ 7 ®Ç��ÝÇ7³ ³8%(� × ��³=� Å Ç�� ×V´Y× �ÁÇ��Q³UÇYÞ ³=�Q³\³ �ÁÇ��ÝÇY´
Ç��ÝÇYÞ Å')(� Å ��³=� Ö Ç�� ´\ÅVÇ �ÁÇ��ÝÇ %\Þ � � ´'% �ÁÇ��Q³8%

B]TV�waXE	Öe{Q³VÑ/Ð�fFj	j	TV_*m¸W\[�MOCFE �YEUM O"_OW\�wTV�SGQaQGXM�m¸MOTV`\`\EU_/RUT\aJGX�F_*TVMOGXWYK�{/BDC7EzdORUT\aQE�[¿T\RgM;W\_/GJdHMOC7Ey_*TVMOGXWnW\[
E$#lRUGXELKFRUGQELdD[iW\_AC7ELT¨��m  ST¨�\W\_"x;EUMOdA�1EUM���EUELKºIFTVMOThT\KFI ­ WYKNM;E	��TV_*aQW7{?BDCFE(E$#lRUGXELKFRgmn[iW\_ACFELTL�em  STL�\W\_
jzELT\dOf7_*ELIhGQKqIFTVMOTyGQd�dOC7W���KZC7EU_OE\{>BDC7EHj	GQdOMOTV`�_^TVM;EHRgW\_*_OELd;c@WYKFIFd�M;WyMOC7EAE$#hRUGXELKFRgmlW\[�MOCFGQd�MOTV`\`\EU_D[«W\_
aQGX`YC�M  STL�\W\_"xªEUMOdU{

��C7EU_OE\uF¯
�
° GQdoMOCFE�j	TV`YKFGXMOfSI7E¦W\[�MOC7E(M;_*T\KFdO�\EU_*d;E(ELK7EU_*`\mZRgWYK�MOT\GQK7ELIbGQKnELT\R^CbRUT\aXW\_^GQjzEUM;EU_DM;W���EU_���T\KSI�� � GQdAMOC7E/IFGQ_OELRgMOGXWYKbW\[>MOC7E/M;W���EU_(GJK¸MOC7E�cSaQT\K7E/M;_*T\KFd;�\EU_^d;E/M;WqMOC7E��@ELT\j�IFGQ_OELRgMOGXWYK9{D© ["GQd;WYaJTVM;ELIbCFGQ`YC�§

ÊF°�j�f7WYKFd(TV_OEl[«WYfFKSIÀGQK�MOC7E	EU�\ELK�MUu�MOC7E �¯o° GQd(RgW\_O_OELRgM;ELIË��m}dOfF�FM;_*T\RgMOGQK7`nMOCFElj/fFWYK}ELK7EU_O`\m}GQK}MOCFE
RUT\aXW\_*GQj	EUM;EU_-T\KFI	T\IFISGQK7`HMOC7E�j�f7WYKHÊ ° �wT\ROÉzM;W(MOC7E��\ELRgM;W\_?dOfSjn{]|�C7ELK3x;EUMOd-TV_*E�RgW\_O_OELRgM;ELIh��m�`\ELK7EU_*GJR
RgW\_O_OELRgMOGXWYK�uFMOC7E �¯ ° j/fFdOMDT\aQd;Wz�@E(RgW\_O_OELRgM;ELIbd;W	MOCFTVMDMOCFE¦ELK7EU_O`\mnGQKZMOC7E�RUT\aQW\_*GQjzEUM;EU_D�wT\aQT\KFRgE\{

� Ç



P1

P2

Π= P1  P2

1

1

track probability

tr
a
c
k
 p

ro
b
a
b
il
it
y

"�GX`Yf7_*EAÖe{*)eÑ �3EUPSKFGXMOGXWYKyW\[ex;EUM"cF_*W\�STV�SGQaQGQM�m�[iW\_�T�xªEUM���CFGQR^CzCFT\d"M���W�`\W�W�Il~efFT\aQGQM�m�M;_*T\ROÉ�d-�AGXMOCzc@WYdOGXMOGX�\E
dOGQ`YK7ELI�GQjzcST\RgM3cSTV_*T\jzEUM;EU_^d¦GQK�GXMU{ "7W\_(TZRUT\d;Ez��C7EU_*E/MOC7EyM;_*T\R*Éed�CFTL�\EyM;_*T\R*ÉbcF_*W\�STV�SGQaQGQMOGXELd�T\dHdOC7W���K
GQKZMOCFE�I7W\MUuFMOC7E?x;EUMDcF_*W\�STV�SGQaQGQM�mlGQd�I7EUPSK7ELInT\doMOCFE�dOCFT\I7ELInTV_*ELT�{
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�'*) �#=?.@=���=��Â,����
BDCFE�_OELd*fFaXMOd]_OEUc@W\_OM;ELIyC7EU_OE�TV_OE��ST\d;ELI�WYK�MOC7E?ISTVMOTA�ACFGQR*C/�?EU_OE�_OELRgW\_*I7ELI��em(MOC7E�����"pI7EUM;ELRgM;W\_�IFf7_*GQKF`
MOC7E3c@EU_*GXW�I ­ TV_*R*CnÅVÇ\ÇYÅ/§ ½ f7`YfFdOM�ÅVÇ\ÇYÖeu7��CFELK	MOC7EHTL�\EU_*TV`\E(GJKFd;MOT\K�MOT\K7EUWYfFd?B�EU�VTVM;_OWYKZaQfFj	GJK7WYdOGXM�m/��T\d
� Å(�ÝÇ B ³UÇ 1 � RUj 4 � d 4�� {�B�C7E"CFGX`YC7ELdOM9_OELRgW\_*I7ELI/aQfFj	GQKFWYdOGXM�mAIFf7_*GQKF`?MOCSGQd9c@EU_*GXW�IH�?T\d � � Å B ³UÇ 1 � RUj 4 � d 4�� {ÈHfF_/T\KFT\aXm�dOGQd([if7_*MOC7EU_�_OEL~efFGX_*EzMOCFTVM/MOCFElIFTVMOTb�?T\d/MOTVÉ\ELK���GXMOC}`\WeWeI²W\c@EU_*TVMOGXWYK²RgWYKFIFGXMOGXWYKËW\[A�DÈHB¦u
RUT\aXW\_^GQjzEUM;EU_AT\KSI¸j/fFWYKpI7EUM;ELRgM;W\_*dL{?BDCFE¦M;W\MOT\a�GQK�M;EU`\_*TVM;ELIºaQfFj	GQKFWYdOGXM�ml[«W\_AMOCFGQd�c@EU_*GXW�InGQd(³8%\Ö¦Ê � 4�� uSW\[
��CSGQR*C¸³8)\ÅoÊ � 4�� CFT\d>`\WeWeIhdOGQaQGJRgWYK/M;_^T\ROÉ�GQK7`�T\aXWYKF`(��GXMOCz`\WeW�IzELaXELRgM;_OWYKhT\KFIh� ­�� O�j�f7WYKz_OELRgWYKFdOM;_*fFRt§
MOGXWYK�{��Hf7EyM;WnMOC7EzaQTV_O`\EzK7WYGQd;EyGQKbMOC7El� ­�� j�f7WYK}R*CFT\j/�@EU_*dHGQKºMOC7EzRgWYj	j	GQd*dOGXWYKFGQKF`	c@EU_*GXW�IpW\[	��fFK
©O©tu��?EnIFGQI²K7W\M/fFdOEhMOC7EqEU�\ELK�MOdy��GXMOC�� ­�� j�f7WYK�RUT\KFIFGQISTVM;ELd�GJKÀMOC7EZRgW\_O_OELd;c@WYKFISGQK7`¸c@EU_*GXW�I�¬¿fFK�MOGQa
j	GJIFIFaXE ½ f7`YfFdOM?ÅVÇ\ÇYÅ ® { Ò,"7W\_A� ­�� j/fFWYKl_OELRgWYKSd;M;_*fFRgMOGXWYK�u�MOC7EHRgW\_O_OELdOc1WYKSIFGQK7`�GJKNM;EU`\_*TVM;ELIZaQfSj	GQK7WYdOGQM�m
GQd�³¨×VÞycF� 4�� uFT\jzWYK7`l��CFGQR^C}³LÞVÇ	cF� 4�� CFT\IZ`\WeW�IpdOGQaJGQRgWYKqW\c1EU_^TVMOGXWYK¸RgWYKFIFGQMOGXWYKFdU{
ÈHf7_DT\KFT\aXm�dOGQdoT\GJj	d�M;W	_OELRgWYKFdOM;_*fFRgMDMOC7E�M;W\cp~�fSTV_OÉqjlT\dOdDGQKZMOC7E�[«WYaQaQW¨��GQKF`�cwCNm�dOGQRUd�cF_*WeRgELdOdL{

Ê sÊ�� r sr9v�� � k �Uk s ��v�� ��!#"%$ s$'& � s�"v(� ¬ � {Q³ ®
BDCFE�j	WYd;M�E$#lRUGXELK�M���TLm�M;W¦_OELIFfSRgE�MOC7EoCef7`\EoT\jzWYfFK�M>W\[S�ST\R*É�`\_*WYfFKFI�EU�\ELKNMOd�T\KFIyj	TVÉ\EDf7czT\KyT\KFT\aXm�dOGQd
IFTVMOT�dOT\jzcSaXE�W\[@dOfFGXMOTV�waXE?d*GX¥UEDGQd�M;W�GQIFELKNMOGX[im(MOC7EDaQEUcFM;WYK¸¬iELaXELRgM;_OWYKlW\_-j/fFWYK ® ��GXMOCyCFGX`YC���°"{>BDC7EU_OEU[iW\_OE\u
�?E�d;MOTV_OM���GXMOCZMOC7E¦EU�\ELK�MOdD��GQMOCZELGXMOC7EU_�CFGQ`YCn¯o°ÀELaXELRgM;_OWYK¸W\_�CFGX`YC,��°²j�f7WYKnGQI7ELK�MOGXPFELInGQKqMOC7E�M;_*GX`\`\EU_
d;m�d;M;ELjÆW\[]MOC7Ey����"�I7EUM;ELRgM;W\_L{
½ dAI7ELdORg_*GX�@ELIncS_OEU�eGQWYfFdOaXm\uFMOCFEy����"�ELjzcwaXW¨m�dATlMOC7_OEUE�aXEU�\ELa�M;_^GX`\`\EU_3dOmed;M;ELj�[iW\_ACFGX`YCbjzWYjzELK�MOfFj

ELaXELRgM;_*WYKFd	T\KFI j�f7WYKFdzT\KST\aXmed*GQd�[«W\_	MOCFEncF_*GQj	TV_*mËIFTVMOTÀd;EUMOdL{ÁB�C7EnPF_*d;MyM���WÀM;_^GX`\`\EU_*dp¬ � EU�\ELa(³nT\KFI
� EU�\ELa�Å ® TV_OEyCFTV_*IF�?TV_OE��ST\d;ELIbWYKFaQGJK7E(M;_*GX`\`\EU_^d3T\KSIpMOC7E�MOCFGX_^I²¬ � EU�\ELa>Ö ® _*fFKSdDW\¾lGQKFE�WYK�ThRgWYj	cSf7M;EU_
[¿TV_*jn{ "7W\_¦ELaQELRgM;_OWYK}RUT\KFIFGQISTVM;ELdUu@MOC7EzaXEU�\ELa�³/M;_^GX`\`\EU_H_OEL~�fSGX_OELd3ThM;_^T\ROÉº��GXMOClÊ ° ÃÌ´Yµ3EU¶�ÍÏÎ�j	TVMOR^C7ELI
M;W�T\K � ­ RUT\aXW\_^GQjzEUM;EU_hRgELaJao��GXMOC�¯D°�Ã$´Yµ3EU¶ÂT\KSI MOC7E¸_^TVMOGXWÀW\[HMOC7EpCFT\IF_OWYKFGQRZRgELaQa��1ELCSGQKFIÁGXMzM;W
ELaXELRgM;_*WYj	TV`YK7EUMOGQRHELK7EU_*`\m@¬¿¯AØLÙ*ÚVÍÏ¯�Û�Ü ® aXELdOd?MOCFT\KZÇ�{Q³LÅ\Þe{ ½ [«M;EU_DRUT\aQW\_*GQjzEUM;EU_oRUaQfFdOM;EU_*GQK7`�GQd-c@EU_O[iW\_*jzELIqTVM
aXEU�\ELa�Åeu>GXM�_*EL~�fFGQ_OELd�TpM;_*T\ROÉÀ�AGXMOCnÊF° Ã#´Yµ3EU¶�ÍÏÎlj	TVMOR*C7ELI�M;W�T\K � ­ RUaQfFd;M;EU_/��GXMOC²¯o° Ã�³8)Yµ3EU¶	{
½ MlaQEU�\ELaDÖeu-ELaXELRgM;_OWYK�RUaJfFd;M;EU_	GQd�_OELRgWYKFdOM;_*fFRgM;ELI fFd*GQK7`bRUT\aJGX�F_*TVMOGXWYKÁRgWYKFdOMOT\KNMOdUu�T\KFI�¯D°Ä± ³L´Yµ3EU¶ GQd

� Ö



_OEL~efFGX_OELI9{L"7W\_Dj�f7WYKZRUT\KFIFGQISTVM;ELdUueT�M;_*T\R*Él��GQMOC(ÊF°ËÃ ´Yµ3EU¶�Í\Î3j	TVMOR*C7ELIZM;Wzj�f7WYKZd;MOf7�Sd?GQKhMOC7EHj/f7WYK
R*CFT\j/�@EU_3� ­�� u@� ­ O�uST\KSIb� ­�� GQdD_OEL~�fSGX_OELIqMOC7_OWYf7`YCpaXEU�\ELa"³¦M;WlaQEU�\ELa�Åe{ ½ KFInMOC7ELK¸aQEU�\ELa�ÖyM;_*GX`\`\EU_
_OEL~efFGX_OELdHT�ÊF°�ÃÄ³L´Yµ3EU¶�ÍÏÎyM;_^T\ROÉ1{�|}EhfFd;EyMOC7E	IFTVMOT\d;EUM�cST\dOdOGQKF`hMOC7_*WYf7`YC�MOC7EyM;_*GX`\`\EU_(_*EL~�fFGQ_OELjzELK�MOd
I7ELdORg_*GQ�1ELIZTV�@W¨�\E/T\dDWYf7_�ISTVMOT	dOT\jzcSaQE\{


/' � � 0A23. � � = � �*0 �1=��Â,���� �
BDC7Epd*GQj/fSaQTVMOGXWYK�W\[Hr srzEU�\ELKNMOdq_OELaQGQELd	j	T\GQKFaQm²WYK MOC7E K � ��| ©OµÂ��)e{ Þ Ô � )ÏÕ3T\KFI O � B KA© ½ � )e{ Å Ô � ×ÏÕ
­ WYK�M;Ey�oTV_*aXWzcF_OW\`\_^T\j ��CFGJR*CZELjzcSaQW¨mnaXELT\IFGQKF`zW\_*I7EU_��(� � j	TVM;_*G ÒZELaXELjzELK�MOdD[iW\_�MOC7E/CFTV_*IZcF_OW�RgELdOd�u
[«WYaJaXW¨�?ELIZ��mhcSTV_OM;WYKndOCFW¨�?EU_*GQK7`yM;W	dOGQj�fFaQTVM;E3`YaQf7WYKZ_^T\IFGQTVMOGXWYKZT\KFIq[i_*TV`YjzELK�MOTVMOGXWYK¸��GQMOClMOC7E/�oB ���¦Þ �
Ô � ´ÏÕ�cwTV_OM;WYKËIFGJd;M;_*GX�SfFMOGXWYKº[ifFKSRgMOGXWYKFdU{ "7W\_yC7ELTL�em  ST¨�\W\_Dx;EUMOdUu�MOC7EhIFELRUTLmÀT\aX`\W\_*GQMOCFj����H��%e{Q³hGQd�fFdOELI
M;WÀcF_OW��eGJI7EZcF_OW\c@EU_	jzW�I7ELaQGQK7`�W\[ ��T\KFI ��CST\I7_OWYK�I7ELRUT¨medU{ BDC7E ½ � O�µ � ��cF_OW\`\_^T\j Ô � %ÏÕ�u?��CFGQR^C
`\ELK7EU_*TVM;ELdoCFGQ`YChj�fFaXMOGXcwaQGQRUGXM�m/cSTV_*M;WYKhPwKFT\aSd;MOTVM;ELdofSdOGQK7`/EgÒ�T\RgMoaXELT\IFGJK7`V§�W\_*I7EU_�j	TVM;_*G Ò	ELaQELjzELKNMOdoGJd�fFdOELI
GQK	WYfF_�dOMOfFI7mzW\[��ST\R*É�`\_*WYfFKFIFd�GQKhMOC7E3�7§�MOTV`\`\ELI¸dOT\jzcwaXE\{>BDC7E�cwTV_OM;WYKZaXEU�\ELa1EU�\ELKNMOdoTV_OEHMOC7ELKqcST\d*d;ELIlM;W
K�����| ©;µ T\KFI���� [iW\_D[i_*TV`YjzELK�MOTVMOGXWYKpT\KSI���I7ELRUTLm\{
BDC7E�����"¸©O©9I7EUM;ELRgM;W\_"dOGJj/fFaJTVMOGXWYK¦_OEUcF_*WeIFfSRgELd�MOC7E?_OELd;c@WYKFd;E-W\[7MOC7E?IFEUM;ELRgM;W\_>M;W�cSTV_OMOGJRUaXELd�cS_OWeISfFRgELI

GQK�Ê sÊ�RgWYaQaQGQdOGQWYKFdU{"B]_*T\ROÉ�GQK7`	W\[�cSTV_*MOGQRUaXELdoMOC7_*WYf7`YC¸j	TVM;M;EU_HGQdoc@EU_O[iW\_*jzELIn�AGXMOCbµ � ½ �3B�Ö Ô ÞVÇVÕ�{D��CFTV_*`\E
I7EUc@WYdOGXMOGXWYKnGJKnMOC7E�dOGJaQGQRgWYK¸I7EUM;ELRgM;W\_^dAGQd�RUT\aQRUfFaQTVM;ELIºfFdOGQKF`yThdOT\jzcSaQE(`\EUWYjzEUM;_*GQRUT\a�jzW�I7ELa9�ST\dOELI¸WYK¸MOCFE
cSTVMOCzaXELK7`\MOCyW\[1MOC7EoGXWYKFGQ¥LGQK7`3cSTV_OMOGQRUaXEoT\KFIyT\K	fSK7_OELd;M;_*GJRgM;ELI � T\KFIFT\fzIFGJd;M;_*GX�SfFMOGXWYK9{�BDC7EoI7_^GX[«M�jzW�I7ELae[«W\_
MOC7E/�DÈHBÌfFd;ELdoMOC7Eyµ ½ ��"�© � � � cST\R*ÉÏTV`\E Ô Å\ÖÏÕ�uF��GQMOCZMOC7E�I7EU[¿T\fFaXMocSTV_^T\jzEUM;EU_*dDMOfSK7ELIZM;Whj	TVMOR^Cº�DÈ¦B
IFTVMOT�{¸BDC7EhRUT\aXW\_*GQjzEUM;EU_ydOGQj�fFaQTVMOGQWYKÀfFd;ELd�MOC7EZµ�" � ½ Ð�K Ô Þ�³UÕ�cSTV_*T\j	EUM;EU_*GX¥LTVMOGXWYK²cST\ROÉVTV`\EnGQK�M;EU_O[iT\RgELI
��GXMOC}µ � ½ �3B�Öe{(BDC7E	µ�" � ½ Ð�K cSTV_^T\jzEUM;EU_*d¦TV_OEyMOfFK7ELIbM;WZM;ELd;MH�@ELT\j�ISTVMOTh[iW\_HELaXELRgM;_OWYKFd¦T\KSIbCFGQ`YC
ÊF° cSGXWYKSdUu]T\KFIÀMOC7EUm}TV_OEhR^C7ELROÉ\ELI��em�RgWYj	cSTV_*GQK7`nMOCFEhRUT\aXW\_*GJjzEUM;EU_�ELK7EU_*`\mºW\[oGQdOWYaQTVM;ELIÀM;_*T\R*Éed�GQK}MOCFE
RgWYaQaQGQd*GXWYKZIFTVMOTzM;W	MOC7ELGQ_DjzWYjzELK�MOTlT\dDjzELT\d*f7_OELI¸GQKZMOCFE��DÈHB¦{


/'ª& � �!�-23. � � ���"<�.@8*0A2
B�Wl_OELRgWYKFd;M;_*fSRgM�MOC7E(M;W\c�j	T\dOdAGQKnELT\R^CpEU�\ELK�MUuw�?E�_*ELRgWYKFd;M;_*fFRgMAT\KFIpGQIFELKNMOGX[imhT\aJa�PSKFT\a@cwTV_OMOGQRUaXELd�W\[�MOCFE
M;W\cZcST\GX_�I7ELRUTLmqGQK���~�K�{o¬ � {Q³ ® {�© KhMOCFGQd?d;ELRgMOGXWYK�ue�?E¦I7ELdORg_*GQ�1E�MOC7E¦d;ELaXELRgMOGXWYKZRg_*GXM;EU_^GQT(��CSGQR*Ch��EHTVcFcSaJGXELI
W\¾lGQK7EHM;WlGJI7ELKNMOGQ[«mhMOC7E�aXEUcFM;WYK1v-xªEUMOdDEU�\ELKNMOdU{
ÈHf7_lEU�\ELKNMnd;ELaXELRgMOGQWYK GQdhI7ELRUGQI7ELI M;W²É\EUEUc�MOC7EºRgWYKFdOGQd;M;ELKSRgm���GXMOC�W\MOC7EU_nCFGQ`YC�ÊF° aQEUcFM;WYK v�xªEUMOd

T\KFT\aXm�d;ELd	GQK ����" Ô Þ\ÅVÕ�{�|}Eb_OEL~efFGX_OEnELGXMOCFEU_lWYK7EpGJd;WYaQTVM;ELI�ELaXELRgM;_*WYK�W\_qGQd;WYaQTVM;ELI j�f7WYK RUTVcFMOf7_OELI GJK
��� ­ uw� ­�� O�W\_3� ­�� I7EUM;ELRgM;W\_L{�Ð�WzMOC7E�RgW¨�\EU_^TV`\E/W\[�MOC7E�aXEUcSM;WYKnGQI7ELK�MOGXPSRUTVMOGXWYKFdoGJKZMOCFGQdoT\KFT\aXm�dOGQdoGJd
Ñ/¹ »9¹	� ³=�Q³/[iW\_HMOC7E�ELaXELRgM;_OWYK9u-¹ »�¹
�·³=�ÝÇZT\KFIp[iW\_¦j/fFWYK9{ ��aXELRgM;_OWYKºGQdA_OEL~�fSGX_OELIbM;WqCFT¨�\EzT � ­ RUaQfFdOM;EU_
��GXMOC²¯o° ±�ÅVÇ}µ3EU¶zu"T\KFI�j/f7WYK�GQd�_OEL~�fSGX_OELIÀM;W�CFT¨�\EZTbM;_*T\R*ÉÀ��GXMOC ��° ±ÓÅVÇ}µ3EU¶/ÍÏÎ � {���aXELRgM;_OWYKFd
W\_*GX`YGQKSTVMOGQK7`º[«_OWYj RgWYK��\EU_*dOGQWYK�T\KFI�j/fFWYKFdyW\[3RgWYd*j	GQRq_*TLm�d	TV_OEn�\EUM;WeELI GQKÁMOCFEZGJI7ELKNMOGQPSRUTVMOGXWYK�W\[AMOCFE
aXEUcFM;WYK9{²BDC7EZI7EUMOT\GQaQd�W\[�MOCFEn_OEL~�fSGX_OELjzELK�MOdyTV_OEnI7ELdORg_*GX�@ELI�GQK�MOC7EZcF_OEU��GXWYfFd�R*CFTVcSM;EU_L{²BDCFEqcS_*GQj	TV_Om
�\EU_OM;EgÒÀW\[�MOC7E	EU�\ELK�MUu���CFGQR^CÀGQd(I7EUPwK7ELI}�emºMOCFElRUaXWYd;ELd;M�TVcFcF_OWYT\R^CÀW\[�MOC7E	M;_^T\ROÉËT\dOdOWeRUGQTVM;ELIË��GXMOC}MOCFE

�\�



cF_^GQj	TV_OmpaQEUcFM;WYK�M;WnMOC7Ez�@ELT\j$aQGQK7E\u9j�fFd;MH�@Ey��GXMOCFGQK )VÇnRUj$[i_OWYj MOC7EzRgELK�M;EU_�W\[?MOC7El����" IFEUM;ELRgM;W\_L{
|}E3_OE x;ELRgM-EU�\ELK�MOd��AC7EU_OE�T\K7W\MOCFEU_?aXEUcSM;WYKlGQd"GJI7ELKNMOGQPFELIzM;W/CSTL�\E���°?¬¿¯D° ® ±�ÅVÇ�µHEU¶�GQKzW\_^I7EU_-M;W/_OELIFfFRgE
�ST\R*É�`\_*WYfFKFI�RgWYj	GQK7`¸[i_OWYj�EU�\ELKNMOd���CFEU_OE	M��?Wº`YT\f7`\Eh�@WYd;WYKSd�TV_OEqRg_OELTVM;ELIÁGQKZÊ sÊÁRgWYaQaQGQdOGQWYK}T\KFIË�@W\MOC
I7ELRUT¨m CFT\I7_OWYKSGQRUT\aQaXmÀW\_lr sr�EU�\ELKNMOdqI7ELRUT¨meGQKF`ËGQK�M;WÀIFGQaXEUcFM;WYK�R^CFT\KFK7ELa�{�|}EbT\aQd;W}_*E xªELRgMhEU�\ELKNMOdl��C7EU_OE
GQdOWYaQTVM;ELI�ELaXELRgM;_OWYKSdy��GXMOC�¯o°Ó±ÆÅVÇ²µ3EU¶$TV_OEn[iWYfFKFI�GQK�MOC7EncwaQf7`�RUT\aXW\_*GQjzEUM;EU_l�1ELd*GQI7ELd�MOC7EncF_*GJj	TV_Om
aXEUcSM;WYK9{�|}ED_OEL~efFGX_OEoMOC7EoEU�\ELK�M-M;W/CFTL�\E3j	GQdOdOGJK7`3¯D°�¬ �¯o°Ë± ÅVÇNµ3EU¶ ® { �"�\ELK�MOd-TV_*ED_OE x;ELRgM;ELIlT\d � �@WYd;WYK
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Events that pass kinematical cuts

Has SECVTX tag jet ?

Has second tag jet ?

2tag chi2< 9 ?

60 < m_jj < 100 ?

1tag chi2 < 9 ?

yes

yes

yes

yes

no

no

no

yes

2tag
sample

1tag
sample

0tag
sample

no

SECVTX or JP

0 tag chi2 < 9 ?

yes

"�GQ`Yf7_OE � {Q³VÑ�Ð7f7�9IFGX��GQIFGQK7`¦MOCFE�IFTVMOT	dOT\j	cSaXE\{
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X (cm)
-0.6 -0.4 -0.2 -0 0.2

Y
 (

cm
)

0

0.2

0.4

0.6

0.8

I.P.

 = 2.1 mm
xyL

 = 2.7 mm
xyL

MET 42.2 GeV

Electron 52.7 GeV

Jet1 82.9 GeV

Jet2 65.6 GeV

Jet3 35.4 GeV

CDF II Preliminary
Secondary VertexHT = 292 GeV
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|}ElR*CFW�WYd;EhMOC7E	_OELRgWYKSd;M;_*fFRgMOGXWYKËdOTVMOGQd;[imeGJK7`ZMOCFGQd(RgWYKFd*GQd;M;ELKFRgm}RUf7M¦MOCFTVM/`YGX�\ELd(MOCFE	dOj	T\aQaXELdOM � � T\d(MOCFE
";d;EUELj	GQKF`YaXm¸RgW\_O_OELRgM $q_OELRgWYKFdOM;_*fFRgMOGXWYK9{3|}EzIFGQdORUTV_^I¸EU�\ELK�MOd¦��GXMOC � � ±�%lT\dHaQGQÉ\ELaXmnM;Wh�@E/�ST\ROÉe`\_OWYfFKFI
EU�\ELKNMOdL{
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"�GX`Yf7_OEnÞe{ ÅeÑ �HGQdOM;_*GX�Sf7MOGQWYKÀW\[ � � GQKÁÇºMOTV`}dOT\jzcSaQE\u>�1EU[iW\_OEZMOC7E � � RUf7My[«W\_yr sr ­ WYKNM;Eº�oTV_*aXWpEU�\ELK�MOdU{
�HGQd;M;_*GX�wf7MOGXWYKFd�[«W\_ARgW\_O_OELRgMAT\KSIn�D_OWYK7`	RgWYj/�SGQKSTVMOGXWYKFdoTV_OE�T\aJd;W	dOC7W���K9{
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"�GX`Yf7_OEnÞe{ ÖeÑ �HGQdOM;_*GX�Sf7MOGQWYKÀW\[ � � GQK�³qMOTV`}dOT\jzcSaQE\u>�1EU[iW\_OEZMOC7E � � RUf7My[«W\_yrtsr ­ WYKNM;Eº�oTV_*aXWpEU�\ELK�MOdU{
�HGQd;M;_*GX�wf7MOGXWYKFd�[«W\_ARgW\_O_OELRgMAT\KSIn�D_OWYK7`	RgWYj/�SGQKSTVMOGXWYKFdoTV_OE�T\aJd;W	dOC7W���K9{

"�GX`Yf7_OELd�Þe{ Åeu-Þe{ ÖºT\KFI²Þe{ � dOC7W��#MOC7EZIFGQdOM;_*GX�Sf7MOGQWYKFd3W\[oMOC7E ��Ån[iW\_�Ç�uD³hT\KFIÁÅnMOTV`}dOT\jzcSaQELd�GQK}rtsr
­ WYK�M;E���TV_^aXWzEU�\ELKNMOdL{��HGQd;M;_*GQ�Sf7MOGXWYKFd?[iW\_DEU�\ELK�MOd���CFEU_OE¦MOC7E(RgW\_O_OELRgMAW\_D�D_OWYKF`zcSTV_OM;WYK�§ x;EUM�T\dOdOGQ`YKFjzELK�M
�?T\d?R*CFWYd;ELKZTV_OE3T\aJd;W/dOCFW¨��K9{ "7W\_oT/RgWYjzcF_OELC7ELKSdOGX�\EAIFELdORg_*GXcFMOGQWYKzW\[�MOC7E3RUTVM;EU`\W\_*GX¥LTVMOGXWYKZW\[�RgW\_O_*ELRgM�T\KSI
�D_OWYK7`¸RgWYj/�SGQKSTVMOGXWYKFdUu�dOEUEqÐeELRgMOGXWYK�Þe{ � {l|}EhRUT\K²d;EUE	MOCFTVM�MOC7ElRgW\_O_OELRgM/RgWYj��SGJKFTVMOGXWYKÀCFT\d/T\aQjzWYd;M(KFW
ELKNM;_*mqTVMDMOCFE � � RUf7Mo�VT\aQf7E¦W\[ %euS�ACFGQaXE3MOCFGQdoRUf7M�_OE xªELRgMOdAd;WYjzE(EU�\ELK�MOdD�AGXMOCZ�D_OWYK7`z_*ELRgWYKFd;M;_*fFRgMOGQWYK9{
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"�GX`Yf7_*EZÞe{ � Ñ �HGQd;M;_*GQ�Sf7MOGXWYKËW\[ � � GQKÁÅpMOTV`Àd*T\jzcSaXE\u>�@EU[iW\_OEhMOCFE � � RUfFM�[iW\_yrtsr ­ WYK�M;Eb��TV_*aXWºEU�\ELK�MOdU{
�HGQd;M;_^GX�Sf7MOGXWYKSd�[iW\_�RgW\_O_*ELRgMAT\KFIZ�D_*WYK7`	RgWYj��wGQKFTVMOGXWYKFd�TV_OE�T\aQd;W	d*C7W¨��K�{

ÈHK7ElW\[AMOC7EZjzWYd;MyGQjzc@W\_OMOT\K�M�GQj	cST\RgMOd�W\[A_OEL~efFGX_*GQKF`nM��?W��O§�MOTV`\`\ELI�xªEUMOdyGQd/MOCFTVMy��EnRUT\K�_OELaQGJTV�SaXm
_OELRgWYKSd;M;_*fFRgM(MOCFEhk �@WYd;WYK�MOCFTVM(IFELRUTLm�d�CFT\I7_*WYKFGQRUT\aQaXm\{ ½ aQMOC7WYf7`YC}TnRgWYKFd;M;_^T\GQKNM¦WYKÀMOC7E	CFT\I7_OWYKSGQRyk
j	T\d*d"GQd�GQKFRUaQfSI7ELI/GJK/MOCFE � � I7EUPSKFGQMOGXWYK/T\KSIzGXM>GQd>T\d>dOCFTV_Oc	T\d 	 �#��C7ELKyWYK7EDaQW�W\É�d>TVM>MOC7EoWYf7M;cSfFM�W\[1MOC7E
­ © � � © B�PFM;M;EU_LuN��E?[ifF_OMOC7EU_�RgWYKFd;M;_*T\GQKyGXM�TVM�MOC7E�PSKFT\aNdOMOTV`\EoW\[FWYf7_�EU�\ELKNM"dOELaXELRgMOGXWYK�[«W\_"Å�MOTV`(dOT\jzcSaQE-�em
_OEL~efFGX_^GQK7`?)VÇzµ3EU¶�ÍÏR � � � � � �¡³UÇ\Ç	µ3EU¶�ÍÏR � ue��C7EU_OE � �	� GQd-MOCFEAGQK��ÏTV_^GQT\KNM�j	T\dOd�W\[9MOC7E�M���WzfFK�MOTV`\`\ELI
x;EUMOd�fFd*GQK7`qMOC7Ez�ÏTV_^GQTV�SaXELd¦TV[iM;EU_(MOC7E	TVcFcwaQGQRUTVMOGXWYKºW\[?`\ELK7EU_*GQRzT\KFI�M;W\cF§�d;c@ELRUGXPSRzRgW\_O_OELRgMOGQWYKFdl¬i|}ElTVcFcwaXm
`\ELK7EU_^GQR3x;EUM�RgW\_O_OELRgMOGXWYK²f7cÀM;WpaQEU�\ELa-ÞnGQK}MOCFEzEU�\ELKNM�_OELRgWYKFd;M;_^fFRgMOGXWYK9u�[iWYaQaXW���ELIË��mºMOC7ElRgW\_*_OELd;c@WYKFIFGQKF`
M;W\c7§�dOc1ELRUGQPSR¦RgW\_O_OELRgMOGXWYK ® {
© K¦MOCFE�IFTVMOT\d;EUM�fFd;ELI/GQK¦MOCFGQd�T\KFT\aXm�dOGQdUu�MOC7E-KefFj��@EU_�W\[FRUT\KSIFGQIFTVM;E"EU�\ELK�MOd�GQK¦ELT\R*CydOT\j	cSaXE"GQd9EgÒ�c@ELRgM;ELI

M;WZ�@E�dOj	T\aJa {�"Ff7_*MOC7EU_*jzW\_OE\u��\EUM�O"_OW\�wTV�SGQaQGXM�mZMOTV`\`YGQK7`ZGQK¸MOC7EzÅzMOTV`nRgWYKFISGXMOGXWYKpdOWYjzEUMOGQjzELd3j	TVÉ\ELdHMOC7E
_OELRgWYKSd;M;_*fFRgMOGXWYKq��GQMOClj	GQKSGQj/fSj � � ISG��1EU_*ELKNM��1EUM���EUELK}³3T\KFIZÅ(MOTV`�EU�\ELK�M?_*ELRgWYKFd;M;_*fFRgMOGQWYK9{"BDC7EU_OEU[iW\_OE\u
ÅqMOTV`nEU�\ELK�MOd([¿T\GQaQGQKF`lWYK7EyW\[ � � W\_ � �	�yRUf7MOd¦GJdA[iELI��ST\R*ÉbM;WZMOC7E¸³�MOTV`pdOT\j	cSaXE/§��?Ez_OEU[iEU_¦M;WnMOCFGQdHT\d
"ª_OELRgm�RUaQGQKF`/W\[�Å�MOTV`yEU�\ELKNM $/§>T\KFIhfSKFI7EU_O`\W/MOC7E � � RUf7M�TV`YT\GQKq��GXMOClWYKFaXmlÐ �?��¶3B � MOTV`\`YGJK7`�RgWYKSIFGXMOGXWYK
RgWYKFd*GQI7EU_OELI9{ �?myELKFTV�SaQGQKF`Hd*fFR*Cl_OELRgmeRUaJGQK7`7uYMOC7EAdOfFj W\[@MOC7E�KefFj/�@EU_*d�W\[@EU�\ELKNMOd?GQKn³�T\KSIlÅHMOTV`/d*T\jzcSaXELd
T\aX��TLm�d¦d;MOT¨mpMOC7EzdOT\jzE\u@_OEU`YTV_^IFaXELdOd3W\["MOC7EzRUf7M3WYK �\EUM O"_*W\�STV�SGQaQGQM�m\{�"FW\_¦MOC7EzÇhT\KFIÁ³/MOTV`\`\ELI}EU�\ELK�MOdUu
�?E�WYKFaQmqTVcFcwaXmhMOCFE � � � %zRUf7MAW\MOC7EU_�MOCFT\KpMOC7E�RUf7MOdAI7ELdORg_*GQ�1ELInGJK¸R*CFTVcSM;EU_ � uwT\KSIpI7WlKFW\M�TVcFcSaXmqMOC7E
� � �¦RUf7MU{

�¦'�
 � 
y= �9=o<�.�����8 �S.@8O< � 0��}. 

� ����� � �w=���,���� �
©ªK¸MOCFGJdDd;ELRgMOGXWYK9uw��E/cF_OELd;ELK�MD_OELd*fFaXMOdo[i_OWYj WYfF_ ­ WYKNM;E	��TV_*aXWhd;MOfFIFGXELd�RgWYKFRgEU_*KFGQKF`zWYf7_�EU�\ELK�M3dOELaXELRgMOGXWYK
RUf7MOd�T\KFIzWYf7_-EU�\ELKNM�_OELRgWYKFd;M;_*fSRgMOGXWYK9{ ½ aQa�MOCFED_OELdOfFaQMOd�cF_OELd;ELK�M;ELI	GQKzMOCSGQd>d;ELRgMOGXWYK	TV_*ED[«W\_ � ��Î �wr � Ç��ÝÇYÞe{

Þ\Þ



��� �"��� ¤����7���S�����Ì����
�� � �?£�� 
��S£��S�e�Y�����
Ð�fFj	jlTV_*GX¥UELI	GQKhB]TV�waXE3Þe{Q³3GQd"MOCFEAE$#lRUGQELKFRgmzW\[9ELT\R*CnRUf7MUue��GXMOClMOC7EAKefFj/�@EU_-W\[�rtsr�EU�\ELKNMOd�`\ELK7EU_^TVM;ELIh�em
MOC7E ­ WYK�M;E���TV_*aXW�`\ELK7EU_*TVM;W\_DT\d?MOC7EHI7ELK7WYj	GJKFTVM;W\_L{"BDC7EAE$#lRUGXELKFRgmhGQKFRUaQfFIFELd"MOC7E3E$#lRUGXELKFRUGQELd�W\[]T\aQaSMOCFE
cF_OELRgELI7ELK�MDRUf7MOdU{-|}E/fFd;ELIZMOCFE?K�����| ©;µ ­ WYK�M;Ey��TV_^aXWzEU�\ELKNMOdA`\ELK7EU_*TVM;ELIbT\dOdOfFjlGQK7`yM;W\cpj	T\dOd�M;W	�@E
³¨×VÞ¸µ3EU¶/ÍÏÎ � u�T\KFIºMOC7EzEU_O_*W\_*dHTV_OEz[«W\_¦MOCFE ­ WYK�M;Eq��TV_*aXWZd;MOTVMOGQdOMOGQRUdU{�©ªKºMOCFGQd3MOTV�SaXE\u�MOC7EzI7ELK7WYj	GQKSTVM;W\_
GQdoT\aX��TLm�dDMOC7E¦M;W\MOT\a]K�fSj��@EU_oW\[�`\ELK7EU_*TVM;ELI ­ WYK�M;Ey��TV_^aXWyr sr?EU�\ELKNMOdy¬iMOC7E(E$#hRUGXELKFRUGXELdDCFEU_OE(GQKFRUaQfSI7EAMOCFE
�F_*T\KFR^CFGQK7`�_*TVMOGQWÀW\[Hr sr � !]v � 
Ur�� ® { �J#lRUGXELKFRUGXELd	[«W\_hÅ}MOTV`²R*CST\KFK7ELaD�wf7Mz��GXMOC7WYfFM�MOCFEpfFd;E¸W\[&�YEUM
O"_OW\�wTV�SGQaQGXM�mpGQd¦T\aQdOW¸dOC7W¨�AK}[«W\_�_OEU[«EU_*ELKFRgEp¬ ÅpÐ ���?¶3B �¦® { ½ M(MOCFE "ªÉeGQKFELj	TVMOGQR $¸RUf7M(dOMOTV`\E\u]MOC7_*EUEHxªEUMOd
��GXMOCb¯o°�± ³LÞqµ3EU¶ÓT\KFIb[«WYf7_*MOCyx;EUMA��GQMOCp¯o° ±�´Zµ3EU¶#GQdA_OEL~efFGX_OELIpGQK¸_OELaJTVMOGXWYKpM;WqMOC7EDxªEUM3ELK7EU_O`YGXELdL{
BDC7E(¯ � MOCyx;EUM° ±�Å�³/µ3EU¶�Í\Î � RUf7M�[«W\_�Ç	MOTV`hdOT\jzcwaXE(GQdoTVcFcSaJGXELInTVMDMOC7E�"ªMOTV` $hd;MOTV`\E\{ �AfFj/�@EU_*doGQKnMOTV`7u
� � RgWYaQfSj	KFdo[iW\_�³(MOTV`qdOT\jzcSaQE(GQKFRUaQfFIFE3MOCFE(EU�\ELKNMOd3_OELRgm�RUaXELIp[«_OWYj MOC7E/ÅzMOTV`qdOT\jzcSaQE\{�B]W	�@E�K7W\M;ELIpGJd
MOCFTVM���E�`YT\GQK7ELIz´\Ö 7 T\IFISGXMOGXWYKFT\aNE$#lRUGXELKFRgm([iW\_"ÅAMOTV`Hd*T\jzcSaXE?��m/GQKFRUaQfFISGQK7` ���������
	���
������������ MOTV`\`YGQK7`
��C7EU_OE�MOC7E�MOC7_OELdOC7WYaJI � ��Î �wr�GJd>Ç�{ÝÇYÞe{-BDC7EoE$#lRUGQELKFRgm/W\[1WYf7_-RUfFM-GQd � ³ 7 [iW\_�ÅHMOTV`�dOT\jzcSaQE\{ ½ dOdOfFjlGQK7`rtsr � )(� × +.-0/ �4 -0/ � cS� Ô Þ\´ÏÕ�u>�?EZEgÒec@ELRgM�M;W}CFTL�\E � ³\³qr^sr(dOGQ`YKFT\a-EU�\ELK�MOdzTVMzT\KÁGQKNM;EU`\_^TVM;ELI�aJfFj	GQK7WYd*GXM�m�W\[³8)\ÅycF� 4�� GQKZMOCSGQdoR*CFT\KSK7ELa {

RUf7M ÇzMOTV`b¬ 7 ® ³¦MOTV`º¬ 7 ® ÅyMOTV`º¬ 7 ® Å	Ð ���?¶3B � ¬ 7 ®É�GQK7ELj	TVMOGQR ×�{Q³8% � Ç�{ÝÇ �
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� �	� � � Ç�{*%Y× � Ç�{ÝÇYÅ �

B]TV�waXE�Þe{Q³VÑ#BDCFE¦E$#lRUGXELKFRUGXELdDW\[�WYfF_DEU�\ELKNM3d;ELaXELRgMOGXWYK�{�ÐeEUE(M;EgÒ�MD[«W\_AI7EUMOT\GQaXELI¸IFELdORg_*GXcFMOGQWYK9{

��� �"��D 
��'G�� � ���z h� � �����"�1�\��¢N���9£��Z�@���LI�¢Y� G��-�
½ KFW\MOC7EU_qGJKNM;EU_OELdOMOGQK7`Ád;MOfFI7m��?WYfFaQI��1EbM;W�fFKFI7EU_*dOMOT\KFI MOC7Eº[i_*T\RgMOGXWYK W\[(rtsrzEU�\ELKNMOdnRgW\_O_*ELRgMOaXm _OELRgWYK�§
d;M;_*fFRgM;ELI�uAT\KFI M;W RgWYjzcSTV_*EºMOCFEº�@ELCFT¨�eGQW\_qW\[�MOC7E}RgW\_O_OELRgMOaXm _OELRgWYKFd;M;_^fFRgM;ELI�EU�\ELKNMOd¸M;W�EU�\ELK�MOdn��GQMOC
�D_OWYK7`b_OELRgWYKFd;M;_^fFRgMOGXWYK9{º© K�W\_*IFEU_/M;W}I7EUM;EU_*jlGQK7El�AC7EUMOC7EU_yT\K²EU�\ELK�M	GQd�RgW\_O_OELRgMOaXmË_OELRgWYKFd;M;_*fSRgM;ELI9u"�?E
j	TVMOR*C¸ELT\R*Cyx;EUMDfFd;ELInGJKZMOC7E¦EU�\ELKNM�_OELRgWYKFd;M;_*fSRgMOGXWYKnM;W	Tz~efFTV_OÉqcF_OW�IFfFRgELIZGQKqMOC7E(I7ELRUT¨mqW\[�MOC7E¦rtsr-cST\GQ_
��mº_OEL~efFGX_*GJK7` � �	¬ Ê�� �Vr�� � � � 
Ur ® � Ç�� � {h| CFELKÀK7WYK7EzW\[?MOC7E	[iWYf7_¦cSTV_OM;WYKSd(j	TVMOR*CËMOC7EHx;EUMUu�MOCFGJd�xªEUM�GJd
RgWYKFdOGQIFEU_OELI�M;WbRgWYjzEh[«_*WYj Tn`YaQf7WYKÀcF_OW�IFfFRgELI�MOC7_OWYfF`YCÀGQKFGXMOGJT\a]W\_/PSKFT\a �����Ó_*T\IFGQTVMOGXWYK�{	|}EhI7EUPwK7E
MOC7E ";RgW\_O_OELRgM $ZEU�\ELK�M¦_OELRgWYKFd;M;_*fSRgMOGXWYK�T\dHMOC7E�RUT\dOE	GQKp�ACFGQR*CbMOC7E�cSTV_OM;WYK�§ x;EUM¦T\dOdOGX`YKSjzELKNMHGQKbMOC7EyEU�\ELKNM
_OELRgWYKFd;M;_^fFRgMOGXWYK�GQd3RgWYKFdOGQd;M;ELK�MH��GXMOCbMOC7EyGQK7[iW\_*j	TVMOGXWYKbW\�FMOT\GQK7ELI�GQKbMOC7E�cSTV_OM;WYK�§ x;EUM¦j	TVMOR*CSGQK7`7{ ½ aQa�MOCFE
W\MOC7EU_(EU�\ELK�MOd�TV_OE	IFEUPSK7ELI}T\d¦��GQMOC "ª�D_OWYK7` $Z_OELRgWYKSd;M;_*fFRgMOGXWYK�{yB�C7ELd;EzEU�\ELK�MOd�TV_OE	T\aQdOW¸RUT\aQaXELI "ª�D_OWYKF`
RgWYj��wGQKFTVMOGXWYK%$qEU�\ELK�MOdUu�W\_�";RgWYj��SGJKFTVM;W\_*GQT\a>�wT\ROÉe`\_OWYfFKFI%$�{ �?m�I7EUPSKFGXMOGQWYK9u9T\aQa�MOC7EzEU�\ELKNMOd/��GXMOCº`YaQfFWYK
xªEUMOd�RgWYj	GQK7`	GQK¸MOC7E(aXELT\IFGQKF`�[iWYf7_�x;EUMOd�TV_*E(RUTVM;EU`\W\_*GX¥UELIºT\dD�D_OWYKF`	RgWYj��SGJKFTVMOGXWYK9{
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"�GX`Yf7_*E�Þe{ ÞeÑÄBDC7E¦GQK��ÏTV_^GQT\KNMoj	T\d*dDIFGQd;M;_^GX�Sf7MOGXWYKSd"W\[�M��?WHxªEUMOd�T\dOdOGX`YK7ELIZM;W	aJGX`YCNM  ST¨�\W\_�cSTV_*M;WYKFd���mqMOC7EM;W\cqj	T\dOd"_*ELRgWYKFd;M;_*fFRgMOGQWYK	jzW�IFfFaXEoGQK ­ WYKNM;E¦��TV_*aXW¦r sr�T\KFIhk � s �-EU�\ELK�MOdU{JK3GQd;M;W\`\_^T\j·[iW\_?k � s�?GQd-dORUT\aXELI�emnTy[iT\RgM;W\_3W\[�ÞVÇ	M;Wl�@EH�eGXEU��TV�SaXE\{ K3TVMOR*CFELIbTV_OELT\dAdOC7W��¡MOC7E(EU�\ELK�MOdAd*TVMOGQd;[imeGQKF`�MOCFE � �	�¦RUfFMU{

© aQaJfFd;M;_*TVM;ELI�GQK "�GX`Yf7_OE¸Þe{ Þ�GQd�MOC7E¸IFGJd;M;_*GX�SfFMOGXWYK}W\[3MOC7E � �	�q�VTV_*GQTV�SaQEh[iW\_	RgW\_O_OELRgMOaXm�T\KFIÁ�D_OWYKF`YaXm
_OELRgWYKSd;M;_*fFRgM;ELIpr^sr ­ WYK�M;Ey�oTV_*aXWzEU�\ELK�MOd�¬PK � ��| ©Oµ�u � � � ³¨×VÞZµHEU¶�ÍÏÎ � ® GQK¸ÅyMOTV`qdOT\jzcSaXE¦T\aXWYKF`	��GXMOC
MOC7E¸k � s �?v�Å^Ê � �Vr�� � ­ WYK�M;Ep��TV_*aXW¸EU�\ELK�MOdy`\ELK7EU_*TVM;ELI��em ½ � O?µ � ��{"k � s �zGQd(WYKFEhW\[oMOC7EZI7WYj	GJKFT\KNM
�ST\R*É�`\_*WYfFKFI�cF_OW�RgELdOd;ELdq[iW\_ZMOC7EÀÅÀMOTV` dOT\j	cSaXE\{ |}EÀdOC7W���MOCFEºEU�\ELK�MOd¸dOTVMOGJd;[«m�GQK7`²MOC7E � �	�ºRUf7MZ�em
CFTVMOR^C7ELIËTV_*ELT\dU{qB�C7EzE$#lRUGXELKFRUGQELd¦W\[�MOCFGQd¦RUf7M([iW\_(ELT\R^C²RUTVM;EU`\W\_OmËW\[�EU�\ELK�MOd/GJd(dOfFj	jlTV_*GX¥UELI}GQK}B�TV�SaXE
Þe{ Åe{ ½ aXMOC7WYf7`YCÁMOCFE � � I7EUPSKFGQMOGXWYK²GJKFRUaQfFI7ELd�T}RgWYKFd;M;_^T\GQKNMzWYK MOC7Enj	T\dOdzW\[3MOC7Ebk �1WYdOWYK�IFELRUTLm�GQK7`
CFT\IF_OWYKFGQRUT\aQaQmlGQKqMOC7E¦EU�\ELK�MUuFMOCFGQdoRUf7Mo�?W\_OÉ�d�M;W	MOGX`YC�M;ELKZMOC7E¦EU�\ELK�M�d;ELaXELRgMOGXWYKpT\KFInGQdod;MOGQaJaS�\EU_OmqE �@ELRgMOGX�\E
[iW\_�[¿f7_OMOC7EU_9_OELISfFRUGQK7`�MOC7E-RgWYj/�SGQKSTVM;W\_*GQT\aV�ST\R*É�`\_OWYfSKFI9{ �AW\M;E-MOCSTVM���E�fFd;E>MOC7E&"ªPFM;M;ELI $o[«WYfF_�jzWYjzELK�MOfFj
W\[FMOCFE�aQGX`YC�M  ST¨�\W\_wxªEUMOd�GQK(MOCFE � � I7EUPSKFGXMOGQWYK9u¨��CSGQaXE>MOCFGQd]RUf7M]fSd;ELd�MOC7E�";jzELT\dOfF_OELI%$�x;EUM�[iWYf7_�jzWYjzELK�MOfFjn{
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GQK�MOC7EnEU�\ELK�Mld;ELaQELRgMOGXWYK9{�ÞVÇ�� � ��Ç�� ´ 7 W\[AWYf7_lÅºMOTV`Àd*T\jzcSaXEnTV[iM;EU_	MOC7E � �	�ZRUfFM	TV_OEnMOC7EnRgW\_O_OELRgMOaXm
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I7ELRUTLmÁGQK�M;W�MOC7EnaXEUcFM;WYK v·xªEUMOdzj	WeI7E\{Ë© K�[¿T\RgMUu-�?En[if7_*MOC7EU_�ISGX�eGJI7ElMOC7EnRgWYj/�SGQKFTVM;W\_^GQT\a?�ST\ROÉe`\_OWYfFKFI
GQK�M;W(jzW\_OE�I7EUMOT\GJaXELI	RUTVM;EU`\W\_*GXELd�M;W/fSKFI7EU_*d;MOT\KSIyMOC7E�d;WYf7_^RgELd>W\[9RgWYj��SGJKFTVM;W\_*GQT\a7�wT\ROÉe`\_OWYfFKFIl�1EUM;M;EU_¨{�|}E
RgWYKFdOGQIFEU_oMOC7E¦[«WYaJaXW¨��GJK7`zRUTVM;EU`\W\_*GXELdA��mZMOC7E¦M�m�c@E(W\[�j	GQdª§�T\d*dOGX`YKFjzELK�MDGQKZMOC7E¦_*ELRgWYKFd;M;_*fFRgMOGQWYK � Ñ
T�{3�?W\_*_OELRgMD_OELRgWYKFdOM;_*fFRgMOGXWYK9{
��{DBDCFE(RUT\d;E���CFEU_OE¦MOC7E �*§ x;EUMD[«_*WYj�MOC7E�CFT\IF_OWYKFGQR3M;W\cbIFELRUTLm¸GQdoT\dOd*GX`YK7ELInM;WhMOC7E �*§�~�fFTV_*Éq[i_OWYj�MOCFE
aXEUcSM;WYKFGQR/M;W\cÀI7ELRUTLm\u�T\KSI �����������
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W\["k �1WYdOWYK¸TV_OE�T\dOd*GX`YK7ELIZM;W	MOC7E/RgW\_O_OELRgMDcSTV_*M;WYKFdU{
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RV{�BDC7E?RUT\d;E���C7EU_OE?Î*§ x;EUM�[«_OWYj MOC7E?CFT\I7_OWYKSGQR-I7ELRUT¨m�W\[wk �@WYd;WYK�GQd�T\dOdOGX`YKFELI�M;W3WYK7E?W\[FMOC7E��O§�~efFTV_OÉ�dU{
I�{3È3MOC7EU_?�D_OWYK7`�_OELRgWYKFdOM;_*fFRgMOGXWYKq��C7EU_*E3T\aQawMOC7EH[iWYf7_�cwTV_OM;WYKFd?W\[�MOC7E3rtsr-I7ELRUTLmqRgWYjzE(GQKhMOC7EHaXELT\IFGQK7`
[«WYfF_�xªEUMU{
E\{��"�\ELK�MOdD��CFEU_OE¦`YaQf7WYK�§ x;EUMOdDRgWYjzE/GQKNM;WlMOC7E¦[«WYfF_�aXELT\IFGQKF`�x;EUMOdU{
[ {��"�\ELK�MOdD��CFEU_OE¦MOC7E¦r sr�cST\GQ_DIFGQInK7W\M�IFELRUTLmnGQKZMOC7E�aQEUcFM;WYKbv�x;EUMOdDR*CST\KFK7ELa {

B�TV�SaXE/Þe{ ÖhdOfFjlj	TV_*GX¥UELdoMOCFE(c@EU_*RgELKNMOTV`\E�W\[�EU�\ELKNMOd3MOCFTVM3RgWYjzE/GJKNM;W	ELT\R^CºW\[�MOCFELd;E/RUTVM;EU`\W\_*GQELdA[iW\_�ELT\R^C
dOT\j	cSaXE\{��?ELdOGQIFELdDÇ�u�³(T\KFI¸ÅzMOTV`hdOT\jzcwaXELdUu7�?E(cF_OELd;ELK�Mo_OELdOfSaXMOd�[«W\_3d;EU�\EU_*T\a�ISG��1EU_*ELKNMoEU�\ELK�MARUTVM;EU`\W\_*GQELd
RgWYKFRgEU_^KFGQK7`zMOC7E�MOTV`\`YGQK7`lRgWYKFISGXMOGXWYKFdU{

T�{ ��{ RV{ I9{ E\{ [ {
RgW\_O_OELRgM  wGXcFc@ELI Î*§ x;EUM W\MOC7EU_ W\MOC7EU_

� M;W �D_OWYK7` �Y§�EU�\ELK�M I7ELRUT¨m M;W\MOT\a
RgWYj���{ T\dOdOGX`YK �*§�~efFTV_OÉ RgWYj/��{ jzW�I7ELd

ÅyMOTV` ÞVÇ�{ÝÇ ³ � {*% Åe{ Þ Þe{ × ³¨×�{ ´ %e{Q³ ÖY× � ×
³¦MOTV` Å\Öe{*% ×�{ Å ³LÅe{*% Þe{ � Ö\´e{ � ³LÅe{ Å ×=%\Ö\Ö
ÇzMOTV` Å�³V{ Þ ×�{ÝÇ ³8%e{*% ×�{ Å Ö � {*) %e{ ´ � %\Ö\Þ

Å�MOTV`l�@EU[iW\_OE � �	�(RUf7M �\� {*) ³LÖe{ Þ Öe{ � ×�{ÝÇ Å�³V{ Þ ³UÇ�{ÝÇ �\� ³UÇ
ÅlÐ �?��¶3B � MOTV` � ×�{ Ö ³ � {Q³ ³V{ � )e{*% ÅVÇ�{ Å ³UÇ�{Q³ ³8%Y×=%

K7WYK�§�_OELRgm�RUaXELIÀ³�Ð �?�?¶HB � MOTV` Å')e{ � ´e{ÝÇ ³LÖe{Q³ � { × Ö')e{ Å ³\³V{ × )\Ö\Þ')
_*ELRgmeRUaXELIË³/Ð �?��¶3B � MOTV` ³ � {Q³ Öe{ ´ ³LÅe{Q³ ´e{Q³ � ×�{ Þ ³ � { Þ ³LÞY×\×

B�TV�SaXE�Þe{ ÖeÑ?BDC7EHc@EU_*RgELKNMOTV`\Eq¬ 7 ® W\[�MOC7E¦EU�\ELKNMOd�MOCFTVM�RgWYjzE/GQKNM;WzELT\R^CpRUTVM;EU`\W\_OmnW\[�j	GQd;§�T\dOdOGX`YKFj	ELKNMoGQKMOC7EzEU�\ELK�M¦_OELRgWYKFdOM;_*fFRgMOGXWYK9{zÐeEUEyM;EgÒeM¦[iW\_¦MOC7EzI7EUPSKSGXMOGXWYKbW\[-MOC7EzRUTVM;EU`\W\_*GX¥LTVMOGQWYK9{zBDC7EydOfFj�W\[�MOCFEyd*G Ò
RUTVM;EU`\W\_*GQELd(GQd�³UÇ\Ç 7 u9T\KFIºMOC7E "ªM;W\MOT\a $qd*C7W¨��d3MOC7EyKefFj��@EU_3W\[ ­ WYKNM;El��TV_*aQWlEU�\ELK�MOd¦RgW\_O_OELd;c@WYKFIFGJK7`	M;W³UÇ\Ç 7 { �?ELdOGQI7ELd3Ç�u�³/T\KFIbÅlMOTV`ZdOT\jzcSaXELdLuS�?E/dOfFjlj	TV_*GX¥UE(MOCFE�_OELdOfSaXMOdD[iW\_HÅ	MOTV`qd*T\jzcSaXE(�AGXMOC7WYf7M � � �RUf7M¦T\KFI�ÅnÐ �?��¶3B � MOTV`¸d*T\jzcSaXE\{3|}EzT\aQd;WndOC7W�� _*ELdOfFaXMOdA[«W\_z³zÐ �?��¶3B � MOTV`Zd*T\jzcSaXE�IFGX��GQI7ELIpGJKNM;W
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|}E�RUT\K	_OEUM;_^GXEU�\E�d;EU�\EU_*T\awGQK�M;EU_OELd;MOGQK7`(RgWYKSRUaQfFdOGXWYKSd][i_OWYj MOCSGQd>MOTV�SaXE\{�© [w�?E�RgWYjzcwTV_OEDMOC7Eoc@EU_*RgELK�MOTV`\E
W\[A`YaQf7WYK�§�EU�\ELK�MOdn¬iE\{ ® [«W\_n³hMOTV`7u�ÅbMOTV`º�@EU[iW\_OE � � �qT\KFIÁÅ�Ð �?�?¶HB � MOTV`}dOT\jzcSaQELd � u>��End;EUEqMOCFTVM
MOGX`YC�M;ELKFGQKF`nMOC7E��*§�MOTV`\`YGQK7`ºRgWYKFIFGXMOGXWYK}CFELaXcSd¦GQK�_OELISfFRUGQK7`nMOC7E	RgWYj/�SGQKSTVM;W\_*GQT\a>�ST\R*É�`\_*WYfFKFIÀIFfFEzM;WpMOC7E
GQKSGXMOGQT\a1W\_�PSKST\a@`YaQf7WYKn_*T\ISGQTVMOGXWYK9{"|}E�RgWYKFdOGQIFEU_oMOCFGQdDGQd�IFf7E¦M;W	MOC7E/RUT\d;E���CFEU_OE¦MOC7E(MOGX`YC�M;ELK7ELIpMOTV`\`YGQK7`
RgWYKFISGXMOGXWYK²¬¿IFWYf7�SaXE �*§�MOTV`\`YGQKF` ® _OE x;ELRgMOd3MOC7E�EU�\ELK�M3��C7EU_OE/WYK7E�W\[>MOC7E��*§ xªEUMOdHGQdAK7W\MAGQKpMOC7E/aQELT\IFGQK7`	[iWYf7_
x;EUMOd��@ELRUT\fFdOE	T��Y§ x;EUM/RUT\jzEqGQK}GQKFdOM;ELT\I9{ZÐ�GJKFRgEz��EhCFTL�\EqK7WpR*CST\KFRgElW\[oRgW\_O_OELRgMOaQmº_*ELRgWYKFd;M;_*fFRgMOGJK7`¸MOC7E
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CDF Run II Preliminary Monte CarlotHERWIG t

Reconstructed Top Mass (GeV/c2)
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CDF Run II Preliminary Monte CarlotHERWIG t

Reconstructed Top Mass (GeV/c2)
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CDF Run II Preliminary Monte CarlotHERWIG t

Reconstructed Top Mass (GeV/c2)
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m

Entries  1871
Mean    162.6
RMS     25.59
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Entries  1871
Mean    162.6
RMS     25.59

2
 = 160 GeV/c

top
m

Entries  2013
Mean    168.7
RMS     26.88
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Entries  2013
Mean    168.7
RMS     26.88

2
 = 170 GeV/c

top
m

Entries  3696
Mean    172.5
RMS     25.74
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Entries  3696
Mean    172.5
RMS     25.74

2
 = 175 GeV/c

top
m

Entries  2148
Mean    177.2
RMS     27.15
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Entries  2148
Mean    177.2
RMS     27.15

2
 = 180 GeV/c

top
m

Entries  2213
Mean    184.2
RMS     27.75
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Entries  2213
Mean    184.2
RMS     27.75

2
 = 190 GeV/c

top
m

Entries  2247
Mean    190.5
RMS     27.79
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Entries  2247
Mean    190.5
RMS     27.79

2
 = 200 GeV/c

top
m

Entries  2284
Mean      199
RMS     30.96
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0.022

Entries  2284
Mean      199
RMS     30.96

2
 = 210 GeV/ctopm

Entries  2377
Mean    204.9
RMS     31.15
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Entries  2377
Mean    204.9
RMS     31.15

2
 = 220 GeV/ctopm

Entries  2342
Mean    213.5
RMS     32.22
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0.016
0.018

0.02
Entries  2342
Mean    213.5
RMS     32.22

2
 = 230 GeV/ctopm

"�GX`Yf7_*E )e{ ÖeÑ Ð�GX`YKFT\a�M;ELjzcSaQTVM;ELd"[«W\_>MOC7EDÅAMOTV`�dOT\j	cSaXE?[«W\_"GQKFcSf7M]jlT\dOd;ELd�[i_OWYj�³LÞVÇ�µ3EU¶�f7cyM;W�ÅVÇYÞ�µ3EU¶T\aXWYKF`	��GXMOCZMOC7E¦cwTV_*T\jzEUM;_*GX¥UELIpdOGX`YKFT\a�d*CFTVc@E3[¿fFKFRgMOGQWYKFdU{
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B]TV�waXE )e{Q³VÑ � cSTV_*T\jzEUM;EU_^dhW\�SMOT\GQK7ELI�GJK MOC7EºdOGX`YKFT\aoM;ELj	cSaQTVM;EºPFM;MOGQK7`À[iW\_qMOC7EbÇ ¬¿aXEU[«MqRgWYaQfFj	K ® u(³¬¿j	GQIFISaXE ® T\KSIpÅ¸¬i_*GX`YC�M ® MOTV`hd*T\jzcSaXELdU{

R*CFTVcSM;EU_L{�B�C7E?j	EUMOC7WeISd�W\[FMOCFE�ELd;MOGJj	TVMOGXWYK�TV_OEodOGQj	GQaJTV_��@EUM��?EUELKq³?T\KFIzÅ�MOTV`Hd*T\jzcSaXELdU{�BDC7E?ELd;MOGQj	TVMOGQWYK
[«W\_]MOC7E�ÇDMOTV`3dOT\j	cSaXE-GQd�RUT\aQRUfFaQTVM;ELI�GQK(TARgWYjzcSaXEUM;ELaXm¦IFGN�1EU_OELK�M���TLm\u\�@ELRUT\fFd;E-MOC7E�I7WYjlGQKFT\K�M9�ST\ROÉe`\_OWYfFKFI
cF_OW�RgELdOd;ELdDISG��1EU_o[i_OWYj�MOCFE¦MOTV`\`\ELIbdOT\j	cSaXELdU{
687�9;: k <>=@?�A;B�C 7�DE9EFHGI9KJML =@BON;=QPSRUT�VXW

ÈHf7_DEU�\ELK�M¦d;ELaXELRgMOGXWYKbT\GQj	dAM;Wl_OE x;ELRgM3EU�\ELKNMOd3��C7EU_*E/K7Wnk �1WYdOWYK¸EgÒ7GQd;MOdA��mZ_OEL~efFGX_*GJK7`	RUf7MOdAWYKbaXEUcSM;WYK
¯o°�¬P��° ® T\KFI}j	GQd*dOGQK7`q¯o°"{:K�W���EU�\EU_Lu�EU�\ELK�MOd¦��GXMOC�K7Wbk �1WYdOWYK�cF_OW�IFfFRgMOGXWYKºd;WYjzEUMOGQj	ELd¦cST\dOdHMOC7ELdOE
RUf7MOdU{>|}E(RUTVM;EU`\W\_*GQ¥UE¦MOC7ELd;EHEU�\ELKNMOd�T\d ";K7WYK�§ k $�cF_OW�RgELdOdU{>BDC7ELd;EHEU�\ELK�MOdoW\_*GX`YGJKFTVM;E3GJK �(� �¡cF_OW�RgELdOd;ELd
T\KFIn�?E/T\aQdOWlRUT\aQa�MOCFELj " �(���·�ST\ROÉe`\_OWYfFKFI $�{M"FW\_AEgÒ7T\jzcSaXE\uSELaXELRgM;_OWYKFdAcF_OW�IFfFRgELInGQKpcSC7W\M;WYKbRgWYKN�\EU_;§
dOGXWYKFd/W\_	aXEUcFM;WYKSd�Rg_*ELTVM;ELI�GQKÁd;ELj	G §�aXEUcSM;WYKFGQRlIFELRUTLm�dyW\[ZYÂCST\I7_OWYKFdyj	GX`YC�M��1EZGQI7ELK�MOGXPFELI�T\dzaXEUcFM;WYKSdU{
½ aJd;WnMOC7EU_OE	TV_OEhdOGXMOfFTVMOGXWYKSdH��C7EU_OE	CFT\IF_OWYKFd(TV_OE	jlGQdOGQI7ELK�MOGXPFELI�T\d(aQEUcFM;WYKFdU{ ½ M�MOC7EldOT\jzEzMOGJjzE\u]aQTV_*`\E
j	GQdOd*GQK7`H¯ ° RUT\KlWeRURUf7_?GQKzdOGXMOfSTVMOGXWYKFd>��CFEU_OE�xªEUMOd�TV_OE�j	GJdª§�jzELT\dOf7_*ELI9u\W\_-��CFELK	T¦c@W\_OMOGXWYKyW\[9T?x;EUM�aQT\KSIFd
GQKpTqRg_*T\R*Ép�@EUM��?EUELKºMOC7E/�?ELI7`\ELd3W\["MOC7EyRUT\aXW\_*GJjzEUM;EU_L{�"7W\_HMOC7E/ELdOMOGQj	TVMOGXWYKbW\["MOC7EyK�fSj��@EU_�W\[�K7WYK�§ k
�ST\ROÉe`\_OWYfFKSI9uN�?EDEgÒ7T\j	GQK7EDMOCFE��@ELCFTL��GXW\_*d"W\[ �¯D°ºT\KFIlaXEUcFM;WYKlGJd;WYaQTVMOGXWYKzW\[9MOCFE�aXEUcFM;WYKhRUT\KFIFGQIFTVM;E�EU�\ELKNMOd
GQK	IFTVMOT Ô Þ'%ÏÕ�{"BDC7E�ELd;MOGQj	TVMOGXWYKlW\[@MOCFGQd"�wT\ROÉe`\_OWYfFKFIl_OELaQGXELd>WYKlMOC7E�[¿T\RgM-MOCSTVM�MOC7EAGQd;WYaQTVMOGXWYK	W\[9MOC7EAaXEUcSM;WYK
T\KFI �¯D°²TV_OE�K7W\MDRgW\_*_OELaQTVM;ELIpGJK¸K7WYK�§ k cF_OW�RgELdOdo�ACFGQaXE3MOC7EUmnTV_OE�CFGQ`YCFaXmhRgW\_*_OELaQTVM;ELIpGJKZr^sr?EU�\ELKNMOdL{?BDCSGQd
[iT\RgMzT\aQaQW¨��d�fFd�M;W�EgÒeM;_*TVc@WYaQTVM;EqMOC7E �¯o°�d;c@ELRgM;_*fFj�W\[DMOC7E �(���ÆEU�\ELKNMOdzGQK²MOC7EnK7WYK�§�GJd;WYaQTVM;ELI²M;WºMOCFE
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GQdOWYaQTVM;ELIn_OEU`YGXWYK�{"|}E�RUT\aQa9MOCSGQdojzEUMOC7W�I ";GQd;WYaJTVMOGXWYKZ�ed �¯o°ËjzEUMOCFWeI%$�{

"�GX`Yf7_*E?)e{ � Ñ	��EU`YGXWYKFdDTV_OE/I7EUPSK7ELInGQKnaQEUcFM;WYK¸GQd;WYaJTVMOGXWYKZ�ed �¯o°ËcwaQT\K7E¦GQKZW\_*I7EU_�M;WlELd;MOGQjlTVM;E(MOC7E�K7WYK7§ k
�ST\R*É�`\_*WYfFKFI9{ ��EU`YGXWYK � GQd�MOCFE�dOGX`YKFT\a@_*EU`YGXWYK9{

BDC7E¦K�fSj��@EU_oW\[�EU�\ELKNMOd3GQKZMOC7E¦[iWYaQaXW���GQK7`y_OEU`YGQWYKFdDTV_OE(ELdOMOGQj	TVM;ELIn[iW\_�MOC7E(KFWYK�§ k �ST\ROÉe`\_OWYfFKFI�Ñ
� �DEU`YGXWYK���Ñ-aQEUcFM;WYK¸GQd;WYaJTVMOGXWYK}± Ç�� ÅzT\KFIpj	GQdOdOGJK7`�¯D° ��³LÞhµHEU¶z{
� �DEU`YGXWYK8YhÑ"aQEUcFM;WYK¸GQd;WYaJTVMOGXWYK � Ç��Q³(T\KFIpj	GQdOdOGJK7`�¯D° �¡³LÞlµHEU¶z{
� �DEU`YGXWYK��yÑ"aXEUcFM;WYKpGQd;WYaQTVMOGXWYK}±�Ç�� ÅzT\KFI¸j	GJdOdOGQK7`y¯o°�±�ÅVÇhµ3EU¶z{
� �DEU`YGXWYK �pÑ"aXEUcSM;WYK¸GQd;WYaQTVMOGQWYK � Ç��Q³�T\KFIpj	GQdOdOGJK7`�¯D°Ë±�ÅVÇhµ3EU¶l{

��CFEU_OE ��EU`YGXWYK � GQd�MOC7EHdOGX`YKFT\aw_OEU`YGXWYK9{ "�GX`Yf7_*E�)e{ � GQaQaJfFd;M;_*TVM;ELd-MOC7E¦I7EUPSKFGXMOGQWYKzW\[�MOC7ELdOEA_OEU`YGQWYKFd�T\d��?ELaQa
T\dATzM�mecSGQRUT\a�ISGQd;M;_*GX�wf7MOGXWYK	W\[�MOC7E/GQd;WYaQTVMOGXWYKnT\KSI �¯o°-{
B]TV�SaQE�)e{ ÅZd*fFj	j	TV_*GQ¥UELdHMOC7EzK�fFj/�@EU_¦W\[-EU�\ELK�MOd�GQKºELT\R^CÀ_OEU`YGXWYK��@EU[iW\_OE �*§�MOTV`²¬icF_OEUMOTV` ® u�TV[«M;EU_hÃÄ³

Ð ���?¶HB � MOTV`7ueTV[«M;EU_�ÅHMOTV`�T\KFIlTV[«M;EU_�Å3MOTV`7u � � T\KFI�� �	�DRUf7MOdU{>BDC7EDaQT\dOM"RUTVM;EU`\W\_Om	RgW\_O_OELd;c@WYKFISd�M;W(WYf7_
Å/MOTV`	dOT\jzcwaXEAd;ELaQELRgMOGXWYK9{ ½ doIFGQdORUfFd*d;ELIlTV�@W¨�\E\uS��E¦dOf7cSc1WYdOE�MOCFTVM�MOC7E �¯o°Àd;c@ELRgM;_*fFjÓGQd?GQKFI7EUc@ELKFIFELKNM�W\[
MOC7E/aXEUcFM;WYK¸GQdOWYaQTVMOGXWYKnGQKnK7WYK7§ k EU�\ELK�MOd�Ñ

� � � ��k#¬�� ® � Y B ¬��HÍ�� ® ¬
)e{ Þ ®
Ð�GJKFRgE/MOCFE�KefFj/�1EU_3W\[-EU�\ELK�MOd¦GQKb_OEU`YGXWYK YÆGJdAÇ�u9MOC7EyRgELK�M;EU_(�ÏT\aJf7E�GJdAÇq[iW\_3MOCFE/ELd;MOGJj	TVM;ELI}K�fSj��@EU_3W\[
K7WYK7§ k �wT\ROÉe`\_OWYfFKFI9{ KAW¨�?EU�\EU_Lu1MOC7E(dOj	T\aJa9d;MOTVMOGQd;MOGQRUd�TV[«M;EU_�IFWYf7�SaXE �*§�MOTV`\`YGQK7`	�?WYfFaQIZ_*ELdOfFaXMoGQKnT	Cef7`\E
EU_O_*W\_AWYKpMOCFGQdDELdOMOGQj	TVM;E\{o©ªK¸W\_*I7EU_3M;WhjlGQKFGQj	GQ¥UE3MOCFE�EU_O_OW\_AWYKpWYfF_�ELd;MOGQjlTVM;E\uw�?E�[¿f7_OMOC7EU_3T\dOdOfFj	E(MOCFTVM

×e³



aXEUcFM;WYK x;EUM�j/fSaXMOGXcSaQGJRUGXM�m _OEU`YGQWYK ½ _*EU`YGXWYK�� _OEU`YGXWYKb� _*EU`YGXWYK �
cF_*EUMOTV` ELaQELRgM;_OWYK k v¦Öe{ Þ*x � ³L´ ³LÖ � � × ×V´

j/fFWYK k v¦Öe{ Þ*x ³8%'% Å\Ö Ö�³ )VÇ
ELaQELRgM;_OWYK k v � x ³LÖVÇ )\Þ Ö\Ö )'%
j/fFWYK k v � x Þ\Ö ³\³ Å\Å Ö\Þ

ÃÌ³ ELaQELRgM;_OWYK k v¦Öe{ Þ*x Å\Ö ) ³UÇ �
Ð �?�?¶HB � j/fFWYK k v¦Öe{ Þ*x ÅY× Å ´ )
MOTV` ELaQELRgM;_OWYK k v � x Þ × � ³8)

j/fFWYK k v � x ) Ö ³UÇ ³\³
ÅÏMOTV` ELaQELRgM;_OWYK k v¦Öe{ Þ*x ³ Å ³ Å

j/fFWYK k v¦Öe{ Þ*x Ç ³ ³ )
ELaQELRgM;_OWYK k v � x ³ Ç Ç ³
j/fFWYK k v � x Ç Ç Ö )

ÅÏMOTV` ELaQELRgM;_OWYK k v¦Öe{ Þ*x Ç Ç Ç �
TV[iM;EU_ j/fFWYK k v¦Öe{ Þ*x ³ Ç Ç Ç
� �	� ELaQELRgM;_OWYK k v � x Ç Ç Ç �
RUf7M j/fFWYK k v � x Ç Ç Å Þ

B]TV�waXE )e{ ÅeÑ BDC7EyK�fSj��@EU_�W\[�EU�\ELKNMOd¦GJKpMOC7E�_OEU`YGXWYKSdAI7EUPwK7ELIbTV�@W��\E�[iW\_H�@EU[«W\_OE �*§�MOTV`7u"Ã·³zÐ �?�?¶HB �MOTV`7uwÅyMOTV`qT\KFIpÅ�MOTV`hTV[iM;EU_ � � T\KFI � � � RUf7MOdU{

×VÅ



MOTV`\`YGQKF`hRgWYKFIFGQMOGXWYKFd�I7WlK7W\MDT��@ELRgM�MOCFE(_*TVMOGXW �HÍ��ÓÑ
¬��HÍ�� ® � � Ù � � ¬��3Í�� ® � � Û	� Ù � ¬
)e{*) ®

|}ElT\d*dOGX`YK}MOC7EzEU_*_OW\_¦W\[3³=�Q³ � u�MOC7E O�WYGQdOdOWYK}f7cFc@EU_¦aQGQj	GXM3[iW\_(ÇnTVM&)\´ 7 RgWYK7PSIFELKFRgE	aXEU�\ELa u�[iW\_ Y � Ç�{
BDCefFdUu7�?E¦W\�FMOT\GQKZMOCFE¦ELd;MOGQj	TVM;E(W\[�Ç +.-0/ � �4 - EU�\ELKNMOdA[iW\_DK7WYK�§ k �ST\ROÉe`\_OWYfFKFIpGQKqMOC7E�ÅyMOTV`ldOT\j	cSaXE\{>BDC7EKefFj/�1EU_�W\[9K7WYK�§ k �ST\R*É�`\_OWYfSKFI	��GQMOC¸Ã¡³3Ð �?�?¶HB � MOTV`/GQK	MOC7E�EU�\ELK�M?GJd-T\aQd;W/RUT\aQRUfFaQTVM;ELIqGQKzMOC7EAdOT\jzE
jzEUMOCFWeI9u���GQMOC7WYf7M/fSdOGQK7`¸MOCFEqT\dOd*fFjzcFMOGXWYKËW\[ �-~efFTVMOGXWYK )e{*)eu"��CFGJR*CËGJd�cF_*ELd;ELKNM;ELI�GQK²B]TV�SaQE )e{ Öp��GXMOC
ELd;MOGJj	TVM;ELdD[iW\_�W\MOC7EU_��ST\ROÉe`\_OWYfFKFIpd;WYf7_*RgELd � {

ÐeWYf7_^RgE k v�Ö(� Þ*x;EUMOd k v � x;EUMOd
K7WYK7§ k ¬ �(� � ® ³=� × �ÁÇ�� Þ ³=� × �ÁÇ�� Þ
k v-x;EUMOd�¬¿j	GQd;MOTV` ® ³=�*) �ÁÇ�� Ö ³=� Å �ÁÇ�� Ö

k � s� ³=�ÝÇ �ÁÇ�� � Ç��*) �ÁÇ�� Ö
kÌÎ sÎ Ç�� � �ÁÇ�� Å Ç�� Å �ÁÇ��Q³
kÌÎ Ç�� Þ �ÁÇ�� Å Ç�� Å �ÁÇ��Q³

dOGJK7`YaXEHM;W\c�¬¿dª§�R^CFT\K9{ ® Ç��Q³L´ �ÁÇ��ÝÇYÖ Ç��Q³LÖ �ÁÇ��ÝÇYÅ
dOGJK7`YaXEHM;W\c�¬iMª§�R^CFT\K9{ ® Ç��Q³LÅ �ÁÇ��ÝÇYÅ Ç��ÝÇ ) �ÁÇ��ÝÇYÅ
k k �\k � Ç��Q³¨× �ÁÇ��ÝÇYÖ Ç��Q³LÅ �ÁÇ��ÝÇYÅ
M;W\MOT\a Þ(� × �ÁÇ�� ´ � � � �ÁÇ�� ×

B�TV�SaXE�)e{ ÖeÑ��-dOMOGQj	TVM;ELIºK�fFj/�@EU_�W\["�wT\ROÉe`\_OWYfFKFIb��GXMOC�Ã ³yÐ ���?¶HB � �*§�MOTV`q_*EL~�fFGQ_OELI9{DBDC7ELdOE�TV_OE�MOC7E
KefFj/�1EU_^d��1EU[iW\_OE � � RUf7MU{

� � #&� ���W�����'K����
� #&� % +��,��+�� ����!�� �3+��4�C�D#=������B)�!�+4�3��%1%^#&� : �7�C�*�J8A�W�6��S
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wmassggdbltag_chi2cut

Mean     83.6
RMS     20.86
Integral     173
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 for Wbbjjm

kÌÎgÎ
wmassggdbltag_chi2cut

Mean    77.18
RMS      18.7
Integral      35
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T\KFIbGQdDj�fFaXMOGXcwaQGXELIq��mZMOC7E/E$#lRUGXELKFRUGQELdoW\[>M;_*GX`\`\EU_3T\KFI¸cF_^GQj	TV_Omh�\EU_OM;EgÒpRUf7M�¬O¹ � - ¹ � )VÇlRUj ® ��CFGQR^CnWYf7_
­ WYKNM;Ez��TV_*aXW	dOMOfFIFGXELdoI7W	KFW\M�dOGQj�fFaQTVM;E\{
�DELdOfFaQM(W\[DMOC7EhELd;MOGQj	TVMOGXWYK²[iW\_qÃ�³qÐ ���?¶HB � MOTV`ºd*T\jzcSaXEqGQd�dOCFW¨��K�GQKËB�TV�SaXE )e{ Öe{b|}Eq[¿f7_OMOC7EU_

RUT\aQRUfSaQTVM;ELI MOC7EpE$#lRUGQELKFRUGXELdhW\[(WYf7_Zd;ELRgWYKFIFTV_Om�MOTV`¡¬¿KefFj/�1EU_hW\[�I7WYf7�waXE¸MOTV`\`\ELI EU�\ELKNMOdnISGX�eGJI7ELI��em
KefFj/�1EU_�W\["Ã¡³¦Ð �?�?¶HB � MOTV`\`\ELIqEU�\ELKNMOd ® u7WYf7_ � � T\KFI � �	�ARUf7MOd���m	fFd*GQK7`¦MOC7E ­ WYK�M;E(��TV_*aXW�d*T\jzcSaXE\{
�?mZj/fFaQMOGXcSaXm�GQK7`¦MOC7ELdOE¦E$#lRUGXELKFRUGXELd�M;WzMOCFEHKefFj/�@EU_?�AGXMOC�Ã�³�Ð �?�?¶HB � MOTV`7uS��E¦W\�FMOT\GJKhMOCFE3EgÒ�c@ELRgM;ELI
KefFj/�1EU_oW\[>dOGJK7`YaXEHM;W\cpEU�\ELK�MOd�GQKZMOCFE/ÅyMOTV`ldOT\j	cSaXEl¬¿B�TV�SaXE?)e{ ��® {
�3GX§��1WYdOWYK/cS_OWeISfFRgMOGXWYKh¬�k k �\k � ® T\aQdOW3W�RURUf7_"GQK/ELaXELRgM;_OW���ELTVÉ	T\KSI�TV_*E?EgÒ�c@ELRgM;ELIyM;W(RgWYKNM;_^GX�Sf7M;EoT\d

MOC7EH�ST\R*É�`\_*WYfFKFInGQKhWYf7_oT\KFT\aXm�dOGQdU{>BDCFEAELd;MOGJj	TVMOGXWYKnGQd�c@EU_O[«W\_^jzELIZGQKhT��\EU_OmqdOGQj	GJaQTV_-��TLmqM;WyMOC7E¦dOGQK7`YaXE
M;W\cÁ�ST\R*É�`\_OWYfSKFI9u>fFdOGQKF` �-~efFTVMOGXWYK )e{*%e{ ½ � � È MOC7EUW\_OEUMOGQRUT\a�Rg_OWYdOd�d;ELRgMOGXWYK�GQK Ô )\ÖÏÕ�GJd�fFd;ELI�{ ­ WYK�M;E
��TV_^aXW�d*T\jzcSaXELdl`\ELK7EU_*TVM;ELI��em ½ � O?µ � �$`\ELK7EU_*TVM;W\_n�?EU_OE}fFd;ELI GQK�MOC7EºT\RURgEUcSMOT\KFRgEÀT\KFI �*§�MOTV`\`YGQK7`
E$#lRUGQELKFRgmzd;MOfFIFGXELdL{ ��ELdOfFaXM>W\[9B�TV�SaXEDMOC7E�ELd;MOGQj	TVMOGXWYK	[«W\_3Ã¡³AÐ ���?¶3B � MOTV`�dOT\jzcSaXEDGJd>dOC7W¨�AKlGQKzB�TV�SaXE
)e{ Öe{ ½ dD[iW\_�MOC7E�ÅzMOTV`hd*T\jzcSaXE\uF�?E/T\d*dOfFjzE(MOCFELd;E�cF_*WeRgELdOdOELd�TV_OE�KFEU`YaQGX`YGX�SaQE\uFT\KFI¸I7WlKFW\M�c@EU_O[iW\_*j�MOC7E
ELd;MOGJj	TVMOGXWYK9{

� W � G PS= � G�7�9 7��Z6 D P���V C 7�� < =Q?�A;B�C 7�DE9EF � ��V 9 ��W ��7 C�� L =@B N;=QPMR1T�V

BDCFE�ELd;MOGJj	TVMOGXWYK/W\[FMOC7E�KefFj/�@EU_]W\[F�wT\ROÉe`\_OWYfFKFI/EU�\ELKNMOd>GJKl³?MOTV`3d*T\jzcSaXE?GQd�c@EU_O[iW\_*jzELI/GQK�TA�\EU_Om�d*GQj	GQaQTV_
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dOT\j	cSaXEyRUT\K��1EyRUT\aQRUfFaJTVM;ELI���mpd*f7�FM;_*T\RgMOGQKF`hMOC7EzKefFj/�1EU_3W\[-EU�\ELK�MOd(GQK�ÅhMOTV`¸dOT\jzcSaQE/[i_OWYj�MOCFTVMH��GXMOC
Ã¡³HÐ �?��¶3B � MOTV`7{>|}EARUT\aJRUfFaQTVM;ELI	MOCFEDE$#lRUGXELKFRUGQELd-d;EUcSTV_^TVM;ELaXmy[«W\_"MOCFE3Ö(� Þ(T\KSI � x;EUM-�SGQKSd�[«W\_"MOCFE�Ã¡³
Ð ���?¶HB � MOTV`qRUT\dOE\{ ½ K7W\MOC7EU_HIFG��@EU_OELKFRgE/GJdDMOCFTVM3��EyjzEU_O`\ELIbMOC7Eyj	GQd;MOTV`qT\KFIºK7WYK�§ k �ST\R*É�`\_OWYfSKFIFdUu
T\KFI�k v�C7ELT¨��m  STL�\W\_ycF_OW�RgELdOd;ELd/T\KFI�IFG §��@WYd;WYK}cF_*WeRgELdOdOELd/GQKËMOC7EhRUT\aJRUfFaQTVMOGXWYKËW\[oMOC7E � � E$#lRUGXELKSRgm
GQKSd;M;ELT\IºW\[-c@EU_O[iW\_*j	GQK7`lMOC7EyELd;MOGQj	TVMOGXWYKºW\[�� � RUfFM3E$#hRUGXELKFRgmpd;EUcwTV_*TVM;ELaXm\{�k � s � ­ WYKNM;Eh�oTV_*aXWZdOT\jzcSaXE
��T\d�fSd;ELI	GQKzMOCFEDELd;MOGQj	TVMOGQWYK	W\[@MOC7E � � E$#lRUGXELKFRgmy[iW\_?k v�C7ELT¨��m� ST¨�\W\_?T\KSIlIFG §��@WYd;WYKycS_OWeRgELd*d;ELdU{>BDC7E
� � RUf7MDE$#lRUGQELKFRgmZ[«W\_3j	GQd;MOTV`lT\KSI¸K7WYK�§ k cF_*WeRgELdOdOELdD��T\dDELd;MOGQjlTVM;ELIpTVcFcSaQmeGQKF`�MOCFE/j	GQdOMOTV`lj	TVM;_*G ÒZM;W
k v aJGX`YCNM  STL�\W\_-xªEUMOd ­ WYKNM;E	��TV_*aXWhdOT\jzcSaXE\{oBDCFE�RUT\aQRUfFaQTVM;ELI � � RUfFM�E$#lRUGXELKSRUGXELd�T\KFIpMOC7E�ELdOMOGQj	TVM;ELI
KefFj/�1EU_^d(W\[�EU�\ELKNMOd�[i_OWYj ELT\R^C��ST\ROÉe`\_OWYfFKFI²d;WYf7_*RgEqGQd�d*fFj	j	TV_*GQ¥UELIÀGQKÀB�TV�SaXELd )e{ Þ²¬i[iW\_yÖ(� ÞyxªEUM/�SGQK ®
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B]TV�waXE�)e{ ÞeÑzBDC7E	ELd;MOGJj	TVMOGXWYK}W\[oMOC7EhK�fFj/�@EU_(W\[¦Ã ³qÐ �?�?¶HB � MOTV`\`\ELI²�wT\ROÉe`\_OWYfFKFIËEU�\ELKNMOd/cST\dOdOGJK7`
MOC7_OWYf7`YC � � �F%zRUf7MDGJKZMOC7E/Ö(� ÞAx;EUMD�SGQK�{
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k v C7ELT¨��m� ST¨�\W\_ k � s��uwk�Î sÎVuwkÌÎÏuwk k �\k � ³=�Q³ �ÁÇ��*) )'%(� Å ��³=� Å Ç�� × �ÁÇ�� Ö
d*GQK7`YaXEHM;W\c�¬��L§�R*CST\K9{ ® Ç��Q³LÖ �ÁÇ��ÝÇYÅ )')(� Þ ��³=� ´ Ç��ÝÇ % �ÁÇ��ÝÇ7³
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B]TV�waXE�)e{*)eÑzBDC7E	ELd;MOGJj	TVMOGXWYK}W\[oMOC7EhK�fFj/�@EU_(W\[¦Ã ³qÐ �?�?¶HB � MOTV`\`\ELI²�wT\ROÉe`\_OWYfFKFIËEU�\ELKNMOd/cST\dOdOGJK7`
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MOC7E�KefFj/�@EU_�W\[FEU�\ELK�MOd>GQK/Å�MOTV`HdOT\jzcSaXE�[«_*WYjÌMOCFTVM���GXMOChÃ¡³oÐ �?�?¶HB � MOTV`7uY��CSGQR*C/CFT\d��@EUELK/ELd;MOGQj	TVM;ELI
GQK¦MOCFGJd�dOf7�SdOELRgMOGXWYK9{�Ð7fFj	j	TV_*GQ¥UELI¦GQK(MOC7E "U³-MOTV` $A_OW¨�²W\[FB]TV�waXE )e{ ×�GQd9MOC7E3³"MOTV`��wT\ROÉe`\_OWYfFKFI/ELd;MOGQj	TVMOGQWYK
TV[«M;EU_Ac@EU_O[«W\_^j	GQK7`�MOCFGQdodOfF�FM;_*T\RgMOGXWYK9{
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Results of Pseudo Experiments

median :

PYTHIA : 174.83

HERWIG : 174.80
+/- 0.08

+/- 0.07
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scale factor for stat. error

scale factor
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scale factor
=1.019
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CDF Run 2 Preliminary

Run 1 World Average  3.3±  2.7
 2.7±178.0 

(Run I only)

Run 1 D0 Lepton+Jets  3.9±  3.6
 3.6±180.1 

(Run I only)

Run 1 CDF Lepton+Jets  5.3±  5.1
 5.1±176.1 

(Run I only)

Lepton+Jets: DLM  6.2±  5.0
 4.5±177.8 

)
-1

(L= 162pb

recoLepton+Jets: M  6.6±  4.7
 4.9±177.2 

)
-1

(L= 162pb

Lepton+Jets: Multivariate  6.8±  6.3
 6.4±179.6 

)
-1

(L= 162pb

 weightingνDilepton:  8.6±  9.8
11.0±168.1 

)
-1

(L= 200pb

t tzDilepton: P  6.9± 16.0
17.2±176.5 

)
-1

(L= 193pb

ν of φDilepton:  7.4± 16.6
16.6±170.0 

)
-1

(L= 193pb
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