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E ���D Z=HKSVpON= + MW�`6M >AJ J_KSBS=HZJ*f-5 M�KCWAKC>AF�KSOP*B_P >ABSP @A d J_KSBS=HZJ|`6=HKSOBg @ dS= E g F VpOR>AMMNP*FGJ�f
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$ OP�. [ $ O>AJ/>4J_=G@XMR>UF KCW4MWX=HJSP%BS>AM@X=HM@ . BSWXD A dg� A KSW A�C � A f
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$ OP�, P*M�KCBS>AF%Qc=HTBSP $ BS>AV + P�B � ,�Q $ � ZB_W '�=H;P*J^KSBC>AV + BSP*V�WXMJLKCBSINV�KC=HWXM >AM; D4WXD[P�M�KCID
D[P*>AJSINBSP*D4P*M�K =HM�KCOP BSP*@A=GWXM � ��
	 A f F f45 M >A;N;=HKS=GWXMN=�KCOP�>�\N=G>AF F?>O)XP�BSJ ZB_W '�=H;P�>:.�>AJLK
1jP2'XP�F(0 A KCB_=G@X@XP�B*f 5�K2=GJeV*WXD4Z�WXJSP�;	W/.YJ_V*=GM�KS=GFGFG>UKC=HM@ %RTB_P*J2D[WXINM�KSP*;	WAM	P*=H@XO�K,V�WXMV*P�M�KCBS=HV
V2)�FG=HM;P�BSJ*f
$ ONP %RTBSP�J4>ABSP�V�WXD[Z�WXJ_P*; W/.9> Z WXF()�J_KC)�BSP�MP V*WXB_P^`6=HKCO >aKSO=GM � K5d E ��D � >AV�B	)�FG=HV

=GMMNP*B/F?>O)XP�B >AM;�>4KCON=GM � K d E ��D � WXINKCP�B|FG> )AP*B/W/.
�RINWXBSW�>UV*B	)�FG>UKCPUf $ ONP,KCWAKC>AF ;=?>UD[P]KCP*B
=GJ C � E ��D f $ O=HJ%D.IFHKS=(0�V*F?>U; %RTNBSP =GJ D4P*VpO>AM=GV*>AFGF()bJSIZ�P*B_=GWXB KSW�JS=GMN@XFGP80 V*FG>A;:%RTNBSPAf $ OP
Z WAF<)�J_KC)�BSP�MPeV*WXB_P%=GJY;WXZ�P*;�`6=lKCO A�� Z 0�KCP�BSZONP*M*)�F KSW =GMV�BSP >UJSP KCONPeFH=G@XO�K�)g=HP*FH; >UM; JSD[>AFGF
>AD4WXIM�KCJ � A�E �.ZZD � W/. � 0 O*)�;B_W�\ )�� >O'XWAMP,`6O=HVpO V*>AIJSP�J|>.` >O'XP*FHP*M@UKCOaJ_O=<. K�. B_WXD � � 
MD KSW E �� MD `6O=HVpO =HJ�KCBC>UMJSD4=HK_KCP*; D4WXBSP%P�4V*=GP�M�KCF<)^=GM�KCOP Z�WXF<)�JLKC)gB_P*MPUf
$ ONP/J_V*=HM�KS=GFHF?>UKS=GM@ %TBSP�J >AB_PY@XBSWAIZ P�;[=HM�KCW BS=HTT WAMJ'W/.jd E!F %RTBSP�J `6=lKCO d F?>O)XP�BSJ W/. A d C

%RTB_P*J.P*>AVpO�f $ OP[K ` W FG> )AP*B_J >ABSP[W�� JSP�K,T*)�WXMNP^OR>AF(.YW/.�KSOP7%RTB_P J_ZR>AV*=HM@�=HM	WXBS;NP*B2KSW
D[=HM=GD4=GJ_P2@X>AZJ*f $ O=GJ%=HJ + MW�`6M�>UJ > ;NWXITFHP�K%FG> )AP*B�f $ OP�JSP4;WXITFHP�K%FG>O)XP*B_Je>ABSP ZFG>AV*P�;
WXM P*=H@XO�K%V*WAMV*P�M�KSBS=HV JSIZZ�WXBLK V2)�FG=HM;P*B_J BC>UM@X=GMN@7. BSWXD B �Ed�Nf ���V*D KCW�B � E d�f A�E V�D f
� >AVpO�V;)gFH=GM;NP*B OR>AJe>AM >�\g=?>AFcF?>O)XP�B � `6=HKSO B_=GTT�WXMJ Z�WX=GM�KS=GM@ >AFHWXM@^KSOP[T�P >UD >�\g=GJ � >AM;
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>[JLKCP*B_P*W^FG>O)XP*B � `6=lKCObBS=HTT WAMJ|>�K�� d��6KCW4KCOPeT P*>AD >�\g=GJ � f $ OP2J_KSP*BSP�W^F?>O)AP*BSJ9>AFlKCP*B_MR>UKSP
T P]K ` P�P*MaKSOP*J_PeK ` W[>AM@XFHP*J*f
$ ONPH%RTB_P*J,>ABSP[V*WXMMNP*V�KSP*;	KSW g 0 ADA D FHWXM@ `�>O'XP�@XI=H;P*J,`6ON=GVpO >AB_P VpOP�D[=HV >AFHF<)�>AM;

J_KSBSIV]KCIBS>AFGF()^JS=HD[=HF?>AB KCW KCOP J_V*=GM�KS=GFGFG>UKC=HM@ %TBSP�J9TIgK/`6=lKCObMW ;WXZR>UM�KSJ*f $ OP%`�>O'XP�@XI=H;P*J
>ABSP'V�WXMMP�V�KCP�;,KCWT'�=GJ_=GTFHP0FG=G@AO�K�ZOWAKSWXM,V�WXIM�KCP�BSJ ���&1�d�, � `6O=GVpO,>ABSP'OWXINJSP*;2=GM2>/V�B	)AWXJ_KC>UK
IM;P�BSMP*>UKCO KCONP ;P�KSP*V�KSWXB*f $ OP��&1�d�, J2>UBSP ;WXZ�P*; J_=GFG=HV*WXM�> 'U>AFG>AMVpOP ZNOWAKCW 0 ;P]KCP*V]KCWXB_J
`6O=GVpO WXZ�P*BC>�KCP >UK @
	 f $ OP2) >AB_P V >AZR>UTFGP W/.9;P�KSP*V]KC=GMN@ J_=GM@XFHP�ZOWAKSWXMJ4>AM; ZB_W '�=H;P
.�>AJ_K6B_P*J_Z WXMNJSP/=RP \gV*P*FHFGP�M�K G IR>UM�KSID P�4V*=GP�MV2) ��� g E � � >AM;�O=H@XO�@�>A=HM � A gS= ��2KCW F	E = ��
P*FHP*V�KSBSWXMNJYZ P�B�V*WXM*'AP*B_KSP*; ZOWAKSWXM � f $ ONP KCWAKC>AFJ,�Q $ J	)�JLKCP*D V*WXM�Kp>U=GMJ g F = C � %RTB_P*JY`6=HKSO
d�� + D WA.9J_V*=HM�KS=GFHF?>UKS=GM@3%RTB_P >AM; C � + D W/./V*FGP*>AB %RTNBSP >AM; OR>UJ > O=HK,P 4V*=HP*MV;) W/.
>ABSWAIM; @DC � f
1 	�
�� 3 	�� �

$ OP ;N=GD4P*MJ_=GWXMJ W/.gKCOP JSWAFGP*MNWX=G;2>ABSP F?>UBS@XP�F<) ;NP�KCP�BSD4=GMP�; . B_WXD KCONP J_ZR>AV*P >O'A>U=GF?>UTFGP'>AMN;2=lK
=GJ�dgf g��2D FGWXMN@.>AM; A f ��deD =GM[;=?>AD4P�KSP*B�f)0|KCOP�B�.�>AV]KCWXB_J KCO>UK ;NP�KCP�BSD4=GMP�;^=HKSJ ZB_WXZ�P*B_KS=GP�J
` P�BSP D4WXD[P�M�KCID BSP�JSWXFHINKC=HWXMN='>AT=HFG=lKC) KSW WXZ�P*BC>�KCP >UK T�WAKSO Z�WXFG>ABS=lKC=GP�JP= %RP*FH; IM=<. WABSD4=HKC)
>AM; D[>�\g=GD.IND5KCBC>UV + =HM@:'AWXFGID4PAf : V*P�M�KCBC>UF�%RP�FG;	W/.9d $ P�JSF?>a` >AJ.;NP*V*=H;P*; INZ WXM	>AM;
KCO=HJ0@X=<'AP*J'>%J_KSWXBSP�;[P�MP*B_@/) W/. E f F [� f $ OP6IMN=<. WXB_D D[>A@XMP]KC=GV�%RP*FH; =GJ'>AVpO=HP2'AP*;4T6).IJS=HM@
K ` W[F?>O)XP�BSJ6W/.�JSIZ�P*B_V*WXMN;IV�KSWXB9`6=lKCO�KCONPeV�IBSB_P*M�K9;P*MJ_=HKC) =HM KSOP%`6=GM;N=GM@XJYFG>ABS@AP*B6>UKYKSOP
P*M;bW/. KCONPeV�WX=GF�fK5 MJ_=G;P%KSOP KCBS>AV + =GM@R'XWAFGID4P|KCONP %P*FG; =HJ�OWXD4WX@XP�MP*WXINJ�KCW `6=HKSO=GM	Nf E �
H d!g J f $ ONP%JSWXFHP*MWX=H;^V*WA=GF >AM;�=HKSJ�V*B�)XWXJLKp>UK/>UBSP =HM KCWAKC>AF A f A BS>A;=G>UKC=HWXM FHP*M@AKSOJ���� Q � KCO=HV + f
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$ OPbZBSP�JSOW�` P*B ;NP�KCP�V�KSWXBSJ � d . � >A=H; P�FGP�V�KCB_WXM =G;P�M�KC=<%V >UKS=GWXM >AM; ZB_W 'g=H;P TR>AV + @XB_WXIM;
BSP \ P*V�KS=GWXM�T�WAKSO^W��4=GMP >AM;^=HM^WXMFH=GMP/KCBS=H@X@XP�BS=GMN@f $ ONP%;P�KSP*V�KSWXBSJ6>U=G;^=HM^D >�KCVpO=HM@2KSBC>AV + J
KCW�V*>AFGWABS=GD4P�KSP*B JSONW�` P*B_J4>AM; >AFHJSW�=HM�V�WXBSB_P*V�KS=GM@ KCOP � [ P�MP*B_@/)�D4P >UJSIB_P*D4P*M�K W/.YKSOP
V*P�M�KSBC>AF >AM;�P*M;	V*>AFGWABS=GD4P�KSP*B_J . WABeP�MP*B_@/) FGWXJ_J2;INP[KCW D >�KCP*B_=?>AFcJSIVpO >AJeKCOP4JSWAFGP*MNWX=G;�f
$ OP*B_P^>AB_P4K ` W�ZB_P*J_OW�` P�B.;P�KSP*V]KCWXB_J*�,KSOP[V�P*M�KCBS>AF ZBSP�JSOW�` P*B � ,ed . � >AMN; KCONP . WXBL`�>UBS;
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ZBSP�JSOW�` P*B ��Q d . � f $ OP ,ed .�;P]KCP*V]KCWXB%V�W 'XP*B_J%KCOP B_P*@X=HWXM � � � 	 A�� ��>AM;?%KSJ%=GMaKSOP E f A
V*D5@X>AZ T P]K ` P�P*M�KSOP JSWXFHP*MWX=H; >AM; KCOP V�P*M�KCBS>AF0V >AFHWXBS=HD[P]KCP�B*f $ ONP K ` W�Q d .�;P]KCP�V�KCWABSJ
V*W 'XP�B KCONPaBSP�@X=GWAM A f E 	 � � � 	 dgf E >AM; >ABSPa>UKSKC>AVpOP�; KCW KCOPb=GMMNP*BM.�>AV*P�J W/. KSOPaP�M;
V >AFHWXBS=HD[P]KCP�BSJ*f

` WAKCO4;P�KSP*V]KCWXB_J >AB_P9V�WXD4Z WXJ_P*;4W/.�=HM�KCP*B_FGW�V + =GM@ KSBS=?>UM@XIFG>AB�J_KSBS=HZJ WA.�J_V*=GM�KS=GFGFG>UKCWAB*f $ OP
JSV�=GM�KC=HFGF?>�KCWXB.=HJ[V�WXD4Z WXJ_P*; W/.%Z�WXF<)�J_KC)�B_P*MP ;WXZ�P*; `6=lKCO A�� ZS0�KSP*B_ZOP*M*)�F >UM; A�E  ZZD
;=GZNOP*M*)�F JLKC=GFHT P�MPAf�:�KeKCONP V*P�M�KCBSP W/.�P*>AVpO J_KSBS=GZ =GJ2>b` >O'XP�FGP*MN@AKCOS0�JSO=(. KC=HM@ %RTNBSPAf $ O=HJ
V >AB_BS=HP*J KSOP|FH=G@XO�K'WXIgK KCW2V*FHP >AB�%RTB_P*J `6O=HVpO�>AB_P9=HM[KCINBSM^V�WXMMP�V�KCP�;^KCW �&1�d�, J�IM;P�B KSOP
;P�KSP*V]KCWXB/=GM^KSOP JC>AD4P%`�>O)b>AJ�KSOP ,�Q $ f
$ ONPR,ed . V*WAMJS=HJ_KCJ9W/.cKSOBSP�P,FG> )AP*B_J*��WXMNP.>�\g=?>UFjF?>O)XP�B/`6=lKCO K ` W^JLKCP*B_P*W^FG>O)XP*B_J9FHWgV*>UKCP�;

>UK �Ed�����fc` P]K ` P�P*M KCONP.JSWXFHP*MWA=G;�>UM;aKCONPR,ed .a=GJ|> FGP*>A;aZFG>UKCP,>AZZB_W \N=HD >�KCP*F() A BS>A;=(0
>UKC=HWXMbFGP*MN@AKCO KCO=HV + f $ WA@XP�KSOP*B6`6=HKSObKSOP2J_WXFGP�MWX=H;bKSO=GJ6ZB_W '�=H;P*J|>ABSWXINM;�d � Q >UK/MWXB_D >AF
=GMV�=G;P�MV*P&. WXBYJ_OW�` P�BS=HM@f
$ ONP�Q d .�;P�KSP*V]KCWXB_J.V*WXMNJS=GJLK W/.YK ` W ;WXITNFGP FG>O)XP*B_J W/.6JSV�=GM�KC=HFGFG>UKCWXB%JLKCB_=GZJ.J_P*ZR>UBC>UKSP*;

T*)a> d � Q JLKp>A=HMFGP�JSJ6J_KSP*P*F�>AM; FGP*>A;�>ATNJSWXB_T P�B*f $ OP2;WXITNFGPeF?>O)XP�BSJ9>ABSPeV*WXD4Z�WXJSP�;aW/.�K ` W
F?>O)XP�BSJ `6=lKCO > V*B_WXJSJ_=GM@	>AM@XFHP W/. dXdgf E �4`6=lKCO B_P*J_Z P�V�K^KSW�P >UVpO WAKCOP�B*f $ OP:%BSJ_K F?>O)XP�B
��IZNJ_KCB_P >AD W/.cKCOP2>ATJ_WXBST�P*B � =HJ + MW�`6M >AJ6KCONP,D4=GM=HD.IDE=GWXM=HJS=HM@ ZR>AB_KS=GV�FGP � [ 5 d � F?>O)XP�B
>AJ >AFHF VpO>ABS@XP�; ZR>ABLKC=GV�FGP�J,BSP�@X=GJLKCP�B.>aD4=GM=HD.ID =HWXM=GJ_=GM@bO=lK f $ O=HJ.O=lK,V*>AM T P IJSP�; KSW
FGW�V >UKSPeKSOP,KSBC>AV + =GM<��= � >AM; �Af $ OP,JSP*V�WXM; FG> )AP*B =HJ + MW�`6M >AJ/KCOP.J_OW�` P�B%F?>O)XP�B*f9:|M
P*FHP*V�KSBSWXM,=GJcFH= + P*F<)%KSW|J_OW�` P�B0=GM2KSOPY>ATNJSWXB_T P�B�>AM; FHP >O'XP >|V*FHIJ_KSP*B�W/. P*MP�BS@/)2=GMeKCOP JSOW�` P*B
F?>O)XP�B*f : OP*>O'g=HP*B%VpOR>UBS@XP�; Z>AB_KS=GV*FHP,=HJ|IMFH= + P*F<) KSW�JSOW�` P*Be>AM;�`6=HFGF FGP >O'AP > [ 5 d ON=HK =HM
T WUKCOaFG>O)XP*B_J*fY: ZOWAKSWXMaWAB��NQ|`6=GFHF�FGP*> 'AP,WXMNF<) >4V*FGINJ_KCP�B9WA.�P*MNP*BS@A) =HMbKSOP,J_OW�` P�B|FG> )AP*B�f
5 M^KCOP9BC>AMN@XP A f E 	 � ���	 A f F	E KCOP�BSP =HJ WXMF() KCOP9JSOW�` P*BYF?>O)AP*B�ZB_P*J_P*M�K f $ O=HJ =GJ T P�V >AINJSP
=GM KSO=GJ BSP*@A=GWXM KSOP J_WXFGP�MWX=G; ZBSW '�=G;P�J�IZ^KSW ��� Q W/. D >�KCP*B_=?>AF�. WXB ZR>ABLKC=GV�FGP�J KCW J_OW�` P�BY=GM�f
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$ OP�V*WAD.T=GMNP*;�KSBC>AV + =GMN@ ;P�KSP*V�KSWXBSJ V*>AM FGW�V >�KCP[KSOP^ZB_=GD[>AB	)4'AP*BLKCP]\	`6=HKCO	>�BSP*J_WXFGIgKC=GWAM
W/.6>AT�WXINK � E ��D >AM; V >AM Kp>A@ TS0 G IR>UB + \ P�KSJe`6=lKCO	>UM�=GD4ZR>AV]KeZR>ABC>UD[P]KCP*B B_P*JSWAFGINKS=GWXM W/.
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FGP�JSJ|KSOR>AM A�E ��D =HM ��� . WXB9ZR>AB_KS=GV�FGP*J/`6=HKSO W���� A �� P ���UVUf $ OP V*WAD.T=GMNP*;�;P�JS=H@XM W��
BSP�JSWXFHINKC=HWXM =GJ��cW���� W�� � Nf � A�E W��b`6OP*B_P W�� =GJY=HM	� P ���UVUf H dDg J
, INBSBSP�M�KCF<) KSOP*B_P >ABSWAIM; A � � WA.0KCOP . [ $ BSP*>A;WXINK D[W�;IFHP*J/;=GJS>ATFGP�;�>AMN; >ABSWAIM;

d � WA.�KSOP-,�Q $ >UM; ,ed .�;P*>A; H � A J f�5 M�KCOP V*>AJSP%W/. KCONP�. [ $ B_P >A;WAINK6D[WAJ_KYZB_WXTFHP*D4J
>ABSP V >AIJ_P*; T*).;NP2. P*V]KCJ0WXM2KCOP�T�W�>AB_;J�`6ONP*BSP*>AJ�`6=HKSO.KCOP ,�Q $ >AM; ,ed .2KCONP�ZBSWATFGP�D FH=GP�J
=GM.` >UKCP�B';R>AD[>A@XP KSW KCOP ��1�d�, L J H � A J f 5 M4>A;N;=HKS=GWXMN=�KCOPYJ_WXFGP�MWX=H; =GJ�V�IBSB_P*M�KCF() WXZ�P*BC>�KC=GMN@
>UK9>ABSWAIM; @	E f C � W/.�=HKSJ/;NP*JS=H@XMbV*IB_BSP*M�K/KCW[>AFGFHW�` JS>A. P WXZ P�BC>UKS=GWXM W/. KCONP2D[>A@XMP]K f $ OP�BSP
OR>AJ6T�P*P*Ma>AM =GMV�BSP*>AJSP�; OP*>UK/FGW�>U;^KCOR>UK/=HJYJ_KC=HFGF T P�=GM@ =GM*'AP*J_KS=G@�>�KCP*;�f
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$ OP39�& V >AFHWXBS=HD[P]KCP�B2=HJ,JSONW�`6M =HM Qc=G@AIBSP^dgf g�f45�K D[P*>AJSINBSP*J2KCOP�P�MP*B_@/)	W/.6P�FGP�V�KCB_WXMJ2=
ZOWAKSWXMJ|>AM; \ P]KCJ|WAINK9KSW � �� & �fT5�K9OR>AJ9P*JSJ_P*M�KC=G>AFGF() T P�P*M�INM�KSWXIVpOP�;?. BSWXD�6IM:5 H ��d J
>AFHKSOWXI@AO.KCOPYB_P >A;WAINK0P*FHP*V]KCBSWAM=GV�J0OR>O'XPYT�P*P*M4IZ@ABC>A;P�; KCW%V*WAZ P�`6=lKCO.KCONPYJSOWXBLKCP�B0TIMVpO
V*B_WXJSJ_=GM@ KC=HD[PUf 5�K =GJ4> FG= G I=H; >ABS@AWXM JC>AD4ZFG=HM@�V*>AFGWXB_=GD4P�KSP*B.IJ_=GM@ ;P�ZFGP]KCP�; IBS>AM=GIND =
V*WXZNZ P�B%>AM; J_Kp>U=GMFHP*JSJ9J_KSP*P*Fc>ATJ_WXBST�P*B_J*f $ ONP.;P*ZNFGP�KSP*;�INBC>AM=HID >AV�KSJ >AJ|> V*WAD[Z�P*MJS>UKCWAB
`6O=GVpOeD[> + P�J KSOP'V >AFHWXBS=HD[P]KCP�B�BSP�JSZ�WXM;2>AFGD4WXJ_K�P G IR>AFHF<)|KSW6P*FGP�V�KSBSWXD[>A@XMP]KC=HV0>AM;eOR>A;B_WXM=HV
JSOW�` P*B_J*f $ ONP.BC>UKS=GW^WA.0KCOP.P�FGP�V�KCB_WXD[>A@XMP]KC=GV,>AM; OR>U;BSWXMN=GV,B_P*J_Z WXMNJSP BC>UM@XP*J�. B_WXD A f ADA
>UK A ��%P � KCW A f �� >UK A�E ��%P �.f�.g=GMNV*P =lK�IJ_P*J6FG= G IN=G;^>UBS@XWXM >UJ KCOP%=HWXM=HJS=GMN@,D4P*;=HID =�=lK
D.IJLK9T�P + P�ZNK9>UK9> KSP*D4Z P�BC>UKSIBSP%WA.0>AB_WXIM; C  	 f
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$ OP.V�P*M�KCBS>AFcV*>AFGWXB_=GD4P�KSP*B6ZBSW '�=G;NP*J V�W 'AP*BS>A@XP W/.�KSOP.B_P*@X=HWXM � �� & A >AM;a=GJ|;N=<'�=G;P�;a=HM�KSW
KCOB_P*P[JSP*V]KC=HWXMJ2`6ON=GVpO	V�WXBSB_P*JSZ�WXM; KCWaV�WXMV�P*M�KCB_=GV J_OP*FHFGJ2>ABSWAIM; KSOP4T P*>AD[ZN=GZ�PAf $ OP�JSP
>ABSP KCOP�P�FGP�V�KCB_WXD[>A@XMP]KC=GV � � [
� =/%RMP OR>A;B_WXM=GV ��Q f � >AMN; V*W�>AB_JSPYOR>U;BSWXMN=GV"� ,ef � J_P*V]KC=GWAMJ
`6=HKSOaKCOP � [ KSOP.=GMNMP*B_D[WXJLK%>AMN;aKCOPR,ef KCOP.WAINKCP�BSD4WXJ_K|JSP*V]KC=HWXMJ B_P*JSZ�P*V]KC=('XP*F()Xf � >AVpO
JSP�V�KC=HWXM =GJ JSIT�;=('g=H;P*; =GM�KSWbFG>O)XP*B_J%`6O=GVpO�>ABSPR. INKSOP*B ;=('g=H;P*; =HM�KSW V�P*FHFGJ >AZZNBSW \g=GD[>UKCP�F<)
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END CALORIMETER

Outer Hadronic
(Coarse)

Middle Hadronic
(Fine & Coarse)

Inner Hadronic
(Fine & Coarse)

Electromagnetic

Coarse Hadronic 

Fine Hadronic 

Electromagnetic
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JSZ�WXMJ_P-. WXINM;bKSW T P

��=�� � % � T �  � ��� T��  � A�E g T ��% �
%	� �

��=�� � % � T �  � ��Xd T �  � � A T � % � ��
 � ��dgf d �

`6OP*B_P % =HJ|=GM � P �.fN, IBSB_P*M�KCF()aWXMNF<) E  WXIgK W/.0KSOP E S= ��[KCWAKC>AF V >AFHWXBS=HD[P]KCP�B9VpOR>UMMP*FHJ
>ABSP ;P*>A; >AM;bIMBSP�V*W 'XP�BC>ATNFGP H � A J f
��� � ��� � ���� �� � �BF 


$ OP/D.IWXM4J	)�J_KSP*D!` >AJ INZ@XBC>U;P*;M. WXB �/INMH5	5�>AM;4MW�` OR>UJ�. INFGFV�W 'AP*BS>A@XP >UM;4KSBS=H@X@XP*B_=GM@
WXINK KSW
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FGID4=GMNWXJS=lKC)Xf	�9WAKSP[KCO>UK.;INP KCWaKSOP^V�WXFGFG>AT WABC>UKS=GWXMNL J%;P�V*=GJ_=GWXM KCW >AFHFGW�` >aD[>�\g=GD,ID W/.
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J	)�J_KSP*D4J � 1 A�[ ! � f"5 M�KSOPM, : 1�=�V*P*FHF�P�MP*B_@X=GP�J >ABSP,JSID4D[P�;aKCW . WABSD������
	�	���������������]f%:
KCB_=G@X@XP�B ;NP*V*=HJS=HWXM^=GJ D >U;P|TR>UJSP*;�WAM KCOP|P*MP�BS@/)[W/. >2KSW�` P*B P]\gV*P�P*;=HM@4>2ZB_P*JSP]K�'U>AFGIPUf 5 M
>A;;=lKC=HWXMN=X>|KSBS=H@X@XP*B�;P*V�=GJ_=GWXM V*>AM T P�D[>A;P WXM @XFGWATR>AF G I>AM�KC=HKS=GP�J�JSIVpO[>AJ�KSWAKp>AF�KCBS>AMJ�'XP*B_JSP
P*MP�BS@/) �
% � � WAB D[=HJSJ_=GM@	% � f $ OPH, $�$ KSBS=G@A@XP*B =HJ TR>AJ_P*; IZ�WXM � � ��O=HK%Z>UKSKSP*BSMNJe=HM
�f E � JSP*V]KCWXB_J WA.�KCONP ,�Q $ f�: ;P�V*=HJS=GWAM4=HJ'TR>AJSP�; WXM KCONP/ON=HK'ZR>UK_KCP�BSM T�P*=HM@ V*WXMNJS=GJLKCP�M�K `6=HKSO
>aKCBS>AV + WA.6WXMP^W/.�. WAIB,J_W/. K `�>UBSP�ZB_WX@XBC>UD[D[>ATFHP W�� KCOB_P*JSONWXFG;J�f $ OP*B_P�D.IJLK >AFGJ_WaT�P
P*MP�BS@/)�;P*Z�WXJS=lKC=HWXM =GM�KSOP ,ed . V�WXMJS=HJ_KSP*M�K `6=HKCO KSOP.KCB_=G@X@XP�B|KCBS>AV + f $ OP4Q d .�BSP G IN=GBSP�J
> J_ZR>AV*=G>AFYD[>UKCVpO T P]K ` P�P*M O=lKCJ =GM KCONP [ 5 d!>UM; J_OW�` P�B F?>O)AP*BSJ�f $ OP:1 A�[ ! KSBS=H@X@XP*B
INKC=HFG=HJSP*J%=HMB. WXB_D >UKS=GWXM . BSWXD KCOP D.IWAM J_V*=HM�KS=GFHF?>UKSWXB|V�WXIM�KCP�BSJP=�D.IWXM `6=HBSP VpOR>AD.T�P*B_Je>AM;
KCBS>AV + J . B_WXD 1 A , $�$ f .gV�=GM�KC=HFGF?>�KCWXB2>AM; ;B_=<. K KCINT P O=lKCJ =GM	KSOP : = ` >UM; ,!F?>O)AP*BSJ4>AB_P
D >�KCVpOP�;b`6=lKCO ,�Q $ J_P*V]KCWXB_J9V�WXM�Kp>A=HM=GM@.KSBC>AV + J�f
$ ONP4WAINKCZIgK,W/. KCONP[J_P*ZR>ABS>UKCP ;P]KCP�V�KCWABSJ,=HJ%FGWX@A=GV >UFGF<)bV�WXD.T=HMP*; =GM�KSWa>�D[>�\g=GD.ID W/.

A d C ;= ��P�BSP*M�K KCB_=G@X@AP*BSJ2=jKCOP WXINKSZINKeW/. `6O=GVpO =GJ%V*>AFGFHP*; >�KCBS=H@X@XP�B%T=HK*fR5 .Y>AFHF�KCONP[FHWX@X=GV*>AF
BSP G IN=GBSP�D[P�M�KCJ W/. >^ZR>ABLKC=GV�IF?>UB9KCB_=G@X@AP*B >UBSP JC>�KC=GJ�%RP*;4. WXB >AM P2'AP*M�KO= KCOP�M KCOR>UK ZR>AB_KS=GV�IF?>AB
KCB_=G@X@XP�B0T=HK =HJ JS>A=G; KCWeT�P9J_P�K f � >UVpO^JSIT�;P]KCP*V]KCWXB TI � P*B_J KSOP9B_P >A;NWXINK > `�>A=lKC=HM@,>-1jP2'AP*F(0 A
>AV*V�P*ZNK ��=<.R>AM*)2WAMP�T=lKc=HJ�J_P�K � f 5 .RKCON=GJ WgV�V*IB_JP=XKCONP*M,KSOP�;R>UKC>|>AB_P ;=H@X=HKS=GJ_P*; ��=<.MWAK0>UFGBSP*>A;B)
;WXMP J_W � >AM;bZR>AJSJ_P*; =GM�KCW.KSOP-1 P;'XP�F(0Ld.KCB_=G@X@AP*B*f
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$ OP�1jP;'XP*F 0LdeKSBS=H@X@XP*B H ��� J =GJ'B_P G I=GB_P*; KSW,OR>UM;FGP9> A f F + f �|=GMNZINK >AM; ZNBSW '�=G;P|>-.�>AV]KCWXB W/.
A |B_P \ P*V]KC=HWXM�fK5�K0>AVpO=GP;'XP�J�KCO=HJ�Kp>UJ + T6)2BSP;%RM=HM@|KCONP�=GMB. WABSD[>UKC=HWXM%KCOR>UKcKCOP�1jP;'XP*F 0 A KSBS=H@X@XP*B
ZBSW '�=G;NP*J�>AM;2>AFGJ_W/V�WXBSB_P*FG>UKC=HM@YKCBS=H@X@XP�Bj=GMB. WXB_D >�KC=GWAM . BSWAD KCOP ;= ��P�BSP*M�K JSINT ;P]KCP�V�KCWABSJ*f�Q WAB
P >AVpO:1jP2'XP�F(0 A KSBS=H@X@XP*B T=HKYKSOP*B_Pe=HJ/> V�WXBSB_P*J_Z WXMN;=GM@ 1jP2'AP*F 0Ld.KCBS=H@X@XP�B�T=HK*f
$ ONP�1 P;'XP�F(0Ld KSBS=G@A@XP*B V*WXMJ_=GJLKCJ W/.�ZBSP�ZBSW�V*P�JSJ_WXBSJ . WXB�P*>AVpO JSIT�;P�KSP*V]KCWXB2=AMR>AD4P*F()�1 d>, : 1�=

1 d>, $�$ >AM; 1 d [ ! = >AM;b> @XFGWXT>AF�ZB_WgV�P*J_JSWXB � 1 d �%FGWATR>AF � `6O=HVpO D[> + P�JYKCOP%KCB_=G@X@AP*B�;P80
V*=HJS=GWAM�f $ ONP[ZB_P*ZB_WgV�P*J_JSWXB_J.OR>AM;NFGP ;R>UKC>bJ_Z P�V*=<%V4KSWbKSOP[=HM;=('g=H;IR>AF�JSIT�;P]KCP*V]KCWXB_JP=�TNINK
=GM @XP�MP*BS>AF = ZBSP�ZR>AB_P FG=GJLKCJ WA.'ZO*)gJ_=GV�JeWAT \ P*V]KCJ ��J_IVpO >AJ%D.IWXMNJP=�P�FGP*V]KCB_WXMJ%WXB \ P]KCJ � KCW�T�P
JSP�M�K KCW 1 d �%FGWXTR>UFyf 1 d � FHWXTR>AF�KCOP�M[D[> + P*J0KCB_=G@X@XP�B0;P*V�=GJ_=GWXMJ'TR>UJSP*;4WXM KCOP6WXT \ P*V�KSJ�. WAIM;
T*)4KSOP|ZNBSP*ZNBSW�V*P*J_JSWXB_J*f $ O=HJ D[>O) =GM*'XWXF('XP/KCOP/V*WXB_BSP�F?>UKS=GWXM W/.jWAT \ P*V]KCJ =HM ;= ��P�BSP�M�K JSINT ;P80
KCP�V�KCWABSJ ��J_IVpO >AJ�V >UFGWXB_=GD4P�KCP�B���KSBC>AV + D[>UKCVpON=GM@ � =gKSOP V >UFGV*INF?>UKS=GWXM[W/. + =HMP*D[>UKS=GV 'U>AB_=?>ATNFGP*J
. BSWXD D.INFHKC=HZFGP6WXT \ P*V�KSJYWXB B_P G I=HBS=GMN@.WXT \ P�V�K G IR>AFH=HKC)4V*IgKCJ*f $ OP >AV�KS=GWXMJ W/. 1 d �%FGWXTR>UF `6=HFGF
;P*Z�P*MN;bWAM `6O=GVpO31jP;'XP*F 0 A KSBS=H@X@XP*B T=lKCJ O> 'AP�%RBSP�;^`6=HKSO�>AM^=HM;=<'�=H;IR>AF JSP]KYW/. >AFH@XWXB_=HKCOND[J
. WXB P >UVpO 1jP2'AP*F(0 A KSBS=H@X@XP*B,T=HK*f $ O�INJ[P*>AVpO 1jP2'AP*F 0 A KCBS=H@X@XP�B.T=HK =HJ P*=lKCOP�B4V�WXMB%RB_D[P�; WAB
BSP \ P*V�KSP*; `6=HKSO^KCOP%WXIgKCZINK�. WABSD4=GM@eKCOP A d C 0 T=lK�1jP2'AP*F 0Ld2KCB_=G@X@AP*B TN=HKYD[>AJ + f�5 .c>AM*)^W/. KSOP
1jP2'XP�F(0�d2KCBS=H@X@XP�B T=lKCJ�>UBSP J_P�KYKCONP*M^KCONP%P2'XP�M�K9Z>AJSJ_P*J6>AM;^KSOP `6OWXFHP|;P]KCP�V�KCWABY=GJ B_P >A; WXIgK
>AM;bZR>AJ_JSP*;bKCW KCONP 1jP;'XP*F 0 �.KCB_=G@X@AP*B*f

5 M[>A;;N=HKC=HWXM.KCW%KSOP6ZBSP�ZBSW�V*P�JSJSWABSJ D4P*M�KS=GWXMP�;4>AT W 'AP/=�KCOP�BSP/=GJ'> 1jP2'XP�F(0�d J_=GFG=HV*WXM.KSBC>AV +
KCB_=G@X@XP�B � 1 d�. $�$ � ZB_P*ZB_WgV�P*J_JSWXB V*IB_BSP�M�KSF<) T�P*=HM@ V*WXD4D4=GJSJ_=GWXMNP*;�f $ O=GJ0KC> + P�J KSBC>AV + J�. BSWXD
KCOP 1 A , $�$ >UM;�>U;;J O=HKSJ�. BSWXD KCOP4>�\g=G>AF�J_KSBS=HZJ W/. KSOP JS=HFG=GV�WXM F?>U;;P*B_J `6O=GVpO ;P;%RMP
Z WA=GM�KCJ�=GM ��� � f $ O=GJc>A;;=lKC=GWAMR>AF�=GMB. WABSD[>UKC=HWXM%`6=GFGF�=HD[ZNBSW 'XP KCOP W��4BSP*J_WXFGIgKC=GWAM,W/. 1 d>, $�$
KCBS>AV + J2>UM; >AFGJ_W�>AFGFHW�` KCBS=H@X@XP�BS=GMN@^WXM�KCBS>AV + J ;=GJ_ZF?>AV�P*;?. B_WXD KSOP ZBS=HD >UB	)3'XP�B_KCP \ f $ OP
=GD4ZR>AV]K ZR>UBC>AD4P�KSP*B^B_P*JSWAFGINKS=GWXM =GJ^>UZZBSW \g=GD[>UKSP*F<) d� ��D . WXB O=H@XO2W�� � � E  � P ���UV �
JS=HD.IF?>�KCP*;�J_=GM@AFGP%D.IWAMJ*f
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$ OPH1 P;'XP�F(0 �^KSBS=G@A@XP*B =HJ >bON=G@XO FHP2'XP�F = JSWA. K `�>AB_P TR>AJSP�;N= . IFGF()aZB_WX@XBS>AD[D[>ATFHP2KSBS=G@A@XP*B�f 5�K
BSP;%RMP*J KCONP4ZNO6)�J_=GV*JeWXT \ P�V�KSJ2V�BSP >�KCP*; >UK-1jP2'AP*F 0LdS= V*B_P >UKSP*J MP]` =�D4WXBSP J_WXZO=HJ_KS=GV >�KCP*; WXT 0
\ P*V]KCJP= %RM;J BSP�F?>UKS=GWXMJ0T�P�K ` P*P�M�WXT \ P�V�KCJ >AM;[D > + P*J KCOPT%RMR>AF ;P�V*=HJS=GWAM4KSW + P�P*Z KSOP|P;'XP�M�K*f
$ OP*B_Pa=HJM. INFGFY>AV�V*P�JSJ[KSW KSOPb;P�KSP*V�KSWXB4BSP >U;WXINK >AM; > FH=GD4=HKSP*; BSP�V*WXMNJ_KCB_IV�KS=GWXM W/. P*>AVpO
P2'AP*M�K =HJYZ P�B	. WXB_D[P�;�f�5�K6OR>AJ/>AZZNBSW \g=GD[>UKCP�F<) E  0 A �,D[J6=HMbWABS;P�B�KCW ;W KCO=HJ*f
$ ONP|JSWA. K `�>AB_P BSINMJ WXM^>-.�>AB_D!W/. J_KC>AM;R>AB_;Ld�, V*WXD4ZINKSP*B_J BSINMM=GMN@2KCONP�1j=GM�Ig\[WXZ�P*B#0

>UKC=HM@.J�)gJLKCP�D f � >AVpO =GMN;=<'�=G;NIR>AF�d�, =HJ + MW�`6Mb>AJY> 1jP;'XP*F 0 �,MNWg;P >AM;�BSINMJY>AM�=HM;P*Z�P*M 0
;P*M�K =GMNJ_Kp>UMV*P6W/. KCONP 1jP;'XP*F 0 �%JSWA. K `�>AB_PAf � >AVpO4=GMJLKp>AMNV*PYJSP G IP*M�KC=G>AFGF().ZB_WgV�P*J_JSP*J V*WAD[ZFHP�KSP
P2'AP*M�KCJe>AM;a=<.0>UV*V*P�ZNKCP�;N=�KCONP,P2'AP*M�K =GJ/ZR>AJ_JSP�; WAMaKCW4KCOP.;>UKp>AFHWX@X@XP�BY`6OP*B_P.=HK9=GJ9JSP*M�K KSW
Kp>AZ�PAf

Q�=G@XIB_P^d�f C J_OW�`6J,KCONP^O=GP�BC>AB_VpO*)�W/.6WAT \ P*V]KCJ =GM KCOP 1 P;'XP�F � . BS>AD[P]` WAB + f QRWXB,P*>AVpO
1jP2'XP�F(0�dbKCB_=G@X@XP�B2TN=HKeKCOP�BSP =HJ.>UK,FGP*>AJ_K2WXMP >AJSJ_WgV�=?>UKSP*;���� ����� ��������� ��f $ OP�BSP�=HJ2MWaFG=GD4=HKP=
P]\gV*P�ZNK . WXB >O'U>A=GFG>ATFGPYZNBSW�V*P*J_JS=HM@.Z�W�` P*B2=NWXM[KCOP/M�ID.T�P*B WA.N%RFHKSP*B JSV�BS=GZgKCJ�>UJSJSW�V*=G>UKCP�; KCW,>
1jP2'XP�F(0�d,T=HK*f � >AVpO %FHKCP�B J_V*BS=HZNK6;P;%RMP*J6>.M�ID,T P�BYW/.���� � �����%KSOR>UKY;P]KCP�BSD4=GMP|KSOP 1jP2'AP*F(0 �
V*WXMN;=HKS=GWXMJT. WXB/KCO=HJ/KSBS=G@A@XP*B/T=HK*f|Q�=GFHKSP*B_J/V�WXD4P,=GMbK ` W�D[>A=HMbKC)�Z�P*J*f $ ONP,D4WXJ_K|V*WXD4D[WAM
KC)�Z P[>ABSP ZNO6)�J_=GV*JeWXT \ P�V�K-%RFHKSP*B_J KCOR>UKe>UZZF<)�JSP*FHP*V]KC=GWAM V�INKCJ WXM ZO*)�JS=HV*JeWXT \ P*V]KCJeV*B_P >UKSP*;
T*)b>	��
������� � ������� f�5 MaQ�=G@XIB_Pedgf C =B%RFlKCP*B_J A = d >AM; � >ABSP W/. KCON=GJ�KC)�Z PUf $ OP2J_P*V�WXM; KC)�Z�P
W/. %RFHKSP*B�=HJ�>.B_P*F?>�KC=GWAMR>AF %RFHKSP*B*f $ O=GJ KC)�Z�P W/.J%RFHKSP*B�V�WXD4ZR>ABSP�J KCONP%WXINKCZNINKYW/. WAKSOP*B�%FHKCP�BSJ�f
5 MaQ�=G@XIB_Pedgf C =B%RFlKCP*B � =HJYW/.�KSO=GJYKC)�Z�PAf

d0O*)�JS=HV*J2KSWgWAFGJ%ZB_W '�=H;P > FG=HJ_K W/.������������������������� "!��aWXT \ P*V]KCJ-. WXB%KCOPM%RFHKSP*B_JeKSW V�INK
WXM�f � \N>AD[ZNFGP*J9=GMV�FGI;NPeP�FGP�V�KCB_WXMJ2=�D.IWAMJP= \ P�KSJP= KCBC>UV + J >AM;aKC>AIJ*f $ OP2ZO*)�JS=GV�J|KCW�WXFHJ/=HM
KCIB_M	@XP�MP*BS>AFGF() V >AFHF >UK2FGP*>AJ_K,WXMP$#�% �&% �������6KSOR>UK2Z P�B	. WXB_D[J2D[WAJ_K2W/.YKCOP[V*WXD4ZINKC>UKC=HWXM�f
� \>UD[ZFHP*JeW/.�;>UKp>�KCW�WXFGJ%=HMV*FHI;P KCBS>AV + =GM@B= 'AP*BLKCP]\g=HM@�WXB V*FHIJ_KSP*B_=GM@ KCW�WXFGJ�f 9%>UKp>�KCW�WXFGJ
V >AM V >UFGF�WAKSOP*B KSWgWAFGJ%>AMN; KSOP2) V*>AVpOP KCOP�=GB B_P*J_IFHKSJ KSW P*MJ_IBSP KCOR>�K%KCOP KCW�WXF�B_IMJ WXMV�P
Z P�B P2'XP�M�K.;P�JSZ=lKCP4D.IFHKS=GZFHP,V*>AFGFHJ*f 0 MF<)�KSWgWAFGJ + MW�`6M	>AJ(')*��%�,+ � ����� �[OR>O'AP >AV�V*P�JSJ2KSW
KCOP BC> ` ;R>UKC>Nf $ OP�JSP�@XP�MP*BS>AFGF() ZBSW�V*P�JSJ,KSOP^;R>UKC>a=GM�> . WXB_D >UV*V*P�ZNKp>UTFGP4KCWaKSOP^;R>UKC>
KCW�WXFGJ�f
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$ ONP JSWA. K `�>AB_P�=GM�KSP*B	.�>UV*P�. WXB KSOP�%FHKCP�BSJc>AM;2KSWgWAFGJ =GJ V >AFHFGP*;������ ���!�������� �	� f�5�K Kp> + P*J�>AJ
=GMZNINK�> �����
	�	��� � � ����`6O=HVpO^;P2%MP*J KSOP %FHKCP�B'JSV*B_=GZNKSJ�>AMN; V*WAM�KC>A=GMNJ�%RFlKCP�B >AMN;[KCW�WXF ����
������ �]f
:!BSP;. JSP�K =HJ%>�JSP]K W/. ZBSWX@ABC>AD4D >UTFGPeZR>ABS>AD[P]KCP�BSJ|KSOR>UK D[> ) T�P >AFG@XWABS=HKSOD4=GV =GM�KSOP V >AJ_P
W/. > ;R>UKC> KCW�WXF WXB + =GMP�D >�KC=GVe=GM�KSOP.V*>AJSP W/. >7%FHKCP�B*f �6P2. J_P�KCJ >UFGFGW�` G IR>AFH=HKC)b;P;%RM=HKS=GWXMNJ
KCW T�Pe;NP2%RMP�;aJ_IVpO�>AJ6FHWgWXJ_P/=D4P*;N=GID WXB�KC=H@XO�K6D.IWXMJ�f

:�K KCOP T�P*@A=GMM=HM@.W/.�>,B_IMN=���������� !����������	��ZR>UBSJSP�JYKCOP|KSBS=H@X@XP*B_FG=HJ_KO=�=HM=HKS=?>AFH=GJSP�J >AFGF�BSP80
G I=GB_P*;[KSWgWAFGJ'>AM;[TI=HFG;J'>AM[P]\gP*V�INKC=HWXM[KSBSP�PAf�:9JSJSIND[=HM@2MNW,P*B_BSWXB_J W�V*V�IBP=���������!�������� �	�
=GJ�KSOP*M BSP >U;B)^KCW4>AV�V*P�ZNK/;R>UKp>gf

^ ONP*M .gV*B_=GZNK �/IMNMP*B6BSP�V*P�=<'XP�J >AMbP2'AP*M�K9=HK6BSINMJ|>UM P \NP�V*INKS=GWXM KCB_P*P . WXBYP >UVpO?1jP2'AP*F(0�d
T=HK6KSOR>UK/=GJ6JSP]K f � >AVpO %RFHKSP*B6JSV�BS=GZgK9=HJ6P]\gP*V�INKCP�; =GM KCIB_Mb`6=lKCOaP*>AVpO %FHKCP�B/>AM;�>UJSJSW�V*=G>UKCP�;
KCW�WXFGJ/P]\gP�V*INKSP*; =GMaJ_V*B_=GZNK|WXBS;P�B*f�5 . > %RFHKSP*B .�>U=GFGJ6WXB|>AFGF W/.0KSOP %RFlKCP�BSJ|=HM KSOP %RFlKCP*B9JSV�BS=GZgK
ZR>AJ_JP=AKSOP MP \�KK%RFlKCP*B JSV�BS=HZNK�>UJSJSW�V*=G>UKCP�;2`6=lKCO2KSOR>UKK1jP2'XP�F(0�d/T=lK�=HJ�P \gP*V*IgKCP*;�f�5 .RMWXMP P]\g=GJLKCJ2=
���������!�������� �	� ZBSWX@ABSP*J_JSP�J KSWaKCONP^MP]\�K J_P�KM1jP2'AP*F 0LdaT=lK f?5 ./>AFHF KSOP7%RFlKCP�BSJ.=HM >AM*)�WAMP
%RFHKSP*B/JSV�BS=GZgK|ZR>UJSJP=�KCOP�MaKCO>UK|P;'XP�M�KP= KSWX@XP�KSOP*B/`6=HKSO =HMB. WXBSD[>UKS=GWXM�WXM `6O=GVpO %RFHKSP*B/JSV*B_=GZNKSJ
ZR>AJ_JSP*;a>AM;3.�>A=GFHP*;�=HJYJSP*M�K/KCW KCONPe;>UKp>AFHWX@X@XP�BY>AM;�`6B_=HKSKSP*MbWXINK*f

:9M P]\N>AD4ZFGP[W/.6KCO=HJ,ZB_WgV�P*J_J4=HJ2KSOP^=GD4ZR>AV]K.ZR>UBC>AD4P�KSP*B . BS>AD4P�` WXB + =';P2'AP*FHWXZ P�; T6)
D )�JSP�F<.#= >AM; ;P�JSV�BS=GT�P*; =GM D4WXB_P.;P�KC>A=GFc=GM�KCONP . WXFGFHW�`6=HM@[K ` W:, OR>AZNKSP*BSJ�f :�K%KCOP.KSWXZ W/.
KCOP VpOR>U=GMb=GJ�KCONP %FHKCP�B ���������`6O=HVpO =HJ6>M%RFlKCP�B�KCW ZF?>UV*P V*INKSJ6WXMbKSOP =GD4ZR>AV]KYZR>ABS>AD[P]KCP�B
W/.YKCBS>AV + J*f $ O=HJ %RFHKSP*B2V >AFHFGJ KCOP^ZNO6)�J_=GV*J.KSWgWAF ��	��� ������������	�	`6O=HVpO =GM�KSIBSM V*>AFGFHJeKSOP
KCBS>AV + =GM@�;>UKp> KCW�WXF�� �	��� ������  ������������	� >AM; 'AP*B_KSP]\g=GMN@�;R>UKC>bKCW�WXFHJ ��	���������	��! �	��>AM;
�� �! � ��� �	��!��	��f�5 .�KCONP*JSP/KCW�WXFGJ'OR>O'AP%>AFGB_P >A;S) T P�P*M^V*>AFGFHP*;4=GM KCO=HJ P;'XP*M�K�KSOP2) \ IJLK�B_P�KCINBSM
KCOP�=GB/V >AVpONP*; BSP�JSIFlKCJ9WAKCOP�B_`6=HJSP2KSOP2) P]\gP�V*INKSP,KCOP�=GB9>AFG@AWXBS=lKCOD4J*f $ ON=GJ/VpOR>A=GMa=GMP;'g=lKp>ATNF<)
FGP*>A;J6KCW4WXMP WXB/D[WXB_P%IMZR>UV + KSWgWAFGJP=R=HMbKSO=GJ6V*>AJSP KCOPeV*FHIJ_KSP*B_=GM@ KCW�WXFGJ  *� "���#�!������!����� 
>AM;  *��"���"�!������������ f

^ ONP*M >AFHF'KSOP KSWgWXFHJ2=HM�KCONP^VpOR>A=HM	OR>O'XP�WXIgKCZINK,KCOP�=GB,B_P*J_IFHKSJP= ��	��� ������������	� IJ_P*J
KCOP6ZB_=GD[>AB	)-'XP�B_KSP]\4Z�WXJS=lKC=GWAM >AM; V >AFHV*IFG>UKCP�J�KCOP6=HD[ZR>UV�K0ZR>UBC>AD4P�KSP*B0JS=H@XM=(%RV >AMNV*P . WXB�KSOP
FG=HJ_K9W/.'KCBC>UV + J�f $ OP BSP�JSIFlKCJ%>UBSP.JLKCWXB_P*; =GM�> FG=HJ_K9W/. ��$��������������� ������� �������  �!��a`6ON=GVpO
=GJ B_P�KSIBSMP�; KSW^KCOP %RFHKSP*BP= � � ������fJ5 . >UM6)aW/.'KCOP WAT \ P*V]KCJ ZR>AJ_J KCOP V�INKCJ%J_Z P�V*=<%P*; =GM�KSOP
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%RFHKSP*B'BSP;. JSP]K KSOP*M4KCOPT%RFHKSP*B'BSP]KCIB_MJ KSBSIPUf 5 .j>UFGFKCONP9WAKSOP*B�%RFlKCP�BSJ'=GM KCOR>�K Z>AB_KS=GV*INF?>AB %RFlKCP�B
JSV�BS=GZgK � JSIVpOa>AJ6> D.IWXM %RFlKCP*B � BSP]KCIB_MbKSBSIP%KCONP*M KCOR>UK/P;'XP*M�K9=GJ�`6B_=HKSKSP*M WXINK*f
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[ WXJLK'W/. KCOPYB_P*V*WAMJ_KSBSIV]KC=GWAM[>UM; ZBSWA@XBC>AD4D[>ATFGP'KCB_=G@X@AP*B � 1jP2'XP�F(0�d >AM;M1jP2'AP*F(0 � � J_W/. K `�>UBSP
=GJ `6B_=HKSKSP*M =GM , � � f ` WAKSO KCOPM1jP2'AP*F 0 � >AM; W��4=GMNP BSP*V�WXMJLKCBSINV�KC=HWXM . BC>AD4P�` WXB + J%INKS=GFH=GJSP
>AM WXT \ P�V�K WXBS=HP*M�KCP�; J_KCB_IV�KSIBSPUf $ OP�9�& P;'XP�M�K ;R>UKC> D[W�;P�F � � 9 [
� ZB_W 'g=H;P*J > JLKCBSINV�KCINBSP
. WXB'KCOP9W��4=GMP/J_KSWXBC>A@AP/=�ZBSW�V*P�JSJS=HM@ >AMN;^>AMR>UF<)�JS=HJ W/.�;R>UKp>gf�:|FHF KSOP|;>UKp> . WXB >UM P2'AP*M�K6>AB_P
J_KSWXBSP�;[=HM,KCOP��
	���� !.WXT \ P*V]K >AJ'> V*WAFGFGP�V�KS=GWXM.WA.��LVpO�INM + J�f QRWXB�P \>UD[ZFHP KCONPYBC> ` ;>UKp>%>AB_P
J_KSWXBSP�; =HMaKCONP �����
���*!���!*������� >AM;aKSOPM1jP2'XP�F(0 � =GMB. WABSD[>UKC=HWXM =HJ|JLKCWXB_P*; =GM KCOP ���!*�������f
� >AVpO�V�WXD[Z�WXMP�M�K2WA. KSOP BSP*V�WXMJLKCBSINV�KC=HWXM JSW/. K ` >ABSP[>AV�V*P*J_JSP�J2KCONP4VpO�IM + WABeVpO�IM + JeKCOR>�K
=HK BSP G I=HBSP�JP=NB_IMJY>UFGF >AFG@XWABS=HKSOD4J'>AM;�ZFG>AV*P�J�>,MP]` VpO�IM + =GM�KSW,KCOP��
	 ���!�f':|M�P]\N>AD4ZFHP
` WAIFG; T�P 'XP*BLKCP \N=HM@�`6O=GVpO ` WXIFH; B_P >A; =HMaKCOP B_P*FGP;'U>AM�K KCBS>AV + =GM@ VpO�IM + J2>AM; >A;; KSOP
��� ��!��	��!���������f



� � �����g
 � ��� � 
 � ��� ��3�� � �

# $ %'& (*),+ �

� )</6)������ 	 ),+B(*)�
 � 5 

� ��� ���^10$03 %�� -Y10(*3��

$ OP/FGW�V >UKS=GWXM.WA. KSOP6ZBS=HD >AB�) 'AP*BLKCP]\[=HJ'>AM =GD4Z WXBLKp>AM�K0=HMZINK'Z>ABC>AD4P�KSP*B . WXB0D[>AM*)R1jP;'XP*F 0
�-%RFlKCP�BSJ*f $ ONP��|V�WgWABS;=HMR>UKCP/V >UM T�P|IJ_P*;�T*) KCOP \ P�KY>UM; D4=GJ_JS=GMN@�% �3%RFHKSP*B_J KSW.V >AFHV*IFG>UKCP
>�D[WXB_P >AV�V*IBS>UKCP % � >UM; JSOR>AB_Z P�M KSOP*=HB|KCINBSMS0�WXM V*IB�'XP*J�f [ >AM*)�KSBS=G@A@XP*B_J%>AFGJ_W�IJSP KSOP
�2Z�WXJ_=HKC=HWXM^KCWM%RFlKCP*BYP;'XP�M�KSJ|KCO>UK9>ABSP JS=lKCIR>�KCP*; `6=HKSO=GM�KSOP%KCBC>UV + =HM@M%R;IV�=?>AFjB_P*@X=HWXM�f $ OP
. IFGF � 0#9 ZB_=GD[>AB	)M'AP*B_KSP]\b=HJ�IJSP�; ZNBS=GD[>AB_=GF<)R. WAB KCBS>AV + =GD4ZR>AV]K�ZR>UBC>AD4P�KSP*B6>AM;�T 0�Kp>U@X@X=GMN@
V >AFHV*IFG>UKC=HWXMJ0`6O=HVpO�>AFGFHW�` KCOP�%RFHKSP*B_=GM@eW/. P2'AP*M�KCJYT>AJSP�;^WXM^FH=<. P�KS=GD4PAf :|FHD[WXJLK >AFGF ZO*)�JS=HV*J
>ABSP*>AJ/>UK�9�& IgKC=GFH=GJ_P|KCOP-1jP2'AP*F 0 � 'XP�B_KCP \g=GM@4KCW�WXFGJ�f
$ ONP KC=HD[P TIN;@XP�K Z P�B P;'XP*M�Kb>UK71jP2'AP*F(0 � =HJ >AB_WXIM; E AD4J*f $ OPaD[> \ WXB_=HKC) W/.|KCO=HJ

KC=HD[PY=HJ0JSZ�P*M�K WXM[V�FGIJLKCP�BS=GMN@2>UM;4KSBC>AV + =HM@�=XKCONP*BSP;. WXBSP9>AM*) 'AP*B_KSP]\g=GMN@.>AFH@XWXBS=lKCOD4J D.IJ_K T�P
.�>AJ_K*f6: JSIN=HKp>UTFGP TR>AFG>AMV�P2T�P�K ` P*P�M J_Z P�P*; >UM;�Z�P*B	. WABSD[>AMV*Pe=GJ6KCONP.>A=HD . WXB9>AM*)bKSWgWAF�>�K
1jP2'XP�F(0 �Nf $ W�>U=G;b=GM KS=GD4P + P*P*ZN=GM@�=RKSOP 'AP*B_KSP]\:%RM;=HM@ =HJ9J_ZFG=lK9=HM�KCW �eV*W�WXB_;=GMR>�KCP %RM;=HM@
>AM;�\60 ) V�WgWABS;=HMR>UKCP %RM;=HM@f ^ =lKCO KCO=HJ JSZNFG=HKP=N%RFHKSP*B_J%BSP G I=HBS=HM@�WXMF() KSOP � V*W�WXBS;=HMR>UKSP
;W4MWAK6OR>O'XP KCW V*>AFGF�KSOP D[WABSP >AV�V*IBS>UKCP \60 )�V�WgWABS;=HMR>UKCP�%M;=GMN@f

� � � ��������1c"%$'(���� )���% 10$0).-���(����

` WAKSO 'AP*BLKCP]\g=HM@ >UFG@XWXB_=HKSOD[J[>AB_PaKCBS>AV + TR>AJ_P*; >AM; BSP G I=GB_P >	JSP�KbW/. KSBC>AV + Jb>AJ�=GMNZINK f
$ OPbZR>AV + >A@XP�J  *� "���#�!������!����� 	>AM;  �� "���"�!������������ >AV�V*P*J_J4KSOP BC> ` ;>UKp> VpO�IM + JH. WAB
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KCOP . [ $ >AM; ,�Q $ >AM; Z P�B	. WXB_D5V*FHIJ_KSP*B_=GM@ . BSWAD5J_KSBS=GZNJ,>AMN; %RTNBSP*JeBSP�JSZ�P*V]KC=<'AP*F() H ��� J
H � E]J f $ OP KSBC>AV + =GMN@ ZR>AV + >A@XP  �� "�!��� ��� �  ����$�  IJSP�JcKCOP�JSPYV�FGIJLKCP*B_JcKCW %RM;.@XFHWXTR>AF�KSBC>AV + J
� . [ $ � ,�Q $ KCBS>AV + J � H � F]J f

� � � �!" $01c"98 (���� )�� � 34$'(�10 & �
�T� ���	� ��F �B�BF������-, �������
	 � � �B ,���� 
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 FJ��E�T�

$ OP��-%RMN;=GM@4>AFH@XWXB_=HKCOND INKS=GFH=GJSP�J6> W���` P*=G@AO�KSP*; O=GJLKCWX@XBS>AD4D[=HM@.>AZNZBSW�>UVpO�f :9FGF�KSBC>AV + J
Z WAJSJSP�JSJ_=GM@�� C J_KSP*BSP�WM,�Q $ O=lKCJ >ABSP/T=HMMP*; =GM KCOP �9BS>AM@XP � 0 A �AV�D = A �AV�D � >UV*V*WABS;=HM@
KCWeKCOP�=GB�� Q KCBC>UV + Z>ABC>AD4P�KSP*B0`6O=HVpO^=GJ'KCOP �|Z�WXJ_=HKC=HWXM W/.�KSOP9KSBC>AV + OP�FG= \[>UK KSOP/;=GJLKp>AMV�P
W/.'V*FHWXJSP�J_K >UZZBSWX>AVpO�KCW^KSOP.WXB_=G@X=HM =HMaKCOPe\ 0 )aZNF?>AMP ��:9ZZ P�M;= \�: � f $ OP.TN=GM�`6=G;gKCO�=HJ
A V*Dbf $ OP%M�ID.T�P*B6W/. KSBC>AV + J6=GM�P*>AVpO T=GMN= �K==HJ KCOP�M D.IFHKS=GZFH=GP�; T*) KSOP� W���W/. KSBC>AV + J
`6=HKSO=GM KCOR>�K9TN=GM�f $ OP,B_P*J_IFHKS=GM@ T=HM 'U>AFHIP =GJYKCOP�M �� W�� f $ OP,D[>�\g=GD.IND >A; \ >UV*P*M�K d
T=GMNJ6>ABSP J_P*FHP*V�KSP*; >AM;^KSOP �%Z WAJS=HKS=GWXM V >AFHV*IFG>UKCP�; >AJ KCONP%D[P*>AM�� Q W/. KSOP KCBS>AV + J/ZNBSP*J_P*M�K
=GM KCONWXJSP6T=HMJ*f�, ONWgWXJ_=GM@%KSOP6O=G@XONP*J_K >A; \ >AV*P�M�K d T=HMJ'=GJ0BSP G I=GB_P*;4JS=GMNV*PYKCOP�� Q WA. KSBC>AV + J
. BSWXD KCONP%OR>ABS;�J_V >UK_KCP�BYV >AM�T�P%;=GJLKCB_=GTINKSP*;^W 'AP*B A 0�d,V*Dbf ! J_=GM@.KSOPeW��b` P�=G@XO�K�KSW JSP�FGP*V]K
KCOP�V�WXBSB_P*V]K T=GMJ,D > + P*J =lK.BSWATIJ_K4>U@�>A=GMNJ_K.D4=GMN=GD.ID TN=?>AJ 'AP*BLKC=GV�P*J ZB_P*JSP�M�K f $ W OP*FHZ
ZBSP;'XP�M�K .�> + PA=�ON=G@XOXW��	KSBC>AV + J . BSWXD T=?>AJ_=GM@�KSOPR'XP*BLKCP \"=c>bD[>�\g=GD,ID'W���` P�=G@XO�KeW/. A 
� P ���UV =HJ/=HD[Z�WXJ_P*;�f $ OP KCW�WXF�B_P�KSIBSMJ/WXMF()^WXMNP2ZB_=GD[>AB	) 'XP�B_KSP]\ f�5 .cMW4KSBC>AV + J/ZR>AJ_J/KSOP
JSP�FGP*V]KC=HWXM V*BS=lKCP�BS=?>S=NMWM'XP�B_KCP \b=GJYB_P�KCINBSMP�;aBC>�KCOP�B6KSOR>AM�KCONPeWABS=G@A=GM�f

Q�=G@XIB_P �gf A =HFGFHIJ_KSBC>UKSP*J%KCOP ;= � P*B_P*MV�P^T P]K ` P�P*M >aJLKCBC>U=G@XO�K2O=GJLKCWX@XBS>AD4D[=HM@ D[P]KCOW�;
>AM;	KSOP�W�� ` P*=H@XO�KCP�; ON=GJ_KSWX@XBS>AD[D4=GMN@�D[P]KCOW�; . WXB,> acb�� � b � [ WAM�KSP ,�>ABSFHW � [ , �
P2'AP*M�K f $ OP [ , OR>AJ[>A;;N=HKC=HWXMR>AF D[=HM=GD,ID T=G>AJ P2'AP*M�KCJ�>U;;P*; `6=HKSO KSOP ZNBSWXTR>UT=GFH=HKC)
. WXFGFHW�`6=GM@%> d�WA=GJSJ_WXM4;=GJLKCBS=HTINKS=GWXM.`6=lKCO D[P*>AM Nf C fK5 M KCO=HJ P;'XP�M�K KCONP/O>ABS;4JSV*>UKSKSP*B�'XP*BLKCP \
FG=HP*J�>�K 	 K � ��2V*D >UM; >,D4=GM=HD.ID!T=G>AJ�'AP*B_KSP]\ FH=GP�J�>UK 	 K � A ,V*Dbf $ OP%O=HJ_KSWX@XBC>UDM0
D[=HM@^D4P�KSOWg;�`6=lKCO MW W���` P*=H@XO�K�%RM;J%KSOP D[=HM=GD,ID T=?>UJ 'XP�B_KCP \ f $ OPcW�� ` P�=G@XO�KSP*;
O=GJLKCWX@ABC>AD4D[=HM@ D[P]KCOW�;�%M;J,KSOP^OR>AB_;	JSV*>UKSKSP*B 'AP*BLKCP]\ f $ OPH'XP*BLKCP \ BSP]KCIB_MP*; =HM KSOP
. WXBSD4P*B�V >AJ_P6OR>AJ0> 'AP*B	).F?>AB_@XP B_P*JS=H;IR>AF�f 5 M4>AFHFgWA.RKCOP . WXFHFGW�`6=GMN@�=�KSOP �_B_P*JS=H;IR>AF |=HJ�;P2%MP*;
>AJYKCOP ;=HJ_KC>AMV*P T�P�K ` P*P�MaKCOP&. WXINM; 'XP*BLKCP \�>UM;�KCOP [ , KSBSIP OR>UBS; JSV*>UKSKSP*B�'XP�B_KCP \ f
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Histogramming method histogram
Entries  16
Mean    6.959
RMS     22.05
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 weighted histogramming methodtP histogram_pt
Entries  16
Mean    18.82
RMS     19.99

 weighted histogramming methodtP
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$ W,V >AFHV*IFG>UKCP6KCOP�'XP�B_KCP \�Z�WXJS=lKC=HWXM[=HM[KSOP9\60 )4ZFG>AMP9>AM^=GD4ZR>AV]K Z>ABC>AD4P�KSP*B D[=HM=GD4=GJS>UKC=HWXM
>AFG@AWXBS=lKCOD =GJ'IJSP�; H �	g J = H � CPJ f $ OP/KCBS>AV + J�>AB_P|>AZNZBSW \g=GD[>UKCP�;[T*) JLKCBC>U=G@XO�K FG=HMP*J2=�FH=GMP*>ABS=HJSP�;
>UK.KSOP^V*FHWXJSP�J_K Z�WX=HM�K2KCW�KSOP^D4P >AM T�P >AD4JSZ�WAK,Z WXJ_=HKS=GWXM���JSP�P .gP*V]KC=HWXM �Nf E � f Qc=H@XIB_P �Nf d
JSOW�`6J KSOP.V*WAM6'AP*M�KC=HWXMJ%IJ_P*; =GM KCOP . WAFGFGW�`6=HM@[;NP*BS=('U>UKC=HWXM WA.�'XP*BLKCP \ Z WAJS=HKS=GWXM�f `�) ;P;%B0
M=HKS=GWXM

� � � �657 �98 �;:<57 �  � � �Nf A��
`6O=GVpOb@X=('XP*J

� �=8 :<57 � � �Nf d �

$ OP 'XP*BLKCP \b=GJYV >UFGV*INF?>UKSP*; T*)�D[=HM=GD4=GJ_=GM@ KCONP . WAFGFGW�`6=HM@?> T . INMV�KS=GWXM
> T �A@'BDCFE�GIH
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� Y M �98 M � T
�>=VUM � T

� � �Nf � �

`6OP*B_P�KCOP KSBC>AV + JSITNJSV*B_=GZNK � V*WABSBSP�JSZ�WXM;J.KSW >AM =GMN;=<'�=G;NIR>AF0KCBS>AV + >AMN;	KCOP�J_ITJSV�BS=HZNK
W B_P2. P*B_J KCW \60 ) V*W�WXBS;=HMR>UKSP*J*f $ OP %RBSJLK^KCP�BSD =GJ4KCOPbKCBC>UV + V�WXM�KCB_=GTINKS=GWXM >AM; V*>AM T�P
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$ OP*B_P =GJ >AFHJSW,> 'U>AB_=?>ATFHP W�� V*IgK�WXM4KCOP6KCBS>AV + J KCOR>�K V*>AM T�P9J_Z P�V*=(%RP*; >UK B_IM KC=HD[P6=HM4KSOP
KCB_=G@X@XP�BSFH=GJ_K*f $ O=HJ6V*INK6`6=GFHF�T�P =GM*'XP�J_KC=H@�>UKSP*;b=GM .gP�V�KC=HWXM �Nf g�f �Nf
5 . K ` W,WXB'D[WXB_PYKCBC>UV + J ZR>AJ_J KCONP9J_P*FGP�V�KS=GWXM[V*BS=lKCP�BS=?>S=XKCOPT'XP�B_KCP \ >AM; > T >UBSP6V >AFHV*IFG>UKCP�;

`6=HKSO >AFGF�KSBC>AV + J�f � >AVpO KCBS>AV + =GJ4JSP G IP�M�KC=?>UFGF<) B_P*D4W 'AP*; >UM; KCONP 'XP�B_KSP]\ B_P*V*>AFGV�IF?>UKSP*;�f
$ OP2KSBC>AV + KSOR>UK9V >AIJ_P*J|KSOPeD >�\g=HD.ID VpOR>UM@XP,=HM2> T Z�P*B9;P*@ABSP*P2W/.K. B_P*P�;WXD = ��> T

�!E P
=HJ

BSP�D[W 'XP�; . BSWXD KCOP|JSP�K6WA.jKCBC>UV + J6ZB_W 'g=H;P*; ��> T
�%E P

=GJ F?>AB_@XP*B'KCOR>UM^KCOP�'U>AFHIP �
�%E P

f $ O=HJ
ZBSW�V*P�JSJY=HJ�BSP�Z P*>UKCP�;bINM�KS=GF�>,JSP]K6W/. KCBC>UV + JY=HJ�. WXINM; JSIVpO�KCO>UK���> T

�!E P
	 �

�%E P
==GM `6ON=GVpO

V >AJ_P^KCOP 'AP*BLKCP]\ Z WXJ_=HKS=GWXM	=HJ.BSP]KCIB_MP*;"= WAB,KCOP�BSP�=HJ.WXMF() A KSBC>AV + BSP*D[>A=HM=GM@B=c=GM	`6ON=GVpO
V >AJ_P9KSOP|T�P >AD4JSZ�WAK =GJ BSP]KCIB_MP*;�f $ ONP|WXZNKS=GD[>AF �

�!E P
V�INK `6=HFGFRT�P9;P]KCP�BSD4=GMP�; =GM/.gP*V]KC=HWXM

�Nf ggf �gf
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� ��� � 3 �^1c" �E).$ �*3 7 "%$��X34$ & ) � -/"

5 M,KCON=GJcJ_P*V]KC=GWAM,KCOP Z P�B	. WXB_D >UMV*P W/.RT�WAKCO,KSOP � >AM;2\60 )-'AP*BLKCP]\ >AFG@AWXBS=lKCOD4J >ABSP P2'U>AFHIR>UKCP�;
WXM [ , JS>AD[ZNFGP*J�f

�T��� �	� ��� 
 � (#F �

$ OP [ , JC>AD4ZFGP�J�IJ_P*; KCW D4P >AJ_IBSP KSOP%Z P�B	. WXB_D >UMV*P WA. KSOP ��'XP�B_KSP]\�KSWgWXF�` P�BSP VpOWXJ_P*M
KCW BSP�ZBSP�JSP�M�K >AFGF�KC)�Z P�J9W/.cP2'AP*M�KCJ6KCOR>�K/KSOP%KCW�WXF�D[>O)^T�PeINJSP*;bWXM�f

� acb � � b � � Nf C D[=HM�T=?>UJP=@XP�MP*BS>UKCP�;b`6=lKCObZ A � Q = E �� P;'XP*M�KSJ

� � �� � \ P�KSJ � Nf C D4=GM�TN=?>AJ2=@XP*MNP*BC>�KCP*;b`6=HKSObZ A ��= E �� P2'XP�M�KCJ

� :|J_JSW�V*=G>UKCP�;�f9=H@X@XJ ZB_Wg;NIV�KS=GWXMN= ���
	 � Y � Y Y � Y � Nf C D[=HM TN=?>AJ2= @XP�MP*BS>UKCP�; `6=HKSO
Z A �B= E ��.P2'XP�M�KCJ � ��� M�� b � A ���%P �"�UV T � f $ O=GJYJS>AD4ZFGP/`6=GFGF \ IJLK6T P%B_P2. P*B_BSP�; KSW
>AJ�	 � Y � Y Y �Y�f

� � Q � ��� � Nf E D4=GM�T=G>AJP=N@XP*MP�BC>UKSP*;b`6=HKCO Z A � T = E ��.P2'XP�M�KCJ

��� � ��� � Nf E D[=HM�T=?>AJ2=@XP�MP*BS>UKCP�; `6=HKSO Z A �B= d E � P2'AP*M�KCJ

QRWXB KSOP Z�P*B	. WABSD[>AMV*P9W/.jKCONP/\60 ) 'XP�B_KCP \ %RMN;P*B2=WXMF()4KSOP acb � � b � >AM; KSOP�	 � Y � Y Y � Y
[ , JC>UD[ZFHP*J/` P�BSP,INJSP*;?. WAB9JLKCI;=HP*J�f $ O=HJ9=HJ9T�P*V*>AIJ_P/=j>UK9ZB_P*JSP�M�KO=�WAMF<)�KSOP*J_P,KC)�Z P�J W/.
P2'AP*M�KCJ/`6=GFGF BSP G IN=GBSP TS0yKp>A@A@X=GM@ >�KYKCOP%KCB_=G@X@AP*B�FHP2'XP�Fyf

�T��� �C� � � F � �;�� 
 ����!JF

Qc=G@AIBSP�J �Nf C KCW��Nf A d|JSONW�` KCONPYBSP*J_=G;I>AFNT�P�K ` P*P�M[KCONPYBSP�KSIBSMNP*; � 'XP�B_KCP \4>AM;.KSOP�KCB_IP [ ,
'XP�B_KCP \ >AMN;�KCOP.M�ID,T P�B W/.0KCBS>AV + J%>AJ_JSW�V*=?>�KCP*;�KSW KCONP 'XP�B_KCP \?. WXB�%�'XP,;= � P*B_P*M�K KC)�Z P�J%W/.
[ , P;'XP*M�K�`6=lKCO[> KSBC>AV + W�� V*INK W/. A �%P �"�UVAf $ ONP|BSP�JS=H;IR>AFR;=HJ_KSBS=GTNINKC=HWXMJ'>AB_P�%K_KCP�;[`6=HKSO
>4;NWXITFHP��e>AINJSJS=G>AM ;=GJLKCB_=GTINKS=GWXM�V�P*M�KCB_P*;a>UK �*P�BSWf $ >ATFGP��gf A JSIND[D[>ABS= �*P�J�KCOP BSP�JSIFlKCJ�f

��� 9_x ��� z�{ ��� z �gw=7:90z��6} � v]~ ��
 ��x�z � �U} w�� z]{ x=9L~Q9_v � 9 ��z � w ��v]xG9��
� � 9_x ��� z�{ � 
 z �gw=7:90z��6} � v]~ ��
 ��x�z � �U} w�� z]{ x=9L~Q9_v � 9 ��z � w ��v]xG9��
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Entries  4974
    1C  19.92± 338.4 

 1x  0.003587± -0.009009 
 1σ  0.006482± 0.1234 
    2C  21.54± 138.1 

 2x  0.00646± -0.002766 
 2σ  0.01032± 0.2581 

Z residual (cm)
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Entries  4974
    1C  19.92± 338.4 

 1x  0.003587± -0.009009 
 1σ  0.006482± 0.1234 
    2C  21.54± 138.1 

 2x  0.00646± -0.002766 
 2σ  0.01032± 0.2581 

π s D→ sZ residual: B Entries  5000

Mean    6.557

N tracks
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Entries  5000

Mean    6.557

π s D→ sN tracks associated: B

hjiHkUmgnpo ��r���t �!�;� 	����� xG9�� � � ��v]~�v { �|{���� � 9Lxjz �v ����z�} � vpw=9 �Ywyxyv�} ����� �����4���N9 ��� } �

Entries  5000
    1C  28.55± 548.9 
 1x  0.002489± -0.0136 
 1σ  0.004699± 0.1172 
    2C  30.94± 66.55 
 2x  0.01403± 0.009161 
 2σ  0.02483± 0.226 

Z residual (cm)
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Entries  5000
    1C  28.55± 548.9 
 1x  0.002489± -0.0136 
 1σ  0.004699± 0.1172 
    2C  30.94± 66.55 
 2x  0.01403± 0.009161 
 2σ  0.02483± 0.226 

 jets→ tZ residual: t Entries  5000

Mean    27.31

N tracks
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Entries  5000

Mean    27.31

 jets→ tN tracks associated: t

hjilkAm�npo ��r	��t ��
� � xG9�� � � ��v]~Xv]{ �|{���� � 9Lxjz �v ����z�} � vpwG9��Ywyxyv�} � ��� � � �4���N9���� } �
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Z residual (cm)
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b bb b→Z residual: H Entries  4993

    1C  33.8± 365.6 

 1x  0.003915± -0.004245 
 1σ  0.0082± 0.1241 

    2C  37.1± 143.8 

 2x  0.006650± -0.003368 
 2σ  0.0130± 0.2319 

b bb b→Z residual: H 

N tracks
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b bb b→N tracks associated Z: H Entries  5000

Mean    17.49

b bb b→N tracks associated Z: H 

hjilkAmgnCo ��rls���t�� ��� 
��� 
 � � x=9 ����� �Uv ~�v { �/{���� � 9_x z �v � ��z�} � vpw=9 �6w�x�v]} ����� � � �4���N9 ���p}]�

Entries  4884
    1C   16.5± 311.4 

 1x  0.003941± -0.006875 
 1σ  0.008461± 0.1118 
    2C  18.86± 145.3 

 2x  0.006181± -0.002513 
 2σ  0.01103± 0.2802 

Z residual (cm)
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Entries  4884
    1C   16.5± 311.4 

 1x  0.003941± -0.006875 
 1σ  0.008461± 0.1118 
    2C  18.86± 145.3 

 2x  0.006181± -0.002513 
 2σ  0.01103± 0.2802 

µµ → 0Z residual: Z Entries  5000

Mean    4.165

N tracks
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Entries  5000

Mean    4.165

µµ → 0N tracks associated: Z

hjilkAm�npo ��rlsAsUt � ���	��� x=9 ��� � ��v ~�v]{ �|{���� � 9Lxjz �Nv � ��z } � v wG9��6wyxyv�} � ��� �����4���N9���� } �
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Entries  2339
    1C  8.104± 141.4 
 1x  0.006461± -0.01053 
 1σ  0.008886± 0.1442 
    2C  7.068± 41.85 
 2x  0.01382± 0.02718 
 2σ  0.01991± 0.3613 

Z residual (cm)
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Entries  2339
    1C  8.104± 141.4 
 1x  0.006461± -0.01053 
 1σ  0.008886± 0.1442 
    2C  7.068± 41.85 
 2x  0.01382± 0.02718 
 2σ  0.01991± 0.3613 

νµ →Z residual: W Entries  2500

Mean    3.439

N tracks
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Entries  2500

Mean    3.439

νµ →N tracks associated: W 

hjiHkUmgnpo ��rHs�q�t�� ����� � xG9�� � � ��v]~�v { �9{���� � 9Lx z �Nv ����z�} � vpw=9 �Ywyxyv�} ����� � � � ���N9 ���p} �

N tracks
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 vs N tracksπ s D→ sZ residual: B

hjiHkUmgnpo ��rHs���t�� x=9 ��� � ��v ~ �l}L� ��v �cv � ��{U} w�� z]{,z ��{���� � 9Lx�z ��v � ��z�} � vpw=9 � wyxyv�} ��� wyz/w=7:9�uK9Lx�wG9L� � z]xcwG7:9� � � 	 � � � � �yv ����~Q9�� � w=7�� � �4���N9�� �
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.N>AD4ZFGP �= ����� � ����� � � �
������� � ��V*D � � KSBC>AV + J

a b � � b � Nf A�F F f F
� �� � \ P�KSJ Nf A d dDggf �
	 � Y � Y Y � Y Nf A�E A ggf E
� Q � ��� Nf A g �f d
� � ��� Nf A�@ �Nf��

������ o ��rlsAt ��v� ����� v {�(�w�upv ~��:9 ��z �Rw=7:9 � u 9Lx�wG9�� x=9 ����� �Uv ~ ��v]{ � wG7O9 {���� � 9_x�z � v � ��z�} � v wG9 �|wyxyv�} ��� � z]xw=7:9�(�uK9 � � �yv ����~Q9 �_�

9 = ��P�BSP�M�KYKSWXZ�WXFGWX@A=GP*J ;=GJ_ZF?>O)�;= ��P�BSP�M�K9BSP�JSWXFHINKC=HWXMJY;INPeKSW4KSOP%KCBC>UV + D.IFHKS=GZFH=GV�=HKC)4W/.
KCOP'P;'XP*M�KSJ*f $ OP'P���P�V�K W/.�KCBC>UV + D.IFlKC=GZNFG=GV�=HKC)6V*>AM T P'JSP�P*M2>AJjKCOP0B_P*J_=G;IR>UF�=GMV�BSP >UJSP*J >AV�BSWXJ_J
KCOPe;= ��P�BSP*M�K6KC)�Z P�J|W/.cP2'AP*M�K%>AJYKSOP2D,IFHKS=GZFH=GV*=lKC) ;P*V�BSP*>AJSP�J*f $ O=HJ/=HJ�. IB_KSOP*B6=GFHFGIJLKCBS>UKCP�;
T*) Qc=G@AIBSP �Nf A � `6O=HVpO J_OW�`6JeKSOP BSP�JS=G;NIR>AF0>AJe> . IMV]KC=HWXM W/. M�IND.T P�B W/. KSBC>AV + J&. WXB KSOP
acb�� � b � [ , JC>AD4ZFGPUf $ OP^B_P*JS=H;IR>AF V*FHP >AB_F<) =HD[ZNBSW 'XP�J2`6=HKSO KSOP M�ID.T�P*B2W/.�KSBC>AV + J
>AJSJ_WgV�=?>UKSP*;�f
$ ONP Z P�B	. WXB_D >AMNV*P W/. KCONP �?%M;=GMN@ >AFG@XWABS=HKSOD >AJ >@. IMV]KC=GWAM W/. KCBC>UV + W�� V*INK =HJ

D[P*>AJSINBSP*; =GM KSP*B_D[J[W/.%P 4V�=GP*MNV2) >AM; ZINBS=HKC)Af : 'XP�B_KCP \ =HJ �LV*WXB_BSP*V]KCF() . WAIM; 	=(.|KSOP
BSP�JS=G;NIR>AFj=GJYFHP*J_J6KSOR>AM A V*Dbf

P 4V*=HP*MV;) � M�ID.T�P*B6W/.�V*WXB_BSP�V�KCF() . WXIMN; 'AP*B_KS=GV�P*J
KCWAKC>AF�M�ID.T�P*B6W/.�P2'AP*M�KCJ � �gf d A��

ZIB_=HKC)�� M�IND.T P�B6W/.cV�WXBSB_P*V]KCF<)H. WXIM;3'XP�B_KS=GV*P�J
KCWAKC>AF�M�ID.T�P*B6W/.�BSP]KCIB_MP*; 'XP�B_KC=HV*P�J � �gf dXd �

:|Ma>A;;=lKC=GWAMR>AF�V�INK6`�>UJ|ZFG>AV*P�; WXM KCONP [ ,�� KSOPeZBS=HD >AB�)7'AP*B_KSP]\ D.IJLK/OR>O'XP.>UJSJSW�V*=G>UKCP�;
`6=HKSO =HK|>UK%FGP*>AJ_K|WXMP,KSBC>AV + `6=HKSO W�� ��Nf E �%P � >AM; =HMaKCOP ,�Q $ %;IV*=G>AF BSP*@A=GWXM �>� 	

A f F � f�5 M KCOP�� Q � � � >AM; � � � � [ , = KSO=GJ�KSBC>AV + D.IJ_K9>AFHJSW T�P >4D.INWXM�f
Q�=G@XIB_P*J �Nf A � >AM; �gf A�E JSOW�`!KSOP[P�4V*=GP�MV2)�>AM; ZIB_=HKC) >AJ2> . IMNV�KC=HWXM W/.�KCBS>AV + W��

V*INKT. WXB�KSOP&%�'XPe;= ��P�BSP*M�K6KC)�Z P�J9WA. [ , P2'AP*M�K f�` WAKCO P�[V�=GP�MV2)b>AMN; ZINBS=HKC)^>ABSP O=H@XO ���
@ g � � . WXB�>AFGF KCWXZ�WXFHWX@X=GP�J >�KYFGW�`9W�� V*IgKCJ*f $ ` W =GD4Z WXBLKp>AM�K P � P*V�KSJYWgV�V*IB�>AJ�KCOP W�� V*INK6=HJ
=GMV�BSP*>AJSP�;�f0:|J KCBC>UV + J >ABSP6P \NV�FGI;NP*;7. B_WXD KCOPT'XP�B_KSP]\ V >AFHV*IFG>UKC=HWXMN=AKSOP9KSBC>AV + D.INFHKC=HZFG=HV*=lKC)
;P*V�BSP*>AJSP�JP=�KCONP4B_P*J_WXFGINKS=GWXM ` WXBSJ_P*MJ,>AM; KSOP[>AFG@XWABS=HKSOD D >O) @X=('XP[>AM =GMV�WXBSB_P*V�K-'XP�B_KSP]\ f
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 cutTZ efficiency vs p
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π s D→ sB

b b→H 
 jets→ tt

µµ →Z 
νµ →W 

hjilkAm�npo ��rls ��t � (�{ ��� {�� 9 �Y} �S9_{�} �9v �jv � ��{�}�w�� z]{%z �gw�x�v]} �#� � } ��wS�

 cut (GeV/c)Tp
1 2 3 4 5 6 7 8
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 cutTZ purity vs p
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hjilkAm�npo ��rls ��t � (�{ ��� {��Y� ��x � w��/v �jv � ��{�}�w�� z]{%z ��w�x�v]} �/� � } ��wS�
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5 M	>A;N;=HKS=GWXMN=�=<. >AFGFcKSOP KCBS>AV + J,=GM KSOP P2'XP�M�K >AB_P4P \gV*FGIN;P*; T6) > ZR>ABLKC=HV*IFG>AB�W��	V*INKP= KSOP
>AFG@AWXBS=lKCODEBSP]KCIB_MJ6MW 'AP*BLKCP]\ f
$ ONP 	 � Y � Y Y �Ye>UM; � �� ����� ��� P2'AP*M�KCJ >ABSPeJSIJ_V*P�ZNKC=HTFGP2D >A=HMF<)[KCW4KCOP %RBSJLK|P���P�V�K >AJ

KCOP;) OR>O'XP/O=G@AO KSBC>AV + D.IFHKS=GZFH=GV�=HKC=HP*J � A g�f E =�d!ggf � � >AM;4O=G@XO W�� JSZ�P*V]KCBS>Nf $ >UTFGP �Nf d JSOW�`6J
KCOP >O'AP*BC>U@XPcW�� =�� W��	�2=�W/.'KSOP,KCBS>AV + J%=GM�KSOP.JC>UD[ZFHP*J%>UM; D[=HM=GD,ID T=?>UJ|P2'AP*M�KCJ�f $ O=HJ
V >AINJSP*J/KCOP P�[V�=GP�MV2) >AM;bZIB_=HKC)^KSW[JLKCP*>A;=GF()7.�>AFHF�`6=HKSO W�� V*IgK/`6=lKCO KCOP P���P�V�K9J_KCB_WXM@XP�B
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D[=HJSB_P*V*WAMJ_KSBSIV]KCP*;bKCBS>AV + J*f
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Q�=G@XIB_P �Nf dXd2J_OW�`6JYKCOP�'AP*B_KSP]\ ZNIFGF . WXB�>AFHF KSBC>AV + J . WXB�T�WAKSO�JC>AD4ZFGP�J*f d0IFHF�=HJ�;P2%MP*;
>AJ KSOPaBS>UKC=HW�W/.%KSOPaB_P*JS=H;IR>AF6KCW KCOP�P�BSB_WXB*f 5 .%KCOP�P�BSB_WXB =HJ[V*>AFGV�IF?>UKSP*; V�WXBSB_P*V]KCF<) KSOP
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A f d�� . WXB�KCOP acb � � b � >AMN; 	 � Y � Y Y � Y JC>AD4ZFHP*JYBSP�JSZ�P*V]KC=<'AP*F()Xf

Q�=G@XIB_P*J �Nf d��4>AM; �Nf d �[J_OW�` KCOP 'XP�B_KSP]\aZIFGF >UJ9>M. IMV]KC=GWAM W/.�KCOPeM�ID.T�P*B6W/.'>UJSJSW 0
V*=G>UKCP�; KCBS>AV + J*f_` WAKSO ZNFGWAKSJ,>AB_P %NKSKCP�; `6=lKCO	> %RB_J_K.WABS;P�B2Z�WXF<)�MWAD[=G>AF�>AMN;�OR>O'XP[JSFHWXZ P�J
V*WXMNJS=GJLKCP�M�Ke`6=HKSO �*P*B_Wb`6ON=GVpO JSI@X@AP*J_KSJ%KCOR>UK KSOP ZIFGFc=GJ%=GMN;P*Z�P*M;NP*M�KeW/. KSOP M�ID.T�P*B W/.
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F?>AB_@XP*B�KSOR>AM[IM=HKC)Af $ OP/V*WXMNJ_Kp>UM�KSJ =HM4KSOP/FG=GMNP >ABK%NKCJ'KCW2Qc=G@XINBSP*J �Nf d�� >AM; �Nf d �e>ABSP/V*FHWXJSP�B
KCW9IM=HKC) � A f A 9>UM; A f  C BSP*Z�P*V]KC=('XP*F() � TIgKcJLKC=GFHF�JSI@A@XP*JLKcKCO>UK KCOP P*BSB_WXB =GJ IM;P�BSP�J_KC=HD >�KCP*;�f
.g=GMNV*P KCONPeZNIFGF�=HJ�=GMN;P*Z�P*M;NP*M�K|WA. KSBC>AV + D.IFHKS=GZFH=GV�=HKC) KCON=GJ `6=HFGF \ INJ_K/=GMV�BSP*>AJSP KSOP =GD4ZR>AV�K
ZR>ABS>AD[P]KCP�B,JS=H@XM=(%RV >AMNV*P WA./>AFGF0KCBS>AV + J.T*)	> V*WXMJLKp>AM�K >UD[WXINM�K*f $ BS=H@X@XP*B_J,IJ_=GM@a=GD4ZR>AV�K
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π s D→ sX pull vs N tracks for B Constant  0.04018± 1.103 

Slope     0.005377± 0.0006791 

Constant  0.04018± 1.103 

Slope     0.005377± 0.0006791 

π s D→ sX pull vs N tracks for B
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b bb b→X pull vs N tracks for H Constant  0.05674± 1.081 

Slope     0.004381± -0.004233 

Constant  0.05674± 1.081 

Slope     0.004381± -0.004233 

b bb b→X pull vs N tracks for H 
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π s D→ s vs N tracks for Bxσ π s D→ s vs N tracks for Bxσ
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b bb b→ vs N tracks for H xσ b bb b→ vs N tracks for H xσ
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Qc=G@AIBSP�J �Nf dDg.KCW �Nf d @ J_OW�` KCOP-'XP*BLKCP \�;=HJ_KSBS=GTNINKC=HWXMJ . WXB9>4KC)�Z=HV >AF BSINMN= A�CDCDF g F f $ OP�BSP
` P�BSP�MW P;'XP�M�K4WXB2KCBS=H@X@XP�B2J_P*FGP�V�KS=GWXMJ�f Qc=G@XINBSP �gf dDgbJSOW�`6J KCOP �^;=GJLKCB_=GTINKS=GWXM�>AM;	KSOP
M�ID.T�P*B6W/. KCBC>UV + J9>AJ_JSW�V*=?>�KCP*; KCW KSOP �2>UM;^\ 0 ) 'XP�B_KSP]\ f
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Z vertex distribution, data Entries  30297
Mean   -0.6949
C         6.083± 792.4 
  x  0.1754± -0.7307 
   σ  0.1536± 30.12 

Z vertex distribution, data
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N tracks associated to Z vertex, data Entries  32298

Mean    7.457

N tracks associated to Z vertex, data
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N tracks associated to XY vertex, data Entries  30346

Mean     8.07

N tracks associated to XY vertex, data
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BSP]KCIB_M=GM@|>���'XP*BLKCP \ =GJ�>AB_WXIM; @ � � f $ OP�'XP�B_KCP \ ;=HJ_KSBS=GTNINKC=HWXM =GJ �e>AINJSJS=G>AM2`6=lKCO,>9`6=G;NKSO
W/. ��AV*D = >AJ P]\gZ P�V�KSP*;�f $ ONP[D4P >AM M�ID.T�P*BeW/. KCBC>UV + J,>AJSJ_WgV�=?>UKSP*; KCW KCOP.\60 )4'AP*BLKCP]\ =HJ
C f A >AM;�KSOP.P 4V�=GP*MNV2):. WAB�%RMN;=GM@ >
��MWXMaT P*>AD J_Z WUK � \60 ) 'AP*B_KSP]\�=j@X=('XP*M > � 'XP�B_KCP \ =HJ
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� \ � >AMN;:) �,KC=HFHK � f $ OP.ZFHWAKCJ/JSOW�` OW�` KCOP 'XP*BLKCP \ Z�WXJS=lKC=GWAM =HJ9;=HJ_KSBS=GTNINKCP�; >ABSWAIM;aKSOP
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XZ vertex distribution, data Entries  30297
Mean x  -0.6949

Mean y  6.27e-05

XZ vertex distribution, data
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YZ vertex distribution, data Entries  30297
Mean x  -0.6949
Mean y  0.05785

YZ vertex distribution, data

hjilkAmgnCo ��r q ��t �/u 9Lx�wG9L�/�Uz � � w�� z]{ v �jv � ��{U} w�� z]{ z � � �

 / ndf 2χ  155.4 / 54

Prob   1.618e-13

c0        2.947e-05± 0.00153 

c1        6.497e-05± 0.006652 
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 / ndf 2χ  155.4 / 54

Prob   1.618e-13

c0        2.947e-05± 0.00153 

c1        6.497e-05± 0.006652 

, run 173039 scatDCA resolution vs p
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��� � ��� �	=HJ4KSOPbD >A=HM W��4=GMPbBSP�V*WXMJLKCB_IV�KS=GWXM J_W/. K ` >ABSPa>UK 9�&.f $ ONP 'XP�B_KSP]\g=GM@�IJSP�J�>

d 0 Z>AJSJ >AFH@XWXBS=lKCOD ;P�JSV*B_=GT�P*;[=GM BSP;. P*BSP�MV*P�� ��d��yf $ O=GJ'JSP�V�KS=GWXM4V*WXD4ZR>AB_P*J0KCONP9Z�P*B�. WXBSD[>AMV�P

W/./KCOP�W��4=HMP >AM; WXMFH=GMP 'XP�B_KCP \g=GM@ KCW�WXFGJ�f�Q�=G@XIB_P �Nf ����JSONW�`6J KCONP�BSP*J_=G;I>AF�T�P�K ` P*P*M

KCOP ���	� �����^ZBS=HD >UB	)3'XP�B_KCP \ >AM;�KSOPM1jP2'AP*F(0 �^ZBS=HD >UB	)3'XP�B_KCP \4. WXB/KCOP���� � � � ���?,

JC>AD4ZFHPAf $ OP%`6=G;gKCObW/.�KSOP BSP�JS=G;NIR>AFGJY=HJ � ��� ��D =GM^\b>AMN; ) >UM;!�Xf#" D4D =GM �Uf
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π s D→ sReco-L3 vertex x residual: B Entries  4974

C         8.6± 398.1 

  x  6.686e-05± -5.699e-06 

   σ  0.000070± 0.004459 

π s D→ sReco-L3 vertex x residual: B
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π s D→ sReco-L3 vertex y residual: B Entries  4974

C         8.5±   400 

  x  6.664e-05± 4.996e-05 

   σ  0.000067± 0.004442 

π s D→ sReco-L3 vertex y residual: B
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π s D→ sReco-L3 vertex z residual: B Entries  4974

C         20.9±  1001 

  x  0.002720± 0.006696 

   σ  0.0027± 0.1854 

π s D→ sReco-L3 vertex z residual: B

hjiHkUmgnpo ��r ��sAt � 9�� � � ��v]~ � 9Lw � 99L{ � 9_uK9_~ � 
 v]{ � � �
	�� �� uK9Lx�w�� }69���� ���;� 	��� � � �



����� ��� � ��� � 2 	����#8 
	��7 	43 7 � �

Qc=G@AIBSP��Nf ��d.JSONW�`6J6KCONPe;N=GJ_KSBS=HTINKC=HWXMJ�WA.�KSOP ZR>ABC>UD[P]KCP*B � =R;P2%MP*;a>AJ

� M � ��
 � � 8 M � � � � 8 M �9� � � �	� ��� � � 8 M � � � � 8 M � � �gf d�� �

`6OP*B_P�
 � � 8M= � � � 8 >AMN; ��� � ��� � � 8 >AB_P KSOP 1jP2'AP*F(0 �B= � WXM�KCP ,�>ABSFHW KCB_INKCO >AM;
��� � ��� � ZB_=GD[>AB	) 'XP�B_KS=GV*P�J BSP�JSZ�P*V�KS=<'AP*F<)Af $ OP�J_ITJ_V*BS=HZNK W B_P2. P*B_J.KCW�KSOP \�= )	>AM; ��V*W 0
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π s D→ sAx: B Entries  4974

Mean   -0.0002267

π s D→ sAx: B
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π s D→ sAy: B Entries  4974

Mean   -0.0002365

π s D→ sAy: B
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π s D→ sAz: B Entries  4974

Mean   0.1268

π s D→ sAz: B
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>AM; � T ;N=GJ_KSBS=HTINKC=HWXMJ JSONW�` >aD4P >UM�V*FHWXJSP4KCW ��P*B_W >AM;	MNP*@�>UKS=<'AP/=c`6O=HVpO JSI@A@XP*JLKCJ,KSOP
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KCO=HJ|V*>AJSP.KSOP ���	����� � 'AP*BLKCP]\�;W�P*J T�P�K_KCP*B9KCOR>AM�KSOPR1jP2'AP*F 0 �H'AP*B_KSP]\ f $ O=GJ9=GJ|P \gZ P�V�KCP�;N=
;IP|KSW,KCONP|D4WXBSP/JSWXZNO=GJLKC=GV*>UKCP�; � 0C9 'XP�B_KCP \g=GM@ >AFH@XWXB_=HKCOND f $ OP&1jP;'XP*F 0 �,ZNBS=GD[>AB�)R'XP*BLKCP \
� V*W�WXBS;N=GMR>UKSPa;W�P*J�MNWAK�BSP���I=GB_P @XBSP*>UKCP�B�>AV*V�IBC>UV2) >AJ[KCOP�KSWgWXFHJ[KSOR>UK�IJ_P =HKO=YJ_IVpO >AJ
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5 M	>A;N;=HKS=GWXMN=jKSOP*J_P[KCW�WXFHJ%D >O) >AFHBSP*>A;B) T�P4KS=GD4P V*WXMJ_ID4=GM@b>AM; BSP���IN=GBSP[> 'XP*B�)�.�>UJ_K��
ZBS=HD >UB	) 'XP*BLKCP \ � JSP�P�.�P*V�KS=GWXM �Nf �  � f
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π s D→ sN tracks associated to Reco vertex: B Entries  4974

Mean    18.93

π s D→ sN tracks associated to Reco vertex: B
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N tracks associated to Reco vertex, data Entries  4728

Mean    18.91

N tracks associated to Reco vertex, data
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��� � � � � �?, JS>AD4ZFGP >AMN; ;R>�Kp>Nf $ OP*B_P >UBSP ��� " >AJ_JSW�V*=G>UKCP�; KSBC>AV + JeWXM�>O'AP*BC>U@XP . WAB
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Q�=G@XIB_P �Nf ���%JSONW�`6J'KCONPYBSP*J_=G;I>AFT�P�K ` P*P*M4KCOP�1jP2'AP*F 0 ��'XP�B_KCP \4>AM; KCONP � �	� ��� � 'XP*BLKCP \
. WXB ;R>UKp>gf $ OP9`6=H;NKCO^WA.�KCOP6\ >AM;7)4;=HJ_KCB_=GTIgKC=GWAMJ'=GJ JS=GD4=GFG>AB�KCWeKCOP9V*WXB_BSP�JSZ�WXM;=HM@��?,
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x residual (cm)
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Reco-L3 vertex x residual, data Entries  4728

C         7.8± 376.9 

  x  7.051e-05± 2.037e-05 

   σ  0.000066± 0.004683 

Reco-L3 vertex x residual, data

y residual (cm)
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Reco-L3 vertex y residual, data Entries  4728

C         8.5± 391.4 

  x  0.0000666± 0.0008321 

   σ  0.000067± 0.004341 

Reco-L3 vertex y residual, data
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Reco-L3 vertex z residual, data Entries  4728

C         12.1± 518.3 

  x  0.00494± 0.02159 
   σ  0.0055± 0.3166 

Reco-L3 vertex z residual, data

hjilkAm�npo ��r�� ��t	� 9 ��� � ��v ~ � 9�w � 9�9_{ � 9Lu 9L~	��
 v { � ���
	����� uK9_x�w � }�9 ��� ��vpw�v x ��{ ������� �����

V*WXB_BSP�JSZ�WXM;=HM@ �?, ZFGWAK*f $ ON=GJ =GJ ;IP'KCW/KCOP'` P*> + P�BcZ�P*B�. WXBSD[>AMV�P W/.gKCOP O=HJ_KCWA@XBC>AD4D4=GM@
KCP�VpOM= ��IPA= ;IP KCW KCOP FG>ABS@XP�B�M�ID.T�P*B6W/. .�> + P%KSBC>AV + J/=GM ;R>UKC>Nf

� � ��� � � � �����

���	��
��
��������������������
�������! "���	�$#���%!#��&���(')��#�
�*+�,���-
./�0�/������ +�1*�'2
*3*+���4'5*��6
.!�078��9����;: �

���� + +����<>=?�� �%!����� �/< �A@B���!� �/< �+CB��./*EDF
.!�G
����H�"IJ���K�L9+���A
M'5*+�N
�.!� . �POF���!�RQS=?O

%!�!IT��#VU3���! !�3 +��*�WT���!
����#VUX���! /� �Y9+����
��LZ�[T�!�!���\���/�HZX:^],9�����
��LZ�[T�!�!���(*��N�T��
�_�L9+���X
����!��%!�
� 	 " 	 C�/<`Oa.!���Y#V.T�����M*�'b
*3*+���\���a�����X%!�������M
*	#c����#�%!����
��� �d:fegI!�����N���h]N9�����
��LZi<



��� � � � ������� � � 3�� 8 � ��	43 �4�

Time (ms)
0 2 4 6 8 10 12 14 16 18 20

0

50

100

150

200

250

300

350

L3 SMT unpacker time (ms) Entries  1576

Mean      7.9

L3 SMT unpacker time (ms)

Time (ms)
0 2 4 6 8 10 12 14 16 18 20

0

100

200

300

400

500

600

L3 CFT unpacker time (ms) Entries  1574

Mean    2.809

L3 CFT unpacker time (ms)

�������
	�� �� � ��������� 9 ����� � 9��K9�� � 
 � � ����� � � � � � �! "��# � �$�!%"&

Ob��W!���('/<�'N��%!���������������2
�.!�4
����H� IJ��� �L9+���X
 '5*����c��#V.$7 �L9+���;:)'H
*3*+� <+*f�!#���%!�!��� ���"
�.!�

V��W/�������(
�.!��
�����Y
V��U����KWA] ���	� �����,������%!�H���! _
���#VU3���! 6
V��U����SC-,/. ���!� 9�����
��LZ ���/ 6
V��U����
@/. *�'S
�.!�	
*�
���`
�����	IJ���_��9+���A
 �10/' � <N������
�.!�H
����H���_�������!*���������������� DY�;
. ������Ii��#�
4
�*

.!�4��IJ�����$*�'�
�.!�,I!��* #�������*+��
�.!�6��
�%!�/]PDS��� IJ���h'5*+���H���"*+� < Oa.!�,�X%!�6WJ����� ���P
.!�4
��W!���
#�*+��������IJ*+�!�P
�*H� � ���+2 I!��*3#�������*���<

Oa./�M
�*�
V���(9+����
��LZ ���! $
�����N���	����*+%!�!�3'/4/4 � �6DY.!��#V. ���6����*+%/�!�3'$*����!�����	*�' �N�� ��!�;:

%!�/�_')���h
���S
.T���M
./�_%/�!IT��#VUX���/ N���/�0
����#VUX���/ !< Oa.!���a����������] ����
����[T���2
�.!��*+�!�����!��
����H���! 
#�*+�/��
�������A
���<

� � �H� � � 5��76 � 6 �98 :8 �7;��

Oa.!�1IT��#VUd�� +��� #�*+�A
�����!���! 
�.!�-#�*3�!� '5*+�P
.!����� ���� �*+���;
.!�H�"�����=<*� "���"�! >��	��!�� � ���!�
<*��"���? >��	��! �	� '5*��4
.!�@2K���!�BZX:^] [T�!�!�����,������IJ��#L
�;9+���;]+< Oa.!�M78��9����;:A'"
*3*+� �T���H���,�����
�� �!-B ��� �	��!��	�"���/� ��	��� �����	��!�� � <SOa./�_I!��#VUd�� +�(<*��"���"�! >�� ��!��	� DS���2*����� ����T������],DY����
�:

��� WA]DC2�c]FE(��%!���������!#VU <G*f� ��
�� *+���� +���!���a'5*+��� �B������I!���G�c9+����� �� *�'_
����#VU �IH7J �KD\���
Ii����'5*+�������KDY��
.P�,.!���h
*+ �����H�����! 4�H��
�.!*3�0%/�����P��'b�!*,
����#VUX� IT���������P
�.!����������#L
��*��P#����;:

�����&� <K*4�H*3�!��[T��� 
�.!�P���� +*�����
�.!� 
* %!���P.!���h
*+ +�����H�����! ���!� 
.!����
�.!�ML
N D\���� +.A
����
.!���h
*+ �����H�����! �WA]	�!�L')��%!�;
c<?Oa./��� IT��#VUd�� +�aD\��� �!��9�����*�Ii���N��
����
����! ���H= ��W!��%!����],*�'�,O4O4-,
���!� D\�������!#���%!�!��� ���G
�.!�, +��*�WT��� Q �PO\: 
 <$4/4KI!.A]3����#�� 
���� + ����������h
 DY.!��#V. [T���h
�����$*+�!�����!�



��� � � � ������� �������
	�� ����� ��

Time (ms)
0 50 100 150 200 250 300 350 400 450 500

0

20

40

60

80

100

120

L3 Globaltracker time (ms) Entries  1576

Mean    118.2

L3 Globaltracker time (ms)

s)µTime (
0 5 10 15 20 25 30 35 40 45 50

0

50

100

150

200

250

300

350

400

s)µL3 z vertex time ( Entries  1576

Mean    13.97

s)µL3 z vertex time (

s)µTime (
0 200 400 600 800 1000 1200 1400 1600 1800 2000

0

50

100

150

200

250

300

350

400

s)µL3 xy vertex time ( Entries  1576

Mean    140.1

s)µL3 xy vertex time (

�������
	��������� �����$� 9���� ��� 9�� 9�������� � ��#! �$�!%#" ���%$ �'& � �N9��)( #+* � � � 9��,�G9.- " ���/$9�0& � �N9��)( #+* ���21 -3�54
�K9��,�G96- " � �7$��2& � �N9 �8( #+*A&

7 �L9+���;:)' ���:9�;�<:=
> �PO %!�/IT��#VUX���! �E@ < 
,���
QS=?O %!�/IT��#VUX���! @ < C	�H� � , < 
,�

Ob����#VUX���! ,O'+C/< 0	���
2 9�����
��LZ , 	 <#"@? � ��<$4/',�
Z3] 9�����
��LZ , 
/4/<$,@? �

ACB
DFE �G� H� �7���$� ���"% ��� �I�,J:9K� 9��K9��L�M�N� � ����O �G9 �QP � �=9 1 ����� � �R�MS  � ��� � �T4 �K9��U�=9.- &WV ��# �HP 1 9 1 � �G9X�,J:99 �YP � � � �S9 � � ���
	����� � �$� 9ZO & � �$�:� �$� 9ZO � �G9 � � � � � � � O 9 1 � ��� �)[ � OG9 # � �21 O



��� � � � ������� �������
	�� ����� ���

������%!�!� *�'8
�.T��
 ]+������<I*^
S.!���\WJ�����M� IT���h
S*�' �L9+����]H
���� + +����������
 �����!#��2
.!���M���!� ���(%/�����K���
����� ���L
 ���!�"�����������! �� N$
���� + �������<��0*+���6����#����A
�;]"�;
���� WJ�����! N%!����� 
*H
���� + +��� *��G��9����A
�
* #�#�%!�����! 	���M
�.!� 
����#VUX���! ,[T�!%/#��&���8���� ���*+�KWA]M�����X%!�������! �� � 8��	��
 'A@�#��P<

*��h
V���h
��� �!�L9+����*+I!���! G
.!�KI!��#VUd�� +� <������? >�; 9���;��-��� > ��I/
���6Wi���	*�' ,O4/4-, < *^
,D\���
[T���h
 ���!#���%!�!���P���"��I!.A]3����#���
����� � +���������h
Y���09+��������*+�G +��*+WT��� Q �PO\: �!, <�4/4N���0��I/����� *�'I,O4/4/'/<
Oa.!�K���HIT��#L
4I!������H��
����4
�* *�� ������������� 9���<��F; 9 ��� DY.!��#V. *_������*G��*+������] �!�L9+����*+IJ��� ���!�-���
�!����#�����WJ��� ��� Q\.T��I/
���� 0� ���/� 
�.!�ME :!���L
 
V�� + ������"������#��$��%���� %!���,
./� 'E: e 9+����
� Z ���_�
'5*+%!�!�!��
��*+� <

*,.!� 9�� .T��� ��*+���P������Ii*��!����W!������
f]-'5*+�N�����Y
.!�G7 �L9+���;:)' 9+���h
� Z/���! ���� �*+���;
.!�H�H��
Ke'&
�����!#�� 
./� ��I!�����! 1*�' ,�4/4-, < Oa.!���0.!���M���A9+*+�;9+���R� Z 
����!����9�� 
����
����! !� �N�����A
���!���!#�� ���!�
#�*3�!�"����I/��* 9+�������X
���< *f� ���!�!�;
��*+� �\�L9+����]��!��D ��*�' 
fDS�����G�������������0
.T��
N.T����Wi����� %!�����
*+�-
.!�078��9���� :)'G')�����H�,.T���	�����X%!�������1IJ����'5*��������!#��K�L9�����%T�d
��*�� ��
���H���/ "#V.!��#VU3�N���!� ��� :
#�����
�;[T#c�d
��*�� <"Oa.!� 7 �L9+���;:)'09+���h
� ZB
*3*+���_�/����#�����Wi��� ��� 
�.!��� #V.T��I/
����,�����N#�%!�������A
�;] 
�.!�
*+�!�;]N
*3*+���a*�'b
�.!�����aUX���!�M%!�����"WA] 
�.!�_e'& #�*+������Wi*����
���*+� <



 �������
���R����� �
	�	 ������!��� �������� ���� ���

� � � � !#"%$ &

' ")(*",+.-0/ 1 $325464�"%$87 9;:6$ < = �?> 7#2A@B7

CEDGF HJI 8LK ;NMPOPQ 8LR7;SI

Oa.UT2����#V.ME1I!.A]WV���#XV\I!��*+ +�ZY����ST;Y\[ e'& %][�����^VZT_V5[.UT`TLZ #_T����^T���[ �6%!*+�	#�* 9aT��bY� cT`[�*d[����� + cT��
*+�eT�9cT���[bV6#�*+��[fY����!���! M�6%/*+�UV�<�Oa.UT�7JTL9cT��;:fgHWhY��]i/DY�ji][�.�i!*WT_V_�!*a[kY�����* Dl[bm��� + cTXm����! M*+�
[bmZY�#VU�V(WA]niUTXV��� �� �c[.UTXmZTL'5*cmZToY����W[f]3I�TXV(*�' E1I!.A]pV���#XVqTL9cT���[ZVrYamsTa#�*+���jT�#t[bTXiHDY�u[.nV����! +�jTrY��Ui
i!�;:^�6%!*+�v[bm��� + aT_mZV�< �wY��A] ���HIi*ams[fY���[diUT�#xYc] ��*WiUTXV�YamsT�#�*+���^T�#X[ZT_i DY�^[.e[.UTXVZTS[bm��� + cTXmZV�<
Oa.UTdi!�;:^�6%!*+�y[Zm��� � cT_m�� '5*cm;T ZUY���I!�^T��T#�*+���^T�#X[ZV{z�|\}~T�9cTX��[bV�%]VZT_iM'5*cm2Qr��V�[%UiU�^T_VY*�'������
z�|\}�� <1Oa.UTNVs�j�! c�^T��6%!*c�8[bms�j�c�aT_m��^V�TLZW[bmsT_�ST_��]��j�HIi*cm�[fYa��[��5*am�� ����� Zp�j�U�U�L�X�c�j�^T_�t[b�j�]�
W��\[b�yVsT_�S�j�jTX�][b�a�U�j�oYa�Uiy�UYaiUmZ�a�U�j�o���WiUT_VX� *���VZTX���^�jTX�][b�c�]�j�����WiUTXV�VZ�]�f��Y\V;���L� ���6?J���
[b�UTw�j�U�u[b��Y\� E ��Yx�c�a�Umy�xY\����T [fYa�a�cT_i��]VZ�j�]��VbYa�STt¡¢VZ�^iUTa�;Vs�a�£[y�^T_�][Z�c�~�cm��c�U���cVZ�u[bT VZ�^iUT
¤ TX[ �f�hYams�cTP[fYa�a�c�j�U�¦¥¨§�©��«ª¬YaiUms�c�U�^�P���WiUT_VX�¬Vs�U�f�)YaV ���v� ���®¯�_�c�^�jTX�X[bTXi±°��^[b�±[Z�UT
VZ�^�U�c�jT²���U�c��[bms�j�c�cTXm_�]Ya�jmsTxYai]³0�hYx�cT´[b�UT´�^�U�^[Z��Ya� E���Yx�c�c�Um;[bYa�c�cTXi���³NYaVsVZ�U�S�j�]�n[Z�hY\[;[Z�UT
[bms�j�c�cTXmZTXiE���U�c�w�jVo�µms�c�¶[b�UTk�c�U���cVZ�u[bT·¡�VZ�^iUT��wiUT_�_YG³a�´¸A¹ºTX�X[b�u�cT��UVsT��a�L[Z�UT�VZ�^�U�c�^Tk���]�c�
[bms�j�c�cTXmr°��j�^�º��Td»\TX³�[Z��¼'&(J¨V;�UmZ�aVZ��T_�X[ZV`�µ�am;��T_YaVZ�Ums�j�U�S���q���¾½]�^�U�U�

CED·¿ À 5PÁ�Â Ã�RxQoÃ�Ä:8ÅÁEÄ�MPK ;SI Q ;SÆxÆxRxM 6{KÇÃ

È �UTyÉfÊÉ��Ums�piU�]�X[b�^�c���XmZ�cVsV�VsT_�X[Z�j�c��Y\[�Y �hY\iUmZ�c�#�_�c�^�j�^iUT_m²�^Vk�jYamZ�cT\� È Ya�U�jTSËU�ug��X�c�S�hYamZTXV
�_�UmsmZTX��[wYa�UiÌ�hY\Vs[ Tt½p��T_mZ�^��TX��[bV_� È �UTv�Ums�pi]�U�X[Z�j�c�Ì�_ms�cVZV VZTX�X[Z�j�c�¦Y\[�[Z�UT È Tt�aY�[bmZ�a�Í�^V
YamZ�a�U�UiNÎU�cTd�cmZi]T_mZV��a�5��Ya�c�U�u[b�UiUT¬�cmZT_Y\[bTXm�[Z�hYa� Y\[�[b�]T:E��
Ya�t[b�cms�jTXV_�



 ��� ���5���J�����@	���� 	�� �'���Ì� �
	�	���� ���� ��

¸�½p��T_mZ�^��TX��[ �LmZ�W�_TXVZV � � �
È Tt�aY�[bmZ�a� L ÊL0� ÉfÊÉ gc� "�� È T�� g���� ?º�
� ¸Ç� � > ��� � �!�#" � É Ê É $ H % �W�
��¸Ç��¡'&(&f�*)´¸+) � � � " � � Ê� , �µË-�� g_�W�

ACB
D/.10325416�798;:=<?>A@CBED O :�FG: �/H >�BE: 1 PAI.� DJ:=F I BE: OTOCOG9KI.� DJ:=F O @ � 1 DML 9 B 9 F � 96- > 9 BEDJ< 9 F � @CN � @ I DJNMD � D 9ZOKO

&���YaiUi]�^[b�^�c�.��Ya�^� E �hYai]mZ�c��VZ��T_�_�^T_V;Y\mZT`�UmZ�WiU�U�XT_iy�^�U�_�^�UiU�j�]�����·�p�QPLYa�UiSRUT�°��]�j�f�y�^Vq�U�\[
[bms�UT��a��[b�UT EÍ�
Ya�X[Z�cmZ�^T_VX�oª`�G°�Tt�cT_mX��Y\[¬Y��hY\iUmZ�c�w�_�c�^�j�ji]T_m_�U[Z�UT��^�UT_�jYaVs[Z�j�´�_ms�cVZVoVZTX�X[b�^�c�E�^V
V �cmZi]T_mZV��a� ��Ya�c�U�u[b�Ui]T¬��Y\mZ�cTXmq[b�UYa��[b�UT´É ÊÉo�XmZ�cVsV�VZT_�t[b�^�c�.�]°��u[b�NY L NwVZ��T_�t[bmZ�]� °��U�j�f�N�^V
Ya�U�Ums�x½]�^�0Y�[bT_�u³w[Z�UT�VZYa�STa�XW��^�c�UmsT�ËU�^g �
�^TX�£[  ²�X�c�S�hYamZTXVd[Z�UT L N Vs��TX�X[bms�U� �a�;�ZY�iUT_�_Yx³
�UmZ�WiU�U�t[bV�Ya�UiÍ���^�U�j���]� �U�jYaVNTX�aT_��[bVE�^� � � �G&��BYaiUiU�u[b�^�c�.�`TX�cTX��[bVE�hYx�aT��U�^�c�¦[ZmbYa�f»
���U�u[b�j�]�j�j�X�^[Z�jT_VX��Y\�3T·½]Ya���]�jT��a�`°��U�j�f�8�^V�VZ�U�G°��3�j�[W��j�a�UmZTyË]�^g �µmZ�j�a��[  t� È �]T_VZT��
Ya�t[b�cmsV
�0Y\»aT´TX¹�T_�t[b�^�aTd[ZmZ�^�c�cT_ms�j�U��Ya�Ui ��\S�j�UT´Ya�UYa�^³WVZTXV�Tt½W[bmsT_�ST_�^³y�f�hYa�j�^T_�U�a�j�U�U�

]!^�_#`5a 0b25416�7dc I :=<?>A@=B�D O :=Fe: �+fhg 1 9KI @ 4 @CF 1 <?DJF�DM< P <ji�DJ@ Olk#m O > 9KI � BE@nDJFXop8 " N 9.� � * O c9F -3�549KqK9 F � 1 D O >�Nr@ 4 : � @ ��4 >�D I @=N;i P F I!JSI B�: O,O DJF�s � :=BUB P FutKv�w�xCy=z " BEDMs JY� * O � J:9 DMF O�� @CF � @=F 9 : P2O N P <?DMFA: O D ��4
� :�B �,J D O B P F|{�@ OG} �=~ - t ~=����I <Q��� O �-� O � J:9 DMFAF 9 B I :=F I�9 F � BED IQI DMB I N 9ZO B 9 >AB 9+O 9 F �(��� : O�I @CN 9=� �,J:9�� o �
@=F 1 8�� � 1 96�G9(I � :�B O @CF 1 �TJ:9 B 9KI :�F OU� B PAI �=9 1 � B'@ I  O {!D �TJ DJF �,J:9 < O � J:9 : P
�=9 B I :=F I�9 F � BED I BEDJF�s�D O @
J D OU� :=s�BE@=<�: � 1 9 >#: O D �G9 1 9 F 9 B�s�D 9+O {!D �,J DJF �,J:9Q� �-�A� �AO�� B'@CFAs 9 {!D �TJ B 9 1 � iAN P:9 @CF 1 4 9 NJNM:�{bB 9 >�B 9+O 9 F � DJF�s
�TJ:9.9 N 9KI.� BE:=<�@Cs�F 9.� D I=�
J @ 1 B�:�F�D I @=F 1 <?D OTO DJF�s 9 F 9 BEs=D 9ZO B 9ZO > 9(I � D q 9 N 4=O�� P
�!O D 1 9 : ���TJ D O B�DJF�s�@=B 9lI :�NM: P B 9 1

iA@=B O @=F 1 1 DJ@=<?:=F 1 O { J D I!J B 9 >�B 9ZOG9 F � J D �!O DJF �TJ:9 < P :=F OU4
OU�G9 < O



 � � �!�U�J	;	������ ��� �G�A�µ	�	 ��� ��

����� � 	���� �
	�	 > ¸ ���� ��� ���U�c�N�^�N°��^iUT��LmsT_�c�^�c�
[b�^�c��[;VZ�X�j��[b�^�j�jY\[b�cm�Ya�Ui �j�W�cVZTo°��jmZT´msT����U�jmsT_�ST_��[bV
V�� T=� ��È;È [bmZYa�f»
���

È & � ª È ���U�a� �^��°��jiUT²msT_�c�^�c�
�j�W�cVsT{VZ�X�j��[b�^�j��Y�[b�cm�Ya�UiN�j�W�cVZT{°��^mZT´mZT����U�jmsT_�ST_��[bV
� � T=� ��È;È [bmZYa�f»���Y\[b�f�UTXi�[b���`¡�� � Vs�_�j��[Z�j�j�jY\[b�am��hYa�^m

����� � 	��C� �
	�	 > ¸ ���U�a�N°��u[b��§�°��jmsTd�]�^[bV;�^���lYa�Ui�� � �jYG³aT_msV
YaVsVZ�W�_��Y�[bT_iNVs�_�j��[Z�j�j�jY\[b�am��U�u[bV
���

È & � ª È ���U�a�N°��u[b��§�°��jmsTd�]�^[bV;�^���lYa�Ui�� � �jYG³aT_msVYaVsVZ�W�_��Y�[bT_iNVs�_�j��[Z�j�j�jY\[b�am��U�u[bV
VZ�X�j��[b�^�j�jY\[b�cm�[b�^���^�U��°��^�UiU�G° 
¯g ���UV

������� 	�� � ���U�a�N°��u[b��§�°��jmsTd�]�^[bV;�am²gdVs�_�^��[Z�j�^��Y\[Z�cm��U�u[��j���l��Yx³aT_mZV
§�°��jmsT²�U�^[ZV�Ya�UiegdVs�_�^��[Z�j�^��Y\[Z�cm��U�u[��j��� � ��Yx³cTXmZV
� T_��[ZmbYa�.[ZmbYa�f»y��Y\[Z�f� °��u[b� L Nw�_�][

A B'D .�032 4! 7 �#"Kq$" N � t �
�#"Kq$" N �&% @=F 1 �#" q�" N ����O DMF�s�N " < P :=F � BEDMs�s " B�B "('YP DJB " < " F �TOKO
) H 8|B "('YP DJB " < " F � D O @ J D � DJF " D �TJ*" B�NJ@ 4�" B H :=B!Nr@ 4$" B�8
+ {!D 1 " B "6�," B OC� : �,J-" 8�� �/.�1 P#I Dr@CN-B " s�DM:�F

CED10 2NRxI43SÆ�5 6 O47�I 8LK�R�3�3�5²K

� iUTX[bYa�j�^T_i�iUTXVZ�XmZ�j�p[b�j�a���a�J[b�UT´¼'& ���U�c��[ZmZ�j�a�cT_mq�xYa�N��T{�µ�c�U�UiN�j��msTX�µTXmZT_�]�_T_V�¥ ËcËa©��J¥ Ë � ©��
¥ Ë��\© � È �UT � Tt�cT_�¾¡fgc� � Tt�cT_�¾¡�§SYa�Ui ���^�U�j���]� � TX�aT_�u¡ V msT����U�^mZT_�ST_��[ZV`�µ�cm`Ya�^���_�UmsmZTX��[¬VZ�^�U�c�jT
���U�c��[ZmZ�j�a�cT_msV�YamZT´VZ�]����YamZ�^VZTXi��j� È Y\�U�jT´ËU� §p�
È �]T{Ya�X�_T_�p[fYa�U�^T¬mZY\[bT`�µ�cmÇ[Z�U�jV�[bms�j�c�aT_mÇ�jV�§ ¡ V ª�9{Yx�aT_mbY\�cT_i��G�cTXmrYa�^���j�U�S�j�U�aVZ�^[Z�jTXV_� È �UT

�jiUT_Ya��Vs[ZmbY\[ZT_�a³´°q�c�U�jik��T�[b�`[bms�j�c�cTXmJ�c�:��¡�Vs[Z�U�����U�c�UVJ°��U�j�f��YamZTÇ���U�c�]V5�hY\VZVZ�^�U�¬[Z�UmZ�c�]�c�
�c�U�u³0[b�]T;� VZ�_�^��[b�j�^��Y\[Z�cmÇ��Yx³cTXm_�]°��U�^�f���^Vr�j�]VZ�ji]T¬[b�UT´�^mZ�c�y[Z�cmZ�c�^i.�=<`�]�µ�cms[Z�U�hY\[ZT_�u³�[Z�UT´mbY\[ZT
Y\[ � Tt�cT_�¾¡fgr�^V5[Z�p�o�U�j�c�d�µ�cm�Vs�j�U�a�jTÇ���U�c�UV�VZ�¬[Z�UTrYai]iU�^[Z�j�c�hY\�WmsT����U�^mZT_�ST_��[��a��Y¬�U�u[��^��T_�u[b�UTXm
[b�UT>� �cm � �jYG³aT_m´�hYaV´[b�N��TnT_�]�µ�cms�_TXi.� > �^�U�_T�[Z�UT_VsT��jYG³aT_msVd�^�jT��c�p[bVZ�^iUT�[b�UTn�^mZ�c�P[b�amZ�c�^i
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mbY\[ZT¬Y�[rY��^�U�S�j�U�cVs�^[�³��a� V ��½�g �BA H �_� "DC V "FE �jV � V �aª�9a� > �j�U�XT`[Z�UT¬��Y�½p�j���]�,[b�a[bYa��mbY\[ZT`�µ�am
Ya�j�5[bmZ�^�c�cTXmZV²�jV��#��ªG9a��[b�U�^V²[bmZ�^�c�cTXm{�jV´T�?�T_�t[b�u�cT_�u³E[b�]mZ�UTXi���?8Y�[d[Z�U�jV²�^�U�S�j�U�cVs�^[�³a�n&¢��[Z�UT
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V ��½�g ��A H �X� "DC V "FE �jV ��gcgGª�9²°��U�^�f��msT_�XT_�^�aT_VoYS�]mZT_Vs�xYa�^T´�a���K���U�

� �]T_�PYn[bmZ�^�c�cTXmo�^Vo�UmsT_Vs�xYa�^T_iE�u[bV`iUT_�X�jVZ�^�c�E�^Vo�c�]�^³NmZ�]�E�c�EYS�µmbYa�t[b�j�a���a�ATX�cTX��[bV_� W��am
Tt½]Ya�S�U�jT\�5�u�rYN[bms�j�c�cTXm²�hYaVkY �]mZT_Vs�xYa�^T��\���p� �^[d�jV´�c�]�^³vYa�]�U�j�^T_iP[b�eg0�^�eTt�cTXms³ �NTt�cT_��[ZV_�
&��e[ZT_ms��V´�a�qTX�aT_��[�³W�jTX�jiv�cm²�^��[ZT_�cmZY\[bTXiv�j�U�S�j�U�aVZ�^[�³a��Y�[bmZ�^�c�cTXm¬[b�hY�[k�^Vd§�����T
	S�_�^T_��[k�µ�am
VZ�^�c�hYa�.�^V�����������d�]mZTX�µTXmZmsT_i�[Z�SYS�UmsT_Vs�xYa�^Td�\�l�p�]VZ�j�]�_TdY��UmZTXVZ�xY\�jT´�jV`Ya�U�]�j�jTXi�mbYa�]iU�c�S�^³c�
È �]T_VZTS[bms�j�c�cTXmZVdYamsT0Ya�^�j�G°qT_i��UYa�Ui]°��^i][b�UVd�a�;�]�#[b�#g �cªG90Y\[d�^�U���^�U�cVs�^[b�^T_V{�^T_VsVd[Z�hYa�

§���½�g � A H �X� "DC V "FE ��ª`� °qTX�aT_mr[Z�UT È TX�\Y\[bms�c�y��TxYa»S�j�]Vs[fY\��[bYa�UTX�c�UVr�^�U���^�U�cVs�^[�³��^VrYa�U�]mZ��Ya�f�W¡
�j�U� g ����½�g �BA H �_� "DC V "FE Ya�Ui��^�U�_msTxYaVs�j�U�c�u³c�rV�[b�cmsT_V0YamZT�iU�U�S��TXi�Y\[0�j�U�S�j�U�aVZ�^[Z�jTXV�YamZ�a�U�Ui
§���½�g � A H �X� "DC V "FE � &����cmsiUT_md�µ�cmd[Z�UT0Vs�j�U�a�jTS���U�c�e[bmZ�^�c�cTXmZV´[b�Ems�U���cmsTxY\[ZT_mdmZT ¤ TX�X[Z�j�c� Y�[
� TX�cTX�u¡ V �^V`�]T_T_i]T_i.� È �U�^Vo�^V�T_VZVsT_��[b�jYa���µ�cm;[b�UT �Í�]��³WVs�j�_Vo�UmZ�a�cmbYa�S�ST{�j� �cT_�]T_mbY\�5Y\�UiE���
���¾½p�j�U���^���hYams[Z�j�X�U��YamX�
È °q����Ya�j�E�]mZ�c��T_m�[b�jTXV¬[b�UY\[{iU�^Vs[Z�j�U�c�]�jVZ��[b�UT��)�U��³WVZ�^�_V²Vs�j�c�hY\�5�µmZ�a��[Z�UT��_�a��[Z�j���U�U�

YamZTd[b�UT �B�j�u�µTX[b�^��T´Y\�Uiw[b�]T��j���\Yams��Ya��[o�0YaVsV¬�a��[b�UT�i]T_�xYx³��UmZ�WiU�U�t[bVX�;��T_�_Ya�UVsT��a�L[b�]T �
�j�u�µTX[b�^��TJ[b�]T�[ZmbYa�f»�V��µmZ�a�Í[b�]TÇi]T_�xYx³²�]mZ�WiU�U�X[ZV�°��j�j�\��TLi]�jVZ�]��Ya�XT_i²�µmZ�c�¦[b�UT��Ums�j��Yams³`�cTXms[ZTt½��
�¬VsVZ�U�S�j�U�n[b�]Td�UYa�f»��cmZ�c�]�Uiw�^V��µms�c��� � ¼%�UmZ�W�_TXVZVZTXVo[Z�UTk�UYa�f»��cmZ�c�]�Ui�[ZmbYa�f»�V`VZ�U�c�]�ji�Ya�j�
��Td�_�a���hY�[b�j�]�jT{°��^[Z��[Z�UTk�]mZ�j��Yam�³y�cTXms[bT·½�� � Tt�cT_�¾¡ V �j�S�hYa�X[��UYambYa�STX[ZT_m`VZ�^�c�U�^ÎU�xYa�U�XTdYa�Ui
�j���\YamZ�jYa��[L��YaVZVL[b�W�c�^V�°�TXmZT`iUTX�aT_�^�c��TXi���³n��³WVsT_�^��[b�²[bYa»aT`Yai]�\Ya��[bYa�cT��a��[b�UTXVZT��UmZ�a��TXms[b�^T_VX�
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È ���µ�U�^�^³{T·½p�U�j�c�u[�[b�UTÇiU�^VZ�U�jYa�_TXid[ZmbYa�f»�VJ�µmZ�c�B[Z�UT �eiUTX�xYx³´�Ums�piU�]�X[bVX�cYa�d�j�S�hYa�t[J�hYamZYa��Tt[bTXm
VZ�^�c�U�^ÎU�xYa�U�XT ��&®� >  �[b�W�c�º°�YaV�iUTt�cT_�^�c��T_i.� È �U�jVr[Z�p�a�º°rY\V`i]TX�cTX�j�c��T_i ��³N��³WVZTX�^�®�hY\�£[ZT_mr[Z�UT
�cTXms[bT·½p�j�U��[b�W�c�^V{iUT_Vs�_ms�j��T_iv�j� � �hY\�][bTXm V �.�hYaiP��T_TX�#�XT_m�[b�^ÎUT_i.��&¢�qY�[ZmbYa�f»��jV²Y\VZVZ�W�_�jY\[bTXi
[b�n[b�UT´�Ums�j��Yams³��cTXms[bT·½wYa�UiN[b�UTdT_msmZ�cm�iUTXVZ�_ms�j�][Z�j�c�N�^V`�X�cmZmsT_�t[x�h[b�UTX� [Z�UT�&®� > °��j�^�º�hYx�cT�Y
� Y\�UVZVs��Ya�yi]�jVs[ZmZ�^�U�][b�^�c�n°��^[b�yYk�STxYa�y�\� 9_T_ms��Ya�UiyY�Vs[bYa�UihYamsiyiUTt�p�jY\[b�^�c�0�\��gc� È �UTXmZTX�µ�amZT
Ya��³�[bmZYa�f»�[b�UY\[Ç�hYaVÇYa� � �! #" ��$ V �^VLTt½p�_�^�UiUT_iS�µmZ�c�,��TX�j�U�dYaVsVZ�W�_��Y�[bT_in°��^[Z��[b�UT`�UmZ�^�0Y\ms³
�cTXms[bT·½ °��^[b�%$ " "�� �X�c�]ÎhiUTX�U�_T\�
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È �UT´[b�a[bYa�����U����T_m��a�A�]�^[bV`Ya�]i����U����T_m��a� > � È �]�^[bV��_Ya����T´�_�][o�c��Y\[�[b�UT²Îh�u[bTXm`�^TX�aT_� �
È �UT � C �U��Y�0Y\�Ui � HS�_�][ZVSYamZTN�cTX�UT_mZYa�r[bmZYa�f» VZTX�jT_�t[b�^�c�8�_mZ�u[bTXmZ��Yp� È �UTb$IHS�_�][�T_�]VZ�UmsT_V
[b�hY�[�[b�]T¬[bmZYa�f»n�_�c�ST_V��µms�c� [b�]T{�hYamsiyVZ�_Y\[Z[ZT_mr�Ums�j��Yams³��aT_m�[bTt½yYa�Ui��]�a[rYk���^�U�j���]� �U��Y\V
�cTXms[bT·½��
È �]T0[bmZYa�f»�V�[b�hY�[��hYaVsV�[b�]TyVZTX�jT_�t[b�^�c���XmZ�^[ZT_ms��Y�TX��[bT_m�Ya� Ya�^�c�cmZ�u[b�U�?[b�hY\[���TXms�µ�cms��V�Y

�_�W�cmZi]�j�hY\[ZTÇ[ZmbYa�]Vs�µ�cms�0Y\[Z�j�c�d�j��[Z�¬[b�UTqVs³WVs[ZT_�%°��UT_msT�[b�UT��cmZ�^�c�j�d�jVJ[b�UTq�µ�c�U�Ui��]mZ�j��Yam�³²�cT_m®¡
[bT·½w���cVs�^[b�^�c� �µ�aT_m�[bTt½w�_�W�cmsiU�j�hY�[bT´Vs³WVs[ZT_�  t� �o�j�.[Z�UTd[ZmbYa�f»N�hY\mbYa�STX[ZT_mZV`YamsTkmsT_�_Ya�j�X�U��Y\[ZT_i.�
&��y[b�U�^VrVs³WV�[bT_�«[b�UT¬�UTX° � Hr[bmbY\�f»��hY\mbYa�STX[ZT_m��µiUT_�]�a[bTXi ��³ ��� H  Ç�jVq[b�UT{�^���UYa�X[q�hYamZYa��Tt[bTXm
��³�i]TXÎh�U�u[b�^�c� � �¬�]��TX�UiU�u½��  t� È �]ToTXmZmZ�amq�^�S[Z�UT;�cT_m�[bT·½y�X�p�cmsiU�j�UY\[bT;V�³pV�[bTX���5� �Y�� �W�^V��c�^�aT_�
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�^� [b�UT²[ZmbYa�f»y�^V;�j�U�X�j�Ui]T_iN�j��[b�]TdVsTX[`�a� [bmZYa�f»�V`[Z�hY\[��µ�cmZ�«[b�UT´�Ums�j��Yams³S�cTXms[ZTt½����am

� CY� ��� � CY��� � C� � � � C� ��� �µËU� § 
�a[b�]T_ms°��^VZT\� È �UT��UT_�cY\[b�u�cT;VZ�^�c�nYams�jVZTXV��µmZ�a�¯[b�]Tr�
Ya�X[A[Z�hY\[ÇY¬[ZmbYa�f»k�UVZTXi��^��[b�UT;�_Ya�j�X�U��Y\[Z�j�c�
�a�º[Z�UT`�UmZ�^�0Yam�³��aT_ms[ZTt½��hYaVqYa��T_mZms�cm��_�cmsmZTX��Y\[ZT_in°��^[b�n[b�]T`�aT_ms[ZTt½�T_msmZ�cmX� È �UToVZ�j�a�U�^Îh�_Ya�U�XT
�jVr[Z�UT_���c�^�aT_�N��³ ��� H |#� �Y� �
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È �]T � TX�aT_�¾¡ V [Z�p�a�U[b�hY\[q��T_ms�µ�amZ�SVÇ[Z�U�jVL[fY\VZ»n�jV��hYa�ST_i ����������� 9 ��<���; 9�� &¢[��^VÇYk�U��³WVZ�^�_V
[b�W�c�{Y\�UiÌ�_mZT_Y\[bTXV ��� ����� 9 ��<����������	�:<
����;����� ��� �µ�cmyTxY\�f�¦[ZmbYa�f» �hYaVZVs�j�U� [Z�UTPVZTX�jT_�t[b�^�c�
�_ms�^[bTXmZ�jY]� È �UTXVZT´�c� ¤ TX�X[ZV;�_�c��[fY\�j�0[Z�UT{�cms�j�c�^�hYa�U[bmZYa�f»S�hYambY\��Tt[bT_msV_�W[b�UT{msT_�_Ya�j�X�U��Y\[ZT_i0[ZmbYa�f»
�hYamZYa��Tt[bTXmZVoYa�UiN[b�UTd�j�S�hYa�t[��hYambY\��Tt[bT_m`Ya�]iw�^[ZV�T_mZms�cm_� ����������� 9 ��<���; 9�msT_�xY\�j�_�]��Y\[ZT_VoYa�j�
[b�UTo�UT_TXiUT_i�[bmbY\�f»S�UYambYa�STX[ZT_msV�Ya�]i0�_msTxY\[ZT_VÇ[b�UT`�j�^Vs[Ç�a�.�]��³WVs�j�_Vq�c� ¤ TX�X[bV��j�S�jT_VsVÇ[Z�hYa��g¬�SV
Ya�Ui ���aVZT_V��U�n[b�^���^�U���X�c�U�_TXmZ�UVX�
È �]T ��� ����� 9���< �����������:<
����;����� ���~�c� ¤ T_�X[ZV0�µ�cms� Y#�hYaVZ�^V��µ�cm�Ye�µmZYa�STX°q�cmZ»8�a�3&®� >

Îh�^[ZT_msV_� È �UT�ÎhmZV�[²Îh�^[ZT_mZV¬�UVZ�^�U�y[b�UTXVZTn�c� ¤ TX�X[ZV_�JiUTX�aT_�^�c��TXiv��³E��³WVZT_�u���µ�cm;�)�U��³WVZ�^�_V_� YamsT
[bmZYa�f»NYa�Ui����U�c� &®� > Îh�u[bT_msV_��ªo�G°�Tt�cTXm_��ÎU�^[bTXmZV�[b�S�xYa�^�_�U�jY\[bT{[Z�UT�&®� > �a�ATX�jTX�X[bms�c�UVX��[bYa�UVX�
¤ TX[ZV��cm5Ya��³d�c� ¤ T_�t[�°��u[b��Y�[bmZYa�f»dYaVZVs�p�X��Y\[ZT_i�YamsTqT_YaVZ�^�^³´iUTt�cTX�j�c��T_i�°��u[b�U�^�d[Z�U�jVJ�µmbY\��Tt°��cms»��
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mZT ¤ T_�X[0VZ�^�c�U�^ÎU�xYa��[b�u³8���amZT �hYa�f»��cmZ�a�U�Ui�Tt�cT_��[ZVy[b�hYa�~VZ�j�a�hYa��TX�aT_��[bVX� &¢[0�UYaVyYa�^VZ�#��TXT_�
iUT_�S�c�UV�[bmZY\[bTXiE[b�hY\[o�cTXms³E�jYamZ�aT�mZT ¤ T_�t[b�j�a�UV¬�_Ya�P��T��c�][fY\�j�UTXiw°��^[Z�EmZTXVZ��T_�X[²[Z�0[b�]T�VZ�^�U�c�jT
���U�c�v[bms�j�c�aT_m²Y\[ � TX�aT_�¾¡ V ���¬�u[b�U�a�U�c�P[b�UTST
	S�X�jT_�]�_�jTXVdYa�U��TxYam²[b� ��TS�^�G°´�J[Z�UTX³v�UYG�aTS[Z�
��TS�_�a�UVZ�^iUT_msT_i��^�#�X�c�S�hYamZ�^VZ�c�v[b� �UmsT_VZ�_Ya�jTXV_� �oV�Y\�jmZT_Yai]³PV�[fY\[ZT_i.��Ya��T�	S�_�jTX�U�X³e�a�¬g ���
�jV`�UmZTt�µT_msmZT_iE[Z�yYS�UmZTXVZ�xY\�jT��\�;g �]��&��EY\iUiU�^[Z�j�c�º��[Z�UT�T�	S�_�jTX�U�X³N°��u[b�EmsT_VZ��T_�t[¬[Z��[b�]TkÎh�hY\�
���`Ya�hYa�u³pVs�jVo�_�][ZVo°��j�^�J��T����U�f�E�U�^�c�UT_mX��Vs�j�U�XT�VZ�^�c�hYa�JTt�cT_��[ZV´[Z�hY\[o�
Ya�j�.[Z�UT_VsT�Îh�^[ZT_mZVo�0Yx³
�UTX�aT_m`��T´msT_�_�a�UVs[ZmZ�U�t[bT_iº�

� �a���U�j�UY\[b�^�c�UV.�a�p[b�UTXVZTÇÎh�^[ZT_mZV�°��^�j��Ya�^�j�G°v[b�UTÇVZ�^�U�c�^TL���U�c�´[bms�j�c�cTXm.[b�`mZ�U�d�U�U�]mZT_Vs�xYa�^T_i
Y\[;[b�]Td�]�j�c�UTXVs[��^�UVs[bYa��[fYa�UTX�c�UV;�^�U���^�U�cVs�^[b�^T_VX�W°��UTXmZT²°��^[Z�U�c�][;[Z�UT_VsT´�UTX°ÍÎh�^[ZT_mZVX�U�^[;°q�c�U�^i
��T´�X�c���]�jTX[ZT_�u³�[Z�UmZ�UTXiw��?5�

CED	� � Á45 ��F�0 8AKÇR�3�3�5²K�ÆxR_Ã
8

È �UT{��g V [bms�j�c�aT_mZ�^�jV�[qÎhmsVs[�mZYa���c�U�^�j�UToY\[r[Z�UT²T_�UiN�a��
a�]�UTd§����aË]� �wYa��³��UTt°Í[ZmZ�^�c�cT_mÇ[b�W�c�jV
°�TXmZTPYx�\Ya�^��Ya�U�^Ta�ÇT_Vs��TX�_��Y\�j�^³�[b�UTN[b�W�c�jVSYa�]i~Îh�^[ZT_msV�iUTXVZ�XmZ�j��T_i~�j� [Z�U�jVn�f�hY\�][bTXm_�ÍªoT_msTw�^V
Ya�P�c�][Z�j�^�UTk�\�L[b�UT��]TX°%[bmZ�^�c�cTXmZV_���j�]�_�j�]iU�j�U��iU� ?�T_msT_��[²�X�c���U�^�hY\[b�^�c�UV`�a�L[b�]T��UTX° � TX�aT_�u¡ V
Îh�^[ZT_msV_�U�UVsT_iN�j�y��g V � È �UT{[bTXmZ�SV � 	 	 �]¸ @ È & � ª È Y\[ � Tt�cT_�¾¡fg²�cm � TX�cTX�u¡®§�mZTX�µTXmr[b� È Ya�U�^T
ËU� §p�
È �]T�ÎUmZVs[ �
Ya�S�j�u³omsT����U�^mZT_V5Y V �M� � T��3���U�a�kY�[ � Tt�cT_�¾¡fgÇYa�UikY�ËU�J� � T��8���U�a��Y\[ � Tt�cT_�¾¡

V � È �]T � Tt�cTX�u¡ V msT����U�^mZT_�ST_��[ZV�YamZTr���U�c��&®�����cmA���U�u[b�^�U�jTL[bmZYa�f»d&®����°��^[Z�S§`[bmZYa�f»�V��j��[Z�UT
����YaVZV;mZYa�U�cT\� È �UT_VsT´[ZmZ�^�c�cT_msVrmZ�]���U�U�UmsT_VZ�_Ya�jTXi��]�y[b�nYa�U�]mZ�x½p�j��Y\[bTX�^³S����½�g ��A:9f�X� "DC V "FE
°��UT_msT�[b�]TX³�Vs[fY\ms[¬[Z�ymZTX�_TX�^�cT��UmZTXVZ�xY\�jT_VX� È �U�^V¬�jV¬Ya�jmsTxYaip³wYS�0Y ¤ �cmo�^���]mZ�G�cTX��TX��[¬�c�w[Z�UT
�c�jiNVs�j�U�c�^T{���U�a� [ZmZ�j�a�cT_msV_�
���� ��� ��� � � � � � � TX�aT_�u¡bg � � 	�	 �p¸�� � Tt�cT_�¾¡�§ � È & � ª È �

� TX�aT_�u¡ V �rg¬[ZmbYa�f»S��Y\[b�f�UTXi����U�c��°��^[b� $�& $ÌË � T��;@\�{Ya�]iX&®�3Vs�j�c�U�uÎh�xY\�U�_T $ V �J�]�
§�[bmZYa�f»�V`°��u[b� $�& $ �]�J� � T��;@\�a�U�a�U���aVZ�^[ZT²VZ�^�c�.�h�j� �E��YaVZV;mZYa�U�cT\�
�LmZ�^�0Yam�³ �o[s½ / � /32 V ���_� �
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���� ��� � � � � � � � � � TX�cTX�u¡bg � �
	�	 �]¸;� � TX�aT_�¾¡�§ � È & � ª È �
� TX�aT_�u¡ V �;g´[bmbY\�f»y�0Y�[b�f�UTXi����]�c��°��^[b� $�& $BË � T=��@\�\�
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���� ��� � � � � � � � � � TX�cTX�u¡bg � �
	�	 �]¸;� � TX�aT_�¾¡�§ � È & � ª È �
� TX�aT_�u¡ V �;g´[bmbY\�f»y�0Y�[b�f�UTXi����]�c��°��^[b� $�& $BË � T=��@\�\�
V [bmZYa�f»�V`°��u[b� $�& $ �]� % � � T=��@\�dYa�Ui &®�~Vs�j�c�U�uÎh�xY\�U�_T $ V �J�]�
§�[bmZYa�f»�V`°��u[b� $�& $ �]�J� � T��;@\�a�U�a�U���aVZ�^[ZT²VZ�^�c�.�h�j� �E��YaVZV;mZYa�U�cT\�
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���� ��� � � � � � � � � � TX�cTX�u¡bg � �
	�	 �]¸;� � TX�aT_�¾¡�§ � È & � ª È �
� TX�aT_�u¡ V �;g´[bmbY\�f»y�0Y�[b�f�UTXi����]�c��°��^[b� $�& $BË � T=��@\�\�
Ë�[bmZYa�f»�V`°��u[b� $�& $ �]�J� � T��;@\�´Ya�Ui &®�~VZ�^�c�U�uÎh�xYa�]�_T $ V �M�]�
§�[bmZYa�f»�V`°��u[b� $�& $ �]�J� � T��;@\�a�U�a�U���aVZ�^[ZT²VZ�^�c�.�h�j� �E��YaVZV;mZYa�U�cT\�
�LmZ�^�0Yam�³ �o[s½ / � /32 V ���_� �
È �]T0VZTX�_�c�]i��
Ya�S�j�^³w�a��[ZmZ�^�c�cT_msVkmsT����U�^mZT_VkY �W�J� � T=��@\�S���U�c�#���\[b��Y�[ � Tt�cT_�¾¡fg0Ya�Ui

� TX�cTX�u¡ V � È �]T � Tt�cT_�¾¡�§0msT����U�jmsT_�ST_��[´�jV¬�j�W�cVZTX�UT_i.� È �UT��a[Z�UT_m � TX�aT_�¾¡ V mZT����U�jmsT_�ST_��[bV´YamsT
Tt½]Ya�t[b�^³0[b�UT´VbY\��T\� È �]�jVr�
Ya�S�j�u³��\�5[ZmZ�j�a�cT_msV;mZ�U�UV`�U�U�]mZT_Vs�xYa�^T_i.�
���� ��� ��� � � � � � � � TX�cTX�u¡bg � È & � ª È � � TX�cTX�u¡®§ � �
	�	 �]¸;�

� TX�aT_�u¡ V �rg¬[ZmbYa�f»S��Y\[b�f�UTXi����U�c��°��^[b� $�& $ � � T��;@\�{Ya�]iX&®�3Vs�j�c�U�uÎh�xY\�U�_T $ V �J�]�
§�[bmZYa�f»�V`°��u[b� $�& $ �]�J� � T��;@\�a�U�a�U���aVZ�^[ZT²VZ�^�c�.�h�j� �E��YaVZV;mZYa�U�cT\�
�LmZ�^�0Yam�³ �o[s½ / � /32 V ���_� �

� � � ��� � � � � � � � � � TX�aT_�u¡bg � È & � ª È � � TX�cTX�u¡®§ � � 	 	 �]¸;�
� TX�aT_�u¡ V �;g´[bmbY\�f»y�0Y�[b�f�UTXi����]�c��°��^[b� $�& $ � � T=��@\�\�
§�[bmZYa�f»�V`°��u[b� $�& $¯gc�J� � T��;@\�´Ya�Ui &®�~VZ�^�c�U�uÎh�xYa�]�_T $ V �M�]�
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� � � ��� � � � � � � � � � TX�aT_�u¡bg � È & � ª È � � TX�cTX�u¡®§ � � 	 	 �]¸;�
� TX�aT_�u¡ V �;g´[bmbY\�f»y�0Y�[b�f�UTXi����]�c��°��^[b� $�& $ � � T=��@\�\�
V [bmZYa�f»�V`°��u[b� $�& $ �]� % � � T=��@\�dYa�Ui &®�~Vs�j�c�U�uÎh�xY\�U�_T $ V �J�]�
§�[bmZYa�f»�V`°��u[b� $�& $ �]�J� � T��;@\�a�U�a�U���aVZ�^[ZT²VZ�^�c�.�h�j� �E��YaVZV;mZYa�U�cT\�
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� � � ��� � � � � � � � � � TX�aT_�u¡bg � È & � ª È � � TX�cTX�u¡®§ � � 	 	 �]¸;�
� TX�aT_�u¡ V �;g´[bmbY\�f»y�0Y�[b�f�UTXi����]�c��°��^[b� $�& $ � � T=��@\�\�
Ë�[bmZYa�f»�V`°��u[b� $�& $ �]�J� � T��;@\�´Ya�Ui &®�~VZ�^�c�U�uÎh�xYa�]�_T $ V �M�]�
§�[bmZYa�f»�V`°��u[b� $�& $ �]�J� � T��;@\�a�U�a�U���aVZ�^[ZT²VZ�^�c�.�h�j� �E��YaVZV;mZYa�U�cT\�
�LmZ�^�0Yam�³ �o[s½ / � /32 V ���_� �

&��nYaiUiU�u[b�^�c�k[Z�{[b�UTXVZTr�
Ya�S�j�^�jT_VJ�a�h[ZmZ�^�c�cT_msV5[Z�UT_msT;�jVAY\�jVZ�{Y¬���U�c� � T_�^T_�t[bmZ�a��[bms�j�c�cTXm5�
Ya�S�j�u³
[b�hY�[omsT����U�^mZT{[bmZYa�f»X&®��� Y\�Ui��^���aY\mZ��Y\��[r�0YaVsV;�j��[b�]T��w��YaVsV`mZYa�U�cT\�

W5�j�c�UmsT_VrË]�^g % [Z�SË]�^g "�Vs�U�G°)[b�]T � Tt�cTX�u¡fga� � TX�cTX�u¡®§nY\�Ui � Tt�cT_�¾¡ V [bms�j�c�aT_mr�XmZ�cVsV`VsT_�t[b�j�a�UV
YaV;Yk�µ�]�U�X[Z�j�c�y�\�5�^�U�S�j�U�cVs�^[�³��µ�amq[b�]T ���#g È�� � & �w� §#&®� �)[bms�j�c�aT_m_� È �UT¬[bms�j�c�aT_m��XmZ�cVsV
VZTX�X[b�^�c���^VkiUTtÎh�UTXi8YaVk[Z�UT0mZY\[b�^�w�a�r[Z�UT0mZY\[bT0Ya�Ui#�j�UV�[fYa��[fY\�UT_�c�]V��j�U�S�j�]�cVZ�u[�³PYa�Ui#[fYa»\T_V
Ya�_�X�c�U��[��a�5Ya��³yi]TxYaiy[Z�j�ST{Ya�Ui��UYa�UVZTXV_� È �U�jV��hYams[Z�j�X�U��Yam�[bms�j�c�aT_mq°�YaV;�f�U�aVZT_� ��T_�xY\�UVZT²�u[
�UTX�aT_m`mZTX�_T_�u�cTXiEYn�UmZTXVZ�xY\�jTa�
È �]T��jiUT_Ya� ��TX�hYx�p�^�c�Um`°��c�]�jiE��T�Yy�^�j�UT_Yam�mZT_�jY\[b�^�c��°��u[b�E�]�y�cmbY\iU�jTX��[¬YaV¬[Z�U�jVo�j�S�U�j�^T_V

[b�hY�[`[Z�UTdmbY\[ZTd�^�U�_msTxYaVsT_Vo�j�j�]TxYams�^³S°��^[b�N[b�]Tk�^�U���^�U�cVs�^[�³c� È �]�jV`�jV;�_�^TxYams�^³��]�a[�[b�UTd�xYaVsTd�µ�am
� TX�cTX�u¡bg´Ya�Ui � TX�aT_�¾¡�§�YaV�[Z�UT¬[ZmZ�j�a�cT_mÇ�_ms�cVZV;VsT_�X[Z�j�c�]Vr�j�U�XmZT_YaVZT{�]�c�p¡��^�j�UT_YamZ�u³�°��^[Z�y�j�U�S�j�]�cV�¡
�^[�³a� � �u[b���U�j�c�]T_m`�j�U�S�j�U�aVZ�^[Z�jTXVr[b�UTXmZT��^Vo�]�j�c�UTXmo�W�_�X�U�hYa�]�X³��j��Ya�j�JiUTt[bT_�t[b�cmoVZ�U�]Vs³WVs[ZT_�SV_�
&��3[Z�UT ���U�c�8Vs³WV�[bT_�SV�[Z�UT_msTN�jVSYP�U�j�c�]T_m��
Ya»aTNmZY\[bT�°��U�^�f�~�xY\�UVZTXV��S�cmZT�Tt�cTX��[ZV0[b�v��T
[bms�j�c�cTXmZTXi.�
È �]T � TX�aT_�¾¡ V �_YaVZTo�jVÇiU� ?�T_msT_��[x�h&¢[�iU�WT_VqiU�jVs�U��Yx³nY\�U�UmZ�x½p�j��Y\[ZT_�^³��j�j�]TxYamL��T_�hYx�W�j�a�Umq�]�][

[b�UTd�_ms�cVZVoVZTX�X[b�^�c� iUT_�XmZTxY\VZT_Vo°��^[b� �j�]���^�U�cVZ�u[�³c� È �U�^Vo�^���U�^�jTXV;Y\[`�U�j�a�UT_m��j�]���^�U�cVZ�u[b�^T_V�[Z�UT
[bms�j�c�cTXmJ�hYaVZVsT_VLY`�j�G°qT_mJ�µmbYa�t[b�j�a�k�a�]TX�aT_��[bVX� È �UT � W È Y\�Ui � � È �hYx�cT��]�j�c�UTXm5�W�_�X�U�hYa�]�_�jTXV
�j�^»aTn[b�UTS���U�c�#Vs³WVs[ZT_� �U�][k�j�e[b�UTS�xYaVsT0�a��[b�UTn�
YaVs[d[bmZYa�f»��j�U�wYa�j�a�cmZ�u[b�U�SV{T_�S�U�^� ³aT_i Y�[
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� TX�cTX�u¡ V �W[Z�UT`iUT_�UVs�^[�³S�a�º�U�^[ZVÇ�^�S[Z�UT`iUTX[ZT_�X[Z�cmZVq�xYa�]VZT_Vq�
Ya»aTXV��U�][�Ya�^VZ�´mZTXiU�U�_TXV�[b�]T����hYa�^�^[�³
�a��[b�UT;msTxYa�][ZmbYa�f»�VX� È �UTr[bmZYa�f»�V��
Y\�j� ���hY\�j�^[�³k�_�p[bVÇYa�Ui�[b�]T;TX�cTX��[���Yx³k�
Ya�^� � �r[�[b�UT;�]mZT_VsT_��[
[b�^��T\�][b�UTXmZT´�jV;�X�c�UVs�jiUTXmbYa�U�^T²T�?��cms[`��T_�^�U���0Y\iUT´�j�NYaiUi]mZT_VsVZ�^�U�S[Z�UT_VsTk�]mZ�c�U�^T_�SV_�
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È �UT;Yai]iU�^[Z�j�c�d�a�h[b�]T_VZT��UTX°8[bms�j�c�aT_mZV �UVs�j�U�o�j�S�hYa�X[5�hYamZYa�STX[bTXm5Vs�j�c�]�^Îh�_Ya�U�_T�Ya�Ui��^���aY\mZ��Y\��[
�0Y\VZVJ�jVJ�_ms�^[Z�j�xY\�\[b��[b�]T �v�U��³WVZ�j�XV5�]mZ�c�cmZYa�S��TLY�[�¼�����&��k�X�c�S�hYamZ�^VZ�c�º� [Z�UT�[bmZ�^�c�cTXmZV��j�²[Z�UT
�j�^Vs[´°��^[Z��[b�UT��c�ji � TX�aT_�u¡ V mZT����U�jmsT_�ST_��[bV 3 ���U�a� � [bmZYa�f»�V��µ�cmdTt½]Ya�S�U�jT 6 YamsT0�UmsT_Vs�xYa�^T_i
Yx°rYx³±Y�[�Ya��³�°��UT_msTE�µmZ�c� g � ¡ ����½�g �BA:9b�_� "DC V "FE �B¸LVZVZTX��[b��Y\�j�^³a�;[b�UT�VZ�j�]�c�jT����U�c�~[ZmZ�^�c�cT_m
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mDs  / ndf 2χ  22.98 / 31
Prob    0.85
p0        34.38±  5338 
p1         21.6± -4189 
p2        8.576±   854 
N1        18.48± 286.4 
mean1     0.001365± 1.961 
sigma1    0.001675± 0.02225 
N2        17.47± 104.8 
mean2     0.003909± 1.865 
sigma2    0.005364± 0.02375 
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