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B

C

Helium
refrigerator

Extraction
elements

North Linac
(400 MeV, 20 cryomodules)

Injector
(45 MeV, 2 1/4 cryomodules)

Injector

Halls

South Linac
(400 MeV, 20 cryomodules)
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>cEpQ\LXEH=JT.BPO}L OCB|gP=?Y�EG> 
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Figure 2.15: The layout of the 57 plastic scintillating counters of the Time-of-Flight
Counters for a single sector. The counters are broken into 4 groups (or panels) [49].

minimum-ionizing particles. The first 23 scintillators covered out to 45◦, and were
mounted on “Panel 1” which is attached to the forward carriage. Due to spatial
and rate constraints, these bars were 15 cm wide and coupled to 2 inch PMTs. The
remaining scintillators were 22 cm wide and coupled to 3 inch PMTs through bent
light guides. The bent light guides were needed in order to fit the photomultiplier
tubes in the projected shadow of the torus cryostat. The tapering of the guide, in
combination with a bend and twist, brought the photo-tube out of the plane of the
scintillator while minimizing light losses and resolution penalties. All the scintillators
were read out on both ends with independent PMTs. However, the last 18 bars were
paired together and shared photomultiplier tubes, forming 9 logical channels with ef-
fective widths of 44 cm. Due to the fringe magnetic field from the torus in the region
of the SC system, the PMTs were shielded with a high-µ metal.

The timing resolution of the counters was found to depend upon the length of
the scintillators. The intrinsic resolution was measured in situ by injecting laser
light into the center of each bar and measuring the resulting signal off the PMT,
simulating the signal produced by a minimum-ionizing particle; the results are shown
in Figure 2.16. The timing resolution for the 15 cm wide bars varied between 65 ps and
140 ps RMS as the length of the bars increased from 25 cm to 350 cm. The wider 22 cm
bars, found at lab angles greater than 45◦, had an overall average resolution of 100 ps.
However, during data taking the timing resolution for electron tracks primarily hitting
the shorter scintillators on panel 1 was observed to be approximately 165 ps when
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� w � �!	 ~ � VC>FE

L+hCIHB��H=JW K�Z7BPI KMV�=�=JOlKM>FIG=�W?BPYcYcLXQyBXIMLNKG>cBPO w LNOCT R : IHBPYc=mZ7B^W?ACEG=?T BPO.KMVC=�WJLXYc>FQCIML KM>cBXO BXZtKMV�=

KM>FR = � BXZ�� �\>coXV)K;E : E�KM=JRi~

� LXoPoX=JI � LXYF>cQCIGLNKM>FBPO

� O hCV�BXKMBPOv=�
^h�=JIG>FR =?OlKME w KMV�=mKG>cRS=mBNZaKMV�=�Q�=�LXR h�VCBXKMBXO >cEfRS=�LXEHACIG=?T}Q : KMVC=mK]LXoXoP>cOCo

E : E�KM=JR LXOCT KMVC=?O�W?BPIGIH=JW?KG=JT�Z7BXI#KGVC=�h�V\LXEG=STC> �/=?IG=JO�WJ=�Q�=?K � =J=?O�KMVC=UK]LNoPoP=JImLXO�T1KMV�= �p�

EG>FoPO\LXY w � VC>FW]V >FESKGVC= RSBPEHK LXW?WJACIGLNKM=iKM>FR >FOCo R =JLXEGACIH=JRS=JOlK >cO � < ��� ~ � V�= W�LNYc>cQ�IMLNKG>cBPO

hCIHB^W?=JTCACIH=JE
>FOCWJYFACTC= �aTC= KM=JIHR >FO\LNKG>cBPOUBXZ_KGVC= ��� KM>cRS= w KMLXoPoP=?I � D � WJLXYc>FQCIML KM>cBXO w KMV�= � D �

EGYFBPh�=iWJLXYc>FQCIML KM>cBXO w LXOCT KGVC=vLXYc>FoPOCRS=JOlK�BXZ�KMLXoPoP=?I�KM>cRS= LXOCT ��� KM>FR =N~ � V�=}LXYF>coPOCRS=JOlK

Q�=?K � =J=JO KMVC= KMLXoPoP=?I�LXOCT � < ��� >cE�W?BPRShCYc= KM=JTsTCA�IG>cO�o}KMVC= �p�� W�LXYF>cQCIGLNKM>FBPOCE?~ � >FoC~ {C�

EGV�B � E�KMV\LNK�LXYFY � � W?BPACOlKM=?IGE�LXIH= LNYc>coXOC=JT � >FKGVvKGVC= �p� KG>cRS= w OCBNKM>cO�oSKGV\LNKfKMVC=�=�
^h�=JIG>FR =?OlK

KMIH>coPoX=JIG=?T BPO BPOCY : KGVC=�k\IGE�K � x � � W?BPACOlKM=?IGEJ~ � >FoC~ {lx >cE
KMV�=�B gX=JIGLXYcY/KG>cRS= TC> �/=?IG=?OCWJ=#TC>FEHKMIH> �

QCA�KG>cBPOiQ�=?K � =J=JO}KGVC=#K]LXoPoX=JI�KM>FR =#LXO�TvKMV�= �p� KG>cRS=X~ � @#LXACEHEG>jLNOikCK : >c=?YcTCE�LUIG=JEHBPYcA^KM>cBXO

BXZ �P� 	 hCE?~

� >cRS=�� BXZ����C>coPVlK � LNYc>cQ�IMLNKG>cBPO

� BPI�=�LXW]V � D � w KMVC=#IGL � T\LNKML � >cE�W?BPOlgP=JI�KM=?T}>cOlKMBUL�KM>FR = w K w ACEG>FOCo �

	N{
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Nent = 1295   
Mean  = -0.004363
RMS   = 0.1376
Chi2 / ndf =  1855 / 39

 37.87 ±Constant =  9617 
 0.0003421 ±Mean     = -0.00302 

 0.0002964 ±Sigma    = 0.1149 

Tagger Time - RF Time(12), run 29808 RF_py
Nent = 1295   
Mean  = -0.004363
RMS   = 0.1376
Chi2 / ndf =  1855 / 39

 37.87 ±Constant =  9617 
 0.0003421 ±Mean     = -0.00302 

 0.0002964 ±Sigma    = 0.1149 
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� VC=?IG= � � >cE�LNO�B|gP=JIGLXYcY B��yEG= K w � � LXOCT � � LXIG=!WJBPOCE�K]LXOlKGE w LXOCT ��� >cE�KMVC=;KM>cRS= � LXY��#WJBPIHIG=JW KM>FBPO

TCAC=�KGB�KMVC=#hCACYFEG=�VC=?>coPVlKJ~ � Z KM=?I�KMVC=?EG=#WJBPO�EHK]LNO)KGEpLXIG=�BPQ^K]LX>FOC=JT Z7IGBXR W�LNYc>cQ�IMLNKG>cBPO w KGVC=#Yc=?Z K

LXOCT.IH>coPVlK r u � E#OC=?=JT.KMB Q�=�LXYF>coPO�=JT_~ � VC=UL�gX=JIMLNoP=JT KM>FR =�BXZ�KMVC=�K � B r u � E#oP>FgX=JE�KMV�=

KM>FR =�Z7BPI
KMV\L K�hCLXTCTCYF=	�

� � � � � ���x 5�� � 8

� OiKGVC=#W�LXEH=�BNZaBPO�Y : BXOC= � D � hCIH=JEG=?OlK w EML : KMV�=mYF=?Z K w KMV�=#KG>cRS=�>cE�WJLXYcW?ACYjLNKG=JT LXE

� � � � � �S �
5�� � 8

� VC=?IG= : >cE�KMVC=;TC>cE�K]LXO�WJ=
LNYcBPOCopKMVC=;h\LXTCT�Yc=;KGB�KGVC= r u � Z7IGBPR%KGVC=
h�BP>cOlK � VC=JIH=!KMV�=!h\LXI�KM>FWJYc=

=JOlKG=JIG=?TvKGVC=#EGWJ>FOlKM>cYFYjLNKGBPI
LNE�TC=?KG=JIGRS>cO�=JT Z7IGBPR KMIMLNW � >FOCoC~

 OCWJ= KMV�= =JOC=?IGo : YcBPEHE�>cE�WJLXYc>FQCIMLNKG=JT w h\LXIHKG>cW?Yc=JE W�LXOsQ�= IGBPACoXVCY : >cTC=?OlKM>FkC=JT�Z7IGBXR KMV�=

=JO�=JIGo : YcBXEGE�LNE�L�Z7ACOCW KM>FBPO}BXZth\LNIHKM>FWJYF=�RSBPRS=JOlKMACR 5 � >coC~ ��� 8 w � V�=JIG=�KMVC=�h�>cBPOCEpZ7BPIGR KMV�=

VCBPIH>��?BPOlK]LXY^Q\LXOCT_~ � VC=f=JOC=?IGo : YFBPEGE�BNZyh�IGBXKGBPOCEt>cOCW?IG=JLXEG=?EbYF>cOC=JLXIGY : LNK�YcB � R BXR =?O)KGACR�ACOlKM>cY

KMV�= : Q�=JoX>cO�h�=JOC= KMIGLNKM>FOCo KMV�= EGWJ>FOlKM>cYFYjLNKGBPIGE w L K � VC>cW]V h�BP>FO)K�KMVC=�=JOC=?IGo : YcBPEHE Z7BPYcYFB � E�KMV�=

� = KMVC= � � YFB^W]V�Z7BXIGR�ACYcL�~ r >FBPOCE!LXIG=�R >FOC>cR LXYC>FBPOC>��?>cOCo#h\LNIHKM>FWJYF=JE 5 u �&rb8 ~ � BPIbKGVC= RSBPE�K!h\LNIHK w

KMV�=;RSBPRS=JOlKMACR�IGLXOCoP=;LXOCTmKMVC=b=JO�=JIGo : T�=Jh�BPEG>dKM>cBXO�IH=JR LX>cOmIGBPA�oPVCY : WJBPOCE�K]LXOlKJ~ � VC>FEaW�LNO Q�=

ACEH=JT LXE;LXOS>cOCT�=Jh�=JOCTC=?OlK
h\LXI�KM>FWJYc=�>FTC=JOlKG>Fk\WJLNKM>FBPOUR = KMVCB T Q�=?Z7BXIG=fKMVC=fKM>FR >FOCo�>cEtW�LNYc>cQ�IMLNKG=JT_~

e�EH>cOCo�KMVC=�R =JLXEGACIH=JT RSBPRS=JOlKMACR w � w BXZ9KGVC= h�>cBPOCE;>cTC=?OlKM>FkC=JT � >dKMV�KGVC>cEbR = KMVCB T+WJLXO�KMV�=JO

Q�= WJBXR hCA^KM=JT}LXOCT}ACEH=JT}KGB LXYc>FoPO KMVC= �p#� h\LXTCTCYF=JE � >FKMVvKMVC=mK]LXoPoX=JIJ~ � VC=�IH>coPVlK�hCYcBNK >FO

� >FoC~ { ��EGVCB � E�KGVC=�TC>��y=JIH=JOCW?=�Q�=?K � =J=JO KMVC= hC>cBPOvgP=JI�KM=�
.KM>FR = w � VC>FW]V >cE WJLXYcW?ACYjL KM=JTvZ7IGBPR

	 �



KMV�=�KM>cRS= IH=JW?BPIGTC=?TvQ : KGVC= �p�� EGWJ>FOlKM>cYFYjLNKGBPIbLXOCT =�
 KGIMLXh�BPYjL KM=JT QCLXW ��KMB�KGVC=#=?gX=JOlKfgP=JI�KM=�


ACEH>cOComL �igNLXYFAC=�BPQ�KMLX>cO�=JTULXEtTC>FEGWJA�EGEG=?T�LNQyB|gP= w LXOCTUKMVC=�= gP=JOlKbgP=?IHKM=�
UKM>FR =�LNE�IG=JW?BPIGT�=JTSQ :

KMV�=�K]LNoPoP=JI�Z7BPI;LXYFY x��
���p�� h\LXTCTCYF=JE?~ � VC=�B|gP=?IMLXYFY3IG=JEHBPYcA^KM>cBXO >FE!LXQ�BPA�K x^��z hCE?~ � VC= E�K]LXI�K

WJBXACOlKM=JI � LXEmLXYcEHBvLNYc>coXOC=JT � >dKMV KMVC= �p�� Q : EHVC>FZ KG>cOCo+KGVC=�KM>FR =�TC=?YjL : Q�=?K � =J=?O�KMV�=UK � B

TC= KM=JW KMBPIHE�LXOCT�WJBPRSh\LXIH>cOCo#KMVC=pgP=?IHKM=�
�KG>cRS=�T�>��y=JIG=?OCWJ=�Qy= K � =?=JO KMV�=�gP=?IHKG=�
+KG>cRS=fIG=JW?BPIGT�=JT

Q : =JLXW]V BXZ�KMVC=�K � B 5 � >coC~ { � w Yc=?Z K 8 ~ � VC=ULNW]VC>c= gP=JT IH=JEGBXYcA�KG>cBPO}BNZtEHK]LNIHK�W?BPACOlKM=?I�>cE�LNQyBPA^K

{ � z hCE w � VC>cW]V >FE!oPB B^T =JOCBXACoPV�KGB�Qy= ACEG=?T+Z7BPI;KGVC=�EG=?Yc=?W?KM>FBPO+BXZ_hCVCBXKGBPOCE!KGV\LNK
W?BPRS= =?gX=JI :

x OCEJ~

� >co�~ {P{ EGVCB � E�KMVC= EGW�L KGKM=?I
hCYFBXK
BXZ4gX=JIHKG=�
�KM>cRS= T�>��y=JIG=?OCWJ=?E
g E
KMVC= �p�� h\LNTCTCYc=�>cT�Z7BXI

EG=?W?KGBPI {Cw BXZ � V�>cW]V1LXYcY {�� h\LXTCTCYF=JEmLXIH=ULXYc>FoPOC=JT � >dKMV.KMV�=UKMLXoPoP=?I w	� VC>FYc=�h\LNTCTCYc=?E � >FKMV >FT

LXQ�B|gP= {lz�w WJBPIHIG=JEHhyBXOCTC>cO�o KMB�YcLXIGoP=!LXOCoPYF= �p�� WJBXACOlKM=JIHE w WJLXOCOCBXK�Qy=�WJLXYc>FQCIMLNKG=JT�Qy=?W�LXACEH=�BXZ

KMV�=�LXW?WJ=Jh^K]LXOCW?=X~ � O+=�
�h�=JIH>cRS=JOlK �tz�� z�� � w KMVC=pK]LXIHoP=?K � LNE!hCACYFYc=?T�AChCE�KMIH=�LXR � R IG=?EGACYdKM>cO�o

>cOmKMVC=bYcBXEGE�BXZCKMIGLXW �)>cOCo�>cO�Z7BXIGR LNKM>FBPO w h\LXI�KM>FWJACYcLXIGY : >cO D � IG=?oP>cBXO �Pw � VC>cW]V >cE�OC=J=?TC=JT�Z7BPI4KMV�=

�p�� WJLXYc>FQCIML KM>cBXO_~ 	 B � = gP=?I w KGVC=m=?gP=?OlK � BPACYcTvOCBXKpQ�= LXQ�Yc=�KMBSQy=mIG=?WJBPO�EHKMIHACW?KG=JT.LNO : � L :

� >FKGVCBPA�KfIH=JoP>FBPO � KMIMLNW � >FOCoU>cO�Z7BXIGR LNKM>FBPO_~

� Z KG=JI}LNYcY�KMV�IG=J=�TC=?KG=JW?KGBPIGE � EHKMLXIHK WJBPACOlKG=JI w KMLXoPoP=?I LXO�T�KM>FR = � BXZ�� �\>coPVlK E : EHKM=?R w LXIH=

LXYF>coPOC=?T >FO KM>FR >FOCo 5 � >FoC~ { � 8 w KGVC=}R LXEGE BXZ#W]V\LXIHoP=JT hCLXIHKG>cWJYF=JE W�LXO Q�=}WJLXYcW?ACYjLNKG=JT Z7IGBPR

KMV�=J>cIUKM>FR = BXZ �\>coPVlK 5 � >coC~ {�	X8 ~ � VC= KG>cRS>cOCo.IH=JEHBPYcA�KG>cBPO LXW]VC>F=?gP=?T >cE LXQ�BPA�K � � z hCESZ7BXI

Z7BPI � LXIHTvhCLXTCTCYF=JEfLXOCTiACh KMB x
	Xz hCE�Z7BPI�YcLXIGoX=#LXOCoPYF=�h\LXTCTCYF=JE?~

D�IG>FZ K
W]V\LXR�Q�=JI � LXYF>cQCIGLNKM>FBPO

� Bi>cRShCIHB gX=�KMVC=�KMIGLXW �.IG=?WJBPO�EHKMIHACW?KG>cBPO w KGVC=UTCIG>dZ K#W]V\LXR�Q�=JI#W�LNYc>cQ�IMLNKG>cBPO}>FE�hy=?IHZ7BPIHR =?T

>cO�>FKM=?IMLNKG>cBPO�E;BXZ4IHACOCOC>FOCo KGVC=�IG=?WJBPO�EHKMIHACW?KG>cBPO hCIHBPoPIGLXR Z7BPYcYFB � =JT�Q : IG= kCKGKG>cOCo�KMVC=�T�=?KM=?W?KGBPI

	 �



 - Start Counter Vertex time (ns)pionVertex time
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Chi2 / ndf = 823.8 / 38

 16.12 ±Constant =  3196 

 0.001965 ±Mean     = -0.001651 

 0.002078 ±Sigma    = 0.485 

 - TOF vertex time  (ns)pionVertex time
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Chi2 / ndf =  6749 / 38

 40.55 ±Constant =  7695 

 0.0007369 ±Mean     = -0.002363 

 0.0008181 ±Sigma    = 0.2089 

Chi2 / ndf =  6749 / 38

 40.55 ±Constant =  7695 

 0.0007369 ±Mean     = -0.002363 

 0.0008181 ±Sigma    = 0.2089 
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W�LNYc>cQ�IMLNKG>cBPO WJBXOCEHKMLXOlKMEJ~ � VC=�KGIMLXW � IG=?WJBPO�EHKMIHACW?KG>cBPO�>cEmWJBPRShCYc= KM=?T�>cO K � B}E�K]LXoX=JEJ~ � O�KMV�=

k\IHEHKUEHKMLXoP= w >FOCTC>Fg >FTCA\LXYtKMIGLXW �)E LNIG=�kCK�KGB.KMVC= VC>dK � >cIH=+h�BPEG>dKM>cBXOCEJ~ � VC= VC>cE�KME�>FOCEG>FTC=+KMV�=

EGA�hy=?IGYjL : =JIpLXIG=�W?BPR�QC>FOC=JT >FOlKMB�KMIGLXW �+EH=JoPRS=JOlKME w�� VC>cW]VvLXIH=�KMVC=?OiYF>cO��N=JT KMBXoP=?KGVC=JI
KGB�Z7BPIGR

KMIGLXW �)E#LXWJIHBPEGE#LNYcY4KMVCIH=J=�TCIH>FZ K W]V\LXR�Q�=JI�IH=JoP>FBPOCE?~�D�A�= KMB�KGVC=�IH=JYjL KM>FgX=JY : EHR�LNYcY�EG>��?=�BXZtKMV�=

TCIH>FZ K�WJ=JYFYcE�LXOCT}YcLXIGoX=�O)ACR�Q�=JI BXZ � >cIH= YcL : =JIHE w KGVC= KGIMLXW �iR BXR =?O)KMLSWJLXO.Q�= IG=?WJBPO�EHKMIHACW?KG=JT

� >FKGV � � 	 � IH=JEHBPYcACW KM>FBPO � ���!	 ~ � O1KMV�=�EG=?WJBPO�T EHK]LNoP= w KMVC=SKM>cRS=�� BXZ����C>coPVlK�>FO�Z7BPIGR LNKG>cBPO.>FE

ACEH=JT KMB�WJBXIGIG=?W?K
KGVC=�TCIH>FZ K!KG>cRS=JE w � VC>FW]VvLNIG=�KMV�=JO WJBXO)gX=JI�KM=JTiKMB�TCIH>FZ K!TC>cE�K]LXOCW?=JE
KGB�WJBPIHIG=JW K

KMV�=mV�>FKfh�BPEG>dKM>cBXOCE�LXOCTiTC= KM=JIHR >FOC=�KMV�=#kCO\LXY_KMIGLXW �+h\LNIMLXRS=?KG=JIGE?~

� EbTC>cEHWJACEHEG=?T+>cO � V\LXh^KM=JI x^w KGVC=�T�IG>FZ K�W]V\LXR�Q�=JIHE!LNK � < ��� LXIH=pW?BPRShyBPEH=JTSBXZ �#EG=?W?KGBPIGE w

=�LNW]V BXZ � VC>FW]V V\LXEULNO >FTC=JOlKM>FW�LXY!EG=?KSBXZ�W]V\LXR Qy=?IGEJ~ � VC= : LXIG= oPIHBPACh�=JTs>cOlKGB �.IH=JoP>FBPOCE w
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Z7IGBXR KMV�=pRS>cEHEG>FOCo�R BXR =?O)KGACR w KMVC=fh�=�L���LXYcEHBmT�>cTUOCBXKtTC>FEMLXh�hy=JLXIJ~ 	 B � = gP=JI w KGVC=fhy=JL���TC>FT

Q�=JWJBXR =bEGYF>coPVlKMY : � >FTC=JI 5 � >FoC~ �
� 8 w � VC>cW]V�WJBPACYFT Q�=!LfIG=?EGACYdKaBNZ�KMV�=!EGV�>FZ KM=?T�O�=JA�KGIGBPO�R LXEHE4Z7BXI

KMV�BPEG=�=?gP=?OlKME!KGV\LNKbh\LXEHEG=JT+KGVC= � >FOC=JR LNKG>cW�WJBXOCEHKGIMLX>FO)KJ~ � O � >FoC~ {��^w KGVC=fkCKGKG=JT+RS>cEHEG>cO�omR LXEHE

h�=�L��U>cE � >FKGVC>cO � ui=?`%KGB�KMV�= OCBPRS>cOCLXYCgNLXYcAC=pBXZ9O�=JA�KGIGBPO+R LXEHE;>FO r D#@ 5 z ~ �
�
�
�m@�=?` � W � 8 ~

	 B � =?gX=JI w KGVC=bhy=JL���EGV�>FZ KME[LXQ�BPA�K { uv=?`��NW � V�>coPVC=?I 5 � >FoC~ � zl8 Z7BPI9KGVCBPEG=b=?gX=JOlKME�KMV\L KaEHACIHg >FgX=

KMV�= LXO�oPACYjLNI�WJA�KGE�ACEH=JT KGB =�
 KMIMLNW?KpKMVC= � - EG>FoPO\LXY ~ � BXIfKGVC>cEfIH=�LXEHBPO w KMVC=mOC=?A�KMIHBPO R LXEGEf>FE

OCBXK�ACEG=?T KGB+WJBXOCEHKGIMLX>FO}KMVC=�O�=JA�KGIGBPO}Z7BPA�I gP=?W?KMBXI�KMB+WJLXYcW?ACYjLNKG=�KGVC=�>cOlgNLXIH>jLXOlK�R�LXEHE�BXZtKMV�=

6_,.- E : E�KM=JRi~ � O�EHKM=JLXT w KMV�=mRS>cEHEG>FOCo�R�LNEGE�KM=?W]VCOC>cn)AC=m>cEfACEH=JT w > ~ =N~ w KGVC=#>cOlgNLXIG>cLXOlKfR�LXEHE�BXZ

KMV�= 6_, - E : E�KM=JR >cE!=?n)A\LXY/KGB�KMVC=�RS>cEHEG>FOCo R LXEGE!B�� KGVC= , 0 2 - E : EHKM=?R >cO+KGVC=�IH=�LXW KM>cBXO+BXZ

')( * ,10\24- � ~
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E : E�KM=JR Q�=?K � =J=?O x KGB 	 � 5 � � � � uv=?`��NW � >cE�BPQ^K]LX>FOC=JT�Z7IHBPR KGVC=v@mLNACEGEH>jLXO�kCK 8 w LXIH=

EG=?Yc=?W?KM=?T KGB�E�KMACT : KGVC=fWJBPIHIG=JEHhyBXOCTC>cO�o 6/,.- >cOlgNLXIH>jLXOlKtR LXEGEtTC>FEHKMIH>cQCA^KM>cBXO_~ � V�=�IH=JEGA�YFKME;LXIH=

EGV�B � O >cO � >coC~ � � LXOCT WJLXO Qy=�W?BPR hCLXIG=?T � >dKMV � >FoC~ � { ~ � V�=JIG=U>FE�OCB O\LXIHIGB � IH=JEHBPO\LXOCW?=

EG>FoPO\LXY�KMV\L K�W�LXO Q�=�EG=?=JO >cO KGVC= 6_, - >FO)gNLXIH>jLXOlK R�LXEHE�EGh�=JW KMIGL � V�=JO EMLXRS=�LXOCoXACYjLXI�WJA�KGE

LXIH=�LXhCh�Yc>c=?TSKGB�KGVC=JEH=�OC=JA^KMIGBXO+EG>FTC= Q\LNOCT+=?gX=JOlKME?~ � V�= TC>FEHKMIH>cQCA^KM>cBXOSZ7BPItKMV�=JEG= =?gP=?OlKME
h�=�L��

LXIHBPACOCT � ~ � @�=?` � W � w � VC>cW]V >FE�EG>FR >FYjLXI�KGB � V\LNK � LXE BPQCEH=JIHgX=JT >cO � >coC~ � { L � L : Z7IGBPR

KMV�=+hyBXEGEG>FQCYc=�hy=JL��3~ � E�EGV�B � O >cO1KMVC=+IH>coPVlK hCYcBXK BXZ � >co�~ � x^w KMVC= 6_,.- >cOlgNLXIH>jLXOlK�R LXEHE

TC>FEHKMIH>cQCA^KM>cBXO h�=�L��vLXIGBXACOCT � ~ 	
	 @�=?`��NW � Q�=JWJBXR =?E�R BXIG= h�IGBPRS>cOC=?OlK�LNZ KG=JI KGVC=�EG>FTC=�Q\LNOCT

=?gX=JOlKME LXIG=�EHACQ�KGIMLXW KM=JT/~
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iBXZ�KMV�=

TC= KM=JW KMBPISR LXTC=i>FKUACOCIH=�LXYF>cE�KM>cW+KGB�hCA�IGEGA�=vKMV�>cESLXhChCIHBlLXW]V_~ � VC=JIH=?Z7BPIH=vKMV�=vRS>cEHEG>cO�o R LXEHE

KM=?W]VCOC>Fn A�= � LXEtACEG=?TSKGB#=�
 KMIGLXW?KtKMV�=phCLXIMLXRS=?KG=JIHE�BXZyKGVC=fhyBXEGEG>FQCYc= �1� � Q\LXI : BPOUIG=?EGBPOCLXOCWJ=N~

� BPRSh\LXIG>FEGBPO BXZ[T\LNKMLULXOCTiEG>cR ACYjLNKG>cBPO

� VC= �*H�6 ��T\L K]L�V\LXE�LST�BPR >FO\LXOlK�Q\LNW � oXIGBPACO�TvZ7IGBXR R =?EGBPOihCIHB^TCA�W?KM>FBPO KMV\L K�T�=JW�L : E

KMB , - , 0 2 - ~ � VC=?IG=?Z7BXIG= w KGVC=�EH>cR�A�YjLNKG>cBPO+KGV\LNKp>cEfACEH=JT}VC=?IG= � LNE oP=?OC=JIGLNKM=?T ACEH>cOCoShCV\LXEH=

EGhCLXWJ= � >dKMV�L �tEGYFBPh�=�BXZ � 5 @�=?`��NW � 8 � Z7IGBXR KGVC= Q�=�LNR KGB�KGVC= ,.-_,10329- E : E�KM=JR KMB�R�LNKGW]V

KMV�=;TC>FEHKGIG>cQ�A�KM>FBPO#BXZ�KGVC=!T\L K]L�~ � VC=b=�
^hy=?IG>FR =?O)KMLXY)EG= KMACh�>FE4TC>��y=JIH=JOlKa>FO �*H36 Q�LXOCT � w � VC=JIH=

KMV�=�K]LXIHoP=?K � LXEf>cO+KGVC=�WJ=?OlKM=JIfBXZ � < ��� ~ � VC=�uvBPOlKM= � LXIHYcB�= gP=?O)KGEpZ7BXI �*H36 Q LXO�T �*H36 �

� =JIG= oP=?OC=JIGLNKM=?T ACEH>cOCo 6/, - �, � � � � Q�B^T : hCV\LXEH= EGh\LXW?= LXOCT 6_, - , - 2 - { � Q�B^T : hCV\LXEH=

EGhCLXWJ=N~ � VC=�k\OCLXYaEH=?K#BXZ;LXW?WJ=Jh^KM=JT EH>cR�ACYcLNKM=?T}=?gX=JOlKME�LXIH=�L+R > 
 KMACIH= BXZtKMV�=JEG=�= gP=?O)KGE LNOCT

KMV�=JO � =?>coPVlKG=JT KMB � LNIGT.KMVC=�TCLNK]L LXW?WJBPIHTC>cO�o+KMB+KMV�= , - , 0 2 - = �y=JW KM>dgP=UR�LNEGE�EHhy=?W?KMIHACRi~

� �



� >FoPACIG= � 	 � � VC= 6/, - >cOlgNLXIG>cLXOlK�R LXEGE�T�>cEHKGIG>FQCA�KM>FBPO#Z7BPIaKMV�=
IG=JLXW?KG>cBPO ')(+* 2 - , 0 , - 6 Z7BXI
WJBXR�QC>cO�=JT}E�K]LNKG>cEHKG>cW?E�o��PL � Q � WmZ7BPI TC> �/=?IG=?O)K 2 - LXOCoPA�YjLXIpWJA�KJ~ 
 ��  >cEpKMVC=�LNOCoPYc=�Qy= K � =?=JOKMV�=
24- LNOCT hCVCBXKGBPO+Q�=�LXR >cO KMVC=�WJ=JOlKG=JI�BXZ4R LXEGE!E : EHKG=JRi~ � VC=JIH=�>cE!O�B�WJA�K
BPO�KMV�= ,.- LXOCoPYF=X~
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� >FoPACIG= ��� � � V�=
Yc= Z K[hCLXOC=JYFE�LXIH=bKGVC= 6/, - >cOlgNLXIH>jLXOlK�R�LNEGE�EGh�=JW?KGIML WJLXYcW?ACYjL KM=JT � >FKGV RS>cEGEH>cOCo
R LXEGE!KG=JW]VCO�>cn)AC=X~ � =JT IH=JoP>FBPOCE!>FO�KMV�=�Yc=?Z K;h\LXO�=JYcE
LXIG= KGVC=�= gP=JOlKGEpEH=JYF=JW?KG=JTiLXIHBPACOCT+KGVC= � -
h�=�L��SKMBUhCYcBNK 6_, - , 0 >FO)gNLXIH>jLXOlK�R LXEHE�EGh�=JW?KGIMLUBPO+KMV�=mIH>coPVlK�hCLXOC=JYFEJ~ � VC=�KGBPh h\LXOC=?YcEfLXIH=
Z7IGBXR o��PLXQ T\L K]L w RS>cTCTCYF=�h\LXO�=JYcE�Z7IHBPR o��XWULNOCT KGVC=SQyBXKHKMBPR h\LXOC=?YcEmLXIH=UKGVC=UEGACR BNZ!KMV�=
KMBXh K � BC~ � gP=?O)KGE � >dKMV � x � LXIGBXACOCT KMVC=#RS>cEGEH>cOCo�R LXEHE�OC=JA�KGIGBPOih�=�L�� LNIG=�EG=?Yc=?W?KM=?T_~ � VC=
RS>cEGEH>cOCoSR LXEGEpKM=JW]V�OC>cn)AC=�>FE�A�EG=JT}KGB�WJLXYcW?ACYjLNKG=mKGVC= 6/,.-9,10 >cOlgNLXIH>jLXOlKpR�LNEGEJ~ � O�oPYc=mWJA�KGE
LXhCh�Yc>c=?T+Z7BPIfLXYFY/KMVC=mLXQ�B|gP=#hCYFBXKMEfLXIH= � � � 
 ��  � z  � LNOCT ��� � 
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� VC=�EGLXRS=�LXOCoXACYjLXItW?A�KME
BXO�KMVC= EG>cR ACYjLNKG=JTS=?gX=JOlKMEfLXIH=�LXh�hCYc>F=JT+LNE;Z7BPIbKMVC=�T\LNK]L LXOCT�Z7BPA�OCT

KMVCLNK�EGA�W]V W?A�KME�T�B+OCBXK�oX=JOC=?IMLNKG=�L+hy=JL��vLXIGBPA�OCT � ~ 	
	 @�=?` >FO KMVC= 6_, - >cOlgNLXIG>cLXOlK R LXEHE

EGh�=JW KMIHACR 5 � >FoC~ ��� 8 w OCBPI�T�B^=?E;>dKtoP=JOC=?IMLNKG= L#h�=�L���L K x ~ { ��@�=?` >cO�KMV�= 6/, - , 0 >FOlgXLNIG>jLNO)K

R LXEGEfEGh�=JW KMIHACR � VC=JOiEG=?Yc=?W?KM>FOCo�KMVC=#= gP=JOlKGE�LXIHBPACOCT KMVC= � - R�LNEGEJ~

� BPI�R BXIG=�TC= K]LX>FYc=?T WJBPRSh\LXIH>cEGBXO wC� >FoC~ ��� EGVCB � E�LUW?BPRSh\LXIG>FEGBPO Q�=?K � =J=?OvKGVC=�T\LNKMLSLNOCT

KMV�= EG>cR ACYjLNKG>cBPO1BXZfKMVC= 6/, - >FOlgXLNIG>jLNO)K R�LNEGE�TC>FEHKMIH>cQCA^KM>cBXOCE�Z7BPI�KMVC= TC> �/=?IG=?O)KUTCLNK]L.EG= KME?~

� >FoC~ � � EGV�B � EmKMVC=SWJBXR h\LNIG>cEHBPO Qy= K � =?=JO�KGVC=UT\LNKMLvLXO�T KGVC= EH>cR�A�YjLNKG>cBPO}BNZ!KMV�= 6/,.-9,10

>cOlgNLXIH>jLXOlK�R LXEGEfTC>FEHKGIG>cQ�A�KM>FBPOCE!Z7BPI�T�>��y=JIG=?OlK�TCLNK]L�EG= KME?~

	 B � =?gP=?I w KMVC=�h�V\LXEG=UEHh\LXWJ=�EH>cR�A�YjLNKG>cBPOvTCB^=?E�OCBXK#TC=?EGW?IG>cQ�=�KMV�=�Q\LXW �)oPIGBXACOCT � =?YcY ~  Z

WJBXACIGEH= w KMV�>cE�>FE OCBXK�EGACIHhCIG>FEG>cO�o LXE � = � O�B � hCACIH=�hCV\LNEG=�EGhCLXWJ=�IH=�LXYFY : W�LXO�OCBXK�EHA �SWJ>c=?OlKMY :

TC=?EGWJIH>cQ�=iKGVC= h�V : EH>cWJE Q\LXW �)oPIHBPACOCT_~ � V�= >cRSh�BPIHKMLXOlK�WJBPO�WJYcA�EG>cBXO KMVCLNKSBPOC=iW�LXO TCIML � >FE

KMVCLNK�LXO�oPACYjLNI�W?A�KME�T�B+OCBXK oP=JOC=?IMLNKG=�O\LXIHIGB � h�=�L��)E�>FO KMVC=�EG>FR�ACYjL KM>cBXOvEHACW]V LXE � V\L K � LXE

BPQCEH=JI�gP=JT >cO KMVC=mT\LNKML�~ � TC=JLXYcY :Pw LNEGEGA�R >FOCoSKGVC=mQ\LXW �)oPIGBXACOCT}>FEpT�BPR >FO\LNKG=JT Q : R =?EGBPOvhCIGB��

TCACW KM>FBPO � VC=JIH= L�RS=JEGBXO TC=?W�L : EbKGB ,.-_,10324-aw KGVC=fQy=?EHK � L : KGBm=?EHKG>cR LNKM=
KGVC=fQ\LXW �)oPIGBXACOCT

>cE;KMB�h�=JIHZ7BXIGR L�h\LXIHKG>jLXY � L�gX=�LNO\LXY : EH>cE!BXO KGVC= , - , 0 2 - E : EHKG=JRi~ � V�>cE � >cYFYyoX>FgP=�L�R�ACW]V

Q�=?KGKG=JI[TC=JEHWJIG>Fh�KM>FBPO�Z7BXI�KGVC=!Q\LNW � oXIGBPACO�T�KMV\LXO�KMVC=;O\LX>FgX=!hCVCLXEG=;EGh\LXW?=
EG>FR�ACYcLNKM>FBPO_~ � VC=;WJBPI �

IG=?EGh�BPOCTC>FOCo�E�KMACT : >cEb>cO�WJYcA�TC=JT >cO KGVC=�Z7BXYcYcB � >FOCo�W]VCLXh�KM=?I � VC=?IG= KGVC= hCLXIHKG>jLXY � L|gX=#LXO\LXY : EG>cE

KM=?W]VCOC>Fn A�=�>FE�TC=JEHWJIG>FQy=?Tv>FO TC=?KMLX>cY ~

D�>cEGW?ACEGEH>cBPO BXZ�KMV�=mh�BPEHEG>cQ�Yc=�hCIHB^TCA�W?KM>FBPO R =?W]V\LXOC>FEGR Z7BXI � - B�� L�hCIHBXKMBXO KMLXIGoX=?K

� E;TC=JRSBPOCE�KMIML KM=JT�Qy= Z7BPIG= w EH=JYc=?W?KG>cOCo �, � � =?gP=?OlKME
TCB =JE;OCBXK;=JO\LNQCYc=�ACE;KGB EG=?=�LXO : EG>FoPO\LXY

LXIHBPACOCTsKMVC=�� - IG=?oP>cBPOsEHACW]V V\LNESQ�=J=?O h�IG=?g >FBPACEGY : IG=?hyBXIHKM=?T_~ � VC=iT\LNK]L.TCB =JEUEH=J=JR KGB

EGA�oPoP=JE�K�KMVC=�h�BPEHEG>cQ�Yc=�hCIHB^T�ACW?KG>cBPO BXZ � - LXE�L�TC=?W�L : hCIHB^TCA�W?KfBXZ[L�VC=JL|g : O)ACW?Yc=?BPOiLXIGBPA�OCT

� x
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RS>cEGEH>cOCoSR LXEGEpKM=JW]V�OC>cn)AC=N~ � VC=�IG>coXV)K�h\LXO�=JYcE LXIG=mKMVC=�EG>FR�ACYjL KM=JTi=?gX=JOlKME�BNZ�WJBPIHIG=?EGh�BPOCTC>FOCo
T\LNKML EG= KME?~ � V�=�EG>cR ACYjLNKG>cBPO � LXE�OCBPIHR�LNYc>��?=JTUKMB � LXIGT KMV�= KMBXKMLXY�=?gP=?OlKfO A�R�Qy=?I
BPA�KGEG>FTC= KMV�=
� - hy=JL��3~ � OCoPYF=�WJA�KGE LXh�hCYc>F=JT+Z7BPIfLXYFY/KMV�=mh�YcBXKGEfLXIG= ���	� 
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� >FoPACIG= � � � � V�=}Yc= Z K�h\LNOC=JYFE�>cEUKMV�= 6_, - , 0 >cOlgNLXIG>cLXOlK�R LXEGE EGh�=JW KMIML1W�LXYFWJACYcLNKM=?T � >FKGV
RS>cEGEH>cOCoSR LXEGEpKM=JW]V�OC>cn)AC=N~ � VC=�IG>coXV)K�h\LXO�=JYcE LXIG=mKMVC=�EG>FR�ACYjL KM=JTi=?gX=JOlKME�BNZ�WJBPIHIG=?EGh�BPOCTC>FOCo
T\LNKML EG= KME?~ � V�=�EG>cR ACYjLNKG>cBPO � LXE�OCBPIHR�LNYc>��?=JTUKMB � LXIGT KMV�= KMBXKMLXY�=?gP=?OlKfO A�R�Qy=?I
BPA�KGEG>FTC= KMV�=
� � � 	 � h�=�L���~ � OCoPYc=�WJA�KGE�LXhCh�Yc>c=?T�Z7BPI!LXYcY3KMVC= hCYcBXKGE
LXIH=����	� 
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� >FoPACIG= ��� � � VC=�Yc= Z K!hCYFBXK
>FE;KGVC= 6_, - >FOlgXLNIG>jLNO)K;R LXEGE;EGh�=JW?KGIGACR W�LXYFWJACYcLNKM=?T � >dKMV RS>cEGEH>cOCo
R LXEGEpKM=JW]V�OC>cn)AC=N~ � VC=�IG>FoPVlK�hCYFBXK�>cE 6/,.-_,10 >FO)gNLXIH>jLXOlK�R�LNEGE EHhy=?W?KGIGACR W�LXYFWJACYcLNKM=?T � >FKGV
RS>cEGEH>cOCo�R�LXEHE KM=?W]VCOC>Fn A�=X~ � V�=�QCYjLXW �vEGBPYF>cT}YF>cOC=?E�LXIH=�T\LNKML�Z7IGBPR LXYFY�KGVCIG=?=�T\LNK]L+EH=?KGE�LNOCT
KMV�=�IG=JT TCLXEGVC=?TvYF>cOC=?E
LXIH=�EG>FR�ACYjL KM>cBXO_~ � V�=�EG>cR ACYjLNKG>cBPO � LXEfOCBPIGR LXYF>��J=?T KGB � LXIHT KGVC= KGBXK]LXY
=?gX=JOlK#O)ACR�Q�=JI�BXA�KMEH>cTC=mKMVC= � - h�=�L�� LXO�T}KMVC= � � � 	 � h�=�L��3~ � O�oPYc=�WJA�KGE�LXhChCYF>c=?TvZ7BPI LXYcY
KMV�=mh�YcBXKGEfLXIG= ���	� 
 ��  � z  � LXOCT � � � 
 ���

� z  ��~

x ~ { �i@#= ` �NW � ~ � YcY�KGVCIG=?=UT\LNK]L EG= KMEmWJB|gP=?IG>FOCovT�>��y=JIG=?OlK hCV�BXKMBPO =?OC=JIHo : IMLXO�oP=JE w V\L�gX= KMV�=

EMLNR =�R LXEGE�=?OCV\LXO�WJ=JRS=JOlK;>cOUQ�BXKMV�KMV�= 6/,.- >cOlgNLXIG>cLXOlK�R�LNEGEtEGh�=JW KMIGA�R LNK � ~ 	
	 @#= ` �NW � LNE

� =JYcY4LNE�L�R LXEGE�=?OCV\LXO�WJ=JRS=JOlK�>cO KMV�= 6/, - , 0 >cOlgNLXIG>cLXOlK�R�LNEGEfEGh�=JW KMIGA�R LNK x ~ { @�=?`��NW � ~

� VC= KMVC=?I[KMV�= � - >FE4hCIGB TCACW?=JT � >dKMV�L �, � � BXI[OCBNKaWJLXO Q�=bZ7A�IHKMV�=JI�>cOlgP=?EHKM>FolLNKG=JT Q : W]VC=?W � >FOCo

KMV�= WJBXIGIG=?YjLNKG>cBPOUBXZ/KMVC=�EG>coXO\LXY � >FKGV KMV�= �, � � ~ � E!TC=?R BPO�EHKMIGLNKM=?T+>cO � >co�~ ���Pw KMVC= � - EG>FoPO\LXY

>cE[WJYF=�LXIHY : LXEGEHB^W?>jLNKG=JT � >dKMV KGVC=�OCBPO � �, � � =?gX=JOlKME w � VC>FYc=bKMVC= 6/, - >cOlgNLXIG>cLXOlK�R LXEGEaEGh�=JW?KGIGACR

YcB B �)E�gP=?I : R�ACW]VvYc>��X=�KMVC=#Q\LNW � oXIGBPACO�T w � V�>cW]V h�=�L�� E�LXIHBPACOCT � ~ � @�=?`��NW��|~ � VC>cEp>cE � V\L K

BPOC= � BPA�YcT}=�
�h�=JW K�>FZ�KGVC= � - >FE OCBNK�hCIHB^TCA�WJ=JT >FO}LXEHEGB WJ>jL KM>cBXO � >FKGV KMV�= �, � � ~ � VC= EGR LXYcY

=�
^W?=JEGE�BNZ�=?gX=JOlKME#LXIHBPACOCT � ~ 	
	 @�=?`��NW � >FOiKGVC=�KGBPh h�YcBXK�BXZ � >FoC~ ��� EGVCBXACYcT}Q�=mTCAC=�KGB�KMV�=

OCBPO � �, � � =?gP=?OlKME KGV\LNK�Z LXYFY�ACOCTC=?ImKGVC= �, � � h�=�L��3~  OC=UR�L : � BPOCTC=?I � V : KGVC= � - >cE�OCBNK

BPQCEH=JI�gP=JT�>cO#LXEHEGB WJ>cLNKM>FBPO � >FKGV#L �, � � w Z7BPI � V�>cW]V�KMVC=tW?IGBPEHE�EH=JW KM>cBXOmVCLXE9Qy=?=JOmW�LXYFWJACYcLNKM=?T � � { 	 ~

� 	



 OC=�h�BPEGEH>cQCYF= =�
�h�YjLXO\L KM>cBXO+>cE;B��/=?IG=?T Q :+� = Z7=JIH=JOCW?= � ���;	 ~ � E�TC>cEHWJACEHEG=?Ti>FO � V\LXh^KM=JI �Xw KMV�=

K � W]V\LXOCO�=JY h�IGB TCACW?KG>cBPO BXZ�KMV�= � - EGACW]V LNE�KMVC=vhCIGB WJ=?EGE EHVCB � O KMVC= � >coC~ � � w�� BPACYFT Q�=

Z7BPIHQC>cTCT�=JO >dZ�KMV�= � - V\LXE >cEHBPEGhC>FO x ~ � VC=}>FEGBXKG=JOCEHBPI � - w BXO KMV�= BXKGVC=JI V\LXOCT w WJLXO Q�=

L TC=JWJL : hCIHB^T�ACW?K BXZ�L VC=JL|g : O)ACWJYF=JBPO/~ � BPI�KMVCBXEG=i=?gP=?OlKME�KGV\LNKSZ LXYcY
O�=�LXI � ~ 	
	 @#= ` >FO
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