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(meyners@desy.de)
Norbert Meyners, Sept. 9, 1996

Aperture

13.6 m
15.04 m

135.35 m

60 m

WR 133.5

2.9 m

2.85 m

16.72 m

laser lab, room 916

Ar-Ion Laser
(cw; 514 nm)

24.34 m

Mirror M0 Expander
Beam Pockels

Cell
Chopper

Mirror M1a Mirror M1b

Beam Shutter

Pump
Stand

Mirror M2

Lens Doublet (f=14.5 m)

Entrance Window

Screen

Mirror M3

Mirror M4

Interaction Point
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 HERA-e Polarisation on Saturday May 29 2004
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 ����� 	�CG�7
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�'/10�2435� �76��98 ��� �'/ ��� %�� � � 0 � ��� %�� � �3 �5: �'&)(+*-;.�

< K>=@?BADC3KBE�LDFBGHAIGKJMLONDCPLOQBRPG
AHS�T
S�UVLYK>= � � LMNDGW=BGeLDGHN\HXCIK>GH=@Y5K>GKQ.Z[YYKBG]\�NIY5H B_^ (`&)(a*
b#&)(dc)(2fe�g � � %N%ih YjNDNIGHA9E�Y5K>=BA�LkY 2fe�g �%C3K[B_^ (l&)(nm S�LYK>= ��/10�2�35� �76�� h YjNDNIGHA9E�Y5K>=BA_LDY �'/10�2435� �oCIKBp^ (o&)(q&�(sr KtLO=B=BC»LkC+Y5KuSv\�YjRPR+YxwyC3KBE�LzwiY{JMLONIC|LOQBR+GHA
S
}�~�LYK>= 2fe�g � � % % ��0o*-� � � LONIG�?BAIGH=tCIK�LDFBGh F�LONIEjGH= h ?BNINDGeK�L%G
JOGGKML�AIGHR+G h LDCPY5K ( }�~oCPA�YjQ=LkLOCIK>GH=twyC3LkF�LOR+R h G
RPR+AoYM\�� <K� LYKB= KBY5HXCIK�LORJjG
N9LDGdD�E
YjAIC3LkC+Y5K �'� S � S �.�5(�2fe�g � � % % ��0o*-� � � C+A�CPA h LMR h ?>R|LjLDGH=�wyC»LkF§LDFBG h GHRPR+A�C3K�� <s� GÁD h RP?B=>CIKBELkF>G��BNDA9LWC3K7KBGHN�NICIKBE�YO\��4� <s� (
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r K�YjND=>GHN§LDY h FBG h-, LkFBLjL§LDFBG h LOR h ?BR|LjLDGH= 2fe�g � � % % LYKB= ��/ 0 2�35� �76'� YO\�. � NDGeEBNDG
ADGeK�L
LkF>YjADG YO\�NDGHLORW=�LjL L)SiwiG h FBG h-, ?BADC3KBE0/K�21 r43 NIG-LOR]LYKB=5. � AkLYHJEBRPG
A (76 FBG GGKBG
NDEjC+GHANDG h Y5K>A9LkNI? h LDGH= Q.ZcLDFBG81sYj?>QBRPG < KBEORPG_H GdLkFBY�={LYKB=:9jL h ^�?BGdL b ; RPY5KB=>GHR YYKBGsLONIG h Y5HcEBLONDG
= (

/=< 	> 8 2 < 	eADCIK } � 8 ? @ � < 	 �#*�0 T < 	 �ADC3K } � : �'&)(A�M�.�
6 FBG_=BCCB G
NDGGK h GpYO\ / < 	> Q�GdLzwiG
GGK�. ��LYK>=o=BLjL L�LYHXYj?7KMLDA &ED * ��F LONDYO?7KB=�} � 8 �>:HG��I�):dcj�Q
GeLzwlGHGGK@��� <K� �I; � <K� � LYK>= ; � <K� �IJ � <K� � (�2fe�g � � % % LYKB= ��/ 0{2=Kj� �sYO\L. �!G
JjGeKMLkA LMNDGNDG b wlGHC+EjFMLkGH= LkY�=�L^L LXLYKB={wiG h LMR h ?>R|LjLDGTLkFBG , CIK>GGH LjLkC h JMLONDCPLOQBRPG
A (
M:N-O P�Q8R�S�Q!T R$Q8U�VXWZY�S�R�[ZU�S�\]VXW
r LpCPA�CIHJE�YjN½L LYKMLÄLkY�L hHh ?>NkLjLDGHR+Z§HXG-LOAI?BNDGÅLDFBG CIKMLDGHNkL h LkC+Y5K�E
YjCIKML�\�YjN¦LDFBG�NDG h Y5KBA½LkNI? h LDCPY5KYO\ , CIK>GGH LjLkC h JMLONIC|LOQBR+GHA (^6 FBG K JOGHN½LkGdD�E�YOADC3LDCPY5K�CPA§EBNDC3H[LMNDCPRaZ�HXG-LOAI?BNDG
= Q.Z ?BAICIKBE�LDFBG� 6 1�LkNDL h-, A`_ �O;)a�(cb Y wlG
JOGHNHSlADC3K h G�LDFBG@A h LjL\LDGHNIGH= KBGH?=LDNDC3KBY CPA�KBYYL =BGdLkG h LkG
= C3Ked¤B�f 3=BGdLkG h LkYjN�C3K ��� G5JjGeK�LDAHSmLkF>Gs?BAkLMQBRPG�LDNkL h-, A \�YjNhLDFBGKJOGHN9LDGdD HXG-LMAD?BNIGGHXGGKMLWLONDGKRPCIHXC3LDGH=X\�YjNG
JOGGKMLkA;LDF�LjLsFBL JOG RPY w F�LO=>NDY5KBC h LjKBEjRPG ( . YjA½LsYO\ LDFBG�LDNkL h-, As\�NDYYH FBLO=BNDYYKBC h AIZ�A9LDGGH LMNDGYj?=LDADC+=BG�YO\ � 6 1 L h
h GeE=L LYK h GWLYKB=uLkFBG JOGHN½LkGdDXNIG h Y5KBA9LDND? h LkC+Y5K wyCPRPR)Q�G�E
Y�YjN ( < H GdLkFBY�=�LkYHXG-LOAI?BNDG;LkF>G�JOGHN½LkGdDV?>ADCIK>E �4� <K� LkC3H C3KBE�CPA�=>G
JjG
RPY5E
GH=0_ c)*]a LYKB=V?BAIGH= \�YON�AD? h F G
JjGeKMLkA (

gG�����8��h ���������451�
�ji4���������k&l*�monqp:r �
� � ����(
6 FBG�R+Y5KBEjC»Lk?B=>CIK�LOR ADCts
G%YM\1LkF>G�E
YjADC»LkNDYYK QB?=K h F CPA_H�? h F A\H LORPR h Y5HJE�LONDC3KBE�LkYJLkF�LjL]YO\LkF>GÉEBNDYYLDY5K�QB?7K h F ( < KeuD� h YjRPR+CPADC+Y5KBAoY h
h ?BNIA�wyFBCPR+G·LkF>G{GHRPG h LDNDY5K �´E�YOCIKML b RPC , GO�4Q�GHLYH C+ALkNDL-JjGHR+RPC3KBE·LkF>NDYj?BEOF�LDFBGuEBNDYjLkY5KtQB?7K h F (�6 FBGHNIG
\�YjNIGOS JjG
N9LDGdD E
YjADC»LkCPYYK CPAs\�?BR+R+Z h YjNINDG
R|LjLDGH=wyFBG
NDG§LDFBGoCIKMLkG
NkL h LkCIK>EcEBNIYYLkYYK CPAyR+Y h LjLkG
= C3K[LDFBG%Q>?7K h F ( ��YjNyGdD>LYHJEBRPGMSvC+\1LDFBG{EBNDYYLDY5K C+ARPY h L^LkGH= L^L ��cO� h H \�NIY5H LDFBG h GeKMLkNDGoYO\ LkF>GoQ>?7K h FuS�C3K�LDGHNDL h LDCPY5K{Y hHh ?BNDAWLjL�v 8 ��*x& h HLYKB={EOGGKBG
NkLjLDGH=[E�LON9LDC h RPGHAiLONDNIC+JOG�LjLy�4� <s� G-LONIRPC+GHNiQ.Z * KBAyLYKB= C+\fC»L C+A 0KcO� h H \�NIY5H LDFBGh GeKMLkNDGMS7LkFBG;EBLON9LDC h R+GHAiLONDNIC+JjGKR|LjLDGHNiQ.Z * K>A (W� /WYYLkG�LDF�LjL wlG�NDG
E.LONI=�LkFBGsJOGHRPY h C»LzZ[YM\�Q
G-LjHLOAhLDFBGsA9E�G
GH= YO\fRPC+EjFML � (�r K�LkF>CPAlwiL-ZjS>wlG h LjK , K>Yxw LDFBGKJjG
N9LDGdD E
YjADC»LkC+Y5KX\�NIY5H LkFBG��4� <K�

LkC3H C3KBE (w G�GdDAEBR|LMCIK�LkF>CPA�HXGeLkF>Y)={FBG
NDG (x6 F>GyLDCIHXCIKBE%YO\4G-L h F �4� <s� h GHR+RuCPA�Lk?7KBG
= AI? h F LkF�LjL�LDFBGE�LON½LkC h RPG
A h Y5HXGW\�NIY5H LDFBG¨K>Y5H C3K�LOR�C3K�LDGHNDL h LDCPY5KuE
YjCIKML �IK 8 �.� CPA�sHG
NDY ($6 F>GKGdDAE
G h LkGH= h GHR+RLkC3H C3KBE�YO\��4� <s� Szy �|{'� � S�C+A�NDG
R|LjLDGH={wyC3LDF K]} ��� LOA�\�YjRPR+YxwyA�~
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wyFBG
NDG � U � {'� � $ T �|{'� � $-K � {��n� � CPATLDFBG�E
YjADC»LkC+Y5K YO\ h GHRPR ( � C+ATLkF>G�JjG
RPY h C3LzZ YO\`RPC+EjFML-S�LYKB= K	� 6 � � C+ALkF>G�KBY5HXCIK�LOR K E�YjAIC3LDCPY5K LjKB=tFBGGK h G K	� 6 � � 8 �)( w C3LDF�LkFBC+A�NDG
R|LjLDCPY5KuS K]} ��� C+A;H GHLOAD?BNIGH=\�NDYYH GHL h F��4� <s� h G
RPR � S K � {��n� �} ���@(`6 FBG Kxb JjG
N9LDGdD v
� ! 	��} ��� CPAoYjQ=LkLOCIKBG
= wyC»LkF�LDFBG wlGHC+EjFMLkGH=AD?=H9LOA�\�YjRPR+Y wyA]~

v � ! 	��} ��� 8�� ����	�� K � {��n�
�

} ���� � �� �� : �'&)(A� �j�
n*���
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�
� h��)���/� ��7 �cn��*� ��� � ��7 �`m�n p:r . �
� � ����(

6 FBG h LMRPCPQ>NkLjLDCPY5KX\�YjN�v�� ! 	��} ��� wiLOA�=BY5K>GswyC3LkF{NIG-LORl/s� 1 r43 G
JOGGKMLkA (�6 FBG�NIGHADYORP?=LDCPY5K@C+A\�Yj?7K>=SLkY Q�G ;>:! h H (�6 F>G�G#" h CPGGK h Z LYKB= NIGHAIYjRP?=LDCPY5KVYO\�JjGHN½LkGÁD�HXG-LOAI?BNDG
= Q.Z � 6 1 LYKB=�4� <s� LkCIHXCIK>E C3K ��� 1 r43 ADLYHcE>RPG{LONIG@ADF>YxwQK CIK ��CPEj?>NDG (d&)(a* LOA�\�?7K h LkC+Y5K�YO\WF�LO=>NDY5KBC hLYKBEORPG�NDG h Y5K>A9LkNI? h LDGH= Q.Z�LDFBGyKBY5HXCIK�LMR JjG
N9LkGÁD�Sv}�~ (_r KVQ�YjLkFVYO\�G$" h CPGeK h ZVLjKB= NIGHAIYjRP?=LDCPY5K S�4� <s� LkC3H C3KBE JjGHN½LkGÁDtEjGeLKQ�GdL\LDGHNTLDF�LYKt� 6 1 JjG
N9LDGdD C3K RPY w }�~ (sr KSLkFBC+AsLYK�LMR+Z�ADC+AHS � 6 1JjG
N9LDGdD�C+A%NIGH^�?BC+NDGH=�LDY G
JOGGKMLkA�wyC»LkF�LDFBG@NIGHEjC+Y5K }�~&% �>:nm�� h LORPR+GH= FBCPEjF b }�~�G5JjGGKML � S`LYKB=�4� <s� LDCIHXCIKBEKJOGHN½LkGdD C3KJLDFBG]NIGHEjC+Y5K }�~ � �>:nm@� h LOR+RPGH=�R+Yxw b }�~ � ( ����1 r43 G
JOGGKML�ADG
RPG h LkC+Y5KCPA�C3HcE>RPGGHXGGKMLDGH={ADGeE�LONDLjLkG
R+Z@\�YjN�F>CPEjF b }�~yLYKB=VRPY w b }�~ (
gG�����8��h � ��5 �
���|&�i ������� ���(' n

6 FBG�JjG
N9LkGÁD�=BC+A9LkNICPQB?ALkCPYYK�YO\ LkF>G�NDG-LMR>=�LjLkL()�? h Lk?�LjLDGHA_ND?=KXQ.Z�ND?7K�NDG$)�G h LkC3KBE�LkFBG�Q
G-LjH=BNIC+\ L]YO\CLkFBG b B J < YYE�G
NkLjLDCPY5K (]r L�CPA]CIHJE�YON9L LjK�LQLDY{?BADG�LDFBG�ADLYH G�=BCPA½LkNDC+QB?=LDCPY5K \�YjN8. �CIK YjND=>GHN§LDY ?BAIG:. � AkLjHcEBR+GHA�\�YjN�L hHh GeE=L LjK h G h YjNDNIG h LkCPYYK (^6 F>G[JjG
N9LkGÁD�=BC+A9LDNDCPQ>?=LkC+Y5K C+AHXG-LOAI?BNDG
= wyC3LDF /K�51 r43 G5JjGGKMLDA (x6 FBG¨LzwlY�E
YjR|LONICPADLjLkC+Y5K =�LjLkLoF�L-JOGK=BCCB G
NDGGKML�v =BC+A9LkNICPQB? bLkC+Y5KtLOA�AIFBY wQK C3K ��CPEj?BNIG &)( �)( 6 F>G . � G
JOGGKMLkAoCPA�NIG b wiG
CPEjFMLkG
= =>C B�GHNDGeKMLkR+Z \�YjNTLDFBG�LzwiYE
YjR|LONICPADLjLkC+Y5K[=�L^L L AkLYHJEBR+G�LkYuH[L^L h F LkY�LkFBGyHXG-LOAI?BNDG
= =>CPA9LDNDC+QB?=LkC+Y5K (
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��C+Ej?BNDG &)(a* ~�B�" h C+GGK h Z � LDY5E � LYK>= NDGHAIYjRP?ALkCPYYK � Q
YYL\LDY5H � YO\�� 6 1 LYKB= �4� <s� LkCIHXCIK>EJjG
N9LDC h G
Ai=BGdLkG
N\HXCIKBG
= wyC3LDF:. � ADLYHJEBRPGWLONIG]AIFBY wQK ( 1sYYLkA`LYKB= AD^�?�LONIGHA =>GGKBYYLDGHA`\�YjN � 6 1LYKB= �4� <s� LDCIHXCIKBE%JjGHN½LkGÁD SvNIGHA\E
G h LkCaJjGHRaZ (
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P=+32.6 % :
mean=0.73

P=-40.2 % :
mean=0.04

��C+Ej?BNDG &)( � ~�v JjG
N9LDGdD =>CPA9LDNDC+QB?=LkC+Y5KoYO\'/s� NIG-LOR�=�LjLkLsLjL 2 8 ��c �):HG�F LYK>= 2 8 0Wm.�>: ��F ~h R+YjADG
= h CPN h RPG
AyLONDGs\�YONW=BLjL L 2 8 ��c �): GXF LjKB= A½L LONIAWLONDGs\�YjN 2 8 0]mj�>:A� F
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A �|G>( �xb G>(nm�� SoLkF>G =BCPA½LkNDC+QB?=LDCPY5K LMNDG ADF>YxwQKt\�YjNTLDFBG G
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6 FBG�LkNDL h-, CIKBE C3K>\�YjN9H[LjLDCPY5Kt\�NDYYH � 6 1 CPA�?>ADG
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JOGGKMLkA ( 6 FBGQ
G-LYH b E.LMA�G
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=XADLYHJEBRPG �5LkFBG�=BYjLkApNDGeEBNDG
ADGeK�LLkF>G[Q
G-LYH b E.LMAoGeKBNDC h FBGH=�ADLYHJEBRPGXADG
RPG h LkG
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JOGGKMLkA_wyC3LDF 2 e)g � ����� % �O&MF G$Gq~�Y5KBG � R+G
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A�LkFBG[Q�GHLYH b E.LOAoGGKBNIC h FBG
=�=�LjLkL LYKB=�LDFBG@NDC+EjFML�R+YxwlGHN�=BGGKBYjLkGHA�LDFBG��� . � (+6 FBG�ADYjR+CP={RPC3KBGsNIGGEBNIGHADGeKMLkA¨LDFBNDG
ADFBYORP=VYO\ LkFBC+A h ?=L (x6 F>G
ZVLONIG�LM\ LkG
NyLYE7EBRaZ)C3KBE�LOR+RLkF>GoAIGHR+G h LDCPY5K G�� h GGE=LW\�YjNÅLDFBG;LkNkL h-, C3KBE h ?=L � �p^ (HG>(+*  xb G>(a* ,.�
��� � i+5
r K LkFBC+A{LYK�LMR+Z�ADC+AHS 2fe�g � �S��� CPA·HXG-LMAD?BNIGH= wyC3LDF LkFBG�� <K� Q>?=L{C3L[CPA[LORPAIY�E�YOADADC+QBRPGSLkYh LMR h ?>R|LjLDG 2 e)g � ����� wyC3LDF�LkF>G ��� ��� � ���������5(�6 FBG � =BCCB G
NDGGK h G�YO\ LDFBG�LzwlYÉH GHLOAD?>NDGGHXGGKML�C+A?BAIG
\�?BRÄLkY{NDGU�IG h L;KBYYLKY5KBR+Z LDFBG�Q
G-LYH b E.LMA]Y JjG
NDRPLYE7EBC3KBE·LkF>G�u��)��EBF.Z�ADC h A�G
JOGGKMLkA�Q>?=L�LOR+ADYLkF>G �pF � LYKB=^/s� G5JjGeK�LDA (w GoNIGH^�?BC+NDGoLOA

	 ��� 	 � *O:d� NkLM=BC|LYK \�YjN�G
JOGGKMLkAWwyC3LDF 2 e)g � ����� � cj�%F GIG $ �|G>(A��*x�
	 ��� 	 � �): � NkLO=>C|LYK \�YjN�G
JOGGKMLkAWwyC3LkF 2fe�g � ����� % cj�%F G$G : �|G>(A� �j�

6 wlY =BC+A9LDNDCPQ>?=LkC+Y5KBA�LOA�AIFBY wQK C3K ��CPEj?>NDG G>( , LONDG � � =BC+A9LDNDCPQ>?=LkC+Y5KBAi\�YjN 2 e)g � ����� � cj�%F G$GLYKB= 2fe�g � ����� % cj�%F GIG�SBNDG
A\E
G h LkC+JOGHRaZ (



� ��� �5� � ������	������ �x��
 ��������� }�~ ��� � �x����� })~ � ����� 	 � &  

10
-1

1

10

10 2

-80 -60 -40 -20 0 20 40
Ntrk

trk-10Ntrk
good

 N
um

be
r 

of
 e

ve
nt

s

0
5

10
15
20
25
30

0 10 20 30 40 50 60 70 80
Number of all tracks

 N
um

be
r 

of
 g

oo
d 

tr
ac

ks

Number of all tracks

 N
um

be
r 

of
 g

oo
d 

tr
ac

ks

0
5

10
15
20
25
30

0 10 20 30 40 50 60 70 80

��C+Ej?BNDG G>(! ~ 6 NDL h-, CIKBE h ?=L�\�YON�G
JOGGKMLkA wyC»LkF 2 e)g � ����� � �j& F GIG�~  KBG � R+G
\ L � LYKB=§LzwiY � NDC+EjFML �=BC3H GeKBADC+Y5K[=BC+A9LDNDCPQ>?=LkC+Y5KBA`YO\�LkFBG¨LkNkL h-, C3KBE h ?=L \�YjN`G
JOGGKMLkA�wyC3LDF 2fe�g � ����� � �j& F G$G ( � G
\ L]~�iRPYOADGH= h C+N h RPGHA4LONIG¼LkFBGlLOR+R u � �o=�LjLkL]LYK>={LDFBG_ADYjR+CP=�FBCPA½LkYjEONkLYH CPA¤LkF>Gi��� . � (jJ C+EjFMLf?7E7E
GHN=BGeKBYYLkG
A;LkFBG Q
G-LYH b EjLOAKGeKBNDC h FBGH=t=�LjLkL LYKB=�LkF>G NDCPEOF�LsRPY wiG
N�=BGGK>YYLkG
A�LkFBGX��� . � (L6 FBGADYORPCP=VRPC3KBG�NDGeEBNDG
ADGGKMLDATLkFBNIGHAIFBYjRP= YO\¼LkF>CPA h ?=L (�6 F>G
Z LONDG�LM\ LkG
NKLjE7EBR+Z�C3KBE[LMRPR¤LkF>G�ADG
RPG h LkC+Y5KGI� h GGE=LW\�YjNÅLkF>GyLDNkL h-, C3KBE h ?=L � �p^ (xG>(+*-; b G>( �O�.�
� n������ : �;:@4A5�7): �2: � 5B. >;4

/s� 1 r43 G
JOGGKMLkAVF�L-JjG�E
YjAIADCPQ>CPRPC»LzZ LkY FBL JOG 2fe�g � �S��� =>?BG�LkY HXCPAIADC3KBE L�E�LMN9L@YM\{LDFBGGGK>GHNDEMZ YO\`GHR+G h LkNDYYK YjNKF�LM=BNDY5K>C h A�Z)A½LkGeH ( 6 FBG h F�LMNkL h LkGHN�YM\ /K� 1 r43 G
JjGeKMLkAoCPA¨LDY{F�L-JjGLkF>G A h LjL\LDGHNIGH= E
YjADC»LkNIY5K ( < KBGH?BNDLORQKBGeLzwlYjN , EBNIYjEjNDLYH � 3)r / r43 6�J < ;.& _ cjc a|� CPAX?BADG
= LkYCP=>GGKMLkCa\ Z LDFBG@A h LjL9LkGHNIGH= E
YjADC»LkNIY5K CIK LkFBG h LORPYONDCIHXGeLDGHN ( 3 YYH GXJOLMNDC|LMQBRPG
A h Y5K h G
N\KBC3KBE /s�1 r43 G5JjGGKMLDAoNIG��IG h LkC+Y5KtLONIG�ADF>YxwQKtC3K ��CPEO?BNDG G>( ;>( w G�NDGU�IG h L�G5JjGeK�LDA�wyFBC h F ADLjLkC+AI\ Z LORPR4YO\
LkF>G�\�YORPRPY wyC3KBE h YYKB=BC3LDCPY5K>A]~

*j: 2fe�g � ����� � cj�%F G$G $ �|G>(A�Mc.�
�): �'/10!2 A � �76�� % cO�VF G$G $ �|G>(A� m��c>: / { % mVF G$G $ �|G>(A�O&j�mB: / � 6 � { 0�/ { � &VF G$G $ �|G>(A� G.�&): 2 �SRUT{

� / { % �>: �j&)$%� Ca\ *x& � � � { � * GMm � � �|G>(A�  j�
G>: / {e % �HF GIG $�� C+\ � { % * GOm � � �|G>(A�M,.�



&O, ���!���
	���
 � �k� � �x��	k� ��������	������

1

10

10 2

0 0.5 1 1.5 2 2.5 3
|∆φ| (radian)

 N
um

be
r 

of
 E

ve
nt

s

1

10

10 2

0 0.5 1 1.5 2 2.5 3
|∆φ| (radian)

 N
um

be
r 

of
 E

ve
nt

s

��C+Ej?BNDG G>( , ~ � � =>CPA9LDNDC+QB?=LkC+Y5KBA � 6 FBGXRPG5\ L§E>RPYYLoCPA�\�YjN 2 e)g � ����� � cj�WF GIG9LYKB= LkFBGXNDC+EjFMLY5KBG�C+Ay\�YON 2fe�g � ����� % cO� F G$G LM\ LkG
NWLYE7EBRaZ)C3KBE�LOR+Rf��� ADG
RPG h LkC+Y5KVGI� h GeE=L]\�YONQLDNkL h-, C3KBE h ?=LLYKB=�� � (�6 FBG]=BYYLkA`=BGeKBYYLkG
A�LDFBGKLMRPR'u � �[=�LjL L%LYKB=JLkFBGWADYjR+CP=�FBC+A9LkYOEjNkLYH =BGGKBYjLkGHA����5. � (6 FBG5ZVLONDGoLM\ LDGHNyLYE7E>R+Z�CIKBE�LMRPR LDFBG�ADGHR+G h LkCPYYKVG�� h GGEAL]\�YjNÅLDFBG ��� h ?=L (
wyFBG
NDG / { CPA¼LkF>G�GGKBG
NDEOZ YM\oLDFBG�A h LjL\LDGHNDG
=cE
YjAIC3LkNIY5K h LjKB=BCP=BLjLkG (p/ � 6 � { =BGeKBYYLDGHACLkFBG�GeKBGHNIEOZwyC3LDFBCIK � 8 ? � � � � ��� � � �>: , LONIYj?7KB=·LDFBGKA h LjL9LkG
NDGH=ÉE
YjAIC3LkNIY5K (p2 �SRUT{ S � �SRUT{ LYK>= / {e LMNDGLkF>G�H YYH GeK�LD?7HVS1E
YjR|LON%LYKBEORPG@LjKB=�LkNDLYKBAIJOGHNIADG GGKBG
NDEOZ YO\�LkF>G�E�YOADC3LDNDY5K LkNDL h-, C3K!� 6 1�SNDG
A\E
G h LkC+JOGHRaZ (
*,+��,+%$ & 698:6<;>=@?:ACB�"IA � 8�A�� �)(D* 6-,C6 BE= 5
'/.10203.14�(6537)8�490#�;:<7)02:�=?>;=?:@4A5 i9= 7B:@CLiD.E7B:@=?:@4A5��YjN�LkFBG�R+Yxw b }�~oADLYHJEBRPGMS¤LkFBG�FBC+EjFBGHN�LDFBNDG
ADFBYORP=BA�YO\ 2fe�g � �S��� LYK>= 2 e)g � ����� �#0%*-� � � LDF�LYK\�YjN_FBC+EjF b }�~_AkLjHcEBR+GyLONDGyNIGH^�?BCPNIGH=uS�ADC3K h GWADG
RPG h LkC+Y5K JMLONDCPLOQBRPG
A wyC3LDF@� 6 1 LDNkL h-, C3KBE h LYKJKBYYLQ
Go?>ADGH= (x6 F>G%R+Yxw b }�~WG5JjGeK�LDA¨H�?BA9LWAkL^LkCPA�\ Z�LkF>G�\�YORPRPY wyC3KBE h YYKB=BC3LDCPY5Kl~

2fe�g � ����� % *-mVF GIG $ �|G>(A�M;.�2 e)g � ����� �#0%*H� � � % *)�HF GIG : �|G>(dcO�.�
6 FBG�=BC+A9LkNICPQB?ALkCPYYKBAyLONDG�AIFBY wQK C3K ��CPEj?BNIG G>(a* �>( w G�YjQBADG
NIJOGH= . � NDGeEBNDG
ADGGKMLK=�LjL L�wlGHR+R (



� ��� �5� � ������	������ �x��
 ��������� }�~ ��� � �x����� })~ � ����� 	 � &O;

1

10

10 2

10 3

10 4

0 20 40 60 80 100
1

10

10 2

10 3

10 4

0 20 40 60

1

10

10 2

10 3

10 4

0 5 10 15 20 25
1

10

10 2

10 3

10 4

0 0.2 0.4 0.6 0.8 1

PT,miss

 N
um

be
r 

of
 e

ve
nt

s

(E-PZ)tot

Econe-Ee

N
um

be
r 

of
 e

ve
nt

s

Pe
trk/Ee

cal

NC MC
CC MC

��C+Ej?BNDG G>( ; ~$/s� b 1 r43 NDGU�IG h LDCPY5K[=BCPA½LkNDC+QB?=LDCPY5KBA � 6 F>G�=BCPA½LkNDC+QB?=LDCPY5KBA`YO\ 2 e)g � ����� � R+G
\ Li?7E7E
GHN � S�'/ 0 2 A � �76�� � NDCPEOF�L�?=E7E�G
N � S / { � RPG
\ LuHXCP=>=BRPG � S / � 6 � { 0 / { LYKB= 2 �SROT{
� / Y@[ �{ LONIGVAIFBY wQK (6 FBGyADYORPCP=�LjKB=�=�LOADF>GH=XFBCPA½LkYjEjNDLYHXA =BGGK>YYLkG�/s�e1 r43 . � LjKB= ���k1 r43 . �KS.NDG
A\E
G h LkC+JOGHRaZ (6 FBG5ZVLONDGoLM\ LDGHNyLYE7E>R+Z�CIKBE�LMRPR LDFBG�ADGHR+G h LkCPYYKVG�� h GGEAL]\�YjNÅLDFBGE/s� 1 r43 NIG��IG h LkC+Y5K (

g�:<7B53:�h 7B:@CLiD.E7B:@=?:@4A5
6 FBG^d JOGHN½LkGI� E
YjAIC3LkC+Y5K�CPA�HXG-LMAD?BNIGH=!?BADC3KBE�LkFBGV�4� <s� b LkCIHXCIK>E \�YjN RPY w b })~ ADLYHJEBRPG (6 FBG=dtJOGHN½LkGI�VC+A�NDG
^�?>CPNDG
= LMA

0K&O� h H � v �ZY@[ � �} ��� � &O� h H $ �|G>(dc)*x�



Gj� ���!���
	���
 � �k� � �x��	k� ��������	������

PT,miss

 N
um

be
r 

of
 E

ve
nt

s

0

5

10

15

20

25

30

0 10 20 30 40 50 60 70 80 90 100
PT,miss(-1ir)

 N
um

be
r 

of
 E

ve
nt

s

0

5

10

15

20

25

30

0 10 20 30 40 50 60 70 80 90 100

��C+Ej?BNDG G>(a* � ~Z. CPAIADCIK>E LDNkLYKBA�JjG
NDADG�HXY5HXGGKMLk?=H 2fe�g � ����� � RPG5\ L � LYKB= 2fe�g � ����� ��0o*-� � �H� NDCPEOF�L �=BC+A9LkNICPQB?ALkCPYYK[\�YjN R+Yxw b }�~�AkLYHJEBRPG �v�iRPYOADGH= h CPN h RPG
A�LONDG�LDFBGoLORPR u��>�V=�LjLkL LYKB=ÉLkFBG�AIYjRPC+={FBCPA bLkYOEjNkLYHXA_LONIGQLDFBGQLkYYLkLOR�YO\ LDFBGK���5. � LYK>=JLDFBG��pF �e. � (�6 FBG��pF �e. � GI�AE
G h LkLjLkC+Y5K[C+AADF>YxwQK@LOA LkFBGWF�LjL h FBGH=@F>CPA9LDYjEjNDLYH (�6 FBG5Z[LMNDG]LM\ LkG
NlLjE7EBR+Z�C3KBEoLORPR7LDFBGyADGHR+G h LkCPYYK G�� h GGE=LDCIKBEQ
YYLkF YO\ 2fe�g � �S��� LYK>= 2 e)g � ����� �#0%*-� � � NIGH^�?BCPNIGGHXGGKMLkA (
wyFBG
NDG�v �ZY@[ � �} ��� =BGGK>YYLkG
A dtJOGHN9LDGI��H GHLOAD?>NDGH= wyC3LkF �4� <s� b LDCIHXCIKBE ( ��C+Ej?BNDG G>(a*j* ADFBY wyA dJjG
N9LDGI�V=BC+A9LkNICPQB?ALkCPYYK (

��8��E> � =ci+>;4 7B: �2: � 5B.E>;4

6 FBG�Q�L h-, EjNIYj?7KB=>A \�NDY5H F�LOR+Y b H�?BY5K LYKB= h YOA\HXC h b H�?BY5KXG
JOGGKMLkA h LYK{Q�G]R|LONIEjGHN`CIK[RPY w b}�~]NIGHEjC+Y5K LkF�LYKVCIKVFBC+EjF b }�~yQ
G h LM?BADGoYO\1LDFBGoR|L h-, YM\1LkNDL h-, CIKBE h ?ALkA ( 6 FBGHNIG
\�YjNIGOS
?BADC3KBEJLDFBG\�L h L_LDF�LjLQLkF>G�� <K� h R+?BA9LDGHNWADCts
G�YO\¼H�?>Y5KBAyCPAyEjGeKBGHNDLORPRaZ@A\H LOR+R�SBLM=B=BC3LDCPY5KBLOR NIG��IG h LkC+Y5KVwiLOACIHJEBR+GGHXGGKMLkG
= (. ?BYYK LkGeKB=BA·LDY FBL JOG R|LMNDEjG
N GGKBG
NDEOZ =BGeE�YjAIC3L CIK b < � � LDF�LYK ��. � LYKB= b < � *j( ��YjNh YOA\HXC h H�?>Y5K!S GHA\E
G h C|LOR+R+ZOSuC3L h NDYjAIADG
A{H LYK.Z YO?=LkG
No� <s� h GHRPR+ATLkY =BGeE�YOADC3LsR|LONIEjG�GGK>GHNDEMZ (6 FBG
NDG
\�YONDGOS�LkF>Gy\�YORPRPY wyC3KBE h ?=LkAlLONDG�C3HcE
YjAIGH=�Y5KX�4� <s� GeKBGHNIEOZ�ADF�LMNDCIK>E ( w GyNDGH^�?BC+NDGÅLDF�LjLG
JOGGKML]AkLjLDCPAI�BGHAywyC3LkFVLOR+R�\�YjR+RPY wyCIK>E h Y5K>=BC3LDCPY5KBA
S



� ��� �5� � ������	������ �x��
 ��������� }�~ ��� � �x����� })~ � ����� 	 � G>*

1

10

10 2

-100-80 -60 -40 -20 0 20 40 60 80 100
Zvtx

FCAL(cm)

 N
um

be
r 

of
 E

ve
nt

s

��C+Ej?BNDG G>(a*j* ~ 6 FBG d b JOGHN9LDGI� =BC+A9LkNICPQB?ALkCPYYK H GHLOAD?BNIGH=1?>ADCIK>E �4� <s� b LkCIHXCIK>E \�YjN RPY w b }�~G
JOGGKMLkA �4�iRPYjAIGH= h CPN h RPG
AKLMNDG§LDFBG�LMRPR�u � � =BLjL L LYKB=�LDFBG�AIYjRPC+= FBC+A9LDYjEjNkLjH AWCPAQLkFBG���� . � (6 FBG5ZVLONDGoLM\ LDGHNyLYE7E>R+Z�CIKBE�LMRPRuAIGHRPG h LDCPY5K GI� h GGE=LDCIKBE d JOGHN½LkGI� NIGH^�?BCPNIGGHXGGKML (

/ 
�� Y�ZY@[ � � / �ZY@[ � % �>:a*j$ �|G>(dc �j�
/�� [@Y ��ZY@[ � � / �ZY@[ � % �>:a*j$ �|G>(dcOc.�
/ � [@Y ��ZY@[ � � / �ZY@[ � � �>:d&)$ �|G>(dcMm��

wyFBG
NDG / 

� Y�ZY@[ � S / � [ Y ��ZY@[ � LYKB= / � [ Y ��ZY@[ � LONIG%GeKBGHNIEOZ YM\��x. �KS b < � * LYKB= b < � � CIK �4� <s� SNDG
A\E
G h LkC+JOGHRaZ (`/ �ZY@[ �@CPAÅLDFBG;LkYYLkLORuGeKBGHNIEOZ{YO\��4� <s� (+6 FBGHAIG%GeKBGHNIEOZ@\�NDL h LDCPY5KBAyLMNDG�ADF>YxwQKCIKV��C+Ej?BNIG G>(a*)�)(< KBYjLkFBG
N]NIG��IG h LkC+Y5K LMRPEjYjNIC3LDF7H C+AyCIHJEBRPGeH GeK�LDGH= Q�LOAIGH= Y5K[LDFBGoADCts
G�YO\ GeKBGHNIEOZ =BGGE
YjAIC3LCIKt�4� <K� (l6 FBG h GHR+R�wyFBC h F�FBLOA;LkFBG RPLONDEjG
A9L�LDNkLYK>AIJjG
NDAIG GeKBGHNIEOZ CIKt�4� <K� CPAsAIGHR+G h LDGH= LOALkF>G]AIGHGH= h GHR+RvYO\ LDFBG h RP?BA½LkG
N ($6 FBGeK@C+\FLkFBG¨KBGHC+EjF�Q�YO?BNDC3KBE h GHR+RPA_F�LOA`GGK>GHNDEMZcHXYjNIGQLDF�LYK * �j�. GIG�SmLkFBG h GHRPR C+A�H G
NDEjG
=[LDY�LkFBG h R+?BA9LDGHN (�6 FBC+AQEBNDY h G
=B?BNDGoCPA�NIGGE
G-LjLDGH= ?7KMLkCPR¤LDFBG h R+?BA9LDGHN



G � ���!���
	���
 � �k� � �x��	k� ��������	������

10
-1

1

10

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

10
-1

1

10

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

1

10

10 2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

EFCAL
EMC/EFCAL

N
um

be
r 

of
 e

ve
nt

s

EFCAL
HAC1/EFCAL

N
um

be
r 

of
 e

ve
nt

s

EFCAL
HAC2/EFCAL

N
um

be
r 

of
 e

ve
nt

s

��C+Ej?BNDG G)(+*)� ~ � KBG
NDEOZ{\�NDL h LDCPY5KBAyC3K �4� <s� �
�iR+YjADG
= h C+N h RPGHAWLONIG{LDFBGoLORPR�u � � =�L^L LXLYKB=SLDFBGADYORPCP=tFBC+A9LDYjEjNkLjH AoLONIGJLDFBG@��� . � (�6 F>G
Z LONDG LM\ LDGHN%LYE7EBRaZ)C3KBEVLORPR¼LDFBGXADGHR+G h LkCPYYK GI� h GGE=L\�YjNÅLDFBGHAIG%NIGH^�?BCPNIGGHXGGKMLkA � �_^ (HG>( c �xb G)(dcOm.�5(
A9LDY5EBAyEjNIYxwyC3KBE ($6 FBGeKuS�C+\ÄKBY � 6 1aLkNkL h-, CPAyLOAIADY h CPLjLkG
= LDY�LkFBC+A h RP?>A9LkG
NHSBwlG�NDG��IG h LWG
JOGGKMLkALkFBLjLyAkLjLDCPA�\ Z LORPRFLkFBG�\�YjR+RPY wyCIK>E h ?=LDA]~

J � N
�

�
N % ��$ �|G>(dcj&j�J ���

�

�
N % ��$ �|G>(dc G.�/ �

�
Ne % *-�VF G$G $ �|G>(dc  j�� � ��� � �):+* F G$G �|G>(dcO,.�

wyFBG
NDG J � N
�

�
N LYKB= J ���� � N LONDGCLkF>G h GHRPRjwyC+==LkF>A�YO\ h RP?>A9LkG
N�C3K§HXY�=B?BRPG_LjKB=§LDYxwlGHN ( / �

�
Ne =>GGKBYYLDGHALkF>G h RP?BA½LkGHN`ADC sHG h LMR h ?>R|LjLDGH=X?BADC3KBE{LDFBG h RP?>A9LkG
N $ A h GHRPR+A_L-JjGHNDLOEjG
=@Q.ZJLDFBG�LkNDLYKBAIJOGHNIADGsGeKBGHNIEOZLOE.LMCIKBA½L¨LDFBG h RP?BA½LkGHN h GeK�LDNDG (8b LOR+Y b H�?BY5KVQ�L h-, EjNDYO?7KB= EjGeKBGHNDLORPRaZ h LYK Q
G�=>GGE
YjADC»LKGeKBGHNIEOZ



� ��� �5� � ������	������ �x��
 ��������� }�~ ��� � �x����� })~ � ����� 	 � Gjc

0

50

100

150

200

250

300

350

0 2 4 6 8 10
0

50

100

150

200

250

300

350

400

0 2 4 6 8 10

1

10

10 2

0 10 20 30
0

50

100

150

200

250

300

350

400

450

500

0 0.2 0.4 0.6 0.8 1

Nwid
md

N
um

be
r 

of
 e

ve
nt

s

Nwid
tw

N
um

be
r 

of
 e

ve
nt

s

ET
wid

N
um

be
r 

of
 e

ve
nt

s

RasoE

N
um

be
r 

of
 e

ve
nt

s

��C+Ej?BNDG G>(+*-c ~p�iR+?BA9LDGHN_ADC sHGy=BCPA½LkNICPQB?=LDCPY5K>A CIKX�4� <s� \�YONpRPY w b }�~_AkLYHJEBR+G ���iRPYOADGH= h C+N h RPGHA_LMNDGLkF>G�LORPR�u � ��=�LjLkL{LYKB=�LkF>G ADYjR+CP= FBC+A9LDYjEjNkLjH A�LMNDG�LDFBGX��� . � ( 6 FBG �pF � . � GI�AE
G h LkL bLkC+Y5K�CPA�ADFBY wQK�LMA{LDFBG FBLjL h FBG
= FBC+A9LDYjEjNkLjH (X6 FBG
Z LONIG[L \ LkGHN%LYE7E>R+Z�CIKBEVLOR+R¼LkFBGXADG
RPG h LkC+Y5KGI� h GGE=LDCIKBEuLkFBG�F�LMRPYuH�?BY5K NIG��IG h LkC+Y5KBAy=BGHA h NICPQ
GH=VCIK��p^ (HG>( c.&xb G>(dcO,>(
LjL J � <s� ( � � ��� C+A1LkFBG J � <s� GGKBG
NDEOZ�=BGGE
YjADC»LpLOAIADY h CPLjLkG
=�LkY�LkF>CPA h RP?BA½LkG
NHS�LYKB= C+A =BG5�mKBGH=LOA

� � �����
� - � � P���� / � � - " � P�"�� / ���	� ~�

���� / � $ �|G>(dcO;.�

wyFBG
NDG§LDFBG�Uv~�LYKB= TO~THXG-LjKBA_LDFBG�UtLYKB= TÉE�YjAIC3LDCPY5K YO\ ��� <K� ADGHG
= h R+?BA9LDGHN ( � NI?7KBAWYxJOGHNLOR+R J � <K� h GHR+RPAÅLDF�LjLyAkL^LkCPA�\ Z ? � U � 0 Uv~ � � � � T � 0 TO~ � � � cj� h H (�6 FBG�=BC+A9LDNDCPQ>?=LkC+Y5KBA�YO\LkF>GHCPN JMLONIC|LOQ>RPGHA LONDG�ADF>YxwQK CIKV��C+Ej?BNDG G>(+*-c>(



GOm ���!���
	���
 � �k� � �x��	k� ��������	������
 N�� � VXW������ � �qU	� #XR$VX[ZW�� R$Q�
 Q8U�S�\]VXW
*,+
	 +.- ��
 8:A �����'ACB�
 B���� AC5�� ?�; �����'ACB � 6D%�
 ;>=@?:ACB � ?O= #������ " ��
 ; �

= ?�ACB< A�HXGGKMLDCPY5KBG
= CIK F�LOR+Y b H�?>Y5K NIG��IG h LkC+Y5K \�YjN%RPY w b }�~%G
JjGeKMLkA�CIK 3 ?BQBAIG h LDCPY5K G>(dc)(A� S¼LDFBGADF>YxwlGHNIA�=B?BG{LkY@F�LM=BNDY5K>C h AIZ�A9LDGGH LYKB= =B?>G�LkY RPGGEALkY5K LOAKF�LMRPY b H�?BY5K LYKB= h YjA\HXC h b H�?>Y5K=BCCB G
NDGGKMLDR+Z A\E>NDG-LM= CIK � <s� ( 6 FBG�GeKBGHNIEOZ =>GGE
YjADC»L]=>?BG§LDY[F�LOR+Y b H�?BY5KVLYKB= h YjA\HXC h b H�?>Y5KLONIGÅK�LONINDY wiG
N LkF�LYK�F�LM=BNDY5K>C h AIFBY wiG
NlLMA`��� 1 r43 G5JjGGKMLDA (�3 Y;LkFBG�GeKBGHNIEOZ�=>GGE
YjADC»LpCIK b < �ADG h LDCPY5K CPAWLORPAIY A9H[LMRPRPG
NÅLkF�LjK F�LO=>NDY5KBC h AIFBY wiG
N ( w G%NIGH^�?BCPNIGo\�YON]Q
YYLkFVFBC+EjF b LYKB= RPY w b }�~AkLjHcEBR+G�LOA \�YjR+RPY wyA]~
*j: C+\ / 	 Y@[ � % &HF G$G $ LDFBGGK / � [ Y	 Y@[ � � / 	 Y@[ � % �>:d;)$ �|G>( mj�.�
��: C3L / � Y@[ � % &%F G$G $ LkF>GGK /�� [ Y� Y@[ � � / � Y@[ � % �>:d;)$ �|G>( m>*x�

wyFBG
NDGyLkFBG / � [@Y	 Y@[ � - � Y@[ � / CPAÅLDFBG;LkYYLkLORuGeKBGHNIEOZ =BGGE
YjAIC3LyYO\ b < � C3K ; � <s� (
*,+
	 +%$ & ��
 ��� � 6��76<;>=@?:ACB

w �"!GK$#5K�!%#�&CL'�"!�L)(*# �x. 6,+.- K$/102!4353���/ + /16 -7+ 08��/�9;:<!�=>/13?/�9;:<!@!eK"!29;:�AB6"!eEC# +;- L -7+&D/ , !237AE#<F + !29�G<!46>H 3JI 08�K!4G�!GKML�L'!eK"6 + LL#@��/MG<!N35/�9L:�!PORQTS �VU
��� HXWgKK#�9L6"!49�L'#Y9L!U�;!20eLhL'�"! + E�/�9 ,!4G�!GKML + #ZG<!49L35/YE7E - K":[( - LL�\#YLL�"!29�F"/�0 , :<9L# I K"6 + =>(*!%9L!U�;!20dL�L'�"! + E�/�9 , !]G<!GKML + ( - L'�B#YK"!^#�&L'��!.&_#�3535#Z( - K":^0 I L + ~

` : a � �cbQTS d {fege
a Q

% h :ji�k h :! <l]m k|G Hgn�o l
o : ORQTS �VU

���
kcp � ��bd {qere lORQTS �VU
��� � h : o k h :js�ltm k|G Hgn s�l

s): h :ju � ORQTv �VU
���
kcp U �xw � ed {fege

�
lORQTS �VU

��� � o : h m k|G Hgn�n l
(y�"!49L! a � ��bQJS d {qere -5+ LL�"!�L'9L/YK + G�!29 + !z!GK"!49L:�A\#�&CL'�"!^04!2373x( - LL��L'�"!�H{/ � - H I H LL9'/YK + G<!49 + !E!eKT|!29;:�A<H}ORQTS �VU

���
kcp � ��bd {qere l~-5+ ORQTS �VU

��� 0M/�350 I 3?/jLL!26 I"+;- K":�/�353V02!2373 + !I�T02!eE=L.&_#<9¨LL�"!^02!4353V( - L'��LL�"!H{/ � - H I H L'9'/jK + G�!29 + !,!GK"!49L:�A�HXORQTv �VU
���
k�p U ��w � ed {qere

�
l 6�!GK"#YLL! + O�QJS ��U

��� 0M/�370 I 35/jL'!46 I"+;- K":�/�353�04!2353 +!I�T04!GE=L~&_#<9ÅL'��!}04!2373 + ( - LL��/E35/�9L:<! - H^F�/�3?/YK"04!�(y� - 08� -7+ 6"!4�mK�!26\/ +



�����������	� � a O�

��� � ��� ����� � ������� ����� �	� G�u

� 3�� � 8 	 a +!� Q � p a +!� Q �a +!� Q
�"!
a +!� Q �

	 % h :gi>: k|G Hgn u<l
W &�#5K"!^#�&¶LL�"!�L)(*# ��. 6,+N- K�LL�"!%02!4353x�"/ + /16 -7+ 08��/�9;:<!�=oL'�"! - H^F�/�35/YK"02!}#�& L)(*# ��. 6,+}-7+G<!49;A�35/�9L:<!�H
*,+
	 +�� � � 1 =@?;� ?.B�% ;�� =

#
$&% L - H - K": -7+VI�+ !4& I 3qLL#P9;!��;!20dL¼K"#YKT| u('YF�/�0*)�:<9;# I K"6 + /YK"6 -5+ /�359;!M/�6TA.9L!,+ I"- 9L!46 - K 6 % 635!]G<!43qH�- I 99LL�"!294= L'�"!�L - :<�MLL!29TLL�"9L! + �"#<376 + #�& #
$.% L - H - K":[0 I L�(*!29;!{/jE7E"3 - !26B/ & L'!29¨L I K - K":L'��!§L'��9L! + �"#<376 ( - LL� / # 9L!M/�3�6�/^L8/{!��T023 I 6 - K":[/{!435!20dL'9;#5K\0M/jK"6 - 6"/jL'!�H 3 #·L'�"/jL¨LL�"! + !�/ #9L!2/�3�6"/jL8/@9;!GE"9;#T6 I 02! #	# !4G�!GKML +y+;- K"04! #
$&% L - H - K": + 0M/�370 I 35/jL'!46 I"+;- K":^�"/�6"9L#YK - 0 + A + LL!GH#5K"3 A<H
�XG<!eK�L + /�9;!N9L!/+ I�- 9L!46[LL# + /jL -7+ & A1/�353 LL�"!N&_#<3537#Z( - K":^04#5K"6 - L - #5K + ~

	 y � 	 % u K + /YK�6 a � % sVF !IG /YK�6WJ �
D o m k|G Hgn G�l

	 y � 	 % G K + /YK�6 a � % h :HG F !$G�/YK"6KJ �
D o m k|G Hgn  <l

k y 	 % u K + #�9�y 	 � p�u K +tl /YK�6 a 	 % s F !$G�/YK"6KJ 	
D o m k|G Hgn i�l

k y � %  K + #<9�y � � p�u K +'l /jK"6 a � % ` :juHF !IG./YK"6@J �
D o m k|G Hgn10 l

	 y ) 	 % u K + /YK�6 a ) % h : G%F !$G�/YK"6KJ )
D o m k|G H u h l

k y *� % G K + #<9oy *� � p�u K +tl /YK�6 a
*� % n F !$G�/YK"6WJ *� D o m k|G H u ` l

	 y�2� 	 %  K + /YK�6 a 2� % s F !$G�/YK"6KJ32� D o m k|G H u o l
k y *	 % G K + #<9oy *	 � p�u K +tl /YK�6 a

*	 % u%F !$G�/YK"6WJ *	 D o m k|G H u�s�l
	 y�2	 	 % G K + /YK�6 a 2	 % s F !$G�/YK"6KJ32	

D o m k|G H u n l
	 y *) 	 % u K + /YK�6 a *) % n F !$G�/YK"6WJ *	 D o m k|G H u�u<l
	 y 2) 	 % G K + /YK�6 a

2) % G F !$G�/YK"6KJ 2	
D o m k|G H u G�l

	 y *� p y�2� 	 % G K + /YK�6SH - K k a
*� m a 2� l % sVF !$G�/YK"6 H - K k J *� m J32� l D o m k|G H u  <l

	 y *	 p y 2	 	 % G K + /YK�6SH - K k a
*	 m a 2	 l % sVF !$G�/YK"6 H - K k J *	 m J 2	 l

D o m k|G H u�i�l
	 y *� p y 2	 	 % G K + /YK�6SH - K k a

*� m a
2� l % ` F !$G�/YK"6 H - K k J *� m J 2� l

D o m k|G H u 0 l
	 y *) p y 2) 	 % G K + /YK�6SH - K k a

*) m a 2) l %�o F !$G�/YK"6 H - K k J *) m J 2) l
D o m k|G H G h l

k y � p y � % G K + #�9oy � p y � � p  K +'l /jK"6SH - K k a � m a � l % ` : uHF !$G m/YK�6[H - K k J � m J � l D o m k|G H G ` l



G G �������.� � � ��� � � � � ��� ��� � ����� � �

-10
-8
-6
-4
-2
0
2
4
6
8

10

0 10 20 30
-10
-8
-6
-4
-2
0
2
4
6
8

10

0 10 20 30

-10
-8
-6
-4
-2
0
2
4
6
8

10

0 10 20 30

EFCAL

T
F

C
A

L

EBCAL

T
B

C
A

L

ERCAL

T
R

C
A

L

EGCAL

T
G

C
A

L

-10
-8
-6
-4
-2
0
2
4
6
8

10

0 10 20 30

- - : I 9L! G H ` nz~��,��!K02#<9;9L!235/jL - #5K #�&~!eK"!29;:�A<= a = /YK�6
#
$.% L - H - K":"=�y}= - K - #
$&% =	� #
$&% =


 #
$.% /YK"6�:<35#�F�/�3�02/�35#�9 - HE!eLL!29

(y�"!49L!uL'�"! +LI F + 029 - E=L $	� m � m � m � $ 6"!eK"#YL'! - #
$&% =�� #
$&% =

 #
$.% /YK"6 F #
$.% =R9L! + EC!40]|L - G<!437A<H $ K"6 +;I E !29 + 029 - E=L + 
 /YK"6 8 /�9;!JLL�"! I E7EC!49@/jK"6 35#Z(*!29}��/�3 G<! + #�& #
$.% H��,��! + !0 I L + /�9;!�04#5HcE # + !26[#�&V/YK #
$&% L - H - K":8y}=qLL�"!�K I H^F !29*#�& +;- :5K�/�3535!46 ����� + J /YK"6·LL#YL8/�3� K"!29;:�A�#�& #
$&% = a H� #<3 - 6 3 - K"! + 6"!eK"#YLL! LL�"!�/�F # G�!ÉL'�"9;! + ��#<356 #�&P!M/�08� 02#5K�6 - L - #5K k � + H	��Hrn  |���H�� ` l}- K - - : I 9;!
��H ` n�|���H `  H - - : I 9L!���H ` n + �"#Z( + L'��![02#�9L9L!43?/jL - #5K$#�& !GK"!49L:�A /YK"6 L - H - K�: - K !2/�08� + !40eL - #5K/YK"6 :<37#<F�/�3 #
$&% ( - L'��� # 9;!M/�3 6"/jL8/B!I�T043 I 6 - K":$/B!237!20eLL9L#5K 02/YK"6 - 6�/jL'! k � + H��THgn  |���H u h l H$ + AqHcHE!eLL9 - 0uL - H - K":K0 I L + /�9;![/jE7E"3 - !26 - K�� #
$&% /YK"6�
 #
$&% 6 I !JL'# + � - & L§LL#�E # +L- L - G�!6 - 9L!20dL - #5K>H - - : I 9;!���H ` uY+ �"#Z( + L'�"!�02#<9;9L!235/jL - #5K[F !eL)(*!2!eK�!GK"!49L:�A1/YK"6 #
$.% L - H - K": - K·LL�"!I E7E !29Y/YK"6 35#Z(*!29}��/�37G�! + #�& #
$.% k � + H���H u o |���H u � l H��,�"![6 -�� !49L!eK"02! + F !eL)(*!2!GK L'�"! I E7E !29/YK"6K37#Z(	!49 ��/�3 G<! + #�& #
$.% /�9;! + ��# (QK - K�- - : I 9L!��TH ` � k � + H���H u�i |���H	� ` l H��,�"!N9L!/+ I"- 9;!GHE!GKML +



�����������	� � a O�

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

-10

-5

0

5

10

0 10 20 30
-10

-5

0

5

10

0 10 20 30

-10

-5

0

5

10

0 10 20 30
-10

-5

0

5

10

0 10 20 30

-10

-5

0

5

10

0 10 20 30

EF
U

T
F

U

EF
D

T
F

D

EB
U

T
B

U

EB
D

T
B

D

EG
U

T
G

U

EG
D

T
G

D

-10

-5

0

5

10

0 10 20 30

- - : I 9L! ��H ` u ~
�,�"! 04#<9L9;!235/jL - #5K@F !eL)(*!2!eKE!eK"!29;:�A@/YK"6 #
$.% L - H - K": - K§L'�"! I E7E !29 /YK�6^35#Z(*!29#�&���/�3 G<! + #�& #
$&% H

#�&oL'�"! #
$&% L - H - K":N6 -�� !49L!eK"02!~FC!dL)(	!4!GK�LL�"! I E7EC!49	/jK"6[37# (*!29 ��/�37G<! + #�& #
$&% /�9;! + L'9;#5K":0 I L^/�:</ - K + L.02# + H - 0]| 9'/MA<H{WgK #<9;6"!29;L'# 9L!U�;!20eLY��/�37#�|gH I #5KB!4G�!GKML + =¼L'�"!uL - H - K":16 -�� !49L!eK"02!F !eL)(*!2!GK - #
$.% /YK"6 
 #
$.% k ��H `  <l -5+ 9;!,+ I"- 9L!26 - K�� + H��TH�� ` H
*,+
	 +
	 &P�N� � 
 � � A "\� � ����& 5 698�69;>=@?�AEB

G�/�9 - # I"+P+ !237!20dL - #YKB029 - L'!49 - /[/�9L! - KML'9L#J6 I 04!26 - K�L'� -7+ 08��/YEAL'!294H $ & L'!49N/�353 + !435!40eL - #5K>= (	!G -5+;I /�353 A@9;!��;!40eL'!46 `�` k  <l !4G<!eKML + / + 02# + H - 0 #<9 ��/�37#�|gH I #5K^!]G<!GKML - KzO 8 ! s o : � kcp n<h : o l��6�/jL'/�H - - K�/�3737A<= u ` 0 /YK"6 ` i o #	#�� W � 0M/YK"6 - 6�/jLL! + /�9;!B#<F + !49;G�!26 &_#�9
	 � ' 6�/jL8/ ( - L'�O 8 ! s o : � � /YK"6 O 8 p n�h : o � =X9L! + E !20eL - G�!237A�H��,��! + 02/jL\LL!29L!46 E"35#jL - K L'��!�� � /YK"6



� i �������.� � � ��� ��� � � ��� ��� � ����� � �

-20
-15
-10
-5
0
5

10
15
20

0 10 20 30
-20
-15
-10
-5
0
5

10
15
20

0 10 20 30

-20
-15
-10
-5
0
5

10
15
20

0 10 20 30

min(EF
U,EF

D)

T
F

U
-T

F
D

min(EB
U,EB

D)

T
B

U
-T

B
D

min(ER
U,ER

D)

T
R

U
-T

R
D

min(EG
U,EG

D)

T
G

U
-T

G
D

-20
-15
-10
-5
0
5

10
15
20

0 10 20 30

- - : I 9L! ��H ` ���
�,�"! 04#<9L9;!235/jL - #5K@F !eL)(*!2!eKE!eK"!29;:�A@/YK"6 #
$.% L - H - K": - K§L'�"! I E7E !29 /YK�6^35#Z(*!29#�&���/�3 G<! + #�& #
$&% H

� E"3?/jK"! &_#<9uL'��!GH -7+{+ �"#Z(QK - K - - : I 9;! ��H ` i H �,�"!B6 -7+ L'9 - F I L - #YK +\k O�QJS ��U
��� = � � = � =�� =O�QJS �VU

�����
a Q /jK"6�� Y

Q 2	�
 b l &_#<9¨L'�"!^�mK"/�3 #	# 0M/YK�6 - 6�/^L'! + /�9L! + �"#Z(QK - K - - : I 9L! �TH ` 0TH}W L -7+&_# I K�6[LL��/jL � # 6"! + 029 - FC! + 6"/jL8/^(*!2353fH
WgKK#<9L6�!29�LL# + ��# ( L'��!�! � !20dL,#�&�!2/�08� + !435!20dL - #5K>=�!$"E0 - !eK"04A�=�� � 
 e = -5+ 6"!4�mK�!26�/ + &_#�3535#Z( + �

�
�

 e 8 � I H^F !29y#�&�!4G<!eKML + :�!GK"!49'/jLL!26 - KÉL'�"!.F - K�/YK"6 E�/ +;+ !26[L'�"!.!]G<!GKML + !237!20dL - #YK

� I H^F !29y#�&�!4G�!GKML + :<!GK"!49'/jLL!26 - KÉL'��!}F - K :
k ��H��<o l

��/�F"35! �TH ` -5+ +;I HcH{/�9 - ! + L'�"!~!#"E0 - !GK"0]Az#�&C!M/�08� + 37#YL &_9L#5H � # /YK�6{9;!GH{/ - K - K":;K I H^F !29 #�&



�����������	� � a O�

��� � ��� ����� � ������� ����� �	� �10

min(EF,ER)

T
F
-T

R

-15

-10

-5

0

5

10

15

0 5 10 15 20 25 30

- - : I 9L! ��H `  �
�,�"! 04#<9L9;!235/jL - #5K@F !eL)(*!2!eKE!eK"!29;:�A@/YK"6 #
$.% L - H - K": - K§L'�"! I E7E !29 /YK�6^35#Z(*!29#�&���/�3 G<! + #�& #
$&% H

6�/jL'/�!4G�!GKML + /�& L'!49X!M/�08�{0 I LMH��,��!,6 - � !29;!GK"04!~#�&C!$"E0 - !eK"04A^FC!dL)(	!4!GKcLL�"!ÅL)(*#{E #<35/�9 -7+ /jL - #5K +-5+ 6 I !_LL#;L'�"!~6 - � !29;!GK"04!y#�&oLL�"!yG<!29½L'!��E6 -5+ L'9 - F I L - #5K>=</ + H{!eK�L - #5K�!26 - K � !20dL - #5K u H s H $ & LL!29/�373 + !435!40eL - #5K>=7LL�"!.!#"E0 - !GK"0 - ! + #�&�F #YL'� L)(	#E6�/jL'/ + /YHJE"35! + FC!402#5HE!}/�9L# I K"6 u�s � H



 h �������.� � � ��� ��� � � ��� ��� � ����� � �

� A + L'!eH[/^L - 0 - L'!eH + O 8 ! s o : � � O 8 p n�h : o �
� # k �

�

 e �zl � $ � $ k !]G<!eK�L l � # k �

�

 e �zl � $ � $ k !]G<!eK�L l- % � i oTHjo � i h�H i �

� % � i ` H 0 � i h�H u �

� % � i ` H 0 � i h�Hrn �

E�9L!]| + !435!20dL - #5K i h�H ` o 0<h<h i n  �i H  ` 0�h10 s�uG<!29½L'!���9L!,+ I"- 9L!eH{!eK�L  0�Hjo n�o s ` �   H i o i�u ��o) - K"!eH[/jL - 0 + 9L!,+ I"- 9L!eH{!eK�L  <u H s o ` h i 0  �s H 0 ` s ` i  O�QJS ��U
��� /YK�6 ORQTS �VU

���
k | ` - 9 l  oTHgh ` s 0�n �  h�H  i<s<i�u� � � 9L!U�;!20eL - #5K ��n"H s `<` u<u�s � s Hjo � u   

� # � W � 9L!��;!40eL - #5K ��n"Hjo `<` u�s ` � s H ` � u<u�i
�V9'/�0*) - K":{0 I L u<u H  � u h<h u n"H	� s  <u `
� � 0 I L u<u Hgh �<h�n ` u n"Hgh s�u�i<i

��/�35#�|�/jK"6 # # + H - 0t|gH I #YKK9L!��;!40eL - #5K u n"H ` `<` h s u�s H ` s n  
�~#5KT| 	 � ' 9;!��;!40eL - #5K u n"H ` u n<n u�s H ` ` 0  #
$.% | L - H - K":^0 I L u�s H  u�s h u oTH  ` i 0!4A�!]| + 0M/jK7K - K�: u�s H  u ` 0 u oTH  ` i o
��/�F"37! ��H ` � $ +LI HJH[/�9;A1#�& + !235!40eL - #5K�0 I L + /YK"6 L'�"! - 9,!#"E0 - !GK�0 - ! +



�����������	� � a O�

��� � ��� ����� � ������� ����� �	�  `

10 2

10 3

10 4

10
-2

10
-1

1

High-γ0 events

Low-γ0 events

PT,miss=12 GeV
γ=0.4

Q2=200 GeV2

y=1 (k
inem

atic
 lim

it)

x

Q
2 (G

eV
2 )

- - : I 9L! ��H ` i � �,��! + 0M/jL9L'!29;!26SE"35#YL + #�&V�mK�/�3 #	# 0M/YK"6 - 6�/jLL! +y- KÉLL�"! � � | � E"35/YK"!



 o �������.� � � ��� ��� � � ��� ��� � ����� � �

1

10

10 2

0 25 50 75 100

50

100

150

200

10
3

10
4

10
5

1

10

10 2

10
-2

10
-1

1

50

100

150

200

250

0 0.2 0.4 0.6 0.8

50

100

150

200

0 0.2 0.4 0.6 0.8 1

25

50

75

100

-40 -20 0 20 40

ZEUS

PT,miss(GeV)

E
ve

nt
s

Q2 
JB

(GeV2)
E

ve
nt

s

xJB

E
ve

nt
s

yJB

E
ve

nt
s

Q2 > 200GeV2

ZEUS CC
03-04 e+p (39 pb-1)

CC MC
(P=+33%,-40%)

PT,miss/ET

E
ve

nt
s

ZVTX(cm)

E
ve

nt
s

- - : I 9L!���H ` 0�� � -5+ L'9 - F I L - #5K + #�& #	# �mK�/�3*0M/YK�6 - 6�/^L'! + �g� -5+ LL#<:<9L/YH 6�!GK"#YLL! + #	# � # /YK"60237# + !46 0 - 9;0235! + 6"!GK�#YL'! #	# �mK"/�3>0M/jK"6 - 6"/jL'! + H



� � ��� ���	� �

� � � � � ��� � � ��� 

� � ��� � � � 
 � �

WgK�L'� -7+ 08��/YE=LL!294=¤L'�"!�E"9;#T04!2!46 I 9L! + L'#ÉHE!M/ +;I 9L!�LL�"!^08��/�9;:<!26 0 I 9L9L!eKML � W � 029L# +L+.+ !40]|L - #5KK/�9;!�E"9;! + !eKML'!26 - KK6�!eL8/ - 3qH��,�"!;HE!M/ +;I 9L!eH{!eK�L + #�& L'�"!¨L'#YL'/�3�049L# +;+,+ !20dL - #5K�/YK"6 +;- K":<37!6 -�� !49L!GKML - /�3R049L# +;+P+ !20eL - #5K /�9L!}6"#5K�!{LL�"9L# I :<� $����
	 ��� � 
 � � $ + L'!eE + / + F�/�0*)J:�9L# I K�6 +LI FAL'9'/�0]|L - #5K>=�/�0204!GE=L'/YK"02!.04#<9L9;!20eL - #5K�/YK�6�9L/�6 - /jL - G<!�04#<9L9;!20eL - #5K�H �,�"! + L'/jL -7+ L - 0M/�3�/YK"6 + A + L'!GH{/jL - 0I K"04!29½L8/ - K�L - ! + /�9L!./�3 + #z6 -5+ 0 I"+;+ !46 �"!49L!�H

�� ! ����� 

�
���

�,�"!_H{!2/ +LI 9;!26E6 -5+ L'9 - F I L - #5K +X+ �"#Z(QK - K�- - : I 9L! ��H ` 0./�9;!,6 - � !29;!GKML ( - L'��LL�"!�L'9 I !~#YK"! +6 I ! L'# 6"!eLL!20dL'#<9{! � !20eL + H �,�"! 029;# +L+{+ !20dL - #5K -7+ !��qL'9'/�0eL'!46 F - K F�A F - K #�&�LL�"!�G�/�9 - # I"+) - K"!eH[/^L - 0PG�/�9 - /�F"35! + 02#<9;9L!20dL - K":E&_#�9ÅL'�"! - 9,! � !20dL + H �,�"!{H{!2/ +LI 9L!26 /MG<!49'/�:<!}029;# +L+~+ !40eL - #5K� R � NU &_#�9ÅL'�"!��D|¢L'��F - K�#�& ) - K"!eH[/^L - 0PG�/�9 - /�F"35! +�	 0M/YK�FC!N(y9 - L\LL!GK / +
� R � NU � � U N�� �N"!#� � 	� U � 	 m k%$ H ` l

8 J N � 
 �U p J w LU&(' m k%$ Hjo l
(y�"!49L!HJ N � 
 �U /YK"6 J w LU /�9L!�LL�"!�K I H^F !29�#�& #<F + !29;G�!26 6�/jL'/[!4G�!GKML + /YK"6B! + L - H{/jL'!46\F�/�0*)<|:<9;# I K"6E!4G�!GKML +*- K�L'�"!)�_| L'�zF - K>=�9L! + E !20eL - G�!237A�H ' -5+ L'��!QLL#YL8/�3 - KML'!4:<9'/^L'!26E3 I H - K"# +L- L)A<H & -7+/�0402!GEAL8/YK"04!^02#�9L9L!40eL - #5K>H �,�"! +LI E !29 + 049 - EAL $ �!� � $ -5+ E I L - K�#<9L6�!29¨LL#[!��=E�3 - 0 - LL37A + L8/jLL!{LL��/jLL'��!JHE!M/ +LI 9;!26 049L# +;+.+ !20dL - #5K -7+ / +;I F �;!20dL§LL#[LL�"!z!237!20eLL9L#Z(*!M/ )B9L/�6 - /^L - G�!%02#<9;9L!40eL - #5K>HzW L-5+ E"9L!]&_!29'/�F"35!·LL#$02#5K�G<!499LuL'#�LL�"! �	#<99K 35!]G<!23,049L# +;+%+ !40eL - #5K>= L'#�H{/ )�!�/\02#5HJE�/�9 -5+ #YK�L'#
L'��!�L'�"!4#<9;A�H��,��!{E�9L#J02!26 I 9L! -5+ 6"! + 029 - FC!46 - K � !20dL - #5K $ H u H - - K"/�353 A<=�L'�"!N6 -�� !49L!eK�L - /�3C029;# +L++ !40eL - #5K /jL�L'��!}F - K�02!eK�LL9L!�= N��N"! 	 !+*,!.- -5+ #�F=L8/ - K"!26 k_+ !2! � !40eL - #5K $ H	� l H

$�s



$ n �������.� � ��� � � � � � � � � ����� � ��� � � � � ��� � � � � �


�� � � � � ����� � � � ��� � �	��
�� �
� ��
 � � � �2��
���
�������� ��� �+��� �
�,�"! +L- K":<35![6 - � !29;!GKML - /�3*049L# +;+z+ !20dL - #5K + /�9;!ÉH{!2/ +LI 9;!26 / + /\& I K"0dL - #5K #�& � � = � /YK"6� H �,��! - 9NF - K +L-�� ! -7+ 6"!eLL!299H - K"!26$/ + &_#�3535#Z( + H}W L -7+ E"9;!4&_!29L/�F"37!�L'# H{/ )�!�LL�"!%F - K +L-�� !z/ +K�/�9;9L#Z( / + E # +L+;- F"37!TL'#�H[/ )�!N/^02#YHcE�/�9 -5+ #5K[( - L'�·LL�"!TL'��!2#<9 - ! + ="F I LhL'�"! + L8/jL -5+ L - 02/�3 !29L9;#<9/YK"6�LL�"!�H - :�9'/jL - #5K�! � !20dL + 3 - H - L~/jLN/{02!29½L8/ - K�E # - KMLMH��,�"!^F - K7K - K�: -5+ 6"!eLL!299H - K"!26\( - L'�L'��!}F - KK( - 6=LL��#�& + !4G�!29'/�3ÄL - HE! + #�&ÄL'��!�) - K"!GH{/jL - 0N9L! + #<3 I L - #5K>H

� - K"02! � ��� O �QJS ��U
��� =�L'�"! � � � � � � -5+ /�3IHE# + LE02#YK + L'/YKMLMH�W L -7+ =ÅL'��!29L!]&_#<9L!�K�/jL I 9'/�3_L'#35#�:�/�9 - L'�7H - 02/�353 A@6 - G - 6"!_L'�"! � � F - K + &_#<9 +;- K":�35!�6 - � !29L!eKML - /�3C049L# +;+,+ !20dL - #5K � � �

�
� � � H{!2/ |

+LI 9L!GHE!GKML + H �,�"! � � 9'/jK":<!yo�h�h p �<h�h<h<h F !$G � /�9L! 6 - G - 6"!46 - K�K - K"!*F - K + H - - 9 + LX! - :<�MLXF - K +6 - G - 6"!QL'�"! � � 9L/YK":<!�=�o�h�h p o<o�n10�n F !$G � =T( - LL� + /YH{!y( - 6AL'� - K[35#�: � � H��,�"!�� - :<�"! + L � �F - K^02#ZG<!49 + LL�"! � � 9L/YK":<!�=�o<o�n10�n p ��h<h<h<h F !IG � H -�#<9ÄL'�"! +L- K�:<35!*6 - � !29;!GKML - /�3�029L# +L+ + !40eL - #5K
� � � � � = + !4G�!GK F - K + /�9L! I�+ !26$&_#<9_L'�"!@(y��#<35! � 9'/jK":<!�=>h : h ` p ` : h�H�- - 9 + LTLL�"! � 9'/YK�:<!^#�&h : h ` p h : ` -5+ 6 - G - 6"!46BF�ASL'�"9;!2!%F - K + ( - LL�B!,+ I /�3�( - 6=LL� - KB35#�: � H �,�"!%#jL'�"!49�&_# I 9�F - K +6 - G - 6"! � 9L/YK":<!~#�&Rh : ` p ` : h�( - LL�{!/+ I /�3�( - 6=LL� - KE37#<: � H -�#<9¼L'�"! +L- K":<37!~6 - � !29L!eKML - /�3"029;# +L++ !40eL - #5K � �

�
� �C=qL'#YL'/�3 + !4G<!eK F - K + 6 - G - 6"!��[9L/YK":<!.#�&xh : h p h : 0�H � - K"04!�L'�"! �16 -7+ LL9 - F I L - #5K-5+ + L'!2!eEC!49 /jL�37# ( �C=5LL�"! �^9L/YK":<!~#�&>h : h p h : o -5+ 6 - G - 6"!26 - KML'#;L)(*#^F - K + ( - L'�{!,+ I /�3�( - 6=L'�/YK"6 �^9L/YK":<!Ph : o p h : 0 -5+ - KML'#N�"G�!�F - K + ( - LL�E!/+ I /�3�( - 6=LL�>H��,�"!~9L! + #<3 I L - #5K + #�& H{!2/ +LI 9;!26� � = � /YK�6 �K/�9L! + ��# (QK - K - - : I 9L! $ H ` | $ H s H


���� � ���	� #�
�� � ��� ��� �+� ( � �+��� �
�,�"!KF�/�0*)�:<9;# I K"6 02#YK�L'/YH - K�/jL - #5K ( / + ! + L - H{/jL'!46 I"+;- K":\G�/�9 - # I"+ � # + /YHJE"35! + = � #� W � = � � � /YK"6�� E"9;#T6 I 0eL - #5K>H ��/�F"37! $ H s[+ �"#Z( + L'�"!@/YHE# I KML�#�& F�/�0*)�:<9;# I K"6B04#5KML8/YH%|- K"/jL - #5K>H �,�"!%! � !20dL + &_9L#YH � # � W � /YK"6 � E"9L#J6 I 0dL - #5K\(	!49L!%&_# I K�6�L'#�FC!YG<!29�A + H{/�373k"! h : ` �zl H��,��! � � ��(	/ + &_# I K�6 LL# F !�L'��!�35/�9L:�! + LzF"/�0*)�:<9L# I K"6 + # I 9;02!�=*: - G - K":Bn �02#YK�L'/YH - K�/jL - #5KJL'#^6"/jL8/@&_#<9	O 8 ! s o : � � /YK"6 $ � &_#<9 O 8 p n�h : o � - K·LL�"!N35#Z(*! + L � �F - K>H �,�"!E02#5KML'/YH - K�/jL - #5K -7+ 3?/�9L:<!49�&_#<9�K"!4:�/jL - G<!uE #<3?/�9 -5+ /jL - #5K + /YHcE�35!�= +;- HJE"37A F !20M/ I"+ !L'��! +L- :5K�/�3 k #	# l 029L# +L+�+ !20eL - #5K -5+�+ H[/�3535!49,(y� - 37! � � � 029L# +L+�+ !20eL - #5K +�-5+P- K"6�!GE !GK"6"!eKML;L'#L'��!ÅEC#�3?/�9 -5+ /^L - #YK>H �,�"! � � �$029L# +L+ + !40eL - #5K�E"9;!26 - 0eLL!26%F�A�LL�"! � # ��/ + /�3?/�9;:<! I K"02!499L8/ - KML)AF !20M/ I"+ ! - L -5+ 35!2/�6 - K":�|)#�9L6"!49 k %  .l 02/�350 I 3?/^L - #YK>H �,�"! I K�02!29½L8/ - KML)A -7+y- K�G<! + L - :�/jLL!26 - K[LL�"!3?/^L'!29 � !20eL - #5K $ H i Hrn"H


�� � #$�%� ��&�� � �'�)� �%��
(
+��� �+��� �
$ L;HE!M/ +;I 9 - K":cLL�"!^029;# +L+�+ !20dL - #5K>= LL�"!%/�0402!GEAL8/YK"04!%02#<9;9L!40eL - #5K -7+ K"!4!26"!46 - K\#<9;6"!29¨L'#02#�9L9L!40eL.6"!dL'!40eL'#�9Y/�0202!eE=L8/jK"02!E/YK"6�H - :<9L/jL - #5K�! � !20eL + H $ +.+ !2!eK - K - - : I 9L! ��H ` 0�= L'��! #	#



� ����� ���	� � �.� � � � � � � ����� ����� �	� $<u

0

200

400

600

-1 0 1

0

200

400

600

800

-1 0 1

0

200

400

600

800

-1 0 1

0
200
400
600
800
1000

-1 0 1

0

200

400

600

800

-1 0 1

0
500
1000
1500
2000

-1 0 1

0

500

1000

1500

2000

-1 0 1
0

500

1000

-1 0 1
0

200

400

-1 0 1

Q2=280 GeV2

σ=29.8%
Q2=530 GeV2

σ=25.8
Q2=950 GeV2

σ=23.8%

Q2=1700 GeV2

σ=21.3%
Q2=3000 GeV2

σ=21.1%
Q2=5300 GeV2

σ=20.3%0

Q2=9500 GeV2

σ=20.4%
Q2=17000 GeV2

σ=22.4%
Q2=30000 GeV2

σ=23.8%

(Q2rec-Q2true)/Q2true

- - : I 9L! $ H ` � �,�"!Y9;! + #<3 I L - #5KK#�&¦LL�"!yH{!2/ +LI 9;!26 � � -5+,+ �"#Z(QK - KK!2/�08� F - K�#�& � �
SR��



$ � �������.� � ��� � � � � � � � � ����� � ��� � � � � ��� � � � � �

0

200

400

600

-1 0 1

0
250
500
750
1000

-1 0 1

0

500

1000

1500

2000

-1 0 1

0

1000

2000

3000

-1 0 1

0

1000

2000

3000

-1 0 1
0

1000

2000

-1 0 1

0

100

200

300

-1 0 1

x=0.015
σ=25.6%

x=0.032
σ=20.8%

x=0.068
σ=17.6%

x=0.130
σ=14.3%

x=0.240
σ=11.9%

x=0.420
σ=11.2%

(xrec-xtrue)/xtrue

x=0.650
σ=0.89%

- - : I 9L! $ Hjo � �,�"!.9;! + #�3 I L - #5K�#�&ÄL'�"!yHE!M/ +;I 9L!46 � -5+,+ �"#Z(QK - K�!2/�08� F - K�#�& � 
SR��



� ����� ���	� � �.� � � � � � � ����� ����� �	� $ $

0

500

1000

-1 0 1

0

500

1000

1500

2000

-1 0 1

0

1000

2000

3000

-1 0 1

0

1000

2000

3000

-1 0 1

0

1000

2000

3000

-1 0 1
0

1000

2000

-1 0 1

0
500
1000
1500
2000
2500

-1 0 1

y=0.05
σ=19.0%

y=0.15
σ=13.2%

y=0.27
σ=10.9%

y=0.41
σ=9.55%

y=0.55
σ=8.92%

y=0.69
σ=9.42%

(yrec-ytrue)/ytrue

y=0.83
σ=8.22%

- - : I 9L! $ H s � �,�"!.9L! + #<3 I L - #5K�#�&ÄL'�"!yHE!M/ +;I 9L!46 � -7+,+ �"#Z(QK - KK!M/�08� F - K�#�& � 
SR��



$�i �������.� � ��� � � � � � � � � ����� � ��� � � � � ��� � � � � �

� � 9'/YK�:<! k � 	 � � l J 6 w � J + \ + J�� Y J���� J w Lo�h�h | n�h<h n<h ` H u<u h�Hjh hTHjh ` H u<un�h�h | $ `<` � $ h�Hgh10 h�Hjh hTHjh h�Hgh10
$ `�` | ` o � u ` h ` h�H $<u h�Hjh hTHjh h�H $ �` o � u |*o<o�n10 `<` 0 h�H ` s h�Hjh hTHjh h�H ` so<o�n10 | n�h<h�h 0 � h�H	� s hTH ` i ` hTHjh h�H i `n�h<h�h | $ `<` s � i h�Hgh h�Hjh hTHjh h�Hgh

$ `<` s | ` o�n � 0 ` i h�Hgh h�Hjh hTHjh h�Hgh` o�n � 0 |*o<o�n10�n ` h h�Hgh h�Hjh hTHjh h�Hgho<o�n�0�n | ` h ` o $ n h h�Hgh h�Hjh hTHjh h�Hgh
�V#YL8/�3 u ` 0 s H ` u h�H ` i hTHjh s H s n

� � 9'/YK�:<! k � 	 � � l J 6 w � J + \ + J�� Y J�� � J w Lo�h�h | n�h<h ` � ` Hgh10 h�Hjh hTHjh ` Hgh10n�h�h | $ `<` o � h�Hgh $ h�Hjh hTHjh h�Hgh $$ `�` | ` o � u n s h�H u 0 h�Hjh hTHjh h�H u 0` o � u |*o<o�n10 n s h�H `<` h�Hjh hTHjh h�H `<`o<o�n10 | n�h<h�h s ` h�Hrn ` h�H ` o hTHjh h�H u�sn�h<h�h | $ `<` s ` o h�Hgh h�Hjh hTHjh h�Hgh
$ `<` s | ` o�n � 0 $ h�Hgh h�Hjh hTHjh h�Hgh` o�n � 0 |*o<o�n10�n n h�Hgh h�Hjh hTHjh h�Hgho<o�n�0�n | ` h ` o $ n h h�Hgh h�Hjh hTHjh h�Hgh

�V#YL8/�3 ` i o oTHjo $ h�H ` o hTHjh oTH s 0
��/�F"35! $ H ` ��� I H@FC!49N#�&	F"/�0*)�:<9L# I K"6 !]G<!eK�LY!I�AE !20dL'!26 F�A � # + /YHJE"35! + H��¨E7E !29�L'/�F"35! -7+9L! +LI 3»L + &_#<9PO 8 ! s o : � � /jK"6 37# (*!29 -5+ &_#<9PO 8 p n�h : o � H4J w L.6"!GK�#YL'! +�+LI H #�& /�373F�/�0*)�:<9;# I K"6�H
� # 6"! + 029 - FC! + LL�"!yH{!2/ +LI 9L!26�6 -7+ L'9 - F I L - #YK1&D/ - 9;37AE(	!4353qH �,��!@/�0402!eE=L8/YK�02! & &_#<9,!2/�08� F - K-5+ ! + L - H[/jLL!26z( - LL�cL'��! #	# � # HJWgK·L'��! � # =�L'9 I !PG�/�3 I ! + #�&¤LL�"!�) - K"!GH{/jL - 0,G�/�9 - /�F"35! + /�9L!)�K"#Z(QK>H ��A�H{/ ) - K":·LL�"!%� -7+ L'#�:<9'/YH + F #YLL�\&_#<9�:<!eK"!29L/jL'!46 k L'9 I ! l G�/�3 I ! + /jK"6�H{!2/ +LI 9;!26G�/�3 I ! + = /�0202!eE=L8/jK"02!}02#<9;9L!40eL - #5K -5+ 02/�350 I 3?/jLL!26 - KKF - KT| F�A�| F - K�/ +

& 8 � I H^F !29,#�&x!4G�!GKML + H{!2/ +LI 9L!26 - K�LL�"!.F - K
� I H^F !29,#�&�!4G�!GKML + :<!GK�!29'/^L'!26 - KÉL'��!}F - K : k%$ H s�l

$ + /�HE!M/ +LI 9;!%#�&CL'�"!%F !2��/MG - # I 9N#�&CL'�"!%04#<9L9;!20dL - #YK>=>!��E0 - !GK�04A k � l /jK"6�E I 9 - L)A k
	%l /�9L!/�3 + #z6"!4�7K"!26 / +



� ��� � 
 � � � � � � � � � � ����� �	� $ 0

� 8 � I H^F !29,#�&�!4G�!GKML + :<!GK"!49'/jLL!26 /YK"6 H{!2/ +LI 9L!26 - KÉLL�"!.F - K
� I H^FC!49y#�&x!]G<!eK�L + :<!eK"!29L/jL'!46 - KÉL'�"!.F - K m k%$ Hrn l

	 8 � I H^FC!49y#�&x!]G<!eK�L + :<!eK"!29L/jL'!46 /jK"6SHE!M/ +LI 9;!26 - KÉL'�"!.F - K
� I H^F !29y#�&�!4G�!GKML + H{!2/ +LI 9L!26 - KÉLL�"!.F - K : k%$ H u<l

�,�"!�! �E0 - !eK"04A � -7+ & I 9½L'�"!49 + !eE�/�9L/jL'!46�L'# + !435!40eL - #5K1! �{0 - !eK"04A �
�

 e / + 6"!]�mK"!46 - K � !40eL - #5K

��Hrn"Hrn{/jK"6SH - :�9'/jL - #5K{!��E0 - !GK"0]A � �VU LN/ +

� 8 � � 
 e�� � �VU L m
(y�"!49L! � �VU L -7+

� ��U L 8 � I H^F !29y#�&�!4G<!eKML + :�!GK"!49'/jLL!26 /YK"6[H{!2/ +LI 9;!26 - KÉL'��!}F - K
� I H^FC!49y#�&x!]G<!eK�L + :<!eK"!29L/jL'!46 - KÉL'�"!.F - K /jK"6SE"/ +L+ !26SLL�"!.!4G�!GKML + !237!20eL - #5K :k%$ H	� l

�,�"!�� � 
 e = �	=�/jK"6 & #�&oL'�"!�L)(*#@6�/jL'/ + !eL + ( - L'�uL'�"!y6 -�� !49L!eK�L¶E #<3?/�9 -5+ /jL - #5K>=�O 8 ! s o : � �/YK"6 O 8 p n�h : o � =�/�9L! + �"#Z(QK - K - - : I 9L! $ Hrn�| $ H	��H �,�"! FC!4��/MG - # I 9�#�&%/�0202!eE=L8/jK"02!02#�9L9L!40eL - #5K - K�!M/�08� 6 -5+ L'9 - F I L - #5K + /�9;! + HE#T#YLL�>H �,�"!Y/�0402!GEAL8/YK"04!@&D/�373 + L'#{/�F # I L�o�h � - K35#Z( � � +;- K"04! + !235!40eL - #5KE!��E0 - !GK"0]A -7+ 37#Z( 6 I !_L'#{L'�"!QL - :<�ML¶LL9'/�0*) - K":@0 I LMH �,�"!P6 - � !29;!GK"04! +F !eL)(*!2!GK L'�"!�L)(*#SE #<3?/�9 -5+ /jL - #5K + 02#5HE!%&_9L#5H¾L'�"!E6 - � !29;!GK"04!z#�&�LL�"!%G<!499L'!�� 6 -5+ L'9 - F I L - #5K>=/ + HE!GKML - #5K"!26 - K � !20eL - #5K u H s H

���� � ��
 � ��
�������� ��� �+��� �

�,�"! �	#<99KK35!]G<!23�029L# +L+ + !20eL - #5K -7+ #<F=L'/ - K�!261F�A104#<9L9;!20dL - K�:�L'�"!�! � !40eL I"+;- K":�LL�"!�9L/�6 - / |L - G<!.02#�9L9L!40eL - #5KK&D/�0dL'#<9�� R � NU / + &_#<3537#Z( + �

� 	 6�R	�U 8 � R � NU ? � R � NU m k%$ H $<l
� R � NU -5+ 6"!eLL!299H - K"!26�/ +



i h �������.� � ��� � � � � � � � � ����� � ��� � � � � ��� � � � � �

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

10 3 10 4 10 5

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

10 3 10 4 10 5

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

10
3

10
4

10
5 0

0.2

0.4

0.6

0.8

1

1.2

10
3

10
4

10
5

Se
le

c.
 E

ff
ic

ie
nc

y

E
ff

ic
ie

nc
y

Q2(GeV2)

P
ur

it
y

Q2(GeV2)

A
cc

ep
ta

nc
e

P = +33%

P = -40%

- - : I 9L! $ Hrn � � !435!20dL - #5K !��E0 - !GK�04A k 37!4& L;| I E7E !29 l = � �E0 - !GK"0]A k 9 - :<�ML;| I E7EC!49 l = � I 9 - L)A k 35!4& L�|35#Z(*!29 l /YK�6 $ 0402!eE=L8/YK�02! k 9 - :<�ML;|)37#Z(	!49 l�- K !2/�08� F - K #�& � � /�9L! + �"#Z(QK>H # 35# + !26 0 - 9L0237!6"!eK"#YL'! + 6"/jL8/^( - LL��O 8 ! s o : � � /jK"6 #YEC!eK"!26 + + I /�9;!}( - L'��O 8 p n�h : o �

� R � NU 8 � 	 6�R � - ( � /U� R � N - ( � /U m k%$ H i�l

(y�"!49L! � 	 6�R	� - ( � /U /jK"6 � R � N - ( � /U /�9;!TL'�"! - KML'!2:�9'/jLL!26 � L'/YK"6�/�9L6�� #J6"!23 k � � l 029L# +L+,+ !40eL - #5K- K �*#<9\KB37!4G<!43 /YK"6$9L/�6 - /^L - G�!@37!4G<!43q=>9;! + EC!40eL - G<!437A<H �,�"! � R � N - ( � /U -5+ L'�"!^049L# +;+.+ !20dL - #5K /jL:<!eK"!29L/jL - K":�� # !]G<!GKML + /YK"6 � 	 6�R	� - ( � /U -7+ 6"!eLL!29\H - K�!26 I"+L- K": � � $ � F� �YH



� � ��� 
 � � � � � � � � � � � � ����� ����� �	� i `

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

10 -2 10 -1 1

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

10 -2 10 -1 1

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

10
-2

10
-1

1
0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

10
-2

10
-1

1

Se
le

c.
 E

ff
ic

ie
nc

y

E
ff

ic
ie

nc
y

x

P
ur

it
y

x

A
cc

ep
ta

nc
e

P = +33%

P = -40%

- - : I 9L! $ H u � � !435!20dL - #5K !��E0 - !GK�04A k 37!4& L;| I E7E !29 l = � �E0 - !GK"0]A k 9 - :<�ML;| I E7EC!49 l = � I 9 - L)A k 35!4& L�|35#Z(*!29 l /YK"6 $ 0202!eE=L8/jK"02! k 9 - :<�ML;| 35#Z(	!49 l�- K^!M/�08�EF - K^#�& � /�9;! + ��# (QK�H # 35# + !26%0 - 9L0435!	6�!GK"#YLL! +6�/jL'/^( - L'��O 8 ! s o : � � /YK"6�#5E !GK"!46 + + I /�9L!.( - LL��O 8 p n�h : o �

��  � � � � � � ��
 �
� # � ��
 
+��� �+�
� �
WgK$#<9L6"!49TL'#ÉHE!M/ +LI 9;!�L'�"!^6 - � !29L!eKML - /�3x029;# +L+N+ !20dL - #YK$/jL./1F - KB02!GKMLL9 - K�:ÉEC# - KML - K�LL�"!F - K>="/%F - KK02!GKMLL9 - K�:E04#<9L9;!20dL - #YK -5+ K"!4!26"!46>H - #�9hL'�"!.6 -�� !49L!eK�L - /�3 029;# +L+y+ !20eL - #5K - K
� � L'� -7+F - K�04!GKML'9 - K":E02#�9L9L!40eL - #5KK&D/�0dL'#<9 (	/ + 6"!4�7K"!26 / +

�
d 
 � 
SR 
U 8 N����������	��

���� -���� /N � � 	 � � * � �-� 	 6�R	� - ( � /U k�� � � l : k%$ H 0 l



i o �������.� � ��� � � � � � � � � ����� � ��� � � � � ��� � � � � �

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 0.2 0.4 0.6 0.8

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 0.2 0.4 0.6 0.8

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 0.2 0.4 0.6 0.8
0

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

0 0.2 0.4 0.6 0.8

Se
le

c.
 E

ff
ic

ie
nc

y

E
ff

ic
ie

nc
y

y

P
ur

it
y

y

A
cc

ep
ta

nc
e

P = +33%

P = -40%

- - : I 9L! $ H	��� � !435!20dL - #5K !��E0 - !GK�04A k 37!4& L;| I E7E !29 l = � �E0 - !GK"0]A k 9 - :<�ML;| I E7EC!49 l = � I 9 - L)A k 35!4& L�|35#Z(*!29 l /YK"6 $ 0202!eE=L8/jK"02! k 9 - :<�ML;| 35#Z(	!49 lx- K%!M/�08�zF - K^#�& �@/�9L! + �"#Z(QK>H # 35# + !26z0 - 9L0435!	6�!GK"#YLL! +6�/jL'/^( - L'��O 8 ! s o : � � /YK"6�#5E !GK"!46 + + I /�9L!.( - LL��O 8 p n�h : o �
(y�"!49L!yL'�"! I E7E !29�LL!29\H�= � � 	 6�R	� - ( � /U k � � l

�
� � � 	 � � * � �- = -5+ LL�"! � � �*#<9\K�35!]G<!23R6 - � !29L!eKML - /�3029;# +L+N+ !20dL - #YK /^L�L'�"!%F - KB02!eKML'9 - K": EC# - KML � �d H �~!GK"04!�=�L'��! �	#<9\KB37!4G�!23 6 -�� !49L!GKML - /�3V029;# +L++ !40eL - #5K - K
� � /jL�LL�"!.F - K�04!GKML'9 - K":JEC# - KML � �d -7+ #�F=L8/ - K"!26�/ +

� � 	 6�R �U k � � l
� � �

	 � � * � �- 8 �
d 
 � 
SR 
U � 	 6�R	�U k � � � l : k%$ H ` h l

# #5H^F - K - K":;� + H $ H 0%/YK�6 � + H $ H ` h�=qL'�"! �*#<9\KK37!4G<!43�6 -�� !49L!eK�L - /�3 049L# +;+ + !40eL - #5KK0M/jKKFC!~(y9 - L�|L'!eK / + &_#�3535#Z( + �



� � � � � � � � � � � � � ��� � ����� �	� i<s

� � 	 6�R	�U k � � l
� � �

	 � � * � �� 8 � 	 6�R	�U� 	 6�R	� - ( � /U ?
� � 	 6�R	� - ( � /U

� � �
	 � � * � �� k%$ H `�` l


�� 
 " � � ��
���
������ � ��� �+��� �
$ +N+ �"#Z(QK - K - - : I 9L! �TH ` 0T=
� # 6"! + 029 - FC! + 6�/jL8/[(*!2373 - K\/�353 ) - K"!GH{/jL - 0�E���/ + ! + E�/�04!�H

�,�"!49L!4&_#�9L!�=X(*!K0M/jK�H{!2/ +LI 9L!·LL#YL8/�3�029;# +L+@+ !20dL - #5K>H �,�"!·E"9L#J02!46 I 9L! -5+ LL�"! + /YH{!JL'#�LL�"!6 -�� !49L!GKML - /�3 049L# +;+@+ !40eL - #5K>H1(*![04#5K +;- 6"!49§L'��!{9;!2: - #5K #�& � � � o�h<h F !IG � /YK�6 � � h : 0/ + #5K�!1F - K /jK"6 L'�"!K049L# +;+%+ !20dL - #5K -5+ HE!M/ +;I 9L!46 - K�L'��!K9L!2: - #5K � � � o�h<h F !IG � /YK"6��� h : 0�H & /YK"6 � /�9;!^h�H u �E/YK"6BhTH u<u &_#<9~6�/jL'/E( - LL�\O 8 ! s o : � � =g9;! + E !20dL - G<!23 A<H�-�#<96�/jL'/@( - LL��O 8 p n�h : o � = & /YK"6 � /�9;!Nh�H u<u /YK"6�hTH u n�=�9L! + E !20dL - G�!23 A<H�� !N!��qL'9'/jEC#<35/jL'!PA9L!4: - #YK�&_9;#5H hTH 0�L'# ` Hgh I"+L- K": � � $ � F� �YH


���� ��� � � �)( � �+� � � �'�)��
 � � �
���+� ���
�,�"! + # I 9;02! #�& + A + L'!GH{/jL - 0 I K"02!499L8/ - KML - ! +E- K L'� -7+ /jK�/�37A +;-5+ /�9L!�0M/^L'!2:�#<9 -7+ !26 L'# �"G<!- LL!GH + =^L'�"!,02/�35#<9 - HE!eLL!29�!GK"!49L:�A + 02/�35!�=YL'�"! + !237!20eL - #5K�E"9L#J02!46 I 9L!�= � # 6"!GE !GK"6�!GK"04!�=ML'9 - :<:<!49!��E0 - !GK�04A@/YK"6@F"/�0*)�:<9L# I K"6 +LI F=L'9L/�0eL - #5K>H��,�"! I K"02!499L8/ - KML - ! + 6 I !�LL#¨LL�"!GH /�9;!*! + L - H[/^L'!26�HWgK�E�/�99L - 0 I 35/�92=5LL�"! I K"02!499L8/ - KML)A{&_#�9¶LL�"!¨LL#YL8/�3 049L# +;+	+ !40eL - #5K -7+*+;I HJH[/�9 -5+ !26{/jL�LL�"!�!eK"6K#�&L'� -5+,+ !40eL - #5K L'#zF ! I�+ !26 - K�LL�"!.6 -5+ 0 I"+;+L- #YK - K � !20eL - #5K $ H i H	��H

	 +�
,+.- � 
 8�A �Z?;� 6 =@6 � 6 B'6 � % � 57;R
 8:6
�,�"!19;!202#YK + LL9 I 0dL - #YK #�&	) - K�!GH{/jL - 0zG�/�9 - /�F�35! + &_#<9 #	# � W � !]G<!GKML + & I 353 AB6"!GE !GK�6 + #5KL'��!Y!eK"!29;:�A[H{!2/ +LI 9;!GHE!GKML + ( - LL�SLL�"!Y02/�35#�9 - HE!eLL!29y/ + HE!GKML - #5K"!26 - K � !40eL - #5K u H ` H � #cLL�"!!GK�!29L:�A + 02/�35!�#�& #
$&% : - G�! + /^35/�9L:<!~! � !20dL�L'#�LL�"!�029;# +L+,+ !20dL - #YK>H �,�"! I K"04!29½L8/ - K�L)A - K·LL�"!/�F + #<3 I L'! + 02/�35!z#�&�L'�"!z��/�6�9L#5K - 0z!GK"!49L:�A�HE!M/ +;I 9L!eH{!eKMLY(	/ +}+ L I 6 - !46 F�A$02#YHcE�/�9 - K�: LL�"!9L!402#5K + L'9 I 0eLL!26E��/�6"9;#5K - 0hL'9L/YK + G�!29 + !_H{#5HE!GKML'/�F�A§L'�"! �</�0,+ I !eL�|��	37#5K"6"!437HE!eL'��#T6z/YK�6uLL�"!� # I F�35! $ K":<37!�H{!dL'�"#J6 I"+;- K":�LL�"! � # � W � + /YHcE�35! +
�rs n�� � s�u �fH �,�"! I K�02!29½L8/ - KML)A -5+ &_# I K"6L'#{FC!@/jL¨H{# + LNo � &_#<9QL'�"!�- #
$.% /YK"6�LL�"! � #
$.% =�/YK�6 s�� &_#<9QL'��! 
 #
$.% H �,�"! + A + |L'!eH[/^L - 0 I K"04!299L'/ - KML)A -5+ ! + L - H{/jL'!46KF�A[08��/YK": - K":�LL�"!N!GK�!29L:�A + 02/�35! - K·LL�"!N9L!402#5K + L'9 I 0eL - #5K&_#<9ÅLL�"! � # + /YHcE�35!./ +

��� 8 J � Y� p J � Y�J � Y� m k%$ H ` o l



i n �������.� � ��� � � � � � � � � ����� � ��� � � � � ��� � � � � �

(y�"!49L! ��� -7+ L'��! &_9'/�0dL - #YK�/�3 + A + LL!GH{/jL - 0 !29;9L#<9 + H��,�"!4J � Y� /YK"6HJ � Y� 9;!GE"9;! + !GKMLCL'�"!�K I H%|F !29�#�&
� # !4G<!eKML + ( - L'�{/YK"6{( - L'�"# I L + � - & L - K�:yLL�"! #
$&% !GK�!29L:�A + 0M/�37!�H��,��!�!GK�!29L:�A + 0M/�35!- K L'��! � # ( / + G�/�9 - !26�F�A��Yo � - K - #
$&% /YK�6 � #
$.% = /YK�6 F�A�� s�� - K 
 #
$.% + !eE�/ |9'/^L'!23 A<H $ K"6cLL�"!GK{(	!P! + L - H{/jL'!QL'#jL8/�3 I K�02!29½L8/ - KML)AE&_9;#5H #
$&% !eK"!29;:�A + 0M/�35!~F�A�+ I /�6�9'/jL - 0+LI HcH{/jL - #5K>H - - : I 9L! $ H $}+ �"#Z( + 6"#5H - K"/YKML + # I 9;02! + /�9L!�- #
$&% &_#<9 � - :<� � /jK"6 � #
$.% &_#<9� - :<� �C=J(y� - 08� /�9L! I K�6"!29 + L'#J#J6�&_9;#5H LL�"!.6 - 9;!20eL - #5K�#�&ÄL'��!}�"/�6"9L#YK - 0 + A + L'!eH H
	 +�
,+%$ & 698:6<;>=@?:ACB �
� A ; 6��.�
� 6<5

� /YK�A L'��9L! + �"#<376 + /�9L! + !eL - K�LL�"!�!4G<!eKML + !235!40eL - #5K>H W &¨LL�"!�� # 6"#J! + K"#jLuEC!49;&_!20dL'3 A6"! + 029 - F !¨LL�"!�9;!M/�3�(*#<9L376>=qLL�"!�F - KT| F�A�| F - K{02#<9;9L!20dL - #5K·HE!eLL�"#T6 I"+ !46 - KJL'� -7+ /jK�/�37A +;-5+ : - G�! ++ A + L'!GH{/jL - 0^F - / + H��,� -5+�-7+ ! + L - H[/^L'!26 F�A 08��/YK�: - K":cL'�"9;! + ��#<356 +N- K�L'��!@G�/�9 - # I"+~+ !237!20dL - #YK>H
��/�F"35! $ H i Hjo + �"#Z( + L'��! +;I HcH{/�9�A�#�&1LL�"! + A + L'!eH[/^L - 0}08�"!40*) 02/jL'!4:<#<9 - ! + /YK"6[L'�"! - 9,G�/�9 - !26L'��9L! + �"#<376 + &_#<9ÄL'�"! + !235!40eL - #5K@G�/�9 - /�F�35! + H��,��! G�/�9 - !46%/YHE# I KML + #�& L'�"9;! + �"#<356 + /�9L!	F�/ +L- 0M/�3737A6"!dL'!299H - K"!26�F�A�L'��!Y9;! + #�3 I L - #5KK#�&¦L'�"!NG�/�9 - /�F"37! + H �,�"! I K"02!499L8/ - KML)A�#5K L'�"!.029;# +L+~+ !40eL - #5K6 I !JL'# L'�"! + !435!20dL - #5K LL�"9L! + �"#�356 G�/�9 - /jL - #5KB(	/ + #�F=L8/ - K"!26$&_9L#YH L'�"!E6 - � !29;!GK"04![F !eL)(*!2!eKL'��!ÅK"#5H - K�/�3T/�0202!eE=L8/jK"02!,04#<9L9;!20eL - #5K^/YK"6�LL�"!,/�0402!GEAL8/YK"04!,02#<9;9L!40eL - #5K^02/�350 I 3?/jLL!26@( - L'��LL�"!L'��9L! + �"#<376�G�/�9 - /jL - #5KK/ + &_#�3535#Z( + �

��� 8 & U p & �& � m k%$ H ` s�l
(y�"!49L! � U

�
dDd -7+ L'�"!@/�0204!GE=L'/YK"02!@02#<9;9L!20dL - #5K�( - L'�[L'�"!{L'�"9;! + ��#<356�G�/�9 - /^L - #YK /jK"6 � �

�
d_d -7+ LL�"!/�0402!GEAL8/YK"04!Y04#<9L9;!20dL - #YK I K�&_#<356�!26�( - L'�ÉLL�"!yK"#5H - K�/�3 + !435!20dL - #5K>H

� A + LL!GH{/jL - 0 I K"02!499L8/ - KML - ! + 6 I ! L'#�H{/ - K + !235!40eL - #5K L'�"9;! + �"#<356 /�9;! + �"#Z(QK - K - - : I 9;!$ H i H �,�"![35/�9L:�! + L I K"04!29½L8/ - K�L)A 04#5H{! + &_9;#5H L'�"! + � - & L@#�&4J L 6 6ON
SR � d T LL�"9L! + �"#<376 - K L'��!cL - :<�MLL'9L/�0*) - K":z0 I LMH W L~9L!2/�08�"!26[L'#{o u � /jLy37#Z( � � F - K +}k � � � n�h<h F !$G � l H
	 +�
,+�� � ACBE=@6 � 
 �Z8:A " ��
 %*� 6 BE=�
 = ?�ACB � Ay�)6 8

�,�"!\/�0202!eE=L8/jK"02! -5+ 0M/�370 I 35/jL'!46 I"+;- K":�� # ( - L'� L'�"! 02#<37# I 9z6 - E #<37!ÉH{#J6"!23 k # � � l&_#<9JL'�"! &_9L/�:5HE!GKML8/^L - #YK>H $ + H{!eK�L - #5K�!26 - K � !20dL - #5K�n"H ` =ÅL'�"!�H{/jLL9 - � !435!eH{!eK�L·E�/�9½L'#5K+ ��# (*!29 k ��� � � l 6"! + 049 - F ! +�� # � ! � !20dL #�&¤LL�"!~� - :<��!29�#<9L6"!49*F !eL9L'!49¶LL��/YK # � � H � A + L'!GH%|/jL - 0 I K"04!29½L8/ - K�L)A 6 I ![LL#�L'�"!�&_9'/�:YH{!eK�L'/jL - #5K -5+ ! + L - H{/jL'!46 F�A 02#YHcE�/�9 - K�: ��� � � /YK"6# � � H � A + L'!GH{/jL - 0 I K"04!29½L8/ - K�L)A -7+ 6"!4�7K"!26 / +

� ��� R � L8v 8 � ''''
& �@
�+ ( p & Y 2 �& Y 2 �

'''' : k%$ H ` n l



� ����� ��� � � � � �.��� � ��� � � � � �.� � ��� � � i�u

-0.2

0

0.2

10
3

10
4

-0.2

0

0.2

10
3

10
4

-0.2

0

0.2

10
-2

10
-1

-0.2

0

0.2

10
-2

10
-1

-0.1

0

0.1

0 0.2 0.4 0.6 0.8

P=+33%P=+33%P=+33%

Q2(GeV2)

δ es
ca

le

P=-40%P=-40%P=-40%

Q2(GeV2)

x

δ es
ca

le FCAL +2%
FCAL -2%
BCAL +2%

BCAL -2%
RCAL +2%
RCAL -2%

x

y

δ es
ca

le

y

-0.1

0

0.1

0 0.2 0.4 0.6 0.8

- - : I 9L! $ H $ � � A + LL!GH{/jL - 0 I K"04!29½L8/ - K�L)AY6 I !�L'#¨LL�"! 02/�35#<9 - HE!eLL!29�!GK"!49L:�A + 02/�35! � % - K"!	6�!GK"#YLL! +L'#jL8/�3 I K"02!499L8/ - KML)AK&_9L#5H L'�"!.02/�35#<9 - HE!eLL!29	!eK"!29;:�A + 02/�35!�H

�,�"!}3?/�9;:<! I K"04!29½L8/ - K�L)A -7+ � � - K�37#Z( � � 9L!4: - #YK>= s � - K�35#Z( � 9L!4: - #5K�H*WgK L'�"!.(y�"#<37! �9L!4: - #YK>==L'��! I K"02!499L8/ - KML)A -5+ o�� � � H



i � �������.� � ��� � � � � � � � � ����� � ��� � � � � ��� � � � � �

�����������
	��
� ����	��������������������������� �"! #%$'&(& �)���*��	�+
��, ("- .0/21 .435/76 �98� �"! #%$'&(& �)���*���;:<,>= - .@? 1 .43A?B6 �98� �"! #%$'&(&�CED .@F>G
H �)���*���0:<,I= - .0/21 .435/76 �98� �"! #J$'&(& �)��� � �"! #%$'&(&EK
LM� �9NO� /4P 1 /�3QPR6 �98� �"! #%$'&(&EK
LS� �)���<��	�+T��,I= - P�3A? 1 PO3UP4?� �"! #J$V&(& �)���M�
���W��	�+T�"�M���
X4�
YO	���+Z��NO� /
[21 /�35[76 �98�]\V^>_� �)���S+T����������X��
YR���9`a��	'�
	��
� P�35/cb P�3UPT/76 �98d \V^I_ �)���<+T�����B���
X4�
Ye���@`a��	���	��
� .f[2b .g3V[4hi 	�+
�"�M����X���YO	���+7�9NO� jBkml>l>n\V^>_ o jBkml>l>n\V^I_ D .i 	�+
�"�M����X���YO	���+7�9NO� j \V^I_ o j \V^I_ bc.prqOstp ��NO�u�)��� � ��! #J$'&v&xw y Pz6 �@8 /�3UP{1 P�3V/ ��X���	�X��prqOstp ��NO�u�)��� � ��! #J$'&v&x| y Pz6 �@8 .43UP{1 P�3�. ��X���	�X��
�x/�F"35! $ Hjo � � A +~} !��{/ }'- 0N08�"!20*)�02/ } !4:<#<9 - ! + /
��6�G�/�9 - !26 } �"9L! + �"#<376 #�& + !235!40 }L- #��KG�/�9 - /�F"37! +
	�� 
 ��� �����g� �a�;���������0���%�f�;�����;�����

���0�t�0��� �U�;¡
� }�¢ ¡
£>¤@¥�¦v��§f�0�]¨~��§0¦~£��t�U¨ } �f�ª©«�0©R�­¬��­� } ¡ } ® �m¯ �ª°m±«²O�U¥
§0¦v� $ ±´³µ¨v�0�m¯ ¨} �f��¶"·9¸ ¹�ºA»�»)¼
½�·x�0�Q¨ } ¦~� ¢ § } �U�
�¾�
¿ } �0�À�0�U¥��9ÁÃÂ � �Ä¬��­� } ¨�¯ � } �µÅ
Æ�Æ � � ° �cÇ�Æ
Æ�È��­É °mÊ ¯ �0�U£>�¡
¦~�S¨v� ® �­£ } �­�Ë§0¨v�Q�0¥W¡ ®U®�} �0�M¨v� ® ��£ } �Q���Ì�ÄÍ�£­��Î } ¿'�
¦Ï¶T·�¸ ¹�ºA»�»~¼
½�·Z£�§ } ±]Ð }Ï® �m¯Ñ¶"·9¸ ¹�ºA»�»)¼
½�· Ê¡*Î4��¡
¤W¿'¦v�
� } �f�M©��;©Ò�Q¨�£ ® �E¡
¦ ®QÓ ¨~���­�
±<Ô9�U�0£­� } �0� ¡ ¢ ¨~� ® § } �x£�¦v�
¨v¨t¨v��£ } �Q���Õ�
¿�©��;©×ÖÙØ�U¨¾¤@�0�m¯ � } �W�;¡E¬��Ú¡ ® ¡
¦v¥��M§0�0£­��¦ } ¡
�U� }�Ó Ê } �0�*£�¦~��¨v¨µ¨~��£ } �U�
�Ë�U¨Ï�Ä¬�¡ ® §;¡ } ��� ¢�Ó §0¨v�Q�0¥ } �0�Q¨�0�Q¨ } ¦~� ¢ § } �U�
�
±�Û��0�ªÜ"°%�Q¨��0�­Ý0�0���Ù¡
¨
Ü °�Þ×ß º à�á

ºâ�ã 
 ã ä�å�æ;çIæ*è à�á
ºé 
 »
ê á

ºâ º é>ë ä á
º� äZå�ì;ì*è á

ºì;ì ë °
à�í�á

ºâ�ã 
 ã ë ° ê å °æ;çIæ è à�í�á
ºé 
 » ê í�á

ºâ º é ë ° ê à�í�á
º� ë ° ê å °ì;ì à�í�á

ºì;ì ë °0î à $ ±Qïmð ë
¯ �0�­¦v� á â)ã 
 ã Ê á é 
 » Ê á â º é Ê á � ¡
�0� á ì;ì ¡
¦~� } �0�J�@§0� ¢ �­¦��
¿ } �0�J�0¡ } ¡ Ê } �f�J¦v�­¨v� ® ¬��­�*©��;©ÖWØ Ê } �0�Ú�0�Q¦v��£ } ©��;©ÑÖWØ Ê } �f�Ù¨v�Q�0¥ ® � � Î0¦v�9�0§0£ } �U�
�eÖWØñ¡��0� } �f�WØ�ØòÖWØñ�Ä¬��­� } ¨ Ê¦v�­¨vÎg��£ } �Q¬
� ®óÓ ±zÛ��f�]¨~§0Î4�­¦v¨~£�¦v�QÎ } �M��¡
�0¨ ��Á ¢ �U�
±ZÛ��0� å�ì;ì �U� } ¦~���f§0£��­� } �ô£­���0¨ } ¦(¡
�Q� } �0�} � } ¡ ® �@§0� ¢ �­¦õ��¿O�Ä¬���� } ¨�ög��±÷�
±

å�ì;ì Þòø º à�á
ºâ�ã�ùAã�ä�å�æ;çIæuè à�á

ºé�ú » ê á
ºâ º éIë ä á

º� ëø º á
ºì;ì : à $ ±QïEû ë



��� � � � � ����� ��� �
	���

��������� � 	����
	���� � $
Û��0��Ý } ¦~��¨v§ ®Q} �­�u�U� å�æ;çIæ �Q¨�Æ : ð $ � Æ : Æ�³f±�Û��0�­¦v�Ä¿'��¦v� Ê � } ¨~����� ¨ } �;¡ }�} �0�ª©��;©eÖÙØ��m¬��­¦)Á��¨ } �Q�S¡ } � } �0�t£�¦~��¨v¨õ¨v�­£ } �Q��� ¢�Ó Ç�Æ��<±�Û�� ¢ �¾£­���0¨v�­¦~¬�¡ } �Q¬�� Ê } �0�t¨ Ó ¨ } ���M¡ } �Q£¾§f�0£��­¦ } ¡��U� }�Ó¿'��¦ } �0�%Ø�Ø7£�¦~��¨v¨«¨v�­£ } �U��� �U¨�� ¢�} ¡
�Q�0���x§0¨~�U�0¥ } �0� �0�
¦v�M¡ ® �Q¨(¡ } �U���t¿�¡
£ } ��¦�¨v�0�ó¿ } �­� ¢�Ó ��Ç�Æ��¿'¦v�
� } �f�ÏÖÙØ Î0¦v�­�0�U£ } �Q���u¡
¨

í æ;çIæ� 8 á � ì ¸ ���� » ä á
� ì ¸ ���� »

á
� ì ¸ ���� » î à $ ±Qï $ ë

¯ �0�­¦v� } �0� á
� ì ¸ �� � » ¡
�0� á

� ì ¸ �� � » ¡
¦v� } �0�ª�9§f� ¢ �­¦ �
¿O�Ä¬��­� } ¨J�IÍfÎg��£ } �­�]¯ � } �Ú¡ ®U® ÖÙØ ¡
¨

á
� ì ¸ ���� » 8 à ï � Æ : Ç ë è à�á

ºéÃú » ê á
ºâ º é ë ê á

º� ê á
ºì;ì î à $ ±Qï � ëá

� ì ¸ ���� » 8 á
ºé�ú » ê á

ºâ º é ê á
º� ê á

ºì;ì : à $ ±QïE³ ë
Û��0�W¨ Ó ¨ } �­�S¡ } �U£Ù§0�0£��­¦ } ¡
�U� }�Ó ¿'��¦ } �0� } � } ¡ ® £�¦~��¨v¨<¨~��£ } �U�
�R�U¨SÆ : Å à Æ : Ç ë �2��� } �0�W�;¡ } ¡¯ � } �R¶ 8 ê"! Å : û à ä Ç�Æ : Å ë �<±BÛ��0� ® ¡
¦~¥���¨ } �­¦v¦v�
¦S�U¨uï : ð à ! ë �2�Q� } �f� ® ��¯À��¨ }$# ° ¢ �U� ÊÆ : ! à Æ : $ ë �{�U� } �0� ® ��¯À��¨ }&%�¢ �U� Ê ¡
�0�eÆ : ð à ï : Æ ë �{�U� } �0� ® �m¯��­¨ }('�¢ �Q�z¿'��¦ } �0�W�;¡ } ¡¯ � } ��¶ 8 ê)! Å : û à ä Ç�Æ : Å ë � Ê ¦v��¨~Î4�­£ } �Q¬�� ®QÓ ± Û��0�*�0�+*��­¦v�­�0£��*�
¿ } �0�<��¦~¦v��¦ ¢ � } ¯��­��� } �0�Îg� ® ¡
¦~�U¨v¡ } �Q���*£���� ��¨ ¿'¦v�
� } �0�¾�9§f� ¢ �­¦%��¿aØ�Ø �­¬
��� } ¨��IÍfÎg��£ } �­� ¢@Ó ÖWØ Ê á

ºì;ì ±-,À��£E¡�§0¨v���� ®óÓS} �0�U¨��@§0� ¢ ��¦ �Q¨ ¡.*��­£ } ��� ¢�Ó<} �0�ªÎ4� ® ¡
¦~�U¨(¡ } �U�
�
±
	�� 
 �0/ 1M� ���À��2"�3254ñ�"��2����76

Ø�Ø98;:)Ô �Ä¬���� } ¨�¡
¦v�õ�M¡
�U� ®óÓ ¨~� ® �­£ } ���S¯ � } �<¶"<>= ··�¸ ¹�ºA»�» ¡ }À} �0�%²�?�Û�±�Ô��Q�0£��J¶@<>= ··9¸ ¹�ºA»�» ¦v�­¨v� ® §�Á} �Q���<�Q¨À¯À��¦v¨~� } �;¡
� } �0���.AM�Q�0��¡
�0¡ ®QÓ ¨v�Q¨ ® �­¬�� ® Ê � } �U¨��Q�MÎg��¦ } ¡
� }a} � £>�0�­£>¤ } �f����� £��Q���0£ Ó �
¿} �f� } �0¦~��¨v�f� ® �
±Ï²O�U¥
§0¦v� $ ±QïmÆ<¨~�0�m¯ ¨ } �0�x²�?9Û } ¦v�Q¥�¥���¦J¨ ® � } û�ÆS� � £��U�­�0£ Ó �M��¡
¨v§0¦~���Õ§0¨~�U�0¥�­¬
��� } ¨ } ¦~�U¥�¥��­¦v�­� ¢�Ó<} �0�ª¨ ® � } Ç�Ç Ê ¯ �0��¦~� } �0�t¶ <>= ··9¸ ¹�ºA»�» �Q¨��0� } §0¨~���Ù�Q� } �0�ª¨~� ® �­£ } �U���
±B »DC � ùFE �ú � � �Q¨��0�­Ý0�0���Ù¡
¨
B »DC � ùFE �ú � � 8HG §f� ¢ �­¦ �
¿O�Ä¬��­� } ¨ } ¦v�U¥
¥���¦~��� ¢�Ó*¢ � } � } �0�ª¨ ® � } û�Æx¡
�0�Ú¨ ® � } Ç�ÇG §0� ¢ �­¦õ��¿O�Ä¬���� } ¨ } ¦~�U¥�¥
��¦v�­� ¢@ÓS} �0�ª¨ ® � } Ç
Ç : à $ ± Å�Æ ë

Û��0�¾��� £��Q���0£­�U��¨ ¿'��¦ ¢ � } �ÙÖWØÒ¡
�0�I8õÐ�Û�Ð ¡�¦v�ªÝ }v} ���]¯ � } �Ù¡ } §f¦v�Ù�
�]£­§0¦~¬
� ÊKJ]Ê ¯ � } �Ù¡¿'��¦~�ñ�
¿
J 8 Æ : ð è } ¡
�0�IL ¶"·9¸ ¹�ºA»�» äNMO P ê Æ : ð î à $ ± Å9ï ë



� � � � ��� ����� ��� ����� � � � �����
	�� � � � � � 
���� � ��� � �
¯ �0�­¦v� M ¡��0� O ¦v��Îf¦v��¨~��� }�} �f�JÎg���U� } ¯ �0��¦~� } �0�%��� £��Q���0£ ÓM} §0¦v�0¨���� } � Æf± ðt¡
�0� } �0��¨ ® ��Îg��
¿ } �0�%£�§0¦)¬�� Ê ¦v�­¨vÎg��£ } �Q¬
� ®QÓ ±�Û��0�J�f� *4��¦v�­�0£��%�
¿
Ý }~} �­� } §f¦v�S�
�S£�§f¦~¬�� ¢ � } ¯��­���$8 Ð�Û�Ð ¡
�0�ÖWØB�U¨ } ¦~�E¡ } ���]¡
¨ } �0�ª§0�f£���¦ } ¡
�Q� }�Ó �0§0� } � } �f�¾² ?�Û � � £��U�­�0£ Ó ±:�� } �f�xÖWØ ¨(¡��MÎ ® � Ê } �0�¾�­¬
��� } ¨�Î;¡�¨v¨v�­�W¯ � } �Ù��� ®óÓ ¨ ® � } û�Æ ¡
¦v�¾¦v�IÁÃ¯À���U¥
� } ���Ù¯ � } � } �0��0�+*��­¦v���f£����Ï±�Ô9�U�0£­�*¨ ® � } Ç�ÆW¦~�
	@§0�U¦~��¨ ¡ }x® �E¡
¨ } ���0�*¥��9��� } ¦(¡
£>¤ Ê } �0�Ú¶ <>= ··9¸ ¹�ºA»�» } �0¦~��¨v�f� ® �} �­¨ } ���Ù�Q� } �0�Q¨�Î0¦v�9£��­�0§0¦~�¾�Q¨ ðx�
¦ � È��­É ¡
¨ ¨~�����]�U����	 ±rû�±Qï¾¡
�0�]ûf±rÅ�±«²;��¦��­¬
��� } ¯ � } �0�
§ }} ¦v¡
£>¤ } �0� } �f¦v��¨~�0� ® � �Q¨��0�Q¥��0��¦ } � ï�ï È��­É à ��	 ± û�± ! ë ±¾Û��f��¦v�Ä¿'��¦v� Ê �U� } �0�µ¦v�IÁÃ¯À���U¥
� } �U�0¥ Ê�­¬
��� } ¯ � } ��
�¯ � } �0��§ } ¡µ¥��9��� } ¦(¡
£>¤<�f�����f¨ } � ¢ � } ¦~�E¡ } ���Ú�0� *4��¦~��� }(®óÓ ±

� ²;��¦��Ä¬���� } ¨õ¯ � } �]¡ } ® ��¡
¨ } ���f�t¥
���9� } ¦v¡
£>¤@¨ Ê

� 8 J â�ã)ùAãJ � ì î
à � ± Å
Å ë8 Æ : ð è } ¡
�0��� æ���� ������������ "!#��!$  %!#��! & ê Æ : ðÆ : ð è } ¡
�f� � æ ��� ���'�(� ��� �*)$ �*) & ê Æ : ð î à � ± Å ! ë

� ²;��¦��Ä¬���� } ¨õ¯ � } �Ú�0�x¥����9� } ¦v¡
£>¤@¨ Ê

� 8 J â�ã)ùAãJ � ì î
à � ± Å�Ç ë8 Æ : ð è } ¡
�0� � æ ��� ������� ��+ �  %!#��!",�-/.$  "!��
! & ê Æ : ðÆ : ð è } ¡
�0��� æ���� �0�'���1��+ � �*) ,�-/.$ �2) & ê Æ : ð : à � ± Å
ð ë

Û��0�*¨ Ó ¨ } �­�S¡ } �U£*§0�f£���¦ } ¡
�Q� }�Ó �0§0� } � } �0�u² ?�Û } ¦~�U¥�¥��­¦Ï� �M£­�U�­�0£ Ó �Q¨ ��¨ } �Q�S¡ } ��� ¢�ÓÌ} �0��0�+*��­¦v���f£��Ú�
¿ } �0�Ù¡�£�£��­Î } ¡��0£��]£���¦~¦v��£ } �Q��� ¢ � } ¯À���­�z¯ � } �z��¦µ¯ � } �0��§ }x} �0�]¦~�ÄÁ�¯��­�U¥�� } �Q�0¥¿�¡
£ } ��¦ Ê � Ê ¯ �0�U£>�ô�U¨�� ¢�} ¡
�Q�0���Õ§0¨~�U�0¥ } �0�x¨v¡
�MÎ ® �µ¨v� ® �­£ } �­�ô¯ � } � } �0�MÔ ?9Û Ê Û ?�Û Ê ¬��­¦ } �ÄÍ¦v�3	@§0�U¦~��� ��� } Ê ¶"·9¸ ¹�º »�»)¼
½�· � Æ : ÇÕ£­§ } Ê G Ø ¦v�54~��£ } �U����¡��0�7�0¡ ® �W�Ï§0����¦v�54~��£ } �U����± Û��0�§0�0£­��¦ } ¡
�Q� }�Ó ¯�¡
¨ ¢ � ® �m¯ Æ : ï��Ñ¡
�0�u¯�¡
¨õ�0�­¥ ® �­£ } �­�
±
	�� 
 �76 8%��9:9 ��� 6<;I�À�e� 6%�@� 2=9 �O�;��� �����52"�f�0�«�)��� 6
Éa¡
¦v�Q��§0¨õ¨ Ó ¨ } ���M¡ } �Q£Ï§0�f£���¦ } ¡
�Q� } �U�­¨%�0¡m¬
� ¢ ����� £>�f��£>¤
�­�Õ�U� } �0�U¨%¨v�­£ } �Q���
±õ²O�Q¥�§0¦v� � ±óï�ï¨v�f��¯ ¨ } �0�õ¨ Ó ¨ } ���M¡ } �U£õ§0�0£��­¦ } ¡
�U� } �Q��¨À¡
¨«¿'§0�0£ } �U��� �
¿ # °mÊ % Ê ' ±�Û��0� ® ¡
¦v¥��­¨ } � *4��£ } ¨a¯ �0�U£>�



� � � � � � ������� � �
	���

��������� � 	����
	���� � ³
¡
¦~�õ� ¢ ¨v�­¦~¬��­�*�U� } �f� ¢ �Q�0¨«�
¿ ® �m¯��­¨ } # ° ¡
�0� ® �m¯��­¨ }�% ¡
¦~�J¡ ¢ ��§ } Å�ð@�<±�Û��0�­¨v��¡�¦v� �0§0� } �} �f��¨v�0�ó¿ } ���µ��¿ á � ��� âù é ã���� } �0¦~��¨v�f� ® �x�U� } �0� } �U¥�� }�} ¦(¡
£>¤@�U�f¥�£�§ } ¿'��¦��M��¡
¨v§f¦v��� ��� } ±�Ð } �0�U¥
� # °¡
�0�u�0�Q¥�� % Ê } �0��§0�0£­��¦ } ¡
�U� }�Ó ��¿ } �0�tØ�Ð;?ô���0�­¦v¥ Ó ¨v£E¡ ® � ¢ ��£��
�M�­¨ } �0�ª�0��� �U�0¡
� } ¨v�
§0¦v£­�
±Û��0� ¨ Ó ¨ } ���M¡ } �U£�§0�0£­��¦ } ¡
�Q� } �U�­¨«¿'�
¦ } �0� } � } ¡ ® £�¦~��¨v¨a¨v�­£ } �Q��� ¡
¦v��¨~§0� �S¡
¦~�U¨~���µ�U�xÛ�¡ ¢0® � � ± ! ±Û��0� ® ¡�¦v¥��­¨ } ¨ Ó ¨ } ���M¡ } �U£ §0�0£­��¦ } ¡
�U� }�Ó �Q¨«¡ ¢ �
§ } û@� �0§0� } � } �0� ¨v� ® ��£ } �U�
� } �0¦v�­¨v�0� ® � Ê ¿'¦v�
�} �f� } �U¥�� }�} ¦(¡
£>¤@�U�f¥ £­§ } ±�	�O�E��

�eX �
	��Ù	'��
��R� ��� b y /�3���� ��� D ?"PO3V/��

������

��
! �+"�$#&%fX"'�
 ( -&) *,+- -&) *,. � 1ÕP�3/�10��
23
�'4
�%65�798"� 1:�O3V/;� 1:��35/��

<  �X4+=�>
��	5
X?5�7481� 1ÕP�3/@ y � 1ÕP�3/�1���i  �7�+
+1
! A
6BC%!74
��D%6� ��
9+='97�+=74EF'�
 ��
9+='97�+=74EF'�

G X"%
Y�+1 �8
ND�DHI2�N�E�5� �X"%J5�7981� 1ÕP�3Ã.�0�� 1ÕP�3A?"P��

5K8?5�XL' 1:�O3 y � 1:��35[��
ÛO¡ ¢0® � � ± !
M Ô Ó ¨ } ���M¡ } �Q£�§0�0£­��¦ } ¡
�U� } �U��¨�¿'��¦ } �0� } � } ¡ ® £­¦v��¨~¨%¨~��£ } �U���



³�Æ � � ��� ����� � � ����� � � � �����
	�� � �I� � � 
���� ����� � �

-0.2

0

0.2

10
3

10
4

-0.2

0

0.2

10
3

10
4

-0.4

-0.2

0

0.2

0.4

10
-2

10
-1

-0.4

-0.2

0

0.2

0.4

10
-2

10
-1

-0.2

-0.1

0

0.1

0.2

0 0.2 0.4 0.6 0.8

P=+33%P=+33%P=+33%

Q2(GeV2)

δ se
le

c.
P=-40%P=-40%P=-40%

Q2(GeV2)

P=-40%

Pt cut for high-γ
Pt region for PhP cut

Pt cut for low-γ
Ngtrk for tracking cut

x

δ se
le

c.

x

y

δ se
le

c.

y
-0.2

-0.1

0

0.1

0.2

0 0.2 0.4 0.6 0.8

²O�Q¥�§0¦v� � ± � M Ô Ó ¨ } ���M¡ } �Q£W§0�0£­��¦ } ¡
�U� }�Ó �0§0� } � } �0�Ù¨v� ® ��£ } �U�
� } �0¦~��¨~�0� ® � M Ø ® ��¨v�­�e£��Q¦v£ ® ��0�­�0� } �­¨ ��� £�§ } ¿'�
¦u¶"·9¸ ¹�ºA»�»�� ! ÆZÈ��­Éµ±ñÔ } ¡�¦Ú�f���0� } � á � ��� âù é ã���� ¨~�0�Q¿ } ���B¿'��¦ } ¦v¡
£>¤@�U�0¥£�§ } ± Ø ® ��¨v�­� } ¦v�U¡
�0¥ ® �Ù�0�­�0� } ��¨Ú¶"·9¸ ¹�º »�»~¼
½�· £­§ } ¿'��¦ÚÅ
Æ�� ¶T·�¸ ¹�ºA»�»�� ! Æf±
	�Î4�­�0���
} ¦~�5¡
�f¥ ® �*�0�­�0� } ��¨<¶T·�¸ ¹�ºA»�» £�§ } ¿'��¦ ® �m¯�ÁÃÂ�±�	�Îg���0�­�R¨ 	@§;¡
¦~�Ù�0�­�0� } ��¨<¶T·�¸ ¹�ºA»�»x¦~��¥��Q����¿'��¦©��;© ¦v�/4~�­£ } �U���
±ÚÛ��0�<¨~� ® �Q� ® �U�0� �0�­�0� } �­¨ } � } ¡ ® ¨ Ó ¨ } ���M¡ } �U£S§f�0£��­¦ } ¡��U� }�Ó ��¿ ¡ ®U® � } ��� ¨t�U�Û�¡ ¢0® � � ± � ±rÅ



� ��� � ����������� � �
	���

��������� � 	����
	���� ³fï

PT,miss/ET

N
um

be
r 

of
 E

ve
nt

s

0

5

10

15

20

25

30

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

²O�Q¥�§0¦v� � ±´³ M ¶T·�¸ ¹�ºA»�»)¼
½�· �0�Q¨ } ¦~� ¢ § } �U�
� ¿'�
¦ } �0� �0�Q¥���Á�Â�� �­¬
��� } ¨ ¯ � } �Å
Æ�Æ � # ° � Ç�Æ�Æ Èª�ÄÉ ° ± Ø ® ��¨~��� £��U¦~£ ® ��¨ �0���0� } �R¡ ®U®�� , M �0¡ } ¡ ¡
�0� } �0�z¨~� ® �Q��0�Q¨ } �
¥�¦(¡
� �0���f� } �­¨ } �0�ÌØ�Ø�ÖWØJ± Û��0�ô¨~�U�0¥ ® � ¨v�0¡
�0��� �0�U¨ } ��¥
¦(¡
� �U¨ } �0�Õ¨~§0� �
¿ } �0�¦v�­¨v� ® ¬��­�7¡��0�Ë�0�U¦~��£ } ©��;© ÖÙØÑ¡
�f� } �0�<�f��§ ¢0® �<¨v�;¡��0�����0�Q¨ } �
¥�¦(¡
� �Q¨ } �f�*�0�U¦~��£ } ©��;©ÖWØJ±"Û��0� �;¡
¨~�0���ô�0�U¨ } ��¥�¦v¡
��¦~��Î0¦~��¨~��� }¾} �0� ¨v§0� �
¿ } �f�SØ�Ø ¡
�0�ô©«�0©�±"Û��0���Q¦ª¨(¡
� Î ® �­¨¡
¦~�t¨~� ® ��£ } ���Ú§0¨v�Q�0¥ ¡ ®U®4} �0�ª¨v� ® �­£ } �Q���0¨ �ÄÍ�£­��Î } ¿'��¦ ¶"·9¸ ¹�ºA»�»)¼
½�· £­§ } ±



³�Å � � ��� ����� � � ����� � � � �����
	�� � �I� � � 
���� ����� � �

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

10 12.5 15 17.5 20 22.5 25 27.5 30
PT,miss(GeV)

ef
f.

(s
lo

t6
0)

²O�Q¥�§0¦~� � ±QïEÆ M Û��0�t²�?�Û } ¦~�U¥�¥��­¦�¨ ® � } û
Æ ��� £��Q���0£ Ó ¡
¨õ¡µ¿'§f�0£ } �U���u�
¿�¶"·9¸ ¹�ºA»�»>±



� ��� � ����������� � �
	���

��������� � 	����
	���� ³ !

-0.4

-0.2

0

0.2

0.4

10
3

10
4

-0.4

-0.2

0

0.2

0.4

10
3

10
4

-0.4

-0.2

0

0.2

0.4

10
-2

10
-1

-0.4

-0.2

0

0.2

0.4

10
-2

10
-1

-0.4

-0.2

0

0.2

0.4

0 0.2 0.4 0.6 0.8
-0.4

-0.2

0

0.2

0.4

0 0.2 0.4 0.6 0.8

P=+33%

Q2(GeV2)

δ
P=-40%

Q2(GeV2)

x

δ

x

y

δ

y

CAL Energy Scale
Selection thresh.

MC fragm.
PhP subtraction

²O�Q¥�§0¦v� � ±óï�ï M Ô9§0�M�M¡
¦ Ó ��¿%¨ Ó ¨ } �­�S¡ } �U£*§f�0£��­¦ } ¡��U� } �Q��¨Ï¿'��¦ } �0�*¨~�U�0¥ ® �<�0�+*��­¦v��� } �5¡ ® £�¦~��¨v¨¨v�­£ } �U���0¨



� � ��� ���	� 


� � 
�� ��� 


:�� } �f�U¨õ£>�;¡
Î } ��¦ } �0�Ï¦~��¨~§ ®Q} ¨J�
¿ } �0� } � } ¡ ® £­¦v��¨~¨J¨~��£ } �U���W¡
�0�Ù¨~�U�0¥ ® �t�0� *4��¦~��� } �U¡ ® £�¦~��¨v¨¨v�­£ } �U���]¡
¦v��Îf¦v��¨~��� } �­�
±
����� ���������! "#�!$% '&( '�*)+��,-�/.0&2143+3536 7.8)2��14�
Û��0��¨v�Q�0¥ ® �J�0�+*��­¦v��� } �5¡ ® £�¦~��¨v¨�¨~��£ } �U���f¨ ¡
¦v��� �E¡�¨v§0¦~���u¡
¨�¿'§f�0£ } �U���*�
¿ # °mÊ % Ê ¡
�0� ' �U�} �f� ¤@�U�0�­�S¡ } �U£¾¦(¡
�0¥
� �
¿ # ° � Å
Æ�ÆuÈ��­ÉÑ¡ }J} �0� Îg� ® ¡
¦v�Q¨(¡ } �U���ÚÎ4�
�U� } ¨���¿a¶ 8 ê ! Å : û �¡
�0�z¶ 8 ä Ç�Æ : Å �<±B²O�Q¥�§0¦v� � ±óïÙ¨~�0�m¯ ¨ } �0�Ù¦~��¨v§ ®Q} ¨ Ê ¯ �0�U£>�z¡
¦v�Ù¡ ® ¨~�ô¨~§0� �S¡
¦~�U¨~���Z�U�Û�¡ ¢0® � � ±óï­Á � ±rûË�Q�0£ ® §0�0�U�f¥ } �0� £���� } ¦v� Î4���Q� } à # °� Ê % � ¡
�0� ' � ë Ê } �0� �@§0� ¢ ��¦Ú�
¿ } �0�ô� ¢ Á¨v�­¦~¬
���x�;¡ } ¡J�­¬
��� } ¨ à�á â�ã�ùAã ë Ê } �0���@§0� ¢ ��¦��
¿ } �f����¨ } �Q�S¡ } ��� ¢ ¡
£>¤@¥�¦v��§f�0�µ�­¬
��� } ¨ à�á � � ë Ê } �0���� £­�U���f£ Ó à B ë Ê } �0��Îf§0¦v� }�Ó à:9 ë ¡��0� } �0�«¡
£­£��­Î } ¡
�f£�� à<; ë Ê } �0�«¦v¡
�0�5¡ } �Q¬
��£��
¦v¦v�­£ } �U����¿�¡
£ } ��¦ à:= é ã)â ë ±Û��0� ¨v�;¡�Î4� �
¿ } �0� £�¦v�
¨v¨t¨v��£ } �Q���ô� �E¡�¨v§0¦~��� ��� } ¨¾¡ } ¶ 8 êH! Å : û ��¡
�0� ¶ 8 ä Ç�Æ : Å �¡
¦~��¨v�Q�M� ® ¡
¦ Ê �f��¯À�­¬
��¦ } �0���M¡
¥��f� } §f�0�J�Q¨�£ ® �E¡
¦ ®QÓ �0� *4��¦~��� } Ê ¨~�0�m¯ �U�0¥ } �0� ® �Ä¿ } ÁÃ¦v�U¥
� } ¡
¨ Ó �µÁ� � } ¦ Ó ��¿ } �0�ªÔfÖô±0Û��0��£­���MÎ0¡
¦v�Q¨v��� ¯ � } � } �0�ªÔ0Ö�Îf¦v���f�U£ } �U���S�
¿6> �@?JÔ@Á)Ô<©�8�²O¨À�U¨��f���0��U�Ú²O�Q¥�§0¦~� � ±óï¾¡��0� } �0�ª¦v�­¨v§ ®ó} ¨õ¡
¦v�ª£­���0¨v�Q¨ } ��� } ¯ � } � } �0�¾Ô0Öô±

³�Ç



����� �	������
���;		�
����������
	� �3�������I������
	���
³�ð

� ��
 �� �� � ��� � ��� � � � ��� � � � � � � !#" $ ! � �%'& ( $) � * �+

% ) � * �+ % ) � * �+ ,- & 
 � ./�0 1 /�2 � 
 �3 4 5 13

67 798 :7 7 6; 7 :7 <>= ? 7 = < : 7 = ?7 7 = 6@ <>= 7 6 :BA 7 ; C < 7 D � @ A ; @ E FHG IJD FHG K F L < A 7 7 C < 7 D �

:7 798 M < < N @ 7 ? M 7 = 7 O 7 = 6 6 7 = ?7 7 = @ ? <>= 7 ? 6 A M N C < 7 D � 6 A ; 6 E FHG PQD FHG P R
L 7 A ? ? C < 7 D �

M < <8 < 6 ? N O N7 < 7 < 7 = : M 7 = @ O 7 = ? N 7 = ?7 <>= 7 N < A M < C < 7 D � < A : 6 L 7 A < : E F G F Q QD F G F QS C < 7 D �

< 6 ? N8 6 6 :7 < M7 7 < < O 7 = < @ 7 = :; 7 = ?; 7 = M 6 <>= 7 : O A 67 C < 7 D P MA O < L 7 A M@ E F G J I
D F G � � C < 7 D P

6 6 : O8 :7 7 7 @ 7 7 7 O ? 7 = : M 7 = N 6 7 = ? O 7 = M N <>= 7 ; :BA 7 M C < 7 D P @ A N : E F G R FD F G P K
E F G F I PD F G F I R C < 7 D P

:7 7 798 M < < @ N @ 7 7 ?; 7 = 7 = N@ 7 = M < 7 = M N <>= 7 O < A @ N C < 7 D P < A : 6 E F G J QD F G J I E F G F ITD F G F T K C < 7 D P

M < < @8 < 6 ? : O O N7 7 < ; 7 = 7 = N@ 7 = ? O 7 = M; <>= < ; 6 A O < C < 7 D R 6 A < 6 E F G K PD F G RQ
E F G J I

D F G JS C < 7 D R

< 6 ? : O8 6 6 : O : < M7 7 7 < 7 7 = 7 = : O 7 = ? N 7 = M N <>= 6 < @ A N O C < 7 D T ? A @ O E � G I PD J G Q S
E J G J F

D F G I � C < 7 D T

6 6 : O :8 ?7 7 7 7 @ 7 7 7 7 7 7 = 7 = : O 7 = N7 7 = O O <>= @ 6 < A O ? C < 7 D K U

VXW YZ\[ ]_^ `Xa V b[ c dXe fZ[ g d h[i [ e j d W Z\k i l c c c[ k j d le c mon p m q rs li j b[ t u#v g W j W w d j bx y z {|_} ~ �



³�û
���� �����

�� ����
����

� �
 �� �� � ��� � � � � � � ��� � � � � � � !#" $ ! � �%'& ( �) � * �+

% ) � * �+ % ) � * �+ ,- & 
 � ./�0 1 /�2 � 
 �3 4 5 13

67 798 :7 7 6; 7 < ? <>= < 7 = < : 7 = ?7 7 = 6 @ <= 7 6 < A ; : C < 7 D � 6 A < 6 E FHG K ID FHG T P L 7 A N N C < 7 D �

:7 798 M < < N @ 7 6 ? 7 = 7 M 7 = 6 < 7 = ?7 7 = @ ? <= 7 ? < A 6 : C < 7 D � < A N N E FHG P ID FHG P F
L 7 A @ ? C < 7 D �

M < <8 < 6 ? N O N7 :@ 7 = @ N 7 = @ O 7 = ? N 7 = N O <= 7 N MA M 6 C < 7 D P 7 A ; ? E F G J TD F G J P E F G F K PD F G F K J C < 7 D �

< 6 ? N8 6 6 :7 < M7 7 :@ 7 = < < 7 = :; 7 = ?; 7 = M7 <= 7 N :A < N C < 7 D P :BA 7 @ L 7 A M < E F G K JD F G J J J C < 7 D P

6 6 : O8 :7 7 7 @ 7 7 7 @ < 7 = @ 7 7 = N < 7 = ? O 7 = M : <= 7 ; < A ; @ C < 7 D P < A ? 6 E F G P RD F G � Q
E F G F � QD F G F � I C < 7 D P

:7 7 78 M < < @ N @ 7 7 < 6 7 = 7 = N 6 7 = M7 7 = M : <= 7 O ? A 7 O C < 7 D P 7 A @ N E F G J P
D F G J F E F G F J QD F G F J T C < 7 D P

M < < @8 < 6 ? : O O N7 7 M 7 = 7 = N 6 7 = ? O 7 = M ? <= < ; < A @ < C < 7 D R < A < M E F G K PD F G R P
E F G F Q P

D F G J F R C < 7 D R

< 6 ? : O8 6 6 : O : < M7 7 7 : 7 = 7 = : M 7 = ? N 7 = M@ <= 6 < < A ? 6 C < 7 D T @ A ? : E � GS SD J G I R
E F G K RF G R F C < 7 D T

6 6 : O :8 ?7 7 7 7 @ 7 7 7 7 7 7 = 7 = :; 7 = : O 7 = O; <= @ 6 ; A ; @ C < 7 D I U

VXW YZ[ ] ^ | a V b[ c dXe fZ\[ g d h[i [ e j d W Zk i l c c c[ k j d le c mn p m q r s li j b[ t u#v g W j W w d j bx y � ��} | �



����� �	������
���;		�
����������
	� �3�������I������
	���
³�

�
 �� �� � � � ��� � � � ��� � � � � � � !#" $ ! �%'& (+

,- & 
 � ./�0 1 /2 � 
 �3 4 5 13

7 = 7 < 798 7 = 7 6 < 7 = 7 < N : M 7 = : ? 7 = 6 @ 7 = ? : 7 = @ ? <>= < < ? A 6 M C < 7 � N A @ @ E FHG Q F
D FHG IS

L < A : ? C < 7 �

7 = 7 6 <8 7 = 7 : ? 7 = 7 @ 6 O7 7 = ; 6 7 = :@ 7 = M@ 7 = N O <>= 7 ? :BA < ; C < 7 � @ A 7 7 E FHG P TD FHG P �
L 7 A @ O C < 7 �

7 = 7 : ?8 7 = < 7 7 = 7 ?; < M : <>= 6 6 7 = N M 7 = ; < 7 = M < <>= 7 N 6 A < ; C < 7 � 6 A < N L7 A < ? E FHG F T R
D FHG F T K C < 7 �

7 = 7 < 798 7 = < M; 7 = < @ 7 < < O 7 = 7 = N; 7 = ; @ 7 = M < <>= 7 7 < A 7 7 C < 7 � < A 7 < L7 A 7 O@ E FHG F � FD FHG F � R C < 7 �

7 = < M;98 7 = @ < ? 7 = 6 :7 M 6 7 = 7 = N : 7 = ; M 7 = ? 6 <>= 7 < @ A N O C < 7 J @ A M N E FHG T F
D FHG R R

L 7 A < @ C < 7 J

7 = @ < ?8 7 = N ? 6 7 = : 67 O 7 = 7 = : 6 7 = O < 7 = : ? <>= 7 7 MA @ 6 C < 7 F @ A :; E J G T QD J G J R E F G P �D F G � R C < 7 F

7 = N ? 68 <= 7 7 7 7 = ? N7 7 7 = 7 = 6 N 7 = ; : 7 = 6 O 7 = O : N A 7 7 C < 7 D J U

VXW YZ\[ ]_^ {a V b[ c dXe fZ\[ g d h[i [ e j d W Z k i l c c c[ k j d le c mn p m�� s li j b[ t uv g W j W w d j bx y z {|_} ~ �



³ �
���� �����

�� ����
����

�
 �� �� � � � � � � � � ��� � � � � � � !#" $ ! �%'& (+

,- & 
 � ./�0 1 /�2 � 
 �3 4 5 13

7 = 7 < 78 7 = 7 6 < 7 = 7 < N < M 7 = @ 7 7 = 6 @ 7 = ? : 7 = @ N <= < < 6 A ; 6 C < 7 � 6 A M 6 E FHGS P
D FHG K T L 7 A M N C < 7 �
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D F G I R

E F G J F
D F G J � C < 7 J
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7 = N ? 68 <>= 7 7 7 7 = ? N7 < 7 = 7 = 6 : 7 = ; : 7 = 6 O 7 = O : 6 A 6 N C < 7 D J ; A M; E � F G JD IG � K
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7 = 7 798 7 = < 7 7 = 7 N O M <>= 7 @ 7 = @ O 7 = O 6 7 = : 6 7 = O; < A 7 ; C < 7 � < A < N E F G J P
D F G J � E FHG FS SD FHG FS Q C < 7 �

7 = < 798 7 = 67 7 = < N < < M 7 = :; 7 = N : 7 = ; 6 7 = ? ? 7 = O; ; A ? O C < 7 J MA N N L 7 A M7 E F G K ID F G K K C < 7 J

7 = 6798 7 = @ : 7 = 6 M < < ; 7 = 7 M O 7 = N N 7 = ; 7 7 = ? O <>= 7 6 ? A @ ? C < 7 J N A : < L 7 A N7 L 7 A @ 7 C < 7 J

7 = @ :8 7 = :; 7 = : < ; < 7 = @ M 7 = : M 7 = M : 7 = ?@ <>= 7 @ :A ?7 C < 7 J :BA 7 ; E FHG T JD FHG T F L 7 A 6@ C < 7 J
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7 = ? 68 7 = M ? 7 = ? O : : 7 = @ @ 7 = 6; 7 = ? N 7 = : : <>= 7 ? 6 A M; C < 7 J @ A @ 6 E FHG TSD FHG T F F G P �F G P F C < 7 J

7 = M ?8 7 = O 7 = ; @ < ? 7 = 7 ?@ 7 = < M 7 = N O 7 = 6 O <>= 7 ; 6 A @ ? C < 7 J < A ; ? E FHG T QD FHG R K
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7 = 7 78 7 = < 7 7 = 7 N @ N 7 = M N 7 = @ ; 7 = O 6 7 = : < 7 = O; :BA ; M C < 7 J N A ; : E J G J K
D FHG QS

E FHG RSD FHG RQ C < 7 J

7 = < 78 7 = 67 7 = < N : 6 7 = @ 6 7 = N@ 7 = ; 6 7 = ? N 7 = O; @ A O 6 C < 7 J @ A ; @ E FHG KQD FHG T Q
L 7 A @ : C < 7 J

7 = 678 7 = @ : 7 = 6 M : < 7 = 7 N7 7 = N : 7 = ; 7 7 = ?; <>= 7 6 6 A ; ? C < 7 J 6 A ? ? E FHG RSD FHG R J
L 7 A < N C < 7 J

7 = @ :8 7 = :; 7 = : < 6; 7 = @ 7 7 = : M 7 = M : 7 = ?@ <>= 7 @ 6 A 7 ; C < 7 J < A O; E FHG R TD FHG P I
E FHG J P

D FHG J � C < 7 J

7 = :;8 7 = ? 6 7 = N N < ? 7 = 6 : 7 = @ M 7 = ? O 7 = N : <>= 7 @ < A N; C < 7 J < A @ < E F G R JD F G P �
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7 = M ?8 7 = O 7 = ; @ N 7 = 7 N; 7 = < M 7 = N O 7 = 6 O <>= 7 ; < A 7 ? C < 7 J 7 A ; < E FHG T TD FHG P T
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