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BDC�EGFHFJI&KJLNMOLNEGPRQ
SUTWVWX EGLJLNI>Y

LNPZLN[\I^]_I X�`Wa IcbdQWEfeRI&KJFHEfLhgjicKHMkY T MOLHIclmPnMkKJY

o Qjp)MkKqLNErM atsuTWaGvuaGawX I&QnL
Pkx_LN[WI^y%I&z T EwKJI X I&QnLNF%x{PRK|LH[WI^C�I&}RKJI&IcPkx

C�P�~>LNPkK|Pkx
p
[WE a PRFJP ` [ng

V g
p)M�LNKHEG~&EwM��^� S P a e�Ew}RQWPkQ

B T } T FJL����O�R�R�



~�

� P ` g�KHEG}R[nL
V g

p)M�LNKHEG~&EwM��^� S P a e�Ew}RQWPkQ
�k�R�k�

B awa y%Ew}k[ LHF%y I>FHI>KJeRI>Y

EwEwE
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p)M�LNKHEG~&EwM��^� S P a e�Ew}RQWPkQ
C�P�~>LNPkK|Pkx
p
[WE a PRFJP ` [ng
]_I X�`Wa Icb QWEGekI&KJFHEGLhgk���k�R���

B YUeUEGFHPRK��!C�K&�	�9I>EwQ�

�!Y\YWEwQWI�� I��&EwMkQWE

� QWI�PkxtLH[WI V Ew}k}RI&FqL|~ [uM aGa I>QW}RI&FmEwQ LN[\I�FJL T Y\g�PkxtLH[WI�Q T ~ a I&PRQ�FqLNK T ~>L T KHIcEwF LN[WI
T Q\YWI&KJFJL MOQWYWEwQ\}^POx LH[WI#LNKNMOQWFHEfLNEwPkQ�x{KHP X ` MkKJLHPRQWEG~|YWI&}kKHI&I>F POx�x{KJI&I>YWP X LHP^[WMkYWKHPkQWEw~
YWI>}RKHI>I&F Pkx x{KHI>I&YWP X � o Q������k�\��l a PUP X MkQWY�i�E aGX MOQZQWPkLNEG~&I>Y8LN[WMOLmFqLNK T ~>L T KHI x T QW~�

LHEwPRQ2YuMOLNM�L M��OI&Q M�L S�� B � EwQZLN[\I KJI&FJPRQuMkQW~>IdKJI&}REGPRQ�M�eRI&KHMk}RI%LNP�LN[\IdFJ~�M a EwQW}�~ T KJekI
Pkx�YWI>I ` EwQWI a MkFqLNEw~ FH~&MOLHLHI&KHEGQW}�� C o S � ���!MkK a g LH[WI&PRKJI>LHEw~�M a EwQnLNI>K ` KJI>LNMOLNEGPRQWF�F T }R}RI>FJLNI>Y
LH[uMOL|LH[WI&FJIcL
! P2eRI&Kqg�YWE#"9I>KHI&QnL%KJI&}RE X I>F|~�MkQ V I a EGQ �kI>Y T QWYWI&K|LH[WI�~&PkQWYWEGLHEwPRQ LH[uMOL
LH[WI�z T MkK$�%
 } awT PkQ,MOQWY0z T MkK$�%
hz T MOK$� EwQnLHI&KNMO~>LNEGPRQWFZMOKHI�F T\`W` KHI>FHFJI&Y � SUTWV FqL MkQnLHErM a
I�"9PRKqLNF MkKJI^PkQW}RPREGQW}ZLNP2EwQneRI>FJLHEw}nMOLHI�LN[WEGF ` [WI&QWP X I>QWPRQ V PkLH[jI'& ` I>KHE X I&QnLNM awa g MkQ\Y
LH[WI&PRKJI>LHEw~�M awa gk�

(�T MkK)��
 [uMkYWKJPRQ Y T M a EGLhg�[WMkF V I&I>Q ~>PRQ v K X I>Y x{PRK�LH[WI T Q ` P a MkKJE*�>I&Y FJLHK T ~ L T KJI
x T Q\~>LNEGPRQ,+.- Pkx�LN[WI ` KJPkLNPkQ8MOQWY�LH[WI#YWI T LNI>KHPRQ T FHEGQW}cYuMOL M�x{KJP X LH[WI%I�& ` I>KHE X I>Q LNM a
�dM awa � MOL0/kI�" I&KHFJPRQ � M V �1/ � M V2� � o QWYWEG~�MOLHEwPRQ\F POx Y T M a EGLhg [uM�eRI V I>I&Q FJI&I>Q x{PRK
LN[WI
` KJPkLNPkQ ` P a MOKHE*�>I&Y�FJLHK T ~ L T KJIdx T QW~ LNEGPRQ,354!MOQWY8LH[WI e�EGKJL T M au` [WPkLHPRQ MOFJg X8X I>LHKJg7684

e



MOL / � M V �dM awa l MkQWYA� �!y � � S �9lmI>~�M T FHI�Pkx)LN[WI^YWE " I&KJI&QnLdKHI&FJPRQuMkQ\~&I V I&[uM�e�EwPkK&�
EfL%EwF%I�& ` I&~>LHI&YALH[uMOL%LN[\I PRQ\FHI>LdPkx1Y T M a EGLhg x{PkK|LN[WI^QWI T LNKHPkQ !%E aGa [uM `\` I>Q�MOL a P ! I&K
X P X I&QnL TWX LNKHMkQWFJx{I>K_LH[uMkQ�x{PRKtLN[\I ` KHPkLHPRQ � � P�! LN[WMOL ` KHI>~&EGFHI F ` EGQ FqLNK T ~>L T KHI YuMOL M
EGQ�LN[WI2C o S KJI&}REGPRQ MkKHI2M�eOMkE a M VWa I M�L a MkKJ}RI�� �tYuM�L M�EwQ�LH[WIZKHI>FHPRQuMOQW~&I2KHI>}REwPkQ MkKHI
}RKJI�MOL a g QWI&I>YWI&Y8EwQ2PRKHY\I&K
LNP�LNI>FJL Y T M a EGLhg EwQ2F ` EwQ�
 YWI ` I&QWY\I&QnL|FqLNK T ~>L T KHI%x T QW~>LHEwPRQ\F&�
]#[WI�}RPnM a Pkx I�& ` I&KJE X I&QnL,�!����
 ��� � !mMkF�LNP ` KJP e�EGYWI�F T ~ [ YuMOLNM�PRQ LN[\I�QWI T 


LHKHPRQ ��� � I � EwQ�LH[WI X P�YWI&KHMOLNI X P X I&QnL T\X LNKHMkQWFqx{I&K ��� - � KHI&}kEwPRQ � �	� ��
�� - 
 �
� �
� icI����O~ � - � !%[WI&KJI Y T M a EfLhg�EwF I�& ` I&~ LNI&Y LNP [WP a Y9�1]#[WI I�& ` I&KJE X I&QnL)KHMkQ^F T ~>~&I&FJFJx TWaGa g
EGQ I�MkK a g �k�R� � MOL /kI�" I&KJFHPRQ � M V EwQ � M aGa B � o L !mMkF%MkQ�EwQW~ awT FJEGekI X I�MkF T KHI X I>Q L%POx
a PRQW}REfL T YWEGQuM aGa g ` P a MOKHE*�>I&Y	I a I&~ LNKJPRQWFcFH~&MOLHLHI&KHEGQW}�x{KHP X M a PRQW}kEGL T YWEwQuM awa g�PkK�LNKNMOQWF 

ekI&KHFJI a g ` P a MOKHE*�>I&Y�� �dI%L MOKH}RI L��
B Fqg X8X I>LHKHEwI>FmMOQWY ~>KHPRFJFmFHI>~>LHEwPRQ Y\E " I&KHI>QW~&I>F ! I&KJI
X I�MkF T KHI>Y�EwQjPRKHY\I&KdLHP I�&�LHKNMk~ L LN[\I�� �dI F ` EGQ�FJLHK T ~ L T KJI x T QW~ LNEGPRQ 354 MkQWYjeUEGKJL T M a
` [\PkLNPRQ MOFJg X8X I>LHKJg 6�4 EGQ�LN[WI�KJI&FJPRQuMkQW~>I2KHI&}kEwPRQ ��B LNI&FqLcPkx!z T MkK)��
 [uMkYWKJPRQ Y T 

M a EGLhg8[uMkF#LN[\I&Q V I>I&Q ` I>KJx{PRK X I>Y x{PRK|LH[WI�� �dI^MkQ\YjQWI T LNKJPRQ FJLNK T ~>L T KHIcx T QW~ LNEGPRQWF&�
]#[WI�FJL T Y\g0Pkx F ` EwQ0Y T M a EGLhg x{PRK LH[WI�QWI T LHKHPRQ !%E aGa ` KHP e�EwYWI M V I LHLHI&K T QWY\I&K 


FqL MkQWY\EwQW}	Pkx%LH[WI X I>~ [uMkQWEGF X PkxdLH[WI�FJLHKHPRQ\} EGQnLNI&KHMk~>LHEwPRQ9� � PRKHI>P ekI&K>�mEGx Y T M a EfLhg
EGF ! I aGa_T QWYWI&KJFJLHPUP�Y ��P T K KJI&FJPRQuMkQW~>I YuM�L M,!%E awatV KJEwQW}8EwQ\x{PkK X MOLNEGPRQ�PRQjLH[WI [\Ew}R[��
KJI&}REGPRQ !%[WI&KJI^LH[WI&PkKHI>LHEw~&M at` KHI>YWEw~ LNEGPRQWF|x{PRK 684#MkKJI�YWKNMOFJLNEG~�M aGa g8YWE " I&KJI&QnL��

e�E
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o ! P TWa Y a E*�OIdLHP�LN[uMkQ�� X g MkY\e�EGFHPRKmC�K&�	�9I&EGQ�
 �
YWY\EwQWI �jI��>ErMkQ\E x{PRK|}kEGe�EwQW} X I LN[WI
P `\` PRKqL T Q\EGLhg POx�~&P X EGQW}ZEwQ b S BDLHP8Y\P M2p
[ � C4MkQWY�x{PRK%[WEGF#F TW`W` PRKqL MOQWYAMOY\e�Ew~&I
M aGa M a PRQW} LH[WI&FJI�gkI�MkKJF&�2B a FHPW� MOL�LH[WI2PRKHEG}REwQ	POx X g MkY\ekI&QnL T KJI8EGQ b S B � LN[WI>KHI2EwF
p
EwI>KHKJI l I&KJLHEwQ�LNP7!%[WP o ! P TWa Y a E*�kI�LHP8FJI&QWYAM awa9X g�M `W` KHI&~>ErMOLHEwPRQ\F&�	� g�gkI�MkKJF MkF
M^]1I X8`Wa I }RKHMkY T M�LNI FJL T YWI&QnL ! I&KJI X PkFJL a g2F ` I&QnL%MOL / � M V !%[WI>KHI o [WMkY LN[\I }RKJI�MOL
~ [uMOQW~&I Pkx V I>EwQW}%} T EGYWI&Y V g /kErMOQ�
 p
EwQ\} � [WI&Q9��B a PRQW} !%EGLH[ /kErMkQ�
hp
EwQW}W� o !mP TWa Y a E �kI
LHP LN[WMkQ � � E a MkQW}RM � EGgRMkQuMk}kI x{PRK!LN[\I&EwK ~&PkQ v YWI>QW~&I�EGQ X g7! PRK$��MkQWY V I>EwQW} M a !mM�gUF
ekI&KJg0I>QW~&P T KNMk}kEwQW}W� S I>PRQW[WP � [WPRE%[uMkF�M a FHP V I&I&Q,Pkx�}kKHI�M�L8E X8` PRKqL MkQW~>I Y T KJEwQW}
X g p
[ � C x{KJP X [WEGF�[WI aw` MOLZLH[WI V I>}REwQ\QWEwQW}APkx X g MkQWM a g�FHEGF&� o Q LN[WI ` P a MOKHE*�>I&Y
� � I8~>P awa M V PRKNMOLHEwPRQ9� o [WMkY LH[WI2P `W` PRKJL T QWEfLhg	Pkx	!mPRK)� EwQW} !%EGLH[ L
! Pj}kKHI�M�L ` I&P `Wa I
MkF%]_PUY\Y B eRI>KHI>LJL�MOQWY�
 P a x{}nMkQW}
��PRKJFH~ [ �
o M X ekI&KJg }kKNMOLHI>x TWa LHP LN[WI �dM awa B FJL M " X I X�V I&KHF x{PkK LN[WI>EwK [WI aw` Y T KJEwQW}

LH[WI2K T QWQ\EwQW}�Pkx LN[WEGF�I�& ` I&KHE X I>QnL MOQWY M a FHP�x{PRK�LH[WI&EGKcM�ekMOE a M V E a EGLhg LHPAMkQ\F)! I&K X g
z T I>FJLNEGPRQWF !%[WI>Q�MkQ MkQuM a g�FHEGF#FJLNK T }R} a I�~�M X I^M a PkQW}W�
C T KJEwQW}2LN[WI EwQnLNI>QWFHI�!mPkK$� Pkx!M p
[ � C���~&P aGa I�MO} T I&F MkQ\YAx{KHEGI&QWYWFdMkKJI I&F ` I>~&EwM awa g

` KJI&~>EwP T F>� �AMkQng ` I&P `Wa I [uM�eRI V I&I>Q eRI>KJg ` MOLHEwI&QnL MkQWY T QWYWI&KJFJLNMkQWYWEGQW} Y T KJEwQW}
LH[WI&FJIAgRI&MkKHF>� S P LH[uMkQ �0gRP T LNP � EwQW~>I SUT\a �kPkF$�ngR�%B a I�&\MkQWY\KHI	C�I T K&��� ErMkP�~ [uMkP
�9[WI>QW}W�uB a I�&\MkQ\YWKHI � M X FHPRQ\QWIk� s MOLHEw[uMZlmI>Q X P%� [ LNMkK&� S LNI ` [uMkQWEGI lmMkE a I>gR�UB X I>gRM
�OP a MkK)��MkK&� B EGYuMkQ���I awa I&[WI>K�MkQWY /RMkEwYWI>I ` S EwQ\}R[ �,p)MkKqLNEw~ TWa MOK a gk� o ! P TWa Y a E �kI�LNP

e�EwE



LH[uMkQ � X g V I>FJL|x{KJEwI>QWY EwQ b S B � �
Q ��M � M�� T KHEGz E � x{PRKmP ` I&Q\EwQW} [WI&K ` MkKHI>Q LHF��W[\P T FHI
x{PRK X I !%[WI>Q o MkKHKJEGeRI>YjEGQ b S B MkQWY�x{PRK%M awa [WI>K%[WI aG` �

� g x M X E a gc[uMOF!M a !mM�gUF V I>I&Q�~&I&QnLHKNM a EGQ X g a Efx{Ik� � g ` MOKHI&QnLHF MOQWY X g V KHPkLH[WI&K
[uM�ekIZM a !mM�g�F V I&I&QjeRI&KqgAF TW`W` PRKJLHEGekI !%EGLH[ X g�Y\I&~&EGFHEGPRQWFdMkQWY o M X ekI&KqgA}RKHMOLNI x TWa
LHP LN[WI X x{PRK LN[uM�L�� o I&Q��JP g I�Mk~ [ X EwQ T LHI F ` I&QnL%PRQ LH[WI ` [\PRQWI !%EGLH[ X g8QWI ` [WI�!%F>�
/kPRKJEwF>�OB a I�&UEGF1MOQWY �AMOKHEwIO�1]#[\I>g MkKHI X gcKHMkEwQ V P !c� � g^Q TWX�V I&K_PRQWI F TW`\` PRKqLNI>K&�nM aGa
LH[WI&FJIdgRI&MkKHFmMOL FH~ [WP�P a � EGF X g2~>P T FJEwQ o FHM V I awa I !%[WP�~&P TWa Y�}RI>L X PRKHI%FJLHKHI>FHFHI>Y�LN[uMkQ
X I V I>x{PRKJI X g�I'&WM X � o X EwFJFm[WI>KmeRI>KJg X�T ~ [�MkF o M X v QWEwFJ[WEwQW} LN[WEGF X MkQ T FH~>KHE ` L��
s EGQuM awa gR� o ! P TWa Y a E �kIjLHP LN[uMOQ � �cMkK a x{PRK M awa LN[\I&FHI	}kKHI�M�L X P X I>QnLNF F ` I>QnL

LHPR}RI>LH[WI&K>�

e�EwEwE
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�U�#� s PRK X M a EwF X �^� �c�^� �^� �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � �
�U� � S LHK T ~ L T KJI^x T QW~>LHEwPRQWFD�^� �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � �
�U� � � EwKJL T M a ` [WPkLNPkQAM V FHPRK ` LNEGPRQ MkFJg X�X I LNKHEGI&F �^� �^� �^�^� �^�c� �^� � �
�U� � C�I>FH~&KJE ` LHEwPRQ�Pkx1Q T ~ a I&PRQ � MOQWYjQ T ~ a I T F � FJLNMOLNI>FA�^� �^�^� �^�c� �^� � � �

�U� �W�#� � a MkFJLHEw~�FJ~�MOLJLNI>KHEwQ\} �^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � �%�
�U� �W� � (�T MkFHE 
hI a MkFJLHEw~dFH~�M�LHLNI>KHEGQW} � �^�c� �^�^� �^� �^�^� �^�c� �^� � � �
�U� �W� � y I>FHPRQuMOQW~&I>F �^� �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � � �
�U� �W� � C�I&I ` o QWI a MkFqLNEw~ S ~�MOLJLNI&KJEwQW} �^�c� �^�^� �^� �^�^� �^�c� �^� � � �

> ?%+,�
��
�@A8����,�
�%�B�9+,����"5�DC 2FE
� �#� l a PUP X 
 icE awX MkQ2Y T M a EGLhg �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � �k�
� � � ��` I&KNM�LNPRK%p
KHP�Y T ~ L � & ` MOQWFHEGPRQA�^� �^�c� �^�^� �^� �^�^� �^�c� �^� � � �
� � � y%I&FJPRQuMkQW~>I^ekI&KJF T FdFH~�M a EwQ\}ZEwQ `2( � C � �^�^� �^� �^�^� �^�c� �^� � �%�
� � � S b � � � z T MkK)� X PUYWI a �^� �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � ���
� �HG C g�QuM X Ew~&M a X PUY\I a F �^� �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � � �
� � � � & ` I>KHE X I>Q LNM a P eRI>KJe�EwI�! Pkx1F ` EGQjY T M a EfLhgj�^�^� �^� �^�^� �^�c� �^� � � �

I ��89�=�KJ 3 �L�
"5������� >NM
�W�#� ]#[WI /kI�" I&KJFHPRQ � M V�` P a MkKHE �&I>Y�I a I>~>LHKHPRQ V I&M X �^� �^�^� �^�c� �^� � �PO

�W�#�R�#� � a I&~ LNKHPkQ V I�M X [WI a Ew~>EGLhg � �^�c� �^�^� �^� �^�^� �^�c� �^� � �n�
�W�#�R� � lmI�M X ~ [uMkKH}kI MOFJg X8X I>LHKJg8x{I&I&Y V Mk~ ��� �^� �^�^� �^�c� �^� � � �
�W�#�R� � lmI�M X I&QWI>KH}kg � �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � �%�
�W�#�R� � lmI�M X ` P a MkKHE ��MOLHEwPRQ � �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � �QG
�W�#�R�HG lmI�M X ~ [uMkKH}kI X I�MOF T KJI X I&QnL	�c� �^�^� �^� �^�^� �^�c� �^� � �n�

E &



�W�#�R� � lmI�M X ` PRFJEGLHEwPRQ X I�MOF T KJI X I&QnL � �^�^� �^� �^�^� �^�c� �^� � � O
�W� � � & ` I>KHE X I>Q LNM a � M awa B � �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � ���

�W� �U�#� ]#[WIcYuMOL M2Mk~>z T EwFJEGLNEGPRQ � C%B (8� � �^�^� �^� �^�^� �^�c� �^� � ���
�W� �U� � ]#[WIcF ` I&~>LHKHP X I>LHI&KJF � �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � Gk�
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� �#�%� 3 � � 
4 x{KHP X � ��� 
 ��� ��EwQ�LN[\I^KJI&FJPRQuMkQW~>I KJI&}REGPRQ �^� �^�^� �^�c� �^� � � �
�W�#� ��EwQ\I X MOLNEG~�~&P eRI>KNMk}kI Pkx �!����
h��� ��� �^�c� �^�^� �^� �^�^� �^�c� �^� � � �
�W� � Bd~&~&I a I>KNMOLHPRK%FH~ [WI X MOLHEw~O� �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � �PO
�W� � �
QWI>KH}kg a I>eRI a FJLHK T ~ L T KJI Pkx1FJLHKNMkEGQWI&YAicMkB Fc�^� �^� �^�^� �^�c� �^� � � �
�W� � S E X8`\a E v I&Y�F$�OI>LH~ [�Pkx1I a I>~>LHKHPRQ�I�&�LHKNMk~ LNEwPkQ x{KJP X LH[WI i^MkBdF#~&KqgUFqL M a � �n�
�W�HG � I a EG~&EfLhg FHI>z T I&QW~>I T FJI&YjY T KHEGQW},�!����
 ��� � �^� �^� �^�^� �^�c� �^� � � �
�W� � ]#[WI ` P a MkKJE*�>I&Y V I�M X Fqg�FJLNI X �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � � �
�W� � lmI&M X ~ [uMOKH}RI MkFJg X�X I LNKqg ~&PkQ LHKHP aGa I>Y V g LH[WI o BDFJg�FJLHI X ���c� �^� � � �
�W� O o aGawT FqLNKNM�LNEwPkQ�Pkx1LH[WI^MkKH~�FJI&~ LNEwPkQjPkx)� M awa B V I�M X�a EGQWIk�4� �^�c� �^� � �%�
�W� � ]#[WI^~&EGKH~ TWa MkK ` MOLHLHI&KJQjPkx_LN[\I^KHMkFJLHI&K>� �c� �^�^� �^� �^�^� �^�c� �^� � � O
�W�#� � S ~ [\I X MOLNEG~ a M�gRP T L%POx1LH[WI^� y S F ` I>~>LNKJP X I>LNI>K4�^� �^�^� �^�c� �^� � Gk�
�W�#�%� o aGawT FqLNKNM�LNEwPkQ�Pkx1LH[WI a I x L MkQWY�KHEG}R[nL � y S YWI LNI>~>LNPkK ` Mk~ ��Mk}RI&F � �^� � GR�
�W�#� � S ~ [\I X MOLNEG~ a M�gRP T L%POx1LH[WI ` MkEwK#POx ��C � F&� �^� �^� �^�^� �^�c� �^� � G �
�W�#� � o aGawT FqLNKNM�LNEwPkQ�Pkx1LHKHEG}R}RI&KmFHI a I&~ LNEwPkQWF#x{KHP X LN[WIcFH~>EwQnLNE awa MOLNPRKJF&� �c� �^� � G �
�W�#� � � M�gRP T L Pkx_LN[\I p	�j]#FdMkQWY X EwKHKJPRKHFmPkx1LH[WI �� I&KJI&Q �OP e YWI LNI>~>LNPkK&��� � Gk�
�W�#�#G � PRQ v } T KHMOLNEGPRQ�Pkx1LH[WIcI a I&~>LHKHP X Mk}RQ\I>LNEG~�~�M a PRKJE X I>LNI>KHF � �^�c� �^� � G%�
GU�#� p_P a MkKJE*�>I&Y � �dI�L MOKH}RI L%FJg�FJLHI X �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � G��
GU� � ��` LHEw~�M a `WTWX�` EwQ\} ` KHEwQ\~&E `\a I5� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � �R�
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GU� � SU` EwQ TW` ~ T KJekI �c�^� �^� �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � � �
GU� � SU` EwQ YWP�!%Qj~ T KJekI � �^� �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � ���
GU�HG y)]%C ` PkFHEGLHEwPRQ PRQ LH[WI�L MkKJ}RI>L%~ [WM X�V I&K&�	�^�^� �^� �^�^� �^�c� �^� � �R�
GU� � s EfL%Pkx_LN[WI�L MOKH}RI L%~ [uM X�V I&K y)]%CDKHI&MkYWEwQ\}RF � �^� �^�^� �^�c� �^� � � O
GU� � �
FJLHE X MOLNI�POx1LH[WI�LNI X�` I&KNM�L T KJI^EGQWFHEGYWI�LN[\I `\TWX8` EwQW}Z~ [uM X�V I>K �^� � �%�
GU� O y%I&F TWa LHF%x{KJP X LHI X�` I>KNMOL T KHI�LHI&FJL EGQ LHI&K ` P a MOLNEGPRQ � �^�^� �^�c� �^� � ���
GU� � � � I � �Ay FHEG}RQuM a �^� �^� �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � � �
GU�#� � y%I&F TWa LHF%x{KJP X !mMOLNI>K%~�M a E V KHMOLNEGPRQWF �^�c� �^�^� �^� �^�^� �^�c� �^� � �PG
GU�#�%� �!p!y X I&MkF T KJI X I&QnL%F ` I&~ LNK TWX � � �^�c� �^�^� �^� �^�^� �^�c� �^� � � O
GU�#� � �
QWI>KH}kg a I>eRI a F%Pkx���� y V �W� �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � ���
GU�#� � �!p!y ~&PRQWFqL MkQnLHF����	�	
 � �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � O �
GU�#� � ]1MkKH}kI>L ~ [uM X�V I&K ` P a MOKHE*�&MOLNEGPRQ8x{KJP X �!p!y �^� �^� �^�^� �^�c� �^� � O �
GU�#�#G �!p!y X I&MkF T KJI X I&QnL%F ` I&~ LNK TWX FH[WP�!%EGQW}8FqLNKJPRQW} X MkFJEwQW}0�^�c� �^� � O �
GU�#� � ]1MkKH}kI>L ` P a MkKJE*��M�LNEwPkQ8x{KHP X �!p y MOQWY � �Ay � �^� �^�^� �^�c� �^� � OPO
GU�#� � o QnLNI>K ` P a M�LNEwPkQ�Pkx)LH[WI�L MkKJ}RI>L ` P a MOKHE*�&MOLNEGPRQ �^� �^� �^�^� �^�c� �^� � O �
�\�#� S EGI>ekI F a EGL|[WEGL ` M�LHLNI>KHQ � �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � ���
�\� � y%I&~>PRQWFJLHK T ~ LNI>Y�~�MkK V PkQ�x{PkE a ` PRFHEfLNEGPRQWF � �^�^� �^� �^�^� �^�c� �^� � � G
�\� � B awa LHKNMk~ ��I
�8~>EwI>QW~&EGI&F��^� �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � ���
�\� � S ~>EwQnLNE awa MOLNPRK I	��~&EGI&QW~ g � �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� � �%�
�\�HG p1MkKJLHEw~ a I�eRI a P�~&EGLhg ��� � x{PRK#YWE#"9I>KHI&QnL � EwQ\I X MOLNEG~&F � �^�^� �^�c� �^� �	� �R�
�\� � �� I>KHI&Q��kP eAFJEwQW} a I ` [\PkLNP 
 I a I&~>LHKHPRQ ` I�M�� F��^�^� �^� �^�^� �^�c� �^� �	� ���
�\� � � I>x Ld�dy S �� I&KJI&Q �OP e ~ T L I	��~&EGI&QW~ g�FJL T Y\g �^� �^� �^�^� �^�c� �^� �	� �n�
�\� O �� I>KHI&Q��kP eAI a I>~>LNKJPRQ�I	��~&EGI&QW~ g �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� � �
�\� � � �kp ` I�M�� F �^� �c�^� �^� �^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� ���
�\�#� � p
EwPkQ KJI �JI>~>LNPkK ~&M a E V KNM�LNEwPkQ �^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� � G
�\�#�%� ]_PkL M a FH[WP�! I&K ~�M a E V KHMOLNEGPRQ �^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� �R�
�\�#� � �mT LHFdPkQ LH[WIcKHEw}k[ L#� y S ~&M a PRKJE X I>LHI&K � �^�^� �^� �^�^� �^�c� �^� �	� ���
�\�#� ��
 EwI a Y�eRI&KJF T FdI&QWI>KH}kg LNKNMOQWFJx{I>K �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� � O
�\�#� � � P X�` MkKJEwFJPRQ�Pkx)I a MkFqLNEG~�FHE X TWa MOLHEwPRQ MkQWY YuMOLNM �^� �^�^� �^�c� �^� �	�%�%�
�\�#�#G S M X I a I>}RI&Q\YjMOF s Ew}W�\�\� ��� �^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	�%� �
�\�#� � � a MOFJLNEG~cMkFJg X�X I LNKqg�KHI>F TWa LNF � �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	�%� �
�\�#� � � a MOFJLNEG~�~&KJPRFHF FHI>~>LNEGPRQ�KHI>F TWa LNF � �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	�%� �
�\�#� O �mT LdPRQ�� � I^I a MkFqLNEG~ ` I&M�� �^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	�%� O
�\�#��� � � I ` KHI&FJF T KJI ~ T KJekI^x{PkK �
��� � �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	�%���
�\� �k� 
 EwI a Y�x{PRK � �dI ` KJI&FJF T KJI ~ T KJeRIcx{PRK���� 
 ��� � �^� �^� �^�^� �^�c� �^� �	� �k�
�\� ��� y%I&F TWa L Pkx_LN[WI�� � I ` KHI>FHF T KHI ~ T KJekI^x{PkK�� � 
 ��� � � �^�^� �^�c� �^� �	� ���
�\� �R� s M a FHIcMkFqg X�X I>LNKqg x{PRK#P T K|x{P T K � EwQWI X M�LNEw~�FJI>LJLNEwQ\}RF �^� �^�c� �^� �	� � �
�\� � � � & ` I>KHE X I>Q LNM at` EGPRQ MkFJg X�X I LNKHEGI&F��^�c� �^�^� �^� �^�^� �^�c� �^� �	� �PG
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�\� � � � & ` I>KHE X I>Q LNM a QWEfLNKHPk}RI&Q�~&KJPRFHF%FJI&~>LHEwPRQ\F �^�^� �^� �^�^� �^�c� �^� �	� �%�
�U�#� � P X�` MkKJEwFJPRQ�Pkx1LH[WIcKNM ! ~>KHPRFJFdFJI&~ LNEwPkQWF#x{KHP X LN[WI�L
! P �dy S � �^� �	� ���
�U� � � & ` I>KHE X I>Q LNM a � �dIc~>KHPRFJF FJI&~ LNEwPkQWF�� � � � �^�^� �^� �^�^� �^�c� �^� �	� � �
�U� � � & ` I>KHE X I>Q LNM a � �dIc~>KHPRFJF FJI&~ LNEwPkQWF � � � � �^�^� �^� �^�^� �^�c� �^� �	� � �
�U� � � � I^I'& ` I>KHE X I&QnLNM a MkQWY lmPRKJQj~>KHPRFJF%FHI&~ LNEGPRQWF � � � � �^�^� �^�c� �^� �	� �R�
�U�HG � � I^I'& ` I>KHE X I&QnLNM a MkQWY lmPRKJQj~>KHPRFJF%FHI&~ LNEGPRQWF � � � � �^�^� �^�c� �^� �	� � �
�U� � � � I l PRKHQ ` P a MkKJE*�>I&Y�~&KJPRFHF FHI>~>LHEwPRQ YWE " I&KJI&QW~>I&F � � � �^� �^�c� �^� �	� � G
�U� � � � I l PRKHQ ` P a MkKJE*�>I&Y�~&KJPRFHF FHI>~>LHEwPRQ YWE " I&KJI&QW~>I&F � � � �^� �^�c� �^� �	� � �
�U� O � � I l PRKHQ MkFqg X�X I>LNKJEwI>F<�^�^� �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� � �
�U� � 684|x{PRK � � IcEwQ�LN[WI^C o S KHI>}REwPkQ �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� �PO
�U�#� � 6��	��
4 EGQ�LN[WIcKHI>FHPRQWMkQW~&I^KHI>}REwPkQ � � � �^�c� �^�^� �^� �^�^� �^�c� �^� �	� �n�
�U�#�%� 6 � ��
4 EGQ�LN[WIcKHI>FHPRQWMkQW~&I^KHI>}REwPkQ � � � �^�c� �^�^� �^� �^�^� �^�c� �^� �	� �n�
�U�#� � 6�� ��
4 EGQ�LN[WIcKHI>FHPRQWMkQW~&I^KHI>}REwPkQ �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� � �
�U�#� � 6�� ��
- EGQ�LN[WIcKHI>FHPRQWMkQW~&I^KHI>}REwPkQ �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� � �
�U�#� � � PRQ\FJL MOQ L � - EGQ LHI&K ` P a MOLNEGPRQ � �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� �QG
�U�#�#G 3 ��� 
4 EwQ�LH[WIcKHI&FJPRQuMkQ\~&I^KHI&}kEwPRQ �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� �n�
�U�#� � 3 ��� 
- EwQ�LH[WIcKHI&FJPRQuMkQ\~&I^KHI&}kEwPRQ �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� �5�
�U�#� � s EGKHFqL X P X I&QnL%Pkx 354mx{PRK �N�dI � �^� �^�c� �^�^� �^� �^�^� �^�c� �^� �	� ���
�U�#� O s EGKHFqL X P X I&QnL%Pkx 354mx{PRK|LH[WIcQWI T LNKHPkQ � �^�^� �^� �^�^� �^�c� �^� �	�#G��
�U�#��� ]_I&FqL Pkx1F ` EwQ Y T M a EGLhg8PRQ �N�dI�� � � � �^�c� �^�^� �^� �^�^� �^�c� �^� �	�#G �
�U� �k� ]_I&FqL Pkx1F ` EwQ Y T M a EGLhg8PRQ LH[WIcQWI T LNKHPkQ � � � �^� �^� �^�^� �^�c� �^� �	�#G �
�U� ��� ]_I&FqL Pkx1F ` EwQ Y T M a EGLhg8PRQ �N�dI�� � � � �^�c� �^�^� �^� �^�^� �^�c� �^� �	�#G �
�U� �R�,]_I&FqL Pkx1F ` EwQ Y T M a EGLhg8PRQ LH[WIcQWI T LNKHPkQ � � � �^� �^� �^�^� �^�c� �^� �	�#G �
B �#� ��EwQ\I X MOLNEG~�~&P eRI>KNMk}kI^x{PRK#KHMkYWEwMOLNEfeRI�~>PRKHKJI&~>LHEwPRQ\F PkQAM aGa P T K#YuMOL M�� �	� �k�
B � � ��EwQ\I X MOLNEG~�~&P eRI>KNMk}kI^x{PRK�� � � �8i�I � ���PG�� � YWMOL M��^� �^�^� �^�c� �^� �	� ���
B � � b Q ` P a MkKJE*�&I>Y�~&KHPkFHF%FHI>~>LNEGPRQ X P�YWI a MOLd�PG�� �^� �^� �^�^� �^�c� �^� �	� �R�
B � � b Q ` P a MkKJE*�&I>Y�~&KHPkFHF%FHI>~>LNEGPRQ X P�YWI a MOL � � � �^� �^� �^�^� �^�c� �^� �	� � �
l �#� �AM�LNI&KJErM a F#PRQ�LN[WIcEGQW~&EGYWI&QnLdMkQWY�FH~&MOLHLHI&KJI&YAI a I>~>LNKJPRQ ` MOLN[\F��c� �^� �	� �PG
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]#[WI	FqLNK T ~>L T KHI PkxcLN[\I	Q T ~ a I>PRQ [uMkF V I&I>Q I'&ULHI&QWFJEGekI a g FJL T YWEwI>Y�FJEwQW~>I�LN[WI	~>PRQ�

v K X M�LNEwPkQ Pkx LN[WI�Q T ~ a I&PRQ F T\V FJLHK T ~ L T KJI x{KJP X YWI>I ` EwQWI a MkFqLNEw~ FH~�M�LHLNI>KHEGQW} � C o S �
I'& ` I&KJE X I&QnLNF ` I>KJx{PRK X I>Y�MOL LN[\I S LNMkQWY\x{PRKJY � EwQWI&MkK%B ~>~&I a I&KHMOLNPRK � I&QnLNI>K7� S�� B � �

M V P T LcLH[WEwKqLhg	gRI�MOKHF�MO}RP�� s KHEGI&Y X MkQ � �����R��� � o L�!|MOF P V FHI&KqeRI>Y LN[uMOL^LN[\I8Q T ~ a I&PkQ
EGF ~&P X8` PRFHI>Y	Pkx ` PkEwQnL)
 a E*�OI ` MkKJLHEw~ a I&F>� LN[\I ` MkKqLNPRQWF>�c]#[WI ` MkKqLNPRQWF ! I&KJI a MOLHI&K MkF 

FJPU~>ErMOLHI&Y !%EGLN[ a Ew}R[nL X MkFHF�z T MkK)��FjMkQWY LN[\I } aGT PRQWF>� X I&YWEwMOLNPkKHF�Pkx LN[WI FJLHKHPRQW}
EGQ LHI&KHMk~>LHEwPRQ V I>L
! I&I>Q z T MkK)��F>� l T L��tI eRI&Q !%EGLH[ LH[WI2I&FqL M VWa EwFJ[ X I>QnLcPkx (�T MOQ L TWX
� [WKJP X PUY\g�QuM X EG~&F7� ( � C � MOFcLH[WI�LN[\I&PRKqg	Pkx LN[WI2FJLHKHPRQ\}�x{PkKH~&IO�tLN[WI V I&[uM�e�EwPRK�POx
LH[WI Q T ~ a I&PkQ ~&PRQ\FJLNEfL T I>QnLNF�EGF FJLHE aGa QWPkL LHPkL M awa g T QWYWI>KHFJLHPUP�Y �AC�I ` I&QWYWEGQW}APkQ LN[WI
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EGQ LH[WI ` P a MkKJE*�&I>Y	~�MkFJIk�8]#[WI2z T MkQnLNEGLHEwI>F � 
 MkQ\Y � 
 MOKHIZLN[WI2F ` EwQ MkQWY ` MkKJEGLhg�POx
LH[WIcKHI&FJPRQuMkQ\~&Ik�
]#[WI KHI a MOLHEwPRQ V I>L
! I&I>Q I�&U~ awT FJEGeRI MkQWY^EwQ\~ awT FHEGekI ` KHP�~&I>FHFJI&F.!mMkF_P V FJI&KJekI&Y EwQ�LN[WI

I&MkK a g �����k�OF !%EfLN[^LN[WI v KHFqL)P V FHI>KJeOMOLNEGPRQ POx ` MkKqLNPRQ 
h[uMkY\KHPRQ^Y T M a EGLhg � l a PUP X � �����k� � �
� [uM ` LNI>K � EGF Y\I&YWEG~�MOLHI&Y�LNPZLN[WIcYWI>FH~>KHE ` LNEwPkQ POx1LH[WEwF ` [\I&QWP X I&Q\PRQ �

������� � � ������� � �7	���
 �(���	� ��������������� �
B|L a MkKJ}RI � - MkQWY � �nMkF_LN[WI|KJI&FJPRQuMkQW~>I|FJLHKHI>QW}kLN[\F�x M awa P�"1�Rl �JPkK$�kI>Q � l �JPRK$�OI&Q � ���k�%� �
` KJI&YWEG~>LHI&Y	LN[uM�L�LN[WI V I&[WM e�EGPRK�Pkx
LH[WIZFJLHK T ~ L T KJI2x T QW~>LHEwPRQWF	� 4 MkQWY � - V I>~&P X I&F

� �



YWI ` I>QWYWI>Q L8PRQ PRQ a g PRQWI�Y\E X I&QWFJEwPRQ a I&FJF�ekMOKHErM VWa I � / � - �R��� � � o Q LH[WI a E X EfL
!%[WI>KHI � - � � MOQWY ��MkKJI X�T ~ [ a MkKJ}RI&K|LH[uMkQ�Lhg ` Ew~&M a [uMkYWKJPRQ X MkFJFHI>F��
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]#[WI x Mk~>L LN[WMOL LH[WI FJLNK T ~>L T KHIdx T QW~>LHEwPRQ\FmMkKJIdEGQWYWI ` I>QWYWI&QnLmPkx � - MkQWY � MOLmM^}REfeRI>Q
eOM aGT I�Pkx � F T }R}RI>FJLHF�LH[uMOL�LH[WI	I a I&~>LHKHPRQ FJ~�MOLJLNI&KJF�PRQ x{KHI&I ` PREGQ L 
 a E*�kI ` MkKqLNEw~ a I>F&�
]#[WI>FHI ` MkKJLHEw~ a I&F !mI>KHI|QWM X I>Y ` MOKJLNPkQWF V g s I>g�Q X MkQ � s I g�Q X MOQ � ���R��� � � S ~&M a EGQW}dPOx
LH[WI
FJLHK T ~ L T KJI!x T QW~>LHEwPRQ ��� -0� s EG}W����� � � !|MkF P V FHI&KqeRI>Y EwQ�YWMOL M � lmKHI>EwYWI>Q V Mk~ [ � ���R��� �
LNM��kI>Q M�L S�� B � YWP�!%Q LHP F T K ` KJEwFHEGQW} a g a P�! � - Pkx � � icI����O~ � - � o Q�LN[\I�EwQ v QWEGLHI�


���	��
���
 ����� � ��V FHI&KqeOMOLNEGPRQ Pkx FH~&M a EGQW}^PRQ � � - x{PRK
LN[WI ` KHPOLNPRQ ��� EGF I>z T M a LNP,��� � �
]#[WEGF.! PRK$�8!mMkF�M !mMkKHYWI>Y�LN[WI � P V I a p
KHE*�>ImEGQ ���%�k�\� s Ew} T KJI
x{KHP X � �cI>QWYuM aGa � ���%��� � �

X P X I&QnL TWX KJI>x{I>KHI&Q\~&I x{KHM X I2YWI v QWI>Y V g s I>g�Q X MkQ � s I>g�Q X MkQ � � �R�%� � � !%[WI>KHI �
MkQ\Y � - }RP LHP EGQ v QWEfLhg7�kI>I ` EGQW}�� v QWEfLNIO� LH[WIde�EGKJL T M au` [WPkLHPRQ FJ~�MOLJLNI&KJFmPRQ M z T MkFJE#

x{KJI&I ` MkKqLNPRQ	FJEwQW~>IZEGL�[WMkF�QWP LNE X I LNP�EwQnLHI&KNMO~>L !%EfLN[	LN[WIZPOLN[WI>K ` MkKqLNPRQWF>� ]#[WEGF�EwF
~&M awa I&Y LH[WI ` MkKqLNPRQ X PUYWI a MkQ\Y EfL#I�&U[WE V EGLHFmLN[\I ` KHP ` I&KqLhg�Pkx1MkFqg X�` LHPkLNEG~ x{KHI>I&YWP X �

�#G



C�I>I ` EwQWI a MkFqLNEw~ FH~�M�LHLNI>KHEGQW}2~�MkQ V IcEGQ LHI&K ` KHI LNI&YjMkF#LN[\I^EGQW~&Pk[WI&KJI&QnL F TWX Pkx)I a MkFJLHEw~
FJ~�MOLJLNI&KJEwQW}�PRQ QWPRQ 
hEwQnLHI&KNMO~>LNEGQW} ` MkKqLNPRQ\F&�Z]#[WI�FJLHK T ~ � ` MOKJLNPkQ ~&MkKHKJEwI>F M x{KHMk~>LHEwPRQ
�APkx1LH[WIcQ T ~ a I&PRQ X P X I>Q L TWX �
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$ �� �" #&% 2 ' �() o awaGT FJLHKNMOLHEwPRQ�Pkx1YWI>I ` EwQWI a MkFqLNEw~ FH~�M�LHLNI>KHEGQW}W�

C�I v QWEwQW} 	 � � � MkF_LN[WI ` KHP V M V E a EGLhg LNP v QWYZM z T MkK)�cPkx ��M�eRPkK 	 MkQWY�~ [uMOKH}RI ���)EwQ
LH[WI�Q T ~ a I&PRQ�~�MOKHKJg�EGQW}�LN[WI�x{KHMk~>LHEwPRQ �jPkx LN[\I�Q T ~ a I>PRQ X P X I>Q L TWX ��LH[WI�FJLHK T ~ L T KJI
x T Q\~>LNEGPRQWF#~&MkQ V I !%KHEfLHLNI>Q MkF��
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!%EfLN[8LH[WI ' � ) � KHI ` KHI>FHI&QnLHEwQW} LH[WI [\I a EG~&EfLhg2Pkx LN[\I z T MkK)��PkKmMkQnLHEwz T MkK)��� 
	%� !%[WI>Q�EGL
EGF ` MkKNM aGa I a � MkQnLHE ` MkKHM awa I a � LNP�LN[WI^Q T ~ a I&PRQ ` P a MkKJE*��M�LNEwPkQ �	�!z�� � �U�HG O � EGFd~&M awa I&Y�LN[WI
� M aGa MkQ 
qi�KHPRFJFmKHI a MOLHEwPRQ � � M aGa MkQ � ���R�%� � �

� �



o Q LH[WI�l �JPkK$�kI>Q FH~&M a EGQW} a E X EGL&�kLN[\IdLNI>K X � - 3 -|EwQ��
z�� � �U� � � � eOMkQWEGFH[WI>F|MkQWY�LN[WI
e�EwKqL T M a ` [WPkLHPRQ M V FJPRK ` LHEwPRQ MkFqg X8X I>LHKJg 684 V I&~>P X I>F��

684�� � ��� 354�� �$3 � - �
+ 4�� �$3 � - � � �U� ��� �

]#[WI�MkFJg X�X I LNKJg 6�4 EGF�I�& ` I&~ LNI&Y	LHP�[uM�eRI2M�! I�M�� � - 
 YWI ` I&Q\YWI&QW~>I2EGx 354dMkQWY + 4

FJ[WP�! M�FJE X E a MkK V I>[uM�e�EwPRK>� � & ` KJI&FJFHI&YjMkF#M^x T QW~>LHEwPRQ Pkx ` MkKqLNPRQ Y\EwFJLHKHE VWT LNEGPRQWF>��684
}REfeRI>FdMO~&~&I>FHF%LNPZLN[\I^F ` EwQ YWEGFJLNKJE VWT LNEwPkQ Pkx)LH[WI ` MkKqLNPRQWF#EGQ�LN[WIcQ T ~ a I&PRQ9�
]#[WI ` MkKJLHPRQWF
MkKJIm~ T KHKJI&QnL a g�MkFJFHP�~&EwMOLNI>Y !%EGLN[ LN[WI z T MkK$� F&��MkQnLHEwz T MkK)��F�MkQWY�} aGT 


PRQ\F&��]#[WIZ} aGT PRQWF MkKHI LN[WI�~&MkKHKJEwI>KHF POx LH[WI�FqLNKHPkQW} x{PRKJ~&I V I>L
! I&I>Q z T MkK)� F&�cB FcMkQ
MkFqg X8` LHPkLNEG~�M aGa g�x{KHI>I^LH[WI&PRKqgR� (�T MkQnL T\X � [WKHP X P�Y\g�QuM X Ew~&F � ( � C � EGF%LH[WIcI&FqL M V 

a EwFH[\I&Y LH[WI&PkKJg PkxuFJLHKHPRQ\}�EwQnLNI>KNMk~ LNEGPRQWF&� !%EGLH[ LN[WI FJLHKHPRQW} ~&P TW`\a EwQ\}d~>PRQWFJLNMkQnL ! ����� - �
V I&~>P X EGQW}ZF X M aGa MkF � - EGQW~&KJI�MkFJI&F&�

B|L v QWEfLNI � - �!z T MkK)��FZEGQnLNI&KHMk~>L V g I�&U~ [uMkQ\}REwQW} F ` EwQ�
 � } aGT PRQWFZM�LZFH[WPkKJLZYWEGF 

LNMkQW~&I>F&� S POx L�} aGT PRQWF^~�MkQ V I I X EfLHLNI>Y V I>x{PRKJI PRK MOx LNI>K LN[\I I a I&~ LNKHPkQ FH~�M�LHLNI>KHEGQW}W�
B awa YWEwMk}RKNM X F#Pkx s Ew}8�U� � X T FJL V I^LNM��kI>Q�EwQnLNP8Mk~>~&P T QnL EwQ PRKHYWI>K LHP8I eOM awT M�LNI�LN[WI
~>KHPRFJF^FJI&~ LNEwPkQ �2]#[WI&FJI KNMOYWErMOLHEwPRQ\F�Pkx } awT PkQWF�}RI&Q\I&KNM�LNI�M � - a PR}nMOKHEGLH[ X Ew~^YWI ` I&Q�
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	�� s I g�Q X MOQ�YWErMO}RKNM X F%Pkx�LH[WI ` KJPU~>I&FJFHI&F�KJI&F ` PRQ\FHE V\a I x{PkKdFJ~�M a EwQW}�eUEGP 

a MOLNEGPRQ � ���
� MkKHIcI�& `Wa MkEwQ\I&Y�EwQ�LN[\IcLHI�&�L��

� �



YWI>QW~&IcPkx_LN[\I ` MkKJLHPRQ�YWEwFqLNKJE VWT LHEwPRQ\F&� � PRQ\~&KHI LNI a g�EfL#~�MkQ V IcI�& `Wa MOEwQWI>YjMOF|x{P awa P !%F��
MOL a P�! � - LN[WI Q T ~ a I>PRQ	FJLHK T ~ L T KJI�EwFdYWP X EwQuM�LNI&Y V gjeOM a I&QW~>I z T MkK)��F>�tYWI v QWI&Y MkF
LH[WI�I�&U~&I>FHF�Pkx�� PRK � z T MkK)� YWEGFJLNKJE VWT LNEwPkQWF !%EfLN[0KHI>F ` I&~>L2LHP�LN[WI>EwK2MkQnLNE 
 ` MOKJLNQ\I&K
YWEGFJLHKHE V\T LNEGPRQWF � 	�� / 	 � 
	�� �
B|L a MkKJ}RI � - �ULH[WI�KJI&FHP awT LHEwPRQ M awa P !%F!LN[\I�P V FJI&KJeOMOLHEwPRQ
Pkx 	 
	�` MkEGKHF%MkQWY } aGT PRQWF !%[WEG~ [j~>PRQnLNKJE VWT LHI�LNPZLN[WI^C o S ~&KJPRFHF FHI>~>LHEwPRQ �
s KHP X LN[WI^Cci � B�p,I>z T MOLNEGPRQWF � � i�KHE V P e�� �����R��� � � C�P%� FJ[WEGL$�&I&K>� �����%���_MkQWY

� B a L MkKJI awa E �2������� � � ��LN[WI�� - 
 I>eRP awT LHEwPRQ Pkx�LH[WI ` MOKJLNPkQAYWEGFJLNKJE VWT LNEwPkQWF%~�MkQ V I^~�M a ~ T 

a MOLNI>YjM�L a I�MOYWEwQW}ZPkKHYWI>K��
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x{PRK�eOM a I&QW~>I8z T MOK$��� � � � � � � � � EGF�LN[WI ` KJP V M V E a EfLhgjLH[uMOL M z T MOK$� !%EGLH[ M Q T ~ a I&PkQ
X P X I&QnL TWX x{KNMk~ LNEwPkQ � !%E awa KHMkYWEwMOLNIcM�} awT PkQjMOQWY !%E awa LH[WI&Qj~�MkKJKJg M X P X I&QnL TWX
x{KHMk~>LHEwPRQ � � ]#[WI LHPkL M a Q TWX�V I&KZPkx%eOM a I&QW~>I z T MkK$� F2FJLNM�gUFZ~>PRQWFqL MkQnL2Y T I LHP�LN[WI
x Mk~ LdLH[uMOL	� 4� ��
 � � � � 
 � / �,!%EfLN[ 
 / � � � MOQWY � / � �618�di awT PkQjI X EGFHFHEGPRQ PRK 	 
	
~>KHI�M�LNEwPkQ YWP�I&FJQ � L�M " I&~>L LN[WI8ekM a I&Q\~&I z T MOK$� Q TWX�V I&K&�j]#[WI ~>PRQnLNKJE VWT LHEwPRQ\F Pkx 	 
	
` MOEwKHF%MOQWY�} awT PkQWF|LNP2LN[WIcYWI>I ` EwQWI a MkFqLNEG~ ` KHP�~&I>FHFdMkKHIc}REfeRI>Q V g �
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 � ��� � � � � � ��� � � 3 � - � 3 � � 3 � - �)� � �U� �R� �

� ��� � � � � � EGF LN[WI ` KJP V M V E a EfLhg Pkx z T MkK$� !%EfLN[0M	Q T ~ a I&PRQ X P X I&QnL TWX x{KNMk~ LNEGPRQ �
!%E awa I X EfL%MZ} awT PRQ�~�MkKJKJg�EwQW}�M X P X I>QnL TWX x{KNMk~ LNEwPkQ � � � � ��� � � � � LH[WI ` KHP V M V E a EGLhg

� O



PkxmM�} awT PkQ ` KHP�Y T ~&EGQW} M�z T MkK$�%
 MOQ LHEwz T MkK)� ` MkEGK&� MkQWY � � 3 � � � � � LN[WI ` KHP V M V E a EGLhg
Pkxc} awT PRQ I X EGLHLHEwQW} L
!mP0} aGT PRQWF>� � � ��� � � � � MkQWY � � � � � � � � ~&PkKHKHI>F ` PRQWYWF LHP LN[WI
I eRP aGT LNEGPRQ Pkx^LN[WI } aGT PRQ YWEGFJLNKJE VWT LNEwPkQ � �
z F&��� �U� �R� 
q�U� �R� � MkKHI�eOM a EwY MOL a I�MkY\EwQW}
PRKJYWI&K V\T L ~�MkQ V Ic}RI>QWI&KHM a E �&I>Y�LHP2QWI�&�L)
 LNP 
 a I&MkYWEwQ\}ZPRKHYWI>K !%EGLN[ ! �m~&PkKHKHI>~>LHEwPRQWF��
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]#[WI � - V I&[uM�e�EwPkK^POx LH[WI2FJLNK T ~>L T KHI2x T QW~ LNEGPRQWFcEwF�I'&ULHKNMk~ LNI>Y x{KHP X LN[WI ��` I&KNM�LNPRK
p
KHP�Y T ~ L � & ` MkQ\FHEwPkQ �{FHI&I S I&~ LNEGPRQ � � � � ��MkQWY LN[\I a I�MkYWEGQW} L
!%EwFqL LHI&K X ~�MkQ V I
I ekM awT MOLHI&Y�x{PRK%MkQng�� - T FHEwQ\}2LH[WI^Cci � B p,I&z T M�LNEwPkQWF&�
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o Q LH[WI I&MkK a g �����k�OF&�Ul a P�P X MkQ\Y�icE awX MkQ � l a P�P X � �����O� � X MkY\I M KJI X MkK$��M V\a I%P V 

FJI&KJeOMOLHEwPRQ KHI&}RMkKHYWEGQW} LH[WI � -#FJLNK T ~>L T KHI�x T QW~>LHEwPRQ ��LH[WI�FJ~�M a EwQW} ~ T KqeRIcP V LNMkEwQWI>Y�MOL
[WEG}R[ � - FHI>I X FdLNP V I MOQAMk~>~ T KHMOLNI M�eRI>KNMk}RI Pkx_LN[WI^KHI>FHPRQuMOQW~&I>F�MOL a P�! � - � !%[WI>Q
MkQ M `\` KHP ` KHErM�LNI�FJ~�M a EwQW}�eOMkKJErM VWa I EGF#~ [WPRFHI>Q �{FHI>I s EG}W� � � � � �
]#[WEGF ` [WI&Q\P X I>QWPRQ EwF
~&M awa I&Y��Jz T MkK$�%
 [uMkYWKJPRQ Y T M a EfLhg�� MkQ\Y EwQ\YWEw~&MOLNI>F M�~&P X�X PRQ PkKHEw}kEwQ	x{PRK�LN[WI8KHI>FHP 

QuMOQW~&I>F MkQ\Y�LH[WIcFH~&M a EGQW}2KHI&}kEwPRQ �
B FJF TWX EwQ\} ( � C EwF LN[\I ~>PRKHKJI&~ L_LH[WI&PkKJgcPkx�LN[WI!FqLNKHPkQW}dEGQnLNI&KHMk~>LHEwPRQ9�OM awa [WMkYWKHPkQWEw~

FqL MOLHI&F X T FJL V I8YWI&FJ~&KHE V I>Y MkF Mj~&P X8`Wa I�& ~>P X�V EGQuMOLNEGPRQ Pkx%FJLHKHPRQ\} a g EGQ LHI&KHMk~>LHEwQW}
z T MkK)� F�MkQWY } awT PRQWF&� � P ! I>ekI&K>��M x TWawa ( � C ~&M a ~ TWa M�LNEwPkQ EwF QWPkL ` PRFHFJE VWa I�Y T I
LHP�LN[WI�~&P X8`Wa Ew~&MOLNEGPRQ MkKJEwFJEwQW}Ax{KJP X LH[WI X�TWa LNE `\a I�z T MkK$�%
h} awT PRQ0~>P TW`Wa EwQW}RF>� ]#[WI
KJI&FHPkQuMkQW~>IdKJI&}REGPRQ2EwF M�QWPRQ�
 ` I>KJL T K V MOLHEGekI KJI&}RE X I !%[\I&KHI z T MkK)��FmMkQWY�} awT PRQWF
KHI&Mk~>L
MkF M !%[WP a I T QWYWI&K!LN[\I I�"9I>~>L Pkx9LH[WI%I a I&~>LHKHP X Mk}RQ\I>LNEG~ ` KHP V IO� � Q�LH[WIdPOLN[WI>K [WMkQWY �
LH[WIZFH~&M a EGQW} KHI>}REwPkQ	EwF ! I aGa YWI>FH~&KJE V I&Y V g ` I&KJL T K V MOLNEfeRI ( � C � `2( � C � EwQ�LHI&K X F
Pkx9z T MkK$�%
 } awT PkQ8YWI>}RKHI>I&F Pkx9x{KJI&I&Y\P X MkF!LN[WI EwQW~>PR[WI>KHI&QnL F TWX P ekI&K|MOFJg X8` LNPkLHEw~�M awa g
x{KJI&I z T MkK$� F&� (�T MkK)�%
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LHP � / �^i�I ����MkQ\Y�LH[WI&EGK KHMOLNEGPcEwF ~�M a ~ TWa MOLNI>Y � o x9EGL EwF
x{P T Q\Y I&z T M a LHP��k�UY T M a EfLhg
EGFcLH[WI&Q eRI>KHE v I&Y ��BdF ~&MkQ V I8FJI&I>Q EwQ s Ew}\� � � O �_LH[WI�PRQWFHI L POx|} a P V M a Y T M a EfLhg�x{PRK
LH[WIcYWI T LHI&KJPRQjFJI&I X F%LNP V Icx{PkK � - � �R� ��i�I � - �

1.07 GeV < W < 2 GeV
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 ������� ]1I>FJL Pkx } a P V M a z T MkK$�%
 [uMkYWKJPRQ�Y T M a EGLhg�PRQ LN[\I�YWI T LHI&KJPRQ�F ` EGQ�FJLNK T ~�

L T KHI!x T QW~ LNEwPkQ�3 �4 �_]#[WImKHMOLNEGP !mMkF_I>eOM aGT MOLNI>Y T FJEwQW} FHI eRI>KNM a C o S^` MOKNM X I>LHKHE*�&MOLNEGPRQWF>�
s EG} T KJI x{KHP X � C�[uMOK X M�!mMkKJYuMkQWIO���k�R��� � �

s EG}W� � � � FJ[WP�!%F
M%LHI&FqL�Pkx\} a P V M a MkQWY a P�~�M a Y T M a EfLhg�x{PRK LN[WI ` KJPkLNPRQ9� � P�~�M a Y T M a 

EfLhg EGQ LH[WI � � � � � � � EwF)FJ[WP�!%Q�LNP V Ime�EwP a MOLHI&Ycx{PRK�M aGa LN[WI � - ��l T L�EGQ LN[\I � 4
4�� �#G � G �
MkQ\Y + 4 � � ��� O � � KHI&}kEwPRQWF>� a PU~&M a Y T M a EfLhg EGFmeRI>KHE v I&Y�YWP�!%Q�LNP��
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]#[WI
FHM X I a P�~�M atV I&[WM e�EGPRK !mMkF�P V FHI&KqeRI>Y�x{PRKdLH[WI YWI T LNI>KHPRQ � C�[uMkK X M !mMkKHYWMkQWIk�u�k�R��� � �
� P ! I>ekI&K>�\LN[WI%PRQ\FHI>LmPkx } a P V M a Y T M a EGLhg PRQ8LH[WI ` KHPkLHPRQ8FJI&I X F!LNP PU~>~ T K MOLmM a MkKH}kI&K
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� - � � �R� ��i�I � - � LN[uMOQ x{PRK|LH[WIcYWI T LNI&KJPRQ �
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 ������� ]_I&FJL Pkx } a P V M a MkQWY a P�~�M a z T MkK)��
 [uMkYWKJPRQ�Y T M a EGLhg PRQZLN[WI ` KJPkLNPkQ�F ` EwQ
FqLNK T ~>L T KHI!x T QW~>LHEwPRQ 3 � 4 �_]#[WI!KNMOLHEwP !mMkF_I>eOM awT MOLNI>Y T FHEwQ\} FJI>ekI&KNM a C o S�` MkKHM X I>LNKJE*�&M 

LHEwPRQWF>� s Ew} T KHI x{KJP X � C�PUY\}RIk���O�R� G � �

o Q��dM awa B ��I�& ` I>KHE X I>Q L � ��� 
h��� � X I&MkF T KJI&Y LN[WI F ` EGQjFqLNK T ~>L T KHI x T Q\~>LNEGPRQWF 354
MkQ\Y 3 - PRQ � �dI � SUa EGx{I>K&�u�O�R��� � � �jP X I&QnLNF PkxmLH[WI �N�dI FqLNK T ~>L T KHI�x T QW~>LHEwPRQ\F�! I&KJI
I ekM awT MOLHI&Y � B a FJP LN[\I�QWI T LNKHPkQ X P X I&QnLHF�! I&KHI�LH[WI&Q I'&ULHKNMk~ LNI>Y �DB YWI>YWEw~&MOLNI>Y
FqL T Y\g � �jI��&ErMOQWE ���O�R� G � PRQ LH[WIc[WEw}k[WI&K|L
!%EGFJL I�" I&~ LNF !|MkF ` I&Kqx{PRK X I&Y�x{PRK|LH[WIcQWI T 

LHKHPRQZMOQWY LN[\I|KHI>F TWa LNF�MOKHImFJ[WP�!%Q2EwQ s Ew}W� � �#� �\�1]#[WI|z T MkQnLNEfLhg `Wa PkLJLNI>Y�EwF1YWI v Q\I&YZEwQ
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z�� � � � G � MkQWYZ~>PRQnL MkEGQWI&Y�L
!%EGFJL 
q�U��L
!%EwFJL 
 � MOQWY�L
!%EwFqL)

� ~&PRQnLNKJE VWT LNEwPkQWF&�_]#[WI|L
!%EwFqL)

� ` MkKJLmEwF KHI&F ` PkQWFHE VWa I x{PRK LH[WI�FH~&M a EGQW}^Pkx FJLHK T ~ L T KJI�x T QW~>LHEwPRQ\F|MkQWY EwF ! I aGa � QWP�!%Q �
� P ! I>ekI&K>�mLN[WI � - I eRP aGT LNEGPRQ0PkxdLH[WI�[WEw}k[WI&KZL
!%EwFqLNF2EwFZY\E ��~ TWa LZLNP ` MkKHM X I LNKJE*�&IO�
s KHP X LN[WEGF�MkQuM a g�FHEGF&�uLN[WI�M T LN[\PRKHFdFH[WP�! I&Y�LN[WMOL LH[WI z T MkK)�%
h} aGT PRQAEGQnLNI&KHMk~>LHEwPRQjI>x 

x{I>~>LNF�MkKJI F X M aGa PRKZ~&MkQW~&I a|V I>L
! I&I&Q,QWI T LNKHPkQ,KJI&FHPkQuMkQW~>I&F2x{PRK � - MOF a P�!�MOF2�\� G
i�I � - �

$ �� �" #&% > '!/QE ) � &�LHKNMk~ LNEwPkQjPkx_LN[\I^[\Ew}R[WI>K|L
!%EwFqLd~>PRQnLNKJE VWT LHEwPRQ LHP � � 4 �

s EG}W� � �#�%�8FJ[WP�!%FZMjz T M a EGLNMOLNEfeRIZEGQWYWEw~&MOLNEGPRQ Pkx#z T MkK)�%
h[uMkY\KHPRQ Y T M a EGLhg	PRQ LN[WI
354
F ` EwQ�FJLHK T ~ L T KJIdx T QW~ LNEGPRQ8x{PRK � � IR��!%[WI&KJIdLH[WIdKJI&FJPRQuMkQW~>I�YuMOLNM^PkFH~&E awa MOLNI%MkKJP T QWY
LH[WI^C o S YWMOL M\�
]#[WIcKHI>~&I>Q L KJI&FHPkQuMkQW~>I^YWMOL M�~>P X�V EGQWI&Y !%EfLN[ LN[\I^YWMOL M x{KJP X LH[WEwFmI�& ` I>KHE X I>Q L
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� & ` I>KHE X I>Q L_����
 ��� � LNP�P%� `Wa Mk~>I!MOL LH[WI	/kI�" I&KJFHPRQ � M V PkKNMOLHPRKJgdEwQ�LH[WI!I�& ` I>KHE X I>Q LNM a
�dM awa B EGQ /RMkQ T MkKJg�
 s I V K T MkKJg^�O�R� � � ]#[WI ` P a MkKJE*�&I>Y�I a I&~>LHKHPRQ V I�M X FH~�M�LHLNI>KHI>Y P�"2M
` P a MOKHE*�>I&Y�� �dI!L MOKH}RI L)EGQ PRKJYWI&K LNP Mk~&~>I&FJF)LN[WI F ` EwQ�
 YWI ` I&QWY\I&QnL�FqLNK T ~>L T KHImx T Q\~>LNEGPRQWF
354mMkQWY 3�-���MOQWY LH[WI�e�EwKJL T M a ` [WPkLNPkQjMOFJg X8X I>LHKHEGI&F 6�4|MkQWY 6 - �
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]#[WI VWa Mk~ � ` PREGQnLNF#KHI ` KHI>FHI>Q LdLN[WI
~>I&QnLNKHM a F ` I>~>LHKHP X I>LHI&K FJI>LJLNEwQ\}RF&�#MOQWY LN[\I ` MOKNM aGa I a PR}RKHM X F�MkKHP T QWY,LH[WI&FJI ` PkEwQnLNF
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]#[WI!}RPnM a Pkx LN[WI!I'& ` I&KJE X I&QnL !mMkFtLNP X I&MkF T KHI
LN[WI>FHI!FJLHK T ~ L T KJI x T QW~>LHEwPRQWFtEGQ�LN[WI
KJI&FHPkQuMkQW~>I KHI>}REwPkQ MkQ\Y8LN[\I&Q ~>P X8` MkKHI%LN[WI>EwK V I&[uM�e�EwPRK!LNP^YWI>I ` EwQ\I a MOFJLNEG~#YuMOLNM MkQ\Y
LH[WI&PRKJI>LHEw~�M a\` KJI&YWEG~>LNEGPRQWF>�)]#[WI � EwQWI X M�LNEw~ ~&P eRI>KNMk}kI�� s EG}W� �\� � � !|MkF!~ [WPkFHI&Q�EwQ2M�KJI�

}REGPRQ !%[WI>KHI#LN[\I PkQWFHI L!Pkx�z T MkK$�%
h[WMkYWKHPkQ8Y T M a EfLhg EGF
I�& ` I&~>LHI&Y2LNP V I#P V FHI>KJekI&Y � s PRK
LH[WI&FJI X I&MkF T KJI X I&QnLNF>�9LN[\I�L
!mP��dM awa B.�dEG}R[	y%I&FJP awT LHEwPRQ SU` I&~>LHKHP X I>LHI&KJF,� � y S �
! I&KJI#FHI>L�EwQ�Fqg X�X I>LNKJEw~ ~&PRQ v } T KNM�LNEwPkQ � � a MOFJLNEG~ FJ~�MOLJLNI>KHEwQ\}�YuMOL M � � / �R� ���n��icI����
� / � � � � ! I&KJI T FJI&Y LHPA~ [WI>~ � LH[WI ` KHP�Y T ~>L Pkx V I�M X MkQWY LNMkKH}kI>L ` P a MkKJE*��M�LNEwPkQWF
MkQ\Y�LH[WIdF ` I>~>LHKHP X I>LHI&K Mk~&~>I ` LNMkQW~&I>F&� o Q PkKHYWI>K LHP ~>P ekI&K LN[WI KHI>FHPRQuMOQW~&IdKHI&}kEwPRQZx{PRK
�	� � 
 � - 
 �
� � � i�I � �O~ � - �)LH[WKHI>I EwQ\~&EwY\I&QnL V I�M X I>QWI&KJ}REwI>F � � / � � �n� O �.�W� ��� O
MkQ\Y�GU� �R�%� icI�� � MkQWY8L
! P�F ` I>~>LNKJP X I>LNI>K|MkQ\} a I>F � � / �PG��|MOQWY � � � � ! I&KJI�~ [WPRFJI&Q �
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�A� � � ��]#[WI I a I>~>LHKHPRQWF
I'&UEGL!LN[WI#EGQ��JI&~ LNPRK !%EfLN[�MkQ2I&Q\I&KH}Og2Pkx M V P T L �QG �jI � � � MO~ [
a EwQuMk~#EGF ~>P X�` PRFJI&Y8PkxtFHI>KHEGI&FmPOxtF TW` I&KJ~&PRQ\Y T ~>LHEwQW} ~�M�e�EGLNEGI&F YWI&FJEw}RQ\I&Y LHP Mk~>~&I a I&KHMOLNI
LH[WI8I a I>~>LNKJPRQWFcLNPjM X M &UE X TWX Pkx �W� �ji�I � MOx LNI>K4G ` MkFJFNMk}kI&F&��C T I2LHP LH[WI�[WEw}R[
` I&Kqx{PRK X MkQW~>I�Pkx1LH[WIc~�M�e�EGLHEwI&F>�WLN[WI X M &UE X�T\X I>QWI&KJ}kg�Mk~ [WEGI>ekI&YAEGF%�\� � i�I � �
p1P a MkKJE*�&I>Y�I a I&~>LHKHPRQ\F MkKHI ` KJPUY T ~&I>Y V g�E awaGTWX EGQuMOLHEwQW} M|}nM aGa E TWX MkKHFJI&QWEGYWI � icMkBdF �

~&MOLN[WP�YWI !%EGLH[ ~>EwKJ~ TWa MkK a g ` P a MkKJE*�>I&Y ` [WPOLNPRQWF � icKHM X I>F&���O�R�R� � � o Q^PRKJYWI&K LNP Mk~ [WEGI>ekI
[WEG}R[ ` P a MkKHE ��MOLHEwPRQ � M�i^MkBdFNp � ` [WPRF ` [WPRK T F�FJLHKNMkEGQWI&Y }nM awa E TWX MkKHFJI&QWEGYWI � ~&KJg�FqL M a
EGF�EwQWFJI&KJLHI&Y V I>L
! I&I&Q L
!mP a M�gRI>KHFcPkx|i^MOB F&� ]#[WEwFc~&KJI�MOLHI&F^M ` I>KJL T K V M�LNEwPkQ EGQ�LN[WI
~>KJg�FJLNM au` POLNI&QnLHErM a MkQWY2KHI X P eRI>F
LN[WI#YWI>}RI&Q\I&KNMO~>gZPkx�LN[\I i^MkBdF�eOM a I>QW~&I V MOQWY ��]#[WI
` [\PkLNPRQ !mM ekI a I&QW}kLH[�EwF%L T QWI&Y LNP�I�&U~&EfLNIcLN[WI^I a I&~>LHKHPRQ x{KHP X LN[WI � ��� -�a I>ekI a LNP2LN[WI
� 4 � - a I>ekI a � s EG}W�%�W� � � � o Q8LH[WId~>PRQWY T ~>LNEGPRQ V MkQWY ��I a I&~>LHKHPRQ\F QWI>I&Y�MOQ I�&�LHKNM �^I � EwQ
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PRKJYWI&K#LHP Mk~>~&I>FHF LH[WIcI a I>~>LHKHPRQAM ��QWEGLhgk� o Q PRKHYWI>K LHP a P�!mI>K LH[WEwF ` PkLNI>Q LHErM a9V MkKHKJEwI>K&�
M2LN[WEGQ a M�gkI&K POx
~&I>FHE T\X 
 ` [WPRF ` [WPRK EwFdMkYWYWI>Y MOL LN[WI F T Kqx Mk~&I Pkx�LN[\IZicMkB Fd~&KJg�FqL M a
� s Ew}W���W� � � �_]#[WEwF1~�M T FJI&Y LH[WI I a I>~>LHKHPRQ M ��QWEGLhg�LHP V I&~&P X I QWI&}RMOLNEfeRIk� X I&MkQWEGQW} LH[uMOL
LH[WI eOMk~ TWTWX a I eRI a EwF QWP�! Mk~&~>I&FJFHE V\a I !%EfLN[	M a P�! I&K ` [WPkLNPkQ�I&QWI>KH}kg�LH[uMkQ�QWI>I&YWI>Y
LHP8MO~&~&I>FHF%LN[WIc~>PRQWY T ~ LNEGPRQ V MkQWY �!B V I�M X�` P a MkKHE ��MOLHEwPRQ8Pkx O G�� EwF|Lhg ` EG~�M a �
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]#[WI�LNKHMkQWFJx{PkK X MOLNEGPRQ	x{KHP X a EwQWI&MkK a gALHPA~&EGKH~ TWa MkK a g ` P a MkKHE �&I>Y ` [\PkLNPRQ\F EGF Mk~>~&P X 

`Wa EwFJ[WI&Y !%EGLH[jLN[\I EwQ\FHI&KqLNEGPRQjPOx
M p_PU~ �OI a F ~&I awa EwQ LN[WI^P ` LHEw~&M at` MOLH[ �#]#[WI�p_PU~ �OI a F
~>I awa EGF M�~>KJg�FJLNM a x{PRK !%[WEw~ [�LN[WI^KHI x{KNMk~ LNEfeRI^EwQWYWI'&�~�MOQ V I^~ [WMkQW}RI>Y V gjMkQAM `W`Wa EGI&Y
I a I&~ LNKJEw~ v I a Y � ]#[WI^[WI a Ew~&EfLhg Pkx1LN[WIcEGQW~&EGYWI&QnL I a I&~>LHKHPRQ EwF%EGQ ekI&KqLNI&YAMOLdM�x{KHI&z T I>QW~>g
Pkx � �R� � V g F)!%EGLH~ [WEwQ\}�LN[WI#FJEw}RQ�POx�LH[WImekP a LNMk}RI|EGQ LN[WI|p1P�~ �kI a F!~&I aGa � o Q2MkYWYWEfLNEGPRQ �RM
[uM a x 
 !mM�eRI `Wa MOLNI ~�MkQ V I#EwQWFJI&KqLNI&Y V I>x{PRKJI|LN[WI%p_PU~ �OI a F ~>I aGa EwQZPkKHYWI>K)LNPc}RI>QWI&KHMOLNI%MkQ
I a I&~ LNKJPRQ V I&M X !%EGLN[�[\I a EG~&EfLhg2P `W` PRFHEfLNI LHP LN[WI�[\I a EG~&EfLhg8FJEw}RQWM a POxtLN[WIcMk~>~&I a I&KHMOLNPkK&�
C T KJEwQW}�LN[WI I�& ` I>KHE X I>Q L �!����
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]#[WI>FHI V I�M X ~�M�e�EGLhg X PkQWEGLHPRKHF#[uM�ekI V I&I&QjYWI>LHI&K X EGQWI&Y LNP V I^FJLNM VWa IcP eRI>K ` I�


KJEwP�YWFdPOx X PRQnLH[WF&��]#[\I�FH~&M a I>K P T L `WT LHF !mI>KHIZ~&M a E V KNMOLHI&Y L
!mP X PRQnLN[\F V I x{PRKHI^LN[WI
I'& ` I&KJE X I&QnL � /kPkQWI&F>�9�O�R�n� � � ]#[WI ~>PRQneRI&KJFHEGPRQAPkx1LN[WI � 
 LNP 
 s FH~&M a I>KHF%LNP�~ T KJKHI&QnLdEwF
YWPkQWI^MkF#x{P awa P !%F��
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]1M VWa I �W� � }REGekI&F|LH[WI eOM awT I�PkxtLN[\I�~&PRQWFqL MkQnL�+ MkF|M x T QW~>LHEwPRQ�POxtLN[WIcM X�`Wa E v ~&MOLNEGPRQ
}nMOEwQ x Mk~ LNPRK>�

B X�`Wa E v ~&MOLNEGPRQ TW` FJLHKHI&M X Y\P !%Q\FJLNKJI�M X
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]#[WI V I&M X ` PkFHEGLHEwPRQ X PRQWEGLHPRKHF � l|p	�jF � MOKHI a PU~&MOLNI>Y ��� � G � MkQWY��R� � �R� X I>LHI&KHF TW` 

FqLNKHI&M X PkxtLN[\IdL MOKH}RI L|EwQ8PRKHY\I&K LHP X I�MkF T KHIdLN[WI V I&M X ` PRFJEGLHEwPRQ�EwQ M QWPRQ�
 EwQneOMkFHEfeRI
!mM�gR� ]#[WI>g MkKHI ~&P X�` PkFHI&Y POx x{P T K�MkQnLHI&QWQuMOI `Wa Mk~>I&Y EGQ MA~>g a EwQWYWI>K ` MkKHM awa I a LNP
LH[WI YWEGKHI&~ LNEGPRQ Pkx#LH[WI V I�M X ��]#[WI ` MkFHFHMk}RI Pkx#LH[WI V I�M X LN[\KHP T }k[ LN[WI ~ g a EwQ\YWI&K
EGQWY T ~>I&FdM�FJEw}RQuM a EwQ�LN[WI MkQnLNI>QWQuMkI^EwQnekI&KHFJI a g ` KHP ` PRKJLHEwPRQWM a LHP�LH[WI Y\EwFJLNMkQW~>I^x{KJP X
LH[WI V I&M X �

$ �� �" #&% I$' � ) ]#[WIc~&EwKJ~ TWa MkK ` MOLJLNI>KHQ�Pkx_LN[WIcKNMOFJLNI>K&�

� & ` I>KHE X I&QnL �!����
 ��� � T FHI>Y8M�} a MkFJF1L MOKH}RI L
~&I awa EGQ !%[WEG~ [�LN[WI ` KJI&FJF T KJI ~&MkQZKHEGFHI
LHP�M V P T L�� ��M�L X T QWYWI>K K T QWQWEGQW}A~>PRQWYWEfLNEwPkQWF&��]_P	M�eRPREGY P eRI>KH[WI&MOLNEGQW}ALN[\I8eRI>KJg
LH[WEwQ } a MkFHF !%EGQWYWP�!c�!LN[WI V I�M X !mMkF2KNMOFJLNI>KHI>Y T FJEwQW}	L
! P MOEwK�~>PRKHI�YWE ` P a I&F � PRQWI
ekI&KJLHEw~&M a �tPRQ\I�[\PRKHE �&PRQnL M a �da PU~&MOLNI>Y � � X T\` FJLHKHI�M X PkxmLH[WIZL MkKJ}RI>L � � [WI>Q � �k�R��� � �
lmPOLN[ YWE ` P a I&F PRFH~>E awa MOLNI MOL � O ��� � !%EGLN[0M ` [uMkFHI�Pkx �R��� V I L
!mI>I&Q,LH[WI X � ]#[WEwF
~>KHI�M�LNI&FdM2~&EwKJ~ TWa MkK ` MOLJLNI>KHQ � s Ew}\� �W� � � !%EGLH[AM2KNMkY\E T F X PUY T\a MOLHI&Y MOL�� ��� �k�|]#[WI
V I�M X ` PRFJEGLHEwPRQ !mMkF ~&PRKJKHI>~>LNI>YAEfx1Y\KHEGx LHF%MkKHIcFJI&I&Q9�
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]#[WI�FHEG}RQuM a P T L `WT LNF POx|I�MO~ [ ~&P X8` PRQWI>Q L Pkx LN[WI�I�& ` I&KHE X I>QnL�MkKJI2~&P aGa I&~ LNI>Y MkQ\Y
` KJPU~>I&FJFHI&Y V gAM ~&P X V EwQuM�LNEwPkQAPkx![uMOKHY�!mMkKHI�MkQWY�FJPkx L
!|MOKHI�x{PRK X EGQW} � � C%B � � � 


lmB s � Q a EwQWI C�MOLNM B ~>z T EwFJEGLNEGPRQ � � ]#[WI / � M V � � C%B4i�KHP TW` � ���%� G�� � � � C%B I'& 

LHKNMk~ LNF2EwQ\x{PkK X MOLNEGPRQ x{KJP X LH[WI�KHI�MOY�
hP T L2~&PRQnLNKJP awa I&KJF � y � � F � !%[WEG~ [,}RMOLN[WI>K�LN[WI
YuM�L M x{KHP X MkQuM a PR} 
 LNP 
 YWEw}kEGL M a ~&PRQnekI&KJLHI&KJF � B C � F � � LNE X I'
 LNP 
hYWEG}REGLNM a ~&PkQ ekI&KqLNI&KJF
�{]%C � F � MkQ\Y FH~&M a I>KHF EGQ VWT " I&KJF&� ]#[WI V\T "9I>KHF�MOKHI�FJI&QnL LNP LH[WIAI eRI>Q L VWT E a Y\I&K
� � l � LN[\KHP T }k[ LN[\I QWI L
!mPRK)��� o Q LH[WI �!l � LN[WI8~&P aGa I>~>LNI>Y YuM�L M x{KJP X I�MO~ [ I>eRI>QnL
MkKJI8PkKH}nMkQ\E*�&I>Y !%EfLN[ KHI>F ` I&~>L LNP LN[WI � � C B YuMOLNMjFJLHK T ~ L T KJIk� s EGQuM aGa gR� LH[WI�YuMOL M
MkKJI,!%KJEGLJLNI&Q PRQ MAFqLNPRKHMk}RI�YWEwF)� V g LN[\I I>ekI&QnLZKJI&~&PkKHYWI>K � �!y � �_B FJFHP�~&ErM�LNI&Y !%EGLN[
LH[WI y � � F>��I�Mk~ [�I eRI>Q L EwF%KHI>~&PRKJYWI&Y V g�LH[WIcLNKHEG}R}RI>K F TW` I&KJe�EGFHPRK � ] S � !%[WEG~ [AFJg�Q�

~ [WKJPRQWE �&I&F LN[WI8YuMOL Mj~&P X EwQW} EwQnLHPjLN[\I�y � � F�MkQ\Y EwF QWPkLZM "9I>~>LNI>Y V g LH[WI�C%B (
YWI&MkY�
 LNE X Ik�
o Q MkYWYWEfLNEwPkQ LNP � � C B � M#F a P ! ~&PkQ LHKHP a FJPkx L
!mMkKHI!~�M awa I>Y8�!p o �#S � � & ` I>KHE X I>Q LNM a

p
[ng�FHEw~>F_MkQWY o QWY T FqLNKJErM a � PkQ LHKHP anS g�FJLNI X � � ]#[WI � PRQnLNKJP a F S Pkx L
!mMkKJI i�KHP TW` ���k�k��� �
KJI�MkYWF_P T L X MkQng�~ [uMkKHMk~>LHI&KJEwFJLHEw~>F_POxWI�& ` I&KJE X I&QnL M a Y\I>e�Ew~>I&F)F T ~ [ZMkFtLH[WI F ` I>~>LHKHP X I�

LHI&K X Mk}RQWI L�~ T KHKJI&QnLNF>� LH[WI V I�M X [uM a x 
 !mM�eRI `Wa MOLNI FJL M�L T F>�RLN[WImLNMkKH}kI>L�LHI X�` I>KNMOL T KHI
FJI&QWFJPRK&� o Q\x{PRK X M�LNEwPkQ x{KHP X � p o �#S ~�MkQ�LN[WI>Q V IcEwQ��JI>~>LHI&Y EwQnLNPZLN[\I^YWMOL MkFqLNKJI�M X �
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]#[WI8FJLNMkQWYuMkKJY ~&PkQ v } T KHMOLNEGPRQ POx%� M aGa B ~&PkQWFHEGFJLNF Pkx|L
! P	[WEw}k[ KHI>FHP aGT LNEGPRQ F ` I&~�

LHKHP X I>LHI&KHF>�)]#[WI X Mk}kQWI>L)FHI>L TW` EwF)M (8( C ( ~>PRQ v } T KNMOLHEwPRQ MkF�FJ[WP�!%Q�EGQ s EG}W� �W�#� �\�
]#[WEGF�MkKJKNMkQW}kI X I&QnLcPkx!LN[WKJI&IZz T MkY\K TW` P a I>FcMkQWY M YWE ` P a I�M awa P�!%F LHP�KHI&Mk~ [ M [WEw}R[
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Preshower

Gas Cerenkov
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Q1 Q2
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� PRQ v } T KHMOLNEGPRQ (8( C (
lmI>QWYWEGQW} MOQW} a I �QG �

�jP X I>Q L TWX KHMkQW}RI,� icI����O~ � � � � � �
� �
�jP X I&QnL TWX Mk~&~>I ` LNMkQW~&I � � � 
 � � � � 
 
 �
� G

� P X I>QnL TWX KJI&FJP awT LHEwPRQ � � � #
B QW} T\a MkK#KHMkQW}RI

�dy S 
 � � � �HG � �#Gk� �
�dy S 
hy � � �HG � �#Gk� �

BdQW} TWa MkK%Mk~>~&I ` L MkQW~>I � X KHMkY �
[\PRKHE �&PRQnL M a � � �
ekI&KJLHEw~&M a �c�R�

BdQW} TWa MkK#KHI>FHP aGT LNEGPRQ � X KNMkY �
[\PRKHE �&PRQnL M a�� �\�HG
ekI&KqLNEw~&M a � �R� �

S P a EwY MkQW} a I �  MOL � � � � / �U� � � / � � X FHK
]_KNMkQWFqeRI>KHFHI a I>QW}kLN[ Mk~>~&I ` L MkQ\~&I ��G2~ X
]_KNMkQ\FJeRI>KHFJI ` PRFHEfLNEwPkQ�KHI&FJP awT LNEwPkQ � X�X

�	��

� 
 � ��� � �AMkEGQ�~ [uMkKNMO~>LNI>KHEGFJLNEG~&F%Pkx1LN[WI � M aGa BD[WEw}k[ KJI&FJP awT LHEwPRQ�F ` I>~>LNKJP X I>LNI>K&�
s KHP X � B a ~>PRKHQ9���k�R��� � �

���1����� � � ����� ��� � � ��� ����� �
o Q�PRKJYWI&K|LHP�x TWawa g8~ [WMkKNMk~ LNI>KHE*�>I�LN[WIcFJ~�MOLJLNI&KJI&Y ` MkKqLNEG~ a I>F&�WY\E " I&KHI>QnL|Lhg ` I>F POx)~>P T Q�

LHI&KHF MkQWY Y\I>LNI>~>LHPRKHF�MOKHI T FHI&Y � s Ew}\�	�\� �%� � � ]#[WI v KJFJL YWI>e�Ew~>I�EwQ LN[WIjFH~&MOLHLHI&KHI>Y
I a I&~ LNKJPRQ � F ` MOLH[ EwF2LN[\IjeRI>KJLHEw~�M a YWKJEGx L�~ [uM X V I>KHF � ��C � F � � ]#[\I&FHI ` KHP e�EwYWI LN[WI
LHKNMk~ � EwQ\}�Pkx|LH[WI I eRI&QnLZx{PRK^LN[WI�eRI>KJLNI'& KJI&~&PkQWFJLHK T ~ LNEwPkQ ` KHP�~&I>FHF>��]#[WI&Q LH[WI ` MkK 

LHEw~ a I&F2I&Q\~&P T QnLHI&K L
! P FJ~&EwQnLHE awa MOLNPkK `Wa MOQWI&F,!%[WEw~ [ LNKHEG}R}RI>K2LH[WI YuMOL M Mk~&z T EGFHEfLNEwPkQ �
s EGQuM aGa gR�9M � � - }nMkF �� I&KJI&Q �OP e ~>P T QnLNI>KcEwF `Wa MO~&I&Y V I>L
! I&I>Q LN[WIZL
! PAFJ~&EwQnLHE awa MOLNPkK
`Wa MkQWI>F&� MkQWY ` KHP e�EwYWI>F ` MkKJLHEw~ a I EGYWI&QnLNE v ~�M�LNEwPkQ � ]#[WIjp o C ` I&Kqx{PRK X MkQW~>I ~&MkQ V I
E X8` KJP eRI&Y !%EfLN[�LN[WI�L
! P 
 a M�gRI&KJI&YjI a I>~>LHKHP X Mk}RQWI LNEG~�~�M a PRKHE X I LNI>KHF&�
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VDC

Gas Cerenkov

S1

S2

Pion Rejector Shower

Preshower

Gas Cerenkov
S2

S1

VDC

$ �� �" #&% I$'!/ /*) o aGawT FqLNKNM�LNEwPkQ Pkx_LN[WI a I x L MkQWY�KHEG}R[nL � y S Y\I>LNI>~>LHPRK ` Mk~ ��Mk}RI>F

�	%.# �#��� ��� ��# ��� �
	 � ��� � %.# �

o Q	PRKJYWI&K LNP�MO~ [WEwI eRI2M }RP�P�Y�KHI>FHP aGT LNEGPRQAEGQ ` PkFHEGLHEwPRQAMkQWY	MOQW} a IO�9I&Mk~ [	F ` I&~ LNKHP X 

I LNI&Kc~>PRQnL MkEGQWF�L
!mP eRI&KqLNEG~�M a YWKJEGx Lc~ [uM X�V I>KHF�� ��C � � � B a ~&PkKHQ ���O�R��� � ��� MO~ [ YWKJEGx L
~ [uM X�V I>K!EwF X MkYWI#Pkx L
!mP^FHI>QWFHEGQW}�!%EGKHI `Wa MkQWI&F � � � O !%EwKJI&F ` I&K `Wa MOQWI � EGQ8Mc~&PkQ v } 

T KHMOLNEGPRQ�FH[\P !%QjEwQ s EG}W���\� � ���
B Q I a I>~>LHKHEw~ v I a Y EGF#~&KJI�MOLHI&Y V g�}kP a Y�
 `Wa M�LNI&Y � g a MkK
`Wa MkQWI>F ` P�! I&KHI>Y MOL 
 �W� � � � MkQWY `Wa Mk~&I>Y M V P eRI MkQWY V I a P�! I�Mk~ [,FHI>QWFHEGQW} !%EGKHI
`Wa MkQWIO� ]#[WIZY\KHEGx L ~ [uM X�V I&KJF^MkKHI vWawa I>Y�!%EGLH[ �n��� MkKH}RPkQ ` KHP e�EwYWEGQW} LH[WIZEwPRQ\E*�&EGQW}
X I&YWE TWX �WMkQWY �PO � I>LH[uMkQWI^Mk~ LNEwQ\}8MOFdM VWT "9I>K }RMkF&�
p
KHE X MkKqgcEwPRQ\E*��M�LNEwPkQ^[WM `W` I&QWF !%[\I&QZEwQ\~&EwY\I&QnL ` MOKJLNEG~ a I&F0� X PRFJL a gcI a I&~ LNKHPkQWF�MkQ\Y

` EGPRQWF � ~>P awa EwYWI !%EfLN[,}nMkF X P a I&~ TWa I>F�I �JI&~ LNEwQ\} I a I&~ LNKHPkQWF&� ]#[WI>FHIAI a I>~>LNKJPRQWF�LN[WI>Q
YWKJEGx L|M a PRQ\} LN[WI v I a Y a EwQWI>F&� �ma PRFHI�LHP�LN[WI !%EGKHI LH[WI�I a I&~>LHKHEG~ v I a Y V I>~&P X I&F `\T KHI a g
KHMkYWErM a MkQWY	Mk~>~&I a I&KHMOLNI>FdLH[WI ` KJE X MkKJg�EGPRQWE ��MOLHEwPRQ�I a I&~ LNKHPkQWF&� ]#[WEwFd}nMkEGQjPkx!I>QWI&KJ}kg
X M��kI>F X�TWa LNE `Wa I^EwPRQ\E*��M�LNEwPkQWF ` PRFJFHE V\a I�MOQWY M FHEG}RQuM a EwQ�LH[WI�FHI>QWFHEGQW} !%EwKJI EwFdLN[WI>Q
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