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E�H2G�kr^YUMH2V�om^uE:O�G:HJ@g?DE�^YBAH2@Cc£_�k¬?1@Y@�E:OMHJF]G�HJE�^gfJ?1@#}MU�fJHJG�¶

<#^YzA}MG:H � =r~*OMHrj�_�HJ}�V4FA¶Ík¬?]_�_�V4^g_vE:G�^Y\M}4E:^CF]U'È � � � ! Ë
LNF]G{E:OMH�Ø��ÛÀ �����	� � fJ?AU�V4^gVM?DE:H2_2=Ï~*O�HsjªFA^YU]Et_�om^uE:OH2G�G:FAG{\�?1Gt_{?AG�HsV�?DE:?[?1U�V¬E�OMH�_eF]@C^gV¬@Y^CUMHi^Y_{E�O�HsG:H2_�}M@uE
FAL�E:OMH�ùME¾om^uE:O[E:OMH�LN}MU�f(E�^YFAUB
¬ÈNøªË#z]^CB]HJU[^CU[E�OMH�E:H(ÂdE2=

Et?1^YUSE�^YH2_{ì � É,K � Ã î }�_�^YUMzmE�O�HbkrH2?A_�}MG:HJkrHJUSEt_3F1Ld\MGt?1U�ftO4¶
^YUMz�LNG:?]f�E�^YFAU,_{FAL
Ø¸V4H2f2?pc4_¾^CUSE:F�ù�U�?A@ª_eE:?1E�Ha_�fJFAUSE:?A^CU4¶
^YUMzw?AUXF4VMV|Ud}Mk�\ªHJGmFAL#ðD?AFAU�_2=
~*OMH�P
Q3P
QSRÚZ�FA@Y@Y?A\,F]G:?1E�^YFAU O�?]_�G:H2fJHJUSE�@Yc jM}M\4¶
@Y^g_eOMHaVý? k9Ha?A_�}MG:HJkrHJUSETFAL�E�OMH Ø ¿ À þ ¿ � ÿ � �\�G:?AU�ftOM^YUMz'LNG:?]f�E�^YFAU.ì � ú î K!\�?A_�H2V�FAUí���A�M=��AÄ3Åp¿3Æ�FAL
V�?DE:?�fJFAUSE:?A^CU�^CUMz�� �A� = ú�kr^C@Y@Y^CF]U9Ød¶�j�?A^CGt_J=Ïy{?]ftOrHJBAH2USE
^g_rV4^YBS^gV4HaVÛ^YUÛEvo�F�OMH2k9^g_�jMOMHJG:H2_[^YUÛE�O�H�Z�Î LNG:?AkrH
},_e^YUMzrE�O�H�jM@g?1UMH�jªHJG:j,H2U�V4^gf(}M@g?1G�E�F¬E:OMH!E�OMG:}�_eEi?DÂ4^g_J=
�iU�@Cc9E�O�F]_�HsHJB]HJUSE:_{om^uE:O¸F]UMHiftO�?AG�z]H2V[E�Gt?Aftð9^YU¸H2?]ftO
O�HJkr^Y_�jMOMH2G�HXf(FAU,_e^g_vE:HJUSE�om^CE�OÝFAG:^YzA^YU�?DE:^CUMz|LNG:FAk�E�OMH
^YUSE�H2G:?]f�E�^YFAU�j,F]^CUSE¾?1G:H�_�HJ@YH2f�E:H2V3= �iUMH�F1LME:OMH2_�H{E:G:?]ftð4_
^g_mG:H2ôS}M^YG�HaVXE�F¬\ªH�^YVMHJUSE�^Cù�H2V�?]_�?r@CH2j4E�F]U
KMomOM^Y@YH�E�OMH
F]UMH�^YU£E:OMH[F]jMjªF]_�^uE:H�OMHJkr^g_ej�OMHJG:H�^g_sG:H2ôS}M^YG:H2V|E�FX\,H
^gV4H2U]E:^uù,H2V0?A_!?¸ðD?AFAU
=�Î�FAG:HJFDBAH2G2KªFAU�@Cc£H2BAHJUSEt_�fJFAU4¶
Et?1^YUM^YUMz£FAUMHC�3ÿX?1G:H¬G�HJE:?1^YUMHaV3=¸~$F�?AfJfJFA}MUSE�LNF]G�E�OMH
_�}M\�_eE:?AUSE�^g?1@�H2UMHJG:zAc9fJ?AG�G:^CHaVr?po�?pc�\dc[E�OMHiUMHJ}ME�G:^CUMFS_JK
E:OMH�E:F1E:?A@
kr^Y_:_�^CUMzrkrFAkrH2U]E:}Mk;^CU|E�O�H�HJB]HJUSE�_eOMF]}M@gV
HJÂMf(HJHaVÞ�M=�Ã ��H�ñ�÷��D=w<#^YzA}MG:Hw�X_�OMFDo�_iE�O�H¬^CUdBD?1G:^Y?AUSE
k¬?]_�_�_�j,Haf�E:G�}MkÚF1L{E:OMHw_�HJ@YH2f�E:H2V0þÝ¿D�3ÿwf2?1U�V4^gVM?1E�H2_
?AU�VÞ_e^Yk�}�@Y?1E�H2Vº\�?]ftðSz]G�F]}MU�VM_2=[~*O�HrþFE1Èµ¹ Ù �AË ¿ G�Ha_v¶
F]U�?1U,f(H¬^g_�_�HJHJUÝj�G�F]k9^YUMH2U]E:@Cc0?1\ªFDBAHrE:OMH¸_�^Ck[}M@Y?1E�HaV
\,?AftðdzAG:FA}MU,VM_J= ~*OMH�\�G:?AU�ftOM^YUMzÛLNGt?Af(E�^YFAUHG!ÈNØ�¿ À
þÛ¿��3ÿ"� � Ë[^Y_9LNF]}MU�V»E�F0\ªHÛÈ·� Õ É � ú � � Õ �A���sÈ·_eE:?DE�Ë �� Õ � � ¹�Èµ_ec4_eEtË�ËI-wK�omOMHJG:HwE:OMH£_vEt?DE:^Y_eE�^gfJ?A@�}MU,f(HJG�E:?A^CUSEvc



�

)2 (GeV/c0π -KM
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

)
-3

 (
x1

0
2

E
ve

n
ts

/0
.0

2 
G

eV
/c

-310

-210

-110

1

10

<#^YzA}MG:H��M=$hi^Y_eE�G:^C\�}4E�^YFAU[F1L4E�O�H�G:H2fJFAU�_eE�G:}�f(E�H2V�þÛ¿��3ÿ
k¬?A_:_r^YU»E:OMH�P
Q3P
QSR ?AU�?1@Yc4_e^g_2=�~*O�H�V4F1Et_¬?1G:HXE:OMH
VM?1E:?�KbomOM^Y@CH|E�O�H|O�^Y_eE�F]zAGt?1k¬_[?AG�HX\�?Aftðdz]G�F]}MU�VÛÎºZ
H2BAHJUSEt_JÑ�Ø \�?Aftðdz]G�F]}MU�V ÈµVM?A_�OMHaV�@Y^CU�HaË�K�� Ó��ÈµVM?A_�O4¶
V4FAEeE:H2VX@C^YUMHaË(K�� ½ � ¿ È·V4FAEeE:H2V�@Y^CUMHpË�=

fJFAkrH2_{LNG�F]k E�OMH�}MU�fJHJG�E:?1^YUSEvcr^CU¸E�OMH�Ud}Mk�\ªHJG�F1L$_�^Yz1¶
U�?A@�H2BAH2U]Et_�?AU�VÝE:OMHXk¬?A^CUT_�c4_vE:HJk¬?DE:^Yf¸}MU�fJHJG�E:?1^YUSEvc
fJFAkrH2_�LNG:FAk E:OMH!H 7wf(^YHJU�fJc¸FAL#V4HJE�H2f(E�^YUMz¬? �3ÿA=b~*OM^g_
^g_¸fJFAU�_�^Y_eE�H2USEwom^uE:OèE�OMHºo�F]G�@gV�?pBAH2G:?AzAH�?1U�V�O�?]_¸?
\ªH(E�E�HJGi?AfJfJ}MGt?Af(c]=
~*OMH�Ø�¿èÀ þ = �Ï¿ � � \MGt?1U�ftO�^CUMz¸LNG:?]f�E:^CF]U�O�?A_iG:H(¶fJHJUSE�@Ycó\,H2HJU jM}M\M@Y^Y_�OMHaV \dc E�O�H'W�HJ@Y@YHèZ�F]@C@g?1\ªFAGt?D¶
E:^CF]Uíì � � î K�\�?A_�H2V�F]U��]Ã � Ä3Åa¿
ÆXF1L�VM?1E:?ÛfJFAUSE:?A^CUM^YUMz
� � �rkr^C@Y@Y^CF]U�Ød¶�j�?1^YG:_2=sÐs@Y_�F¸^YU�E:OM^Y_�fJ?]_eH]K,H2BAH2U]Et_s?AG�H
_�HJ@YH2f(E�H2Vº^YUºomOM^gftO0FAUMHrØÞV4H2f2?pcd_�E:F�@CH2j4E�F]U�_JK�omOM^C@YH
E:OMHÞF1E�O�HJG�FAUMHÝV4HafJ?pc4_|Bd^Y?TE�OMHÝO,?AV4G:FAUM^gf0ftO�?1UMU�HJ@
Ø ¿ À�� ¿ � � =è`¾?1G�E�^gf(@YHX^gV4HJUSE:^uù,f2?DE:^CF]U»^g_rFA\4Et?1^YUMH2V\dcÛkrH2?AU�_rF1L�G:?1E�^YFºFALi@Y^Cð]HJ@Y^CO�FSF4VTLN}MU�f(E�^YFAU�_2K*\M}M^Y@YV
LNF]GXHa?AftO�j,?1G�E�^gf(@YH�Odcdj,FAE�OMHa_e^g_|}�_e^YUMz»E�OMH0^YU4LNFAG:k¬?D¶
E:^CF]U0F]UÞE�OMHX_ejªH2fJ^uù,fwj�?1G�E�^gf(@YH¬^YVMHJUSE�^Cù,fJ?1E�^YFAUÝV4HJE�H2f(¶
E:FAGt_J=#<$^YzA}�G�H.��_�OMFDo�_#E�O�Hm^CUdBD?1G:^Y?AUSEbkr?]_�_¾_�jªH2f�E:G�}�k
FALbE�OMHr_�HJ@YH2f�E:H2Vºþ = �Ï¿�f2?1U�VM^YVM?1E�Ha_J=�~*OMH9krH2?]_e}MG:H2V
\MGt?1U,ftOM^CU�z[LNGt?Af(E�^YFAU G!ÈNØ�¿ÞÀ þ�ÿ

�
�Ï¿ � � Ë # Èµ� Õ É]�AÉ �� Õ �]�]�mÈµ_vEt?DEtË � � Õ � � ��È·_�c4_vE�Ë�Ë - ^g_¾f(F]U�_e^g_eE�HJUSEÏom^uE:O�E:OMH

o�FAG:@YVX?pBAH2G:?AzAH�BD?1@Y}MH�?1U,V¸O�?]_�\,HJEeE�H2Gs?Af2f(}MGt?AfJcA=ÏÐ�U
?AU�?1@Yc4_e^g_#F1L�E�OMH�þ = �Ï¿�^CUdBD?1G:^Y?AUSEÏk¬?]_�_b_�jªH2f�E:G�}�k G:H(¶
B]H2?1@g_bfJFAUSE�G:^C\�}4E�^YFAU�_bLNG�F]k E:OMHiþ E Èµ¹ Ù �]Ët¿�G:H2_�FAU�?AU�f(H
?]_*o�H2@C@#?A_mFAE�OMH2G�_vEt?DE�Ha_J=*~$FwV4H2_:f(G:^C\ªH!E�O�H�HJUMO,?1U�fJH(¶
krHJUSE�UMHa?1G!E:OMG�Ha_eO�FA@gV0?£þ Eÿ Èµ¹A�A�SË!?1krjM@Y^uE:}�V4H¬^g_�^YU4¶
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<$^YzA}�G�H �M=Ïhi^Y_eE�G:^C\�}4E�^YFAU9F1L,E�OMHmG:H2fJFAU�_eE�G:}�f�E:H2V[þ = �Ï¿
kr?]_�_Ï^YU9E�OMHiW�H2@C@YHm?1U�?A@Cc4_�^Y_2=$~*O�H�V4F1Et_b?1G:H{E:OMHsVM?1E:?�K
omOM^C@YH�E�OMH!OM^g_eE�FAz]G:?Ak¬_�?AG�H�\�?Aftðdz]G�F]}MU�V¬ÎºZèHJBAH2USE:_2=

E�G:FdVM}�f(HaV3=m<MFAGsE�OMH[V4H2_:f(G:^CjME�^YFAU£F1LÏE:OMH�V4^g_vE:G�^Y\M}4E:^CF]U
?DE£OM^YzAOMH2G|^YUdBD?1G:^Y?AU]E|k¬?A_:_eHa_JKi\,FAE�O�E�OMHÝþ E È � É � �SË
BAH2f(E�F]G¾G�Ha_eF]U�?1U�fJH�F]GÏE�OMH�_:fJ?A@Y?AG¾þ Eÿ È � É��A�SË�?AG�H*}�_�H2V3=Ð�E|jMG:H2_�HJUSE|^uE|^Y_XUMF1E�jªF]_:_e^Y\M@YH�E�F'V4^g_vE:^CUMz]}M^g_eOï\ªH(¶
Evo�H2HJU E�OMHèþ Eÿ È·¹]�A�]Ë 1�þ E È·¹ Ù �AË 1�þ E È � É � �SË�?AU�VE�OMH6þ Eÿ È·¹]�A�SË 1�þ E È·¹ Ù �]Ë 1�þ Eÿ È � É �]�]ËíùME k9F4Vd¶HJ@g_J= <MFAG E:OMH ù,_eE E:^CkrH]KÛE�O�H.þ E Èµ¹ Ù �AËt¿ k¬?A_:_
?1U�V om^gVdE:O6O�?pBAHó\ªHJH2U6krH2?]_e}MG:H2V ^YU6Ø6V4HafJ?pc4_2Ñ
A0Èµþ E È·¹ Ù �AË�Ë #óÈ·¹ Ù Ã Õ É � � � Õ �A��È·_eE:?1EtË � � Õ É]ÉsÈ·_�c4_vE�Ë �
� Õ Ã Ù È·k9F4V�Ë�Ë0Î£H�ñ
÷�� � KÏ?1U�V��{Èµþ E È·¹ Ù �AË�Ë #6ÈNÉSú Õ � �
� Õ ú�È·_eE:?1EtË �;�AÕ ��È·_�c4_vE�Ë � � Õ �*ÈNkrF4V�ËeË Î£H�ñ9= ~*O�H
þ E È·¹ Ù �AË�¿ k¬?A_:_ï^g_ _�^YzAUM^Cù,fJ?AUSE�@Yc;V4^���HJG:HJUSE�LNG:FAk
E�OMHóf(}�G�G:HJUSE�o�F]G�@gV ?pBAH2G:?AzAHïBD?A@C}MH F1L'È·¹ Ù��AÕ úAú �
� Õ �1ú]ËTÎ£H�ñ�÷ ���Þì É î ?1U�V'_ec4_eE�H2kr?1E�^gfJ?A@C@YcÞ@CFDo�HJG[E�O�?AU
H(Â4^Y_eE�^YUMzïkrHa?A_�}MG�H2krHJUSE:_£@Y^g_vE:H2V ^YU ì É î = Ü�EºO,?A_�E:F
\,H�UMFAE�H2VíE�O�?1EÛ?1@Y@9Ha?1G:@C^YHJGºkrH2?A_�}MG:HJkrHJUSEt_ºFALwE�O�H
þ E È·¹ Ù �AË�¿�k¬?]_�_�fJFAkrH¬LNG:FAk ?1U�?A@Cc4_�H2_!F1LmO�?]V4G:FAUM^gf
G�Ha?Af�E:^CF]U�_¬?1U,V�^CU�fJ@C},V4H£H ��H2f(E¸F1L�ù�U�?A@i_eE:?DE:H£^CUSE:HJG�¶
?Af�E:^CF]U
K
omOM^Y@YH9^YUºE�OM^g_�o�FAG:ðXE:OMH¬V4H2f2?pc£jMG:FdVM}�f�Et_!F1L
E�OMHwþ E Èµ¹ Ù �]Ët¿�?1G:H[E:OMH¬FAU�@Cc�O,?AV4G:FAU�_�^YUdBAFA@YBAHaV3=9Ü�E
^Y_�?A@Y_�F|o�F]GeE:O�UMFAE�^YUMz|E�O�?1E�UMFAUMHrFAL{E�O�H2_�H9j�G�H2BS^YFA},_
k9Ha?A_�}MG:HJkrHJUSE:_#^YU�f(@Y}�V4Hm_�c4_vE:HJk¬?DE:^Yf�}MU�fJHJG�E:?A^CUSE�^YH2_#^YU
E�OMH2^CG�G:H2_�}M@CE:_2=
qi_e^YUMz �1ÉS�]Ä3Åa¿3Æ!F1L�VM?1E:?�K�E�OMHrP
Q3P
QSR�Z�FA@Y@Y?A\,F]G:?1¶
E�^YFAUÝO�?]_�jM}M\�@C^g_eO�H2V0E�O�HwH(ÂMf(@Y}�_�^CB]H¬\MGt?1U�ftOM^YUMz�LNGt?Af(¶
E�^YFAU krH2?A_�}MG:HJkrHJUSE£F1L9Ø�¿ À �
¿	��½
�
¿6� � K�omOMHJG:H



É

H2?]ftOèF1L�E�OMH ��� ^g_wHJ^CE�O�HJGX?Þj�^CF]UèFAG¸?ÝðD?AFAUóì � ¹ î =
~*OMH!_e^YzAU�?A@ª_:?1krjM@YHs^g_�FA\4Et?1^YUMH2Vw\Scw_�HJ@YH2f(E�^YUMz�H2BAH2U]Et_
om^uE:O�LNFA}MG¸o�H2@C@�G:H2fJFAU�_eE�G:}�f(E�H2VTE�Gt?Aftð4_9O�?pBd^YUMzÞõJHJG:F
E�FAE:?1@�ftO�?AG�z]HA= ~*OMHýH2BAH2U]E ^Y_ V4^CBd^gV4H2V ^CUòEvo�F
OMHJkr^g_ej�OMHJG:H2_2K�FAUMHÛfJFAUSE:?A^CU�^CUMz�F]UMHÛftO�?1G:zAHaVèE:G:?]ftð
^YVMHJUSE�^Cù�H2V�?A_X?Û@YHJj4E:FAU�?AU�V�E�O�HºFAE�OMH2GXf(F]USE:?1^YUM^YUMz
E�OMG:HJHÛftO,?1G:zAH2VèE�Gt?Aftð4_|^YV4H2USE�^Cù�H2V ?A_£fJFAkr^YUMz'LNG�F]k
?�Ø�¿ À �Ï¿��
½ �Ï¿ � � K{Ø�¿ À þÝ¿ �
½ �Ï¿6� � K�Ø�¿ ÀþÝ¿$þº½ �Ï¿6� � F]G�Ø�¿ À þÝ¿$þº½#þÛ¿6� � V4HafJ?pc]K�om^CE�OV4H2f2?pc4_sO�?pBd^YUMz¬E:OMH[omG:FAU�zXftO�?AG�z]H�f(FAk[\M^YU�?DE:^CF]U�G�HJ¶
krFDBAH2V
=�~*OMH�\MG:?AU�ftOM^YUMzrLNGt?Af�E:^CF]U�_mF]\4E:?A^CUMHaV�^CU�E:OM^g_
?1U�?A@Cc4_�^Y_X?1G:H�_e}�k9k¬?AG�^YõJHaV�^CU�~#?1\�@CH � =í~*OMHJc�?1G:H
_e^YzAU�^uù,f2?1USE�@Yc¸krF]G�H!jMG:H2fJ^Y_�H�E�O�?AU�E�OMH�fJ}MG�G:HJUSEmo�FAG:@YV
?pBAH2G:?AzAHbG:H2_�}M@CE:_Ï^YU|ì É î =#~*O�^Y_Ï?1U,?1@Ycd_�^g_�ù,G:_eE¾k9Ha?A_�}MG:H2_
E�OMH[Ø�¿ÛÀ þÛ¿�þ�½¾þÛ¿ � � \MGt?1U�ftO�^CUMzrLNGt?Af(E�^YFAU
Kªom^CE�O?T_�^Cz]UM^Cù,fJ?AU�f(H�^YUïHJÂ4fJH2_:_wFAL�¹AÒÏ= Ð � È � �S�1�SË¬f(F]U4¶
E�G:^C\�}4E�^YFAU0^Y_�_�HJH2U�^YUº\ªF1E:O�E:OMHrØ�¿�À þÝ¿$þº½ �Ï¿ � �?1U�V»Ø�¿ À þÝ¿�þº½¾þÝ¿ � � V4HafJ?pcÞkrFdVMH2_�È·_�HJH£<#^CzA¶}MG:H0ÉdË�= ~*OMHÞ\MGt?1U�ftOM^YUMz»LNG:?]f�E:^CF]U�_XLNFAG�E�O�H2_�HºEvo�F
V4H2f2?pc k9F4V4Ha_º?AG�H G�È·Ø�¿ À � �Ï¿6� � Ë�# È � Õ ÉS� �� Õ ÃAÃ � � Õ �AÃAËC� � �4¿ � ?AU�V G!ÈNØ�¿ À � þÛ¿ � � Ë #È � Õ � Ù:� � Õ �1� � � Õ �1¹SË � � � ¿ � K�om^uE:O�?0_�^Cz]UM^uùªfJ?1U,f(H
F1LbÃ4= �DÒº?1U�V Ù = ¹AÒÏK4G:H2_�jªH2f�E:^CB]HJ@YcA=
qs_�^CUMz E:OMHóUMHJo \MGt?1U�ftO�^CUMz LNGt?Af�E:^CF]U k9Ha?A_�}MG:H(¶
krHJUSE:_£FAL9Ø�¿�À þÛ¿��3ÿ"� � K!Ø�¿ À þ = �Ï¿6� � ?AU�VØ�¿ À þÝ¿D�
½ �Ï¿6� � G:HJjªFAG�E�H2VÛ^CU»E�OM^g_r_eHaf�E:^CF]UÛ^uEr^g_j,FS_�_�^Y\M@CH�E�F[VMH(E�H2G�kr^YUMH  ;�<>=� LNG:FAk O�?AV4G:FAU�^Yf�Et?1}wV4HJ¶
fJ?pc4_{ì �2Ù1î =$~*OMH2_�H{UMH2oÞ\MG:?AU�ftOM^YUMzmLNGt?Af(E�^YFAU�_$?1G:Hb?pBAHJG�¶
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