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>BÎ9Q�XEGen î GUj[Z]\1^B;|í�GUM1FOQ@D.KNTe>BD�?ºROG8A�KYÏÝmNG8M1F�QED.KST�?1G8Ï
T8>]t1RdQBÒªTZÑ�>E=OA�GJ?·Ñ�>@?1=OQ@D�R2Ü"KNmNmwÎ`G�R_F�Õ�?1KNGU?÷Õ�ROKYD.Ðµ>
R[M9GUT8KN>EmYKNh8GJ?b?1G8FOGJT�FOQ@=3>E=O=Z>BD�ÐEG8A�GUD@FwF�Q�KS?1GUD@F�K�ÒÓtoROÕ�TZÑ
M.=�QgT8GUR�R[GJR2>BD`?º?1KNR�T�=�KNA�KND�>BFOGlÎ�>@TZêgÐE=�QEÕ.D�?�;ªa�D�>@?.?1KYÏ
FOKNQEDéAC>EDPt)ROQBÒÞFeM�=OQ1T�GJROROGUReÜ"KYmNm3Î`G¥R_F�Õ�?1KNGU?âF�GUR[FOKND.Ð
mYQ�Ü%G8D.GU=OÐ@tCFOÑ�G8QE=�G8ACR|QEÒ�8�Ö3I�;
k"ÒÞFOGU=">lmNQED.Ð�>BD�?bÑ�>B=Z?�FOGJTZÑ.D.KST8>Em`=�Õ.DbKND¥n rEr�� VEKND

n r@r n�F�Ñ.G�G8à1M`GU=OKNA�G8DPF�R[F�>E=[F�GU?µFZ>BêgKYD�ÐbM.Ñgt1R[KST8R�?.>BF�>

Ü"KYFOÑ�FOÑ�G3A�Õ.QED�Î9GU>BA
>BF �UÍEr î G8jNZ�TªKYD�T8KN?.G8DPFwÎ`GJ>BA
A�Q@A�GUDPFOÕ.Aµ;bI�>�FZ>bFZ>BêgKND.ÐµÜ3>@R�T�QEDPF�KYDgÕ.GJ?�KNDén rEr p
>ED�?µKND÷n r@r q�V.>EÐ@>EKYDµÜ"KYFOÑºF�Ñ.GeA�Õ.QEDµÎ9GU>BA >ED�?¥FOÑ.G
_ í�KSIèF�>E=OÐ@G�FU;0^�QdM�>]XEG$FOÑ.G3Ü|>]tdF�QLF�Ñ.G3Ñ�>E?1=�QEDeÎ`GJ>BA
A�GJ>EROÕ.=OGUA�G8DPF�RUV`>CpBÏÝÜ3G8GUêbM.KNmYQEFL=�Õ.DºÜ"K�F�Ñ·>CÑ�>@?1=OQ@D
Î9GU>EA Ü|>ER|M9G8=OÒÓQE=�A�GU?¥>�F|FOÑ.G�GUD�?¥QBÒ0FOÑ.Gen rEr qe=�Õ.D�;
k"ÒÞF�G8=�F�Ñ.GeF�GUTZÑ.D�KNTU>Bm�R_F�QEM�QEÒ$>BmNm0FOÑ.G�>ETUT�G8mNG8=Z>�F�QE=ZR

>BF÷Ö3ä$å2c KND n rEr@ë V2F�Ñ.GâG�à1M`GU=OKNA�G8DPFºÜ"KYmNm�=�GUROÕ.A�G
?�>�F�>CF�>BêgKND.ÐoKND÷n r@rEÍ >BD`?ºKNRLG�à1M9GUT�F�GU?µF�QoÎ9GeKND·QEM1Ï
GU=�>BFOKNQED¥Õ.DPFOKNm�>�F"mNGU>@R_Fdn r.�Ur ;

`�ÃCÆ�acb Ë�ÈDdfehgjikilimeNb�Ë�ÆlÇoÈDdfb�Æ�b�Ç
^|Ñ.GbÖ"×�Ø·Ù«k�f.f·ROM`GJT�F�=OQ@A�G8FOGU=�Ñ`>ER�Î`GUG8DáR[G8F�Õ�M

>BF$F�Ñ.G�Ö3äªå2c%f1Ù3f�AeÕ.Q@DoÎ9GU>BAµVPKYD¤ïL>BmNmon!n!n�QEÒ«FOÑ.G
Ù$=OGUXEGJROROKYD¥R[KYFOG@;wasFLT�Q@AeÎ.KND.GUR3Ñ.KNÐEÑµ=Z>�F�GdÎ9GU>EA�R2Ü"K�F�Ñ
>·A�Q1?1GU=ODâF_Ü3Q�R[F�>EÐEGCß.à1GJ?áF�>B=�ÐEG8FlAC>BÐED�G�FOKSToROM`GJT�Ï
F�=OQ@A�G�FOGU=U; <ªQEFOÑçR_FZ>BÐEGJRoÒÓQ@=OGJR[GUG÷TZÑ�>E=OÐ@GU?�M`>B=OFOKST�mNG
KS?1GUD@F�K�ß9T8>�F�KYQ@D)Ü"K�F�Ñ)Ò¡>ER[F�å"aOÖ3ï ?1G�F�GUT�FOQE=ZRUV GUmYGJT�FO=�QBÏ
AC>EÐED.G8FOKSToT8>EmYQ@=OKNA�G�FO=�tEV�Ñ�>E?1=�QED�KNTCTU>BmNQE=�KYA�G�F�=Ot@V�>BD`?
A�Õ.QED�KN?.G8DPFOKYß`T8>BFOKNQED�XPKS>Lß�m�F�G8=�KYD�Ð2FOÑ�=OQ@Õ.ÐEÑeFOÑ.KSTZêl>BÎ1Ï
ROQE=�Î9G8=ZR8;�a�D%ROQóÒ¡>E=UVLQED.mNtãFOÑ.Gâå"aOÖ3ï KYD+FOÑ.G÷ß�=ZR_F
AC>EÐED.G8FOKSTdROM`GJT�F�=OQ@A�G8FOGU=3Ñ`>ER3Î`GUG8D¥T�QED`R_F�=OÕ�T�FOGJ?b>BD`?
Õ`R[GJ?eKNDlF�Ñ.G|G�à1M`GU=OKNA�G8DPFUV@>BD�?eQED.mNt�M�>B=OF�QBÒ.F�Ñ.G"äimNGUT�Ï
F�=OQ@AC>BÐED�G�FOKST�Ö3>EmYQ@=OKNA�G�F�G8=$QEÒ«FOÑ.G�ROGUT�Q@D�?oROM`GJT�F�=OQ@A�Ï
G8FOGU=UV«F�Ñ.G�R[AC>BmNmw>BD.Ð@mYG�ROM`GJT�FO=�QEA�G8FOG8=JV«Ñ�>]X@GeÎ9G8G8DáKND
Q@M`GU=�>BFOKNQED�;ò^|Ñ�G�?1GUROKNÐED'QBÒ�?1G�F�GUT�F�QE=bT8QEA�M9QED.GUD@FZR8V
GUmYGJT�F�=OQ@D.KNTUR">BD�?¥?.>BF�>C>ETp:PÕ.KNROKYFOKNQEDµR[t1R[FOG8A >BmNmYQ�Ü2RªFOQ
Ñ`>BD�?1mNG�Î9GU>BA =�>BFOGJR|Õ.M¥FOQ �Urrq A�Õ.QED`R*ZBR">BD�?¥>BÎ9QEÕ1F
ëtsY�Jr!u Ñ`>E?1=�QED�R�Z�R2Ü"K�F�Ñ�>CAC>�à1KNA�>Em�KNDPFOG8=Z>ET�FOKNQEDº=Z>�F�G
QEÒ$>BÎ9QEÕ1F�n sN�Ur _ Z�RU;2^|Ñ.GlF�=OKNÐEÐ@G8=�KYD�ÐoR[t1R[FOG8A >BD`?µFOÑ.G
F�=�>@TZêgKYD.Ð2ROt1R_F�G8AçQBÒ`Ö"×�Ø·Ù«k�f.f�Ñ�>]XEGwÎ9G8GUDe?1GJR[KNÐED.GJ?
F�Q÷R[F�>ED�?áFOÑ.G¤>ER�R[Q1T�KS>�F�GU?á=Z>�FOGbQBÒ2R[GJT�Q@D�?.>B=�KNGURUV >BD`?
Õ`R[GâR_FZ>�F�G�ÏsQBÒÞÏÝFOÑ.G8Ïs>E=[Fb?1G8FOGJT�FOQ@=�RU;-kLmNROQ�VLÒ¡>ER[FbÒÓ=�QEDPF[Ï
GUD�?÷G8mNGUT�F�=OQ@D.KST8RUV«AeÕ.mYFOKYÏÝÎ�Õ1ù9GU=OKND.Ð`V�>BD�?á>¤mN>E=OÐ@G�>BD`?
Ò¡>@R_FLR[FOQ@=�>EÐEG�QBÒ0G8XEGUDPF�R">B=�G�GUR�R[GUDPFOKS>BmÝ;
^|Ñ.G¤mN>]t@QEÕ1FlQEÒ3F�Ñ.G¤ROM9GUT�F�=OQ@A�G�FOGU=eÜ"Ñ.KSTZÑ)Ü|>ER�Q@D

F�Ñ.G[W�QgQE="KND·n r@r neKNR"ROÑ.Q�Ü"D¥KYDº:0KYÐ`; � ;
^|Ñ.G|G�à1M9G8=�KYA�GUD@FwÑ�>@R0Î`GUG8D�=OÕ.D�>�Fw>�AeÕ.Q@DeGUD.G8=�ÐEt

QEÒ �JÍEr î GUje;�^|Ñ.G�Î`GJ>BA�KSR�D�>�F�Õ.=Z>BmNmYtµM9QEmS>B=�KYhUGU?ºÎgt
F�Ñ.Gwv�x2?1GUTU>]t�A�GJTZÑ�>BD.KSROA¥V1>ED�?�FOÑ�GdÎ9GU>EA M`Q@mN>E=OKNhU>BÏ
F�KYQ@DºKNR2GUR[FOKNA�>BFOGJ?bF�QCÎ`G ñ�ÍPì ;$^|Ñ�G�Î`GJ>BA KNDPFOGUD�R[KYF_t
KSRLn sB�Jr!q AeÕ�QED�R|M9G8=LROM.KNmYmªõÓq�; ë R|mYQ@D.ÐPö�;
YáG2Õ�ROGªF�Ñ.G"M9QEmS>B=�KYhUGU?eF�>B=�ÐEG8FiR[t1R[FOG8A-QBÒ9FOÑ.GLf.Ø÷Ö

G8à1M`GU=OKNA�G8DPFUV0Ü"Ñ.KSTZÑâ>EmYmNQ�Ü2RdÒÓQE=�F_Ü3QµQEM.M9Q@ROKYFOG8mNt·M9QBÏ
mS>B=�KNh8GU?'FZ>B=�ÐEG8F¤T�GUmYmSR8V ÍEr T8A mNQED�ÐéGU>@TZÑ�;ð^|Ñ.GáÙ$^
AC>EÐED.G8F�TU>BDóM�=OQ�XgKS?1G¤Î9QBF�Ñ'>áROQEmNG8D.Q@KN?.>Em$ß`G8mS?%õÝn1; ë
^2öl>BD�?â>º?1KNM`Q@mYG�ß`G8mS?�õ r ; ë ^2ö�V�ÒÓQE=e>@?1KN>EÎ�>�F�KNT�ROM.KND
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:0KNÐEÕ.=�G � ;0^ QEM¤XPKNG8Ü�QEÒ�FOÑ�GdmS>]tPÏÝQ@Õ1F$QBÒ�FOÑ.G�R[M9GUT�FO=�QEA�G�F�G8=ªÒÓQE=ªFOÑ.GlÖ"×�Ø·Ù«k�f.fCG8àgM9G8=�KNA�GUDPFªKND¥n r@r n.;0^|Ñ.GdmN>EÎ`GUmNR
>ED�?oF�Ñ.Gl>B=�=�Q�Ü2R$=�G�ÒÓGU=|FOQ�FOÑ.G�AC>Bô_QE=2T�Q@A�M`Q@D.G8DPF�R|QEÒ�F�Ñ.G�FO=Z>ETZêgKND.Ð�VgF�=OKNÐEÐ@G8=JVg>ED�?¥Ùia_I
ROt1R_F�G8ACR8;

=�QBFZ>�FOKNQED)>ED�?áÒÓQE=eFOÑ.GbFO=Z>BD�ROXEGU=�ROK�F_t�A�GJ>EROÕ.=�G8A�G8DPF�RU;
ÖªQ@=O=�GUROM`Q@D�?1KND.ÐEmNtEVUFOÑ�G|F�>B=�ÐEG8F M9QEmS>B=�KYhJ>�F�KYQ@DeT8>EDeF�Ñ.G8D
Î9G¤Q@=OKNG8DPF�GU?âG8KYFOÑ�G8=�mYQ@D.ÐEKYFOÕ`?1KYD`>BmNmYtâQE=�FO=Z>BD`R[X@G8=ZR[GUmYt
F�Q¤F�Ñ.GCÎ9GU>BA ?1KN=OGJT�FOKNQED�;bWLROG�QBÒ3F_ÜªQº?1KYù9GU=OGUDPF�F�>B=OÏ
Ð@G�FºAC>�FOGU=OKS>BmSRUV�cdïzyé>@RµM.=OQEFOQ@DòF�>E=OÐ@G�F·>BD`? _ í�KSI
>@Re?1GUÕ1FOGU=OQ@DâF�>B=�ÐEG8FUV�KSR�ÒÓQE=�GUROG8GUD�;·Ù�QEmS>B=�KNhU>�F�KYQ@D�R�QBÒ
n ë¥ì >BD�? ëBr·ì Ñ`>]XEG�Î`GUG8Dâ=OGJ>ETZÑ.GJ?«V�=�GUROM`GJT�F�KYX@G8mNtE;
a�D�ROQoÒ¡>E=dÜ3GeÑ`>]XEGlÕ�ROGU? _ í�KNI(<®K�FZRLÒ¡>]X@QEÕ.=Z>BÎ�mYGl?1KNmNÕ1Ï
F�KYQ@D�Ò¡>ET�FOQE= QBÒ${ r ; ë KSR QBÒ1FOÑ�G$Õ1F�A�QPR_F0KYA�M9QE=OF�>ED�T�G$ÒÓQE=
F�Ñ.G�A�GJ>EROÕ.=�G8A�G8DPF�QBÒ|E(F�;CI�>�FZ>¤Ñ`>]XEG�Î`GUG8DáF�>EêEG8D
Ü"KYFOÑ+FOÑ.G÷F�>E=OÐ@G�F¤M9QEmS>B=�KNh8GU?+mYQ@D.ÐEKYFOÕ`?1KYD`>BmNmYt�õ¡>EÎ`Q@Õ1F
n rPì QBÒ2F�Ñ.G¥FOKNA�GJö�>BD�?óFO=Z>BD`R[X@G8=ZRO>EmYmNtèõ�>BÎ9QEÕ1Fbn rgì
QEÒLFOÑ�GºFOKNA�GJö�Ü"KYFOÑã=�GUROM`GJT�FCFOQâF�Ñ.GºKND�T�KS?1G8DPFoÎ9GU>EA
?1KN=�GUT�F�KYQ@D�;
^�Q�AC>BF�TZÑ FOÑ�GòG�à1M9GUT�F�GU? M`>B=OFOKST�mNG}W�Õ1à KYD F�Ñ.G

X�>B=�KNQEÕ�R�mNQgTU>�F�KYQ@D�R�>BmNQED.Ð¤FOÑ�GoR[M9GUT�FO=�QEA�G�F�G8=JV0Ö"×�ØµÏ
Ù«k�f.foÕ`R[GJR|XEG8=�tb?1KYù®G8=�G8DPF|FO=Z>ETZêgKYD�Ð�?1G8FOGJT�FOQ@=�RU;w^|Ñ.G
ROAC>BmNm$>B=�GU>¥F�=�>@TZêEG8=ZR�T�Q@D�R[KSR[FeQBÒ2ROG8XEGU=�>EmiR_FZ>�F�KYQ@D�R�QBÒ
R�T�KNDPFOKNmYmS>�F�KYD.Ð¤ß�Î.=�GURUV�ROKYmNKNT8QEDá?1G�F�GUT�F�QE=ZR8V«A�KST�=�QEA�G8ÐP>ER
TZÑ�>EAeÎ9G8=ZR�Ú p Û >ED�?÷Ð@>ER�TZÑ�>EAeÎ9G8=ZR�Õ�R[KND.Ð¤FOÑ.G î äªØµÏ
F�GUTZÑ.D.K~:PÕ.G�Ú q Û ;�í >B=�ÐEGâ>B=�GU>óFO=Z>ETZêgKND.Ð'?.G8XgKNT8GURº>E=OG
AC>E?.GiÒÓ=�QEA Ð@>@R[GUQEÕ�R ?1G�F�GUT�F�QE=ZRªõÝf1>ET8mN>]t�Id=OKYÒÞFªÖªÑ�>BA�Ï

Î`GU=�RUV9fPF�=�>]Ü%FOÕ�Î`GJR�Ú ë]Û V`ØcYòÙ|Ö�� RUV`>ED�?XY�q3Z ë IL=�K�ÒÞF
ÖªÑ�>BA�Î`GU=�RZö�M.mS>ET8GU?é>E=OQ@Õ.D�?áF�Ñ.GbF_Ü3Q�ROM`GJT�F�=OQ@A�G8FOGU=
A�>EÐED.G8F�RU;+^0>BÎ.mNG � R[Õ.A�AC>B=�KNh8GUR�F�Ñ.G·ROM�>�F�KN>Em2=OGJR[QEÏ
mYÕ1F�KYQ@Dé>BD�?÷F�Ñ.GCFOKNA�KYD�Ð·M.=�QEM9G8=OFOKNGUR�QBÒ|F�Ñ.GCFO=Z>ETZêgKND.Ð
?1G�F�GUT�F�QE=ZR8V`>ER"?1GU=OKNXEGJ?oÒÓ=�QEA FOÑ.Gen rEr n�?.>BF�>.;iØ·Õ.QED�R
>B=�G�KN?1GUDPFOKYß�GU?ºKNDºmS>B=�ÐEG�Ï�>B=�GU>�a_>B=�Q1T8T8K�ÏsmYKNêEG�F�Õ.Î`GJRL>ED�?
?1=OKYÒÞF"FOÕ�Î`GJRL?1Q�Ü"D�R[FO=�GU>EA QBÒ0AeÕ.Q@Dµ>EÎ�ROQE=�Î`GU=�RU;
^|Ñ.G2TZÑ`>B=�ÐEGU?lM�>B=OFOKST�mNG|KN?1GUDPFOKYß`T8>BFOKNQED�=OGUmYKNGUR0QED�FOÑ�G

å"aOÖ3ï FOGUTZÑ�D.QEmNQEÐ@tE; Ùi=�GUROG8DPFOmNtEV"Q@D.mYtòå2aOÖ3ï � õÓFOÑ.G
å"aOÖ3ï KND FOÑ.Gòß�=�R[FéAC>BÐ@D.G�F�KNT�ROM`GJT�F�=OQ@A�G8FOGU=ZöâG8àgÏ
KNR[F�R¤Ú ÍBÛ ;·^|Ñ.GbmYGUD.ÐBF�Ñ)QBÒ|FOÑ.G¤=�>@?1KS>�FOQ@=oõÝÖh�J: ø�� ÐP>ERZöXEGUR�ROG8mwKSRlpµAµ;¤^|Ñ.GCGUD@F�KY=�GC?1Q�Ü"D�R[FO=�GU>EA6R[Õ�=[Ò¡>@T�G�KNR
T�Q�XEGU=OGJ?�Îgt �@�UÍ >EmYÕ�A�KND.KNh8GJ?oA�KY=�=�QE=ZRwÜ"K�F�Ñ¤ROM.Ñ.GU=OKST8>Em
ÐEG8Q@A�G�FO=�t�>ED�?â>¥ÒÓQgTU>BmwmNG8D.ÐEFOÑâQBÒ"p.; pµAµ;bkLRljdW2j
M.Ñ.QBF�QEDe?.G�FOGJT�F�QE=ZR�Ü3GiÕ�ROGªØcYòÙ|Ö�� R�Ü"K�F�Ñ�>dÖ3ROa«M.Ñ.QEÏ
FOQ1T8>BFOÑ.Q1?1G+Ú ñJÛ õ¡ROG8Ð@A�GUDPFOGU? KND�n��lnãA�AD^éM�>@?.RZö
Ü"Ñ.KNTZÑ%?1G�F�GUT�F¥M.Ñ.QEFOQED`RCÜ"K�F�ÑòÜ|>]XEGºmNG8D.ÐEFOÑòROÑ.QE=OFOGU=
FOÑ�>ED�n rEr D.AµVªKÝ; GE;'KYD'FOÑ�G¤Ò¡>E=oW2j�?1Q@AC>BKND�;'^|Ñ�G
>ET�F�KYX@G¥>E=OGJ>ºQBÒdGU>ETZÑóQBÒ2F�Ñ.GbF_Ü3Q�M�Ñ.QBF�QEDè?.G�FOGJT�F�QE=ZR
KNR�n1; noAD^�>BD`?µFOÑ.G�F�QBF�>Em DgÕ.A�Î`GU=�QBÒ$M�>@?.RdKNR�>BÎ9QEÕ.F
ñ�r V rEr@r ;0^|Ñ.G2ÒÓ=�QEDPF[ÏsG8D`?CG8mNGUT�FO=�QED.KST8R$Õ�R[GJRª>eA�Qg?.K�ß�GJ?
XEG8=ZROKYQ@DóQBÒdFOÑ.G î >@ROROKNM.mYG8àóTZÑ.KNM�V3>ED�?óFOÑ.Gµ=�GU>E?1ÏÝQ@Õ1F
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^ >EÎ.mNG �
^�=Z>ETZê@G8=ZR$M9G8=OÒÓQE=�AC>BD�T8GUR|KND¥FOÑ.Gen rEr nl=OÕ�D�;
ILG8FOGJT�FOQ@= DgÕ.AeÎ9G8=LQBÒ G1�oT�KNG8D�T8t =�GUROQEmNÕ1FOKNQED FOKNA�KND.Ð

T�QgQE=Z?1KND�>�F�GUR
f1T�KNDPFOKNmYmS>�F�KYD�Ð�ß�Î`GU=�R n � Ì q ì � p r(� A r ; q ë D�R
ØºKST�=�QEA�G8ÐP>ER � n Ì@ë Ï Ì n ì Í@ë�� A n�D�R
î ä$Ø q r Ì@ë Ï Ì n ì ëBr(� A � neD`R
f1I�Ö n�q Ì q�Ï Ìgñ�ì ��ñ�r(� A
fPFO=Z>]ÜòF�Õ.Î9GUR � n � ÌEroì n ñ�r(� A
ØcYòÙ3Ö p@n ÌPñ Ï Ì@ÌCì
Y�q3Z ë n ��n roì

T8>E=�?.RCT8QED�R[FOKYFOÕ.FOGº>áA�>Bô_QE=CM.=�QBô_GJT�FJV$Õ1F�KYmNKYhUKYD�ÐáÑgÕ.D.Ï
?1=�GU?.R"QEÒ0I�f1Ù�� RU;
^|Ñ.G�FO=�KYÐ@ÐEG8=|KSR|ÒÓQE=�A�GU?¥ÎgtCF_Ü3Q�Ñ`>E?1=�QEDµT8>EmYQ@=OKNA�G�Ï

FOGU=�R|>BD`?bROG8XEGU=�>Em�Ñ.Q1?1QPROT8QEM9G�ROt1R_F�G8ACRU;�ä$mYGJT�F�=OQ@A�>EÐBÏ
D.G�F�KNTºTU>BmNQE=�KYA�G8FO=�táKSR�Î9G8KND.ÐâKYD�R[F�>EmYmNGU?èÕ.M�R[FO=�GU>EA QBÒ
FOÑ.G"Ñ`>E?1=�QED.KST3T8>BmNQE=�KNA�G8FOGU=�R0>�F�FOÑ�G3GUD�?�QBÒ`GJ>ETZÑ�R[M9GUT�Ï
FO=�QEA�G�F�G8=2ROGUT�FOKNQED�;
^|Ñ.G2=�GU>E?.QEÕ1F$ROt1R_F�G8A Ú n Û Õ�ROGUR$>lA�Q1?1GU=ODCT8QED�T8G8M1FJV
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) 0N(D  55.0±  1076.8 

Mass     2 1.38 MeV/c±  6.14 

Sigma    2 1.58 MeV/c± 26.82 

=523.0 +/- 25.86effS
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×dÕ.=C?.>�FZ>·=�G8M.=�GUROG8DPF�FOÑ.G¤ß�=ZR_F�KYD.ÒÓQE=�A�>BFOKNQEDéQ@DéF�Ñ.G
FO=Z>BD�ROXEGU=�ROGw>EROtgA�A�G8FO=�KYGJR®QBÒgFOÑ.Gª?1G8Õ1F�G8=�QED�KND�FOÑ.G$Ida[f
=OGUÐEKNQED�;�äwù®GUT�F�Rª>B=�G2R[AC>BmNm`>ED�?CT�Q@D�ROKNR[FOGUD@FªÜ"K�F�ÑCh8G8=�Q
Ü"K�F�Ñ.KND FOÑ.G)M.=�GUROG8DPF·>ETUT�Õ.=Z>ET8t�QBÒ�FOÑ.Gó?�>�F�>�; ^|Ñ.G
>BD�>EmYt1ROKNR�QBÒLFOÑ.Gºn r@r p·?.>BF�>�KNR�GUR�ROG8DPFOKS>BmNmYtáß�D�KNROÑ.GU?�V
Î.Õ1FªR[FOKNmNm1=OG¨:@Õ�KY=�G"R[Q@A�G"T8=OQPROR[ÏsTZÑ�GUTZê1R«ÒÓQ@=�FOÑ.G2ROt1R_F�G8A�Ï
>�F�KNTUR�G8=�=OQ@=�RU;�^|Ñ.G�FOQEF�>BmiR[F�>BFOKSR_F�KNTURl>ETUT�Õ.A�Õ.mS>�FOGJ?�KND
n r@r n¨I.n r@r q�KSRCA�QE=�G¥FOÑ�>EDò>BDãQE=Z?1GU=CQBÒ�A�>EÐED.KYFOÕ`?1G
mN>E=OÐ@G8=3FOÑ`>BD¥FOÑ�>BF2QBÒwn rEr n1;
^|Ñ.G2A�GU>@R[Õ.=�GU?oÖªQ@mYmNKYD`R$>EROtgA�A�G8FO=�KYGJR$>E=OG"M.=�QEM9QE=OÏ

FOKNQED�>Em�F�QeF�Ñ.GLM�=OQ1?1Õ�T�F3QEÒ�>�ÒÓ=Z>BÐ@A�GUDPF�>�F�KYQ@D�ÒÓÕ.D�T�FOKNQED
>BD�?%>óM`>B=OFOQED%?1KNR[FO=�KNÎ.Õ1FOKNQED+ÒÓÕ.D�T�FOKNQEDÀE L ?g; ^0>BêPÏ
KYD�ÐéKYDPF�Qó>ETUT�QEÕ�D@FbFOÑ.G·=�GUROÕ.mYF�RbQBÒlïLäªå2Ø·äªf'Õ`R[KND.Ð
>+M�=OQEFOQEDðF�>E=OÐ@G�Fá>ED�?ðFOÑ.Gã>BhUKYA�Õ1FOÑ�>EmCT�QE=�=�G8mS>�FOKNQED
A�GU>EROÕ.=�GU?âÎgt·F�Ñ.G¤<3GUmYmNG¤ÖªQEmNmN>EÎ`Q@=�>BFOKNQEDãÚ ��ñJÛ KYDâF�Ñ.G
F_ÜªQ]IUô_G8F�R�GUXEG8DPFZR8V K�FeKSR�mNKYê@G8mNt·F�Ñ�>�FeQ@Õ.=l=�GUROÕ.mYFlÑ.KYDPFZR
FOQ�>çT8>BD`T�G8mNmS>�FOKNQEDðÎ`G8F_ÜªGUG8D�M.=OQEFOQ@Dð>BD�?-D.GUÕ1FO=�QED
R[KND.Ð@mYG1IgROM.KYD¤FO=Z>BD`R[X@G8=ZR[G�>EROtPA�A�G�F�=OKNGURU;�asFLT8>ED.D.QBF"Î9G
G�à.T�mNÕ�?1GJ?áÑ.Q�ÜªGUXEGU=2FOÑ`>�F�FOÑ�KNR�ROM.KND1Ïs?.G8M9G8D�?1GUDPF�ÒÓ=�>EÐBÏ
A�G8DPF�>BFOKNQED�ÒÓÕ.D�T�F�KYQ@D�KNRwROAC>BmNm1KYD�FOÑ.KSRwM�>E=[F�KNT8Õ.mS>B=0M.=OQEÏ
T�GJROR�>BD`?ºFOÑgÕ�R�=�GUROM`Q@D�ROKYÎ.mNGlÒÓQ@=�FOÑ.G�R[AC>EmYmw>EROtgA�A�G8Ï
FO=�KYGJR8;i^|Ñ�G8=�G�ÒÓQE=�GLQEFOÑ.GU=|:@Õ`>B=�êCM`Q@mN>E=OKNA�G�FOGU=�R3>B=�G�Î`G8Ï

KND.Ð�Î9G�KYDgXEGJR_F�KYÐP>�F�GU?omNKNêEGdFOÑ.G�KNDPFOG8=OÒÓG8=�G8D`T�GdÒÓ=�>EÐEA�G8D1Ï
FZ>�F�KYQ@D�ÒÓÕ.D�T�FOKNQED Ú � n Û Ü"Ñ.KSTZÑ�KYDgX@QEmNXEGURºF_ÜªQEÏÝÑ�>@?1=�QED
T8QE=�=OGUmN>BFOKNQED�RU;óÙ$=OGUmYKNA�KYD�>E=Otâ=�GUROÕ.mYF�R�ÒÓ=�QEA F�Ñ.G·n rEr n
>ED�?�n r@r p�?�>�F�>áÑ�>]X@G¥>EmY=�GU>@?1t)Î9G8G8D�ROÑ.Q�Ü"Dè>BFCFOÑ.G
Ida[f.n rEr@ë T8QED1ÒÓGU=OGUD�T�G@;
k2D�QBFOÑ�G8=�KYDPFOGU=OGJR_F�KYD�ÐoQEÎ�ROG8=�X�>BÎ.mNG�=�G8mS>�FOGJ?¥FOQ§E L ?

KSR�F�=�>ED�ROXEG8=ZROG@ÔðM`Q@mN>E=OKSR�>�FOKNQED�V Ü"Ñ.KSTZÑ)KSRe>BmSROQºÎ`GUKYD.Ð
R[FOÕ`?1KYGJ?«;

��ÃÕ��ÃCÉ§Í3�&�pÍ6�C�M�}�p���C�kÖ]�p�&�CÍØ×Ù�k�&Ö!�p���$� ¡tÚø^|Ñ.Gº>BD`>BmNtgROKSReQEÒz¡tÚø ÒÓQE=�FOÑ.G·n rEr n-I1n rEr pº?�>�F�>÷KNDF�Ñ.Gò=�G8Ð@KYQ@D � î GUj�^ÛªÜ©N^Ýª �JrEr î G8jw^ò>BD`?
r� r@r qÞªßOàª r��ñ KSR·M�Õ.Î.mNKNROÑ.GU? Ú �UÌBÛ ; ^|Ñ.GéD.GUÜ
?�>�F�>ð>B=�G�FOÑ.G+A�QPR_F'M.=�GUT�KSROGò?.>�FZ>�KYD FOÑ.Gò=�G8Ð@KYQ@D
r� r@r qáªßOâª rt r p�;àYáGóM9G8=OÒÓQE=�A�GU? >�D.G8àgF[ÏÝFOQBÏ
mNGU>@?1KND.ÐlQE=Z?1GU=¤8�I�Öéß.F3KYDoFOÑ.G Ø÷fCROTZÑ�G8A�G"FOQ�R_F�Õ�?1t
F�Ñ.G�KYA�M�>@T�F�QBÒ$Q@Õ.=�?�>�F�>�;�^|Ñ.Glß.F�KND�T�mNÕ�?1GJRd>EmYm�M.=�G�Ï
XgKNQEÕ�Rb?.>�FZ>âM`Q@KYDPF�RCÒÓQE=CF�Ñ.GºM.=�QBFOQ@D�V|?1G8Õ1F�G8=�QED�>BD`?
D�G8Õ1F�=OQ@D�ÒÓ=OQ@A Ö3ä$åLclV@f1í kLÖè>BD�?�I�äªf6ã%>@RwÜ3G8mNm`>ER
F�Ñ.Gl=�GUT8G8DPF"D.G8Õ1F�=OQ@D¥?�>�F�>�ÒÓ=�QEAåä@í >BÎµ>�F2mS>B=�ÐEG[O�;iasF
KSRlGUXgKN?1GUDPF�ÒÓ=OQ@A :0KYÐ`; ë FOÑ`>�FlF�Ñ.G¤Ö"×�Ø·Ù«kdf�fâ?.>�FZ>
>E=OGeKYD÷Î`G8F[FOGU=�>EÐE=�G8GUA�GUDPFLÜ"K�F�ÑºFOÑ�Geß.FOFOGJ?X¡�Úø R[FO=�Õ�T�ÏF�Õ.=�GlÒÓÕ.D�T�FOKNQED�V«GUXEGUDºÜ"Ñ.G8D÷D.QBF�KYD�T8mYÕ`?1GU?�KYDºF�Ñ.G�ß.FU;
YáG§:PÕ.QEFOGbFOÑ.G¤G�ù®GUT�F�QED)F�Ñ.Goß`=�R[FeA�QEA�G8DPFDE@æ-QEÒ
F�Ñ.G(W`>]XEQ@Õ.=dROKYD�ÐEmNG�F�?1KNR[FO=�KNÎ.Õ1FOKNQEDá>�FN©N^�¿�q î G8jw^EV
Ü"Ñ�KNTZÑ�KND�FOÑ�G Ø�f�R�TZÑ.G8A�GwKSR�KS?1G8DPF�KNTU>BmBF�Q"FOÑ�G�W`>]XEQ@Õ.=OÏ
ROKND.ÐEmNG�F�>�à1KS>Bm�TZÑ�>B=�ÐEG�ç � ;�^|Ñ�G�=�GUROÕ.mYF�KND�T�mNÕ�?1KND.Ð¤FOÑ.GÖ"×�Ø�Ù«kdf.f�?.>BF�>�KSR�ç � ¿ r� nEp ñ]è ��é �*^ �ê �pé �>^>ë >BD�?�QEA�KYF[F�KYD.Ð
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: KNÐEÕ�=OG ñ ;$f1M.KYD¥F�=�>ED�R_ÒÓGU=3ÒÓQE= Ô�ïLtPM9G8=�QED`R8;

FOÑ.GCD�G8Ü ?.>�FZ>¤Ü3G�QEÎ1FZ>BKND�ç � ¿ r� n r n è ��é � � ^ê ��é � u>u ;C^|ÑPÕ`RÖ"×�Ø·Ù«kdf�f�?.>�FZ>é=�GU?1Õ`T�GºF�Ñ.G÷Õ�D�T�GU=[FZ>BKND@F_t'QBÒ�F�Ñ.KSR
KYA�M9QE=OF�>ED@FªM.ÑgtgROKST8>Bmt:PÕ�>EDPFOKYF_teÎgt�>�Ò¡>@T�F�QE=�F_Ü3Q�;�^|Ñ.G
D.G8Ü%?.>�FZ>eÜ3G8=�Gd>EmY=�GU>@?1teFZ>Bê@G8DoKNDPFOQ�>ET8T8QEÕ.DPF3KYD¤D.G8Ü
ÐEmNQEÎ�>Em�>BD�>EmYt1ROGUR�Ú n r�Û ;

��ÃÕï�ÃbÈD�pðkÍr�§�t�&���ñÐm�¨���G�p�M�k�+Ö!�
å"GUT8G8DPFOmNt�cdk2q Ì =OGUM`Q@=[F�GU? >ED G�à1QBF�KNT�Î`>B=�tEQED�KNT

R_FZ>�F�GL>�F$>�AC>ER�R�QBÒ � n Í n�ØºGUj+?1GUTU>]tgKYD.Ð�KNDPFOQ�ò ê v ê
Ü"Ñ.KSTZÑCÑ�>E?�Î9G8G8D�KNDPFOG8=�M.=�G�F�GU?�>ER�M9G8DPF�>r:PÕ�>B=�ê®;0ØºQEFOKYÏ
X�>�FOGJ?bÎgtCF�Ñ.KSR|QEÎ�ROG8=�X�>�FOKNQEDbÜªG�R[GJ>B=ZTZÑ.GU?CÒÓQE=|D�>B=�=�Q�Ü
ò ê v�óé>ED�?9ò è v�óé=OGJR[Q@D�>BD�T8GURwM�=OQ1?1Õ�T8GU?bÎPtD:PÕ�>@R[KYÏ
=OGJ>Bm M.Ñ.QBF�QED�RU;|Y�Ñ.KNmYGeFOÑ.GeQE=Z?1KYD`>B=�tbÑgtgM`GU=OQ@D·R_FZ>�FOGJR
ò"õ �]ë p r ö0�2>ED�? ò2õ �]ë p r ö0�">B=�G"T�mNGU>E=OmNt�ROG8GUD�VED.Q�G8à1QBFOKST
Î�>B=�tEQ@DoKSR|QEÎ�ROG8=�XEGJ?CKYDbFOÑ.G�?.>BF�>eF�>EêEG8D¤KYDºn r@r n�>ED�?
n r@r p¥Ú n ��Û ;
Y÷G¥>BmSR[Q�R[FOÕ`?1tâmYQ@D.ÐEKYFOÕ�?.KYD�>EmªROM.KND)FO=Z>BD�R[ÒÓG8=�KYD;Ô

>BD�? AÔ·M.=�Q1?1Õ�T�F�KYQ@D�V�Ü"Ñ.KSTZÑlT8>ED�GE; Ð�;JÐEKNXEGiÑ.KNDPF�R�QED�F�Ñ.G
R_F�=�>ED.ÐEGX:PÕ�>B=�êâM`Q@mN>E=OKSR�>�FOKNQEDóKYDèFOÑ.GºDgÕ�T8mYGUQED�;è^|Ñ.G
=OGJR[Õ�m�FZR�ÒÓ=�QEA�F�Ñ.G¤n rEr n¥?.>BF�>º>E=OGoROÑ.Q�Ü"DáKYDé:0KNÐ@RU; Í
>BD�? ñ KNDãT8QEA�M�>E=OKSR[Q@DóÜ"KYFOÑãM.=�G8XgKNQEÕ�R�=�GUROÕ.m�FZRºÚ n@n Û ;
k2mSR[Q�F�=�>ED�ROXEG8=ZROG�Ô�M9QEmS>B=�KNR�>�F�KYQ@DbKSR|KYDgX@GUR[FOKNÐ@>�F�GU?«;
^|Ñ.Gò>BD�>EmYt1ROKNRéQBÒµFOÑ.G%R[M.KND ?1GUD�R[KYF_tðAC>BFO=�K�à G8mYÏ

G8A�G8DPFZR÷KND�G�à.T�mNÕ�ROKYX@G«ô M.=�Qg?.Õ�T�F�KYQ@D
KNRâ>EmYA�Q@R[F�ß�Ï
D�>BmNKSR[GJ?«;

ï ÃCÆ�acb Ë�ÈDdfehgjiki acgbÉ¥ÇoÈCÅ e�ÇoÈGõ
�¥Ç�g§d
k�ROÕ.Î�R[F�>ED@F�KN>Em2M�>E=[FbQEÒdF�Ñ.GáÖ"×�Ø·Ù«k�f.f'M.Ñgt1R[KST8R

M�=OQ@ÐE=Z>BAÔKSRoÎ`>EROGU?ãQEDãF�Ñ.G�Õ`R[G·QEÒlÑ�>E?.=OQ@D'Î9GU>EACR8V
>@RáQEÕ1F�mYKND.GU?ðKYD-FOÑ�GèM.=�QEM9Q@R�>BmÝ; ^|Ñ.G'M.ÑgtgROKST8Râ>E?gÏ
?.=OGJROROGU?çT�Q@D�T�GU=OD�RµROM`GJT�F�=OQPROT8QEMgt�KYDçF�Ñ.G)mYKNÐEÑPF·>BD`?
TZÑ`>B=�A�Ï0:PÕ�>B=�êóROGUT�FOQE=JV|>âß�G8mS?ãÜ"Ñ.KSTZÑ�Ñ�>ERoÐ@>BKND.GJ?�>
mNQBFoQEÒ�>BF[FOGUDPFOKNQED'Q�Ü"KYD.Ð÷FOQ)=�GUT8G8DPF�QEÎ�ROG8=�X�>�FOKNQED`R�QEÒ
D�G8Ü�TZÑ�>E=OA�GU?ãR[F�>BFOGURb>ERoÜ3G8mNmd>@RCQBÒ�M9Q@R�R[KNÎ.mNG·M9G8D1Ï
FZ>!:PÕ�>E=OêlR[F�>BFOGURU;�k2M�>E=[F�ÒÓ=�QEAðROM`GJT�F�=OQPROT8QEMgtEV]Ü3G3M�mN>ED
F�Q�KNDgXEGJR_F�KYÐP>�FOGdÜ"K�F�ÑbM.Ñ�QBFOQ@D.KST2M.=�QEÎ9GUR$FOÑ.G�R[FO=�Õ�T�F�Õ.=�G
QEÒ2FOÑ�G¥mNKNÐEÑPF�Ð@QEmS?.R_F�QED.G¤Î`QPR[Q@D�R¥õÓM.KNQED�R�>ED�?éê�>BQ@D�RZö
>@R|T8>BmST�Õ�mN>BFOGU?oKYDµTZÑ.KN=�>Em`M9G8=OFOÕ.=�Î�>BFOKNQEDCF�Ñ.G8Q@=Ot@;�Ø·QE=�G
=�GUT8G8DPFOmNtEVªÜªG¥Ñ�>]X@GbKNDPX@GUR[FOKNÐ@>BFOGU?éFOÑ.GµM9Q@R�R[KNÎ.KNmYKYF_tâFOQ
>@?.?1=�GUR�R"F�=�>ED�R[X@G8=ZR[KYF_tEV`KYDá>oT�Q@A�M.mYGUA�G8DPF�>E=Ot¥Ü3>]t¤FOQ
f1a_ILa[f®VªK�; GE;ãXgKS>áId=�G8mNm®I6ã$>BD'M.=OQ1T8GUR�R[GJR�KND�?1Õ`T�GU?'Îgt
v ê >ED�?}AK¥Î9GU>EACR8;
Ø·>EDPteFOÑ.GUQE=�G�F�KNTU>Bm�>@T�FOKNXgK�F�KYGJRiÑ�>]X@G|Î`GUG8DCF�=OKNÐEÐ@G8=�GU?

ÎgtµF�Ñ.G�=�GUT8G8DPF�T8mN>EKYACRdQBÒ$D�G8Ü�Ñ�>@?1=OQ@D.KSTeR[FO=�Õ�T�F�Õ.=OGJR8V
KND�T8mYÕ�?.KYD.Ð¥M.=�GU?1KST�F�KYQ@D�RLÒÓQE=LD�G8ÜðR[F�>BFOGURU;d^|Ñ�GCÖ"×�ØµÏ
Ù«k�f.f�G�à1M9G8=�KYA�GUD@F3T8>BDoR[FOÕ`?1t�>EmYm.FOÑ.GJR[GLR[F�>BFOGJRwÕ�ROKYD.Ð
>�mS>B=�ÐEG�X�>B=�KYG8F_tCQBÒ�M.=�Qg?.Õ�T�F�KYQ@D¤M.=�Q1T�GJROROGURU;
� ;|Ù$=OQEFOQ@DbÎ9GU>BACRp<
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�JÌ ;«ä2;Ef®;@k2ÐEGUG8X'� �(�����9Ú�Ö"×�Ø·Ù«kdf.f�ÖªQEmNmS>BÎ9QE=Z>�FOKNQED Û V
ÙiÑgt1R8;.í�G�FOFU;�< ��Ât` õ�n r@r@ë ö �]ë q`;

n r ;«ä2;]í�GJ>E?1GU=UV]kl;Jje;BfgKS?1QE=�Q�Xd>ED�?lI�;J<�;�fPF�>EA�G8D.Q�X®V
ä@ïdä$Ù �oú���� õ�n r@r@ë ö r pEp�;

n � ;«ä2;Ef®;@k2ÐEGUG8X'� �(�����9Ú�Ö"×�Ø·Ù«kdf.f�ÖªQEmNmS>BÎ9QE=Z>�FOKNQED Û V
äiÕ.=J;.ÙiÑgt1RU;tä�;`Ö ï�Â õÝn r@r@ë ö$q Í@Ì ;

n@n1;®je;oã�;�k2mNG�à.>BêgÑ.KNDèÚ�Ö"×�Ø·Ù«kdf�f÷ÖªQEmNmS>BÎ9QE=Z>�FOKNQED Û V
ÉOí�QED.Ð@K�F�Õ�?1KND�>Bm¤M`Q@mN>E=OKNhU>BFOKNQED QBÒ�í >BA�Î9?.>ð>BD�?
>BDPFOKYÏ�í�>BA�Î9?�>�ÑgtgM9G8=�QED�R|KNDº?1G8GUM1ÏÝKND.GUmN>@R_F�KNT�R�T8>BF[Ï
FOGU=OKND.ÐL>BF�Ö"×�Ø·Ù«kdf�f®V ËL>B=>öLKNX$< Ñ.GUM1ÏÝG8àMZ r@ëEr n r.� q`;

nEp.;«Ø);eØ·>BF[FZR[Q@D)� �*���$�bÚ f1ä$í ä�ö ÖªQEmNmS>BÎ9QE=Z>�FOKNQED Û V

Ù$ÑgtgRU;.å"GUX9;.í�G�FOFU; �� õ�n rEr n@ö �E� n rEr�� ;
n�q�;|ÉÊY÷Q@=Oê1ROÑ.QEM�Q@Dl:.Õ1F�Õ.=OGªÙiÑgt1R[KST8R,+ãÖ"×�Ø·Ù«k�f.f�Ë�V

äª?.Rp<l:ª; <3=�>@?.>BAC>ED@F�GEV î ; Ø·>BmNmYQEFl>BD�?)f®;�Ùw>EÕ.mÝV
Ö3äªå2c"Ï_n r@r qEÏ r��E� VgnEn�c2Q�X@G8AeÎ9G8=Ln rEr q�;

n ë ;mä`; <d;iI�>BKNDPFOQ@D�V�É�å"G8M9QE=OFCQEDéF�Ñ.GºjLKNmNmN>E=�R�ØºGUG�F[Ï
KND.Ð6Ë.VèÖ3ä$åLc"Ï_f1Ùªf�Ö$Ï_n r@r@ë Ï r��Ur V�f.Ùªf�Ö$Ï�ØµÏ ñ p r V
:�G8Î.=�Õ�>E=Otbn!n�FOÑ·n rEr@ë ;

n Í ;�^|Ñ�G÷Ö"×�Ø·Ù«kdf.fãÖªQEmNmS>BÎ9QE=Z>�FOKNQED�V�ÉZ×dÕ1F�mYKND.GµÒÓQ@=
î GUD.G8=Z>BmNKSR[GJ? Ùw>E=[F�QED ILKSR[FO=�KYÎ.Õ.FOKNQED ØºGJ>EROÕ.=OG8Ï
A�GUD@FZR¥Ü"K�F�Ñ�Ö"×�Ø·Ù«k�f.fò>BF·Ö3äªå2czË�VLÖ3ä$å2c2Ï
f.Ùªf�Ö$Ï_n r@r@ë Ï rErgñ V`f.Ùªf�Ö$Ï�ä3×dasÏ rErPë V�äP>BDgÕ�>E=Ot �]ñ V
n rErPë ;

n ñ ;Bö�;6ä@KÝV@ÙiÑgt1RU;eå"G8X®;eí�G�FOFU; 	� õ �UÌ@ÌPñ ö Í.�Ur VEÙiÑgt1RU;
å2G8X®;�I ú$ú õ �JÌEÌPñ ö ñ1�E� q�;


