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1 )8-776740/%%
=30:%57-01340;%

U8U! O4&!3=*&&<&'#!%4)56(!6$%#!#4&!&Q;&7#3#$)'%!)9!+)#4!;3*#$&%!3'(!@3I!
%;&7$9,!#43#!#4&!;3*#$&%!3=*&&!#)!#4&!;*$'7$;6&%!%&#!)5#!$'!#4$%!
3*#$%#B7)<<&*7$36!=366&*,!7)(&0!3'(!@+I!%;&7$9,!3',!*&%;&7#%!$'!J4$74!
#4&,!3=*&&!#)!K3*,!#4&!#&*<%!)9!#4$%!3*#$%#B7)<<&*7$36!=366&*,!7)(&8!O)!
;*)K$(&!*&3%)'3+6&!7&*#3$'#,0!#4&!7)<<&*7$36!#&*<%!)9!#4&!*&63#$)'%4$;!
%4)56(!+&!7)'9$*<&(!$'!J*$#$'=0!J4&#4&*!+,!3!6&##&*!)9!3=*&&<&'#!)*!3!
9)*<36!7)'#*37#8!O4&!3*#$%#!3'(!#4&!=366&*,!%4)56(!($%75%%!3'(!3=*&&!
3',!K3*$3#$)'!#)!#4&%&!#&*<%8!

2 !,4/3846740%
-7573<0/%

V8U! F4&'!(&6$K&*$'=!J)*G%!#)!#4&!=366&*,0!#4&!3*#$%#!%4)56(!%5;;6,!#4&!
=366&*,!J$#4!3!9566!(&%7*$;#$K&!6$%#!)9!J)*G%0!$'765($'=!3!(&%7*$;#$)'!)9!
#4&!7)'($#$)'!)9!J)*G%8!O4&!=366&*,!%4)56(!74&7G!#4$%!7)'%$='<&'#!6$%#!
3=3$'%#!#4&!J)*G%!(&6$K&*&(!#)!#4&!=366&*,8!O4&!=366&*,!%4)56(!%$='!$#!
3'(!*&#5*'!3!7);,!#)!#4&!3*#$%#!3%!3!*&7&$;#8!"9!#4&!3*#$%#!()&%!')#!
;*&;3*&!#4&!7)'%$='<&'#!6$%#!(&%7*$+&(!3+)K&0!$#!%4)56(!+&!;*&;3*&(!
+,!#4&!=366&*,!;*)<;#6,!5;)'!#3G$'=!;)%%&%%$)'!)9!#4&!J)*G%!3'(!3!
%$='&(!7);,!;*)K$(&(!#)!#4&!3*#$%#8!

3 #.-103,4%%
,>%-72103,4/:3<%

N8U! ?566!*&;*&%&'#3#$)'!*&63#$)'%4$;%!3*&!=&'&*366,!&Q;&7#&(!#)!+&!6)'=R
#&*<8!"'!;*37#$7&!K&*,!9&J!)9!#4&<!3*&!9)*!3!9$Q&(!;&*$)(E!$9!
'&=)#$3#&(!9)*!3!9$Q&(!;&*$)(0!#4$%!%4)56(!+&!3=*&&(!$'!J*$#$'=!
+&#J&&'!#4&!3*#$%#!3'(!#4&!=366&*,8!O4&!;*)9&%%$)'36!*&63#$)'%4$;!73'!
+&!#&*<$'3#&(!%$<;6,0!+,!&$#4&*!;3*#,!=$K$'=!*&3%)'3+6&!')#$7&8!O4&!
=366&*,!3'(!#4&!3*#$%#!%4)56(!T)$'#6,!3=*&&!#4&!(&9$'$#$)'!)9!
*&3%)'3+6&!')#$7&!$'!3(K3'7&8!

N8V! O4&!;3*#$&%!%4)56(!3%%&%%!#4&$*!7)<<&*7$36!*&63#$)'%4$;!9*)<!#$<&!#)!
#$<&8!O4$%!3%%&%%<&'#!%4)56(!#3G&!;637&!3#!6&3%#!3%!*&=563*6,!3%!J4&'!
#4&!*&%56#%!)9!&374!&Q4$+$#$)'!3*&!*&K$&J&(8!

4 ?7-@357/%%
0,%0:7%1-03/0%

M8U! F4$6&!#4&!;*$'7$;36!%&*K$7&!;&*9)*<&(!+,!#4&!=366&*,!$%!%&66$'=!#4&!
3*#$%#P%!J)*GW%)!#43#!+)#4!#4&!3*#$%#!3'(!#4&!=366&*,!&3*'!3!6$K$'=!
#4*)5=4!#4&!%36&!)9!3*#W9566!=366&*,!*&;*&%&'#3#$)'!5%5366,!$'765(&%!
#4&!%&*K$7&%!6$%#&(!+&6)J8!O4&!K365&!)9!#4&%&!%&*K$7&%0!3'(!#4&!+3%$%!
9)*!7)<<$%%$)'!$'!9566!*&;*&%&'#3#$)'0!6$&%!$'!#4&$*!*'8*#'8!'3#5*&8!

o >#3=$'=!*&=563*!$'R4)5%&!&Q4$+$#$)'%0!;*)(57$'=!73#36)=5&%!3'(!
$'K$#3#$)'%!

o -*74$K&!3'(!>"++#>"&"1,?#36%!<3$'#&'3'7&!

o A3$'#3$'$'=!K$%536!<3#&*$36!9)*!;*)<)#$)'36!;5*;)%&%!

o A&($3!3*74$K&!<3$'#&'3'7&B*&7)*(%!)9!;*)<)#$)'36!37#$K$#$&%B;)%#R
%4)J!%5<<3*$&%!)9!<&($3!)5#7)<&%!3'(!;*)<)#$)'36!<3#&*$36!

o :5*%5$'=!)'=)$'=!%36&%!3'(!&Q4$+$#$)'!);;)*#5'$#$&%!)5#%$(&!#4&!
=366&*,!$'!#4&!;5+6$7!3'(!;*$K3#&!%&7#)*!@&8=8!$'!<5%&5<%0!;5+6$7!
=366&*$&%0!9&%#$K36%0!%5*K&,!%4)J%0!+$&''36&%I!

o :5*%5$'=!7)<<$%%$)'$'=!);;)*#5'$#$&%!3'(!3(K)73#$'=!9)*!#4&!
3*#$%#P%!$'#&*&%#%!

o .56#$K3#$'=!7)66&7#)*%!3'(!7)*;)*3#&!76$&'#%!

o A)'$#)*$'=!#4&!3*#$%#P%!$'#&*&%#%!3'(!6&=36!*$=4#%!

o .)663+)*3#$'=!J$#4!#4&!3*#$%#!)'!7)<;&#$#$)'0!=*3'#!3'(!7)<<$%%$)'!
%5+<$%%$)'%!

o :5*%5$'=!7*$#$736!J*$#$'=!3'(!;5+6$%4$'=!);;)*#5'$#$&%!9)*!#4&!3*#$%#!

o C&7)*($'=!)9!366!J)*G%!6&9#!)'!7)'%$='<&'#0!6)73#$)'!)9!366!J)*G%!
%)6(!3'(!)'!6)3'8!

!

pythia


pythia


pythia


pythia


pythia


pythia




( +

M8V! O4$%!74&7G6$%#!$%!$'#&'(&(!#)!+&!3'!$'($73#)*!)9!#4&!7)*&!%&*K$7&%!3!
=366&*,!;*)K$($'=!9566!*&;*&%&'#3#$)'!<3,!)99&*E!$#!$%!')#!&Q435%#$K&0!
')*!J$66!366!=366&*$&%!;*)K$(&!366!%&*K$7&%8!

5 &-7A.745;%%
,>%/:,=/%

X8U! O4&!=366&*,!3'(!#4&!3*#$%#!%4)56(!T)$'#6,!3=*&&!)'!#4&!9*&Y5&'7,!)9!
&Q4$+$#$)'%8!-'!3*#$%#!9566,!*&;*&%&'#&(!+,!3!=366&*,!%4)56(!&Q;&7#!3'!
&Q4$+$#$)'!3#!6&3%#!)'7&!&K&*,!#J)!,&3*%0!5'6&%%!3!($99&*&'#!#$<&9*3<&!
$%!'&=)#$3#&(8!

6 *7--30,-;%,>%
-7<-7/740103,4%

Z8U! O4&!=366&*,!3'(!#4&!3*#$%#!%4)56(!T)$'#6,!(&#&*<$'&!#4&!3*&3!)9!
*&;*&%&'#3#$)'[!*&=$)'360!%#3#&J$(&0!'3#$)'36!)*!$'#&*'3#$)'368!O4&!
=366&*,!%4)56(!')#!$'%$%#!5;)'!3!%;4&*&!)9!*&;*&%&'#3#$)'!#43#!&Q7&&(%!
$#%!#*5&!#&**$#)*,!)9!);&*3#$)'%8!O4&!=366&*,!%4)56(!+&!;*&;3*&(!#)!
%5+%#3'#$3#&!3',!763$<!9)*!&Q765%$K$#,!+&,)'(!$#%!7$#,B%#3#&!6)73#$)'8!

7 '-35348% \8U! O4&!3*#$%#!3'(!#4&!=366&*,!%4)56(!T)$'#6,!3=*&&!5;)'!#4&!*&#3$6!;*$7&!
)9!#4&!3*#J)*G8!-66!;*$7&%!Y5)#&(!+,!#4&!=366&*,!%4)56(!+&!$'765%$K&!
)9!/>O8!

8 B1227-;%
5,663//3,4%

]8U! O4&!;3*#'&*%4$;!+&#J&&'!#4&!=366&*,!3'(!#4&!3*#$%#!&%#3+6$%4&%!
7)<<$%%$)'!3%!;3,<&'#!+,!#4&!3*#$%#!9)*!#4&!=366&*,P%!$'#&'%$K&!)'=)$'=!
J)*G!3'(!*&;*&%&'#3#$)'!$'!#4&!(&K&6);<&'#!)9!#4&!3*#$%#P%!73*&&*0!
*&;5#3#$)'!3'(!6$K&6$4))(8!-%!%574!$#!%4)56(!+&!*&7)='$%&(!3%!3'!
3=&'#P%!9&&0!&3*'&(!+,!#4&!=366&*,!$'!*&#5*'!9)*!#4&!#,;&!)9!)'=)$'=!
%&*K$7&%!6$%#&(!5'(&*!$#&<!M8!!

!(+0$%
]8V! O4&!=366&*,!3'(!#4&!3*#$%#!%4)56(!T)$'#6,!'&=)#$3#&!#4&!3;;*);*$3#&!

3<)5'#!)9!7)<<$%%$)'!;3$(!#)!#4&!=366&*,0!+3%&(!)'!#4&!6&K&6!)9!
%&*K$7&!%5;;6$&(!+,!#4&!=366&*,8!.)<<$%%$)'!9)*!9566!*&;*&%&'#3#$)'!
%4)56(!')#!5%5366,!&Q7&&(!M^!;&*!7&'#!)9!#4&!/>OR&Q765%$K&!*&#3$6!;*$7&!
)9!#4&!3*#J)*G8!

]8N! O4&!=366&*,!3'(!#4&!3*#$%#!%4)56(!T)$'#6,!3=*&&!)'!#4&!*3#&!)9!
7)<<$%%$)'!#)!+&!;3$(!)'!($99&*&'#!#,;&%!)9!#*3'%37#$)'%8!?)*!
&Q3<;6&0!%36&%!<3(&!($*&7#!9*)<!#4&!%#5($)0!37Y5$%$#$K&!;*$_&%!3'(!
3J3*(%!*&7&$K&(!+,!#4&!3*#$%#!3'(!7)<<$%%$)'!9&&%!9)*!;*)T&7#%8!>)<&!
)#4&*!&Q3<;6&%!3*&!%&#!)5#!+&6)J8!D'!#4&!%36&!)9!%756;#5*&0!#4&!
7)<<$%%$)'!$%!7367563#&(!39#&*!*&3%)'3+6&!$'#*$'%$7!7)%#%!43K&!+&&'!
(&(57#&(!9*)<!#4&!%&66$'=!;*$7&8!"'#*$'%$7!7)%#%0!%574!3%!3(($#$)'36!
63+)5*!)*!)5#R)9R%#5($)!9)5'(*,!3'(!93+*$73#$)'!&Q;&'%&%0!3*&!
*&95'(&(!#)!#4&!3*#$%#!$'!95668!

]8M! O4&!3*#$%#!%4)56(!($%75%%!J$#4!#4&!=366&*,!3',!743'=&%!#)!)*($'3*,!
7)<<$%%$)'!3**3'=&<&'#%!;*$)*!#)!#4&!*&6&K3'#!&K&'#0!$'765($'=!3',!
$'#&*%#3#&!=366&*,!*&;*&%&'#3#$)'8!!

]8X! D773%$)'366,!=366&*$&%!3'(!;5*743%&*%!*&95%&!#)!(&36!J$#4!&374!)#4&*0!
*&%56#$'=!$'!#4&!3*#$%#!+&$'=!;*&%%5*&(!#)!+,;3%%!#4&!=366&*,!#)!*&#3$'!
#4&!%36&8!F4&'!#4$%!)775*%0!#4&!=366&*,!$%!'&K&*#4&6&%%!&'#$#6&(!#)!
&Q;&7#!$#%!9566!7)<<$%%$)'8!

]8Z! F4&*&!)#4&*!3=&'7$&%!)*!=366&*$&%!43K&!+&&'!$'K)6K&(!$'!#4&!%36&!)9!3!
J)*G0!#4&!#)#36!)9!#4&!7)<<$%%$)'!%4)56(!*&<3$'!#4&!%3<&8!H,!;*$)*!
3=*&&<&'#0!#4&!#)#36!7)<<$%%$)'!%4)56(!+&!%;6$#!+&#J&&'!#4&!
<3'3=$'=!;3*#$&%!%)!#4&!3*#$%#!*&7&$K&%!4$%B4&*!9566!%43*&!)9!#4&!*&#3$6!
K365&8!

>.1&)#.1$%
]8\! >4)56(!3'!3*#$%#!J$%4!#)!;*)K$(&!3!J)*G!9)*!3!95'(*3$%$'=!&K&'#0!#4&!

=366&*,!3'(!#4&!3*#$%#!%4)56(!7)<&!#)!3=*&&<&'#!3+)5#!#4&!=$9#$'=!)*!
;*$7$'=!3'(!7)<<$%%$)'!3**3'=&<&'#%8!!

!

pythia


pythia




(4(

]8]! O4&!=366&*,!3'(!#4&!3*#$%#!%4)56(!T)$'#6,!3=*&&!)'!3!*&%&*K&!;*$7&!9)*!
#4&!*&#3$6!K365&!)9!#4&!J)*G!#)!&'%5*&!#43#!#4&!K365&!)9!#4&!3*#$%#!P%!
J)*G!$%!')#!5'(&*<$'&(8!

]8`! O4&!=366&*,!%4)56(!*&%;&7#!3',!6)'=%#3'($'=!3**3'=&<&'#%!3*#$%#%!<3,!
43K&!J$#4!95'(*3$%$'=!&K&'#%0!3'(!3'!3*#$%#!%4)56(!&'%5*&!#4&!=366&*,!$%!
$'9)*<&(!3+)5#!#4&%&!3#!#4&!%#3*#!)9!#4&$*!*&63#$)'%4$;8!

]8U^! -%G$'=!=366&*$&%!#)!9)*&=)!7)<<$%%$)'!$%0!$'!&99&7#0!3!*&Y5&%#!9)*!
()'3#$)'!)9!3!;&*7&'#3=&!)9!3'!&3*'&(!9&&8!"#!73'')#!+&!3%%5<&(!#43#!
3!=366&*,!$%!36J3,%!3+6&!#)!()'3#&!$'!#4$%!J3,0!+5#!J4&'!$#!()&%!#4&!
()'3#$)'!%4)56(!+&!3;;*);*$3#&6,!37G')J6&(=&(!)'!3!;3*!J$#4!)#4&*!
;*)T&7#!7)'#*$+5#$)'%8!

?.00#$$#.1#12%.3%&+)5.+9%
]8UU! a5&!#)!#4&!3*#$%#P%!=*&3#&*!$'K)6K&<&'#!J$#4!#4&!76$&'#!)'!

7)<<$%%$)'&(!;)*#*3$#%0!%$#&R%;&7$9$7!%756;#5*&0!;3$'#$'=%0!7&*3<$7%0!
&#780!3!6)J&*R#43'R%#3'(3*(!=366&*,!7)<<$%%$)'!*3#&!<3,!3;;6,8!O4$%!
*3#&!3'(!#4&!*)6&%!3'(!*&%;)'%$+$6$#$&%!)9!366!#4&!;3*#$&%!$'K)6K&(!@$8&8!
()75<&'#3#$)'0!%5;&*K$%$)'0!$'%5*3'7&!7)K&*0!76$&'#!6$3$%)'0!#*3'%;)*#0!
9*3<$'=!3'(!$'%#3663#$)'!7)%#%I!%4)56(!+&!'&=)#$3#&(!;*$)*!#)!#4&!
7)<<&'7&<&'#!)9!#4&!;*)T&7#8!/366&*,!7)<<$%%$)'!;3$(!)'!;*)T&7#!
7)<<$%%$)'%!%4)56(!+&!+3%&(!)'!#4&!3*#$%#P%!;*)9$#0!')#!#4&!9566!K365&!)9!
#4&!7)<<$%%$)'8!

9 #3/5,.40/% `8U! O4&!=366&*,!43%!3'!)+6$=3#$)'!#)!#4&!3*#$%#!#)!*&;*&%&'#!#4&!J)*G!3%!
9566,!3%!;)%%$+6&!3'(!#)!+&%#!3(K3'#3=&!3'(!')#!#)!5'(&*<$'&!#4&!
K365&!)9!#4&!J)*G8!>&66$'=!3#!3!($%7)5'#!$%!($%7)5*3=&(8!"9!3!=366&*,!
()&%!=$K&!($%7)5'#%0!$#!%4)56(!43K&!3!;)6$7,!)'!($%7)5'#$'=!J4$74!
%4)56(!+&!76&3*6,!5'(&*%#))(!3'(!3=*&&(!#)!$'!J*$#$'=!+,!366!;3*#$&%8!

10 ?127/%149%%
5-7930%

U^8U! O4&!%36&!%4)56(!+&!&K$(&'7&(!$'!J*$#$'=8!"#!%4)56(!$'765(&!366!#&*<%!)9!
#4&!%36&8!

U^8V! :3,<&'#!#)!#4&!3*#$%#!%4)56(!)775*!J$#4$'!N^!(3,%!)9!#4&!%36&!)*!
;3,<&'#!+&$'=!*&7&$K&(!+,!#4&!=366&*,0!J4$74&K&*!$%!%))'&*8!!

U^8N! bQ7&;#!J4&*&!#4&!%36&!$%!#)!3!;5+6$7!$'%#$#5#$)'0!3!<$'$<5<!(&;)%$#!)9!
VX!;&*!7&'#!9)*!J)*G%!5'(&*!LU^^^!3'(!U^!#)!UX!;&*!7&'#!9)*!<)*&!
&Q;&'%$K&!J)*G%!%4)56(!+&!;3$(!+,!#4&!76$&'#!#)!4)6(!#4&!J)*G!9)*!
;5*743%&8!O4&!4)6($'=!;&*$)(!%4)56(!+&!6$<$#&(!#)!N^!(3,%8!"9!#4&!%36&!
()&%!')#!;*)7&&(0!#4&!(&;)%$#!%4)56(!+&!9)*9&$#&(!+,!#4&!=366&*,P%!
76$&'#0!3'(!#4&!;*)!*3#3!%#3'(3*(!=366&*,!7)<<$%%$)'!%4)56(!+&!
(&(57#&(!9*)<!#4&!(&;)%$#!3<)5'#8!

U^8M! O4&!=366&*,!%4)56(!)+#3$'!#4&!3;;*)K36!)9!#4&!3*#$%#!+&9)*&!;*)7&&($'=!
J$#4!;3,<&'#!+,!$'%#36<&'#%8!A3Q$<5<!#$<&!9)*!#4&!$'%#36<&'#!
;3,<&'#%!#)!+&!7)<;6&#&6,!;3$(!)99!%4)56(!+&!#4*&&!<)'#4%8!
"'%#36<&'#!;3,<&'#%!%4)56(!+&!<3(&!$'!*&=563*!%#3=&%!@9)*!&Q3<;6&0!
N^cN^cM^!;&*!7&'#I!J$#4!7)<<$%%$)'!;3$(!)'!&374!$'%#36<&'#8!O4&!
3*#$%#!%4)56(!*&7&$K&!&374!$'%#36<&'#!;3,<&'#!J$#4$'!N^!(3,%!)9!
;3,<&'#!+&$'=!*&7&$K&(!+,!#4&!=366&*,8!"9!#4&!$'%#36<&'#!%36&!$%!')#!
7)<;6&#&(!J$#4$'!`^!(3,%0!#4&!=366&*,!%4)56(!;3,!#4&!3*#$%#!#4&!9566!
*&#3$6!;*$7&!6&%%!#4&!*&6&K3'#!7)<<$%%$)'8!

U^8X! .*&($#!&Q#&'(&(!%4)56(!+&!&'#$*&6,!3#!#4&!=366&*,P%!)J'!*$%G8!O4&!
=366&*,!3'(!#4&!3*#$%#!%4)56(!T)$'#6,!3=*&&!J4&#4&*!)*!')#!J*$##&'!')#$7&!
$%!*&Y5$*&(!+&9)*&!#4&!=366&*,!&Q#&'(%!7*&($#!#)!3!;5*743%&*8!

U^8Z! D'!*&Y5&%#0!#4&!=366&*,!%4)56(!G&&;!#4&!3*#$%#!3;;*$%&(!)9!#4&!;*)=*&%%!
)9!;5*743%&%0!J43#!$%!)'!*&%&*K&0!3'(!3',!$'%#36<&'#!;3,<&'#%!(5&!)*!
*&7&$K&(8!

U^8\! O4&!=366&*,!%4)56(!;*)K$(&!3!%#3#&<&'#!)9!377)5'#!#)!#4&!3*#$%#!&K&*,!
`^!(3,%!3'(!)'!*&Y5&%#!K&*+366,8!O4$%!377)5'#$'=!%4)56(!$'765(&!3!6$%#!
)9!%36&%!(5*$'=!#4&!;&*$)(0!#4&!%36&%!;*$7&0!7)<<$%%$)'!;3,3+6&0!3'(!

pythia


pythia
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(&#3$6%!)9!366!&Q;&'%&%!;3,3+6&!+,!#4&!3*#$%#0!3'(!%4)56(!+&!
377)<;3'$&(!+,!#4&!;3,<&'#!)9!3',!3<)5'#%!)J$'=!#)!#4&!3*#$%#8!

U^8]! O4&!=366&*,!%4)56(!;*)K$(&!#4&!3*#$%#!J$#4!(&#3$6%!)9!;5*743%&*%!)'!
*&Y5&%#8!"#!$%!3!+*&374!)9!#4&!*&;*&%&'#3#$)'!*&63#$)'%4$;!9)*!#4&!3*#$%#!
#)!5%&!#4$%!$'9)*<3#$)'!#)!%&&G!($*&7#!%36&%!J$#4)5#!#4&!;3,<&'#!)9!
7)<<$%%$)'8!

10.9 "#!$%!*&7)<<&'(&(!#43#!#4&!;*)7&&(%!)9!3!%36&0!<$'5%!#4&!=366&*,P%!
7)<<$%%$)'0!%4)56(!+&!6)(=&(!$'!3'!377)5'#!%&;3*3#&!9*)<!#4&!
=366&*,P%!95'(%8!:3,<&'#%!#)!#4&!3*#$%#!%4)56(!+&!($%+5*%&(!9*)<!#4$%!
377)5'#8!O4&!95'(%!$'!#4&!377)5'#!%4)56(!')#!+&!5%&(!9)*!3',!)#4&*!
;5*;)%&8!"9!#4&!=366&*,!()&%!')#!<3$'#3$'!%&;3*3#&!377)5'#%0!$#!<5%#!
($%76)%&!#4$%!$'!J*$#$'=!#)!$#%!3*#$%#%8!

U^8U^! O4&!=366&*,!<3,!3=*&&!#)!S*&%&*K&P!3!J)*G!9)*!3!76$&'#0!3'(!5'(&*#3G&!
#)!7366!#43#!76$&'#!+&9)*&!%&66$'=!#)!%)<&)'&!&6%&8!O4$%!$%!($%#$'7#!9*)<!
4)6($'=!3!J)*G!3=3$'%#!3!7)<<$#<&'#!#)!+5,8!"'!#4&!73%&!)9!;5+6$7!
$'%#$#5#$)'%!)*!#*5%#&(!76$&'#%0!3!J)*G!<3,!+&!*&%&*K&(!9)*!3'!3=*&&(!
;&*$)(!5'#$6!3;;*)K36!$%!%&75*&(!9*)<!3!H)3*(!)9!O*5%#&&%!)*!3!
76$&'#P%!;3*#'&*8!

11 '-3C7/% UU8U! O4&!=366&*,!%4)56(!%&'(!)'!3',!$'9)*<3#$)'!$#!*&7&$K&%!*&=3*($'=!
;*$_&%0!3*#!3J3*(%!)*!37Y5$%$#$K&!&Q4$+$#$)'%!#43#!$#!7)'%$(&*%!)9!$'#&*&%#!
#)!$#%!3*#$%#%8!!

UU8V! O4&!3*#$%#!%4)56(!')#$9,!#4&!=366&*,!)9!4$%B4&*!$'#&*&%#!$'!&'#&*$'=!
;*$_&%0!3*#!3J3*(%!)*!37Y5$%$#$K&!&Q4$+$#$)'%!39#&*!*&7&$K$'=!&'#*,!9)*<%!
($*&7#6,!9*)<!3',!$'%#$#5#$)'8!"'!%574!73%&%!#4&!3*#$%#!%4)56(!&'%5*&!
#43#!#4&!=366&*,!J$66!+&!7*&($#&(!$'!()75<&'#3#$)'0!73#36)=5&%0!J366!
63+&6%!3'(!);&'$'=!%;&&74&%8!F4&*&!#4&!=366&*,!43%!()'3#&(!
7)<<$%%$)'!#)!#4&!&K&'#0!$#!%4)56(!+&!37G')J6&(=&(!)'!3!;3*!J$#4!
()')*%!)9!3'!&Y5$K36&'#!73%4!K365&8!

UU8N! O4&!#&*<%!)9!;3*#$7$;3#$)'!3'(!7)<<$%%$)'!*3#&%!9)*!#4&%&!&K&'#%!
%4)56(!+&!+3%&(!)'!($%75%%$)'!3'(!3=*&&<&'#!+&#J&&'!#4&!3*#$%#0!#4&!
=366&*,!3'(!#4&!4)%#!)*=3'$%3#$)'8!O4&!3*#$%#!3'(!=366&*,!%4)56(!T)$'#6,!
3=*&&!)'!3'!3;;*)374!#)!;*$_&%!J4&*&!#4&!4)%#!$%!%&&G$'=!#)!743*=&!3!
%&7)'(3*,!*3#&!)9!7)<<$%%$)'!#43#!J$66!$<;37#!)'!#4&!;*$)*!3=*&&<&'#!
)'!7)<<$%%$)'!+&#J&&'!3*#$%#!3'(!=366&*,0!3'(!$'%$%#$'=!)'!366!J)*G%!
%&6&7#&(!+&$'=!9)*!%36&8!

UU8M! /&'&*366,0!$9!#4&!K365&!)9!3'!37Y5$*&(!J)*G!$%!6&%%!#43'!#4&!K365&!)9!#4&!
;*$_&0!J4&*&!=366&*,!7)<<$%%$)'!3;;6$&%0!$#!%4)56(!+&!7367563#&(!)'6,!
)'!#4&!K365&!)9!#4&!J)*G8!"'!#4&!73%&!J4&*&!#4&!3*#$%#!$%!T5(=&(!#)!+&!
#4&!*&7$;$&'#!)9!#4&!')'R37Y5$%$#$K&!3J3*(!)*!;*$_&0!#4&!=366&*,!%4)56(!
')#!#3G&!3!7)<<$%%$)'!)'!#4&!3J3*(!)*!;*$_&8!

UU8X! F4&*&!J)*G%!&'#&*&(!$'!3!;*$_&!3*&!%)6(!#)!3!;*$K3#&!+5,&*!)*!4)%#!
)*=3'$%3#$)'0!#4&,!3*&!%5+T&7#!#)!#4&!*3#&!)9!7)<<$%%$)'!'&=)#$3#&(!
+&#J&&'!3*#$%#!3'(!=366&*,8!

12 )44.12%%
/0,5D01D7%

UV8U! -#!#4&!&'(!)9!&374!9$'3'7$36!,&3*!#4&!=366&*,!%4)56(!5'(&*#3G&!3!
%#)7G#3G&!3'(!%&'(!#)!&374!3*#$%#!3!6$%#!)9!#4&$*!J)*G%!4&6(!)'!
7)'%$='<&'#0!3!6$%#!)9!%36&%!<3(&!#4*)5=4)5#!#4&!,&3*0!3'(!<3G&!
;3,<&'#!)9!3',!3<)5'#%!)J$'=!#)!#4&!3*#$%#8!"'($K$(536!%#)7G#3G&!
%#3#&<&'#%!%4)56(!+&!$%%5&(!<)*&!9*&Y5&'#6,!9)*!3*#$%#%!J$#4!3!
%5+%#3'#$36!#5*')K&*!)9!%#)7G8!

13 $E:3F303,4/%
1--14876740/%%
149%5,/0/%

?.$)$%%
UN8U! .)%#%!+)*'&!+,!#4&!3*#$%#!)*!=366&*,!73'!K3*,!=*&3#6,8!O4&!*3#&!)9!

7)<<$%%$)'!%4)56(!+&!3(T5%#&(!377)*($'=6,!#)!*&96&7#!#4&!7)%#%!
(&K)6K&(!#)!#4&!3*#$%#8!

!
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UN8V! O4&!=366&*,!3'(!#4&!3*#$%#!%4)56(!3=*&&!$'!3(K3'7&!)'!J4)!J$66!;3,!9)*!
J43#!&Q4$+$#$)'!7)%#%!@9)*!&Q3<;6&0!#*3'%;)*#0!;*)<)#$)'0!
#*3'%;3*&'7$&%0!9*3<$'=0!;*$'#$'=0!;)%#3=&0!9))(!3'(!(*$'G0!
3(K&*#$%$'=I8!"#!$%!7)<<)'!;*37#$7&!9)*!#4&!3*#$%#!#)!+&!743*=&(!9)*!#4&!
7)%#!)9!#*3'%;)*#!#)!#4&!=366&*,!3'(!#4&!=366&*,!#)!;3,!9)*!3',!*&#5*'!
#*3'%;)*#!7)%#%8!!

UN8N! O4&!=366&*,!%4)56(!<3G&!76&3*!#4&!'3#5*&!)9!#4&!&Q4$+$#$)'!@%)6)!)*!
=*)5;!%4)JI!3'(!7)%#%!%4)56(!+&!366)73#&(!377)*($'=6,!$'!3!93$*!3'(!
&Y5$#3+6&!<3''&*8!!

UN8M! O4&!;3*#,!#43#!;3,%!9)*!3',!%6$(&%0!;4)#)=*3;4%!)*!#*3'%;3*&'7$&%!
#3G&'!%4)56(!)J'!#4)%&!#*3'%;3*&'7$&%8!@O4$%!*&9&*%!)'6,!#)!#4&!
)J'&*%4$;!)9!#4&!#*3'%;3*&'7,!$#%&690!')#!#4&!7);,*$=4#!&<+)($&(!$'!$#8I!
:*$)*!#)!5%&0!#*3'%;3*&'7$&%!%4)56(!+&!%&6&7#&(!3'(B)*!3;;*)K&(!+,!
+)#4!#4&!3*#$%#!3'(!#4&!=366&*,8!

:+&0#12%
UN8X! O4&!3*#$%#!3'(!#4&!=366&*,!%4)56(!($%75%%!3'(!3=*&&!J4)!$%!#)!;3,!#4&!

7)%#!)9!9*3<$'=!3'(!J4&#4&*!7)<<$%%$)'!$%!#)!+&!7367563#&(!)'!#4&!
9*3<&(!)*!5'9*3<&(!;*$7&8!"'!<)%#!73%&%!#4&!3*#$%#!$%!*&%;)'%$+6&!9)*!
#4&!7)%#!)9!9*3<$'=!#4&$*!J)*G!9)*!#4&!;5*;)%&!)9!;*&%&'#$'=!3'(!%&66$'=!
#4&!J)*G8!"'!#4&!73%&!)9!5'$Y5&!$#&<%!@3%!);;)%&(!#)!&($#$)'%I!#4&!
=366&*,!7)<<$%%$)'!$%!3;;6$&(!#)!#4&!374$&K&(!;*$7&!$'765($'=!#4&!9*3<&!
5'6&%%!)#4&*J$%&!3=*&&(8!!"'!#4&!73%&!)9!&($#$)'%!#4&!3*#$%#P%!*&7&$;#&(!
9*3<$'=!7)%#%!%4)56(!+&!*&95'(&(!#)!#4&!3*#$%#!9*)<!#4&!%36&!)9!#4&!
J)*G!3'(!#4&!7)<<$%%$)'!7367563#&(!)'!#4&!5'9*3<&(!%&66$'=!;*$7&8!

14 )GH%149%B?*%
%

UM8U! -*#$%#%!<5%#!%5;;6,!#4&!=366&*,!J$#4!#4&$*!-5%#*36$3'!H5%$'&%%!15<+&*!
@-H1I!3'(!3(K$%&!#4&!=366&*,!J4&#4&*!)*!')#!#4&,!3*&!*&=$%#&*&(!9)*!
/))(%!3'(!>&*K$7&%!O3Q!@/>OI8!

UM8V! H)#4!=366&*$&%!3'(!3*#$%#%!%4)56(!&(573#&!#4&<%&6K&%!3+)5#!#4&!
$<;6$73#$)'%!)9!#4&!#3Q!%,%#&<!9)*!#4&$*!;*37#$7&0!3'(!*&=563*6,!5;(3#&!
#4&$*!G')J6&(=&!+,!7)'%56#$'=!J$#4!#4&$*!*&6&K3'#!;*)9&%%$)'36!
)*=3'$%3#$)'%0!#4&$*!#3Q!3(K$%&*!3'(!#4&!-5%#*36$3'!O3Q!D99$7&8!!

UM8N! O4&!(&7$%$)'!J4&#4&*!#)!*&=$%#&*!9)*!3'!-H1!3'(!/>O!%4)56(!+&!<3(&!
+,!#4&!3*#$%#!3'(!4$%B4&*!#3Q!3(K$%&*8!/366&*$&%!<3,!*&7)<<&'(W+5#!
%4)56(!')#!$'%$%#!)'W/>O!*&=$%#*3#$)'!+,!#4&$*!3*#$%#%8!

UM8M! F4&'!&'#&*$'=!3'!3=*&&<&'#!J4&*&!J)*G!$%!%)6(!)'!7)'%$='<&'#!3'(!
+)#4!3*#$%#!3'(!=366&*,!3*&!-H1!3'(!/>O!*&=$%#&*&(0!+)#4!;3*#$&%!
%4)56(!763*$9,!J4$74!)'&!J$66!$%%5&!#4&!O3Q!"'K)$7&!#)!#4&!+5,&*8!"9!#4&!
=366&*,!J3'#%!#)!$%%5&!#4&!O3Q!"'K)$7&0!#4&'!$#!%4)56(!3=*&&!#)!;*)K$(&!
#4&!3*#$%#!J$#4!3!7);,!)9!#4&!O3Q!"'K)$7&!$'!3!#$<&6,!<3''&*8!

15 !,<;-38:0% UX8U! O4&!3*#$%#P%!7);,*$=4#!<3,!+&!<3'3=&(!+,!#4&!3*#$%#0!#4&!=366&*,!)*!+,!
2$%7);,0!#4&!-5%#*36$3'!K$%536!3*#%!7);,*$=4#!7)66&7#$'=!3=&'7,8!O4$%!
%4)56(!+&!($%75%%&(!3'(!3=*&&(!+,!#4&!;3*#$&%8!

UX8V! O4&!=366&*,!%4)56(!=&#!&Q;*&%%!;&*<$%%$)'0!;*&9&*3+6,!$'!J*$#$'=0!
+&9)*&!*&;*)(57$'=!3!J)*G0!&K&'!9)*!;*)<)#$)'36!*&3%)'%0!3'(!@%5+T&7#!
#)!UN8MI!%4)56(!')#!'&7&%%3*$6,!&Q;&7#!#43#!#4&!3*#$%#!J$66!=$K&!
;&*<$%%$)'!J$#4)5#!743*=&8!

UX8N! O4&!=366&*,!%4)56(!')#!5%5366,!+&!&Q;&7#&(!#)!;3,!7);,*$=4#!9&&%!9)*!
#4&!*&;*)(57#$)'!)9!#4&!3*#$%#P%!J)*G!J4&*&!@3I!#4&!;5*;)%&!)9!#4&!
*&;*)(57#$)'!$%!#)!%&66!#4&!)*$=$'36!)9!#4&!J)*G!)'!#4&!3*#$%#P%!+&4369!
@%574!3%!$'K$#3#$)'%0!73#36)=5&%0!3(K&*#$%$'=!3'(!;5+6$7$#,!;5*;)%&%IE!
@+I!J4&*&!#4&!=366&*,!$%!$'!3!($*&7#!3'(!7)'#$'5$'=!*&63#$)'%4$;!J$#4!#4&!
3*#$%#E!3'(!@7I!J4&*&!#4&!*&63#$)'%4$;!$%!'5*#5*$'=!)9!#4&!3*#$%#P%!73*&&*!
*3#4&*!#43'!;5*&6,!9$'3'7$368!!

UX8M! O4&!=366&*,!%4)56(!')#!&'7)5*3=&!)*!5'(56,!$'965&'7&!#4&!3*#$%#!#)!
3%%$='!)*!6$7&'%&!#4&$*!7);,*$=4#8!



( 2

16 #3/<21;%149%%
6,-12%-38:0/%

UZ8U! O4&!=366&*,!%4)56(!')#!*&Y5$*&!#4&!3*#$%#!#)!7)'%&'#!#)!%)<&#4$'=!#43#!
J)56(!$'9*$'=&!4$%B4&*!<)*36!*$=4#%8!

UZ8V! O4&!=366&*,!<5%#!')#!36#&*!#4&!J)*G!)*!()!3',#4$'=!#43#!J)56(!
7)<;*)<$%&!#4&!$'#&=*$#,!)9!#4&!J)*G!)*!;&*<$#!3',)'&!&6%&!#)!()!%)!
J4$6&!#4&!J)*G!$%!$'!#4&!=366&*,P%!73*&8!

UZ8N! O4&!=366&*,!<5%#!7)**&7#6,!3'(!76&3*6,!3##*$+5#&!#4&!J)*G!#)!$#%!7*&3#)*8!!

UZ8M! O4&!=366&*,!%4)56(!7)'%56#!J$#4!#4&!3*#$%#!*&=3*($'=!#4&!;*&%&'#3#$)'!
3'(!$'%#3663#$)'!)9!#4&!J)*G8!

UZ8X! O4&!=366&*,!3'(!#4&!3*#$%#!%4)56(!3=*&&!)'!3;;*);*$3#&!%$='3=&!$9!#4&!
J)*G!*&Y5$*&%!3!;5+6$7!J3*'$'=!*&=3*($'=!$#%!7)'#&'#8!

17 I7931%149%
<-,6,03,4%

U\8U! O4&!=366&*,!3'(!#4&!3*#$%#!%4)56(!($%75%%!3'(!3=*&&!$'!J*$#$'=!#4&!+&%#!
;*)<)#$)'36!%#*3#&=,!9)*!J)*G0!$'765($'=!9*&Y5&'7,!3'(!#$<$'=!)9!
&Q4$+$#$)'%!3'(!J4&#4&*!J)*G!%4)56(!+&!3K3$63+6&!9)*!%&6&7#&(!K$&J!
;*$)*!#)!3'!&Q4$+$#$)'!+&$'=!%74&(56&(8!

U\8V! O4&!;*)<)#$)'36!37#$K$#$&%!5'(&*#3G&'!+,!#4&!=366&*,!)'!#4&!3*#$%#P%!
+&4369!%4)56(!+&!76&3*6,!()75<&'#&(!3'(!*&=563*6,!+*)5=4#!#)!#4&!
3*#$%#P%!3##&'#$)'8!

U\8N! O4&!=366&*,!%4)56(!*&=563*6,!;637&!937#!%4&&#%!)'!#4&!3*#$%#P%!9$6&!
$'($73#$'=!#4&!=366&*,P%!;*)<)#$)'36!37#$K$#$&%!5'(&*#3G&'!)'!#4&!
3*#$%#P%!+&43698!

U\8M! -#!#4&!7)'765%$)'!)9!3'!&Q4$+$#$)'0!#4&!=366&*,!%4)56(!;*&%&'#!#4&!3*#$%#!
J$#4!3!<&($3!;37G3=&!7)'#3$'$'=!7);$&%!)9!3(K&*#$%&<&'#%0!$'K$#3#$)'%0!
;*&%%!*&6&3%&%0!*&K$&J%!3'(!)#4&*!*&6&K3'#!<3#&*$36%!*&63#$'=!#)!#4&!
;*)<)#$)'!)9!#4&!&Q4$+$#$)'8!

18 #.0;%,>%51-7% U]8U! O4&!=366&*,!%4)56(!&Q&*7$%&!($6$=&'7&!3'(!73*&!J4&'!43'(6$'=0!
%#)*$'=0!($%;63,$'=!3'(!;37G$'=!#4&!J)*G0!3'(!5'(&*#3G&!#)!%5;;6,!
%5$#3+6&!$'%5*3'7&0!($%;63,0!%&75*$#,0!6$=4#$'=0!9$*&!;*&K&'#$)'!3'(!
&'K$*)'<&'#36!7)'#*)6%8!

U]8V! >4)56(!3!J)*G!+&!(3<3=&(!J4$6&!&'#*5%#&(!#)!#4&!73*&!)9!#4&!=366&*,0!
#4&!3*#$%#!%4)56(!+&!7)'%56#&(!$'!#4&!9$*%#!$'%#3'7&!3'(!=$K&'!9$*%#!
);#$)'!#)!*&;3$*!#4&!J)*G!)*!3;;*)K&!#4&!74)%&'!7)'%&*K3#)*8!O4&!
=366&*,!%4)56(!7)K&*!#4&!7)%#%!)9!*&;3$*8!

19 +4/.-1457( U`8U! /366&*$&%!%4)56(!73**,!3'!$'%5*3'7&!;)6$7,!#43#!7)<;*&4&'%$K&6,!
;*)#&7#%!J)*G%!$'!#4&$*!73*&0!75%#)(,!3'(!7)'#*)60!+)#4!$'!#4&!=366&*,!
3'(!$'!#*3'%$#8!"9!#4&*&!$%!3!T5%#$9$3+6&!*&3%)'!J4,!#4&,!()!')#0!#4&,!
%4)56(!$'9)*<!#4&!3*#$%#!$'!J*$#$'=8!

U`8V! O4&!3=*&&<&'#!%4)56(!76&3*6,!(&#3$6!#4&!#,;&%!)9!$'%5*3'7&!;*)K$(&(!+,!
#4&!=366&*,!9)*!#4&!J)*G!$'!#*3'%$#!3'(B)*!$'!#4&!=366&*,!@9)*!&Q3<;6&0!
#4&9#0!377$(&'#36!(3<3=&0!<36$7$)5%!(3<3=&0!;5+6$7!6$3+$6$#,I8!

U`8N! O4&!3=*&&<&'#!%4)56(!36%)!(&#3$6!J43#!;*)7&%%!J$66!+&!9)66)J&(!J4&*&!
J)*G!$%!(3<3=&(!(5*$'=!#*3'%$#!#)!#4&!=366&*,!$'765($'=!')#$9$73#$)'!)9!
#4&!3*#$%#8!!

U`8M! "'!#4&!&K&'#!)9!3',!+*&3G3=&%0!#4&9#!)*!(3<3=&!#)!#4&!J)*G!$'!#4&!
=366&*,P%!73*&0!#4&!3*#$%#!%4)56(!+&!;3$(!*&=3*(6&%%!)9!#4&!=366&*,P%!6&K&6!
)9!$'%5*3'7&!)*!#4&!#$<&!#3G&'!#)!%&##6&!#4&!763$<8!

!

20 )99303,412%
,F238103,4/%%
,>%0:7%1-03/0%

V^8U! O4&!3*#$%#!%4)56(!%5;;6,!#4&!=366&*,!J$#4!3!6$%#!)9!%5==&%#&(!$'K$#&&%!9)*!
&Q4$+$#$)'!);&'$'=%0!$'765($'=!3!6$%#!)9!#4)%&!J4)!43K&!;*&K$)5%6,!
+)5=4#!#4&$*!J)*G8!

V^8V! O4&!3*#$%#!%4)56(!(&6$K&*!@3'(!$'!%)<&!73%&%0!7)66&7#I!#4&!3=*&&(!J)*G!
#)!#4&!=366&*,!$'!=))(!)*(&*!3#!#4&!3=*&&(!#$<&8!!

pythia


pythia


pythia


pythia


pythia








(3(

V^8N! O4&!3*#$%#!%4)56(!;*)K$(&!3775*3#&!+$)=*3;4$736!3'(!7)'#37#!
$'9)*<3#$)'!#)!#4&!=366&*,8!!

V^8M! O4&!3*#$%#!*&;*&%&'#&(!+,!3!=366&*,!%4)56(!')#!5'(&*<$'&!)*!
7)<;*)<$%&!4$%!)*!4&*!*&63#$)'%4$;!J$#4!#4&!=366&*,!+,!3##&<;#$'=!#)!
&%#3+6$%4!3'!$'(&;&'(&'#!+5%$'&%%!*&63#$)'%4$;!J$#4!76$&'#%!)*!+,!
($%76)%$'=!#4&!76$&'#!6$%#!#)!3',!)#4&*!;3*#,8!!

V^8X! F4&*&!3!=366&*,!43%!%$='$9$73'#6,!%5;;)*#&(!3'(!3%%$%#&(!3'!3*#$%#!#)!
377&%%!$'#&*'3#$)'36!<3*G&#%0!#4&!3*#$%#!%4)56(!&'%5*&!#4*)5=4!#4&$*!
7)'#*37#!3'(!($%75%%$)'B'&=)#$3#$)'!#43#!#4&!)*$=$'3#$'=!=366&*,!$%!
37G')J6&(=&(!#4*)5=4!3!;&*7&'#3=&!9&&!)9!3',!%36&%!=&'&*3#&(!)K&*!
3'!3=*&&(!%;&7$9$7!#$<&!;&*$)(8!F4$6&!#4&!3<)5'#!$'!()663*!#&*<%!<3,!
+&!6)J0!$#!$%!3'!37G')J6&(=&<&'#!)9!#4&!*$%G!3'(!%5;;)*#!#43#!#4&!
=366&*,!43%!5'(&*#3G&'!$'!;*)<)#$'=!3'(!&Q;)*#$'=!#4&!J)*G!)9!#4&!
3*#$%#!)K&*%&3%8!!

V^8Z! O4&!3*#$%#!%4)56(!*&%;&7#!4&36#4!3'(!%39&#,!;3*3<&#&*%!&'9)*7&(!+,!
#4&!=366&*,!3'(!*&7)='$%&!#4&$*!*&%;)'%$+$6$#,!#)!;*)#&7#!#4)%&!J4)!J)*G!
'&3*!)*!J4)!3*&!K$&J$'=!#4&$*!J)*G8!!

V^8\! F4&'!#4&!3*#$%#!*&7&$K&%!($*&7#6,!3'!$'K$#3#$)'!#)!&Q4$+$#!J)*G!$'!
3')#4&*!;637&0!#4&!3*#$%#!%4)56(!($%76)%&!3'(!($%75%%!#4$%!J$#4!!
#4&!=366&*,8!

V^8]! O4&!3*#$%#!%4)56(!7*&($#!#4&!=366&*,!J4&'!#4&$*!J)*G!$%!&Q4$+$#&(!$'!3',!
)#4&*!K&'5&!@&Q7&;#!J4&*&!#43#!&Q4$+$#$)'!$%!$'$#$3#&(!+,!)'&!)9!#4&!
3*#$%#P%!)#4&*!=366&*$&%I8!

21 I793103,4%%
,@7-%F-715:7/%%
,>%5,40-150%

VU8U! A&($3#$)'!%4)56(!+&!%)5=4#!$'!#4&!73%&!)9!($%;5#&%!)K&*!+*&374&%!)9!
7)'#*37#!+&9)*&!6&=36!37#$)'!$%!7)<<&'7&(8!!

 

!

(719%0:7%2107/0%@7-/3,4%,>%0:3/%1-03/0J5,667-5312%81227-;%5,97%,42347%10K

===L,C5,L8,@L1.%

===L1581L5,6L1.%%

===L@3/.121-0/L470L1. 

JJJ8)_7)8=)K835!
O&6!^V!`VUX!`^^^!
)*!U]^^!VVZ!`UV!

JJJ837=387)<835!
O&6!^N!`XVX!MM\^!

JJJ8K$%5363*#%8'&#835!
O&6!^V!`NZ]!U`^^!


