


!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' $

895,-5,(-)::/0:+(4(:5-/.-5,(-;9<<2-=/2/:->92+/?(*3-/:-@0A3-%B-
$"!$B-)AA-'5):>)*>-7/>(A-1)*59+A(2-,)?(-=((:-/=2(*?(>C



D05-259AA-A/52-/.-E0(259/:2F

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' G

! ;/H-+/4(-5,(-;9<<2-=/2/:-4)22-92-2/-A9<,5I
! 8,)5-92-5,(-2/0*+(-/.->)*J-4)55(*I
! K2-5,(*(-)-L*):>-M:9.9(>-N,(/*3I
! 8,)5-92-5,(-:)50*(-/.->)*J-(:(*<3I
! 8,)5-,)11(:(>-5/-)AA-5,(-):594)55(*-9:-5,(-0:9?(*2(I
! 8,3-)*(-5,(*(-G-<(:(*)59/:2-/.-E0)*J2-):>-A(15/:2I
! ;/H->/-:(05*9:/2-<(5-5,(9*-4)22I
! O*(-:(05*9:/2-P9*)+-/*-7)Q/*):) 1)*59+A(2I
! 8,)5-92-5,(-E0):504-5,(/*3-/.-<*)?953I



8,3-92-5,(-;9<<2-=/2/:-2/-A9<,5I

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' %

! N,(-'7-92-J:/H:-5/-H/*J-01-5/-):-(:(*<3-/.-R!-N(SC
! K5-92-(T1(+5(>-5/-=*()J->/H:-=(./*(-5,(-UA):+J-2+)A(-
V!"!& N(SW-H,(*(-E0):504-<*)?953-2,/0A>-)11()*C
! '/-5,(-'7-+05/..-2+)A(B-A)=(A(>-XB-2,/0A>-=(-Y!"!& N(S
! 6)A+0A)59/:2-/.-5,(-;9<<2-4)22-9:-5,(-'7-+/:5)9:-
E0):504-+/**(+59/:2-5,)5-2,/0A>-*(20A5-9:-)-4)22-:()*-XC-
'/-95-92-25*):<(-5/-.9:>-95-)5-"C!-N(SC
! '/A059/:2-5/-5,(-,9(*)*+,3-1*/=A(4Z
! N,(-'7-92-/:A3-?)A9>-5/-R!-N(S ):>-5,(*(-92-)-:(H-5,(/*3-)=/?(-

R!-N(SC
! N,(*(-92-)-.9:(-50:9:<-/.-5,(-E0):504-+/**(+59/:2-)5-5,(-A(?(A-/.-!-

1)*5-9:-!"!& V)+50)AA3-!-1)*5-9:-!"G$ 29:+(-5,(3-)*(-E0)>*)59+WC



[?9>(:+(-./*->)*J-4)55(*

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' \

! L)A)+59+-*/5)59/:-+0*?(2-9:>9+)5(-
9:?929=A(-4)55(*-9:-)-21,(*9+)A-,)A/C
! 6/249+-49+*/H)?(-=)+J<*/0:>-
.9:>2-4/*(-5,):-:/*4)A-4)55(*C
! L*)?95)59/:)A-A(:29:<-/.-D0AA(5-
6A025(*-2,/H2->)*J-4)55(*-=(,)?(2-
>9..(*(:5A3-5,):-/*>9:)*3-4)55(*C
! ])*<(-2+)A(-25*0+50*(-/.-5,(-
0:9?(*2(-/:A3-4)J(2-2(:2(-H95,-
>)*J-4)55(*C



'/4(->)*J-4)55(* 1/229=9A959(2

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' &

! !"#$%"&#'()*('+,)-%(./)^ 6*()5(>->0*9:<-5,(-=9<-=):<-
=(./*(-1*/5/:2-)*(-+*()5(>C
! 01#%2/ ^ ]9<,5-1)*59+A(2-H95,-?(*3-A955A(-9:5(*)+59/:-H95,-
:/*4)A-4)55(*_-U*/1/2(>-5/-(T1A)9:-A)+J-/.-6U-?9/A)59/:-9:-5,(-
25*/:<-9:5(*)+59/:C
! 34."#(.)2.54"#2%/)^ 7)22(2-)*/0:>-J(S =05-:/5-+/01A9:<-5/-
5,(-`-/*-/5,(*-:(05*9:/2C
! 6.',(7)824."'+4#29):'//#;.)!'"4#+(./)<68:!/=
! K:5(*)+5-?9)-H()J-9:5(*)+59/:-V):>-<*)?953W-/:A3
! ',/0A>-,)?(-4)22-R"C!^!-N(S



8K7U2-2((4-5/-=(-):-9>()A-2/A059/:

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' a

! P0*9:<-D9<-D):<B-0:9?(*2(-92-+//A9:<-):>-(T1):>9:<C
! 8,(:-Nb7cB-5,(-:04=(*->(:2953-/.-c 1)*59+A(2-92-+/:25):5-
)2-+*()59/:-):>-)::9,9A)59/:-92-9:-(E09A9=*904C
! 8,(:-NY7cB->(:2953->*/12-/..-
(T1/:(:59)AA3-VD/A5d4):WC
! O2-0:9?(*2(-(T1):>2B-1)*59+A(2-
+):e5-.9:>-()+,-/5,(*-5/-
)::9,9A)5(Z-f.*((d(g/05hC
! N,(-+*/22-2(+59/:-:((>(>-5/-
<(5-5,(-+/**(+5-)4/0:5-/.->)*J-
4)55(*-92-5,(-2)4(-)2-5,(-H()J-
9:5(*)+59/:C--6)AA(>-5,(-f8K7U-
49*)+A(hC



[:5(*-'01(*2344(5*3-V'M'iW

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' j

! U*/1/2(2-):-)>>959/:)A-2344(5*3-9:-:)50*(-=(5H((:-
=/2/:2-):>-.(*49/:2C
! [)+,-'7-1)*59+A(-,)2-)-1)*5:(*-1)*59+A(-V21)*59+A(W-H95,-
2)4(-E0):504-:04=(*2-(T+(15-219:->9..(*2-=3-kC
! 6//A-21)*59+A( :)4(2-A9J(-2=/55/4B-2(A(+5*/:B-H9:/C
! 6/:29>(*-!g1)*953-
+/:2(*?9:<-4/>(A2-
5/>)3Z-21)*59+A(2
)*(-1*/>0+(>-9:-
1)9*2-):>->(+)3-5/-
5,(-A9<,5(25-
201(*2344(5*9+-
1)*59+A(-V]'UWC



N,*((-<//>-.()50*(2-/.-'M'i

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' l

!C 6):-2/A?(-,9(*)*+,3-1*/=A(4Z-
m0):504-+/**(+59/:2-.*/4-'7-
1)*59+A(2-+):+(A(>-=3-5,(-21)*59+A(2C

$C 6):-1*/?9>(-)->)*J-4)55(*-
+):>9>)5(C--O-:(05*)A-]'U-H9AA-=(-)-
8K7UC

GC N,(-25*/:<B-H()JB-):>-[n7-./*+(2-
,)?(->9..(*(:5-25*(:<5,2-V+/01A9:<2W-
5,)5-+,):<(-V*0:W-H95,-(:(*<3C--
8,(:-5,(-(..(+52-/.-'M'i-)*(-
9:+A0>(>B-5,(2(-+/01A9:<2-+/:?(*<(-
)5-!"!& L(SB-J((19:<-)A9?(-5,(-,/1(-
./*-)-L*):>-M:9.9(>-N,(/*3C
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N,(-A(22-<*()5-.()50*(2-/.-'M'i

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' !"

! 'M'i-952(A.-92-)-H(AA->(.9:(>-5,(/*3C
! K.-201(*2344(5*3-H)2-)-<//>-2344(5*3B-5,(-21)*59+A(
4)22(2-H/0A>-=(-5,(-2)4(-)2-5,(-1)*59+A(-4)22(2C
! '9:+(-H(-,)?(:e5-./0:>-):3-21)*59+A(2B-5,(*(-4025-=(-)-
2344(5*3-=*()J9:<-4(+,):924C
! N,92-92-:/-1*/=A(4-V)A*()>3-2((:-^ (A(+5*/H()J-
2344(5*3-=*()J9:<-92-H,)5-<9?(2-4)22-5/-4/25-'7-
1)*59+A(2WC
! D05-H(-,)?(-:/-9>()-,/H-5,(-2344(5*3-=*()J9:<-92->/:(-
2/-5,92-/1(:2-01-)AA-2/*52-/.-1/229=9A959(2-^ :/5-?(*3-
1*(>9+59?(C
! o((>-5/-A//J-)2-=*/)>A3-)2-1/229=A(-./*-29<:2-/.-'M'iC



;/H->/-H(-A//J-./*-'M'iI

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' !!

! o((>-):-
)++(A(*)5/*-5/-
1*/>0+(-'M'i-
1)*59+A(2C
! o((>-)->(5(+5/*-
5/-*(+/*>-5,(-
1*/>0+59/:-):>-
>(+)3-/.-'M'i-
1)*59+A(2C
! o((>-5/-
>9259:<092,-'M'i-
(?(:52-.*/4-'7-
(?(:52C



N,(-A(22-<*()5-.()50*(2-/.-'M'i

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' !$

"#$%

&'()*+),)-'
+),)-'*'./$0/1

234

+),)-'

56*7'-.1.)%*'77)#)/'1)*
$/010,%*10*89::::::::!

;9<*=*%>$)/70,?>71.,@*
A'@,)1%*())$*1B)*
$/010,%*@0.,@*.,*7./7#)%

=B)*&'/@)*C'?/0,*20##.?)/*.%*DE*(A*
#0,@*',?*F88GH88*I))1*>,?)/@/0>,?9



P(5(+59:<-5,(-1)*59+A(2

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' !G

J)*70##.?)*$/010,%*'1*B.@B*),)/@K*10*7/)'1)*,)L*$'/1.7#)%9**
M>1*1B)%)*$'/1.7#)%*.AA)?.'1)#K*?)7'K*.,10*01B)/*$'/1.7#)%9

N))?*10*?)1)71*1B)%)*$'/1.7#)%*10*/)70,%1/>71*LB'1*B'$$),)?9
=B)*234*?)1)710/*.%*.,*'*7'-)/,*<88*I))1*>,?)/@/0>,?9



!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' !%



!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' !\



!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' !&



!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' !a



!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' !j



!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' !l



67'-)22(4=A3

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' $"

D88H D88O

D88E D88;



67'-N*)+J(*

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' $!

L/(2-
9:29>(

67'-5*)+J(*-02(2-
$G""-2E0)*(-.((5-/.-
29A9+/:->(5(+5/*2C

67'-5*)+J(*-=(9:<-
9:2(*5(>-9:5/-67'



67'-19T(A->(5(+5/*

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' $$

'4)AA(25->(5(+5/*-=05-5,(-4/25-+,)::(A2C--N,(*(-
)*(-&&-49AA9/:-19T(A2B-()+,-!""-p4 =3-!\"-p4C

K:2(*59:<-5,(->(5(+5/*



67'-'/A(:/9>

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' $G

! GCj-5(2A)-4)<:(5-)5-%-q
! &-4->9)4(5(*-):>-!$C\-4-A/:<-
VA)*<(25-(?(*-=09A5W
! $$"-5-V9:+A0>9:<-&-5-/.-o=N9W
! '5/*(2-$Ca-L@-r (E09?)A(:5-5/-
!G""-A=2 /.-NoN
! K.-4)<:(5-<(52-)=/?(-
201(*+/:>0+59:<-5(41(*)50*(B-
(:(*<3-92-*(A()2(>-)2-,()5-^
:((>-5/-1A):-./*-5,(-H/*25
! D(:>2-+,)*<(>-1)*59+A(2-
)AA/H9:<-5*)+J(*-5/-4()20*(-
4/4(:504



67'-[A(+5*/4)<:(59+-6)A/*94(5(*-V[6O]W

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' $%

! U,/5/:2-):>-(A(+5*/:2-
2,/H(*-9:-,9<,-`-
4)5(*9)A
! ;/4/<(:/02-
+)A/*94(5(*
! ]()>-50:<25)5(-
VU=8s%W-+*325)A2Z-$CG-
T-$CG-T-$G-+4G

! t)>9)59/:-,)*>B->(:2(B-
):>-.)25
! ]/H-A9<,5-39(A>-n-5(41(*)50*(-
2(:2959?953-4)J(-95->9..9+0A5
! 7)<:(59+-.9(A>-):>-*)>9)59/:-
*(E09*(-:/?(A-(A(+5*/:9+2-OUP-
):>-SUN



67'-;)>*/:9+-6)A/*94(5(*-V;6O]W

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' $\

! ')41A9:<-+)A/*94(5(*
! D*)22-)=2/*=(*-.*/4-t0229):-
)*59AA(*3-2,(AA2-V:/:g4)<:(59+W
! '+9:59AA)59:<-59A(2-H95,-
H)?(A(:<5,-2,9.59:<-V8]'W-.9=(*
! 8]'-.9=(*-92-
.(>-9:5/-)-
,3=*9>-1,/5/g
>9/>(-V;UPW-
./*-A9<,5-39(A>-
4()20*(4(:5



67'-70/:->(5(+5/*

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' $&

! 70/:2-9:5(*)+5-A(22-5,):-/5,(*-
+,)*<(>-1)*59+A(2
! UA)+(->(5(+5/*2-).5(*-A/52-/.-
4)5(*9)A-2/-5,)5-H,)5-+/4(2-
5,*/0<,-4025-=(-)-40/:
! O>>-4)<:(59+-.9(A>-n-5*)+J9:<-
5/-.9:>-4/4(:504-):>-A9:J-
H95,-4)9:-5*)+J(*
! !$"""-5-/.-9*/:-92-)=2/*=(*-):>-
2/A(:/9>-.A0T-*(50*:
! N,*((-5*)+J9:<-5(+,:/A/<9(2Z-
P*9.5-N0=(B-t(29259?(-UA)5(-
6,)4=(*B-n-6)5,/>(-'5*91-
6,)4=(*



[?(:5-2(A(+59/:

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' $a

! U*/5/:-=0:+,(2-+/AA9>(-%"-49AA9/:-594(2-1(*-2(+/:>B-H,9+,-
*(20A52-9:-)=/05-%"-1)9*2-/.-1*/5/:2-+/AA9>9:<C
! K5-5)J(2-!-7D-/.->)5)-5/-*(+/*>-):-(?(:5C
! '/-H(-H/0A>-:((>-5/-*(+/*>-%"-ND#2(+/:>-5/-<(5-(?(*3-
(?(:5C--o/5-.()29=A(C
! K:25()>B-H(-A//J-)5-)-20=2(5-/.-5,(-9:./*4)59/:-5/-2((-9.-5,(-
(?(:5-92-9:5(*(259:<-):>-/:A3-105-/:-5)1(-9.-95-92C--'59AAB-H(-
2)?(-)=/05-!"""-(?(:52#2(+-A()>9:<-5/-!"-UD#3()*C



'()*+,-./*-'M'i-9:-,)>*/:9+-4/>(2

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' $j

P1

P2

g̃

g̃

t̄

t

χ̃0

1

χ̃0

1

t̄

t

'()*+,-./*-'M'i-9:?/A?9:<-1*/>0+59/:-
?9)-5,(-25*/:<-9:5(*)+59/:-VA)*<(*-+*/22-
2(+59/:W-2/-1*/>0+(-<A09:/2 /*-2E0)*J2C

OAH)32-,)?(-$-]'U2B-H,9+,-(T95-5,(->(5(+5/*-
0:>(5(+5(>C--K:-)-,(*4(59+->(5(+5/*B-5,92-+):-=(-
2((:-)2-A)*<(-49229:<-5*):2?(*2(-(:(*<3-V:>?WC

;9<,-4)22-(?(:52-1*/>0+(-A)*<(-)4/0:52-/.-
(:(*<3-2((:-9:-5,(->(5(+5/*-V>?WC

[)+,-5/1-E0)*J->(+)32-5/-=-E0)*J-V+*()59:<-)-=-
Q(5W-):>-8-=/2/:-V>(+)39:<-5/-5H/-Q(52-&au-/.-
594(WC--t(20A52-9:-4):3-Q(52-V@A.4W-):>-=-Q(52-V@*WC



'7-=)+J<*/0:>2-./*-2()*+,

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' $l

! BCD)Z-P9*(+5-1*/>0+59/:-/.-4):3-Q(52-H95,-5,(-(:(*<3-/.-
Q(5V2W-4924()20*(>B-A()>9:<-5/-7;NC
! E%/4F(.G4%2)):> -'&"%2#+)H ZU*/>0+59/:-/.-8-):>-Q(52-
H,(*(-8->(+)32-5/-(#p#v ):>-wC--o(05*9:/-+*()5(2-7;NC--
t(>0+(>-=3-*(Q(+59:<-(?(:52-H95,-(#p#v =05-2/4(-4)3-
2A91-5,*/0<,C--8-=/2/:2-+):-=(-1*/>0+(>->9*(+5A3-/*-.*/4-
5/1-E0)*J->(+)32C
! IJKK Z-U*/>0+59/:-/.-`-):>-Q(52-H,(*(-`->(+)32-5/-
:(05*9:/2B-1*/>0+9:<-7;NC

N,(2(-=)+J<*/0:>2-)*(-)AA-(2594)5(>-=3-029:<-
+/:5*/A-*(<9/:2-V>9259:+5-.*/4-29<:)A-*(<9/:2WC



[2594)5(-/.-`xww

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' G"

t(+/:25*0+5-`x(( ):>-`xpp
(?(:52-5/-(2594)5(-`xwwC--@025-
:((>-5/-)++/0:5-./*-(..9+9(:+3C--
M:./*50:)5(A3B-5,(*(-)*(-4/*(-
`xww (?(:52-5,):-`x(( y `xpp
(?(:52-2/-25)59259+)AA3-A9495(>C

6):-)A2/-02(-1,/5/:yQ(52 >)5)-2)41A(-)2-5,(-1*/>0+59/:-/.-
1,/5/:2-):>-`-=/2/:2-)*(-?(*3-2949A)*-V)5-,9<,-(:(*<3-
H,(*(-5,(-4)22-/.-5,(-`-92-:/5-*(A(?):5WC--7):3-4/*(-
1,/5/:-(?(:52-5,):-`xww 2/-<//>-25)59259+)A-)++0*)+3-=05-
:((>-5/-+)*(.0AA3-+/:5*/A-./*-1*/>0+59/:->9..(*(:+(2C

N,92-):)A3292-02(2-=/5,-4(5,/>2-
5/-(2594)5(-5,(-`xww =)+J<*/0:>



'9<:)A-*(<9/:->9?9>(>-9:5/-=9:2

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' G!

! N,(-;Ng7;N-1A):(-
>9?9>(>-9:5/-!"-=9:2C
! %-=9:2-/.-oQ(5Z-Gg%B-\g&B-
agjB-lyC
! % =9:2-/.-o=Z-"B-!B-$B-GyC
! N/5)A-/.-!&"-=9:2C

D9::9:<-9:+*()2(2-5,(-2(:2959?953-
):>-.A(T9=9A953-/.-5,(-):)A3292C



'()*+,-*(20A52

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' G$
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 (13 TeV)-1    12.9 fbCMS       Preliminary

P)5)-92-+/:2925(:5-H95,-(2594)5(>-=)+J<*/0:>2C--o/-29<:-/.-'M'i



'()*+,-*(20A52

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' GG

6):-A//J-9:-5,(-4/*(-
2(:2959?(-*(<9/:2-5/-2((-
H,)5-)-29<:)A-4)3-A//J-A9J(C

'59AA-:/-29<:-/.-'M'iC



U/229=A(-'M'i-(?(:5

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' G%

N,92-(?(:5-+/:5)9:2-
!$-Q(52B-G-=gQ(52B-):>-
A)*<(-)4/0:5-/.-
49229:<-5*):2?(*2(-
(:(*<3C--L*()5-
+):>9>)5(-./*-)-'M'i-
(?(:5-V=05-4/25-
A9J(A3-:/5WC



]94952-/:-'M'i-1*/>0+59/:

!"#$%#!&'()*+,-./*-'01(*2344(5*3-)5-67' G\
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