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CMS DETECTOR STEEL RETURN YOKE . Low FPP).
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS High Luminosity
Overall diameter : 15.0m Pixel (100x150 um) ~16m* ~66M channels

Overall length :28.7m Microstrips (80x180 pm) ~200m? ~9.6M channels
Magnetic field :3.8T
SUPERCONDUCTING SOLENOID
— Niobium titanium coil carrying ~18,000A

& Future Expt.

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbBWO, crystals

4

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2016-10-27 14:12 UTC
. . ; - ‘ ; ‘ 60
m— 2010, 7 TeV, 45.0 pb !

— 2011, 7TeV, 6.1 10" CMS: a general-purpose detector at the LHC

— 2012, 8 TeV, 23.3 b’ 120

w— 2015, 13 TeV, 4.2 fb'
2016, 13 TeV, 40.8 b !

60

|* Broad physics programme:
** e Studying the SM (including the Higgs boson)
20} 1o »  Searching for extra dimension and DM particles

30

Total Integrated Luminosity (b ')

10+ 110
i ———=» | Good operating conditions in 2016
s‘,‘p‘ s"@ o o &\»"9 xge? &o‘-‘ \'@0“ x°e¢ Predrag Cirkovic @ QFTHEP 2017 3
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Higgs production and decay

) o o —
I t
V- -1
q W.Z 9 00000 ———— ;
Production Decay
. ggH  H- bb
s H->WW
* VBF . H oo
* VH e H-> 77
o ttH c H-vyy

Branching Ratio

CERN YR 4: arXiv:1610.07922

_I | I | I I | || I | | | I | | I |_ 2
'E o
) :z 20 Je
B 3
L 49
;\éw =~ 21% 3
10-15_ : _: 3
F T =~ 6.3% .
C I T —
W6% .
102k %4 I =
- I ]
L vy :z 0.23% i
-3/
"0 7y : §
N | _
B 1~ 0.022% 1
- | <
10-4 | | | | | | | | |I | | | | | | | | | |
120 122 124 126 128 130

M, [GeV]

Predrag Cirkovic @ QFTHEP 2017 4


http://arxiv.org/abs/arXiv:1610.07922

Individual signal strengths (production and decay)

Production
ATLAS and CMS 8- ATLAS+CMS
LHC Run 1 - ATLAS
-+ CMS
B : -_+1o
w o —+20
ggF e
—*l—
w — s
“'VBF e
w ———
WH " i
ZH = —
w ®
ttH - .
w Rl
IIII|I\II|IIII|\III!IIII|IIII‘IIII|IIII|III\|IIII
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CMS + ATLAS Run 1 legacy
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Decay
ATLAS and CMS -8~ ATLAS+CMS
LHC Run 1 - ATLAS
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Individual signal strengths (fermionic vs bosonic)

S AT AG ot A Mo
* L+ ATLAS and CMS Hoyy |
“_:g_g 3__LHC Run 1 H— 77 ]
i \ H— WW)
s "
H—o 1t
R [IHobb | ]
c
S |
(%5
2 i |
S i . -
P %D{ *
0_ |
1L _
| —68% CL + Bestfit x SM expected
_I I I | 1 l 1 | ] 1 | 1 | 1 1 | 1 ]
0 1 2 3
© fermonic: uf
ggF+ttH

CMS + ATLAS Run 1 legacy Predrag Cirkovic @ QFTHEP 2017 JHEP 08 (2016) 045 6



Individual couplings JHEP 08 (2016) 045
T LR LR IELELELRALY . L 3_ A A I R
E> 1- ATLAS and CMS s CASE T ATLAS and CMS
2 | LHC Run1 wiAt 'LHC Run 1
i 2.5 -
S [
_ I Combined
£1l> 107'F . -
'!LL 2_—|:]H—>ZZ m
| [ JH->WW
L [JH-1r
1072:_ | 1.5—_ H—bb b
} ATLAS+CMS | i 1
NIV SM Higgs boson i
— [M, g] fit j i |
7] 68% CL 1 05F .
[ ]95%CL ‘ [ :
10% 48 T - —— 68% CL . 95% CL 4 Bestfit * SM expected -

Ky
* All channels compatible
withky =1landkgp =1

Particle mass [GeV]

* Ky and ky used to quantify
deviation from SM

e Result consistent with

 Couplings constrained by Run-I
hing y the SM expectations

measureme nts Predrag Cirkovic @ QFTHEP 2017



CMS-only 7 TeV + 8 TeV results
on sighal strengths and couplings ... ...

« 19.7 fb~1(8TeV) + 5.1 fb~ (7 TeV)
complete Run | CMS dataset

* Individual signal strengths in the main

Higgs decay channels compatible with 1.0 - bbtagged

== 58% CL

---SM Higgs

E_ —95% CL

19.7 b (8 TeV) + 5.1 b (7 TeV)
IIIIII| T IIIIIII| T IIIIIII|"I"'_

(M, ) fit
=68% CL
—95% CL

| -

Ll L1
10
Particle mass (GeV)

EPJC75 (2015) no.5,212 o

i° Individual

couplings

compatible 151

M“'—

with the SM

expectations |

region

1+ Agreement .|
1 within the 1o |

10(}3redrag Cirkovic @ QFTHEP 2017 00

19.71b"' (8 TeV) + 5.1 10" (7 TeV)

Combined
u=1.00+0.14

p=1.12+024

H — ZZ tagged
pn=1.00+0.29

H— WW tagged
p=0.8310.21

H — 1t tagged
p=0.91+0.28

n=0.84+0.44

CMS

p,, = 0.96

———

—+—

m, =125 GeV

——
—_——
L

CMS

1

1.5 2
Best fit G/GSM

19.71b" (8 TeV) + 5.1 fb” (7 TeV)

2

' Observedé
| & SM Higgs§




H - VY  cMs-PAS-HIG-16-040

Characteristics: BDT usage

. High resolution: « Photon ID

_ e Selection of yy Vx
. Clean final state Selection of yy
. Small BR events
CMS Preliminary 359 fb" (13TeV)
N IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
8107 ¢ Data Simulation background SM H—vy, mH=125 GeV
@ [ jet jet [ ebely
S [ v jet [ VBF
510° vy I VH
MC stat. uncert. [ ttH

Event tagging

0 0102 03 04 05 06 0.7 O.F§red0é9 1

CMS Preliminary

35.9 fb' (13 TeV)
U L B AL L

> :I I | T | LI I LI :
814000 __r'th‘IYZPYSzlGeV c 116 All categories -
— C M= 129 M= S/(S+B) weighted ]
w —
£12000p ¢ Data =
%10000 C — S+B it -
- O e N B component ]
@ 8000} I +lo =
S [ ]+2c .
‘o 6000— -]
s r .
—~ 4000 — —
o - ]
+ N -
) 2000 —
w 0 :I 11 1 11 1 1 I 11 1 1 I 11 1 1 I 11 1 1 l 11 1 | I 11 1 | I 1 1 1 1
"B corhponen't subtracted

70 180

m,, (GeV)

710 140 150 160

100
Signal:
* Two isolated and high E1 photons

1:_30\/1 30

Background:
e  Continuum yy (irreducible)
Fakes from y+jet/jet+jet (reducible

Cirkovic @ QFTHEP 2017 9
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H — yy signal strength

* |Individual signal strengths for
each of the Higgs production
modes

* Signal strengths measured in
bosonic and fermionic parts

CMS Preiiminary
e I L L

35.9 fb' (13 TeV)
1 I 1 1 1 | T

=.

H-vy E —— Combined + 1o
|
| . —# Perprocess + 1o _|
|
Mgy | 1110w i Rl i
|
| . -~ _ +0.15 ]
: Mcombined = 1.16 -0.14
+0.6 .
Hyge | ©°-s I_._:{ my, profiled
| ] _
|
U 2272 ol —a—
ttH o | A 3.30, 1.60
l— [ | J—
+1. .
MVH 23 —'11.01 : I_._I
I : I I I l
-2 0 2 4 6 8

=)

T
>
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o
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CMS Preliminary

359" (13 TeV)

Standard Model

consistent

CMS-PAS-HIG-16-040

3_I T T | T T TT | T TTT | T TTT T 1T | T TT | T T [ T T I_
E =k Best Fit E
2.5 4 SM .
B — ]
2— ]
. "*20 ’
N ) ]
C \ ]
11— \ ]
B ‘ ]
- [ —
- 1 -
— ' —

1
- ' .
- [ -
- 1 —
B ! ]
_0.5__ ]
- m, profiled -
_1_I 1 11 | 111 | | I | | I 111 | 1 111 | 111 | L1 11 ‘ 111 I_
-1 5 0 0.5 1 1.5 2 2.5 3
ggH,ttH



CMS Preliminary 35.9fb" (13 TeV)10

° 52— 3
H — yy couplings* EEEE
Measurements of coupling o g
modifiers ‘M
* To photons and gluons (k,,, k4) * 6
e To vector bosons and fermions
(K, Kf) 0.5 4
CMS Preliminary 35.9 fb" (13 TeV) 0
o 2 10—~ 2
- m,, profiled \:/5_0_5
O
1.6 8 _b 02 04 06 08 1 12 14 16 1.8 2_0
KV
14
6
1.2
Both results
1 4
08 compatible with the SM
0.6 : | 12
os CMS-PAS-HIG-16-040
04 06 08 1 12 14 16 1@ecdrCroovic @ QFTHEP 2017 11
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19.7 b (8 TeV) + 35.9-#6"(13 TeV)
|

IWII}IITI'TIIT[II\II\II\ \II‘IIIlT

100

o

H — yy differential fiducial o 2

=]
“_b 90

MS Supplementary

CMS requires two high-pr isolated photons
within the fiducial volume %0

H—yy
¢ Data (best-fit m)
== syst. uncertainty
B3 SM (m,=125.09 GeV)
- norm. LHC Higgs XSWG YR4
- acc. AMC@NLO

No classification based on production mode, "

implicitly focus on ggH 60

Ill\lllllll‘llll‘llll_

84113 £b (7517 fb theoretically)]

-

Event classification based on mass resolution 50r
estimator a,, /m,,, improves sensitivity by 10% 4

—Ill\llll\lltlll\/llll\lll

Simultaneously extract signal and unfold 05 o

7Y
do. /dp_" (fo/GeV)

dIStrIbUtlonS USIngaMLflt CIVIS'PAS'HIG'17'015 20 e b b b Lo v b 1T
CMS » o 7 ) 8 9 10 11 12 13 14
A Pfellllmllrfc’:llryl . 3I591Tb ('||3Te|V) CMS Preliminary 35.9 b (13TeV) Diff. fid. o \s (TeV)
102 — § T T T T T ] . .
H _> Y Y LHC HXSWG YR4, m =125.09 GeV N 3 H _> y Y LHC HXSWG YR4, m =125.09 GeV
. - 15-10°: + ma = measured for pr
10 §_ at; ggH aMC@NLO + HX _§ E E Data ggH aMC@NLO + HX E
— E ® ggHPOWHEG+HX g_ ] brg ) QQHPOWHEG+HX . and I\Gets
1 ?ﬁf m HX aMC@NLO ;5; —g s 10 i QZ ‘ &\\\\% HX aMC@NLO _f
| i S . 1 No significant
107 F - S | f ’ | . L.
= e , ey 108 P e 3 deviations of
102k , 4 : I s the SM predictions
JRPE T : Y — - . 5 . .
9 2 é‘ ....................................................................................................................................... ._; 9 E_ N e e v ,.E
: sk A= R fost. ot B L Wf measurement to
& OB 100 150 200 250 300 350 400  Preflra@ i 3 12

p* (GeV) N (m| &y 5) date



H-ZZ" - 4l

Signal:

* 4isolated leptons (e, u) with excellent
momentum resolution: two pairs of same
flavour, opposite sign leptons (4e, 4u, 2e2u, or

2u2e)

* Fully reconstructed mass peak
* large S/B ratio (>2:1)

Backgrounds:

 SM ZZ (main background, irreducible) estimated

from MC

7 + X:fakes from Z+jets, ... (reducible)
estimated from data-driven methods

. ~1
j)bqkqg (QH—>4I |m4z)

CMS Freiiminary

35.9fb" (13 TeV)

CMS PAS HIG-16-041 | . &

* 4

—e— untagged
—— VBF-1j tagged

o 2e2n  —v VBF-2j tagged

—— VH-hadr. tagged
—&— VH-lept. tagged
—= VH-MET tagged
—+— ttH tagged 1.2

c?
> a
()

Pyrg (QHH[my,)

——
0.2/% %, b
}

Events / bin

ogu? X e 1104
K3 —— —  o——
- —o—% o — 5%
—o— A e —
e o & —_|
_!_‘— F. g ‘_._$ —— | 02
™ g

CMS Preliminary
TTTT TTTT TTTT

|

m,, (GeV)

359 b7 (13 TeV)
T

e Data

7] H(125)

[ 99—22, Zy*
M 9922, Zy*
W Z+X

40
* Events split into 7 categories according to Higgs 30
productions modes to increase sensitivity, based 20
on: # of leptons, # of (b-)jets, E7**>° and
selections on kinematic discriminants (Dl’,‘,‘(’;) 0
Predrag Cirkovic @ QFTHEP 2017 9 80 90 100 110 30 140 1503160 170

m,, (GeV)



CMS Preliminary 35917 (13 TeV)
LU ) l U LI | UL L LI I I LI} L} I LI
H—Z2Z" - 4]
H — 4l | strength o -vmez| s
signal streng
Vs event category | w =1080%
!._l - 0 061'1_03 e comib. -0.17
1 VBF r-0.08
Vs production mode
2D likelihood scan - 0.002%
M tinad oo ¥
All compatible within the present . - o002,
uncertainties
CMS Preliminary 359" (13 TeV) = 0.007 "
T L] l L] T T I T L] L] l 1 T Ll I L] L] T | T uﬁH _ﬂ-oa . H
untagged u=1.17::§f L H—ZZ* > 4] NPT PR EPENEPE EFEPEET BT B
m,, = 125.09 GeV 0 1 2 3 4 5
. CMS Preliminary 359" (13 TeV)
VBF—1]Et - U g?,y(].q.[j -._ I 4_ UL | L I T T | T T | T 1 T 1 | T 1 1 1 ]
tagged H=R3m | = 1,059 i
Heomb. — 1"Y9-0a7 G350 H— ZZ* - 4] E
= 9.J[ _ i
VBF-2jet _ - ;‘ = - m,, = 125.09 GeV ]
tagqeq M =083 - S - ]
99 -0 2 3F — 68%CL
VH-hadronic p=0.?6*°'m . B \—I| 2_55_ —+- bii‘i’oﬁi:.L. _
tagged -0.48 ;—2 : 4 SM E
. 2 —
VH-leptonic +2.09 B ]
= 0.00"*" g—up— %) - .
tagged M 0. - .
agge 0.00 E 150 B
wn
VH-MET - +10.94
tagged " =000, > 1 E
O N ]
fiH tagged u = 0.00""% 0.5 ggH.fiH 1
-n.mt w . . .,. . PredragCirkovic @ QFTHEP 2016‘ T
0 2 4 6 8 10 0 2 2.5 3




H — 4l fiducial cross section ;;:%
51f7'(7 TeV), 19.7fb" (8 TeV), 359 b (13 TeV)

Minimal dependence on the

1 1 e~ MR LN LN LR LN LN LN LN
assumptions of the.relgtlv.e £ 6 CMS Preliminary
fraction or kinematic dlstrlbutlonsog | Dota it 057, uc
of the separate production modes~ °

4

- Systematic uncertainty

& Standard model {mH =125 GeV, N°

No significant deviations from SM  ,

predictions
| Requirements for the H — 4/ fiducial phase space | 2
Lepton kinematics and isolation < ‘h‘@z&
Leading lepton pr pr > 20 GeV 1 5 ﬁT
Next-to-leading lepton pr pr > 10 GeV
Additional electrons (muons) prt pr > 7(5) GeV pp ->(H —-4l)+X
Pseudorapidity of electrons (muons) 7| <2.5(2.4) 0
SumofscalarpTOfallstable‘particles IR SEENENRET FERNE SRTN AEEN I STANE ARNTE FENNE ENEE:
within AR < 0.3 from lepton < DI85~ P 6 7 8 9 10 11 12 13 14
Event topology \{g (TeV)

Existence of at least two same-flavor OS lepton pairs

Inv. mass of the Z; candidate 40GeV < mz, <120GeV - +0.48 +0.27

Inv. mass of the Z, candidate 12GeV < miz, < 120GeV Ofia. = 2900 s(stat. ) 2o (syst.) fb
Distance between selected four leptons ~ AR(¢;,¢;) > 0.02 for any i # j

Inv. mass of any opposite sign lepton pair Mo+ - > 4GeV Ufog = 2.72 4+ 0.14 fb (theoretically.)
Inv. mass of the selected four leptons 105GeV < my, < 140GeV

Predrag Cirkovic @ QFTHEP 2017 CMS PAS HIG-16-041 15



H — 4l differential 3

° ] e E
fiducial cross section =
:t—

Differential cross sections vs: 2
* pr(H) £
* Njets) ¢
I
* prliet) ;
§

Compared with predictions from POWHEG (NLO)

CMS Preliminary 35.9 b (13 TeV) —

E | | | %

T O
© L% gg-H (POWHEG+JHUGen) + XH ;—l é
10 [ xH=vBF+VH+tH C? =

i pT:vaO GeV, n|<2.5 L‘_|o \%

1E T — ! =
R % ‘*%

1071 : (I v DE

f ; < S

2L =

gw_ 3 | | | E g g
5 3
: ,U g

1

2_3Predrag Cirkovic @ QFTHEP 2017
N(jets)

T T T T T T T T T T T I T T T
1 + Data (stat.@sys. unc.) -
E Systematic uncertainty E
I YEEZZ: gg-H (POWHEG+IHUGen) + XH s ]
1 _
107k [2777] xH=VBF+VH+tH § E
;@@ g 3
L T ]
[ m = |
107 T 3
F i 18 3
C [z oz ! 1
5| )
107 F E
14
3,
Tiees
8:% [ 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I L L L L I L 1 1 ]
0 50 100 1 50 200
CMS Preliminary 35 9 o' (13 TeV)
1 O E I T T T T | T T T T I T I T T E
? + Data (stat.@sys. unc.) ?
1 B Systematic uncertainty ]
3 YL gg-H (POWHEG+JHUGen) + XH
i) [ xH=VBF+VH +tH -
107 E
2 p,>30 GeV, nj<2.5 3
, @ 1
107 £ A, E
Exwwmmm .
10_3 bes '
2
U L I 1 1 1 | 1 1 1 1 I 1 1 1

CMS Pref;mmary

359fb (13Tev)

100 150 200

p.(jet) [Ge
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H — 4l mass and width

-2 A InL

ATLAS and CMS

L He R —e—i Total Stat. = Syst.
un Total  Stat. Syst.

Mass measurement based on 3D ATLAS Hopy e 126.02+051(+043+027) Gev
ﬁt on the CMS H—yy ——— 124.70 + 0.34 (£ 0.31+ 0.15) GeV
invariant mass ATLAS H—ZZ 4l  —a— 124.51+ 0.52 ( £ 0.52 = 0.04) GeV
. CMS H>ZZ —4i ——— 125.50 + 0.45 ( + 0.42 + 0.17) GeV

expected uncertainty on mass | aTLasicmsyy —— 125074020 (£025+0.14)GeV

the discriminant DX | Amasicwss b = 12515040 (1037 £0.15) GeV
g ATLAS+CMS yy+4] HIEH 125.09 +0.24 { + 0.21 + 0.11) GeV

S 7 PR O T R I

CMS Preliminary 35.9 fb' (13 TeV) SN [ L L LB B BN B LY AL BRI LN DR

8_ T — - \ T T | T T \:r 7] E 10— —

B _ <] I N

7'_ C}.I - —— Observed 7

- My D' s ] 8 | e Expected ]

6 :_ m'4|! D'masy DEK‘Q _: : :

5\ My, D'rnass: Dhig (Stat. only) :~': - Width - ]

E E measurement: L i

4:_ N using on-shell i |

3 - production 4- [/ S %% Ol

- 1 Ifmy floated, | ,

2 1 Iy<l1Gev -

NN A S — @ 95% C.L. A 68% CL]|

O_ . | ‘ I . n 0_ l"l”?”l‘l 1 1 | L1 1 | L1 1 1 | 11 1 | 11 1 ‘ | I_
124.5 125 125.5 PRGrag Cirkovic @ QFTHEP 201F 0.5 1 1.5 2 2517 3

m,, (GeV CMS PAS HIG-16-041 T, [GeV]




35.9 b (13 TeV)

CMS Simulation Preliminary

0

200
m.. (GeV)

+ Observed
Bl - = 1.08)
Dz—)’[’[
-Z—)uulee

m 107 LI L L | LI LI | LI N | | LI I B | | LI E ;1 800 =
t ECMS el 1 H — 5 F qgqH—7t (VBF, ut)
%106 Preliminary I AP I T Oie00H h
S Dg e [ ] Bkg. unc. f E E:" i
10 o5 { 3Four decay mode ™of
10'F e w J{combinations: 200
10355 E * €p 1000 |-
102-5 3- [ ] :
E -+-0bservedl:lfhth E MTh 800 -
10 T er, [
:E .LL h . E: d ThTh 600
- Deu — H-11 (1=1.06) 7] [
1:E |:|Bkg. unc E: . e‘Ll 400 -
sl b v b by b | "
0% 2 s 1 05 0 o o 50 100 150
og(s/(s+B)) ML fit with 2D distributions
CMS  Preliminary ut,, VBF 3597 (13 TeV)
— 1 1 1
: = 300 «m. = 700 Ge¥ 1700« m = 1100 GeV¥ D100« m, « 1500 GeV i m> GeaV
Main R e e e
. ¢©
backgrounds: ¢ .
L

e Drell-Yan
o W /Z+jets
e tt

QCD

CMS PAS HIG-16-043

10

- tlejets

- Wijets

[ aco mutijet
- Others

D Total unc.

- bkg.)

Bkg. unc.

m— Ho1r {1 = 1.06)
_+_ Obs. - bkg.
ERQ. unc.

— H11

Bkg. unc.

{Obs.
116-136 ] #

95-115

115-135] 3

0-95

|:| Bkg. unc.

18

165-400
95-115 i

135-185 ;



S/(S+B) weighted events / GeV

EXCESS in H - TT CMS PAS HIG-16-043

Clearly visible at Observed significance: 4.90
my = 125 GeV Expected significance: 4.70

35.9 " (13 TeV) CMS Preliminary 35.9 fo' (13TeV)

q) 1E| T | T T TT I T T T1 I T T 1T T T T1 I I'TTT | T T T | IILLLE

:l 1 1 1 I 1 1 1 1 I 1 1 1 1 1 I : 3 E E

a5k CMS B P 1.0.1

— L - >0k =

- Preliminary . T 107 E E

- 1 o f — Observed 2 51

30 . -¢- Observed - C_U B i 7

E = H—-1t (u=1.06) - 810 ? E_ ----- EXpeCted _E

o5f. Lz 1 4 - X

- Al wjets . 1072 =

[ ]cD mutijet ] = =

201 [Jothers =] B B _

: DBkg. unc. . 10 E_ ".. _E

15- . 0 \50 100150 200250 300_— ! * S S N e =

. .. (GeV) ] 105L )\ ~

10 VBF: e, ut,, en — ; :

- - 10° E

of = T 50 :

L - 107 =

-l L1 1 I L1 11 I L1 11 I L1 11 I L1 11 I L1 1 I- E | | | | | | | E

0 50 100 150 200 250 300 NEENE NN NN AN R/ NS NN RN
M (GeV 105 110 115 120 425130 135 140 145

TT ( e ) mH (GeV)

Predrag Cirkovic @ QFTHEP 2017 19



Higgs to 77 signal strengths and couplings

Categories:  Best-fit for the signal strength at my = 125 GeV:

* O-jet u=1.06+0.25
* VBF
e Boosted Coupling modifiers compatible with the expectations
. o 359 fb'j(1l3TleV) , 35.9 fb™ (13 TeV)
[ ] V: 68% CL
. CMS : 18F CM_S_ %I 95% CL
- Preliminary : - Preliminary & Best it
i | Ot | ] 160 ¢ Expected: SM H(125)
' e 1 1.4 g
- ——— e 1.2 S
VBF ] s O
' B 1.07 *0:31 ] : T
| -0.29 1 08_— 7o)
< Combined L E
R 1.06 fu'l_'-2245 ] 0.6 _ n
- i 0.4F %
0.2F
T 002 04 06 08 1 12 T4 18 18 2

Best fit u = G/GSM Ky



others
<1%

ttHgg

. n . . '
_ ultileP®" ttH production ttH—multilepton
tiH: ronic 7 L HC Run —— 23707
_ tHgg ‘ep JHEP 08 (2016) 045 —0.6
« H->bb ' TCMS Run2
= 5 50—
R gL ——
\QLJ —6—040.36“}’_.”\” - i
e H-1T © PN S—— 0.0°)2
2 oo .
e H -4l DD | ——— —0.2+08
* multilepton multileptons | I 1.5:05 | >
: T, +X[" e 0.7 55
In H — yy and multilepton, HIG-17.003, 36!, R IAI?SIE)
significance > 30 Predrag Cirkovic @ QFTHEP 2017
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(o}

Dilepton

tfH’ H N bE Lepton+jets

< 0O T
G

e N
g Vo V, oV,

Selected events ;s 9 5

compatible with b b
1. Dilepton (minimal ¢ Ty Tl
e q e, J

non-tt background, 5

. . . 5 _
and jet c.ombln.atorlcs) No clear evidence for ttH (H — bb) yet:

2. Lepton+jets (high « Waiting for results from full 2016 dataset

StatIStICS) 11.4-12.9 b (13 TeV) 11.4-12.9 b (13 TeV)

CMS Preliminary CMS Preliminary

L fot. stat. syst.

i - L +1.50 +1.05 +1.01 : P
Dilepton — = H -0.04 5 oo .10 Dilepton + .

i +1.02 +0.51 +0.88 ) :
Lepton+jets | -0.43 05 0% 087 Lepton+jets + .

CMS-PAS-HIG-16-038

...... Expected +1o
------ Expected +2¢

. E +0.80 +0.45 +0.66 . L ttH(u=1) injected
Combined HH -0.19 51 044 .08 Combined + . Observed
| | 1 1 1 | 1 i 1 | 1 1 1 | 1 1 1 | 1 | I| 1 1 1 1 1 || I|
-2 0 2 4 6 1 10
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ttH — multilepton

Data/pred.

Category Observed limit Expected limit +1c
Same-sign di-lepton 2.8 0.9(-0.3) (+0.4)
b Three lepton 25 (—0.4) (+0.7)
Four lepton 5.9 49(-1.7) (+3.1)
Combined 25 0.8(—0.2) (+0.3)
Category Observed ufit £10  Expected p fit £1c
Same-sign di-lepton 7(-0.5) (+0.6) 1.0(—0.5) (+0.5)
Three lepton 0(-0.7) (+0.8) 1.0(—0.7) (+0.8)
1 Four lepton 9(-1.6) (+2.3) 1.0(—1.6) (+24)
Combined (2016 data) 5(—0.5) (+0.5)

q Combined (2015 data) [42]
Combined (2015+2016 data)

1.0(—1.1) (+1.3)

(
(
1.0 (—0.4) (+0.5)
(
1.0 (—0.4) (+0.5)

o 6(—1.1) (+14)
15(—0.5) (+05

CMS Preliminary 35.9 fb' (13 TeV)
T T T T T T T i
FI*, post-fit (SM prediction)

120 «Data @WZ §Non-prompt | 70
R WitH [JRares [[[Charge mis-m.
mtW  @W'W* g Total unc.
100 OttZ [Conv. — 60

§\\\\\\\\\\\\\\\\\\\\\\\

[TV |||l|'|||||l||| n

11.0

b
CMS Preliminary
i ! T

208
10F
11.5F

105

B stat. unc.

10.0t

3, post-fit (SM prediction)
+Data [JitZ [JConv.
mttH @EwWZ

WttW  [JRaresfiTotal unc.

35.9 b (13 TeV)
I [ |

S Non-prompt

[] total unc.

1 2 3 4 5 6 7 8
BDT (ttH, tt/ttV) bin

Pyedrag Cgkovic @3QF THER 2017 g

BDT (ttH.tt/ttV) bin

tt+ WW ortt+ 277
final states

| categories:
e 2lss

« 3l

§‘4l

An evidence for
ttH production
CMS-PAS-HIG-17-004



ttH, H > 17 s

Complementary to Backgrounds:
ttH —multilepton * Non-prompt lepton
* JettoTty,
Event categories: * Charge-flip
e 11 + ZTh
e 2Iss + 11, Signal extraction using
e 31 + 174 MEM and BDT
CMS Preliminary 35.9 fb' (13 TeV)
2 - e Observed otz Results in
T 10°L NNFakes [ tw ,
Lﬁ E tH H-w O Electroweak | agreement with
- [OfH,H-WwZz  [OJR
- \ Uﬁzzisrtainty t h e SM
10 R 1142t
\ h
:t\ \ - = Significance:
10 \\\\\\Q\Q@Q\Q Observed: 1.40
Expected: 1.80
L '°
= o
Upper limit on
: ] signal rate set at
55 os5F 2.0 x SM
B o —— roduction rate
mu%—O.SE— _+_ P
= S R ... ] at95% C.L.
1 -0.5 0 0.5

MVA

Tpredrag Cirkovic @ QFTHEP 2017

CMS Preliminary 35.9 fb' (13 TeV)
| 11+27,
T ] _ +1.50
| n=-1 .20_1.47
2Iss+1r,
_ +0.79
H= 0'86-0.66
3l+1r,
_ +1.33
H= 1'22-1.01
—— Best fit Combined
. _ +0.62
------- SM I|Expectat|on | L= 0.72_0-53
-2 0 2
Best fit u = o/cSM
CMS Preliminary 35.9 fb' (13 TeV)
11+27,
L <206 (3.4 exp)
2Iss+tr,

<24 (1.4 exp)

3l+1t,
n<4.0 (2.7 exp)

Combined
n<2.0(1.1exp)

-®- Observed
-+ Expected
I +16 Expected

+2¢ Expected

1 I | I
10

95% CL upper limiton u = o/c
24 SM

CMS-PAS-HIG-17-003



tH H — bb

Search for

Destructlve interference in SM = o = 90 fb._

— bb in association with a
single top (t — b e(u)v)
q 9 4

CMS Preliminary 2.3fp " (1 3 TeV)n
pp — tH - mbed. exgtTF:tgtd limit
— —8— observed limi
H— b1b,ot — bty expected + 1 std. dev. ]
ry =+1. expected + 2 std. dev. |

1000 |

100 ¢

95% C.L. exp. asymptotic limit on ogps/Texp

T
e,
‘.,
.,
.,
.
‘e,
.

-
-
-
-
.
-
-
-
-

SM couplmg to W,Z

' '_'kData Pred

tH cross section

Events/Bin

Pred.

4 01

0.01

0

Kt

N
o

20

tH cross section (pb)

CMS Preliminary 2.3fb" (13 TeV)

| ¢ Data

B tH(0b)
T fielf
7 E et
B b
B .05
B ,0b
Y
[ i
1 misc
Stat.+syst
— 500x tHq
— 500x tHW

~ Muon + electron channel

- 4 tag region

- «,=10,x,-+10 BDT used to find
B jet assignment for
tt and tHq
hypotheses

) Stat.+syst

BDT output

Signal region:

* e/u+3or4b-tagged jets
* 1 non-tagged jet
Obs. (exp.) 95% CL upper limit:

 113.7 (98.6) X ag,, for the SM

* 6.0 (6.4) X og for ITC scenario
(kK = —1)
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tH — multilepton

The process exposes relative sign of t-Higgs and
W -Higgs couplings via interference

Irreducible bkg (MC):
e tt+XX=W,Z H,Y")
* Photon conversions

 RareSMtZq, tWZ, tri-bosons, WWWqq, tttt
* Di-bosonsWZ,ZZ

Reducible background (data-driven):

e Fakes due to non-prompt leptons and miss-ID
of jets passing lepton selection

e Charge flips:
— Charge mis-ID (2lss)
— Opposite-sign processes (e.g. tt/Z+jets)

Events

Analysis strategy:

e 2lss:1 W from Higgs decays hadronically,
others decay leptonically

e 3I:H-> WW/tt/ ZZ, & where W from t
decays leptonically

Ratio to SM

Benefit from enhanced production ¢ in case of

CMS Preliminary 359 (13 TeV)

100

80

60

40

20E

—e— Data B ttH
I ttw otz
4 [ tZ, WAWH ittt VWV

[ Conversions Fakes
(m Charge flips EE3 Total uncert.
— tHg (x,=-1.0) tHW (k=-1.0)

O a N W ~O
TTTTTTT]TTTT

— (%,=-1.0)/SM ---. Backg./SM _

0

anomalous top-Higgs couplings  rredrag cirkovic @ artHep 2017

051152253'3.'5445
max jet | (pT>§g GeV)
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. - S 108 CMS Preliminary 232" (13 TeV)
a - L L L L e
VBF H Iggs (H bb) GJ 107_ * Data I:lQCD(X1.10)|:]Z+]etS —
O) - = VBF, m(H) = 125 GeV [singe .
SingleB DoubleB [ ===GF, m(H) = 125 GeV , 2 n
- - - Lo |:|W + jets A MC stat. unc.
Trigger one b-tagged jet two b-tagged jets - 1 05 — = tiH, m(H) = 125 GeV —
jets pr pr>* > 92,76,64,30 GeV 1) N ]
jets |n| <4.7 CICJ B
b tag no cut two jets with CSV>0.5 S .
A <1.6radians <2.4radians L —
Mgq > 460 GeV Mgq > 200 GeV
VBF topology
|Anjqq| > 4.1 |Anqq| > 1.2
Veto None Events that belong to SingleB G
CMS Preliminary 2.32 fb' (13TeV) n SmgleB
> 26_ — -3 L 1:'; I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 L 1 1
©  o4F CAT 4 - 10
(D E . Data O 1 E T T I T T T T I T T T T I T T T T I T T T T
O. 22 = (mH _ 125 Gev) E 05 g._ N U Sy
0 20+ 4+ - B o 08 N
ﬂ 18::‘_':_ — - QCD *a _1§ PRSI TR T ST SN NN ST ST SN AN TR TN WY SO AT T S S
S 16f [P I 26 tt::g unc. a 0 50 100 150 200 25
2 | i bkg] unc. _ m,.. [Reg + FSR] (GeV
w 1:5_ Bl VBF H — bb properties: °° [Reg I )
10F - * o significantly larger than VH or ttH production
2;‘ 1 Very large QCD production of multijet backg.
1 | 1 I 1 1 1 1 1 1 I 1 1 1 I
15 * BDT to ID VBF-like events in 4-jet signal event
2 10E } topology with 1 or 2 b-tagged jets
m 5:=r_‘—l | $ N .
! 0 B e _
% 53 =T t! f Using2.3 fb~1 @ 13 TeV only: u = —3.7%52
a1 | | | | Combined with 18 — 19 fb™1 @ 8 TeV:u = 1.3%1%
80 — 100 — 120 — 140 — 160 Predn@&rkowg@) QFTHEP 2017 27
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. . ) u‘t e AT T e 12.9 b’ (13 TeV)
S 10 S :
MSSM Higgs (decayingto tt) & ' oms -+ Opserved
= Preliminary — Expected 1
. _ 5 ] =10 Expected |
* Final-state channels 7y, uty, €ty and ey g 10 e Ereriod
E 4
. = 10; . |
* Two event categories based on the number of & Model independent
b-tagged jets c L 95% C.L. limits i
E 5
* Main backgrounds: Z/y* — 11, QCD, tt 3 '°'F No excess ;
u, no b-tag 12.9 6" (13 TeV) % 23 in the mass range
< 10F 10"
%_) Qi CMS |£|Obser\a'aﬂion 100 GeV 3 TeV |
g 10 | Preliminary -;::; 102 12.9 b (13 Tewo3
>~ o [ Electroweak CMS 95% CL Excluded: m¢ (GeV)
e 105 = [ Jacp Al [ ]Observed M + 1o Expected
> : I 50 Pr ehmmary ----Expected | = 20 Expected
g 103 F o :j:'ff::d uncertainty %L hMSSM scenario | |
© - mhmom’ 50; B (’:)
1 m,=1000 GeV, tanf}=50 [ CI)
40} : :i
; O
30 . T
3 <
...................................................................................................................................................... 20; clusion limits in the 7 LD;)
103 my-tan S plane in the] LE)
0 R context of the hpgsm |

L ]
103redrag ClrkOVICO@ QF21|){EP 4@@7 600 800 1000 1200 1400 1600 1800 2§
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0.07 e
t—)H*bH —)’r"v

CMS Prehmmary 12 9 fb ( 13 TeV) 10 CMS Prehmmary 129" (13 TeV)

Cha rged H |ggs Model independent 95% C.L. limits

p—)i(b)H’ H' = v, §

1, +jets final state T,+jets final state

0.06 r -& Observed - Observed

C {252 Expected median + 1c 1 =51 Expected median + 1o -
0.05~ e Expected median * 2¢ om0 e Expected median +2¢ =
0.04F r 1

e The 2HDM models predict a
charged Higgs

* No excess in the mass range
from 80 GeV — 3 Tel/

CMS Prehmmary 12.9 fo! (13 Te

T T IITII\‘

—
o
S

95% CL limit on B,_;;x%Byy_,
95% CL limit on 6, .:xBy ., (pb)
3

T IIIIIHI

<

)

c T 102
B 3 -¢-Data 80 90 100 110 120 130 140 150 160 3
f 10 mT for S|gna| [CJMis-ID. <, (data) ;E m,, (GeV) 10 m,; (GeV)
v Mt ]
2 . 2[ extraction B W+jets mod+ . T
g 0 msngewpquak 3 MSSM my, exclusion limits in my+ - tan 8 plane
> [JZ/y*+jets ] L 1
LL] 10 -Diboson = ==% 60 CIMSI .P:"?h:ﬂ?.ln?rlyl TTTT T 11r2| gnﬂ? T §13| T?Y)@_ 60 _CIIMIS'I ’ljrle,lmlwpiarly[ TTT 12910 (13 TeV)
X Bkg. g . 3 B i L
N\ Bkg. stat.® syst. unc. E % S Hb,H - v, ‘ 7%
1 27 50[ mMssM mpe [ 47 sof
3 [ t,+iets final state ]
10”" i | —= Observed ] C
401 [ ] Excluded 1 40F ]
L . ] » pp — t(b)H, H" — t*v.
1 0_2 sob {5 Expected med!an t1o § 20 7, +jets final state
E Expected median + 2¢ : y = Observed ]
103 [ —— m"SM . 12513 GeV F [ ] Excluded ]
20~ mssm mmos+ E™ Expected median = 16
404 I Expected median + 2¢ |
o1 = —— mysSM » 12513 GeV |
< 15 " - ]
m R
E 1 Il | Il C 1 I 1 1 1 1 | 11 1 1 I 111 1 I 11 1 1 I 1 1 1 1 | 11117
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12.9 10! (13 TeV)

> 10T T T T T T T
Dou ny -charged Higgs & " == mw mz  mw
— 10 ww Drell-Yan [tV 3
Selection: 2 I .’iﬁq)1 Single Top| W _él
 scalar sum 2 2 % [ + Observed -
i s, (500 GeV)
10 =
of lepton ".,! -
Pr 1k .
* difference ol :
between E
Final-state channels: ee, eu, uu, et, ut, Tt best Z and 1o =
CMS Preliminary 1291b (13TeV) PDG Z _35
100% = — e'e* N | maSS 10 § LA A A |
100% @ I ! * AR o 1.9
% t—)ei +
' o i between ﬁ 1 E | SR g
100% & - iy o same sign o 0% "200 400 600 800 1000 1200 1400 1600
100% * — 7 g |ept0ns o . . (GeV)
) N . EIis « Extension of the SM with a
R N . came sien scalar triplet ®
100% &% 5 75 a invariangt * Model independent limits set
Benchmark 1 s Mass assuming 100% decays to single
l .
N o pair of leptons
N ! o e Limits also set for four
" N benchmarks targeting several
Benchmark 4 N — I neutrino mass hypotheses
PR TP TP TP PP TOPTITION | o * No significant excess observed
0 100 200 300 400 500 600 700 800 9001%?gdrag Cirkovic @ QFTHEP 2017 30



Invisible Higgs
Many models allow Higgs decays to invisibles:

e SUSY models with Higgs decays to a pair of LSP

* Large extra dimension models with mixing o
graviscalars with the Higgs boson

4917 (7 TeV) +19.7fb " (8 TeV) + 2.3 b (13 TeV)

4 2r
i\'i 1gf. — Observed | CMS -
Analyses target different production modes: % el T Median expected E
e VBF production: 2 forward jets 5 14 68% expected =
* VH production with: Z— ee/uu (EXO-16-053, - 95% expected E
Z— bb, W/Z — qq s E B
* ggH production in association with ISR Z 1; .
491" (7 TeV) + 19.7 b (8 TeV) + 2.3 b (13 TeV) = 08 -
o N0 e e N A
~CMS " E L E
F 7 L 04— —
B a m R . - oo mnooaoood) N
- E b 02 =
7= = F | ]
= ] Combined qqH-tagged VH-tagged ggH-tagged
°F = Combination of 7 TeV, 8 TeV and 13 TeV (2015):
5 ~« B(H—invisible) < 0.24/0.23 (obs./exp.) at 95% CL,
4- E where the largest sensitivity comes from the VBF
3 ~ Z(Il)+ MET analysis updated with full 2016 dataset:
g _ Combined 1 ° B(H—invisible) < 0.40/0.42 (obs./exp.)
£ —Observed —13TeV 1 Monojet and V(jj) analyses with full 2016 dataset:
; "":::. N NN R \-I“I |E|X|F7e|(|:Te|d _7+8| |T|e|\|/| Il ; * B(H_)inV|SibIE) < 0'53/0'40 (Obs'/exp')
% 0102 03 04 05 06 07 08 0.9 pd

B(H = inv) JHEP 02 (2017) 135



Di-Higgs

Non-resonant SM di-Higgs production ¢
provides a crucial test of EWSB

Many BSM models predict X - HH
production

Large number of possible final states
require one H — bb to keep BF higher

13TeV non-resonant
observed (expected)

0/0sm 95% CL limits

28 (25) 35.9 fo!
79 (89) 35.9fb
91 (90) 2.7fb"

342 (308) 2.3-2.7 fb"

17.9-19.7 b™ (8 TeV)
T T

3 = T T T T T T T | =
= - CMS —— /YD (arXiv:1603.06896) N
T 10° = i:gg:sg’segﬁ%ggs g~ bDbD low mass (PLB 749 (2015) 560) |
I = and narrow width for X == bbbb high mass (arXiv:1602.08762) E
0 C e 7tbD low mass (PLB 755 (2016) 217) 3
. - —————— 7tbb mid. mass (CMS-PAS-HIG-15-013) 7
£ 10 = —————— 7tbb high mass (CMS-PAS-EX0-15-008) =
mx = ——————— radion Ap=1TeV 3
1 I ket radion A,=3TeV -
1
o 10° = -
o T RGN — Observed I
o} o ---Expected
S ol .
O 10 = AL, =
= = | WED:gg— X, ki=35 o\ E
E T I no radion/H mixing ~ .
S . -
1 ‘-~
O 10E ~, —
(] (1 -
% 1 ! ! ! 1 ! ! L ]
3
@ 10 in-0
o (GeV)
2.3-36 fb™ (13 TeV)
3107 E T T T T T T T | T T
f — CMS = pblvlv (CMS-PAS-HIG-17-006, 36 fb’)
I 5 Preliminary
:IT: E Assumes SM Higgs BR ~ == bbrt (CMS-PAS-HIG-17-002, 36 fb’)
2 B = bbbb (CMS-PAS-HIG-16-002, 2.3 fb™)
5 10
7] — —
>1$ - bbb (CMS-PAS-B2G-16-026, 36 fb™)
&10“5 ’ s pbyy (CMS-PAS-HIG-16-032, 2.7 fb™)
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= E S -- Expected
E E T TN
10 E
O E
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n 10
S E
B 1 1 1 1 1 I
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F u t u r e CMS Projection 300fb (13 TeV) CMS Projection 3000fb” (13 TeV)
AL B LN B LU L IR [ BN L LA AL B
—— ECFA16 S1 ——— ECFA16 St
Lt S ECFA16 S2 — — Hoyy ——— ECFA16 82: —
w u"
p ro S p e CtS = +0.04 (stat.) + 0.08 (exp.) + 0.06 {theo.) — — +0.01 (stat.) = 0.08 (exp.) + 0.06 (theo.) —
+0.04 (stat.) £ 0.02 (exp.) = 0.03 (theo.) +0.01 (stat.) £ 0.02 (exp.) = 0.03 (theo.)
_u‘"’ _ _“W | _
Results extrapolated - . o .
to fit: o - - :
| VBF _ Hygr
* Upgraded detector ] i
for the HL LHC o o i
* Higher integral o
-0.1 0 0.1 0.2 0.3 0.4 05
I . t , -0.1 0 0.1 0.2 0.3 0.4 0.5
uminosities expected uncertainty expected uncertainty
-1
3000 fb H—»ZZ* — 4] —— ECFA16 S1 —— ECFA16 S2 H—ZZ* — 4] —— ECFA16 S1+ —— ECFA16 S2+
MZZ + 0.05 (stat.) + 0.07 (exp.) = 0.07 (theo.) pl.zz = 0.02 (stat.) = 0.04 (exp.) = 0.07 (theo.)
o . + 0.05 (stat.) =+ 0.04 (exp.) = 0.04 (theo.) + 0.02 (stat.) + 0.03 (exp.) = 0.03 (theo.)
Projections ) ;
dominated by o [ oo [
statistical Wiee : Wee —H
uncertainties: z . z
5Run 1/(_31_4)1 up to M we H
300 fb 1 1 1 | I 1 | ! | | | | | | | | 1 1 1 L Il |. 1 1 1 l 1 L Il L 1 1 l |
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6 0.8

Orun 1/(5-10), at
HLi.e. 3000 fp~1

expected uncertainty
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Summary and Outlook

Improving precision of H - yy and H - 4l with ~ 40 fb~1! at
13 TeV

Observation of the SM H — 117 with = 5 g excess

Increased sensitivity of the search for the production of the Higgs
associated to top quarks

No significant deviations from the SM, no extra Higgs bosons, no
sign of BSM

Expecting an update of the presented analyses with even more
data

~100 fb~1 of data to be delivered by the end of the LHC Run 2
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H- WW

1 electron + 1

muon + large £
missing ET + up &
to 1 jet

Main
backgrounds:

WW, tt, single t,
DY, W +jets etc.

The events
categorized to
0/1 jets and eu
or ue

Events

The obs (exp)
significance:
0.70 (2.00)

The best fit
signal strength:
0.3 £ 0.5

180
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100

220
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180
160
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120
100

Unrolled bi-dimensional distributions of the m;; and m#

: templates :
O-jet, pe P O-jet, en

CMS _Preliminary . L=23/b(13TeV) w CMS_ Preliminary ‘ L =2.3/fb (13 TeV)
= 4T 100 -
- Eby Fake 1S - EmDY Fake -
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— VW VZiyhy 4 80 mmvwv VZiy*ly 7
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- 77| Systematics E 60— [77] Systematics 5
3 R _
} ] 20 } .......
0 ....... 10 20 i 3 ) 00 ......... 1 ....... 0 30 1

] m, - My ) m, : mf

1-jet, pe 1-jet, epn
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E T ' T 32 q20F " T T C Y
- - < = B
- DY Fake 49 C DY Fake ]
- tWandtt ww El — tWandtit ww —
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= E 60 —
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H - pp

Main background: Z/y* = uu

Phys. Lett.

B744 (2015) 184

Small signal rate in SM: BR(H - up) = 2x 107*

15 event categories:

resolution between barrel and endcap

CMS Prellmlnary AnaIyS|5A 0,1-Jet Tight BB

“ ! o~
2 900 Vs = 8TeV —e-Daia k)
% 800 L=19.7 fb1 —— Background Model %
Q —— SM Higgsx20 Tp]
:' 700 Q
2 2]
E 600 g
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400

300 6

200 4

100 2

n n

2

2
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i | = 05

g= °F 1 S 0
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M(up) [GeV/ic?]

2-jet events further classified into VBF/non-VBF

0-jet and 1-jet events categorized on the di-muon pr
further divided based on muon 1 to exploit the difference in mass

CMS Prellmlnary Analy5|sA 2-Jet VBF—'ZPght

95% CL Limit on c/ogy, (H—up)
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Higgs combination (CMS + ATLAS)

H - vyy
H - Z7Z - 4l

v
H->WW->212v
H - 11 v

H — bb ?

H - uu v

?

~oN NSNS S LS

S N SR
N NS SEN

H-Zy
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