Bosonic SM Higgs decays at ATLAS + CMS
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Higgs particle at the LHC

Major Higgs production modes

gluon fusion

vector boson fusion (VBF)
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Higgs particle at the LHC

Major Higgs production modes

gluon fusion
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= Highlight on the Higgs
bosonic decays

= Channels with excellent
mass resolution/signal-to-
background ratio or high
yield



Higgs Mass/Coupling

First ATLAS and CMS Combination: my=125.09+0.21(stat.)x 0.11(sys.)GeV

Higgs production/decay rates and coupling
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The Higgs Boson width

= ATLAS and CMS are insensitive to the direct Higgs width measurement
(Fsm~4.2MeV which is too small for the detector resolution)
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Indirect Higgs Boson width constraint

= At the LHC, it is impossible to extract the coupling and Higgs width
separately from on-shell cross section measurement.
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®m |ndirect Higgs width constraint with the combination between on-shell and
off-shell analysis under the following assumptions:

B Uon-shell = Woff-shell
m No BSM particle or interactions affect the Higgs coupling and SM background
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The Spin-Parity of the Higgs Boson

Clear SM prediction for Higgs Boson quantum Numbers: JP¢ = (™"
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* All alternative hypotheses excluded to more than 99.9% CL.

* The observations are consistent with the expectations for a
scalar SM-like Higgs boson
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The observed Higgs boson is compatible with a standard CP-even

CP Mixing

Spin0 effective model:

Ly = {COS(CV)KSM [%gszZuZ” + guwwW,; W ]
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Fiducial/Differential Cross section measurement

= Measurement designed as model independent as possible.
= Direct comparison with theoretical predictions at particle level.

= A wide and diverse range of physical phenomena to be probed:

+ Higgs boson kinematics, Jet activity, VBF-sensitive variables, Spin-CP sensitive
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Total Higgs production cross section
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Constraint on non-SM interactions with

differential cross sections

® Procedure: simultaneous fit on 5 sensitive differential distributions
and set limit on the Wilson coefficients:

SM NP 810 b Ho oy, (5=8TeV, 208167 4data E
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: T, = 0.0001
Cq Ty = 0.05
» Z .......... + ki& ....... H *
L= CyO + CgO + cywOpnw + capOug i o Mlj
+ C),O + CgO + CHWOHW + CHBOHBa ] ; ﬂt’j— E
= L L B —— L L L1 L g I I I
& 0.4 pp > H—yy,Vs=8TeV, 203 b’ ATLAS ] X R %%Z%éz%%?iﬁjzg zgjff
I . 1 K¢jf Pl 1Gev]
0.2 - PLB 753 (2016) 69-
°:_ E 95%CL constraint kKpvv/Ksm (Kavv/Ksm)tano,
02 L 7"+ Stanerd Modsl H—-WW/ZZ [-0.73,0.63] | [-2.18, 0.83]
[ty = € 01 95%CL ] .
oaf 7O —Re D)o N s A 10,08, 0.09] | [-0.22, 0.22]
| I-O|.2l — I-O|.1I — (I) - IOI.1I - IO!2I |
EHW

< No significant deviation from the SM

<+ More stringent constraint on the HVV Tensor structure with a factor of 7 w.r.t. the
dedicated Spin and parity analysis of WW/ZZ decays, due to inclusion of rate
and jet kinematic information 12



What have we learned from Runl
Higgs mass determined to 0.2%
Higgs signal strength ~1, determined to 10%

Higgs couplings tested for many scenarios and
assumptions (consistent with SM).

Higgs spin-parity is compatible with SM from all studies

Fiducial/Differential cross-section measurement at 8TeV

Higgs boson is very consistent with SM predictions, but
measurements are still statistically limited.

13



First Stable Beams

ATLAS

EXPERIMENT

un: 266904

proton-proton collisions at 13 TeV Mty o



Run-11 Datasets
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H—yy

= Selected events are split into exclusive categories with the optimal
separation of the Higgs boson production processes
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Cross section and signal strength in H—yy

= Selected events are split into exclusive categories with the optimal
separation of the Higgs boson production processes
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H—Z7*—4l
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H—Z7*—4l
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= Compatibility to the SM prediction: ® Observed result is very close

to SM prediction.
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Mass and width measurement in H->Z7*—4l (@ CMS

. Mass | Direct/Indirect Width
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= 3D mass measurement: my=124.50*%%%_ 46GeV, comparable with Run-I
ATLAS+CMS combination result.

= Observed (expected ) width is constrained to be Ni<41(32) MeV @ 95% CL.
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CP mixing
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® | imits on the scalar (kavv) and pseudo-scalar (kavy-sina) are derived

with a fit of the yields in each categories:

s Compatibility to the SM prediction: kavvis 2.10, kayv-sina is 1.80
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Fiducial cross section measurement

H—)”}/’y 5 5.1 fb™ (7 TeV), 19.7 fb” (8 TeV), 12.9 fb™ (13 TeV)
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5 No deviation from the SM predictions is observed 22
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First combination of Higgs production and decay rates(Run-11)

= The combination of H=yy and H—=2ZZ*—4l: p=1.13+%184 47 with observed
(expected) significance of 100 (80)

= Products of production cross sections and branching ratios:

Decay mode ggF VBF VHhad VHlep top

H—yy (0B (0 Blge (0 Blipag (0 Blge, (0-Blig
H— 77" (o - B)ggF (o-B)et fixedto SM  fixed to SM  fixed to SM

ATLAS Prellmlnary m,=125.09 GeV  ATLAS-CONF-2016-081 ATLAS Prellmlnary m,=125.09 GeV

Vs=13 TeV, 13.3 o' (yy), 14.8 fo™' (22) /s=13 TeV, 13.3 o' (yy), 14.8 b (22)
-e- Observed 68% CL SM Prediction -~ Observed 68% CL SM Prediction
77
(c-B) - -
- - R\ZZ
(G - B)“;:;F - (o )ggF ——
(G'B)ist ® i | Bf
B - f 77 i
-8, —~— iz - (0B = (B —| |
| | O-gg]_-'-' B
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No significant deviation from the Standard Model predictions 04



H—>WW-o-evuy @ CMS

= Only the ep final state is studied with the 2.3fb-! early Run-Il data

= To disentangle backgrounds, the 0 and 1 jet categories are split.
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5 Comprehensive Higgs boson property measurement @
Run-l included mass, width, coupling, Spin-parity, cross
section measurements etc.

5 With the new 13TeV data, both ATLAS and CMS
confirmed the existence of the Higgs boson:

= A first measurement of the Higgs boson production cross section:
a good agreement with SM prediction

5 More results are coming soon with the increased
integrated luminosity.
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H->7Z7 @ ATLAS

Analysis Signal Background Total Observed
category goF + bbH + ttH VBF WH ZH 77" Z + jets, tt expected

0-jet 11.2+1.4 0.120 £ 0.019 0.047 £ 0.007 0.060 +£0.006 6.2 +0.6 0.84+0.12 184+1.6 21
1-jet 57+24 0.59+0.05 0.137+0.012 0.091+0.008 1.62+021 044+0.07 85+24 12
2-jet VBF enriched 1.9+09 092 +0.07 0.074 £0.007 0.052+0.005 0.22+0.05 024+0.11 3.4+0.9 9
2-jet VH enriched 1.1 +0.5 0.084 + 0.009 0.143 £0.012 0.101 +£0.009 0.166 +0.035 0.088 +0.011 1.6+0.5 2
VH-leptonic 0.055 + 0.004 < 0.01 0.067 £ 0.004 0.011 £0.001 0.016 £0.002 0.012 +0.010 0.16 +0.01 0
Total 20+ 4 1.71+£0.14 047 +0.04 0315+0.027 82+09 1.62 +0.07 32+4 44
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