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Introduction

® LHC's third run recently started, most analyses with Run 2 data closing

® Full Run-2 dataset contains about 30 times more Higgs Bosons than its Run-1 counterpart

Precise measurement of Higgs production cross-sections and decay rates

Observation of all main LHC production processes:

Increased precision on , Observation of , > 20 0n ,
> 30 on

Interpretation of results in terms of to SM particles (k framework) including

Study of of Higgs production processes (STXS framework)

® In most cases results improved by much more than expected from increase in luminosity between Run
1 and Run 2!

Improvements in all areas: objects, analysis design, machine learning, theory predictions, ...

® Most results can be found in Nature 607, 52-59 (2022), unless specified

Note: auxiliary plots and more details (NLL scans, correlation matrices, exact values, etc.) made

available on HEPData



https://www.nature.com/articles/s41586-022-04893-w
https://www.hepdata.net/record/ins2104706

Input analyses/method

® Almost all measurements updated with full
Run-2 dataset
* A few measurements excluded from some
results due to their limited sensitivity
H — bb boosted only in STXS
V(H — W*W7), t{(H — multilepton),
H — pu, Zy in all but STXS
H — 1nv only in k with B, , B,

H — cc only in k. measurement

® Combination of results at likelihood level

Systematic uncertainties correlated where possible

Decay mode Targeted production processes £ [fb™!]
H— vyy goF, VBF,WH,ZH,ttH,tH 139
H—Z77Z geF, VBF, WH + ZH,ttH +tH 139
ftH + tH (multilepton)  36.1
H—-WW ggF, VBF 139
WH,ZH  36.1
ftH + tH (multilepton)  36.1
H— Zy inclusive 139
H — bb WH,ZH 139
VBF 126
itH+tH 139
inclusive 139
H— 11 geF, VBF, WH + ZH,ttH +tH 139
1tH + tH (multilepton)  36.1
H — uu geF +1tH+tH,VBF+ WH+ZH 139
H — cc WH+ZH 139
H — invisible VBF 139
ZH 139

Overlap between analysis regions is either negligible or has been shown to have a very limited

impact on the results



Higgs signal strength

® Considering all production and decay modes together:

Experimental and theory uncertainties reduced by a factor of =2 wrt Run 1 result

Precision: 6%
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Production cross sections

® Production cross sections:

Branching ratios are assumed to be SM-like when combining processes/measurements

Updated measurements:
ggF now at precision of
VBF now at precision of

New milestones in Run 2:

WH, ZH, ttH + tH now observed
with
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Rare production mode:
Upper limit on tH of at
95% CL
Strong correlation with ttH

measurement



STXS framework

® Split phase space of Higgs production processes into 36 kinematic regions

Defined by kinematics of Higgs Boson and of associated jets, W, Z bosons where relevant

Branching ratios and kinematics of Higgs Boson decays are assumed to be SM-like

All values available on HEPData
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Decay branching ratios

® Branching ratios:

Production cross sections are assumed to be SM-like when combining processes/measurements

Updated measurements:
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H— Zy

® New (preliminary) results from a combination of ATLAS and CMS

o,
o Signal strength uy_,,, = O—bS(H — Zy) =2.2+0.7, or branching ratio of (3.4 = 1.1) x 1073
OsM

Observed significance of

SM compatibility (p-value) 6%
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-025/

Couplings: x framework

) Effective )
Production Loops Interference Resolved modifier
® Simultaneous fit of many individual measurements modiher
o (ggF) v t-b K3 1.04 k7 +0.002 &7 — 0.04 k;kpp
o . . 2 2
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Couplings: x framework

® Ky VS Kz one scale factor for vector bosons and one for fermions
® Loop processes resolved according to the SM particles that contribute to them

® SM compatibility (p-value): 14%
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Couplings: x framework

Kyys Kzs Kps Kpy Koo Koy K )2

o2 Kos Ky
All k modifiers assumed to be positive
Only SM particles in loop processes
No invisible or undetected non-SM Higgs
decays
Two setups: with and without k. to cope
with low sensitivity
Upper limit on k. of at
95% CL

Coupling measurements:

Fermions (¢, b, 7): precision

Muon: precision of

Vector bosons (W, Z): precision of
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Couplings: x framework

® Another new (preliminary) result
® VBF WH production process provides sensitivity to the sign between ky, and k,
Two main processes interfere constructively (destructively) if ky, and k, have opposite (same) signs

Cross section increases by ~6x for opposite sign contributions

VBF WH production
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-057/

Couplings: x framework

® Another new (preliminary) result
® VBF WH production process provides sensitivity to the sign between ky, and k,
® Recall that in previous result, all coupling modifiers are assumed to be positive!

* Opposite sign coupling excluded with significance > 8.0¢
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-057/

Couplings: x framework

®  Kys Kzs Kpy Kpps Koy Ky Ky Koy Ky Kz, (+ with B, , B, ):
® Similar to previous setup with this time allowing for K ——
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https://arxiv.org/abs/2301.10731

Couplings: self-coupling
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https://doi.org/10.1016/j.physletb.2023.137745

Conclusion (Run 2)

® A lot of measurements have been performed by the ATLAS collaboration, with confirmation that the
(coupling) properties of the Higgs Boson show excellent agreement with the SM predictions
All have been observed
Hints of have been seen
New results in combination from CMS shows evidence for the H — Zy decay
have been measured with precisions of 5% and
7-12% respectively
Opposite sign of coupling to W and Z bosons excluded with > 8.0c
constraints from combined H + HH results, with less assumptions
has been studied across a wide range of
phase space and across several orders of magnitude (STXS)
Differential measurements also available in a combination of H - ZZ* — 4¢ and H — yy

[ landin H > WW* [ ) ]


https://arxiv.org/abs/2207.08615
https://arxiv.org/abs/2304.03053
https://arxiv.org/abs/2301.06822

Conclusion (Run 3)

® First measurement(s) in Run 3 already available, more to come!

Dedicated talk later today
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https://arxiv.org/abs/2306.11379




Production & decay

® Cross sections x branching ratios:
® Measurements for all available cross sections and branching ratios

® Assumptions from previous measurements relaxed
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Kappa ratios
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