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Introduction
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➢ Test compatibility with SM
○ Mass, decay width, CP structure, production XS and decay BR
○ Search for rare H (and HH) processes

➢ H coupling to fermions and vector bosons

➢ Probe properties of the H potential from H self-coupling

Several open questions in particle physics call for a deeper 
understanding of the Higgs boson (H) Nature 607, 41–47 (2022)

Dark 
matter Asymmetry of matter vs 

antimatter in the universe
Hierarchy 
of fermion 
masses

….
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More data → Smaller uncertainties → Sensitivity to more subtle BSM effects

https://doi.org/10.1038/s41586-022-04899-4
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More data → Smaller uncertainties → Sensitivity to more subtle BSM effects

In this talk mostly focus on a selection of new results wrt 
Moriond24 

Full list of references in backup



● Crucial input for global electroweak fit EPJ C78, 675 (2018) 

● H width through interferometry in H→ɣɣ channel PRL 111, 111802 

● Universe meta(stability) Phys. Rep., 179 (1989)

ATLAS+CMS Run 1 comb of H→4l and ɣɣ: mH = 125.09 ± 0.24 GeV

●
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Mass measurement 
Fabio Monti - CERN

Measurements with H→4l in CMS
PRL 131, 251802

Run 1 + 2016 H→ɣɣ+4l 125.38 ± 0.14 GeV
PLB 805 (2020) 135425 Still statistically limited!

arXiv:2409.13663 
Measurements in ATLAS

https://doi.org/10.1140/epjc/s10052-018-6131-3
https://doi.org/10.1103/PhysRevLett.111.111802
https://doi.org/10.1016/0370-1573(89)90061-6
https://doi.org/10.1103/PhysRevLett.131.251802
http://dx.doi.org/10.1016/j.physletb.2020.135425
http://arxiv.org/abs/arXiv:2409.13663


● In SM, H width ΓH = 4.1 MeV
○ Deviations from SM → sign of BSM physics e.g. BSM H decays

● ΓH measurement from H→ɣɣ or H→4l mass peaks limited 
by detector resolution 

● Constraints on ΓH possible from off-shell H production
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Higgs boson width measurement
Fabio Monti - CERN

PRD 88 054024
H couplings for 
production and decay

Leading term 
for on-shell

Leading term for M4l>>mH

σoff-shell / σon-shell ~ ΓH

arXiv:2409.13663
In ATLAS, constraints on ΓH also 
from 4top production 
PLB 861(2025)139277

Distribution of 4l mass for 
signal event candidates 

https://doi.org/10.1103/PhysRevD.88.054024
http://arxiv.org/abs/arXiv:2409.13663
https://www.sciencedirect.com/science/article/pii/S0370269325000371
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H offshell with neural simulation-based inference
Fabio Monti - CERN

➢ Optimal observable 
for any value of μoffshell

● Problem: customary fit to binned neural-network (NN) 
output score suboptimal for μoffshell 
○ Signal rate vs μoffshell nonlinear because of interference with bkg

● Event-by-event approximation of probability density ratios 
with NN → used to build test statistics

NN output for μoffshell = 0.3 

arxiv:2412.01548 

NEW

https://arxiv.org/abs/2412.01548
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H offshell and width measurement
Fabio Monti - CERN

● From CMS ΓH = 4.5 +3.3/-2.5 MeV and evidence for 
off-shell H production at 3.8(2.4)σ obs(exp) arXiv:2409.13663

○ Multi-dimensional histo-based approach w/ optimal observables

arxiv:2412.01548 

Test statistics vs μoffshell comparing NN-based 
inference to “customary” histogram based approach

➢ Significant improvement wrt 
histogram-based approach

➢ Evidence for off-shell H 
production at 3.7(2.4)σ 
obs(exp)

➢ obs(exp) ΓH = 4.3 +2.7/−1.9 
(4.1 +3.5/−3.4) MeV

NEW

http://arxiv.org/abs/arXiv:2409.13663
https://arxiv.org/abs/2412.01548


H couplings to fermions & vector bosons 
ggH ttH

Mass of H(μμ) candidates 
after bkg subtraction

VBF VH

Mass of H(4l) candidatesMass of H(ɣɣ) candidates
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Main H production 
mechanisms at LHC

f

f

H
V

V

H

H(ɣɣ) or H(Zɣ)
Main H decay 

channels at LHC

+ tH and 
bbH

+ H(gg)

fermionic coupling
bosonic coupling

Fabio Monti - CERN



Combination CMS Higgs boson measurements
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Input analyses

H→ɣɣ

H→4l

H→WW

H→Zɣ

H→bb: ttH VH Resolved VBF 
Boosted ggF+VBF 

H→ττ

ttH → leptons

H→μμ

H→invisible

Offshell H→4l

SM H decay 
branching ratios

Relative SM H 
production XS’s

● Combination of H production & decays ch’s to reduce 
uncertainties & utilize their complementarity
○ All measurements utilizing full Run 2 dataset → 138 fb-1

Fabio Monti - CERN CMS-PAS-HIG-21-018

+ NEW CMS combination of 
differential H XS measurements 

→see J. Langford talk

NEW

http://dx.doi.org/10.1007/JHEP07(2021)027
http://dx.doi.org/10.1140/epjc/s10052-021-09200-x
https://doi.org/10.48550/arXiv.2206.09466
https://doi.org/10.48550/arXiv.2204.12945
http://dx.doi.org/10.1007/JHEP02(2025)097
http://dx.doi.org/10.1103/PhysRevD.109.092011
http://dx.doi.org/10.1007/JHEP01(2024)173
http://dx.doi.org/10.1007/JHEP12(2024)035
https://doi.org/10.48550/arXiv.2204.12957
http://dx.doi.org/10.1140/epjc/s10052-021-09014-x
http://dx.doi.org/10.1007/JHEP01(2021)148
http://dx.doi.org/10.1103/PhysRevD.105.092007
https://cds.cern.ch/record/2871702


H cross sections and couplings
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Fabio Monti - CERN

Coupling modifiers k to quantify couplings 
deviations from SM predictions 

CMS-PAS-HIG-21-018

NEW

➢ p-value for SM = 3%

➢ Syst. and stat. uncertainties at same 
level for most of the channels

➢ Precision better than 
10% for most of the 
considered couplings 



● Crucial to constrain Yukawa couplings to 2nd gen. quarks

● Direct constraints from H→cc searches 
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H-charm Yukawa coupling
Fabio Monti - CERN

● ATLAS analysis targeting both VH→bb and cc arxiv:2410.19611

○ Combined bb/cc theoretically well-motivated, similar analysis, 
x-contaminations

○ Re-analysis of Run 2 data with improvements in jet-tagging, event 
classification, and MVA strategy

2D likelihood scan of (μHcc, μHcc)

➢ Obs(exp) upper limit on μcc at 95% CL: 11.5(10.6)
○ 3× better than previous analysis
○ In CMS VH→cc analysis 14(7.6) PRL 131 06180

➢ Significance for ZH→bb and WH→bb: 4.9σ and 
5.3σ 

N
E

W

https://arxiv.org/abs/2410.19611
http://dx.doi.org/10.1103/PhysRevLett.131.061801


● BSM phenomenology at energy scale Λ in the limit E≪Λ
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VH→bb to constrain EFT operators
Fabio Monti - CERN

Wilson operators

Wilson coefficients
SMEFT 
lagrangian

● CMS VH→bb analysis targeting leptonic V decays 
○ Main bkg from tt and V+jets 
○ H→bb reconstruction in merged- and resolved-jet final states

● BDT regressions to construct likelihood ratio R(x|c) from 
reco-level quantities x
○ Optimal observable for a given Wilson coefficients hypothesis c 

● Fix c = c* and use R(x|c*) as variable for signal extraction 
from binned fit 
○ c* optimized to provide best sensitivity to simultaneous 

measurements of all Wilson coefficients

NEW

JHEP 03 (2025) 114

https://doi.org/10.1007/JHEP03%282025%29114
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VH→bb results
Fabio Monti - CERN JHEP 03 (2025) 114

Constraints on each Wilson coefficient either 
freezing or profiling all the other ones

Linear comb. of 
cHB, cHW, cHWB

➢ All coefficients compatible with zero within uncertainties

➢ No large deteriorations of constraints when profiling other 
Wilson coefficients   

NEW

https://doi.org/10.1007/JHEP03%282025%29114


In SM trilinear and quartic H self-interactions 
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H self-coupling 
Fabio Monti - CERN

~λ4

λ3 and λ4 connected to 
properties of Higgs potential

Cosmological evolution of 
the Universe, baryogenesis, 

ew phase transition
Strongest constraints from double-H (HH) 

and triple-H searches

● HH searches in Run 2 statistically 
combined to enhance sensitivity to 
signal  PRL 133 (2024) 101801   CMS-PAS-HIG-20-011 

○ All most sensitive decay ch’s
○ ggF production, and for some ch’s 

VBF and VHH 

HH branching ratio map

cms
atlas

~λ3

https://link.aps.org/doi/10.1103/PhysRevLett.133.101801
https://cds.cern.ch/record/2917252
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Constraints on H self-coupling
Fabio Monti - CERN

● Constraints on kλ under more general assumptions from 
combination of HH searches and single-H measurements 

[-2.2, 7.7]   [-1.4, 6.1]

[-1.9, 7.6]   [-0.4, 6.3]

Likelihood scan of kλ = λ/λSM

ATLAS 95% CL intervals
PLB 843 (2023) 137745

CMS-PAS-HIG-20-011 
CMS HH combination 
obs 95% CL [−1.4, 6.4]
exp 95% CL [−2.3, 8.0]

NEW constraints on kλ from 
single-H measurements in 

CMS-PAS-HIG-21-018

PRL 133 (2024) 101801

NEW

NEW

PLB 861 (2025) 139210

https://www.sciencedirect.com/science/article/pii/S0370269323000795?via=ihub
https://cds.cern.ch/record/2917252
https://link.aps.org/doi/10.1103/PhysRevLett.133.101801
http://dx.doi.org/10.1016/j.physletb.2024.139210
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H couplings - perspectives for HL-LHC
Fabio Monti - CERN

68% CL interval on kλ vs 
integrated luminosity

● At 3 ab-1 40-50% uncertainty on 
kλ → naively ~30-35% from 
CMS+ATLAS comb

● Sensitivity to ew phase 
transition models PRD 94 075008 (2016) 

Expected 68% CL uncertainty 
on coupling modifiers

CERN YR 7 (2019)

● Uncertainties ~ few percent 

● Limited by theory uncertainties

ATL-PHYS-PUB-2025-004

https://doi.org/10.1103/PhysRevD.94.075008
http://dx.doi.org/10.23731/CYRM-2019-007.221
http://cds.cern.ch/record/2925675


● H measurements are fundamental extensive tests of SM

● Combination of H measurements with CMS Run 2 data
○ Precision better than 10% for most of the considered couplings 

● In H offshell measurement and VH→bb EFT analysis novel 
machine learning approaches for statistical inference 
○ Optimal observable for nontrivial physics processes  

● New constraints on kλ from di-Higgs combinations
○ -1.2 < kλ < 7.2 (CMS) and −1.4 < kλ < 6.4 (ATLAS) at 95% CL
○ At HL-LHC, ~30-35% precision on kλ from CMS+ATLAS comb
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Summary

Rich and extensive Higgs physics program with exciting 
future perspectives

Fabio Monti - CERN



BACKUP



● H width 
○ Offshell H measurement in H→4l in ATLAS arxiv:2412.01548 

● H couplings
○ CMS combination of STXS H measurements CMS-PAS-HIG-21-018

○ Combined VH→cc and bb analysis in ATLAS  arxiv:2410.19611

○ Combined VH→bb EFT analysis in CMS JHEP 03 (2025) 114

● di-Higgs
○ Combination of HH searches in CMS CMS-PAS-HIG-20-011 

○ Combination of HH searches in ATLAS PRL 133 (2024) 101801 

○ HL-LHC projections of ATLAS HH combination ATL-PHYS-PUB-2025-004
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References to new results presented in the talk
Fabio Monti - CERN

https://arxiv.org/abs/2412.01548
https://arxiv.org/abs/2410.19611
https://doi.org/10.1007/JHEP03%282025%29114
https://cds.cern.ch/record/2917252
https://link.aps.org/doi/10.1103/PhysRevLett.133.101801
http://cds.cern.ch/record/2925675


● Signal topology: 2 photons + a charm jet
○ Thorough studies for accurate signal simulation→flavour-scheme

● Leading bkg from continuum ɣɣ+jets 
+ Resonant bkg from H + light-flavour or b- jets 
+ H + c-jet components independent from yc 
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H+charm associated production
Fabio Monti - CERN

● c-jet tagging crucial to separate 
signal from main bkgs
○ Challenge: soft jet pT in signal 

● Signal from fit to H→ɣɣ mass   
○ From ATLAS, obs(exp) significance for 

inclusive H+c signal 1.7(1.0)σ
○ From CMS, |κc|< 38.1 (|κc|< 72.5)

ATLAS: JHEP02(2025)045
CMS: arxiv:2503.08797  

https://doi.org/10.1007/JHEP02(2025)045
http://arxiv.org/abs/arXiv:2503.08797


H couplings under more general assumptions
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➢ 1st time offshell H measurement 
in combination 
○ Alleviate |kV| < 1 constraint  

➢ p-value SM = 18-35% 
depending on assumptions

➢ Invisible and undetectable BR’s 
compatible with SM
○ SM invisible: BR(H→ZZ→4ν) ≈ 0.1

Fabio Monti - CERN

● Assuming ggH, Hɣɣ, and HZɣ effective couplings and 
accounting for invisible and undetected H decays

CMS-PAS-HIG-21-018

without bounds on ΓH, 
each k can be scaled up 
equally to account for a 
non-zero Bundet
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Higgs boson width - results
Fabio Monti - CERN

arXiv:2409.13663 

PLB 2023 138223 

Likelihood scan of ΓH Likelihood scan of ΓH/ΓH
SM

● ΓH = 4.5 +3.3/-2.5 MeV

● Evidence for off-shell H 
production at 3.3σ 

● ΓH = 3.0 +2.0/−1.5 MeV

● Evidence for off-shell H 
production at 3.8σ 

http://arxiv.org/abs/arXiv:2409.13663
http://dx.doi.org/10.1016/j.physletb.2023.138223


● Crucial to constrain Yukawa couplings to 2nd gen. quarks
○ BSM models predicting sizable deviations from SM arxiv:2410.05236
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H-charm Yukawa coupling
Fabio Monti - CERN

Direct H→ cc searches
All main H production modes

Search for H+charm 
associated production

Indirect constraints
H kinematic

CMS: PLB 792(2019)369
ATLAS?

Search for rare H decays
CMS: arxiv:2410.18289
ATLAS(full run2?): PLB 
786(2018)134  

NEW VH→cc results in next slides

ATLAS: JHEP02(2025)045
CMS: arxiv:2503.08797  

NEW

NEW ttH→cc in S. Wuchter talk

H+ɣ production
CMS: arXiv:2502.05665 

NEW

https://arxiv.org/abs/2410.05236
http://dx.doi.org/10.1016/j.physletb.2019.03.059
http://arxiv.org/abs/2410.18289
https://doi.org/10.1016/j.physletb.2018.09.024
https://doi.org/10.1016/j.physletb.2018.09.024
https://doi.org/10.1007/JHEP02(2025)045
http://arxiv.org/abs/arXiv:2503.08797
http://arxiv.org/abs/2502.05665


● Target leptonic V decays → efficient online selections & 
QCD bkg suppression
○ Main bkg from tt, V+jets, and VV events 
○ NEW all-hadronic VH→bb HIG-23-012 PRL132131802 

● Complementary H→cc reconstruction techniques
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VH→cc searches (and VH→bb measurements) 
Fabio Monti - CERN

Resolved-jet at low pT(H): 
larger signal acceptance

Merged-jet at high pT(H): better 
S/B, better exploit correlations 
between H decay products

● ATLAS analysis targeting both H→bb and cc arxiv:2410.19611

○ Theoretically well-motivated, similar analysis, x-contaminations
○ Re-analysis of Run 2 data with improvements in jet-tagging, event 

classification, and MVA strategy

NEW

https://cds.cern.ch/record/2904879
https://link.aps.org/doi/10.1103/PhysRevLett.132.131802
https://arxiv.org/abs/2410.19611


➢ ZH→bb obs(exp) significance of 
4.9(5.6)σ 

➢ WH→bb observation with obs(exp) 
significance of 5.3(5.5)

➢ Obs(exp) upper limit on VH→cc at 
95% CL of 11.5(10.6)
○ 3× better than previous analysis
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VH→cc (and bb) results
Fabio Monti - CERN

● CMS VH→cc analysis set obs(exp) upper limit on VH→cc 
at 95% CL of 14(7.6) PRL 131 06180

2D likelihood scan of (μHcc, μHcc)

arxiv:2410.19611

http://dx.doi.org/10.1103/PhysRevLett.131.061801
https://arxiv.org/abs/2410.19611
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H couplings to light quarks from H+ɣ measurement
Fabio Monti - CERN

Sensitivity to HZɣ and Hɣɣ effective 
couplings + H couplings to light quarks

arXiv:2502.05665 

● Target H→bb and H→4l decay channels

Untagged categories to 
enhance sensitivity to kq

http://arxiv.org/abs/2502.05665


H self-couplings 
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Examples of kλ-dependent diagrams for single-H 
prod. mechanisms and H→VV decay

● HH production XS’s sensitive 
at LO to the Higgs trilinear 
coupling λ

~λv ~λ

In SM λ = mH
2 / 2v2 with v  

H vacuum exp. value

yt

ggF production (ggHH) diagrams at LO

EPJ. C (2017) 77: 887, 
JHEP 12 (2016) 080, 
LHCHWG-2022-002

kλ = λ/λSM ● kλ-dependent NLO 
electroweak corrections to H 
XS and BR
○ Modification of total and 

differential H XS’s and H BR’s

Fabio Monti - CERN

https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-017-5410-8
https://doi.org/10.1007/JHEP12(2016)080
https://cds.cern.ch/record/2803606
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VH→bb to constrain EFT operators
Fabio Monti - CERN JHEP 03 (2025) 114

https://doi.org/10.1007/JHEP03%282025%29114

