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The Higgs boson

• The Higgs mechanism: there is a field that fills out the 

Universe and interacts with other particles

o strength of interaction → particle mass

• The Higgs boson: excitation of the Higgs field

o was the last piece of the Standard Model to be discovered in 2012

o unique properties (like spin 0) not shared by any other particles
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“Higgs isn’t everything. It’s the only thing.”

    (M. Peskin)

https://indico.cern.ch/event/1493037/contributions/6577980/attachments/3123233/5538855/HiggsatLP2025.pdf
https://indico.cern.ch/event/1493037/contributions/6577980/attachments/3123233/5538855/HiggsatLP2025.pdf


Higgs production and decay measurements: test of SM

• Higgs mechanism in the SM has the Higgs 

mass as a free parameter

o measurements of Higgs production and decay rates 

will help us to understand whether it’s a SM Higgs
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Nature 607 52 (2022)

125 GeV is perfect: can measure all channels!

https://www.nature.com/articles/s41586-022-04893-w


Outline

• Since Higgs was discovered in 2012, 

many of its properties have been 

measured

o inclusive and differential production cross 

sections

o couplings to other particles

o spin, mass

• This presentation will focus on most 

recent results and provide a summary
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• In this talk:

o Rare processes (tH, H→μμ, H→Zγ)

o Higgs production measurements

o Higgs width

o Higgs CP properties

o di-Higgs production



tH (1)

• Production of Higgs in association with 

a single top quark (Run 2, 140/fb)

o arXiv:2508.14695
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Direct probe of top-Higgs coupling

Sensitive to both top-Higgs coupling 
magnitude and its sign (relative to WH 
coupling)

• Strategy: combination of three 

orthogonal channels

o 1-lepton: one e/μ+≥3 b-tagged jets: 

probe H→bb

o 2 same-sign leptons, and

o 3 leptons: probe H→WW*, ZZ*, ττ

Signal selection: boosted decision trees 

Dominant systematic uncertainty: MC modeling

https://arxiv.org/abs/2508.14695
https://arxiv.org/abs/2508.14695


tH (2)

• Results:

o μtH = 8.1 ± 2.6 (stat.) ± 2.0 (syst.)

o observed (expected) limit on tH production: 

13.9(6.1) ×SM

o uncertainty dominated by available statistics
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Single top production allows to measure the 
sign of tH coupling (relative to WH coupling)

Inverted coupling (sign(κt)=−1) is in better 
agreement with data, but both SM and 
inverted coupling hypotheses are consistent 
with data

SM

Inverted top 
coupling



H→μμ (1)

• Evidence for the dimuon decay of the Higgs boson (Run 3, 165/fb)

o arXiv:2507.03595
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A test of Higgs coupling to second generation fermions

Rare process (SM branching 2×10−4), large SM background

• Strategy: five general selections, 23 

categories

o ttH: μμ + ≥1 b-jet (all other: b-jet veto)

o VH 4-lepton, 3-lepton: μμ + additional e/μ

o VH 2-lepton: μμ + large MET

o VBF, ggF: μμ + small MET
Additional signal selection: NN (ttH), BDT (the rest)

https://arxiv.org/abs/2507.03595
https://arxiv.org/abs/2507.03595


H→μμ (2)

• Results:

o Observed (expected) excess of events over 

the background: 3.4σ (2.5σ)

o Best fit signal strength (combined Run 2 + 

3): μ = 1.4±0.4

o Equivalent B(H→μμ) = (3.0±0.9)×10−4
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Uncertainties are dominated by statistics 
(systematic uncertainties are 5% of the total)

Result consistent with SM



H→Zγ (1)

• Search for the Higgs boson decay to 

a Z boson and a photon (Run 3, 165/fb)

o arXiv:2507.12598
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Loop-induced production, branching 
1.54×10−3 similar to H→γγ 

Observation of H→Zγ is a sensitive probe 
of SM and its extensions

Event selection strategy: search for Zγ→llγ 

https://arxiv.org/abs/2507.12598
https://arxiv.org/abs/2507.12598


H→Zγ (2)

• Results:

o Observed (expected) excess of events over 

the background: 2.5σ (1.9σ)

o Best fit signal strength (combined Run 2 + 

3): μ = 1.3+0.6−0.5
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Uncertainty is dominated by statistics

Main sources of systematic uncertainty: 
spurious signal (due to choice of 
background shape) and theory modeling



ggF+VBF H→WW* (1)

• Measurement of gluon-gluon fusion and 

vector-boson fusion Higgs production x-

section using H→WW*→lνlν decays (Run 

2, 140/fb)

o arXiv:2504.07686

9/15/2025New Trends in HEP, Batumi 2025 11

ggF VBF

Improvements over earlier analysis: adding 
ee, μμ to eμ; DNN-based S/B discrimination; 
SMEFT interpretation

preselection: l+l− b-veto: get rid of 
ttbar 

Results are presented as total cross-sections 
and in STXS categories

Njet=2: enriched 
with VBF

Standard Template cross-section 
categorization: split the production modes 
into exclusive kinematic fiducial regions 
relevant for theory interpretations
LHCHWG-INT-2025-001

https://arxiv.org/abs/2504.07686
https://arxiv.org/abs/2504.07686
https://cds.cern.ch/record/2922392
https://cds.cern.ch/record/2922392
https://cds.cern.ch/record/2922392
https://cds.cern.ch/record/2922392
https://cds.cern.ch/record/2922392
https://cds.cern.ch/record/2922392
https://cds.cern.ch/record/2922392


ggF+VBF H→WW* (2)
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• Results: total cross-section
o σggF×B(H→WW*)=12.4+1.3-1.2 pb

o σVBF×B(H→WW*)=0.79+0.18-0.16 pb

• Overall improvement w.r.t the previous result using the same data 
(eνμν only): 11% overall, up to 36% in large pT

H STXS categories

• SMEFT interpretation compatible with SM prediction

total cross-
section

SMEFT interpretation: CP-conserving 
scenario, d=6 WCs in rotated basis

SMEFT interpretation: CP-violating 
scenario, d=6 WCs in Warsaw basis



New Trends in HEP, Batumi 2025

VH, H→WW* (1)

• Measurement of associated VH production 

using H→WW*→lνlν decays: Run 2, 140/fb

o arXiv:2503.19420
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Previous ATLAS measurement was for 36.1/fb

opposite-
sign 2l

same-
sign 2l

3l 4l

OS 2l 4l

S/B separation: ANN (OS2l, 3l), RNN (SS2l), BDT (4l)

Dominant backgrounds: ttbar (OS2l) – attack 
with b-veto, dibosons (3l/4l)

https://arxiv.org/abs/2503.19420
https://arxiv.org/abs/2503.19420


VH, H→WW* (2)
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• Results:
o σVH×B(H→WW*)=0.44+0.10-0.09(stat)+0.06-0.05(syst) pb

o μVH=0.92+0.21-0.20(stat)+0.13-0.12(syst)

o differential cross-sections in pT
V and STXS categories

total cross-
section

dσ/dpT
V STXS measurement



Higgs combination (1)

• Combined measurements of Higgs boson production and decay: Run 2, 140/fb

o ATLAS-CONF-2025-006
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Combination of all ATLAS inclusive cross section measurements
WH, ZH, ttH uncertainties are reduced by 30%, 20%, 40% 
respectively compared to the previous combination

Overall accuracy: 5%

• Result: μ = 1.023 ± 0.028 (stat.) +0.026 −0.025 (exp.) +0.039 −0.036 (sig. th.) ± 0.012 (bg. th.)

Overall theory uncertainty 
is larger than both the 
experimental systematic 
uncertainty and the 
statistical uncertainty

dominant!

http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
http://cds.cern.ch/record/2937634
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Higgs combination (2)

• Results are interpreted in terms of Higgs couplings 

in the κ framework

o includes partial Run 3 result for H→μμ

o ×2 improvement in charm coupling, 10-20% 

improvement in other couplings
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Coupling modifiers: 𝜅𝑖 =
𝑦𝑖

𝑦𝑖
𝑆𝑀

yi is Higgs coupling to particle i

bosonic coupling

fermionic 
coupling

Deviation from 1 
might indicate new 
physics

Model 1: two 
independent couplings 
to V and F
Model 2: independent 
couplings to W, Z, t, b, c, 
τ, μ



• Measurement of off-shell Higgs production using 

H*→WW→lνlν decays: Run 2, 140/fb

o arXiv:2504.07710
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ggF H EW H

H*→WW has larger statistics than H*→ZZ.
May differ from H*→ZZ in presence of BSM

Destructive interference: presence of H* results in deficit of events compared to background-
only, leads to a non-monotonic event yield vs μoff-shell: likelihood fit is non-trivial!

Can’t reconstruct Higgs mass, do 
the likelihood fit to a proxy (V31)

Higgs width with H*→WW/H→WW* (1)

Higgs width ~4 MeV, can’t measure it directly 
(need a muon collider), but it can be 
measured indirectly by comparing on-shell 
and off-shell Higgs production (Phys. Rev. D 
88, 054024):

https://arxiv.org/abs/2504.07710
https://arxiv.org/abs/2504.07710
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.054024
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.054024
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• Results: observed (expected)

o μoff-shell=0.3+0.9-0.3 (1.0+2.3-1.0), CL95 upper limit: 3.4(4.4)
▪ previous ATLAS result: 17.2(21.3)

o combined with on-shell H→WW*, the result can be interpreted in terms 
of the Higgs width: ΓH/ΓH

SM=μoff-shell/μon-shell

▪ assuming ΓH
SM=4.1 MeV, ΓH=0.9+3.4-0.9 (4.1+8.3-3.8) MeV

SM 
prediction

Higgs width with H*→WW/H→WW* (2)



τ

τ

CP measurement in H→ττ (1)

• Probing the Higgs boson CP properties in 

VBF H→ττ (Run 2, 140/fb)

o arXiv:2506.19395
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In the SM, Higgs is CP-even (scalar): if observed otherwise, 
it’s an indication of new physics

The CP nature of Higgs can be derived by measuring 
mean value of the “Optimal Observable” (ratio of matrix 
elements) that can be evaluated using Higgs and forward 
jets kinematics

• Strategy: combine three channels: 

τlep+ τlep, τlep+ τhad, τhad+ τhad

Signal enhanced region: dedicated 
NN

The CP violating effect is parameterized in the Warsaw 

( ሚ𝐶hW) and HISZ ( ሚ𝑑) EFT bases

https://arxiv.org/abs/2506.19395
https://arxiv.org/abs/2506.19395


CP measurement in H→ττ (2)

• Results: no deviation from SM

o constraints on ሚ𝑑: [−0.012, 0.044]

o constraints on ሚ𝐶hW: [−0.24, 0.83]
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The observed limits on these 
operators are among the most 
stringent so far, greatly improve 
previous 36/fb results

First 95% CL constraints on 
observed parameters

Consistent with other ATLAS 
and CMS measurements



HH→bbγγ (1)

• Study of Higgs pair production in the HH→bbγγ final state: Run 2+Part. Run3, 

308/fb

o arXiv:2507.03495
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ggF: εsel=17%

VBF: εsel=11% 

Preselection: 105<mγγ<160 GeV, two b-tagged (εb=85%) jets

Simultaneous profile LH fit to mγγ in high mass (m*bbγγ>350 GeV) and low mass (m*bbγγ<350 GeV) 
regions

m*bbγγ=mbbγγ−(mbb−125 GeV)−(mγγ−125 GeV)

This bump is single H, not HH!

First result on di-Higgs production!

https://arxiv.org/abs/2507.03495
https://arxiv.org/abs/2507.03495


HH→bbγγ (2)
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• Results: observed (expected) 
– μHH=0.9+1.4-1.1 (1+1.3-1.0)
– CL95 limit: μHH<3.8

• ×2 improvement compared to 140/fb result

SM prediction

Constraints on coupling modifiers κλ, κ2V



Summary

• Since the Higgs discovery in 2012, studying its 

properties with increasing precision remains focus 

of the physics programs of the LHC experiments

o revealing the mechanics of the SM

o looking for hints of deviations from the SM

• Many Higgs measurements are already done

o so far, the results are consistent with the SM predictions

o successful Run 3 data taking opens possibility to 

improve results

• Exciting times to work on Higgs measurements!
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H
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