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Overview
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● The discovery of the Higgs boson at the LHC opened new opportunities to 
rigorously test the Standard Model (SM) and search for possible new 
phenomena beyond it, commonly referred as Beyond the Standard Model 
(BSM) physics.

● This presentation highlights the most recent results obtained using the full Run 2 
(13 TeV) and partial Run 3 (13.6 TeV) proton-proton collision datasets 
collected by the ATLAS experiment.

○ Higgs width measurement through off-shell Higgs.

○ Higgs cross-section measurement at 13.6 TeV.

○ Differential cross-section measurement of Higgs boson via WW*/ZZ* decay modes.



Higgs Boson Width
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● In the SM, the Higgs boson width can be calculated using the known masses and couplings of all 
particles to which the Higgs decays. This yields a predicted value of approximately 4.1 MeV
with an associated uncertainty of about 1%.

● A direct measurement of the Higgs boson width is challenging due to limited detector resolution. 
However, an indirect method exploits Higgs decays to pairs of vector bosons (WW or 𝑍𝑍).

● The total Higgs boson width can be extracted by taking the ratio of the measured on-shell (which 
depends on the width) to off-shell (largely independent of the width) signal strengths.
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Off-shell Higgs Production H* à ZZ
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● Fully leptonic decay final state is used to measure off-shell higgs (ZZà4ℓ).

● Four lepton invariant mass lager than 180 GeV (on-shell ZZ region).

● Events are described in the analysis by 14 observables.

● Neural simulation-based inference (NSBI), uses neural networks (NN) to estimate the per-event likelihood ratio 
of different hypotheses instead of using histograms of kinematic observables as an approximation to 
probability density ratios.

arXiv:2412.01548

Example of NN input 
variables showing 
good agreement of 
data vs. MC

https://arxiv.org/abs/2412.01548


Off-shell Higgs Production H* à ZZ
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Off-shell Higgs Production H* à ZZ

5Pheno2025May 20

Observed (expected) significance 2.5 (1.3) 𝝈
Better than previous histogram-based result 0.8 (0.5) 𝜎

Observed (expected) significance 3.7 (2.4) 𝜎
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Off-shell Higgs Production H* àWW
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● Consider both different-flavor (𝑒𝜈(𝜇𝜈)) and same-flavor (𝑒𝜈(𝑒𝜈(, 𝜇𝜈)𝜇𝜈)) leptonic final states.

● Events are categorized to six regions by considering final states and number of jets (0, 1, or ≥2).

● A classification neural network (DNN) is trained for each region to discriminate against non-
interfering backgrounds, and in each region, events are divided into three categories based on 
the DNN score.

● Self-defined variable 𝑉*+ = 0.3 ⋅ 𝑚ℓℓ +𝑚-, which provides a simple proxy for 𝑚...

Post-fit high DNN-score

arxiv: 2504.07710

Γ3 = 0.9,4.678.9 MeV

https://arxiv.org/abs/2504.07710
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Hà ZZ* and Hà gg (13.6 TeV)
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Figure 2: The observed and expected (post-fit) inclusive four-lepton invariant mass distribution for the selected
Higgs boson candidates, shown for an integrated luminosity of 29.0 fb�1 at

p
s = 13.6 TeV. The uncertainty in the

prediction is shown by the hatched band, and includes the theoretical uncertainties in the SM cross-section for the
signal and the main background processes. The C-- label indicates the sum of the CC, and CC/ processes.

Table 7: Breakdown of the relative uncertainties in the fiducial � ! //
⇤ ! 4✓ cross-section measurement.

Source Uncertainty [%]
Statistical uncertainty 25.1
Systematic uncertainty 7.9

Electron uncertainties 6.3
Muon uncertainties 3.8
Luminosity 2.2
//

⇤ theoretical uncertainties 0.7
Reducible background estimation 0.6
Other uncertainties <1.0

Total 26.4
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The first measurement of Higgs boson by using early Run 3 data collected 
in 2022.

31.4 fb-1 for H → gg channel.
𝜎!"# = 76 ± 11 𝑠𝑡𝑎𝑡. $%

&' 𝑠𝑦𝑠𝑡. 8b, 𝜎!"#,)* = 67.6 ± 3.7 8b

29.0 fb-1 for H→𝑍𝑍∗→4ℓ channel.
𝜎!"# = 2.80 ± 0.70 𝑠𝑡𝑎𝑡. ± 0.21 𝑠𝑦𝑠𝑡. 8b, 𝜎!"#,)* = 3.67 ± 0.19 8b

Eur. Phys. J. C 84 (2024) 78

𝜎@ABCDEFG = 58.2 ± 8.7 pb
𝜎HI = 59.9 ± 2.6 pb

𝑠 = 13.6 𝑇𝑒𝑉

https://link.springer.com/article/10.1140/epjc/s10052-023-12130-5
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WW decay mode: much higher branching ratio comparing to ZZ & gg

○ STXS is used to target ggF and VBF mode (details in backup)
○ DNN is used for each SR to get a better sensitivity

arxiv: 2504.07686
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HàWW* à ℓvℓv (13 TeV)

9Pheno2025May 20

Best-fit values and uncertainties for the Wilson coefficients of the d = 6 operators considered by the 
SMEFT interpretation of the STXS measurement in a CP-conserving scenario

Wilson coefficient Operator Effect or affected diagram
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HàWW* à ℓvℓv (13 TeV)
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● CP-sensitive measurement (𝑐3: , 𝑐3; , 𝑐3 <: , 𝑐3 =;).

● Similar as STXS, good agreement with SM.
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Hà ZZ* à 4ℓ (13.6 TeV)
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● Fully reconstructed final state with a clean signature, used similar strategy as STXS.

● Generally good agreement with the SM predictions.

● Neural Networks are employed to disentangle different production modes and backgrounds.
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Hà ZZ* à 4ℓ (13.6 TeV)
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● Differential cross-section of 𝑝> , 𝑦9? , 𝑁@ABC , 𝑚89 are 
measured.

● Higgs boson couplings (𝜅D , 𝜅)) and CP sensitive SMEFT 
operators (cEF, cEG, cEFG) are constrained.
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Summary
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● Off-shell Higgs production observed with sensitivity 3.7 (2.4) s, and the Higgs width 
measured to be

○ 4.3,H.671.I MeV from H*àZZ measurement.

○ 0.9,4.678.9 MeV from H*àWW measurement.

● The Higgs production cross-section measured at 13.6 TeV to be
○ 58.2 ± 8.7 pb, comparable with SM prediction 59.9 ± 2.6 pb

● Use STXS approach measured differential cross sections of HàWW*/ZZ* and set 
new limits on anomalous couplings parameters using the SMEFT models.

● Additional data will be collected during the Run 3 phase at 13.6 TeV, which is 
expected to yield improved and more precise measurements of the Higgs boson.



Backup



H*àZZ Probability Density Model
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Given the signal strength, the probability density model can be written as,

Handle the interference term



Definition of Processes in the Probability Model 
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Input Variables in H*àZZ Measurement
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q1 and q2 are momentums of Z1 and Z2 individually



Unbinned Likelihood Function
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The reference probability density function cancels out in the likelihood ratio test statistic.



Simplified Template Cross Section
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● Define standardized production and kinematic 
regions for consistent measurements across analyses

● Enable simultaneous measurement of production 
modes and relevant kinematic observables

● Cover four main Higgs production modes: gluon-
gluon fusion (ggF), vector boson fusion (VBF), 
associated production with a vector boson (VH), and 
associated production with a top-quark pair (ttH)

● Use reconstructed-level categories that closely 
match truth-level regions to reduce event migration 
and correlations in the global fit

● Category merging or reduction is based on the 
statistical precision achievable in each channel
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● Various BSM couplings may have similar impacts, resulting in 
highly correlated Wilson coefficients. Used principal component 
analysis (PCA) to get a set of orthogonal linear combinations.

● Only the eigenvector with eigenvalues greater than 0.01 are 
kept.
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