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ØA particle consistent with the SM Higgs boson was discovered at the LHC in 
2012 with a mass of ~125 GeV

ØThe Higgs boson is one of the most important 
 particles in the SM

• Connected to the numerous fundamental questions
• A detailed study of its properties may provide answers  

ØThe measurement of production and decay rates is
 one of the most important way to test the SM and 
 look for possible new physics.

• Inclusive cross section of Higgs production & decay
• Simplified template cross-sections (STXS) measurement
• Fiducial and differential cross section measurement

Introduction
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arXiv: 2209.07510

With increasing data, measurements 
can be performed with finer binning 
and in a more model-independent way

https://arxiv.org/abs/2209.07510


Production modes Decay modes

Higgs production and decay modes
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Ø The leading production mode is ggF

Ø Followed by VBF and VH production modes

Ø ttH can provide direct measurement of top-Higgs coupling

Ø H →bb (57%) : The most profilic channel, very hard to observe

Ø H→WW* (21%): The second largest BR, large background but leptonic 
decay useful for distinguishing signal

Ø H→γγ (0.2%) and H→ZZ*→4l (0.01%): Small BR but cleaner background

ggF: 87%

VBF: 7%

VH: 4%

ttH: 2%
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ggF + VBF H→WW*: Analysis Strategy
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ØSignal: different flavour (eμ+μe) opposite charge leptons + MET

ØEvents split in 4 analysis categories based on Njets
• ggF: Njets = 0,1, ≥ 2 , cut based

ümT used as discriminant variable

• VBF: Njets ≥ 2, “deep” neural network (DNN ) based
üDNN used as discriminant variable

ØMain background:
• Non-resonant qqWW, top and Z→ττ 

üggF: qqWW, top and Z→ττ normalized by CRs

üVBF:  top and Z→ττ normalized by CRs

• Background with mis-identified leptons estimated by data-driven fake factor method 

Phys. Rev. D 108 (2023) 032005

Top CRWW CR

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032005


ggF + VBF H→WW*: Coupling results
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• Post fit MT distribution 
in the ggF combined SR

• Post fit BDT distribution 
in the VBF SR

Good agreement between data and mc prediction

Ø Results from simultaneous fit 
to all SRs + CRs

Ø Dominanted by systematic 
uncertainties

Measurements are consistent with SM prediction

Phys. Rev. D 108 (2023) 032005

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032005


Simplified Template Cross Section (STXS)
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ØThe aim with STXS method:
• Improve sensitivity of measurements
• Reduce their dependence on the theory
• High pT

H bins more sensitive to beyond standard model effects

ØSTXS framework provides different stages  (e.g. stage 0, 
stage 1, stage 1.2) with varying degrees of granularity

ØCategorizing events into bins of key (truth)  variables 
(pT

H, Njets, mjj) in different production modes (ggH, EW 
qqH, VH and ttH)

ØSTXS well-suited to combine different decay channels

ØHiggs boson properties measured with 139 fb-1 for 
Higgs boson rapidity |yH| < 2.5

(ggF + Z(→qq)H)



ggF + VBF H→WW*: STXS
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Ø This analysis is based on a reduced 
stage 1.2 categorization scheme to 
ensure sensitivity for all measurements.

Ø Split by pT
H, Njets, mjj into 11 categories

• 6 bins for ggH and 5 for EW qqH

                  17 signal regions

Ø CRs split similar to SRs where statistics 
allow

                  27 control regions

Phys. Rev. D 108 (2023) 032005

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032005


ggF + VBF H→WW*: STXS results
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Phys. Rev. D 108 (2023) 032005

Ø Extracted by profile likelihood fit: 
17 SRs (mT/DNN) + 27 CRs

Ø ggH uncertainties limited by both stat. 
+ syst. uncertainty

 limited by statistical 
uncertainty at high mjj / pT

H

Ø Compatible with the SM predictions 
with a p-value of 53%

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032005


VH H→WW* (lvjj, lvlv): Analysis strategy
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ØTargeting WH and ZH productions: 2, 3 and 4 leptons in the final state

Ø8 SRs according to the number, flavour and charges of the leptons
• Opposite sign 2l channel (VH, V→qq) (DNN)

• Same sign 2l channel (WH): ee, mm, em (RNN(*))

• 3l channel (WH): Z-depleted/enriched (DNN)

• 4l channel (ZH): >= 1 SFOS(**) pair (BDT)
ü3m1e + 3e1m: 1 SFOS

ü4e + 4m + 2e2m: 2SFOS

ØUse of MVA techniques to separate Higgs signal
 from main SM backgrounds for all channels

highest sensitivity

ATLAS-CONF-2022-067
（*）RNN: recurrent neural network
（**）SFOS: same-flavour, opposite-sign

https://inspirehep.net/literature/2612296


VH H→WW* (lvjj, lvlv): Results
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ØObserved VH combined significance: 4.6 σ
• 4l (1 SFOS) is the most sensitive channel
• Strong evidence (almost observation) of ZH(→WW*): 4.6σ

ATLAS-CONF-2022-067

Most sensitive channels limited by statistics               will highly benefit from new Run 3 data

• Results in agreement
     with SM within 1.8�

• Dominated by the 
statistial uncertainty

• The measurements 
of WH and ZH are 
compatible at a level 
of 2.1�

https://inspirehep.net/literature/2612296
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Fiducial Differential Cross-section measurement
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ØWith more data collected, the properties of the Higgs boson can be studied in more 
detail and in a more model independent way

ØFiducial phase space is defined to mimic the real detector acceptance and to 
minimize the extrapolation effects.

ØLimitation:
• Extrapolation to the total phase space is needed 

to do the combination
• Reduced sensitivity for BSM effects compared to 

dedicated analyses

ØUsually considered observables: 
• Higgs boson kinematics & decay observables
• Jets associated with the Higgs boson



Differential XS in H→WW*: ggF phase space
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ØPhase space: <= 1 jet

ØVarious observables in one and two-dimensions are measured to probe 
different Higgs properties:

• 8 observables for 1 dimension:
 ��� ,  ��

�� ,  ��
�0 , ∆∅�� , ��0 , ����∗ , ��

� , ��� 

• 6 observables for 2 dimensions:  
 ���  , ��

�� , ��
�0, ∆∅�� , ����∗ , ���  as function of Njets

ØmT distribution is used to extract signal in each 
bin of a given observable, with control regions
for background estimation

ØTikhonov-regularized in-likelihood unfolding used

Eur. Phys. J. C 83 (2023) 774

https://link.springer.com/article/10.1140/epjc/s10052-023-11873-5


Differential XS in H→WW*: ggF Results
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Sensitive to BSM contributions

Ø In general, good agreement between different theoretical predicatons and 
measured cross sections

ØCompetitive channel at high Higgs pT: ~1σ sensitivity for pT
H > 120 GeV

Sensitive to the spin structure 



Differential XS in H→WW*: VBF phase space
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ØPhase space: >= 2 jet

ØDifferential cross-sections measured for different observables:
• Higgs related:

• Jet related:

ØDedicated BDT discriminants used
• DVBF and DTop+VV  are used to distinguish signal 

from backgrounds

• Additional BDT (DggF) or kinematic cuts are used in 
control regions

ØProfile likelihood fit with an unfolding method
 to extract the cross section

Phys. Rev. D 108 (2023) 072003

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.072003


Differential XS in H→WW*: VBF Results

19

Ø Statistical uncertainty dominant

Ø Measurements are consistent with the SM

Differential cross sections used to 
constrain anomalous interactions

 Most stringent constraint
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Summary

ØH → WW* channels investigated with 139 fb-1 of data collected with the ATLAS 
detector @13TeV 

• Inclusive, STXS and differential cross section measurements are presented

• All the measurements are in agreement with the SM predictions

• The differential cross sections measurements are used to constrain the anomalous interactions

ØThanks to the increased statistics with full Run2 dataset, more finely-grained 
measurements are presented.

Stay tuned for more results to come from Run2 & Run3



Thanks
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Backup
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The importance of the Higgs boson
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arXiv: 2209.07510

https://arxiv.org/abs/2209.07510


ggF & VBF H→WW*： Samples
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ggF & VBF H→WW*: SR definition
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Calculated by using collinear 
approximation method 

https://doi.org/10.1103/PhysRevD.61.093005


ggF & VBF H→WW*: CR definition
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ggF & VBF H→WW*： Results
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ggF: exp (b-jet ID, JER, Mis-id) and theory (jet multi, PS) comparable

VBF: (ME Matching, PS) + ETMiss

WW and top related uncertainties dominant



VBF H→WW*: Deep Neural Network (DNN)
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ggF & VBF H→WW*
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Cross sections in each STXS bins



VH H→WW*: Signal strength and significance
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VH H→WW*: Breakdown
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VH H→WW*: Same sign 2l channel
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VBF H→WW* Differential XS: Break down
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VBF H→WW* Differential XS
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VBF H→WW* Differential XS
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The parametrizations for cHW~B and 
cHu are found to be poorly described 
by a linear and a linear plus quadratic 
function of the Wilson coefficients for 
values beyond the sensitivity of the 
measurement, i.e., outside the limit 
ranges. This effect is due to a 
dependence of the fiducial selection 
efficiency on the EFT parameters for 
extreme values of these couplings
and not to a data unfolding bias. The 
associated bias was studied and its 
effect was assigned as an uncertainty to 
the EFT parametrization for those 
couplings. It was found to have 
negligible impact on the limits, i.e., 
about an order of magnitude smaller 
than the impact of systematic 
uncertainties assigned to the signal 
modeling



ggF H→WW* Differential XS：Tikhonov regularization 
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A Tikhonov regularization term is included in the likelihood as a penalty term： 

with x being the quantity for which the curvature should be regularized. For this analysis, the measured particle-

level signal strength, �� = ��
�

��
�,���, is chosen as the regularized quantity Eur. Phys. J. C 80, 942 (2020)

Sov. Math. Dokl. 5, 1035/1038 (1963)

 regularization parameter τ

The choice of a value for the regularization parameter τ is a trade-off between minimizing 
statistical fluctuations on the one hand, and the potential bias induced by adding an
artificial constraint to the measurement on the other.

https://doi.org/10.1140/epjc/s10052-020-8223-0
https://ci.nii.ac.jp/naid/10004315593/en/


ggF H→WW* Differential XS
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The uncertainties with the largest impact 
on the results include uncertainties related 
to jet and muon reconstruction.

Theory uncertainties associated with the 
top-quark and W W backgrounds, 

and with the difficulty of modelling V γ 
processes also play a leading role

data-driven background estimates for 
misidentified objects



ggF H→WW* Differential XS
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Tikhonov-regularized in-likelihood unfolding algorithm 
VS iterative Bayesian unfolding 
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Tikhonov-regularized in-likelihood unfolding iterative Bayesian unfolding



ggF H→WW* Differential XS
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