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Candidate event display for a Higgs boson produced 
through the VBF production mode.

Measurements of Gluon Fusion and Vector Boson Fusion Production of the Higgs Boson 
in 𝐻 → 𝑊𝑊∗ → 𝑒𝜈𝜇𝜈 Decays with the ATLAS Detector

Higgs Physics at the LHC
Measurements of the Higgs boson’s couplings to other particles probe for 
discrepancies with the Standard Model.
The coupling of the Higgs to W bosons has been studied here with data from 
proton-proton collisions at the Large Hadron Collider (LHC) collected with the 
ATLAS detector between 2015 and 2018.

Producing a Higgs
Higgs bosons can be produced in the gluon fusion (ggF) and vector boson fusion (VBF) channels.

Candidate event display for a Higgs boson produced 
through the ggF production mode.

Targeting Signal, Rejecting Background
Some common preselection is first applied to target Higgs 
decay to WW → 𝑒𝜈𝜇𝜈, and then events are separated by 
number of jets, since the main background contributions vary 
with jet multiplicity.
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Jet multiplicity distributions after 
applying preselection criteria.

1 Introduction

This Letter presents a measurement of the inclusive Higgs boson production cross-sections via gluon–
gluon fusion (ggF) and vector-boson fusion (VBF) through the decay H!WW⇤! e⌫µ⌫ using 36.1 fb�1

of proton–proton collisions at a centre-of-mass energy of 13 TeV recorded by the ATLAS detector. Higgs
boson couplings have been studied in this channel with Run-1 data by the ATLAS [1] and CMS [2] exper-
iments and recently with Run-2 data by the CMS experiment [3]. The H!WW⇤ decay channel has the
second-largest branching fraction and allowed the most precise Higgs boson cross-section measurements
in Run-1 [4]. The measured cross-section of the ggF production process probes the Higgs boson couplings
to gluons and heavy quarks, while the VBF process directly probes the couplings to W and Z bosons. The
leading-order diagrams for the ggF and VBF production processes are depicted in Figure 1.
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Figure 1: Diagrams for the leading production modes (ggF and VBF), where the VVH and qqH coupling vertices
are marked with shaded and empty circles, respectively. The V represents a W or Z vector boson.

2 ATLAS detector

ATLAS is a particle detector designed to achieve a nearly full coverage in solid angle1 [5, 6]. It
consists of an inner tracking detector surrounded by a thin superconducting solenoid, electromagnetic
and hadronic calorimeters, and a muon spectrometer incorporating three large superconducting air-core
toroidal magnets. The inner tracking detector (ID) is located in a 2 T magnetic field and is designed
to measure charged-particle trajectories up to a pseudorapidity of |⌘ | = 2.5. Surrounding the ID are
electromagnetic and hadronic calorimeters, which use liquid argon (LAr) and lead absorber for the
electromagnetic central and endcap calorimeters (|⌘ | < 3.2), copper absorber for the hadronic endcap
calorimeter (1.5 < |⌘ | < 3.2), and scintillator-tile active material with steel absorber for the central
(|⌘ | < 1.7) hadronic calorimeter. The solid angle coverage is extended to |⌘ | = 4.9 with forward
copper/LAr and tungsten/LAr calorimeter modules. The muon spectrometer comprises separate trigger
chambers within the range |⌘ | < 2.4 and high-precision tracking chambers within the range |⌘ | < 2.7,
measuring the deflection of muons in a magnetic field generated by the three superconducting toroidal
magnets. A two-level trigger system is used to select events [7].
1 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the

detector and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis
points upward. Cylindrical coordinates (r, �) are used in the transverse plane, � being the azimuthal angle around the z-
axis. The pseudorapidity is defined in terms of the polar angle ✓ as ⌘ = � ln tan(✓/2). The distance in (⌘,�) coordinates,
�R =

p
��2 + �⌘2, is also used to define cone sizes. Transverse momentum and energy are defined as pT = p sin ✓ and

ET = E sin ✓, respectively.
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a) ggF production b) VBF production

Further cuts that target typical Higgs production and decay 
characteristics are applied. For VBF Higgs production, a 
deep neural network is also used to separate signal from 
background. to produce signal regions enriched in ggF and 
VBF 𝐻 → 𝑊𝑊 → 𝑒𝜈𝜇𝜈 events.
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Cross-Sections
This data allows the combined ggF and VBF 
Higgs cross-sections to be measured, both 
inclusively and in kinematic bins. All 
measurements are compatible with the SM.

Conclusions
This is the first observation of 𝐻 → 𝑊𝑊 decay 
in the VBF channel, and provides precise 
measurements of Higgs cross-sections and 
couplings that will allow theories of physics 
beyond the Standard Model to be further 
constrained.

2D likelihood contours of 𝜎!"# " 𝐵$→&& and 
𝜎''# " 𝐵$→&&, compared to the SM prediction.

Best-fit values and uncertainties for cross-
sections measured in kinematic categories.


