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A measurement of off-shell Higgs boson production is performed in the H* — W W channel. The measurement
uses a proton—proton collision dataset with an integrated luminosity of 140 fb~! collected at a centre-of-mass

energy of 13TeV by the ATLAS detector at the Large Hadron Collider. Final states in which both W bosons
decay leptonically are targeted, and events are categorised based on the flavour of the final-state leptons, the
jet multiplicity, and the output of neural network-based classifiers. The data are found to be compatible with
the Standard Model expectation. An observed (expected) upper bound on the 95 % symmetric confidence level
interval is set on the rate of off-shell Higgs boson production at a value of 3.4 (4.4) times the Standard Model
prediction. These results are combined with the results from the measurement of on-shell Higgs boson production
in the same final states to obtain an observed (expected) upper bound at 95 % confidence level on the Higgs boson

total width of 13.1 (17.3) MeV.

1. Introduction

Since its discovery in the year 2012 by the ATLAS [1] and CMS [2]
Collaborations, the Higgs boson has been at the centre of a major cam-
paign of searches and measurements. These efforts aim to test the com-
patibility of the Higgs boson’s properties with the Standard Model (SM)
predictions. No significant discrepancies have been found to date, but
the current precision of the measurements leaves substantial room for
beyond-the-SM (BSM) effects for several parameters, for example the
total width of the Higgs boson, I'y;.

As I'y; represents the sum of the partial widths of the individual de-
cay modes of the Higgs, any modification caused by an additional BSM
interaction would impact its value. Values of the Higgs boson width ei-
ther above or below the SM prediction occur in various formulations of
BSM physics, including composite Higgs models [3], two-Higgs-doublet
models [4], and various scalar extensions of the SM [5]. Therefore, a
precise measurement of I';; may provide sensitivity to BSM physics.

In the SM, the Higgs boson width can be computed using the known
masses and couplings of all particles to which the Higgs boson decays,
which yields a value of 4.1 MeV with an associated uncertainty of
approximately 1% [6]. Due to the limited resolution of the ATLAS and
CMS detectors, a direct measurement of the width from the Higgs boson
mass peak [7,8] cannot reach the MeV-scale precision needed to probe
this quantity experimentally. However, this level of precision can be
achieved through an indirect method proposed in Refs. [9-11], which
uses Higgs boson decays to pairs of vector bosons V'V, where VV = WW
or ZZ. This method compares the rates of Higgs boson production

1 Authors are listed at the end of this paper.
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measured across two parts of the phase space distinguished by the
invariant mass of the vector boson pair, my,: when my,, is close to the
Higgs boson pole mass, my (on-shell regime), and when my,, is much
greater than that value (off-shell regime).? The rate of V'V production
mediated by an on-shell Higgs boson H depends on the Higgs boson’s
couplings to particles in its production and decay, gy.q(my) and
8decay(Mpy), as well as its total width, I'y. In contrast, the rate of V'V
production mediated by an off-shell Higgs boson H* is independent of
the total width but still depends on the couplings g,,04(5) and ggecay (),
where 3 represents the virtuality of the Higgs boson.

Deviations from the SM predictions for these rates can be expressed
in terms of the on-shell and off-shell signal strengths, o, en and
Hort-shell» as follows:

1
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whereky =Ty /F%M, and the other «s represent coupling strength mod-
ifiers with respect to the SM predictions, ; = g;/ giSM, where i = prod or
decay. Assuming that the coupling strength modifiers are the same for
. 5 ) _ . .
both regimes, R; = K off-shell / K oneshell = 1, the total Higgs boson width
can be extracted by taking the ratio of measured on-shell and off-shell

2 In this analysis the threshold between on-shell and off-shell production is
set to my;, = 140 GeV as defined in Ref. [6].
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Fig. 1. Example diagrams of leading-order gluon-induced W W production (ggF) (a) including and (b) not including a Higgs boson, and quark-induced Ww

production (EW) (c) including and (d) not including a Higgs boson.

signal strengths.® Experimentally, this method is feasible because off-
shell production in H* — V'V channels is enhanced for invariant masses
my, above 2my,, as the vector bosons themselves become on-shell. This
effect partially compensates the rapid decrease in the rate of Higgs bo-
son production that occurs away from its mass peak.

Evidence for off-shell Higgs boson production in the H* — Z Z chan-
nel has been reported by both the CMS and ATLAS Collaborations, us-
ing the full LHC Run 2 data set in the 4¢ and 2¢2v final states, where
¢ denotes an electron or muon. The ATLAS Collaboration published
an analysis employing neural simulation-based inference [14], yield-
ing I'yy =4.3*> MeV with a significance of 3.76. The CMS Collabora-
tion presented a significance of 3.8c, corresponding to a constraint of
Ty =3.079MeV [7,15]. Another strategy to measure Iy, which relies
on the measurement of the production of four top quarks, was recently
performed by the ATLAS Collaboration leading to an upper limit on I'y;
of 450 MeV [16]. The latest published results from the H* — W W chan-
nel are from 2015 [17] and 2016 [18], by the ATLAS and CMS Collab-
orations, respectively. The H* - WW channel provides an opportu-
nity for an independent measurement of off-shell Higgs boson produc-
tion and the Higgs boson width, and it offers a larger sample of events
than H* —» ZZ, reducing statistical limitations. Studying this channel
is also particularly relevant as BSM scenarios may affect H - WW and
H — ZZ differently. In particular, models that violate custodial symme-
try, including scalar extensions of the Standard Model (e.g., multi-Higgs
doublet models [19]), can introduce deviations between these channels,
making it essential to analyze both in order to fully probe new physics ef-
fects [20,21]. However, the H* — W W channel also carries additional
challenges: the fully-leptonic final state of the H* — W W channel has
substantially higher backgrounds than the H* — ZZ — 4¢ channel, and
selections on the mass of the vector bosons are less effective than in
both the H* - ZZ — 2¢/2v and H* — ZZ — 4¢ channels due to the
presence of neutrinos in both W decays.

This paper presents the first LHC Run 2 measurement of off-shell
Higgs boson production in the fully leptonic final state of the H* —
W W channel. It also provides the first standalone H* — W W interpre-

3 This assumption may be violated in some BSM theories, including the
Georgi-Machacek (GM) model [12] and particular Sigma models [13].

tation of I'y; by the ATLAS experiment. The analysis considers Higgs
boson production via gluon-gluon fusion (ggF), gg - H* - W W, and
electroweak (EW), q¢ — H* — WW jj, production modes. In the off-
shell regime, the interference of these processes with non-resonant back-
grounds that share the same initial and final states, gg — WW and qq —
W W jj respectively, is large. The full process in each production mode,
including the Higgs-mediated signal, the background, and the interfer-
ence terms, is referred to as gg — (H* )W W and qq » (H* -)WWjj,
respectively. Example Feynman diagrams for these processes are shown
in Fig. 1. Due to the predominantly destructive nature of the interference
in the phase space considered in this analysis, the presence of off-shell
Higgs boson production is characterized by a deficit in the number of
events relative to the background-only hypothesis.

The analysis considers both different-flavour (DF, H* - WW —
ev, uv,) and same-flavour (SF, H* - WW - ev,ev,, uv,uv, leptonic fi-
nal states, including cases where the W bosons decay via intermediate =
leptons, introducing one additional z-neutrino in the final state. Events
are categorized based on the decay mode (DF or SF) and the number
of jets, N; (0, 1, or >2), leading to six distinct analysis regions, each
with a dedicated event selection. A classification neural network (DNN)
is trained for each region to discriminate against non-interfering back-
grounds, and in each region events are divided into three categories
based on the DNN score. To enhance sensitivity to the interference ef-
fects, an additional variable, V3, is reconstructed in each of these cate-
gories. Defined as a combination of the dilepton invariant mass and the
transverse mass of the dilepton-plus-missing-energy system, V3, serves
as a proxy for the non-reconstructable true (“particle-level”) invariant
mass of the WW system, my, ;. A likelihood fit to this variable across
all regions and categories is performed to extract the off-shell Higgs bo-
son production signal strength. Finally, a combined fit of this off-shell
analysis with the corresponding on-shell measurement [22], using the
same final state and data-set, is used to constrain I'y.

2. ATLAS detector

The ATLAS experiment [23] at the LHC [24] is a multipurpose parti-
cle detector with a forward-backward symmetric cylindrical geometry



and a near 4x coverage in solid angle.* It consists of an inner tracking
detector (ID) surrounded by a thin superconducting solenoid providing a
2T axial magnetic field, electromagnetic and hadronic calorimeters, and
a muon spectrometer. The ID covers the pseudorapidity range || < 2.5.
It consists of silicon pixel, silicon microstrip, and transition radiation
tracking detectors. Lead/liquid-argon (LAr) sampling calorimeters pro-
vide electromagnetic (EM) energy measurements with high granularity
within the region || < 3.2. A steel/scintillator-tile hadronic calorime-
ter covers the central pseudorapidity range (|7 < 1.7). The endcap and
forward regions are instrumented with LAr calorimeters for EM and
hadronic energy measurements up to |7| = 4.9. The muon spectrometer
surrounds the calorimeters and is based on three large superconduct-
ing air-core toroidal magnets with eight coils each. The field integral of
the toroids ranges between 2.0 and 6.0 Tm across most of the detector.
The muon spectrometer includes a system of precision tracking cham-
bers up to || = 2.7 and fast detectors for triggering up to || = 2.4. The
luminosity is measured mainly by the LUCID-2 [25] detector, which is
located close to the beampipe. A two-level trigger system is used to se-
lect events [26]. The first-level trigger is implemented in hardware and
uses a subset of the detector information to accept events at a rate close
to 100 kHz. This is followed by a software-based trigger that reduces the
accepted rate of complete events to 1.25kHz on average depending on
the data-taking conditions. A software suite [27] is used in data simu-
lation, in the reconstruction and analysis of real and simulated data, in
detector operations, and in the trigger and data acquisition systems of
the experiment.

3. Data and simulated events
3.1. Data samples

This analysis uses proton-proton (pp) collision events collected at a
centre-of-mass energy of 13 TeV between the years 2015 and 2018, with
either a single-electron or single-muon trigger [28-30]. The transverse
momentum, pr, thresholds for both electron and muon triggers were
set to 26 GeV for the majority of Run 2, except the first year where the
thresholds were 24 and 20 GeV for electron and muon triggers, respec-
tively. Events are only selected for further analysis if they pass “good-for-
physics” quality criteria, meaning primarily that the relevant detector
components are in good operating condition (see Ref. [31] for an exact
definition). The total integrated luminosity of the collected dataset is
140 fb~! with an uncertainty of 0.83 % [25,32].

3.2. Simulated samples

This section describes the simulation of the pp collisions for all the
processes used in the analysis. For all processes containing a Higgs bo-
son, the mass of the Higgs boson was set to 125 GeV in the generation,
and samples were normalised to cross sections computed for a mass of
125.09 GeV [33].

The dominant ggF off-shell Higgs boson signal process (gg — H* —
WW, ggF S), the interfering gluon-induced background process (gg —
W W, ggF B), and the full process including interference (gg — (H* —)
WW, ggF SBI) were each generated at leading order (LO) in QCD with
up to one additional parton in the final state using SHERPA 2.2.2 [34]
and OPENLOOPS [35-38]. The ggF S, ggF B and ggF SBI processes were

4 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 upwards. Polar coordinates (r,¢) are used in
the transverse plane, ¢ being the azimuthal angle around the z-axis. The pseu-

dorapidity is defined in terms of the polar angle 6 as n = —Intan(6/2) and is
equal to the rapidity y = % In (%) in the relativistic limit. Angular distance is

measured in units of AR = 1/(An)? + (A¢)2.
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separately corrected to next-to-leading order (NLO) in QCD as a func-
tion of the generator-level my,;, according to the following steps. First,
NLO/LO corrections were derived at fixed order in QCD as a function of
my,y, using POWHEG BOX v2 [39-41] as in Ref. [42]. The corrections
generally decrease as a function of my,;,, amounting to around 100 %
at 200 GeV, and flattening out to around 50 % from 400 GeV onwards.
Second, these corrections were applied to LO MC samples generated
using MADGRAPHS5 [43] and showered using PYTHIA 8.2 [44]. Lastly,
the my,, spectrum of the SHERPA samples was reweighted to match
the corrected MADGRAPH5 spectrum. This method is necessary because
the fixed-order NLO/LO corrections derived with POWHEG Box v2 do
not apply fully to the merged SHERPA samples. The stepwise approach
preserves the per-event kinematic information of the SHERPA samples,
while correcting its my,, spectrum differentially to NLO. Two further
constant higher-order QCD corrections were applied to the above ggF
samples: a factor 1.2 next-to-NLO (NNLO)/NLO correction [45-47], and
a factor 1.1 next-to-NNLO (N3LO)/NNLO correction [48]. The former
was derived for the Higgs-mediated process, while the latter was de-
rived for a region of phase space where the on-shell component domi-
nates. Corrections that apply more closely to the phase space or samples
considered here are not available, so these corrections were applied uni-
formly for ggF S, ggF B and ggF SBI.

Following ggF, the next largest source of off-shell Higgs boson pro-
duction is through EW processes. These include vector boson fusion
(VBF) and the associated production of a vector boson and an off-shell
Higgs boson (V H*), with vector boson decays to quark anti-quark pairs.
Four samples were generated to model the EW contribution: the full
process including both the signal and its interfering background (¢q —
(H* ->)WW jj, EW SBI), a variant of this process with i, e @and the
Higgs boson width both scaled by a factor of 20 relative to the SM (EW
SBI20), the interfering background alone (qqg — W W jj, EW B), and the
signal process excluding the contribution from the 7-channel Higgs bo-
son diagram (¢qq —» H* - W W jj, EW S). Generating a complete signal-
only sample is not possible because some diagrams contributing to the
EW process lack an s-channel Higgs exchange, making it impossible to
apply the usual high transverse mass requirement to ensure the Higgs
boson is off-shell. Therefore, the EW S sample was used solely for train-
ing the neural network as described in Section 5. Combinations of the
EW SBI20, EW SBI and EW B samples allow the signal, background and
interference components to be accounted for in the full parameteriza-
tion of the event yield, which is further detailed in Section 8. For each
of these samples, the hard scattering process was generated by MAD-
GRAPHS5 at LO in QCD and EW and the NNPDF3.0NLO [49] set of parton
distribution functions (PDFs) was used. The parton shower, hadronisa-
tion and underlying event were modelled using PYTHIA 8.2 with the
dipole-recoil scheme and A14 set of tuned parameters (tune) [50]. NLO
corrections for the EW contributions exist [51], but they are calculated
for a different phase space to the one used in this analysis, and are there-
fore not used.

On-shell Higgs boson production in the H - WW* channel was
modelled for ggF, VBF, VH and tH. The small backgrounds due to
on-shell H — r7 decays were also modelled for the ggF, VBF and V H
production modes. In both cases, production via ggF was modelled at
NNLO in QCD using POWHEG NNLOPS [52] and normalised to N°LO
in QCD and NLO in EW [6]. Both VBF and V H modes were generated
with POWHEG Box v2 at NLO in QCD and normalised to NNLO QCD and
NLO EW [6,53,54]. The 7 H mode was modelled using the POWHEG BOX
v2 [52,55] generator at NLO and normalised to a cross section calculated
at NLO in QCD and NLO in EW accuracy [6]. The on-shell production
modes were interfaced to PYTHIA 8.212 (for ggF and V H) or PYTHIA
8.230 (for VBF and #7H) for parton showering and hadronisation, with
parameters set according to the AZNLO [56] (for ggF, VBF, and V H)
or Al4 (for 17H) tunes. The samples use the PDFALHC15yy o [571 (for
ggF, VBF, and V H) or NNPDF3.0y;  (for t7H) PDF sets.

Fully-leptonic diboson (WW, ZZ, WZ, and Vy*) and Vy pro-
cesses were generated with SHERPA 2.2.12 and 2.2.8 respectively, while



semi-leptonic final states for ZZ and W Z were generated with SHERPA
2.2.11. The samples are accurate at NLO in QCD for up to one jet and
LO in QCD for up to three jets. Loop induced gg — Z Z events including
the off-shell Higgs boson signal, background and interference were gen-
erated at LO in QCD with up to one additional parton emission using
SHERPA 2.2.2, for fully-leptonic and semi-leptonic final states. Tribo-
son (VVV) processes were modelled by SHERPA 2.2.2 using factorised
gauge-boson decays, and are accurate at NLO in QCD inclusively and
LO for up two additional jets.

Events containing a vector boson and jets (V +jets) were simulated
using SHERPA 2.2.11 (for ee and ppu final states) and SHERPA 2.2.14 (for
77 final states). The simulations are accurate at NLO in QCD for up to
two jets and LO in QCD for up to five jets and are calculated in the
five-flavour scheme using CoMix [58]. The samples were normalised to
cross sections computed at NNLO in QCD [59].

For all SHERPA samples, the matrix element calculations were
matched and merged with the SHERPA parton shower based on Catani-
Seymour dipole factorisation [58,60] using the MEPS@NLO prescrip-
tion [61-64] and the default tuning parameters. Virtual QCD NLO cor-
rections were provided by the OPENLOOPS library. The NNPDF3.0xyn1.0
set of PDFs was used, along with the dedicated set of tuned parton
shower parameters developed by the SHERPA authors. For WW and
V +jets samples, approximate NLO EW corrections were applied follow-
ing the additive approach [65].

Electroweak Z production in association with two jets (EW Z j) was
generated using Herwig 7.1.3 and Herwig 7.2.0 [66,67] for Z — ee/rt
and Z — uu, respectively. The simulation is accurate at NLO in QCD for
up to two additional parton emissions and uses the MMHT2014y; , [68]
set of PDFs.

Top quark pair production (¢#7) was simulated at NLO in QCD us-
ing POWHEG BOX v2, and the hg,p,, parameter® set to 1.5 times the
mass of the top quark [69]. The events were interfaced to PYTHIA 8.230
with the A14 set of tuning parameters and using the NNPDF2.3L0O set of
PDFs [70]. The shape of the ¢f background was corrected using a recur-
sive generator-level reweighting to NNLO QCD plus NLO electroweak
distributions, as described in Ref. [71]. This accounts for known mis-
modellings of some kinematic variables in the POWHEG BOX v2 #f sim-
ulation used here. The events were normalised to a cross section com-
puted at NNLO in QCD with NNLL corrections [72-78].

Single top quark production in the s-channel and associated pro-
duction of a top quark and W boson (W't) were generated at NLO in
QCD using POWHEG BOX v2 in the five-flavour scheme and using the
NNPDF3.0y; o set of PDFs [79]. Single top quark production in the #-
channel was generated at NLO in QCD using POWHEG BOX v2 in the
four-flavour scheme. The diagram removal scheme [80] was used to re-
move diagrams that are modelled in both the W and the 7f MC samples.
The events were normalised to a cross section computed at NLO in QCD
with NNLL soft-gluon corrections [81,82].

The response of the detector for the above MC samples was mod-
elled using a full simulation of the ATLAS detector [83] based on
GEANT 4 [84]. Pile-up effects from the same and nearby bunch-crossings
were modelled by overlaying minimum-bias hard-scatter events simu-
lated using the soft QCD processes of PYTHIA 8.1 [85] with the A3 set
of tuned parameters [86].

4. Object and event reconstruction

This analysis relies on selecting regions with enhanced purity in ggF
and EW off-shell H — W W* production based on the successful recon-
struction of collision vertices, electrons, muons, jets, and the missing

5 The hgamp Parameter is a resummation damping factor and one of the pa-
rameters that controls the matching of POWHEG matrix elements to the parton
shower and thus effectively regulates the high-p; radiation against which the 7
system recoils.
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transverse momentum. Additionally, identification of jets containing b-
hadrons (b-jets) is crucial to suppress top-quark-induced backgrounds.
The definitions of these objects in the off-shell analysis are aligned with
those of the on-shell H - W W™ analysis [22].

Vertices are reconstructed from tracks in the ID with transverse mo-
mentum pr > 500MeV, and events are required to have at least one
vertex with at least two associated tracks. The primary vertex is selected
as the vertex with the highest ) p%., where the sum is over all the tracks
associated with that vertex.

Electron candidates are reconstructed by matching energy clusters
in the EM calorimeter to well-reconstructed tracks that are extrapo-
lated to the calorimeter [87]. Electron candidates are required to sat-
isfy |n| < 2.47, excluding the transition region 1.37 < || < 1.52 between
the barrel and endcaps of the LAr calorimeter. Muon candidates are re-
constructed from a global fit matching tracks from the inner detector
and muon spectrometer [88]. They are required to satisfy |5| < 2.5. For
both types of leptons, several additional requirements are made to re-
ject particles misidentified as prompt leptons, including likelihood- and
selection based identification criteria for electrons and muons, respec-
tively. Electron candidates in events with less than two jets must sat-
isfy the Tight likelihood working point criteria (70 % efficiency), and
those in events with two jets or more must satisfy the Medium like-
lihood working point criteria (85 % efficiency) [89]. Muon candidates
must satisfy the Tight identification working point criteria (95 % effi-
ciency) [88]. The impact parameter requirements are |z, sin 6| < 0.5 mm
and |d,|/ 04y < 5 (3) for electrons (muons).® Lepton signatures are fur-
ther required to be isolated from additional energy deposits and tracks
in the event. The isolation requirement, defined using a multivariate
method based on a boosted decision tree classifier, corresponds to the
Tight working point of an improved algorithm relative to that used in
Ref. [90]. This updated approach combines isolation variables with life-
time information derived from tracks in a jet reconstructed from the lep-
ton’s inner detector tracks, helping to distinguish prompt leptons from
those originating in heavy-flavor decays. It achieves more than a factor
of two improvement in rejecting misidentified leptons, while maintain-
ing high efficiency for prompt leptons.

Jets are reconstructed using the anti-k, algorithm with a radius pa-
rameter of R = 0.4 and particle flow objects as inputs [91-93]. Their
four-momentum is corrected as explained in Ref. [94]. A jet-vertex-
tagger multivariate discriminant selection that reduces contamination
from pile-up [94] is applied to jets with 20 < pr < 60 GeV and || < 2.4;
for jets with |5| > 2.5, a dedicated forward discriminant [95,96] is used.
Jets are required to have pr > 20 GeV and |y| < 4.5, but for the separa-
tion of events into jet multiplicity regions only jets with p; > 30GeV
are counted. b-jets with p; > 20GeV and |y| < 2.5 are identified using
a neural-network discriminant called DL1r [97]. This lower p; require-
ment on the b-jets compared to jets is adopted to facilitate the definition
of a O-jet top control region. The working point that is adopted has an
average 85 % b-jet tagging efficiency for simulated ¢7 events. At the event
selection stage, events are removed if they do not pass the jet cleaning
criteria, which are designed to eliminate jets reconstructed from non-
collision background processes [98]. Finally, standard kinematic and
topological criteria are applied to the reconstructed leptons and jets to
resolve overlaps, following the procedure outlined in Ref. [22].

The missing transverse momentum 13“%“53, with magnitude E‘T“iss, is
calculated as the negative vector sum of the py of all the selected leptons
and jets, together with reconstructed tracks that are not associated with
these objects but are consistent with originating from the primary pp
collision vertex and are referred to as the track soft term [99]. Missing

6 The transverse impact parameter, d, is defined by the point of closest ap-
proach of the track to the beamline in the r — ¢ plane. The longitudinal impact
parameter, z,, is the longitudinal distance to the hard-scatter primary vertex
from this point. The uncertainty in the measurement of the transverse impact
parameter is denoted by o,, .



transverse momentum may also arise from the mismeasurement of the
momentum of leptons or jets. The E}“iss significance, S(E}“i“), is used to
mitigate this effect, and is calculated from the resolution of the physics
objects used in the E‘T“is’ reconstruction [99].

5. Event selection

A general preselection is first applied to all events for them to be
considered in this analysis. Events are required to contain exactly two
oppositely-charged leptons with p; > 15 GeV.” The leading lepton in the
event is required to have pr > 27 GeV and to be matched to the object
that triggered the event. In the SF channel, events are also required to
satisfy pf? > 40 GeV and S(EP'*) > 4, with p¢’ defined as the magnitude
of the transverse momentum of the di-lepton system.

The SF and DF channels are further split by jet multiplicity, separat-
ing events with 0, 1 and > 2 jets. Additional event selections are applied
in each of these jet multiplicity regions to define signal regions (SRs)
and control regions (CRs), which are further detailed in the following
sections.

5.1. Signal regions

The selections in the three DF SRs vary depending on the jet multi-
plicity. The invariant mass of the di-lepton system, m,,, is required to be
above 100 GeV, 80 GeV, and 70 GeV in the O-jet, 1-jet, and > 2-jets DF
SRs, respectively. In the 0-jet DF SR, events with 55 < m,, < 100 GeV
are still selected if they satisfy A¢ ) >2.0. The m,, requirements
both here and in the SF SRs ensure orthogonality with the on-shell
H — WW* analysis, which selects events with m,, < 55GeV in the 0
and 1-jet multiplicity regions, and m,, < 70 GeV in the 2-jet multiplic-
ity region [22]. Moreover, events in the 0-jet DF SR are required to
satisfy An . < 1.8, which cuts out a large proportion of gg — WW
background events. Events in the 1-jet DF SR are required to satisfy
A¢ ) > 1.8, which facilitates the definition of an orthogonal 1-jet
qq —» WW CR while retaining most off-shell Higgs boson events in the
SR. Events in all > 2-jet SRs and CRs are required to satisfy the central
jet veto (CJV) and outside lepton veto (OLV) requirements, which cap-
italize on the characteristic forward jets of the VBF process. The CJV
ensures that the event does not contain a third jet within the pseudora-
pidity gap spanned by the two leading jets, reducing backgrounds from
processes with QCD radiation, whereas the OLV requires that the lead-
ing leptons fall within this gap. Lastly, events in all SRs are required not
to contain b-jets.

In the O-jet and 1-jet SF SRs, m,, is required to be above 55GeV,
and in the 2-jet SF SR it is required to be above 70 GeV. In the O-jet
and 1-jet SF SRs, a selection of A¢, », > 1.8 is made, and this require-
ment ensures orthogonality with the on-shell H - WW* analysis [22].
Events in all SF SRs are required to contain no b-jets, and must sat-
isfy |m;, —91GeV| > 15GeV to reject background processes containing
Z bosons. The CJV and OLV are applied in the 2-jet SF SR. For a po-
tential future combination, the events in all three SF SRs must satisfy
AR ¢y > 1.8. This selection ensures orthogonality with the ZZ — ££vv
channel of the off-shell H* — Z Z analysis [14], where the two leptons
typically have a smaller angular separation as they originate from the
same vector boson, in contrast to the H* — W W channel.

5.2. Signal-background separation

DNN-based classifiers built with Tensorflow [100] are trained sep-
arately in each SR and are used to divide events into three DNN-score
categories per SR, where the division was chosen to optimise expected

7 For the purpose of vetoing additional leptons at the preselection level, the
identification and isolation criteria described in Section 4 are relaxed to the
Medium and FixedCutLoose working points, respectively, for both muons and
electrons.
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analysis sensitivity. These DNNs are trained to separate both the full pro-
cess (SBI) and the signal (S) from the non-interfering backgrounds listed
in Section 6. For each SR, a subset of the following variables is provided
as feature variables to the DNN: pr, 7, ¢, and m of the leading and sub-
leading lepton (7, and #,)® and jets (j, and j,); p-?f; (A7 05 1A )]s
[Ap o5 ARy 4y Mmpp; mp, the transverse mass, which is defined as

my = \J(BSC + BP0 = |57 + F12, where Eyp = /" > 402 5 my),
the invariant mass of the two leading jets; |Ay; |, computed from the
two leading jets; 1/ Hy, where Hyp is the sum of the scalar transverse mo-

menta of preselected leptons and jets in the event; ¢ mis; S(ERS); and
T

AR 1), where the ik combinations used are ¢y jj, £yj; and 7} jy. In the
0-jet SR, a combination of variables associated to the leptons, E"* and
event variables were chosen as DNN input variables. In the 1-jet and
2-jet SRs, permutation tests are used to select highly performing input
variables. All of the MC predictions of DNNs and their input variables
are consistent with data within the statistical and systematic uncertain-
ties across all CRs described in Section 5.3.

In the training of the DNN, a simulated sample of W + jets events is
used to model the contribution from misidentified lepton backgrounds.
The training targets are ggF S and ggF SBI in the 0-jet regions, EW S
and EW SBI in the 2-jet regions, and all of these contributions com-
bined in the 1-jet regions. For both ggF and EW, the SBI and S pro-
cesses are normalized equally in the SRs, ensuring that the model fo-
cuses also on S, which would otherwise contribute only minimally due
to its relatively small yield. The combined sum of weights of all targets
are scaled to equal the total sum of background weights in the training.
This reweighting balances the otherwise very imbalanced classes, which
aids in the training. Hyperparameter optimisations are performed sepa-
rately for each DNN to maximise a significance-based sensitivity metric.
A five-fold cross-validation® is used in the training and inference [101].

Due to the presence of destructive interference, the contributions to
the event yields from the signal and interference may partially or com-
pletely cancel out, depending on the specific region of the phase space.
However, they both contribute to the analysis sensitivity. As such, it
is paramount to find a discriminant achieving high separation between
signal and interference. The particle-level invariant mass of the WW
system, my,y,, provides such separation to some extent, but due to the
presence of the neutrinos in the final state, it is impossible to fully recon-
struct my,y,. Instead, this analysis uses a linear combination of m,, and
mr, V31 =03 -my, +1-mp, which provides a simple proxy for my, .
The coefficient 0.3 and 1 were determined to be optimal in their my, -
regression effectiveness by scanning for both a range of values between
0 and 1.

5.3. Control regions

The CRs are defined to estimate the normalisations of the leading
background processes, and reduce the effect of systematic uncertainties
by causing a partial cancellation of their impacts in the SRs. The selec-
tions that define all CRs are applied in addition to the DF pre-selection
requirements; 1-jet CRs are defined for the g¢g -~ WW and Z — rr pro-
cesses, and 0, 1 and > 2-jet CRs are defined for the top quark back-
grounds. For the Z — 77 and qqg - W W processes in SRs characterized
by other jet multiplicities, and for the Z — £¢ process in all SRs, no
corresponding CR is defined as the background-rich low DNN-score cat-
egories in the SRs provide sufficient constraining power.

8 The lepton masses are not included.

9 For each task, five independent DNNs are trained using a five-fold cross-
validation strategy. The simulated events are split into five equal subsets; each
DNN is trained on three, validated on one, and tested on the remaining subset.
The roles of the subsets are rotated to ensure statistical independence between
training, validation, and testing. Only the inference on the test subset, unused
during training or validation, is used in the analysis



The g¢ > WW CR is required to contain no b-jets and to have
my, above 80 GeV. Events are also required to satisfy A¢ ) < 1.8 as
the g¢ — WW background exhibits a more uniform distribution com-
pared to the ggF S process as a function of A¢, 4, and |m,, —91GeV| >
25GeV, where m_, represents the assumed mass of the zz system com-
puted from the light leptons and ﬁ'T"i“ under the collinear approxima-
tion.!? Events for which this approximation yields no physical solution
are also vetoed. The purity of g¢ — WW events in this CR is estimated
to be 28 % using simulations.

The top quark CRs constrain the normalisation of the /f and W't back-
grounds. Events in the O-jet and 1-jet (>2-jet) CRs are required to have
my, above 100 GeV (70 GeV). In the O-jet CR, there must be one b-jet
with 20 < pr < 30GeV, and in the 1-jet and 2-jet CRs there must be ex-
actly one b-jet with pr > 30 GeV. Events in the 0-jet CR are required to
satisfy An ) < 1.8, and events in the 1-jet CR are required to satisfy
A¢s 4, > 1.8. The 2-jet CR requires events to satisfy the CJV and OLV.
The purity of top quark events is 93 % in the O-jet top quark CR and 98 %
in both the 1- and 2-jet top quark CRs as estimated using simulations.

Events in the Z — 77 CR are required to satisfy m,, < 80 GeV and
not to contain any b-jets. Events in this CR are also required to have m_,
larger than 66 GeV. The purity of Z — 7 events in this CR is estimated
to be 88 % using simulations.

6. Background estimation

This analysis is subject to two types of backgrounds: those that inter-
fere with the signal and those that do not. The former were introduced
in Section 1, while the latter include events from qqg — W W processes,
top-quark-induced backgrounds (17 and W), Z — ¢¢ and Z — rr de-
cays, VVV events, WZ events, Vy* events, a tiny contribution from
on-shell Higgs boson processes including W H — #vqq¢v, and events in-
volving misidentified leptons. The normalisations of the g¢g - W W, top-
quark-induced, Z — rr, and Z — #¢ backgrounds are estimated and
constrained using data from the relevant CRs, described in Section 5,
or low DNN-score categories in the SRs. Other background normalisa-
tions are derived from simulation except for the misidentified lepton
background, which requires a dedicated data-driven approach.

The misidentified lepton background arises mainly from W +jets
events, where jets are incorrectly identified as prompt leptons. The
probability of such misidentification is small, but the large cross sec-
tion of the W +jets process compared to that of the signal means that
this background must still be taken into account. The normalisation
and shape of this background are estimated using the data-driven fake-
factor method [103], since it is not well modelled in simulation. This
method uses an orthogonal misidentified-lepton-enriched control re-
gion, in which all nominal selections are applied except that at least one
lepton candidate fails nominal lepton identification and isolation criteria
but instead passes a looser set of criteria. The measured misidentified
lepton background is estimated by subtracting the contribution from
prompt background processes from data in the misidentified-lepton-
enriched control region, and extrapolating to the SR using fake factors.
These fake factors are evaluated as a function of p; and || in a region
dominated by Z +jets events. The derivation of the fake factors is de-
scribed in more detail in Ref. [22], in the context of the on-shell analysis.

7. Systematic uncertainties

The sensitivity of the analysis is impacted by several sources of sys-
tematic uncertainty that are related to the theoretical description of the
simulated samples and the experimental uncertainties originating from
the detector response.

Each analysis object defined in Section 4 has associated experimen-
tal uncertainties that are applied to the objects in MC simulations. For

10 The collinear approximation for m_, assumes the neutrinos travel in the same
direction as the visible = decay products, as detailed in Ref. [102].

Physics Letters B 870 (2025) 139898

leptons, the uncertainties are related to the trigger, reconstruction, iden-
tification, and isolation selection efficiencies as well as the energy (or
momentum) scale and resolution. For jets, uncertainties arise from the
jet energy scale and resolution, the jet-vertex tagger performance, and
the b-jet identification. Another source of uncertainty originates from
the impact of the computation of the track soft term in the reconstruc-
tion of [3"{““. The uncertainty in the modelling of pile-up for simulated
samples is estimated by varying the reweighting to the profile in data
within its uncertainties. The uncertainty in the combined integrated lu-
minosity is 0.83% [32], obtained using the LUCID-2 detector [25] for
the primary luminosity measurements.

The uncertainties in the misidentified lepton estimate, described in
Section 6, have three main components: the statistical uncertainty in ex-
trapolation factors derived in dedicated misidentified-lepton-enriched
regions, the uncertainty from subtracting the simulated prompt lep-
ton component, and the sample composition uncertainty detailed in
Ref. [22]. The relative size of the uncertainty on the fake extrapolation
factor depends on the lepton flavour and its momentum, and ranges
roughly between 10 % and 70 %.

For all signal and major background processes, theory uncertainties
related to the variation of the nominal choice of PDF, the QCD renor-
malisation and factorisation scales, and the strong coupling constant «;
are evaluated. For ggF B, ggF SBI, and ggF S, these uncertainties are
derived on the NLO fixed-order prediction used to obtain the k-factors
discussed in Section 3.2 and are correlated across all three samples.

For processes generated with SHERPA, uncertainties are evaluated
in the choice of the matching scale between matrix element calculation
and parton shower (CKKW [61]), the modelling of parton shower effects
that include variation of the resummation scale (QSF), and the choice of
parton shower recoil scheme (CSSKIN [60,62]). All three uncertainties
are derived using particle-level samples.

Uncertainties in the parton shower simulation of EW SBI, EW SBI20,
and EW B are estimated by comparing the expected yield from the cor-
responding simulated samples with that from alternative samples where
the parton shower is simulated with HERWIG instead of PYTHIA. In ad-
dition, these samples include uncertainties in the modelling of the hard
emissions and variations of the showering scale controlling the amount
of radiation in both the initial and final states. Since these processes
are only simulated at LO, an additional conservative constant 25 % un-
certainty is applied to cover both electroweak and QCD NLO correc-
tions [51].'! A constant 20 % uncertainty is used for the remaining small
contributions of on-shell ggF and VBF H — WW* and a 50 % uncer-
tainty for other minor Higgs boson production and decay modes.

For processes including top quarks, the NLO matching scheme uncer-
tainty is applied and a comparison with the alternative generator HER-
WIG is used to cover differences in the showering and hadronisation
schemes. In addition, uncertainties related to the modelling of initial-
and final-state radiation are represented by varying scale, resumma-
tion, and showering parameters. The ordering choice in the 3D recursive
reweighting is considered as an additional source of uncertainty for the
tf process. For the W process, uncertainties related to the choice of
Rdamp scale [104] and diagram removal schemes [80] are applied.

The non-interfering single and diboson background SHERPA samples
are affected by an uncertainty in the combination of the NLO QCD with
NLO EW virtual approximate correction. An additional generator com-
parison uncertainty is assigned to cover an observed p;f shape mismod-
elling in the SHERPA 2.2.11/14 Z+jets processes [105]. For triboson
processes, a constant 12 % theory uncertainty is used.

The systematic uncertainties alter the total number of expected
events (normalisation) and shape of the V3, distributions. To remove

11 The k-factors in the paper provided are derived differentially and inclusively
in a phase space that is not identical to the measured phase space in this anal-
ysis. Therefore, the size of the uncertainty was chosen as the largest correction
provided in Ref. [51].
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Fig. 2. Summary of the post-fit V5, distributions in the high DNN-score category of the SRs. The top panel shows the event yield divided by the bin width in each of
the measured categories for both measured data (dots) and expected post-fit predictions (histograms). Overflow is included in the last bin of each distribution. The
bottom panel shows the ratio of the data to the post-fit expected predictions. The sum in quadrature of statistical and systematic post-fit uncertainties are depicted by
a grey band. Two alternative hypotheses are included, where the nuisance parameters are fixed to their best-fit values, 6, and the value of the parameter of interest
Hopr-shen = 0 (solid line) and pyp gen = 3.4 (dashed line). The former represents the null hypothesis whereas the latter represents the upper bound of the symmetric

95 % CL interval of pg;_gen-

Table 1

Breakdown of the observed impact of sources of
uncertainties on the value of yi.s.g.; at 68 % con-
fidence level where ¢ P 1. The values in the
right column represent the relative difference in
quadrature between the best-fit u .. and the
Horr-shen from a fit where a set of nuisance param-
eters (6,) are fixed to their best-fit values é,-.

Statistical uncertainty 52%
MC stat. uncertainty 15%
Theory uncertainty 39%
- Theory background 22%
- Theory signal 34%
Experimental uncertainty 25%
- Jets 19%
- Leptons 5.3%
- Others 6.8%
- Misidentified leptons 3.1%
Background normalisation 7.6%

negligible contributions and improve the stability of the fit, the sys-
tematics uncertainties are pruned, smoothed, and symmetrised. For the
shape component of the uncertainties, only the theory uncertainties
affecting Z —» ¢¢, Z — 7z, ggF S, B, and SBI, as well as EW B, SBI,
and SBI20 are retained, while all other shape uncertainties (from other
sources or for other samples) are removed.

The systematic uncertainties described in this section are related to
the off-shell signal strength measurement. When translating the signal
strength in terms of the Higgs boson width, by combining with the on-
shell results as described in Section 9, several systematic uncertainties
(partially) cancel.

8. Statistical inference

To quantify the strength of the signal in the statistical model, the
parameter of interest, u, is measured in this analysis using the profile

log-likelihood ratio [106] as test statistic:

A, )

A

Aluys Hos 9)
A@, Ay 11y, 6)
for cases with two parameters of interest, 4, and u,. Here, 1 denotes the
binned likelihood function, defined as the product of Poisson probability
terms over all bins of V3, in the signal regions (SRs) and single-bin con-
trol regions (CRs) considered in the analysis, as introduced in Section 5.
The likelihood function depends on the parameter(s) of interest and a
set of nuisance parameters (NPs), 6, which account for systematic un-
certainties discussed in Section 7. The maximum likelihood estimates of
the parameters are denoted by /i (equivalently 4, and 4,) and 4, while

0 represents the values of the nuisance parameters that maximize the
likelihood function for a given u (or equivalently x4, and u,).

The full ggF signal template, referred to as vggF(yffng_ e ) for a
given hypothesis pg¢r. e can be computed for each bin of the input

distributions using the following parameterisation:

pin = 210

t, =—=2In which generalizes to ¢

u

ggF  ggF _ ,88F . ,88F ggF
VES Wt -shetr @) = Hogtoshenn s @)+ V Hogp et
ggF oy ggF py  ggF ggF

("531(0) nE(0) - nt (9))+nB )

_(,8F _ oF .8k ggk . ,28F

_<”off-shen \/”off-shen> g O) + \ Hopp_gpenr * M1 0

_ ggF . ,8eF
+ (1 V 'uoff-shell> ng (0),

where nggp, nigF and n‘g‘f; represent the corresponding expected yields

of the ggF S, ggF B, and ggF SBI processes, respectively. The interplay
between signal and destructive interference leads to a non-monotonic
total event yield as a function of ¢ gei- This can cause double minima
in likelihood scans, a degeneracy that is lifted in part or fully by the
information contained in the shape of the fitted V;; distributions. The
definition of an off-shell signal-only template for the EW process is com-
plicated by the presence of non-removable on-shell Higgs contributions
as discussed in Section 3.2. Instead, the EW parameterisation uses ngw
and two ng]\;; samples with M(];:t“Nf»shell scaled to 1 and 20 respectively. A
detailed description of this parametrisation can be found in Table 1 of
Ref. [14], where it was used in the H — Z Z channel.
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All experimental uncertainties, including those from misidentified
leptons, are correlated across all measured analysis regions and cat-
egories. Theory uncertainties in ggF S, B, and SBI and separately in
EW B, SBI, and SBI20 are also correlated across all analysis regions
and categories whereas uncertainties in the non-interfering background
are only correlated across lepton flavour channels but not across jet
multiplicities. The exceptions are Vy, diboson processes (not including
qq — WW), and triboson processes which are also not correlated across
lepton flavours due to the differences in the origin of the leptons in the
final state across these channels.

The likelihood can be parameterised as a function of a single off-shell
signal-strength parameter ¢ that is applied to both Higgs boson
production modes (ggF and EW), but alternatively two signal strength
parameters for the ggF and EW process can be fully decorrelated and
used separately: ’uiff»shell and pEY .

The pyp.gnen Measurement is combined with the measurement of
Honshen from Ref. [22] in a joint likelihood function. The result can
be interpreted in terms of the width of the Higgs boson normalised
to its SM expectation (o¢s shein/Hon-shet = L /Tt = k) or as the ra-
tio of coupling modifiers in the off-shell and on-shell regimes (R,, =
K;, off»shell/Ké, on-shell) and Ryy = K\%, off-shell/K\zf, on-shell)' The KH interpre-
tation assumes that the off- and on-shell coupling modifiers are the same
for both ggF and EW production modes, while the R,, and Ry, inter-
pretations assume that the total width of the Higgs boson is equal to its
SM prediction.

In the combination, nuisance parameters representing uncertainties
from experimental sources and theory predictions in non-interfering

backgrounds in the on- and off-shell analyses are correlated. The theory
uncertainties in the interfering backgrounds are not correlated across
the on- and off-shell phase spaces, as this would imply also correlating
them with the uncertainties in the off-shell signal. The small contribu-
tion of on-shell signal in the off-shell analysis was correlated with the
signal in the on-shell analysis. An extra selection is made in the on-shell
qq - WW CRatm,, < 80GeV in the combination. This requirement re-
moves the overlap between the g¢ — W W CRs in the 1-jet phase space
of both analyses. Moreover, the Z — 77 CR fully overlaps with the cor-
responding CR of the on-shell analysis. In the combination, an extra se-
lection is therefore applied to the off-shell CR which requires 60 < pf <

120 GeV, where pll is defined as | AR FT“i55|. This fully aligns the CR
definitions, creating a single CR that is shared between the two analyses.

9. Results

Using the likelihood function described in Section 8, a combined fit is
performed on all analysis regions and categories. Fig. 2 shows the post-
fit distributions for the V5, observable in the high DNN-score category of
all signal regions.'? Two alternate hypotheses are shown in the ratio pad
at the bottom, representing the expected signal yield at y¢.ghen = 0 and
Hortshell = 3-4, where it crosses the 95 % upper bound of the symmetric
CL interval. In some bins both hypotheses vary in the same direction
(up or down), reflecting the nonlinear parametrisation of the signal.
The most sensitive regions are the 0-jet multiplicity regions due to the
large event yields, followed by the 2-jet multiplicity regions due to their
relatively high signal purities.

The values of the profile likelihood ratio as a function of yg¢. e are
shown in Fig. 3(a), both for the expected and for the observed results.
Both of these also include the result with systematic uncertainties fixed
to their best-fit values from a statistics-only fit, and the result where they
are allowed to vary. The difference between the observed and expected
values of the signal strength parameter y ;o1 €an be understood from
degeneracies caused by the non-trivial (quadratic) dependence of the
event yield as a function on ¢ ¢;- The quadratic dependence of sig-
nal and interference yields on ji¢.q,e in the presence of over- or un-
derfluctuations causes the distribution of the test statistic to depart
from the asymptotic y? distribution predicted by Wilks’ theorem [107].
Therefore, the confidence intervals on p;; g, are constructed using the

12 The binning optimisation of ¥, is mostly driven by the requirement to have
more than 1 and 10 signal and non-interfering background events per bin, re-
spectively, and a relative statistical uncertainty below 20 % in each bin. In ad-
dition, the width of each bin is required to be above 10 GeV, and the maximum
number of bins is imposed not to be larger than 20 in the high DNN-score cat-
egories to reduce the complexity of the fit. These criteria were varied to study
the robustness of the binning and a minimal impact on the results was found.



Neyman construction [108]. These intervals are derived from the distri-
bution of the profile likelihood ratio, evaluated for different values of
the parameter of interest. The distribution is obtained through simulated
pseudo-experiments, where event yields in each bin are sampled from
the probability density function with nuisance parameters fixed to their
best-fit values from data. The measurement yields observed (expected)
central values and 68 % confidence level (CL) uncertainties on the sig-
nal strength of popr_ ey = 0.3705(1.0730). The observed (expected) upper
bound on the measurement at 95% CL on st gen i 3.4 (4.4). Table 7
shows the observed impact of groups of systematic uncertainties for the
value of pyspghen at = 1 following the procedure described in Ta-
ble 5 of Ref. [109]. The leading uncertainty is driven by the statistical
precision of the available dataset, followed by theory and experimental
uncertainties. In the ps; o fit, all estimated background normalisa-
tions are compatible with the SM predictions within 95 % CL.

To probe the two off-shell signal strength parameters for the ggF
and EW production modes, Fig. 3(b) shows the values of the profile
likelihood ratio as a function of both ﬂfff_ e and uEY . The best-
fit values for the parameters are observed (expected) to be yﬁff hell =

+1.3 +2.5 EW — +3.4 +2.9
0275 (LOTy ) and pger oy = 047575 (10T ).

Higgs boson width measurement

As described in Section 8, the combination of this analysis with the
on-shell H - WW* analysis [22] allows for an interpretation in terms
of the Higgs width normalized to its SM value, kj;, or alternatively the
ratio of the Higgs to gg and V'V couplings squared in the on- and off-shell
regimes, R,, and Ry . The resulting values of the test statistic ¢, are
shown in Fig. 4 as a function of k. Using ISM = 4.1 MeV, the observed
(expected) value for ', is 0.9:}3 (4.11“2:; MeV) and the observed (ex-
pected) upper bound at 95 % confidence level on I';; is 13.1 (17.3) MeV.
The interpretation in terms of Ry, yields an observed (expected) value
of 0.6, (1.0*]7), while the R,, interpretation is not sufficiently sen-
sitive to set upper bounds at 68 % as the likelihood function rapidly
flattens. In all interpretations, the estimated background normalisations
are compatible with those from the ¢ o fit within 68 % CL.

10. Conclusion

This Letter describes an analysis of off-shell production of Higgs
bosons in the H - WW* channel, using leptonic final states and per-
formed on the \/E = 13TeV pp collision data-set collected with the AT-
LAS detector during Run 2 of the LHC. No significant deviation from the
Standard Model expectation is observed. The data are used to constrain
the signal strength for off-shell Higgs boson production, yielding an ob-
served (expected) measurement of ¢ ooy at 0.3fg:2 ¢! .Offf)) with an up-
per bound of 3.4 (4.4) at 95 % CL. This is a significant improvement over
the ATLAS LHC Run 1 measurement of iy _g,op in the H - WW* chan-
nel, which found an observed (expected) upper limit of 17.2 (21.3) at
95% CL [17].

This analysis is combined with a measurement of on-shell Higgs bo-
son production in the H - WW?* channel, and the results of the com-
bination are interpreted as a constraint on the Higgs boson total width.
Under the assumption that the off- and on-shell coupling modifiers are
the same for both ggF and EW production modes, the observed (ex-
pected) value for I'y; is 0.9:3):3 (4.1f§:§) MeV, where the Standard Model
predicts a value of 4.1 MeV [6]. An observed (expected) upper bound
at 95 % confidence level on the Higgs boson total width is measured at
13.1 (17.3)MeV.
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