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Figure 7. Distributions of relevant quantities for the 3` analyses using the 8 TeV data sample:

(a) “BDT Score” in the 3`-3SF and (b) in the 3`-1SFOS SRs, and (c) the angular separation

in R of the two opposite-sign leptons with smaller ∆R distance, ∆R`0`1 , in the 3`-0SFOS SR.

The distributions are shown with all the selections applied except for the one on the displayed

variable. Data (points) are compared to the background plus the V H(H→WW ∗) (mH=125 GeV)

signal expectation (stacked filled histograms), where the background components are normalised

by applying the normalisation factors shown in table 7. The hatched area on the histogram

represents the total uncertainty on the background estimate including the statistical and systematic

uncertainties added in quadrature.
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Figure 8. Distributions of relevant quantities for the 2` analyses using the 8 TeV data sample: (a)

transverse mass mT in the 2`-DFOS SR, the smallest azimuthal opening angle between a lepton

and a jet, φmin
`ij

, (b) in the 2`-SS1jet and (c) 2`-SS2jet SRs. The distributions are shown with all the

selections applied except for the one on the displayed variable. Data (points) are compared to the

background plus the V H(H→WW ∗) (mH=125 GeV) signal expectation (stacked filled histograms),

where the background components are normalised by applying the normalisation factors shown in

table 7. The hatched area on the histogram represents the total uncertainty on the background

estimate including the statistical and systematic uncertainties added in quadrature.

8.2 Statistical method

The signal extraction is performed using the profile likelihood ratio method [78], which

consists of maximising a binned likelihood function L(µ,θ | n). The likelihood is the prod-

uct of Poisson distributions for each SR and CR. The mean values of the distributions are

the sum of the expected yields of signal and background. The symbol n represents the ob-

served events in each SR and CR. The signal and background expectations are functions of

the signal-strength parameter, µ, and a set of nuisance parameters, θ. The signal strength

µ multiplies the SM predicted signal event yield in all categories, while background nor-

malisation factors, included as nuisance parameters, represent corrections for background

sources normalised to data. Signal and background predictions are affected by systematic
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uncertainties that are described by nuisance parameters. The normalisation factors are

left free in the fit, while the constraints on the systematic uncertainties are chosen to be

log-normal distributions.

The test statistic qµ is defined as

qµ = −2ln
L(µ, θ̂µ)

Lmax
= −2lnΛ. (8.1)

The symbol θ̂µ indicates the nuisance parameter values at the maximum of the likelihood

function for a given µ. The denominator is the maximum value of L obtained with both µ

and θ floating. When the denominator is maximised, µ takes the value of µ̂. The p0 value

is computed for the test statistic q0 evaluated at µ = 0 in eq. (8.1), and is defined to be the

probability to obtain a value of q0 larger than the observed value under the background-

only hypothesis. There are no bounds on µ̂, although q0 is defined to be negative if µ̂ ≤ 0.

The equivalent formulation, expressed in terms of the number of standard deviations σ, is

referred to as the local significance Z0. The signal acceptance for all production modes and

decays are computed assuming mH = 125.36 GeV, which is the mass measured in H → γγ

and H → 4` decays by ATLAS [79]. The acceptance for this mass is obtained interpolating

between the values computed at mH = 125 and 130 GeV.

8.3 Characterisation of the excess and V H signal region splitting

Table 13 shows the expected sensitivity to the SM Higgs boson with mass mH =

125.36 GeV, the observed signal significance Z0 for H→WW ∗ decays and the measured µ

value using the categories described in section 5. The 3`-3SF and 3`-1SFOS SRs are fur-

ther split in the likelihood function according to the value of the “BDT Score”, while the

3`-0SFOS SR is split into intervals of ∆R`0,`1 , as discussed in section 5.2.2. The intervals

are shown in figures 7(a)–7(c). Each of the 2`-SS2jet and 2`-SS1jet SRs is further split into

four sub-categories according to the flavour of the leading and sub-leading leptons. For the

2`-DFOS a single SR is considered. The numbers in table 13 are computed by adding the

contributions from the ggF and VBF production to the signal component, and the relative

strengths of V H, ggF and VBF production are fixed to the SM values and constrained

with their theoretical uncertainties.

8.4 Signal significance extraction and determination of signal strengths

The V H-targeted categories are then combined with the categories of the ggF and VBF

analysis using H → WW ∗ → `ν`ν decays described in ref. [22]. The combination is

again performed by building a likelihood function that includes the SRs and CRs of the

ggF, VBF and V H analyses. The experimental and theoretical uncertainties affecting

the same sources are correlated among different production modes. The µ values for each

production mode (µggF, µVBF, µV H) are correlated in all categories and fitted together while

the background NFs are uncorrelated among the different analyses as they cover different

phase-space regions. Therefore, when extracting µV H , µWH and µZH , the ggF and VBF

productions are treated as background and their yields determined by the global fit.
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Signal significance Z0

Category Exp. Obs. Obs.

Z0 Z0 Z0

4` 0.41 1.9

2SFOS 0.19 0

1SFOS 0.36 2.5

3` 0.79 0.66

1SFOS and 3SF 0.41 0

0SFOS 0.68 1.2

2` 0.59 2.1

DFOS 0.54 1.2

SS2jet 0.17 1.4

SS1jet 0.27 2.3

0 1 2 3

Observed signal strength µ

µ Tot. err. Syst. err. µ

+ − + −

4.9 4.6 3.1 1.1 0.40

−5.9 6.8 4.1 0.33 0.72

9.6 8.1 5.4 2.1 0.64

0.72 1.3 1.1 0.40 0.29

−2.9 2.7 2.1 1.2 0.92

1.7 1.9 1.4 0.51 0.29

3.7 1.9 1.5 1.1 1.1

2.2 2.0 1.9 1.0 1.1

7.6 6.0 5.4 3.2 3.2

8.4 4.3 3.8 2.3 2.0

-10 -8 -6 -4 -2 0 2 4 6 8 10 12 14 16

Table 13. The signal significance Z0, and the H→WW ∗ signal strength µ evaluated in the signal

regions, combining the 8 TeV and 7 TeV data. The expected (exp.) and observed (obs.) values

are shown. The two plots represent the observed significance and the observed µ. In the µ plot

the statistical uncertainty (stat.) is represented by the thick line, the total uncertainty (tot.) by

the thin line. The first entry in each group (in red) indicates the combination of more than one

category. All values are computed for a Higgs boson mass of 125.36 GeV.

The fit results for the µ values for the WH, ZH and V H production are:

µWH = 2.1+1.5
−1.3 (stat.)+1.2

−0.8 (sys.), µZH = 5.1+3.8
−3.0 (stat.)+1.9

−0.9 (sys.),

µV H = 3.0+1.3
−1.1 (stat.)+1.0

−0.7 (sys.).

The uncertainties on the µV H value are shown in table 14 (see section 7 for their

description). The derivative of µV H with mH has been evaluated to be -5.8 %/GeV at

mH = 125.36 GeV.

Figure 9 shows the value of the test statistic as a function of µWH and µZH ; as shown,

the correlation between the two parameters is weak.

Table 15 summarises the signal strengths for each production mode and their com-

bination at a value of mH = 125.36 GeV, together with the observed and the expected

Z0. The combined signal strength is µ = 1.16+0.16
−0.15(stat.)+0.18

−0.15(sys.), and the significance

of the excess respect to the background only hypothesis is 6.5 σ, while the expected sig-

nificance in the presence of a Higgs boson decaying to WW ∗ is 5.9 σ. Figure 10 shows

the value of the test statistic as a function of the signal strength of each production mode

(µggF, µVBF, µV H) and as a function of the combined signal strength µHWW .

The obtained values are all compatible with the SM expectation within 1.4 standard

deviations. Figures 11(a) and 11(b) show the two-dimensional dependence of the likelihood

on µV H and µggF, and on µV H and µVBF. The µ values not displayed are kept as free

unconstrained parameters in the fit. The correlation between the parameters shown in

figure 11 is small. The central values obtained for µggF and µVBF are slightly different

from those reported in ref. [22]. The shift represents a few percent of the quoted errors

and is pulled up by the presence of a small contamination by V H(H→WW ∗) events in

the 1-jet and 2-jets categories of the ggF and VBF analysis.
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Uncertainties on the signal strength µV H (%)

Signal theoretical uncertainties ∆µV H/µV H
+ -

V H acceptance 11 7

Higgs boson branching fraction 7 4

QCD scale 1.6 0.7

PDF and αS 3.2 1.5

V H NLO EW corrections 2.5 1.2

Background theoretical uncertainties

QCD scale 10 9

PDF and αS 2.3 2.0

V V V K-factor 3.0 3.0

MC modelling 7.5 6.9

Experimental uncertainties

Jet 14 9

Emiss
T soft term 3.4 2.3

Electron 4.8 2.9

Muon 4.8 3.2

Trigger efficiency 1.7 0.9

b-tagging efficiency 4.7 3.2

Fake factor 14 12

Charge mis-assignment 1.1 1.0

Photon conversion rate 0.8 0.7

Pile-up 3.0 1.9

Luminosity 5.4 3.3

MC statistics 8 8

CR statistics 18 15

ggF SR statistics 5.5 4.4

VBF SR statistics 1.9 1.5

ggF+VBF CR statistics 10 9

Table 14. Percentage theoretical and experimental uncertainties on the observed V H signal

strength µV H . The contributions from signal-related and background-related theoretical uncer-

tainties are specified. The “VH acceptance” is evaluated using both the qq → (W/Z)H and the

gg → ZH production. The statistical uncertainty due to the ggF and VBF subtraction measured

in the categories of the ggF and VBF analysis are indicated with “ggF SR statistics” and “VBF

SR statistics”, for the contribution from the signal regions, and “ggF+VBF CR statistics” for the

contribution from the control regions. The row “MC statistics” shows the uncertainty due to the

statistics of the simulated samples. The values are obtained from the combination of the 8 TeV and

7 TeV data samples.
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Figure 9. The value of the test statistic as a function of µWH and µZH , for mH = 125.36 GeV.

The contours correspond to the values of (µWH , µZH) associated with the 68%, 90% and 95%

confidence levels. The black cross indicates the best fit to the data and the open circle represents

the SM expectation (µWH , µZH)=(1,1).

Signal significance Z0

Category Exp. Obs. Obs.

Z0 Z0 Z0

ggF 4.4 4.2

VBF 2.6 3.2

V H 0.93 2.5

WH only 0.77 1.4

ZH only 0.30 2.0

ggF+VBF+V H 5.9 6.5

0 1 2 3 4 5 6 7

Observed signal strength µ

µ Tot. err. Syst. err. µ

+ − + −

0.98 0.29 0.26 0.22 0.18

1.28 0.55 0.47 0.32 0.25

3.0 1.6 1.3 0.95 0.65

2.1 1.9 1.6 1.2 0.79

5.1 4.3 3.1 1.9 0.89

1.16 0.24 0.21 0.18 0.15

0 1 2 3 4 5 6 7 8 9 10

Table 15. The signal significance Z0, and the signal strength µ evaluated for the different pro-

duction modes: ggF, VBF and V H for mH = 125.36 GeV, for the 8 TeV and 7 TeV data combined.

The two plots represent the observed significance and the observed µ. In the µ plot the statistical

uncertainty (stat.) is represented by the thick line, the total uncertainty (tot.) by the thin line.

Combinations of different categories (in red) are shown too. All values are computed for a Higgs

boson mass of 125.36 GeV.

8.5 Measurement of the couplings to vector bosons and fermions

The values of µggF, µVBF and µV H can be used to test the compatibility of the bosonic

and fermionic couplings of the Higgs boson with the SM prediction using the formalism

developed in ref. [21]. Assuming the validity of the SU(2) custodial symmetry and a

universal scaling of the fermion couplings relative to the SM prediction, two parameters

are defined: the scale factor for the SM coupling to the vector bosons (κV ) and the scale

factor for the coupling to the fermions (κF ). Loop-induced processes are assumed to scale

as in the SM. The H → ττ contribution is treated as signal and its yield is parameterised

as a function of κV and κF . The total width of the Higgs boson can be expressed as the
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Figure 10. The value of the test statistic as a function of the µ value from the different production

modes (a) ggF, (b) VBF, (c) V H and (d) all combined. All values are extracted from the combined

fit. The best fit values are represented by the markers at the likelihood minima, with the ±1σ and

±2σ uncertainties given by the green and yellow shaded bands.
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Figure 11. Likelihood as a function of the production mode signal strengths in two-dimensional

planes of (a) µV H vs µggF and (b) µV H vs µVBF. The black cross indicates the best fit to the data

and the open circle represents the SM expectation (1,1).
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sum of the different partial widths, each one rescaled by the square of the appropriate

scaling factor. Neglecting the small contribution from Γ(H → γγ) and rarer decay modes,

the H→WW ∗ decay branching fraction is expressed as:

Br(H→WW ∗) =
κ2V ΓSM(H→WW ∗)

κ2FΓSM(H → ff) + κ2FΓSM(H → gg) + κ2V ΓSM(H → V V )
,

where ΓSM(H → ff), ΓSM(H → gg) and ΓSM(H → V V ) are the SM partial decay widths

to fermions, gluons and weak bosons, respectively.

The ggF (gg → H) process depends directly on the fermion scale factor κ2F through the

top and bottom quark loops, while the VBF (qq → Hqq) and V H(qq → V H) production

cross sections are proportional to κ2V , as expressed by the following relations:

σ(gg → H) = κ2FσSM(gg → H), σ(qq → Hqq) = κ2V σSM(qq → Hqq),

σ(qq →WH,ZH) = κ2V σSM(qq →WH,ZH).

where the σ without subscript indicates the (κV , κF )-dependent cross sections and σSM
represents the SM cross sections. The gg → ZH production cross sections are more complex

functions of both κV and κF [80]:

σ(gg → ZH) 8 TeV = (0.37× κ2F − 1.64× κF × κV + 2.27× κ2V )σSM(gg → ZH) 8 TeV,

σ(gg → ZH) 7 TeV = (0.35× κ2F − 1.58× κF × κV + 2.24× κ2V )σSM(gg → ZH) 7 TeV,

The signal event yield is expressed as σ · Br(H→WW ∗) using the narrow-width approxi-

mation. Only the relative sign between κV and κF is observable and hence in the following

only κV > 0 is considered, without loss of generality.

Sensitivity to the sign results from negative interference, in the gg → ZH process,

between the box diagram in which both the Z and H bosons are produced directly from

the heavy-quark loop and the triangle diagram in which only the Z∗ is produced and subse-

quently radiates a Higgs boson [81]. Because the relative weights of such processes depend

on the
√
s of the interaction, different coefficients appear in the expression for 8 and 7 TeV.

The likelihood dependence on κV and κF is shown in figure 12. The product σ(gg →
H) · Br(H→WW ∗), which is measured with good accuracy, does not depend on |κF | in

the limit |κF | � κV . This explains the low sensitivity to high values of κF .

On the other hand µVBF and µV H , as measured for the H→WW ∗ decay, should vanish

in the limit |κF | � κV due to the increased value of the Higgs boson total width and the

consequent reduction of the H→WW ∗ branching fraction. The observation of significant

excesses in the VBF and V H production modes therefore leads to an exclusion of the

|κF | � κV region.

The fit to the data results in two local minima and, although the negative κF solution

is preferred to the positive solution at 0.5σ, the observed results are compatible with the

SM expectation, and the best fit values are:

|κF | = 0.85+0.26
−0.20, |κV | = 1.06+0.10

−0.10,

and their correlation is ρ = 0.54.
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Figure 12. The likelihood scan as a function of κV and κF both with and without the

V H(H→WW ∗) contribution. Both the expected and observed contours corresponding to the 68%,

and 95% C.L. are shown. The yellow star and circles indicate the best fit values to the data, and

the white cross represents the SM expectation (κV , κF )=(1,1).

9 Conclusions

A search for the Standard Model Higgs boson produced in association with a W or Z

boson and decaying into WW ∗ is presented. Associated WH production is studied in the

final states in which the three W bosons decay to leptons or where one W boson decays

to hadrons while the others decay leptonically. The two-lepton and four-lepton final states

are used to search for ZH production. The dataset corresponds to integrated luminosities

of 4.5 fb−1 and 20.3 fb−1 recorded by the ATLAS experiment with LHC proton-proton

collisions at
√
s = 7 TeV and 8 TeV, respectively. For the Higgs boson mass of 125.36 GeV,

the observed (expected) deviation from the background-only hypothesis, which includes the

Standard Model expectation for H → ττ , corresponds to a significance of 2.5 (0.9) standard

deviations. The ratio of the measured signal yield to its Standard Model expectation for

the V H production is found to be µVH = 3.0+1.3
−1.1 (stat.)+1.0

−0.7 (sys.). A combination with the

gluon fusion and vector boson fusion analyses using the H → WW ∗ → `ν`ν decay is also

presented. Including V H production the observed significance for a Higgs boson decaying

to WW ∗ is 6.5 σ with an expectation of 5.9 σ for a Standard Model Higgs boson of mass
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mH = 125.36 GeV. The combined signal strength is µ = 1.16+0.16
−0.15(stat.)+0.18

−0.15(sys.). The

data were analysed using a model where all Higgs boson couplings to the vector bosons

are scaled by a common factor κV and those to the fermions by a factor κF . They are

measured as |κV | = 1.06+0.10
−0.10 and |κF | = 0.85+0.26

−0.20.
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Serbia; MSSR, Slovakia; ARRS and MIZŠ, Slovenia; DST/NRF, South Africa; MINECO,

Spain; SRC and Wallenberg Foundation, Sweden; SER, SNSF and Cantons of Bern and

Geneva, Switzerland; NSC, Taiwan; TAEK, Turkey; STFC, the Royal Society and Lever-

hulme Trust, United Kingdom; DOE and NSF, United States of America.

The crucial computing support from all WLCG partners is acknowledged gratefully,

in particular from CERN and the ATLAS Tier-1 facilities at TRIUMF (Canada), NDGF

(Denmark, Norway, Sweden), CC-IN2P3 (France), KIT/GridKA (Germany), INFN-CNAF

(Italy), NL-T1 (Netherlands), PIC (Spain), ASGC (Taiwan), RAL (U.K.) and BNL

(U.S.A.) and in the Tier-2 facilities worldwide.

Open Access. This article is distributed under the terms of the Creative Commons

Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in

any medium, provided the original author(s) and source are credited.

References

[1] F. Englert and R. Brout, Broken symmetry and the mass of gauge vector mesons, Phys. Rev.

Lett. 13 (1964) 321 [INSPIRE].

[2] P.W. Higgs, Broken symmetries and the masses of gauge bosons, Phys. Rev. Lett. 13 (1964)

508 [INSPIRE].

[3] G.S. Guralnik, C.R. Hagen and T.W.B. Kibble, Global conservation laws and massless

particles, Phys. Rev. Lett. 13 (1964) 585 [INSPIRE].

– 43 –

http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1103/PhysRevLett.13.321
http://dx.doi.org/10.1103/PhysRevLett.13.321
http://inspirehep.net/search?p=find+J+Phys.Rev.Lett.,13,321
http://dx.doi.org/10.1103/PhysRevLett.13.508
http://dx.doi.org/10.1103/PhysRevLett.13.508
http://inspirehep.net/search?p=find+J+Phys.Rev.Lett.,13,508
http://dx.doi.org/10.1103/PhysRevLett.13.585
http://inspirehep.net/search?p=find+J+Phys.Rev.Lett.,13,585


J
H
E
P
0
8
(
2
0
1
5
)
1
3
7

[4] ATLAS collaboration, Observation of a new particle in the search for the Standard Model

Higgs boson with the ATLAS detector at the LHC, Phys. Lett. B 716 (2012) 1

[arXiv:1207.7214] [INSPIRE].

[5] CMS collaboration, Observation of a new boson at a mass of 125 GeV with the CMS

experiment at the LHC, Phys. Lett. B 716 (2012) 30 [arXiv:1207.7235] [INSPIRE].

[6] ATLAS collaboration, Measurements of Higgs boson production and couplings in diboson

final states with the ATLAS detector at the LHC, Phys. Lett. B 726 (2013) 88 [Erratum ibid.

B 734 (2014) 406] [arXiv:1307.1427] [INSPIRE].

[7] ATLAS collaboration, Evidence for the spin-0 nature of the Higgs boson using ATLAS data,

Phys. Lett. B 726 (2013) 120 [arXiv:1307.1432] [INSPIRE].

[8] ATLAS collaboration, Measurements of fiducial and differential cross sections for Higgs

boson production in the diphoton decay channel at
√
s = 8 TeV with ATLAS, JHEP 09

(2014) 112 [arXiv:1407.4222] [INSPIRE].

[9] ATLAS collaboration, Fiducial and differential cross sections of Higgs boson production

measured in the four-lepton decay channel in pp collisions at
√
s = 8 TeV with the ATLAS

detector, Phys. Lett. B 738 (2014) 234 [arXiv:1408.3226] [INSPIRE].

[10] CMS collaboration, Observation of a new boson with mass near 125 GeV in pp collisions at√
s = 7 and 8 TeV, JHEP 06 (2013) 081 [arXiv:1303.4571] [INSPIRE].

[11] CMS collaboration, Precise determination of the mass of the Higgs boson and tests of

compatibility of its couplings with the standard model predictions using proton collisions at 7

and 8 TeV, Eur. Phys. J. C 75 (2015) 212 [arXiv:1412.8662] [INSPIRE].

[12] CMS collaboration, Constraints on the spin-parity and anomalous HV V couplings of the

Higgs boson in proton collisions at 7 and 8 TeV, Phys. Rev. D 92 (2015) 012004

[arXiv:1411.3441] [INSPIRE].

[13] CDF and D0 collaborations, T. Aaltonen et al., Evidence for a particle produced in

association with weak bosons and decaying to a bottom-antibottom quark pair in Higgs boson

searches at the Tevatron, Phys. Rev. Lett. 109 (2012) 071804 [arXiv:1207.6436] [INSPIRE].

[14] CMS collaboration, Search for the standard model Higgs boson produced in association with

a W or a Z boson and decaying to bottom quarks, Phys. Rev. D 89 (2014) 012003

[arXiv:1310.3687] [INSPIRE].

[15] ATLAS collaboration, Search for the bb̄ decay of the Standard Model Higgs boson in

associated (W/Z)H production with the ATLAS detector, JHEP 01 (2015) 069

[arXiv:1409.6212] [INSPIRE].

[16] ATLAS collaboration, Measurement of Higgs boson production in the diphoton decay

channel in pp collisions at center-of-mass energies of 7 and 8 TeV with the ATLAS detector,

Phys. Rev. D 90 (2014) 112015 [arXiv:1408.7084] [INSPIRE].

[17] ATLAS collaboration, Measurements of Higgs boson production and couplings in the

four-lepton channel in pp collisions at center-of-mass energies of 7 and 8 TeV with the

ATLAS detector, Phys. Rev. D 91 (2015) 012006 [arXiv:1408.5191] [INSPIRE].

[18] CMS collaboration, Observation of the diphoton decay of the Higgs boson and measurement

of its properties, Eur. Phys. J. C 74 (2014) 3076 [arXiv:1407.0558] [INSPIRE].

[19] CMS collaboration, Measurement of the properties of a Higgs boson in the four-lepton final

state, Phys. Rev. D 89 (2014) 092007 [arXiv:1312.5353] [INSPIRE].

– 44 –

http://dx.doi.org/10.1016/j.physletb.2012.08.020
http://arxiv.org/abs/1207.7214
http://inspirehep.net/search?p=find+EPRINT+arXiv:1207.7214
http://dx.doi.org/10.1016/j.physletb.2012.08.021
http://arxiv.org/abs/1207.7235
http://inspirehep.net/search?p=find+EPRINT+arXiv:1207.7235
http://dx.doi.org/10.1016/j.physletb.2013.08.010
http://arxiv.org/abs/1307.1427
http://inspirehep.net/search?p=find+EPRINT+arXiv:1307.1427
http://dx.doi.org/10.1016/j.physletb.2013.08.026
http://arxiv.org/abs/1307.1432
http://inspirehep.net/search?p=find+EPRINT+arXiv:1307.1432
http://dx.doi.org/10.1007/JHEP09(2014)112
http://dx.doi.org/10.1007/JHEP09(2014)112
http://arxiv.org/abs/1407.4222
http://inspirehep.net/search?p=find+EPRINT+arXiv:1407.4222
http://dx.doi.org/10.1016/j.physletb.2014.09.054
http://arxiv.org/abs/1408.3226
http://inspirehep.net/search?p=find+EPRINT+arXiv:1408.3226
http://dx.doi.org/10.1007/JHEP06(2013)081
http://arxiv.org/abs/1303.4571
http://inspirehep.net/search?p=find+EPRINT+arXiv:1303.4571
http://dx.doi.org/10.1140/epjc/s10052-015-3351-7
http://arxiv.org/abs/1412.8662
http://inspirehep.net/search?p=find+EPRINT+arXiv:1412.8662
http://dx.doi.org/10.1103/PhysRevD.92.012004
http://arxiv.org/abs/1411.3441
http://inspirehep.net/search?p=find+EPRINT+arXiv:1411.3441
http://dx.doi.org/10.1103/PhysRevLett.109.071804
http://arxiv.org/abs/1207.6436
http://inspirehep.net/search?p=find+EPRINT+arXiv:1207.6436
http://dx.doi.org/10.1103/PhysRevD.89.012003
http://arxiv.org/abs/1310.3687
http://inspirehep.net/search?p=find+EPRINT+arXiv:1310.3687
http://dx.doi.org/10.1007/JHEP01(2015)069
http://arxiv.org/abs/1409.6212
http://inspirehep.net/search?p=find+EPRINT+arXiv:1409.6212
http://dx.doi.org/10.1103/PhysRevD.90.112015
http://arxiv.org/abs/1408.7084
http://inspirehep.net/search?p=find+EPRINT+arXiv:1408.7084
http://dx.doi.org/10.1103/PhysRevD.91.012006
http://arxiv.org/abs/1408.5191
http://inspirehep.net/search?p=find+EPRINT+arXiv:1408.5191
http://dx.doi.org/10.1140/epjc/s10052-014-3076-z
http://arxiv.org/abs/1407.0558
http://inspirehep.net/search?p=find+EPRINT+arXiv:1407.0558
http://dx.doi.org/10.1103/PhysRevD.89.092007
http://arxiv.org/abs/1312.5353
http://inspirehep.net/search?p=find+EPRINT+arXiv:1312.5353


J
H
E
P
0
8
(
2
0
1
5
)
1
3
7

[20] CMS collaboration, Measurement of Higgs boson production and properties in the WW

decay channel with leptonic final states, JHEP 01 (2014) 096 [arXiv:1312.1129] [INSPIRE].

[21] LHC Higgs Cross section Working Group collaboration, S. Heinemeyer et al.,

Handbook of LHC Higgs cross sections: 3. Higgs properties, arXiv:1307.1347 [INSPIRE].

[22] ATLAS collaboration, Observation and measurement of Higgs boson decays to WW ∗ with

the ATLAS detector, Phys. Rev. D 92 (2015) 012006 [arXiv:1412.2641] [INSPIRE].

[23] ATLAS collaboration, The ATLAS experiment at the CERN Large Hadron Collider, 2008

JINST 3 S08003 [INSPIRE].

[24] ATLAS collaboration, Pile-up corrections for jets from proton-proton collisions at√
s = 7 TeV in ATLAS in 2011, ATLAS-CONF-2012-064, CERN, Geneva Switzerland

(2012).
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R. Kopeliansky152, S. Koperny38a, L. Köpke83, A.K. Kopp48, K. Korcyl39, K. Kordas154,

A. Korn78, A.A. Korol109,c, I. Korolkov12, E.V. Korolkova139, O. Kortner101, S. Kortner101,

T. Kosek129, V.V. Kostyukhin21, V.M. Kotov65, A. Kotwal45, A. Kourkoumeli-Charalampidi154,

C. Kourkoumelis9, V. Kouskoura25, A. Koutsman159a, R. Kowalewski169, T.Z. Kowalski38a,

W. Kozanecki136, A.S. Kozhin130, V.A. Kramarenko99, G. Kramberger75, D. Krasnopevtsev98,

M.W. Krasny80, A. Krasznahorkay30, J.K. Kraus21, A. Kravchenko25, S. Kreiss110, M. Kretz58c,

J. Kretzschmar74, K. Kreutzfeldt52, P. Krieger158, K. Krizka31, K. Kroeninger43, H. Kroha101,

J. Kroll122, J. Kroseberg21, J. Krstic13, U. Kruchonak65, H. Krüger21, N. Krumnack64,
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T.B. Sjursen14, M.B. Skinner72, H.P. Skottowe57, P. Skubic113, M. Slater18, T. Slavicek128,

M. Slawinska107, K. Sliwa161, V. Smakhtin172, B.H. Smart46, L. Smestad14, S.Yu. Smirnov98,

Y. Smirnov98, L.N. Smirnova99,ag, O. Smirnova81, M.N.K. Smith35, M. Smizanska72,

K. Smolek128, A.A. Snesarev96, G. Snidero76, S. Snyder25, R. Sobie169,k, F. Socher44, A. Soffer153,

D.A. Soh151,af , C.A. Solans30, M. Solar128, J. Solc128, E.Yu. Soldatov98, U. Soldevila167,

A.A. Solodkov130, A. Soloshenko65, O.V. Solovyanov130, V. Solovyev123, P. Sommer48,

H.Y. Song33b, N. Soni1, A. Sood15, A. Sopczak128, B. Sopko128, V. Sopko128, V. Sorin12,

D. Sosa58b, M. Sosebee8, C.L. Sotiropoulou124a,124b, R. Soualah164a,164c, P. Soueid95,

A.M. Soukharev109,c, D. South42, S. Spagnolo73a,73b, M. Spalla124a,124b, F. Spanò77,
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50 (a) INFN Sezione di Genova; (b) Dipartimento di Fisica, Università di Genova, Genova, Italy
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