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High-mass Higgs search (8TeV)
• 95% CL exclusion limit on SM-like signal

lineshape and couplings (ggF + VBF):
260 GeV < mH < 642 GeV

• Exclusion limits on the σggF × BR (WW(*))

 [1] N.W.A. - Narrow Width Approximation

Combination with VH (7+8 TeV)

significance HWW VH HWW+VH
expected 3.7 0.7 3.8
observed 3.8 2.0 4.0

Local p0-value as a function of mH (HWW+VH)

Expected and observed significance for mH=125 GeV

H ! WW (⇤) ! `⌫`⌫
WH ! WWW (⇤) ! `⌫`⌫`⌫

ZH ! ZWW (⇤) ! ```⌫`⌫

mH 300 GeV 600 GeV 1 TeV
SM like [fb] 250 34 19

N.W.A.[1] [fb] 230 32 29
 SM prediction (fb) 263 31 2

Final estimates and systematics

Table 13: Leading uncertainties on the signal strength µ for the combined 7 and 8 TeV analysis.

Category Source Uncertainty, up (%) Uncertainty, down (%)

Statistical Observed data +21 −21
Theoretical Signal yield (σ · B) +12 −9
Theoretical WW normalisation +12 −12
Experimental Objects and DY estimation +9 −8
Theoretical Signal acceptance +9 −7
Experimental MC statistics +7 −7
Experimental W+ jets fake factor +5 −5
Theoretical Backgrounds, excludingWW +5 −4
Luminosity Integrated luminosity +4 −4

Total +32 −29

7.3.1 VBF results and measurement of couplings

Statistical tests of a VBF signal are performed on the 7 and 8 TeV data by considering the ggF signal

as part of the background. The test defines µVBF, the signal strength parameter associated with the

VBF process, as the parameter of interest. The ggF signal strength µggF is profiled, and is constrained

mainly by the Njet ≤ 1 signal regions.
The expected VBF signal significance at mH = 125GeV is 1.6 s.d. (p0 = 0.05). The corresponding

observed significance is 2.5 s.d. (p0 = 0.007), but the highest value of 2.5 s.d. (p0 = 0.006) occurs

at mass mH = 115GeV. Figure 12a compares the observed p0 with the expected distribution in the

presence of a signal. The 95% CL exclusion on σ/σSM is shown in Fig. 12b. In the absence of a VBF

signal, the expected exclusion is mH > 130GeV. However, the observed exclusion is mH > 147GeV.

Figure 13 shows µ vs. mH . The best-fit measured signal strength at mH = 125GeV is

µobs, VBF = 1.66± 0.67 (stat.)± 0.42 (syst.)
= 1.66± 0.79.

Similarly, µggF has been measured on the 7 and 8 TeV data by considering the VBF signal as part

of the background. In this test, µVBF is constrained mainly by the Njet ≥ 2 signal region. The best-fit
signal strength at mH = 125GeV is

µobs, ggF = 0.82± 0.24 (stat.)± 0.28 (syst.)
= 0.82± 0.36.

A two-dimensional likelihood scan of the signal strength for the ggF and VBF production modes

is shown in Fig. 14a. Since the signal strengths in the VBF,WH, and ZH production modes scale with

the VH coupling, the three strengths are grouped together. The results are consistent with the expected

SM values of unity. Figure 14b shows the likelihood curves for the ratio µVBF+VH/µggF+tt̄H from the

H→γγ, H→ZZ(∗)→4#, H→ττ, and H→WW(∗)→ #ν#ν analyses. The branching ratio dependence

of the individual channels cancels in the ratio so that the compatibility of the measurements in the

various channels can be compared. The H→WW(∗)→ #ν#ν channel has a larger best-fit ratio than the

other channels, but is consistent with the H→γγ and H→ZZ(∗)→4# results at 68% CL.
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Table 10: Selection table for Njet ≥ 2 in 8 TeV data. More details are given in the caption of Table 8.
In this table, the Nsig,ggF is included in Nbkg; the Nsig,VH is included in Nsig,VBF, but the contributions

are negligible after the VBF-related criteria. The y gap is described in Table 2.

(a) eµ+ µe channel

Selection Nobs Nbkg Nsig,VBF

Njet ≥ 2 48723 47740± 80 43± 1
Nb-jet = 0 5852 5690± 30 31± 1
ptot
T
< 45 4790 4620± 30 27± 1

Z→ ττ veto 4007 3840± 30 25± 1
|∆y j j |> 2.8 696 680± 10 12± 0.2
mj j > 500 198 170± 4 7.5± 0.1
No jets in y gap 92 77± 2 6.3± 0.1
Both " in y gap 78 59± 2 6.1± 0.1
m"" < 60 31 16± 1 5.5± 0.1
|∆φ"" |< 1.8 23 12± 1 5.1± 0.1

Nsig,ggF NWW NVV Ntt̄ Nt NZ/γ∗ NW+ jets

67± 1 940± 10 300± 20 41800± 70 2370± 20 1800± 30 440± 10
49± 1 690± 10 200± 10 2930± 20 350± 10 1300± 20 171± 5
41± 1 590± 10 160± 10 2320± 20 290± 10 1100± 20 126± 4
38± 1 540± 10 140± 10 2150± 20 260± 10 600± 20 108± 4
9.5± 0.3 100± 2 25± 3 380± 10 55± 3 95± 5 19± 2
2.9± 0.2 34± 1 5.6± 0.6 93± 3 11± 1 19± 2 4.4± 0.7
1.7± 0.2 25± 1 2.8± 0.4 30± 2 5.2± 0.8 9± 1 3.1± 0.6
1.6± 0.1 19± 1 2.1± 0.3 22± 1 4.3± 0.7 7± 1 2.4± 0.5
1.5± 0.1 3.8± 0.4 0.7± 0.2 4.5± 0.7 0.7± 0.3 4.4± 0.8 1.0± 0.4
1.3± 0.1 3.5± 0.4 0.6± 0.2 3.7± 0.7 0.7± 0.3 1.9± 0.5 0.6± 0.3

(b) ee+ µµ channel

Selection Nobs Nbkg Nsig,VBF

Njet ≥ 2 32877 32300± 100 26± 0.7
Nb-jet = 0 65388 6370± 80 19± 0.6
ptot
T
< 45 4903 4830± 70 17± 0.5

|∆y j j |> 2.8 958 930± 30 8.1± 0.2
mj j > 500 298 245± 6 5.5± 0.1
No jets in y gap 147 119± 4 4.7± 0.1
Both " in y gap 108 85± 3 4.5± 0.1
m"" < 60 52 40± 2 4.0± 0.1
|∆φ"" |< 1.8 42 34± 2 3.7± 0.1

Nsig,ggF NWW NVV Ntt̄ Nt NZ/γ∗ NW+ jets

40± 1 540± 6 180± 10 24540± 60 1390± 20 5420± 90 190± 10
30± 1 390± 5 130± 10 1750± 20 200± 10 3810± 80 58± 4
24± 1 340± 4 92± 5 1370± 10 170± 10 2790± 70 43± 3
6.2± 0.3 61± 2 12± 1.3 252± 6 35± 2 560± 30 6± 1
2.1± 0.2 23± 1 4.1± 1.1 62± 3 9± 1 142± 5 1.4± 0.6
1.1± 0.1 17± 1 2.8± 1.1 19± 1 4.1± 0.7 74± 3 0.7± 0.4
0.9± 0.1 12± 1 2.3± 1.1 14± 1 3.1± 0.6 51± 3 0.3± 0.3
0.8± 0.1 3.2± 0.3 1.6± 1.1 3.7± 0.6 0.8± 0.3 30± 2 0.1± 0.2
0.7± 0.1 2.8± 0.3 1.6± 1.1 3.3± 0.5 0.7± 0.3 25± 2 0.1± 0.2

Table 11: Summary selection table for 8 TeV data for events in the mT range noted in Section 3.5. The

uncertainty on Nbkg accounts for the correlations among the sources. More details are given in the

caption of Table 7.

Njet Nobs Nbkg Nsig

= 0 831 739± 39 97± 20
= 1 309 261± 28 40± 13
≥ 2 55 36± 4 10.6± 1.4

NWW NVV Ntt̄ Nt NZ/γ∗ NW+ jets

551± 41 58± 8 23± 3 16± 2 30± 10 61± 21
108± 40 27± 6 68± 18 27± 10 12± 6 20± 5
4.1± 1.5 1.9± 0.4 4.6± 1.7 0.8± 0.4 22± 3 0.7± 0.2

no signal and µ = 1 corresponding to the SM hypothesis. As the parameter of interest it is allowed

to move freely to best fit the data. The expected signal and background yields in the Poisson are

allowed to vary within the allowed range of the relevant systematic uncertainties. Such an uncertainty

is parametrised by the corresponding nuisance parameter θ (its collection is θ) that is constrained by

the Gaussian. The parametrisations are implemented as log-normal distributions in order to restrict

the nuisance parameters from taking unphysical values.

The signal strength µ is found by maximisingL that is defined using the mT distribution for events
after the selections in Tables 8–10. As mentioned in Section 3.5, the samples for the eµ+ µe channel

in Njet ≤ 1 are split at m"" = 30GeV, treating them as separate signal regions. The full mT distribution
is divided into five, three, and four bins for Njet = 0, = 1, and ≥ 2, respectively. For Njet ≤ 1, the bins are

23

Leading uncertainties on the signal strength

Final discriminant  -  transverse mass
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The breakdown of uncertainties
on the signal strength:
• statistical:                 21%
• theoretical syst.:       19%
• experimental syst.:   12% 
• luminosity uncert.:     4% 

An excess of events over the expected background has been
observed in data for a broad mT range in all final states

W�,W�⇤,WZ

Event yields at 8 TeV for the signal of mH = 125 GeV 
Background estimation:
1. W + jets, same-flavour Drell-Yan  -  from data,
2. WW, top (   +single t),                   -  normalized to the data in control regions,
3.                                                       -  from simulation and validated in data,
4. VBF di-boson and WW                 -  from simulation (difficult to construct pure CR)
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Signatures and expected rates

2 oppositely charged
high-pT leptons (e,µ) and large          .

+
2 well separated jets

Poor mass resolution,
but high rate!

Emiss.
T

WH - 3 leptons
ZH  - 4 leptons

and large          .Emiss.
T
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Background composition depends on the lepton flavour final 
state and number of jets
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62 Chapter 7. Analysis

The Emiss
T is reconstructed from the energy deposits in the calorimeter and the

muons reconstructed in the muon spectrometer.
The quantity Emiss

T,rel is used in this analysis and is defined as:

Emiss
T,rel =

�
Emiss

T if �⌅ � ⇤/2
Emiss

T · sin�⌅ if �⌅ < ⇤/2
, (7.2)

where �⌅ is the azimuthal angle between the Emiss
T vector and the closest object

used in the analysis: one of the 2 leptons or any jet with pT > 25 GeV. The use of
Emiss

T,rel instead of Emiss
T improves the rejection of events where the jets or the leptons

are mismeasured.
The track based missing transverse energy Emiss

T (trk) is calculated from the
tracks measured by the ATLAS Inner Detector. It is a complementary method
to the Emiss

T calculation, and can provides the missing transverse momentum from
the signal vertex only. The use of this alternative variable has the advantage that
the dependance on the QCD background and the number of the pileup vertices is
decreased. For the purpose of this analysis, the relative Emiss

T,rel(trk) is used, defined

in the analogues way to Emiss
T,rel by replacing the calo-based definition of the Emiss

T
in the equation 7.2 with the track-based definition.

7.1.6 Soft hadronic recoil variables

The dominant background in the same flavor channels is the Z/�� ⇥ ll process (the
Drell-Yan process abbreviated DY) which does not produce genuine Emiss

T in the
events. In the events with dilepton invariant mass between 10 GeV and 50 GeV, this
background can be heavily reduced by a requirement on high transverse momentum
of the dilepton system p⇥⇥T or, alternatively, small dilepton opening angle �⌅⇥⇥. In
this type of event, the dilepton system has to balanced against some hadronic recoil
in the opposite direction from the two leptons.

In events with no high pT jets, the dilepton system is balanced by low momentum
hadronic activity, reconstructed as low momentum tracks in the Inner Detector and
low momentum calorimeter jets. A new variable, defined as the vectorial sum of the
transverse momentum of soft jets in the quadrant of the transverse plane opposite
to the direction of dilepton system, normalized to p⇥⇥T , is introduced. The variable
is called frecoil and is given by equation 7.3. It takes into account all jets with
pT > 10 GeV, |⇥| < 4.5 and 3�

4 < �⌅(⇧⇧, jets) < 5�
4 . No JVF selection is applied

to the jets, but the JVF is used to weight the jet pT in the sum.

frecoil =
|
⇥

jets with pT>10 GeV |JVF| · ⌃p jet
T |

p⇥⇥T
(7.3)

Most events with neutrinos in the final state do not produce measurable frecoil.
The shape di⇥erence of frecoil between Z/�� (DY) and non-DY processes allows
for a rejection of around 80% of the DY, while keeping 65% of the signal. Good
modeling of the frecoil in non-DY processes is verified in data using selected tt̄
events.

After preselections, dominant backgrounds in the eμ and μe 
channels come from top quark and WW, while in the ee and μμ 

come from Drell-Yan (in 0/1 jet cat.) and top (in 2 jet cat.)

eμ+μe ee+μμ

Drell-Yan suppression:
 Apply cuts on:
• Rel. track-based         
• Soft hadronic recoil 

radiation opposite to the 
di-lepton (+jet) system

Emiss.
T

Topological selection:
Exploit the angular 
correlations of the WW 
system to discriminate 
between pp➝H➝WW
and other pp➝WW 
production

High mass search: Requires selection of higher pT leptons. Higgs with mH = 125 GeV is 
considered as background for this search and suppressed by mll > 50 GeV selection.

Soft hadronic rrecoil variable

Z ! ⌧⌧

Z ! ⌧⌧tt̄

Observed events and expected yields after all selections in region 

W ! `⌫, ` = e, µ, ⌧
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• The mT spectra of events satisfying all
selections are fit using the binned likelihood. 
• Systematics parametrised by nuisance parameters.

Results for 7/8 TeV for mH = 115 - 200 GeV
• The Higgs boson with the SM cross-section is

excluded with 95% C.L. for mH > 133 GeV
(exclusion expected for mH > 119 GeV)
• Excess is observed for a wide mH range, with local 

p0 minimum at mH = 140 GeV corresponding to 4.1σ 
significance.
• The observed signal significance at mH = 125 GeV

is 3.8σ (expected 3.7σ).
• The best fit signal strength at mH = 125 GeV                           

     µ = 1.01 ± 0.21stat ± 0.19theo ± 0.12exp ± 0.04lumi

• Measured cross section for 8 TeV and mH = 125 GeV:
    σ × BR (WW(*)) =  6.0 ± 1.6 pb
SM prediction: 4.8 ± 0.7 pb.
             Results consistent with the Standard Model!

Analysis categories:
• 4 lepton flavour combinations:

ee, µµ, eµ, µe
• 3 jet multiplicities:
   0 jet, 1 jet  - ggF
   ≥ 2 jetss - VBF
Preselections
• Exactly 2 oppositely charged, 

well isolated leptons with pT > 
25,15 GeV (W+jets,      )
• High relative          and lower 

bound on mll to reduce Drell-Yan 
and QCD background
• Veto events with the mll 

corresponding to the Z mass.
H + 0 jet:
• High pTll to reduce Drell-Yan
H + 1 jet:
• Veto b-jets reduce 75% of top
• Veto               decays using a

collinear approximation for mƬƬ

H + 2 jets:
• H+1jet selections + selections 

on Mjj, ∆Yjj, central jet veto are 
applied to enhance the VBF 
topology.

gluon-gluon fusion
ggF

0.75 mH < mT < mH

m2
T = (

q
m2

`` + ~p2T``
+ Emiss

T )
2

� (~pT`` + ~Emiss
T )

2

Introduction
• The evidence of a Higgs boson production in the                                                    

decay mode is presented. Analysis is focused on the Standard Model Higgs boson 
with the mass of 125 GeV produced through the gluon-gluon (ggF) and vector-boson 
(VBF) fusion.
• Combined result with                                  , where Higgs boson is produced in 

association with a W or Z boson (where W and Z decay leptonically), is shown. 
• The exclusion limits are set on the presence of a high-mass Higgs boson with the 

Standard Model production cross-section and couplings.

H ! WW (⇤) ! `⌫`⌫, (` = e, µ)

H ! WW (⇤) ! `⌫`⌫

W�


