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Characteristics:

• High branching ratio:
BR(ZZ → 2`2ν) ∼ 6×BR(ZZ → 4`)

• Reduced background at high MZZ :
better control than ZZ → 2`2q

Signal modelling is computed with in-
terference with the SM Higgs for several
mass points :

• gg → H

• qq → H + 2jets (VBF)

20 6 Statistical interpretation

 [GeV]Hm
200 400 600 800 1000

S
M

σ/σ
95

%
 C

L 
lim

it 
on

 

2−10

1−10

1

10

210

310
CMS  (8 TeV)-1 (7 TeV) + up to 19.7 fb-1up to 5.1 fb

Combined

ν 2  2→ WW →H 

ν 2  2→ ZZ →H 

τ 2  2→ ZZ →H 

 2  2q→ ZZ →H 

)σ 2±Combined (exp. 

 qqν   → WW →H 

 4   → ZZ →H 

200 400 600 800 1000

S
M

σ/σ
95

%
 C

L 
lim

it 
on

 

1−10

1

10
Observed
Expected

 WW→H 

 [GeV]Hm
200 400 600 800 1000

1−10

1

10

 ZZ→H 

ℓ ℓ

ℓ ℓ

ℓ

ℓ

Figure 7: Upper limits at the 95% CL for each of the contributing final states and their combi-
nation. The theoretical cross section, σSM, is computed in Ref. [66]. The observed and expected
limits of the six individual channels are compared with each other and with the combined re-
sults (right), for H → WW channels (top right panel) and H → ZZ channels (bottom right
panel) separately.

rations. At the top of Fig. 9 are the limits we obtain when we combine the ZZ (top left) and
WW (top right) channels separately. Since the ZZ channels are more sensitive in the search for
a Higgs boson with SM-like couplings, they better constrain the BSM case as well. The bottom
of Fig. 9 shows the combined 95% CL for all final states but only the ggF or VBF production
mechanism for the heavy Higgs boson. In the heavy Higgs boson with SM-like couplings sce-
nario, we assume the ratio of the cross sections for various production mechanisms to be the
same as in the SM case.

Figure 1: Limits on H → V V production
from run 1 [1]

Search for a narrow resonance in two types of interpretations:

• Extra Singlet Model: new electroweak scalar singlet H mixing with the SM
scalar h(125):

– couplings of h and H rescaled by C and C ′, such as: C2 + C ′2 = 1

– µ′ = C ′2(1−Bnew), Γ′ = ΓSM
C′2

1−Bnew

• 2 Higgs Doublet Model
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Search for a narrow resonance in two types of interpretations:

• Extra Singlet Model

• 2 Higgs Doublet Model
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4 Selection261

The selection of the events we are interested in is detailed in this section.262

We can summarize the analysis in the flow chart depicted in Fig. 10. Starting from a Z boson263

candidate selected in data we analyse its production mode in a boosted regime. After cate-264

gorizing the events in the different production modes we use two observables: the Emiss
T and265

the transverse mass (MT) and check for possible misreconstruction of the Z recoil as well for266

non resonant contributions in the dilepton spectrum. Events where a Z boson candidate is po-267

tentially recoiling against neutrinos which yield genuine Emiss
T are selected yielding a sample of268

ZZ → ``νν candidate events which are used to probe the production of a SM-like Higgs boson.269

To accomplish this we resort to different triggers and physics objects in order to build both the270

signal and control regions. These are detailed next.271
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Figure 10: Schematic representation of the analysis.

4.1 Trigger272

The list of triggers used to search for our signal are listed in Table 7. We use a complementary273

set of triggers to select events for efficiency measurements (tag and probe) or to analyze control274

regions for data-driven background estimation. These monitoring triggers are listed in the275

same table.276

4.2 Selection of physics objects277

In the following we describe the strategy adopted to pre-select the events and the physics ob-278

jects.279
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4.2 Selection of physics objects277

In the following we describe the strategy adopted to pre-select the events and the physics ob-278

jects.279

Pre-selection:

• di-lepton trigger

• ≥ 2e or ≥ 2µ

– pT > 25 GeV

– |η| < 2.5(e)/2.4(µ)

– tight ID

– tight Iso

– |M`` − 91| < 15 GeV

• pZT > 55 GeV

• 3rd lepton veto

• b-tag veto

• ∆φj,MET > 0.5 for pjT > 30 GeV

REFERENCES
[1] CMS collaboration. Search for a Higgs Boson in the Mass Range from 145 to 1000 GeV Decaying to a Pair of W or Z Bosons. JHEP, 10:144, 2015.

[2] https://twiki.cern.ch/twiki/bin/view/CMS/HiggsZZ2l2nu2015, 2015.

[3] https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG, 2015.

DRELL-YAN BACKGROUND ESTIMATION
We use data driven method to estimate this background. This allows us to

take into account the fake MET due to the misreconstruction of jets in Drell-Yan
events and to check/correct the simulation. Therefore, we need a process with:

• independent events

• with more statistics

We take γ+ jets events. To that extend
dedicated photon triggers have been
set.

An important point of this process is
the reweighting of the pγT to match the
pZT .
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Figure 2: Missing transverse energy. Here
the DY background is obtained using only

MC prediction [2]

DATA-DRIVEN BACKGROUND ESTIMATION
The non-resonnant di-lepton background is also estimate using data-driven

methods, using the eµ final state.

Nµµ = αµ ×Neµ, Nee = αe ×Neµ

with αµ =
NSB
µµ

NSB
eµ

, αe =
NSB
ee

NSB
eµ

The NSB are the number of events in a top-enriched sample of e+e−, µ+µ− and
e±µ± where we asked Emiss

T > 70 GeV and b-tagged events.

7

differences in the effective pile-up of the γ+ jets sample due to the photon trigger pre-scale and
event selection. These are taken into account by reweighing events according to the number
of reconstructed vertices. This procedure yields an accurate model of the Emiss

T distribution in
Z+jets events, as shown in Fig. 2 (left), which compares the Emiss

T distribution of the reweighed
γ+jets events along with other backgrounds to the Emiss

T distribution of the dilepton events in
data. Given that the photon is massless, the computation of the MT variable for each γ+jets
event, is done by identifying the value of ~pT(``) as the one of the photon - ~pT, and the value
of M(``) is chosen according to a probability density function constructed from the measured
dilepton invariant mass distribution in Z+jets events. Figure 2 (right) shows the comparison of
the MT distribution obtained from the γ+jets events along with other backgrounds to the MT
reconstructed in the inclusive dilepton sample. A good agreement is found overall between
data and background prediction.
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Figure 2: The left (right) plot shows the Emiss
T (MT) distribution in data compared to the esti-

mated background from data or simulation combining all three categories, as well as the dielec-
tron and dimuon channels. Contributions from non-resonant, ZZ, WZ and Z+jets background
are stacked on top of each other. The distribution in signal events for mH = 300 GeV and
mH = 600 GeV is also shown separating the gluon-gluon fusion and VBF production modes.
The small plots below both distributions show the ratio of observed data to expected back-
ground events. The shaded band represents the relative uncertainty in the background predic-
tion. Note that the scale of the y-axis is zoomed in around 1 and a few outliers appear as empty
bins.

The background processes that do not involve a Z resonance are referred to as non-resonant
backgrounds. We estimate the contribution of the non-resonant backgrounds by using a con-
trol sample of events with dileptons of different flavour (e±µ∓) that pass the full analysis se-
lection. Non-resonant backgrounds consists mainly of leptonic W decays in tt, tW decays and
WW events. Small contributions from single top-quark events produced from s-channel and
t-channel processes, W+jets events in which the W boson decays leptonically and a jet is mis-
measured as a lepton, and Z → ττ events in which τ leptons produce light leptons and Emiss

T
are included in this estimate of the non-resonant background. This method cannot distinguish
between the non-resonant background and a possible contribution from H → WW → 2`2ν
events which is therefore treated as part of the non-resonant background estimate. Closure
tests in simulation indicate that this contribution is indeed correctly taken into account by the

Figure 3: Missing transverse energy with data-driven
estimation of the DY background [1]

PRECISE MODELING OF THE ZZ BACKGROUND
The ZZ represents our most important irreducible background. Therefore,

precise modelling is done:

• qq → ZZ:

– NLO electroweak corrections
as a function of Mandelstam
variables and quark flavors

– NNLO QCD corrections as a
function of MZZ

• gg → ZZ:

– NNLO/LO k-Factor as a
function of MZZ
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Figure 4: Transverse Mass after event
selection [2]

RESULTS AND PROSPECTS
Our first results at 13 TeV are going for approval for Moriond!

As shown on Figure 5, we expect an
increase of a factor 5 of the production
cross section pp → H + X in compari-
son to run 1, at MH ∼ 1TeV .
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selection [3]
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Figure 6: Upper limits at 95% CL on the
cross section from run 1, combining all

(semi-)leptonic decays of ZZ channel [1].

Figure 6 shows the run 1 upper lim-
its at 95% CL on the cross section
for a heavy Higgs boson decaying to a
pair of Z bosons as a function of its
mass and its width relative to a SM-
like Higgs boson. Several interpreta-
tions will be considered. In particular,
we will look at a simple Extra Singlet
Model (like in run 1) and will also in-
troduce 2 Higgs Doublet Models.

Pre-selection:

• di-lepton trigger

• ≥ 2e or ≥ 2µ

– pT > 25 GeV

– |η| < 2.5(e)/2.4(µ)

– tight ID

– tight Iso

– |M`` − 91| < 15 GeV

• pZT > 55 GeV

• 3rd lepton veto

• b-tag veto

• ∆φj,MET > 0.5 for pjT > 30 GeV
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tW decays and WW events. Small contributions from single top-quark events produced from
s-channel and t-channel processes, W+jets events in which the W boson decays leptonically
and a jet is mismeasured as a lepton, and ZZ or Z events where a Z decays into τ leptons
which produce light leptons and Emiss

T , are included in this estimate of the non-resonant back-
ground. This method cannot distinguish between the non-resonant background and a possible
contribution from H → WW → 2`2ν events, which are treated as a part of the non-resonant
background estimate. The numbers of non-resonant background events Nµµ and Nee in the
e+e− and µ+µ− final states are estimated by rescaling the number of selected events Neµ in the
e±µ∓ final state. The scale factor accounts for the difference in branching fractions, acceptance
and efficiency between unlike-flavor and same-flavour dilepton events, and is computed from
a sideband (SB):

Nµµ =
NSB

µµ

NSB
eµ

× Neµ, Nee =
NSB

ee

NSB
eµ

× Neµ. (4)

where NSB
ee , NSB

µµ , and NSB
eµ are the number of events in a sideband sample of e+e−, µ+µ−, and

e±µ∓ final states, respectively. The sideband selection is defined by 40 < M(``) < 70 GeV
and 110 < M(``) <200 GeV, Emiss

T >50 GeV, and at least one b-tagged jet in the events. The
requirement of a b-tagged jet allows to enrich the sample in top quark background and to
suppress all possible contamination from Z+jet events where a jet fakes a lepton. The scale
factor measured in the sideband was found to be 0.36 ± 0.02 and 0.77 ± 0.04 for ee and µµ
respectively. The uncertainty on the estimate of the non-resonant background is determined
via MC closure tests using simulated events as well as by comparing results calculated from
sideband region. The two predictions were found to be in agreement within 20%, which is
assigned as a systematic uncertainty on this method.
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Figure 1: Emiss
T (left) and MT (right) spectrum in ee and µµ dilepton events. The Z+jets and

non-resonant backgrounds are replaced by their γ + jets and eµ estimates, respectively.

7 Systematic Uncertainties
Systematic uncertainties include experimental uncertainties on the selection and measurement
of the reconstructed objects, theoretical uncertainties on the signal and background processes

Figure 2: Missing transverse energy. [2]

NON-RESONANT BACKGROUND ESTIMATION
The non-resonant di-lepton background is also estimated using data-driven

methods, based on the eµ final state.

Nµµ = αµ ×Neµ, Nee = αe ×Neµ

with αµ =
NSB
µµ

NSB
eµ

, αe =
NSB
ee

NSB
eµ

The NSB are the numbers of events in a top-enriched sample of e+e−, µ+µ−

and e±µ± where we asked Emiss
T > 70 GeV, b-tagged events and events in the

sidebands : 40 GeV < M`` < 70 GeV or 110 GeV < M`` < 200 GeV

PRECISE MODELING OF THE ZZ BACKGROUND
The ZZ represents our most important irreducible background. Therefore, pre-

cise modelling is done:

• qq → ZZ:

– NLO electroweak corrections
as a function of Mandelstam
variables and quark flavors

– NNLO QCD corrections as a
function of MZZ

• gg → ZZ:

– NNLO/LO k-Factor as a
function of MZZ

Implementation
Table of K-factors given by T. Kasprzik
Correction depends on the kinematic variables ŝ and t̂, and on the quark
flavour
The computation assumes that :

I both Z are produced on-shell ;
I there is no additional hard jet.

To avoid problems for soft/colinear jet emissions, we compute ŝ and t̂ on
the rest frame of the incident partons by applying a Lorentz boost
(recommandation from 1305.5402).

Nicolas Postiau, Hugo Delannoy Electroweak corrections for ZZ production 21/12/15 3
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respectively. The uncertainty on the estimate of the non-resonant background is determined
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sideband region. The two predictions were found to be in agreement within 20%, which is
assigned as a systematic uncertainty on this method.
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Figure 1: Emiss
T (left) and MT (right) spectrum in ee and µµ dilepton events. The Z+jets and

non-resonant backgrounds are replaced by their γ + jets and eµ estimates, respectively.

7 Systematic Uncertainties
Systematic uncertainties include experimental uncertainties on the selection and measurement
of the reconstructed objects, theoretical uncertainties on the signal and background processes

Figure 3: Transverse Mass after event
selection [2]

FIRST RESULTS AT 13 TEV FOR 2.3fb−1

This search for a heavy
scalar has been performed
using a data sample corre-
sponding to an integrated
luminosity of 2.3fb−1 at 13
TeV. The Figure 4 shows
the MT distributions in our
different production modes:
the gluon-fusion (the 0-jets
and ≥ 1 jet) and VBF cate-
gories correspondingly. The
top row plots shows the ee
channel, while the bottom
row is for the µµ selection.
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Figure 2: From left to right: MT distribution in the 0 jet, ≥ 1 jet and VBF categories correspond-
ingly. The top row of plots shows the ee channel, while the bottom row is for the µµ selection.
The distributions correspond to a 750 GeV scalar of 250 GeV width scenario.

different roles in physics beyond the SM. The data show no particular deviation from the SM
background predictions. From the combination of all six event categories analysed we expect
apriori no significant excess above the SM background expectation and we have derived the
expected limits on the production cross section of a heavy, SM-like Higgs boson. The presence
of such a particle is observed to be excluded in the [214, 1277] GeV range at 95% CL, extending
the excluded mass range beyond the Run 1 results. Limits are also set on the production of a
heavy scalar partner to the SM Higgs boson in both the electroweak singlet model and Type-I
and Type-II 2HDM models.

Figure 4: Final MT distributions. [2]
The distributions correspond to a 750 GeV scalar of 250 GeV width scenario.
The data show no particular deviation from the SM background predictions.
Therefore limits have been derived on the production cross section of a heavy
scalar. We interpret those in the case of ESM (see Figure 5) and 2HDM models.
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Figure 3: Observed upper limits at 95% CL on the gluon-fusion production (left) and VBF
production (center) of a heavy scalar as a function of the mass and the width defined relatively
to the SM width. Right: observed upper limits on the signal strength of a heavy scalar assuming
a SM ratio of gluon-fusion and VBF production rates. The solid (dashed) contour line shows
the observed (expected) excluded areas for the EW singlet model with Bnew = 0. The dotted
contour lines shows the one standard deviation band around the expected limit.
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Figure 4: Upper limits at 95% CL set on the gluon-fusion (left) and VBF (right) production cross
sections of a heavy scalar as function of its mass under the hypothesis that Bnew = 0 and for
various values of the mixing parameter C′.

Figure 5: Upper limits at 95% CL set on the gluon-fusion (left) and VBF (right)
production cross sections of a heavy scalar as function of its mass under the hypothesis

that Bnew = 0 and for various values of the mixing parameter C’ [2].


