
SEARCH FOR A HIGH-MASS SCALAR IN THE
ZZ→ `+`-+MISSING TRANSVERSE ENERGY FINAL STATE

HUGO DELANNOY ON BEHALF OF THE CMS COLLABORATION

SEARCH FOR H → ZZ → `+`−νν̄

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)
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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

• 2 Higgs Doublet Model

EVENT SELECTION

15

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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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
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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.
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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.

Missing transverse energy [GeV]
0 100 200 300 400 500

E
ve

nt
s

-110

1

10

210

310

410

510

610
-1 L=19.6 fb∫=8 TeV, sCMS preliminary, 

Top,W,VV ZZ ν 3l→WZ

Z+jets EWK Z+2jets data

 ZZ→ggH(300)  ZZ→ggH(600)  ZZ→qqH(300)

 ZZ→qqH(600)

0 100 200 300 400 500

 B
ck

g
Σ

D
at

a/ 0.5

1

1.5

Transverse mass [GeV]
200 400 600 800

E
ve

nt
s

-110

1

10

210

310

410

510

610
-1 L=19.6 fb∫=8 TeV, sCMS preliminary, 

Top,W,VV ZZ ν 3l→WZ

Z+jets EWK Z+2jets data

 ZZ→ggH(300)  ZZ→ggH(600)  ZZ→qqH(300)

 ZZ→qqH(600)

200 400 600 800

 B
ck

g
Σ

D
at

a/ 0.5

1

1.5

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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Figure 5: Transverse Mass after event
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.


