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We present the search for the standard model Higgs boson with py > 200 GeV decaying to W vector boson pairs
and reconstructed as a single, large-radius jet. The search uses a data sample of proton-proton collisions at /s = 13
TeV corresponding to an integrated luminosity of 41.5 fb~!. We optimize the pre-selection of the signal regions in two
decay channels and compare the data and simulation agreement.

1 Introduction

One of the major achievements of the LHC has been the
observation of the Higgs boson (H) in 2012 by the ATLAS
and CMS experiments [1, 5]. Since then, there has been
a great effort to measure its properties with very good
results in this regard. Nowadays, the Higgs boson have
been observed in almost all of its main production and
decay modes. Nevertheless, the properties of the Higgs
boson at very high transverse momenta py remain largely
unconstrained.

In this project, we are interested in studying the prop-
erties of the Higgs boson when it is produced at very high
pr in the decay channel H(WW), which has the second
highest branching ratio as shown in Fig. 1.
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Figure 1 : Higgs boson branching ratios and their uncer-
tainties for the mass range around 125 GeV [7]
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The W vector boson can decay into a lepton and neu-
trino or two quarks, which means that in the H(WW) pro-
cess we can have three possible final states: [v;lv; (leptonic
channel), qqqq (hadronic channel) and lv;qq (semileptonic
channel).
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Figure 2 : H(WW) semileptonic channel

At very high pr the decay products of the Higgs boson
get very close together and collimated, so one can recon-
struct the Higgs with a single jet with distance parameter
R =0.8.

2 CMS detector

The Large Hadron Collider (LHC) accelerates protons to
nearly the velocity of light and then collides them at four
locations around its ring. The Compact Muon Solenoid (or
CMS) detector lies at one of these four collision points.



The CMS detector consists of an inner tracking detec-
tor made of individual electronic sensors arranged in con-
centric layers immersed in a magnetic field of 3.8 T, which
reconstructs the curved track left by a charged particle
that passes through it. Externally to the tracker, there
is an electromagnetic calorimeter (ECAL) which mea-
sures the energy of electrons and photons, and a hadronic
calorimeter (HCAL) which measures the energy of the
hadronic particles. Finally, the most external layer con-
sists of muon chambers, again immersed in a large mag-
netic field, which reveal the track of muons produced in
the interaction point.
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Figure 3 : Diagram of the CMS detector [9]

Events of interest are selected using a two level trig-
ger system [2]. The first level, uses information from the
calorimeters and muon detectors to select events at a rate
of around 100 kHz within a time interval of less than 4 ps.
The second level, known as the high-level trigger, consists
of a event reconstruction software optimized for fast pro-
cessing, and reduces the event rate to around 1 kHz before
data storage [2].

A more detailed description of the CMS detector, to-
gether with a definition of the coordinate system used and
the relevant kinematic variables, can be found in Ref. [2].

3 Data and simulated samples

3.1 Data

In this analysis we use events from datasets with a single
muon or a single electron. These datasets, from the 2017
run, correspond to an integrated luminosity of 41.5 fb~1.
Table 1 shows the datasets used in the analysis.

Silicon strips ~16 m? ~137,000 channels

Steel + Quartz fibres ~2,000 Channels

Dataset

/SingleElectron/Run2017B-02Apr2020-vl /NANOAOD
/SingleElectron/Run2017C-02Apr2020-vl/NANOAOD
/SingleElectron/Run2017D-02Apr2020-v1/NANOAOD
/SingleElectron/Run2017E-02Apr2020-vl/NANOAOD
/SingleElectron/Run2017F-02Apr2020-v1/NANOAOD
/SingleMuon/Run2017B-02Apr2020-vl/NANOAOD
/SingleMuon/Run2017C-02Apr2020-vl/NANOAOD
/SingleMuon/Run2017D-02Apr2020-v1l/NANOAOD
/SingleMuon/Run2017E-02Apr2020-vl/NANOAOD
/SingleMuon/Run2017f-02Apr2020-vl/NANOAOD

Table 1: Datasets used for the analysis

We use a logical ”OR” of the following triggers

e Electron triggers:

— Ele50_CaloldVT _GsfTrkIdT_PF Jet165
— Elel115_CaloldVT_GsfTrkIdT
— Elel5_IsoVVVL_PFHT600

e Muon triggers:

— Mub50
— Mulb5_IsoVVVL_PFHT600

3.2 Background simulation

We consider the following background processes: multijet
QCD, W(— Ilv) + Jets, Z(ll) + Jets, single ¢t and dilep-
tonic, semileptonic and hadronic #£. All the background
MC samples used in the analysis are shown in Table 2.

Dataset o (pb)
QCD_HT300to500_TuneCP5_PSWeights_13TeV-madgraphMLM-pythia8 347700
QCD_HT500t0700_TuneCP5_PSWeights_13TeV-madgraphMLM-pythia8 32100
QCD_HT700t01000-TuneCP5_PSWeights_13TeV-madgraphMLM-pythia8 6831
QCD_HT1000t01500_TuneCP5_PSWeights_13TeV-madgraphMLM-pythia8 1207
QCD_HT1500t02000_TuneCP5_PSWeights_13TeV-madgraphMLM-pythia8 119.9
QCD_HT2000toInf_TuneCP5_PSWeights_13TeV-madgraphMLM-pythia8 25.24
‘WetsToLNu_HT-200To400_TuneCP5_13TeV-madgraphMLM-pythia8 359.7 * 1.21
‘WetsToLNu_HT-400To600_TuneCP5_13TeV-madgraphMLM-pythia8 48.91 * 1.21
WetsToLNu_HT-600To800_TuneCP5_13TeV-madgraphMLM-pythia8 12.05 * 1.21
WetsToLNu_HT-800To1200_TuneCP5_13TeV-madgraphMLM-pythia8 5.501 * 1.21
WetsToLNu-HT-1200T02500-TuneCP5-13TeV-madgraphMLM-pythia8 1.329 * 1.21
TTToSemiLeptonic-TuneCP5_13TeV-powheg-pythia8 369.487

DY JetsToLLpt — 507°0100satch EW P DG20puneC P5,3TeV — amcatnloF X FX — pythia8 | 398.8

DY JetsToLL_Pt-100T0o250 _MatchEWPDG20_TuneCP5_13TeV-amcatnloF XFX-pythia8 93.61

DY JetsToLL_Pt-250To400_MatchEWPDG20_TuneCP5_13TeV-amcatnloF XFX-pythia8 3.67

DY JetsToLL_Pt-400To650 MatchEWPDG20_TuneCP5_13TeV-amcatnloFXFX-pythia8 0.5

DY JetsToLL_Pt-650ToInf_ MatchEWPDG20_TuneCP5_13TeV-amcatnloFXFX-pythia8 0.04704

ST _s-channel_4f leptonDecays_TuneCP5_13TeV-amcatnlo-pythia8 3.549
ST_t-channel_antitop_5f_InclusiveDecays_TuneCP5_13TeV-powheg-pythia8 71.74
ST_t-channel_eleDecays_TuneCP5_13TeV-comphep-pythia8 24.78
ST_t-channel_muDecays_TuneCP5_13TeV-comphep-pythia8 24.73
ST_tW_antitop_5f_inclusiveDecays_TuneCP5_13TeV-powheg-pythia8 34.97
ST_tW_top_5f_inclusiveDecays_TuneCP5_13TeV-powheg-pythia8 34.91

Table 2. List of background MC samples with their
corresponding cross sections

3.3 Signal simulation

The MC sample we use as signal is a semileptonic gluon-
fusion production mode of Higgs:



GluGluHToWWToLNuQQ-M125_TuneCP5_PSweight_13TeV-
powheg2-jhugen727-pythia8

with a cross section o = 0.9913 pb.

4 Object reconstruction

The object reconstruction is based on a particle-flow (PF)
algorithm [10], which aims to reconstruct and identify each
individual particle with an optimized combination of in-
formation from the various elements of the CMS detec-
tor. The algorithm identifies each reconstructed particle
as an electron, a muon, a photon, or a charged or neu-
tral hadron. The missing transverse momentum vector is
defined as the negative vector sum of the transverse mo-
menta of all the particles identified in the event, and its
magnitude is referred to as pJ***, representing the energy
carried away by the neutrino(s).

4.1 Jet

Jets used in the analysis are reconstructed by clustering
particle flow candidates in the event using the anti-kp al-
gorithm [4] with a distance parameter of R = 0.8 (AKS8
jet). Next, we select the jet closest to the missing energy
in the events. These jets are required to have pr > 200
GeV and be within a pseudorapidity region |n| < 2.5.
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Figure 4 : AKS8 Jet pr distributions for signal and back-
ground samples normalized to their cross sections, before
any selection.

4.1.1 Jet mass

We also apply the soft drop algorithm [8] that removes soft
contributions from the jet in order to mitigate the initial
state radiation and pileup effects. The soft drop jet mass
mgp is used in the analysis requiring that mgs; > 15 GeV.

Specific corrections to the soft drop mass are applied to
account for a small shift in the generated vector boson
mass [3].
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Figure 5 : Corrected AKS8 Jet soft drop mass distribu-
tions for signal and background samples normalized to
their cross sections.

4.2 AK4 b-jets

Since the top quark can decay via the weak interaction
producing a W vector boson and a b-quark, we can use
a jet flavor tagging variable to reduce the tt semileptonic
contamination. The DeepFlavor algorithm [6] is used to
identify AK4 jets that come from b-quarks. Figure 6 shows
the distributions of the maximum DeepCSV discriminator
value (btagDeepFlavB) for AK4 jets in the opposite hemi-
sphere of the AKS jet.
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Figure 6 : Distribution of the maximum DeepCSV dis-
criminator value (btagDeepFlavB) for AK4 jets in the
opposite hemisphere of the AKS jet for signal and back-
ground samples normalized to their cross sections.



4.3 Lepton selection

Leptons are required to pass the following identification
and kinematic criteria:
Muons:

e pr > 25 GeV.
o |n| <24.

e Loose ID
Electrons:

e pr > 25 GeV.
o |n] < 2.5.

e mvakalll7V2nolso_-WPS&0

Tau veto:

pr > 20 GeV.

In| < 2.3.

idAntiEle > 8

o idAntiMu > 1

4.4 Missing transverse energy

Events in data can end up with large spurious p*** due
to detector noise and beam backgrounds. In order to re-
move these events, the following p7**¢ filters have been
implemented in the analysis:

e goodVertices

globalSuperTightHalo2016Filter

HBHENoiseFilter

HBHENoiselsoFilter

EcalDeadCellTriggerPrimitiveFilter

e BadPFMuonFilter

We require that p7*** > 20 GeV in the analysis.
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Figure 7 : p%s* distributions for signal and background
samples normalized to their cross sections.

In the semi-leptonic decay channel of the W vector bo-
son, we can reduce the background contamination using
the transverse mass mr, defined by

(1)

where A¢ is the difference in the azimuthal angle be-
tween ﬁTIEP and p7**. We require that mp < 80 GeV.

mr = \/2 pljgpp%niss |:1 — cos Ad)(ﬁjl?P’ﬁ%nlse)
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Figure 8 : mp distributions for signal and background
samples normalized to their cross sections.

5 Signal regions
Additional to the baseline event selection defined in sec-

tion 4, we define the following signal regions with two cat-
egories: muon and electron regions:



Muon Electron Description
triggermu triggerel Trigger
met_filters  met filters MET filters
lep_in _fj lep_in_fj AR(lep, AK8 Jet) < 0.8
fjmsd fjmsd AKS Jet mgq > 15 GeV
onemuon oneelectron  One single lepton
mu_iso pr < 55 GeV & Rellso < 0.25
pr > 55 GeV & minilso < 0.1
el iso pr < 120 GeV & Rellso < 0.25
pr > 120 GeV & minilso < 0.1
btag_med btag_med btagFlavB (opphem) < 0.3
mt_lep.met mtlep-met mr < 80 GeV
Table 3. Signal regions

where the btagFlavB (opphem) cut corresponds to the
medium working point for the 2017 data.

The lepton isolation is computed as the sum of the
transverse energy of the particles inside a cone of radius
R around the lepton direction divided by the lepton trans-
verse momentum. The Relative Isolation (Rellso) uses a
cone size of R = 0.4, while the Mini Isolation (minilso)
uses a cone size of

0.2, PP < 50 GeV
R 1opl(e}§V’ PP € (50 GeV, 200 GeV)
T

0.05,  psP > 200 GeV

(2)

where plﬁp is the magnitude of the transverse momentum
vector of the lepton candidate.

For both regions we have added pileup corrections and
lepton scale factors to the weights. We have also imple-
mented luminosity and trigger corrections. Fig. 9 and Fig.
10 show the cut-flow diagram for the two defined regions,
where we can see the efficiency of each of the requirement
described above for data and simulated samples
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Figure 9 : Cut-flow in the electron control region for 2017
category showing yield sorted sample contributions.
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Figure 10 : Cut-flow in the muon control region for 2017
category showing yield sorted sample contributions.

In Fig. 11 and Fig. 12 the Jet pr, Jet mygy,
btagFlavB (opphem) and missing energy pi*s* distribu-
tions are shown for data and simulated samples events
after all the selection criteria described in Table 3.

In all of these distributions the W(— {v) + Jets pro-
cess dominates, although the multijet QCD and semilep-
tonic tf processes also contribute significantly. In both dis-
tributions and cut-flow diagrams, we see a disagreement
between data and background, particularly in the elec-



tron region. This results may be improved by updating
the corrections to UL corrections which are slightly more
accurate. b-tagging scale factors could be also added to
improve further the agreement on both regions.

6 Summary
We presented the optimization of the event selection of the

search for the standard model Higgs boson with py > 200
GeV decaying to W vector boson pairs and reconstructed

as a single, large-radius jet. The search uses a data sample
of proton-proton collisions at /s = 13 TeV corresponding
to an integrated luminosity of 41.5 fb~1.

We define two signal regions (muon and electron re-
gions) in which we analyze the pr and msq of the candi-
date jet, as well as the btagFlavB (opphem) and missing
energy p7ss. We find a slight disagreement between data
and background, particularly in the electron region.

This is a work in progress in which some corrections
need to be added in order to improve further the results
presented.
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Figure 11 : Jet pr, Jet msq4, btagFlavB (opphem) and missing energy p7i** distributions in the electron region.
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Figure 12 : Jet pr, Jet myq, btagFlavB (opphem) and missing energy p7i** distributions in the the muon region.



