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Introduction

Weak vector boson scattering (VBS) plays a central role in the
standard model

Without the Higgs boson scattering amplitude diverges

Narrow resonances beyond standard model could help cancellation
of divergences

Key process to study Electroweak Symmetry Breaking mechanism

Studying qq-fusion and vector boson fusion processes (focus of
this talk) with lvll in final states

Fully leptonic search most sensitive to low mass resonances and to
VVX coupling if resonance does not couple to light fermions
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Models - Georgi-Machacek model

Two benchmark models for a scalar and vector resonance with masses between 200 and 900 GeV:

Scalar: Georgi-Machacek model (H+
5 →WZ→lvll) [Nuclear Physics B262 (1985) 463-477]

Vector: Heavy Vector Triplet using Madgraph5 HVT model (vc→WZ→lvll) [arXiv:1402.4431]

Georgi-Machacek model:

Enlarged Higgs sector (real and complex triplet) less constrained
by electro-weak precision measurements

Model gives Majorana mass to neutrinos

Predicts ten Higgs bosons, two singlets, a triplet and a quintuplet

Quintuplet fermiophobic, couples nearly exclusively to vector
bosons

Main parameters: quintuplet mass (m±
5 ) and contribution to vev

by the complex triplet (sinθH)

Interaction strength proportional to vev of the triplets

[1]

1http://www.quantumdiaries.org/wp-content/
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Models - Heavy Vector Triplet

Heavy Vector Triplet:

Benchmark model which allows to study narrow resonances in a
model-independent strategy

Simplified phenomenological Lagrangian reproducing a large class
of models

Main parameters: coupling to fermions (cF ), couplings to bosons
W,Z,H (cH)

Here no coupling to fermions is assumed (cF = 0)

Heavy vector triplet added to the SM
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Preselection

Use 2015-2016 ATLAS pp collision data at 13 TeV with 36 fb−1

Signature: two forward jets and three leptons

Exactly three leptons (pT > 25 GeV and |η| < 2.5) (electrons,
muons)

Emiss
T > 25 GeV (neutrino)

Reconstruct Z -boson candidate: two opposite charged same flavor
leptons closest to Z mass and |m(ll)−m(Z)| < 20 GeV

Reconstruct W -boson with third lepton and Emiss
T

Vector boson scattering selection: At least two jets with
pT > 30 GeV and |η| < 4.5
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Optimisation of VBS signal region

Select two pT-leading jets as VBS-jets
Find optimal selection of signal by combining kinematic variables

mjj ,∆ηjj and Emiss
T

Maximise binned Poisson significance σ =

√∑
i 2(Si + Bi)log

(
1 + Si

Bi

)
− Si

For simplicity use common selection for all mass points
2D-sensitivity scan for mjj and ∆ηjj for H±5 (left) and W ′ (right)
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Optimisation of VBS signal region

VBS signal region selection: mjj > 500 GeV and ∆η > 3.5

b-jet veto (reduce top background)

Validation Region orthogonal to signal region:
100< mjj < 500 GeV
∆η < 3.5
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Validation Region

Standard Model WZ dominates background

All backgrounds obtained from simulation
except fake/non-prompt

Fake/non-prompt background estimated
using data driven Method

Bin size corresponds to experimental
resolution

Good MC/Data agreement in the validation
region
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Signal Region

Not yet published so only
showing Monte Carlo
expectations
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Expected Sensitivity HVT

Expected limits on σ×BR(W ′ → W±Z )

Green and yellow bands represent ±1σ and
±2σ uncertainty in the expected limits
HVT model designed for high mass
resonances

Used here only as benchmark for a vector resonance
Limit applies to any vector resonance with width
comparable or smaller than experimental resolution
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Expected Sensitivity GM and comparison with CMS

Expected limits on σ×BR(H±5 → W±Z )

Comparison with CMS run-2 result at 13 TeV with 15.2 fb−1 (arXiv:1705.02942
[hep-ex])

Similar selection but transverse Mass instead of reconstructed invariant mass is used

Only GM model is tested
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Expected Sensitivity GM and comparison with CMS

Parameter sin(θH) of the GM Model as a function of mH±
5
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Better sensitivity compared to CMS result (more luminosity and better mass
resolution)

Benjamin Freund (UdeM) Search for resonant WZ→ lvl′ l′ Production in the fully leptonic final state in Proton-Proton Collisions at
√

s = 13TeV with the ATLAS Detector15 February 2018 12 / 13



Summary and Outlook

Presented first look at 13 TeV ATLAS WZ resonance search

Results not public yet

Comparison with CMS results, slightly better sensitivity expected

Stay tuned for publication
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Thank you for your attention.
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Backup

Benjamin Freund (UdeM) Search for resonant WZ→ lvl′ l′ Production in the fully leptonic final state in Proton-Proton Collisions at
√

s = 13TeV with the ATLAS Detector15 February 2018 2 / 7



Systematics
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Objects
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Objects
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WZ Mass
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VBS Opt
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