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Abstract. This poster presents the analysis results of the diboson (WW or WZ) resonances production search in pp collisions at√
s = 8 TeV with the ATLAS detector at the LHC in 2012, using a total integrated luminosity of 20.3 fb−1. The analysis is optimized

for two benchmark signal models: Randall-Sundrum model (Spin-2 RS G∗) for WW and Extended Gauge Model (Spin-1 EGM W ′)
for WZ resonances. The search is performed for semileptonic final state, i.e. one W boson decays to lepton (electron or muon) and
neutrino and other W or Z — hadronically. No significant excess for diboson resonances production is observed and upper limits on
the production cross section times branching fraction of G∗ and W ′ are determined at 95% CL. Resonance masses below 760 GeV
for G∗ and 1490 GeV for W ′ are excluded, that gives a significant improvement to the results over previously reported limits in the
same final state.

INTRODUCTION

There are several physics models, such as Supersymmetry, Technicolor, Extra Dimensions, which predict new parti-
cles, that can decay to gauge bosons pairs. This poster presents the results of the analysis, that strategy is optimized
by using Randall-Sundrum (RS) model [1] and Extended Gauge Model (EGM) [2] and based on the diboson (WW
for Spin-2 RS G∗ or WZ for Spin-1 EGM W′) resonances production search. Figure 1 shows s-channel leading-order
Feynman diagrams for G∗ → WW (a) and W ′ → WZ (b) production. The search is performed for semileptonic final
state, i.e. one W boson is decayed to lepton (electron or muon) and neutrino and other W or Z — hadronically.

This analysis is made on data, collected in pp collisions at
√

s = 8 TeV by the ATLAS detector [3] at the LHC in
2012, using a total integrated luminosity of 20.3 fb−1 [4].

(a) (b)

FIGURE 1. s-channel leading-order Feynman diagrams for G∗ → WW (a) and W ′ → WZ (b) production [4].
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EVENT SELECTION

In accordance with the analysis final state, interesting objects within an event are leptons (electrons or muons), jets
and missing transverse momentum (Emiss

T ). Each event should have at least 1 primary vertex with at least 3 associated
tracks. The primary vertex is chosen with the largest sum of the tracks transverse momenta

∑
p2

T. Also events are
required to pass single lepton trigger.

Two different lepton categories are used for the selection procedure: “signal” — for the final analysis and “veto”
— for the orthogonalization of this analysis with other final state topologies, such as lνll, llqq. Lepton candidates both
electrons and muons are required to have transverse momentum pT > 25 GeV (20 GeV) and |z0 sin θ| < 0.5 mm (2 mm)
for “signal” (“veto”), where z0 is the longitudinal impact parameter of the lepton with respect to the reconstructed
primary vertex and θ — polar angle, track isolation pcone20

T /ET < 0.15 for both “signal” and “veto”, calorimeter
isolation Econe20

T /ET < 0.14 only for “signal” leptons, where pcone20
T (Econe20

T ) is a scalar sum of pT of charged particle
tracks (ET in calorimeters) within a cone in η-φ plane (η — pseudorapidity and φ —azimuthal angle) of a radius
R =

√
η2 + φ2 = 0.2 around the candidate excluding its own track (cluster). Also both “signal” and “veto” leptons

should satisfy |η| < 2.47 excluding crack region 1.37 < |η| < 1.52 (|η| < 2.5) and |d0/σ(d0)| < 6 (3.5) for electrons
(muons), where d0 is the transverse impact parameter and σ(d0) is the uncertainty on the measured d0.

Tree different jet selections with three corresponding signal regions, depending on pT of the leptonically (W) and
hadronically (W or Z) decayed bosons, are used in the analysis. For the low-pT hadronically decayed W/Z bosons, two
leading jets, reconstructed by anti-kt algorithm with R = 0.4 (small-R jets) are selected. This region is called Low-pT
Resolve Region (LLR). The small-R jets are required to pass next criteria: pT, j > 30 GeV, |η| < 2.8, pT, j j > 100 GeV,
pT,W→lν > 100 GeV. For the high-pT hadronically decayed W/Z bosons, one boosted leading jet, reconstructed by
Cambridge–Aachen algorithm with R = 1.2 (large-R jet) is selected. This is called Merged Region (MR). The large-R
jet has to be with pT,J > 400 GeV, |η| < 2.8, as well as for leptonically decayed W pT,W→lν > 400 GeV. To optimize the
selection in the transition area between LRR and MR High-pT Resolve Region (HRR) is included with the selection:
pT, j > 80 GeV, |η| < 2.8, pT, j j > 300 GeV, pT,W→lν > 300 GeV. Furthermore, for all three signal regions b-jet veto and
invariant jet mass cut 65 < mj j/J < 105 GeV are applied. Prioritization for signal regions is done by applying firstly
MR selection, events which are not passed MR then run through HRR cuts and then LRR requirements.

The missing transverse momentum is calculated as the negative of the vectorial sum of the transverse momenta
of all electrons, muons, and jets, that are not associated with any other objects.

The analysis includes two channels, according to the lepton flavor. The criteria applied to select signal events are:
exactly one “signal” lepton (muon or electron) and no additional “veto” leptons both flavors, Emiss

T > 30 GeV, exactly
2 small-R jets or 1 large-R jet. Figure 2 shows the signal efficiency for G∗ (a) and W ′ (b) in both muon and electron
channels and three signal regions [4].

(a) (b)

FIGURE 2. G∗ (a) and W ′ (b) signal efficiencies in both channels and three signal regions. The efficiency is expressed with respect
to the total number of WW → lνqq for G∗ and WZ → lνqq for W ′ events with l = e, µ, τ [4].
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BACKGROUND ESTIMATION

The dominant background for this analysis arises from Standard Model (SM) production of the W/Z+jets, where one
lepton from W or Z can be selected as a “signal” lepton and jets mimic hadronically decayed W or Z bosons. The
backgrounds from SM production of single t and tt̄ (top) are predominant, as a t quark decays to b quark and W
boson. The next significant background appears from multijet production, that can mimic the analysis final state due
to misidentification leptons. And finally, the small contribution from SM diboson production (WW, WZ, ZZ, Wγ, Zγ)
increases the total background.

The shapes of the W/Z+jets, top and diboson backgrounds are taken from the Monte Carlo (MC) simulation in
the signal, control and validation regions. The shape of the multijet background is obtained by data driven method by
creating enriched multijet data sample. The top and diboson backgrounds are normalized to the number of events from
MC background samples. The normalizations of the W/Z+jets and multijet backgrounds are estimated by data driven
method using the events in a control region, where the inverted cut on invariant mass is required: 45 < mj j/J < 65 GeV
and 105 < mj j/J < 200 GeV. They are determined from binned minimum χ2 fits to the Emiss

T distributions in the control
data samples corresponding to each signal region and channel separately. The fitted parameters are the normalizations
of the W/Z+jets and multijet processes. Figure 3 shows an example for the low-pT resolved region [4]. Multijet
background is validated by the enriched multijet sample, that is obtained by inverting Emiss

T cut: Emiss
T < 30 GeV for

electron channel and 50 < Emiss
T < 80 GeV for muon channel. tt̄ background is also validated by the enriched top pairs

sample by requiring at least 1 b-jet in the event.

(a) (b)

FIGURE 3. χ2 fit to the Emiss
T spectrum in the electron (a) and muon (b) channels for the selected events of the W/Z+jets control

sample in the low-pT resolved regime. For reference, the fraction of the multijet background contribution ( fMulti jet) is also calculated.
The errors shown here are statistical only [4].

SYSTEMATIC UNCERTAINTIES

The systematic uncertainties on the background estimation, such as uncertainties on scale and shape of the W/Z+jets,
multijet, tt̄ and diboson backgrounds are included in the analysis. Also uncertainties due to single top production,
parton distribution functions (PDF), initial- and final-state radiation modeling (ISR and FSR) uncertainties of the tt̄
background are estimated. For the objects reconstruction the following sources of uncertainties are considered: for the
leptons — electron and muon reconstruction, electron energy scale and resolution, muon momentum scale and resolu-
tion, for the missing transverse momentum — missing transverse momentum soft terms, for jets reconstruction — jet
energy scale and resolution, jet mass scale and resolution, jet vertex fraction, momentum balance scale and resolution
and b-tagging uncertainties. The dominant uncertainties on the signal come from ISR/FSR and PDF uncertainties.
The uncertainty associated to the measurement of the integrated luminosity is also considered [4].
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RESULTS AND INTERPRETATION

On Figure 4 (a) the table shows the total number of observed and predicted events for three signal regions and on
Figure 4 (b) the histogram shows the reconstructed invariant mass mlνJ distributions for data and backgrounds and also
signal models in the merged signal region for the combined electron and muon channels [4]. There is a good agreement
between data and background. 95% CL upper limits on the production cross section times branching fraction of RS G∗

and EGM W′ are determined for the interpretation of the result. These limits are calculated by performed fit of the
likelihood to mlν j j/J by RooStats [5]. Upper limits are obtained using the CLs method [6] applied to binned histograms
(templates) derived from MC. The fit is performed simultaneously to the electron and muon channels. In each channel
five components are included in the fit for the lν j j/J final state: signal (G∗ or W ′), W/Z+jets, multijet, top and diboson
backgrounds. Systematic uncertainties are included as nuisance parameters. All tree signal regions and two lepton
channels are combined. In order to stabilize the combined fit, not all tree signal regions are used in each mass point. A
region is only used if it contributes more than 10% of the total signal sensitivity. The likelihood is performed for LRR
from 300 to 800 GeV, for HRR from 600 to 1000 GeV and for MR from 800 to 2000 GeV. Figure 5 shows observed
and expected 95% CL upper limits on the cross section times branching fraction as a function of the resonance pole
mass for the G∗ (a) and W ′ (b). The LO theoretical cross sections for G∗ (a) and NNLO theoretical cross sections
for W′ (b) production are also shown. Resonance masses below 760 GeV and 1490 GeV are excluded for G∗ and W ′

accordingly [4]. The shoulder, observed around 800 GeV, is a result of the transition between the high-pT resolved
and merged region.

(a)

(b)

FIGURE 4. (a) the total number of observed and predicted events for tree signal regions, (b) the reconstructed mlνJ distributions
for data and backgrounds and also signal models in the merged signal region for the combined electron and muon channels [4].

CONCLUSION

As a result of the analysis no evidence for resonant diboson production is observed. 95% CL upper limits on the pro-
duction cross section times branching fraction of G∗ and W ′ are determined. Also resonance masses below 760 GeV
and 1490 GeV are excluded for G∗ and W ′ respectively [4], that is stricter as compared with the previous 7 TeV anal-
ysis results with lower limits on resonance masses 710 GeV for G∗ and 950 GeV for W ′ [7]. Comparative results of
other parallel 8 TeV analyses with different final states for ATLAS and CMS experiments are shown in Table 1. This
analysis sets the most stringent limit for G∗ resonance mass. Observed limit for the W′ resonance mass is competitive
with the ones obtained in parallel analyses.
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FIGURE 5. Observed and expected 95% CL upper limits on the cross section times branching fraction as a function of the
resonance pole mass for the G∗ (a) and W ′ (b). The LO theoretical cross sections for the G∗ (a) and NNLO theoretical cross
sections for the W ′ (b) production are also shown. The inner and outer bands around the expected limits represent ±1σ and ±2σ
variations respectively [4].

TABLE 1. Lower limits on resonance masses for 8 TeV analyses with semileptonic
lνqq [4], semileptonic llqq [8], fully leptonic lνll [9] and fully hadronic qqqq [10] final
states for ATLAS and semileptonic lνqq [11], fully leptonic lνll [12] and fully hadronic
qqqq [13] for CMS experiments.

Experiments Channels M(G∗) M(W′)

ATLAS WW/WZ → lνqq 760 GeV 1490 GeV
WZ/ZZ → llqq 740 GeV 1590 GeV
WZ → lνll — 1520 GeV
WW/WZ/ZZ → qqqq 2 TeV 2.6σ (WW) 1500 GeV

2 TeV 2.9σ (ZZ) 2 TeV 2.5σ

CMS WW/WZ → lν j j No limit set —
WZ → lνll — 1470 GeV
WW/WZ → qqqq No limit set 1700 GeV
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