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Introduction

Diboson physics overview

• Diboson production cross-section measurements

• High energy test of Standard Model(SM) predictions at TeV scale
• Irreducible background to Higgs
• Sensitivity to new particles decaying to diboson (Technicolor, SUSY)

• Anomalous Triple Gauge Couplings (aTGC)

• Vector boson self-couplings fundamental prediction of the
Electroweak Sector of SM

• Probe to new physics through deviations of measured cross sections
from predictions
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Introduction

Diboson measurements with ATLAS at the LHC

• Diboson measurements performed
at ATLAS with 2011 data @ 7TeV:

• WW, WZ, ZZ, W/Zγ
• Using the full dataset available

(∼ 4.7fb−1)

• Diboson measurements performed
at ATLAS with 2012 data@ 8TeV:

• ZZ with 5.8fb−1

• Leptonic decay channels with clean
signals and low background

• Small cross sections O(1-100pb)
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Selections

Common signatures and selections
..

• Leptons

• High-pT leptons > 7− 20GeV in geometrical
acceptance of |η| < 2.7(µ), < 2.47(e)

• Calorimeter and track isolation utilised
• Single lepton triggers

• Photons

• pT > 15GeV in geometrical acceptance of |η| < 2.4
• Calorimeter based isolation

• Z → l+l− selection

• Invariant mass in windows of 10 to 25 GeV away
from PDG mass

• W → lν selection

• Large Missing transverse energy, Emiss
T cuts starting

> 25GeV
• Computed from jets, leptons and calorimetric

clusters
• |η|Emiss

T
< 4.5

• Transverse mass, mT , cuts starting > 20GeV
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Backgrounds

Common backgrounds
..

• Mainly 3 sources of background common to diboson processes

• W/Z+jets

• Genuine isolated high-pT leptons from boson
decay

• Lepton(s) from heavy and light flavour decays
• Lepton-like jets

• tt̄ and single-top

• Prompt isolated leptons from W decays
• Large Emiss

T and jet(s)

• Diboson processes

• Each diboson process is a background to the
others

• Background estimation using

..1 Data driven methods

• MC is weak in describing fragmentation processes
• W/Z+jets and tt̄ usually estimated from data driven techniques

..2 MC based estimation
• Dibosons. MC expectation and shapes enter directly in the analysis.
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Measurement methodology

Cross-section measurement methodology

• ’Cut and count’ analysis yields observed events

• Background estimation with data-driven and MC based methods

• Measure the total and fiducial cross-sections

Total x-section

σtot =
Nobs−Nbkg

A×C×L×BR

Fiducial x-section

σfiducial =
Nobs−Nbkg

C×L

Nobs : number of observed events passing selection
Nbkg : number of estimated background events
A: acceptance
C: efficiency correction
L: integrated luminosity

BR: Branching ratio of bosons decaying to leptons

• Correct for acceptance and efficiency
• The fiducial acceptance is calculated from truth objects imposing all

analysis cuts
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Measurement methodology

Background estimation methodology

• Data-driven techniques used for
backgrounds containing jets

• Based on the concept of defining
control regions in data enriched in the
background one wishes to estimate

• Defined by reversing analysis cuts
(e.g isolation, Emiss

T , impact
parameter significance)

Example:Fake Factor

• The probability of a jet mimicking a
lepton

• Used to extrapolate the background
from the control to signal region
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Example:ABCD method

• Background expectation
inferred from ratios of 2
uncorrelated variables

• NA ∼ NB
NC

ND
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W/Zγ arXiv:1302.1283v1

Zγ,W γ cross-section measurements

• Analyses of lνγ, l+l−γ and
ννγ final states

• Backgrounds from
W /Z + jets(dominant),
γ+jets, tt̄,WW

Selection highlights

• Require an isolated high-ET photon
and isolated high-pT lepton(s)

• Suppress FSR cutting on angular
separation of lepton and photon
∆R > 0.7

• For exclusive measurement veto jets
with pT > 30GeV
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W/Zγ arXiv:1302.1283v1

Zγ,W γ cross-section results
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• Alpgen (Sherpa) includes LO diagram for W + γ + up to 5 partons ( V+γ+ up
to 3 partons). They can describe the Vγ kinematic distribution in data quite well.

• Inclusive Wγ measurement above NLO theoretical prediction (from MCFM
generator)

• Systematic uncertainty dominates (photon ID, backg normalisation, jet energy
scale)

• Fair agreement for Zγ

Diboson Physics at ATLAS 9/19



. .
Overview

. . . .
Analysis Strategy

. . . . . . . .
Cross-section measurements

. . .
Anomalous couplings Conclusions

WW arXiv:1210.2979

WW cross-section measurement

• Analyses of l+νl−ν final states

• Backgrounds from Drell-Yan,
W + jets, tt̄ and single-t,
dibosons

Selection highlights

• Apply Z veto
(|mZ −mll | > 15GeV ) to
suppress Drell-Yan background

• Apply hard jet veto to reject tt̄
and single-top events

• Require exactly two isolated
leptons and large Emiss

T
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WW arXiv:1210.2979

WW cross-section results

• Using unfolded distributions

• Total cross-section:

• 51.9± 2.0(stat)±
3.9(syst)± 2.0(lumi)pb

• Theory:
• 44.7+2.1

−1.9pb

• Measurement slightly higher
than theoretical prediction
(MCFM generator)

• Higgs contribution of the order
of 3% (not considered in this
plot)
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ZZ arXiv:1211.6096

ZZ cross-section measurement
..

• Analyses of 4l and 2l2ν
final states

• Very clean signature
• Backgrounds only
significant for 2l2ν process:
Drell-Yan, tt̄, dibosons

Selection highlights

• 4l: 4 isolated high-pT leptons - enhanced
muon acceptance |η| < 2.7

• 2l2ν: Require axial-Emiss
T > 80GeV to

suppress Drell-Yan background (for 2l2ν)
• 2l2ν: Apply jet veto pT > 25GeV to reject
tt̄ events
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ZZ arXiv:1211.6096

ZZ cross-section results
..

• Statistical uncertainty dominant
• 7 TeV analysis:

• Using unfolded distributions
• Total cross-section: 6.7 ± 0.7

(stat) ± +0.4
−0.3 (syst) ± 0.3 (lumi)pb

• Theoretical cross-section:
5.89+0.22

−0.18pb
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• 8 TeV analysis:
• Total cross-section: 9.3+1.1

−1.0

(stat)+0.4
−0.3(syst) ±0.3(lumi)pb

• Theoretical cross-section:
7.4+0.4

−0.4pb
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WZ arXiv:1208.1390v3

WZ cross-section measurement

• Analyses of 3lν final
states

• Backgrounds Z + jets,
tt̄ and ZZ

Selection highlights

• 3 isolated high-pT
leptons, Emiss

T > 25GeV

• Tight Z mass window
requirement
(|Mll −Mpdg | < 10GeV )

• Tight isolation and ID
criteria on the W-lepton
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WZ arXiv:1208.1390v3

WZ cross-section results

• Using unfolded distributions
• Total cross-section:

• 19.0+1.4
−1.3(stat)± 0.9(syst)± 0.4(lumi)pb

• Theoretical cross-section:
• 17.6+1.1

−1.0

• Statistical uncertainty dominant
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aTGC overview

Anomalous couplings

• The s-channel diagrams contain the triple gauge coupling vertex

• New physics may modify these couplings.

• Effect of aTGCs are modelled using an effective Lagrangian which
depends on few parameters

coupling parameters channel

WW γ λγ , ∆κγ WW, Wγ
WWZ λZ , ∆κZ ,∆gZ

1 WW, WZ
ZZγ hZ3 , h

Z
4 Zγ

Zγγ hγ3 , h
γ
4 Zγ

ZγZ f Z40, f
Z
50 ZZ

ZZZ f γ40, f
γ
50 ZZ

• aTGCs modify total production
rates and kinematics

• Increase of cross section at high
invariant mass and high
transverse momentum

• Neutral TGC are not allowed in
the SM

• In SM all parameters are 0
except gV

1 and κV which are 1

Diboson Physics at ATLAS 16/19



. .
Overview

. . . .
Analysis Strategy

. . . . . . . .
Cross-section measurements

. . .
Anomalous couplings Conclusions

aTGC in Wγ,Zγ

aTGC in Wγ,Zγ

Coupling Strength
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γ ν l→pp 
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• Analysis on 2011 dataset

• Study performed where highest sensitivity is expected → highest Eγ
T

bin

• Make use of exclusive Vγ measurement (with jet veto) in high
photon ET regions(>100 GeV)

• No deviation from SM seen
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aTGC in ZZ

aTGC in ZZ
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ATLAS • Analysis on 2011
dataset

• No deviation from SM
values observed

• Significantly tighter
limits than LEP and D0

Diboson Physics at ATLAS 18/19



. .
Overview

. . . .
Analysis Strategy

. . . . . . . .
Cross-section measurements

. . .
Anomalous couplings Conclusions

Conclusions
..

• Excellent performance of the LHC has provided high quality/quantity data
• Studies on diboson production utilised 7 and 8 TeV dataset. More results in
the pipeline!

• Cross-section measurements
• Measurements have been

performed in WW,ZZ,WZ,Wγ
and Zγ channels

• SM predictions verified in all
channels

• aTGC measurements
• All diboson channels investigated with no apparent deviation from SM

prediction
• Limited statistics does not allow to probe deeper
• Sensitivity is expected to increase with increased centre-of-mass energy and

integrated luminosity
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Backup slides
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Z/W γ selections and fiducial volume

• Single lepton or photon
triggers:

• Electrons: 20-22 GeV
• Muons: 18 GeV
• Photons: 80 GeV

• |d0|/σd0 < 10(3) e(µ)

• |z0| < 1mm

• Calorimeter isolation in cone
∆R < 0.3 less than 6 GeV (e)

• pT isolation in cone ∆R < 0.3
less than 15% of the µ pT

• W γ modelled with ALPGEN
(CTEQ6L1)

• Zγ, ννγ modelled with Sherpa
(CTEQ6.6M)
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Z/W γ event yields and x-section results

Diboson Physics at ATLAS 22/19



. .
Overview

. . . .
Analysis Strategy

. . . . . . . .
Cross-section measurements

. . .
Anomalous couplings Conclusions

Z/W γ systematic uncertainties

Systematic uncertainties on CVγ

Systematic uncertainties on AVγ

• PDF: ∼0.8% estimated using the CT10 error
eigenvectors at their 90% CL limits rescaled to
68% CL with variation of αs in0.116− 0.120

• Scale µF ,µR : ∼0.5% obtained by varying ×2
around their nominal value

Systematic uncertainties on
parton-level x-section

• PDF: 3%-4%

• Scale µF ,µR : 3%-7%

• γ isolation definition:
1%-5%
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ννγ final states
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aTGCs in W /Zγ
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WW /WZ → lνjj cross-section measurement
..

• Analyses of semi-leptonic final state
• Main backgrounds W ,Z + jets, tt̄ and
other dibosons

Selection highlights

• Exactly 1 reconstructed lepton suppresses
Z+jets background

• Restrict multi-jet background by requiring
exactly 2 jets and angular separation of
leading jet and Emiss

T of ∆ϕ(Emiss
T , j1) > 0.8

Cross-section results

σ(WW +WZ ) =
72± 9(stat.)± 15(syst.)± 13(MCstat.)pb,
consistent with the Standard Model expectation
of 63.4± 2.6pb
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WW Event Selection

• Single lepton triggers:

• Electrons: 20-22 GeV
• Muons: 18 GeV

• pT > 20GeV

• |d0|/σd0 < 10(3) e(µ)

• |z0| < 1mm

• Calorimeter isolation in cone
∆R < 0.3 less than 14% of the
lepton pT

• pT isolation in cone ∆R < 0.3
less than 13%(15%) of the e
(µ) pT

• |mll −mZ | >
15, 15, 0(ee, µµ, eµ)

• Emiss
T ,rel > 45, 45, 25(ee, µµ, eµ)

• jet veto (pT > 25GeV ,
|η| < 4.5)
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WW Event yield and x-section result

Event yield

Cross-section results
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WW systematic uncertainties

Aww

Cww
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aTGC in WW

• Analysis on full 2011 dataset

• Maximum likelihood fit performed for

events in bin plepT > 120GeV

• No sign of deviation from SM
predictions

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

95% C.L. limits from WW production
ATLAS =6 TeV)Λ, -1(4.6 fb
ATLAS )∞=Λ, -1(4.6 fb

)∞=Λ, -1CMS (36 pb
)-1LEP (2.6 fb

=2 TeV)Λ, -1CDF (3.6 fb
=2 TeV)Λ, -1D0 (1 fb

Zκ∆

Zλ

1
Zg∆
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TGC scenarios in WW

• Equal Couplings scenario assumes WWZ and WW γ are equal.
(∆κz = ∆κγ , λZ = λγ , g

Z
1 = 1)

• LEP scenario assumes ∆κγ = (cos2θW /sin2θW )(∆gZ
1 −∆κZ ) and

λZ = λγ

• HISZ scenario assumes ∆gZ
1 = ∆κZ/(cos

2θW − sin2θW ),
∆κγ = 2∆κZcos

2θW /(cos2θW − sin2θW ) and λZ = λγ
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ZZ event selection and yields

• pT > 7GeV , SA muons
pT > 10GeV , calo muons and fwd e
pT > 20GeV

• Calorimeter isolation in cone
∆R < 0.2(0.3) less than 30%(15%)
of the lepton pT for
ZZ → 4l(ZZ → 2l2ν)

• pT isolation in cone ∆R < 0.2(0.3)
less than 15% of the lepton pT for
ZZ → 4l(ZZ → 2l2ν)

• |d0|/σd0 < 6(3.5) e(µ)

• |z0| < 2mm

ZZ∗ → 4l

• ∆R(l1, l2) > 0.2

• |mll −mZ | < 25 on shell mll > 20
off-shell

ZZ → 2l2ν

• ∆R(l1, l2) > 0.3

• 76 < |mll −mZ | < 106

• axia-Emiss
T > 75GeV

• jet veto pT > 25GeV
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aTGCs in ZZ

ZZ → 4l
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WZ Event Selection

• pT > 15GeV and pT > 20GeV
for the W lepton

• |η| < 2.5(µ), |η < 2.47|(e)
• |mll −mZ | < 10

• Emiss
T ,rel > 25GeV

• mW
T > 20GeV

• pT isolation in cone ∆R < 0.3
less than 13%(15%) of the e
(µ) pT

• Calorimeter isolation in cone
∆R < 0.3 less than 14% of the
lepton pT

• |d0|/σd0 < 10(3) e(µ)

• |z0| < 1mm
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WZ summary of systematic uncertainties
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aTGC in WZ
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95% C.L.

• No deviation from SM predictions observed

• Analysis performed with 2011 dataset
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