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Diboson production at the LHC
Probing gauge-boson self-couplings & interference with increasing precision

Testing QCD calculations to increasing accuracy

Measurements constrain modelling of backgrounds to Higgs measurements
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Diboson measurements at ATLAS

ZZ →   l l l l  : 7 & 8 TeV

WZ →   lν l l  : 7 & 8 TeV

WW →   lν lν  , lν jj: 7 TeV

Zγ  →  l lγ , ννγ  : 7 TeV

Wγ  →  lνγ : 7 TeV

γγ : 7 TeV

(Also same-charge WW via vector-boson scattering: Simone Pagan Griso's talk)
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Diboson measurement strategy

Measure cross section within a fiducial region 

Extrapolate to total cross section

Study unfolded differential cross sections and probe high-Q2 events for anomalous TGCs

C
WW

: ratio of measured to produced 

WW events in fiducial region

A
WW

: kinematic and 

geometric acceptance

SM: g
1

V = κ
V
 = 1; 

λ
V
 = 0

B: branching ratio
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ZZ cross sections
Select events with four leptons with two m

ll
 ∼ m

Z

>300 candidates, >90% purity

SM total cross section prediction:
7.2+0.3

-0.2
 pb 
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WZ cross sections
Select events with lepton pairs with mass ~ m

Z
, an additional lepton, and large E

T

miss

>800 WZ events

75% purity

ATLAS-CONF-
2013-021
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WZ cross sections

SM fiducial cross section predictions:
24.8 ± 0.9 fb per channel

99.2 ± 3.6 fb sum over channels  

SM total cross section prediction:
20.3 ± 0.8 pb 
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WW cross sections

>800 WW events

70% purity

9% uncertainty on 
total cross section

PRD 87, 112001 (2013)

Select dilepton events with m
ll
 ≠ m

Z
, large E

T,Rel

miss and no jets
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WW differential cross section & aTGCs

Measure unfolded differential cross 
section of leading lepton p

T 

LEP 
scenario

Set limits in three scenarios: 
“LEP” (∆κ

γ  
µ  ∆g

1

Z - ∆κ
Z
: 3 parameters) 

“Equal Couplings” (WWZ = WWγ: 2 parameters)
“HISZ” (∆g

1

Z µ  ∆κ
Z
 & ∆κ

γ
 µ  ∆κ

Z
: 2 parameters)

Probe anomalous couplings at high p
T

λ(s) = λ / (1 + s/Λ2)2 
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Ζγ  cross sections
Events with two leptons with high invariant mass, and a photon

4000 Zγ events
85% purity

Events with no leptons, large E
T

miss, and a photon

>400 Zγ events
40% purity

PRD 87, 
112003 
(2013)
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Ζγ  cross sections & aTGCs

ZZγ vertex

Zγγ vertex

Probe aTGCs 
using events with 

 E
T

γ>100 GeV
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Ζγ  differential cross sections

Presence of jets preferentially increases high E
T

γ 

m
llγ

 general probe for new particles decaying to Zγ

Sherpa normalized to data (inclusive in jets)
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Wγ  cross sections
Select events with a lepton, photon, and large E

T

miss

>10000 Wγ events, 60% purity

Disagreement between fiducial measurement 
and NLO QCD due to missing photon radiation 
from quarks produced at higher orders in QCD
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Wγ  differential cross sections
Jet multiplicity distribution agrees with 

Alpgen (Sherpa) generator producing 
up to five (three) additional partons

Transverse mass of Wγ system probes 
for new resonances decaying to Wγ

High E
T

γ probes for anomalous couplings
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Summary
Diboson cross sections measured in 7 & 8 TeV data sets

Many measurements include unfolded differential cross sections

Increasing sensitivity to 
modelling of higher 

orders in QCD

Anomalous-coupling 
limits set with 7 TeV data 
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Backup
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Diphoton cross section

Sherpa includes 
QED radiation 
from up to two 

additional partons 

Select photons 
with E

T
 > 25, 22 GeV

Also compare to 
fixed-order 
calculations
DIPHOX and 

2γNNLO

2 FSR photons
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