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Physics Motivation

 Vector Boson Scattering (VBS) is a 

key process to probe the mechanism

of electroweak symmetry breaking (EWSB)

 Triboson final state provides another 

way to test QGC vertex

 Involving Quartic Gauge Couplings (QGCs) 

which is sensitive to new physics

 Only charged QGCs allowed at Standard Model 

(SM) tree-level (WWWW, WWZZ, WWZγ, WWγγ)

 Constraint on aQGCs

 Probe new physics through deviations from SM
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VBS: Zγ + 2jets
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EW non-VBS

EW VBS

QCD

QCD

arXiv:1705.01966

✓ Z  leptons/neutrinos

✓ Dominant background

✓ Charged-lepton channel: Z+jets, with 

jets faking photons

✓ Neutrino channel: W(lν)γ + jets

https://arxiv.org/abs/1705.01966


VBS: Event Selections
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Charged-lepton channel

✓ Isolated electron, muon and photon

✓Two same-flavor, opposite-sign leptons

✓At least two jets with large rapidity 

difference

✓mll > 40 GeV

✓mll + mllγ > 182 GeV to reduce Final 

State Radiation (FSR)

Neutrino channel

✓Missing ET > 100 GeV

✓Photon ET > 150 GeV

✓At least two jets with large rapidity 

difference

✓Lepton veto to reduce W(lν)γ + jets

✓Event level topology cut to suppress 

γ + jets and W(eν) + jets

✓ Search region: mjj > 500 GeV to study EWK Zγ + 2jets production and 

measure the combined cross sections of QCD+EWK

✓ aQGC region: mjj > 500 GeV and ET
γ > 250 (150) GeV optimized for 

sensitivity to aQGC for charged-lepton (neutrino) channel and measure the 

combined cross sections of QCD+EWK



VBS: Cross-section Measurements

 A fit to the centrality is used to extract the cross sections of EWK and 

QCD processes in search region, in the charged-lepton channel
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arXiv:1705.01966

✓ Expected significance: 1.8σ, for EWK production

✓ Observed significance: 2.0σ, for EWK production

https://arxiv.org/abs/1705.01966


VBS: aQGCs

 aQGC optimized region is defined with further ET
γ > 250 

(150) GeV cut for charged-lepton (neutrino) channel
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✓ Better expected limit from neutrino channel

✓ Improved by 10-30% if combined with 

charged-lepton channel

arXiv:1705.01966

https://arxiv.org/abs/1705.01966


Triboson: WWW
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LO processes

Eur. Phys. J. C 77 (2017) 141Dominant background from WZ/γ* + jets process

https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1


WWW: Event Selections
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Split based on number of same-flavor, opposite-sign lepton (SFOS) pairs

Split based on lepton flavor

Same-sign channel has much better 

Drell-Yan suppression



WWW: Cross-section Measurements

 Prediction agrees with observed 

data in all 6 signal regions

 Observed (expected) significance 

of a positive signal is 0.96σ

(1.05σ), combining all channels 

(mostly from 0-SFOS and μμ

channel)
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✓ Contributions from aQGCs also 

shown in plots

✓ Non-unitarized case (ΛFF = ∞ )

✓ Two different sets of fS,0/Λ
4 and 

fS,1/ Λ4 configurations

Eur. Phys. J. C 77 (2017) 141

https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1


WWW: aQGCs

 aQGC events generated with VBFNLO at LO and scaled to 

NLO prediction
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Eur. Phys. J. C 77 (2017) 141

https://link.springer.com/article/10.1140/epjc/s10052-017-4692-1


Triboson: WVγ (V = W, Z)
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Produced through QGC Produced through radiation

STDM-2016-05

Fully leptonic channel and semi-leptonic channel

✓ Dominant background for leptonic channel:

✓ Dominant background for semi-leptonic channel: Wγ* + jets 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-05/


WVγ: Cross-section Measurements
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Prediction from VBFNLO at particle level

✓ Fiducial cross section measured in fully leptonic channel

✓ Expected significance: 1.6σ

✓ Observed significance: 1.4σ

STDM-2016-05

eνμνγ lνjjγ

1 electron and 1 muon

Opposite charge

1 electron or 1 muon

No 3rd lepton No 2nd lepton

At least 1 isolated photon

0 jet At least 2 jets, 0 b-jet

Missing ET > 15 GeV

meμ > 50 GeV

Missing ET > 30 GeV

mT > 30 GeV

Upper limit

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-05/


WVγ: aQGCs

 Optimized fiducial region defined for aQGCs and search for 

new physics by increasing photon ET cut (ET > 120 GeV for 

fully leptonic analysis, ET > 200 GeV for semi-leptonic 

analysis)

July 6, 2017 Bing Li 14

Non-unitarized limits

STDM-2016-05

Upper limits

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2016-05/


Summary

 Recent ATLAS results for VBS, Triboson and aQGCs

 Limit set on cross-sections and compared with NLO SM 

predictions

 Limits set on aQGC parameters modelled by dimension-8 

operators

 Will benefit from Run 2 data for VBS/Triboson cross-section 

measurements and aQGC limits
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backup
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aQGC

 Effective operators approach

 Three types of dimension-8 operators

 Scalar: S0, S1, S2

 Tensor: T0 – T9

 Mixed: M0 – M7
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Michael Rauch, arxiv:1610.08420

O. J. P. Eboli, M. C. Gonzalez-Garcia, arXiv:1604.03555

https://arxiv.org/abs/1610.08420
https://arxiv.org/abs/1604.03555


Zγ + 2jets: Particle/Parton Level Event Selections

July 6, 2017 Bing Li 18

Charged-lepton channel

phase-space region definitions
Neutrino channel



Zγ + 2jets: Systematic Uncertainties
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WWW: Systematic Uncertainties
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WVγ: Event Selections
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CMS limit
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CMS-PAS-SMP-13-009

https://cds.cern.ch/record/1563302


ATLAS/CMS limit
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ATLAS/CMS limit
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