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Introduction

• The study of diboson production provides an 
important test of the Standard Model at TeV 
energy scale

• Sensitive to self-interaction among vector 
bosons via triple gauge couplings (TGC)

• Neutral TGC is forbidden at tree level in SM

• New physics would induce changes in TGC 

• Irreducible background to Higgs boson

• See J. Branson’s H->VV talk tomorrow
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Forbidden in SM
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Data and Analysis

• Tevatron: proton-antiproton collisions at 1.96 TeV, up to 9.8 fb-1

• LHC: proton-proton collisions at 7, 8 TeV up to 5, 20 fb-1

• W, Z decay modes

• W->lv, Z->ll: leptons are isolated; experimentally clean

• Neutrino inferred by imbalance of transverse energy: Missing ET

• W/Z->jj, Z->vv: higher branching fractions; larger backgrounds

• Theoretical predictions on diboson cross sections: NLO QCD (e.g. MCFM)

• Focusing on new results in the past year

3

Wednesday, September 4, 2013



Cross section measurements
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In following slides: Wγ, Zγ, WW, WZ, ZZ

Data-driven 
when possible

Cut and count in 
most cases

Determined from MC, corrected 
for data/MC efficiency differences
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Wγ->lvγ, Zγ->llγ

• Lepton+Missing ET or dilepton

• Photon pT > 15 GeV

• Good S/B

• Main backgrounds: W+jets, Z+jets 
(jet faking photon)
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arXiv:1308.6832 (submitted to PRD)
Phys. Rev. D 87, 112003 (2013)

Wednesday, September 4, 2013

http://arxiv.org/abs/arXiv:1308.6832
http://arxiv.org/abs/arXiv:1308.6832
http://prd.aps.org/abstract/PRD/v87/i11/e112003
http://prd.aps.org/abstract/PRD/v87/i11/e112003


Wγ->lvγ
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Exclusive: N_jet = 0

Sherpa, Alpgen agree better
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Zγ->llγ
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Good agreement with MCFM
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Zγ->vvγ

• Missing ET + isolated photon

• Pros: larger branching fraction and 
acceptance

• Cons: larger backgrounds; Blind to 
low pT

• Main Backgrounds

• W->ev, Z(vv)+jets, QCD

• Photon timing is used to reduce 
non-collision backgrounds
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CMS-PAS-SMP-12-020
Phys. Rev. D 87, 112003 (2013)

Missing ET > 130 GeV
Photon ET > 145 GeV
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WW->lvl’v’
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Phys. Rev. D 87, 112001 (2013)

Theoretical 44.7+2.1-1.9 pb

7 TeV 4.6 fb-1

• Two opposite sign leptons, pT > 
25/20 GeV; significant Missing ET

• Main backgrounds

• top, Z+jets

• Systematics dominate

• Jet veto

• Background estimation
Differential cross sections

Δϕ wrt to the closest lepton
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WW->lvl’v’
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arXiv:1306.1126 (submitted to EPJC)
Phys. Lett. B 721 (2013) 190–211

Theoretical
47.0±2.0 pb
57.3+2.3-1.6 pb

7 TeV 4.9 fb-1

8 TeV 3.5 fb-1

Two opposite charged leptons, pT > 20 GeV
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WZ->lvl’l’

• Exactly 3 leptons, a pair of which 
from Z; significant missing ET

• Very low background

• Main background: Z+jets ( jet 
faking lepton)
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66 GeV < M(l+l-) < 116 GeV

Eur. Phys. J. C (2012) 72:2173
ATLAS-CONF-2013-021

Phys. Rev. D 86 (2012) 031104
Phys. Rev. D 85 (2012) 112005

7 TeV 4.6 fb-1

8 TeV 13 fb-1

Theoretical
17.6+1.1-1.0 pb 
20.3±0.8 pb
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WZ->lvl’l’
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71 GeV < M(l+l-) < 111 GeV

CMS-PAS-SMP-12-006

Theoretical
17.8+0.7-0.5 pb 

21.91+1.17-0.88 pb
4.9 fb-1

19.6 fb-1

NEW

Leptons pT > 20/10/20 GeV
Missing ET > 30 GeV

Ratio of W+Z/W-Z
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WW/WZ->lvjj

• Trigger on a W and look at the di-jet 
spectrum; cannot distinguish WW from WZ

• Main background: W/Z+jets

• Challenge: background estimation, jet 
energy scale/resolution
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Eur.Phys.J. C73 (2013) 2283 
ATLAS-CONF-2012-157

Signal and background yields obtained from fit on M(jj)
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ZZ->lll’l’, llvv

• lll’l’: distinct signature, 
completely reconstructable

• llvv: large branching fraction

• Combined assuming standard BF

14 M(l+l-) > 30 GeV Theoretical 1.4±0.1 pb

CDF note 10957 
Phys. Rev. D 88, 032008 (2013)

NEWNEW
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ZZ->lll’l’, llvv

• Very low backgrounds

• Optimized for lepton efficiency, 
especially at low pT
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66 GeV < M(l+l-) < 116 GeV

ATLAS-CONF-2013-020
JHEP03(2013)128

Theoretical
5.89+0.22-0.18 pb 

7.2+0.3-0.2 pb
7 TeV 4.6 fb-1

8 TeV 20 fb-1
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ZZ->lll’l’
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60 GeV < M(l+l-) < 120 GeV

CMS-PAS-SMP-13-005
Phys. Lett. B 721 (2013) 190-211

J. High Energy Phys. 01 (2013) 063 
l = e, μ; l’ = e, μ, τ

7 TeV 5.0 fb-1

8 TeV 19.6 fb-1

Theoretical
6.3±0.4 pb
7.7±0.6 pb

Differential cross sections

NEW

Lepton pT > 20/10/7/5 GeV

Cross sections obtained from simultaneous fit to event yields in all studied channels
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Anomalous Triple 
Gauge Couplings

• SM describes exactly how vector 
bosons interact with each other

• Even new physics at a higher 
energy scale will have indirect 
effects on TGC

• aTGC are modeled using effective 
Lagrangian depending on some 
parameters, which are all zero in SM
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To interact by the rules or not?
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aTGC would increase cross section at 
high end of M(VV), and its proxies, e.g. pT

The tail drives sensitivity!

ATLAS
WZ

ATLAS
ZZ->llvv

ATLAS
WW

CMS
Wγ

CMS
Zγ->vvγ

CMS
ZZ
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Charged aTGC 
(WWγ, WWZ)
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LEP remains most competitive here
WV->lvjj doing well

Phys. Rev. D 87, 112003 (2013)
arXiv:1308.6832 (submitted to PRD)
arXiv:1306.1126 (submitted to EPJC)

Eur.Phys.J. C73 (2013) 2283 
Phys.Lett. B718 (2012) 451-459

arXiv:1302.3415
Phys. Rev. D 87, 112001 (2013) 

Eur.Phys.J. C72 (2012) 2173

LHC approaching LEP sensitivities
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Neutral aTGC     
(Zγγ, ZZγ, ZZZ)

20

Phys. Rev. D 87, 112003 (2013)
arXiv:1308.6832 (submitted to PRD)

CMS-PAS-SMP-12-020
Phys. Rev. Lett. 107, 051802, 2011

JHEP03(2013)128
CMS-PAS-SMP-13-005

LHC dominates on neutral aTGC limits
Sensitivity mostly from vvγ

Loops contribute 10-4; Some new 
models predict 10-4 to 10-3

Limits are already at interesting region!
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γγ->WW->lvlv

• Opposite charged eμ vertex 0 extra 
track, pT(eμ) > 30 GeV

• 7TeV 5 fb-1: 2 events observed 
( expected: 2.2 signal, 0.84 background)
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JHEP 1307 (2013) 116
Phys. Rev. D 88, 012005

NEW
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Tri-boson: WVγ

• W->lv; V: W/Z->jj

• σ(WVγ) < 241 fb, 3.4 times SM 
(photon pT > 10 GeV)
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CMS-PAS-SMP-13-009

Quartic Gauge Couplings

γγ->WW and tri-boson are used to set limits on 
anomalous Quartic Gauge Couplings

NEW
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Summary

• Measurements are presented of diboson production cross sections

• Proton-antiproton collisions at 1.96 TeV at Tevatron

• Proton-proton collisions at 7 TeV and 8 TeV at LHC

• The measured cross sections are consistent with SM predictions

• Differential cross sections are also measured in some channels

• Limits set on anomalous Triple Gauge Couplings. No evidence for new physics

• The study of Quartic Gauge Couplings has started

• Full statistics 8 TeV measurement in all channels at LHC will continue. Looking 
forward to 2015 run
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Backup
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CMS Vγ
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Radiation Amplitude Zeros
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CMS Zγ->vvγ 7 TeV
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WW
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CMS 8 TeV
ATLAS 7 TeV
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WZ 8 TeV
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CMS

ATLAS
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WV->Wjj 7 TeV
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CMS

ATLAS
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CMS ZZ 8 TeV
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ATGC
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• To stop unitarity violation, may use form factor: α(s)=α(0)/(1+s/Λ)n
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CMS WVγ
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