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Multi(Di)boson productions

- Gauge boson self couplings predicted in non-abelian SU(2)×U(1) 
⇢Excellent tests of the electroweak sector of SM 

- Sensitive to anomalous gauge couplings ⇢ Indirect search for 
new physics (EFT approach) 

- Background for Higgs and new physics searches 

- Large cross sections and clean experimental signature 

- Precision era for multiboson measurements with LHC run2 

- Test theory predictions ⇢ New theory developments, improved 
MC generators, etc.

This talk: final states with a pair of W/Z/γ with focus on cross section measurements
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https://indico.cern.ch/event/1109611/contributions/4789864/
https://indico.cern.ch/event/1109611/contributions/4789864/attachments/2444664/4188919/EWK_triboson_LHCP_YingAN_final.pdf
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https://indico.cern.ch/event/1109611/contributions/4789866/
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3

Bird’s-eye view

Link to the plot

VV

Vγ

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
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Bird’s-eye view

Link to the plot

https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsCombined/CMSCrossSectionSMPSummaryBarChart.pdf


WW
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qqbar annihilation + gluon-gluon fusion  (resonant & non-resonant) induced 

- Dominant top quark background with relatively smaller contributions from DY, 
non-prompt leptons and diboson productions

36 fbinv of data 

CMS: WW⇢ll+met; 
0/1 jets & inclusive 

ATLAS: WW⇢eµ+met;  
0 jet

- Fiducial & differential 
cross sections 

- Search for anomalous 
gauge couplings

Eur. Phys. J. C (2019) 79:884, Phys. Rev. D 102, 092001

https://link.springer.com/content/pdf/10.1140/epjc/s10052-019-7371-6.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092001
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WW

Good agreement between  
data & NLO 
 theoretical predications 

Predictions provide a fair 
description of data 
expect for low values of 
dɸ & mll

DF event selection

Normalised  differential cross sections 

 Differential cross sections (un-normalized) 
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WW+≥1jet

- Electron-muon final 
state with at least one 
jet with 139 fbinv

JHEP 06 (2021) 003

- Differential cross-sections as a function of lepton & jet-related observables  

- Limits set on anomalous triple gauge couplings ⇢ Enhanced interference 
between SM and anomalous amplitudes with hard jet requirement 

Within uncertainties, 
all predictions give 
an excellent 
description of data

https://link.springer.com/content/pdf/10.1007/JHEP06(2021)003.pdf


γγ
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JHEP 11 (2021) 169

- Differential cross sections as 
functions of several  
observables for the γγ system 
based on 139 fbinv

vs

- Electromagnetic process yet involves intricate strong interactions dynamics 
⇢ Non-trivial theoretical predictions
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Higher order theoretical cross sections are needed to obtain 

good shape &normalization agreement with data

https://link.springer.com/content/pdf/10.1007/JHEP11(2021)169.pdf


Four leptons
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JHEP 07 (2021) 005

- Differential measurements in 
four regions 

- On-shell ZZ 
- Off-shell ZZ  
- Single Z boson 
- Higgs

Inclusive four lepton production based on 139 fbinv

Data and predictions agree within uncertainties

Applied k-factor corresponding 

to NNLO prediction (MATRIX)

central values comparable here

https://link.springer.com/content/pdf/10.1007/JHEP07(2021)005.pdf


ZZ

10

Eur. Phys. J. C 81 (2021) 200

- Fiducial & differential cross section 
measurements with on-shell ZZ 

- Includes interference with off-shell Higgs 
production 

- Also includes EW ZZ production ~1% of the 
total signal contribution 

cross section

EW corrections dominate here

scale+pdf
scale

POWHEG+MCFM & 
MADGRAPH5 
aMC@NLO+MCFM 
describe data well 
except for the last bin 
as expected

60-120 GeV
66-116 GeV

https://link.springer.com/article/10.1140/epjc/s10052-020-08817-8


WZ⇢3lν channel
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- Comprehensive study of WZ⇢3lν  
- Fiducial & differential cross-sections 
- Charge asymmetry ratio  
- Search for anomalous gauge couplings in the EFT (not covered in this talk!) 
- Boson polarization fraction studies (not covered in this talk!)

- ATLAS: 36 fbinv  

- CMS: 138 fbinv 

arXiv:2110.11231, Eur. Phys. J. C (2019) 79:535
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https://arxiv.org/abs/2110.11231
https://link.springer.com/content/pdf/10.1140/epjc/s10052-019-7027-6.pdf


Wγ

12

- Measurement of photon pT & 
angular properties of final state 
particles exploited to set 
constraints on aTGC 

- Interference resurrection 
- Sensitivity to SM-dim6 

interference enhanced ~ by a 
factor of 10 

Phys. Rev. D 105, 052003

- Differential cross sections 
measured for many observables 
based on 138 fbinv 

- Decay of W into either a muon 
or an electron 

4-5%

~40%

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.052003


Diboson cross section measurements at 5.02 TeV
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- First measurement of the diboson: WW, WZ(⇢3lν, 2µss), and ZZ(⇢4l, 2l2ν) 
production cross sections with 304 pbinv of low pileup data @5.02 TeV 

- Energy point closer to Tevatron measurements from LHC side 

- Background contributions (photon 
conversions, top, DY, diboson, etc.) 
estimated from MC simulations 
except for  nonprompt leptons 

- Measured total cross sections 
consistent with theoretical 
calculations at combined NNLO 
QCD and NLO QED

Phys. Rev. Lett. 127, 191801



W±W± via double parton scattering
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- Golden channel to study DPS since SPS W±W± production suppressed due to 
presence of (two) extra jets 

- Non-factorization models⇢Parton correlations in terms of spin, color, 
momentum, etc.  

- Insensitive to pileup effects & clean final state with leptonic W decays 

- Analysis performed with WW⇢ eµ/µµ+MET final states using 138 fbinv 
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https://cds.cern.ch/record/2803704?ln=en


W±W± via double parton scattering (cont.)
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- Measured inclusive & fiducial cross sections 
in agreement with predictions;  

- Effective cross section ⇢ Transverse size of 
the proton  

- Sensitivity towards parton correlations is 
limited by statistics 
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Process-dependent ?? 

- Dominant background contributions from 
WZ and nonprompt leptons 

- Signal & background discrimination based 
on BDT  

- First observation of W±W± via DPS with 6.2𝝈 

obs. (6.7𝝈 exp.)
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Exclusive WW and ZZ production
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- 100 fbinv CMS + Precision Proton 
Spectrometer (PPS)  

- Near-beam detectors ~200m from CMS IP 
- W/Z bosons in CMS & protons in PPS

CMS-PAS-SMP-21-014;TOTEM-NOTE-2022-004

- First search for anomalous high mass γγ→WW/ZZ in hadronic final state 

𝝈(γγ⇢WW) in SM ~87fb @13TeV 

γγ⇢ZZ not allowed at tree-level in SM

No significant excess over

 background only hypothesis

Limits on fiducial xsec for aQGC-like signal 
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γγ⇢WW
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Phys Lett B 816 (2021) 136190

- pp(γγ)⇢ p(*)WWp(*)⇢eµ with 139 fbinv

- Elastic, single-dissociative, and double-
dissociative WW production 

- Two leptons with no additional charged-particle 
activity in the detector  

Reduction in background from quark- and 
gluon-induced WW and ttbar productions

Obs. sig > 5𝝈

Measured cross section in agreement with theoretical predictions

exclusivity 

condition 

SR

signal & 
background 
control regions 
based on pTeµ

https://www.sciencedirect.com/science/article/pii/S0370269321001301


Summary
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-Plenty of great measurements with run2 ⇢ Precision era 

-More analyses in pipeline with improved physics object 
reconstruction and performances, more variables for 
differential cross section measurements, final states etc. 

- In general a fair agreement between data and theory 
predictions 

-Some analyses limited by statistics → Interesting opportunities 
for run3 

-What can we do more/new with run3? 

https://cms-results-search.web.cern.ch/ 

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults

https://cms-results-search.web.cern.ch/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults


backup
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WZ⇢3lν channel
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Statistics-dominated 
Sensitive to pdfsets

arXiv:2110.11231, Eur. Phys. J. C (2019) 79:535

https://arxiv.org/abs/2110.11231
https://link.springer.com/content/pdf/10.1140/epjc/s10052-019-7027-6.pdf


Wγ
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- Interference 
resurrection 

- Sensitivity to SM-dim6 
interference enhanced ~ 
by a factor of 10 

Phys. Rev. D 105, 052003

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.052003


Zγ
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- Differential cross section measurement 
over a wider range of ETγ  

- EW Zγjj considered to be part of the signal

JHEP 03 (2020) 054

- Measured cross section 20(4-6)% 
higher than LO (NLO & NNLO)

Integrated fiducial cross section 

- Precision ~ 3–7% 
except for the 
(statistically limited) 
two highest bins (15%)

https://link.springer.com/content/pdf/10.1007/JHEP03(2020)054.pdf

