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• Quartic Gauge Boson Couplings
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Experimental the theoretical challenges (based on VBS)

(Recent) results from the ATLAS collaboration:
• on EW diboson production (not exhaustive)
• on triboson production: first observations!
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EW diboson
production

triboson
production



Vector Boson Scattering

Electroweak VVjj production via Vector Boson Scattering (VBS):
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For longitudinally polarized bosons

• Diverging cross section when not 
including Higgs-related diagrams

• VLVL → VLVL production as an direct 
study of the Higgs sector

• Ideally: study as a function of the 
system’s energy

without higgs diagrams

without quartic coupling

full calculation

Nuclear Physics B 525 no. 1, (1998) 27–50. 



Vector Boson Scattering

Quartic gauge bosons’ couplings (QGC)

6

• Only accessible via the electroweak 
diboson and triboson production

• Different from SM predictions could 
occur in the presence of new physics

! experimentally accessible using 
sensitive kinematical variables

Effect from 
new physics

Triboson production: EW diboson production:



EFT for Quartic Gauge Boson Couplings

Anomalous triple and quartic gauge boson couplings on a EFT frame

Gauge boson interactions 
as described by the 
!"#$%#&%'()%*+

,-./*&')&%*&'0)&&*0"-)$1
describing modifications caused by  
non-SM effects
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• A variety of operators exist, covering all types of QGC
• Non zero value for any of their coefficients would be sign of new physics 



EFT for Quartic Gauge Boson Couplings

Three different types of parameters:

pure field-strength tensor (! ! ) 
pure transverse: only neutral 
couplings can be induced

mixted Higgs-field-strength (! " ) 
mixted longitudinal-transverse

pure Higgs-field (!#) pure 
longitudinal: cannot induce 
couplings with photons
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Electroweak VVjj production

Electroweak VVjj production:
(including vector boson scattering)

• Characteristic kinematic signature
• Challenging S/B

Main background for several analyses:

• QCD VVjj production
• Different kinematic signature
• Important criterion for all VBS analysis strategies
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VBS @ NLO (and beyond)

!"#$%&$%$"'$VVjj-EW VVjj-QCD

VVjj-EW VVjj-QCD? ?

Adding higher order corrections makes VVjj-EW and VVjj-QCD separation somehow 
obsolete

Currently:
• Generally take into account interference in the fitting procedure and assign an (non 

negligible but generally non dominant) uncertainty on it
• Future solution:  inclusive measurement creating ah high VVjj-EW purity phase space?
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NLO
corrections



VBS: kinematic signature

Characteristics of a typical VBS event:

• Two high energy forward jets (tagging jets)

• Generally central diboson products

• Suppressed hadronic activity in between the tagging jets

&="-*%22=
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https://arxiv.org/abs/hep-ph/9605444
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https://arxiv.org/abs/hep-ph/9605444


https://arxiv.org/abs/1803.07943

Signal: status of theoretical calculations
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BONSAY with 23!'4'%)56+*78)+*'#88&)9-:#"-)$

https://arxiv.org/pdf/2308.16716v1.pdf

QCD NLO corrections using different generators (W±W ± channel):

BONSAY with 23!'#88&)9-:#"-)$

2018 2023

https://arxiv.org/abs/1803.07943
https://arxiv.org/pdf/2308.16716v1.pdf


VBS (leptonic) channels

;)$'*9/#51"-<*' list of VBS channels:   !"#$

• W±W ± : first observation in 2018 (PRL 123 (2019) 161801 %+,)PRL 120 (2018) 081801)

considered as 
background
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Experimental signature:
• 2 same sign leptons
• 2 hadronic jets

Challenge: two neutrinos in the final state
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& ' ()

P. Anger thesis:(https://cds.cern.ch/record/1753849 
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https://journals.aps.org/prl/references/10.1103/PhysRevLett.123.161801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.081801
https://cds.cern.ch/record/1753849


VBS (leptonic) channels

;)$'*9/#51"-<*' list of VBS channels:   !"#$

• Zγ:  first observation in 2021 3BC=(D)E#&&D)F)GHI)3J@JK7)LKGJJJ)%+,)PRD 104 (2021) 0720017

considered as 
background
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Experimental signature:
• 2 opposite sign leptons
• 1 photon
• 2 hadronic jets

Challenge: very high QCD background
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P. Anger thesis:(https://cds.cern.ch/record/1753849 

https://www.sciencedirect.com/science/article/pii/S0370269323005567
http://dx.doi.org/10.1103/PhysRevD.104.072001
https://cds.cern.ch/record/1753849


VBS (leptonic) channels

;)$'*9/#51"-<*' list of VBS channels:   !"#$

• WZ:  first observation in 2018 (Phys. Lett. B 793 (2019) 469 and PLB 809 (2020) 135710 )

considered as 
background
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Experimental signature:
• 2 opposite sign leptons
• 1 lepton
• 2 hadronic jets

Challenge: high QCD background
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P. Anger thesis:(https://cds.cern.ch/record/1753849 

https://www.sciencedirect.com/science/article/pii/S0370269319303211
http://dx.doi.org/10.1016/j.physletb.2020.135710
https://cds.cern.ch/record/1753849


VBS (leptonic) channels

;)$'*9/#51"-<*' list of VBS channels:   !"#$

• ZZ:  first observation in 2021 (Nature Phys. 19 (2023) 237)

considered as 
background
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Experimental signature:
• 2 opposite sign leptons
• 2 opposite sign leptons
• 2 hadronic jets

Challenge: very low cross section
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P. Anger thesis:(https://cds.cern.ch/record/1753849 

https://www.nature.com/articles/s41567-022-01757-y
https://cds.cern.ch/record/1753849
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EW multibosons at LHC timeline 

!"

First observation of the electroweak W! W ! jj production by both ATLAS and CMS
• ATLAS : Phys. Rev. Lett. 123 (2019) 161801
• CMS : Phys. Rev. Lett. 120 (2018) 081801

First observation of the electroweak WZjj production by ATLAS
• Phys. Lett. B 793 (2019) 469

ATLAS:36.1 fb-1

CMS: 35.9 fb-1

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.161801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.081801
https://www.sciencedirect.com/science/article/pii/S0370269319303211


EW multibosons at LHC timeline 

!#

First observation of ZZjj-EW production by ATLAS
Nature Phys. 19 (2023) 237

First observation of Zγjj-EW production by CMS and ATLAS
ATLAS: Phys. Lett. B 846 (2023) 138222
CMS: PRD 104 (2021) 072001

Simultaneous measurement of WWjj and WZjj by CMS
PLB 809 (2020) 135710

ATLAS:139 fb-1

CMS: 137 fb-1

acces to neutral quartic couplings

https://www.nature.com/articles/s41567-022-01757-y
https://link.springer.com/article/10.1007/JHEP07(2017)107
https://www.sciencedirect.com/science/article/pii/S0370269323005567
http://dx.doi.org/10.1103/PhysRevD.104.072001
http://dx.doi.org/10.1016/j.physletb.2020.135710


EW multibosons at LHC timeline 

!!

Study of the W! W ! jj production by ATLAS : JHEP 04 (2024) 026
Study of the WZjj production by ATLAS: JHEP 06 (2024) 192

Study of the Wγjj production by both ATLAS and CMS:
ATLAS: arXiv:2403.02809
CMS: PRD 108 (2023) 032017

Study of the W+W-jj production by both ATLAS and CMS:
ATLAS: JHEP 07 (2024) 254
CMS: PLB 841 (2023) 137495

ATLAS:139 fb-1

CMS: 137 fb-1

Dedicated talk during this 
conference by E. Kasimi! 

https://link.springer.com/article/10.1007/JHEP04(2024)026
https://link.springer.com/article/10.1007/JHEP06(2024)192
https://arxiv.org/abs/2403.02809
http://dx.doi.org/10.1103/PhysRevD.108.032017
https://doi.org/10.1007/JHEP07(2024)254
http://dx.doi.org/10.1016/j.physletb.2022.137495


EW multibosons at LHC timeline 

!$

Observation of the VVV production by CMS: PRL 125 (2020) 151802
Observation of the Ζγγ and the Wγγ production by CMS: JHEP 10 (2021) 174

Observation of the WWW production by ATLAS: Phys. Rev. Lett. 129 (2022) 061803
Observation of the Ζγγ production by ATLAS: Eur. Phys. J. C 83 (2023) 539
Observation of the WZy production by ATLAS: Phys. Rev. Lett. 132 (2024) 021802
Observation of the Wyy production by ATLAS: Phys. Lett. B 848 (2024) 138400

ATLAS:139 fb-1

CMS: 137 fb-1

http://dx.doi.org/10.1103/PhysRevLett.125.151802
http://dx.doi.org/10.1007/JHEP10(2021)174
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.061803
https://link.springer.com/article/10.1140/epjc/s10052-023-11579-8
https://link.aps.org/doi/10.1103/PhysRevLett.132.021802
https://www.sciencedirect.com/science/article/pii/S0370269323007335


The Zγjj channel

Challenging S/B ratio
• Signal region: mjj>500 GeV, centrality<0.4

• QCD CR (centrality<0.4)
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The ZZjj channel

Low statistics
• Combination of two channels

• Use of MVA (GBDT) for ZZjj-EW isolation

• Total EW cross section measurement (dominated by statistical uncertainty):
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The W! W! jj channel

Already observed in 2018
• Fit based on the mjj distribution
• Main background constrained in dedicated regions

Theory uncertainty take into account
• higher-order pQCD contributions (Sherpa 

WWjj+1jet samples) for both EW and QCD WWjj
• EW corrections on the signal: )*+,( =>'(2017) 124 

jet energy scale 
and resolution

lepton 
misidentification 
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The W! W! jj channel

jet energy scale 
and resolution

lepton 
misidentification 

Number of jets in the gap Transverse mass of the WW system
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The W! W! jj channel

High tt and W±W$ jj-QCD bakground

. !" /
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The W! γjj channel

High Wγjj-QCD (and non prompt photon) background

f012345261783049: < = .
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The WZγ production

Target process:

Three-bins (SR+2 CR) profile likelihood fit: 

. " #$ / ' (*+ > * (,* ?2383(@> * (+=?2A23(@

B012345261783049: =;, .

v

normalized in dedicated CRs

related to photon (and 
muon) identification 
and isolation

v

v

statistically dominated
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The Wγγ production

Target process:

. " $$ / +, (C> +(+ 2383( > D' (+
E' (*

2A23( > * (+ FGH0I5

B012345261783049: ) ;= .

v

normalized in dedicated CRs

v

dominated by data-driven J K L background



What can we do next?

$!
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• Control of the MC modelling and EFT interpretation of the measurements

G-&1"'8)+#&-H*%'ABCC7DA':*#15&*:*$"1

• Requires very important improvement of the analysis (ML technics)

• See dedicated presentations



The Large Hadron Collider further in the future

$$

CMS PAS FTR-18-038 
ATL-PHYS-PUB-2018-023

Quelques centaines de W!Z!→W!Z!



Conclusions

Run 2 has been a very productive period for multiboson analyses

" 2*0")&'6)1)$'10#""*&-$.'#$%'"&-6)1)$'8&)%50"-)$
• first observed during Run 2 of the LHC into several diboson channels
• allows the quartic gauge boson couplings
• indirect study of the Higgs section through polarized VBS

;*#&'@5"5&*'1/)5+%'6*'<*&I'-$"*&*1"-$.
• Deeper and more precise measurements using increasing integrated luminosity
• Very beginning of first VBS analyses with polarized boson(s)
• Novel analysis technics could allow to exceed simple prospective

(#$I'-"*:1'&*+#"*%'")' :5+"-6)1)$ 8&)%50"-)$'-$'"/*'$*9"'J#$%'8&*<-)51K'8&*1*$"#"-)$1L
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