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• VBS VV->VV scattering 
• Key measurements to fully 

explore EWSB and probe for BSM 
models 

• VLVL->VLVL scattering unitarized 
by the interference with 
amplitudes involving Higgs bosons 

• Window for new physics 
• Anomalous triple and quartic gauge 

boson couplings

Vector boson scattering
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• Measurements of WZjj and same-sign WWjj production cross sections in fully 
leptonic final states (arXiv: 2005.01173)

• First differential cross section measurements of same-sign WWjj process
• Fiducial cross section measurement with a precision of roughly ~10%

• EW WZ measurement by CMS (6.8 sigma)

Latest LHC Run 2 measurements

307/02/20

500 1000 1500 2000 2500 3000 [GeV]jjm
0

0.5

1

1.5

Ev
en

ts
 / 

G
eV Data

±W±W
EWK WZ
WZ
ZZ
Nonprompt
tVx

γV
Wrong sign
Other bkg.
Bkg. unc.

 (13 TeV)-1137 fbCMS

500 1000 1500 2000 2500 3000
 [GeV]jjm

0.6
0.8

1
1.2
1.4

D
at

a/
Bk

g. 1− 0.5− 0 0.5 1
BDT score

0

50

100

150

Ev
en

ts
 / 

bi
n

Data
EWK WZ
WZ
ZZ
Nonprompt
tVx
γV

Wrong sign
Other bkg.
Bkg. unc.

 (13 TeV)-1137 fbCMS

1− 0.5− 0 0.5 1
BDT score

0.6
0.8

1
1.2
1.4

D
at

a/
Bk

g.

WZWWWW



• Measurements of WZjj and same-sign WWjj production cross sections in fully 
leptonic final states (arXiv: 2005.01173)

• First differential cross section measurements of same-sign WWjj process
• Most accurate to date, with a precision of roughly 10%

• EW WZ measurement by CMS (6.8 sigma)

Latest LHC Run 2 measurements
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• Observation of EW ZZjj production 
• ATLAS observation with 5.5 (4.3 expected) sigma (arXiv: 2004.10612)

• 4lepton + 2l2nu final staes
• CMS evidence with 4 (3.5 expected) sigma (CMS-SMP-20-001)

• 4lepton final state

Latest LHC Run 2 measurements
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• Studies of same-sign WW, WZ, and ZZ processes at HL-LHC and HE-LHC
• CERN-LPCC-2018-03
• Access to longitudinal scattering

HL-LHC and HE-LHC
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• Which future collider option maximizes the BSM physics potential for 
the VBS processes? 

• Can we have a quantitative answer to this question as an outcome 
of these Snowmass studies? 

• Collider options to consider: 
• e-collider (several to many TeV) 
• mu-collider (several to many TeV) 
• p-collider (FCC-hh, SPPC) 
• e-collider (Higgs factory, TerraZ, etc.) 

• Precision measurements of Higgs/EW sector, shorter timescale 
• What benchmarks to use to compare different collider options? 

• EFT dim-6 operators?  
• EFT dim-8 operator? 
• New physics models (for example Georgi-Machacek?)

For discussion
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• Interesting studies for pp 100 TeV collider (arXiv:1704.04911)
• Opportunity to study kinematic range not accessible to present colliders

• Forward rapidity coverage is important
•

100 TeV hadron collider
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FT0=0.1/TeV4, L=30ab-1



• Cross sections of VBS process in a recent paper (arXiv:2005.10289)
• mu-collider at few ~TeV is a high luminosity boson collider! 
• Production cross sections grow as logs while the corresponding s-

channel decrease as 1/s

VBS example (mu-collider)
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dashed->s-channel

• These promising results 
motivate further detailed 
analysis of VBS in mu-colliders 

• Kinematic distributions 
• Background processes 
• “Clean environment" 

compared to harden 
colliders



• Similar considerations as in previous slide apply to e-colliders
• Recent studies of scattering of W/Z bosons at high-energy lepton 

colliders (arXiv:1607.03030)
• More detailed comparisons of sensitives should be done to 

benchmark against mu- and hadron-colliders

VBS example (TeV e-collider)

1007/02/20 Partially reducible photon-induced 

3 TeV



• An example of BSM model that can be used as a benchmark
• Production of singly and doubly charged Higgs bosons

Georgi-Machacek model
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• arXiv:2005.10289

• arXiv:1905.07445



• Preliminary considerations for the VBS studies for Snowmass  
• Which future collider option maximizes the BSM physics potential for 

the VBS processes?  
• What benchmarks (EFT, BSM) should we include when comparing the 

physics reach of different collider options? 
• Roadmap to a unified VBS study: 

1. adopt the collider/detector scenarios endorsed by snowmass 
community 

2. agree on some model parameter benchmarks (eft6/8,bsm) 
3. agree on some acceptable generator tools (Madgraph, Whizard, 

etc.) 
4. with these conventions, explore the generator/collider process 

space for model parameter sensitivity 
5. introduce increasing experimental realism 
6. introduce increasing theoretical realism 
7. provide comparative analysis for model parameter sensitivity

Summary
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