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What is VBS and why study it
VBS: scattering between two vector bosons radiated from incoming partons.
Unique topologies:

➢ Two very forward jets, with large eta separation and invariant mass
➢ Low hadronic activity in central region

Possible couplings: WWWW/WWZZ/WWZ𝛾/WW𝛾𝛾 ...
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Why VBS interesting?

➢ Very rare process (~ fbs), precision test of SM
➢ The longitudinal polarized part of massive vector boson is 

connected to the Higgs mechanism, help us have a better 
understanding on Higgs mechanism

➢ The SM could be extended with dimension-8 operators standing 
for anomalous couplings between vector bosons, model 
independent search of BSM
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Current results
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The VBS measurements have moved to 
(Full) RunII, good agreements with SM 
prediction.
N.B.
➢ Longitudinal results are not in this 

plot
➢ Hadronic decay of Vecton boson is 

not in this plot
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Topics in this talk

Recent VBS results:

➢ Longitudinally polarized scattering of same-sign WW: PLB 812(2021) 136018

➢ Semileptonic channel VBS WV: PAS 

➢ VBS WW+WZ: PLB 809(2020) 135710

➢ VBS Zgamma: PAS, submitted to PRD

➢ VBS Wgamma: PLB 811(2020) 135988
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New Poster 
By Davide Valsecchi

https://www.sciencedirect.com/science/article/pii/S0370269320308212
http://cds.cern.ch/record/2776799?ln=en
https://www.sciencedirect.com/science/article/pii/S037026932030513X
https://cds.cern.ch/record/2759297
https://www.sciencedirect.com/science/article/pii/S0370269320307917
https://indico.desy.de/event/28202/contributions/105255/
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Longitudinally polarized scattering of same-sign WW
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First measurement of the polarized vector boson scattering.

Two BDTs are used:
➢ BDT1 is used to separate inclusive ssWW from 

other bkg
➢ BDT2 is used to separate different polarized 

components of VBS

Signal 
Region (SR)

Several Control Regions 
(CR) are defined:
➢ Nonprompt CR: same 

with SR except b-veto 
inverted

➢ WZ CR: three leptons, two 
of them form a Z boson 

➢ tZq CR: same as WZ CR 
except b-veto inverted

➢ ZZ CR: 4 leptons with 
VBS-like selection

Simultaneous fit is 
performed between SRs and 
CRs.
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Longitudinally polarized scattering of same-sign WW
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Simultaneous fit are performed between SR and CRs:

BDT2 score, separating LX and 
TT (also other bkgs)

BDT2 score, separating LL and 
TX (also other bkgs)

Likelihood scan of LL XS

signal significance is extracted w.r.t LX signal:
➢ LX In WW restframe: observed (expected) 2.3 (3.1)

𝝈
➢ LX In pp restframe: observed (expected) 2.6 (2.9)𝝈

results:

XS measurement:

L: Longitudinally T: transversely
LX: LL + LT
XT: LT + TT
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VBS WV
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Signal: W is leptonic decay, and V (W, Z) is hadronic decay

Good balance between:
➢ Larger XS than fully leptonic decay channel
➢ Smaller bkg than fully hadronic decay channel

Following objects/variables are used to separate 
signal and bkg, and also event topology:
➢ AK8 jet: Boosted or Resolved
➢ V hadronic mass: signal or Wjets bkg
➢ B jets: signal or Top bkg

Wjet contribution is 
estimated using 
data-driven method in 
Wjets CR and propagated 
to SR.
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VBS WV

8

DNN is used to separate signal and all bkgs. Different DNNs are used for resolved and boosted 
case. DNN is trained in signal region.

Good agreements between data and 
MC prediction in both Boosted and 
Resolved signal regions. (EW as signal 
only)

Results:
➢ EW signal significance: 4.4 (5.1)𝛔 observed (expected)

2 parameters fit
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VBS ssWW+WZ
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Combine ssWW and VBS WZ (both leptonically decay), using full Run2 data.

ssWW: very clean channel, EW dominant over QCD-induced in signal region
➢ Differential cross section are measured, w.r.t, m_jj, m_ll, pt of leading lepton
➢ Constraints are obtained on the aQGC
VBS WZ: 
➢ EW signal extraction
➢ Differential cross section are measured, w.r.t, m_jj
➢ Constraints are obtained on the aQGC

SRs and CRs are similar 
to ssWW in slide5

BDT method is used to 
separate EW WZ and QCD 
WZ.

Left: m_ll in ssWW SR
Right: BDT score in VBS WZ 
SR
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Significance Results:
➢ ssWW: 11.5 (11.3)𝝈 for observed 

(expected)
➢ VBS WZ: 6.8 (5.3)𝝈 for observed 

(expected)

VBS ssWW+WZ

ssWW differential WZ differential Generally good 
agreements between 
data and prediction.
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VBS ssWW+WZ

Diboson transverse mass is used for 
aQGC study, no deviation from SM 
is observed in either ssWW or WZ.

Combining two channels
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VBS Z𝛾
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Because photon don’t directly couple to Higgs boson, the 
interests of VBS Z𝛾 is its sensitivity to pure neutral aQGC, i.e., 
ZZZ𝛾/ZZ𝛾𝛾/Z𝛾𝛾𝛾

Using full Run2 data:
➢ m_jj and 𝜟𝜂_jj are used to extract EW signal 
➢ Differential XS in pt of l1, j1, photon and mjj
➢ aQGC limits are set using m_Z𝛾 

Results:
➢ observed significance much greater than 

5𝝈
➢ EW signal strength: 1.25 +- 0.18

XS: 5.43 +- 0.95 fb
➢ EW+QCD signal strength: 1.15 +- 0.12

XS: 15.26 +- 1.75 fb

Main backgrounds:
➢ QCD Z𝛾: estimated from MC, which is 

constrained by simultaneous fit
➢ Nonprompt photon: estimated using photon 

shape fit through data-driven method
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VBS Z𝛾
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Invariant mass of Z and photon is used for 
aQGC study. No obvious deviation from SM 
prediction is observed.

Generally good 
agreements between 
data and prediction.
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VBS W𝛾
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Similar to VBS Z𝛾, the main motivation of VBS W𝛾 is its sensitivity 
to aQGC.

Using 2016 data:
➢ m_jj and ml𝛾 are used to extract EW signal 
➢ aQGC limits are set using m_W𝛾 

Main backgrounds:
➢ QCD W𝛾: estimated from MC, which is 

constrained by simultaneous fit
➢ Nonprompt photon: estimated using 

photon shape fit through data-driven 
method

➢ Nonprompt lepton: estimated through 
data-driven method
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VBS W𝛾
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Results:
➢ Observed (expected) significance: 4.9𝜎 (4.6𝜎) for 2016 data, 

5.3𝜎 (4.8𝜎) after combing with Run I data 
➢ EW signal cross section: 20.4 ± 4.5 fb 

(corresponding signal strength: 1.20 +0.26-0.24)
➢ EW+QCD cross section: 108 ± 16 fb 

(corresponding signal strength: 1.21 +0.17-0.16)

Invariant mass of W and photon is used for 
aQGC study. No obvious deviation from 
SM prediction is observed.

Most stringent limits on fM2-5, fT6-7

Unitarity bound
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Summary

➢ CMS has performed quite comprehensive studies of the VBS process, and 
many of them have moved to full Run2 data analysis

➢ Longitudinally polarized VBS process has been measured for the first time 
in ssWW channel at CMS

➢ Semileptonic VBS analysis is shown for the first time
➢ No obvious deviation has been observed in EFT measurement through VBS 

processes

Outlook:

➢ More Run2 analyses to come
➢ Run3 is coming (and HL-LHC), it’s expected that it will give us more 

interesting VBS results with more data
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Additional slides
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Longitudinal ssWW
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Longitudinal ssWW
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Longitudinal ssWW
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XS results in pp restframe
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VBS WV
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VBS WV
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Top:
Top control region
Bottom:
W+jets region

➢ Fit DNN shape in the signal 
regions 

➢  Fit W+jets subcategories 
normalizations in W+jets control 
regions 

➢  Fit only normalization in 
top-quark control regions
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ssWW+WZ
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BDT inputs for separation 
between EW WZ and QCD 
WZ.

In ssWW:
Left: leading lepton pt
Right: invariant mass of two 
leptons
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ssWW+WZ
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Bottom: cutting the EFT expansion at the unitarity limit
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VBS Z𝛾
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VBS Z𝛾
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Left: differential XS of leading 
jet pt  in EW only signal strategy
Right: differential XS of leading 
jet pt in EW+QCD signal 
strategy
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VBS W𝛾
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QCD+EW: 
comparison between  
data and prediction
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aQGC operators
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𝚽 is Higgs doublet, W𝜇𝜈 and B𝜇𝜈 are field-strength tensors of SU(2) and U(1)
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fM* limits
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fT* limits
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