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The VBS Processes at the LHC

Å Vector Boson Scattering (VBS) is a key process to probe the 
mechanism of electroweak symmetry breaking, and has close 
connection with the SM Higgs boson, which cancel the VBS cross-
section divergence at TeV energy scale

Å VBS processes are sensitive to new physics beyond SM:

Å Constraint on anomalous QGCs (aQGCs).

Å Probe new physics through deviations from SM.

Å Experimental signatures of VBS:

Å Two intermediate vector bosons radiated from two incoming quarks.

Å Final state with two vector bosons plus two outgoing jets.

Å In general, two ñtagò jets in forward region with large rapidity 
separationand large invariant mass.

Å EW VBS has relatively smaller cross-sections, 

suffer from irreducible QCD VV + 2jets events

Candidate VBS event from samesignWW
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3Overview of EW ZZjj Analysis 
Å Full Run-II data, 139 ÆÂ.

Å Two ZZ decay channels: ZZOτὰand ZZO ὰὰ‡‡.

Å Our analysis is a measurement EW ZZjj production, not just VBS ZZ (VBS 
diagrams interfere with other EW diagrams).

Å 4 lepton channel:

Å Very clean experimental signature, small background contribution (~3%) from 
reducible backgrounds.

Å Large irreducible background from QCD ZZjj process.

Å EW/QCD is ~20% level overall, MVA is needed.

Å Large uncertainty from theoretical modeling of QCD ZZjj .

Å ■■ⱳⱳchannel:

Å Background components are more complicated than 4l channel.

Å Backgrounds mainly come from WZ, WW+ttbarand irreducible QCD ZZjj
processes.

Å Z+jetsbackground is largely suppressed with tight cut on the MET-
significance (MET significance is used to distinguish missing transverse 
energy arising from undetectable particles to object mis-reconstruction, finite 
detector resolution, or detector noise).
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Object and Event Selections
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Background Estimation

Å In 4 lepton channel, a QCD CR, defined by 
reverting the mjj or dYjj cut, is used to 
constraint the QCD ZZjj background.

Å Other minor backgrounds (fakes) in 4 lepton 
channel (fake background) is estimated 
using a fake-factor method.

Å Two dedicated CRs were used to derive fake factor 
from Z+jetsand ὸӶὸ.

Å Bad lepton is defined by reverting the lepton 
quality, isolation or impact parameters.

Å Final fake background estimation: ςȢσ ρȢφ.

Å In llvv channel:

Å WZ background is constrained by a dedicated 3l, 
WZ CR.

Å WW, top, Z††backgrounds are estimated with 
events in dedicated Ὡ‘data CR.

Å Z+jetsbackground is estimated by extrapolation 
(with Exponential function) from data events in 
low MET-significance region to high MET-
significance region

Data compared with predictions


