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The VBS Processes at the LHC

A Vector Boson Scattering/BS) 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 deV energy scale

A VBS processes are sensitive to new physics beyond SM:

A Constraint on anomalous QGCsJGC3.
A Probe new physics through deviations from SM.

A Experimental signatures of VBS:

A Two intermediate vector bosons radiated from two incoming quarks.

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

Aln general,

t wo
separatiorandlarge invariant mass.

At a glarge japiditg

A EW VBS has relatively smaller cressctions,
suffer from irreducibleDCD V'V + 2jetsevents
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pp*jj Candidate Event

mii=2800 GeV |Ayi|=6.3

n Number: 207490, Event Number: 33152138
Date: 2012-07-26 04:16:35 UTC

Candidate VBS event frosamesign WW
Phys. Rev. Lett. 113, 141803



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.141803

Overview of EW ZZ)] Analysis arXiv:2004.10612
A Full Runll data, 139EA .

Two ZZ decay channels: 2ZZ1 @nd Z2 afof

A

A Our analysis is a measurement 2&jj production, not just VBS ZZ (VBS
diagrams interfere with other EW diagrams). Wz

A .

4 lepton channel: Wz
A Very clean experimental signature, small background contribution (~3%) fron
reducible backgrounds.

A Large irreducible background from QCIZjj process.
A EWI/QCD is ~20% level overall, MVA is needed. ) ,
A Large uncertainty from theoretical modeling of QZDj;j. |

A mwmvchannel:
A Background components are more complicated than 4l channel.
A Backgrounds mainly come from W®/W-+ttbarand irreducible QCIZ Zjj 7z
processes. ) .

A 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 objectragsnstruction, finite

detector resolution‘ or detector noise‘.
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Object and Event Selections

eeeljj tlyvjj
pr >7GeV, |n| <247
Electrons |do/oq,] <5 and |zp X sinf| < 0.5 mm
Muons pr >7GeV, |n| <2.7 | pr >7GeV, |n| <2.5
|do/oa,] <3 and [z X sind]| < 0.5 mm
Jets pr > 30 (40) GeV for || < 2.4 (2.4 < |n| < 4.5) pt > 60 (40) GeV for the leading (sub-leading) jet
pr > 20, 20, 10 GeV for the leading, sub-leading and third leptons  pr > 30 (20) GeV for the leading (sub-leading) lepton
Two OSSF lepton pairs with smallest |mp+p- — mz| + |mps - — mz| One OSSF lepton pair and no third leptons
Z 7 selection me+e- > 10 GeV for lepton pairs 80 < mg+p- < 100 GeV
AR(¢, ") > 0.2 No b-tagged jets
66 < me+p- < 116 GeV E,}niss—signiﬁcance > 12
. : Two most energetic jets with y; X y;, <0
Dijet selection mj; > 300 GeV and Ay(jj) > 2 m;; > 400 GeV and Ay(jj) > 2
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A" In 4 lepton channe| a QCD CR, defined by :
reverting them; or dY; cut, is used to
constraint the QCIZi]jJ background.

A Other minor backgroundgakes)in 4 lepton
channel (fake background) is estimated
using a fakdactor method. X

A Two dedicated CRs were used to derive fake factor / o -,;:}E"/ //
from Z+jetsandw'— 100 200 300 400 500 600 700 800
A Bad lepton is defined by reverting the lepton m, [GeV]

quality, isolation or impact parameters. : -
A Final fake background estimatiot® p&. Data compared with DFEdICtIOHS
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Data / Pred.

Process teeLjj ttvvjj
A In llvv channel: EW ZZj ] 206+ 2.5 123+07
A Wz background is constrained bydedicated 3, QCD ZZjj 77 +25  17.2+3.5
WZ CR. QCD ggZZjj 131+ 44 35+1.1
A WW, top, Z backgrounds are estimated with Non-resonant-{¢ — 21.4+4.8
events in dedicated data CR WZ - 22.8+ 1.1
A Z+jetsbackground is estimated by extrapolation Others 32+ 2.1 1.2+0.9
(with Exponential function) from data events in Total 114 +26  784+62
low MET-significance regioto high MEF Data 127 2

significance region




