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W/Z production via vector boson

scattering WE W
Important component of W/Zj]
production proceeding entirely Z Z
via EW interactions at tree level q q

Given SM Higgs, interactions
with vector bosons, and V
self-interactions precisely
predicted
Deviations from predictions
signal new physics in EW

sector Non-VBF (as2a2) WZjj production

Low cross sections for VBS just becoming accessible
Does it occur with the rate predicted by the SM?
Do distributions show any signs of BSM physics?
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Picture of a VBS Candidate Event

Radiation of vector bosons, lack of color flow between jets
Distinct kinematic signature for VVjj EW component

<, | CMS Experiment at LHC, CERN _

\ | Data recorded: Mon Oct 24 02:48:00 2016 CEST
\| Run/Event: 283884 / 546338192
Lumi section: 511

Forward and high momentum jets

Low central jet activity A

[Jet 1, pT = 154.0 GeV/|

Jet 2, pT = 52.5 GeV/|

(iiion 1.pT=027GRY § [Muon 1, pT = 73.8 GeV

|Electron 2, pT = 51.1 GeV | m,, = 89.2 GeV
Mg = 91.5 GeV
m;=1.3 TeV
An;=5.4
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Why WZjj —38vjj? CMS-SMP-18-001

Sensitive to charged resonances

or couplings VBS production
Less clean signature than ZZ, W=W=, but cross @ q’
section accessible with large dataset wE W

Event selection

| EW signal ‘ Higgs boson

. 4 A Z
Event selection Pr E@Q > fg > i?)
. 2 |Ge > >
Exactly 3 leptons with h [Gev] > 20 SR -
miss 7] <24 <24 QCD production
mOderate pT T pT _ [n°] <25 <25 P
Tight dijet kinematic cuts [mee —mq| [Gev] | <15 <15 <
. 50 [GeV] > 100 > 100
reduce QCD W/Zjj and e |
e [GGV] >4 >4
significant nonprompt P [GeV] > 30 > 30
buti 7| < 4.7 <47
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Expected contributions in [AR(, 0)] ~ 04 » 04 o
. . n; = =
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WZ/non-WZ ~ 3/1 m = -
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Kenneth Long

} > 25 >25
¥ — Lo + ,71‘2)‘ <25 - 4



https://arxiv.org/abs/1708.02812
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Measure W/Zjj EW+QCD cross section in VBS-enhanced phase space
Fit yields in signal region to reduce dependence on theory prediction

Fiducial Reqgions

35.9fb™" (13 TeV)
n | | 1 I
/_*W.\‘ < Data 7 | Tight fiducial | Loose fiducial
o | Work in progress = s | 7
EW+QCD w - o QB W7i 8 pr [GeV] > 25 > 20
L _ 7
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Compare tight fiducial to oaame = 3.27 7035 (scale) £ 0.15 (PDF)




WZ VBS at 13 TeV: EW Extraction

W/

Simultaneously fit yield from background control
region and 2D distribution of mj and An(ji,j2)
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EW contribution (purple  —
dashed, stacked) rises
with increasing mjj/Anj;
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Observed (expected) significance of EW W/ 1.90 (2.70)
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New WWZ/Z interactions likely modify the mt(WZ) spectrum

Sensitive center of mass energy of the scattering system
Studied in specific and generic models ¢ ¢
Charged Higgs bosons W

. . . W+
Resonance-like modification )
Dimension-8 effective field theory operators z
Lead to excess of events at high mT a 1
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Limits on new physics: Results

First dimension-8 operator constraints

nnnnnnnnnnnnn

from WZ channel at 13 TeV | e e
Limits complementary to SS WW | - o e
analysis, competitive for several — e
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Charged Higgs limits improve from o o

previous CMS study at 13 TeV, S
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https://arxiv.org/abs/1705.02942
https://arxiv.org/abs/1806.01532

VBS measurements provide an important probe of a previously untested
sector of the standard model

Conclusions

So far the standard model is withstanding these new tests
Deviations could be subtle
More data and improved techniques help look for cracks with
Increased precision and at higher energy scales

June 2018
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T

qqw

qqZ

qaqZ

qaZ
YY—->WW
aqWy

ss WW =
ss WW
qaZy
qqWzZ
qqZZ

T

CMS EWK measurements vs. 7 TeV CMS measurement (stat,stat+sys)
Theory

8 TeV CMS measurement (stat,stat+sys)

13 TeV CMS measurement (stat,stat+sys)

0.84+0.08+0.18
0.93+0.14+0.32
0.84+£0.07 £0.19
1.02+0.03+0.10
1.74+0.00 £ 0.74
1.77 £ 0.67 £ 0.56
0.69+0.38+0.18
0.90+0.16 £0.08
1.48 +0.65+0.48
0.64 £ 0.41

1.38 £0.64 + 0.38
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Nonprompt background Nonprompt
Define “loose” ID with ID+isolation
relaxed from “tight”

Measure tight/loose ratio in Z+jet (dijet) events
Apply loose — tight factors to events passing
full analysis selection but

failing analysis ID (tight) Alternative =|

QCD-WZjj

QCD W/Zjj background
Simulated with MG5_aMC+Py8 <3|@.O
Compare to predictions from
MG5_aMC+Py8 <1j@NLO, each
normalized to data in control region

m;; > 100 GeV, but fail dijet signal cuts
Uncertainty: LO scale+PDF+10%
normalization from MC comparisons
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Models of new physics

Study deviations from SM from two perspectives
Explicit BSM models well-motivated by shortcomings in the SM
Example: charged Higgs bosons
Arise in extensions of the SM with extended Higgs sector, VBS
production important when couplings to vector bosons dominant

/ 1 / 1

q q q q
Generic modification  w* h Charged Higgs
of WWZZ interaction 7 production
Z
q q q

Generalized language for new physics in vector boson interactions
EFT expansion with Wilson coefficients ¢; and New Physics scale A

ﬁﬁl_‘l _—) E(ff = C‘Q_‘\[ — Z ’);77— 1)
n=1 1

Observed as deviations at high mass
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