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Introduction

AMultibosonfinal state= P ]2 Y2]@[]*

AIZn(l:)Iudes botHeptonicallydecaying W and Z bosons amadronicallydecaying W and
0sons

A Includesboth precision measurements asgarches

AMotivation
A Testof Standard Model electroweak cubic and quartic interactions
A Indirectstudy the Higgs boson
A Backgroundor direct Higgs measurements

ANo recently releasethultiposonresults from CMS, but several previously
releasedmultibosonresults were recently published

A Production of ZZ
A Electroweak Production ofAWijj
A Electroweak Production &Zjj



Generator Tools

A MadGraph_aMC@NLO A Pythia8 or Herwig

A Automated LO and NLO generator A for parton showering andhadronization
A Sherpa

A Automated LO and NLg&nerator

A VBFNLO
A For final states involving Higgs bosons and vector bosons

A Phantom
A For QCD and electroweak for vector boson scattering (VBS) and vector boson fusion (VBF)

A POWHEG
A NLGQCD generator for specific list of processes with almost very few negative event weights

A MCFM
A Generator and differential crossection calculator with a long list of processes implemented

A Multibosonprocesses can involve thousamufsdiagrams-> stress tesbf generators
1 processes with 18818 diagrams I i I erated in 34.243 s

Total: 1 processes with 18818 dlag
MG5_aMC>




Anomalous Couplings Frameworks

AQuantify deviations from the Standard Model in a general or maugpendent
way

A Allows us to compare measurements in different channels and different
experiments

AAnomalous Triple Gauge Couplings
A For example: Q=eA Q,=(Y'Q +1)e
A Charged triple gauge coupling parameter®,1 , Y|
A Neutral triple gauge coupling parametei&€, 'Q,"Q,"Q,"Q,"Q,'Q, Q

ADimension 8 Effective Field Theory

Afl B —u

A Operators involving D : Ly,

A Operators involving Bor W, ; Lty

A Operators involving D and eitherB, pr Wi, ,; Lo~
A For example: ;=B BB B""
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Regular Article - Experimental Physics

R’O d u Cti O n Of ZZ ( I ) Measurements of the pp — ZZ production cross section and the

Z — 44 branching fraction, and constraints on anomalous triple__
gauge coupllngs at /s = 13 TeV

20— » CMS 4¢ 7
F = CMS 272v

gpp =27 (Db

o ATLAS 47 (x1.016)
CMS Collaboratio O ATLAS 4¢£+2¢2v : ims] %

APublishedn EPJC in February 2018 = SR

ABased on 36 fbof data collected by CMS in 2016
13 TeV

AUse ZZ-> 4l channe{l = e or |} r
ATotal crosssection measurement result(pp-->27 = - Eow

o B § (stat)* Tep(syst): 1@ (syst)+ 1@ (lumi)pb =,
ACan be compared to -
ANNLO prediction from MATRIpp® § pb
ANLO prediction from MCFNpu8t § +0.2pb
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https://link.springer.com/article/10.1140/epjc/s10052-018-5567-9

Production of Z4lI|

AUnfolding

17 April 2018

-0.0012 <Q < 0.0013
-0.0010 <Q < 0.0013
-0.0012 <Q < 0.0013
"0.0012<'Q < 0.0010

AUnfolding performed byterative technique, usinooUnfold
AUnfolded distributions fom,, YY  ,D , andDb provided

AAnomalous Couplings
A2 2 NI RQa 030, XRYAOAEA 2V

AUse m, cutoffs to imposeunitarity constraints
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Uncertainty Source Uncertainty Size (%)

Lepton efficiency 2¢6
Production of Z4I() Tiggr eteney 2
Statistical (simulation) 0.5
Background 0.5¢1
A Selection Pileup 1
A Follows the H-> ZZ-> 4| analysis PDF 1
A Require Z boson masses > 60 . 1
A Systematic Uncertainti integrated luminosity 2.5

ABackground estimation

A Main background comes from events in which a jet causes a lepton to be reconstructed are
the main background

A We use the following datdriven method to estimate this background:

1. 5STAYS aGftSLWK2y FI1S NXriasSé¢ G2 06S 0KS NXasS Fd #K
passes the final tight ID

2. UsingZ +1 reconstructed lepton events in data, we measure lepton fake rate in data as a function of
Pt ? and lepton flavor

3.  We then apply appropriate factors of the lepton fake rates to control regions with one or more
leptons failing the lepton ID to extrapolate to the signal region

A There are a large number of subtleties and complications involved this method, and also a
large number of validation studies



Electroweak Production &¥W+jj (1)

PHYSICAL REVIEW LETTERS 120, 081801 (2018)

AP u b I IS h e d I n P H h Fe b ru arﬁo 1 8 Observation of Electroweak Production of Same-Sign W Boson Pairs in the Two Jet and

Two Same-Sign Lepton Final State in Proton-Proton Collisions at /s =13 TeV

ASignal significance: 5.50bserved, 5.7 expected 2 smm
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.081801

Electroweak Production §¥*\WHj (1)

ALimits on 9 dimension 8 EFT operator coefficients
ALimits on VBF production and dedayW*W* of H*boson in the
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Electroweak Production ¥¥*W4; (l11)

Uncertainty Source Signal (%) WZ (%) Leptons
caused by
ASelection D

A mjj > 500 GeV Lepton efficiency < 2 per lepton < 2 per lepton
Alptl>25 J
ji . et energy upto7 upto7
Al A @5 ‘ F*s D |S’, S | <07t scalefesolution
.. Integrated luminosity 2.5 2.5
A MissingTransverse Energy (MET) > 40 GeV
. i . ) EWK/QCD Interference 4.5
A Third lepton veto, including hadronis oo A
A Veto events with hightagging discriminator jets . 1
. .. —» FRFF
A Systematic Uncertainties- Normalization with CR 2040
ABackground estimation Datadriven method 30

A Wz, where one lepton is somehow missed, including electrovimgdikcedWZjjproduction,
estimated from Monte Carlo and normalized withrdooson control region

A Semileptonidtbar andw+jets where one jet causes a lepton to be reconstructed, estimated
using the same datdriven method as for the ZZ analysis
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APublished in PLia November2017
AUse BDT to separate electroweak and @Z[) VBSH

ASignal significance: 2.6observed, 1.6 Tirvg
expected « /g «

Physics Letters B 774 (2017) 682-705

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

Measurement of vector boson scattering and constraints on anomalous @CmssMark
quartic couplings from events with four leptons and two jets

in proton-proton collisions at /s =13 TeV

The CMS Collaboration*
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https://www.sciencedirect.com/science/article/pii/S0370269317308328?via%3Dihub

