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Multiboson Measurements
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All results at: http://cern.ch/go/pNj7
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CMS 95%CL limits at 7, 8 and 13 TeV

)-1 5.0 fb≤7 TeV CMS measurement (L 
)-1 19.6 fb≤8 TeV CMS measurement (L 
)-1 137 fb≤13 TeV CMS measurement (L 

Theory prediction

Spans several orders of magnitude! 

dibosons (~300 pb) to tribosons (0.004 pb) 

{
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Multiboson Measurements

• Production 
probability 
lower by 
factors of 2 - 
100 (WZ - 
WWW) wrt to 
Higgs 
production


• Rare and 
difficult to 
isolate from 
background 
processes

R
L dt

[fb
�1
]

Reference

WWZ

WWW

t̄tZ

t̄tW

ts�chan

ZZ

WZ

Wt

H

WW

tt�chan

t̄t

Z

W

pp

� = 0.55 ± 0.14 + 0.15 � 0.13 pb (data)
Sherpa 2.2.2 (theory) 79.8 PLB 798 (2019) 134913

� = 0.65 + 0.16 � 0.15 + 0.16 � 0.14 pb (data)
Sherpa 2.2.2 (theory) 79.8 PLB 798 (2019) 134913

� = 176 + 52 � 48 ± 24 fb (data)
HELAC-NLO (theory) 20.3 JHEP 11, 172 (2015)

� = 950 ± 80 ± 100 fb (data)
Madgraph5 + aMCNLO (theory) 36.1 PRD 99, 072009 (2019)

� = 369 + 86 � 79 ± 44 fb (data)
MCFM (theory) 20.3 JHEP 11, 172 (2015)

� = 870 ± 130 ± 140 fb (data)
Madgraph5 + aMCNLO (theory) 36.1 PRD 99, 072009 (2019)

� = 4.8 ± 0.8 + 1.6 � 1.3 pb (data)
NLO+NNL (theory) 20.3 PLB 756, 228-246 (2016)

� = 6.7 ± 0.7 + 0.5 � 0.4 pb (data)
NNLO (theory) 4.6 JHEP 03, 128 (2013)

PLB 735 (2014) 311

� = 7.3 ± 0.4 + 0.4 � 0.3 pb (data)
NNLO (theory) 20.3 JHEP 01, 099 (2017)

� = 17.3 ± 0.6 ± 0.8 pb (data)
Matrix (NNLO) & Sherpa (NLO) (theory) 36.1 PRD 97 (2018) 032005

� = 19 + 1.4 � 1.3 ± 1 pb (data)
MATRIX (NNLO) (theory) 4.6 EPJC 72, 2173 (2012)

PLB 761 (2016) 179

� = 24.3 ± 0.6 ± 0.9 pb (data)
MATRIX (NNLO) (theory) 20.3 PRD 93, 092004 (2016)

PLB 761 (2016) 179

� = 51 ± 0.8 ± 2.3 pb (data)
MATRIX (NNLO) (theory) 36.1 EPJC 79, 535 (2019)

PLB 761 (2016) 179

� = 16.8 ± 2.9 ± 3.9 pb (data)
NLO+NLL (theory) 2.0 PLB 716, 142-159 (2012)

� = 23 ± 1.3 + 3.4 � 3.7 pb (data)
NLO+NLL (theory) 20.3 JHEP 01, 064 (2016)

� = 94 ± 10 + 28 � 23 pb (data)
NLO+NNLL (theory) 3.2 JHEP 01 (2018) 63

� = 22.1 + 6.7 � 5.3 + 3.3 � 2.7 pb (data)
LHC-HXSWG YR4 (theory) 4.5 EPJC 76, 6 (2016)

� = 27.7 ± 3 + 2.3 � 1.9 pb (data)
LHC-HXSWG YR4 (theory) 20.3 EPJC 76, 6 (2016)

� = 61.7 ± 2.8 + 4.3 � 3.6 pb (data)
LHC-HXSWG YR4 (theory) 79.8 PRD 101 (2020) 012002

� = 51.9 ± 2 ± 4.4 pb (data)
NNLO (theory) 4.6 PRD 87, 112001 (2013)

PRL 113, 212001 (2014)

� = 68.2 ± 1.2 ± 4.6 pb (data)
NNLO (theory) 20.3 PLB 763, 114 (2016)

� = 130.04 ± 1.7 ± 10.6 pb (data)
NNLO (theory) 36.1 EPJC 79, 884 (2019)

� = 68 ± 2 ± 8 pb (data)
NLO+NLL (theory) 4.6 PRD 90, 112006 (2014)

� = 89.6 ± 1.7 + 7.2 � 6.4 pb (data)
NLO+NLL (theory) 20.3 EPJC 77, 531 (2017)

� = 247 ± 6 ± 46 pb (data)
NLO+NLL (theory) 3.2 JHEP 04 (2017) 086

� = 182.9 ± 3.1 ± 6.4 pb (data)
top++ NNLO+NNLL (theory) 4.6 EPJC 74, 3109 (2014)

� = 242.9 ± 1.7 ± 8.6 pb (data)
top++ NNLO+NNLL (theory) 20.2 EPJC 74, 3109 (2014)

� = 826.4 ± 3.6 ± 19.6 pb (data)
top++ NNLO+NNLL (theory) 36.1 arXiv: 1910.08819

� = 29.53 ± 0.03 ± 0.77 nb (data)
DYNNLO+CT14 NNLO (theory) 4.6 JHEP 02 (2017) 117

� = 34.24 ± 0.03 ± 0.92 nb (data)
DYNNLO+CT14 NNLO (theory) 20.2 JHEP 02 (2017) 117

� = 58.43 ± 0.03 ± 1.66 nb (data)
DYNNLO+CT14 NNLO (theory) 3.2 JHEP 02 (2017) 117

� = 98.71 ± 0.028 ± 2.191 nb (data)
DYNNLO + CT14NNLO (theory) 4.6 EPJC 77, 367 (2017)

� = 112.69 ± 3.1 nb (data)
DYNNLO + CT14NNLO (theory) 20.2 EPJC 79, 760 (2019)

� = 190.1 ± 0.2 ± 6.4 nb (data)
DYNNLO + CT14NNLO (theory) 0.081 PLB 759 (2016) 601

� = 95.35 ± 0.38 ± 1.3 mb (data)
COMPETE HPR1R2 (theory) 8⇥10�8 NPB 889, 486 (2014)

� = 96.07 ± 0.18 ± 0.91 mb (data)
COMPETE HPR1R2 (theory) 50⇥10�8 PLB 761 (2016) 158
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Status:
May 2020

ATLAS Preliminary

Run 1,2
p
s = 7,8,13 TeV

Theory

LHC pp
p
s = 13 TeV

Data
stat
stat � syst

LHC pp
p
s = 8 TeV

Data
stat
stat � syst

LHC pp
p
s = 7 TeV

Data
stat
stat � syst

Standard Model Total Production Cross Section Measurements

{



Saptaparna BhattacharyaMultiboson Measurements, LHCP  4

Multiboson Measurements
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CMS 95%CL limits at 7, 8 and 13 TeV

)-1 5.0 fb≤7 TeV CMS measurement (L 
)-1 19.6 fb≤8 TeV CMS measurement (L 
)-1 137 fb≤13 TeV CMS measurement (L 

Theory prediction

Multiboson physics is 

• discovery physics (tribosons) 
• precision physics (W+W-, Zγ) 

Focused on newest results from    
ATLAS and CMS Collaborations{
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Observation of Heavy Tribosons with Run II data

http://cds.cern.ch/record/2714899

http://cms.cern/news/triple-treat-cms-observes-production-three-massive-vector-
bosons

Major milestone in Standard Model physics!

Auxiliary material: https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-19-014/index.html
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Observation of Heavy Tribosons with Run II data
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• Rich physics content in triboson final states


• Access to various couplings


• Evidence announced last year by ATLAS: 
arXiv:1903.10415, WWW+WWZ 4.0 (3.1) σ


• Search for WWW performed in CMS:        
arXiv:1905:04246, 0.6 (1.78) σ


• New from CMS: Explore leptonic final states, 
primarily geared toward:


• WWW: same-signed dilepton and trilepton


• WWZ: four leptons


• WZZ: five leptons


• ZZZ: six or more leptons 

Quartic

Trilinear Higgs-mediated

H

Radiative

Search for WWW, WWZ, WZZ and ZZZ

Combined observed significance at 5.7 σ 
Observed significance for WWW and WWZ at 3.3 σ and 3.4 σ 

V1,2,3 = (W, Z) 
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�Cross sections X Branching fractions

0 lepton
1 lepton

2 OS leptons 
2 SS leptons

trileptons

WWW ~ 0.51 pb
0 lepton
1 lepton

2 leptons 
3 leptons
4 leptons

WWZ ~ 0.35 pb

0 lepton
1 lepton

2 leptons 
3 leptons
4 leptons
5 leptons

0 lepton

2 leptons 

4 leptons
6 leptons

ZZZ ~ 0.04 pb

Explore leptonic final states; backgrounds 
reduced with a BDT based approach and 
complementary cut based analysis

σbackground ~ σsignal

Background reduction

} 7k events (137/fb) } 500 events (137/fb)

} 50 events (137/fb) } 7 events (137/fb)

WZZ ~ 0.10 pb
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WWW → 2 same-signed leptons and 2 jets 
and WWW → 3 leptons 

CMS experiment at the LHC, CERN 
Data recorded: 2016-Jul-02 14:25:40.606976 GMT 

Run 276242, Event No. 96020969 LS 52
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Preliminary CMS  (13 TeV)-1137 fb

0SFOS channel

BDT trained with 
lepton pTs, jet pTs, 
pT(miss), mjj plus 
other kinematic 
variables 

W
• Search for WWW in:


• 2 same-signed leptons + 2 jets


• further categorized based on  
|Mjj - MW| ≶ 15 GeV


• 2 same-signed leptons + 1 jet 


• trileptons


• subcategories based on number of opposite-sign same-flavor (OSSF) 
leptons


• Two BDTs trained to mitigate prompt and nonprompt backgrounds
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WWZ → 4 leptons 

Z

W

W

Z
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• Search for WWZ in four lepton final state: 
• Require one Z candidate

• further splitting based on the flavor of the 

W candidates (eμ or ee/μμ) 
• Major backgrounds from ZZ (dominant) and ttZ 

• Two BDTs trained to mitigate ZZ and ttZ 
backgrounds: used 2D plane of BDT scores to 
define signal region

CMS experiment at the LHC, CERN 
Data recorded: 2016-Jul-23 08:13:27.898048 GMT 

Run 277168, Event No. 3219714497 LS 1799WWZ → 4 lepton event
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eµ category
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discriminant in 
the opposite-
flavor channel
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WZZ → 5 leptons and ZZZ → 6 leptons

Electron 
PT = 59 GeV

Positron 
PT = 55 GeV

Positron 
PT = 68 GeV

Positron 
PT = 30 GeV

Electron 
PT = 82 GeV

pT
miss 

= 192 GeV

Z boson 2 
mee = 92 GeV

Z boson 1 
mee = 91 GeV
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mT = 65 GeV

Jet 
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WZZ → 5 lepton event CMS experiment at the LHC, CERN 
Data recorded: 2016-Oct-09 21:24:05.010240 GMT 

Run 282735, Event No. 989682042 LS 491

Z

Z

W

W
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l-

l-

ν

l+

l-

l+

l-
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• Search for WZZ and ZZZ in 5 and 6 
lepton final states


• Low event yields, backgrounds 
dominated by nonprompt leptons: cut 
based analysis pursued


• In 5 lepton channel: Require 2 Z boson 
candidates and associate remaining lepton 
with a W (require MT > 50 GeV if electron)


• In 6 lepton channel: Require ∑ pT of all 
leptons > 250 GeV, powerful against 
backgrounds, contribute at percent level
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Results
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In the most sensitive signal regions (� ) non-VH signal dominates with a 66% probability (33% VH)
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Results

Process Observed (expected) 
significance

WWW 3.3 (3.1)

WWZ 3.4 (4.1)

WZZ 1.7 (0.7)

ZZZ 0.0 (0.9)

Combined 5.7 (5.9)
0 1 2 3 4 5 6

µsignal strength 

combined 1.02 +0.26
-0.23

+0.21
-0.20

WWW 1.15 +0.45
-0.40

+0.32
-0.30

WWZ 0.86 +0.35
-0.31

+0.32
-0.29

WZZ 2.24 +1.92
-1.25

+1.78
-1.24

ZZZ < 5.4allowed

total stat

CMS Preliminary  (13 TeV)-1137 fb
BDT-based

cut-based

• Triboson (VVV) production observed for the first time! 

• Observed significance for WWW and WWZ at 3.3 σ and 3.4 σ
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Precision Physics with dibosons: (W+W-)

CMS: https://cds.cern.ch/record/2714766
ATLAS: https://arxiv.org/abs/1905.04242

https://cds.cern.ch/record/2714766
https://arxiv.org/abs/1905.04242
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Precision Physics with Multibosons (W+W-)

q
W

±

W
⌥

Z/�q̄

OWWW ,OW ,OB

Figure 1: One of the Feynman diagrams through which six-dimension elec-
troweak operators modify the pp ! W

+
W

� cross section.

found in [REF]. The current PDG limits on the coupling constants of CP-
preserving higher-dimensional operators, as well as the limits from the CMS
7TeV WW analysis in the fully leptonic final state, can be found in table 1.

Operator PDG limit (TeV�2) CMS 7TeV WW ! 2`2⌫ (TeV�2)
cWWW (via ��) [-9.7, -0.7] [-11.3, 11.3]
cWWW (via �Z) [-35.2, -5.7] -
cW (via g

Z
1 ) [-8.7,0.5] [-22.8, 22.8]

cW (via � ,Z) [-34.5,-3.9] -
cB (via � , g

Z
1 ) [-15.3,12.3] [-68.8, 71.9]

cB (via Z , g
Z
1 ) [-3.1,135.4] -

cB (via � ,Z) [-35.2,-5.7] -

Table 1: Current limits at 95% C.L. on the coupling constants of CP-preserving
six-dimensional operators (see eq. (1)). The limits were set using the aTGC
approach and translated into the EFT approach using the results from [REF]).
When limits from �WW and ZWW anomalous trilinear gauge couplings exist,
they are given separately.

2 Signal simulation

We use MadGraph5 version 2.1.2 with CTEQ6L1 PDF set for signal genera-
tion. Although MadGraph is a leading-order generator, it is well suited for this
study since it can re-calculate the invariant amplitude with di↵erent coupling
constant hypotheses for the 6-dimensional operators in each phase-space point
simulated. It can also includes the real contribution from NLO (WW + 1jet)
using a MLM-matching approach. Further QCD jets are generate via shower-
ing. Showering and hadronization of the events are made with pythia version
6.2. The showering and hadronization uses the Z2⇤ tune, and matching uses
the same configuration as in the o�cial pp ! W

+
W

�
! 2`2⌫ sample.

To each event, 108 weights are assigned which correspond to three 6 ⇥

6 grids in cWWW ⇥ cW , cWWW ⇥ cB , and cW ⇥ cB . We used equal bins
between [�50, 50] TeV�2 for cWWW /⇤2 and cW /⇤2, and equal bins between

2

• Diboson production, W+W-, occurs at the 
LHC via s-channel, t-channel (dominant), 
sub-dominant gg → W+W-


• Allows for precise tests of the SM 

• Important background in many New 
Physics (NP) searches 

• Pursued in both CMS and ATLAS 

• ATLAS: Cut based analysis in 0 jet bin


• CMS: Two different complementary 
search strategies designed to reduce top 
and Drell-Yan backgrounds explored:


• sequential cut based analysis (in 0 and 
1 jet bins) 

• Random forest classifier trained on 
simulated events (incl. njet ≥ 2)

s-channel process could acquire 
contributions from higher dimensional 

operators 

Analysis performed in oppositely 
 charged leptonic final state


l±
ν

l∓

ν

Higgs → W+W- considered:

• background (CMS)

• signal (ATLAS)
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Using the Random Forest Discriminator

• Background contributions reduced by using novel method:  

• Random Forest discriminator


• Independently trained collection of binary decision trees  


• Score defined as combination of decisions of each tree 

• Uses all jet categories

Number of jets
0 1  2≥

J
/d

N
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 d
σ

1/
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Systematic Uncertainties

• Event selection in jet binned category 
(cut based analysis): sensitive to 
higher order QCD corrections  


• Ascertained by varying factorization 
and renormalization scales (in some 
cases pT- resummation technique 
used)


• Additional theoretical uncertainties 
arise from αs, PDFs

Uncertainty source (%)

Statistical uncertainty 1.2

tt normalization 2.0

Drell-Yan normalization 1.4

Wg⇤
normalization 0.4

Nonprompt leptons normalization 1.9

Lepton efficiencies 2.1

b-tagging (b/c) 0.4

b-tagging (light) 1.0

Jet energy scale and resolution 2.3

Pileup 0.4

Simulation and data control regions sample size 1.0

Total experimental systematic uncertainty 4.6

QCD factorization and renormalization scales 0.4

Higher-order QCD corrections and pWW

T
distribution 1.4

PDFs 0.4

Underlying event modeling 0.5

Total theoretical systematic uncertainty 1.6

Luminosity 2.7

Total uncertainty 5.7

Theoretical Uncertainties

Total cross section:  

σ = 117.6 ± 1.4 (stat) ± 5.5 (syst) ± 
1.9 (theo) ± 3.2 (lumi) pb 

σNNLO = 118.7 + 3.0 -2.6 pb
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Precision Physics with Multibosons (W+W-)
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• W±W∓ →e±νμ∓ν decay studied, with jet vet, includes b-veto


• Fiducial cross section computed (definition on slide 19)
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Sensitive to spin structure of eμ pairs
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Systematic Uncertainties

Uncertainty source Uncertainty [%]

Electron 0.7

Muon 0.9

Jets 3.0

b-tagging 3.4

Emiss,track

T
0.4

Pile-up 1.6

W+jets background modelling 3.1

Top-quark background modelling 2.6

Other background modelling 1.3

Unfolding, incl. signal MC stat. uncertainty 1.4

PDF+scale 0.1

Systematic uncertainty 6.7

Statistical uncertainty 1.3

Luminosity uncertainty 2.1

Total uncertainty 7.1

Total cross section:  

σfid = 379.1 ± 5.0 (stat) ± 25.4 (syst) 
± 8.0 (lumi) fb 

Systematic uncertainties associated with fiducial cross 
section:

200 250 300 350 400
Integrated fiducial cross-section [fb]

Data 2015+2016
 27 (syst.) fb± 5 (stat.) ±379 

 WW)→MATRIX NNLO (incl LO gg 
 20 (scale) fb± 4 (PDF) ±357 

 WW→MATRIX NNLO + NLO gg 
 20 (scale) fb± 4 (PDF) ±368 

 NLO EW⊗(MATRIX NNLO + NLO gg) 
 19 (scale) fb± 4 (PDF) ±347 

ATLAS
ν

±

µν± e→pp  -1 = 13 TeV, 36.1 fbs
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Differential cross sections
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ATLAS
 -1 = 13 TeV, 36.1 fbs
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1.5 Theo. uncertainty
Theo. prediction / measurement

Fiducial cross section computed in:

m(ll) > 20 GeV, pT(ll) > 30 GeV and  
pT(miss) > 20 GeV

High m(ll) sensitive 
to contributions 
from higher order 
operators0 jet category

Fiducial selection requirements

p`T > 27 GeV
|⌘` | < 2.5
meµ > 55 GeV
peµT > 30 GeV

Emiss
T > 20 GeV

No jets with pT > 35 GeV, |⌘ | < 4.5
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EFT Interpretation
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• Limits set on Wilson coefficients associated with CP 
conserving operators:  

OW = (Dµ�)
†Wµ⌫(D⌫�)

<latexit sha1_base64="5kR63N85lWflcAdtUlehqiY3jqQ="></latexit><latexit sha1_base64="5kR63N85lWflcAdtUlehqiY3jqQ="></latexit><latexit sha1_base64="5kR63N85lWflcAdtUlehqiY3jqQ="></latexit>

OB = (Dµ�)
†Bµ⌫(D⌫�)

<latexit sha1_base64="+uHk+5W+o0jCR2RaqWx8MVP+VTc="></latexit><latexit sha1_base64="+uHk+5W+o0jCR2RaqWx8MVP+VTc="></latexit><latexit sha1_base64="+uHk+5W+o0jCR2RaqWx8MVP+VTc="></latexit>

Parameter Observed 95% CL [TeV
�2

] Expected 95% CL [TeV
�2

]

cWWW/⇤2
[ �3.4 , 3.3 ] [ �3.0 , 3.0 ]

cW/⇤2
[ �7.4 , 4.1 ] [ �6.4 , 5.1 ]

cB/⇤2
[ �21 , 18 ] [ �18 , 17 ]

cW̃WW/⇤
2

[ �1.6 , 1.6 ] [ �1.5 , 1.5 ]

cW̃/⇤2
[ �76 , 76 ] [ �91 , 91 ]

ATLAS

CP conserving

CP non-conserving

Coefficients 68% CL interval 95% CL interval
( TeV�2) expected observed expected observed

cWWW/L2 [�1.78, 1.82] [�0.93, 0.99] [�2.67, 2.71] [�1.78, 1.84]
cW/L2 [�3.67, 2.68] [�2.03, 1.33] [�5.28, 4.22] [�3.56, 2.78]
cB/L2 [�9.45, 8.40] [�5.14, 4.30] [�13.9, 12.8] [�9.35, 8.46]

CMS

0 jet category
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EFT Interpretation
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• Limits set on Wilson coefficients associated with CP 
conserving operators:  

OW = (Dµ�)
†Wµ⌫(D⌫�)
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OB = (Dµ�)
†Bµ⌫(D⌫�)
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Parameter Observed 95% CL [TeV
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] Expected 95% CL [TeV
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]

cWWW/⇤2
[ �3.4 , 3.3 ] [ �3.0 , 3.0 ]

cW/⇤2
[ �7.4 , 4.1 ] [ �6.4 , 5.1 ]

cB/⇤2
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cW̃WW/⇤
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cW̃/⇤2
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ATLAS
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CP non-conserving

0 jet category
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Precision Physics with dibosons: (Zγ) 

ATLAS: https://arxiv.org/abs/1911.04813

https://arxiv.org/abs/1911.04813
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Precision Physics with Multibosons: Zγ
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-1 = 13 TeV, 139 fbs

γµµ

• Production of Z in association with a photon (γ) offers 
important probe of the electroweak sector of the SM 

• Major background in Higgs → Zγ channel


• Previous exploration focused on large photon ET: Zγ → ννγ 
(ET > 150 GeV) and Zγ → bbγ (ET > 175 GeV), designed to be 
sensitive to higher dimensional operators


• This analysis explored an ET range of 30-1200 GeV


• Photons arising from final state radiation (FSR) suppressed 
by requiring m(ll) + m(llγ) > 182 GeV 

• Highly precise measurement of fiducial cross section 
achieved 
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• Z+jets where a jet is misidentified as a photon constitutes the largest background: estimated from 
sidebands


• Background arising from pileup: photon and lepton pair from different pp collisions in one LHC bunch 
crossing


• Novel method used to determine this background by correlating z-coordinates of the Z and 
the γ


• All other backgrounds determined from simulations

Precision Physics with Multibosons: Zγ
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• Relative precision of the cross section is 2.9% 

• Fiducial cross section defined by:


• m(ll) > 40 GeV 

• m(ll) + m(llγ) > 182 GeV 

• Computed in bins of γ ET, m(llγ), |ηγ|, pT(llγ), pT(llγ)/
m(llγ), ΔΦ(ll, γ)  

• Low systematic uncertainty, major contributors 
associated with:


• photon identification (1%)


• electron identification (1.4%)


• Z+jets background (1.3%)


• luminosity (1.7%)


• Total statistical uncertainty lower by a factor of ~6 

• σfiducial = 533.7 ± 2.1 (stat) ± 12.4 (syst) ± 9.1 (lumi) fb 210 310
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Conclusion

• Three different analysis presented that highlight the myriad possibilities of 
exploration in multiboson final states 


• While, new processes being discovered, precision physics is being 
concurrently carried out:  

• New processes:  

• VVV 

• Precision analysis:   

•  W+W- 

•  Zγ 

• I’ll be in the zoom room after the talk: https://cern.zoom.us/j/95764014445 
(session password)

   Full list of Standard Model analyses performed by ATLAS and CMS Collaborations can be found here:


• ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults


• CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP

https://cern.zoom.us/j/95764014445?pwd=eG1WbW10REdTUm1OV29xTitYZHlBQT09
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMP
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Additional Material
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Analysis Strategy

Probe WWW, WWZ, WZZ, ZZZ processes by counting number of leptons

2 same-sign leptons

(9 bins)
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(3 bins)
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4 leptons

(7 bins)

Nj=1 Nj≥2

|Mjj - 80| < 15 |Mjj - 80| ≥ 15 

# of Same-flavor 
Opposite Sign 

(SFOS) pair

21 bins in total

• For cut-based, further split into 4 MT2-Mll (eμ) and 3 
MET-pT4l (ee/μμ) bins 

• For BDT, further split into 5 bins in eμ and 2 in ee/μμ 

5 leptons

(1 bin)

6 leptons

(1 bin)

Flavor based 
splitting of the 

W-candidates


