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Motivation for Multiboson Studies L‘ﬁ
Test Non-Abelian Structure of Electroweak Theory BSM Searches
» Boson self-couplings determine: » Extradimensions

@ x-sections

SO » New resonances/gauge bosons
@ polarizations

. . . . TGC GC
» Deviations predicted by anomalous (triple/quartic) gauge > aTCC&aQ
coupling models

@ 2aTCC &aQGCadd higher dimensional operators (EFT) than SM
Probe EWSB in Vector Boson Scattering

Validation of Perturbative Calculations
» Unitarity preseverd in VBS via Higgs contributions » NNLOQCD
® w/oHiggs,o ~ E? ® MATRIX simulations
» Deviations from EWSB would manifest in differential » NLOEW
cross-sections and in aTGC/aQGC searches

Reviews: PPNP2019.06.002, PPNP2018.01.009, RevModPhys.89.035008

Multiboson Production in CMS
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https://doi.org/10.1140/epjc/s10052-018-5771-7
https://doi.org/10.1016/j.ppnp.2019.06.002
https://doi.org/10.1016/j.ppnp.2018.01.009
https://doi.org/10.1103/RevModPhys.89.035008

CMS Multiboson Measurements in Run 1 [ﬁ
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https://link.aps.org/doi/10.1103/PhysRevLett.126.252002
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-005/index.html
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-014/index.html
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https://doi.org/10.1016/j.physletb.2020.136018
https://doi.org/10.1016/j.physletb.2020.135710
https://doi.org/10.1016/j.physletb.2020.135992

W + ~: Differential Cross-sections SMP20-005

E

Event Selection

Lepton (e/11): Photon: MET:

2 lseolated . » Isolated > Fr > 40GeV

> 17 > 30GV fof| < 25 > Ly 2> EEEY 7] < 25 Veto events with:
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g I > G0 > 07 » Extraleptons with pr > 10 CeV
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> ph>30CeV, 0| < 2.5 > 70GeV < m,, <100GeV

q o WEEv)y 137 fb” (13 TeV) A A a
> 40 prar = Differential Cross-sections
W 8 ICMS  mmtensompimsa /mm Nonpronpimsa.| - .
URT Preliminary ™8 Szreaen Wy 137h103TeY) Wiy 137 b (13 TeV)
" 210 =wr [0 St +Syet. Uncertiny E 10'f CMS FyrT— = 1o°l CMS 4 Measures
S S 10} Proliminary MG 4G + PYB (<TINLO + PS) g | Prefminary G, 2N+ PYB (SINLO - S)
102 -~ 10 MATRIX (NNLO QCD) 5 < MATRIX (NNLO QCD)
-] 3 10f -
7 9 108 3T of*- LT S
7 ! 1 R T
=] —_—
10'F 10 —_— < 107 —
102f 102 —_— 102 -
Wwr 102 . . A .
g 12 i o —_— 10 _
w11 P ——— 4 1 e L L L L L L L 8, 4 L L L L
q [z 8 et e | " — = " T : — — 1
S - — 3 ogf ; ] £ o b e
500 1000 1500 2000 2500 8 Jpr——— 8, J = i 1
rn?lusler (GeV) 3 _04[ i i g0 T
X 200 400 600 800 1000 1200 1400 | 500 1000 1500 2000 2500

P; (GeV) melse (GeV)

3/

Multiboson Production in CMS



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-005/index.html

W —+ ~: aTGC Constraints

o_tot

= osm + Gw0int + CayoBsm
aTGC enhancement cuts:

> p} > 80GeV

> p] > 150CeV

» Jetveto (pr > 30GCeV &|n| < 2.5)

LWy 13TeV Wiy 13 TeV
5 .
< 3 CMS —Cy=00| 3 | cl —Cyy=0.0
Simulation Preliminary —Cyy =01 8l Simulation Preliminary Cyy =01
aw = 02 Cyy =02
L0252 Coy =04 LO <2jMLM —Cyy=0.4

Nojetsin ME
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Interference Resurrection
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» AtE > my, SMand BSM have
different helicity configurations
for WTVT
(PhysLetB.2017.11.068 & JHEP10(2017)027)
—> angle-inclusive variables
(e.g. p;/) are insensitive to ojnt

» Solution: Search in 2D space of

|é¢|and p}
@ Improved further with jet veto
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-005/index.html
https://doi.org/10.1016/j.physletb.2017.11.068
https://doi.org/10.1007/JHEP10(2017)027

WZ: Cross-sections & Charge Asymmetry SMP-20-014 [ﬁ
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WZ production: CON e T pr—
. . L . = 7000 i E
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. . . 26000j ED x Mooz CMS Preiiminary 137.2 6 (13 TeV)
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. |7]e‘ < 2.5, n‘ul <24 s 08| =i o Sy T 1 \Iz 14 |Is |Ia 2
> pT(IZ1) > 25 GeV, pT(IZZ) > 10 GeV, pT(IW) > 25 GeV Lepton flavour composisition o(pp - W'Z) / o(pp —» W Z)
» |WV(/Z'\ , /ZZ) _ WVZ‘ < 15GeV Total Cross-sections m
CMS preliminary 137.2fb™ (13 TeV) —_
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» m(lz1, 72, lw) > 100 GeV (suppress Z) ece 2‘«,7‘
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-014/index.html
https://link.aps.org/doi/10.1103/PhysRevD.58.094023
https://link.aps.org/doi/10.1103/PhysRevD.89.114020

WZ: Polarization Fraction Measurement SMP20-018
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-014/index.html
https://link.aps.org/doi/10.1103/PhysRevD.93.011301
https://doi.org/10.1140/epjc/s10052-017-4795-8

WZ: Differential Cross-sections & aTGC Constraints SMP-20-014 \%
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Sramm T Differential Cross-sections

EZa ) N
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5 EFT operators in dim-6 extension contribute Limits on Anomalous WWZ Couplings

to WZ production: Parameter  95% CI, Exp. (TeV %) 95% CI, Obs. (TeV ) Best fit, Obs. (TeV 2)
» 3 CP-conserving:

cw/ N2 [—2.05,1.27] [~2.52,0.33] 134
o, w G Corwwe/ N2 [~1.27,1.33] [—1.04,1.19] 0.15
N NN b/ A2 [-86.0,125.0] [—42.7,113.0] 43.6
> 2CPiolating: Curvew/ A2 [~0.76,0.65] [~0.62,0.53] -0.03
twww  tw Cw /N2 [—46.1,46.1] [—45.9,45.9] 0.0
A2 A2 » CP-conserving coupling limits improved by x 2
Search in observable M(W2) » First CMS limits on CP-violating WWZ couplings

Multiboson Production in CMS
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-014/index.html

VW @5.02TeV (302 pb ")

SMP-20-01
» Low pile-up run: pstey = 2 Cross-sections
(HWSTeV = 23, 32) Process Estimation Total cross section [pb]
e MATRIX 29.8707 (scale)
Categorles' ww Measured ~ 37.07%3 (stat) 37 (syst)
> WW:2/ W7 MATRIX jzléngg(icoile)
X . ) Measured ~ 6.4777 (stat) "3 (syst)
» WZ:(a) 3/ & (b) 2 same-sign p’s 4y MATRIX 39701 (scale)
» Z7Z:(a) 4l & (b) 2] + 2v Measured  5.3%29 (stat) 1) (syst)
CMs
Source Number of events g pp NNLO QCD x NLO EWK (MATRIX)
Top quark 90+01+11 N E= pp NNLO QCD x NLO EWK (MATRIX)
WZ+ZZ 56+1.0+11 B | snoqmatax)
Drell-Yan 1.8+05402 =10% w05 NLO (MATRIX)
Conversions 2.7+ 0.7 + 0.7 H
Nonprompt £ 11.2+ 1.3 +34 &
Background 303 £1.9 439 B
WW signal 552 +03+18 © 10!
Data 101 .
: WW measurements 0 ATLAS
WW Yields WZmeasurements v CDF
100 ZZmeasurements 4 DO
SR Background Signal Data gis W
WZ3( 40+06+04 148+01+06 12 210 + o—& ¢
WZ2uss 06+01+£01 32+£08+£02 4 g?g i
ZZ40 05+02+01 27+£0.0+02 3 310 © o
ZZ202v 48+03+07 40+00=+02 12 %Og - 4
WZ &ZZ Yields £, + + DN =
H 2 4 6 8 10 12 14
Vs (TeV)

» Firstmeasurement @ 5.02 TeV

Multiboson Production in CMS VW @ 5.02 TeV


http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-20-012/index.html

V~~: Cross-sections and aQGC Limits SMP-19-013 (Submitted to . HighEnerg.Phys) \%

. s : aQGC Limits
w » > 2photons: pr > 20GeV Woy (TeV ) Zyy (TeV*)
. (1) Parameter  Expected  Observed  Expected  Observed
&) . by ‘ > W~yy:Tlepton, pi) > 35(30) Gev SR A A e — =
ite-si fus/A* [-918,92.6] [-63.8, 65.0] = =
> anf'zsa:(”‘e)ﬂavomppos'te sign Tr/At 186, 186] [130,130] [-486, 466
i . i leptons, p7*” > 35(30) GeV, /A% [-238,238] 170, 166] [~486, 466
a V) a ¥ fro/A* [-5.16,5.16] [-3.64,3.64] [-9.72,9.32
a . my > 55GeV Pe/At [-076,084] [-052,0.60] (244,252
fre/ At [-092,1.00] [-0.60, 0.68] [—3.24, 3.24]
Z(W) /At [~164,172] [-1.16,1.16] [~6.68, 6.60
Z(W) 5, frs/ A* — — [—0.90, 0.94
o Sro/ At — — [~1.54, 1.54
ke
v Cross-sections
a
» V~7yisanimportant background in VH Cross Section Jlhcoreticalliib) Measured (fb)
MADGRAPH5_aMC@NLO
and BSM searches AR 7
— need precise understanding Wryy 18.70 & 0.03 (MCstat) £ 0.12 (PDF+scale) 110658 (Sta«?o 4 s (syst) == 0.08 (PDF+scale)
> WW-ris the only VW~ coupling in SM Zyy 5.96 & 0.01 (MCstat) :t 0.06 (PDF+scale) 5.4177°,° (stat) 7% (syst) £ 0.06 (PDF+scale)
— deviations would be sign of NP First measurement @13 TeV

» Under EFT, 10 dim-8 operators contribute

to V~~y production
@ Searchinp]”

Multiboson Production in CMS , /21


http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-19-013/index.html

Summary {ﬁ

"

» Presented recent CMS results on multiboson measurements with Run Il data
» Observations consistent with SM predictions
» Tightened constraints on anomalous coupling parameters

» First measurements:
@ Observation of logitudinal W in WZ production
@® CMSlimits on CP-violating anomalous WWZ coupling
@ V/Vcross-sections @ 5.02 TeV
@® /7y cross-sections @13 TeV

» More Run Il multiboson results to come

|  Sum 10/ 21
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W —+ ~: Systematics

SMP-20-005 [ M\%
E

Uncertainty

Affects Corr.
shape  years

Relative effect on expected yield

Experimental
Integrated luminosity - Partial 2.3-2.5%
Pileup modeling v ' 0.2-3.1%
L1 prefiring v v 0.3-1.1%
Electron ID v ' 0.7-2.8%
Electron ID (p§. > 200 GeV) ' - 0.1-1.2%
Electron trigger - - 0.5%
Muon ID (stat) v - 0.1-0.6%
Muon ID (syst) v v 0.2-0.7%
Muon trigger v - 0.1-0.7%
Photon ID v v 0.6-6.0%
Photon ID (p} > 200GeV) v - 2.1-4.7%
Photon ID (high py extrapolation) v’ - Typically 3.0-9.0%, max. 14%
Photon (e veto) - - 1%
Photon energy scale v v Typically 0.1-4.8%, max. 13%
Jet energy scale ' - 1-4%
PSS scale v Partial  0.1-10.1%
e — 7 misidentification v - Typically 6.7-18%, max. 25%
Jet — 7 misidentification v - 10-45%
Misidentified e v - Typically 13-36%, max. 75%
Misidentified p v - Typically 16-42%, max. 70%
Theoretical
W1 acceptance (scale) ' ' 0.3-1.7%
W acceptance (PDF) v ' Typically 0.5-2.2%, max. 7.6%
W1 out-of-acceptance (scale) v v 52-12%
W+ parton shower modeling v ' 0.2-1.3%
Background normalization (scale) - ' 2.0-16%
Background normalization (PDF) - v 4.2-4.8%



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-005/index.html

W + ~: Differential Cross-sections

SMP-20-005
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-005/index.html

W + ~: Interference Resurrection SMP20-005

CMS simuiation Preliminary

% . B 0.9 ©
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-005/index.html

WZ: Systematics

SMP-20-014 [ M\%
E

Multiboson Production in CMS

Source 2016 2017 2018 Correlation scheme Processes
Electron efficiency 0-33 0-3.0 0—28  Partially correlated All MC
Muon efficiency 0-24 0-21 0—20 Partially correlated All MC
Muon energy scale 0-5 0-5 0—-5  Correlated AllMC
Electron energy scale 0-5 0-5 0-5 Correlated AllMC
Trigger efficiency -1.0/0.6 —0.7/0.6 —0.7/0.6 Partially correlated All MC
Jet energy scale 0.9 0.7 1.1 Partially correlated ~All MC
B-tagging (heavy) 1.0 0.7 0.9 Correlated AllMC
B-tagging (light) 0.5 0.4 0.3 Correlated AllMC
Pileup 0.9 0.8 0.8 Correlated ALLMC
ISR 02-20 02-20 02-20 Correlated Wz
Nonprompt norm. 30 30 30 Correlated nonprompt
VVV norm. 50 50 50 Correlated \A'A%
VH norm. 25 25 25 Correlated VH

WZ VBS norm. 20 20 20 Correlated WZ VBS
77 Free Free Free Correlated 77

ttZ norm. Free Free Free Correlated ttX

tZq norm. Free Free Free Correlated tZq

X7 norm. Free Free Free Correlated Xy
Luminosity 2.5 2.3 2.5 Partially correlated ~All MC
Statistical uncertainties By bin By bin Bybin  Decorrelated AllMC
Theoretical (PDF + Scale) 0.9 0.9 0.9 Correlated Wz

Backup

/21


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-014/index.html

WZ: Cross-sections

ord(pp — WZ) = —

owt(pp — WZ) =

Nsr ( NER )
el Ntsft

Nsg

BR(W — V) BR(Z — I'T") AeL \N3X

SMP-20-014 £

Quantity eee eepl e Hip Inclusive
Efficiency  0.0507 £0.0006 0.1044 = 0.0008 0.2166 = 0.0011 0.4582 = 0.0013 0.2074 = 0.0005
Acceptance  0.0447 =0.0001 0.0448+£0.0001 0.0448 =0.0001 0.0446 +0.0001 0.1789 = 0.0002
NEE/NGR 095040002 0952£0001 09460001 09480001  0.94940.001

Multiboson Production

Category (Source) Fiducial cross-section
eee(POWHEG) 62.5 724 (scale) £ 0.9(PDF)fb
eee(MATRIX, NNLO QCD) 76.8 118 (scale)fb
eee(MATRIX, NNLO QCDxNLO EWK) 75.3 *17(scale)fb
ece(Measured) 78.6 + 4.1(stat.) £ 3.2(syst.) + 1.4(lumi.) + 0.7(theo.)fb
eeji(POWHEG) 62.5 *%{(scale) £ 0.9(PDF)fb

eep(MATRIX, NNLO QCD)
eep(MATRIX, NNLO QCDXNLO EWK)
eeji(Measured)
ppe(POWHEG)
pue(MATRIX, NNLO QCD)
pupe(MATRIX, NNLO QCDXNLO EWK)
pe(Measured)
Hpp(POWHEG)
puppu(MATRIX, NNLO QCD)
upup(MATRIX, NNLO QCDXNLO EWK)
uup(Measured)
Inclusive (POWHEG)
Inclusive (MATRIX, NNLO QCD)

Inclusive (MATRIX, NNLO QCDXNLO EWK)

Inclusive (Measured)

753 118 (scale)fb
73.8 *17(scale)fb
713 +2.9(stat.) £ 2.2(syst.) + 1.3(lumi.) £ 0.7(theo.)fb
62.5 “%4(scale) + 0.9(PDF)fb
75.3 £1%(scale)fb
73.8 17 (scale)fb
74.8 +1.9(stat.) £ 2.1(syst.) & 1.4(lumi.) & 0.7(theo.)fb
62.5 “%4(scale) + 0.9(PDF)fb
76.8 *1%(scale)fb
753 F1%(scale)fb
74.9 + 1.4(stat.) £ 1.9(syst.) + 1.4(lumi.) & 0.7(theo.)fb
250.0 *37 (scale) = 3.5(PDF)fb
304.2 73(scale)fb
298.1 +03(scale)fb
298.9 + 4.8(stat.) £ 7.7(syst.) + 5.4(lumi.) + 2.7(theo.)fb
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WZ: Charge-asymmetry

SMP-20-014 £

E

Category

Fiducial cross-section

Category

Fiducial cross-section

eee’ (POWHEG)
eeet (MATRIX, NNLO QCD)
eee’ (MATRIX, NNLO QCDxNLO EWK)
eeet (Measured)
eep” (POWHEG)
eept (MATRIX, NNLO QCD)
eep” (MATRIX, NNLO QCDxNLO EWK)
eep™ (Measured)
ppet (POWHEG)
ppet (MATRIX, NNLO QCD)
ppe™ (MATRIX, NNLO QCDxNLO EWK)
pe* (Measured)
uppt (POWHEG)
ppp (MATRIX, NNLO QCD)
pupt (MATRIX, NNLO QCDXNLO EWK)
™ (Measured)

Inclusive (+) (POWHEG)
Inclusive (+) (MATRIX, NNLO QCD)
Inclusive (+) (MATRIX, photon induced)
Inclusive (+) (MATRIX, NNLO QCDxNLO EWK)
Inclusive (+) (Measured)

36.7 753 (scale) & 0.7(PDF)fb
45.2 1 (scale)fb
443 7S (scale)fb

493+ 3.4(stat.) £ 1.9(s
36.7 £33 (scale) + 0.7(PDF)fb

44,3 10 (scale)fb

433 “j5(scale)fb

4154 1.9(stat.) £ 1.6(syst.) = 0.9(lumi.) = 0.4(theo.)fb

367 *§3(scale) + 0.7(PDF)fb
44.3 *}0(scale)fb
433 “§5(scale)fb

43.1 4 L4(stat.) = 1.5(syst.) = 0.9(lumi.) = 0.4(theo.)fb

36.7 §3(scale) £ 0.7(PDF)fb
452 “}d(scale)fb
44.3 “0(scale)fb

443+ 1.0(stat.) = 1.5(syst.) = 1.0(lumi.) = 0.4(theo.)fb

1469 *57(scale) + 2.1(PDF)fb
179.0 +33(scale)fb
1.76 5 (scale)fb
175.3 37 (scale)fb

1759 + 3.0(stat.) = 5.6(syst.) = 3.6(lumi.) = 1.7(theo.)fb

+ 1.0(lumi.) + 0.5(theo.)fb

Multiboson Production

eee” (POWHEG)
eee” (MATRIX, NNLO QCD)
eee” (MATRIX, NNLO QCDxNLO EWK)
eee” (Measured)
eej” (POWHEG)
eep” (MATRIX, NNLO QCD)
eej” (MATRIX, NNLO QCDxNLO EWK)
eeji~ (Measured)
ppe” (POWHEG)
ppe” (MATRIX, NNLO QCD)
ppe” (MATRIX, NNLO QCDxNLO EWK)
pe~ (Measured)
ppp~ (POWHEG)
ppp (MATRIX, NNLO QCD)
ppp (MATRIX, NNLO QCDXNLO EWK)
g (Measured)

Inclusive (-) (POWHEG)
Inclusive (-) (MATRIX, NNLO QCD)
Inclusive (-) (MATRIX, NNLO QCDxNLO EWK)
Inclusive (-) (Measured)

25.8 707 (scale) + 0.6(PDF)fb
31.6 *0%(scale)fb
31.0 157 (scale)fb
36.2 4+ 3.3(stat.) = 1.4(syst.) = 0.7(lumi.)  03(theo.)fb
25.8 102 (scale) + 0.6(PDF)fb
31.0 ‘33 scale)fb
30.4 197 (scale)fb
29.7 4+ 1.7(stat.) % 1.1 (syst.) + 0.6(lumi.) + 03(theo.)fb
25.8 £0%(scale) + 0.6(PDF)fb
31.0 ‘33 scale)fb
30.4 197 (scale)fb
31.8 £ 14(stat.) & 1.1(syst.) £ 0.6(lumi.) = 0.3(theo.)fb
25.8 109 (scale) + 0.6(PDF)fb
316 *ﬁ? scale)fb
310 *97(scale)fb
30.7 £ 0.9(stat.) & 1.0(syst.) £ 0.7(lumi.) = 0.3(theo.)fb
103.1 *49(scale) + 1.4(PDF)fb
125.2 *43(scale)fb
122.8 *31(scale)fb
124.8 £ 2.7(stat.) + 4.0(syst.) & 2.5(lumi.)  1.1(theo.)fb

17/


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-20-014/index.html

WZ: PDF Constraint Spa0.ore r&%

NNPDF30_nlo_as118 : one-sided p=0.747

. 9
. 9
CMS Preliminary 1372107 (13 Tev) . CMS Preliminary 187.2f0" (13 TeV)
<] E 2 L 1+ Replicas
g 0'02; — Pre fit weights LA Prediction Prefit
;0 = 1.46— —— Prediction Postfit A
Tk r — + Measurement
E --=- Post fit weights [rennmennee s ETT TR T T TR SRR ST TR R R e en e n e e n e e r e nnan e nn e
0.016F [
= 1.441— N
0.014F L i D .
= La A, 4 TS i S— =
0.012] » a L T S . WV S
E ™ "y L o
P
= — o, i i N
al o+, . N
0.006F— [
0.004— 138
0.002— e At
P = I PN NN NN PR PRV ST SR R S S S|
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V~~: Event Selection, Yields and Systematics SMP49-013 (Submitted to]. HighEnerg Phys) {ﬁ

"

Process eveYY Y
» > 2photons: pr > 20GCeV, [n| < 2.5 Misid. jets 918 £ 23 (staf) = 180 (syst) 1441 = 27 (staf) = 280 (sysb)
e/p - Misid. electrons 669 =+ 28 (stat) =+ 34 (syst) 107 £ 9 (stat) & 7 (syst)
> p/ " >15GeV, [nf| < 2.5, [nt] < 2.4 Others 217411 (stat) £ 20 (syst) 286+ 11 (stat) + 25 (syst)
Total backgrounds 1804 -+ 38 (stat) + 180 (syst) 1834 -+ 30 (stat) + 280 (syst)
> AR(y,v/I)>04 Expected signal 248 £ 6(stat) £ 17 (syst) 500 8 (stat) + 33 (syst)
> |mm —m z| > 5GeV, |meﬁ,,nY — le\ > 5CeV Total prediction 2052 + 38 (stat) 4 180 (syst) 2334 = 31 (stat) - 280 (syst)
e( L) Data 1987 2384
» Wryry:1 Iepton, pr £ > 35(30) GCeV Process eeyy HpYY
ﬂ | Misid. jets 42 + 4 (stat) £ 9 (syst) 98 + 5 (stat) & 27 (syst)
> Z’(Y’Y)i 2 same-flavor leptons, Others 641 (stat) = 1 (syst) 114 2(stat) £ 1 (syst)
e(p Total backgrounds 48 + 4 (stat) £ 9 (syst) 109 + 6 (stat) 4 27 (syst)
pT > 35(30) GeV, my > 55 GeV Expected signal 68 + 2 (stat) = 5 (syst) 157 + 3 (stat) 4= 11 (syst)
Total prediction 116 -+ 4 (stat) & 8 (syst) 266 =+ 6 (stat) + 23 (syst)
Data 110 272
Systematic source eveyy (%] pv, vy (%] lvyy (%] eeyy (%] puyy (%] Llyy (%]
Integrated luminosity <1 2 2 1 3
Pile-up 2 <1 <1 2 <1 1
Electron efficiencies 4 — <1 3 — 1
Muon efficiencies 1 <1 <1 2 <1 1
Photon efficiencies 18 13 12 6 5 5
Jet-photon misid. 25 22 21 6 5 6
Electron-photon misid. 4 <1 <1 — — —
W theoretical cross section 3 3 3 <1 <1 <1
Z theoretical cross section 4 <1 <1 7 5 6
Other bkgs theoretical cross section 5 2 2 <1 <1 <1
Simulated sample event count 18 7 8 7 3 4
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Yy
V’y s pT SMP-19-013 (Submitted to].HighEnerg.Phys) [
E

CMS 137 fb* (13 TeV) CMS 137 fb™ (13 TeV)
£ 1200 < £
3 [ W(-evy —+ Daa 512005y, Ly —+ Data
" 1000~ 2 Wyy @ E 2 Wyy
@ E @ E+—
g 800: [ Misid. electrons g mooj [ Misid. electrons
> E [ Others > 800 [ Others
= [ Misid. jets u sooii: [ Misid. jets

— fy/ A* = 100 Tev* — fy/ A" =100 Tev*
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T T
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S f | A-eeyy —tDaa s Z(- wyy —+—Dal
~ jL 72 zyy > 2 zyy
'GEJ 60 [ Others ‘a;:: [ Others
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S o
LT Y

20 T,
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Vf)//y CFOSS—SeCtIOI’IS SMP-19-013 (Submitted to ].HighEnerg.Phys.) \‘&

. Theoretical (fb) Significance
Cross Section MadGraphs_aMC@NLO Measured (fb) Obs. (Exp)
WA~y 18.70 + 0.03 (MCstat) & 0.12 (PDF+scale) 13.6717, (stat) 7', (syst) &= 0.08 (PDF+scale)  3.1(4.5)c
Zvy 5.96 + 0.01(MCstat) + 0.06 (PDF+scale)  5.411%%% (stat) *% 5% (syst) 4 0.06 (PDF+scale)  4.8(5.8)c
CMS 137 fb™ (13 TeV) CMS 137 fo (13 TeV)
W(ev)yy * 20.23 922 (stat.) jgjj (syst.) |Z(ee)yy ——| 0.737218(stat.) jgjj (syst.)
W(uv)yy | =074 w011 (stat.) jgjg (syst.) |Z(uupyy - 1.06 "3 (stat.) jg}g (syst.)
| E +0. 0.22 X )
W(tv)ry | 073 IGR (stat) T 7 (syst) | Z(lyy —~t 091701 (stat) 01" (syst)
N T N T 008 1 TE 2 25 3 35 4
Signal strength p Signal strength p
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