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Overview 
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 𝐕𝐕𝐕 → 2ℓ 2𝑞 / 3ℓ / 4ℓ / 5ℓ / 6ℓ 

 CMS Collaboration, “Observation of the production of three 

massive gauge bosons at √s = 13 TeV”, Phys. Rev. Letters 

(2020), doi:10.1103/physrevlett.125.151802, 

arXiv:2006.11191v2 

 𝐕𝛄𝛄 ,  W → ℓ𝜈 , Z → 2ℓ 

 CMS Collaboration, “Measurements of the pp to Wγγ and pp to 

Zγγ cross sections at √s = 13 TeV and limits on anomalous 

quartic gauge couplings”, 2021, arXiv:2105.12780 

SMP-19-014 

SMP-19-013 

http://dx.doi.org/10.1103/PhysRevLett.125.151802
https://arxiv.org/abs/2006.11191
https://arxiv.org/abs/2105.12780


Muon system 

The CMS detector 
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η = − ln tan 𝜃
2  

∆𝑅 = ∆η 2 + ∆𝜑 2 

Silicon Tracker 



Three massive gauge bosons at 13 TeV 
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 W±W±W∓ → ℓ±ℓ± 2ν qq ′ 2 charged leptons 

 W±W±W∓ → ℓ±ℓ±ℓ∓ 3ν 3 charged leptons 

 W±W∓Z    →  ℓ±ℓ∓ 2ν ℓ±ℓ∓ 4 charged leptons 

 W±Z Z       →  ℓ± ν 2 ℓ±ℓ∓  5 charged leptons 

 Z Z Z           → 3 ℓ±ℓ∓   6 charged leptons 

 

 

 

Process 
Theoretical cross 

section (NLO) 
σTOT x BR  

Expected events 

for 137 fb-1 

WWW 509    fb    54.0   fb * 7 400 

WWZ 354    fb   4.12 fb    560 

WZZ   91.6 fb   0.36 fb      50 

ZZZ   37.1 fb   0.05 fb           6.9 

* Sum of 2 and 3 charged leptons channels 
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Backgrounds 
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 Same sign dilepton (SS-2ℓ): 
 Lost lepton: mostly WZ with a lost lepton from the Z 
 Nonprompt lepton: 1 prompt + 1 nonprompt from hadronic decays 

 Irreducible background: W±W± from VBS, double parton scattering 
 Charge misidentification: a lepton from Z is assigned the wrong 

charge; negligible for μ 

 Three-lepton (3ℓ): 
 WZ with off-shell Z 
 Nonprompt lepton: 2 prompt + 1 nonprompt from hadronic decays 

 Irreducible: tt + W 

 Four-lepton: ZZ, tt Z, tWZ, WZ+fake, Higgs 

 Five-lepton: ZZ + fake lepton 

 Six-lepton: negligible 
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Reconstruction 
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 Particle Flow 

 Leptons 

 Common veto ID (η, dz, dxy, isolation) for all final states 

 Thigh selection for 2 lep channel, slightly looser for the others. 

Loose for fake lepton background prediction 

 Jets 

 anti-kt, ΔR < 0.4, pT > 20 GeV, |η| < 2.4 

 

SFOS: A pair of Same Flavour, Opposite Sign (leptons) 

𝑝 𝑇
𝑚𝑖𝑠𝑠: negative vector sum in the transverse plane of jets associated 

with the primary vertex 

𝑚𝑇
𝑚𝑎𝑥: Largest transverse mass from 𝑝 𝑇

𝑚𝑖𝑠𝑠 and any lepton 
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 Variables used for SS-1J and SS-

2J: pT
miss, mT

max, mT
min, mℓj

min, 

ΔRℓj
min, pT

j1
, pT

ℓ1,2
, IDℓ1,2, mℓℓ 

 Additional for SS-2J: pT
j2,3

, Nj, 

mjj
lead, mjj

min ΔR, ∆Rjj, Δηjj 

Boosted Decision Tree: 2ℓ and 3ℓ 
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 Variables for 3ℓ: pT
ℓ1,2,3

, IDℓ1,2,3, 

pT
j1,2,3

, pT
miss, Δϕ pT

ℓℓℓ, pT
miss , 

pT
ℓℓℓ, mℓℓ

SF, mℓℓℓ, nb 



Boosted Decision Tree: 4ℓ 
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 Two BDTs, one for tt Z and  

    one for ZZ 

 Input variables: 𝑚ℓℓ, 𝑚ℓℓ
34, pT

Z, 

mT2, pT
ℓ3,4

, pT
ℓℓℓℓ,  pT

ℓi4
i=1  

 Additional against tt  Z: 𝑝𝜁, 

𝑝𝜁
𝑣𝑖𝑠, 𝑚𝑇

ℓ3,4
, 𝑚ℓℓℓℓ 

 Additional against ZZ: 

min Δ𝑅(𝑗, ℓ3,4),  𝑝𝑇
𝑙𝑒𝑎𝑑 𝑗

 

𝑃𝜁= 𝑝 𝑇
𝑚𝑖𝑠𝑠 + 𝑝 𝑇

ℓ1 + 𝑝 𝑇
ℓ2  ∙ 𝜁  

𝑃𝜁
𝑣𝑖𝑠= 𝑝 𝑇

ℓ1 + 𝑝 𝑇
ℓ2  ∙ 𝜁  

𝜁  = unit vector, bisector of ℓ1 and ℓ2 
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Sequential cuts (5ℓ, 6ℓ) 
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𝟓ℓ (WZZ) 𝟔ℓ (ZZZ) 

pT
ℓ1,2

> 25 GeV/c , pT
ℓ>2> 10 GeV/c , no b-tagged jets 

2 SFOS pairs 

mSFOS − mZ  < 15 GeV 

3 SFOS pairs 

mSFOS − mZ  < 15 GeV 

m pT
miss + pT

e5  > 50 GeV   pT
ℓi6

i=1  > 250 GeV ZZ+ℓfake tt H  ZZ+ℓℓ  



Combination 
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 Each sub analysis targets a different production channel, with 

cross contamination.  
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Results 
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 Two fits of all the channels: 

 Combined signal strength μcomb 

 Four independent signal strengths 

μWWW , μWWZ, μWZZ, μZZZ 

SMP-19-014 



Wγγ and Zγγ at 13 TeV 
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 Process 
Theo. Cross 

section (NLO) 

Wγγ 2 000 fb 

Zγγ    680 fb 
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Backgrounds 
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 Major sources estimated from data control regions 

 Jets misidentified as photons 

 Electrons as photons (e.g. Zγ → eeγ where an e is misclassified 
as γ) 

 QCD: tγ, tt γ, tt γγ, VVγ  →  from MC 
Data control region 

SMP-19-013 



Selection cuts for Wγγ and Zγγ 
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 Trigger: single e± with pT > 27-32 GeV or μ± with pT > 24 GeV 

SMP-19-013 

𝑍𝛾 → 𝑒𝑒𝛾 (𝑒𝛾𝛾) 



Pre-fit: pT of diphoton 
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Results 
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 σ Wγγ SR= 𝟏𝟑. 𝟔−1.9
+1.9 (stat) −4.0

+4.0(syst) ±0.08 (PDF+scale) fb 

 σ Zγγ SR= 𝟓. 𝟒𝟏−0.55
+0.58 (stat) −0.70

+0.64(syst)±0.06 (PDF+scale) fb 

SMP-19-013 



References 

23/08/2021 A. Mecca - Triboson in CMS 

 CMS Collaboration, “Observation of the production of three 

massive gauge bosons at √s = 13 TeV”, Phys. Rev. Letters (2020), 

doi:10.1103/physrevlett.125.151802, arXiv:2006.11191v2 

 CMS Collaboration, “Measurements of the pp to Wγγ and pp to 

Zγγ cross sections at √s = 13 TeV and limits on anomalous quartic 

gauge couplings”, 2021, arXiv:2105.12780 

 Chatrchyan, S. and Khachatryan, V. and Sirunyan et al., “Search for 

WWγ and WZγ production and constraints on anomalous quartic 

gauge couplings in pp collisions at √s = 8  TeV”, Phys. Rev. D 

(2014), doi:10.1103/physrevd.90.032008, arXiv:1404.4619 

 

SMP-19-014 

SMP-19-013 

SMP-13-009 

http://dx.doi.org/10.1103/PhysRevLett.125.151802
https://arxiv.org/abs/2006.11191
https://arxiv.org/abs/2105.12780
http://dx.doi.org/10.1103/PhysRevD.90.032008
https://arxiv.org/abs/1404.4619


Thanks for your attention 

Backup 
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Selection: sequential cuts (2ℓ, 3ℓ) 
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Selection: sequential cuts (4ℓ) 
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 4ℓ (ZWW) 

 1 SFOS with  

 mSFOS − mZ < 10 GeV/c2 

 pT
ℓ1> 25 GeV, pT

ℓ2> 10 GeV/c 

 If the other 2 leptons have 

same flavour: 

 mℓℓ − mZ  > 10 GeV/c2 

 Any mSFOS > 12 GeV/c2 

SMP-19-014 

𝑚𝑇2 = 
min

𝑝 𝑇
𝜈1 + 𝑝 𝑇

𝜈2 = 𝑝 𝑇
𝑚𝑖𝑠𝑠 max 𝑚𝑇 𝑝 𝑇

𝜈1, 𝑝 𝑇
𝑒 , 𝑚𝑇 𝑝 𝑇

𝜈2, 𝑝 𝑇
𝜇  

 



Pζ and Pζ
vis 
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𝑃𝜁= 𝑝 𝑇
𝑚𝑖𝑠𝑠 + 𝑝 𝑇

ℓ1 + 𝑝 𝑇
ℓ2  ∙ 𝜁  

𝑃𝜁
𝑣𝑖𝑠= 𝑝 𝑇

ℓ1 + 𝑝 𝑇
ℓ2  ∙ 𝜁  

𝜁  = unit vector, bisector of ℓ1 and ℓ2 



Electron and muon Common veto ID 
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Lepton Flavor Electron Muon 

ID MVA POG Loose NoIso Loose 

|η| < 2.5 < 2.4 

|dz| < 0.1 cm < 0.1 cm 

|dxy| < 0.05 cm < 0.05 cm 

Irel,R=0.3,EA,Lep < 0.4 < 0.4 
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The isolation is computed including other 

leptons, in additions to hadrons and photons 



Electron definitions 
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Muon definitions 
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Triboson production 

Process 

Theoretical 

cross section 

(NLO) 

BR for 

selected 

final state 

σTOT x BR  

Expected 

events for 

137 fb-1 

WWW 509    fb 
7.42 % 36.4   fb 5 000 

3.46 % 17.6   fb 2 400 

WWZ 354    fb 1.16 %   4.12 fb    560 

WZZ   91.6 fb 0.39 %   0.36 fb      50 

ZZZ   37.1 fb 0.13 %   0.05 fb           6.9 
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* Sum of 2 and 3 leptons channels 
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2ℓ 

3ℓ 



23/08/2021 A. Mecca - Triboson in CMS 

 



Monte Carlo 
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Process Generator (NLO) Notes 

Vγγ 

MADGRAPH5 

aMC@NLO 2.2.2 / 

2.2.6 

Inclusive W, Z 

tγ 

tt γ γ  

VVV 

γ + jets Generated at LO 

Vγ Main backgr. estimated 

with control regions Vγ SHERPA 2.26 

t POWHEG v2 Decay with MadSpin 

VV PYTHIA 8.219 / 8.226 
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Hadronization: PHITHIA 8.226/8.230 tune CUETP8M1 / CP5 

PDF set: NLO NNPDF 3.0 / 3.1 



Selection for electrons 
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Selections for muons 
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Systematics 
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Status: limits on dimension 8 
Mixed transverse and 

longitudinal parameters  
Transverse parameters 
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSMPaTGC 



Limits on anomalous couplings 
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