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MOTIVATION
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Measurements of the diboson, W+W-, W±Z and ZZ, production cross sections at the 5 TeV
energy regime using 304 pb-1 recorded in 2017.

Diboson production is important for 
several reasons:

• It is a test of the Standard Model 
(SM) of particle physics.

• It is an irreducible background in 
other SM measurements and BSM 
searches. 

First results at 5 TeV!
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MOTIVATION
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• The mean number of pp interactions per bunch crossing was around 2.
• Maximum inst. luminosity: ℒinst = 1.38 × 1033cm−2 s−1.
• Dataset is characterized by a relatively low pile-up contribution as compared to the 

measurements of weak-boson production performed at higher center-of-mass energies.

CMS-PAS-SMP-20-012
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Measurements of the diboson, W+W-, W±Z and ZZ, production cross sections at the 5 TeV
energy regime using 304 pb-1 recorded in 2017.
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RELATED ANALYSES
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This dataset has been used by ATLAS and CMS to measure the 𝑡 ҧ𝑡 cross section.

CMS-PAS-TOP-20-004
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ATLAS-CONF-2021-003
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The new result is combined with the one of
JHEP 03 (2018) 115 which used 27.4 pb-1

recorded in 2015.

https://cds.cern.ch/record/2758333?ln=en
https://cds.cern.ch/record/2754223/?ln=es
https://arxiv.org/abs/1711.03143


OBJECT RECONSTRUCTION
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The key objects in this analysis are the leptons: electrons and muons.
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➢ A set of identification criteria is specifically designed  
to separate the leptons produced in W and Z decays 
from those that arise from nonprompt leptons.

➢ The ID developed here is based in an existing one at 13 
TeV that has been widely used already by CMS: lepton 
MVA. In particular, it was used in a recent 
measurement of the Higgs boson production rate in 
association with top quarks. [arXiv:2011.03652]

➢ Two leptons categories are defined, loose and tight leptons:

• The loose identification criteria are used to preselect all leptons in the events.
pT > 8 GeV, |𝜂|< 2.4, dxy < 0.05 cm, dz < 0.1 cm, isolation < 0.4

• The tight selection used the lepton MVA method to reduce the nonprompt
contribution.

loose leptons + lepton MVA, tighter isolation cut, cut on the b-tagging DEEPJET discriminator

SUS-16-039

https://arxiv.org/abs/2011.03652
http://arxiv.org/abs/1709.05406


EVENT SELECTION: SIGNAL REGIONS
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• Exactly 2 tight opposite
charge different flavour
leptons

• pT(ℓ1) > 20 GeV

• pT(ℓ2) > 10 GeV

• pT(ℓℓ′) > 20 GeV

• ΔΦ ℓℓ′ < 2.8 rad

• min(𝑚ℓℓ′) > 12 GeV

• Jet veto (pT > 25 GeV)

• min(mT e, 𝑝𝑇
𝑚𝑖𝑠𝑠 , mT(𝜇, 𝑝𝑇

𝑚𝑖𝑠𝑠)) > 
20 GeV
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➢ 3ℓ
• Exactly 3 leptons with 

pT > 8 GeV and the 
2LSS passing a tight ID

• pT(ℓ𝑊) > 20 GeV
• min(𝑚ℓℓ′) > 12 GeV
• 𝑚ℓ𝑍1,ℓ𝑍2,ℓ𝑊 > 100 GeV

• |𝑚𝑍-91.2|< 30 GeV

➢ 2𝝁 same-sign
• 2 muons same-sign 

passing a tight ID and 
tight charge with pT
>20,10 GeV.

• min(𝑚ℓℓ′) > 12 GeV
• Jet veto (pT > 25 GeV)

• pT
𝑚𝑖𝑠𝑠> 25 GeV
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ZZ
➢ 4ℓ
• Exactly 4 leptons with 

pT > 8 GeV
• min(𝑚ℓℓ′) > 12 GeV

➢ 2ℓ2𝜈
• Exactly 2 tight opposite 

charge same-flavour 
leptons with pT > 20,10 
GeV

• min(𝑚ℓℓ′) > 12 GeV
• |𝑚𝑍-91.2|< 10 GeV
• Jet veto (pT > 25 GeV)

• |pT
𝑚𝑖𝑠𝑠 − pT

𝑍|/pT
𝑍 < 0.3

• −pT
𝑚𝑖𝑠𝑠 ×

cos(ΔΦ(pT
𝑚𝑖𝑠𝑠, pT

𝑍)) > 
50 GeV

➢ 3ℓ
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BACKGROUND ESTIMATION
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➢ Signal samples are generated using POWHEG+PYTHIA8.

➢ All background contributions are estimated  from MC simulation except for those 
involving 2 nonprompt leptons.

➢ The nonprompt SM sources depend on the decay channel:
• At least 3 leptons: Z+jets and dileptonic 𝑡 ҧ𝑡 production. -> estimated from MC.
• 2 leptons: W+jets and semileptonic 𝑡 ҧ𝑡 production. -> estimated using a leptons 

misidentification rate method based on the misidentification rate measured in a 
simulated 𝑡 ҧ𝑡 sample and applied to control region data.
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TOP VALIDATION REGION
Defined inverting the jet-veto 

requirement from the WW SR to 
enhance the top quark processes 

contribution.

DY VALIDATION REGION
Determined from the WW SR by 
replacing the two opposite-flavor 

leptons with two same-flavor
leptons.
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WW SIGNAL REGION
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Main background 
contributions are from 
nonprompt and top.

S/B ~ 1.8
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WZ SIGNAL REGIONS
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S/B ~ 3.7 S/B ~ 5.3

Main background 
contributions from ZZ.
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ZZ SIGNAL REGIONS
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2ℓ2𝜈

𝟒ℓ
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S/B ~ 0.8

S/B ~ 5.4
DIS2021
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STRATEGY

Andrea Trapote – U. Oviedo

Goal: extraction of total observed cross section.

• The number of events in the signal region is measured in a counting experiment in a 

region with high signal purity.

•Compare with MATRIX NNLO QCDxNLO EWK predictions.
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Total region definitions 
• WW: m0SSF> 4 GeV 
• WZ : m0SSF> 4 GeV and 60 GeV < 𝑚𝑍 < 120 GeV. 
• ZZ : m0SSF> 4 GeV , 60 GeV < 𝑚𝑍1 < 120 GeV. 

and 60 GeV < 𝑚𝑍2 < 120 GeV.

DIS2021

𝜎 =
𝑁𝑠𝑖𝑔𝑛𝑎𝑙
𝑆𝑅

𝐵𝑅 𝑉 → 𝑋𝑋 𝐵𝑅 𝑉 → 𝑋𝑋 𝜖ℒ′



TOTAL CROSS SECTIONS
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Overall uncertainty dominated by statistical component.

*Predictions from MATRIX at NNLO QCDxNLO EWK.
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SUMMARY
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➢ The measurements of the weak 
diboson production cross sections at a 
new energy regime that was never 
probed before for these processes 
have been presented.

➢ A very complete summary plot 
including diboson production cross 
sections from ATLAS, CMS, D0 and CDF 
in the full energy regime is shown.

➢ The gap between Tevatron and LHC 
measurements has been reduced.



BACK UP
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OBJECT RECONSTRUCTION
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Loose leptons

Tight leptons

Jets
AK4 PFJets (Tight ID)
𝑝𝑇 > 25 GeV and 𝜂 < 2.4
ΔR(jet, lepton) > 0.4

MET
Corrected Type-1



UNCERTAINTIES
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Experimental uncertainties
• Lepton efficiencies: varying 𝑝𝑇 and 𝜂 dependent SFs by their uncertainties.
• Trigger efficiencies: is very close to 1 and no correction is applied to the simulation. 

The relative difference between the trigger efficiency and the unity is used as an 
uncertainty.

• Jet energy scale (JES): varying the jet energy corrections by their uncertainties
• Jet energy resolution (JER): varying JER SF by uncertainties.
• L1 prefiring: varying the dedicated SFs by their uncertainties.
• Nonprompt closure.

Modeling uncertainties
• PDF + αS:  reweighing events according to the 30 replica PDF sets + 2 αS. 

(PDF4LHC15_nlo_nf4_30_pdfas)
• QCD scale: varying the default renormalization and factorization scale choices 

independently by a factor of 2 or 1/2.

Others
• Luminosity.
• Background normalization. 
• Data statistics.

DIS2021


