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Introduction. Evolution of measurements at the LHC.
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• We learned a lot of electroweak physics in 
Run 2.

• ~140 fb-1 of data recorded.
• July 2022: the new Run 3 of the LHC started.

• At a new center of mass energy of 13.6 
TeV!

• With new data, we can extend further our 
knowledge of the standard model.

• Expected. Stat unc reduced by factor 
~ 2

• New strategies have been developed 
 expected improvement in the 
systematics as well.

• Possible combinations Run 2 + Run 3

• Of course, most of these improvements will come by the late stages of Run 3, when we will have had collected ~2 times 
the luminosity of Run 2.

• In the meantime, it’s crucial for the LHC physics programme to continue producing scientifically meaningful results, 
because that way we test our knowledge on the standard model, as well as our detector performance.

• Goal for this talk: to update on the current status of CMS in electroweak measurements using Run 3 data.
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Z cross section measurement at 13.6 TeV

3

• Physicists have been looking at the Z boson for decades.

• From a theoretical point of view:
• Constraining of PDFs.
• Test perturbative and non perturbative effects of higher 

order contributions in QCD.
• Parton shower effects.
• Anomalous triple gauge couplings.

• From a experimental point of view.
• Z boson factory (𝜎𝜎𝑍𝑍~ nb).
• Ideal setup for calibration of many objects.

• So measuring Z (and W) cross sections is important for the 
LHC programme! 

• See Miguel’s talk from monday
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https://indico.cern.ch/event/1346940/contributions/5783795/


Z cross section measurement at 13.6 TeV
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SMP-22-017

• A measurement of the 𝑍𝑍 boson production cross section was performed by the CMS experiment at the 
beginning of Run 3.

• Goal: to measure the Z boson production rate at a brand new center of mass energy regime.

• Dataset used: first 5.04 fb-1 collected by CMS during 
2022 data taking.

• Target topology: 𝑍𝑍 → 𝜇𝜇+𝜇𝜇−

• Monte Carlo simulation
• 𝑍𝑍 → ℓ+ℓ− + 2j (MADGRAPH5_AMC@NLO)
• 𝑊𝑊 → ℓ±𝜈𝜈 +2j (MADGRAPH5_AMC@NLO)
• WZ, ZZ, WW (PYTHIA8)
• t ̅t and single top (POWHEG V2)

signal

EWK

t ̅t
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-017/index.html


Z cross section measurement at 13.6 TeV
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SMP-22-017

• Object selection: optimized for 𝑍𝑍 → 𝜇𝜇+𝜇𝜇−

• Exactly two reconstructed muons passing 
“tight” quality criteria [JINST 13 (2018) P06015].

• Opposite sign
• 𝑝𝑝𝑇𝑇 > 25 GeV, 𝜂𝜂 < 2.4
• 𝑚𝑚𝜇𝜇𝜇𝜇 ∈ [60, 120] GeV
• Inclusive in jets and b tags.

• Corrections: particularly delicate in early analyses.
• Muon efficiency
• Scale and energy.
• Trigger prefiring.
• Pileup 

• Strategy:
• Maximum likelihood fit to the 𝑚𝑚𝜇𝜇𝜇𝜇  distribution.

Postfit
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-017/index.html
https://iopscience.iop.org/article/10.1088/1748-0221/13/06/P06015


Z cross section measurement at 13.6 TeV
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• Measurement of the total cross sections 
times branching ratio are presented.

• In a fiducial volume (𝑚𝑚𝜇𝜇𝜇𝜇 ∈ [60, 120] GeV)
and in a total volume.

• Measurement dominated by systematics.

• Well in agreement with SM.

SMP-22-017
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-017/index.html


WW measurements at CMS
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• Measurement of W-boson pair production cross 
sections is an important test of the standard model.

• WW production is interesting for various reasons.

• From a theoretical point of view:
• Self couplings between electroweak bosons.
• Large background to Higgs measurements.

Run 3 provides standard model with new victory 
at the energy frontier (physics briefing)

• From an experimental point of view:
• Proof that we can already do complex analyses 

in Run 3 using a wide variety of physics objects 
and corrections.

• And with great precission!

SMP-24-001

𝜇𝜇−

𝐸𝐸𝑇𝑇

𝑒𝑒+
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https://cms.cern/news/run-3-provides-standard-model-new-victory-energy-frontier
https://cms.cern/news/run-3-provides-standard-model-new-victory-energy-frontier
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-001/index.html


WW measurements at CMS
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• Goal: to provide a competitive result of the inclusive cross section, as well as a report on inclusive and 
normalized differential cross sections.

• The measurement is performed this time using the whole 2022 dataset recorded by CMS (~35 fb-1).

• Target topology: 𝑊𝑊+𝑊𝑊− → 𝑒𝑒±𝜇𝜇∓.
• One signal region is defined to maximize signal purity.
• Several control regions are already defined to constraint effect of main backgrounds.

• TOP, ZZ → 𝜏𝜏𝜏𝜏, non prompt, WZ and ZZ → ℓ𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℓ𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝜈𝜈𝜈𝜈 

SMP-24-001
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-001/index.html


WW measurements at CMS
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• First complete look into an electroweak phase 
space after Run 2.

• What is meant by complete here: Well 
understood…

• … dataset and corrections.
• … montecarlo modelling.
• … treatment of systematics.

• Agreement is certainly looking good!

• This is the result of a really great effort from 
many people in CMS.

SMP-24-001

Prefit

Prefit Prefit

Prefit

Looking into some distributions…
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WW measurements at CMS
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• The inclusive WW cross section is extracted from a maximum likelihood fit to the observed yields as a 
function of the number of jets.

• The fit is performed simultaneously to the signal region and all control regions.

SMP-24-001

Postfit Postfit

Postfit Postfit

Postfit

Postfit
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σ = 125.7 ± 2.3 (stat) ± 4.8 (syst) ± 1.8 (lumi) pb

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-001/index.html


WW measurements at CMS
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• The unfolding to particle level is performed using likelihood-based unfolding.

• Fiducial inclusive and normalized cross sections are extracted in a fiducial region that mimics the selection 
used at detector level.

• First ever comparison with MiNNLO+PS generator.
• Good agreement with SM is reported.

SMP-24-001

Carlos Vico Villalba – SM@LHC 2024 (Rome)

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-001/index.html


Conclusions
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• A summary on the status of electroweak measurements in CMS 
during Run 3 has been presented.

• Z boson production using the first few runs of Run 3
• Measurements of WW inclusive and differential cross 

sections using the 2022 dataset.

• General conclusion: results are in good agreement with the SM 
prediction.

• As expected!
• This proves that after the long shutdown, CMS is still 

working at excellent performance.
• We know our detector.

• We are able to start measuring at high precission already 
with 1/10th of the total expected lumi.

• Of course, more results are to come with much data.

• The analyses already allow to expect very promising results for 
the rest of Run 3.

Stay tuned!
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