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❖ tt̅ production cross section with 5 TeV 

   data 

➢ JHEP 04 (2025) 099
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Today’s Menu

❖ tW production cross section with 

   Run 3 data

➢ JHEP 01 (2025) 107

 

… and a new result!

http://dx.doi.org/10.1007/JHEP04(2025)099
http://dx.doi.org/10.1007/JHEP01(2025)107
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tt ̅ Production Cross Section
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tt̅ @5 TeV - JHEP 04 (2025) 099

http://dx.doi.org/10.1007/JHEP04(2025)099


❖ Data taken in 2017 (and 2015) intended to be used as calibration data for HI run 

❖ Low pileup runs offer very good opportunities for measurements at the LHC

➢ Clean environment allow for very precise measurements with low luminosity

❖ Data used already by CMS for top and diboson 

  cross sections

❖
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5 TeV Run
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tt̅ @5 TeV - State of the Art

𝝙= 12%

𝝙= 8% 

𝝙= 4% 

❖ The analysis shown here uses 

2017 data and events with 1 

lepton (and then combines with 

the existing 2 lepton result)
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tt̅ @5 TeV - Event Selection

❖ Exactly 1 lepton (electron or muon) (pT > 20 GeV, 

   |η| < 2.4)

❖ At least 3 jets (pT > 25 GeV, |η| < 2.4)

❖ MET > 30 GeV

❖ Events are further categorized into 8 categories 

   depending on the number of jets and b-tagged 

   jets, and the lepton flavour

➢ All are signal-dominated

➢ ℓ+3j2b and ℓ+4j2b are purest in signal (89% of total MC)

➢ ℓ+3j1b provide the greatest contribution from tW and W+jets backgrounds

(12% and 18% of total MC)

❖ 4 main backgrounds: Single top (tW + t-channel), W+jets, QCD multijets and DY

 



❖ A Maximum Likelihood fit is done simultaneously to these distributions

➢ median(ΔR(j, j’)) + MVA Score (3j1b category)

➢ Final distribution of 27 bins x 2 (e/µ) = 54 bins
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tt̅ @5 TeV - Analysis Strategy

𝞂(SM) = 

𝝙= 5.5% 
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tt̅ @5 TeV - Combination with e𝝁

𝝙= 4.9% 

𝞂(SM) = 
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tt̅ @5 TeV - Summary
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Single Top Production Cross Section



Enrique Palencia (Oviedo) Top Production at CMS – EPS-HEP 2025 July 7, 2025 12/25 

tW @13.6 TeV - JHEP 01 (2025) 107

http://dx.doi.org/10.1007/JHEP01(2025)107


❖ pp collisions @13.6 TeV

❖ With the new data we can extend further 

   our knowledge of the SM

➢ First measurements are also important to 

        test the performance of the CMS detector

❖ The analysis presented here uses the 2022 dataset

➢ Targets final state of tW → 𝑒±𝜇∓ 𝑏 jet + MET

➢ tt̅ was measured at 13.6 TeV using a smaller dataset of 1.21 fb−1 (2022 data)

        [JHEP 08 (2023) 204]
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Run 3



❖ Events with 2 leptons of opposite flavor and 

   opposite sign (pT > 20 GeV, |η| < 2.4)

❖ Events are further categorized into 8 categories 

   depending on the number of jets and b-tagged 

   jets

❖ A Maximum Likelihood fit is used to extract the inclusive cross section

➢ 1j1b: Random Forest (RF) multiclassifier to discriminate DY vs tt vs tW

➢ 2j1b: RF multiclassifier to discriminate tt semileptonic vs tt vs tW

➢ 2j2b: subleading jet pT
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tW @13.6 TeV - Analysis Strategy

SR SR CR



❖ A ML fit is performed using the two RF outputs and the subleading jet pT
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tW @13.6 TeV - Inclusive Measurement (I)

❖ Measurement dominated by systematic uncertainties

 



❖ The leading uncs. are the ones associated with the energy of the jets and b tagging

❖ But also, the modelling uncertainties: top pT modelling and underlying event
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tW @13.6 TeV - Inclusive Measurement (II)



❖ Results are normalised to the fiducial cross section and bin width

❖ Fair agreement between the measurements and the predictions from the different

   event generators

❖ Limited sensitivity to the different models
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tW @13.6 TeV - Differential Measurement
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Single Top Production Cross Section
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t-channel @5 TeV - CMS-PAS-TOP-24-011



❖ Same objects as for tt̅ but larger jet |η| coverage (up to 4.7)

❖ Same selection as for tt̅ and: mT(W) > 50 GeV and H’T>170 GeV (MET+jet pT + ℓ pT)

❖ Events are further categorized into 

   12 categories depending on the 

   number of jets and b-tagged jets, 

   lepton flavour and lepton charge

❖ Maximum likelihood fits to extract 

   the measurement

➢ MVA score in 2j1b

➢ |η| of the leading untagged jet in 

        other categories
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t-channel @5 TeV - Event Selection



❖ RF trained with Sklearn to discriminate t-channel from tt̅  and W+jets

❖ 13 input variables: |𝜂u0|, |Δ𝜂(u0, b0)|, mT(W), mtop,…
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t-channel @5 TeV - MVA 2j1b



❖ Fits to MVA score in 2j1b and |η| of the leading untagged jet in other categories

➢ one parameter of interest (POI) to measure 𝝈(tq + t̅ q)

➢ two POIs to measure 𝝈(tq), 𝝈(t̅ q)   
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t-channel @5 TeV - Fit



❖ Fits to MVA score in 2j1b and |η| of the leading untagged jet in other categories

➢ one parameter of interest (POI) to measure 𝝈(tq + t̅ q)

➢ two POIs to measure 𝝈(tq), 𝝈(t̅ q)
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t-channel @5 TeV - Result

SM



❖ Most precise CMS result for the tt̅ inclusive 

cross cross section at 5 TeV 

➢ 13% → 5.5% wrt previous ℓ+jets result

➢ 8.4% → 4.9% wrt previous combination

➢ Top quarks follows expectations at 5 TeV
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Summary (I)

❖ The first inclusive and differential cross section

   measurements of the tW process at 13.6 TeV

➢ Compatible with the SM prediction

➢ Not quite single at 13.6 TeV 

https://cms.cern/news/top-quarks-follow-expectations-5-tev
https://cms.cern/news/not-quite-single-136-tev-top-quark-comes-association-w-boson


❖ First CMS result for the single top t channel inclusive cross cross section at 5 TeV 

➢ Compatible with the SM prediction
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Summary (II)

CMS-PAS-TOP-24-011
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Back-up 

Slides



❖ Different observables were tested: m(j,j’), ΔR(j, j’), m(b,ℓ)

❖ Median(ΔR(j, j’)) shape is used in the fits in every region expect the 3j1b category 
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tt @5 TeV - Analysis Strategy



❖ In the 3j1b category, an MVA is trained to further separate 𝑡𝑡 from W+jets

❖ Model: random forest trained with Sklearn. 500 trees with max depth 6

❖ Signal: 𝑡𝑡 sample. Background: W+jets sample 

❖ 70% for train and 30% for test

❖ 8 input variables
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tt @5 TeV - MVA for 3j1b
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tt @5 TeV - Result ℓ+jets

𝝙= 5.5% 

𝞂(SM) = 



❖ 8 input variables are selected for each RF based on: 

➢ Good discrimination power

➢ Good modelling
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tW @13.6 TeV - MVA for 1j1b

Leading loose jet pT

Leading lepton pT

pT(e±, µ∓, j)

m(e±, µ∓)

∆φ(e±, µ∓)

m(e±, µ∓, j)

pT(ℓ1 , j)

Jet pT



❖ Measurement performed in the 1j1b region vetoing events with low energy jets  

(loose jets)

❖ Signal estimated subtracting background 

   from data

❖ Unfolding from detector level to particle 

   level is performed using TUnfold 

   [JINST 7 (2012) T10003]

 
Enrique Palencia (Oviedo) Top Production at CMS – EPS-HEP 2025 July 7, 2025 31/25 

tW @13.6 TeV - Differential Measurement (I)
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t-channel @5 TeV - MVA 2j1b


