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Understanding the top quark properties and production mechanisms is one of the core elements of the LHC physics 
programme.
➔ At the LHC, top quarks are mainly produced through two different mechanisms:

 Electroweak production of single top  in association with weak bosons (t+X, where X=W,Z,ɣ).
 Top-antitop quark pair production (tt) via the strong interaction. At the LHC it is also possible to consider EWK 

interactions at tree level through the production of tt in association with vector bosons (tt+X,  where X=W,Z,ɣ).
➔ In this talk, a review of single top and top-quark pair production studies is presented.
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➔ Results
σ(tW) = 79.2 ± 0.8 (stat) ± 7.1 (syst)± 1.1 (lumi) pb.
σNNLO(tW) = 71.7 ± 1.8 (scale) ± 3.4 (PDF) pb.
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➔ Methodology for the inclusive measurement
 Target of OSDF1

  lepton pairs (e±μ∓).
 Remaining events are classified according 

to different jet and b tag multiplicities.
 Independent BDTs are trained to 

discriminate signal and background 
events.

Inclusive cross section and baseline analysis CMS-PAS-TOP-21-010tW measurements

1: Opossite Sign of the electric charge and Different Flavor 

➔ The tW process
 Interference with tt at NLO 

in QCD.
 Diagram Removal scheme 

is used to model the tW.

➔ Clearly dominated by systematic uncertainties
 Leading systs: JES, tW ME scales and FSR
 Difference in the  modelling schemes is accounted for as well

Good 
agreement 
with SM

➔ Signal extraction
 Simultaneous Binned maximum likelihood 

fit to three BDT discriminants.
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Differential cross section measurement CMS-PAS-TOP-21-010tW measurements
➔ In order to perform these measurements, 

unfolding techniques are required. 
➔ These unfolding techniques can be performed at 

two levels: particle level and parton level. 
➔ Methodology for the differential measurement.

 The phase space defined for the differential 
measurement is taken as close as possible to 
the one used for the inclusive measurement.

 The particle level is defined by the obtained 
particles after the generation of the strong 
process and after the parton shower.

 Both the signal extraction and the unfolding for 
the differential cross section measurement are 
done with a maximum likelihood fit.

➔ Agreement is overall good with respect to the 
expectations from the different generators.
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Improved total unc (11%) w.r.t. previous CMS measurement 
(that reported 14%) due to a larger dataset and much better 
identification/classification techniques.

Inclusive cross section and baseline analysis JHEP02(2022)107tZq measurements

➔ Methodology for the inclusive measurement
 Three leptons, 2 jets (at least one b tag). Further 

categorized in terms of jets and b tags.
 BDTs are used to enhance signal discrimination.

➔ The tZq process Offers the 
possibility of measuring tZ and tZ 
separately.

➔ Signal extraction
 Simultaneous Binned ML fit to BDT discriminants. σ(tZq) = 87.9 ± 7.4 (stat) ± 6.7 (syst) fb.

σNLO(tZq) = 94.2 ± 1.9 (scale) ± 2.5 (PDF) fb.

Good 
agreement 
with SM

➔ Results

σtZq(ℓt+) = 62.2 ± 5.8 (stat) ± 4.1 (syst) fb.
σtZq(ℓt-) = 26.1 ± 4.7 (stat) ± 2.9 (syst) fb.

Able to measure 
separate t and t 
cross sections 

https://link.springer.com/article/10.1007/JHEP02(2022)107
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JHEP02(2022)107

➔ Event classification
 Differential tZq cross section measurements are performed as a 

function of several observables at the parton and particle level 
→ refered as kinematic regions.
 pT(Z), pT(ℓt), m(3ℓ), Δφ(ℓ, ℓ’), cos(θ*

pol), m(t,Z), pT(j’), |η|(j’).
➔ Methodology

 A likelihood-based unfolding procedure is considered to 
measure the cross section in different kinematic region.

 A multiclass neural network (NN) with 23 inputs and 5 output 
nodes is used to distinguish tZq against ttZ. 

➔ Results
 The measured distributions are compared with theory 

predictions of tZq at NLO in QCD for the 4 flavor-scheme (FS) 
and 5FS.

 Finally, the spin asymmetry is measured as:
 Aℓ = 0.58 ± 0.15(stat) ± 0.06 (syst).

tZq measurements Differential measurements and top quark polarization

https://link.springer.com/article/10.1007/JHEP02(2022)107


  

tɣq measurements
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PRL 121 (2018) 221802First evidence of single top quark in association with photons at CMS

➔ Baseline signal selection
 Exactly one isolated μ, one isolated ɣ, 2j (at least 1b).
  Ɣ isolation is assured by requiring ΔR>0.5 from any 

other particle in the event.
➔ Signal selection 

 Efficient signal/background discrimination is achieved through the 
use BDTs.

 A simultaneous binned likelihood fit is performed on the BDT 
distribution in the signal region and a tt+ɣ control region.

Measured fiducial cross section
σ(tɣq) = 115 ± 17 (stat) ± 30 (syst) fb.

Expected fiducial cross section
σ(tɣq) = 81 ± 4 fb.

First evidence of tɣq production by CMS at 
4.4σ!

https://doi.org/10.1103/PhysRevLett.121.221802


  

ttW measurements
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CMS-PAS-TOP-21-011Baseline selection and analysis strategy

➔ Same Sign dilepton (2ℓss) Strategy: A Deep Neural 
Network (DNN) is used to distinguish between signal and 
background.
 Architechture: (128, 64, 4).
 Lepton flavors and electrical charges are used to 

further categorize events.
➔ Trilepton (3ℓ) strategy: Twelve categories are defined in 

terms of jet and b tag multiplicities and the summed 
charge of the three leptons.
 m3ℓ is used to discriminate signal from background.

➔ The DNN output distributions are then combined with 
the m3ℓ  distributions in a binned profile likelihood fit from 
where the value of the cross section is extracted.

ℓℓ--ℓℓ--ℓℓ++ℓℓ++

ℓℓ±±ℓℓ∓∓ℓℓ±±, 2j2b, 2j2b ℓℓ±±ℓℓ∓∓ℓℓ±±, 3j2b, 3j2b

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-011/index.html


  

ttW measurements
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CMS-PAS-TOP-21-011Inclusive and charged-splitted cross section measurement

➔ Inclusive measurement
 Results are compared to two theoretical predictions from 

EPJC 80 (2020) 428 and JHEP 11 (2021) 029.
 2016 measurement: [JHEP08 (2018) 011] 

 σ(ttW) = 800 ± 120 (stat) ± 130 (syst) fb.

50% improvement 
on the systematic 
uncertainty with 
respect to 2016 
measurement!

➔ Production ratio of ttW+/ttW-

 Measured
  RttW+/ttW-= 1.61 ±  0.15 (stat) ±  0.06 (syst).

 Prediction at NLO+NNLL [JHEP 08 (2019) 039]
  RttW+/ttW-= 1.94 ± 0.30.

➔ First steps for a future ttW charge asymmetry.

➔ Better background control
➔ Dedicated lepton MVA to 

target top-like events.

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-011/index.html
https://doi.org/10.1140/epjc/s10052-020-7987-6
https://link.springer.com/article/10.1007/JHEP11(2021)029
https://link.springer.com/article/10.1007/JHEP08(2018)011
https://link.springer.com/article/10.1007/JHEP08(2019)039


  

ttZ measurements
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Inclusive and differential cross section measurements

➔ Baseline signal selection
 Two different selections based on the 

number of leptons (3ℓ and 4ℓ) as well as other 
kinematic requirements.

 Further categorization in terms of jet and b 
tag multiplicities for both lepton categories.

JHEP 03 (2020) 056

➔ Signal extraction 
 For the inclusive measurement, a binned likelihood fit is 

performed to each analysis category.
 For the differential measurement, the cross section is 

measured as a function of pT(Z) and cos(θZ*). 
Good agreement with SM

σNLO(ttZ) = 0.84 ± 0.10 pb.

https://link.springer.com/article/10.1007/JHEP03(2020)056
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Inclusive cross section measurements targetting different lepton 
multiplicities

CMS-PAS-TOP-21-004
JHEP 12 (2021) 180

➔ Two separate measurements in final states with different lepton multiplicity.
 CMS-PAS-TOP-21-004 →  Target multilepton final states.
 JHEP 12 (2021) 180 → Target single lepton final states.

Run2 dataset 
(~138 fb-1)

➔ In both measurements, the methodology for the signal extraction is based on background subtraction and a binned 
likelihood fit .
 The reconstructed pT of the photon is used for extracting the signal strength.
 The fit is performed to multiple signal and control regions for each data-taking period.

σ(ttɣ) = 798±7(stat)±48(syst) fb
σNLO(ttɣ) = 773±135 fb

σ(ttɣ) = 173.5±2.5(stat)±6.3(syst) fb
σNLO(ttɣ) = 153±27 fb

Good agreement with SM

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-004/index.html
https://link.springer.com/article/10.1007/JHEP12(2021)180
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-004/index.html
https://link.springer.com/article/10.1007/JHEP12(2021)180


  

ttɣ measurements
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Differential cross section measurements targetting different lepton 
multiplicities

CMS-PAS-TOP-21-004
JHEP 12 (2021) 180

➔ Several observables based on kinematic properties of the objects involved (photons, leptons and jets) are used in 
both analysis to perform differential cross section measurements.

JHEP 12 (2021) 180 CMS-PAS-TOP-21-004 

All the results are consistent with SM predictions at NLO 
calculated with Madgraph5_aMC@NLO.

http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-004/index.html
https://link.springer.com/article/10.1007/JHEP12(2021)180
https://link.springer.com/article/10.1007/JHEP12(2021)180
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-004/index.html
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➔ Stay tuned: New results with brand new data are on their way!

NEW: CMS-PAS-TOP-21-011 (ttW)

NEW: CMS-PAS-TOP-21-010 (tW) NEW: JHEP 02 (2022) 107 (tZq)

➔ A review of the most recent CMS publications about ttX/tX production has been presented.

Thank you very much for your attention!

https://indico.cern.ch/event/1109611/
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➔ On the single top production side 
 Measurement of rare single top production modes became more accessible at the LHC with respect to other hadron 

colliders such as Tevatron.
 The study of single top quark production has several interesting features:

 Interesting top quark couplings can be studied: t-ɣ, t-Z and t-W.
 Differential measurements provide fundamental information and improvement on our knowledge about proton 

PDFs. (e.g CMS-PAS-TOP-21-010).
 They also provide an optimal framework for measurement of top quark properties such as its mass or polarisation 

(e.g. JHEP 02 (2022) 107).
➔ On the top-antitop production in association with bosons side:

 The large amount of LHC data recorded up to date, ~140 fb-1 (full run2 LHC data), allows probing very rare SM 
processes, very small production cross sections.

 They are also highly sensitive to several EFT operators.
 Processes such as ttZ and ttW are quite important backgrounds of many LHC searches.
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Particle level definition

Observables to be studied

https://indico.cern.ch/event/1109611/
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Some input variables

https://indico.cern.ch/event/1109611/
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BDT discriminants for all 3 signal regions
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BDT discriminants for all 3 signal regions
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