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Introduction

Aim: Study the production of a top antitop quark pair produced in association with a H or W boson 
using full run 2 dataset (13 TeV,138 fb-1)
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𝐭 ҧ𝐭𝐖 production is one of the main background for 𝐭 ҧ𝐭𝐇, 𝐭 ҧ𝐭𝐭 ҧ𝐭… 
• Measured 𝝈(𝐭 ҧ𝐭𝐖) consistently above theory value (both in 

ATLAS and CMS)
• Active discussion about the modelling of this background

Will summarized the studies from 
arXiv:2208.06485 (accepted by JHEP)

𝐭 ҧ𝐭𝐇 allows to study directly the Yukawa coupling
• yt ~ 1
• BSM physics could introduce modified couplings, in 

particular CP-violating coupling

Will summarize the studies from EPJC 81, 378 (2021) and 
arXiv:2208.02686 (accepted by JHEP)

https://arxiv.org/abs/2208.06485
https://link.springer.com/article/10.1140/epjc/s10052-021-09014-x
https://arxiv.org/abs/2208.02686


Strategy
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Using multilepton final states, categorize events depending on the lepton multiplicity
• For t ҧtH analysis, 12 categories (focusing on the 3 most sensitive)
• For t ҧtW analysis, 2 categories (2 same-sign (ss) leptons (ℓ)  and 3ℓ) 

Dedicated MVA to select isolated leptons from H, W and 𝜏 decays is crucial in this analysis. →
Reduce one of the main backgrounds 
Dedicated selection on each category. Using Jet and b-tagging multiplicities and vetoing
opposite charge leptons within Z peak

Backgrounds:
Reducible backgrounds:
➢ Non prompt leptons 
➢ Electron charge flips
➢ Photon Conversions

Irreducible backgrounds:
➢ t ҧtZ, t ҧtW (for t ҧtH analysis)

➢ Dibosons
Control regions to constrain these 
backgrounds

Estimated 
with data-
driven 
techniques



ttW MC 

Hand book of LHC cross sections (Yellow Report 4):
• t ҧtW @ NLO QCD
• NLO EWK term 𝛼𝑠𝛼

3 considered negligible  → in fact 
found to be ~10%

• t ҧtW shows large scale dependence 
even after including NLO+NNLL 
(different from t ҧtH) → new structures 
at NLO [arXiv:2001.03031]

• NEW FxFx merging procedure [JHEP 
11 (2021) 29]:
• Treats QCD and EW jets 

separately 
• Stabilization of scale dependence
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The MC used in both studies presented in this talk
include these EWK corrections:

MG5 aMC@NLO 2.6.0+Pythia8 FxFx NLO QCD + 𝛼𝑠𝛼
3 EW (+0,1j@NLO)

-

https://arxiv.org/abs/1610.07922
https://arxiv.org/pdf/2001.03031.pdf
https://link.springer.com/article/10.1007/JHEP11(2021)029
https://link.springer.com/article/10.1007/JHEP11(2021)029


ttH event classification
• Dedicated NN in each of the 12 signal categories in order to discriminate signal from background
• Dedicated node to target 𝐭 ҧ𝐭𝐖 in 2ℓss+0𝜏 category 
• Further classification depending on flavor, b-tag multiplicity…

ttH node ttW node
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ttW event classification
• 2ℓss: a NN is used to distinguish signal from background 

• Further classification depending on flavor and charge of the leptons
• 3ℓ : Events categorized using charge of the leptons, jet and b-tag multiplicities. 

• Invariant mass of the 3 ℓ is used as discriminating variable 
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ttH result
Simultaneous maximum likelihood fit in the signal region categories as well as the control regions

• t ҧtW and t ҧtZ signal strengths (𝜇) freely floated in the fit

• CP interpretation: using kinematic differences between t ҧtH CP-even and CP-odd components 
• dedicated BDT in each of the 3 most sensitive t ҧtH enriched categories 

• Yields parametrized using: 𝜅𝑡 and ෥𝜅𝑡 (ratio of the CP-even and CP-odd terms to SM expectation, 

respectively)

Small tension on 𝜇(t ҧtW)

[Phys. Rev. D 104, 052004]
[Phys. Rev. Lett. 125, 061801]

Exclude pure CP-odd with 3.7𝝈
7

(Profiling 𝜇𝑡𝑡𝐻) 
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061801


ttW Results

Simultaneous maximum likelihood fit performed using signal regions as well as control regions
• t ҧtZ normalization is freely floated in the fit  
• 𝜎t ҧtW = 868 ± 40 ± 51 fb   (reducing syst. unc. by a factor >2 wrt. previous CMS measurement)
• 𝝁 𝐭 ҧ𝐭𝐖 = 1.47± 0.11

• Compatible with EPJC 81, 378 (2021) and ATLAS-CONF-2023-019

• Also perform a simultaneous extraction of t ҧtW+ and t ҧtW-

• The ratio is found to be 1.61 ± 0.15 𝑠𝑡𝑎𝑡 −0.05
+0.07 (𝑠𝑦𝑠𝑡)
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https://link.springer.com/article/10.1140/epjc/s10052-021-09014-x#citeas
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-019/


Prospects

Aim to perform differential measurements using full Run 2 dataset

𝐭 ҧ𝐭𝐖
Study several observables, useful to
provide feedback to theorist 

• Use maximum likelihood fit unfolding
t ҧtW can be used to measure t ҧt asymmetry
Will use updated state-of-the-art MC including 
new FxFx merging [JHEP 11 (2021) 29]

𝐭 ҧ𝐭𝐇
Study differentially:  𝑝𝑇

𝐻, 𝑚𝑡𝑡𝐻 and 𝜂𝐻
• NN used to regress the pT (several 

strategies tried)
• Use maximum likelihood fit unfolding 

Plan to include EFT interpretation: 
• ctp, cpt, ctG
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Work in progress

https://link.springer.com/article/10.1007/JHEP11(2021)029


Summary

• Run 2 allowed to measure low cross section processes with high precision:
• Unprecedent amount of data
• Improvement on nonprompt background rejection 
• Better control of systematic uncertainties 

• 𝐭 ҧ𝐭𝐇 process allowed to study the top-Higgs interaction, results are in good 
agreement with the SM
• More extensive BSM interpretation can be performed in terms of EFT

• 𝐭 ҧ𝐭𝐖 cross section observed to be above predictions → need to improve modelling of 
this process 

• Amount of data available also allows to perform differential measurements of both 
𝐭 ҧ𝐭𝐇 and 𝐭 ҧ𝐭𝐖 processes → coming soon! 
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Back-up
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Strategy
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• Data taken by the CMS experiment at 13 TeV during Run 2 (138 fb-1). 
• Using multilepton final states, categorize events depending on the lepton multiplicity

• For ttH analysis 12 categories (focusing on the 3 most sensitive)
• Select isolated muons from H, W and tau decays is crucial in this analysis

• Use a dedicated MVA to distinguish those leptons form nonpromt leptons -> reduce one of 
the main backgrounds 

• Dedicated selection on each category: 

After selection still dominated by background → Use  NN to classify events 

ttH ttW

2lss+0tau 2lss +1 
tau

3l 2lss+0tau 3l

nJets ≥ 2 ≥ 3 ≥ 2

nbtag ≥ 1 medium b-tagged Jet or ≥ 2 loose b-tagged Jet

MET > 30 GeV >30 *
> 45 GeV **

>30 GeV -

෍𝑞𝑙
𝑖 ±1 ±1 ±1

Veto os leptons within Z peak (10 GeV mass window)
* If NJet ≤ 3 and 1 SFOS

* NJet ≤ 3 and 0 SFOS



ttH categories
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ttH syst
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ttW syst
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Htt coupling
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• 𝜅𝑡 = 𝑦𝑡/ 𝑦𝑡
𝑆𝑀 in good agreement with SM

• tH sensitive to the relative sign of kv kt
• BSM yt =-1→ constructive interference → σtH ~ 0.8 pb (10 times greater than in the SM)



CP interpretation
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Kinematic differences between ttH CP-even and CP-odd components are exploited →
dedicated BDT in each of the 3 most sensitive ttH enriched categories 

Inputs: momentum of leptons and jets, 
angular variables, mases, object 
multiplicities and a specific tagger 
targeting hadronic top quark decays.



CP interpretation
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Yields are parametrized using:

• 𝜅𝑡 and ෥𝜅𝑡 (ratio of the CP-even and CP-odd terms to SM expectation, respectively)

The result is combined with 
already published ttH
measurements:

• ZZ, Phys. Rev. D 104, 
052004

• 𝛾 𝛾,  Phys. Rev. Lett. 
125, 061801 

𝑓𝐶𝑃 =
ǁ𝜅𝑡
2

| ǁ𝜅𝑡|
2 + |𝜅𝑡|

2

|𝒇𝑪𝑷
𝑯𝒕𝒕| = 𝟏 excluded with 3.7𝝈

(Profiling 𝜇𝑡𝑡𝐻) 𝑓𝐶𝑃

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.052004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.061801


ttH diff/EFT
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Neural Network for pT
H regression input variables: Neural Network for pT

H regression input variables: 



ttW diff/EFT
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We are exploring several observables
• Number of jets
• HT (scalar sum of jet pt)
• Number of b-jets
• Leading b-jet pt
• Leading lepton pt
• Minimum ΔR( leading lepton, jet )
• ΔR( leptons )
• Maximum | η( lepton) |
• Leading lepton pt and eta
• Leading jet pt
• Leading b-jet pt
• Number of jets
• Δη(ll)
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