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Motivation

Probe top-Higgs yukawa coupling in direct way

• potential window to BSM

Sensitivity to Higgs self-coupling (strongest single Higgs sensitivity)

◆ Challenges：

• ttH cross-section at √s=13 TeV: 0.507 pb (~1% of 

Higgs produced at theLHC)

• Complexed final state (lots of jets coming both from 

the Higgs and from the tops)

• Cannot reconstruct the full process well with the 

neutrinos
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ttH Ml: previous measurement
ATLAS-CONF-2019-045

Run 2 inclusive measurement with 80 fb-1（ATLAS-CONF-2019-045)

Signal strength: 0.58−0.33
+0.36

Observed Significance: 1.8σ (3.1σ exp)

Most sensitive channels: 2lSS, 3l

https://cds.cern.ch/record/2693930/files/ATLAS-CONF-2019-045.pdf
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Analysis Strategy

Full run 2 dataset (140 fb−1)

Split into 6 different channels using N_leptons,N_τhad , lepton charge

MVA is used to define the signal regions and MVA-based control regions

Template fit for fake lepton backgrounds

Simplified Template Cross Sections (STXS) measurement(𝑝𝑇
𝐻）
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Channel Overview

0τ 2 same-sign(light) leptons“2lSS”and 3(light) leptons “3l”

⇒ Most sensitive channels

4l channel

1τ 2lSS channel

2τ 1l and 2l channel

ML+ 0τ:   primary sensitive to H→WW/ZZ. 

ML+ ⩾1τ: primary sensitive to H→ττ.
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H_pT reconstruction in 0τ channel

Higgs pT is difficult to reconstruct (many neutrinos in H decay and not reconstructed soft particles)

GNN is used to reconstructed H_pT in 0τ channel
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Background Estimation 

The latest dedicated ttW background treatments are used for the 0𝜏had channel(JHEP05(2024)131)

Irreducible backgrounds: ttW, ttZ, VV

• Cut based and multiclass BDT

Reducible backgrounds: fake or non-prompt leptons, Q mis-ID, fake 𝜏had

• Fake factor and data-driven for non-prompt lepton

• Template fit method inherited from ttWML

https://link.springer.com/article/10.1007/JHEP05(2024)131
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BDT discriminants(2lSS 0τ)

20 input variables 

k-folding is used: dataset divided into two subsets for training and testing

Good prediction power for ttH and tHq, more difficult to distinguish ttH from ttW.

Work in progress
Work in progress
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MVA-based CRs (2lSS 0tau)

Pre-MVA selection:

✓ SLT||DLT

✓ VeryTightPLIV

✓ ≥3j

✓ loose btag: ≥1b @85%

✓ Tau veto

✓ lep_pT> 15 GeV

✓ !(nJets_OR>=6 && nJets_OR_DL1r_77>=3)(4top veto)

MVA selection:
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Cut-based  CRs( inherited from ttWML)

• Prompt background: 

➢ 3l VV and 3l t ҧ𝑡𝑍 CRs 

➢ Conversion: 3l Mat and 3l Int CRs

•  Non-prompt background mainly from t ҧ𝑡 : 6 Fake HF CRs

Regions definition
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Results: Combine fit(ASIMOV)

Expected significance 5.5σ(3.1σ in previous 80 fb-1 analysis)

Statistical and systematical uncertainties have similar impact (12% stat and 15% syst)

Work in progress

Work in progress
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Results: Ranking

Significant impact NPs:

• ttH modeling, ttW and ttZ background

• Jet relevant systematics
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Result: STXS fit(ASIMOV)

The main STXS sensitivity is obtained in the 0𝜏had and 2𝜏had channels

Measure 3 STXS μ_ttH bins due to lack of statistics

Exp(obs) ATLAS-CONF-2019-045 This work

0 τ and 4l channels 2.89σ (2.12σ) 4.5σ

1 τ channel 1.06σ (0.48σ) 1.9σ

2 τ channels 1.02σ (0.32σ) 3.2σ

Combined 3.06σ (1.80σ) 5.5σ
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Result: STXS fit(ASIMOV)

𝑡𝑡𝐻 cross-section scale uncertainty , 𝑡𝑡𝑊 and 𝑡𝑡𝑍 norm factors are the dominant uncertainties still. 

The heavy flavour electron fake normalisation appears higher compared to inclusive fit.
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Summary

Challenging final states:

➢rare cross section, large multiplicity of jets, presence of neutrinos

Multiclass BDT to distinguish signal and backgrounds 

GNN to reconstruct the Higgs pT

Measure the differential cross section as a function of:

➢3 Higgs pT : [0,120), [120, 200), [200, inf) GeV

Analysis provides inclusive and STXS cross-section measurement 

Significant improvement in sensitivity compared to partial run 2 analysis(3.1σ to 5.5σ exp)



Backup 
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Higgs STXS template

6 bins in H pT in STXS framework for ttH

Split ttH template in 6 STXS bins

Additionally split ttH sample by Higgs decay mode (WW, ZZ, τ τ , other)

Assume that ttH modelling uncertainties are independent on Higgs decay:

derive uncertainties on Higgs decay inclusive template and apply to split templates
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Triggers and object definition

• SL or DL trigger for the three channels

• PLIV selection on 2lSS and 3l channels
• Looser lepton definition on 4l channel



20

Background estimation II(cut-based ttWML)

• Prompt background: 

➢ 3l VV and 3l t ҧ𝑡𝑍 CRs 

➢ Conversion: 3l Mat and 3l Int CRs

•  Non-prompt background mainly from t ҧ𝑡 : 6 Fake HF CRs

Regions definition
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2lSS 0tau channel

ttH SRs of reconstructed Higgs pT
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HF CRs

Post-fit
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Experimental systematics

Follows official recommendations.

All channels are using harmonised systematics.
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Theory systematics

Main backgrounds are left free floating: ttW, ttZ, WW/ZZ and WZ
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ttW Inclusive Cross-Section

• Simultaneous profile likelihood fit to data using event yields in 48 SRs and 8 CRs

• 𝜎(t ҧ𝑡𝑊) =880±50(𝑠𝑡𝑎𝑡) ±70(𝑠𝑦𝑠𝑡) fb is consistent at 1.4 𝜎 of the SM NNLO cross section 

745±50(scale)±13(2-loop approx.)± 19 (PDF, αs) fb
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