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Introduction : tt̄H at LHC

Top Yukawa coupling is the largest coupling of Higgs boson to fermion and a

key parameter of SM
◮ yt =

√
2 ∗ mt /v ≃ 1

◮ Sensitive to BSM physics

Indirectly obtained through measurement of top quark mass

Indirectly observed through SM Higgs decaying in two photons and production
of Higgs by gluon-gluon fusion

Direct measurement possible through tt̄H production
◮ Tree-level process
◮ Run 1 results ATLAS+CMS: µtt̄H = σmeas /σSM = 2.3+0.7
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tt̄H experimental signature

×

Higgs Decay

Possible final states

◮ H → bb̄ : 4b + 2W → 1712.08895 (submitted to Phys.Rev.D.)

◮ H → WW , ττ, ZZ : 2b + multileptons

• In case of resonant (H → ZZ → 4ℓ) → 1712.02304 (submitted to JHEP)

• Other final states → 1712.08891 (submitted to Phys.Rev.D.)

◮ H → γγ : 2b + 2γ → 1802.04146 (submitted to Phys.Rev.D.)

The combination of all the final states will also be described → 1712.08891

(submitted to Phys.Rev.D.)
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tt̄H (H → bb̄) : Classification and analysis strategy
Final state with largest BR from Higgs but with very large
background contribution (tt̄ +jets)

Categorisation based on number of leptons, jets and b-tagged

jets (using 4 b-tagging working points)
◮ For both single lepton and dilepton final states → control

regions used in the fit to constrain background modelling
◮ One boosted category with single lepton included

Strategy of analysis → Classification BDT using intermediate

MVA classifiers in Signal Regions:
◮ Reconstruction BDT: reconstruct Higgs and top candidates
◮ Likelihood and Matrix Element: classify signal vs background

events
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tt̄H (H → bb̄) : Background modelling

tt̄ +jets is the main background
◮ 85% to 95% of the background in the different regions
◮ Control Regions enriched in either tt̄ +≥ 1b,

tt̄ +≥ 1c, tt̄ +light to improve modelling

Nominal tt̄ +jets sample simulated at NLO with

Powheg+Pythia8
◮ tt̄ +≥ 1b: relative contribution of each

sub-component reweighted to predictions by

Sherpa+OpenLoops (NLO, 4-flavour scheme)
◮ Split by number of b and c jets based on additional

b/c hadrons in the event

Normalisation of tt̄ +HF free-floating in fit (one
normalisation for tt+>=1b and tt+>=1c)

Systematics on tt̄ + ≥ 1b from comparisons with
alternative simulations quite large
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tt̄H (H → bb̄) : Results

Final fit done on:
◮ classification BDT output in SRs
◮ Hhad

T in tt̄ +(≥ 1c) CRs in 1ℓ

channel, event yields in other CRs

Normalisation factors on tt̄ +HF:

◮ tt̄ +(≥ 1b): 1.24 ± 0.10
◮ tt̄ +(≥ 1c): 1.63 ± 0.23

Observed (expected) sensitivity at

1.4 (1.6)σ over SM background
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tt̄H(multileptons) : Classification and analysis strategy

Target Higgs decays to WW , ZZ and ττ

through leptonic final states
◮ Less signal than in tt̄H (H → bb) final

states but less background contamination

Categories defined following number, charge

and flavour of the charged leptons
◮ Target different decays of the Higgs
◮ With additional requirements on number of

light and b-tagged jets to reject VV and

V+jets backgrounds

Strategy:
◮ MVA in lepton definitions to reject

non-prompt and charge mis-id backgrounds
◮ Event classified in the different regions using

MVA (except 3ℓ + 1τ)
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tt̄H(multileptons) : Background estimation
Irreducible backgrounds: mostly tt̄V with prompt

leptons
◮ Estimated from MC and validated in CRs (in 3ℓ

category)

Reducible background: tt̄ events with

mis-reconstructed leptons
◮ Estimated through different data-driven methods
◮ Non-prompt light leptons: originated from b-hadrons

decay or photon conversion
◮ q mis-id electrons: due to high pT electrons or trident

process
◮ Fake τhad : from light jets and electrons
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tt̄H(multileptons) : Results
Observed (expected) significance at 4.1 (2.8)
σ over SM background

Alternative fit with free floating normalisation

for tt̄V

◮ Same central µ value for signal
(degradation in sensitivity)

◮ µttZ = 1.17+0.25
−0.22 and

µttW = 0.92 ± 0.32

Measured cross-section at σtt̄H = 790+230
−210fb

(expected: 507+35
−50fb)

Arthur Chomont, DIS, 17/04/18 9/13



tt̄H (H → ZZ∗ → 4ℓ)

Rare decay but with very small background

Higgs boson candidate with 118< m4ℓ < 129 GeV

Additional requirement:

◮ ≥ 1b-tagged jet
◮ ≥ 4 jets or ≥ 2jet and 1 more lepton

0.4 tt̄H event and 0.08 background event expected and 0 data event observed

µ < 1.9 (68% CL)
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tt̄H (H → γγ)
Very rare decay but very pure signal

Categories following number of leptons
◮ ≥ 1ℓ, at least 2 jets and 1 b-tagged jet
◮ 0 lepton, at least 3 jets and 1 b-tagged jet + BDT

tt̄H , tHq and WtH fitted together

µ = 0.5 ± 0.6
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Combination

Combination of all previous final
states

Assumptions
◮ tHqb, WtH treated as background

(fixed to SM expectations within

theory uncertainties)
◮ BR of Higgs decay fixed to SM

values

Cross-section measured: 590+160
−150fb

(expected: 507+35
−50fb)

Observed (expected) significance:

4.2 (3.8)σ
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Conclusion

Evidence in the tt̄H search at ATLAS with 36.1fb−1at 4.2σ (3.8σ expected)

◮ Heavy use of MVA significantly improve sensitivity of the analysis
◮ Still large uncertainties on modelling and some irreducible backgrounds

such as tt̄V and tt̄ +HF

Measured cross-section: 590+160
−150fb (expected: 507+35

−50fb)

Still some final states statistically limited such H → γγ, H → ZZ → 4ℓ will
significantly improve with 2017 data

Increase in luminosity will also help in background modelling to reduce

systematic uncertainties for the other final states (non-prompt estimates in
multilepton channel . . . )
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ttH multilepton: BDT output
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Combination

Different acceptances following Hggs
decays in mutilepton channels allow
for independent µ fit for each Higgs
decay
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