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Higgs boson production

At LHC gg fusion is the dominant H production mode - ǔH,ggF ~ 49 pb @ 13 TeV
Top asociated production , much lower rates : 

ÅἼӶἼἒɈ ἼӶἼἒ ~ 0.5 pb @ 13 TeV

Å tH - tH ~ 0.07 pb @ 13 TeV
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Challenging but interesting :
Å Direct probe of top -Higgs Yukawa coupling  
Å y t ~ 1 (largest in the SM)
Å BSM y t = -1ᴼ constructive interference ᴼǔtH ~ 0.8 pb

Å Probe EFT
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Final states to study ttH+tH

ἼӶἼdecays x Higgs decays
tᴼWb
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Branching ratio is not the end
of the story ɖ 

Å Large number of events
Å Large ÔӶÔ+jets 

background contribution

Å Lower number of events
ÅClear signature
ÅResonant channels (peak) 

Å H and t leptonic decays
Å Multiple leptons in the final state

ÅÔӶÔ(observed in 2018 (combining all channels) & observation in ♬♬
ÅÔ(not yet observed 

ÅÔӶÔ(recent updates: CP measurements, STXS studies

Å Higgs Couplings and non - resonant HH Combination
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ttH ᴼ‎‎
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Selection:
100 GeV ά 180 GeV

2 high pT ‎+additional jets and leptons 
Two categories depending on final state 
objects:
Å Hadronic: 

0 Leptons & 3Jet & 1 btag
Å Leptonic : 1 Lepton & 1Jet

Å MVA (BDT -bkg ) in each category to 
separate signal from background

Å Simultaneous maximum likelihood 
(ML) fit performed using the ά

Results

First observation in a single H decay channel!
Observed significance of 6.6 s.d. (4.7 s.d. )
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ttH ᴼ‎‎ȡCP Interpretation

Ὢ πȢππ πȢσσ
ȿὪ ȿ πȢφχ@ 95%CL
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Pure Pseudo Scalar CP odd coupling excluded at 3.2 s.d.

First CP measurement of Htt coupling
CP constrain dominated by statistical uncertainty

Ὢ
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Fitting 12 categories: 2 ( BDT-bkg ) x 3 (D 0-) x 2 (final state)

Å Yields parametrized using ‖ and ‖ (ratio of the CP -even 

and CP -odd terms to SM expectation, respectively)

Kinematic info in ÔӶÔ(production is very rich, angular variables 
and reconstructed ÔӶÔ(mass sensitive to modification in the Htt
coupling 

MVA  to reconstruct D0 - operator 
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ttH ᴼ‎‎STXS
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STXS (Simplified template cross section) approach . Categories targeting all H production 
modes, in particular ÔӶÔ(and tH

Results

ἼӶἼἒ: 5 bins in pT
H

Ἴἒ: 1 categroy

Selection: the one in previous slide + 
NN to discriminate ÔӶÔ(vs tH

Å First channel to perform ÔӶÔ(
measurement differentially!

Å Good agreement with SM

Å Upper limit on the tH cross 
section is 14 (8 exp.) times the 
SM expectation 
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