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Motivation 

Some open questions after the discovery of the Higgs boson: 

>  Does it obey the Standard Model? 

>  How does it couple to fermions? 

ttH measurement: 

>  Direct probe of Higgs-top Yukawa coupling ytop 

§  Cross section proportional to ytop
2 

§  Strongest Higgs to fermion coupling (SM ytop≈1) 

>  A deviation could indicate new physics 
§  ytop linked to scale of new physics (arXiv:1411.1923) 
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Search for ttH process 

b 

b 

>  ttH cross section at 13 TeV is 507 fb 
§  Only ~1% of ggF Higgs production 

§  Limited statistics is challenging  

>  Need to search in many Higgs decay 
modes, total ~89% BR 

>  Complex event topology: 
§  B-jets, Non-b jets, Leptons, γ-showers, ET

miss 

WW, ZZ, ττ
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Search for ttH process 

>  Search split into three analyses & 
combination  

>  Here I show the 13 TeV, 13.2 fb-1 
results first shown at ICHEP2016 

>  Bulk of Run 2 still to come! 

 

ttH, H to Conference note 

bb ATLAS-CONF-2016-080 

WW, ZZ, ττ  
(multi leptons) 

ATLAS-CONF-2016-058 
 

γγ ATLAS-CONF-2016-067  

combination ATLAS-CONF-2016-068 

Data set shown  
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ttH (H->bb) Signal Regions 

>  ttH(bb) channel has largest branching ratio but large backgrounds 

>  Events selected by single lepton trigger 

>  Categorisation by # of reconstructed jets and # of b-tagged jets 
Single lepton channel 
•  One tight electron or muon 
•  At least 4 jets 
•  At least 2 b-tagged jets 

Di-lepton channel 
•  2 tight opposite charge leptons (e or µ) 
•  At least 3 jets 
•  At least 2 b-tagged jets 

Control region 

Signal region 

N
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t 

NB-tags 

N
je

t 

NB-tags 

Anti-kT , R=0.4 jets with pT> 25 GeV 
70% B-tag efficiency 
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ttH (H->bb) background composition 

>  Exploit different background compositions in simultaneous fit of all 
regions to reduce uncertainties and normalise backgrounds 

>  tt+≥1b-jet, tt+≥1c-jet and tt+light-jets are the dominant backgrounds 

Single lepton channel 
•  One tight electron or muon 
•  At least 4 jets 
•  At least 2 b-tagged jets 

Di-lepton channel 
•  2 tight opposite charge leptons (e or µ) 
•  At least 3 jets 
•  At least 2 b-tagged jets 



Page 7 

ttH (H->bb) Discriminating variables 

>  Ht
had : scalar sum of all jets in single lepton channel 

>  Ht
all : scalar sum of jets +leptons in dilepton channel 

>  Two stage multivariate discriminate in signal regions 
§  Reco BDT: match jet to Higgs and top decays 

§  Classification BDT or NN: separate signal from background 

>  Profile likelihood fit in all regions  

fit 

Control regions 
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ttH (H->bb): tt+jets background modelling 

>  tt+jets estimate is leading uncertainty 

>  Use PoPy6 NLO+PS 
§  Correct pT

top & pT
tt at NNLO 

>  tt+≥1b corrected to 4-flavour scheme  
NLO tt+bb calculation with  
Sherpa+OpenLoops 

>  tt+≥1b and tt+≥1c normalisation treated  
as free parameters in the fit to data 

Reweighting of PoPy6 to  
Sherpa+OpenLoops 

tt+b: b-jet has a b-hadron matched to jet 
tt+B: B-jet has two b-hadrons matched to one jet 
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ttH (H->bb): tt+jets uncertainties 

Dominant uncertainties: 
•  tt+jets background model 
 
Main experimental uncertainties: 
•  Jet flavour tagging 
•  Jet energy scale and resolution 

Systematically dominated with still 
large statistical limitation  
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ttH (H->bb) Results 

>  Combination driven by single lepton  
channel sensitivity 

>  Best fit at µttH=2.1+1.0
-0.9 

 

>  Observed 95% C.L. upper limit  
is 4.0 times SM cross section 
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ttH multi-leptons (H->WW) or (H->ττ) or (H->ZZ) 

>  ttH (multi. lep.) has small signal with small background 

Categorised in 4 orthogonal  
channels with ≥1 b-jet : 

Dominant background: 

>  ttV, VV (from MC) 

>  Non-prompt leptons  
(estimated from data control regions) 

>  Electron charge mis-ID (Z+jets data) 

>  τhad mis-reco (MC normalised to data 
control regions) 

 

2 same charge light leptons, no τhad, ≥5j  
2 same charge light leptons, one τhad, ≥4j  

3 light leptons, ≥3j   
4 light leptons, ≥2j    

τhad: hadronic decay of a τ candidate from BDT 
on calorimeter and track info     

S/B=0.09 S/B=0.13 S/B=0.13 

S/B=0.25 S/B=0.16 S/B=0.42 
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ttH multi-leptons Results 

>  Cut and Count analysis in 6 categories + fit 

>  Systematic dominated by non-prompt background estimates 

>  4 lep has zero observed events 

>  observed excess over background-only 2.2 σ 

Post-fit predicted yields vs data Best fit values 
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ttH (H->γγ) 

>  ttH (H->γγ) channel exploits high di-photon mass resolution of Higgs 
peak over background continuum 

>  Events selected: 2 tight, isolated photons with ET/mγγ>0.35 (0.25) and … 

>  Photon pair mass used as discriminating variable 

Leptonic channel 
•  At least 1 tight lepton 
•  At least 2 jets 
•  At least 1 b-tagged jet 
•  Z veto (mll & meγ) 
•  Et

mis >20 GeV for 1-tag events 

Hadronic channel 
•  No tight lepton 
•  At least 5 jets 
•  At least 1 b-tagged jets 

Mass window of mγγ [105,160] GeV contains 90% of signal 
 
As in all channels: tHjb and WtH are treated as backgrounds, with SM production 
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ttH (H->γγ) Results 

>  Background continuum is estimated from exponential curve, fitted to the 
data side-bands 

>  Signal described as 2 sided Crystal Ball function 

>  Measured signal strength is dominated by statistical uncertainties: 
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ttH Combination  

>  Summarise and repeat 
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ttH combination Signal Strength 

 

 

 

 

 

 

 

Best fit of µttH and uncertainty sources 

>  Higher sensitivity than Run 1  
20 fb-1 results 

>  Compatible with SM ttH cross section 
as well as background-only hypothesis 

 

 

 

 

 

 

 

>  Orthogonally of channels ensured by 
common lepton definition 

>  Correlated systematics across 
channels: Xsec, BR, detector effects 

>  Uncorrelated systematics: 
leading bkg model uncertainties 
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ttH combination Significance & Limits 

>  Observed upper limit on µttH = 3.1 

>  Expected limit (bkg only) = 1.4 

 

 

>  Combination is 50% better than 
dominated bb channel (expected) 

>  Observed (expected) significance 
is 2.8 σ (1.8 σ ) 

>  Result is above but still compatible 
with SM signal hypothesis  
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Conclusion 

>  ATLAS search for ttH production process performed in three channels 
ttH (bb), ttH (multi leptons) and ttH (γγ)  

>  Results are shown for 13.3 fb-1, 13 TeV pp collisions 

>  Best fit value of ttH signal strength w.r.t. SM prediction is 1.8 ± 0.7 
§  Observed significance of 2.8 σ (SM expectation of 1.8 σ) 

>  Sensitivity exceeds Run 1 8 TeV results 

>  Stay tuned!  
§  Greater precision with full 2016 dataset expected 

§  ~3x more data from 2016 still to be analysed  
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Backup 
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Combination Signal Content 

>  Signal Region contributions from different sources 

Decays to cc, µµ, Zγ, gg are <1% 
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ttH Run 1 

>  Observed combined significance was 
found to be 4.4 σ (expected 1.5 σ ) 

>  Assuming the SM prediction of the ttH 
production, the measurement is able to 
confirm the presence of ttH over the 
background estimate with a sensitivity 
of 2.0 σ. 

>  LHC Run2 analysis benefits from large 
increase of 𝒕𝒕𝑯 cross section, 
though backgrounds increase at a 
comparable rate in the signal regions 
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ttH combination log likelihood 
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ttH signal MC 

ttH signal MC in all channels: 

>  NLO QCD matrix element computed by MadGraph5_aMC@NLO 
(arXiv:1405.0301) 

>  matched to the Pythia8 parton shower (arXiv:0710.3820) 

>  SM cross section at 13 TeV of 507 fb taken from the NLO calculation in 
strong and electroweak couplings (ATLAS-COM-CONF-2016-052) 
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ttH (bb) tt background 

>  Inclusive tt settings (pT in centre of mass frame) 

>  tt+bb 4 flavour NLO setting 
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ttH (bb) tt+jets uncertainties 

>  For the tt + ≥1b background, the inclusive tt sample is reweighted to a NLO tt+bb 
prediction 

>  uncertainties on the inclusive sample are labeled residual, while those on the NLO 
prediction are labeled reweighting. 
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ttH (bb) BDT 

Higgs mass after jet to parton matching 
12 % full event reconstruction efficiency 
30% efficient in reconstructing only the Higgs 

Event classification 
signal vs bkg 
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ttH (bb) classification BDT inputs 1 lepton 
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ttH (bb): tt+jets uncertainties 
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ttH (multi lepton) region definitions 
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ttH multi-leptons Validation Regions 

Validation of background modelling in 
enhanced regions for different processes 

>  Check normalisation and Njet dependency 

 

WZ+1b 

ttW 
ttZ ttZ 
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ttH (multileptons) uncertainties 


