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Introduction

• Review of the experimental searches for a (SM) Higgs boson produced 
in association with a pair of top quarks.

• Motivations :
– Top-quark == heaviest quark (decay before it hardonizes) and Yukawa 

coupling close to 1 : important probe to test the EWK symmetry breaking 
mechanism.

– Top mass > Higgs mass : top-Higgs coupling can only be studied directly
at production level (Higgs do not decays into tops).

– While top-Higgs couplings are already “investigated” in the direct Higgs 
production (ggF), and γγ decays, but ttH provide a direct probe.

– Search for new physics.

• Latest results, per channel and per experiment, will be presented. 
• Focus on LHC results.
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ttH production at the LHC

• ttbarH production cross section at the LHC = 130 fb (NLO, 
HXSWG) at the LHC, dominated by gluon fusion.

• ttbarH are rare processes :
– Cross section 7e-3 smaller that ggF,
– Only about 3k events expected

(inclusive) at 8TeV,
– Small compare to the main 

backgrounds : ttbar+X => highly 
dependent on our understanding of 
ttbar+X processes.



4/27

ttbarH decay channels
• ttbarH decay channels.
• Top decays  :

– Purity (statistic) increase (decrease) with lepton multiplicity.

• Higgs boson decays :
• For mH≈125GeV, dominant decays are 

bbbar (≈60%) and WW (≈20%).

• Many signatures : high b-jets 
multiplicities, high lepton multiplicities, 
photons with many jets etc… etc…

• Each channel has its advantages and 
disadvantages.
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ttbarH decay channels

• The decay channels covered at the LHC :

• ttbarH, H→bbbar (ττ),
– High statistic, can reconstruct tops, can reconstruct mH,
– Large background from ttbar+X (difficult to control), resolution 

on mH,

• ttbarH, H→γγ,
– High purity, can trigger on photons, good mH resolution,
– Very low statistic (Br≈2.10-3 for mH=125 GeV).

• ttbarH→multi-lepton (H→WW, ZZ, ττ),
– High purity, decent statistic, 
– Leptonic Br, low pT leptons, can not reconstruct mH.
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Preliminary works
• Before the start of the LHC, preliminary works (MC-based) were done by 

ATLAS (CERN-OPEN-2008-020) and  CMS (PTDR2).
• Predictions performed for a luminosity of 30 fb-1 at 14TeV, H→bb, with the 

semi-leptonic channel (ATLAS) and the 3 channels (CMS).

• A 2-3 sigma sensitivity was hardly reached. 
• Search for ttbarH was expected to be very challenging.

Significance = S/√(B+dB²)

CMS
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Object selection (ttbar)

• ATLAS
– Lepton pT>15(10) GeV for 

electrons (muons), 
– Jets pT>25 GeV,
– B-tagging, working point :

• Loose 80% efficiency,    
4% mistag, 

• Medium 70% efficiency, 
1% mistag.

• CMS
– Leptons pT>20 GeV,          
– Jet pT>25(30) GeV,
– B-tagging : 

• Loose 85% efficiency, 
10% mistag.

• Medium 70% efficiency, 
1.5% mistag.

• Object selection for the ttbar candidates.

Selections on triggers, leptons and jets multiplicities, missing ET (ET
miss), 

HT or missing HT (HT
miss) are analysis dependent.
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ttbarH with H→bbar
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ATLAS at 7 TeV, 4.7 fb-1

• Lepton+jets channels at 7TeV:
– Triggered with single lepton 20-22 

GeV for electrons, 18 GeV for 
muons.

– ≥4Jets, 
– Electron+jets : ET

miss >30GeV, 
mT>30GeV

– Muon+jets : ET
miss>20GeV, 

ET
miss+mT>60GeV

– Define 9 categories, Njets-Nbjets.

• Analysis strategy :
– Data-driven : multijet from 

MM, W+jets from charge 
asymmetry.

– ttbar kinematic reconstruction 
(when possible), identify b-jets 
from Higgs.

– Fit of signal-background 
discriminating variables : mbb
or HT

had.

ATLAS-CONF-2012-135
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ATLAS at 7 TeV, 4.7 fb-1
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• Main systematic sources :
– Fraction of HF in ttbar,
– Jet Energy Scale,
– B-tagging.

• Total uncertainty largely 
reduced by the profiling.

ATLAS at 7 TeV, 4.7 fb-1
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CMS at 8TeV, 19.5 fb-1

• Uses semi-leptonic and 
dileptonic channels at 8TeV.
– LJ : single lepton trigger (27 

GeV for electron, 24 GeV for 
muons).

– DIL : combination of 2 leptons 
(dilepton trig. 17GeV and 8GeV).

– ≥4Jets ( +3 with pT>40 in LJ).
– Categorization in Njet vs NBjets.

• Analysis strategy :
– Perform ttbar kinematic 

reconstruction (when possible) 
in LJ, identify the 2 jets from H.

– BDT constructed for each 
category : uses various 
kinematic variables, b-tagging 
discriminant and mbb (when 
possible).

PAS HIG-13-019
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CMS at 8TeV, 19.5 fb-1
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• Main systematics : ttbar+HF, b-tagging efficiency and mistag rates, Jet Energy Scale.
• Signal smaller than background uncertainties. 
• Combination of channels : see slide 26.

CMS at 8TeV, 19.5 fb-1

LJ DIL
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• Similar analysis for H→ττ (LJ only): requires the presence of hadronic 
tau with >20 GeV.

CMS at 8TeV, 19.6 fb-1
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ttbarH with H→γγ
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ATLAS at 8TeV, 20.3 fb-1

• Measurement in the semi-leptonic 
and full hadronic channels :
– Trigger : diphoton (35, 25 GeV).
– Semi-leptonic : ≥1lepton, ≥1b-jet, 

ET
miss >20 GeV.

– Full hadronic : ≥4jets, ≥2b-tag.
– 2 isolation photons with 40/30GeV.

• Analysis strategy :
– Fit the diphoton invariant mass, 

sum of Crystal Ball and Gaussian 
for signal, exponential for 
background.

– Simultaneous fit of signal and 
control region (excluding expected 
Higgs mass window).

ATLAS-CONF-2013-080
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• Combined 95% CL upper limits on ttbarH : 5.3 (obs) and 6.4 (expct).

ATLAS at 8TeV, 20.3 fb-1
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CMS at 8TeV, 19.6 fb-1

• Semi-leptonic and full hadronic channels :
– Trigger : diphoton (28/18 and 36/22 GeV).
– Semi-leptonic: ≥1 lepton, ≥2jets, ≥1b-tag.
– Hadronic : ≥5 jets, ≥1b-tag.
– 2 isolation photons with the leading  photon 

>33 and pT > mγγ*0.5, and second leading 
photon >25GeV.

• Analysis strategy :
– Fit the diphoton invariant 

mass, 
– Background model extracted 

from control region (single 
photon trigger + inverting 
photon ID).

– Fit functions : exponential for 
semi-leptonic, 2nd order poly. 
for full-hadronic.

PAS HIG-13-015
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• Main systematics (input) :
– Photon reconstruction and 

selection 3-4%,
– Jet energy scale 2%(signal), 

5%(backgrounds),
– Lepton selection : 3% (electron) 

and 1% (muon),
– gg→H contamination : 30% 

(background only)

For a Higgs mass of 125.5 GeV, the signal strength is :

CMS at 8TeV, 19.6 fb-1
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ttbarH in “multi-leptons”

Same-sign di-lepton Tri-lepton Quadri-lepton
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• Event selection :
– Requires di-lepton trigger, at least 2 leptons (20/10 GeV), 
– Any other leptons >7 GeV (electron) and 5 GeV (muons), Non-prompt leptons 

from b/c hadrons rejected using MVA. Efficiencies 60-98% for muons and 20-
90% for electrons, depending on pT and η.

– “ET
miss LD” > 20 GeV (combination of ET

miss and HT
miss).

– Dilepton invariant mass > 12 GeV, non-compatible with Z mass (for opposite 
charges in tri/quadri-leptonic channels).

– 2 loose b-tagged  jets or ≥1 medium  b-tagged jet.

Same sign DIL Tri-Lepton Quadri-lepton

Z mass veto 
(10GeV)

Any pairs Only opposite signs Only opposite signs

Nlept =2, 2nd lepton pT > 20 GeV. =3 =4 (loose MVA)

Njets ≥4 ≥2 jets ≥2 jets

ET
miss ET

miss LD>0.2, 
ET

miss+pT leptons > 100 GeV
ET

miss LD>0.2, not 
applied for Njets≥4

non

CMS at 8TeV, 19.6 fb-1
PAS HIG-13-020
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CMS at 8TeV, 19.6 fb-1
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• Analysis strategy :
– Di/tri-lepton channels: fit of BDTs constructed from various quantities related to leptons, 

jets, ET
miss, HT

miss etc…
– Quadri-lepton channel: fit of NJet (lower sensitivity, lack of statistic in control regions). 

• Backgrounds determination from data :
– Dibosons : normalizations taken from control regions (b-tag veto + inversion of Z mass 

veto).
– Background from non-prompt leptons (charge mis-reconstruction)  : control region defined 

by inverting the lepton MVA selection, reweighted according to the fake rate.
– ttbar+V backgrounds taken from simulation.

CMS at 8TeV, 19.6 fb-1
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Results

• Interpretation done for a Higgs mass of 125.7 GeV (no Higgs mass 
reconstruction possible).

• Combination of the yields and distributions of all channels.
• Excess observed for the di-muon channel.
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CMS combination
• Combination of all CMS 8TeV results + ttH(H→bb) at 7TeV.

• Same approach/tools as for the global Higgs combination.

• Correlations :
– Statistically uncorrelated,
– Experimental uncertainties taken as correlated (but b-tagging at 7TeV),
– Theoretical uncertainties taken as correlated.
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Conclusions

• Measuring the Top-Higgs coupling through 
the search for ttbarH events at the LHC.

• No evidence of ttbarH events is observed
and 95% exclusion limits are calculated. 

• Despite the difficulties (very challenging 
channel), precisions of ttbarH analyses at 
the LHC are beyond expectations.

• Best sensitivity from same sign dilepton, 
combinations significantly improve the 
sensitivity.

• Very encouraging for the future runs of the 
LHC.

ATLAS-PHYS-PUB-2013-007
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Backups
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BDT input variables H->bb CMS
PAS HIG-13-019
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PAS HIG-13-019

BDT input variables H->bb CMS
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PAS HIG-13-019
BDT input variables H->bb CMS
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Same-sign di-muon excess

• Unlikely to come from underestimated background :
– Consistent yields between ee and emu channels,
– Muon charge mis-reconstruction would have to be 10 times > 

electron charge mis-reconstruction to explain the excess.
– Multiple checks in distributions, in control regions (looser lepton MVA 

selection) = no obvious background missing.
– Cut based analyses (worse sensitivities) lead to consistent results.

BDT>0.2
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Same-sign di-muon excess

BDT>0.2



34/27

Same-sign di-muon excess

BDT>0.2
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Same-sign di-muon excess

BDT>0.2



36/27

Same-sign di-muon excess

BDT>0.2
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Same-sign di-muon excess

BDT>0.2
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Multi-lepton BDT

• Same-sign dilepton :
– the pT and |η | of the trailing lepton, 
– the minimal angular separation between the trailing lepton and the 

closest jet, 
– the transverse mass of the leading lepton 
– and ET

miss , HT , HT
miss

• Tri-lepton : 
– the multiplicity of hadronic jets, the pT of the jet with the highest b-tagging 

discriminant value, 
– HT , the fraction of HT from jets and leptons within |η | < 1.2,
– the maximum of the |η | values of the three leptons, 
– the minimal ∆R separation between any pair of opposite-sign leptons, 
– the mass of the best candidate hadronically-decaying top quark 

reconstructed from the jets in the event.

• Quadri-lepton : no BDT, multiplicity of hadronic jets.
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