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Introduction and Motivation

● Top quark Yukawa coupling:
– Fundamental parameter of the SM, ttH production cross-section 

controlled by the top Yukawa coupling.
– Production and decay signatures sensitive to new physics

arXiv:1207.7214 The “fatest” particle

➢ Indirect measurements of y
t
 via ggF and H→ɣɣ loop

 particles entering loops

➢ ttH →  direct probe for top-Higgs Yukawa coupling y
t
2

 check of SM

➢ Probe up-type quarks for the first time

Discovery of the Higgs (125 GeV) by ATLAS 
and CMS collaboration

– great success of particle physics, 
especially Standard Model (SM)

All measurements compatible with SM 
predictions. 
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Higgs boson production and decay

Increase in the Higgs boson production rate from Run I to Run II 
due to higher cm energy

● WW → high BR, low mass resolution
● bb, ττ → probe Higgs coupling to fermions, 

high BR but low signal senitivity 
● ZZ , γγ →  precise differential measurements 

due to high mass resolution channel mass

σ [pb]pb]
#Higgs 
produced 
during Run-2
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Analyses included in this talk

● Results with Full Run II 2015-2018: 138 fb-1

– H(γγ): ATLAS-CONF-2019-004
● Results with 2015-2017: 80 fb-1

– ttH: PLB 784 (2018) 173
– H(γγ):ATLAS-CONF-2019-005, ATLAS-CONF-2018-028
– H(ZZ→4l): ATLAS-CONF-2019-005, ATLAS-CONF-2018-018

● Results with 2015-2016: 36 fb-1

– ttH(ML): PRD 97 (2018) 072003
– ttH(bb): PRD 97 (2018) 072016

2015/16: 36.1 fb-1

2015/16/17: 80 fb-1

New γγ

μ = observed cross section times the branching ratio 
(σ × BR), divided by the predicted SM cross section 
times the SM branching ratio (σ

SM
 × BR

SM
).

https://cds.cern.ch/record/2668103
https://arxiv.org/abs/1806.00425
https://cds.cern.ch/record/2668375
https://cds.cern.ch/record/2628771
https://cds.cern.ch/record/2668375
https://cds.cern.ch/record/2621479
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.072016
http://moriond.in2p3.fr/2019/EW/slides/1_Sunday/2_afternoon/6_HaichenWang.pdf
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● The “Lep” region → targeting tt decays in which at least one of the W bosons decays to a 
μ/e,≥ 1 isolated lepton + ≥1 jet with pT > 25 GeV, b-hadron tagged. 

● The “Had” region → targets hadronic top decays: ≥1 jet with pT > 25 GeV, b-hadron tagged 
+ ≥2 additional jets with pT > 25 GeV and no reconstructed leptons.

139 fb􀀀1139 fb −1 

● Boosted decision tree (BDT) dedicated to “Lep” / “Had”, trained with the XGBoost to 
create regions of high ttH signal purity.

● Inputs include: photon kinematics (p
T
/m

ɣɣ
, η,ɸ), E

T
miss ,E for up to 4(2) leading jets(lep) in p

T
● Backgrounds: ɣɣ, tt+ɣɣ (data in control regions), other Higgs prod (from simulation)

ttH(ɣɣ):Introduction

BDT 
categories

Dashed lines →  category boundaries
           
           Lep1                    Lep
                                          2/3
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ttH(ɣɣ): Results
● Simultaneous unbinned fit of mɣɣ (105-160 GeV) 

in all 7 categories
– ttH signal: double-sided crystal ball
– Continuum background: smooth functions (power-law or 

exponential)
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ttH(ɣɣ): Results
● Dominant uncertainties:

– Statistically 

dominated!

● The combined observed significance is 4.9σ (4.2σ expected)

SM:
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ttH(ZZ*→4l) Introduction
79.8 fb −1 

● ≥4 isolated leptons ( =e, μ) , common vertex, 2 pairs of Same Flavour Opposite Sign leptons, 
  115 GeV < m4L < 130 GeV

● Increase the expected ttH significance:

– “Had” → hadronic top-quark decays, ≥3 additional jets + zero additional isolated leptons + 
BDT(                                       )

– “Lep” → semileptonic top-quark decays, ≥1 additional jet, ≥1 additional isolated lepton.
● Main backgrounds:

– ttV + non-ttH (ggF + tH for the Had and tH for the Lep region), estimated from simulation.

The expected and observed inclusive m
4L

 for the 
selected Higgs boson candidates.
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ttH(ZZ*→4l) Results
● No event is observed in ttH, expect 1.1 events (0.6 ttH) 

● Main systematic 
uncertainties
– QCD scale
– ttH PS
– Jets,flavour tagging
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ttH(bb): Introduction
● Targets the H → bb̄ decay mode. 

● The selected events contain either one or two 
electrons/muons from the top-quark decays

– categorized according to the number of jets and how 
likely these are to contain b-hadrons. 

36.1 fb −1 

y →  the values of the b-tagging 
discriminant for the first two jets
x→ for the third and fourth jets. 

Comparison of predicted and observed event yields

Analysis strategy: splitting events into 
categories according to Njet and Nbjet, 
CR enhanced in single background 
components ; reco BDT, classification 
BDT, fit.
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ttH(bb) Results

● Significance w.r.t bkg only 
hypothesis: 1.4 (1.6 ) obs.(exp.) 

● Signal strength > 2 excluded at the 
95% CL.

● The modeling of this background 
relied heavily on MC predictions.
– Improvements expected
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ttH multi-lepton: Intro
36.1 fb −1 

WW/ZZ ττ

● Seven final states, categorized by the number and 
flavor of charged-lepton candidates

● Irreducible backgrounds (ttW, ttZ, …): 
– estimated from MC and validated in data

● Reducible backgrounds (non-prompt e/μ and fake τ
had

): 
– data-driven techniques

● Multivariate techniques applied in most channels.

New Non-prompt lepton BDT & Charge misassignment veto BDT

● Signal is extracted with a binned profile likelihood fit 
across all categories including main background CR.
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ttH multi-lepton: Results
● Significance w.r.t bkg only 

hypothesis for multilepton: 4.1 (2.8) 
obs.(exp.) 

● Stats~sys

Excess in high S/B 
bins, consistent
with ttH signal
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ttH observation I
● Observation of Higgs boson production in association with a top quark with the 

ATLAS detector!
– 6.3σ significance (5.1σ expected)

Excess in high S/B bins, 
consistent

with ttH signal

Not updated to full Run II

H → bb̄

multilepton

H → bb̄ and multilepton



15

ttH observation II

● Measurements consistent with SM prediction!
– Combination is assuming SM branching ratios

● CMS also reported the observation of tt̄H 
production with a significance of 5.2 standard 
deviations.

PhysRevLett.120.231801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.231801
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Conclusions

● ATLAS Collaboration observed the ttH process:
– Run II + Run I: 6.3σ (5.1σ exp.)
– Run II: 5.8σ (4.9σ exp.)

● Not all analyses updated to full Run II luminosity!

● Cross section measurements: in agreement with 
SM prediction.

● Measurement for 13 TeV:
– σttH/σSM

ttH = 

– σttH =
● SM prediction: 

● CMS Collaboration: observation of ttH production.
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A data event from the ttH, H→γγ γγ 
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Backup Slides
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ttH(bb): Introduction
● Targets the H → bb̄ decay mode. 

– Explore the properties of the Higgs boson (pT , η): going differential.

– Probe the CP structure of the ttH interaction: BSM analysis.
● The selected events contain either one or two electrons/muons from the top-

quark decays

– categorized according to the number of jets and how likely these are to contain b-hadrons. 

36.1 fb −1 

SR and CR the dilepton (left) and single-lepton (right) resolved channel
 x →  the values of the b-tagging discriminant for the first two jets, y→ for the third and fourth jets. 

The jets are ordered according to their value of the b-tagging discriminant in descending order.

● Multivariate techniques used to discriminate 
between s&b (dominated by tt+jets).
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ttH(bb): S/B events

Comparison between data and prediction for the Higgs-boson candidate 
mass from the reconstruction BDT trained without variables involving the 
Higgs-boson candidate

Fractional contributions of the 
various bkgd/total bkgd prediction 

Comparison of predicted and observed event yields
H → bb decay: 
 89% of the ttH signal events in the SR of the 

dilepton channel
 96% in the signal regions of the resolved 

single-lepton channel 
 86% in the boosted signal region
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ttH(bb) Results

● Significance w.r.t bkg only hypothesis: 1.4 (1.6 ) obs.(exp.) 
● Signal strength > 2 excluded at the 95% CL.

● The modeling of this background relied heavily on MC 
predictions.
– Related systematics have the highest impact on the ttH(bb) 

measurement.
– Improving the tt modeling is a major focus for the new analysis 

round.
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ttH multi-lepton

● Signal is extracted with a binned profile 
likelihood fit across all categories 
including main background CR.

● Main systematic uncertainties
– ttH modelling (cross section)
– Jet energy scale/resolution
– Non-prompt e/μ estimates
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