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ttH in a nutshell
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Direct probe of top-Higgs Yukawa coupling: σttH ∝ yt2

Can we observe it directly?

Does the Higgs boson interact with fermions?
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Why study ttH?
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• Test of SM: top quark Yukawa 
coupling uniquely predicted to be 
yt ~ 1, test Higgs mechanism at a 
natural scale by measuring σttH

• Probe new physics: precise 
value of yt determines the energy-
evolution of the Higgs self-
coupling and the stability of the 
EWK vacuum: sensitive to the 
scale of new physics

arXiv:1411.1923

JHEP 1608 

What is the nature of the electroweak 
symmetry breaking for fermions? 

indirect

https://arxiv.org/abs/1411.1923
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Analysis channels

 4

• H(bb) hadronic tops: highest rate, multi-jet background, 
JHEP 06 (2018) 101 

• H(bb) lepton+jets & dileptons: high-rate, challenging 
tt+heavy flavour backgrounds, 1804.03682 (JHEP) 

• H(WW, ZZ, ττ): clean, tt+W/Z backgrounds & misid, JHEP 08 
(2018) 066 

• H(γγ) with ttH tag: cleanest, low-rate bump-hunt, JHEP 11 
(2018) 185, CMS-PAS-HIG-18-018 

• Run1 + 2016 combination: 5σ observation, Phys. Rev. Lett. 
120 (2018) 231801

http://dx.doi.org/10.1007/JHEP06(2018)101
http://arxiv.org/abs/1804.03682
http://dx.doi.org/10.1007/JHEP08(2018)066
http://dx.doi.org/10.1007/JHEP08(2018)066
http://dx.doi.org/10.1007/JHEP11(2018)185
http://dx.doi.org/10.1007/JHEP11(2018)185
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-018/index.html
http://dx.doi.org/10.1103/PhysRevLett.120.231801
http://dx.doi.org/10.1103/PhysRevLett.120.231801


J. PATA

ttH(bb) all-hadronic
• Highest branching ratio, high 

QCD multi-jet and tt+bb 
backgrounds 

• Trigger on hadronic activity (HT) 
and b-tagging 

• Reject gluon radiation activity 
based on quark-gluon likelihood 
(QGL) discriminator on jets 

• Data-driven background model 
based on QGL and b-tagging 
control region
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ttH(bb) all-hadronic
• Final state fully reconstructed, but 

multivariate methods needed to 
distinguish ttH(bb) from irreducible 
tt+bb 

• Signal vs background probability from 
matrix element method (MEM): leading-
order amplitude ⨂ transfer functions 

• Determine signal yield by combined 
template fit in six jet-btag categories 

• μ̂ = σ/σSM = 0.9 ± 0.7 (stat.) ± 1.3 
(syst.) with 35.9 fb⁻¹ of data
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ttH(bb) leptonic
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• High branching ratio, trigger on 
isolated, high-pT electrons or muons 
from W decay 

• Main background from QCD production 
of top quark + b quark pairs: NLO 
description of tt+heavy flavour needed 

• Mass resolution on b quark jets not 
sufficient to identify H peak: use 
multivariate & machine learning 
methods 

• Construct jet-process categories 
enriched in signal and background 
subcomponents, constrain from data: 
DNN with multiple output likelihoods
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ttH(bb) leptonic
• Combined template fit on discriminators in jet-process categories 

• μ̂ = 0.72 ± 0.24 (stat.) ± 0.38 (syst.) with 35.9 fb⁻¹ of data 

• Analysis is systematically dominated: uncertainties on theory 
modelling tt+hf & detailed b-tagging efficiencies
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 arXiv:1804.03682

http://arxiv.org/abs/1804.03682
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ttH multilepton
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• Main backgrounds from lepton misidentification and 
electroweak production of tt + W/Z 

• Split events into categories based on multiplicity, flavor and 
charge of leptons: 2-lepton same sign enriched in tt+H, tt+W 

• Multivariate discriminants used to select ttH
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ttH multilepton
• Final signal strength determined in combined template fit 

• JHEP 08 (2018) 066: μ̂ = 1.23 ± 0.26 (stat.) ± 0.37 (syst.) with 35.9 
fb⁻¹ of 2016 data, observed (expected) significance of 3.2σ (2.8σ) 

• CMS-PAS-HIG-18-019: reloaded with 2017 data (41.5 fb⁻¹), observed 
(expected) significance 3.2σ (4.0σ)
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Diphoton ttH tag
• Very small branching ratio but clean signature: mass peak 

• Tag top pair decay products: hadronic and leptonic, ttH or background enriched (BDT) 

• JHEP 11 (2018) 185: 2016 data (35.9 fb⁻¹), Higgs properties 

• CMS-PAS-HIG-18-018: 2017 data (41.5 fb⁻¹) + 2016 combination
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Diphoton ttH tag
• Signal extracted in a simultaneous parametric fit of diphoton invariant 

mass, background modelled by a family of candidate functions 

• Major uncertainties from QCD scale (9%), PDFs (5%) as well as from 
photon ID (6%) and b-tagging (5%) 

• Statistically dominated: μ̂ = 1.3 ± 0.6 (stat.) ± 0.3 (syst.) (2016)
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Observation
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Table 1: Best fit value, with its uncertainty, of the ttH signal strength modifier µttH, for the five
individual decay channels considered, the combined result for 7+8 TeV alone and for 13 TeV
alone, and the overall combined result. The total uncertainties are decomposed into their sta-
tistical (Stat), experimental systematic (Expt), background theory systematic (Thbgd), and sig-
nal theory systematic (Thsig) components. The numbers in parentheses are those expected for
µttH = 1.

Uncertainty
Parameter Best fit Stat Expt Thbgd Thsig

µWW⇤

ttH
1.97+0.71

�0.64
+0.42
�0.41

+0.46
�0.42

+0.21
�0.21

+0.25
�0.12⇣

+0.57
�0.54

⌘ ⇣
+0.39
�0.38

⌘ ⇣
+0.36
�0.34

⌘ ⇣
+0.17
�0.17

⌘ ⇣
+0.12
�0.03

⌘

µZZ⇤

ttH
0.00+1.30

�0.00
+1.28
�0.00

+0.20
�0.00

+0.04
�0.00

+0.09
�0.00⇣

+2.89
�0.99

⌘ ⇣
+2.82
�0.99

⌘ ⇣
+0.51
�0.00

⌘ ⇣
+0.15
�0.00

⌘ ⇣
+0.27
�0.00

⌘

µgg
ttH

2.27+0.86
�0.74

+0.80
�0.72

+0.15
�0.09

+0.02
�0.01

+0.29
�0.13⇣

+0.73
�0.64

⌘ ⇣
+0.71
�0.64

⌘ ⇣
+0.09
�0.04

⌘ ⇣
+0.01
�0.00

⌘ ⇣
+0.13
�0.05

⌘

µt+t�

ttH
0.28+1.09

�0.96
+0.86
�0.77

+0.64
�0.53

+0.10
�0.09

+0.20
�0.19⇣

+1.00
�0.89

⌘ ⇣
+0.83
�0.76

⌘ ⇣
+0.54
�0.47

⌘ ⇣
+0.09
�0.08

⌘ ⇣
+0.14
�0.01

⌘

µbb
ttH

0.82+0.44
�0.42

+0.23
�0.23

+0.24
�0.23

+0.27
�0.27

+0.11
�0.03⇣

+0.44
�0.42

⌘ ⇣
+0.23
�0.22

⌘ ⇣
+0.24
�0.23

⌘ ⇣
+0.26
�0.27

⌘ ⇣
+0.11
�0.04

⌘

µ7+8 TeV
ttH

2.59+1.01
�0.88

+0.54
�0.53

+0.53
�0.49

+0.55
�0.49

+0.37
�0.13⇣

+0.87
�0.79

⌘ ⇣
+0.51
�0.49

⌘ ⇣
+0.48
�0.44

⌘ ⇣
+0.50
�0.44

⌘ ⇣
+0.14
�0.02

⌘

µ13 TeV
ttH

1.14+0.31
�0.27

+0.17
�0.16

+0.17
�0.17

+0.13
�0.12

+0.14
�0.06⇣

+0.29
�0.26

⌘ ⇣
+0.16
�0.16

⌘ ⇣
+0.17
�0.16

⌘ ⇣
+0.13
�0.12

⌘ ⇣
+0.11
�0.05

⌘

µttH
1.26+0.31

�0.26
+0.16
�0.16

+0.17
�0.15

+0.14
�0.13

+0.15
�0.07⇣

+0.28
�0.25

⌘ ⇣
+0.15
�0.15

⌘ ⇣
+0.16
�0.15

⌘ ⇣
+0.13
�0.12

⌘ ⇣
+0.11
�0.05

⌘

five decay channels considered, are shown in the upper section of Fig. 2 along with their 1
and 2 standard deviation confidence intervals obtained in the asymptotic approximation [44].
Numerical values are given in Table 1. The individual measurements are seen to be consistent
with each other within the uncertainties.

We also perform a combined fit, using a single signal strength modifier µttH, that simultane-
ously scales the ttH production cross sections of the five decay channels considered, with all
Higgs boson branching fractions fixed to their SM values [35]. Besides the five decay modes
considered, the signal normalizations for the Higgs boson decay modes to gluons, charm
quarks, and Zg, which are subleading and cannot be constrained with existing data, are scaled
by µttH. The results combining the decay modes at 7+8 TeV, and separately at 13 TeV, are shown
in the middle section of Fig. 2. The overall result, combining all decay modes and all CM ener-
gies, is shown in the lower section, with numerical values given in Table 1. Table 1 includes a
breakdown of the total uncertainties into their statistical and systematic components. The over-
all result is µttH = 1.26 +0.31

�0.26, which agrees with the SM expectation µttH = 1 within 1 standard
deviation.

total stat. exp. theory 
(bkg)

theory 
(sig)
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Table 1: Best fit value, with its uncertainty, of the ttH signal strength modifier µttH, for the five
individual decay channels considered, the combined result for 7+8 TeV alone and for 13 TeV
alone, and the overall combined result. The total uncertainties are decomposed into their sta-
tistical (Stat), experimental systematic (Expt), background theory systematic (Thbgd), and sig-
nal theory systematic (Thsig) components. The numbers in parentheses are those expected for
µttH = 1.

Uncertainty
Parameter Best fit Stat Expt Thbgd Thsig

µWW⇤

ttH
1.97+0.71

�0.64
+0.42
�0.41

+0.46
�0.42

+0.21
�0.21

+0.25
�0.12⇣

+0.57
�0.54

⌘ ⇣
+0.39
�0.38

⌘ ⇣
+0.36
�0.34

⌘ ⇣
+0.17
�0.17

⌘ ⇣
+0.12
�0.03

⌘

µZZ⇤

ttH
0.00+1.30

�0.00
+1.28
�0.00

+0.20
�0.00

+0.04
�0.00

+0.09
�0.00⇣

+2.89
�0.99

⌘ ⇣
+2.82
�0.99

⌘ ⇣
+0.51
�0.00

⌘ ⇣
+0.15
�0.00

⌘ ⇣
+0.27
�0.00

⌘

µgg
ttH

2.27+0.86
�0.74

+0.80
�0.72

+0.15
�0.09

+0.02
�0.01

+0.29
�0.13⇣

+0.73
�0.64

⌘ ⇣
+0.71
�0.64

⌘ ⇣
+0.09
�0.04

⌘ ⇣
+0.01
�0.00

⌘ ⇣
+0.13
�0.05

⌘

µt+t�

ttH
0.28+1.09

�0.96
+0.86
�0.77

+0.64
�0.53

+0.10
�0.09

+0.20
�0.19⇣

+1.00
�0.89

⌘ ⇣
+0.83
�0.76

⌘ ⇣
+0.54
�0.47

⌘ ⇣
+0.09
�0.08

⌘ ⇣
+0.14
�0.01

⌘

µbb
ttH

0.82+0.44
�0.42

+0.23
�0.23

+0.24
�0.23

+0.27
�0.27

+0.11
�0.03⇣

+0.44
�0.42

⌘ ⇣
+0.23
�0.22

⌘ ⇣
+0.24
�0.23

⌘ ⇣
+0.26
�0.27

⌘ ⇣
+0.11
�0.04

⌘

µ7+8 TeV
ttH

2.59+1.01
�0.88

+0.54
�0.53

+0.53
�0.49

+0.55
�0.49

+0.37
�0.13⇣

+0.87
�0.79

⌘ ⇣
+0.51
�0.49

⌘ ⇣
+0.48
�0.44

⌘ ⇣
+0.50
�0.44

⌘ ⇣
+0.14
�0.02

⌘

µ13 TeV
ttH

1.14+0.31
�0.27

+0.17
�0.16

+0.17
�0.17

+0.13
�0.12

+0.14
�0.06⇣

+0.29
�0.26

⌘ ⇣
+0.16
�0.16

⌘ ⇣
+0.17
�0.16

⌘ ⇣
+0.13
�0.12

⌘ ⇣
+0.11
�0.05

⌘

µttH
1.26+0.31

�0.26
+0.16
�0.16

+0.17
�0.15

+0.14
�0.13

+0.15
�0.07⇣

+0.28
�0.25

⌘ ⇣
+0.15
�0.15

⌘ ⇣
+0.16
�0.15

⌘ ⇣
+0.13
�0.12

⌘ ⇣
+0.11
�0.05

⌘

five decay channels considered, are shown in the upper section of Fig. 2 along with their 1
and 2 standard deviation confidence intervals obtained in the asymptotic approximation [44].
Numerical values are given in Table 1. The individual measurements are seen to be consistent
with each other within the uncertainties.

We also perform a combined fit, using a single signal strength modifier µttH, that simultane-
ously scales the ttH production cross sections of the five decay channels considered, with all
Higgs boson branching fractions fixed to their SM values [35]. Besides the five decay modes
considered, the signal normalizations for the Higgs boson decay modes to gluons, charm
quarks, and Zg, which are subleading and cannot be constrained with existing data, are scaled
by µttH. The results combining the decay modes at 7+8 TeV, and separately at 13 TeV, are shown
in the middle section of Fig. 2. The overall result, combining all decay modes and all CM ener-
gies, is shown in the lower section, with numerical values given in Table 1. Table 1 includes a
breakdown of the total uncertainties into their statistical and systematic components. The over-
all result is µttH = 1.26 +0.31

�0.26, which agrees with the SM expectation µttH = 1 within 1 standard
deviation.

Phys. Rev. Lett. 120 (2018) 231801

http://dx.doi.org/10.1103/PhysRevLett.120.231801
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Future
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Summary
• All major decay modes of ttH covered at CMS, use full arsenal of 

detector and analysis methods 

• Complex backgrounds and small signals require NLO 
predictions, multivariate analyses and combined template fits 

• ttH observed at CMS at 5.2σ significance using 7+8+13 (2016) 
TeV data: the top quark couples to the Higgs, consistent 
with SM 

• Reloads with 2017+2018 (>3x statistics) data are underway 

• Ultimate goal: ~10% precision measurement of top quark cross-
section & Yukawa coupling in HL-LHC
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Bonus slides
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ttH(bb) leptonic
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ttH(bb) hadronic
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The hatched bands reflect the total statistical and systematic 
uncertainties in the background prediction, prior to the fit to data, 
which are dominated by the systematic uncertainties in the 
simulated multijet background
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ttH multilepton
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Diphoton, ttH tag
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ttH combination
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