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Top-Higgs interaction

2018/09/20

The heaviest elementary 
particle (1995)
Almost exclusively decays to W 
boson and b quark
Short lifetime makes it decay 
before hadronization (𝛕 ≈ 4x10-25 s)
Represents relatively clean 
experimental signature to study

In the SM top is expected to strongly couple to Higgs (yt ≈ 1) 

The second heaviest 
elementary particle (2012)
The last predicted missing particle in 
SM was finally observed
Gives mass to all particles
Studies of its properties and 
implications for the SM ongoing

Higgstop
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Where to find ?

Indirectly

Directly

tt
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Caveat: new 
particles can 

contribute in the 
loops ! 

Not possible in Higgs decays - top quark is too heavy !
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Production and decay modes

×

Very small production cross section (≈0.5 pb NLO QCD + NLO EW @13 TeV)
H→bb: large branching fraction (≈60%), but huge background
H→ɣɣ: very small branching fraction (≈0.1%), but clean signature
H→WW, ZZ, 𝛕𝛕: (multileptons): overall very good  
sensitivity due to small background and clean final state
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ttH production and analysis channels
Golden channel to directly probe yt but … 

a very complex final state !

ɣ
ɣ

H→WW,ZZ,𝛕𝛕

H→bb H→ɣɣ
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Hunt status before 2018
JHEP 08 (2016) 045

Run I

Run II

Significance@13 TeV = 4.2 (3.8) σ

Significance@8 TeV = 4.4 (2.0) σ 201820172016

> 5σ ? 
4.4  

(2.0)σ 
@8TeV

4.2  
(3.8)σ 

@13TeV

3.3  
(2.5)σ 

@13TeV

2018/09/20

https://arxiv.org/abs/1606.02266
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ttH, H→bb leptonic top decays

Single lepton and dilepton channels 
At least three b-tagged jets
Dominant background: 
tt+bb, tt+b, tt+cc, tt+c, tt+lf
Sensitivity enhanced with DNN, BDT and 
MEM, and event categorisation

arXiv:1804.03682

2018/09/20

https://arxiv.org/abs/1804.03682
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ttH, H→bb leptonic ttbar

Obs. (Exp.) Significance = 1.6σ (2.2σ) 

arXiv:1804.03682

2018/09/20
Want more ? Have a look at poster by Andrej Saibel

https://arxiv.org/abs/1804.03682
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ttH, H→bb fully hadronicJHEP 06 (2018) 101

Six exclusive event categories 
At least three b-tagged jets
Full event reconstruction (no neutrinos 
in the final state)
Dominant background: 
QCD multijet, tt+bb
Data-driven estimate: 
QCD validation in the low b tag 
multiplicity control region
Sensitivity enhanced with quark-gluon 
discriminant, MEM, and event 
categorisation

ttH

tt+bb

MEM
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https://arxiv.org/abs/1803.06986
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ttH, H→bb fully hadronicJHEP 06 (2018) 101

Obs. (exp.) µ < 3.8 (3.1) @95% CL
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https://arxiv.org/abs/1803.06986
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ttH, H→ɣɣ arXiv:1804.02716

Two exclusive categories with semileptonic  
(at least one lepton) and hadronic ttbar 
At least two b-tagged jets
Diphoton vertex assignment with BDT
Dominant background: 
QCD multijet, ɣ+jets, ɣɣ+jets
Data-driven estimate: 
All backgrounds extracted from the fit to data

2018/09/20

https://arxiv.org/abs/1804.02716
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ttH, H→ɣɣ arXiv:1804.02716

Obs. (Exp.) Significance = 3.3σ (1.5σ) 

Evidence for ttH in diphotons !
2018/09/20

https://arxiv.org/abs/1804.02716
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ttH, H→WW/ZZ/𝛕𝛕 JHEP 08 (2018) 066

Six exclusive event categories:  
1𝓵+2𝛕 
2𝓵ss, 2𝓵ss+𝛕 
3𝓵, 3𝓵+𝛕 
4𝓵

Increased sensitivity to H→𝛕𝛕

At least one tight or two loose 
b-tagged jets
Dominant background: 
ttZ, ttW, misidentified leptons
Data-driven estimate: 
misidentified leptons, lepton 
charge sign-flip
Sensitivity enhanced with 
dedicated lepton MVA selection, 
event MEM and BDT
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https://arxiv.org/abs/1803.05485
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ttH, H→WW/ZZ/𝛕𝛕 JHEP 08 (2018) 066

Evidence for ttH in multileptons !

Obs. (Exp.) Significance = 3.2σ (2.8σ) 

2018/09/20

https://arxiv.org/abs/1803.05485


Combination of results from 7 publications  
(≈ 20 exclusive search channels)
Excess observed with the obs. (exp.) 
significance of 5.2σ (4.2σ)
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7+8+13 = Observation !
Phys. Rev. Lett. 120 (2018) 231801

µ=1.26+0.31-0.26

2018/09/20

https://arxiv.org/abs/1804.02610
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Uncertainties
Experimental

Lepton and b jet 
identification

Hadronic tau and 
jet energy scales

Theory

ttW, ttZ, tt+bb/cc 
modelling

ttH cross section 
(PDF, scale)

Statistical

comparable to experimental 
and theory uncertainties

Phys. Rev. Lett. 120 (2018) 231801
2018/09/20

https://arxiv.org/abs/1804.02610
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And what about tHq ?
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Suppressed in SM by destructive 
interference: 𝛋t⋅𝛋V < 0

tHq is sensitive to both 
magnitude and sign of 𝛋t

BSM can be looked for by probing 
negative 𝛋t still allowed from global fits

15x increase in tHq cross section assuming 
inverted coupling scenario, 𝛋t = -1 

J. High Energ. Phys. (2013) 2013: 22

t channel

s channel

𝛋t

𝛋V

https://arxiv.org/abs/1211.3736
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tHq at 8 TeV
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JHEP06 (2016) 177

https://arxiv.org/abs/1509.08159
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tHq at 13 TeV

2018/09/20

CMS PAS HIG-18-009

Dedicated analysis in H→WW/ZZ/
𝛕𝛕 and H→bb channels, and 
reinterpretation of the ttH 
(H→ɣɣ) result
The observed excess over the 
non-Higgs background compatible 
with the tHq+ttH SM prediction 
within two s.d. 
Excluding the cross section of  
26 x SM tHq x BR = 2.0 pb  
(95% CL)

https://cds.cern.ch/record/2628662
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Conclusion

The observation of the ttH production is our very first step towards 
the direct study of the top-Higgs interaction 

These two heaviest elementary particles of the standard model may 
open heavy doors to new discoveries 

Still have more CMS data to analyse before the LHC long shutdown   

From the first ttH observation to differential cross section 
measurements and precise yt determination possible at future 
colliders !

2018/09/20
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Why to study ?

?

stability metastability/instability

JHEP 10 (2012) 140
J. Exp. Theor. Phys. 120 (2015) 335

Test of the standard model
Strongly connected to the vacuum 
stability
Precise determination of the top 
quark Yukawa coupling is important

2018/09/20

https://arxiv.org/abs/1205.2893
https://arxiv.org/abs/1411.1923
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Future prospects

arXiv:1307.7135

Scenario 1: systematics unchanged
Scenario 2: scale theoretical uncertainties 
by 1/2, others are scaled by IL

The top-Higgs interaction can be studied at various 
future machines: HL-LHC, FCC, ILC, etc.
Possible to reach ≈5% uncertainty in yt at HL-LHC !

Snowmass13
ECFA16

ECFA16

CMS PAS FTR-16-002

arXiv:1510.09056

2018/09/20

https://arxiv.org/abs/1307.7135
http://cds.cern.ch/record/2266165/files/FTR-16-002-pas.pdf
https://arxiv.org/abs/1510.09056


 24

ttH, H→bb (leptonic)
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ttH, H→bb (leptonic)
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ttH, H→bb (fully hadronic)
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ttH, H→bb (fully hadronic)
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ttH, H→ɣɣ: photon selection
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ttH, H→ɣɣ: diphoton selection
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ttH, H→ɣɣ (leptonic)

2018/09/20



 31

ttH, H→ɣɣ (hadronic)
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ttH, H→WW/ZZ/𝛕𝛕
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ttH, H→WW/ZZ/𝛕𝛕
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Systematics
H→WW/ZZ/𝛕𝛕

H→bb 
(leptonic)

H→ɣɣ

2018/09/20
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Observation of ttH at ATLAS
arXiv:1806.00425

New results in H→ɣɣ and H→ZZ (4 leptons) channels
Larger data set at 13 TeV than used by CMS (79.8 fb-1 vs 35.9 fb-1)
Combination with previously published H→bb and H→multileptons (13, 8 and 7 TeV)

H→ɣɣ H→ZZ

2018/09/20

https://arxiv.org/abs/1806.00425
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Observation of ttH at ATLAS
arXiv:1806.00425

Observation !

Obs. (Exp.) Significance = 6.3σ (5.1σ) 

2018/09/20

https://arxiv.org/abs/1806.00425
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yt and CP violation

JHEP04 (2014) 004

Top-Higgs 
interaction 

SM: 𝜿t = 1, 𝜿̃t = 0

Electron EDM (indirect): 
|𝜿̃t| < 0.01 

All Higgs 
results

ttH+tH 95% CLttH+tH 68% CL

CP violation phase:

JHEP 1311 (2013) 180

⇣t = arctan(̃t/t)

scalar pseudoscalar

2018/09/20

https://arxiv.org/abs/1312.5736
https://arxiv.org/abs/1310.1385
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Indirect probe of yt in four tops

arXiv:1602.01934

LHC data results @8TeV:

2018/09/20

https://arxiv.org/abs/1602.01934
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tHq at 8 TeV
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H→ɣɣ

H→bb

H→WW

H→𝛕𝛕

JHEP06 (2016) 177

https://arxiv.org/abs/1509.08159


 40

tHq at 13 TeV (H→WW/ZZ/𝛕𝛕)
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CMS PAS HIG-17-005

3l eµ µµ

http://cds.cern.ch/record/2264553
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tHq at 13 TeV (H→bb)
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CMS PAS HIG-17-016

http://cds.cern.ch/record/2621422
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tHW

Eur. Phys. J. C (2017) 77: 34

No experimental results yet

As tHq, suppressed in SM by destructive 
interference: yt⋅yW < 0

Sensitive to both magnitude and 
sign of yt

Significant increase in tHW cross section 
(up to 50x) in some phase space of (yt,yW) 

2018/09/20

https://arxiv.org/abs/1607.05862

