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ttH with H → bb

tt associated Higgs boson production (ttH):
best direct probe of top-Higgs coupling
§ Differential ttH cross-section sensitive to CP structure 

of top-Higgs coupling and Higgs self-coupling

Small ttH production cross-section: 0.5 pb @ 13 TeV
H → bb among the most sensitive channels: large BR but difficult tt+jets background

Outline:
§ Experimental status
§ Latest ttH(bb) result from CMS (ATLAS results in talk by Alexander Froch)
§ Summary of WG1 workshop on ttH/tH with H → bb
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https://indico.cern.ch/event/1389221/timetable/
https://indico.cern.ch/event/1440845/


Experimental status: ttH(bb) full Run-2 results

ATLAS 1 (2022)
JHEP 06 (2022) 097

Inclusive ttH signal strength + STXS
(CP measurement                                         )
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CMS (2024, prelim. 2023)
arXiv:2407.10896 (accepted by JHEP)

Inclusive ttH signal strength + STXS
Limit on tH signal strength
Top-Higgs coupling kt
CP structure of top-Higgs coupling

ATLAS 2 (2024)
arXiv:2407.10904 (subm. to EPJC)

Inclusive ttH signal strength + STXS
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Challenge: tt+bb background modelling

tt+bb background modelling main limitation of ttH(bb) measurements
§ tt+bb difficult to model, typically underpredicted by simulations

Continuous development with evolution of ttH analyses
§ Joint ATLAS+CMS study within LHC Higgs WG: relevant particle-level 

distributions agree in ATLAS and CMS, effect of different tunes minimal
§ In parallel, much progress in direct tt+bb measurements [1,2]

Today in ttH(bb) measurements: 
Powheg+OpenLoops ttbb NLO 4FS simulation [3] embedded into 
Powheg tt NLO 5FS simulation to cover full phase space + Pythia PS
§ Overall tt + bb normalisation freely-floating

ATLAS versus CMS:
§ Different scale choices and prefit normalisations
§ Different/complementary approaches for modelling uncertainties
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[1] JHEP 05 (2024) 042
[2] arXiv:2407.13473 (acc. by JHEP)
[3] EPJC 78 (2018) 502

arXiv:2301.11670

tt 5FS

ttbb 4FS

http://www.arxiv.org/abs/2309.14442
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-03/
http://www.arxiv.org/abs/1802.00426
https://arxiv.org/abs/2301.11670


CMS ttH(bb) full Run-2 result

Targeting ttH/tH with → Hbb in 0/1/2 leptons 
final states
§ Categories in lepton, jet, and b-tagged jet 

multiplicity
§ Multi-classification neural network 

separating signal and bkg. processes
– ttH
– tH
– various tt+jets (depending on

flavour content of additional jets)
§ Fit of neural network output or 

ratios of outputs in signal regions
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-011/


tt+jets background modelling

3 tt+jets processes distinguished, based on particle-level jets’ flavour: ttB, ttC, ttLF

Modelled with combination of MC samples
§ ttB: ttbb NLO 4FS simulation (Powheg-Box-Res) + PS (Pythia8)
§ ttC+ttLF: tt NLO 5FS simulation (Powheg-Box) + PS (Pythia8)
ttB and ttC normalisations freely-floating in fit

Various systematic uncertainties include ME and PS scale variations, 
ME—PS matching, collinear g → bb

Model flexibility extensively validated using toy data
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tt sample ttbb sample

POWHEG version POWHEG v2 POWHEG-BOX-RES

PYTHIA version 8.230 8.230

Flavour scheme 5 4

PDF set NNPDF3.1 NNPDF3.1

mt 172.5 GeV 172.5 GeV

mb 0 4.75 GeV

µR

√
1
2

(
m2

T,t + m2
T,t

)
1
2

4
√

mT,t mT,t mT,b mT,b

µF µR
1
4

[
mT,t + mT,t + mT,b + mT,b + mT,g

]

hdamp 1.379 mt 1.379 mt

Tune CP5 CP5

mean value ± RMS

ttB component in pseudo data µ
ttH

ttB norm ttC norm

ttbb sample (nominal) 1.03 ± 0.30 1.01 ± 0.09 1.01 ± 0.18

ttbb sample, ttB → 1.2 1.03 ± 0.32 1.21 ± 0.15 1.01 ± 0.18

tt sample 1.06 ± 0.30 1.03 ± 0.11 0.77 ± 0.18

tt sample, ttB → 1.2 1.06 ± 0.32 1.18 ± 0.12 0.85 ± 0.20

tt+bb in toy data from different generator

tt+bb cross section in toy data increased by 20%
Injected signal 
strength and 
bkg. norm. 
recovered

arXiv:2407.10896 (accepted by JHEP)

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-011/


Results: bkg. normalisation and uncertainties

Post-fit normalisation factors consistent 
with dedicated measurements
§ ttB: 1.19 +/- 0.13 *
§ ttC: 1.07 +/- 0.20

Dominant uncertainties related to tt+bb 
modelling
Important experimental uncertainties from 
jet energy calibration and b-tagging 
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Uncertainty source ∆µ
ttH

(observed) ∆µ
ttH

(expected)

Total experimental +0.10/ → 0.10 +0.11/ → 0.10

jet energy scale and resolution +0.08/ → 0.07 +0.09/ → 0.09

b tagging +0.07/ → 0.06 +0.06/ → 0.02

integrated luminosity +0.02/ → 0.02 +0.01/ → 0.01

Total theory +0.16/ → 0.16 +0.18/ → 0.14

tt + jets background +0.15/ → 0.16 +0.12/ → 0.11

signal modelling +0.06/ → 0.01 +0.13/ → 0.06

Size of the simulated event samples +0.13/ → 0.12 +0.10/ → 0.10

Total systematic +0.20/ → 0.21 +0.23/ → 0.19

Statistical +0.17/ → 0.16 +0.17/ → 0.17

background normalisation +0.13/ → 0.13 +0.13/ → 0.13

ttB and ttC normalisation +0.12/ → 0.12 +0.12/ → 0.12

QCD normalisation +0.01/ → 0.01 +0.01/ → 0.01

Total +0.26/ → 0.26 +0.28/ → 0.25

arXiv:2407.10896 (accepted by JHEP)

* Relative to tt NLO 5FS 
(Powheg-Box) + PS 
(Pythia8) prediction

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-011/


Results: ttH signal strength and STXS
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-011/


Results: top-Higgs coupling and CP
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arXiv:2407.10896 (accepted by JHEP)

https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-19-011/


Summary of WG1 ttH(bb) workshop discussion

§ In-depth discussion of latest ATLAS and CMS results
– Presentations by Chris Scheulen (ATLAS) and Abhisek Datta (CMS)
– One of the first opportunities for more detailed discussion of new ATLAS 2 result
– Clarifications and comparisons of analysis strategy and modelling details
– Question: what changed between ATLAS 2 (µttH = 0.81) and CMS/ATLAS 1 (µttH ≈ 0.33) results?

§ Discussion of theoretical developments (see talk by Judith Katzy)
– “Five-flavour scheme predictions for ttbb at next-to-leading order accuracy” (Tetiana Moskalets)
– “ttbb at NLO precision in a variable flavor number scheme“ (Stefan Hoeche)
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Link to agenda

https://indico.cern.ch/event/1389221/timetable/
https://indico.cern.ch/event/1440845/


Summary of WG1 ttH(bb) workshop discussion

What changed between ATLAS 2 (µttH = 0.81) and CMS/ATLAS 1 (µttH ≈ 0.33) results?

§ Seems not to be one single effect alone, relevant differences not too obvious
– For example, scale settings in ttbb simulation:

§ Potentially relevant changes in ATLAS 2 result, or combinations thereof
– Larger number of tt+jets subprocesses together with larger number of dedicated control regions?
– Higher purity of signal and control regions thanks to improved NN?

No final conclusion but productive start for further discussions and in-depth comparisons
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ATLAS 1: µF = 0.50 SmT µR = 1.0 ∜PmT µttH = 0.35

CMS: µF = 0.25 SmT µR = 0.5 ∜PmT µttH = 0.33

ATLAS 2: µF = 0.50 SmT µR = 0.5 ∜PmT µttH = 0.81



Conclusions

Full Run-2 ATLAS and CMS ttH(bb) results available
§ ATLAS 2 (µttH = 0.81) and CMS/ATLAS 1 (µttH ≈ 0.33)
Opportunity for first detailed comparisons at dedicated WG1 workshop in September

Modelling of tt+bb background crucial
§ Combination of Powheg ttbb and tt NLO simulations by both experiments
§ Further close comparisons of the results promising to improve understanding of tt+bb 

modelling
§ New precise tt+bb measurements provide additional important input
§ In addition, several new theory developments

Interesting times for ttH(bb) measurements, tt+bb modelling remains a hot topic
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