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ttH production:

direct access to top-Higgs coupling

interest: top is heaviest SM particle

observed first time by ATLAS and
CMS last summer

Reconstruction:

target Higgs in H → γγ channel

top-reco: t → bW± (BR ∼ 100%)

W → qq̄, `ν or τν (τ → had or lep)
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Reconstruction of Higgs boson candidate

H → γγ decay:
Small branching fraction of ∼ 0.3%
Experimentally clean signature (2 isolated photons)
Excellent mass resolution

Selection:
photon momenta: pγ1

T /mγγ > 0.4, pγ2
T /mγγ > 0.35

pseudo-rapidity: |η| < 2.37, excluding crack region (1.37 < |η| < 1.52)
identification and isolation quality requirements
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Data-driven background estimate:

Smoothly falling background from continuum
diphoton production (+ fakes)

Constrained directly on data using analytic
parametrisation
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Selection of ttH events

Full Run 2 dataset: ∼160 ttH(→ γγ) events expected in ATLAS

Search top quarks in delected H → γγ candidates

Optimisation of analysis in two separate regions

Leptonic region

• ≥ 1 b-tagged jet

• ≥ 1 isolated lepton (e or µ)

γγbb̄jj`ν
γγbb̄`ν`ν
γγbb̄τhadντ `ν
γγbb̄τlepντ `ν

γγbb̄τhadνττlepντ
γγbb̄τlepνττlepντ

Hadronic region

• ≥ 1 b-tagged jet

• no isolated lepton

• ≥ 2 additional jets

γγbb̄jjjj
γγbb̄jjτhadντ
γγbb̄jjτlepντ
γγbb̄τhadνττhadντ

+ missed lepton
reconstruction
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Optimisation of sensitivity

Build event categories to obtain best signal significance

Exploit full event kinematic using multivariate analysis

Training of XGBoost BDT (separate for Had and Lep regions)

BDT trained with low-level object kinematic variables to exploit
full event topology

Training samples

Signal: simulated ttH events from PowhegPy8

Background: data control samples with reversed photon identification
or isolation criteria
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Training variables

Low-level object variables

4-momenta of photons (scaled by mγγ), jets and/or leptons

b-tagging status of jets

missing transverse energy amplitude + φ-direction (ν’s & non-reco)

Photons:
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Multivariate discriminant

BDT Output
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1 Reject significant part of background:

Lep region: keep events with BDT score > 0.7
Had region: keep events with BDT score > 0.9

2 Split remaining events into categories to optimise signal significance:

Lep region: 3 categories (best: 1)
Had region: 4 categories (best: 1)
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Categories

Selected events
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Categories

Expect ∼ 38 ttH events considering reco efficiency
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Effect of categorisation
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→ visualisation of improvement of sensitivity due to to categorisation
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Background study

Allows to cross check BDT categorisation; not used in analysis
Main background components: ttγγ and γγ+jets
Studies with dedicated top-reconstruction BDT (t → bqq):

Signal: jet triplets matched to true tops in ttH MC
Background: all other jet triplets in ttH MC
Variables: pT & b-tagging status of jets, angles between jets, m3j

Template fit to extract background fraction:

αfttγγ(m) + βfγγ+j(m) +
NSM,ttH
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Analysis setup

Statistical analysis base on
log-likelihood minimisation

Signal shape per category parametrised
with double-sided Crystal-Ball

Background function chosen to
minimise fit bias

Excellent mass resolution!
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Results

σttH · BRH→γγ = 1.59+0.43
−0.39 fb = 1.59+0.38

−0.36(stat.)+0.15
−0.12(exp.)+0.15

−0.11(theo.) fb

µttH = 1.38+0.41
−0.36 = 1.38+0.33

−0.31(stat.)+0.13
−0.11(exp.)+0.22

−0.14(theo.)

Category index

20

40

60

80

100

120

140

160

180

E
ve

nt
s

Data
=1.4)µH (tt
H HiggstNon-t

Cont. Bkg.

Had categories Lep categories

 PreliminaryATLAS
-1=13 TeV, 139 fbs

Had 4 Had 3 Had 2 Had 1 Lep 3 Lep 2 Lep 1  

0

20

D
at

a 
- 

B
kg

.

=1.4)µH (tt

(σ · BR)SM = 1.15+0.09
−0.12 fb

ttH significance

4.9σ (observed)
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Systematic uncertainties
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Conclusion

ttH observed for the first time last year by ATLAS and CMS

ATLAS observed it in combination of H → γγ and H → 4` and
combined with Run 1 Phys. Lett. B 784 (2018) 173

Showed one of first ATLAS full Run 2 results ATLAS-CONF-2019-004

Achieve almost observation in H → γγ channel alone: 4.9σ observed
significance

Exciting time ahead to use ttH for precision measurements of Higgs
properties (CP, differential studies...)
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https://www.sciencedirect.com/science/article/pii/S0370269318305732?via%3Dihub
http://cdsweb.cern.ch/record/2668103


Backup
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