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Single top quark production at the LHC
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tZq is 50 times more rare than Higgs production!
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tZq event display
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Lepton selection

decays of heavy bosons (W, Z or
H) → prompt leptons

jet fragmentation,
misreconstruction of jets →
nonprompt leptons
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Previous CMS search for tZq (arXiv:1712.02825)

cut-based lepton identification was used

large nonprompt lepton background limited previous CMS search

machine learning was used to distinguish signal from background events
after the selection of leptons and jets

but : nonprompt lepton background is very hard to distinguish from signal
using event kinematics

Observation was not possi-
ble in 2016 dataset with stan-
dard CMS lepton identifica-
tion! (reached 3.7 s.d. ob-
served significance )

Measurement of cross section
with ≈ 35% uncertainty
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Lepton selection with machine learning

distinguish prompt from
nonprompt leptons with gradient
boosted random forest

in essence a collection of decision
trees where each new tree focuses
on previously wrongly classified
events

trained using simulated events
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 (13 TeV)CMS       Simulation Supplementary

muons (electrons): efficiency
increases by 8% (12 %), while
reducing background by factor
∼ 8 (2)
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Results

2/3 jets, 1 b-tagged:

BDT output
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2016 Data :

Observed (expected) significance of
7.2 (5.6) s.d.

2017 Data :

Observed (expected) significance of
5.4 (6.0) s.d.

Observation of tZq in both
2016 and 2017 datasets!
total observed (expected)

significance of 8.2 (7.7) s.d.

σ(tZq→ t``q) =

111± 13 (stat)+11
−9 (syst) fb
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Conclusions

tZq remained unobserved in 2016 LHC data

nonprompt lepton background limited earlier CMS searches for tZq

using machine learning this background was strongly reduced

tZq is observed with a significance of 8.2 s.d. (7.7 s.d. expected),
and measured with an uncertainty more than twice smaller than
that of any previous measurement

This result would not have been possible without the usage of ma-
chine learning for identifying leptons
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