
Single-Top + Higgs (Chapter 1)
Davide Napoletano, Torino meeting



  Outline

•   The idea behind Chapter 1 

•   Status of Chapter 1 

•   Plans for Chapter 1



  The idea behind Chapter 1

• Using an interesting example… 3
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Figure 2: Cross sections in the kt � kV plane at 13 TeV for tHq (left) and tHW (right) production.
Right figure adapted from [14].

background processes. The classification BDT response distributions are then used to derive
upper limits on the signal cross sections for each signal scenario. The limits are derived on the
sum of the cross sections for tHq and tHW production, since both have a similar dependency
on the studied coupling parameters.

2 Data and simulation
The analysis described in this document uses the dataset recorded by CMS in 2015 at a center-
of-mass energy of 13 TeV, corresponding to an integrated luminosity of 2.3 fb�1 with an esti-
mated overall uncertainty of 2.7% [16]. A description of the CMS detector can be found in
Ref. [17].

The simulation of the tHq and tHW signal processes is performed using MG5 aMC@NLO [13]
at LO precision and using the NNPDF3.0 PDF set [18]. The tHq process is generated within
the four-flavor scheme and with dynamical factorization and renormalization scales, while for
the generation of tHW events fixed scales (40 GeV) and the five-flavor scheme are used. For
the tHW process the five-flavor scheme has been chosen because this allows to eliminate in-
terference with the tt̄H production at leading order, which would otherwise complicate the
generation. The samples are generated such that they can be reweighted to produce different
combinations of kt and kV.

The backgrounds from single top quark and tt̄ production as well as from tt̄H production are
generated using the POWHEG event generator [19–21]. The production of tt̄ in association with
a W boson (tt̄W) or a Z boson (tt̄Z) is simulated using MG5 aMC@NLO. The tZq, Z ! bb̄
background, which has a cross section similar to the SM tHq process, is not included; its im-
pact on the result is expected to be small, due to the discriminating power of the kinematic
observables used in the analysis. The production of a W boson together with jets (W+jets) is
simulated using MADGRAPH [22], while Z+jets events are simulated using MG5 aMC@NLO.
For all samples the modeling of the parton shower is performed using PYTHIA 8 [23]. A top
quark mass of 172.5 GeV and a Higgs boson mass of 125 GeV are used for the simulations.

The effect of additional proton-proton interactions (pileup) is simulated by superimposing min-
imum bias events generated with PYTHIA, taking into account in-time and out-of-time pileup
contributions. All generated events undergo a full GEANT 4 [24, 25] simulation of the detector

yt



  The idea behind Chapter 1

• Exp usually rely on ML to separate Sig/Bk…

• However, in this case can only put limits…
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Figure 10: Upper limits on tH scenarios with different kt � kV configurations, for kV = +0.5
(top), kV = +1 (middle), and kV = +1.5 (bottom). In addition also the tH cross sections are
given (right y axis).



  The idea behind Chapter 1

• Could we use some physics to help ML?

• Need to simulate S and B and look at some plots…2 1 Introduction
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Figure 1: Representative Feynman diagrams for the associated production of a single top quark
and a Higgs boson in the t channel (upper row) and in the tW channel (bottom row).

results [7]. These points extend the scope of the predecessor analysis at 8 TeV center-of-mass
energy [15], which considered only the ITC scenario and yielded an observed (expected) limit
of 7.6 (5.2) times the cross section sITC.

The analysis is based on the 2015 dataset collected at 13 TeV center-of-mass energy. The semilep-
tonic decay of the produced top quark and the decay of the Higgs boson into a bottom quark-
antiquark pair are considered. Consequently, events whose final state contains exactly one
isolated lepton and at least three b-tagged jets (corresponding to the b quark form the top
quark decay and the two b quarks from the Higgs boson decay) are selected. As the fourth b jet
present in the event (see Fig. 1) features on average a softer transverse momentum spectrum
and might therefore not be selected, two signal regions, one with three b-tagged jets and one
with four b-tagged jets, are defined. Both signal regions are dominated by backgrounds from
top quark pair production (tt). A characteristic feature of the signal process is the light-flavor
jet from the quark recoiling against the top quark and the Higgs boson (hereafter referred to as
”recoil jet”). Therefore at least one additional non b-tagged jet is required in each event.

To achieve a better discrimination between the signal processes and the dominating back-
ground from tt production, kinematic variables of reconstructed objects like top quarks and
Higgs bosons are exploited. Each event is reconstructed under both the tHq signal and tt back-
ground hypotheses. The assignment of jets to final state particles of these two hypotheses is
performed using two separate sets of reconstruction boosted decision trees (BDT). The prop-
erties of the reconstructed particles are then used, together with additional variables that are
independent from the reconstruction, to train classification BDTs, separating the signal and the



  Status of Chapter 1

Signal :                                         Background :

•                                   + 3j 

•  On-shell decays 

•  only massless bs

pp ! H(! bb̄)t(! Wb) •  

• No other bkg considered…

• No fancy scale var or anything

pp ! tt̄+ 3j



  Status of Chapter 1

Look at plots with “no cuts” and look for sensible observables…



  Status of Chapter 1
• Then apply some cuts and hope for best…
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  Plans for Chapter 1

• What is a cut and count exercise (from the exp pov) 

• Basics of MC-simulations (matching and merging…) 

• Application to Ht, why did we fail?


