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4.3 Signal region definition

Two approaches are pursued to define the signal regions (SRs): a cut-based approach and a
BDT multivariate approach. In both approaches, we apply the preselection requirements of
Section 4.1. The cut-based signal regions are defined by adding requirements on individual
kinematic variables. In contrast, the BDT combines the kinematic variables into a single dis-
criminant, and the BDT SRs are defined by requirements on this discriminant. The BDT ap-
proach improves the sensitivity of the search by up to 40%, at the cost of additional complexity.
The primary result of our search is obtained with the BDT, while the cut-based analysis serves
as a cross-check. Table 1 lists the variables used in the training of the BDTs (Section 4.3.1) and
summarizes the requirements for the cut-based SRs (Section 4.3.2).

t̃ → t�χ0
1 t̃ → b�χ+

1
cut-based cut-based

Selection BDT Low ∆M High ∆M BDT Low ∆M High ∆M

E
miss
T (GeV) yes > 150, 200, > 150, 200, yes > 100, 150, > 100, 150,

250, 300 250, 300 200, 250 200, 250
M

W
T2 (GeV) yes > 200 yes > 200

min ∆φ yes > 0.8 > 0.8 yes > 0.8 > 0.8
H

ratio
T yes yes

hadronic top χ2 (on-shell top) < 5 < 5
leading b-jet pT (GeV) (off-shell top) yes > 100
∆R(�,leading b-jet) yes
lepton pT (off shell W)

Table 1: Summary of the variables used as inputs for the BDTs and of the kinematic require-
ments in the cut-based analysis. All signal regions include the requirement MT > 120 GeV.
For the t̃ → t�χ0

1 BDT trained in region 5 of Fig. 3 top left, where the top quark is off-shell, the
hadronic top χ2 is not included and the leading b-jet pT is included. The lepton pT is used only
in the training of the t̃ → b�χ+

1 BDT in the case where the W boson is off-shell.

4.3.1 BDT signal regions

The BDTs are trained on samples of MC signal and background events satisfying the preselec-
tion requirements and with MT > 120 GeV. The BDTs are trained with MADGRAPH samples
for t̃ → t�χ0

1 and a mixture of MADGRAPH and PYTHIA samples for t̃ → b�χ+
1 . (The choice of

generators has little impact on the final result.) The background MC sample contains all the
expected SM processes.

Separate BDTs are trained for the t̃ → t�χ0
1 and t̃ → b�χ+

1 decay modes and for different regions
of parameter space. The regions are defined in Fig. 3. In general, for a given BDT, the optimal
requirement does not depend strongly on the point in parameter space within each region.
Thus, for almost all regions defined in Fig. 3, a single BDT requirement is sufficient, and each
such requirement defines a BDT signal region. The exceptions are Region 1 for the t̃ → t�χ0

1
signal model and Region 2 for the t̃ → b�χ+

1 signal model with parameter x = 0.5; in these
regions we choose two BDT operating points, referred to as “tight” and “loose”.

BDT distributions after the preselection are shown in Fig. 4 for four of the 16 BDTs. The data
are in agreement with the SM MC simulation.

4.3.2 Cut-based signal regions

For the t̃ → t�χ0
1 model, two types of signal regions are distinguished: those targeting “small

∆M” and those targeting “large ∆M”, where ∆M ≡ mt̃ − m�χ0 . Both categories include the
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