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The B → Kτℓ decays (where ℓ = e, µ) are not allowed in the Standard
Model (SM) at the tree level due to lepton flavor violation (LFV). In some
New Physics (NP) models, their branching fractions are within the reach of
the current experimental sensitivities. The Belle and Belle II experiments
provide ideal conditions for their search. We used the basic kinematic
constraints of the experiments to reconstruct them. A multivariate classifier
score is used to model the signal and background. For the estimation of
statistical upper limits (ULs), the Bayesian approach is used. To validate
the analysis method, two control channel modes are used.
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1. Introduction

The search for NP signatures includes finding the decays that are not
allowed in the SM interactions and are sensitive to the NP effects. The
decays B → Kτℓ are allowed only at the loop level in the SM; however,
the resulting branching fractions are extremely small due to tiny neutrino
masses [1]. In the case of the leptoquark model, their predicted branching
fractions are of the order of 10−7 [2], which are within the reach of the
current experimental sensitivity. The presence of third-generation fermions
makes them sensitive to NP effects.

The clean environments of the Belle and Belle II experiments, together
with the known initial kinematic constraints, enable their search using the
basic features of the experiments [3]. Their existing ULs at the confidence
level (C.L.) of 90% are in the range of (0.59–2.45)× 10−5 and are set by the
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Belle Collaboration, using the hadronic tagging method and mainly consider-
ing the leptonic τ -decay modes [4]. In this analysis, we use the semileptonic
tagging method [5] to reconstruct the tagging side efficiently, and for the
reconstruction of τ , we use decay modes τ → (π/ρ)ντ .

2. Experimental overview

The Belle II experiment [6] is the successor of the Belle experiment [7]
located at SuperKEKB [8] and KEKB [9], respectively. The energies for
e− and e+ are 8 (7) GeV and 3.5 (4) GeV for Belle (Belle II). The Belle
experiment has collected around 1 ab−1 of data during its runtime (1999–
2010), while the Belle II has started data collection from 2019 onward and
so far has collected around 690 fb−1 of data. In both experiments, most of
the data is collected in the resonance state Υ (4S), which decays to a pair of
B mesons.

3. Analysis methodology

The produced B mesons are named Bsig and Btag. The Bsig is recon-
structed as B+ → K+τ±ℓ∓, where τ is reconstructed in the decay modes
τ± → (π±/ρ±(→ π±π0))ντ . Due to the presence of a neutrino on the Bsig

side, we can reconstruct Bsig with a two-fold ambiguity as described in de-
tail in [3]. To reconstruct Btag, we use the inclusive semileptonic tagging
method. In this type of tag, we combine a prompt lepton1 with the re-
maining hadron system to form Btag. An Υ (4S) candidate is formed by
combining Bsig and Btag. Some preliminary selections are made to discard
the obvious background events. These include rejecting non-physical can-
didates and candidates from semileptonic B decays on the signal side that
can mimic Bsig. After selections on the signal side, some loose selections on
the Btag side are also made to select only the semileptonic B decays on the
tag side.

3.1. Boosted decision tree strategy

For effective separation of signal and background events, the boosted
decision tree (BDT) approach is used, which is a machine learning technique
that combines multiple decision trees using the different input features of
signal and background events [10]. We used one million dedicated signal
MC events B+ → K+τ±(→ π±/ρ±ντ )ℓ

∓ to train (0.9 M) and test (0.1 M)
the BDT. For background, we used the Belle generic BB̄ MC samples, ten
times the size of the Belle dataset, to train (nine times) and test (one time)
the BDT. The variables used in BDT are ∆cosθ (minimum of the sum of

1 A lepton produced directly from a B meson.
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cosine angles between the signal-side momentum and tag-side momentum
[3]), the mass of the hadronic system on the tag side, the total number of
photons, the momentum of the tag-side lepton, the difference between the
beam energy and the reconstructed Btag energy, and the total number of
leptons.

The trained BDT is validated on the 4.0 M dedicated generic signal MC
samples B+ → K+τ±(→ generic)ℓ∓ and the Belle generic BB̄ and qq̄ MC2

one time the Belle dataset. The validated BDT score distributions (one
such distribution for the B+ → K+τ+e− mode is shown in Fig. 1) provide
discrimination between signal and background events.
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Fig. 1. BDT validation score distribution for B+ → K+τ+e−.

3.2. Fitting procedure

We perform a simultaneous fit on the B+ → K+τ±(→ π±ντ )ℓ
∓ and

B+ → K+τ±(→ ρ±ντ )ℓ
∓ samples. The signal probability distribution func-

tion (pdf) is formed by combining the pdf for truly reconstructed events and
the pdf for events that are misreconstructed as τ± → (π±/ρ±)ντ events. The
background pdf is formed by adding the pdf for the BB̄ background com-
ponent and pdf for the qq̄ background component. The branching fraction
(BF) and the number of background events are kept as floating parameters
in the fit.

The initial checks of the fit are performed on the MC data, and then
the fit stability is checked on an ensemble of a thousand toy dataset. The
pull distributions for the fit indicate an overall stable fit with small negative
biases. The linearity test for the fit (taking the average value of BF in the

2 qq̄ is not the main background component in this analysis.
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range of (0–5) × 10−5) yielded slopes (m) of around unity and y-intercepts
(c) of approximately zero. The distribution of the linearity test for the
B+ → K+τ−e+ mode is shown in Fig. 2.
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Fig. 2. The distributions of linearity test for the B+ → K+τ−e+ mode.

3.3. Statistical upper limits estimation

The Bayesian approach [11] is used to estimate the statistical ULs for
the BF. We evaluated the negative log of the profile likelihood ratio (PLR),
taking the luminosity five times that of the Belle luminosity3. Integration
of the PLR over the physical range of BF to 90% of the PLR curve yields
the ULs at 90% C.L. The statistical UL is estimated for one thousand toys
dataset. A Landau fit is performed on the UL distribution, and the most
probable value of the distribution is taken as the estimated statistical UL.
The values of these estimated ULs are given in Table 1. It is worth mention-
ing that at this stage, the uncertainties are not included in the evaluation
of these ULs.

Table 1. Estimated statistical ULs for all signal decay modes.

Signal decay mode Estimated statistical ULs (×10−5)
B+ → K+τ−e+ 1.7

B+ → K+τ−µ+ 2.0

B+ → K+τ+e− 0.9

B+ → K+τ+µ− 1.0

3 Expected Belle + Belle II integrated luminosity in the near future.
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4. Control modes studies

To validate the analysis approach on the actual data, the following two
control channel modes are used:

B+ → J/ψ(→ µ+µ−)K+;
B+ → D̄0(→ K+π−)π+.

Both decays are kinematically similar to the signal decays and are re-
constructed similarly to the signal decay modes. We used the complete
Belle dataset and the Belle generic MC sample three times the Belle dataset
(normalized to the Belle luminosity) for checking the consistency between
the data and MC shapes. The agreement of the data and MC shapes is
checked in various variable distributions. One such distribution of the vari-
able ∆cosθ is shown in Fig. 3 for the B+ → J/ψ(→ µ+µ−)K+ mode, where
we can see a reasonable agreement of the shape between the data and MC.
The data to MC ratio for B+ → J/ψ(→ µ+µ−)K+ is 0.84 ± 0.06 and for
B+ → D̄0(→ K+π−)π+ is 0.98± 0.04.
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Fig. 3. ∆cosθ distribution for B+ → J/ψ(→ µ+µ−)K+ mode.

5. Summary

The analysis framework for the search for four LFV signal decay modes
B+ → K+τ±ℓ∓ has been developed. The statistical ULs are estimated using
the Bayesian approach and are in a similar range as the existing ULs. The
validation of the analysis approach is performed on the two control channel
modes using the full Belle dataset and the Belle generic MC. The framework
and tools developed in the analysis are fully transferable to be used in the
same decay modes search in Belle II.
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