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Search for lepton flavor violation in  
Motivated by tension with SM predictions in 

 and  excess 
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Highly suppressed in the SM, significantly 
enhanced in various theoretical models  

Predicted branching fractions up to  
(Phys. Rev. D 110, 075004) 

No existing measurement of 

b → sτℓ

RD(*) B+ → K+νν̄
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Belle II at SuperKEKB

Asymmetric  collider, located in Tsukuba, Japan 
World-record  

Main operation at the  resonance  

Optimized for the production of  pairs 
Recorded dataset:  ~   pairs 

General purpose detector, excellent PID performance 
Well-known initial conditions 

Suitable for decays with missing energy in final state

e+e−

ℒint = 5.1 × 1034 cm−2s−1

Υ(4S) s = 10.58 GeV
BB̄

365 fb−1 387 × 106 BB̄

arXiv:1011.0352
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Reconstruction strategy

Signal-side  meson 
Decay reconstruction via four decay channels 

Same-sign SSe/µ:   
Opposite-sign OSe/µ:  

Reconstruction of  

Combination of  candidate with prompt lepton, vertex fit 
Inclusive  reconstruction via single charged track (one-prong decays)  

Target three-prong decays with up to three tracks in the Rest of Event 
 

Tag-side  meson 
Full reconstruction via hadronic decays (Full Event Interpretation) 

Hadronic tagging

B

B+ → K*+τ−ℓ+

B+ → K*+τ+ℓ−

K*+ via K+π0 or K0
Sπ+

K*+

τ

ntracks, ROE < 3

B

Υ(4S)

K*+

K+, K0
S

π+, π0

τ
e, μ, π, ρ

e, μ

Signal-side

B−
tag B+

sig
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Hadronic tagging

Tag-side  meson 
Full Event Interpretation (FEI) 

T. Keck, et. al., Comp. Soft. Big Sci 3, 6 (2019) 
Exclusive reconstruction algorithm for Belle II 
Semileptonic and hadronic tagging 

Hadronic tagging 
Reconstruction via hadronic decay chains only 
Full reconstruction of  kinematics, no missing energy 

High purity, low efficiency 

Infer constraints on signal side

B

Btag

Υ(4S)B−
tag B+

sig

K*+

K+, K0
S

π+, π0

τ
e, μ, π, ρ

e, μ

Tag-side
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Computing and Software for Big Science (2019) 3:6 
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inclusive decays. In both cases, the FEI provides an explicit 
tag-side decay chain with an associated probability.

Methods

The FEI algorithm follows a hierarchical approach with six 
stages, visualized in Fig. 2. Final-state particle candidates 
are constructed using the reconstructed tracks and clusters, 
and combined to intermediate particles until the final B can-
didates are formed. The probability of each candidate to be 
correct is estimated by a multivariate classifier. A multi-
variate classifier maps a set of input features (e.g., the four 
momentum or the vertex position) to a real-valued output, 
which can be interpreted as a probability estimate. The 
multivariate classifiers are constructed by optimizing a loss 
function (e.g., the misclassification rate) on Monte Carlo 
simulated Υ(4S) events and are described later in detail.

All steps in the algorithm are configurable. Therefore, 
the decay channels used, the cuts employed, the choice of 
the input features, and hyper-parameters of the multivari-
ate classifiers depend on the configuration. A more detailed 
description of the algorithm and the default configuration 
can be found in Keck [4] and in the following we give a brief 
overview over the key aspects of the algorithm.

Combination of Candidates

Charged final-state particle candidates are created from 
tracks assuming different particle hypotheses. Neutral final-
state particle candidates are created from clusters and dis-
placed vertices constructed by oppositely charged tracks. 

Each candidate can be correct (signal) or wrong (back-
ground). For instance, a track used to create a 𝜋+ candidate 
can originate from a pion traversing the detector (signal), 
from a kaon traversing the detector (background) or origi-
nates from a random combination of hits from beam back-
ground (also background).

All candidates available at this stage are combined to 
intermediate particle candidates in the subsequent stages, 
until candidates for the desired B mesons are created. Each 
intermediate particle has multiple possible decay channels, 
which can be used to create valid candidates. For instance, 
a B− candidate can be created by combining a D0 and a 𝜋− 
candidate, or by combining a D0 , a 𝜋− and a 𝜋0 candidate. 
The D0 candidate could be created from a K− and a 𝜋+ , or 
from a K0

s
 and a 𝜋0.

The FEI reconstructs more than 100 explicit decay chan-
nels, leading to (10000) distinct decay chains.

Multivariate Classification

The FEI employs multivariate classifiers to estimate the 
probability of each candidate to be correct, which can be 
used to discriminate correctly identified candidates from 
background. For each final-state particle and for each decay 
channel of an intermediate particle, a multivariate classi-
fier is trained which estimates the signal probability that the 
candidate is correct. To use all available information at each 
stage, a network of multivariate classifiers is built, following 
the hierarchical structure in Fig. 2.

For instance, the classifier for the decay of B−
→ D0𝜋− 

would use the signal probability of the D0 and 𝜋− candidates, 
as input features to estimate the signal probability of the B− 
candidate created by combining the aforementioned D0 and 
𝜋− candidates.

Additional input features of the classifiers are the kin-
ematic and vertex fit information of the candidate and its 
daughters. The multivariate classifiers used by the FEI 
are trained on Monte Carlo simulated events. The training 
is fully automatized and distributed using a map reduce 
approach [5]. Monte Carlo simulated data used to train the 
FEI is partitioned. At each reconstruction stage, the parti-
tioned data is distributed to nodes where the reconstruc-
tion is performed and training datasets are produced (the 
mapping stage). The reduction stage consists of merging the 
training datasets and training multivariate classifiers with 
these training datasets.

The available information flows from the data provided 
by the detector through the intermediate candidates into the 
final B meson candidates, yielding a single number which 
can be used to distinguish correctly from incorrectly identi-
fied Btag mesons. The process is visualized in Fig. 2. This 
allows one to tune the trade-off between tag-side efficiency 
and tag-side purity of the algorithm by requiring a minimal 

Tracks Displaced Vertices Neutral Clusters

π
0

K0
L

K0
S

π
+e+ µ

+ K+ γ

D∗0 D∗+ D∗
s

B0 B+

D0 D+ Ds

J/ψ

K0
S

Fig. 2  Schematic overview of the FEI. The algorithm operates on 
objects identified by the reconstruction software of the Belle II detec-
tors: charged tracks, neutral clusters and displaced vertices. In six dis-
tinct stages, these basics objects are interpreted as final-state particles 
( e+ , 𝜇+ , K+ , 𝜋+ , K0

L
 , 𝛾 ) combined to form intermediate particles ( J∕𝜓 , 

𝜋0 , K0
s
 , D, D∗ ) and finally form the tag-side B mesons

https://link.springer.com/article/10.1007/s41781-019-0021-8
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Recoil mass

 four-momenta are fully known, only missing energy from  decay  

Four-momentum conservation  

Recoil mass peaks at  mass for signal events 

Use and  for best resolution 

Signal extraction via fit to 

Btag and K*+ℓ τ

pτ = pBsig
− (pK*+ + pℓ)

τ
E*beam ⃗p*Btag

Mτ

M2
recoil = M2

τ = M2
B + MK*+ℓ − 2 (E*beamE*K*+ℓ + | ⃗p*Btag

| | ⃗p*K*+ℓ |cos θ)

6/21



Lara Fuchs (lara.fuchs@student.kit.edu) – B+ → K*+τ±ℓ∓Mo, 27 Oct 2025

Recoil mass after preselection

Efficiency defined as 
 

 restricted to
 

Applied selection criteria in backup 
Best candidate selection (BCS): 
candidate with highest 

εsig = Nsig /(20 × 106)
εsig and Nbg
1.0 < Mτ < 2.5 GeV/c2

pℓ

Arbitrary signal scaling

Channel Opt. cut "sig /10�4 Nbg

SSe 0.925 2.702 (-76.0%) 182 (-99.4%)
OSe 0.875 4.063 (-64.9%) 122 (-98.4%)
SSµ 0.925 1.646 (-81.0%) 154 (-99.5%)
OSµ 0.9 3.627 (-58.7%) 155 (-98.4%)

Table 1: and after preselection. Values are restricted to signal region .

Channel "sig/10�4 NBB̄ Nqq̄

SSe 11.255 25181 4675
OSe 11.566 4236 3536
SSµ 8.641 23311 6440
OSµ 8.787 4328 5109

Table 2: Ratios of the number of events in recorded data and number of con-
tinuum events from generic MC (scaled to o↵-resonance data luminosity and
with all MC corrections applied) in recoil mass sideband before and after BDT
selection

Channel Data/MC ratio pre-BDT Data/MC ratio post-BDT
SSe 1.039 ± 0.009 0.969 ± 0.108
OSe 1.117 ± 0.016 1.064 ± 0.146
SSµ 1.015 ± 0.009 0.985 ± 0.128
OSµ 1.057 ± 0.014 1.042 ± 0.134

Channel Calibration factor
SSe 1.1740 ± 0.0190
OSe 1.1735 ± 0.0204
SSµ 1.1975 ± 0.0200
OSµ 1.1435 ± 0.0208

Channel Nbg

SSe 166.53
OSe 82.97
SSµ 83.10
OSµ 73.00

NB0B̄0 NB+B� Nqq̄

before BDT cut 301 1068 522
after BDT cut 32 116 20

NB0B̄0 NB+B� Nqq̄

before BDT cut 1230 11566 860
after BDT cut 8 110 93

1

1) 2)
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Background suppression - main sources

1)  events  
SS channels: semileptonic  decays 
OS channels: semileptonic  decays 

Peaking background 
SS channels: hadronic  
decays 
All channels:  decays 

2) Continuum , 

e+e− → Υ(4S) → BB̄
B
D

D̄0 → K(*)+π−

J/ψ → ℓ+ℓ−

e+e− → qq̄ q ∈ u, d, s, c

B+ ! D⇤0`+⌫`

D̄0⇡0

K+⇡�⇡0

B+ ! D⇤0⇢+

D̄0⇡0

K+`�⌫`
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mD0 = 1.9 GeV/c2

mJ/ψ = 3.1 GeV/c2
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Background suppression - BDT training

One BDT per channel targeting all background 
sources simultaneously 

Training samples are restricted to  

 

Training features: 

1)  events (+ continuum) 
-vertex variables 

ROE-related variables 
Invariant masses 
Kinematic variables 

2) Continuum  events 
Event-shape variables

1.0 < Mτ < 2.5 GeV/c2

BB̄
K*+ℓ

qq̄

Example features: OSe
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Example features: OSe

Background suppression - BDT training

One BDT per channel targeting all background 
sources simultaneously 

Training samples are restricted to  

 

Training features: 

1)  events (+ continuum) 
-vertex variables 

ROE-related variables 
Invariant masses 
Kinematic variables 

2) Continuum  events 
Event-shape variables

1.0 < Mτ < 2.5 GeV/c2

BB̄
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Example features: OSe

Background suppression - BDT training

One BDT per channel targeting all background 
sources simultaneously 

Training samples are restricted to  

 

Training features: 
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Invariant masses 
Kinematic variables 

2) Continuum  events 
Event-shape variables
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Example features: OSe

Background suppression - BDT training

One BDT per channel targeting all background 
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Training samples are restricted to  
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spherical

𝑞

𝑞̄

B B̄

jet-like

Example features: OSe

Background suppression - BDT training

One BDT per channel targeting all background 
sources simultaneously 

Training samples are restricted to  

 

Training features: 

1)  events (+ continuum) 
-vertex variables 

ROE-related variables 
Invariant masses 
Kinematic variables 

2) Continuum  events 
Event-shape variables

1.0 < Mτ < 2.5 GeV/c2

BB̄
K*+ℓ

qq̄
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Background suppression - BDT output and selection

Selection of BDT cut by maximizing Punzi 

figure of merit FOM =
εsig

3/2 + Nbg

Channel Opt. cut "sig /10�4 Nbg

SSe 0.925 2.702 (-76.0%) 182 (-99.4%)
OSe 0.875 4.063 (-64.9%) 122 (-98.4%)
SSµ 0.925 1.646 (-81.0%) 154 (-99.5%)
OSµ 0.9 3.627 (-58.7%) 155 (-98.4%)

Table 1: Ratios of the number of events in recorded data and number of con-
tinuum events from generic MC (scaled to o↵-resonance data luminosity and
with all MC corrections applied) in recoil mass sideband before and after BDT
selection

Channel Data/MC ratio pre-BDT Data/MC ratio post-BDT
SSe 1.039 ± 0.009 0.969 ± 0.108
OSe 1.117 ± 0.016 1.064 ± 0.146
SSµ 1.015 ± 0.009 0.985 ± 0.128
OSµ 1.057 ± 0.014 1.042 ± 0.134

Channel Calibration factor
SSe 1.1740 ± 0.0190
OSe 1.1735 ± 0.0204
SSµ 1.1975 ± 0.0200
OSµ 1.1435 ± 0.0208

Channel Nbg

SSe 166.53
OSe 82.97
SSµ 83.10
OSµ 73.00

NB0B̄0 NB+B� Nqq̄

before BDT cut 301 1068 522
after BDT cut 32 116 20

NB0B̄0 NB+B� Nqq̄

before BDT cut 1230 11566 860
after BDT cut 8 110 93

NB0B̄0 NB+B� Nqq̄

before BDT cut 1230 11566 860
after BDT cut 8 110 93

1

Optimization range: 1.56 < Mτ < 2.0 GeV/c2

(restricted to ) 1.0 < Mτ < 2.5 GeV/c2
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Background suppression - recoil mass

After preselection After BDT selection
Arbitrary signal scaling
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Data/MC comparison in recoil mass sidebands

Check data/MC agreement in  sidebands: 

 

signal region 

Data/MC corrections applied: 

FEI, PID, , off-resonance calibration, photon energy 
bias, track momentum scaling 

Including statistical uncertainty only

Mτ

Mτ ∈ (1.0,1.49) ∪ (2.07,2.5) GeV/c2

∼ 15 %

π0

Table 1: Ratios of the number of events in recorded data and number of con-
tinuum events from generic MC (scaled to o↵-resonance data luminosity and
with all MC corrections applied) in recoil mass sideband before and after BDT
selection

Channel Data/MC ratio pre-BDT Data/MC ratio post-BDT
SSe 1.039 ± 0.009 0.969 ± 0.108
OSe 1.117 ± 0.016 1.064 ± 0.146
SSµ 1.015 ± 0.009 0.985 ± 0.128
OSµ 1.057 ± 0.014 1.042 ± 0.134

Channel Calibration factor
SSe 1.1740 ± 0.0190
OSe 1.1735 ± 0.0204
SSµ 1.1975 ± 0.0200
OSµ 1.1435 ± 0.0208

Channel Nbg

SSe 166.53
OSe 82.97
SSµ 83.10
OSµ 73.00

NB0B̄0 NB+B� Nqq̄

before BDT cut 301 1068 522
after BDT cut 32 116 20

NB0B̄0 NB+B� Nqq̄

before BDT cut 1230 11566 860
after BDT cut 8 110 93

NB0B̄0 NB+B� Nqq̄

before BDT cut 1230 11566 860
after BDT cut 8 110 93

"sig/10�4 Nbg FoM/10�5

Inclusive ⌧ , ntracks,ROE = 0 10.74 20965 0.73
Inclusive ⌧ , ntracks,ROE 2 [0, 2] 12.29 26058 0.76
Inclusive ⌧ , ntracks,ROE < 3 13.91 32852 0.76
Exclusive ⌧ , ntracks,ROE = 0 6.27 11055 0.59

Table 2: Values for SSe after BCS in range 1.0 < M⌧ < 2.5GeV/c2

1

     Validation of BDT training and signal extraction variable
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Signal and background modeling Example fit: OSe

Unbinned maximum likelihood fits to  

Fit region:   

to avoid low statistics at edges  fit stability 

Signal pdf:  
Johnson SU pdf + broad Gaussian  
to model main peak and tails  

Means fixed to   5 free parameters  

Background pdf: 
Second order Chebyshev polynomials

Mτ

1.3 < Mτ < 2.3 GeV/c2

→

mτ λ, γ, δ, σGaus, w
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Combined signal and background fit

Extended unbinned maximum likelihood fits to 
background MC only 

Signal shape parameters are fixed to results  
from MC fit 

4 free fit parameters:  

Signal yield   

Background yield   

Polynomial coefficients 

Nsig

Nbg

c1, c2
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     Validation of linearity and pull distribution 

Ideal linear relationship (within uncertainty) 

Reliable extraction of signal yield  

Fit validation

Signal extraction is tested in toy studies  

Background is generated from fitted pdf 

Signal is sampled from MC
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Fit validation

Signal extraction is tested in toy studies  

Background is generated from fitted pdf 

Signal is sampled from MC

     Validation of linearity and pull distributions 

Slight asymmetry and bias towards 
negative values caused by toy datasets 

with few events generated around  

Better agreement with  for 

higher signal injections and 

mτ

μ = 0, σ = 1
Nbg

Pullsig =
Nsig, fit − ⟨Nsig, in⟩

Δ(Nsig, fit)
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Channel BUL
exp

SSe 15.76⇥ 10�5

OSe 8.49⇥ 10�5

SSµ 21.61⇥ 10�5

OSµ 9.75⇥ 10�5

Channel Opt. cut "sig /10�4 Nbg

SSe 0.925 2.702 (-76.0%) 182 (-99.4%)
OSe 0.875 4.063 (-64.9%) 122 (-98.4%)
SSµ 0.925 1.646 (-81.0%) 154 (-99.5%)
OSµ 0.9 3.627 (-58.7%) 155 (-98.4%)

Table 1: and after preselection. Values are restricted to signal region .

Channel "sig/10�4 NB+B� NBB̄ Nqq̄

SSe 11.255 21246 3935 4675
OSe 11.566 3060 1176 3536
SSµ 8.641 19683 3628 6440
OSµ 8.787 3155 1173 5109

Table 2: and after BDT selection. Values are restricted to signal region . Frac-
tions in parentheses give the reduction relative to the corresponding numbers
after preselection.

Channel "sig/10�4 NB+B� NBB̄ Nqq̄

SSe 2.702 116 14 52
OSe 4.063 83 25 14
SSµ 1.646 106 14 34
OSµ 3.627 93 31 31

Table 3: Ratios of the number of events in recorded data and number of con-
tinuum events from generic MC (scaled to o↵-resonance data luminosity and
with all MC corrections applied) in recoil mass sideband before and after BDT
selection

Channel Data/MC ratio pre-BDT Data/MC ratio post-BDT
SSe 1.039 ± 0.009 0.969 ± 0.108
OSe 1.117 ± 0.016 1.064 ± 0.146
SSµ 1.015 ± 0.009 0.985 ± 0.128
OSµ 1.057 ± 0.014 1.042 ± 0.134

1

Sensitivity estimation

Derivation of expected 90% C.L. upper limits on 
signal yields for MC with asymptotic CLs method 

Scanning over  

Conversion into limit on branching fractions

Nsig ∈ [0, N3σ
sig]

OS modes are twice 
as sensitive

Channel BUL
exp

SSe 15.76⇥ 10�5

OSe 8.49⇥ 10�5

SSµ 21.61⇥ 10�5

OSµ 9.75⇥ 10�5

Channel Opt. cut "sig /10�4 Nbg

SSe 0.925 2.702 (-76.0%) 182 (-99.4%)
OSe 0.875 4.063 (-64.9%) 122 (-98.4%)
SSµ 0.925 1.646 (-81.0%) 154 (-99.5%)
OSµ 0.9 3.627 (-58.7%) 155 (-98.4%)

BUL =
NUL

sig

N⌥(4S) · 2 · f+� · "sig
(1)

Table 1: and after preselection. Values are restricted to signal region .

Channel "sig/10�4 NB+B� NBB̄ Nqq̄

SSe 11.255 21246 3935 4675
OSe 11.566 3060 1176 3536
SSµ 8.641 19683 3628 6440
OSµ 8.787 3155 1173 5109

1
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First search for  
Reconstruction in four signal channels:  
SSe, OSe, SSµ, OSµ 
Hadronic tagging: full reconstruction of 
BDTs for background suppression 
Signal extraction via fits to  

      

B+ → K*+τ±ℓ∓

Summary

Mτ

Btag

Estimation of systematic uncertainties 
Validation on control channels 

Outlook

Estimated sensitivity: ∼ (1 − 2) × 10−4
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MC samples

23

MC/Data corrections

MC15ri, hadronic FEI skim (release-06)  move to MC16 (release-08) 
Signal MC:  generated  events  

One decay file combining signal channels with 25% branching fraction each 
Generic  decays 

Generic MC:  continuum , charged  and mixed 

→
80M B+ → K*+τ±ℓ∓

K*+ and τ
1 ab−1 qq B+B− B0B0

FEI corrections 
Charged hadron PID corrections 
Lepton PID corrections 
Neutral ,  corrections 

Data corrections: photon energy bias 
(  daughters), track momentum scaling 

π0 K0
S

π0

Off-resonance calibration

Channel Opt. cut "sig /10�4 Nbg

SSe 0.925 2.702 (-76.0%) 182 (-99.4%)
OSe 0.875 4.063 (-64.9%) 122 (-98.4%)
SSµ 0.925 1.646 (-81.0%) 154 (-99.5%)
OSµ 0.9 3.627 (-58.7%) 155 (-98.4%)

Table 1: and after preselection. Values are restricted to signal region .

Channel "sig/10�4 NBB̄ Nqq̄

SSe 11.255 25181 4675
OSe 11.566 4236 3536
SSµ 8.641 23311 6440
OSµ 8.787 4328 5109

Table 2: Ratios of the number of events in recorded data and number of con-
tinuum events from generic MC (scaled to o↵-resonance data luminosity and
with all MC corrections applied) in recoil mass sideband before and after BDT
selection

Channel Data/MC ratio pre-BDT Data/MC ratio post-BDT
SSe 1.039 ± 0.009 0.969 ± 0.108
OSe 1.117 ± 0.016 1.064 ± 0.146
SSµ 1.015 ± 0.009 0.985 ± 0.128
OSµ 1.057 ± 0.014 1.042 ± 0.134

Table 3: Correction factors including statistical uncertainties derived from o↵-
resonance continuum calibration

Channel Calibration factor
SSe 1.131 ± 0.017
OSe 1.130 ± 0.018
SSµ 1.161 ± 0.018
OSµ 1.110 ± 0.018

Channel Nbg

SSe 166.53
OSe 82.97
SSµ 83.10
OSµ 73.00

NB0B̄0 NB+B� Nqq̄

before BDT cut 301 1068 522
after BDT cut 32 116 20

1
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Signal-side selection ( -system)K*+ℓ

24

 
FixedThresh09 global BDT  
Track cuts:

 
Bremsstrahlung correction for electrons 

 
Track cuts +  

 

 
stdKshort  
goodBelleKshort

e+, μ+

17∘ < θ < 150∘, dr < 2 cm, |dz | < 4 cm,
pt > 0.1 GeV/c

K+, π+

nCDChits > 20
Global PID > 0.6

K0
S

 
May2020 recommendations 30 % efficiency list 

 daughter cuts 

 daughters 
 (FW, BRL, BW) 

   

 

π0

π0

π0

E > 0.075, 0.05, 0.1 GeV
beamBackgroundSuppression > 0.3 and
fakePhotonSuppression > 0.3 if minC2TDist > 20 cm

K*+

0.79 GeV/c2 < MK*+ < 0.994 GeV/c2
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Tag-side and ROE selection

25

 

Hadronic tag: single candidate selection with 
highest  

 

 
 

 

Btag

PFEI
Mbc > 5.27 GeV/c2

−0.15 < ΔE < 0.1 GeV
PFEI > 0.001
cos TBTO < 0.9

ROE 
“Good photons”: 

 
 (isolated photons) 

 (FW, BRL, BW) 
“Good tracks”: 

 
 

fakePhotonSuppression > 0.3 and 
beamBackgroundSuppression > 0.3
if minC2TDist > 20 cm
E > 0.075, 0.05, 0.1 GeV

|dz | < 4 cm, dr < 2 cm, 17∘ < θ < 150∘,
pt > 0.1 GeV/c
ntracks, ROE < 3

Best candidate selection
Main cause of multiplicity: misreconstructed candidates with prompt lepton and  daughter switched 
BCS: 

1. Candidate with highest prompt lepton momentum  (multiplicity before: 1.7) 
2. Random selection (multiplicity before: 1.2)

τ

pℓ
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Charged background composition - SS modes
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B+ daughters Frac. (%) D0 daughters Frac. (%) D+ daughters Frac. (%)
D̄⇤0µ+⌫µ 44.8 K�⇡+⇡0 21.1 K�⇡+⇡+ 27.5
D̄0µ+⌫µ 15.6 K�a+

1
12.8 K0

S
⇡+⇡0 9.4

D̄⇤0µ+⌫µ� 7.1 K�⇡+ 7.7 K̄⇤0⇡+⇡0 8.8
D̄0

1
µ+⌫µ 6.7 K⇤�⇢+ 7.5 K�⇡+⇡+� 4.1

D̄00
1
µ+⌫µ 2.8 K�⇡+⇡0⇡0 3.8 K̄ 00

1
⇡+ 4.1

D̄0µ+⌫µ� 2.5 K0

S
⇡+⇡� 3.5 K�µ+⌫µ 3.8

D⇤0
2
µ+⌫µ 2.1 K̄⇤0⇡+⇡� 2.9 K0

S
⇡+ 3.4

D⇤0
0
µ+⌫µ 1.9 K�⇡+! 2.4 K0

S
a�
1

3.4
D̄0

1
µ+⌫µ� 1.1 K�⇡+⇡0� 2.4 K̄⇤0µ+⌫µ 3.1

D̄0µ+⌫µ⌘ 0.8 K̄⇤0⇡+⇡�⇡0 1.7 K+K�⇡+ 2.9
D̄⇤0µ+⌫µ⌘ 0.8 K�

1
⇡+ 1.7 K̄⇤0⇢+ 2.6

D̄⇤0µ+⌫µ�� 0.5 K�⇡+� 1.4 K�⇡+⇢+ 1.8
D00

1
µ+⌫µ� 0.5 K�⇡+⇡�⇡+ 1.3 K̄⇤0e+⌫e 1.6

D̄⇤0a+
1

0.5 K̄⇤0⇡0⇡0 1.3 K̄0e+⌫e 1.3
D̄⇤0⌧+⌫⌧ 0.4 K⇤�µ+⌫µ 1.2 K+K�⇡+⇡0 1.2

sum 87.9 sum 72.7 sum 79.1

Table 1: Most common decay products of B+, D0, and D+ mesons in the
charged background for the SSµ signal channel before the BDT selection, re-
stricted to the signal range . The table lists the 15 most frequent final states
for each meson along with their corresponding fractions.

1

B+ daughters Frac. (%) D0 daughters Frac. (%) D+ daughters Frac. (%)
D̄⇤0e+⌫e 32.7 K�⇡+⇡0 21.3 K�⇡+⇡+ 28.5
D̄⇤0e+⌫e� 16.6 a�

1
⇡+ 12.6 ⇡�⇡0K0

S
9.5

D̄0e+⌫e 11.6 K�⇡+ 7.8 K̄⇤0⇡0⇡+ 9.0
D̄0e+⌫e� 5.9 K⇤�⇢+ 7.3 K�⇡+⇡+� 4.4
D̄0

1
e+⌫e 5.0 K�⇡+⇡0⇡0 3.9 K̄ 00

1
⇡+ 4.3

D̄⇤0e+⌫e�� 4.2 K0

S
⇡�⇡+ 3.5 ⇡+K0

S
3.5

D̄0
1
e+⌫e� 2.4 K̄⇤0⇡+⇡� 2.9 K̄ 00

1
K0

S
3.3

D̄00
1
e+⌫e 2.0 K�⇡+! 2.5 K̄⇤0µ+⌫µ 2.8

D̄⇤0
2
e+⌫e 1.7 K�⇡+⇡0� 2.4 K̄⇤0⇢+ 2.7

D̄⇤0
0
e+⌫e 1.5 K̄⇤0⇡+⇡�⇡0 1.7 K̄0e+⌫e 2.5

D̄0e+⌫e�� 1.4 K�
1
⇡+ 1.7 K+K�⇡+ 2.4

D̄00
1
e+⌫e� 1.1 K�⇡+� 1.4 K̄0µ�⌫µ 1.8

D̄⇤0
2
e+⌫e� 0.8 K�⇡+⇡�⇡+ 1.3 K̄⇤0e+⌫e 1.7

D̄⇤0e+⌫e��� 0.7 K̄⇤0⇡0⇡0 1.2 K�⇡+⇢+ 1.6
D̄⇤0

0
e+⌫e� 0.7 K⇤�µ+ ⌫µ 1.2 K⇤�⇡+⇡+ 1.4

sum 88.4 sum 72.7 sum 79.4

Table 1: Most common decay products of B+, D0, and D+ mesons in the
charged background for the SSe signal channel before the BDT selection, re-
stricted to the signal range . The table lists the 15 most frequent final states
for each meson along with their corresponding fractions.

1

SSe SSµ
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Charged background composition - OS modes
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OSe OSµ
B+ daughters Frac. (%) D0 daughters Frac. (%) D+ daughters Frac. (%)
D̄⇤0D⇤+

s0 3.7 K�⇡+⇡0 20.4 K�⇡+⇡+ 19.4
D̄⇤0D⇤+

s 3.7 K�µ+⌫µ 9.6 K̄0µ+⌫µ 17.0
D̄⇤0µ+⌫µ 3.4 K�⇡+ 9.4 K0

S
⇡+⇡0 9.0

D̄⇤0⇡+⇡�⇡+⇡0 3.4 K�a+
1

9.2 K̄⇤0µ+⌫µ 5.9
D̄⇤0a+

1
3.4 K⇤�⇢+ 4.3 K̄⇤0⇡+⇡0 4.8

D̄0D+
s 2.6 K⇤�µ+⌫µ 4.0 K0

S
⇡+ 3.3

D̄0D⇤+
s0 2.3 K0

S
⇡+⇡� 3.8 K�⇡+⇡+� 3.2

D⇤�⇡+⇡+⇡0 2.0 K̄⇤0⇡+⇡� 2.3 K0

S
a+
1

2.5
D̄⇤0D+

s 1.9 K�⇡+⇡0� 2.3 K 00
1
⇡+ 2.4

D̄0D⇤+
s 1.9 K�⇡+⇡0⇡0 2.0 K0

L
⇡+⇡0 2.0

D̄⇤0K⇤+ 1.7 K�⇡+� 1.7 K+K�⇡+ 1.8
D̄⇤0D+

s1 1.6 K�µ+⌫µ� 1.5 K̄⇤0⇢+ 1.4
D̄0µ+ ⌫µ 1.5 K�

1
⇡+ 1.3 ⇡+⇡�⇡+⇡0 1.2

D̄0⇢+ 1.3 ⇡+⇡�⇡0 1.3 K̄0µ+⌫µ� 1.0
D̄⇤0⇢+ 1.2 K�⇡+! 1.2 K⇤�⇡+⇡+ 1.0

sum 35.4 sum 74.1 sum 75.8

Table 1: Most common decay products of B+, D0, and D+ mesons in the
charged background for the OSµ signal channel before the BDT selection, re-
stricted to the signal range . The table lists the 15 most frequent final states
for each meson along with their corresponding fractions.

Channel Opt. cut "sig /10�4 Nbg

SSe 0.925 2.702 (-76.0%) 182 (-99.4%)
OSe 0.875 4.063 (-64.9%) 122 (-98.4%)
SSµ 0.925 1.646 (-81.0%) 154 (-99.5%)
OSµ 0.9 3.627 (-58.7%) 155 (-98.4%)

Table 2: and after preselection. Values are restricted to signal region .

Channel "sig/10�4 NB+B� NBB̄ Nqq̄

SSe 11.255 21246 3935 4675
OSe 11.566 3060 1176 3536
SSµ 8.641 19683 3628 6440
OSµ 8.787 3155 1173 5109

1

B+ daughters Frac. (%) D0 daughters Frac. (%) D+ daughters Frac. (%)
D̄⇤0µ+⌫µ 44.8 K�⇡+⇡0 21.1 K�⇡+⇡+ 27.5
D̄0µ+⌫µ 15.6 K�a+

1
12.8 K0

S
⇡+⇡0 9.4

D̄⇤0µ+⌫µ� 7.1 K�⇡+ 7.7 K̄⇤0⇡+⇡0 8.8
D̄0

1
µ+⌫µ 6.7 K⇤�⇢+ 7.5 K�⇡+⇡+� 4.1

D̄00
1
µ+⌫µ 2.8 K�⇡+⇡0⇡0 3.8 K̄ 00

1
⇡+ 4.1

D̄0µ+⌫µ� 2.5 K0

S
⇡+⇡� 3.5 K�µ+⌫µ 3.8

D⇤0
2
µ+⌫µ 2.1 K̄⇤0⇡+⇡� 2.9 K0

S
⇡+ 3.4

D⇤0
0
µ+⌫µ 1.9 K�⇡+! 2.4 K0

S
a�
1

3.4
D̄0

1
µ+⌫µ� 1.1 K�⇡+⇡0� 2.4 K̄⇤0µ+⌫µ 3.1

D̄0µ+⌫µ⌘ 0.8 K̄⇤0⇡+⇡�⇡0 1.7 K+K�⇡+ 2.9
D̄⇤0µ+⌫µ⌘ 0.8 K�

1
⇡+ 1.7 K̄⇤0⇢+ 2.6

D̄⇤0µ+⌫µ�� 0.5 K�⇡+� 1.4 K�⇡+⇢+ 1.8
D00

1
µ+⌫µ� 0.5 K�⇡+⇡�⇡+ 1.3 K̄⇤0e+⌫e 1.6

D̄⇤0a+
1

0.5 K̄⇤0⇡0⇡0 1.3 K̄0e+⌫e 1.3
D̄⇤0⌧+⌫⌧ 0.4 K⇤�µ+⌫µ 1.2 K+K�⇡+⇡0 1.2

sum 87.9 sum 72.7 sum 79.1

Table 1: Most common decay products of B+, D0, and D+ mesons in the
charged background for the SSµ signal channel before the BDT selection, re-
stricted to the signal range . The table lists the 15 most frequent final states
for each meson along with their corresponding fractions.
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