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1. Theory
1.1. Standard Model (SM) Prediction: Theoretical Calculation with the Effective Field Theory
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We aim to search for the rare decay 𝑩𝟎 → 𝝉"𝝉# at the Belle II experiment using the superKEKB asymmetric electron-positron collider. While the standard model predicts the decay 
mode to have a low branching fraction, various extensions of the model expect enhancements. The results will be obtained with data samples corresponding to an integrated luminosity 
of 363 fb-1 collected at the 𝚼(𝟒𝑺) resonance. We use a hadronic tagging method that reconstructs fully accompanying B mesons and attempts to identify signals from the remaining part 
of the event. The result of this study will be the measurement or upper limit setting of the branching fraction of the decay. We present the results based on Monte Carlo simulation 
samples.
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2. Previous Studies

The first trial of the event reconstruction and selection process has been done. We plan to proceed with the branching fraction extraction process and then set the first version of the 
upper limit on the 𝑩𝟎 → 𝝉"𝝉# process. After experiencing the whole blind analysis process, we will revisit and optimize each step of the process.

Conclusion / Plan

Search for the rare decay 𝑩𝟎 → 𝝉"𝝉# at the Belle II Experiment 
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§ For 𝐵 → 𝜏𝜏, BR is much higher because of its large mass. However, it is hard to deal with because
§ 𝜏 cannot be detected directly by the detector
§ Sub-decay modes have missing particle

§ For 𝐵 → 𝜇𝜇, BR is 100 times smaller, but muons can be identified with detector level ⇒ relatively easier to study
§ For 𝐵 → 𝑒𝑒, BR is too small to measure
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Standard Model Box and Penguin Diagram of 𝐵! → ℓ"ℓ#

1.2. Beyond the Standard Model (BSM)

§ Free parameters of BSM models make it possible to expect enhancement in the rare decay modes.
§ The study of 𝐵! → 𝜏"𝜏# can help to constraint free parameters of  BSM models
§ Better Theory!

2.1. Previous studies for the 𝑩𝟎 → ℓℓ decay modes

7. Branching Fraction Extraction
7.1. Strategy of Choosing the Signal-Extracting Variable

§ 𝐵𝑟 𝐵! → 𝜏"𝜏# ~ 2×10#$
§ # of 𝐵!: 1

§ then 2×10#$ 𝐵! → 𝜏"𝜏# process
§ # of 𝐵!: 1×10$

§ then 2 𝐵! → 𝜏"𝜏# process
§ # of 𝐵!: 100×10$ = 𝟏𝟎𝟏𝟎

§ then 200 𝐵! → 𝜏"𝜏# process
(roughly statistically meaningful)

§ 1 ab-1 : ~1000×10' = 10( 𝐵 1𝐵 pair
§ 10 ab-1: 𝟏𝟎𝟏𝟎 𝐵 1𝐵 pair

§ Roughly, integrated luminosity of ~10 ab-1 is required.

3. 𝑩"𝑩 data

※ The calculation is based on SM.
※ Note that this calculation does not consider any efficiencies. 
It means that much more integrated luminosity is required to 
measure the 𝐵' → 𝜏(𝜏! process.

3.2. Rough Estimation of the required luminosity 

SM prediction
Measurement

Detector Upper Limit Measurement

𝐵' → 𝑒(𝑒! (2.48 ± 0.21)×10!)* [1] (2014) LHCb 2.5×10!+ [2] (2020) (90 % CL)
3.0×10!+ [2] (2020) (95 % CL) -

𝐵' → 𝜇(𝜇! (1.06 ± 0.09)×10!)' [1] (2014)
ATLAS 2.1×10!)' [3] (2019) (95 % CL) -
LHCb 3.4×10!)' [4] (2017) (95 % CL) -

𝑩𝟎 → 𝝉(𝝉! (2.22 ± 0.19)×10!" [1] (2014)
LHCb 1.6×10!- [5] (2017) (90 % CL)

2.1×10!- [5] (2017) (95 % CL) -

BABAR 4.1×10!- [7] (2006) (90 % CL) -

3.1. Number of 𝑩$𝑩 data

※ Belle II LS: The data collected before the Long Shutdown (LS) 
period of the Belle II experiment.

4. Analysis Procedure

5. Event Reconstruction

5.2.1. Full Event Interpretation (FEI) Method
§ Exploiting the advantage of the Belle II 

§ The full understanding of the initial state
§ A lot of 𝐵 decay channels

§ “𝑂(1000) 𝐵 decays” ⨂ “𝑂(100) 𝐷 decays”
⇒ 𝑶(𝟏𝟎𝟓) possible channels

5.2.2. Hadronic FEI
§ Full Event Interpretation (FEI) Method

§ Very low efficiency (𝑂(10#*))
§ Very high purity / Excellent kinematic Information

5.2. Tag-Side Reconstruction

5.3. Signal-Side Reconstruction

𝐵! → 𝜏"𝜏# sub-decay channels

6. Event Selection

5.1. Example of Reconstruction

6.2. Final Selection

§ Binary classification: ex) Signal vs. Background
§ Using one of the machine learning algorithms: FBDT

§ Multivariate Analysis (MVA)
§ Gather discriminating power (DP) from variables
§ Small DPs ⇒ FBDT ⇒ Large DP

§ Target variable design: TopoAna Tool (MC matching)

6.1. Pre-Selection

5.2.3. Best Tag Selection (BTS)
§ Choose a candidate with the highest FEI probability 

value, which is the Fast Boosted Decision Tree (FBDT) 
output

§ The purpose of the pre-selection: 
§ To make the FBDT process efficient, eliminate 

obvious background before the FBDT 
§ Five variables: 𝐸+,-, 𝑀./

012, Δ𝐸012, 𝒩012 and 𝑀3455
6

§ Blind Analysis
§ The prejudice of analysts can affect the result.
§ To minimize the bias, the blind-procedure should be 

done. ⇒ Blind: Monte Carlo (MC), Unblind: Data
§ The blind analysis is ongoing. Unblinding needs the 

permission of the Belle II analysis committee.

4.1. Analysis Procedure

FBDT input variablesFBDT output variable

Rejection rate / Yield of signal, generic and continuum background

7.2. Optimization of the Signal-Extracting Variable

§ 𝐸+,- variable is one candidate for signal-
extracting variables.

§ To Make the 𝐸+,- variable to have 
enough signal discriminating power, 
further study on the Rest of Event (ROE) 
should be done.
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