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Outline of the talk

• Belle experiment

• Radiative and electroweak-penguin B decays
• 𝐵 → 𝐾𝑆

0𝐾𝑆
0𝛾

• 𝐵 → 𝐾∗𝜏𝜏

• 𝐵𝑠 decays
• 𝐵𝑆 → 𝜋0𝜋0

• Summary



Belle experiment
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KEKB Collider

CM energy: 10.58 GeV

Boost factor: 0.425

- To date, Belle provides the largest data sample of a pair of 𝑩ഥ𝑩 mesons produced in e+e-

collider

- The main achievements of the experiment are measurement of CP violation in B system 

and searching for new physics with B, charm, and rare decays

Integrated Luminosity [fb-1]



Radiative and electroweak-
penguin B decays
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• 𝐵 → 𝐾𝑆
0𝐾𝑆

0𝛾 (arXiv:2203.05320) → New result

• 𝐵 → 𝐾∗𝜏𝜏 (arXiv:2110.03871)



• Flavor changing neutral current (FCNC) is forbidden at the tree level 
in the SM 
• 𝑏 → 𝑠, 𝑑 transition by loop (penguin) or box diagram

• Sensitive to new physics beyond the SM
• BSM particles can enter in the loop altering decay branching fractions and/or 

other kinetic observables
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Radiative and electroweak-penguin B decays

- Radiative penguin decay
- 𝑩 → 𝑲𝑺

𝟎𝑲𝑺
𝟎𝜸

- Electroweak penguin decay
- 𝑩 → 𝑲∗𝝉𝝉

, 𝑑 , 𝑑 , 𝑑



𝐵 → 𝐾𝑆
0𝐾𝑆

0𝛾 - motivation

• 𝐵0 → 𝐾𝑆
0𝐾𝑆

0𝛾 is one of radiative rare decay modes via b → d𝛾.
• 𝑏 → 𝑑 transition via FCNC, which is sensitive to new physics (ex. 2HDM) beyond the SM

• For the 𝐾𝑆
0𝐾𝑆

0 system, J=2 is allowed

• Bose-Einstein statistics requires J = even, and it is radiative decay, so a case of J=0 is excluded

• 𝐵0 → 𝐾𝑆
0𝐾𝑆

0𝛾 has not been measured ever so this is the first search.
• There is no SM prediction for the branching fraction.

• We would like to provide results for one of the exclusive 𝑏 → 𝑑𝛾 modes
• 𝐵 → 𝜌𝛾,𝜔𝛾 are the only measured exclusive 𝑏 → 𝑑𝛾
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- Feynman diagram of 𝑩𝟎 → 𝑲𝑺
𝟎𝑲𝑺

𝟎𝛄



𝐵 → 𝐾𝑆
0𝐾𝑆

0𝛾 – partial branching fraction
• The dominant BKG is continuum events 

• Suppressed using event shape and thrust variables, flavor information, and helicity angle

• The reconstruction efficiency depends on the reconstruction 𝐾𝑆
0 pair mass (𝑀𝐾𝐾)

• We obtain upper limits at the 90% C.L. on the partial branching fractions in ten bins 
of 𝑀𝐾𝐾 → Upper limit: (0.7‐ 2.9) × 10−7 ( /200 MeV/𝑐2) at the 90 % C.L.

7- Number of data and estimated background from MC sample

Preliminary result

- Summary of table for partial BF

Preliminary result



𝐵 → 𝐾𝑆
0𝐾𝑆

0𝛾 - full range & 𝑓2 states results

• For the full range 1 𝐺𝑒𝑉/𝑐2 < 𝑀𝐾𝑆
0𝐾𝑆

0 < 3 𝐺𝑒𝑉/𝑐2

• We use average efficiency of all bins (2.5 ± 0.4)%

• By counting method

• Total observed events: 9

• Total expected background from MC: 4.5 ± 0.7

• Upper limit: 5.8 × 10−7 at the 90 % C.L.

• For the intermediate tensor 𝑓2 states
• We set the 𝑀𝐾𝐾 mass region contain 80% of

each 𝑓2 events.

• Upper limit at the 90% C.L

• 3.1 × 10−7 for the 𝑓2(1270)

• 2.1 × 10−7 for the 𝑓2
′(1525)

• No statistically significant signals are observed
• This is the first search for the 𝐵 → 𝐾𝑆

0𝐾𝑆
0𝛾 final state
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𝑛𝑠𝑖𝑔 = 3.8 ± 3.0

𝑛𝑏𝑘𝑔 = 5.6 ± 0.8

- Fit result and distribution of the data in 
the beam-energy-constrained mass (𝑴𝒃𝒄)

Preliminary result



𝐵 → 𝐾∗𝜏𝜏 - motivation

• This decay is highly suppressed in the SM and can only proceed via a 
flavor-changing neutral current
• For the testing of Lepton Flavor University (LFU) and search for the new physics 

beyond SM → compare with 𝐵 → 𝐾∗𝑙𝑙

• Predicted branching fraction of order O(10−7)

• The branching fraction can be enhanced up to 1‐ 5 × 10−4, if NP effects 
contribute*

• 𝐵0 → 𝐾∗𝜏𝜏 has not been measured ever so this is the first search.
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* PRL 120, 181802 (2018), JHEP 10, 184 (2015), JHEP 09, 40 (2017).



𝐵 → 𝐾∗𝜏𝜏 - result

• Accompanying 𝐵0 is reconstructed using 
hadronic tagging method

• using 489 channels for the reconstruction 
(with Neural Network (NN) method)

• 𝐸𝐸𝐶𝐿
𝑒𝑥𝑡𝑟𝑎 is the total energy of the neutral 

clusters detected in the ECL not 
associated with either B pairs

• 𝐸𝐸𝐶𝐿
𝑒𝑥𝑡𝑟𝑎 = 0 for signal → 𝐸𝐸𝐶𝐿

𝑒𝑥𝑡𝑟𝑎 < 0.2

• 𝑁𝑠𝑖𝑔 = −4.9 ± 6.0

• Upper limit: 
2.0 × 10−3 at the 90 % C.L.

• This is the first experimental limit

• No evidence for a signal is found
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- Binned maximum-likelihood fit to the extra 
calorimeter energy, 𝐸𝐸𝐶𝐿

𝑒𝑥𝑡𝑟𝑎 distribution. 

Preliminary result



𝑩𝒔 decays
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• 𝐵𝑆
0 → 𝜋0𝜋0 → New result



𝐵𝑆
0 → 𝜋0𝜋0 - motivation

• This decay is a neutral, charmless, non-leptonic, strangeness non-conserving 
rare decay channel

• Within the SM, this decay proceeds via W-exchange and penguin annihilation

• Previous result: 2.1 × 10−4 at 90% CL by L3 experiment in 1995
• Corresponding to around 0.05 million 𝐵𝑆

0 events from 3 million Z decays

• First measurement at Belle with 121.4 (fb)-1 of data collected at Υ 5𝑆
• Corresponding to 8.3 million 𝐵𝑆

0 events
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- W-exchange - Penguin annihilation



𝐵𝑆
0 → 𝜋0𝜋0 - result

• The dominant BKG is continuum events
• Suppressed using NN with event shape & thrust variables

• Analysis procedure is validated using 𝐵0 → 𝜋0𝜋0

• Result of 3D unbinned ML fit : 𝑁𝑠𝑖𝑔 = 5.7 ± 5.8
• Upper limit: 7.7 × 10−6 at the 90 % C.L.
• This is an improvement by a magnitude of 27 from the previous upper limit set by the L3
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- Neural Network output

to suppress continuum BKG
- Beam-energy-constrained mass- Energy difference

Preliminary result

Signal

BKG

Signal

BKG

Signal

BKG

𝐵𝑆
0 ത𝐵𝑆

0 (5.7%)

𝐵𝑆
0 ത𝐵𝑆

∗0+cc (7.3%)

𝐵𝑆
∗0 ത𝐵𝑆

∗0 (87%)



Summary

• The radiative and electroweak penguin decays mediated via FCNC, are 
sensitive to new physics.

• We are putting effort to extract new result, and the following ones are 
prominent studies with the Belle data:

• 𝐵 → 𝐾𝑆
0𝐾𝑆

0𝛾 → submitted to PRD arXiv:2203.05320

• UL: 5.8 × 10−7 for the full range and (0.7‐ 2.9) × 10−7 for partial BR at the 90 % 
C.L 

• UL: 3.1 × 10−7 for the 𝑓2 1270 and 2.1 × 10−7 for the 𝑓2
′(1525) at the 90 % C.L.

• 𝐵 → 𝐾∗𝜏𝜏 → submitted to PRL arXiv:2110.03871

• UL: 2.0 × 10−3 at the 90 % C.L.

• 𝐵𝑆 → 𝜋0𝜋0

• UL: 7.7 × 10−6 at the 90 % C.L.



Thank you for listening



Backup
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𝐵 → 𝐾𝑆
0𝐾𝑆

0𝛾 – BKG suppression
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Helicity angleNeuroBaye with event shape variable



𝐵 → 𝐾𝑆
0𝐾𝑆

0𝛾 – supplement for 𝑓2 states
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F2(1270)

F’2(1525)
Background

𝑀𝑘𝑘 width = 0.05

Fitting result
𝑛1270 = 4.2 ± 4.4
𝑛1525 = 0.0 ± 0.76
𝑛𝑏𝑘𝑔 = 4.8 ± 3.0



𝐵 → 𝐾𝑆
0𝐾𝑆

0𝛾 - systematics
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Uncertainty in the signal efficiency 
depends on the 𝑀𝐾𝑆

0𝐾𝑆
0

We quote these values



𝐵 → 𝐾∗𝜏𝜏 – updated plot
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- Binned extended maximum-likelihood fit to the extra 
calorimeter energy, 𝐸𝐸𝐶𝐿

𝑒𝑥𝑡𝑟𝑎 distribution. Signal with a 
branching fraction of 𝟐. 𝟎 × 𝟏𝟎−𝟑 is superimposed.



𝐵𝑆
0 → 𝜋0𝜋0 - control sample study (𝐵0 → 𝜋0𝜋0)
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• Expected signal yield = 91
• 𝑁𝑠𝑖𝑔 = 80 ± 14

• Measured BF = 1.18 ± 0.21 𝑠𝑡𝑎𝑡 × 10−6

• → consist with Belle (1𝜎) & PDG result (1.6𝜎) 



𝐵𝑆
0 → 𝜋0𝜋0 - systematics
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