
Searches for rare B decays at  
Belle and Belle II

Debjit Ghosh (University and INFN Trieste)  
on behalf of the Belle II collaboration

Moriond QCD & high energy interactions 2025 
La Thuile, April 01, 2025

debjit.ghosh@ts.infn.it

mailto:debjit.ghosh@ts.infn.it


• Flavor changing neutral current processes are forbidden 
in SM at tree level. Non-SM particles could enhance 
decay amplitude as “loop” allows high-mass exchange:

• new tree level interaction

• reduce GIM cancellation in loop corrections 


• Recent experimental anomalies in  and  
decays hint at non-SM particles coupling with third 
generation and higher mass,  [EPJC 83, 153 (2023)] 
[PLB 848, 138411 (2024)]


• Today’s topics: , , 
,


• Experimental challenge: undetected neutrinos in the 
final states from s

b → cτν b → sνν

τ

B0 → K0
Sτ±ℓ∓ B0 → K*0τ±ℓ∓

B0 → K*0τ+τ−

τ
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Physics

Introduction
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• Flavor-changing neutral-current transitions are 
excluded in the SM at tree-level due to the GIM 
mechanism.


• Excellent place to search for New Physics that 
could interfere with radiative and electroweak 
penguin loops. 


• In addition to , , and , 
decays, we will report on the first Belle + Belle II 
search for :


•

b → sνν̄ b → dℓℓ b → (s, d)γ

B0 → γγ
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γ‣ No direct interaction 
between the  and  quarks; 

‣ An effective FCNC is 
induced by a 1-loop or 
penguin diagram.
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[HFLAV 2023]

All new results since last Moriond QCD

https://doi.org/10.1140/epjc/s10052-023-11304-5
https://doi.org/10.1016/j.physletb.2023.138411
https://arxiv.org/abs/2411.18639


•  collision near  production threshold makes 
Belle (II) ideally suited: low background, precisely  
known collision energy


• Hermetic detector: full event reconstruction

• Kinematic well constrained with companion  

 meson reconstruction (tagging)

• Advantageous for searches involving final states 

with multiple neutrinos

• Dataset:  M (Belle)  387 M (Belle II)  pairs

e+e− BB

B

772 + BB̄

3

Belle (II) advantage See Bianca’s slides for more details on detector 

All results today involve hadronic tagging

BsigBtag

νl

l
X

D

π

π
K
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b → sτ±ℓ∓
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b → sτ±ℓ∓

• Forbidden decay. Non-SM particles, explaining recent 
anomalies, predict LFV with  at  
Near current experimental limits.


• World best limits from LHCb and Belle at 

• Advantage of one  in the final state: restrict nonsignal 

 decays in fully hadronic states and compute recoil 
mass of , 

ℬ(b → sτℓ) 𝒪(10−6)

𝒪(10−5)
τ

B
τ M2

recoil = M2
τ = (pe+e− − pK − pℓ − pBtag

)2

LHCb (9 fb ) [JHEP 06 (2020) 129] 

                               [JHEP 06 (2023) 143]

−𝟷
Belle (711 fb ) [PRL130, 261802 (2023)]−𝟷
BaBar (428 fb )  [PRD 86, 012004 (2012)]−𝟷

Analysis strategy
◦ Use 2019-2022 Belle II data (365 fb�1) and full Belle dataset (711 fb�1)
◦ Hadronic tagging: the partner B meson is reconstructed through hadronic decays

) No missing energy in the tag side
◦ Signal reconstruction: K

⇤0(! K
+
⇡
�)` + 1 track from ⌧ for background rejection

◦ Signal extraction from a Belle and Belle II simultaneous fit to the ⌧ recoil mass

M2
⌧
= m2

B
+m2

K⇤` � 2(E⇤
beam

E⇤
K⇤` + |p⇤

Btag
||p⇤

K⇤`|cos✓⇤Btag-K⇤`)

◦ Br(B0 ! K⇤0⌧`) = Nsig

✏sig⇥2⇥N⌥(4S)⇥f00⇥Br(K⇤0!K+⇡�)
OSµ

Clotilde Lemettais 59th Rencontres de Moriond March 24, 2025 2 / 5

B0 → K*0τ±ℓ∓     B+B−
    B0B0

    qq

Belle II (simulation)

http://10.1103/PhysRevD.86.012004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.261802
https://link.springer.com/content/pdf/10.1007/JHEP06(2020)129.pdf
https://arxiv.org/pdf/2209.09846.pdf
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Search for B0 → K0
Sτ±ℓ∓

• Never searched for before


• High  purity ( )


• Search in 1-prong  decays: , , . 
Use  for the first time in  searches


• Restrict  to suppress dominant semileptonic 
 backgrounds  


• Suppress remaining background with classifier using 
, residual calorimeter energy, lepton 

kinematics and event topology


• Fit recoil  mass ( ) for signal extraction in 
combined Belle + Belle II data set

K0
S > 98 %

τ τ+ → ℓ+νν π+ν ρ+ν
τ → ρν b → sτ±ℓ∓

m(K0
S tτ)

B → D(*)ℓX

m(K0
Sℓ)

τ Mτ

Belle + Belle II  
(711 + 365 fb )−1

Belle II (simulation)

B0 → K0
S τ+μ−     B+B−

    B0B0

    qq

Signal    

Belle II (simulation)

B0 → K0
S τ−μ+     B+B−

    B0B0

    qq

Signal    
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: validationB0 → K0
Sτ±ℓ∓

• Correct simulated nonsignal  efficiency to match 
data from fits to recoil  mass in  


• Validate signal shape and classifier selection 
efficiency from fits to recoil  mass in 




• largest source of systematic uncertainty

B
D B+ → D0π+

D
B0 → D−D+

s ( → ϕπ+, K0
SK+)

5

the background is described by an exponential function
with floating yield and shape parameters. We introduce
a scale factor f to account for data-simulation di↵erence
on the width from signal simulation. The f ratio, deter-
mined to be 1.04± 0.15, is used as a correction factor for
the width. The value of B(B0

! D
+
s D

�) is measured to
be (10.1± 1.2)⇥ 10�3, consistent with the world-average
value [23] within 2�, and serves as a closure test of the
entire analysis chain. To validate the BDT performance,
we apply B

0
! K

0
S⌧

±
`
⌥ weights to B

0
! D

+
s D

� events.
The e�ciency is derived from B

0
! D

+
s D

� yields be-
fore and after BDT selection using Mrecoil fits. The
data-simulation e�ciency ratios (RBDT) are 0.93± 0.17,
0.96±0.16, 0.92±0.16, and 0.96±0.18 for the OSµ, SSµ,
OSe, and SSe modes, respectively.

1.7 1.8 1.9 2 2.1
)2c (GeV/recoilM

0

200

400

)2 c
Ev

en
ts

/(9
.0

 M
eV

/

Data
Global fit

+
sD- D→0B
+
sD*- D→0B

Background

 preliminaryBelle+Belle II
-1(711+365) fb×Ldt = 4∫Simulation 

 69± = 1412 
sDDN

1.7 1.8 1.9 2 2.1
)2c (GeV/recoilM

0

50

100

)2 c
Ev

en
ts

/(9
.0

 M
eV

/

Data
Global fit

+
sD- D→0B
+
sD*- D→0B

Background

 preliminaryBelle+Belle II
-1Ldt = 711+365 fb∫Data 

 38± = 377 
sDDN

FIG. 1. Fit to the recoil mass of the Btag and D+
s system for

simulation (upper) and data (lower) with the combined Belle
and Belle II samples.

Figure 2 shows the M⌧ fits to data for B0
! K

0
S⌧

±
`
⌥

decays. There is no significant signal in any of the fit
channels. We translate the number of observed events
Nsig into a branching fraction B using the expression

B =
Nsig

✏⇥ 2NBB̄ ⇥ (1 + f+�/f00)�1
, (2)

where ✏ is the e�ciency after RBDT and RFEI calibra-
tions. The e�ciency also includes the branching fractions
of K0

S , ⌧ , ⇢, ⇡
0, and the e↵ect of B0-B̄0 mixing (i.e. sig-

nal loss in mixed events) in the simulation. In the case
where the true branching fractions are zero, the result-
ing estimates are unbiased. We use NBB̄= 1159 ⇥ 106,
which is the total number of BB pairs for the combined
datasets; and f+�/f00 = 1.052±0.031, which is the ratio

of B(⌥(4S) ! B
+
B

�) to B(⌥(4S) ! B
0
B̄

0) [34].
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FIG. 2. The M⌧ distributions and fits for the combined Belle
and Belle II datasets. The black dots with error bars show the
data, the red dash-dotted curve shows the signal component,
the blue dashed curve shows the background component, and
the purple solid curve shows the global fit.

We obtain ULs on the signal yields using pseudo-
experiments. They are generated using background and
signal PDFs for di↵erent values of the signal branching
fractions, performing 10,000 fits for each value. We then
define N

UL
sig at 90% CL as the signal yield for which 10%

of the experiments have fit yields less than the observed
Nsig in data. Systematic uncertainties are included by
smearing the Nsig distribution obtained from the pseudo-
experiments with the fractional systematic uncertainty,
which has an e↵ect of less than 1% on the mean Nsig.
The ULs on the branching fractions B

UL are then ob-
tained from N

UL
sig using Eq. 2. Including the e↵ect of

B
0-B̄0 mixing in the e�ciency (Eq. 2) ensures ULs cor-

rectly cover the case of zero true branching fractions and
are conservative otherwise. Table I summarizes the e�-
ciency, fit results, and observed ULs at 90% CL for the
four channels. Expected ULs, derived from the no-signal
assumption, are in the range [2.1, 2.2]⇥ 10�5.

TABLE I. E�ciencies (✏), signal yields (Nsig) of the data fit,
central value of the branching fractions and the observed BUL

at 90% CL. The first uncertainty of the central value is sta-
tistical and the second is systematic.

B(10�5)

Channels ✏(10�4) Nsig Central value UL

B0 ! K0
S⌧

+µ� 1.7 �1.8± 3.0 �1.0± 1.6± 0.2 1.1

B0 ! K0
S⌧

�µ+ 2.1 2.6± 3.5 1.1± 1.6± 0.3 3.6

B0 ! K0
S⌧

+e� 2.0 �1.2± 2.4 �0.5± 1.1± 0.1 1.5

B0 ! K0
S⌧

�e+ 2.1 �2.9± 2.0 �1.2± 0.9± 0.3 0.8

The primary source of systematic uncertainty arises



First search for  decaysB0 → K0
Sτ±ℓ∓
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: resultB0 → K0
Sτ±ℓ∓

• Signal extraction: fit recoil  mass ( )τ Mτ

Belle + Belle II  
(711 + 365 fb )−1

Submitted to PRL [arxiv 2412.16470]

at 90% CL








ℬ(B0 → K0
Sτ+μ−) < 1.1 × 10−5

ℬ(B0 → K0
Sτ−μ+) < 3.6 × 10−5

ℬ(B0 → K0
Sτ+e−) < 1.5 × 10−5

ℬ(B0 → K0
Sτ−e+) < 0.8 × 10−5

5

the background is described by an exponential function
with floating yield and shape parameters. We introduce
a scale factor f to account for data-simulation di↵erence
on the width from signal simulation. The f ratio, deter-
mined to be 1.04± 0.15, is used as a correction factor for
the width. The value of B(B0

! D
+
s D

�) is measured to
be (10.1± 1.2)⇥ 10�3, consistent with the world-average
value [23] within 2�, and serves as a closure test of the
entire analysis chain. To validate the BDT performance,
we apply B

0
! K

0
S⌧

±
`
⌥ weights to B

0
! D

+
s D

� events.
The e�ciency is derived from B

0
! D

+
s D

� yields be-
fore and after BDT selection using Mrecoil fits. The
data-simulation e�ciency ratios (RBDT) are 0.93± 0.17,
0.96±0.16, 0.92±0.16, and 0.96±0.18 for the OSµ, SSµ,
OSe, and SSe modes, respectively.
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FIG. 1. Fit to the recoil mass of the Btag and D+
s system for

simulation (upper) and data (lower) with the combined Belle
and Belle II samples.

Figure 2 shows the M⌧ fits to data for B0
! K

0
S⌧

±
`
⌥

decays. There is no significant signal in any of the fit
channels. We translate the number of observed events
Nsig into a branching fraction B using the expression

B =
Nsig

✏⇥ 2NBB̄ ⇥ (1 + f+�/f00)�1
, (2)

where ✏ is the e�ciency after RBDT and RFEI calibra-
tions. The e�ciency also includes the branching fractions
of K0

S , ⌧ , ⇢, ⇡
0, and the e↵ect of B0-B̄0 mixing (i.e. sig-

nal loss in mixed events) in the simulation. In the case
where the true branching fractions are zero, the result-
ing estimates are unbiased. We use NBB̄= 1159 ⇥ 106,
which is the total number of BB pairs for the combined
datasets; and f+�/f00 = 1.052±0.031, which is the ratio

of B(⌥(4S) ! B
+
B

�) to B(⌥(4S) ! B
0
B̄

0) [34].
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FIG. 2. The M⌧ distributions and fits for the combined Belle
and Belle II datasets. The black dots with error bars show the
data, the red dash-dotted curve shows the signal component,
the blue dashed curve shows the background component, and
the purple solid curve shows the global fit.

We obtain ULs on the signal yields using pseudo-
experiments. They are generated using background and
signal PDFs for di↵erent values of the signal branching
fractions, performing 10,000 fits for each value. We then
define N

UL
sig at 90% CL as the signal yield for which 10%

of the experiments have fit yields less than the observed
Nsig in data. Systematic uncertainties are included by
smearing the Nsig distribution obtained from the pseudo-
experiments with the fractional systematic uncertainty,
which has an e↵ect of less than 1% on the mean Nsig.
The ULs on the branching fractions B

UL are then ob-
tained from N

UL
sig using Eq. 2. Including the e↵ect of

B
0-B̄0 mixing in the e�ciency (Eq. 2) ensures ULs cor-

rectly cover the case of zero true branching fractions and
are conservative otherwise. Table I summarizes the e�-
ciency, fit results, and observed ULs at 90% CL for the
four channels. Expected ULs, derived from the no-signal
assumption, are in the range [2.1, 2.2]⇥ 10�5.

TABLE I. E�ciencies (✏), signal yields (Nsig) of the data fit,
central value of the branching fractions and the observed BUL

at 90% CL. The first uncertainty of the central value is sta-
tistical and the second is systematic.

B(10�5)

Channels ✏(10�4) Nsig Central value UL

B0 ! K0
S⌧

+µ� 1.7 �1.8± 3.0 �1.0± 1.6± 0.2 1.1

B0 ! K0
S⌧

�µ+ 2.1 2.6± 3.5 1.1± 1.6± 0.3 3.6

B0 ! K0
S⌧

+e� 2.0 �1.2± 2.4 �0.5± 1.1± 0.1 1.5

B0 ! K0
S⌧

�e+ 2.1 �2.9± 2.0 �1.2± 0.9± 0.3 0.8

The primary source of systematic uncertainty arises

https://arxiv.org/abs/2412.16470
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Search for B0 → K*0τ±ℓ∓ Belle + Belle II  
(711 + 365 fb )−1

• World best limit in  by LHCb: 
;



• No search for  yet

• Inclusive 1-prong  reconstruction:  + 

one track from  — covers  of  decay-width 

• Suppress background with classifier using , 

, residual tracks and clusters properties,  
 vertex information, event topology, etc. 


• Simultaneous fit recoil  mass ( ) in Belle and  
Belle II data set

B0 → K*0τ±μ∓

ℬ(B0 → K*0τ+μ−) < 1.0 × 10−5

ℬ(B0 → K*0τ−μ+) < 0.8 × 10−5

B0 → K*0τ±e∓

τ K*0( → K+π−)ℓ
τ ∼ 80 % τ

m(K*0ℓ)
m(K*0tτ)
K*0

τ Mτ

Classifier score

Belle II (simulation)
B0 → K*0τ−e+

A
rb

itr
ar

y 
un

its

    qq
    BB

Signal    
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: validationB0 → K*0τ±ℓ∓

• Correct simulated nonsignal  efficiency using 
 and  control data


• Validate signal shape and classifier selection  
efficiency from fits to recoil  mass in 




• Dominant systematic uncertainties from classifier 
selection efficiency and background shape assumption

B
B0 → D−π+ B → Xcℓν

D
B0 → D−D+

s ( → ϕπ+, K*0K+)

Figure 2: Fits to the recoil mass of the Btag and D
+
s system in the control channel

B
0 ! D

�
D

+
s for simulation (left) and data (right). The top plots correspond to Belle

data, while the bottom ones are for Belle II data.

11
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: resultB0 → K*0τ±ℓ∓ Belle + Belle II  
(711 + 365 fb )−1

at 90% CL

First results on electron modes

• Signal extraction: fit recoil  mass ( )τ Mτ

Figure 3: The M⌧ distribution and results of the simultaneous fits for Belle II (left) and
Belle (right). The black dots with error bars show the data, the red dash-dotted curve
shows the signal component, the blue dashed curve shows the background component,
and the purple solid curve shows the global fit. From top to bottom: OSe, SSe, OSµ,
SSµ.

12

Figure 3: The M⌧ distribution and results of the simultaneous fits for Belle II (left) and
Belle (right). The black dots with error bars show the data, the red dash-dotted curve
shows the signal component, the blue dashed curve shows the background component,
and the purple solid curve shows the global fit. From top to bottom: OSe, SSe, OSµ,
SSµ.
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B0 → K*0τ+e− B0 → K*0τ+e−

B0 → K*0τ−e+ B0 → K*0τ−e+








ℬ(B0 → K*0τ+μ−) < 3.9 × 10−5

ℬ(B0 → K*0τ−μ+) < 5.1 × 10−5

ℬ(B0 → K*0τ+e−) < 2.7 × 10−5

ℬ(B0 → K*0τ−e+) < 5.6 × 10−5
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b → sτ+τ−
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Search for B0 → K*0τ+τ−
• 


• Non-SM particles, explaining recent anomalies, would 
enhance BF upto  due to presence of two s


• Main challenge: no signal peaking kinematic observable 
due to multiple undetected neutrinos 


• Relies on missing energy information and residual 
calorimeter energy; Belle II is ideally suited


• World best result from Belle: UL at  (90  CL) 
Searched in 1-prong  decays: , 


• Include  decays for the first time 

ℬSM = (0.98 ± 0.10) × 10−7

𝒪(103) τ

3.1 × 10−3 %
τ τ+ → ℓ+νν π+ν

τ+ → ρ+( → π+π0)ν

Belle II (365 fb )−1

[PRL 120, 181802 (2018)]

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.181802
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: strategyB0 → K*0τ+τ−

• Analyze separately in four final-state categories 
from  pair: , , ,  ( )


• Train classifier using missing energy, residual 
calorimeter energy, , square ditau mass, etc.


• Simultaneous fit classifier score of each category 
for signal extraction

τ+τ− ℓℓ ℓπ ππ ρX X = ℓ, π, ρ

m(K*0t)

Classifier score

365 f b−1
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: validationB0 → K*0τ+τ−
• Signal efficiency validation in   

with modified kinematics to match signal

• Background yield correction from same-flavor ( , ) 

control samples and off-resonance data 


• Correct shape of residual calorimeter energy ( ), most 
important discriminator, from same-flavor control sample


• Dominant systematics sources: poor knowledge of semileptonic 
 decays, limited simulated sample size, etc.

B0 → K*0J/ψ( → μ+μ−)

B0B0 B0B0

Eextra

B → D**

3

Figure 2. Distributions of Eextra for events passing the nominal selection, without the ROE photon multiplicity correction.

All the other corrections described in the main text are applied to simulated events. The signal B0 ! K⇤0⌧+⌧�
histogram is

shown scaled assuming a branching fraction 10�1
.

Figure 3. Distributions of Eextra for events passing the nominal selection, with all the corrections applied, including the one

on ROE photon multiplicity. The signal B0 ! K⇤0⌧+⌧�
histogram is shown scaled assuming a branching fraction 10�1
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: resultB0 → K*0τ+τ−
• Simultaneous fit classifier score of each 

category for signal extraction

ℬ(B0 → K*0τ+τ−) < 1.8 × 10−3

Twice better than current world best 
 inspite of half sample size


Most stringent limit on  transitionb → sττ

Belle II (365 fb )−1
6

Figure 2: Distributions of ⌘(BDT) in the SR for the four signal categories. The fit results are shown for the two background
components (BB and qq) and the B0 ! K⇤0⌧+⌧� signal, with a fitted branching fraction of [�0.15± 1.01] ⇥ 10�3. A
B0 ! K⇤0⌧+⌧� signal distribution, scaled assuming a branching fraction of 10�2, is shown as reference. The bottom panel
shows the pull distributions.

di Ricerca in High Performance Computing, Big468

Data and Quantum Computing, funded by European469

Union – NextGenerationEU; Japan Society for the470

Promotion of Science, Grant-in-Aid for Scientific471

Research Grants No. 16H03968, No. 16H03993,472

No. 16H06492, No. 16K05323, No. 17H01133,473

No. 17H05405, No. 18K03621, No. 18H03710,474

No. 18H05226, No. 19H00682, No. 20H05850,475

No. 20H05858, No. 22H00144, No. 22K14056,476

No. 22K21347, No. 23H05433, No. 26220706, and477

No. 26400255, and the Ministry of Education, Cul-478

ture, Sports, Science, and Technology (MEXT) of479

Japan; National Research Foundation (NRF) of Korea480

Grants No. 2016R1-D1A1B-02012900, No. 2018R1-481

A6A1A-06024970, No. 2021R1-A6A1A-03043957,482

No. 2021R1-F1A-1060423, No. 2021R1-F1A-1064008,483

No. 2022R1-A2C-1003993, No. 2022R1-A2C-1092335,484

No. RS-2023-00208693, No. RS-2024-00354342 and485

No. RS-2022-00197659, Radiation Science Research486

Institute, Foreign Large-Size Research Facility Ap-487

plication Supporting project, the Global Science488

Experimental Data Hub Center, the Korea Institute489

of Science and Technology Information (K24L2M1C4)490

and KREONET/GLORIAD; Universiti Malaya RU491

grant, Akademi Sains Malaysia, and Ministry of492

Education Malaysia; Frontiers of Science Program493

Contracts No. FOINS-296, No. CB-221329, No. CB-494

236394, No. CB-254409, and No. CB-180023, and495

SEP-CINVESTAV Research Grant No. 237 (Mexico);496

the Polish Ministry of Science and Higher Education497

and the National Science Center; the Ministry of Science498

and Higher Education of the Russian Federation and499

the HSE University Basic Research Program, Moscow;500

University of Tabuk Research Grants No. S-0256-1438501

and No. S-0280-1439 (Saudi Arabia), and Researchers502

Supporting Project number (RSPD2025R873), King503

Saud University, Riyadh, Saudi Arabia; Slovenian504

Research Agency and Research Grants No. J1-9124505

and No. P1-0135; Agencia Estatal de Investigacion,506

Spain Grant No. RYC2020-029875-I and Generalitat507

Valenciana, Spain Grant No. CIDEGENT/2018/020;508

The Knut and Alice Wallenberg Foundation (Sweden),509

Contracts No. 2021.0174 and No. 2021.0299; National510

Science and Technology Council, and Ministry of Educa-511

tion (Taiwan); Thailand Center of Excellence in Physics;512

TUBITAK ULAKBIM (Turkey); National Research513

Foundation of Ukraine, Project No. 2020.02/0257,514

and Ministry of Education and Science of Ukraine;515

the U.S. National Science Foundation and Research516

Grants No. PHY-1913789 and No. PHY-2111604, and517

365 f b−1

Classifier score Classifier score

Classifier score Classifier score

at 90% C.L.



17

Summary
• Flavor changing neutral current transitions are prime processes to probe non-SM particles

• Belle (II) offers unique abilities that are advantageous for these searches.

• New exciting Belle (II) results are shown today with many having world best results


• : world best limits and new searches. [Submitted to PRL, arxiv 2412.16470]


• : world best limits in electron modes and new searches.


• : world best limits.

B0 → K0
Sτ±ℓ∓

B0 → K*0τ±ℓ∓

B0 → K*0τ+τ−

https://arxiv.org/abs/2412.16470
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Additional materials
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Belle II (365 fb )−1: systematicsB0 → K*0τ+τ−
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: systematicsB0 → K0
Sτ±ℓ∓ Belle + Belle II  

(711 + 365 fb )−1
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: systematicsB0 → K*0τ±ℓ∓ Belle + Belle II  
(711 + 365 fb )−1


