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Electroweak Penguin and LFV @ Belle (II) experiment
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Flavor Changing Neutral Currents (FCNC)  
occur at loop level in the SM 
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NP
Look for enhancements in FCNC and 
LFV due to NP contributions 
Third generation coupling 

Electroweak Penguin and LFV @ Belle (II) experiment
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Known initial kinematics + 4π detector coverage 
→ reconstruct final states with missing energy 

Electroweak Penguin and LFV @ Belle (II) experiment

@10.58 GeV

NP
Look for enhancements in FCNC and 
LFV due to NP contributions 
Third generation coupling 
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 is produced at threshold 
→ relative low backgrounds
𝙱𝙱̄

 

 

 

𝙱+ → 𝙺+νν̄

𝙱𝟶 → 𝙺*𝟶τ+τ−

𝙱𝟶 → 𝙺𝟶
𝚜τ±ℓ∓

[PRD 109 112006 (2024)]
Today!

NEW!
[paper in preparation]

@ 60 MeV below  Υ(4S)

Flavor Changing Neutral Currents (FCNC)  
occur at loop level in the SM 
Low BF’s due to CKM and GIM suppression

𝚋 → 𝚜

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006


 B-tagging algorithm
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Essential tool for decays with missing-energy

Different B-tagging strategies are possible

Inclusive Tag 
  
(10)%

𝚇
ϵ = 𝒪

Hadronic Tag 
, , …. 

(0.1)% 
𝙳(*)𝚗π 𝙹/ψ𝙺(*) 𝙳(*)𝙳(*)

𝚜
ϵ = 𝒪

PurityEfficiency

Known initial 4-momentum beam energy transferred to  pair: 
Reconstruction of the tag-side allows to infer the properties of the 
signal-side with missing energy — (semi-)leptonic/penguin decays — 
and to have a handle on backgrounds

𝙱𝙱̄
𝚙𝚎+ + 𝚙𝚎− = 𝚙𝙱𝚜𝚒𝚐

+ 𝚙𝙱̄𝚝𝚊𝚐

*ROE: Rest Of Event (remaining charged and neutral particles)

Exact knowledge of 𝙱𝚝𝚊𝚐Inclusive properties of 𝙱𝚝𝚊𝚐

- -



𝙱+ → 𝙺+νν̄ [PRD 109 112006 2024]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006


 Search for : Motivations𝙱+ → 𝙺+νν̄
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FCNC processes are suppressed in SM at tree level.  
Precise SM prediction — no hadronic uncertainties for 

charm annihilation like in 𝙱 → 𝙺(*)ℓ+ℓ−

 [PRD 107 014511 (2023)]𝙱𝙵𝚂𝙼 = (𝟻 . 𝟼 ± 𝟶 . 𝟺) × 𝟷𝟶−𝟼

Challenges 
Low BF 
No signal peaking kinematic observable 
Large backgrounds+one prompt track 
Missing energy from undetected neutrinos

Unique to experiments at  machines𝚎+𝚎−

Inclusive Tag leads the final sensitivity (total eff. ~8%, purity ~0.8%) 
Well-established Hadronic Tag is used for consistency check and provide 10% increasing in final 
combined result  (total eff. ~0.4%, purity ~3.5%)

TODAY

the clean event environment and the well-defined initial state 

Unique to experiments at  machines

Belle
Belle

BaBar

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.014511


 Search for : Strategy 𝙱+ → 𝙺+νν̄
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Focus on Inclusive Tag: Two consecutive classifiers with signal kaon, event shape and ROE information 
Final observables:  in different second classifier (BDT) bins𝚚𝟸

𝚛𝚎𝚌

Signal efficiency validation with  sample, remove 

 and correct  kinematics to match  (1.00 0.03) 

𝙱+ → 𝙹/ψ𝙺+

𝙹/ψ 𝙺+ 𝙺+νν̄ ±

Background validation: 
•  background: Off-resonance data to correct for data/MC 

differences in normalisation and shape 
• Undetected  in EM calorimeter can mimic neutrinos 

-  detection efficiency:  

- : corrected using pion-enriched sample 

-  events: Model with BaBar [PRD85, 112010(2021)] 

 measurement as input 

Closure validation measuring: 
 

Compatible with PDG  

𝚚𝚚̄

𝙺𝟶
𝙻

𝙺𝟶
𝙻 𝚎+𝚎− → γϕ(𝙺𝟶

𝚂𝙺𝟶
𝙻)

𝙱 → 𝙺+𝙳(*)(𝙺𝟶
𝙻𝚇)

𝙱+ → 𝙺+𝙺𝟶
𝙻𝙺𝟶

𝙻
𝙱+ → 𝙺+𝙺𝟶

𝚂𝙺𝟶
𝚂

𝙱(𝙱+ → π+𝙺𝟶) = (𝟸 . 𝟻 ± 𝟶 . 𝟻) × 𝟷𝟶−𝟻

(𝟸 . 𝟹𝟾 ± 𝟶 . 𝟶𝟾) × 𝟷𝟶−𝟻



 Evidence for :  Results𝙱+ → 𝙺+νν̄
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Inclusive Tag Hadronic Tag

Combination

  = (2.7 ± 0.5 ± 0.5) × 10  ℬ −𝟻

Consistent within 𝟣.𝟤σ

3.5σ 
significance 

2.9σ deviation 
from SM

  = (1.1   ) × 10  ℬ +𝟶.𝟿
−𝟶.𝟾

+𝟶.𝟾
−𝟶.𝟻

−𝟻

1.1σ 
significance 

0.6σ deviation 
from SM

3.5σ significance 

2.7σ deviation from SM 

  = (2.3  ± 0.5 ) × 10ℬ +𝟶.𝟻
−𝟶.𝟻

−𝟻

First evidence of 𝙱+ → 𝙺+νν̄

Hadronic Tag
Inclusive Tag

Combination 3.5σ



𝙱𝟶 → 𝙺*𝟶τ+τ−

New for ICHEP!



 Search for : Motivations𝙱𝟶 → 𝙺*𝟶τ+τ−
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FCNC processes are suppressed in SM at tree level. 

 

NP models that accommodate the  anomalies predict 

an enhancement of several orders of magnitude with  pair in 

the final state. 
NP couplings are those involving the third-fermion generation.

𝙱𝙵𝚂𝙼 = (𝟶 . 𝟿𝟾 ± 𝟶 . 𝟷𝟶) × 𝟷𝟶−𝟽

𝚋 → 𝚌τℓ
ττ

Challenges 
Low BF 
No signal peaking kinematic observable 
Large backgrounds+more than 3 prompt track 

Up to 4 neutrinos orignating from  

 has low momentum due to the phase space

τ
𝙺*𝟶

Belle  (711 fb ) < 3.1 × 10  @ 90% CL  [PRD 108 L011102 (2023)]−𝟷 ℬ𝚄𝙻(𝙱𝟶 → 𝙺*𝟶τ+τ−) −𝟹

 Belle II (364 fb )  
hadronic B-tagging

−𝟷
Similar  as  𝙱+ → 𝙺+νν̄

Missing  
neutrinos

 =𝚝τ

[PRL 120 181802 (2018)]

×10𝟺

[PRD 53, 4964 (1996)]

 =𝚝τ

https://link.aps.org/doi/10.1103/PhysRevD.108.L011102
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.181802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.53.4964
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• Combinations of sub-track from  lead 

to 4 categories:  , , ,  
• BDT is trained using missing energy, 

extra cluster energy in EM calorimeter, 
 , , etc. 

• BDT output (BDT) is used to extract 
the signal yield with simultaneous fit 
to 4 categories 

τ
ℓℓ ℓπ ππ ρX

𝙼(𝙺*𝟶𝚝τ) 𝚚𝟸

η

1.8 × 10  at 90% CLℬ𝚄𝙻 = −𝟹

The most stringent limit on the  decay and in general on  transition!𝙱𝟶 → 𝙺*𝟶τ+τ− 𝚋 → 𝚜ττ

Validation: 
• Total efficiency and Peaking :  sample, replace   with  (14% uncertainty) 

• Non-peaking : sample with  and  having same flavor 

•  background is scaled by off-resonance data

𝙱𝟶𝙱̄𝟶 𝙱𝟶 → 𝙺*𝟶𝙹/ψ 𝙺*𝟶𝙹/ψ 𝙺*𝟶τ+τ−

𝙱𝙱̄ 𝙱𝚜𝚒𝚐 𝙱𝚝𝚊𝚐

𝚚𝚚̄

Twice better with only half sample wrt Belle! 
Better tagging + more categories + BDT classifer… 

 Search for : Strategy and result𝙱𝟶 → 𝙺*𝟶τ+τ−

 as an example [best sensitivity]ℓℓ



𝙱𝟶 → 𝙺𝟶
𝚂τ±ℓ∓, ℓ = {𝚎, μ}

New for ICHEP!



 Search for : Motivations𝙱𝟶 → 𝙺𝟶
𝚜τ±ℓ∓
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 excess and  anomalies indicate the possibility of 
new heavy particles couple preferentially to second and third generation leptons. 
The BSM extensions predict that the decay rates for LFV decays are 
close to current experimental sensitivity 
Third-generation couplings +  lepton mass ->sensitivity to new physics

ℬ(𝙱± → 𝙺±νν̄) 𝚋 → 𝚌τℓ

𝚋 → 𝚜τℓ

τ

𝙱̄𝟶
𝚝𝚊𝚐 𝙱𝟶

𝚜𝚒𝚐

 𝙺𝟶
𝚂

ℓ+

τ−

𝚝−
τ = μ, 𝚎, π, ρ

Recoiling 𝙼τ

𝙱+

𝙱𝟶

LHCb (9 fb ) ,  [JHEP06, 129, 2020] [JHEP06, 143, 2023]−𝟷 𝙱+ → 𝙺+τ+μ− 𝙱𝟶 → 𝙺*𝟶τ±μ∓
Belle (711 fb )  [PRL130, 261802, 2023]−𝟷 𝙱+ → 𝙺+τ±ℓ∓
BaBar (428 fb )   [PRD86, 012004, 2012]−𝟷 𝙱+ → 𝙺+τ±ℓ∓

×10−𝟻

 BELLE+Belle II (711+364 fb ) + hadronic B-tagging −𝟷

Today: first search in  𝙱𝟶 → 𝙺𝟶
𝚜τ±ℓ∓

searches𝚋 → 𝚜τℓ

most 
stringent

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.261802
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.012004
https://link.springer.com/content/pdf/10.1007/JHEP06(2020)129.pdf
https://arxiv.org/pdf/2209.09846.pdf


• Has neutrinos only from one    can compute recoiling mass of  

     (unlike , etc) 

•  purity is larger than 98% 

• Reject dominant bkg: B semi-leptonic decay 

• BDT for remaining bkg suppression 

τ ⇔ τ
𝙱+ → 𝙺+νν̄ 𝙱𝟶 → 𝙺*𝟶τ+τ−

𝙺𝟶
𝚂

 Search for : Strategy𝙱𝟶 → 𝙺𝟶
𝚜τ±ℓ∓
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τ−

𝚝−
τ = μ, 𝚎, π, ρ

The first search in   𝙱𝟶 → 𝙺𝟶
𝚜τ±ℓ∓

90% CL upper limits are derived 

The results  are among the most stringent limit



 Summary
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Three new results since the last ICHEP:  
First evidence on , searches on  and 𝙱+ → 𝙺+νν̄ 𝙱𝟶 → 𝙺*𝟶τ+τ− 𝙱𝟶 → 𝙺𝟶

𝚂τ±ℓ∓

𝚋 → 𝚜νν̄

𝚋 → 𝚜ττ

Tree

Loop

Forbidden 𝚋 → 𝚜τℓ

10−𝟻

10−𝟼

10−𝟽

BFSM
Inclusive B-tagging approach has proved to be the most 
sensitive to ,  tension wrt SM at 2.7  for the 
combined (inclusive+hadronic) result.

𝙱+ → 𝙺+νν̄ σ

1.8 × 10  at 90% CL; 

The most stringent limit on the  decay and in 

general on  transition.

ℬ𝚄𝙻(𝙱𝟶 → 𝙺*𝟶τ+τ−) = −𝟹

𝙱𝟶 → 𝙺*𝟶τ+τ−

𝚋 → 𝚜ττ

More results on these transitions will come soon! 

The first search on the  decays;  

The  upper limits [0.8-3.6] × 10  at 90% CL are among the 
most stringent limits to date.

𝙱𝟶 → 𝙺𝟶
𝚂τ±ℓ∓

−𝟻

Thank you for you attention



Backup



 Evidence for :  Signal Validation 𝙱+ → 𝙺+νν̄
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Kaon ID:  
validated with 	 
Data/MC ratio of relative abundance of B→DK and 
B→D𝜋: 1.03±0.09

𝙱+ → 𝙳̄𝟶 ( → 𝙺+π−) 𝚑+, 𝚑 = {π, 𝙺}

Pion mass hypothesis and nominal kID

Total efficiency:  

with  sample, remove  and 

correct  kinematics to match  
Data/MC efficiency ratio: 1.00 ± 0.03 

𝙱+ → 𝙹/ψ𝙺+ 𝙹/ψ
𝙺+ 𝙺+νν̄



 Evidence for :  -related Validation 𝙱+ → 𝙺+νν̄ 𝙺𝟶
𝙻
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 events:  

Model with BaBar  measurement as input 
[PRD85, 112010(2021)]

𝙱+ → 𝙺+𝙺𝟶
𝙻𝙺𝟶

𝙻
𝙱+ → 𝙺+𝙺𝟶

𝚂𝙺𝟶
𝚂

events:  

Modelling of  detection efficiency in the calorimeter 

corrected using  sample

𝙱 → 𝙳*𝙺+

𝙺𝟶
𝙻

𝚎+𝚎− → γϕ(𝙺𝟶
𝚂𝙺𝟶

𝙻)

 events: 
corrected using pion-enriched sideband 

𝙱 → 𝚇𝚌(𝙺𝟶
𝙻𝚇)



 Evidence for :  systematic uncertainty𝙱+ → 𝙺+νν̄
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 Search for : BDT features and output𝙱𝟶 → 𝙺*𝟶τ+τ−
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•  Use  to validate recoiling signal PDF and BDT training: 

- consistent resolutions in data/simulation 
- obtain BDT efficiency correction factor 

𝙱𝟶 → 𝙳+
𝚜 𝙳−

 Search for : Validation𝙱𝟶 → 𝙺𝟶
𝚜τ±ℓ∓
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 Search for : Systematic uncertainty𝙱𝟶 → 𝙺𝟶
𝚜τ±ℓ∓
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 B-tagging: FEI algorithm

Inclusive 
  

(100)%
𝚇

ϵ = 𝒪

Semileptonic 
  

(1)%
𝙳(*)ℓν

ϵ = 𝒪

Hadronic  
 

(0.1)% 
𝙳(*)𝚗π

ϵ = 𝒪

PurityEfficiency
Information

• The Full Event Interpretation (FEI) is the algorithm for hadronic/
semileptonic tag-side reconstruction at Belle II  [Comput Softw Big Sci 3, 6 (2019)] 

• Hierarchical approach 
• Employs over 200 BDTs trained on simulated  events to 

reconstruct B-decay chains
Υ(𝟺𝚂) → 𝙱𝙱̄

Full Reconstruction  
hierarchical 
NeuroBayes-based  

Belle experiment

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


Belle II experiment
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A pair of  is produced at threshold→ low backgrounds𝙱𝙱̄

Hadron ID 
Good kaon identification in full momentum 
range ( ～90% @  misID ～6%) 
lepton ID 
𝜇/π (ε~90% @ 7% fake) 
e/π (ε~86% @ <1% fake)

ϵ 𝙺/π
 threshold𝙱𝙱̄

 events𝙱𝙱̄

@ 60 MeV below  Υ(4S)

 background𝚚𝚚̄


