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Motivation
❖ Observation of neutrino oscillations implies that neutrinos have nonzero masses and lepton flavor conservation is violated in 

the neutral lepton sector.

❖ What about charge leptons?

❖ Observation of LFV will be a signature of NP!

❖ Many extensions of the Standard Model (SM) predict LFV branching fractions up to the level of (10-10 ~ 10-7)
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▪ Charge lepton flavour violating (LFV) can occur via loops involving neutrino mixing

▪ Predicted rates are highly suppressed

J. Phys. Conf. Ser. 888, 012029 (2016)
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Eur. Phys. J. C 57, 13 (2008)
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Belle & Belle II
• Belle (1999-2010) and Belle II (2018-now) are B-factory experiments.

• Accumulate asymmetric e+e- collision data mainly at ϒ(4S)  resonance to study the CP-violation in the B-meson system

• B-factories are also charm and τ-factories 

Nano beam concept
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Belle II target: 50 times more 

luminosity of data than that of its 

predecessor experiment (Belle)
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Recorded integrated luminosity

Achieved milestones:

• 2026.03.19: highest instantaneous 

luminosity ever achieved by a particle 

accelerator, 5.244×1034 cm-2 s-1 

• 2026.05.17: Belle data set surpassed by 

Belle II, now world’s largest
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Belle II (2019 – till date)

= 757 fb-1

KEK Press Release

https://www.kek.jp/en/press/202606051400
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τ LFV decays

• New physics scenarios may enhance τ LFV decay rates to be of the order of 10-10 -10-9 

Nucl. Phys. B 437 (1995) 491 Phys. Rept. 641 (2016) 1–68

• 𝜏-LFV already searched for in dozens of 

channels.

• Belle II has just started to contribute to 

this area

• Recent Belle/Belle II results for τ LFV 

decays

𝜏 → ℓ𝛼

PRL 130, 181803 (2023), JHEP 08, 155 (2025) 

𝜏 → ℓ𝐾𝑆
0 JHEP 08, 092 (2025) 

τ → e∓ℓ±ℓ− JHEP 12, 169 (2025)

𝜏− → ℓ−𝜂 to be submitted to JHEP𝜏− → 𝜇−𝛾, 

𝜏− → 𝜇−𝜇+𝜇− JHEP 09, 062 (2024)

http://dx.doi.org/10.1016/0550-3213(94)00567-X
http://dx.doi.org/10.1016/0550-3213(94)00567-X
http://dx.doi.org/10.1016/0550-3213(94)00567-X
http://dx.doi.org/10.1016/0550-3213(94)00567-X
http://dx.doi.org/10.1016/0550-3213(94)00567-X
http://dx.doi.org/10.1016/0550-3213(94)00567-X
http://dx.doi.org/10.1016/0550-3213(94)00567-X
http://dx.doi.org/10.1016/j.physrep.2016.06.001
http://dx.doi.org/10.1016/j.physrep.2016.06.001
http://dx.doi.org/10.1016/j.physrep.2016.06.001
http://dx.doi.org/10.1016/j.physrep.2016.06.001
http://dx.doi.org/10.1016/j.physrep.2016.06.001
http://dx.doi.org/10.1016/j.physrep.2016.06.001
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http://dx.doi.org/10.1016/j.physrep.2016.06.001
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The potential of τ measurements

• In the CMS frame, 𝑒+𝑒− → 𝜏+𝜏− events produce two 𝜏 leptons with 

back-to-back momenta 

• Well known initial state

• Decay products of each 𝜏 decay are isolated from others and 

contained in opposite hemispheres using the thrust axis

• Precise reconstruction of missing mass and energy

• Clean separation of 1-prong and 3-prong decays

• Ideal for precision SM tests and LFV searches

𝐸𝜏
∗ = 𝐸𝑏𝑒𝑎𝑚

∗ = 𝑠/2
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Search for an invisible ALP in 𝝉− → 𝒍−𝜶 
1 prong and 

3-prong decays htag

• Invisible neutral particle 𝛼 can be interpreted as an Axion-like particle (ALP) 

➢ DM candidate, LFV process mediator

➢ Belle analysis (800 fb-1)

• Belle II search (62.8 fb-1) [Phys. Rev. Lett 130, 181803 (2023)]

o Used 1×1-prong and 3×1-prong topology

o Pseudo-rest frame approximation

o Dominant background: 𝜏 → ℓ𝜈 ҧ𝜈
o Improved lepton momentum resolution by exploiting the opening 

angle between the 𝜏𝑡𝑎𝑔 and ℎ𝑡𝑎𝑔

o Search for a narrow resonance in lepton momentum

• Signal side: 1 lepton track

• Tag side: 1- and 3-prong hadronic decays

• Tau can’t be boosted to rest frame due to missing 

neutrino final states in τ decays

• Approximate assumptions: 

𝐸𝜏 ≈ 𝑠/2 Ƹ𝑝𝜏 ≈ −
Ƹ𝑝𝑡𝑎𝑔

Ƹ𝑝𝑡𝑎𝑔

JHEP 08, 155 (2025)
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Search for an invisible ALP in 𝝉− → ℓ−𝜶 
• No evidence of ALP production in lepton-flavor violating decays 𝜏− → ℓ−𝛼 (ℓ = 𝑒, 𝜇) 

• 95% CL upper limits on 𝐵(𝜏− → ℓ−𝛼 ) are calculated, improving the previous Belle II measurement

𝑩 𝝉− → 𝒆−𝜶 < (𝟎. 𝟒 − 𝟔. 𝟒) × 𝟏𝟎−𝟒 𝑩 𝝉− → 𝝁−𝜶 < (𝟎. 𝟐 − 𝟑. 𝟓) × 𝟏𝟎−𝟒 

limits set in α mass range 0.0 GeV < mα < 1.6 GeV

JHEP 08, 155 (2025)
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Updated Belle II measurement, based on a new method, is coming soon PRD 102, 115001 (2020)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001
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Search for LFV 𝝉− → 𝝁−𝜸  
• Predicted branching fraction of 𝜏− → 𝜇−𝛾 is of the order of 10-10 – 10-8 in new physics theories

• Current best limit by Belle with 988 fb-1 data: 𝐵 𝜏 → 𝜇𝛾 < 4.2 × 10−8 

• 1×1-prong event topology measurement at Belle II using 428 fb-1 data

• Background suppression with GBDT

• Use sidebands to derive expected background in signal region

JHEP 05, 013 (2007), PLB 566, 217 (2003), Nucl. Phys. B 649, 189 (2003)

JHEP 10, 019 (2021) 

Signal: 𝜏− → 𝜇−𝛾, tag: 1-prong inclusive with muon veto 

→ Improved efficiency and background suppression w.r.t Belle

▪ 50% increase in signal efficiency

▪ 80% decrease in background rate

• Search for signal in 2D plane of 𝑴𝒃𝒄 − ∆𝑬′

to be submitted to JHEP
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https://link.springer.com/article/10.1007/JHEP10(2021)019
https://link.springer.com/article/10.1007/JHEP10(2021)019
https://link.springer.com/article/10.1007/JHEP10(2021)019
https://link.springer.com/article/10.1007/JHEP10(2021)019
https://link.springer.com/article/10.1007/JHEP10(2021)019
https://link.springer.com/article/10.1007/JHEP10(2021)019
https://link.springer.com/article/10.1007/JHEP10(2021)019
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Search for LFV 𝝉− → 𝝁−𝜸  
• Extract signal from unbinned ML 2D fit

• Fit result for signal is consistent with zero

• Belle II measurement is statistically limited

▪ 15.7±3.4 background events expected, 18 events observed

▪ Set 90% CL upper limit:

𝑩(𝝉 → 𝝁𝜸)𝒆𝒙𝒑 < 𝟓. 𝟖 × 𝟏𝟎−𝟖 𝑩(𝝉 → 𝝁𝜸)𝒐𝒃𝒔 < 𝟗. 𝟓 × 𝟏𝟎−𝟖

• higher efficiency and lower background rate than Belle 

• expect better sensitivity with 1 ab-1

to be submitted to JHEP
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Search for LFV 𝝉− → 𝒆∓ℓ±ℓ−  
• 𝜏− → 𝑒∓ℓ±ℓ− decays include three final states in which LFV is violated by one unit (𝑒−𝑒+𝜇−, 𝑒−𝑒+𝑒−, and 𝑒−𝜇+𝜇−).

• The decay rate of these decays can be enhanced in models such as Type II Seesaw and could make possible to probe axion-

like particles via 𝜏− → 𝑋ℓ−, 𝑋 → ℓ+ℓ−

• Previous Belle measurement 𝐵 𝜏− → 𝑒∓ℓ±ℓ− < (1.5 − 2.7) × 10−8 at 90% C.L with 782 fb-1 data. 

JHEP 12, 169 (2025)

• Belle II performed this search with 428 fb-1 data 

using an inclusive-tagging method as used for 3𝜇 

final state.

• Search for signal events is performed in 2D plane 

consisting of 𝑀𝑒ℓℓ and ∆𝐸𝑒ℓℓ.

• For signal 𝑀𝑒ℓℓ peaks at  τ mass and ∆𝐸𝑒ℓℓ peaks at 

zero.

• Background suppression with BDT

12

PLB 687, 139 (2010)
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Search for LFV 𝝉− → 𝒆∓ℓ±ℓ−  
• Extract signal from unbinned ML 1D fit

• No significant signal events are found and the upper limits are 

calculated at 90% CL

▪ Signal PDF is defined as an asymmetric double sided crystal ball 

(CB) function

▪ For background PDF, an exponential function is used 

▪ Expected number of events 𝑁𝑒𝑥𝑝 are obtained from fit to the 

sidebands

𝑃𝑏𝑔 𝑀𝑒ℓℓ = 𝐴. exp(𝐶𝑏𝑔. 𝑀𝑒ℓℓ)

JHEP 12, 169 (2025)
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More stringent than previous searches for all modes except the τ− → e−µ+e− final state
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Search for LFV 𝝉− → ℓ−𝜼  

• In LFV 𝜏− → ℓ−𝜂  decay mode, different kind of NP may contribute: 

Leptoquark, Little Higgs with T-parity and type I-III seesaw 

• 4 orthogonal searches at Belle II using 427.9 fb-1 data

• Search in 2D plane of 𝑴𝝉 − ∆𝑬

• Background estimation from sidebands

▪ Previous best limit by Belle using 427.9 fb-1 data

𝐵 𝜏− → 𝑒−𝜂 < 9.2 × 10−8 

𝐵 𝜏− → 𝜇−𝜂 < 9.2 × 10−8 

▪ Signal: 𝜏 → 𝑒, 𝜇 × {𝜂 → 𝛾𝛾, 𝜂 → 𝜋+𝜋−𝜋0}

▪ tag: 1-prong 𝜏 decay

▪ 𝜂 → 𝛾𝛾: Bhabha background suppressed by GBDT estimated by counting 

method

▪ 𝜂 → 𝜋+𝜋−𝜋0: cleaner channel, expected background estimated from 2D 

unbinned fit 

to be submitted to PRD
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PLB 648, 341 (2007)

https://www.sciencedirect.com/science/article/pii/S037026930900046X?via%3Dihub
https://arxiv.org/abs/0906.5454
https://arxiv.org/abs/0906.5454
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.113003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.113003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.113003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.113003
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.113003
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Search for LFV 𝝉− → ℓ−𝜼  
• No significant signal observed. Set upper limits at 90% CL

• Limit on e channel comparable with previous Belle results

• Most stringent limit on µ channel.

𝑩 𝝉− → 𝒆−𝜼 < 𝟗. 𝟐𝟏 × 𝟏𝟎−𝟖 𝑩 𝝉− → 𝝁−𝜼 < 𝟒. 𝟐𝟑 × 𝟏𝟎−𝟖 

to be submitted to PRD
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Search for LFV in  𝐁 decays 

16
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Why B-decays
• Recent experimental anomalies in b-transitions. Is there any new physics?

HFLAV (CKM2025)

𝑹 𝑫(∗) =
𝓑(𝑩 → 𝑫 ∗ 𝝉𝝂)

𝓑(𝑩 → 𝑫 ∗ ℓ𝝂)

𝓑(𝑩→𝑲𝝂𝝂)

ℬ𝑺𝑴(𝑩→𝑲𝝂𝝂)
= 𝟓. 𝟒 ± 𝟏. 𝟓 (2.7σ)

𝒃 → 𝒄𝝉𝝂 𝒃 → 𝒔𝝂𝝂

17

(~3.0σ)
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𝒃 → 𝒅𝒊ℓℓ′ transitions (𝒅𝒊 = 𝒅, 𝒔)

Final states with 3rd-generation leptons 

(ℓℓ′ = 𝜏𝑒, 𝜏𝜇 ) are connected to many 

scenarios explaining the ‘anomalies’. 

is a unique probe!Recent, Belle & Belle II results

𝑩 → 𝑿𝝉ℓ

➢ 𝑿 = 𝑲𝟎

➢  𝑿 = 𝑲∗𝟎

➢ 𝑿 = 𝑲+

PRL 135, 041801 (2025)

JHEP 2025, 184 (2025)

PRL 130, 261802 (2023)

𝑩𝑿 → 𝝉ℓ

➢ 𝑿 = 𝒔 JHEP 2023, 178 (2023)
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• Search is motivated by recent anomalies observed in semi-leptonic B decays:

• Starting from the 𝐵+ → 𝐾+𝜈 ҧ𝜈 excess, theory predicts an enhancement of 𝐵(𝐵

→ 𝐾𝜏±𝜇∓) to [2,3] × 10−6, which is close to the experimental sensitivity.

▪ Particularly in 𝑏 → 𝑐𝜏𝜈 transition

▪ 𝑏 → 𝑠𝜈 ҧ𝜈 excess and reported branching fraction 𝐵 𝐵+ → 𝐾+𝜈 ҧ𝜈
= (2.3 ± 0.7) × 10−5, which is 2.7σ away from SM expectation, 

by Belle II.

Phys. Lett. B 848, 138411 (2024)
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LFV in B decays
Plot from Gaetano de Marino 

19



19/06/2026 Recent LFV decays at Belle and Belle II

• B meson decaying final states with 𝜏 ⇒ missing energy (Emiss) due to neutrino(s)

B-tagging for missing energy modes

▪ Initial state is fully known at Belle II

▪ Hadronic tagging: fully reconstruct the other B meson in a known hadronic mode

▪ Result: Excellent Emiss reconstruction for signal-background separation

•Full Event Interpretation (FEI): Multivariate 
algorithms reconstruct the tag-side B meson 
(𝐵tag ) with high efficiency.
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Search for LFV decay modes 𝑩𝟎 → 𝑿𝝉±ℓ∓ (ℓ = 𝒆, 𝝁)

• Search is based on 711 fb-1 Belle data and 365 fb-1 Belle 

II data.

• Analysis strategy:

▪ Fully reconstructed 𝐵𝑡𝑎𝑔 using the full-event interpretation 

(FEI) algorithm Comput. Software Big Sci. 1, 6 (2019)

21

▪ Control sample of 𝐵0 → 𝐷−𝜋+ is used to calibrate 𝐵𝑡𝑎𝑔 efficiency 

▪ The 𝐵0 → 𝐷𝑠
+𝐷− sample is used to calibrate the signal PDF and BDT selections. 

𝑩𝟎 → 𝑲𝑺
𝟎𝝉±ℓ∓

𝑩𝟎 → 𝑲∗𝟎𝝉±ℓ∓ 
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Search for LFV decay modes 𝑩𝟎 → 𝑲𝑺
𝟎𝝉±ℓ∓ (ℓ = 𝒆, 𝝁)

• No significant signal events are found in the 

fit to the 𝑀𝜏 spectrum

• The 90% CL upper limits on branching 

fractions are calculated:

First experimental search for 𝐵0 → 𝐾𝑆
0𝜏±ℓ∓ with 

Belle/Belle II  data 

PRL 135, 041801 (2026)
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Search for LFV decay modes 𝑩𝟎 → 𝑲∗𝟎𝝉±ℓ∓ (ℓ = 𝒆, 𝝁)
JHEP 2025, 184 (2025)

• Only null results. 90% CL upper limits on 

branching fractions are calculated:

More stringent upper limits to date for 

the electron modes 
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Search for LFV in Bottomonium Decays

24

Υ(2𝑆)

ℓ+

ℓ′−

• Searches are based on 158 million 𝜰(𝟐𝑺) events collected by the Belle experiment

BaBar Preliminary

Belle Collaboration

Int. J. Mod. Phys. A 41, 2630011 (2026)

▪ 𝛶(2𝑆) → ℓℓ′:

⇒ probing the vector and tensor operators of the effective Lagrangian for NP. (PRD 94, 074023 (2016))

https://indico.cern.ch/event/1537617/contributions/7010241/attachments/3290121/5882587/BEACH26_BaBar_LFV.pdf
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Search for LFV in Bottomonium Decays
• Searches are based on 158 million 𝜰(𝟐𝑺) events collected by the Belle experiment

▪ 𝛶(1𝑆) → (𝛾)ℓℓ′ via 𝛶(2𝑆) → 𝜋+𝜋−𝛶(1𝑆):

[JHEP 05, 095 (2022)]

⇒ Complementary access to NP (PRD 94, 074023 (2016))

first study of three-body radiative LFV.

⇒ probing the vector and tensor operators of the 

effective Lagrangian for NP. 

▪ 𝛶(1𝑆) → ℓℓ′ via 𝛶(2𝑆) → 𝜋+𝜋−𝛶(1𝑆):

(PRD 94, 074023 (2016))



19/06/2026 Recent LFV decays at Belle and Belle II

CLFV decays in 𝝌𝒃𝑱(𝟏𝑷) decays arXiv:2603.10818 (2026)

• CLFV decays in 𝜒𝑏0 1𝑃  decays provide a low-energy probe of CLFV in scalar sector

• CLFV decays in 𝜒𝑏1 1𝑃  and 𝜒𝑏2 1𝑃  are for axial-vector and tensor particles, respectively.

• Search is performed with a sample of (158 ± 4) × 106 Υ(2𝑆) mesons, where a sample of 𝜒𝑏𝐽 1𝑃  decays is selected from 

Υ(2𝑆) → 𝛾𝜒𝑏𝐽 transition.

✓ complementary to direct searches for CLFV in Higgs boson decays

Analysis strategy

e- e+

𝜰(𝟐𝑺)

𝜸𝒒

𝜒𝑏𝐽

ℓ+

ℓ′−

e- e+

𝜰(𝟐𝑺)

𝜸𝟏

ℓ+

ℓ−

ℓ+

𝜒𝑏𝐽

𝜸𝟐

𝜰(𝟏𝑺)

Signal mode (LFV) Control modes (SM)

Recoil mass against 𝛾1 system
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CLFV decays in 𝝌𝒃𝑱(𝟏𝑷) decays arXiv:2603.10818 (2026)

Control mode validation: agrees with PDG with 10-20%

Product branching fraction: results shown in table includes 

statistical uncertainty only

27
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CLFV decays in 𝝌𝒃𝑱(𝟏𝑷) decays arXiv:2603.10818 (2026)

CLFV modes searches:

• Fit to 𝑀𝛾1
𝑟𝑒𝑐𝑜𝑖𝑙 distribution for the signal yields for 𝜒𝑏𝐽(1𝑃) → 𝑒±𝜇∓ 

• fit to 𝑀𝛾1
𝑟𝑒𝑐𝑜𝑖𝑙 and 𝑀𝛾1ℓ1

𝑟𝑒𝑐𝑜𝑖𝑙  distribution for the signal yields for 𝜒𝑏𝐽(1𝑃) → ℓ±𝜏∓

𝝌𝒃𝑱(𝟏𝑷) → 𝒆±𝝁∓ 𝝌𝒃𝑱(𝟏𝑷) → ℓ±𝝉∓ 

28

No significant signal observed from simultaneous fits to all three spin states
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CLFV decays in 𝝌𝒃𝑱(𝟏𝑷) decays arXiv:2603.10818 (2026)

Constraints on Wilson coefficients from 𝝌𝒃𝑱(𝟏𝑷) → ℓℓ′ :

Hazard & Petrov, Phys. Rev. D 94, 074023 (2016)

The regions outside the circles are 

excluded from the results of this 

analysis

29

https://link.aps.org/doi/10.1103/PhysRevD.94.074023
https://link.aps.org/doi/10.1103/PhysRevD.94.074023
https://link.aps.org/doi/10.1103/PhysRevD.94.074023
https://link.aps.org/doi/10.1103/PhysRevD.94.074023
https://link.aps.org/doi/10.1103/PhysRevD.94.074023
https://link.aps.org/doi/10.1103/PhysRevD.94.074023
https://link.aps.org/doi/10.1103/PhysRevD.94.074023


Summary 

➢ LFV decays are sensitive for new physics beyond the SM

➢ Both Belle and Belle II have reported several LFV channels from τ, B and bottomonium decays.

➢ No significant signal observed in any channel (all results null)

➢ Most results improve upon previous Belle limits; several are first searches. 

➢ More results are expected with the full Belle II dataset (target: 50 ab-1)

19/06/2026 Recent LFV decays at Belle and Belle II 30



Thanks! 
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