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Tau leptons at B-factories

 B-factories are also 𝜏𝜏-factories

At 𝑠𝑠 = 10.58 GeV: 𝜎𝜎 𝑒𝑒+𝑒𝑒− → Υ 4𝑆𝑆 → 𝐵𝐵 �𝐵𝐵 ≅ 1.1 nb
𝜎𝜎 𝑒𝑒+𝑒𝑒− → 𝜏𝜏+𝜏𝜏− ≅ 0.9 nb
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 Last generation B-factories (Belle, BABAR) provided 
a variety of important tau physics results over the 
last two decades

 Tau leptons at Belle II
500M tau-pairs at 575 fb-1 (current)
34 billion at 50 ab-1 (goal)

 Advantages
Clean physics environment
Known initial state
Missing energy reconstruction
High trigger efficiency



Tau events reconstruction

Tau topologies and signatures
 Tau leptons  in 𝑒𝑒+𝑒𝑒− collisions are mostly produced in pairs, back to back, in center-of-mass system.
 At Belle II we mainly study 1 × 1 and 3 × 1-prong topologies.
 Separation into two hemispheres defined by the plane perpendicular to the thrust axis �𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡.
 Use one tau to tag the event and reconstruct signal in the other hemisphere
 Even using new method: untagged
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Tau physics program at Belle II

Precision SM measurements

04
Search for rare and forbidden processes
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 Tau properties are know with much 
worse precision compared to 𝑒𝑒 and 𝜇𝜇. 
(e.g. tau mass, lifetime, couplings, etc)

 Impact on the precision of SM 
parameters (e.g. test of LFU).

 Lepton Flavour Violating (LFV) tau 
decays

• very little to no background
 Innovative approaches to set world-

leading limits
• High reconstruction efficiency, 

MVA techniques, inclusive tagging



Precision SM measurement

Tau mass: [PRD 108, 032006] (2023)
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LFU test: [JHEP 2024, 205] (2024+update)
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 3 × 1-prong topology (𝜏𝜏sig → 3𝜋𝜋𝜋𝜋, 𝜏𝜏tag inclusive).

 Using the 190 fb-1 dataset collected by Belle II.
 Obtain the world’s most precise measurement.

𝑀𝑀𝜏𝜏 = 1777.09 ± 0.08 stat ± 0.11 sys MeV/𝑐𝑐2

 Excellent control of systematic uncertainties thanks to precise 
understanding of beam energies and tracking.

 1 × 1-prong topology (𝜏𝜏sig → 𝑙𝑙𝜈𝜈𝜈𝜈, 𝜏𝜏tag → 𝜌𝜌𝜌𝜌).

 Using the 362 fb-1 dataset collected by Belle II.
 Obtain the world’s most precise test of LFU in tau decays,  consistent 

with SM at 1.4σ.

𝑅𝑅𝜇𝜇 = 0.9675 ± 0.0007 stat ± 0.0036 sys

 Update: evaluate the 𝑅𝑅𝜇𝜇 using 3 × 1-prong events, aim at combining the 

1 × 1 and 3 × 1-prong results to improve the 𝑅𝑅𝜇𝜇 precision even further.

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032006
https://link.springer.com/article/10.1007/JHEP08(2024)205


Precision SM measurement05
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Tau lifetime: ongoing

CPV test in kaon sector: ongoing

 Measure using proper decay time relation to flight distance and momentum
in lab frame.

 3 × 1-prong topology (𝜏𝜏sig → 3𝜋𝜋𝜋𝜋, 𝜏𝜏tag → 𝜌𝜌𝜌𝜌).

 Reconstruct 3-prong vertex and estimate 𝑝𝑝𝜏𝜏 from decay produces.
 This method is possible exclusively at Belle II, due to the very high 

requirements for vertex detectors.
 2 × better proper decay time resolution in Belle II (Preliminary Study).

𝑡𝑡 =
𝑙𝑙𝜏𝜏
𝛽𝛽𝛽𝛽𝑐𝑐

= 𝑚𝑚
𝑙𝑙𝜏𝜏
𝑝𝑝𝜏𝜏

measure 
these

 Charge asymmetry in 𝜏𝜏 → 𝐾𝐾𝑠𝑠𝜋𝜋𝜋𝜋, CP violation in the kaon sector.

𝐴𝐴𝜏𝜏 =
Γ 𝜏𝜏+ → 𝜋𝜋+𝐾𝐾𝑠𝑠0𝜈̅𝜈𝜏𝜏 − Γ 𝜏𝜏− → 𝜋𝜋−𝐾𝐾𝑠𝑠0𝜈𝜈𝜏𝜏
Γ 𝜏𝜏+ → 𝜋𝜋+𝐾𝐾𝑠𝑠0𝜈̅𝜈𝜏𝜏 + Γ 𝜏𝜏− → 𝜋𝜋−𝐾𝐾𝑠𝑠0𝜈𝜈𝜏𝜏

 SM prediction: 𝐴𝐴𝜏𝜏SM = (3.6 ± 0.1) × 10−3

 Current most precise result from BaBar: 𝐴𝐴𝜏𝜏BaBar = −0.36 ± 0.23 ± 0.11 × 10−3, 
2.8σ deviation from the SM.

 An improved 𝐴𝐴𝜏𝜏 measurement is a priority at Belle II (Stay tuned).



Search for forbidden decays

LFV decay 𝝉𝝉 → 𝝁𝝁𝝁𝝁𝝁𝝁: [JHEP 2024, 062]
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 One of the “golden channel” for LFV search 
using tau leptons

• Clean channel, low SM background

 Signal efficiency: 20.4% (2.7 × Belle)
• untagged approach 
• Reject 𝑙𝑙𝑙𝑙𝛾𝛾 and 4𝑙𝑙 with data-driven selection
• BDT classifier to suppress 𝑞𝑞�𝑞𝑞

 Belle II with 424 fb-1 could set world’s best upper limit 
• 1 event observed, 0.5 bkg expected
• No significant excess observed
• Upper limits computed at 90% CL with CLs 

approach
ℬ𝑈𝑈𝑈𝑈 𝜏𝜏 → 𝜇𝜇𝜇𝜇𝜇𝜇 < 1.9 × 10−8

https://link.springer.com/article/10.1007/JHEP09(2024)062


Search for forbidden decays

LFV decay 𝝉𝝉 → 𝒆𝒆𝒆𝒆𝒆𝒆: [arXiv:2507.18236] (submitted JHEP)
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 Extending the 𝜏𝜏 → 3𝜇𝜇 study, Studying 5 more channels

 Higher background contamination than 𝜏𝜏 → 3𝜇𝜇 channel
 Data-driven BDT classifier

• Trained on sideband data
• Relies on ROE & kinematic variables
• Rejecting main 4𝑙𝑙 background

 Signal efficiency 15%~24%

 No significant excess in 428 fb-1 observed
• Upper limits at 90% CL computed with CLs 

approach
• world’s best result

https://arxiv.org/abs/2507.18236


Search for forbidden decays

LFV decay 𝝉𝝉 → 𝒍𝒍𝑲𝑲𝑺𝑺
𝟎𝟎: [JHEP 2025, 092] 
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 First LFV search using the combined data set Belle + Belle II (1408 fb-1)
 Require 4 charged particle with 0 net charge in 3 × 1-prong topology

• Signal side: reconstruct 𝐾𝐾𝑆𝑆0 from 𝜋𝜋+𝜋𝜋−

• Tag side: 𝜏𝜏 → ⁄𝑙𝑙𝜈̅𝜈𝑙𝑙𝜈𝜈𝜏𝜏 𝜋𝜋𝜈𝜈𝜏𝜏 (𝑙𝑙 = 𝑒𝑒, 𝜇𝜇)

 Signal efficiency >10%
• Cut-based preselection 
• BDT trained using track kinematics, event shape 

and neutral variables

 No significant excess observed
• Upper limits at 90% CL computed with CLs 

approach
• world’s best result:

ℬ𝑈𝑈𝑈𝑈 𝜏𝜏 → 𝑒𝑒 𝜇𝜇 𝐾𝐾𝑆𝑆0 < 0.8(1.2) × 10−8

https://link.springer.com/article/10.1007/JHEP08(2025)092


Search for forbidden decays

LNV and BNV decay 𝝉𝝉 → 𝚲𝚲(�𝚲𝚲)𝝅𝝅: [PRD 110, 112003] 
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 Require 4 charged particle with 0 net charge in 3 × 1-prong topology
• Signal side: reconstruct Λ(�Λ) from 𝑝𝑝(𝑝̅𝑝) and 𝜋𝜋
• Tag side: 𝜏𝜏 → ⁄𝑙𝑙𝜈̅𝜈𝑙𝑙𝜈𝜈𝜏𝜏 𝜋𝜋𝜈𝜈𝜏𝜏 (𝑙𝑙 = 𝑒𝑒, 𝜇𝜇)

 Signal efficiency ≈10%
• Λ flight significance is most discriminant in 

background suppresion
• BDT trained using event kinematics, event shape 

and extra photon informations

 Belle II with 364 fb-1 could set world’s best upper limit
• 0 (0) event observed, 1 (0.5) background expected
• No significant excess observed
• Upper limits at 90 CL computed with count 

approach
ℬ𝑈𝑈𝑈𝑈 𝜏𝜏 → Λ(�Λ)𝜋𝜋 < 4.7(4.3) × 10−8

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112003


Search for forbidden decays

Invisible scalar boson 𝛕𝛕 → 𝐥𝐥𝛂𝛂: [PRL 130, 181803] + [JHEP 2025, 155] + 
update 
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 First paper: published by Belle II (62.8 fb-1)
• No signal observed and 95% CL UL set on 

⁄ℬ 𝜏𝜏− → ℓ−𝛼𝛼 ℬ 𝜏𝜏− → ℓ−𝜈̅𝜈ℓ𝜈𝜈𝜏𝜏
• Ratio allows for partial cancellation of systematics 

 Recently superseded by follow up study with Belle data 
(800 fb-1)

• Better sensitivity in the final fits thanks to improved 
lepton momentum resolution

 Belle II is working on an updated analysis
• Sensitivity studies indicate an order of magnitude 

improvement in UL [PRD 102, 115001]

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.181803
https://link.springer.com/article/10.1007/JHEP08(2025)155
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.115001


Search for forbidden decays

LFV decay 𝝉𝝉 → 𝝁𝝁𝝁𝝁: To be submitted to JHEP 
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 Using 427.9 fb-1 data
 Require 2 charged particle with 0 net charge in 1 × 1-prong topology

• Signal side: muID>0.95
• Tag side: muID<0.1

 Signal efficiency 5.21%
• Data-driven pre-selection
• BDT trained using track kinematics and event 

shape variables

 Upper limits at 90% CL computed with CLs technique
ℬ 𝜏𝜏 → 𝜇𝜇𝜇𝜇 𝑒𝑒𝑒𝑒𝑒𝑒 < 5.8 × 10−8

ℬ 𝜏𝜏 → 𝜇𝜇𝜇𝜇 𝑜𝑜𝑜𝑜𝑜𝑜 < 9.5 × 10−8



Summary07
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 Belle II provides a unique environment for tau physics studies, providing world’s most 
precise measurements, as well as setting world-leading in LFV searches 

 Recent highlights from precision SM measurements and forbidden decay searches:
• Tau mass: [PRD 108, 032006]
• LFU test: [JHEP 2024, 205]
• 𝝉𝝉 → 𝒍𝒍𝜶𝜶: [PRL 130, 181803] + [JHEP 2025, 155]
• 𝝉𝝉 → 𝝁𝝁𝝁𝝁𝝁𝝁: [JHEP 2024, 062]
• 𝝉𝝉 → 𝒆𝒆𝒆𝒆𝒆𝒆: [arXiv:2507.18236]

• 𝝉𝝉 → 𝒍𝒍𝑲𝑲𝑺𝑺
𝟎𝟎: [JHEP 2025, 092]

• 𝝉𝝉 → 𝚲𝚲(�𝚲𝚲)𝝅𝝅: [PRD 110, 112003]
• 𝝉𝝉 → 𝝁𝝁𝝁𝝁: To be submitted to JHEP 
• And more to come!
• Tau lifetime, CPV in kaon sector, LFU test and 𝜏𝜏 → 𝑙𝑙𝛼𝛼 search updates

 Stay tuned for more exciting tau physics results from Belle & Belle II

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.032006
https://link.springer.com/article/10.1007/JHEP08(2024)205
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.181803
https://link.springer.com/article/10.1007/JHEP08(2025)155
https://link.springer.com/article/10.1007/JHEP09(2024)062
https://arxiv.org/abs/2507.18236
https://link.springer.com/article/10.1007/JHEP08(2025)092
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.112003
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