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B factory is also 𝝉 factory 
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@10.58	GeV:
𝜎 𝑒!𝑒" → 𝜏!𝜏" = 0.92 𝑛𝑏
𝜎 𝑒!𝑒" → Υ(4𝑆) = 1.11 𝑛𝑏

Features of a B-Factory (super 𝜏-charm Factory): 
• High luminosity. 
• Well-defined initial state. 
• High vertex resolution. 
• Excellent calorimetry. 
• Sophisticated particle ID.
• Ability to trigger low-multiplicity event 

Also see Nishida-san’s talk



How we reconstruct 𝜏 at Belle II (in general cases) 
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𝑉#$%&'# =
Σ(|𝑝⃗()* ? @𝑛#$%&'#|

Σ(|𝑝⃗()*|

• 𝑒!𝑒" → 𝜏!𝜏" decays are reconstructed
• Event separated based on 𝒕𝒉𝒓𝒖𝒔𝒕 axis ( )𝑛#$%&'#)

• 𝑝⃗()*:	momenta	of	detectable	tracks
• )𝑛#$%&'#: values maximize 𝑉#$%&'#



Current status of Belle II  
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The Belle II’s integral luminosity is only 
half those of Belle/Babar. But some results 
are better!
ØBetter vertex resolution
ØBetter trigger efficiency
Ø……

Current: 
peak ℒ: 4.7×10+, cm!" s!# (world-record)

integral ℒ: 428 Gb"-
Goal: 

peak ℒ: 6×10+. cm!" s!#
integral ℒ: 50 ab"-

We are here:
Long Shutdown	1



What Belle II has done:  
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𝝉 properties:
-- mass: arXiv:2305.19116
-- lifetime (Sensitivity study ) 

Electroweak sector
--Lepton Universality 

𝑅! =
ℬ 𝝉!→𝝁! &𝝂𝝁 𝝂𝝉
ℬ(𝝉!→𝒆!&𝝂𝒆𝝂𝝉)

(Sensitivity study) 

Beyond Standard Model
--LFV 
• 𝜏" → ℓ"𝜙 arXiv:2305.04759
• 𝜏" → ℓ"𝛼 PRL 130, 181803

PS: Works on Trigger logical, Particle Identification, Photon 
calibration … are still ongoing for better performance.

https://arxiv.org/abs/2305.19116
https://arxiv.org/abs/2305.04759
https://link.aps.org/doi/10.1103/PhysRevLett.130.181803


a little background:  
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𝚪 𝑳! → ℓ!	4𝒗ℓ	𝝂𝑳 𝜸 =
𝓑(𝑳! → ℓ!	4𝒗ℓ	𝝂𝑳 𝜸 )
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𝑊. 𝑀𝑎𝑟𝑐𝑖𝑎𝑛𝑜 𝑎𝑛𝑑 𝐴. 𝑆𝑖𝑟𝑙𝑖𝑛 𝑃𝑅𝐿. 61, 1815 (1988)

Fig from Alberto Lusiani

SM expectation

(tau mass uncertainty) 
input Uncertainty (%) Best 

Measurement
𝓑(𝝉! → ℓ!	'𝒗ℓ	𝝂𝝉 𝜸 ) 0.180 ALEPH

𝝉𝑳 0.172 Belle

𝒎𝑳
𝟓 0.007 BES III



6

Measurement of 𝝉 mass
Two main methods for measuring the mass: 
1: pair production cross section: 
● energy scan around the tau pair production threshold 
● extract the mass from the dependence of cross section on 

collision energy 

2: Pseudomass method:
developed by ARGUS, and used at BaBar, Belle and Belle II

ARGUS



𝑚,
- 	= 𝑝. + 𝑝/ - 

= 2	𝐸. 𝐸, − 𝐸. +𝑚.
- − 2 𝑝⃗. 𝐸, − 𝐸. cos 𝑝⃗., 𝑝⃗/

The direction of the neutrino is not known, since cos 𝑝⃗., 𝑝⃗/ ≤ 1

Pseudomass: 2	𝐸. 𝐸, − 𝐸. +𝑚.
- − 2 𝑝⃗. 𝐸, − 𝐸. ≤ 𝑚,
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Measurement of 𝝉 mass
Pseudomass method: 

arXiv:2305.19116

Belle II (190 fb-1)

https://arxiv.org/abs/2305.19116
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Measurement of 𝝉 mass

arxiv:2008.04665

half data size as Belle and BaBar, 
BUT better statistical precision! 

World’s best measurement of the 𝝉 mass! 
Even better than our estimation 
when using 8.75 fb1 data! 
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Sensitivity study of 𝝉 lifetime
Belle’s result: 

𝝉𝝉 = 𝟐𝟗𝟎. 𝟏𝟕 ± 𝟎. 𝟓𝟑(𝒔𝒕𝒂𝒕) ± 𝟎. 𝟑𝟑(𝒔𝒚𝒔𝒕) 𝐟𝐬
Based on 711 fb-1 data, using 3x3 topology

Belle, PRL 112, 031801 

New method at Belle II: 
1. One 𝜏 → 𝟑𝝅𝝂, another 𝜏 → 𝝆𝝂.
2. Estimate the 𝜏 momentum 𝐩𝝉
3. Find the production vertex.

Intersection of 𝐩𝝉 with the plane IPy. 
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Sensitivity study of 𝝉 lifetime
proper decay time:

Input 𝝉𝝉 = 𝟐𝟗𝟎. 𝟓𝟕 fs
Output 𝝉𝝉 = 287.2 ± 0.5 (stat) fs 
Same statistical uncertainty of Belle. (200 fb-1 vs 711 fb-1)

3 fs bias
Next step: 
• Revisiting the 3x3 topology
• Consider the ISR/FSR effect
• ……

In MC simulations, the Belle II proper time resolution is ~2x better than Belle. 
-- Due to PXD and smaller beam pipe diameter. 
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Lepton Flavor Universality Violation 

Need to improve systematic uncertainty 
uncertainties due to PID and trigger
ØBelle II can do it!

In the SM: ?!
?" @

= 1

Base measurement form Babar: 467 fb-1 , 
PRL.105.051602
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Lepton Flavor Universality Violation 
tests with 3x1 topology: same method as Babar 
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Lepton Flavor Universality Violation 
tests with 1x1 topology: same method as CLEO ( only 3.56 fb-1 ) 

By using the neural network, 
Belle II achieve better perfermence for 
elelctron channel
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Lepton Flavor Universality Violation 
tests with 1x1 topology: same method as CLEO ( only 3.56 fb-1 ) 

By using the neural network, 
Belle II achieve better perfermence for 
elelctron channel

New results coming soon! (Maybe in ESP2023 meeting)



15

ChargedLeptonFlavorViolation
•highly suppressed in SM (~10!12) 
•leptoquark models predict BF of up to 10!3~10!42𝝉+ → ℓ+𝝓

arXiv:2305.04759

not yet competitive with Belle/BaBar... (only 190 fb-1 data samples are used)
But a successful first application of inclusive tagging at Belle II 
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ChargedLeptonFlavorViolation

Most stringent limits in these channels to date! (2-14 times more constraining than Argus) 

It probes the existence of a long-lived invisible gauge boson boson 𝛼. 

• Possible DM candidate.
𝝉+ → ℓ+𝜶 PRL 130, 181803

https://link.aps.org/doi/10.1103/PhysRevLett.130.181803
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Summary
Belle II has advantages in τ decays studies
v Has collected 424 fb-1 data samples
v Lots of works on the way!

𝝉 properties:
-- mass: arXiv:2305.19116
-- lifetime
-- CKM (𝑽𝒖𝒔): 𝝉" → 𝑲"(… )𝝂

Electroweak sector
--Lepton Universality 

Beyond Standard Model
--LFV 
• 𝜏" → ℓ"𝜙 arXiv:2305.04759
• 𝜏" → ℓ"𝛼 PRL 130, 181803
• 𝜏 → 3ℓ, ℓ 𝛾, ℓ 𝜌, ℓ"𝐾ij, Λ𝜋

-- CP Violation
𝜏 → Kkj𝜋𝜈, 3ℎ𝜈

-- CP/T:  EDM and MDM

https://arxiv.org/abs/2305.19116
https://arxiv.org/abs/2305.04759
https://link.aps.org/doi/10.1103/PhysRevLett.130.181803
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