
Tau LFV decays at Super 

Tau-Charm Facility

1

Xiaorong Zhou 

(on behalf of STCF working group)

University of Science and Technology of China

Snowmass, 2020.7.23 



Lepton Flavor Conservation

• In quark sector: flavor mixing is well established

• Neutrino mixing: =>lepton flavor symmetry is violated (a sign of 

LFV beyond the SM!)

2

How about charged lepton sector??

• The charged LFV processes can occur 

through oscillations in loops

• Immeasurable small rates (10-54-10-49) for 

all the LFV 𝜇 and 𝜏 decays  

𝔅 𝑙1 → 𝑙2𝛾 ∝ 𝛼(
∆𝒎𝟐

𝒎𝑾
𝟐 )

𝟐

Any observation of LFV in charged lepton 

will be a signature of NP !



LFV: a gateway to BSM

• Many extensions of SM naturally introduces cLFV at order ~10-7

– 10-10  (an crucial place to test BSM)
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• Different cLFV experiments are necessary (as a part of ‘global’ 

programme):   𝑙𝑖 → 𝑙𝑗𝛾, 𝑙𝑖 → 𝑙𝑗𝑙𝑘𝑙𝑘, 𝜏 → 𝑙ℎ…



𝝉 LFV searches
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• 𝜏—the heaviest charged lepton:

• Various decay modes for LFV search, include decay to hadron

• Strength of interaction relate to new physics is naively expected to be 

mass-dependent

• 𝜏 → 𝑙𝛾 and 𝜏 → 𝑙𝑙𝑙 are golden mode, which are expected to have largest 

branching fraction



Evolution of limits

• Very rich experimental programme with substantial improvements 

expected in near future.

• Remarkable progress expected on Muon LFV searches.

• B factories expected to be the most powerful for tau LFV .

5How about LFV at Super tau-charm factory?



Proposed STCF in China

• Peaking luminosity (0.5-1)×1035 cm-2s-1 at 4 GeV

• Energy range Ecm = 2-7 GeV

• Potential to increase luminosity and realize beam polarization
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STCF Detector
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 Inner Tracker
➢ ~0.15% X0 / layer

➢ σxy ~ 50 um

 Out Tracker
➢ σxy~130 um, σp/p~0.5%@1GeV/c

➢ dE/dx ~ 6%

 PID system
➢ π/K (K/P) 3-4σ separation up to 2 GeV/c

 Electromagnetic Calorimeter
➢ Range: 0.02 – 3 GeV

➢ Resolution (1GeV): 2.5% (barrel) and 4% (endcap) 

 Muon system
➢ Pion suppression power: >10 and  lower to 0.4 GeV/c



Studies of 𝝉 at STCF
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• Advantage: 

– Threshold production

– Peaking cross section in 4-5 GeV

– At 4.26 GeV, number of tau pairs per year: 

– 𝑒+𝑒− → 𝛾𝜏+𝜏− is not the main background

– Improved 𝜋/𝜇 misid rate at STCF 

• Disadvantage:

– Entangled topology of  𝑒+𝑒− → 𝜏+𝜏−

– Large 𝑒+𝑒− → 𝑞ത𝑞 background at low c.m.e

4.26 GeV 7.0 GeV

𝑵𝝉𝝉~ 1.0 ab-1 3.5 nb = 3.5× 𝟏𝟎𝟗



Studies of 𝝉 at STCF
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Channel 1:

signal side 𝜏 → 𝛾𝜇
tag side 𝜏 → 𝑒𝜐 ҧ𝜐, 𝜋𝜐, 𝜋𝜐𝜋0(total branching fraction ≈ 54%))

Channel 2:

signal side 𝜏 → 𝑙𝑙𝑙 (𝑒+𝑒−𝑒−, 𝜇+𝜇−𝜇−, 𝑒+𝑒−𝜇−, 𝜇+𝜇−𝑒−, 𝜇+𝑒−𝑒−, 𝑒+𝜇−𝜇−)

tag side 𝜏 → 𝑒𝜐 ҧ𝜐, 𝜇𝜐 ҧ𝜐, 𝜋𝜐 + 𝑛𝜋0 (total branching fraction ≈ 82%)

➢ Precisely known kinematics of initial state

➢ Full reconstruction of signal side

➢ Neutrino in tag side is missing



Fast simulation tools

10

Studying the physics sensitivity, guiding 

the optimization of Detector design

 Based on BESIII BOOST framework, 

same analysis process as BESIII jobs

 Implementing all the expected  

performance for the STCF detector.

 The input performances are flexible 

and adjustable for detector 

optimization

 Acceptable CPU and storage 

consumption 



Searches of 𝝉 → 𝟑𝒍
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Inclusive mcmc



Searches of 𝝉 → 𝟑𝒍
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𝝁 identification𝝅 identification

• The PID efficiency in fast simulation is obtained from BESIII, using dE/dx and TOF 

information.( The mis-ID rate of 𝜋/𝜇 can be as large as 30%).

• By scaling the 𝜋/𝜇 mis-ID rate to 10%, 3%, 1% at 1GeV, different 𝜋/𝜇 PID 

efficiencies are used. 

• Following are the distributions of 𝜋/𝜇 PID efficiencies and their mis-ID rates (the mis-

ID rates to e, K, P are not changed in this analysis).



Searches of 𝝉 → 𝟑𝒍
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• The number of survived events 𝑁𝐵𝐺 using 1 ab−1 inclusive data @ 4.26 GeV are 

obtained for the six decay modes of 𝜏 → 3𝑙, with scaling 𝜋/𝜇 mis-ID rate to 10%, 

3%, 1%.

• The MC selection efficiency are also obtained by varying 𝜋/𝜇 mis-ID rate from 

10% to 1%.

• At STCF, 3.5 × 109 tau pairs @ 4.26 GeV 

per year. If 𝜋/𝜇 mis-ID rate is 1% at 1 GeV, 

the upper limit is predicted to be: 

ℬ𝑈𝐿
90 𝜏 → 3𝑙 <

𝑁𝑈𝐿
90

2𝜀𝑁𝜏𝜏
~1.4 × 10−9

• If taken 10 years data, the best upper limit 

for 𝜏 → 3𝑙 will be 1.4 × 10−10

• Best efficiency 𝜏 → 𝜇𝜇𝜇 increased is 22.5%,



Searches of 𝝉 → 𝜸𝝁
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Inclusive mc

mc

• Optimization of STCF detector:

– Photon position resolution better than 4 mm 

– Good mu identification power, pi/mu mis-id 

better than 3%



Searches of 𝝉 → 𝜸𝝁
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Summary and Prospect

• At STCF, with 1ab-1 luminosity at 4.26 GeV (3.5× 109 𝜏 pair), 

the expected results of cLFV are: 

ℬ𝑈𝐿
90 𝜏 → 𝜇𝜇𝜇 <

𝑁𝑈𝐿
90

2𝜀𝑁𝜏𝜏
~1.4 × 10−9

ℬ𝑈𝐿
90 𝜏 → 𝛾𝜇 <

𝑁𝑈𝐿
90

2𝜀𝑁𝜏𝜏
~1.2 × 10−8
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Thanks!

谢谢！
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