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Introduction  

 

 

 

 

 

 
• The heaviest lepton 

• Provide plenty of tests to standard model  

BEPCII, BESIII 

Found by MARKI in 1975 

Mean life: (290.3±0.5)×10-15s 

mt = 1776.86 ±0.12  MeV 
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BEPCII and BESIII 
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BEPCII  

Energy region: 2.0 ~ 4.6GeV 

Luminosity: 1033 cm-2s-1 

@1.89GeV 

bunch: 2×93 

current:  2×0.91A 

BESIII 

DC：position：135 μm， 

       momentum：0.5%@1GeV, 

       σdE/dx：6% 

EMC：2.5%@1GeV 

             6 (9) mm 

TOF：65 ps (B) 

                  60 ps（EC） 

μ counter : 9 layers (B) 

                 8 layers（EC）   

TOF 

MDC 

CsI 

RPC 

SC magnet 

1 T 



Tau mass measurement 

• Tau lepton mass is a foundamental  parameter of 
the Standard Model 

       me = 0.5109989461 ± 0.0000000031 MeV (6.1  10-9) ;  PDG(2018) 

       mμ = 105.6583745 ± 0.0000024 MeV (2.3  10-8) ; 

       mτ = 1776.86 ± 0.12 MeV (6.8  10-5)  

• Leptonic universality test 

 

 

 

• Threshold scan method is used 

 

 

 

 

t mass is sensitive to universality: mt
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History of Mt measurement 
see Walter Toki’s talk 
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Beam energy measurement system 

(BEMS)   
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Head on collision, ackscattered 

photons : 

Beam energy： 

B
E

S
III 

 B
E

M
S

 

see Alexey’s talk 



Statistical optimization of Mτ 
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Assume :  Mt  is known  
To find :  

1. What’s the optimal distribution 

of data taking point; 

2. How many points are needed in 

scan experiment; 

3. How much luminosity is 

required for certain precision. 



Data taking scenario 

Three stages: 
 

 J/y scan, 7 points, determine MJ/y and σE 

 Tau mass threshold scan 
 y’ scan, 7 points, determine My’  and σE 

 

 
 
 
 

ons:          
 
 

 
  

 

 

 

 

Total lum. ~100pb-1,   

uncertainty: 0.1MeV 
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Tau scan in 2011 

PRD 90, 012001 (2014) 

23.4 pb-1,13 modes 

PDG2012: 1776.82 ±0.16 MeV 
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Mτ = 1776.91  ± 0.12             MeV  - 0.13 
+ 0.10  



Tau scan in 2011(II) 
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Tau scan in 2018 
Δ 
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Tau mass scan in 2018 (II) 

 

 

 

 

 

 

• The systematic uncertainty is in progress 

• Uncertainty of Mt will be less than 0.1MeV 
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Data comparison between 2011 scan 

and 2018 scan 
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Sample J/y y 

2011 scan 1.5pb1 7.5pb1 

2018 scan 38pb1 68pb1 

Sample P1 P2 P3 P4 P5 total 

2011 scan 4.3pb-1 5.6pb-1 

 
3.9pb-1 9.6pb-1 

 

23.4pb-1 

2018 scan 27.8pb-1 42.6pb1 27.1pb-1 35.6pb-1 29.9pb-1 136.6pb1 



 

                                                     

D+
τ ν     

Bτν：(1.20 ± 0.24 ± 0.12)  10-3  

using Bμν = (3.74 ± 0.17) ╳ 10-4  

Rτ/μ = 3.21 ± 0.64 ± 0.43 
Consistent with SM prediction 2.67 
 

fD+ = 224.5 ± 22.8 ± 11.3 MeV 
Consistent with LQCD prediction  

212.6 ± 0.6 MeV  

 

Test of standard model 
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2.93 fb-1  



y2Stt 

• The y(2S) provides a unique opportunity to compare the three 

lepton generations by studying the leptonic decays 

y(2S)ee,μμ,tt 
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SM prediction: Bll = (8.4±1.0) ╳ 10-3 

Bττ /0.3885= (7.0±1.1±1.4) ╳ 10-3 

3.96M 
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 Pure leptonic 
 t –  – t       (<0.3%) 

 Semi-leptonic 

 Cabibbo favoured 

 t –   – t         (<0.5%) 

 Cabibbo suppressed 

 t –  K – t          (<1.5 %) 

 Rare and forbidden 

 Lepton Flavor V 

      t –   –         (<10 –8) 

 Lepton Number V 

       t –   +  +  –   (<10 –8) 

 Baryon Number V 
t – p                 (<10 –6) 

Branch ratio of tau decay 

18 



Summary 

• Mass of tau lepton has been measured in 2014, 

dominate the world average value 

 

• More precise measurement of mass of tau 

lepton (< 0.1 MeV) will be available soon 

• More data are needed to study the tau decays 

to test the SM and beyond 
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Mτ = 1776.91  ± 0.12             MeV  
- 0.13 

+ 0.10  

Thank you for your attention! 


