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Elementary parameter in SM  

Motivation of high accurate  mass measurement  
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Lepton universality   

Yoshio  Koideo  equation  
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 Me=0.510998910±0.000000013  (2.610–8) 

 M=105.658367±0.000004         (3.810–8) 

 M=1776.82 ±0.16                       (9.010–5) 
PDG 2012 



• For threshold scan method precisely determine 

beam energy and energy spread is extremely 

important.  
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 lepton mass measurement  
[value+statistic +systematic error] 

Year Ex. Group Data 
sample 

Method 

1776.68±0.12±0.41  2009 Babar 423 fb−1 Pseudo-
mass 

1776.81+(+0.25−0.23)±0.15  2007 KEDR 6.7 pb−1 Scan 

1776.61±0.13±0.35 2007 Belle 414 fb−1 Pseudo-
mass 

1776.96+(+0.18−0.21)+(+0.25−0.17)  1996 BES 5.1 pb−1 Scan 

Method: Pseudo-mass and threshold scan 
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RF RF 

BEMS:  
beam energy 

measurement 

system 
 

 

m/m  =2  10–5  

 /  =  6%. 
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Optimization for scan 

1. N free parameters fit, N scan  points is 

enough 

2. The optimized position can be obtained by 

single parameter scan    

3. Luminosity allocation can be determined 

analytically or by simulation method 

 Y.K.Wang, J.Y.Zhang, X.H.Mo, C.Z.Yuan,  

 Chin. Phys. C 2009, 33:501-507 
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 scan (plan & done) 

plan done: 24𝑝𝑏−1 four points 



Beam energy from BEMS 
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Beam energy spread from BEMS 
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Data Samples and MC Simulation 

• Bhabha and two gamma events  determine  luminosities 

– Babayaga 3.5 generator 

• Hadronic events in J/ and ’ scan  study J/ and ’ 

hadronic cross-section line shapes 

– data @ 3.097GeV, @ 3.686GeV, @ 3.650GeV used for signal 

/background assessment. 

–   inclusive MC @ 3.097GeV and @ 3.686GeV 

• 13 two-prong  pair final states are used  determine  mass 

– ee, e, e, eK, , , K, K, , KK, er, r and r (with 

accompanying neutrinos implied) 

• KKMC + BesEvtGen 
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Event Selection for  pair candidate events 

• Good shower in EMC 

– E > 25MeV (50MeV) for |cosq| < 0.8  (for 0.86 < |cosq| < 

0.92) 

– 0 < t < 750 ns, t is the time information from the EMC 

• Number of good photon: 0 or 2 

• Number of charged tracks: 2 

• Cuts on Acoplanarity angle (qacop) and PTEM 

 

 

• PID selection criteria 
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Event selection details 

Background from 

the first scan point 

data 

Signal  pair ee event 

from the second scan 

point MC  
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Comparison of the data and MC Samples 

Acoplanarity angle PTEM 

2nd – point  

Ecm = 3553.8MeV 

3rd – point  

Ecm = 3561.1MeV 

4th – point  

Ecm = 3600.2MeV 

1st – point below threshold 
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Comparison of the data and MC Samples (Cont.) 

Momentum of charged 

tracks 

TOF of charged 

tracks 

2nd – point  

Ecm = 3553.8MeV 

3rd – point  

Ecm = 3561.1MeV 

4th – point  

Ecm = 3600.2MeV 

1st – point below threshold 
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Data analysis 

• Luminosity 

• 𝐽/𝜓 and 𝜓′ line shape (calibration of energy 

scale and spread) 

• 𝜏 mass measurement 
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Luminosity  
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Cross checked by Bhabha and 𝛾𝛾 

Most  

L/L 

2 % 



𝐽/𝜓 and 𝜓′ line shape fit 
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Δ𝑀 = 𝑀𝐹𝐼𝑇 − 𝑀𝑃𝐷𝐺  𝛿𝑤 = 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑝𝑟𝑒𝑎𝑑 

MeV 



Energy scale extrapolation to 𝜏 

mass region   
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M90 keV 

Mτ= 54 ±30 (stat.) ±12 (sys.) keV  

Two assumptions: 

linear and constant 

Δ𝑀 ⇒ 𝛿𝑀𝜏 



Energy spread extrapolation to 𝜏 

mass region   
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𝜹𝒘 = 𝟏. 𝟒𝟔𝟗 ± 𝟎. 𝟎𝟔𝟒 

              ±𝟎. 𝟎𝟓𝟕 MeV 

Mτ = 16 keV 
   

Quadratic dependence 

𝚫𝜹𝒘 ⇒ 𝛿𝑀𝜏 

Interference is the 

main contribution 

to the systematic 



The number of observed events and 

that of normalized MC samples 
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Agree well 



Formulae prepared for fit 
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F(x, 𝐸𝑐.𝑚.):  E.A.Kuraev,V.S.Fadin , Sov.J.Nucl.Phys. 41(1985)466; 

(𝐸𝑐.𝑚.):  F.A. Berends et al. , Nucl. Phys. B57 (1973)381.  

Theoretical accuracy of cross section at the level of 0.1%  

𝑚𝜏, 𝑅𝑑𝑎𝑡𝑎/𝑀𝐶, 𝜎𝐵 are floating 



Fit results 
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Systematic uncertainties 
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Summary 
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PRD 90, 012001 

The most precise 

single measurement.  

Lepton universality can be tested at 0.4% 



• An updated scan may at BESIII 

– 10 days → 29 days, 24 𝑝𝑏−1 → 100 𝑝𝑏−1 
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Backup 
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Tau mass scan is actually an accelerator experiment 

Old plan 10 daysNew plan: 29 days 
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Pτ 

Ph 

Pν 

q 
All in CMS 

Pseudomass method 

Mmin  M 

Mmin
2 =Mh

2 + 2( E – Eh )( Eh – Ph ) 

E = Ebeam: beam energy, run dependence 

 is corrected 

Eh : hadron system energy 

Ph : hadron system momentum 

Mh : mass of the hadron system 

 + 

 – 

Mτ = 1776.61  

      ± 0.13(stat.) 

      ± 0.35(sys.) MeV  

(Belle:PRL99,011801) 

|M  +  – M  – |/Mτ < 2.8 · 10–4  

@ 90% C.L. 

f(x)=(a3+a4·x)·arctg((x-a1)/a2) 

                               +a5+a6·x 

Data : 414 fb1 
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M =1776.81 0.25 ±0.15 MeV 

M / M = 1.64 10 – 4
  

 0.23 

Threshold scan method 

8 points, 6.7 pb1, for   

1 points, 0.8 pb1, at   

KDER : JETPL85_347 

RDM CBS 
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q 

  22mrad 

Ee+ Ee– 

Ee+ Ee– 

BEMS 
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S

cm EE

CM energy setting  

Ecm
GA  Ecm

GA   Ecm
S 

-effect  6105,  

0.11MeV @ threshold 
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1=M ,  2=, 3=BG ; 

L1: L2 = 3:1 , L1: Ltot = 10% , M (L)–1; 

L = 110 pb–1  

Optimization study: 

Chin. Phys. C 2009, 

33:501-507 ;  

Y.K.Wang, 

J.Y.Zhang,  

X.H.Mo,  

C.Z.Yuan. 

Only based on 

e  event !! 

Only Statistics 

uncertainty !! 
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Theoretical accuracy of cross section at the level of 0.1%  


