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Elementary parameter in SM (PDG2012) 

 Me=0.510998910±0.000000013  (2.6×10–8) 
 Mµ=105.658367±0.000004         (3.8×10–8) 
 Mτ=1776.82 ±0.16                       (9.0×10–5) 
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Lepton universality testing  

Yoshio  Koide (1981) equality testing  
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mτ   
Tau Mass Measurement 



Tau Mass Measurement 
PDG2012: 
1776.82 ±0.16 MeV 1.Pseudomass Method 

2.Threshold Scan Method 

KEDR 

Our Goal: Δmτ< 0.1 MeV 
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RF RF 

SIP 

NCP For BEPCII 
Energy accuracy 
Improvement : 
10–3  5× 10 –5 
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Data Analysis 

Classification of run by the ratio of Nhad/Nee 
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Time: Dec. 2012 
Data: ~ 20 pb-1 

BOSS: 662 



Time matching  

BEMS d.t time  
BES  d.t. time  
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The detection efficiency for different  
final states at different scan points 

Event Selection  Partial information,  
not the full list ! 
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The number of observed events and that of 
normalized MC samples are consistent within errors. 

Total 
consistency 
is fairly well! 
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Mτ = 1776.???  ± 0.??? MeV  

τ mass measurement 
~0.15 MeV or 9×10−5,  
~0.1 MeV or 6×10−5. 

She came, her face 
half hid behind a 
pipa still. 
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R-value and QCD Physics 
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Motivations 
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• R-value measurement;   
•Hadronic contribution to  
    − QED running coupling constant αQED(MZ) 
    − Anomalous magnet moment of the muon aµ 

•  Resonance structures in open charm region; 
•  Strong coupling constant αs determination; 
•  Baryon form factor (p, n, Λ …); 
•  Charm quark mass mc determination; 
•  X, Y, Z particles and other possible new resonances 
•  Physics with Ds, Charmed baryons, …… 
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R Measurements at BESII 
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X, Y, Z study 

∆R/R~6% 

ψ(3770), ψ(4040),  ψ(4160),  ψ(4415)  
A slight deviation in 2.2−2.5 GeV 
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αs and R2  
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PDG10: αs(MZ)=0.1184±0.0007 

BESII √s=2.60, 3.07, 3.65GeV 
           αs(MZ)=0.117+0.012 
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QCD predict 

Proton Form Factor: e+e-p+p- 

2012-10-25 

GE = F1 + τ F2       GM = F1 +  F2 

Most measurements assume GE=GM.                      

BESIII can improve the 
statistics by an order! 

Only 2 experiments measured |GE/GM|, 
but apparently disagree with each other. 
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BESIII continuum 
data overview 

J/ψ 
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2.23     2.4                 2.8                               3.4 

~8.3pb-1 



Works ongoing 

• Luminosity measurement 

• J/ψ line shape fitting 

• e+e-→ppbar cross section 

• e+e-→π+π- cross section 
18 

Nhad, Nbg : observed hadronic events, backgrounds 

L:       integrated luminosity 

εhad:  detection efficiency for Nhad 

δ:       radiative correction factor 

)1(
1

δεσ µµ +⋅⋅

−
⋅=

−+ had

bghad

L
NN

R

2012-10-25 第十届重味物理会议 Xia L.G. 



Summary 

• BESIII has measured Tau mass with a precision 
better than PDG value. Preliminary results is 
under internal review. And the future goal is 
less than 0.1 MeV/c2 with more data taken. 

• R measurement and QCD studies with data 
below 3.7 GeV are in progress, and R scan in 
the high energy region is expected. 

Thank you! 
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• BACK UP 
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Definition of R 

• R is one of the most fundamental quantities in particle physics that  
directly reflect the flavor and color of the quarks. 

• Directly test of quark model and QCD, and discover new particles. 

• At lowest order Number of quark colors 

• At higher order 
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Pseudomass Method 
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0.11MeV @τ threshold 
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Fragmentation Function 
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Fragmentation function Dh
q(z): 

probability that hadron h is found in 
the debris of a parton (quark/gluon) 
carrying a fraction z = 2Eh/√s of 
parton’s energy.  

 LO: dσ(e+e− → h+X)/dz=∑q σ(e + e− → qq)(Dh
q(z) + Dh

q(z))  

No good data at √s < 10 GeV  
• DASP: π± at 3.6GeV; average stat. uncertainty 18%  
• DASP: k± at 3.6GeV; average stat. uncertainty 55%  

At leading order 
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Frangmenation Function 
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BEPCII region 

ep collision, H1 data Fix target experiment  
HEMES 

BESIII can provide e+e- data in 2-5 GeV 

CLEO 
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R values and QCD  
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• R, αs and charm quark mass 

• Quark fragmentation functions 

• Form factor of baryon (p, Λ, …) 

• MLLA/LPHD predictions 

    - ξ distribution (ξ=-ln(2p/√s), parameter Λ &        

     KLPHD 

   - Multiplicity, 2nd binomial moment R2 
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R & QCD: analyses 

Nhad, Nbg : observed hadronic events, backgrounds 

L:       integrated luminosity 

εhad:  detection efficiency for Nhad 

δ:       radiative correction factor 
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 QCD studies (so far): 
• ppbar cross section and form factor 
• π+π- cross section and form factor 
• Fragmentation function 

 J/ψ line shape fitting 

  
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More on Form Factor 

Puzzles related to proton timelike FF: 
 
- Proton FF factor 2 higher in Timelike region compared 
to Spacelike Region (pQCD precicts them to be equal) 
 
- Neutron FF ~ factor 2 higher than proton FF   
measurement of Neutron FF at BES-III very important 
 
- Steps at 2.2 and 2.9 GeV 
 

- Threshold enhancement 
(see slide 26) 
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Motivations 
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•  Hadronic  contribution to  

    − QED running coupling constant αQED(MZ) 
  

  

    − Anomalous magenet moment of the muon aµ, or (gµ−2) 

  

•  Resonance structure and component in open charm region; 
•  Strong coupling constant αs determination; 
•  Proton form factor; 
•  Charm quark mass mc determination; 
•  X, Y, Z particles and other possible new resonances 
•  Physics with Ds, Charmed baryons, …… 
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• All  possible two-body decays of  
ψ(3770), ψ(4040),  ψ(4160),  
ψ(4415)  are included in the fit. 

• Interference, phase and energy-
dependent width must be taken 
into account in the fit.  

We need high statistic data taken at each peak position to 
measure the resonance parameters by knowing the cross 
section of their exclusive decay channels. 
• Non-resonant contribution 
• Open charm threshold 

32 

Resonance shapes Interference term 

Rres=RBW+Rint 

Phys.Lett.B660,315(2008) BESII 

Resonances in the Open Charm Region  
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Parameters of the Broad Resonances   

Parameters (M, Γtot, Γee ) of  the JPC = 1– – conventional  

charmonia ψ(3770), ψ(4040), ψ(4160), ψ(4415)  

remain quite uncertain and model dependent: 
 
 M, MeV Γtot , MeV Γee , keV δ, deg 

ψ(3770) 3772.92 ± 0.35  27.3 ± 1.0  0.265 ± 0.018  PDG09 

3772.0 ± 1.9  30.4 ± 8.5   0.22 ± 0.05   0 BES08 

ψ(4040) 4039 ± 1  80 ± 10  0.86 ± 0.07  PDG09 

4039.6 ± 4.3  84.5 ± 12.3   0.83 ± 0.20   130 ± 46 BES08 

ψ(4160) 4153 ± 3  103 ± 8  0.83 ± 0.07  PDG09 

4191.7 ± 6.5  71.8 ± 12.3 0.48 ± 0.22  293 ± 57  BES08 

ψ(4415) 4421 ± 4  62 ± 20  0.58 ± 0.07  PDG09 

4415.1 ± 7.9  71.5 ± 19.0 0.35 ± 0.12  234 ± 88  BES08 
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Broad Resonances Beyond Open Charm  

34 

• What are these broad resonances?  
• Mass resgion where some X, Y particles are found.  
• Possible new resonance that not yet discoveried? 
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Acoplanarity angle PTEM 

2-point 
Ecm=3553.8MeV 

3-point 
Ecm=3561.1MeV 

4-point 
Ecm=3600.2MeV 
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Elementary parameter in SM (PDG2012) 

 Me=0.510998910±0.000000013  (2.6×10–

8) 
 Mµ=105.658367±0.000004         (3.8×10–8) 
 Mτ=1776.82 ±0.16                       (9.0×10–5) 

Motivation of high accurate τ mass measurement  
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gτ and  gµ : coupling constants; 
ττand τµ :life time  of τ andµ ; 
B (τ eνeντ ) and  B (µeνeνµ) : 
decay branching ratio; ∆e:correct 
factor (phase factor, radiative 
correction factor of QED，correct 
factor of propagator of W-meson 
etc.)  

Lepton universality testing  

Yoshio  Koideo (1981) equality testing  
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