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Introduction 
Ø  mτ is a fundamental  parameter of SM 

 
q  Determination of mτ to the highest possible precision à high precision 

test of the Standard Model.  
Ø  Check lepton universality 

 
q  Universality is sensitive to: mτ
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q  For e, µ, ∆m/m ~10-8 ,  for τ, ∆m/m ~10-4, need more precise 
measurements.  

Ø  Methods: 
q  Pseudomass technique: ARGUS, OPAL, BELLE and BABAR 
q  Threshold scan method (our focus): DELCO, BES (92, 96), KEDR and 

BESIII 
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×Br(τ → eνν )×
Fcor (mµ,me )
Fcor (mτ ,me )

gL is the Fermi weak coupling 
constant.  

Fcor: weak(electromagnetic) 
radiative correction 

B(τ → lυυ )
ττ

=
gτ
2mτ
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192π 3 Fcor (mτ ,ml )
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Phys.R 421, 191 (2005) 
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Threshold scan method  
Ø  Study of the threshold behavior of the τ pair production cross section

 in e+e- collisions 
Ø  Extremely important is to determine the beam energy and the beam

 energy spread precisely 

KEDR detector 
JETPL 85, 347 

Observed τ+τ- cross section versus the beam energy 
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Beijing Electron Positron Collider (BEPCII) 

Ø  Working energy range:
 2.0 ~ 4.6 GeV 

Ø  Double-ring structure 
Ø  Design luminosity: 1 x

 1033 cm-2s-1 @
 1.89GeV 

Ø  Achieved luminosity:
 0.7 x 1033 cm-2s-1 @
 1.89GeV  

Ø  Number of bunches:
 2×93 

Ø  Beam current:
 2×0.91A 

5 



UH 

TOF 

Int. J. Mod. Phys. A24, 377 (2009) 
NIM A614, 345 (2010) 

BESIII Detector 
Magnet Yoke 

Be beam 
pipe 
 MDC 

MUC-µID 

1 m 

EMC 

  1 T SC magnet  

Position resolution: 135 µm 
Momentum resolution: 
0.5%@1.0GeV/c 

 TOF 
Barrel time resolution: 80 
ns (Barrel) 
PID: 3σ K/π separation for 
P<0.7GeV/c@90° (Barrel) 

Energy resolution: 2.5% (Barrel) 
@1.0GeV/c 
Position resolution: 8mm (Barrel) 

Position resolution: 
2cm 
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τ Mass Scan Experiment 
Ø  τ scan experiment done in

 December 2011 
Ø  J/ψ and ψ’ resonances

 were each scanned at
 seven points 

Ø  Four scan point data were
 collected near τ pair
 production threshold 
q  The first point is below the

 mass of τ pair 
q  The other three are above 

8 



UH 

Beam Energy Measurement System (BEMS) 
 
Ø  Determination of beam energy crucial for τ mass measurement 
Ø  The electron energy Ee is related to the maximal energy of the

 scattered photon Eγ by the kinematics of Compton scattering 

Ø  σ(Energy) ~ 10-5, Δ (Energy spread) / Energy spread ~ 6% 

Ee =
Eγ
2
1+ 1+ me
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ECM = 2× Ee+ ×Ee− × cos(
θ
e+e−

2
)

NIM A659, 21 (2011) 
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Scan point energies from BEMS 
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All units are in MeV 
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Beam energy spread from BEMS 
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Ø  Total energy spread (MeV) of a scan point,
 δBEMS 

w, is calculated from the average
 electron and positron spreads using 

Ø  Error from error propagation: 
 

δw
BEMS = δ

e−
2 +δ

e+
2

Δ(δw
BEMS ) = δ

e−
2 ×Δ2 (δ

e−
)+δ

e+
2 ×Δ2 (δ

e+
) / δw

BEMS
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Data Samples and MC Simulation 
Ø Bhabha events and two gamma events (eeàγγ(γ)) à

 determination of luminosities 
q  Babayaga 3.5 generator 

Ø Hadronic events in J/ψ and ψ’ scan à study of J/ψ and
 ψ’ hadronic cross-section line shapes 
q  data @ 3.097GeV, @ 3.686GeV, @ 3.650GeV used for signal 

/background assessment. 
q    inclusive MC @ 3.097GeV and @ 3.686GeV 

Ø  13 two-prong τ pair final states are used à
 determination of τ mass 
q  ee, eµ, eπ, eK, µµ, µπ, µK, πK, ππ, KK, eρ, µρ and πρ (with

 accompanying neutrinos implied) 
n  KKMC + BesEvtGen 
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Event Selection for τ pair candidate events 

Ø Good shower in EMC 
q  E > 25MeV (50MeV) for |cosθ| < 0.8  (for 0.86 < |cosθ|

 < 0.92) 
q  0 < t < 750 ns, t is the time information from the EMC 

Ø Number of good photon: 0 or 2 
Ø Number of charged tracks: 2 
Ø Cuts on Acoplanarity angle (θacop) and PTEM 

Ø PID selection criteria 
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PTEM =
PT
Emiss
max =

(c

P1 + c


P2 )T

W − c

P1 − c
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Event selection details 
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Background from 
the first scan point 
data 

Signal τ pair ee event 
from the second scan 
point MC  
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Comparison of the data and Equivalent 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 Equivalent MC 
Samples (Continued ……) 
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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Numerical comparison between data and
 normalized MC 

The numbers of normalized MC events have been multiplied 
by the ratio of the overall efficiencies for identifying τ pair events for 
data and MC simulation 
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Data Analysis – Determination of luminosity  

Ø Correction for
 interference effect
 has been
 considered. 

Ø  ΔL /L<2% for most
 energy points 
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Data Analysis – J/ψ and ψ’ Hadronic Cross
-section Line Shape 
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Fit parameters of resonances: 
ΔM: the difference between fitted ψ mass and normal value from PDG 
δw: energy spread 
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Extrapolate the energy correction to
 the τ-mass 
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Ø  If the correction has a
 linear dependence on
 the energy (red line) :
 Δmτ = (0.054±0.030)
 MeV 

Ø  If the correction is
 constant (blue line) :
 Δmτ = (0.043±0.020)
 MeV 

Ø  The difference : 
 Δmτ =
 (0.054±0.030±0.012) MeV 
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Extrapolate the the J/ψ and ψ’ energy
 spreads to the τ region 
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Ø  Quadratic dependence of δw on energy, extrapolate the the J/ψ and
 ψ’ energy spreads to the τ region (blue line):  

              δw = (1.471±0.040) MeV 
Ø  BEMS results are plotted by red points. 
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Data Analysis – τ mass determination  
Ø  The likelihood function for the 

maximum likelihood fitting: 

Ø  In carrying out the ML fit, mτ  , 
Rdata/MC,  σB are floated 

L(mτ ,RData / MC,σ B ) =
µi
Nie−µi

Ni !
,

i=1

4

∏

µi = [RData/MC ×εi ×σ (ECM
i ,mτ )+σ B ]× li
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to the data (Poisson errors)  
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Systematic Uncertainties 
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Summary 
Ø    
Ø  Calculate gτ with B(τàeννbar) and ττ from PDG 

Ø  The ratio of squared coupling constants: 

Ø  Yoshio Koide equality testing 

gτ = (1.1650± 0.0034)×10
−5GeV −2

gτ / gµ( )
2
=1.0016± 0.0042 agrees at the 0.4σ level ! 

mτ =1776.91± 0.12−0.13
+0.10MeV / c2

)2 mass (MeV/co
1766 1768 1770 1772 1774 1776 1778 1780

This work
PDG12
BABAR
KEDR
BELLE
OPAL
CLEO
BES (96’)
ARGUS

+0.16
-0.181776.91

+0.16
-0.161776.82

+0.43
-0.431776.68

+0.30
-0.281776.81

+0.38
-0.381776.61

+1.90
-1.901775.10

+1.50
-1.501778.20

+0.31
-0.281776.96

+2.80
-2.801776.30

PRD 90, 012001 
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me +mµ +mτ =
2
3
( me + mµ + mτ )

2

Δfm = (mi −
2
3

mimk
k=e,µ,τ
∑ )2 × (δmi

mi

)2
i=e,µ,τ
∑

Δfm ≈
1
3
δmτ ≈ 60keV

Compatible with previous determination 
Dominant uncertainty still comes from Δmτ	

 

The error: 
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Bask up slides 
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Pseudomass technique 
Ø Based on the kinematics of multihadronic τ decays, such

 as : 
e+e- àτ+τ- àπ- π- π+ ντ	


                      à e+νeντ, µ+νµντ 
2
τ

2
τ

2
τ pEm −=

1)p,pcos( 3πτ ≈

τ momentum region: 
τν3π

*
τ ppp +=

τν
m2

ν
2
νν τττ
mEp −=

2
3π3π3π3πτ

*2
τ

2
τ

*2
τ m)p)(EE2(EpEm +−−=−=

neglect, 

Three 
Assumptions 

Large sample, 3 assumptions τ mass can be extracted from the fitting 

Nuclear Physics B 
162(2006) 187-191 
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Theoretical τ pair production cross section  

28 

σ W( ) = 1
2πΔE

dW 'e− W '−W( )2 /2ΔE2 dxFi x,W '( )σ 0 W ' 1− x( )
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Energy Spread ISR correction 

Coulomb Correction FSR Correction 

Vacuum Polarization 
Correction 


