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Outline
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• BEPCII and BESIII
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– Study of Br(ψ(3686)→τ- τ+)

– Measurement of αs

– Study of τ-→ π- π0 ντ,

– ……
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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

m = 1776.93 ±0.09  MeV
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BEPCII & BESIII

BEPCII:√ s =(1.84−4.95/5.6) GeV 
Peak luminosity: 1.1×1033 cm−2s−1 @3.773 GeV

BESIII:  MDC: σP/P =0.5% @ 1 GeV; σdE/dx = 6% 
TOF: σT = 68(60) ps for barrel (endcap); 
EMC: σE/E =2.5%(5%) for barrel (endcap)
CGEM
About 50 fb data collected



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 = 1776.93 ± 0.09 MeV (5.1  10-5) 

• Leptonic universality test

• Threshold scan method is used

 mass is sensitive to universality: m

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Ecm (GeV)

M =1776.96 + 0.18 + 0.25 MeV    M / M = 1.7 10 – 4
− 0.21 − 0.17

PRD 53(1996), 20

Tau mass status 

How to improve the statistical and systematic uncertainties?
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Systematic uncertainty: BEMS@BEPCII
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Ebeam：1 ~ 2.3 GeV

Co2 Wave Length，10.59 μm

ORTEC HPGe detector, ~30%

ORTEC Dspec Pro

Workshop of Tau physics

BEMS

BESIII



Beam energy measurement system (BEMS)
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Control and edge fit

Workshop of Tau physics
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Performance of BEMS

The accuracy of beam energy measurement was studied by comparison of (2s) 
resonance mass 3686.09± 0.040 MeV, with its value obtained using the energy obtained 
using BEMS data.

Two scans of  (2s) with integrated 
luminosity about 4 pb-1.

Mass difference:

MeVmmm 05.002.0 =−= 

03.001.0
2

=


=
m



Accuracy of the beam energy 

measurement: / ~ 2×10-5

Deviation of the measured beam energy of 
the beam from true value:



Neglecting all experiment uncertainties

Luminosity L ; 

Efficiency  =14.2% ; 

Branching fraction: Bf  =2*0.1736 • 0.1784 ;

[ Bf = B  →  • B  →e  , PDG06]

Statistical optimization

Assume :  M is known .

To find : 

1. Number of data taking point;

2. Distribution or position of data 

taking points;

3. Relation between luminosity and  

precision.

( ) ( )( )
BGiobsfiii smsm   += ,, BL
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L3 ~ 10%Ltot

100pb-1

200pb-1

300pb-1

400pb-1

500pb-1

1

2

3

Statistical optimization



Data taking scenario

Three stages:
➢ J/ scan, 7 points, determine MJ/ and σE

➢ Tau mass threshold scan
➢ ’ scan, 7 points, determine M’ and σE

ons:         

Total lum. ~100pb-1,

uncertainty: 0.1MeV
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Tau mass measurement in 2014
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Tau mass measurement in 2014

2026/8/31 Workshop of Tau physics 15



Data taking @2018
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Internal review at BESIII



Study of Br(ψ(3686)→τ- τ+)
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• Ψ(2𝑆)decays to lepton pairs, the relationship of their branching 

fractions with Lepton Flavor Universality (LFU )

• The combined results of B factory and LHCb show a deviation from 
the SM prediction by 3.1σ. the ratio read

• BESIII Collaboration have collected about 3B𝜓(2𝑆) events, more 

precise measurements are expected



Data and event selection

2026/8/31 Workshop of Tau physics 18

➢Data sets :𝜓 2𝑆 2259.3M (2021)

➢ Signal MC:𝜓(2𝑆) → 𝜏±𝜏∓ (𝑒±𝜈𝑒𝜈𝜏𝜇
∓𝜈𝜇𝜈𝜏)  (ConExc)



Cross section of τ-τ+at ψ(3686)
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Δ Energy spread
𝑠 nominal C.M. energy

𝑠′ actual C.M. energy



BR and Systematic uncertainty
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(3.1 ± 0.4) X 10 -3 (PDG) 
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• The branching fraction ℬ𝜏𝜏 of 𝜓(2𝑆) → 𝜏+𝜏− has been 

measured with improved precision.

• Assuming lepton universality, the average value of 

branching fraction of lepton pairs ℬ𝑙𝑙 are determined and 

total width of resonance 𝜓 2𝑆 has been calculated.

• This result, along with previous data of  ℬ𝑒𝑒 and ℬ𝜇𝜇 is in 

agreement with the relation  predicted by the sequential 

lepton hypothesis.



Measurement of αs
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The strong coupling constant αs :

• A fundamental parameter of the Standard Model (SM) 
of particle physics and Quantum Chromodynamics (QCD).
• The least understood among the three coupling 

constants.

• Be determined from R value,  /Z/W decays, jet 
production, event shapes, and other processes.

• Hadronic�τ decays provide one of the most precise 
low-energy determination



Measurement of αs
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CLEO: Phys. Lett. B.356, 580 (1995)

OPAL: Eur. Phys. J. C 7, 571 (1999)

➢ Full LEP-1 data sample collected at the Z pole 
➢ 297988 τ�decays 
➢ Perturbative treatment: 

CIPT was used for the nominal result. FOPT and
renormalon-chain resummation were also compared. 

➢ Result:�αs(𝑚τ
2) = 0.348 ± 0.009 ± 0.019 

➢ Z−boson: αs(𝑚𝑍
2) = 0.1219 ± 0.0010 ± 0.001

➢ Full LEP-1 data sample collected at the Z pole 
➢ 12435 τ decays 
➢ Perturbative treatment: 

Both CIPT and FOPT were used; their average 
was taken as the nominal result, with half of 
their difference included in the
theoretical    uncertainty. 

➢ Result: αs(𝑚τ
2) = 0.332 ± 0.005 ± 0.011 

➢ Evolved to Z−boson: αs(𝑚𝑍
2) = 0.1199 ± 0.0015

ALEPH: Eur. Phys. J. C 74, 2803 (2014)



Measurement of αs
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➢ 826.7 pb-1 data @ 4.26 GeV 
➢ 6.8 ×104 selected events 
➢ Double tag method: 

Tag: τ+→ e+νe ഥντ
τ-→ π-π0ντ, τ

-→ π-2π0ντ, 
τ-→ π-3π0ντ,  τ

-→ 2π-π+ντ, 
τ-→ 2π-π+ π0ντ, τ

-→ 2π- π+ 2π0ντ,
➢ CIPT was used nominally, with FOPT 

included in the theory uncertainty

BESIII

Internal review at BESIII



Study of τ-→ π- π0 ν𝝉
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The anomalous magnetic moment ��

There is a discrepancy between the 
experimental and theoretical values of aμ, as 
derived from a comparison of the e+e− → π+π −

cross-section measurement and the τ-→ π- π0 

ντmass sprectum

Study of τ-→ π- π0 ντhelps to 
provide experimental inputs 
required for the theoretical 
calculation of aμ .��

𝛿𝑎𝜇
𝐻𝑉𝑃𝑎𝜇

𝐻𝑉𝑃
The Most Precise Physical Quantity



Study of τ-→ π- π0 ντ
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CLEO: Phys. Rev. Lett. 72, 3762 (1994)

• 1.58 fb-1 data @ 10.6 GeV 
• 44K events observed 
• Method: τ-→ π- π0 ντ is reconstructed 

with e , µ , ρ or three-prong tags 
• After subtracting τ-→ K- π0 ντ ,
ℬ(τ-→ π- π0 ντ ) = (25.36 ±0.44)%

• 3.5 fb-1 data @ 10.6 GeV
• 95K events observed 
• Dominated by ρ(770) and a significant 

ρ′(1450) 
• Method: �τ-→ π- π0 ντ is reconstructed 

with e , µ and ρ tags

CLEO: Phys. Rev. D 61, 112002 (2000) 



Study of τ-→ π- π0 ντ
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ALEPH: Phys. Rept. 421:191-284 (2005)

• Full LEP-1 data sample collected at the Z pole 
• 81K events observed  
• ℬ(τ-→ π- π0 ντ) = (25.471 ± 0.097 ± 0.085)%
• ALEPH classified each τ decay according to its 

charged track and  π0 multiplicities ; Branching 
fractions are obtain globally

• The unfolded π- π0 spectral function is dominated 
by the ρ(770) and ρ′(1450) with weak ρ′′(1700)

Belle: Phys. Rev. D 78, 072006 (2008)

• 72.2 fb-1 data @ 10.58 GeV 
• 5.4M events observed 
• ℬ(τ-→ π- π0 ντ) = (25.24 ± 0.01 ± 0.39)%  

Spectrum: the unfolded mass spectrum is 
described by the ρ(770), �ρ′(1450) and 
�ρ′′(1700) contributions with the one 
charged track from tag side



Study of τ-→ π- π0 ντ
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BESIII

Internal review at BESIII

➢ 20.3 fb-1 data @ 3.773 GeV 
➢ 1.2M events observed 
➢ Branching fraction and unfolded 

mass spectrum

➢ The relative uncertainty of statistic 
error will be less then 0.2%, 
statistic error will be less then 1.0%.



Study of τ-→ π- π+ π- ντ
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CLEO: Phys. Rev. Lett. 90, 181802 (2003)

• 3.26 fb-1 data @ 10.6 GeV 
• 43K events observed
• Br(τ-→ π- π+ π- ντ) = (9.13±0.05±0.46) %

Belle: Phys. Rev. D 81, 113007 (2010

• 666 fb-1 data @ 10.58 GeV
• 8.9M events observed 
• Br(τ-→ π- π+ π- ντ) = (8.420 ± 0.00 +0.25)%

ALEPH: Phys. Rept. 421:191-284 (2005)

• Full LEP-1 data sample collected at the Z pole
• 29K events observed 
• Br(τ-→ π- π+ π- ντ) = (9.041±0.060±0.076) %

BABAR: Phys. Rev. Lett.100, 011801 (2008)

• 342 fb-1 data @ 10.58 GeV
• 1.6M events observed 
• Br(τ-→ π- π+ π- ντ) = (8.830 ± 0. 01 ± 0.13) % 

BESIII

➢ 2.7B ψ(2S) data are used
➢ Double tag method: 

Tag: τ+→ e+νe ഥντ
τ-→ π- π+ π- ντ

➢ 22K events observed
➢ Br consistent with PDG
➢ a1 parameters determined precisely

-0.26

Internal review at BESIII



Study of τ-→ K- π0 ν𝝉
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➢ |VUS| provides a stringent test of first-row CKM unitarity.
➢ Current determinations show some tensions with CKM unitarity: 

• Kaon decays: 2.3σ lower than the CKM-unitarity prediction. 
• τ�decays: 3.7σ/2.0σ lower for the inclusive/exclusive 

determination 
➢ Precise measurements of strange  decays provide an independent 

determination of | VUS | and help clarify the discrepancy

|VUS| 



Study of τ-→ K- π0 ν𝝉
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CLEO: Phys. Rev. Lett. 73, 1079 (1994)

• 1.58 fb-1 data @ 10.6 GeV
• 35.3 events observed 
• ℬ(τ-→ K- π0 ντ ) = (0.51 ± 0.10 ± 0.07)%

BABAR: Phys. Rev. D 76, 051104 (2007)

• 230.2 fb-1 data @ 10.58 GeV
• 78K events observed 
• ℬ(τ-→ K- π0 ντ ) =(0.416 ± 0.003 ± 0.018)%

OPAL: Eur. Phys. J. C 35, 437 (2004)

ℬ(τ-→ K- π0 ντ ) = (0.471 ± 0.064 ± 0.022)%

BESIII

➢ 20.3 fb-1 data @ 3.773 GeV 
➢ 16K events observed 

Still in progress



Study of τ-→ K0 π- ν𝝉
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Belle: Phys. Lett. B 654, 65 (2007) 
Phys. Rev. D 89, 072009 (2014)

• 699 fb-1 data @ 10.58 GeV
• 1578K events 
• ℬ(τ-→ K0 π- ντ )= (0.8320 ± 0.0025 ± 0.0150)% 
• The KS

0 reconstructed through KS
0 → �π+π-, 

the opposite τ was identified with a leptonic tag.
• The KS

0 π- mass spectrum is described �K∗(892), 
�( K0

∗(800) and �K∗(1410).

ALEPH: Eur. Phys. J. C 11, 599 (1999)

• ℬ(τ-→ K0 π- ντ ) = (0.928 ± 0.045 ± 0.034) %

OPAL: Eur. Phys. J. C 13, 213 (2000)

• ℬ(τ-→ K0 π- ντ ) = (0.933 ± 0.068 ± 0.049)%



Study of τ-→ K0 π- ν𝝉
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BABAR: Phys. Rev. D 85, 031102 (2012)

• 476 fb-1 data @ 10.58/10.54 GeV
• BABAR reconstructed τ-→ K0 π- ντ using 

lepton tagged samples 
• ACP = (−0.36 ± 0.23 ± 0.11) % (2.8σ 

deviation from SM)

Belle II: M. Mantovano, FPCP 2026

• 361.65 fb-1 data 
• two-steps BDT to suppress qqbar and tau 

backgrounds → >98% of signal purity 
• τ-→ KS

0 π- ντ(≥0π0), τ+(tag)→ l νl ഥντ
• ACP = (0.71 ± 0.26± 0.06 ± 0.15) % 

(consistent with SM within 1.24σ)

BESIII

➢ 20.3 fb-1 data @ 3.773 GeV 
➢ 16K events observed 

Still in progress



Summary
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➢ BESIII provides an independent study of 

decays in a low-energy e+e- environment.

➢ More analysises are in progress.

➢ Data in both the high-energy (4.9-

5.6GeV) and low-energy (1.0-2.0GeV) 

regions will facilitate further research 

after upgrade of BEPCII.
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