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BEPCII, BESIII & BEMS
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 Symmetric electron-positron beams with c.m. energy between 1.84~4.95 GeV
 Maximum luminosity reaches 1.1 × 1033 cm−2s−1
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BESIII detector

o Multilayer drift chamber: 𝜎𝜎𝑟𝑟𝑟𝑟 ∼ 130 𝜇𝜇m (single wire), 𝜎𝜎𝑝𝑝𝑡𝑡/𝑝𝑝𝑡𝑡 ∼ 0.5%@ 1 GeV/𝑐𝑐
o Time-of-Flight system: 𝜎𝜎𝑡𝑡 ∼ 68 ps (barrel), 𝜎𝜎𝑡𝑡 ∼ 110 → 65 ps (end-cap) 
o Electromagnetic calorimeter: 𝜎𝜎𝐸𝐸/𝐸𝐸 < 2.5% (barrel), 𝜎𝜎𝐸𝐸/𝐸𝐸 < 5.0% (end-cap) at 1 GeV
o Resistive plate chamber Muon counter: ΔΩ/4𝜋𝜋 = 93%



BEMS layout at BEPCII north crossing point
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Detection system

5

Ortec n type coaxial HPGe detector 
Typical parameter of HPGe detector

● Φ:  6 cm, height 6 cm
● Energy resolution δω/ω: 10-3

● relative efficiency:  30%
 lead and paraffin are added to suppress 

neutrons and low energy photons
The detector is connected to multichannel

analyzer with Ortec DSpec ProTM

(integrated nonlinearity ±250 ppm)



Beam energy measurement system (BEMS)
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Head on collision, backscattered photons :

We get the beam energy：



data taking history
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Plan: 3 energy regions
 Low energy region

#1: 14 pb-1, to determine  background
 Near threshold 

#2: 39 pb-1 &  #3: 26 pb-1,  
to determine tau mass

 High energy region
#4,   7 pb-1  for X-sect. check
#5, 14 pb-1  to calibrate efficiency

Total lum. ~100 pb-1, uncertainty: 0.1 MeV
+J/ψ, ψ’scan

Phase 1: feasibility check
Data taking in 2011, published in 2014
Total lum. 23.4 pb-1



data taking history
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Plan: 3 energy regions
 Low energy region

#1: 14 pb-1, to determine  background
 Near threshold 

#2: 39 pb-1 &  #3: 26 pb-1,  
to determine tau mass

 High energy region
#4,   7 pb-1  for X-sect. check
#5, 14 pb-1  to calibrate efficiency

Total lum. ~100 pb-1, uncertainty: 0.1 MeV
+J/ψ, ψ’scan

Phase 2: final sample
Data taking in 2018, analysis under review
Total lum.: 137 pb-1  (12 days’ data taking)



Tau mass measurement in 2014

Δm=mfit-mPDG

BESIII doesnot correct τ mass, quoted +(0.054-0.032)
−(0.054+0.032) as uncertainty
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PRD 90, 012001 (2014)

Tau mass measurement in 2014



Tau mass measurement in 2014

PRD 90, 012001 (2014)

23.4 pb-1,13 modes



tau mass at BESIII in 2014 
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Systematic errors 
Source keV
Theo. 10
ESpread 16
EScale

Selection 50
Eff. 48
Bg. shape 40

Lum. 6
Sum

PRD 90, 012001 (2014)

+22
-86

-130
+100

Also calibrated with J/ψ and ψ’ samples

• Event selection: energy dependent selection 
criteria, difference between data and MC simulation 
in PID, PTEM, … (no correction, difference quoted 
as systematic uncertainty)

• Efficiency: difference due to uncertainty of Rdata/MC. 
This is a double counting of the global normalization 

• Bg. Shape: use selection criteria optimized at high 
energy points to the first data point below threshold

This is a double counting. σbkg is a fit parameter.



2011/2018 data comparison
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• statistical precision  < 50 keV
3553 MeV data are more sensitive to tau mass, more luminosity,   
almost no background

• systematic uncertainty  < 50 keV
– better beam energy & energy spread calibration (better understanding of 

the HPGe detector calibration & larger J/ψ and ψ’ data samples)
– better measurement of background contribution
– better calibration of detector responses 
– Improved cross section calculation  (next page)

BESIII 2027: (177xxxx±<50±<50) keV, a total uncertainty of ~70 keV



tau atom production at threshold
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Fu et al., 2305.00171



tau atom production at threshold
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Fu et al., 2305.00171



tau atom decays

16

Fu et al., 2305.00171



∆mτ=−4 keV with tau atom ignored
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Fu et al., 2305.00171

Beam energy spread=1 MeV 



Discovery of the tau atom at STCF?
Fu et al., 2305.00171

There is a 96% chance of 
discovering Jτ (nS) with a 
statistical significance >5σ 
with ONE year’s data 
taking @ STCF/SCTF

Tau mass with keV precision: 



Sub-keV tau mass measurement at STCF?
Fu et al., 2305.00171

Require resonant depolarization method for sub-keV level beam 
energy measurement and beam spread determination. Stable 
accelerator operation is also crucial.

KEDR, PLB573 (2003) 63



Summary
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• Beam energy measurement system enables high precision 
measurement of BEPCII beam energy

• BESIII published tau mass with 2011 data, precision ~ 170 keV

• BESIII accumulated more data for tau mass measurement in 
2018, both the statistical and systematic uncertainties are 
expected to be better than 50 keV

• With resonant depolarization technique developed at STCF or 
SCTF, tau mass with precision of keV level may be achieved 
together with the discovery of tau atoms.
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Laser and optical system

Vacuum chamber

Connection between laser and vacuum

HPGe detection system

Installation of BEMS



Detector calibration
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