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Tau-QCD related topics at BESIII
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Tau mass measurement

(𝒈 − 𝟐)𝝁, 𝜶𝑬𝑴
ISR 𝑒+𝑒− → 𝜋+𝜋−, 𝜋+𝜋−𝜋0

R-value measurement

Fragmentation Function

Baryon Form Factor:

Nucleon (p, n), Hyperon 

(𝛬, 𝛴, 𝛯, 𝛬𝑐, Δ, Λ∗, Σ∗, Ω)

𝟏−− resonance in 2-3 GeV

𝑒+𝑒− → 𝐾+𝐾−, 𝐾𝐾𝜋𝜋
𝑒+𝑒− → 𝜙𝜂, 𝜙𝜂′, 𝜔𝜂
C even production

𝑒+𝑒− → 𝜒𝑐1

𝐽/𝜓 → 𝑝 ҧ𝑝, Σ+/0 തΣ−/0

ΛഥΛ, 𝐾+𝐾−, 𝜔𝜋0 …

Phase in strong and 

EM in 𝝍 decay

Precision Test of 
the SM

Hadron 
Structures

Hadron 
Spectroscopy

Hadron Decay

Some features:

➢ Two approaches used: ISR and energy scan

➢ Focus on the low q2, production thresholds of pairs production

➢ Special request on the MC simulation, BEMS, theoretical inputs etc.



Dedicated data for Tau-QCD study
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 2011 tau scan: 11 days

 2012 J/ψ phase scan: 3.05-3.10 GeV (13 days);  R scan: 2.2324, 2.4, 2.8, 3.4 GeV (9 days)  

 2013-2014 R scan:  3.85-4.59 GeV, 104 points (45 days)

 2015 R scan: 21 points from 2.0 to 3.08 GeV (120 days) 

 2017 chic1 scan: 3.49-3.51 GeV （23 days)

 2018 tau scan: 20 days 



Precision Test of the SM
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Free parameters of the SM
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• 19 free parameters in SM that must be extracted from experimental measurements. 

• BESIII contributes to tau mass 𝑚𝜏 , QED running coupling constant evaluated at the 

Z pole 𝛼(𝑠), and SM calculation of muon anomalous magnetic moment 𝑎𝜇. High 

precision measurement essential to test SM.

GeV



𝝉 mass measurement at BESIII
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• Lepton universality test:

• Methods

– Pseudomass technique: ARGUS, OPAL, BELLE and BABAR

– Threshold scan method : DELCO, BES (92, 96), KEDR, BESIII

• BESIII obtains the most precise 𝜏 mass:

– 𝑚𝜏 = 1776.91 ± 0.12−0.13
+0.10 MeV/c2

• New round of 𝜏 mass measurement expects a precision 

of less than 80 keV 

PRD 90, 012001 (2014) 



Muon anomalous magnetic moment 𝒂𝝁
PRL126.141801 (2021)

4.2𝝈 discrepancy => Strong indication for 

physics beyond the SM? 

𝛿𝑎𝜇
𝐻𝑉𝑃

• SM prediction: 𝑎𝜇
𝑆𝑀 = 𝑎𝜇

𝑄𝐸𝐷
+ 𝑎𝜇

𝑊𝑒𝑎𝑘 + 𝑎𝜇
𝐻𝑎𝑑

• Hadronic Vacuum Polarization (HVP) and Light-by-Light 

(HLbL) in 𝑎𝜇
𝐻𝑎𝑑 dominate uncertainty

• The 𝜋+𝜋− channel accounts for 75% of the full 𝑎𝜇
𝐻𝑎𝑑

• Typical uncertainty around 0.6%-1.0%. 

• Large discrepancy among different experiments

𝑎𝜇
𝐻𝑉𝑃



BESIII contributions to 𝒂𝝁
𝑯𝑽𝑷

• 𝑒+𝑒− → 𝜋+𝜋− at BESIII with ISR 

method:

• Systematic uncertainty: 0.9% . 

• Dominate uncertainty: luminosity (0.5%), 

radiator function (0.5%)  

• With 20 fb-1 𝜓 3770 data

• New technique applied by measuring cross section 

ratio of 𝑒+𝑒− → 𝜋+𝜋− to 𝑒+𝑒− → 𝜇+𝜇−

• Uncertainty from luminosity, radiator function, VP 

correction will be canceled

• Expect systematic uncertainty: 0.5%

PLB 753 (2016) 629-638,

PLB 812 (2021) 135982 (erratum)



QED running coupling constant 𝜶(𝒔)
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• 𝛼(𝑠) is one of the most important QED parameters

• The contribution to 𝛥𝛼(𝑠) can be distinguished to three pieces

• 𝛥𝛼ℎ𝑎𝑑
5
(𝑠) should be calculated with R value:



R value measurement at BESIII
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• R value measured at 14 c.m. energies from 2.2324 to 3.671 GeV, with accuracy better than 2.6%

below 3.1 GeV and 3.0% above.

• Larger than the pQCD prediction by 2.7σ in 3.4 ∼ 3.6 GeV.

PRL 128, 062004 (2022) 

• Precision measurements of the R contributes to SM prediction of 𝑎𝜇
𝐻𝑉𝑃 and determination of the QED 

running coupling constant 𝛼(𝑠) evaluated at the Z pole.



Hadron Structures
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Hadron structures
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• Nucleons are composite objects with inner 

structure. 

• At low Q, perturbative QCD not possible 

(expansion of coupling constant 𝜶𝒔)

⇒ Nucleon structure must be measured in experiments!

• BESIII contribute to the nucleon structure by 

studying fragmentation functions (=>help extract 

the structure function) and  electromagnetic form 

factors 



Fragmentation Functions
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• Fragmentation function : probability that hadron ℎ is found in the debris of a hadron carrying a fraction

of parton’s momentum

• Help understand confinement of QCD and essential input to the structure function of nucleons

PRL 116, 042001(2016)

• Fragmentation functions can be studied at BESIII:

✓ Unpolarized fragmentation function

✓ Collins fragmentation function (chiral odd)

• Di-hadron fragmentation function



Electromagnetic Form Factors

14

• Electromagnetic Form Factors are fundamental properties of the nucleon

➢ Connected to charge, magnetization distribution

➢ Crucial testing ground for models of the nucleon internal structure

Annihilation: Time-Like 

Space-Like region
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FFs are real
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FFs are complex

The nucleon electromagnetic vertex Γμ describing the hadron current: 

𝛤𝜇 𝑝′, 𝑝 = 𝛾𝜇𝐹1 𝑞2 +
𝑖𝜎𝜇𝜈𝑞

𝜈

2𝑚𝑝
𝐹2 𝑞2

Sachs FFs: 𝐺𝐸 𝑞2 = 𝐹1 𝑞2 + 𝜏𝜅𝑝𝐹2(𝑞
2),  𝐺𝑀 𝑞2 = 𝐹1 𝑞2 + 𝜅𝑝𝐹2(𝑞

2)



Baryon EMFFs at BESIII
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PRL 120, 131001 (2018)

PRL 123, 122003 (2019)

PRL 124.042001(2020) Nat. Phys. 17, 1200 (2021)

PRD 91, 112004 (2015)

2015, first 
proton EMFFs

2018, threshold 
effect observed

2019, complete 
Lambda EMFF

2020, most 
precise proton 
EMFF

2021,Oscillati
on in neutron 
Effective FF



Baryon EMFFs at BESIII
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Nat.Sci.Rev. 8 (2021) 11, nwab187

➢ Abnormal threshold effects observed in various baryon pair production: 𝑝 ҧ𝑝, 𝛬 ҧ𝛬, 𝛬𝑐
+ ҧ𝛬𝑐

− … 

➢ Oscillation structures observed in 𝑝 ҧ𝑝, nത𝑛

➢ |GE/GM| ratio significantly larger than 1 at low beta for 𝑝, 𝛬𝑐
+, 𝛴+, indicating large D-wave near 

threshold

➢ Relative phase angle of form factor ∆𝜙(sin∆𝜙) measured for 𝛬, 𝛬𝑐
+



Hadron Spectroscopy
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Light flavor mesons
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 Experimental information of 𝜙(2170)
➢ Limited decay modes

➢ Inconsistence on Mass & Width

 Theoretical explain of 𝜙(2170)
➢ 𝑠 ҧ𝑠𝑔 hybrid

➢ 23𝐷1 or 33𝑆1 𝑠 ҧ𝑠
➢ Tetraquark

➢ Molecular state ΛഥΛ
➢ …

 Rich vector resonances around 2.0 GeV:

➢ At BESIII, 𝜙(2170) is systematically studied 

by 𝐾+𝐾−, 𝐾𝑠𝐾𝐿, 𝐾+𝐾−𝜋𝜋, 𝜙𝜂(′), 𝐾+𝐾−𝜋0…

➢ 𝜔∗ is observed in 𝜔𝜂, 𝜔𝜋0𝜋0 and 𝜔𝜋+𝜋−…

➢ 𝜌∗ is observed in 𝜔𝜋0, 𝜂′𝜋+𝜋−…

PDG2018

f(2170)



Light flavor vector states as BESIII
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PRL 124, 112001 (2020)

PRD 105, 032005 (2022)

PRD 103, 072007 (2021)
PRD 99, 032001 (2019)

2019,resonance 
in K+K-

2020, PWA in 
K+K-π0π0 

2021, resonance 
in η’π+π-(ρ*)

2022, 
resonance in 
ωππ(ω*)



Light flavor vector states as BESIII
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Direct C-even production in 𝒆+𝒆− annihilation

• The C-even states, i.e. 𝜂, 𝑓1 1285 , 𝜒𝑐, 𝑋(3872), can be produced directly from 

𝑒+𝑒− annihlation through two virtual photons or neutral current reaction.

• Revisit calculation with large interference effects distortion of the total cross section 
(PRD 94, 034033 (2016)) .

21

• 𝜒𝑐1 is observed with significance over 5𝜎. First observation of a C-even state in 𝑒+𝑒− annihilation.    

PRL129.122001(2022)



Phase in strong and EM amplitudes
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σBorn = A3g + Aγ + Acont
2

= A3g e
iΦ3g,EM + Aγ e

iΦγ,cont. + Acont.
2

e+e− → 5𝜋

• First measurement of the Φ3g,EM in 𝐽/𝜓 decay using 

multihadron final state with the production line-shape.

PLB 791, 375(2019)



Summary

23

• BESIII is a good platform for the non-

perturbative QCD with the unique energy 

region. 

• BESIII has a lot progress in the QCD 

researches at low q2 to precisely test the SM, 

study hadron structure and spectroscopy, 

etc.

ref

• There is still results which cannot be well explained. Work more 

closely with theorist is necessary and more data at low q2 is required.

38 papers in total (10 PRL)
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