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QCD-studies at BESIII
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QCD-studies at BESIII at low c.m.e
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(𝒈 − 𝟐)𝝁, 𝜶𝑬𝑴
ISR 𝑒+𝑒− → 𝜋+𝜋−, 𝜋+𝜋−𝜋0

R-value measurement

Tau mass 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

𝐽/𝜓 → 𝑝 ҧ𝑝, Σ+/0 തΣ−/0

ΛഥΛ, 𝐾+𝐾−, 𝜔𝜋0 …

Phase in strong and 

EM
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Inclusive Measurements
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R value
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• Running of fine structure constant Δ𝛼em

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

• Muon anomalous magnetic moment 𝑎𝜇

PRL126.141801 (2021)

• SM prediction: 𝑎𝜇
𝑆𝑀 = 𝑎𝜇

𝑄𝐸𝐷
+ 𝑎𝜇

𝑊𝑒𝑎𝑘 + 𝑎𝜇
𝐻𝑎𝑑

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

(HLbL) in 𝑎𝜇
𝐻𝑎𝑑 dominate uncertainty

• HVP contribution is calculated with R value with dispersion 

relation:  



R value measurement at BESIII
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• R value measured at 14 c.m. energies from 2.2324 to 3.671 GeV.

• 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) 

• Very challenging to determine 𝜀ℎ𝑎𝑑

• Two simulation models developed, result in

consistent ISR-return 𝑠′ spectrum.



Inclusive 𝝅𝟎/𝑲𝒔 production
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Fragmentation function Dq
h(z) : probability that

hadron ℎ is found in the debris of a hadron carrying a

fraction z=2Eh/ s of parton’s momentum.

World data: Pion

Precise e+e-data
needed

z

World data: Kaon

PLUTO



Inclusive 𝝅𝟎/𝑲𝒔 production at BESIII
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Normalized differential cross section:

Correction formula:

➢ Comparison of theoretical predictions using different evolution of existing FF

world data are made.

➢ BESIII data can be used to improve the determine of FFs at low energy, fill the

gad with |Q2|<10 GeV2

➢ The difference between the components of direct and indirect processes need to

be considered.

arXiv: 2211.11253



Exclusive Measurements
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Timelike-Electromagnetic Form Factors
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• Nucleons are composite objects with inner structure. At low Q, perturbative QCD not possible

• 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 complex

G.S.Huang, R.B. Ferroli, 

Natl.Sci.Rev. 8 (2021) 11, nwab187

• Threshold effects observed in 

various 𝐵 ത𝐵 thresholds

⇒ Nucleon structure must be measured in experiments!



Experimental Access and Data Set at BESIII
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Proton Form Factors
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➢ ISR method with detected photon and undetected using 7.5 fb-1 data with 𝑠 ≥ 3.773 GeV.

➢Scan technique from 2.0 to 3.08 GeV, using 688.5 pb-1 integrated luminosity.

➢ |GE/GM|, |GM| are determined with high accuracy, comparable to data in SL.

SA-ISR: PRD 99, 092002 (2019)

LA-ISR: PLB 817, 136328 (2021)

Scan: PRL 124, 042001 (2020)  

Scan: PRD 91, 112004 (2015)

➢ From threshold to q2=4.0 GeV2, average cross section 840 pb.

➢ |GE/GM| measured, consistent with BaBar near threshold, oscillation with 𝑠 is observed. 



Neutron Form Factors
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 Cross section measurement of 𝑒+𝑒− → 𝑛ത𝑛
➢ 𝛾 − 𝑝 coupling larger than 𝛾 − 𝑛 coupling

➢ Oscillation of reduced-|G| observed in neutron with 

a phase orthogonal to that of proton

EMFF: PRL 130, 151905 (2023) 

➢ Differential cross-sections measured and the

separated electric and magnetic FFs of the

neutron is obtained

➢ Results is compared with various models
Cross section: NP 17, 1200 (2021)



Lineshape is fitted with:

➢ pQCD prediction

➢ Consider strong interaction near threshold

➢ Relativistic Breit-Wigner with a mass-dependent witdh

Lambda EMFFs
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Scan: PRD 97, 032013 (2018)

ISR: PRD 107, 072005 (2023)

Using scan method, cross section of 𝑒+𝑒− → 𝛬 ҧ𝛬 at 𝑠 = 2.2324 GeV is 305 ± 45−36
+66 pb

Using ISR method (11.9 fb-1), cross section in [2.231, 2.250] GeV and [2.25, 2.27] GeV is 245 ± 56 ±
14 pb and 283−55

+53 ± 15 pb

Threshold effects observed in both scan and ISR methods



Sigma/Xi EMFFs
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Born cross sections of 𝑒+𝑒− → Σ+തΣ−, Σ−തΣ+, Σ0തΣ0 are 
measured from threshold to 3.02 GeV

➢The cross sections can be well described by pQCD-motivated 
functions

➢An asymmetry in cross sections for Σ isospin triplets: 9.7 ± 1.3 ∶
3.3 ± 0.7 ∶ 1

𝜮±ഥ𝜮∓:PLB 814, 136110 (2021)

𝜮𝟎ഥ𝜮𝟎:PLB 831, 137187 (2022)

Born cross sections of 𝑒+𝑒− → 𝛯0 ത𝛯0 and 𝛯− ത𝛯+ are measured from 

threshold to 3.08 GeV

➢No obvious threshold enhancement observed.

➢The ratio of Born cross sections for both modes agrees with the 

expectation of isospin symmetry.

𝜩𝟎ഥ𝜩𝟎:PLB. 820, 136557 (2021)

𝜩−ഥ𝜩+:PRD103, 012005(2021) 



Omega EMFFs
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Born cross sections of 𝑒+𝑒− → Ω−ഥΩ+ at 8 energy points between 3.49 

and 3.67 GeV

➢No threshold effect observed

➢Upper limit of the effective FF is consistent with theoretical prediction

More studies of EMFFs on spin 3/2 baryon are undergoing: 

Δ 1232 , Λ 1520 , Σ 1385 , Λ𝑐
∗…

PRD 107, 052003, 2023 



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)



𝒆+𝒆− → 𝑲+𝑲− and 𝑲𝒔𝑲𝑳
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𝑲+𝑲−: PRD 99, 032001 (2019)

𝑲𝒔𝑲𝑳: PRD 104, 092014 (2021)

𝑲+𝑲− 𝑲𝒔𝑲𝑳

Mass 

(MeV/c2)

2239.2±7.1±11.3 2273.7±5.7±19.3

Width (MeV) 139.8±12.3±20.6 86±44±51

Γ𝑒𝑒Br (eV) 0.9±0.6±0.7

1−− resonance observed in 𝐾+𝐾− and 𝐾𝑠𝐾𝐿 lineshapes: 

➢Differs from the world average parameters of 𝜙(2170) over 3σ in 

mass and over 2σ in width

➢ Interpreted as  isoscalar : 𝜔∗, 𝜙(2170) or isovector : 𝜌(2150)

➢The width of 𝛤𝑒𝑒Br of 𝐾+𝐾− is about 10 times that of 𝐾𝑠𝐾𝐿



𝒆+𝒆− → 𝑲+𝑲−𝝅𝟎
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K2*(1430)K K*(892)K

Mass (MeV/c2) 2208±19±24

Width (MeV) 168±24±30

GeeBr (eV) 12.6±2.4 1.0±0.3

161.1±20.6 7.1±0.9

 𝑒+𝑒− → 𝐾+𝐾−𝜋0 measured at 19 energy points

➢ Intermediate processes 𝑒+𝑒− → 𝜙𝜋0, 𝐾∗+(892)𝐾− and 𝐾2
∗+(1430)𝐾− are measured by PWA

➢ Improved precision for cross section of 𝑒+𝑒− → 𝐾+𝐾−𝜋0 and 𝜙𝜋0

• The fitted mass is consistent with 𝜙(2170) and deviates from ρ(2170) and ω(2170) over 3𝜎

JHEP 07, 045 (2022)



𝒆+𝒆− → 𝝎𝝅𝟎𝝅𝟎 and 𝝎𝝅+𝝅−
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𝝎𝝅𝟎𝝅𝟎: PRD 105, 032005 (2022)

𝝎𝝅+𝝅−: JHEP01, 111 (2023)

 𝑒+𝑒− → 𝜔𝜋𝜋 measured at 19 energy points

➢ Structure around 2.20 GeV observed in cross section of 𝑒+𝑒− → 𝜔𝜋0𝜋0, and in intermediate states 

of 𝑒+𝑒− → 𝜔𝜋+𝜋−: 𝜔𝑓0 500 , 𝜔𝑓0 980 , 𝜔𝑓0 1370 , 𝜔𝑓2 1270 , 𝑏1(12235)𝜋



• 𝑒+𝑒− → 𝜂′𝜋+𝜋−measured at 19 energy points, dominant component 𝜌𝜂′

• Resonance structure observed around 2.1 GeV with significance over 6𝜎, with parameters consistent 

with 𝑒+𝑒− → 𝜔𝜋0 by BESIII

𝒆+𝒆− → 𝜼′𝝅+𝝅−
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𝜼′𝝅+𝝅−: PRD103 072007 (2021)

𝝎𝝅𝟎: PLB 813, 136059 (2021)

• More analysis on 𝑒+𝑒− → 𝜂𝜋+𝜋− and 𝑒+𝑒− → 𝜋+𝜋−𝜋0 are undergoing

• The intermediate results will give an impact in the theoretical calculation of muon g-2  



Summary

Inclusive measurement at BESIII show great potential

➢R value has been measured with best precise in 2.0 to 3.671 GeV

➢Inclusive 𝜋0/𝐾𝑠 production are measured with |Q2|<10 GeV2

Fruitful physics results of exclusive hadronic channels in 𝒔 = 𝟐. 𝟎 to 3.0 

GeV at BESIII

➢SU(3) octet baryon: cross section near threshold, electromagnetic form 

factor

➢Light flavor vectors: improved knowledge for excited light flavor vector 

states

22



Summary
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R value
(muon g-2)

Fragmentation 
Functions

Baryon EMFFs

Light flavor 
vectors

Could affect the indirect and 

direct contributions in FF
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