
Nucleons are composite objects with inner structure, at low four-momentum transfer (Q),
perturbative QCD could not work (expansion of 𝜶𝒔).

⇒ Nucleon structure must be measured in experiments!
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Strong Interaction at Low Energy

The nucleon electromagnetic vertex 𝛤𝜇 describing the hadron current:

𝛤𝜇 𝑝′, 𝑝 = 𝛾𝜇𝐹1 𝑞2 +
𝑖𝜎𝜇𝜈𝑞

𝜈

2𝑚
𝐹2 𝑞2 ,

Sachs FFs: 𝐺𝐸 𝑞2 = 𝐹1 𝑞2 + 𝑞2/4𝑚2 ⋅ 𝐹2 𝑞2 , 𝐺𝑀 𝑞2 = 𝐹1 𝑞2 + 𝐹2 𝑞2 .

Electromagnetic Form Factors (FFs)

Study Time-like FFs at BESIII

The Born cross section for 𝒆+𝒆− → 𝜸∗ → 𝑩 𝑩 (𝑩 is spin 1/2 baryon):

At threshold, 𝝉 =
𝒔

𝟒𝒎𝑩
𝟐 = 1, thus 𝜷 = 𝟏 − 𝝉 = 𝟎.

Baryon Pair Production

𝑪

 𝑪 = 𝑬 ⋅ 𝑹

 𝑬 = 𝝅𝜶 𝟏 + 𝜷𝟐 /𝜷

 𝑹 = 𝟏− 𝒆−𝝅𝜶 𝟏+𝜷𝟐 /𝜷
−𝟏

 𝑪𝜷

 𝜷

The existence of Coulomb

Enhancement factor 𝑪, will

lead to a non-zero Born

cross section at threshold!

Data samples at BESIII

Non-zero cross section of 𝒆+𝒆− → 𝚲 𝚲 at threshold is observed

Complex form of FFs:

 𝐺𝐸 = 𝐺𝐸 𝑒𝑖Φ𝐸, and 𝐺𝑀 = 𝐺𝑀 𝑒𝑖Φ𝑀

 Relative phase: ΔΦ = Φ𝐸 −Φ𝑀

The angular distribution of daughter

particle from hyperon weak decay:

 𝒅𝝈/𝒅𝛀 ∝ 𝟏 + 𝜶𝚲𝑷𝒚 ⋅  𝒒

 𝜶𝚲: asymmetry parameter

  𝒒: unit vector along the

daughter particle in the

Rest frame of hyperon.

Hyperon Production and FFs (Λ)
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𝐌 = 𝟐𝟐𝟑𝟐 ± 𝟑. 𝟓 𝐌𝐞𝐕
𝚪 ≈ 𝟐𝟎 𝐌𝐞𝐕

Non-zero phase will lead to polarization 

effect on the baryons: 𝑷𝒚 ∝ 𝐬𝐢𝐧𝚫𝜱 𝐺𝐸

𝐺𝑀
= 0.96 ± 0.14 stat. ± 0.02 sys. ,  

ΔΦ = 37° ± 12° stat. ± 6° sys.

(PRL 123, 122003 (2019))

Non-zero cross section of 𝒆+𝒆− → 𝚲𝐜
+ 𝚲𝒄

− at threshold is observed

Measurement of 𝐺𝐸/𝐺𝑀 at BESIII:

Hyperon Production and FFs (Λc)

𝑮𝑬/𝑮𝑴 ~𝟏 is observed near kinematic threshold

(PRD 96, 116001 (2017))

There is some 

tension between 
BESIII and Belle

(PRD 100, 072004 (2019))

(PRL 120, 132001 (2018))

𝚲𝐜
+ transverse polarization at 𝒔 = 𝟒. 𝟔 𝐆𝐞𝐕:

 Abnormal threshold effects observed in various baryon

pair productions: 𝑝  𝑝, 𝑛 𝑛, Λ Λ, Λ𝑐
+ Λ𝑐

−…

 The 𝐺𝐸/𝐺𝑀 ratio larger than 1 at low 𝛽 for 𝑝, Λ𝑐
+…

indicating large D-wave near threshold.

 Relative phase of FFs ∆Φ measured for Λ, Λ𝑐
+.

 More result can be reached with new data samples in the future

Summary
𝒆+𝒆− → 𝑲𝑲𝑲𝑲

(PRL 120, 132001 (2018))

𝒔𝒊𝒏𝚫𝚽 = −𝟎. 𝟐𝟖 ± 𝟎. 𝟏𝟑 ± 𝟎. 𝟎𝟑
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