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Introduction01

⚫ Form Factors

✓ Describe the internal charge and magnetization structure of hadrons 

✓ Reveal the dynamics of quark-gluon constituents

⚫ Hyperons:

✓ Shorter lifetimes than protons: 𝑒−𝑌 → 𝑒−𝑌     𝑒+𝑒− → 𝑌 ത𝑌  Spin Correlation

✓ Joint angular distribution of the decay products ⟹ 𝛼𝜓 , ΔΦ

𝛼𝜓 =
𝑠 𝐺𝑀

2 − 4𝑀𝑌
2 𝐺𝐸

2

𝑠 𝐺𝑀
2 + 4𝑀𝑌

2 𝐺𝐸
2

ΔΦ = arg
𝐺𝐸

𝐺𝑀
≠ 0 ⇒  polarization

Phys. Rev. D 99, 056008 (2019)

Phys. Lett. B 772, 16 (2017)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.056008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.056008
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https://www.sciencedirect.com/science/article/pii/S0370269317304719?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269317304719?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269317304719?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269317304719?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269317304719?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269317304719?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269317304719?via%3Dihub


Study of 𝑱/𝝍 → ഥ𝚲𝚺𝟎 + 𝒄. 𝒄.02

⚫ Feynman diagram for 𝑒+𝑒− → 𝑌 ത𝑌 near 𝐽/𝜓
𝜸∗𝒀ഥ𝒀

⚫ Hyperons and antihyperons are distinct particle types

✓ 𝑒+𝑒− → 𝐽/𝜓 → ഥΛΣ0 ⇒ Isospin Violation  Purely Electromagnetic process

✓ At 𝐽/𝜓 peak, vacuum polarization substantially enhances the 𝑒+𝑒− → 𝐽/𝜓 → ഥΛΣ0 cross section 

⇒ New method for precision measurement of hyperon form factors

Eur. Phys. J. C 80, 903 (2020)

Helicity Amplitude 
Analysis

Polarization 
and 𝛼𝜓 , ΔΦ

𝑅 =
𝐺𝐸

𝐺𝑀
and ∆Φ = 𝑎𝑟𝑔

𝐺𝐸

𝐺𝑀

CP symmetry: ∆Φ𝐶𝑃 = 𝜋 − (∆ΦഥΛΣ0 + ∆ΦΛഥΣ0)
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https://link.springer.com/article/10.1140/epjc/s10052-020-08474-x


Study of 𝑱/𝝍 → ഥ𝚲𝚺𝟎 + 𝒄. 𝒄.02

⚫ 10087 × 106 𝐽/𝜓 events ⇒ 26260 ± 181 ഥΛΣ0 + 𝑐. 𝑐. events

⚫ Helicity Amplitude: 𝒲 Ԧ𝜉; 𝜔 = σ𝜇,𝜈=0
3 σ𝜇’=0

3 𝐶𝜇𝜈𝑎𝜇𝜇’
Σ0

𝑎𝜇’0
Λ 𝑎𝜈0

ഥΛ

✓ Angle variables: Ԧ𝜉 = (𝜃, 𝜃Λ, 𝜙Λ, 𝜃𝑝 , 𝜃 ҧ𝑝 , 𝜙 ҧ𝑝)

✓ Parameters: 𝜔 = (𝛼𝐽/𝜓 , ΔΦ, 𝛼Σ0 , 𝛼Λ, 𝛼ഥΛ)

• Floated: 𝛼𝐽/𝜓 , ΔΦ

• Fixed: 𝛼Σ0 = 0，𝛼Λ = 0.7519，𝛼ഥΛ = −0.7559

✓ Polarization: 𝑃𝑦 =
1−𝛼𝐽/𝜓

2 sin𝜃cos𝜃

1+𝛼𝐽/𝜓 cos2 𝜃
sinΔΦ

✓ Spin-correlation: 𝐶𝑥𝑧 =
1−𝛼𝐽/𝜓

2 sin𝜃cos𝜃

1+𝛼𝐽/𝜓 cos2 𝜃
cosΔΦ

Phys. Rev. D 99, 056008 (2019)

Phys. Rev. Lett. 129, 131801 (2022)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.056008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.056008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.056008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.056008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.056008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.056008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.056008
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.056008
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.131801


Study of 𝑱/𝝍 → ഥ𝚲𝚺𝟎 + 𝒄. 𝒄.02

⚫ Unbinned maximum likelihood fit

No significant CP violation

Nature Commun. 15, 8812 (2024)
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https://www.nature.com/articles/s41467-024-51802-y
https://www.nature.com/articles/s41467-024-51802-y
https://www.nature.com/articles/s41467-024-51802-y
https://www.nature.com/articles/s41467-024-51802-y
https://www.nature.com/articles/s41467-024-51802-y


Study of 𝑱/𝝍 → ഥ𝚲𝚺𝟎 + 𝒄. 𝒄.02

⚫ Form factors with new CP-violating source ⇒ EDM

✓ 𝐵1(𝑝1, 𝑠1) ത𝐵2(𝑝2, 𝑠2) 𝐽𝜇(0) 0 = ത𝑢(𝑝1, 𝑠1)𝛤𝜇𝑣(𝑝2, 𝑠2)

✓ Γ𝜇 = 𝐹1𝛾𝜇 + 𝐹2
𝑖𝜎𝜇𝜈𝑞𝜈

2𝑚
+ 𝐺1𝛾𝜇 + 𝐺2

𝑖𝜎𝜇𝜈𝑞𝜈

2𝑚
𝛾5

⚫ Helicity amplitude

𝐴 ൗ1
2 ൗ1

2
= 𝐴− ൗ1

2 − ൗ1
2

⇒ ℎ1

𝐴 ൗ1
2 − ൗ1

2
= 𝐴− ൗ1

2 ൗ1
2

⇒ ℎ2

𝐴 ൗ1
2 ൗ1

2
≠ 𝐴− ൗ1

2 − ൗ1
2

⇒ ℎ1, ℎ3

𝐴 ൗ1
2 − ൗ1

2
≠ 𝐴− ൗ1

2 ൗ1
2

⇒ ℎ2, ℎ4

⚫ Parameters scheme

✓ ℎ1 =
1−𝛼𝐽/𝜓

2

✓ ℎ2 = 1 + 𝛼𝐽/𝜓𝑒−𝑖ΔΦ

✓ ℎ3 = 𝛼1𝑒𝑖𝜙1

✓ ℎ4 = 2𝛼2𝑒𝑖𝜙2

⚫ Helicity amplitudes with 𝑍0 boson contributions：

✓ 𝒲 Ԧ𝜉; 𝜔′ = σ𝜇,𝜈=0
3 σ𝜇’=0

3 𝑆𝜇𝜈𝑎𝜇𝜇’
Σ0

𝑎𝜇’0
Λ 𝑎𝜈0

ഥΛ

✓ 𝜔′ = (𝛼𝐽/𝜓 , ΔΦ, 𝛼1, 𝜙1, 𝛼2, 𝜙2, 𝑆𝐿 , 𝛼Σ0 , 𝛼Λ, 𝛼ഥΛ)

✓ 𝛼1, 𝜙1, 𝛼2, 𝜙2：CP violation of 𝐽/𝜓 → ഥΛΣ0

✓ 𝑆𝐿：polarization of 𝐽/𝜓

arXiv:2508.01813
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𝛼1, 𝜙1

𝛼2, 𝜙2𝑆𝐿

https://arxiv.org/abs/2508.01813v2


Study of 𝑱/𝝍 → ഥ𝚲𝚺𝟎 + 𝒄. 𝒄.02

⚫ Fit results with the same fit strategy of the extraction of the electromagnetic form factors

Consistent
with those 
without 𝑍0 
contribution

Consistent 
with CP 
conservation

Consistent
with 
theoretical 
predictionNo polarization in Σ0 → 𝛾Λ 

BAM-875
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https://hnbes3.ihep.ac.cn/HyperNews/get/paper1011.html
https://hnbes3.ihep.ac.cn/HyperNews/get/paper1011.html
https://hnbes3.ihep.ac.cn/HyperNews/get/paper1011.html


Study of 𝚲(𝟏𝟓𝟐𝟎/𝟏𝟔𝟗𝟎) → 𝜸𝚲(𝚺𝟎)03

⚫ Further study of the properties of Λ and Σ0 excited states

✓ Analyze mass spectrum of 𝛾Λ and 𝛾Σ0

⚫ Λ(1520) → 𝛾Λ(Σ0)

✓ Significant discrepancies among theoretical predictions

✓ SU(3) symmetry prediction: ℛ ≡
ℬ Λ 1520 →𝛾Λ

ℬ Λ 1520 →𝛾Σ0 ≈ 2.5

⚫ Λ(1520) and Λ(1690) → 𝛾Σ0 have not been observed

Phys. Rev. D 73, 114001 (2006)

Phys. Rev. C 71, 054609 (2005)

CLAS
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.73.114001
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.71.054609
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.71.054609


Study of 𝚲(𝟏𝟓𝟐𝟎/𝟏𝟔𝟗𝟎) → 𝜸𝚲(𝚺𝟎)03

⚫ 10087 × 106 𝐽/𝜓 events ⇒ Study resonant structure in 𝐽/𝜓 → 𝛾ΛഥΛ and 𝛾ഥΛΣ0 processes

⚫ Clear Λ(1520) in both 𝑀(𝛾Λ) and 𝑀(𝛾Σ0)

⚫ Λ(1690) only in 𝛾Σ0 channel

10



Study of 𝚲(𝟏𝟓𝟐𝟎/𝟏𝟔𝟗𝟎) → 𝜸𝚲(𝚺𝟎)03

⚫ Λ 1520 → 𝛾Λ(Σ0)

✓ 4043 ± 247 Λ 1520 → 𝛾Λ and 621 ± 53 Λ 1520 → 𝛾Σ0

✓ ℛ ≡
ℬ Λ 1520 →𝛾Λ

ℬ Λ 1520 →𝛾Σ0 =
𝑁𝛾Λ

𝑜𝑏𝑠

𝑁
𝛾Σ0
𝑜𝑏𝑠 ∙

𝜖
𝛾Σ0

𝜖𝛾Λ
= 3.19 ± 0.34(stat. ) ± 0.19(syst. ) ⇒ Consistent with SU(3)

✓ ℬ Λ 1520 → 𝛾Σ0 = 2.66 ± 0.28(stat. ) ± 0.50(syst. ) × 10−3 ⇒ First observation

✓ Γ Λ 1520 → 𝛾Σ0 = 46.8 ± 6.6 stat. ± 9.0 syst. keV

⇒ ~6 times smaller than RCQM and ~3-4 times smaller than Algebraic model

⇒ RCQM and Algebraic model are unlikely to serve as suitable representations

arXiv:2507.11145

Decay Mode 𝑵𝒐𝒃𝒔 𝝐(%) 𝓡 𝓑(𝚲 𝟏𝟓𝟐𝟎 → 𝜸𝚺𝟎)(× 𝟏𝟎−𝟑) 𝚪(𝚲 𝟏𝟓𝟐𝟎 → 𝜸𝚺𝟎)(𝐤𝐞𝐕)

𝚲 𝟏𝟓𝟐𝟎 → 𝜸𝚲 𝟒𝟎𝟒𝟑 ± 𝟐𝟒𝟕 𝟏𝟖. 𝟗𝟏%
𝟑. 𝟏𝟗 ± 𝟎. 𝟑𝟒(𝐬𝐭𝐚𝐭. ) ± 𝟎. 𝟏𝟗(𝐬𝐲𝐬𝐭. ) 𝟐. 𝟔𝟔 ± 𝟎. 𝟐𝟖(𝐬𝐭𝐚𝐭. ) ± 𝟎. 𝟓𝟎(𝐬𝐲𝐬𝐭. ) 𝟒𝟔. 𝟖 ± 𝟔. 𝟔 𝐬𝐭𝐚𝐭. ± 𝟗. 𝟎 𝐬𝐲𝐬𝐭.

𝚲 𝟏𝟓𝟐𝟎 → 𝜸𝚺𝟎 𝟔𝟐𝟏 ± 𝟓𝟑 𝟗. 𝟐𝟖%
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https://arxiv.org/abs/2507.11145


Study of 𝚲(𝟏𝟓𝟐𝟎/𝟏𝟔𝟗𝟎) → 𝜸𝚲(𝚺𝟎)03

⚫ Λ 1690 → 𝛾Λ(Σ0)

✓ < 341 Λ 1690 → 𝛾Λ and 1754 ± 122 Λ 1690 → 𝛾Σ0

✓ ℬ 𝐽//𝜓 → ഥΛΛ 1690 × ℬ Λ 1690 → 𝛾Σ0 = 6.05 ± 0.42(stat. ) ± 0.39(syst. ) × 10−6

⇒ First observation

✓ ℬ 𝐽/𝜓 → ഥΛΛ 1690 × ℬ Λ 1690 → 𝛾Λ < 5.08 × 10−7 (90% C.L.) ⇒ No evidence

✓ ℛ𝑈𝐿 ≡
ℬ𝑈𝐿 Λ 1690 →𝛾Λ

ℬ𝑈𝐿 Λ 1690 →𝛾Σ0 < 0.08 (90% C.L.) ⇒ Significant decay mode difference in Λ 1690

• ⇒ Partial wave analysis of 𝐽/𝜓 → ഥΛΣ0𝜋0 may provide a new perspective

arXiv:2507.11145

Decay Mode 𝑵𝒐𝒃𝒔 𝝐(%) 𝓑 𝑱𝝍 → ഥ𝚲𝚲 𝟏𝟔𝟗𝟎 × 𝓑(𝚲 𝟏𝟔𝟗𝟎 → 𝜸𝚲(𝚺𝟎)) 𝓡

𝚲 𝟏𝟔𝟗𝟎 → 𝜸𝚲 < 𝟑𝟒𝟏 𝟏𝟔. 𝟐𝟎% < 𝟓. 𝟎𝟖 × 𝟏𝟎−𝟕

< 𝟎. 𝟎𝟖
𝚲 𝟏𝟔𝟗𝟎 → 𝜸𝚺𝟎 𝟏𝟕𝟓𝟒 ± 𝟏𝟐𝟐 𝟕. 𝟎𝟎% 𝟔. 𝟎𝟓 ± 𝟎. 𝟒𝟐 𝐬𝐭𝐚𝐭. ± 𝟎. 𝟑𝟗 𝐬𝐲𝐬𝐭. × 𝟏𝟎−𝟔
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https://arxiv.org/abs/2507.11145


Study of meson decay04

⚫ Charmonium system: ℎ𝑐 𝐽𝑃𝐶 = 1+−

✓ Main decay mode: ℬ ℎ𝑐 → 𝛾𝜂𝑐 = 60 ± 4 %

✓ Others: ℬ ℎ𝑐 → 𝑜𝑡ℎ𝑒𝑟𝑠 < 6%

✓ ℎ𝑐 → 𝑒+𝑒−𝜂𝑐?

⚫ Combined analysis of 𝜓 3686 → 𝜋0ℎ𝑐  and 𝑒+𝑒− → 𝜋+𝜋−ℎ𝑐

⇒ First observation of ℎ𝑐 → 𝑒+𝑒−𝜂𝑐(5.4𝜎) ⇒ ℛ ≡
ℬ ℎ𝑐→𝑒+𝑒−𝜂𝑐

ℬ ℎ𝑐→𝛾𝜂𝑐
= 0.59 ± 0.10(stat. ) ± 0.04(syst. ) %

Phys. Rev. D 110, L111101 (2024)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L111101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L111101
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L111101


Study of meson decay04

⚫ Axial anomaly : 𝜂′ → 4𝜋 ⇒ 𝜋𝜋 − 𝛾∗𝛾∗ coupling ⇒ Hadronic Light-by-Light (HLbL)

• Consistent with earlier results.
• Precision improved by a 

factor of 3-4.

⚫ First measurement of the TFF (𝜂′ → 𝜋+𝜋−𝜋+𝜋−): 𝛼 = 1.22 ± 0.33 ± 0.04 

⟹ Consistent with ChPT and VMD predictions

10 billion
𝐽/𝜓 events
𝐽/𝜓 → 𝛾𝜂′

Phys. Rev. D 109, 032006 (2024)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.032006


Study of meson decay04

⚫ 1312.5 × 106 𝐽/𝜓 events (2009 and 2012) ⇒ ≈ 10k 𝐽/𝜓 → 𝛾4𝜋⁰ events

⚫ Amplitude analysis (TF-PWA)

𝒇𝟎 𝟏𝟓𝟎𝟎

𝒇𝟎 𝟏𝟕𝟗𝟎

𝒇𝟐 𝟐𝟏𝟓𝟎𝒇𝟎 𝟐𝟏𝟎𝟎
𝒇𝟎 𝟗𝟖𝟎

𝒇𝟐 𝟏𝟐𝟕𝟎

𝝈

Parallel talk in Collaboration Meeting in Winter(2024)
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https://indico.ihep.ac.cn/event/23307/contributions/173737/attachments/85830/109943/241204_2.pdf


Summary04

⚫ Hyperon decay

✓ Study of 𝐽/𝜓 → ഥΛΣ0 + 𝑐. 𝑐.

• New method for precision measurement of hyperon FFs via vacuum polarization effect

• Examine CP symmetry ⇒ No significant CP violation

• Measure EDM-related parameters ⇒ No significant CP violation

✓ Study of Λ 1520/1690 → 𝛾Λ(Σ0)

• First observation of Λ 1520 → 𝛾Σ0 and Λ 1690 → 𝛾Σ0

• Result of 
ℬ Λ 1520 →𝛾Λ

ℬ Λ 1520 →𝛾Σ0  is consistent with SU(3)

• No signal of Λ 1690 → 𝛾Λ

16



Summary04

⚫ Meson decay

✓ Study of ℎ𝑐 → 𝑒+𝑒−𝜂𝑐

• First observation of ℎ𝑐 → 𝑒+𝑒−𝜂𝑐 (5.4𝜎) ⇒
ℬ ℎ𝑐→𝑒+𝑒−𝜂𝑐

ℬ ℎ𝑐→𝛾𝜂𝑐
= 0.59 ± 0.10 ± 0.04 %

✓ Study of 𝐽/𝜓 → 𝛾𝑋, 𝑋 → 4𝜋

• Precision measurement of ℬ 𝜂′ → 4𝜋 ⇒ Precision improved by a factor of 3-4

• First measurement of TFF(𝜂′ → 𝜋+𝜋−𝜋+𝜋−) ⇒ Consistent with ChPT and VMD predictions

• PWA of 𝐽/𝜓 → 𝛾𝜋0𝜋0𝜋0𝜋0

⇒ Clear peaks such as 𝑓₀(1500), 𝑓₀(1790), 𝑓₀(2100), and 𝑓₂(2150) in 𝑀(4𝜋0) 

⚫ Outlook

✓ Further physics analysis and development work on CGEM software are ongoing during my post-doc
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Thank you for your attention!
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