
1

Highlights of light hadron decays at BESIII

Zhipeng Xie
(on behalf of BESIII collaboration)

University of Science and Technology of China

The 23rd International Conference on Few-Body Problems in Physics (FB23), Beijing, September 26



2

◆Light meson decay

✓Decay mechanisms

✓ Transition form factor 

◆ Hyperon decay

✓ CP test

✓ Hyperon weak radiative decay

◆ Summary

Outline
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◆Light mesons

✓ it plays a central role in our understanding of quantum 
chromodynamics (QCD) at low energies.

◆ 𝜼/𝜼′ physics

✓ 𝜂−𝜂′ mixing

✓ The light quark masses

✓ The fundamental discrete symmetries

✓ Tests of effective field theories: ChPT and VMD

✓ rare or forbidden 𝜼/𝜼′ decays

Light Meson Physics
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𝜂/𝜂′ at BESIII

◆BESIII is an 𝜼/𝜼′ factory

✓ The world’s largest sample of 𝐉/𝛙 events(𝟏𝟎𝟏𝟎) collected at BESIII detector offers 
a unique opportunity to investigate 𝜂 and 𝜂′ physics via the 𝐉/𝛙 radiative decays 
with unprecedented precision.

✓ An important role in η/η′ decays
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𝜂′ → 𝜋0𝜋0𝜂

◆Evidence of the cusp effect in 𝜂′ → 𝜋𝟎𝜋𝟎𝜂 

✓ The loop contribution to the ππ scattering: the S-wave charge-
exchange rescattering 𝝅+𝝅− → 𝝅𝟎𝝅𝟎

✓ The cusp effect can shed light on the fundamental properties of QCD at 
low energies.

✓ Statistical significance of Fit with cusp effect is higher than 3𝝈

Phys. Rev. Lett. 130, 081901

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.081901
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𝜂′ → 𝜋+𝜋−𝜋+𝜋−

◆Amplitude analysis of 𝜼′ → 𝝅+𝝅−𝝅+𝝅−

✓ Based on the ChPT and VMD model 

𝑨 𝜼′ → 𝝅+𝝅−𝝅+𝝅− = 𝝐𝝁𝝂𝜶𝜷𝒑𝟏
𝝁

𝒑𝟐
𝝂𝒑𝟑

𝜶𝒑𝟒
𝜷

= (
𝒔𝟏𝟐

𝑫𝝆 𝒔𝟏𝟐
+

𝒔𝟑𝟒

𝑫𝝆 𝒔𝟑𝟒
+

𝒔𝟏𝟒

𝑫𝝆 𝒔𝟏𝟒
+

𝒔𝟐𝟑

𝑫𝝆 𝒔𝟐𝟑
+ 𝜶

𝑴𝝆
𝟐(𝒔𝟏𝟐 + 𝒔𝟑𝟒)

𝑫𝝆 𝒔𝟏𝟐 𝑫𝝆(𝒔𝟑𝟒)
−

𝑴𝝆
𝟐(𝒔𝟏𝟒 + 𝒔𝟐𝟑)

𝑫𝝆 𝒔𝟏𝟒 𝑫𝝆(𝒔𝟐𝟑)
)

✓ The doubly virtual isovector form factor 𝜶 = 𝟏. 𝟐𝟐 ± 𝟎. 𝟑𝟑 ± 𝟎. 𝟎𝟒 is extracted for the first 
time and in agreement with the prediction of the vector meson dominance mode.

PRD 109(2024) 032006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.032006
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𝜂′ → 𝜋+𝜋−𝜋+𝜋− , 𝜂′ → 𝜋+𝜋−𝜋0𝜋0, 𝜂′ → 4𝜋0

◆Observation of 𝜼′ → 𝝅+𝝅−𝝅+𝝅−and 𝜼′ → 𝝅+𝝅−𝝅𝟎𝝅𝟎

✓ improved measurements of the branching fractions:

• 𝑩 𝜼′ → 𝝅+𝝅−𝝅𝟎𝝅𝟎 = 𝟐. 𝟏𝟐 ± 𝟎. 𝟏𝟐 + 𝟎. 𝟏𝟎 × 𝟏𝟎−𝟒

• 𝑩 𝜼′ → 𝝅+𝝅−𝝅+𝝅− = 𝟖. 𝟓𝟔 ± 𝟎. 𝟐𝟓 + 𝟎. 𝟐𝟑 × 𝟏𝟎−𝟓

◆ Searching for the rare decay 𝜼′ → 𝟒𝝅𝟎

✓ The upper limit of B(𝜼′ → 𝟒𝝅𝟎) at the 90% confidence level is determined to be 𝟏. 𝟐𝟒 ×
𝟏𝟎−𝟓.

PRD 109(2024) 032006

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.032006


8

Transition form factor at BESIII

◆ Important input for HLbL contributions

✓ The coupling of 𝝅𝟎, 𝜼 and 𝜼′ with two photons in HLbL can be described using transition form 
factor (TFF).

✓ TFFs are experimentally accessible in three different processes

✓ The fusion of both photons to form a meson is described by the TFF
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𝜂/𝜂′ → 𝛾𝑒+𝑒−

◆Transition form factor of 𝜼/𝜼′ → 𝜸𝒆+𝒆−

✓ The decay rate 
𝒅𝚪(𝐏→𝜸𝒍+𝒍−)

𝒅𝒒𝟐𝚪(𝐏→𝜸𝜸)
=

𝟐𝜶

𝟑𝝅

𝟏

𝒒
𝟏 −

𝟒𝒎𝒍
𝟐

𝒒𝟐 𝟏 +
𝟐𝒎𝒍

𝟐

𝒒𝟐 𝟏 −
𝒒𝟐

𝒎𝑷
𝟐

𝟑

𝑭 𝒒𝟐 𝟐

✓ Single-pole: 𝑭 𝒒𝟐 =
𝟏

𝟏− Τ𝒒𝟐 𝚲𝟐 for 𝜼 → 𝜸𝒆+𝒆−

✓ Multi-pole: 𝑭 𝒒𝟐 𝟐
=

𝚲𝟐(𝚲𝟐+𝜸𝟐)

𝚲𝟐−𝐪𝟐 +𝚲𝟐𝜸𝟐 for 𝜼′ → 𝜸𝒆+𝒆−

✓ Slope parameter 𝒃𝜼′ =
𝒅|𝑭(𝒒𝟐)|

𝒅𝒒𝟐
|𝒒=𝟎

◆ Fit result
✓ 𝚲𝜼= (0.749 ± 0.027 ± 0.007) GeV/𝒄𝟐

✓ 𝚲𝜼′= (0.802 ± 0.007 ± 0.008) GeV/𝒄𝟐

𝜸𝜼′= (0.113 ± 0.010 ± 0.002) GeV/𝒄𝟐
𝜼 → 𝜸𝒆+𝒆− 𝜼′ → 𝜸𝒆+𝒆−

PRD 109 (2024) 072001 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.072001
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𝜂/𝜂′ → 𝛾𝑒+𝑒−

◆Slope parameter:

✓ 𝒃𝜼/𝜼′ =
𝒅|𝑭 𝒒𝟐 |

𝒅𝒒𝟐
|𝒒𝟐=𝟎 is in good agreement with previous work.

✓ The corresponding radii of interaction region of 𝜼 and 𝜼′ are calculated to be:
• 𝑹𝜼 = 𝟎. 𝟔𝟒𝟓 ± 𝟎. 𝟎𝟐𝟑 ± 𝟎. 𝟎𝟎𝟕 𝐟𝐦

• 𝑹𝜼′ = 𝟎. 𝟓𝟗𝟔 ± 𝟎. 𝟎𝟎𝟓 ± 𝟎. 𝟎𝟎𝟔 𝐟𝐦

PRD 109 (2024) 072001 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.072001
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η′ → 𝜋+𝜋−𝑙+𝑙−

◆ Precision study of 𝜼′ → 𝝅+𝝅−𝒍+𝒍−

✓ 𝐃𝐞𝐜𝐚𝐲 𝐚𝐦𝐩𝐥𝐢𝐭𝐮𝐝𝐞

𝑨𝜼′→𝝅+𝝅−𝒍+𝒍−

𝟐
𝒔𝝅𝝅, 𝒔𝒍𝒍, 𝜽𝝅, 𝜽𝒍, 𝝋 =

𝒆𝟐

𝟖𝒌𝟐 𝑴 𝒔𝝅𝝅, 𝒔𝒍𝒍
𝟐𝝀 𝑴𝟐 𝜼′ , 𝒔𝝅𝝅, 𝒔𝒍𝒍 𝟏 − 𝜷𝒍

𝟐𝒔𝒊𝒏𝟐𝜽𝒍𝒔𝒊𝒏𝟐𝝋 𝒔𝝅𝝅𝜷𝝅
𝟐 𝒔𝒊𝒏𝟐𝜽𝝅

✓ The magnetic form factor 
𝑴 𝒔𝝅𝝅, 𝒔𝒍𝒍 = 𝑴𝒎𝒊𝒙 × 𝑽𝑴𝑫(𝒔𝝅𝝅, 𝒔𝒍𝒍)

✓ VMD factor
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η′ → 𝜋+𝜋−𝑙+𝑙−

◆VMD models
✓ Hidden gauge model: 𝒄𝟏 − 𝒄𝟐 = 𝒄𝟑 = 𝟏

✓ Full VMD model: 𝒄𝟏 − 𝒄𝟐 =
𝟏

𝟑
, 𝒄𝟑 = 𝟏

✓ Modified VMD: 𝒄𝟏 − 𝒄𝟐 ≠ 𝒄𝟑

◆ Amplitude analysis result

JHEP07(2024)135

https://link.springer.com/article/10.1007/JHEP07(2024)135
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η′ → 𝜋+𝜋−𝑙+𝑙−

◆The slope parameter of TFF 

✓ 𝒃𝜼′ = 𝟏. 𝟑𝟎 ± 𝟎. 𝟏𝟗 Τ𝐆𝐞𝐕 𝒄𝟐 −𝟐

◆ CP -violating asymmetry
✓ 𝑭 𝝋 = 𝟏 + 𝒃 · sin𝟐 𝝋 + 𝒄 · sin 𝟐𝝋

✓ 𝑨𝑪𝑷 =
𝟒𝒄

(𝟐+𝒃𝝅)

• For 𝜼′ → 𝝅+𝝅−𝒆+𝒆− 𝑨𝑪𝑷 = −𝟎. 𝟐𝟏 ± 𝟎. 𝟕𝟑 ± 𝟎. 𝟎𝟏 %
• For 𝜼′ → 𝝅+𝝅−𝝁+𝝁− 𝑨𝑪𝑷 = 𝟎. 𝟔𝟐 ± 𝟒. 𝟕𝟏 ± 𝟎. 𝟎𝟖 %

JHEP07(2024)135

https://link.springer.com/article/10.1007/JHEP07(2024)135
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CP observable in hyperon decay

◆ 𝐂𝐏 tests in hyperon

✓ The amplitude of hyperon decay 
𝟏

𝟐
→

𝟏

𝟐
+ 𝟎 is 𝒜~𝑆𝜎0 + 𝑃𝝈 ∙ ෝ𝒏,

𝜶𝒀 =
𝟐𝑹𝒆 𝑺∗𝑷

𝑺 𝟐 + 𝑷 𝟐 , 𝜷𝒀 =
𝟐𝑰𝒎 𝑺∗𝑷

𝑺 𝟐 + 𝑷 𝟐 , 𝜸𝒀 =
𝑺 𝟐 − 𝑷 𝟐

𝑺 𝟐 − 𝑷 𝟐

✓ If CP conserved: 𝑺
CP

− 𝑺, 𝑷
CP

𝑷 which mean 𝜶𝒀

CP
𝜶ഥ𝒀 = −𝜶𝒀, 𝜷𝒀

CP
𝜷ഥ𝒀 = −𝜷𝒀

✓ 𝜶𝒀
𝟐 + 𝜷𝒀

𝟐 + 𝜸𝒀
𝟐 = 𝟏 → 𝜷𝒀 = 𝟏 − 𝜶𝒀

𝟐 𝒔𝒊𝒏 𝝓𝒀 , 𝜸𝒀 = 𝟏 − 𝜶𝒀
𝟐 𝒄𝒐𝒔 𝝓𝒀

✓ 𝐶P observable: 𝑨𝑪𝑷 =
𝜶𝒀+𝜶ഥ𝒀

𝜶𝒀−𝜶ഥ𝒀
, 𝚫𝝓𝑪𝑷 =

𝝓𝒀−𝝓ഥ𝒀

𝟐

✓ 𝑺 = σ 𝑺𝒋 𝒆𝒙𝒑{𝒊(𝝃𝒋
𝑺 + 𝜹𝟐𝑰

𝑺 )}, 𝑷 = σ 𝑷𝒋 𝒆𝒙𝒑{𝒊(𝝃𝒋
𝑷 + 𝜹𝟐𝑰

𝑷 )}

✓ ഥ𝑺 = σ −𝑺𝒋 𝒆𝒙𝒑{𝒊(−𝝃𝒋
𝑺 + 𝜹𝟐𝑰

𝑺 )}, ഥ𝑷 = σ 𝑷𝒋 𝒆𝒙𝒑{𝒊(−𝝃𝒋
𝑷 + 𝜹𝟐𝑰

𝑷 )} 

✓ 𝑨𝑪𝑷 = −𝒕𝒂𝒏 𝜹𝑷 − 𝜹𝑺 𝒕𝒂𝒏(𝝃𝑷 − 𝝃𝑺), 𝚫𝝓𝑪𝑷 =
𝜶𝒀

𝟏−𝜶𝒀
𝟐

𝒄𝒐𝒔𝝓𝒀𝒕𝒂𝒏(𝝃𝑷 − 𝝃𝑺)
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Hyperon production at BESIII 

◆ Polarized hyperon pairs produced in  𝒆+𝒆− collisions

✓ Spin 
𝟏

𝟐
+

ത𝟏
𝟐

baryon-antibaryon spin density matrix

✓ Unpolarized 𝒆+𝒆− beams −−→ transverse polarization (if 𝚫𝚽 ≠ 𝟎)

• 𝑷𝒚 𝒄𝒐𝒔𝜽 =
𝟏−𝛂𝛙

𝟐 𝐜𝐨𝐬 𝛉 𝐬𝐢𝐧 𝛉

𝟏+𝛂𝛙𝐜𝐨𝐬𝟐 𝛉
𝐬𝐢𝐧(𝚫𝚽)

◆ 10 billion 𝐉/𝛙 events collected:
✓ Large BR in 𝐉/𝛙 decay
✓ Quantum entangled pair productions
✓ Polarized hyperon
✓ High efficiency, background free

𝑃𝑌 =

Nature volume 606, pages64–69 (2022)

https://www.nature.com/articles/s41586-022-04624-1
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e+e− → J/ψ → Ξ0 തΞ0 → Λπ0ഥΛπ0 → pπ−π0 തpπ+π0

◆ Tests of CP symmetry in entangled 𝚵𝟎 − ഥ𝚵𝟎 pairs
✓ The most precise values for CP asymmetry observables of 𝚵𝟎 decay are obtained.

✓ For the first time, the weak and strong phase differences are determined  which are the most precise results 
for any weakly decaying baryon.

✓ 𝚵𝟎 and ഥ𝚵𝟎 decay parameters are determined with the most precise, which are improved by more than one 
order of magnitude over the previous measurements.

PRD 108(2023) L031106

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.L031106
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𝑒+𝑒− → 𝐽/𝜓 → Ξ− തΞ+ → Λ𝜋−ഥΛ𝜋+ → 𝑝𝜋−𝜋− ത𝑛𝜋0𝜋++c.c.

◆ Investigation of the 𝚫𝐈 =
𝟏

𝟐
Rule and Test of CP Symmetry

✓ 𝐓𝐡𝐞 𝐩𝐫𝐞𝐜𝐢𝐬𝐢𝐨𝐧𝐬 𝐨𝐟 𝜶𝚲𝟎 for 𝚲 → 𝒏𝝅𝟎 and ഥ𝜶𝚲𝟎 for ഥ𝚲 → ഥ𝒏𝝅𝟎 compared to world averages are improved by factors of 4 and 
1.7

✓ 𝐓𝐡𝐞 𝐫𝐚𝐭𝐢𝐨 𝐨𝐟 𝐝𝐞𝐜𝐚𝐲 𝐚𝐬𝐲𝐦𝐦𝐞𝐭𝐫𝐲 𝐩𝐚𝐫𝐚𝐦𝐞𝐭𝐞𝐫𝐬 𝐨𝐟 𝚲 → 𝒏𝝅𝟎 to that of 𝚲 → 𝒑𝝅−, 𝜶𝚲𝟎 / 𝜶𝚲− , is smaller than unity more 
than 5σ, which signifies the existence of the ΔI =3/2 transition in Λ for the first time.

✓ CP test is also with the best precision to date.

PRL 132(2024) 101801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.132.101801
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𝑒+𝑒− → 𝐽/𝜓 → Σ+ തΣ− → 𝑛𝜋+ ҧ𝑝𝜋0+c.c.

◆Test of CP Symmetry in Hyperon to Neutron Decays

✓ The CP-odd weak decay parameters of the decays 𝚺+ → 𝐧𝝅+(𝜶+) and ഥ𝚺− → ഥ𝒏𝝅−(ഥ𝜶−) are 
determined. ഥ𝜶− is measured for the first time, and the accuracy of 𝜶+ is improved by a factor of 4.

✓ The simultaneously determined decay parameters allow the first precision CP symmetry test for 
any hyperon decay with a neutron in the final state.

PRL 131(2023) 191802

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.191802
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𝑒+𝑒− → 𝐽/𝜓(𝜓(3686)) → Σ0 തΣ0 → 𝛾Λ𝛾ഥΛ → 𝛾𝑝𝜋−𝛾 ҧ𝑝𝜋+

◆ Strong and Weak CP Tests in Sequential Decays of Polarized 𝚺𝟎 Hyperons

✓ The strong-CP symmetry (𝑨𝑪𝑷
𝚺 = 𝜶𝚺𝟎 + ഥ𝜶𝚺𝟎) is tested for the first time. The weak-CP test is performed in 

the subsequent decays of their daughter particles 𝚲 and ഥ𝚲.

✓ The transverse polarizations of the 𝚺𝟎 hyperons in 𝐽/𝜓 and 𝜓(3686) decays are observed with opposite 
directions for the first time.

✓ The ratios between the S-wave and D-wave contributions of 𝐽/𝜓(𝜓(𝟑𝟔𝟖𝟔)) → 𝚺𝟎 ഥ𝚺𝟎 decay are obtained for 
the first time.

PRL 133(2024)101902

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101902
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Hyperon weak radiative decay

◆Hyperon weak radiative decay

✓ Interplay of the electromagnetic, weak, and strong interactions.

✓ Hara’s theorem: Radiative hyperon decays have vanish PV amplitude and decay asymmetry in 
the limit of SU(3) symmetry.

✓ Effective Lagrangian: 𝓛 =
𝒆𝑮𝑭

𝟐
ഥ𝑩𝒇 𝒂𝑷𝑪 + 𝒃𝑷𝑽𝜸𝟓 𝝈𝝁𝝂𝑩𝒊𝑭𝝁𝝂

✓ Decay width and decay asymmetry:

𝚪 =
𝐞𝟐𝐆𝐅

𝟐

𝝅
𝒂 𝟐 + 𝒃 𝟐 𝒌

𝟑
, 𝜶𝜸 =

𝟐𝑹𝒆 𝒂𝒃∗

𝒂 𝟐 + 𝒃 𝟐

✓ 𝜶𝜸=0?

✓ This process generally has a very small branching ratio and 
is difficult to measure.
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𝑒+𝑒− → 𝐽/𝜓 → ΛഥΛ → 𝑛𝛾 ҧ𝑝𝜋++c.c.

◆Measurement of the Absolute Branching Fraction and Decay Asymmetry of 𝚲 → 𝒏𝜸

✓ The absolute branching fraction of the decay 𝚲 → 𝒏𝜸 is determined to be (
)

𝟎. 𝟖𝟑𝟐 ± 𝟎. 𝟎𝟑𝟖 ±
𝟎. 𝟎𝟓𝟒 × 𝟏𝟎−𝟑, which is a factor of 2.1 lower and 5.6 standard deviations different than the 
previous measurement.

✓ The first determination of the decay asymmetry parameter 𝛼𝛾 is reported with a value of 

− 𝟎. 𝟏𝟔 ± 𝟎. 𝟏𝟎 ± 𝟎. 𝟎𝟓.

PRL 129(2022) 212002

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.212002
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𝑒+𝑒− → 𝐽/𝜓 → Σ+ തΣ− → 𝑝𝛾 ҧ𝑝𝜋0+c.c.

◆Precision Measurement of the Decay 𝚺+ → 𝐩𝜸 in the Process 𝐉/𝛙 → 𝚺+ഥ𝚺−

✓ The absolute branching fraction of the decay 𝚺+ → 𝐩𝜸 is  measured to be (
)

𝟎. 𝟗𝟗𝟔 ± 𝟎. 𝟎𝟐𝟏 ±
𝟎. 𝟎𝟏𝟖 × 𝟏𝟎−𝟑, which is lower than its world average value by 4.2 standard deviations.

✓ The decay asymmetry parameter is determined to be −𝟎. 𝟔𝟓𝟐 ± 𝟎. 𝟎𝟓𝟔 ± 𝟎. 𝟎𝟐𝟎.

PRL 130(2023) 211901

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.211901
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𝑒+𝑒− → 𝐽/𝜓 → Ξ0 തΞ0 → Λ𝛾ഥΛ𝜋0 → 𝛾𝑝𝜋−𝛾𝛾 ҧ𝑝𝜋+ + 𝑐. 𝑐.

◆Measurement of the Decay 𝚵𝟎 → 𝚲𝛄 with Entangled 𝚵𝟎ഥ𝚵𝟎 Pairs

✓ The absolute branching fraction of the decay 𝚵𝟎 → 𝚲𝜸 has been measured for the first time, and 
is 𝟏. 𝟑𝟒𝟕 ± 𝟎. 𝟎𝟔𝟔 ± 𝟎. 𝟎𝟓𝟒 × 𝟏𝟎−𝟑.

✓ The decay asymmetry parameter is determined to be −𝟎. 𝟕𝟒𝟏 ± 𝟎. 𝟎𝟔𝟐 ± 𝟎. 𝟎𝟏𝟗.

arXiv:2408.16654

https://arxiv.org/abs/2408.16654
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Summary

◆A set of interesting and important results from the light hadron decays are achieved:

✓ Light meson decays (𝜼/𝜼′)

• Decay mechanisms, Form factors, New physics… 

✓ Hyperon  decays

✓ CP test and polarization measurement

✓ Hyperon weak radiative decay

◆More interesting results expected in the  future!
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