
Hyperon Physics 
at BESIII

Jianyu Zhang
National Centre For Nuclear Research

(On behalf of Collaboration)



Why hyperons?
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Hyperon: a unique role in particle physics

s
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Advantage of hyperons

s

p Polarization experimentally accessible by the weak, parity violating decay:

6/30/26 MESON 2026, Krakow 4



BESIII: a hyperon factory
With 10 billion 𝐽/𝜓 and 2.7 billion 𝜓(3686)	collected at BESIII, ~10! 
entangled hyperon pairs can be produced, which enables precise studies 
of the hyperon physics.

More 𝜓 3686 data will be taken aBer the upgrade of 
BEPCII and BESIII inner tracker.

6/30/26 MESON 2026, Krakow 5



BESIII: a hyperon factory

BESIII and STCF : a hyperon factoryFront. Phys. 12(5), 121301 (2017)
Phys. Rev. D 100, 114005 (2019)

10 billion 𝑱/𝝍 events collected:
• Large Br. in 𝑱/𝝍 decay
• Quantum entangled pair produc;ons
• High efficiency, background free

Hyperon Physics

Rare decays
• Radia;ve decay
• Semi-leptonic decay

Hyperon EDM

Hyperon-Nucleon Interac;ons

Other Physics Hyperon produc;on
• Time-like EM FF
• Cross Sec;on

𝑪𝑷	Viola;on in hyperon decay
• Decay parameter
• Decay branching frac;on
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Hyperons production at BESIII

s

• The form factors 𝑮𝑬,𝑮𝑴 construct the 
produc;on parameters:
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Hyperons production at BESIII

s

• The non-zero 𝚫𝚽 represents the transverse polariza;on.
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CPV in hyperon sector
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CP observables in hyperon decays

s

The amplitude of spin ½ baryon 𝐵# decay to a spin ½ baryon 𝐵$ 
and 𝜋:

𝓐~𝑆𝜎% + 𝑃𝝈 ⋅ 4𝒏
The decay parameters are defined as:

Two complex amplitudes:
𝑆 = Σ#𝑆#𝑒#('!

"()!
"), 𝑃 = Σ#𝑃#𝑒#('!

#()!
#)

Under CP transformation:
̅𝑆 = −Σ#𝑆#𝑒#(+'!

"()!
"), <𝑃 = Σ#𝑃#𝑒#(+'!

#()!
#)

If CP conserved:  𝑆
	 -.	

− 𝑆

Phys. Rev. 108, 1645 (1957)
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𝐶𝑃𝑉
observables

Δ = "#$"
"%$"

𝐴 =
Γ𝛼 + 6Γ 6𝛼
Γ𝛼 − 6Γ 6𝛼

≈
𝛼 + 6𝛼
𝛼 − 6𝛼

+ Δ

𝐵 =
Γ𝛽 + 6Γ𝛽̅
Γ𝛽 − 6Γ𝛽̅

≈
𝛽 + 𝛽̅
𝛽 − 𝛽̅

+ Δ

𝝓 weak phase,  𝜹 strong phase

𝑃
	 -.	

𝑃
𝛼
	 -.	

<𝛼 = −𝛼
𝛽
	 -.	

𝛽̅ = 	−𝛽

PRD 34,833 1986 
hep-ph/991023
hep-ph/0002210
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𝑒!𝑒" → 𝐽/𝜓 → Ξ"'Ξ!, Ξ" → Λ → 𝑝𝜋" 𝜋" + 𝑐. 𝑐.

s

• The 9 kinema;cal variables – 9 dimension PHSP

• The 8 free parameters

6/30/26 MESON 2026, Krakow 11



Search for CPV in entangled 𝚵" − 1𝚵! pairs

s

𝚵+ → 𝚲𝝅+

Phys. Rev. LeT. 136, 201802 (2026)

The precision of the asymmetry parameter: 𝟏𝟎#𝟑

𝒆(𝒆+ → 𝑱/𝝍 → 𝚵+D𝚵(

Measurement of the weak (CPV) phase difference in 𝚵# 
decays, most precise results in weakly baryon decays

Three CP tests

The precision of ⟨𝜶𝚲⟩	obtained from 580K 𝚵# is 
comparable to that obtained from the measurement of 
3.2 million Λ decays!

Ξ! Polariza(on

580K 𝚵+ − D𝚵( pairs 
with > 99% purity

6/30/26 MESON 2026, Krakow 12

https://journals.aps.org/prl/abstract/10.1103/c1fz-9r8q


Hyperon polarization
𝐽/𝜓 → Ξ+<Ξ(

PRL129, 131801(2022) 

𝜓(2𝑆) → Ξ+<Ξ(

ΔΦ 𝐽/𝜓 = (−0.2744±0.0033±0.0010)rad
	ΔΦ 𝜓(2𝑆) = (0.427±0.022±0.003)radΔΦ = 0.7521 ± 0.0042 ± 0.0066 	rad

ΔΦ = 0.667 ± 0.111 ± 0.058 	rad

ΔΦ = 1.2205 ± 0.0159 ± 0.0056 	rad

𝜓(3686) → Ξ%<Ξ%

𝐽/𝜓 → ΛDΛ 𝜓 → Σ(<Σ+

ΔΦ 𝐽/𝜓 = −0.0828 ± 0.0068 ± 0.0033 rad
	ΔΦ 𝜓(2𝑆) = 0.512 ± 0.085 ± 0.034 rad

PRL135, 141804 (2025) Phys. Rev. Lett. 136, 201802 (2026)

𝜓 → Σ% <Σ%
Phys. Rev. Lett. 133 (2024) 10, 101902 Phys. Rev. D 106, L091101 (2022)

𝜓(3686) → ΛDΛ
arXiv:2509.15276

ΔΦ = 0.366 ± 0.064 ± 0.013 	rad

Phys. Rev. D 108, L011101 (2023)

ΔΦ = −0.050 ± 0.150 ± 0.020 	rad6/30/26 MESON 2026, Krakow 13

𝐽/𝜓 → Ξ%<Ξ%

ΔΦ = 1.168 ± 0.019 ± 0.018 	rad

Phys. Rev. D 108, L031106 (2023)



p Four independent form factors: electric charge (𝐺/), magnetic
dipole (𝐺0), electric quadrupole (𝐺1), and magnetic octupole
(𝐺2) moments.

First complete measurement of 𝚵 𝟏𝟓𝟑𝟎 𝟎 structure

s
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p Spin-3/2 particles exhibit not only vector polarization
but also tensor polarization.
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p A more detailed picture of the internal structure of baryons.

arXiv: 2601.12293 (accepted by PRL)



Summary of BESIII achievement on hyperon decay
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Electric Dipole Moment
p Definition in the ensemble of particles: Λ, Σ, Ξ

EDM:  𝜹 = 𝑑𝜇B	𝒔/2

MDM: 𝝁 = 𝑔𝜇B	𝒔/2

Spin polarization vector:
𝒔 = 	Tr 𝜌𝝈 =

2
ℏ <

V𝑺 >

Magneton: 𝜇B
Gyro-electric(magnetic) factor: 𝑑(𝑔)

p Interaction with EM field 

Non-zero EDM is a signal of P/T, and CP violation

s
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Why EDM
p Big ma9er and an:-ma9er asymmetry founded in the universe.

(𝒏𝑩 − 𝒏4𝑩)/𝒏𝜸|𝑪𝑴𝑩 = 𝟔. 𝟎𝟖 ± 𝟎. 𝟎𝟗 ×𝟏𝟎+𝟏𝟎

p 𝐶𝑃 viola:on has been founded at 𝐾, 𝐵, 𝐷 meson system, but not enough to explain ma9er dominant universe. 
New CP viola:on sources beyond SM are needed to explain predominance of ma9er over an:ma9er.

SM predic;on:   V𝒅𝑪𝑷 =
𝒅𝑪𝑷
𝑫𝟏𝟐

	~	𝟏𝟎+𝟏𝟖 ≪ 𝟏𝟎+𝟏𝟎

p EDM is one of the few low energy measurements sensi:ve to fundamental par:cle physics at a scale of few TeV 
and above.

𝒅𝒆~𝒆
𝒎𝒆

𝑴𝟐 = 𝟏𝟎+𝟐𝟑𝒆	𝐜𝐦
𝟏	𝐓𝐞𝐕
𝑴

𝟐
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How to access EDM
p EDM and MDM extracted from spin procession in EM field 

p Experimental requirement

ü Sizable polarized particle source
ü Enough fight length/intense EM field for precession
ü Excellent detector for polarization measurement 

via angular analysis Significant challenge for short-lived 
particles, i.e. Λ(10CDE𝑠), ΣE(10CFE𝑠)
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Λ EDM/MDM measurement at Fermilab

p Fixed-target experiment with 300GeV proton 
beam on Be

p Reconstructed 3×10G	Λ → 𝑝𝜋C	decays

p Small transverse polarization ~8%

p Magnet: 5m, 15Tm

p Last direct measurement in 80’s @Fermilab

sensitivity depend on polarization 
and difficult to improve to 10+@A	𝑒	cm 
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Indirect access to EDM

𝐻H =
2𝑒
3𝑀F 𝑔I𝑑J

measure time-like dipole form 
factor with 𝑞 = 𝑚K/L

X.G.He, J.P. Ma, Phys.Rev.D47(1993)1744
X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834
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Λ EDM measurement at BESIII
p 3M 𝐽/𝜓	 → Λ@Λ decays reconstructed with purity > 99%, 

similar statistics as Fermilab in 1980s

p Preserve CP symmetry and a 3-order-of-magnitude 
improvement

arXiv:2506.19180 
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EDM visualization
p Non-zero EDM could affect angular distribution, 

asymmetry visualized in TPA

p A model with 𝑑J = 4.2×10CDM e cm

angular analysis is more sensitive than TPA

arXiv:2506.19180 

p Also can be visualized in another angular distribution, 
with different senstivity 
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Complementary to neutron EDM
Phys.Rev.Lett. 136 (2026) 051902 p PQCD relates 𝑑J to quark EDM and CEDM

p 𝑑J exhibits unique sentivity to 
strange quark CEDM
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Sensitivities of hyperon EDM at BESIII

s

J. Fu, H.B. Li, J. Wang, F. Yu, and J. Zhang, 
PhysRevD.108.L091301
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Hyperon rare decay
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Hyperon semi-leptonic decay: 𝚲 → 𝒑𝒆1𝝂𝒆

s

p Based on 10 billion 𝐽/𝜓

p First measurement of absolute branching fraction

p First measurement of Λ weak electricity coupling 𝑔B/𝑓@

p A hyperon-based route to |𝑉CD|, complementary to
kaon decays

See Varvara’s talk
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Hyperon-Nucleon interaction
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Hyperon nucleon interaction

s

Hyperon pairs produced in e+e-
collision inside the beam pipe

Material of the beam pipe:
Gold (Au)
Beryllium (Be)
Oil (@BC: @H = 1: 2.13)

An example: Lambda hyperons
interact with Be nucleus
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PRL 127, 012003 (2021) 
Chinese Physics C Vol. 48, No. 7 (2024) 073003



Observation anti-hyperon elastic scattering

s

pTotal elas)c cross sec)ons measured in −0.9 ≤ cos𝜃v ≤ 0.9
pΛ2p → Λ2p is observed for the first )me
pΛp shows a slight forward tendency; Λ2p shows a strong forward peak
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First observation of antihyperon-proton annihilation

s

BESIII: PRL 136, 171904 (2026)Reaction chain: 𝐽/𝜓 → Λ'Λ, 'Λ + 𝑝 → 𝐾"𝜋"𝜋! + 𝑘𝜋#	(𝑘 = 1,2,3)
The center-of-mass energy of the incident DΛ and a static 𝑝 is about 2.243 GeV.

Two-body decay, 𝑃4E ≈ 1.074 GeV/𝑐

hydrogen in the cooling oil, at rest protons

Target
First observation Intermediate 

𝐾∗ 892 ( in 
𝑘 = 1 channel

𝐾B𝜋B𝜋C𝜋D
𝐾B𝜋B𝜋C2𝜋D
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Summary

THANK YOU !

Hyperon physics plays an important role at BESIII:
p Precision measurements of hyperon decay parameters, polariza6on and 𝑪𝑷:

• complementary to CPV studies with Kaons
• Hyperon semi-leptonic decay: a new approach to extract |𝑉CD|

p Novel method to study hyperon-nucleon interac6ons.
• A idea place to study an:-hyperon nucleon interac:on.

p Hyperon electric dipole moments measurements:

• The sensi:vity of Λ EDM at BESIII is 1000 :mes higher than the world’s best measurement under the same 
sta:s:cal condi:on.

• BESIII has the opportunity of first measurements of the EDM of Σ(, Ξ+, Ξ% hyperons , and the sensi:vity are at 
the order of 10+@G(BESIII) and 10+B%(STCF).
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Backup
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Polarization in 𝐽/𝜓 production

20

p 𝐽/𝜓 polarization with unpolarized beam 

p 𝐽/𝜓 polarization with longitudinally polarized beam 𝑃N 

dominated by 𝑃N

a way for precise measurement of beam polarization 

𝜌OOH 	spin density matrix for 𝐽/𝜓

~10CP	in SM



𝑱/𝝍 → 𝚲1𝚲 decay

21

𝐽/𝜓Λ@Λ	vertex: four form factors in total 

𝐹I and 𝐻Q represent Λ polarization

𝐹R: P violation

𝐻H: P and CP violation



P violation form factor 𝑭𝑨

24

p Primarily from 𝑍 and 𝑊 exchange between 𝑐 ̅𝑐 and light quark pairs

p Related to effective weak mixing angle and QCD model parameters

X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834

Yong Du et al, Phys.Rev.D 110(2024)076019



CP violation form factor 𝑯𝑻

25

p Several CPV sources contributed to 𝐻H

p Assume hyperon EDM form factor as major contribution

X.G.He, J.P. Ma, Phys.Rev.D47(1993)1744
X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834

𝐻7(𝑞8) =
89

:;!/#
$ 𝑔<𝑑=(𝑞8)           (𝑞 = 𝑀>/?)

neglect 𝑞 dependence, 𝑑J for hyperon EDM



Angular distribution
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Angular distribution
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Angular distribution
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EDM sensitivity

29

p Simultaneously determine all free parameters 
from full angular analysis 

Fitted parameters

Set of helicity angles

p Sensitivity at BESIII and STCF

10+@G~10+B@	e cm

i.e. 𝐽/𝜓	 → Λ@Λ

J. Fu, H.B.Li et al. Phys. Rev. D 108, L091301 (2023) 



Electromagnetic Form Factors (EMFFs)

s
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Hyperon form factors

s
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First complete measurement of 𝚲 structure

s
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Complete measurement of 𝚲 structure

s
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Results of EMFFs at BESIII

s
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𝚵& + 𝒏 → 𝚵" + 𝒑 and 𝚲 + ⁹𝐁𝐞 → 𝚺⁺ + 𝒏

s

σ(Ξ⁰n → Ξ⁻p) = (7.4 ± 1.8(stat.) ± 1.5(syst.)) mb
σ(Ξ⁰ + ⁹Be → Ξ⁻ + p + ⁸Be) = (22.1 ± 5.3(stat.) ± 4.5(syst.)) mb
σ(Λ + ⁹Be → Σ⁺ + X) = 37.3 ± 4.7(stat.) ± 3.5(syst.) mb

p First study for Ξ⁰n and ΛN inelas(c sca8ering through 𝐽/𝜓 → Ξ#@Ξ# and Λ'Λ

p Total elas(c cross sec(onsare measured, results are consistent with theore(cal predic(on

BESIII: PRL 130 (2023) 251902 BESIII: PRC 109(2024)L052201 
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