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p Introduction
p Recent results

ØSpin polarization/CPV in 𝚲 hyperon
ØSpin polarization/CPV in 𝚺 hyperon
ØSpin polarization/CPV in 𝚵 hyperon

p Summary

Outline

See Prof. Haibo Li’s talk 
for more hyperon physics results
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Hyperon



p Main Feynman Diagrams

p Provide a rich laboratory to prob non-pQCD, 
hyperon property/CPV, pQCD, etc.

𝐇%𝐇 production in Charmonium (-like) decay
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X. F. Wang, RMFS, 3, 0308074 (2022)



p One photon exchange

l Differential cross section with combination of 𝑮𝑬/𝑴

l Form factor (𝑮𝒆𝒇𝒇, 𝑮𝑬/𝑴)

p Understand the internal structure of hyperon
p Provide extra insights for Charmonium(-like) states

(                             )

𝐇"𝐇 production in 𝒆!𝒆" annihilation
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How to construct CPV observables
p Amplitude for 𝑯𝟏/𝟐 → 𝑯𝟏/𝟐

$ 𝑴𝒑𝒔𝒆: 
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n Lee–Yang parameters
in hyperon decay

n If CP conservation: 𝜶𝑯 = −𝜶"𝑯, …
n Then, one can construct CPV 

observables (𝚵 → 𝝅𝚲):

T. D. Lee, C. N. Yang. Phys. Rev. 108, 1645 (1957)
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q All are consistent with CKM theory in SM 
q But no evidence in hyperon system (𝐂𝐏𝐕𝑺𝑴 ∼ 𝟏𝟎*𝟒)

Roadmap of CP violation

Symmetry 2023, 15(1), 214
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Data Sample: 𝟏. 𝟑 𝐁 𝐉/𝛙 Nature Physics 15, 631 (2019)

Observation of 𝚲 spin polarization
in 𝑱/𝝍 → 𝚲%𝚲

pA 5D angular distribution analysis

Clear 𝚲 hyperon 
transverse  

polarization 
signal observed 

for the first time!
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p First observation of hyperon spin polarization, and 
first test of CPV in 𝚲 decay with precision over
previous measurements

Data Sample: 𝟏. 𝟑𝐁 𝐉/𝛙 Nature Physics 15, 631 (2019)

>5𝝈 difference (17%
higher than) to PDG

Test of CP violation:

𝑨𝑪𝑷 =
𝜶# + 𝜶$
𝜶# − 𝜶$

First observation of a
transverse polarization

Observation of 𝚲 spin polarization
in 𝑱/𝝍 → 𝚲%𝚲

Test of 𝚫𝐈 = 𝟑
𝟐

contribution
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Most precise measurement of
𝚲 spin polarization and CPV in 𝐉/𝛙 → 𝚲.𝚲

Data Sample: 𝟏𝟎𝐁 𝐉/𝛙

q CP is still conservation within 1𝛔 uncertainty
q Results are consistent with previous measurements, and with 

higher precison (~𝟏𝟎#𝟑)

Phys. Rev. Lett. 129, 131801 (2022)



𝚫𝚽 = 𝚽𝐄 −𝚽𝑴 = 𝟑𝟕 ± 𝟏𝟐 ± 𝟔 𝒐

𝝈 = 𝟏𝟏𝟖. 𝟕 ± 𝟓. 𝟑 ± 𝟓. 𝟏 pb
𝐆𝐞𝐟𝐟. = 𝟎. 𝟏𝟐𝟑 ± 𝟎. 𝟎𝟎𝟑 ± 𝟎. 𝟎𝟎𝟑

𝑹 =
𝑮𝑬
𝑮𝑴

= 𝟎. 𝟗𝟔 ± 𝟎. 𝟏𝟒 ± 𝟎. 𝟎𝟐

Measurement of 𝚲 spin polarization in 𝐞D𝐞* → 𝚲.𝚲

Data Sample: 66.9 𝐩𝐛#𝟏 @ 𝒔=2.396GeV

n First complete determination 
of baryon time-like EMFFs

n More information for
understanding 𝚲&𝚲
production near threshold

PRL 123,122003 (2019)
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𝚲 hyperon spin polarization around𝛙(𝟑𝟔𝟖𝟔)
Data Sample: 𝟑𝟑𝟑 𝒑𝐛!𝟏 𝒔 = 𝟑. 𝟔𝟖 − 𝟑. 𝟕𝟏𝑮𝒆𝑽 arXiv:2303.00271

q CP is fixed to be zero, more information for understanding 
the production mechanism of 𝚲&𝚲 in 𝝍(𝟑𝟔𝟖𝟔)
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The 𝚲 spin polarization in𝛙(𝟑𝟕𝟕𝟎) → 𝚲.𝚲
Data Sample: 𝟐. 𝟗 𝐟𝐛!𝟏 𝝍(𝟑𝟕𝟕𝟎)

Moment: 𝑴 𝐜𝐨𝐬𝜽 = 𝒎
𝐍
∑𝐢
𝐍(𝛉𝚺)(𝐬𝐢𝐧 𝛉𝒑𝐢 𝐬𝐢𝐧𝛟𝒑𝐢 − 𝐬𝐢𝐧𝛉(𝒑𝐢 𝐬𝐢𝐧𝛟(𝒑

𝐢 )

q CP is fixed to be zero, more information for understanding 
the 𝚲 hyperon structure, the production of of 𝚲&𝚲 in 𝝍(𝟑𝟕𝟕𝟎)

PRD(Letter) 105,L011101 (2022)
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Observation of 𝚺=(𝐩𝝅𝟎) spin polarization in 𝛙 → 𝚺=&𝚺>

Data Sample: 𝟏. 𝟑𝐁 𝐉/𝛙 & 𝟒𝟒𝟖𝐌𝛙(𝟑𝟔𝟖𝟔)

p Test of CP violation: 
𝑨𝑪𝑷
𝚺!(𝐩𝝅𝟎) =

𝜶𝟎 + &𝜶𝟎
𝜶𝟎 − &𝜶𝟎

= −𝟎. 𝟎𝟏𝟓 ± 𝟎. 𝟎𝟑𝟕 ± 𝟎. 𝟎𝟎𝟖 ≈ 𝟎?

Phys. Rev. Lett. 125, 052004 (2020)
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Observation of 𝚺=(𝒏𝝅=) spin polarization in 𝐉/𝛙 → 𝚺=&𝚺>

Data Sample: 𝟏𝟎𝐁 𝐉/𝛙 arXiv:2304.14655

q Both 𝛂𝐉/𝛙 and 𝚫𝚽 are consistent with 𝚺D(𝐩𝝅𝟎) mode
q Test of CP violation: 

𝐀𝐂𝐏
𝚺!(𝐧𝝅!) =

𝛂𝟎 + &𝛂𝟎
𝛂𝟎 − &𝛂𝟎

= −𝟎. 𝟎𝟖𝟎 ± 𝟎. 𝟎𝟓𝟐 ± 𝟎. 𝟎𝟐𝟖 ≈ 𝟎?
16
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Measurement of 𝚺= spin polarization in 𝐞=𝐞> → 𝚺=$𝚺>

Data Sample: 66.9 𝐩𝐛#𝟏 @ 𝒔=2.396, 
2.65 and 2.9GeV

p The 𝚺$hyperon EMFF is first explored in a wide four-momentum 
transfer range with 𝐪𝟐 from 5.7 to 8.4 GeV

p 𝚫𝚽 < 𝟎 at 𝐬 = 𝟐. 𝟑𝟗 GeV, 𝚫𝚽 > 𝟎 at 𝐬 = 𝟐. 𝟔𝟒 and 2.9GeV, 𝚫𝚽 = 𝟎
exist between these points? an important input for understanding the 
asymptotic behavior [A. Mangoni et al, PRD104, 116016 (2021)] 

arXiv:2307.15894

http://arxiv.org/abs/2307.15894
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𝚵> hyperon spin polarization and CPV in 𝑱/𝝍 → 𝚵>&𝚵=

Data Sample: 𝟏. 𝟑𝐁 𝐉/𝛙 Nature 606, 64 (2022)

Parameters extraction by 
a 9D angular distribution analysis
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𝚵> hyperon spin polarization and CPV in 𝑱/𝝍 → 𝚵>&𝚵=

Nature 606, 64 (2022)~73,000 Data Sample: 𝟏. 𝟑 𝐁 𝐉/𝛙



qObservation of 𝚵# spin polariztion, non-zero weak phase difference
qMost precise test for CPV on strange hyperon decay
qUpdate with 10 billion 𝐉/𝛙 is ongoing
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𝚵> hyperon spin polarization and CPV test in 𝑱/𝝍 → 𝚵>&𝚵=

Non-zero phase: 
𝚵! spin polariztion

First measurement:
J𝜶𝚵, J𝝓𝚵, 𝝃𝑷 − 𝝃𝑺, 𝑨𝑪𝑷𝚵 , 𝚫𝝓𝑪𝑷

𝚵

Strong/ weak phase
difference

Three CP observables

Nature 606, 64 (2022)~73,000 Data Sample: 𝟏. 𝟑 𝐁 𝐉/𝛙



𝚵> spin polarization and CPV in𝝍(𝟑𝟔𝟖𝟔) → 𝚵>&𝚵=

Data Sample: 448𝐌 𝛙(𝟑𝟔𝟖𝟔)

q Both 𝛂𝛙(𝟑𝟔𝟖𝟔) and 𝚫𝚽 are very different from the 𝐉/𝛙 peak
q Other parameters and CPV values are consistent with the  
𝐉/𝛙 peak.

PRD(Letter) 106, L091101 (2022)
~5000 events
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> 𝟕𝝈



p No spin polarization observed (limited statistics?)
p Fisrt simultaneous determination of 𝚵𝟎 and O𝚵𝟎 decay parameters
p CP is conservation within 1𝛔 uncertainty

𝚵𝟎 hyperon spin polarization and CPV in𝝍(𝟑𝟔𝟖𝟔) → 𝚵𝟎&𝚵𝟎

~2000
events

PRD(Letter) 108, L011101 (2023)Data Sample: 448𝐌 𝛙(𝟑𝟔𝟖𝟔)
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𝚵𝟎 hyperon spin polarization and CPV in 𝑱/𝝍 → 𝚵𝟎&𝚵𝟎
arXiv:2305.09218Data Sample: 10B𝐌 𝐉/𝛙 ~330000 events 
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p Most precise determination of 𝚵𝟎 hyperon decay parameters, 
consistent with the 𝛙(𝟑𝟔𝟖𝟔) decay

p CP is still conservation within 1𝛔 uncertainty (𝟏𝟎>𝟑)



Summary
n BESIII is successfully operating since 2008

üCollected large data samples in the τ-charm physics region
üContinues to take data in coming years

n Many studies for hyperon spin polarization
and CPV in Charmonium decay and in 𝒆!𝒆"
annihilation achieved: 
ü Observation of hyperon transverse polarization
ü CPV study in 𝚲, 𝚺, 𝚵 hyperon 
ü Still need more experimental/theoretical efforts

n More new results are on the way!
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Thanks for your attention！


