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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

X. F. Wang, RMFS, 3, 0308074 (2022)
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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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Why hyperon CPV at BESIII
SM Prediction: CPV: 𝟏𝟎&𝟒

q World’s largest data samples: 10B 𝐉/𝛙, 3B 𝛙(𝟑𝟔𝟖𝟔)
q Large BR for hyperon pair production in 𝐉/𝛙 and 𝛙(𝟑𝟔𝟖𝟔)
q Quantum entangled pair productions
q Clean background, etc.
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How to construct CPV observables
p Amplitude for 𝑯𝟏/𝟐 → 𝑯𝟏/𝟐

$ 𝑴𝒑𝒔𝒆: 

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) 9/50



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

higher precison (~𝟏𝟎#𝟑)

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

Data Sample: 𝟏𝟎𝐁 𝐉/𝛙 Phys. Rev. Lett. 129, 131801 (2022)
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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 𝚲0𝚲
production near threshold

PRL 123,122003 (2019)
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q CP is fixed to be zero, more information for understanding 
the production mechanism of 𝚲0𝚲 in 𝝍(𝟑𝟔𝟖𝟔)

𝚲 hyperon spin polarization around𝛙(𝟑𝟔𝟖𝟔)
Data Sample: 𝟑𝟑𝟑 𝒑𝐛!𝟏 𝒔 = 𝟑. 𝟔𝟖 − 𝟑. 𝟕𝟏𝑮𝒆𝑽 arXiv:2303.00271
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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 𝚲0𝚲 in 𝝍(𝟑𝟕𝟕𝟎)

PRD(Letter) 105,L011101 (2022)
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p Test of CP violation: 
𝑨𝑪𝑷
𝚺!(𝐩𝝅𝟎) =

𝜶𝟎 + 0𝜶𝟎
𝜶𝟎 − 0𝜶𝟎

= −𝟎. 𝟎𝟏𝟓 ± 𝟎. 𝟎𝟑𝟕 ± 𝟎. 𝟎𝟎𝟖 ≈ 𝟎?

Observation of 𝚺D(𝐩𝝅𝟎) spin polarization in 𝛙 → 𝚺D0𝚺&

Data Sample: 𝟏. 𝟑𝐁 𝐉/𝛙 & 𝟒𝟒𝟖𝐌𝛙(𝟑𝟔𝟖𝟔) Phys. Rev. Lett. 125, 052004 (2020)
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Observation of 𝚺D(𝒏𝝅D) spin polarization in 𝐉/𝛙 → 𝚺D0𝚺&

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 + 0𝛂𝟎
𝛂𝟎 − 0𝛂𝟎

= −𝟎. 𝟎𝟖𝟎 ± 𝟎. 𝟎𝟓𝟐 ± 𝟎. 𝟎𝟐𝟖 ≈ 𝟎?
21/50



Measurement of 𝚺D spin polarization in 𝐞D𝐞& → 𝚺D$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

22/50
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Observation of 𝚺𝟎 spin polarization in 𝐉/𝝍 → 𝚲0𝚺𝟎 + 𝒄. 𝒄.

Data Sample: 𝟏𝟎𝐁 𝐉/𝛙 arXiv: 2309.04139 

p Provide a new exploration for direct CP violation study
23/50



Outline
p Introduction
p Recent overview

ØHyperon polarization and CPV
ü𝚲, 𝚺, 𝚵 hyperons

ØHyperon pair production
üNear threshold (𝚲%𝚲, 𝚺%𝚺, 𝚵%𝚵, 𝛀%𝛀)
üAbove open charm threshold (𝚲%𝚲, 𝚵%𝚵)

p Summary



𝚵& hyperon spin polarization and CPV in 𝑱/𝝍 → 𝚵&0𝚵D

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

Parameters extraction by 
a 9D angular distribution analysis

25/50



𝚵& hyperon spin polarization and CPV in 𝑱/𝝍 → 𝚵&0𝚵D

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

𝚵& hyperon spin polarization and CPV test in 𝑱/𝝍 → 𝚵&0𝚵D

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
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𝚵& spin polarization and CPV in𝝍(𝟑𝟔𝟖𝟔) → 𝚵&0𝚵D

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

> 𝟕𝝈
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p Most precise determination for 𝛂𝚲/1𝚲 , first test CPV in neutron final states 
p Ratio in S-wave: 𝐒𝚫𝐈4𝟏𝟐

/𝐒𝚫𝐈4𝟑𝟐
= 𝟐𝟖. 𝟒 ± 𝟏. 𝟑#𝟏.𝟎$𝟏.𝟏 ± 𝟑. 𝟗, 

while P-wave: 𝐏𝚫𝐈4𝟏𝟐
/𝐏𝚫𝐈4𝟑𝟐

= −𝟏𝟑. 𝟎 ± 𝟏. 𝟒#𝟏.𝟐$𝟏.𝟏 ± 𝟎. 𝟕.

Test of 𝚫𝐈 = 𝟏
𝟐 and CPV in 𝑱𝝍 → 𝚵&0𝚵D with 𝜦 → 0𝒏𝝅𝟎

Data Sample: 10B𝐌 𝐉/𝛙 ~144000 events arXiv:2309.14667 
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p No spin polarization observed (limited statistics?)
p Fisrt simultaneous determination of 𝚵𝟎 and R𝚵𝟎 decay parameters
p CP is conservation within 1𝛔 uncertainty

𝚵𝟎 hyperon spin polarization and CPV in𝝍(𝟑𝟔𝟖𝟔) → 𝚵𝟎0𝚵𝟎

~1900
events

PRD(Letter) 108, L011101 (2023)Data Sample: 448𝐌 𝛙(𝟑𝟔𝟖𝟔)
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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)

𝚵𝟎 hyperon spin polarization and CPV in 𝑱/𝝍 → 𝚵𝟎0𝚵𝟎
Data Sample: 10B𝐌 𝐉/𝛙 ~330000 events Phys. Rev. D 108, L031106 (2023)
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Discovery of Y(4260) 
q Y(4260) is observed first at BaBar via ISR method

Single-resonance assumption
N345 = 125 ± 23
M = 4259 ± 8 stat #678 syst MeV
Γ = 88 ± 23 stat #976 syst MeV

> 𝟖. 𝟎𝝈

n Signifying the presence of one or more previously unobserved 
𝐉𝐏𝐂 = 𝟏&& states containing hidden charm

n No quantum number determined due to the limited statistics

𝒆D𝒆& → 𝜸𝑰𝑺𝑹𝝅D𝝅&𝑱/𝝍

PRL 95, 142001 (2005)
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Charmonium (-like) state
n Nonrelativistic 𝒄;𝒄 bound state

Ø 𝑱/𝝍 (𝟏𝟑𝑺𝟏), first member with 𝑱𝑷𝑪 = 𝟏##(1974)

Symmetry 14 (2022) 1, 65
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Non-standard hadron model 
C. Z. Yuan S. L. Olsen, Nature Rev. Phys. 1 (2019) no.8, 480-494

n Which one is the winner？
35/50



No study in hyperon anti-hyperon final states?

Study of Y(4260) 

36/50
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Observation of an enhancement near 𝚲%𝚲 threshold

Ø Consistent with previous experiments (BABAR and DM2),  improved precision
Ø More complicated physics scenario? 

Data Sample: ~40/pb (4 points: 2.2324, 2.4, 2.8 and 3.08 GeV)

X(𝟐𝟐𝟑𝟎)

Xie et al, CPL. 39 (2022) 011201

𝛚(2290) 

Cao et al, PRD 98, 094006 (2018) 

𝛟(𝟑𝟑𝐒𝟏)

ISR

Xiao et al, CPC 43, 113105 (2019) Qian et al, PRD 107, L091502 (2023) 

Final state interaction
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Measurement of 𝝈𝑩(𝒆D𝒆* → 𝚺%𝚺) near threshold
Data Sample: ~400/pb (6 points: 2.3864 to 3.0200 GeV)

PLB814 (2021) 136059,
PLB831 (2022)136187

Ø No obvious threshold enhancement
Ø Nonzero cross sections near threshold
Ø Different cross sections observed
Ø More complicated physics scenario？

Ø VMD by Jujun Xie et al. 
PRD107, 076008(2023)

Ø …
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PRD103, 012005(2021),
PLB820,(2021)136557

Measurement of 𝛔𝐁(𝐞=𝐞> → 𝚵&𝚵) near threshold

Data Sample: ~360/pb (8 points: 2.644 to 3.080 GeV)

p First study for 𝚵0𝚵 production near threshold

n No obvious 𝚵0𝚵 threshold enhancement
n Ratio of cross sections agrees with the expectation of isospin 

symmetry 40/50



Search for the 𝛀>&𝛀=production near threshold

Data Sample: 8 points: (3.49 -- 3.67 GeV)

n No obvious threshold enhancement
n Effective form factor agrees with the expectation of quark 

model

Phys.Rev.D 107 (2023) 5, 052003
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Measurement of 𝝈𝑩(𝒆D𝒆* → 𝚲%𝚺𝟎) near threshold
Data Sample: ~480/pb (2.3094 to 3.0800 GeV)

n Cross sections agrees with BaBar, but with high precision
n A non-zero Born cross section is observed at 2.3094 GeV, 

new threshold enhancement at 2.3 GeV?
n Plateau model provides the better description than pQCD

motivated function near threshold

arXiv:2308.03361 

42/50



Outline
p Introduction
p Recent overview

ØHyperon polarization and CPV
ü𝚲, 𝚺, 𝚵 hyperons

ØHyperon pair production
üNear threshold (𝚲%𝚲, 𝚺%𝚺, 𝚵%𝚵, 𝛀%𝛀)
üAbove open charm threshold (𝚲%𝚲, 𝚵%𝚵)

p Summary



Study of 𝐞!𝒆" → 𝚲"𝚲 above open charm 

n First study of 𝒆$𝒆# → 𝚲R𝚲 above open charm threshold

PRD104, L091104(2021) (Letter)Data Sample: 20.0 f𝐛!𝟏 @ 𝒔=3.51-4.6GeV

Γ66𝐵7(9:9:) < 5.5×10#<𝑒𝑉,
Γ66𝐵7(9=>:) < 0.7×10#<𝑒𝑉,
Γ66𝐵7(9?>:) < 0.8×10#<𝑒𝑉,
Γ66𝐵7(99=@) < 1.8×10#<𝑒𝑉.

q For other charmonium states
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Study of 𝐞!𝒆" → 𝚵""𝚵! above open charm 

n No obvious significances for ψ(4230/4260)→ 𝚵!J𝚵' observed. 
n Provide more experimental information to understand the nature of Y (4260) 
n Charmless decays of the Y (4260) are expected by the hybrid model (F. E. Close 

and P. R. Page, PLB628,215(2005))

p First study of 𝐞D𝐞& → 𝚵&0𝚵D above open charm threshold

Phys.Rev.Lett. 124, 032002, (2020)Data Sample: 11.0 f𝐛!𝟏 @ 𝒔=4.009-4.6GeV
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n Observed 𝐞D𝐞& → 𝚵∓𝐗(𝟏𝟖𝟐𝟎) with 6.2𝛔 significance 
𝐌 = 𝟏𝟖𝟐𝟓. 𝟓 ± 𝟒. 𝟕 ± 𝟒. 𝟕 𝐆𝐞𝐕
𝚪 = (𝟏𝟕. 𝟎 ± 𝟏𝟓. 𝟎 ± 𝟕. 𝟗)𝐌𝐞𝐕

n Consistent with the PDG values of 𝚵(𝟏𝟖𝟐𝟎)
n JPC has not determined due to limited statistics

p Observed an excited 𝚵 state by combining all energy points 

Study of 𝐞!𝒆" → 𝚵""𝚵! above open charm 
Phys.Rev.Lett. 124, 032002, (2020)
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Study of 𝐞!𝒆" → 𝚵""𝚵! above open charm 
arXiv:2309.04215Data Sample: 13.0 f𝐛!𝟏 @ 𝒔=3.5-4.9GeV
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Study of 𝐞!𝒆" → 𝚵""𝚵! above open charm 
arXiv:2309.04215Data Sample: 13.0 f𝐛!𝟏 @ 𝒔=3.5-4.9GeV
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More are onging …
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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 𝑩%𝑩 production in Charmonium
decay and in 𝒆D𝒆* annihilation achieved: 
ü Observation of hyperon transverse polarization
ü CPV study in 𝚲, 𝚺, 𝚵 hyperon 
ü More new/precise study for hyperon pair production
ü Still need more experimental/theoretical efforts

n More new results are on the way!

Thanks for your attention！
50/50
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Beijing Electron Positron Collider-II



Beijing Spectrometer-III detector

Super-conducting 
magnet (1.0 tesla) 

(Muon counter)

(Electromagnetic Calorimeter)

(Time-Of-Flight System)

(Main Drift Chamber)

𝝈𝒃𝒂𝒓𝒓𝒆𝒍 = 𝟔𝟖p𝒔
𝝈𝒆𝒏𝒅𝒄𝒂𝒑 = 𝟔𝟓p𝒔

𝝈𝒔𝒊𝒈𝒍𝒆!𝒘𝒊𝒓𝒆 = 𝟏𝟐𝟎𝝁𝒎

2.5%@1GeV
(made of  9 RPCs) 

A total weight of over 785t,
40,000 readout channels,
data rate 6,000Hz,~50Mb/s 



BESIII 合作组



BESIII: 13 years data taking
qData sets by far 

Ø 10×10/ J/ψ events
Ø 3×10/ ψ(2S) events
Ø Scan data [2.0,4.6]GeV, 130 energy 

points, about 2.0 bb!0
Ø Large data sets for XYZ study above 

4.0GeV about 22 bb!0
Ø Unique data sets at open charm threshold

Ø 3.773GeV, 2.93 bb!0 DJD
[20 bb!0 2023]

Ø 4.008GeV, 0.48 bb!0 D1JD1
Ø 4.18-4.23GeV, 6.32 bb!0 D1JD1∗
Ø 4.6-4.7GeV, 4.4 bb!0 Λ3'JΛ3!


