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Outline
p Introduction
p Recent results

Ø 𝐁"𝐁 production in Charmonium decay
ü 𝐉/𝛙 → 𝚲&𝚲
ü 𝐉/𝛙,𝛙(𝟑𝟔𝟖𝟔) → 𝚺!&𝚺"
ü 𝐉/𝛙 → 𝚵"&𝚵!
ü 𝛙 𝟑𝟔𝟖𝟔 → 𝚵 𝟏𝟓𝟑𝟎 " &𝚵 𝟏𝟓𝟑𝟎 !

ü 𝛙 𝟑𝟔𝟖𝟔 → 𝛀"&𝛀!

Ø 𝐁"𝐁 production in 𝒆3𝒆4 annihilation
ü 𝐞!𝐞" → 𝐍&𝐍
ü 𝐞!𝐞" → 𝚲&𝚲
ü 𝐞!𝐞" → 𝚺±&𝚺∓
ü 𝐞!𝐞" → 𝚵𝟎&𝚵𝟎, 𝚵"&𝚵!

p Summary
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𝐐𝐐𝐐 Baryon (B)



Charmonium (-like) states
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n Nonrelativistic 𝒄"𝒄 bound states
Ø 𝑱/𝝍 (𝟏𝟑𝑺𝟏), first member with 𝑱𝑷𝑪 = 𝟏%%(1974)

Y(4630)
Y(4660)



Baryon States
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p Main Feynman Diagrams

p Provide a rich laboratory to prob both pQCD
and non-pQCD, the hyperon properties

𝑩"𝑩 production in Charmonium (-like) decay
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𝝍(𝟏!!)



p One Photon Exchange

l Differential cross section with combination of 𝑮𝑬/𝑮

l Form factor (Effective, 𝑮𝑬/𝑮)

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

(                             )

𝑩"𝑩 production in 𝒆!𝒆" annihilation
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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？



Beijing Electron Positron Collider-II
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Reached peaking luminosity: 𝟏. 𝟎 × 𝟏𝟎𝟑𝟑 𝒄𝒎%𝟐𝒔%𝟏

Beam energy: 
1-2.5 GeV

Design Lum: 
1×1033  cm-2s-1

Opt. energy:
1.89 GeV

Energy spread:
5.16 ×10-4

Bunches No.:
93

Bunch length:
1.5 cm

Total current:
0.91 A

SR mode:
0.25A @ 2.5 
GeV



Beijing Spectrometer-III detector
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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 Collaboration
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𝐐𝐐𝐐 Baryon (B)



12

𝚲 → 𝒑𝝅% 𝚲 → 𝒏𝝅𝟎

Moment: 𝛍 𝐜𝐨𝐬𝛉𝚲 = 𝒎
𝐍
∑𝐢
𝐍(𝛉𝚲)(𝐬𝐢𝐧 𝛉𝟏𝐢 𝐬𝐢𝐧𝛟𝟏𝐢 − 𝐬𝐢𝐧𝛉𝟐𝐢 𝐬𝐢𝐧𝛟𝟐𝐢 )

n Moment corresponds to the polarization calculated for 50 bins in 𝒄𝒐𝒔𝜽.
n A clear polarization signal, strongly dependent on the Λ direction 𝒄𝒐𝒔𝜽 is

observed for 𝚲 and 5𝚲.

Observation of 𝚲 hyperon spin polarization in 𝐉/𝛙 → 𝚲"𝚲

Data Sample: 𝟏𝟑𝟏𝟎𝐌 𝐉/𝛙 Nature Physics 15, 631 (2019)
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>5𝝈 difference (17%
higher than) to PDG

Test of CP violation:

𝑨𝑪𝑷 =
𝜶% + 𝜶'
𝜶% − 𝜶'

First observation of a
transverse polarization.

n Most sensitive test of CP violation for 𝚲 baryons with precision over
previous measurements.

n BESIII has collected 10B J/𝝍 data sample, test of CP violation in baryon
decays are hopeful to reach sensitivities 𝑨𝑪𝑷𝑺𝑴 ≈ 𝟏𝟎%𝟒 .

Data Sample: 𝟏𝟑𝟏𝟎𝐌 𝐉/𝛙 Nature Physics 15, 631 (2019)

Observation of 𝚲 hyperon spin polarization in 𝐉/𝛙 → 𝚲"𝚲
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Observation of 𝚺3 hyperon spin polarization in 𝛙 → 𝚺3"𝚺4

Data Sample: 𝟏𝟑𝟏𝟎𝐌 𝐉/𝛙 & 𝟒𝟒𝟖𝐌𝛙(𝟑𝟔𝟖𝟔)

5.6𝝈

Moment: 𝑴 𝐜𝐨𝐬𝜽 = 𝒎
𝐍
∑𝐢
𝐍(𝛉𝚺)(𝐬𝐢𝐧 𝛉𝒑𝐢 𝐬𝐢𝐧𝛟𝒑𝐢 − 𝐬𝐢𝐧𝛉3𝒑𝐢 𝐬𝐢𝐧𝛟3𝒑

𝐢 )

Test of CP violation: 
𝑨𝑪𝑷 =

𝜶𝟎 + 5𝜶𝟎
𝜶𝟎 − 5𝜶𝟎

= −𝟎. 𝟎𝟏𝟓 ± 𝟎. 𝟎𝟑𝟕 ± 𝟎. 𝟎𝟎𝟖 ≈ 𝟎?

Phys. Rev. Lett. 125, 052004 (2020)
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Observation of 𝚵4 hyperon spin polarization in 𝑱/𝝍 → 𝚵4"𝚵3

Data Sample: 𝟏𝟑𝟏𝟎𝐌 𝐉/𝛙 Submitted to Nature 
arXiv:2105.11155

qObservation of 𝚵6 spin polariztion, non-zero weak phase difference
qThe most precise test for CPV on strange baryon decay



Observations of 𝝍 𝟑𝟔𝟖𝟔 → 𝚵 𝟏𝟓𝟑𝟎 6,𝚵 𝟏𝟓𝟑𝟎 7and 𝚵(𝟏𝟓𝟑𝟎)6,𝚵7
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Data Sample: 𝟒𝟒𝟖𝐌 𝛙(𝟑𝟔𝟖𝟔)
PRD100, 051101(RC) (2019) 

(a)

(b)

n Observation for SU(3) broken process
n The measured 𝜶 value favors the theoretical prediction

Ø Quark mass effect, SU(3) violated effect, Electro-magnetic effect, etc.
n Provide new input to test pQCD.

𝚵(𝟏𝟓𝟑𝟎) tagging

&𝚵(𝟏𝟓𝟑𝟎) tagging



Helicity Amplitude Analysis of 𝝍 𝟐𝑺 → 𝛀H'𝛀I
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This work:
𝑩𝒓 𝝍 𝟐𝑺 → 𝛀"&𝛀!
= (5.82± 0.12± 0.24)×𝟏𝟎"𝟓
PDG value:
𝑩𝒓 𝝍 𝟐𝑺 → 𝛀"&𝛀!
= (5.2± 0.4 )×𝟏𝟎"𝟓

𝒅 𝝆𝟑
𝟐
= L

𝝁-𝟏

𝟏𝟓
𝒓𝝁
𝒓𝟎

𝟐

pThe degree of polarization for 𝛀4 baryon is  determined 
(Two solutions)  

pImprove precision for branching fraction 

vector (r1 ), quadrupole (r6 , r7 , r8 )
octupole (r10 , r11 ) polarization

Phys. Rev. Lett. 126, 092002 (2021)Data Sample: 𝟒𝟒𝟖𝐌 𝛙(𝟑𝟔𝟖𝟔)
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Measurement of 𝛔𝐁(𝐞I𝐞H → 𝐧'𝐧) near threshold
Data Sample: 650/pb, 18 points from 2.00 to 3.08 GeV Accepted by Nature Physics

Typical response for signal process

Lowest order Feynman diagram

arXiv:2103.12486

n Most accurate measurements for Born cross section and |G| form factor
n The ratio R./ is not consistent with FENICE results
n An oscillatory behavior of the effective form factor (observed for the proton) is discussed 

for the neutron
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Measurement of proton EFFs using ISR method 
Data Sample: 7.4/pb @ 𝒔 = 𝟑. 𝟕𝟕𝟑 𝒕𝒐 𝟒. 𝟔 𝑮𝒆𝑽 Phy. Lett. B 817 (2021) 136328 

n Oscillating structure：a) Interference effect involving re-scattering 
processes in the final state；b) Independent resonant structures

n Results are consistent with previous experiments and parameterization



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

𝑹 =
𝑮𝑬
𝑮𝑴

= 𝟎. 𝟗𝟔 ± 𝟎. 𝟏𝟒 ± 𝟎. 𝟎𝟐

𝚫𝚽 = 𝚽𝐄 −𝚽𝑴 = 𝟑𝟕𝒐 ± 𝟏𝟐𝒐 ± 𝟔𝒐

21

IV. Measurement of 𝚲 baryon polarization in 𝐞3𝐞4 → 𝚲$𝚲

Data Sample: 66.9 𝐩𝐛%𝟏 @ 𝒔=2.396GeV

n First complete determination 
of baryon time-like EMFFs

n Confirm 𝚲 Polarization
observed in 𝐉/𝝍 decay

n More information for
understanding 𝚲"𝚲 production 
near threshold

Numerical Results

PRL 123,122003 (2019)

Acceptance corrected Λ
scattering angle distribution!

Dots with error bars (data)
Red line (1 + 𝛼 cos! 𝜃),
Band(with statistical uncertainty)
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Measurement of 𝝈𝑩(𝒆I𝒆H → 𝚺±'𝚺∓) near threshold

Ø No obvious enhancement near threshold
Ø Nonzero cross sections near threshold
Ø The cross sections for 𝚺±5𝚺∓ baryon pairs

disagree with each other within the
sector of isospin conservation

Ø First measurements in the off-resonance 
region, provide precision experimental 
input for understanding baryonic 
structure

First measurement for the
ratio of EM form factors at
point √s = 2.396GeV with a
study of angular distribution

Data Sample: ~400/pb (6 points: 2.3864 to 3.0200 GeV) PLB 814,136059 (2021)
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Study of 𝐞#𝒆! → 𝚵!"𝚵# above open charm 

Effective form factor Y 𝟒𝟐𝟑𝟎 → 𝚵;G𝚵< Y 𝟒𝟐𝟔𝟎 → 𝚵;G𝚵<

~𝟐. 𝟕𝝈 ~𝟐. 𝟕𝝈

n A maximum likelihood fit to cross section: 

n No obvious significances for ψ(4230/4260) are observed in the 𝚵"&𝚵! final states
𝚪𝒆𝒆𝑩 𝒀 𝟒𝟐𝟑𝟎 → 𝚵"&𝚵! < 𝟎. 𝟑𝟑×𝟏𝟎"𝟑𝒆𝑽
𝜞𝒆𝒆𝑩 𝒀 𝟒𝟐𝟔𝟎 → 𝜩"&𝜩! < 𝟎. 𝟐𝟕×𝟏𝟎"𝟑𝒆𝑽

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))

n First study of 𝐞'𝐞% → 𝚵%5𝚵' above open charm threshold

𝐞<𝐞; → 𝚵;G𝚵<

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

p Consistent with the mass and width of 𝚵(𝟏𝟖𝟐𝟎) from PDG within the 𝟏𝝈 uncertainty
p JPC has not determined due to limited statistics

𝐍𝐨𝐛𝐬 = 𝟐𝟖𝟖 ± 𝟔𝟔

Study of 𝐞#𝒆! → 𝚵!"𝚵# above open charm 

n Observed an excited 𝚵 state by combining all energy points 
Phys.Rev.Lett. 124, 032002, (2020)



PRD103, 012005(2021),
arXiv: 2105.14657
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Measurement of 𝛔𝐁(𝐞0𝐞1 → 𝚵&𝚵) near threshold
Data Sample: ~360/pb (8 points: 2.644 to 3.080 GeV)

n First study for 𝚵"𝚵 production near threshold

𝝈
𝒆!
𝒆"

→
𝚵"
' 𝚵!

(𝒑
𝒃)

n No obvious  𝚵5𝚵 threshold enhancement
n The ratio of Born cross sections for both modes agrees with the expectation 

of isospin symmetry. 



Summary
nBESIII is successfully operating since 2008.

üCollected large data samples in the τ-charm physics region
üContinues to take data in coming 5 years (at least) 

nMany studies for 𝑩'𝑩 production in Charmonium
decay and in 𝒆I𝒆H annihilation achieved: 
ü More new observation for 𝑩5𝑩 production in Charmonium decay
ü Hyperon polarization observation
ü Most accurate measurement for neutron and proton form factor
ü More new/precise study for baryon pair production near threshold
ü Still need more experimental/theoretical efforts

nMore new results for 𝑩'𝑩 pair production in
Charmonioum decay and in 𝒆I𝒆H annihilation are on
the way!
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