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Outline
pIntroduction
pRecent results

Ø 𝐉/𝛙,𝛙 𝟑𝟔𝟖𝟔 → 𝐁𝐁* (B: baryon)
ü 𝐉/𝛙,𝛙 𝟑𝟔𝟖𝟔 → 𝚵𝟎𝚵*𝟎,𝚺 𝟏𝟑𝟖𝟓 𝟎𝚺* 𝟏𝟑𝟖𝟓 𝟎

ü 𝐉/𝛙,𝛙 𝟑𝟔𝟖𝟔 → 𝚲𝚲*,𝚺𝟎𝚺*𝟎

ü 𝐉/𝛙,𝛙 𝟑𝟔𝟖𝟔 → 𝐍𝐍* 𝐩𝐩*,𝐧𝐧*

Ø Measurement of cross section of 𝒆5𝒆6 → 𝑩𝑩*
ü 𝐞5𝐞6 → 𝐩𝐩*
ü 𝐞5𝐞6 → 𝚲𝚲*
ü 𝐞5𝐞6 → 𝚲𝐜𝚲*𝐜

pSummary
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PRL33, 1406(1974)

Ø 𝑱/𝝍 (𝟏𝟑𝑺𝟏) is the first member with 𝑱𝑷𝑪 = 𝟏66, 
others shown in right plots like 𝝍 𝟐𝑺 ,𝝍 𝟏𝑫 ,𝒆𝒕𝒄. .

n Observations are consistent with predictions from Potential Models
and L-QCD in describing spectra&onium properties!

Charmonium states
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Godfrey & Isgur, PRD32, 189 (1985)

“November Revolution” Charmonium(-like) spectroscopy

n Nonrelativistic 𝒄𝒄E bound states

Understand well

Not understand well

PRL33, 1404(1974)



n Established baryons described by 3-quark configuration with
the zero total  color charge.

n 𝑩𝑩* production via Charmonium decay:

n Provide a favorable test of  pQCD and baryonic properties
ü Quark mass effect, EM effect, et al.

(C. Carimalo, Int. J. Mod. Phys. A 2(1987) 249; M. Claudson, PRD25, (1982) 1345)
ü Test of “12% rule”
ü 𝑩𝑩* threshold effect
ü Hyperon polarization
ü Baryon EMFFs
ü …

Baryon Properties
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Three gluons Virtual photon
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I. Study of J/𝝍 and 𝝍 𝟑𝟔𝟖𝟔 → 𝚺 𝟏𝟑𝟖𝟓 𝟎𝚺* 𝟏𝟑𝟖𝟓 𝟎and 𝚵𝟎𝚵*𝟎
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Data Samples: 𝟏𝟑𝟏𝟎𝐌		𝐉/𝛙 & 𝟒𝟒𝟖𝐌		𝛙(𝟑𝟔𝟖𝟔) PLB 770 (2017) 217-225

𝐉/𝝍 → 𝚺 𝟏𝟑𝟖𝟓 𝟎𝜮* 𝟏𝟑𝟖𝟓 𝟎

𝐉/𝛙 → 𝚵𝟎𝚵*𝟎

𝝍(𝟑𝟔𝟖𝟔) → 𝚺 𝟏𝟑𝟖𝟓 𝟎𝜮* 𝟏𝟑𝟖𝟓 𝟎

𝛙(𝟑𝟔𝟖𝟔) → 𝚵𝟎𝚵*𝟎

𝐉/𝝍 → 𝚺 𝟏𝟑𝟖𝟓 𝟎𝜮* 𝟏𝟑𝟖𝟓 𝟎

𝛙(𝟑𝟔𝟖𝟔) → 𝚵𝟎𝚵*𝟎

𝐉/𝛙 → 𝚵𝟎𝚵*𝟎

𝝍(𝟑𝟔𝟖𝟔) → 𝚺 𝟏𝟑𝟖𝟓 𝟎𝜮* 𝟏𝟑𝟖𝟓 𝟎

n Angular distribution for 𝑱/𝝍 → 𝜮 𝟏𝟑𝟖𝟓 𝟎𝜮* 𝟏𝟑𝟖𝟓 𝟎

is found to be different from other ones.

n Single baryon reconstruction strategy
n Angular distribution study (to test quark mass effect, 

EM effect, et al.)
n Test of “12% rule”



n Numerical results

𝑩𝒓
(×𝟏𝟎6𝟒)

𝜶

n Test of “12% rule” Deviated from 12%
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Ø Provide more new and precise measurements,
Ø Negative 𝜶 value is found and deviated from the predictions (quark

mass effect, EM effect) without the consideration of the higher order
correction) , …, or complicated structure/properties of baryon.

𝑸𝒉 =

I. Study of J/𝝍 and 𝝍 𝟑𝟔𝟖𝟔 → 𝚺 𝟏𝟑𝟖𝟓 𝟎𝚺* 𝟏𝟑𝟖𝟓 𝟎and 𝚵𝟎𝚵*𝟎

PLB 770 (2017) 217-225



II. Study of J/𝛙 and 𝛙 𝟑𝟔𝟖𝟔 decay to 𝚲𝚲* and 𝚺𝟎𝚺*𝟎 final states

Data Samples: 𝟏𝟑𝟏𝟎𝐌	𝐉/𝛙 & 𝟒𝟒𝟖𝐌	𝛙(𝟑𝟔𝟖𝟔)
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Numerical results n Negative 𝜶 value for 𝐉/𝝍 → 𝚺𝟎𝚺*𝟎 is found and
different from the expectation of pQCD.

n Test of “12% rule”

n Full reconstruction
ü 𝑱/𝝍,𝛙 𝟑𝟔𝟖𝟔 → 𝚲𝚲,𝚺𝟎𝚺*𝟎

→ 𝚲𝚲*, 𝜸𝜸𝚲𝚲*
→ 𝐩𝐩*𝛑5𝛑6,𝛄𝛄𝐩𝐩*𝛑5𝛑6

𝑸𝒉 =

PRD 95, 052003 (2017)

𝑱/𝝍 → 𝚲𝚲 𝝍(𝟑𝟔𝟖𝟔) → 𝚲𝚲

𝝍 𝟑𝟔𝟖𝟔 → 𝚺𝟎𝚺*𝟎𝑱/𝝍 → 𝚺𝟎𝚺*𝟎

Invariant mass
Angular distribution

𝝍 𝟑𝟔𝟖𝟔 → 𝚺𝟎𝚺*𝟎𝑱/𝝍 → 𝚺𝟎𝚺*𝟎

𝝍(𝟑𝟔𝟖𝟔) → 𝚲𝚲𝑱/𝝍 → 𝚲𝚲



III. Observation of 𝚲 hyperon spin polarization in 𝐉/𝛙 → 𝚲𝚲*
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Published in Nature physics (2019)
arXiv:1808.08917

Highlights!

Data Sample: 𝟏𝟑𝟏𝟎𝐌		𝐉/𝛙

n Joint angular distribution 

where n ̂1 (n ̂2) is the unit vector in the direction of the 
nucleon in the rest frame of Λ (Λ*). 

n A non-zero 𝚫𝚽 has polarization  

Coordinate system(x,y,z) Feynman diagram 

Event display



III. Observation of 𝚲 hyperon spin polarization in 𝐉/𝛙 → 𝚲𝚲*
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Published in Nature physics (2019)

𝚲 → 𝒑𝝅6 𝚲 → 𝒏𝝅𝟎

arXiv:1808.08917

Highlights!

Moment: 𝛍 𝐜𝐨𝐬𝛉𝚲 = 𝟏
𝐍
∑ (𝐬𝐢𝐧𝛉𝟏𝐢 𝐬𝐢𝐧𝛟𝟏𝐢 − 𝐬𝐢𝐧 𝛉𝟐𝐢 𝐬𝐢𝐧 𝛟𝟐𝐢 )
𝐍(𝛉𝚲)
𝐢

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 𝚲*.

Data Sample: 𝟏𝟑𝟏𝟎𝐌		𝐉/𝛙



III. Observation of 𝚲 hyperon spin polarization in 𝐉/𝛙 → 𝚲𝚲*
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Data Sample: 𝟏𝟑𝟏𝟎𝐌		𝐉/𝛙Published in Nature physics (2019)
arXiv:1808.08917

Highlights!

>5 s.d. difference (17%
higher than) to PDG

Test of CP violation:

𝑨𝑪𝑷 =
𝜶6 + 𝜶5
𝜶6 − 𝜶5

n First observation of a
transverse polarization of
the baryon.

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

n BESIII has collected 10B J/𝝍 data sample, test of CP violation in baryon
decays will reach sensitivities comparable to theoretical prediction
𝑨𝑪𝑷𝑺𝑴 ≈ 𝟏𝟎6𝟒 .



IV. Study of J/𝛙 and 𝛙 𝟑𝟔𝟖𝟔 → 𝐍𝐍* final states

Data Samples: 𝟐𝟐𝟓𝐌		𝐉/𝛙 & 𝟒𝟒𝟖𝐌		𝛙(𝟑𝟔𝟖𝟔)
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n Test of “12% rule”

𝑱/𝝍 → 𝒑𝒑*

𝝍(𝟑𝟔𝟖𝟔) → 𝒑𝒑*

𝑱/𝝍 → 𝒏𝒏*

𝝍(𝟑𝟔𝟖𝟔) → 𝒏𝒏*

𝑱/𝝍 → 𝒑𝒑* 𝑱/𝝍 → 𝒏𝒏*

𝝍(𝟑𝟔𝟖𝟔) → 𝒑𝒑* 𝝍(𝟑𝟔𝟖𝟔) → 𝒏𝒏*

PRD 86, 032014 (2012) &
PRD 98, 032006 (2018)

𝑸𝒉 = ~𝟏𝟐%

Signal yields extraction Angular distribution

Numerical results Ø Results 𝐉/𝝍 → 𝑵𝑵* is close to each other
Ø For𝝍(𝟑𝟔𝟖𝟔) → 𝑵𝑵*, BF is close to each

other, but 𝜶 not.
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Born cross sections and FFs
n Experimentally, Born cross sections of 𝒆5𝒆6→ 𝑩𝑩* are calculated by:

𝝈𝑩 = 𝑵𝒐𝒃𝒔
𝓛(𝟏5𝜹)(𝟏5𝜫)𝝐𝓑s(𝑩→tuvswxy	) ,

where 𝑵𝒐𝒃𝒔 number of observed events, 𝓛 luminosity, 𝟏 +𝝈 ISR factor, 𝟏 +𝚷 vacuum polarization
factor,𝓑𝒓 the branching fraction.

n Theoretically, Born cross section can be expressed as:

𝝈𝑩 = 𝟒𝝅𝜶𝟐𝑪𝜷
𝟑𝒔 [|𝑮𝑴|𝟐+

𝟐𝒎𝑩
𝟐

𝒔 |𝑮𝑬|𝟐].

The effective form factor defined by

𝑮𝒆𝒇𝒇(𝒔) =
|𝑮𝑴|𝟐5

𝟐𝒎𝑩
𝟐

𝒔 |𝑮𝑬|𝟐

𝟏5𝟐𝒎𝑩
𝟐/𝒔

is proportional to the square root of the baryon pair born cross section

𝑮𝒆𝒇𝒇(𝒔) =
𝟑𝒔𝝈𝑩

𝟒𝝅𝜶𝟐𝑪𝜷(𝟏5
𝟐𝒎𝑩

𝟐

𝒔 )
.

n EMFFs 𝑮𝑬,𝑮𝑴 determination

14

𝑮𝑴/𝑬: electric/magnetic FF

𝜷 = 𝟏 −𝟒𝒎𝑩
𝟐

𝒔 : velosity

𝜶 = 𝟏
𝟏𝟑𝟕 : fine structure constant

s: the square of CM energy

Coulomb factor C
Ø For neutral B: C =1,

Ø For charged B: C =𝜺𝑭with 𝜺 = 𝝅𝜶
𝜷 and F= 𝟏6𝜷𝟐

𝟏6𝒆�𝜺

for a non-zero cross section at threshold

𝑑𝜎�(𝑠)
𝑑𝑐𝑜𝑠𝜃 ∝ 1 + 𝜶cos� 𝜃 𝑅 =

𝜏 1 − 𝜶
1 + 𝛼 = |

𝐺�(𝑠)
𝐺�(𝑠)

|
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I. Measurement of 𝝈𝑩 𝒆5𝒆6 → 𝒑𝒑* using ISR method 

n Cross section and eff. FFs

n Electromagnetic𝑮𝑬/𝑮𝑴 ratio

Data Samples: 7.4/pb @ 𝒔 = 𝟑.𝟕𝟕𝟑	𝒕𝒐	𝟒.𝟔	𝑮𝒆𝑽

arXiv:1902.00665

n More precise measurement at BESIII,
n Discrepancy between PS170 and others,
n More information for understanding nucleon internal structure and dynamics.

Oscillation? 

Structure? 
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II. Measurement of Proton EMFF in 𝒆5𝒆6 → 𝒑𝒑*
Data samples: 688.5/pb, 22 center-of-mass energy points from 2.00 to 3.08 GeV.

n Discrepancy between PS170 and others for |GE/GM|.
n In time-like region, this result achieves an unprecedented accuracy. Especially for 

|GE/GM|, providing an uncertainty comparable to the space-like region for the first time. 
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III. Measurement of 𝝈𝑩(𝒆5𝒆6 → 𝚲𝚲*) near threshold

n Born cross section and effective FFs

Ø Traditional theory predicts a vanishing cross section at threshold.
Ø This measurement is larger than the expectation for neutral baryon pairs.
Ø Born cross section at threshold (2.2324 GeV) is measured to be

𝝈𝑩 = (𝟑𝟎𝟓 ± 𝟒𝟓6𝟑𝟔5𝟔𝟔)pb.
Ø Born cross section for other points are in good agreement with previous

measurements (BABAR, DM2) with improved precision.

PRD 97, 032013 (2018)

Data samples: ~40/pb, 4 energy points: 2.2324, 2.4,2.8 and 3.08 GeV.



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
18

IV. Measurement of 𝚲 EMFF in e5e6 → 𝚲𝚲* @ 𝒔=2.396GeV

Data Sample: 66.9 𝐩𝐛6𝟏	
n Full reconstruction method

ü 𝚲 → 𝒑𝝅6&	𝚲* → 𝒑*𝝅5

n First complete determination 
of baryon time-like EMFFs

n Polarization observed
n More information for

understanding 𝚲𝚲* near
threshold

Numerical Results

arXiv:1903.09421

Acceptance corrected Λ
scattering angle distribution!
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V. Precision measurement of 𝝈𝑩(𝒆5𝒆6 → 𝚲𝒄𝚲*𝒄) near threshold 

Ø 10 Cabibbo-favored hadronic modes:
𝒑𝑲6𝝅5,𝒑𝑲𝒔𝟎,𝚲𝝅5,𝒑𝑲6𝝅5𝝅𝟎,𝒑𝑲𝒔𝟎𝝅𝟎,
𝚲𝝅5𝝅𝟎,𝒑𝑲𝑺𝟎𝝅5𝝅6,𝚲𝝅5𝝅5𝝅6,𝚺𝟎𝝅5,𝚺5𝝅5𝝅6

Ø c.c. mode is included by default

n Reconstruction modes

EMFFs (𝑮𝑴/𝑮𝑬) measurement

n These results provide important insights into the production 
mechanism and structure of the 𝚲𝒄baryons. 

Data Samples

PRL120, 132001 (2018)

Born cross section
4574.5 4599.5



Summary
nBESIII is successfully operating since 2008.

üCollected large data samples in the τ-charm threshold region
üContinues to take data until 2022 (at least) 

nMany studies for baryon properties in Charmonium
decay achieved: 
ü Negative 𝜶 value for 𝐉𝝍 → 𝚺𝚺*,𝚺∗𝚺*∗(not for others)
ü“12% rule” broken still (while 𝝍 → 𝑵𝑵* not)
ü BCS/EMFFs of 𝒆5𝒆6 → 𝑩𝑩* near threshold measured
ü 𝐁𝐁* threshold effect observed
ü Observation of 𝚲	hyperon polarization
ü Still need more experimental/theoretical efforts

nMore new results for studying baryon properties in
Charmonium decay are on the way!
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Thanks for your attention!



Backup
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Beijing Electron Positron Collider-II
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Reached peaking luminosity: 𝟏.𝟎	×	𝟏𝟎𝟑𝟑	𝒄𝒎6𝟐𝒔6𝟏

Beam energy: 
1-2.3 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

𝝈𝒔𝒊𝒈𝒍𝒆6𝒘𝒊𝒓𝒆 = 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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~500members
From 67 institutions in 14 counties
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(a) J/𝜓 → Ξ6ΞE5
(b) J/𝜓 → Σ 1385 6ΣE 1385 5

(c) J/𝜓 → Σ 1385 5ΣE 1385 6

(d) 𝜓(3686)→ Ξ6ΞE5
(e) 𝜓(3686)→ Σ 1385 6ΣE 1385 5

(f) 𝜓(3686) → Σ 1385 5ΣE 1385 6

Physical Review D 93, 0732003 (2016)
I. Study of 𝐉/𝝍 and 𝝍 𝟑𝟔𝟖𝟔 → 𝚵6𝚵*5and 𝚺 𝟏𝟑𝟖𝟓 ∓𝚺* 𝟏𝟑𝟖𝟓 ±

Data Samples:
𝟐𝟐𝟓𝐌		𝐉/𝛙 & 𝟏𝟎𝟔𝐌		𝛙(𝟑𝟔𝟖𝟔)
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𝑴𝝅𝚲
𝒓𝒆𝒄𝒐𝒊𝒍 = 𝑬𝒄.𝒎. − 𝑬𝝅𝚲 𝟐 − 𝒑𝟐



n Numerical Results

𝑩𝒓
(×𝟏𝟎6𝟒)

𝜶

n Test of “12% rule” (𝑩𝒓(𝝍 𝟑𝟔𝟖𝟔 →𝑿𝒉)
𝑩𝒓(𝑱/𝝍→𝑿𝒉)

)

Ø Provide more new and precise measurements and experimental evidences
Ø Measured 𝜶 values deviated from the predictions (without the consideration of

the higher order correction) , negative 𝜶 value, ….
Deviated

from 12%！

Ø Theoretical models are expected to be improved to understand the difference.28
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V. Improved measurement of 𝝌𝒄𝑱 → 𝚺𝟎𝚺*𝟎, 𝚺5𝚺*6 decays

29

n Test QCD model based effective field
theory
ü Color octet mechanism(COM)
ü Isospin symmetry
ü Helicity selection rule

𝚺𝟎𝚺*𝟎

𝚺5𝚺*6

M(𝑩𝑩*) GeV/𝐜𝟐	

PRD 97, 052011 (2018)

n Provide more precise measurements.
n Consistent with previous experiments and COM model[2,4], inconsistent

with Charm meson loop model[3].

Data Sample: 𝟒𝟒𝟖𝐌		𝛙(𝟑𝟔𝟖𝟔)

Numerical results

> 5.0𝝈

> 5.0𝝈


