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5. 𝛙 𝟑𝟔𝟖𝟔 → 𝚵(𝟏𝟔𝟗𝟎/𝟏𝟖𝟐𝟎)𝚵

ØMeasurement of cross section of 𝒆6𝒆& → 𝑩𝑩(
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𝑱𝑷𝑪 = 𝟏&&

n Nonrelativistic 𝒄𝒄F bound states, J/𝜓 (1J𝑆L) is the first member
with 𝑱𝑷𝑪 = 𝟏&&, other below charm threshold  like 𝜓 2𝑆 , 𝑒𝑡𝑐. .
n Chamonium (-like) states above charm 
threshold  like Y(4260), Y(4360),etc., proposed  
more exotic explanations as hybrids, tetraquark, 
hadronic molecule, glueball, etc..

n Potential models and L-QCD,  very successful
in describing spectra & onium properties!

Charmonium(-like) states
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Baryon spectroscopy/production
n Established baryons described by 3-quark configuration

with the zero total  color charge.
n Production of 𝑩𝑩( in 𝒆6𝒆& annihilation:

n Provide a favorable test of  pQCD and baryonic properties
ü Test “12%” rule:𝑸𝒉 =

𝑩𝒓(𝝍 𝟐𝑺 →𝑿𝒉)
𝑩𝒓(𝑱/𝝍→𝑿𝒉)

= 𝟏𝟐% (QCD prediction).

ü Test SU(3)-flavor symmetry
-- Allowed for 𝝍 → 𝑩𝟖𝑩(𝟖 ,𝑩𝟏𝟎,𝑩(𝟏𝟎, forbidden for 𝝍→ 𝑩𝟖𝑩(𝟏𝟎.

ü Angular distribution study ( 𝒅𝑵
𝒅(𝒄𝒐𝒔𝜽)

∝ 𝟏 + 𝜶𝒄𝒐𝒔𝟐𝜽):

-- Quark mass effect, electromagnetic effect, etc.:	𝟎 < 𝜶 < 𝟏.

ü 𝑩𝑩( threshold effect
-- 𝑩𝑩( bound states or unobserved meson resonances

ü Electromagnetic form factor (EMFFs)
-- Further understand the strong interaction

-- Measure time-like EMFFs

ü Search for 𝟏&& Y states in 𝑩𝑩( final states above open charm threshold.
4
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Beijing Electron Positron Collider-II

6

Reached peaking luminosity: 𝟏. 𝟎	×	𝟏𝟎𝟑𝟑	𝒄𝒎&𝟐𝒔&𝟏

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

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 Data Samples 
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World largest data samples of 𝑱/𝝍, 𝝍 𝟐𝑺 ,𝝍 𝟑𝟕𝟕𝟎 , etc., 
produced directly from 𝒆6𝒆& collision.

8 more points 
4.19-4.28 GeV

this year!

4180 3fb-1
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(a) J/𝜓 → Ξ&ΞF6
(b) J/𝜓 → Σ 1385 &ΣF 1385 6

(c) J/𝜓 → Σ 1385 6ΣF 1385 &

(d) 𝜓(3686) → Ξ&ΞF6
(e) 𝜓(3686) → Σ 1385 &ΣF 1385 6

(f) 𝜓(3686) → Σ 1385 6ΣF 1385 &

PHYSICAL REVIEW D 93, 0732003 (2016)
Study of 𝝍 decays to the 𝚵&𝚵(6and 𝚺 𝟏𝟑𝟖𝟓 ∓𝚺( 𝟏𝟑𝟖𝟓 ± final states

Data samples: 225×10w𝐽/𝜓
and 106×10w𝜓(3686)

DIRECTLY accepted for first one at BESIII!
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𝑴𝝅𝚲
𝒓𝒆𝒄𝒐𝒊𝒍 = 𝑬𝒄.𝒎. − 𝑬𝝅𝚲 𝟐 − 𝒑𝟐



PHYSICAL REVIEW D 93, 0732003 (2016)
Study of 𝝍 decays to the 𝚵&𝚵(6and 𝚺 𝟏𝟑𝟖𝟓 ∓𝚺( 𝟏𝟑𝟖𝟓 ± final states

n Numerical results (𝑩𝒓(𝑵𝒐𝒃𝒔/𝑵𝝍 ⋅ 𝝐) and 𝛂 values)

𝑩𝒓
(×𝟏𝟎&𝟒)

𝜶

n Ratio of branching fractions (𝑩𝒓(𝝍 𝟑𝟔𝟖𝟔 →𝑿𝒉)
𝑩𝒓(𝑱/𝝍→𝑿𝒉)

)

Ø Provide more new and precise measurements and experimental evidences，But
for the predictions of 𝜶 values without the consideration of the higher order
correction , it is deviated from the measured values.

Deviated from
12%！

Ø Theoretical models are expected to be improved to understand the difference.11



(a) J/𝜓 → Σ 1385 �ΣF 1385 �

(b) J/𝜓 → Ξ�ΞF �
(c) 𝜓(3686) → Σ 1385 �ΣF 1385 �

(d) 𝜓(3686) → Ξ�ΞF�

Physics Letters B 770 (2017) 217-225
Study of J/𝝍 and 𝝍 𝟑𝟔𝟖𝟔 → 𝚺 𝟏𝟑𝟖𝟓 𝟎𝚺( 𝟏𝟑𝟖𝟓 𝟎and 𝚵𝟎𝚵(𝟎

Data samples: 1310×10w𝐽/𝜓 and448×10w𝜓(3686)
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n Numerical results (𝑩𝒓 and 𝛂 values)

𝑩𝒓
(×𝟏𝟎&𝟒)

𝜶

n Test of isospin conservation

Ø Provide more new and precise measurements and experimental evidences, but
for the predictions of 𝜶 values without the consideration of the higher order
correction , it is basically deviated from the measured values.

Within𝟏𝝈 of
expectation of

isospin symmetry!

Physics Letters B 770 (2017) 217-225
Study of J/𝝍 and 𝝍 𝟑𝟔𝟖𝟔 → 𝚺 𝟏𝟑𝟖𝟓 𝟎𝚺( 𝟏𝟑𝟖𝟓 𝟎and 𝚵𝟎𝚵(𝟎

n Ratio (𝑩𝒓(𝝍 𝟑𝟔𝟖𝟔 →𝑿𝒉)
𝑩𝒓(𝑱/𝝍→𝑿𝒉)

) for testing 12% rule
Deviated from 12%
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Physical Review D 95, 052003 (2017)
Study of J/𝛙 and 𝛙 𝟑𝟔𝟖𝟔 decay to 𝚲𝚲( and 𝚺𝟎𝚺(𝟎 final states

Data samples: 1310×10w𝐽/𝜓 and448×10w𝜓(3686)
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𝐉/𝛙,𝛙 𝟑𝟔𝟖𝟔 → 𝚲𝚲,𝚺𝟎𝚺(𝟎 → 𝚲𝚲(,𝜸𝜸𝚲𝚲(
→ 𝐩𝐩(𝛑6𝛑&,𝛄𝛄𝐩𝐩(𝛑6𝛑&

n Numerical results (𝜶 values and 𝑩𝒓)

(a)
(c)
(b)
(d)

ü The branching fractions are measured consistently and
with high precision compared with the previous
experiments .

ü The 𝜶 values are measured with high precision for J/𝝍
decay, and first measurement for 𝝍(𝟐𝑺) decay.

ü The Q value is still different with the expectation of pQCD.

n Ratio (𝑩𝒓(𝝍 𝟑𝟔𝟖𝟔 →𝑿𝒉)
𝑩𝒓(𝑱/𝝍→𝑿𝒉)

) for testing 12% rule

n Full reconstruction



Observation of spin polarization in J/𝜓 → ΛΛ(

15

Data: 1310×10w𝐽/𝜓



Physical Review D 86, 032014 (2012) , arXiv:1803.02039
Study of J/𝛙 and 𝛙 𝟑𝟔𝟖𝟔 → 𝐍𝐍( final states

Data samples: 225×10w𝐽/𝜓 and448×10w𝜓(3686)
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𝐉/𝛙,𝛙 𝟑𝟔𝟖𝟔 → 𝐍𝐍(	(𝐩𝐩(,𝒏𝒏()
n Numerical results (𝜶 values and 𝑩𝒓)

ü The branching fractions are measured consistently and with
high precision compared with the previous experiments .

ü The 𝜶 values are measured with high precision for J/𝝍
decay, and first measurement for 𝝍(𝟐𝑺) decay.

ü The Q value is consistent with the expectation of pQCD
12%.

n Ratio (𝑩𝒓(𝝍 𝟑𝟔𝟖𝟔 →𝑿𝒉)
𝑩𝒓(𝑱/𝝍→𝑿𝒉)

) for testing 12% rule

n Full reconstruction

𝐽/𝜓 → 𝑝𝑝̅

𝜓(3686) → 𝑝𝑝̅

𝐽/𝜓 → 𝑛𝑛F

𝜓(3686) → 𝑛𝑛F

𝐽/𝜓 → 𝑝𝑝̅ 𝐽/𝜓 → 𝑛𝑛F

𝜓(3686) → 𝑝𝑝̅

𝜓(3686) → 𝑛𝑛F

𝑐𝑜𝑠𝜃 ∈ [−0.3,−0.2]

Channel 𝜶 𝑩𝒓×𝟏𝟎&𝟒

𝑱/𝝍 → 𝒑𝒑( 𝟎. 𝟔𝟎± 𝟎. 𝟎𝟏± 𝟎. 𝟎𝟐 𝟐𝟏. 𝟏𝟐± 𝟎. 𝟎𝟒± 𝟎. 𝟑𝟏

𝑱/𝝍 → 𝒏𝒏( 𝟎. 𝟓𝟎± 𝟎. 𝟎𝟒± 𝟎. 𝟐𝟏 𝟐𝟎. 𝟕𝟎± 𝟎. 𝟏𝟎± 𝟏. 𝟕𝟎

𝝍(𝟑𝟔𝟖𝟔) → 𝒑𝒑( 𝟏. 𝟎𝟑± 𝟎. 𝟎𝟔± 𝟎. 𝟎𝟑 𝟑. 𝟎𝟓± 𝟎. 𝟎𝟐± 𝟎. 𝟏𝟐

𝝍(𝟑𝟔𝟖𝟔) → 𝒏𝒏( 𝟎. 𝟔𝟖± 𝟎. 𝟏𝟐± 𝟎. 𝟏𝟏 𝟑. 𝟎𝟔± 𝟎. 𝟎𝟔± 𝟎. 𝟏𝟒

MVA/BDT
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Physical Review D 86, 032014 (2012) 
Observation of 𝛙 𝟑𝟔𝟖𝟔 → 𝚵 𝟏𝟔𝟗𝟎/𝟏𝟖𝟐𝟎 𝚵(6 + 𝐜. 𝐜.

n Two resonances are observed in 𝝍 𝟑𝟔𝟖𝟔 → 𝑲&𝚲𝚵(6 process

n Fitted results and resonance parameters

n PDF: Breit-Wigner ⊗ Gaussian

Mass and width (𝑴,𝚪); 𝒑𝚲/𝚵 momentum;𝑳 is
orbital angular distribution;𝑩𝑳(𝒑) Blatt-Weisskopf
form factor[1].

[1] B. S. Zou and D. V. Bugg, Eur. Phys. J. A 16, 537 (2003). 
[2] B. Aubert et al., (BABAR Collaboration), Phys. Rev. D604 78, 034008 (2008). 
[3] J. B. Gay et al., Phys. Lett. B 62, 477 (1976). 

The spin-parities for both resonances
have not determined due to the limited 
statistics.

In the fit, the spin- parities for both
resonances assumed to be JP = 
1/2− ,3/2− with previous experimental 
results[2,3], the Ξ∗ΞF angular momenta 
L(Ξ∗ΞF) are set to be 0 for both
resonances, while the 𝐾&Λ angular 
momenta L(𝐾&Λ ) are 0 and 2.

Data samples:
106×10w𝜓(3686)
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Calculation of Born cross sections and FFs
nExperimentally, Born cross sections of 𝒆6𝒆& → 𝑩𝑩( are calculated by:

𝝈𝑩 = 𝑵𝒐𝒃𝒔
𝟐	𝓛(𝟏6𝜹)(𝟏6𝜫)𝝐𝓑�(𝑩→� ¡�¢£¤	)

,

where𝑵𝒐𝒃𝒔 number of observed events, 𝓛 luminosity, 𝟏 + 𝝈 ISR factor, 𝟏 +𝚷 vacuum
polarization factor, 𝓑𝒓 the branching fraction.
nTheoretically, 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|𝟐6

𝟐𝒎𝑩
𝟐

𝒔 |𝑮𝑬|𝟐

𝟏6𝟐𝒎𝑩
𝟐 /𝒔

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

𝑮𝒆𝒇𝒇(𝒔) =
𝟑𝒔𝝈𝑩

𝟒𝝅𝜶𝟐𝑪𝜷(𝟏6
𝟐𝒎𝑩

𝟐

𝒔 )
.

nThe electric and magnetic form factor𝑮𝑬,𝑮𝑴 can be expressed by the following

19

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 =𝜺𝑭 with 𝜺 = 𝝅𝜶

𝜷
and F= 𝟏&𝜷𝟐

𝟏&𝒆­𝜺

for a non-zero cross section at threshold
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Physical Review D 91, 112004(2015)
Measurement of the proton form factor in 𝒆6𝒆& → 𝒑𝒑(

n Full reconstruction method
n Signal yields extraction by counting
number of events n Born cross section and effective FFs

n Electromagnetic 𝑮𝑬/𝑮𝑴 ratio extraction

2232.4 2400

𝒔 =2.2324

Data samples: 𝒔 = 𝟐.𝟐𝟑𝟐𝟒	𝒕𝒐	𝟑. 𝟔𝟕𝟏	𝑮𝒆𝑽

Provide more experimental evidences about 
nucleon internal structure and dynamics!
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Measurement of cross section 

near mass threshold for 𝒆6𝒆& → 𝚲𝚲(

Data samples1. 𝐞6𝐞& → 𝚲𝚲( → 𝒑(𝝅6𝝅&, 𝒏(𝝅𝟎𝑿@2.2324
2. 𝐞6𝐞& → 𝚲𝚲( → p𝒑(𝝅6𝝅&@others

n Reconstruction

n Signal yields extraction @2.2324
ü Fit to the distance from IP to the beam pipe 
ü Fit to 𝝅𝟎 momentum for𝒏(𝝅𝟎X
ü A boosted decision tree (BDT) technique are

used to distinguish between 𝒏( and 𝜸

n Born cross section and effective FFs

n The result is larger than the traditional 
theory expectation for neutral baryon pairs, 
which predicts a vanishing cross section at 
threshold.

n The results may help to understand the 
mechanism of baryon production and test 
the theory hypotheses based on the 
threshold enhancement effect. 

n Signal yields extraction @others
ü Counting
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cross section near threshold 

Ø10 Cabibbo-favored hadronic modes:
𝒑𝑲&𝝅6,𝒑𝑲𝒔

𝟎,𝚲𝝅6,𝒑𝑲&𝝅6𝝅𝟎,𝒑𝑲𝒔
𝟎𝝅𝟎,

𝚲𝝅6𝝅𝟎,𝒑𝑲𝑺
𝟎𝝅6𝝅&,𝚲𝝅6𝝅6𝝅&,𝚺𝟎𝝅6,𝚺6𝝅6𝝅&

Ø c.c. mode is included by default

n Reconstruction method

Data samples

n Measurements of 𝜶 and 𝑮𝑴/𝑮𝑬 ratio

n Comparison of Born cross section

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



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 results for𝑩𝑩( in 𝟏&& state decay have been 
obtained: 
ü Precise measurement of 𝑩𝒓/𝜶 for 𝐉/𝝍,𝝍(𝟐𝑺) → 𝑩𝑩(
ü New observation/measurement of 𝐉/𝝍,𝝍(𝟐𝑺) → 𝑩𝑩(
ü Born cross section of 𝒆6𝒆& → 𝑩𝑩( near threshold measured.
ü “12% rule” is violated compared with the expectation of pQCD with

exception of 𝝍 → 𝑵𝑵( .
ü The threshold effect of production cross section observed.
ü Need theoretical model further explain above difference

nMore new results for𝑩𝑩( in 𝟏&& state decay are on the
way!
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Thanks for your attention！



Backup
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Standard Model of Particle Physics
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p Since time immemorial, human has begun to explore the world around us, 
“Where Do We Come From? What Are We? Where Are We Going?”

p SM of Particle Physics: Fundamental particles
Fundamental Interactions

𝑚 =
𝒎𝟎

𝟏 −𝝂
𝟐

𝒄𝟐

Gauguin’s monumental classic


