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Quark Model [1964 by Gell-Mann and Zweig] 

Exotic hadrons:

Hadrons

2

Lowest Configuration!
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Charmonium Spectroscopy 
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Charmonium Spectroscopy 
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Beijing Electron Positron Collider II and BESIII
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BESIII Data Samples

5

Can measure  (CS)  with high precision using direct  annihilation data at BESIII  Y statesσ[e+e− → hi] e+e− ⇒
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BESIII Data Samples

5

Can measure  (CS)  with high precision using direct  annihilation data at BESIII  Y statesσ[e+e− → hi] e+e− ⇒
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46 samples, ~22 fb-1

+ Samll scan samples, 151 points from 3.8 to 4.6 GeV, 
~3.5 fb-1
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Discovery of Y States
, discovered in ISR process at BaBar,  

Confirmed by CLEO and Belle 

Mass > 4 GeV, above  threshold  

Not observed in inclusive hadron cross section 

Not observed in open charm pair cross section 

Later,  was discovered at BaBar,  was discovered  
at Belle, both in  process

Y(4260) e+e− → γISRπ+π−J/ψ

DD̄

Y(4360) Y(4660)
e+e− → γISRπ+π−ψ(2S)

6

Y(4260)

Y(4360)

Y(4660)
Y(4660)

Y(4360)
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Discovery of Y States
, discovered in ISR process at BaBar,  

Confirmed by CLEO and Belle 

Mass > 4 GeV, above  threshold  

Not observed in inclusive hadron cross section 

Not observed in open charm pair cross section 

Later,  was discovered at BaBar,  was discovered  
at Belle, both in  process

Y(4260) e+e− → γISRπ+π−J/ψ

DD̄

Y(4360) Y(4660)
e+e− → γISRπ+π−ψ(2S)
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Before 2015

Y(4260)

Y(4360)
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Y(4260) Y(4230)⇒
Seen in more than 10 decay modes, including open charm final states
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Y(4230) in Open Charm Process
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Measurement of σ[e+e− → ηhc]
The first evidence of  was found by CLEO at =4.17 GeV [ ] 

The process  was observed for the first time at =4.226 GeV by BESIII,  a hint of a 
resonance around 4.2 GeV was observed  

New data (15 fb-1) between =4.13 to 4.6 GeV has been collected by BESIII

e+e− → ηhc s 3σ

e+e− → ηhc s

s

9

PRD 96, 012001 (2017)

PRL 107, 041803 (2011)

PRD 96, 012001 (2017)

⇒
5.8σ 4.3σ

arXiv:2404.06718
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Measurement of σ[e+e− → ηhc]
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Measurement of σ[e+e− → ηhc]
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Observation of Y(4500)
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K+K−J/ψ
CPC46, 111002 (2022)

8σ
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A 5S-4D mixing state (J. Z. Wang et al. PRD99, 114003 

(2019) [Width 2  larger] 
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Prog. Phys. 41, 65 (2021)) 

A  state from LQCD (T. W. Chiu et al. PRD73, 094510 
(2006)) 
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 MeV/ ,  MeVM = 4469.1 ± 26.2 ± 3.6 c2 Γ = 246.3 ± 36.7 ± 9.4
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The process  was observed for the first time at =4.6 GeV or 4.42 GeV by BESIII 

New data (11.0 fb-1) between =4.3 to 4.95 GeV has been collected by BESIII

e+e− → ωχc1,2 s

s

PRD 93, 011102(R) (2016)PRD 93, 011102(R) (2016)

New Information from σ[e+e− → ωχc1,2]

12

PRD 93, 011102(R) (2016)
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Parameters consistent with , 
implying the existence of 
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ψ(4415) → ωχc2

ωχc1 ωχc2
PRL132, 161901 (2024)
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Observation of Y(4710)/Y(4790)
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PRD 107, 092005 (2023)

K+K−J/ψ

Y(4710):  MeV/  

        MeV

(4708+17
−15 ± 21) c2

(126+27
−23 ± 30)

> 5σ

PRL131, 211902 (2023)
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15 data samples corresponding to a total integrated lum. of 6.6 fb-1 from =4.53 to 4.95 GeVs

14

Production Properties of  and Ds1(2536) D*s2(2573)

 e+ e−  ψ /Y

 DsJ

 D−
s

 K0
S K

 K+K−π−

 K− + D̄(*)0

Partial 
reconstruction

Fit with  

In both processes, the first resonance is around 4.6 
GeV, with a width of 50 MeV 

Second strucutre is around 4.75 GeV with a width 
of 25 MeV in , around 4.72 GeV with a 
width of 50 MeV in  

σ = |BW0( s) + BW1( s)eiϕ1 |2

D+
s Ds1(2536)−

D+
s D*s2(2573)−

7.2σ

15σ

4.3σ

2.7σ

s = 4.68 GeV

DsDs1(2536) DsD*s2(2573)

Ds1(2536) D*s2(2573)

PRL 133, 171903 (2024)
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15 data samples corresponding to a total integrated lum. of 6.6 fb-1 from =4.53 to 4.95 GeVs

14

Production Properties of  and Ds1(2536) D*s2(2573)

 e+ e−  ψ /Y

 DsJ

 D−
s

 K0
S K

 K+K−π−

 K− + D̄(*)0

Partial 
reconstruction

Fit with  

In both processes, the first resonance is around 4.6 
GeV, with a width of 50 MeV 

Second strucutre is around 4.75 GeV with a width 
of 25 MeV in , around 4.72 GeV with a 
width of 50 MeV in  

σ = |BW0( s) + BW1( s)eiϕ1 |2

D+
s Ds1(2536)−

D+
s D*s2(2573)−

7.2σ

15σ

4.3σ

2.7σ

s = 4.68 GeV

DsDs1(2536) DsD*s2(2573)

Ds1(2536) D*s2(2573)

first observation, consistent with  Y(4626)/Y(4620) ⇒

first evidence, could be  Y(4710)/Y(4790) ⇒

PRL 133, 171903 (2024)
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Precise Measurement of Open Cham Cross Section

15
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138 data samples corresponding to a total integrated lum. of 22.9 fb-1 from =3.94 to 4.95 GeVs
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Precise Measurement of  σ[e+e− → D+
s D−

s ]

16

 e+ e−  ψ /Y

 D+
s

 D−
s

 K+K−π−

Partial reconstruction 

sys. uncertainty ~5% 
unprecedented precision

Cross section peaks above the threshold, implies the presence of a strong coupled channel effect           
(E. Eichten, K. Gottfried, T. Kinoshita, K. D. Lane, T. M. Yan, PRD21, 203 (1980))  
Maximum cross section around 4.02 GeV higher than previous studies using ISR method 

A narrow dip around 4.23 GeV, close to  threshold 

Constant ratio to , where a structure around 4.78 GeV is observed

D*+
s D*−

s

D*+
s D*−

s

PRL133, 081901 (2024)
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138 data samples corresponding to a total integrated lum. of 22.9 fb-1 from =3.94 to 4.95 GeVs
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Precise Measurement of  σ[e+e− → D+
s D−
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16

 e+ e−  ψ /Y

 D+
s

 D−
s

 K+K−π−

Partial reconstruction 

sys. uncertainty ~5% 
unprecedented precision

Cross section peaks above the threshold, implies the presence of a strong coupled channel effect           
(E. Eichten, K. Gottfried, T. Kinoshita, K. D. Lane, T. M. Yan, PRD21, 203 (1980))  
Maximum cross section around 4.02 GeV higher than previous studies using ISR method 

A narrow dip around 4.23 GeV, close to  threshold 

Constant ratio to , where a structure around 4.78 GeV is observed
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s

D*+
s D*−

s

PRL133, 081901 (2024)
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150 data samples corresponding to a total integrated lum. of 20 fb-1 from =3.8 to 4.95 GeVs

17

Precise Measurement of  σ[e+e− → DD̄]

 e+ e−  ψ /Y

 D̄

 D
 Kπππ/Kππ

Partial reconstruction 

s = 4.2 GeV

D0D̄0 D+D−

PRL133, 081901 (2024)
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150 data samples corresponding to a total integrated lum. of 20 fb-1 from =3.8 to 4.95 GeVs

17

Precise Measurement of  σ[e+e− → DD̄]

 e+ e−  ψ /Y

 D̄

 D
 Kπππ/Kππ

Partial reconstruction 

s = 4.2 GeV

D0D̄0 D+D−

sys. uncertainty ~7% 
unprecedented precision

PRL133, 081901 (2024)
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Four-Quark Matter: Zc

18

Zc(3900)/Zc(3885) Zc(4020)/Zc(4025)

e+e− → π+π−J/ψ
e+e− → π+π−hc

e+e− → π+(DD̄*)−

4260

4260

4230 
4260 
4360

e+e− → π+(D*D̄*)−

4260

Seen in both charged and neutral modes

PRL110, 252001 (2013) PRL112, 022001 (2014)
PRL111, 242001 (2013) PRL112, 132001 (2014)

PRL115, 112003 (2015) PRL115, 222002 (2015)
PRL113, 212002 (2014) PRL115, 182002 (2015)

+ ψ (2S), ⋯



Yuping Guo @ 2024 CEPC Internatinal  Workshop

Strange Partner of Zc States: Zcs

19
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s ) e+e− → K0
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Zcs in K + cc̄

20

PRL 127, 082001 (2021)
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PRL126, 102001 (2021)

: 

• JP=  

•  MeV/  

• =  MeV

Zcs(4000)

1+

m = 4003 ± 6+4
−24 c2

Γ 131 ± 15 ± 26

: 

•  MeV/  

• =  MeV

Zcs(3985)
m = 3985+2.1

−2.0 ± 1.7 c2

Γ 13.8+8.1
−5.2 ± 4.9

Studies in  system from  decay and  system from  annihilation are neededDsD* + D*s D B K+K−J/ψ e+e−

2.3σ  MeV/  

 MeV

m = 4044 ± 6 c2

Γ = 36 ± 16

K+K−J/ψ
PRL131, 211902 (2023)

K+K−ψ(2S) =4.843 GeV s arXiv: 2407.20009
1.2σ

 MeV/  

 MeV

m = 4208.4 ± 3.1 c2

Γ = 6.1 ± 5.7
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C-even States 

21

Small production rate in radiative transition process 

Radiative and hadronic transitions to X(3872) are observed at BESIII  

Several decay modes of X(3872) have been searched:  [observed], 
, , ,     

Found evidence of X(3915)/X(3960) [  mode] , no obvious signal  
for X(4140), X(4274), X(4500) [  mode], no evidence of X2(4013)  
[  mode]

π0χc1
ππχc0,1,2 πχc0 ππη γψ2(3823)

ωJ/ψ
ϕJ/ψ

DD̄

PRL 122, 232002 (2019)

JHEP01, 132 (2023)

:  Nsig 79 ± 9

PRL. 122, 232002 
(2019)
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C-even States 

21

Small production rate in radiative transition process 

Radiative and hadronic transitions to X(3872) are observed at BESIII  

Several decay modes of X(3872) have been searched:  [observed], 
, , ,     

Found evidence of X(3915)/X(3960) [  mode] , no obvious signal  
for X(4140), X(4274), X(4500) [  mode], no evidence of X2(4013)  
[  mode]

π0χc1
ππχc0,1,2 πχc0 ππη γψ2(3823)

ωJ/ψ
ϕJ/ψ

DD̄

PRL 122, 232002 (2019)

JHEP01, 132 (2023)

:  Nsig 79 ± 9

PRL. 122, 232002 
(2019)

~25 events 
cs peaks at 4750

PRL130, 151904 (2023)
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Line Shape of X(3872)

Effects of the couple-channels and the off-shell 
 are included in the parameterization 

Line shape mass:  
 MeV 

Weinberg’s compositeness: Z=1 - pure 
elemental state; Z=0 -pure bound state

D*0

MX = (3871.63 ± 0.13+0.06
−0.05)

22

Obtained  
line shape 

χc1(3872)

Parameters BESIII LHCb

g
Re[EI] (MeV) 7.10
Im[EI] (MeV) -0.13

FWHM (MeV)
Z 0.18 0.15 (0.33)

Γ[π+π−J/ψ]/Γ[D0D̄*0]

0.108 ± 0.003+0.005
−0.006

0.11 ± 0.03

0.22+0.06
−0.08

+0.25
−0.17

0.16 ± 0.010+1.12
−0.11

0.05 ± 0.01+0.01
−0.02

7.04 ± 0.15+0.07
−0.08

−0.19 ± 0.08+0.14
−0.19

0.44+0.13
−0.35

+0.38
−0.25

PRL132, 151903 (2024)

Based on 
19.8k events 
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New Production Mechanism of C-even States

23

Dedicated scan sample around the resonance 

Careful study of background process and interference effect!

X(3872)

 (GeV)s
3.505 3.51 3.515 3.52

 (n
b)

σ

0.016

0.018

0.02

0.022
data)int.σ+

c1
χσ + (MC

ISR BGσ

MC
ISR BGσ

φ, eeΓ, Default MC
totalσ

φ, eeΓ, Best MC
totalσ

φ, eeΓ, Best MC
c1

χISR BG + σσ4.1 

σ2.8 

σ0.0 

σ1.8 χc1

e+

e−

c

c̄

JPC = 1++,2++

PRL129, 122001 (2022)

PRD107, 032007 (2023) 
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Benefit from the fine scan data samples collected between =3.8 to 4.95 GeV, good performance 
of BEPCII and BESIII, the properties of charmonium and charmoniumlike states have been studied 

 has fine structure, the lower one  is observed in more than 10 decay modes, including open charm modes 

Discovered new charmonium-like states  and  

The cross-section line shapes are very complicated, more sophisticate d analysis may determine the pole positions of these 
states better and help to understand their nature 

Observed four-quark matter Zc and Zcs states, need to search for partners to establish the spectroscopy 

Decay and production properties of C-even states have been investigated using clean samples 

New production mechanism of C-even state has been found, opens a new avenue for study of hadrons 

BEPCII is upgrading, increase the luminosity at =4.7 GeV by a factor of 3, and extend the  up 
to 5.6 GeV starting from 2028, more exciting results are expected! 

s

Y(4260) Y(4230)

Y(4500) Y(4710)/Y(4790)

s s

24

Thank You!

Summary
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Production Properties of  and Ds1(2536) D*s2(2573)

 observed in  by Belle Collaboration, confirmed by BaBar and BESIII 
experiments,  tends to accumulate at the nominal mass of  

 observed in  by BESIII experiment 

 observed in  by BESIII experiment   

 observed in , and evidence of  in  
by Belle experiment

Y(4660) e+e− → γISRπ+π−ψ(2S)
M(π+π−) f0(980)

Y(4710) e+e− → K+K−J/ψ

Y(4790) e+e− → D*+
s D*−

s

Y(4626) e+e− → γISRD+
s Ds1(2536)− Y(4620) e+e− → γISRD+

s D*s2(2573)−

26

PRL131,151903 (2023)

PRL131, 211902 (2023)

PRD100, 111103(R) (2019), PRD101, 091101(R) (2020) 
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X(3872) Decay Property
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m = 4.1235 ± 0.7 ± 4.7 MeV/c2

CPC 47, 033001 (2023)

Significance : 2.1  (w. sys.)σ
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8.9 fb-1 data sample from 4.288 to 4.951 GeV
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significance > 5  
combing previous data samples 
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Update of ηψ(3686) and Search for X̃(3872)
8.9 fb-1 data sample from 4.288 to 4.951 GeV

29

significance > 5  
combing previous data samples 
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�⇤N ! X[! ⇡+⇡�J/ ]⇡±N 0

[(3860.0± 10.4) MeV/c2, < 51 MeV]

arXiv:2403.16811
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