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✓𝑒+𝑒− → 𝐾𝐾𝐽/𝜓

✓𝑒+𝑒− → 𝜙𝜒𝑐1,2

✓𝑒+𝑒− → 𝐷∗0𝐷∗+𝜋−

✓𝑒+𝑒− → 𝐷𝑠
∗+𝐷𝑠

∗−

✓𝑒+𝑒− → 𝜔𝜋+𝜋−

• Summary and prospect
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(Coulomb-like potential)
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𝜓 1𝐷 𝜓(3𝑆)𝜓(2𝐷) 𝜓(4𝑆)Potential model:

𝒀 𝟒𝟐𝟑𝟎 𝒀 𝟒𝟑𝟔𝟎 𝒀(𝟒𝟔𝟔𝟎)

🤔Overnumerous vector states!?

🤔Y→ hidden charm (𝑱/𝝍, 𝝍)!?

🤔Y puzzle!?

PTEP 2022, 083C01 

𝜓 4230 𝜓 4360 𝜓 4660  in PDG
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Nature Rev.Phys. 1, 480-494 (2019)

https://www.nature.com/articles/s42254-019-0082-y
https://www.nature.com/articles/s42254-019-0082-y
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BESIII experiment

• 𝜏-𝑐 region 2 < 𝑠 < 4.95 GeV

• Peak luminosity 1.1 × 1033 cm−2s−1 

@ 𝑠 = 3.77 GeV

• Clean background environment  

• 𝝍/𝒀 factory (𝝈𝑬 < 𝟐 MeV)

6

𝒆+

𝒆−

𝜸∗ 𝝍/𝒀(JPC = 1−−)

Cross-section measurement
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BESIII experiment

• High luminosity scan (~500 pb−1/10 MeV)

• 22 𝐟𝐛−𝟏 (4 < 𝑠 < 5 GeV) for XYZ study
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𝒆+𝒆− → 𝑲+𝑲−𝑱/𝝍 CPC 46, 111002 (2022)

Mass (MeV/𝑐2) Width (MeV)

𝑌 4230  (29𝜎) 4225.3 ± 2.3 ± 21.5 72.9 ± 6.1 ± 30.8

𝑌 4500  (8𝜎) 4484.7 ± 13.3 ± 24.1 111.1 ± 30.1 ± 15.2

Coherent of  2 BW functions:

• First observation of  𝑌(4230) → 𝐾+𝐾−𝐽/𝜓

• 5S-4D mixing (J.Z. Wang et al., PRD 99, 114003 (2019))

• Hadronic molecule (X.K. Dong et al., Prog. Phys. 41, 65 (2021))

• A (𝑐𝑠 ҧ𝑐 ҧ𝑠) state (T.W. Chiu et al., PRD 73, 094510 (2006))

𝒀(𝟒𝟐𝟑𝟎) 𝒀(𝟒𝟓𝟎𝟎)

https://iopscience.iop.org/article/10.1088/1674-1137/ac945c
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𝒆+𝒆− → 𝑲𝑺
𝟎𝑲𝑺

𝟎𝑱/𝝍

Coherent of  3 BW functions:

Mass (MeV/𝑐2) Width (MeV)

𝑌 4230  (26𝜎) 4226.9 ± 6.6 ± 22.0 71.7 ± 16.2 ± 32.8

𝑌 4500  (fixed) 𝑒+𝑒− → 𝐾+𝐾−𝐽/𝜓 (BESIII)

𝑌 4710  (4𝜎) 4704.0 ± 52.3 ± 69.5 183.2 ± 114.0 ± 96.1

2𝐾𝑆
0

1𝐾𝑆
0

PRD 107, 092005 (2023)

→ 𝜓 5𝑆 ?

Isospin symmetry

→ First observation

Update on 𝑒+𝑒− → 𝐾+𝐾−𝐽/𝜓 is coming soon!! 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.092005
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𝒆+𝒆− → 𝝓𝝌𝒄𝟏,𝒄𝟐 JHEP 01, 132 (2023)

𝜙𝜒𝑐1: A power law (or PHSP corrected) continuum

𝜙𝜒𝑐2: BW or BW+Continuum

𝒆𝒆 → 𝝓𝝌𝒄𝟐 Mass (MeV/𝑐2) Width (MeV)

𝐵𝑊 4672.7 ± 10.8 ± 3.9 93.2 ± 19.8 ± 9.4

𝐵𝑊 + 𝐴𝑐𝑜𝑛𝑡 4701.8 ± 10.9 ± 2.7 30.5 ± 22.3 ± 14.6

𝟑. 𝟏𝝈 𝟑. 𝟔𝝈
• First evidence of  𝑌 4660 → 𝜙𝜒𝑐2

• A new structure around 4.7 GeV?

https://link.springer.com/article/10.1007/JHEP01(2023)132
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𝒆+𝒆− → 𝜸(𝝓𝑱/𝝍) JHEP 01, 132 (2023)

Events are dominated by 𝜙𝜒𝑐1,𝑐2

Upper limits for production cross sections of   

𝑒+𝑒− → 𝛾𝑋(4140)/𝑋(4274)/𝑋(4500)

PRL 127, 082001 (2021) [LHCb 9 fb-1]

https://link.springer.com/article/10.1007/JHEP01(2023)132
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𝒆+𝒆− → 𝑫∗𝟎𝑫∗−𝝅+ + 𝒄. 𝒄. PRL 130, 121901 (2023)

Mass (MeV/𝑐2) Width (MeV)

𝐵𝑊1 4209.6 ± 4.7 ± 5.9 81.6 ± 17.8 ± 9.0

𝐵𝑊2 4469.1 ± 26.2 ± 3.6 246.3 ± 36.7 ± 9.4

𝐵𝑊3 4675.3 ± 29.5 ± 3.5 218.3 ± 72.9 ± 9.3

𝑩𝑾𝟏 → 𝒀 𝟒𝟐𝟑𝟎 strongly couple with open charm

𝑩𝑾𝟐 → 𝒀 𝟒𝟓𝟎𝟎 in 𝑲+𝑲−𝑱/𝝍

𝑩𝑾𝟑 → 𝒀 𝟒𝟔𝟔𝟎 first open charm decay

𝐷∗− 𝐷∗0

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.121901
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𝒆+𝒆− → 𝑫∗𝟎𝑫∗−𝝅+ + 𝒄. 𝒄. PRL 130, 121901 (2023)

Mass (MeV/𝑐2) Width (MeV)

𝐵𝑊1 4209.6 ± 4.7 ± 5.9 81.6 ± 17.8 ± 9.0

𝐵𝑊2 4469.1 ± 26.2 ± 3.6 246.3 ± 36.7 ± 9.4

𝐵𝑊3 4675.3 ± 29.5 ± 3.5 218.3 ± 72.9 ± 9.3

𝑩𝑾𝟐 → 𝒀 𝟒𝟓𝟎𝟎 : 
Γ 𝑌 4500 →𝐷∗0𝐷∗−𝜋+

Γ[𝑌 4500 →𝐾ഥ𝐾𝐽/𝜓]
> 100

𝐷∗−

𝑒+𝑒− → 𝐾+𝐾−𝐽/𝜓

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.121901
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𝒆+𝒆− → 𝑫𝒔
∗+𝑫𝒔

∗−
arXiv: 2305.10789 (submitted to PRL)

𝐷𝑠
∗±

𝐵𝑊1: near 𝐷𝑠
∗+𝐷𝑠

∗− threshold → [𝑌(4230)/𝜓(4160)?]

𝐵𝑊2: consistent with 𝜓 4415 , but larger width

𝐵𝑊3: 𝑌 4790 > 6.1𝜎 (model dependent, data @ 4.8 GeV)

most massive

charmoniumlike

https://arxiv.org/abs/2305.10789
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𝒆+𝒆− → 𝝎𝝅+𝝅− arXiv: 2303.09718 (submitted to JHEP)

Amplitude analysis at 𝑠 = 4.18 GeV

Cross sections for the components with >5𝜎 

𝑓0 500 𝜔 𝑓0 980 𝜔 𝑓0 1370 𝜔

𝑓2 1270 𝜔 𝑏1 1235 ∓𝜋± 𝜌 1450 ∓𝜋±

(fixed 𝑀 & Γ) 

• Evidence of  𝜓 4160 /𝑌(4220) → light hadron

• 𝑌 4360  and 𝜓(4415) are not significant 

3.6𝜎 3.1𝜎

https://arxiv.org/abs/2303.09718
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Summary & Prospect

• BESIII has achieved significant progress in the study of vector states (𝒀/𝝍) 

※ 𝑌(4230) and 𝒀(𝟒𝟓𝟎𝟎) in 𝑒+𝑒− → 𝐾+𝐾−𝐽/𝜓

※ 𝑌(4230) and 𝑌(4710) (4𝜎) in 𝑒+𝑒− → 𝐾𝑆
0𝐾𝑆

0𝐽/𝜓

※ Evidence of 𝑌 4660 → 𝜙𝜒𝑐2, or a structure around 4.7 GeV

※ 𝑌(4230), 𝑌(4500) and 𝑌(4660) in 𝑒+𝑒− → 𝐷∗0𝐷∗−𝜋+

※ 𝑌 4230 , 𝜓 4415 and 𝒀(𝟒𝟕𝟗𝟎) in 𝑒+𝑒− → 𝐷𝑠
∗+𝐷𝑠

∗−

※ Evidence of 𝜓(4160)/𝑌(4220) → 𝜔𝜋+𝜋−
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Summary & Prospect
M.A. Sultan et al., PRD 90, 054001 (2014)
S. Kanwal et al., EPJA 58, 219 (2022)

How many vector charmonia (𝑐 ҧ𝑐) between 4-5 GeV? Exotics (e.g. 𝑐 ҧ𝑐𝑞ത𝑞, 𝑐 ҧ𝑐𝑔 …) are also 

expected. Have they already been observed?

More theoretical/experimental efforts necessary!!
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Summary & Prospect

BEPCII-U vs. BEPCII • The BEPCII-U scheduled in the summer 2024

• Luminosity of BEPCII-U increased by a factor of 
3 @ 𝑠 = 4.7 GeV enabling efficient collection of 
XYZ data; 𝑠 extends to 5.6 GeV; Commissioning 
in 2025

• Stay tuned for more exciting results from BESIII! 
BESIII is still Charming :) 

3 × ℒBEPCII

Thanks for your attention!
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𝒆+𝒆− → 𝑲+𝑲−𝑱/𝝍
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𝒆+𝒆− → 𝑲𝑺
𝟎𝑲𝑺

𝟎𝑱/𝝍

1.4𝜎
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𝒆+𝒆− → 𝑫∗𝟎𝑫∗−𝝅+
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𝒆+𝒆− → 𝑫𝒔
∗+𝑫𝒔

∗−
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𝑓0 980

𝑓0 500

𝑏1 1235 ±, 𝑓0 1370 , 𝑓2 1270 , 𝜌 1450 ±, 𝜌 1570 ±

𝒆+𝒆− → 𝝎𝝅+𝝅−


	幻灯片 1: Cross-section measurements and search for vector states at cms energies 4-5 GeV
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10
	幻灯片 11
	幻灯片 12
	幻灯片 13
	幻灯片 14
	幻灯片 15
	幻灯片 16
	幻灯片 17
	幻灯片 18
	幻灯片 19: Back up
	幻灯片 20
	幻灯片 21
	幻灯片 22
	幻灯片 23
	幻灯片 24

