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Outline

• Introduction

• Three recent charmonium-like (XYZ) results at BESIII
✓e+e− → 𝜙𝑋(3872) with 𝜙 → 𝐾+𝐾−

✓ 𝑒+𝑒− → 𝐾+𝐾−𝜓(2𝑆)

✓ 𝑒+𝑒− → 𝜙𝜒𝑐0/𝜙𝜂𝑐2(1𝐷) with 𝜙 → 𝐾+𝐾−

• Outlook
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Two



What are charmonium-like (XYZ) states
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Exotic states with hidden charm

Y: vector states

Z: 

X: remained  

charmonia: 𝑐 ҧ𝑐



How to study charmonium-like states at BESIII
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Data samples 
accumulated at BESIII
among the years

22𝑓𝑏−1 above 4 GeV

Line shapes of cross-sections for Y, whose (radiative & hadronic) transitions for X and Z



Previous discovered
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From QWG ExoticHub

From L. Y. Dong’s talk @ this workshop



Two recent results

• e+e− → 𝜙𝑋(3872) with 𝜙 → 𝐾+𝐾−

• 𝑒+𝑒− → 𝐾+𝐾−𝜓(2𝑆)
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Search for new production mode of X(3872)

• X(3872): 𝐽𝑃𝐶 = 1++ , very narrow, mass quite near to 𝐷𝐷∗threshold

• Known X production modes
• 𝐵 decays
• Double 𝑐 ҧ𝑐 productions
• 𝛾𝛾 collisions
• Charmonium/Bottomonium(-like) decays
• Prompt processes in pp collisions

• At BESIII
✓𝑒+𝑒− → 𝑌 → 𝛾𝑋(3872) [PRL 112, 092001 (2014)]
✓𝑒+𝑒− → 𝑌 → 𝜔𝑋(3872) [PRL 130, 151904 (2023)]
? e+e− → 𝑌 → 𝜙𝑋(3872)
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Analysis method

• 368.5 pb−1 𝑒+𝑒− colliding data at 𝑠 = 4.914 and 4.946 GeV

• 𝜙 → 𝐾+𝐾−, 𝑋 3872 → 𝜋+𝜋−𝐽/𝜓, 𝐽/𝜓 → 𝑒+𝑒− 𝑜𝑟 𝜇+𝜇−

• 6-track: 4C fit, 𝜙 and 𝐽/𝜓 mass windows of signal and sidebands

• 5-track: missing one K, 1C fit, mass windows, and MUC for 𝜇 PID
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6-track 5-track



Results
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6-track

5-track

Almost 
no
signal



Upper limits of the cross sections 
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same order to 

Phys. Rev. D 110, L031103 (2024)

pb

pb

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L031103


Search for  𝒆+𝒆− → 𝑲+𝑲−𝝍(𝟐𝑺)

• Y interest
• 𝐽𝑃𝐶 = 1−−

• Overpopulates the prediction of 
potential models

• Not in the R-value structures, and favor
hidden-charm final state

• When strange-quark is involved
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𝒆+𝒆− → 𝑲+𝑲−𝑱/𝝍
CPC 46, 111002 (2022)
PRL 131, 211902 (2023)

Extension from 𝐽/𝜓 to 𝜓(2𝑆)?



Search for  𝒆+𝒆− → 𝑲+𝑲−𝝍(𝟐𝑺) [cont’]

• Z interest
• Non-zero iso-spin, good tetra-quark candidate

• From 𝑍𝑐 (𝜋𝐽/𝜓) to 𝑍𝑐𝑠 (𝐾𝐽/𝜓)
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Again, extension from 𝐽/𝜓 to 𝜓(2𝑆)?

PRL 127, 082001 (2021)

2.3𝜎

PRL 131, 211902 (2023) 21



Analysis strategy
• Data sets: 𝑠 = 4.699 − 4.951 GeV, 2.5 𝑓𝑏−1

• Various reconstructions
• Approach (i): tag 𝐾+， 𝐾−，and 𝐽/𝜓 from 𝜓 2𝑆 → 𝑋 𝐽/𝜓
• Approach (ii): tag 𝐾+or 𝐾−，and 𝜓(2𝑆) with 𝜋+𝜋−𝐽/𝜓, 1C
• Approach (iii): tag 𝐾+， 𝐾−，and  𝜓(2𝑆) with 𝑙+𝑙−

• Approach (iv): tag 𝐾+or 𝐾−，and 𝜓(2𝑆) with 𝑙+𝑙−, 1C
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𝑠 = 4.843 GeV 

No peaking background from inclusive MC



Cross sections
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(a) Both BW and Expo functions can fit the data well
𝑀 = 4787.7 ± 17.7 MeV, Γ = 110.3 ± 33.9 MeV

Γ𝑒𝑒𝐵 𝑌 → 𝐾+𝐾−𝜓 2𝑆 = 0.13 ± 0.02 eV

(b) Solid line represents PHSP, 2𝜎 deviation at 4.845 GeV
Indicate distinct production mechanism

arXiv:2407.20009, submitted to Phys. Rev. Lett.

https://arxiv.org/abs/2407.20009
https://journals.aps.org/prl/


Search for 𝒁𝒄𝒔 → 𝑲±𝝍(𝟐𝑺)
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𝑠 = 4.843 GeV

1.1𝜎

1.0𝜎

Two fit assumptions (interference is ignored)

I: low mass, high reflection
M = 4208.4 ± 3.1 MeV, Γ = 6.1 ± 5.7 MeV

II: high mass, low reflection => 4.315 GeV
M = 4316.0 ± 2.7 MeV, Γ = 9.0 ± 8.6 MeV

arXiv:2407.20009, submitted to Phys. Rev. Lett.

resonance

reflection

reflection

resonance

https://arxiv.org/abs/2407.20009
https://journals.aps.org/prl/


Summary and outlook
• Charmonium-like physics is still an active topic at BESIII

• Ways to beyond the limited statistics (analysis vs. data)
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More data, more exciting results! 

BEPCII will upgrade in both Lum. and Max. E
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