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Outline 

• Studying XYZ at BESIII: a quick review

• Highlights in the last year
• PWA of 𝑒+𝑒− → 𝜋+𝜋−𝐽/𝜓

• Multiple channel analysis for 𝑍𝑐(4020)
• Cross section line shape of 𝑒+𝑒− → 𝜋𝜋ℎ𝑐

• More searches and measurements

• Thoughts, analyses, and open questions based on BESIII results

• Prospects and outlook
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What are charmonium-like (XYZ) states
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Exotic states with hidden charm Y: vector states

Z: 

X: remained  

charmonia: 𝒄ത𝒄
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A slide can be skipped in this meeting

Beyond convention ccbar states
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Achieved luminosity: 1.1 ⋅ 𝟏𝟎𝟑𝟑 𝐜𝐦−𝟐𝐬−𝟏 @ 3.77 & 4.68 GeV

N



BESIII data samples
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10B 2.7B

20/fb

22/fb @ 4.0-4.9 GeV

Λ𝑐Λ𝑐 Λ𝑐Λ𝑐(2595)

Abundant physical topics: D and Λ𝑐 decays, light 
hadrons, charmonium and XYZ, 𝜏 and R-value,  
new physics, etc.



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
+4.𝟏𝒇𝒃−𝟏 @ 4.68 GeV (new)

Line shapes of cross-sections for Y, whose (radiative & hadronic) transitions for X and Z
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Discoveries of Z and Y states, new modes of 
X(3872) production and decays, etc. 
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From QWG ExoticHub
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BESIII has published about 130 XYZ relevant papers till Jul. 2026.

PRL 110, 252001 (2013)
Cited 1304 times till Jul.14 2026 

(counted by Inspire)

http://prl.aps.org/abstract/PRL/v110/i25/e252001


Recent highlights (I): PWA of 𝐞+𝐞− → 𝝅+𝝅−𝑱/𝝍

𝜋±𝑍𝑐
∓(3900), 𝑓0 980 𝐽/𝜓, 𝜋+𝜋− 𝑆−𝑤𝑎𝑣𝑒𝐽/𝜓

dominant

Phys. Rev. D 112, 092013 (2025)

2026/7/23 zhuk@11thXYZ-贵阳 8

𝑍𝑐 Mass and width are consistent in various energies

𝑍𝑐 4020 is not significant

Suffer from local minimum (PWA) and multiple solutions (CroX Fit) 

𝑌(4220) is significant

12.0 𝑓𝑏−1, 4.13 ∼ 4.36 GeV

https://journals.aps.org/prd/abstract/10.1103/f94z-snbh


Recent highlights (II): 𝒆+𝒆− → 𝝅+𝝅−𝒉𝒄

Phys. Rev. Lett. 135, 071901 (2025)

The third resonance is necessary with statistical significance of 𝟓𝝈
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4.01 ∼ 4.95 GeV, 22fb−1Observation of Three Resonant Structures

https://journals.aps.org/prl/abstract/10.1103/ljnf-4jfr


Recent highlights (III): multiple channel 𝒁𝒄(𝟒𝟎𝟐𝟎)

arXiv:2603.05564
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PWA simultaneously on 𝒁𝒄 𝟒𝟎𝟐𝟎 → 𝝅𝒉𝒄, 𝑫
∗𝟎𝑫∗−, 𝝅𝑱/𝝍 to determine: mass/width, quantum number, Brs

𝑠 = 4.395 & 4.416 GeV, 𝐿 = 1.6fb−1

https://arxiv.org/abs/2603.05564


Recent highlights (III): multiple channel 𝒁𝒄(𝟒𝟎𝟐𝟎)

arXiv:2603.05564
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PWA simultaneously on 𝒁𝒄 𝟒𝟎𝟐𝟎 → 𝝅𝒉𝒄, 𝑫
∗𝟎𝑫∗−, 𝝅𝑱/𝝍 to determine: mass/width, quantum number, Brs

𝑠 = 4.395 & 4.416 GeV, 𝐿 = 1.6fb−1

Two candidates of the physical pole position

(in pb)

https://arxiv.org/abs/2603.05564


Other searches and measurements (I)

• Search for 1−+ / 0−− exotic states via
• 𝑒+𝑒− → 𝛾𝐷𝑠

+𝐷𝑠1
− 2536 + 𝑐. 𝑐. Phys. Rev. D 112, 032002 (2025)

• 𝑒+𝑒− → 𝛾𝜂(′)𝜂𝑐 Phys. Rev. D 111, 112007 (2025)
• 𝑒+𝑒− → 𝜂𝜂𝜓 2𝑆 , Phys. Rev. D 113, 092013 (2026)

• Born cross sections with baryon involved ( 𝑠 = 3.5 ∼ 4.9 GeV):
• 𝑒+𝑒− → 𝑝𝐾−𝐾−തΞ+, JHEP 11, 111 (2025)
• 𝑒+𝑒− → Ω+Ω−, JHEP 02, 212 (2026)
• 𝑒+𝑒− → Ξ 1530 0തΞ0 + 𝑐. 𝑐., Phys. Rev. D 113, 072017 (2026)
• 𝑒+𝑒− → Σ−തΣ+, arXiv:2602.23835
• 𝑒+𝑒− → 𝐾+Ξ0തΣ−, arXiv:2605.19780
• 𝑒+𝑒− → 𝑝 ҧ𝑝, arXiv:2606.22762 (evidence of psi(4160/4230))
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https://journals.aps.org/prd/abstract/10.1103/7b2z-qtly
https://journals.aps.org/prd/abstract/10.1103/2rq2-nr4m
https://journals.aps.org/prd/abstract/10.1103/5tcy-gpd2
https://link.springer.com/article/10.1007/JHEP11(2025)111
https://link.springer.com/article/10.1007/JHEP02(2026)212
https://journals.aps.org/prd/abstract/10.1103/j99f-d2l1
https://arxiv.org/abs/2602.23835
https://arxiv.org/abs/2605.19780
https://arxiv.org/abs/2606.22762


Other searches and measurements (II)

• Cross sections with open charm:
• Search for a bound state of Λ𝑐 തΣ𝑐 near threshold, PRD 112, 114044 (2025)
• 𝑒+𝑒− → 𝜋+𝜋−𝐷𝑠

+𝐷𝑠
−, arXiv:2606.29141

• Cross sections with hidden charm and (iso-pin partner)𝑍𝑐(𝑠) states
• 𝑒+𝑒− → 𝐾+𝐾−𝜓(2𝑆), arXiv:2407.20009
• 𝑒+𝑒− → 𝐾0𝐾−𝜋+𝐽/𝜓 + c.c., arXiv:2510.13274
• 𝑒+𝑒− → 𝜂𝜂𝐽/𝜓, arXiv:2601.15882
• 𝑒+𝑒− → 𝜋0𝜋0𝜓(2𝑆), Phys. Rev. D 113, 112016 (2026) (consistent with charged)
• 𝑒+𝑒− → 𝜋+𝜋−𝜂𝐽/𝜓, arXiv:2607.07446

• Search for X(3872) non-charm decay
• 𝑋 3872 → 𝐾𝑠

0𝐾±𝜋∓ and 𝐾∗ 892 ഥ𝐾, Phys. Rev. D 113, L071102 (2026)
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https://journals.aps.org/prd/abstract/10.1103/jv3m-h997
https://arxiv.org/abs/2606.29141
https://arxiv.org/abs/2407.20009
https://arxiv.org/abs/2510.13274
https://arxiv.org/abs/2601.15882
https://journals.aps.org/prd/abstract/10.1103/98g1-t98b
https://arxiv.org/abs/2607.07446
https://journals.aps.org/prd/abstract/10.1103/4w23-9twd


Thoughts and analyses based on BESIII results
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Thoughts and analyses based on BESIII results

• Couple channel analysis of open charm cross sections

• Pick up physical solutions

• Review paper

• https://arxiv.org/abs/2607.09093

Slides from Nils Husken, MESON2026
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Nils Husken @ MESON2026

Data dominantly from BESIII
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Multiple solutions with same resonance parameters

Y.P. Guo and C.Z. Yuan, arXiv:2508.20667
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Multiple solutions in Y(4230) decays
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Warning: 
theoretical analyses usually use
𝝈(𝒆+𝒆− → 𝑿) @ 4.23 GeV to 
present 𝝈(𝒆+𝒆− → 𝒀 𝟒𝟐𝟑𝟎 → 𝑿)

J. Yuan, etc., PRD 112, 116005 (2025)

𝜋+𝜋−𝐽/𝜓 𝜋0𝜋0𝐽/𝜓



Results of physical solutions
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The physical solutions of the Y(4230) decays corresponding to the global minimum 𝜒2

The solution with small 𝑠 ҧ𝑠 component is the red box.

The solution with large 𝑠 ҧ𝑠 component is the blue circle.

Not sensitive to s-quark except 𝜂′𝐽/𝜓

• Largest 𝝅𝝅𝑱/𝝍 selected
• Predict more precise 𝜞𝒆𝒆𝑩(

)
𝒀 𝟒𝟐𝟑𝟎 →

𝝅+𝝅−𝝍(𝟐𝑺) = 𝟎. 𝟑 ± 𝟎. 𝟏 eV

J. Yuan, etc., PRD 112, 116005 (2025)



The future of XYZ at BESIII
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BEPCII upgrade
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• Jan. 2025 – Jul. 2025 Data taking at beam energy 1.843GeV  (3686)

• Aug. 2025 – Sep. 2025 2nd SC magnet hor. test & the 4th RF cavity installation

• Oct. 2025 – Jul. 2026 Data taking around beam energy 2.35GeV (project test)

• Aug. 2026 – Sep. 2026 2 SC magnets installation & LINAC final upgrade

• Oct. 2026 – Sep. 2028 Data taking within beam energy 2.1-2.5GeV

• Sep. 2028 – Jul. 2030 Data taking within beam energy 2.5-2.8GeV

BEPCII Operation plan

• Luminosity increase by a factor 3 @ 2.35 GeV (achieved)
• Maximum energy increase up to 2.8 GeV (to be tested)

C.H. Yu @ BESIII 2024 autumn workshop



22

BEPCII
@ 2.35GeV

BEPCII-U
@ 2.35GeV

BEPCII-U
@ 2.8GeV

L [1032cm−2s−1] 3.5 11 3.7

𝛽𝑦
∗ [cm] 1.5 1.35 3.0

Beam current [mA] 400 900 450

SR Power [kW] 110 250 250

𝜉𝑦,lum 0.029 0.033 0.043

Emittance [nmrad] 147 152 200

Couping [%] 0.53 0.35 0.5

Bucket Height 0.0069 0.011 0.009

𝜎𝑧,0 [cm] 1.54 1.07 1.4

𝜎𝑧 [cm] 1.69 1.22 1.6

RF Voltage [MV] 1.6 3.3 3.3

Key Technologies: Double beam power & Optics upgrade & Higher gradient of magnets
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experiments, 10 months/year BESIII time.
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Accelerator physics

Remove 5 beamlines
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H.B. Li @ 
BESII Col. Meeting, 2026 July
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Summary
• Productive XYZ Physics at BESIII: We have published ~130 papers, discovered 

key XYZ states (Zc, Y), and systematically mapped their production and decay 
properties.

• In the last year: important discoveries and measurements, including both 
hidden charm and open charm channels, as well as light hadron final states

• Challenge on from data to knowledge: complex analysis tools such as PWA 
and coupling analysis are required to extract valuable information, systematic 
interpretation is desired for the observations and measurements 

• Future Frontier with BEPCII-U: The upcoming luminosity upgrade will provide 
unprecedented data sets, enabling precision measurements of line shapes 
and searches for new states and decay modes, and exploration of new 
energy regions (above 4.95 GeV)
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