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Outline

• Introduction of heavy exotic states (XYZ) above charm threshold

• Recent results at BESIII:
1. Z:  𝑒+𝑒− → 𝜋+𝜋−𝐽/𝜓, 𝐾+𝐾−𝐽/𝜓, 𝐾+𝐾−𝜓 2𝑆 , 𝐾+𝐷𝑆

∗−𝐷∗0

2. Y: cross sections of 𝑒+𝑒− → 𝜋+𝜋−ℎ𝑐 , 𝐷ഥ𝐷, 𝐷𝑠
+𝐷𝑠

−, 𝜔𝜒𝑐1, 𝜔𝜒𝑐2,inclusive 𝐽/𝜓, 
𝜓(3686) production

3. X: search for 1−+ states in 𝑒+𝑒− → 𝛾𝐷𝑠
+𝐷𝑠1

− (2536) + c.c., 𝑒+𝑒− → 𝛾𝜂(′)𝜂𝑐

• Summary

• Upgrade of BEPCII
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What are charmonium-like (XYZ) states
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Exotic states with hidden charm Y: vector states

Z: 𝒊𝒔𝒐𝒔𝒑𝒊𝒏 ≠ 𝟎

X: remained  

charmonia: 𝑐 ҧ𝑐

Primarily studies the properties 
of charmonium-like states, 
including but are not limited to
• Searching for new states
• Determining the internal   

structure
• Measuring masses and 

widths
• Measuring transitions and 

decays 
• Searching for new decay 

channels
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BESIII data samples
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10B 2.7B

20/fb-1

22/fb-1 @ 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

• Below charm threshold
• 2.7B 𝜓 2𝑆 sample
• Transitions from 𝜓(2𝑆)

• Above charm threshold
• 20 𝑓𝑏−1 collision data @ 3.773 GeV
• 22 𝑓𝑏−1 scan data above 4 GeV
• Line shapes of cross -sections for Y, 

whose (radiative & hadronic) 
transitions for X and Z
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𝝍 𝟐𝑺 ≡ 𝝍(𝟑𝟔𝟖𝟔) ≡ 𝝍′



Previous discovered
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From QWG ExoticHub

BESIII has published about 120 XYZ relevant papers till Sep. 2025.

PRL 110, 252001 (2013)
Cited 1216 times till Sep.10 2025 

(counted by Inspire)

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



PWA of 𝒆+𝒆− → 𝝅+𝝅−𝑱/𝝍

• 𝑍𝑐
± 3900 (𝑇𝑐 ҧ𝑐1 3900 )
• Discovered in 𝑱/𝝍𝝅 (by BESIII and Belle) 

and confirmed in 𝐷ഥ𝐷∗ and 𝜂𝑐𝜌 at BESIII
• Its isospin (neutral) partner has also 

been found 
• May be strongly correlated to 𝑌(4230)

• Data sample: 𝑠 = 4.13 − 4.36 GeV, 
12 𝑓𝑏−1, 17 points
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arXiv:2505.13222

https://arxiv.org/abs/2505.13222


• PWA: helicity-covariant method

• 𝜋+𝑍𝑐
− 3900 , 𝑓𝑗𝐽/𝜓 (𝑓𝑗 = 𝑓0 500 , 𝑓0 980 , 𝑓0 1370 , 𝑓2(1270))

• BW or K-matrix parametrizations

10

arXiv:2505.13222

Summed all data samples

PWA of 𝒆+𝒆− → 𝝅+𝝅−𝑱/𝝍

https://arxiv.org/abs/2505.13222


• Fit to cross-sections of 𝑒+𝑒− → 𝜋𝑍𝑐 , 𝑓0 980 𝐽/𝜓, 𝜋𝜋 𝑠𝐽/𝜓

• Mode I: 2BW, II: BW+PHSP, III: 1BW, IV: 2BW+PHSP 
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The averaged mass and width of Y(4220): 𝟒𝟐𝟐𝟓. 𝟖 ± 𝟒. 𝟐 ± 𝟑. 𝟏 𝐌𝐞𝐕/𝒄𝟐 and 𝟓𝟓. 𝟑 ± 𝟗. 𝟓 ± 𝟏𝟏. 𝟏 𝐌𝐞𝐕

𝜋𝑍𝑐 𝜋𝑍𝑐 𝑓0 980 𝐽/𝜓 𝜋𝜋 𝑠𝐽/𝜓

arXiv:2505.13222

Mode I Mode II Mode III Mode IV

three 
solutions

PWA of 𝒆+𝒆− → 𝝅+𝝅−𝑱/𝝍

https://arxiv.org/abs/2505.13222


• Hidden strange tetraquark candidate 
𝑍𝑐𝑠
± 3985  are observed in BESIII in 

𝑒+𝑒− → 𝐾±(𝐷𝑆
∗∓𝐷0 + 𝐷𝑆

±𝐷0∗)

• LHCb then observed 𝑍𝑐𝑠
+ 4000 → J/ψ𝐾+ in 

𝐵+ → 𝐽/𝜓𝜙𝐾+ 

• However, two states have similar mass but 
very different widths (~8 and ~130 MeV 
respectively)  

• Natural for BESIII to confirm 𝑍𝑐𝑠
+ → J/ψ𝐾+ and  

search for 𝑍𝑐𝑠 → 𝐾+𝜓(2𝑆)

• Two best fits performed with assuming 𝑍𝑐𝑠 
mass ~4.2 and ~4.3 GeV

• Global significances: ~1
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𝒆+𝒆− → 𝑲+𝑲−𝝍(𝟐𝑺) BESIII arXiv: 2407.20009

𝑚 = 4208.4 ± 3.1 𝑀𝑒𝑉/𝑐2

Γ = 6.1 ± 5.7 𝑀𝑒𝑉
Significance: 1.2𝜎

𝑚 = 4316.0 ± 2.7 𝑀𝑒𝑉/𝑐2

Γ = 9.0 ± 8.6 𝑀𝑒𝑉
Significance: 1.1𝜎
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Y state
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> 5𝜎

Two solutions are found

𝜓(4230) 𝜓 4360 ?
Mass consistent

Width 100 MeV larger

𝜓 4500PRL 135, 071901 (2025)

Cross sections of 𝒆+𝒆− → 𝝅+𝝅−𝒉𝒄
• Data: 𝑠 = 4.01 − 4.95 GeV, 22.2 𝑓𝑏−1 , 59 points

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


Precise Measurement of 𝝈 𝒆+𝒆− → 𝑫ഥ𝑫

• Many clear structures around 
G(3900), (4040), (4160), (4415)

• Our results are consistent with 
previous measurements but with 
higher precision

15

• Confirm the conventional 
charmonium states (4040), 
(4160), and (4415)

• Confirm and search for the 
potential charmonium-like 
states, (4260),(4360), G(3900), 
etc

Note: shade

PRL 133, 081901 (2024) Eichten et al., PRD 
21 203 (1980)

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


Precise Measurement of 𝜎 𝒆+𝒆− → 𝑫𝒔
+𝑫𝒔

−

• A clear narrower width of (4040) 𝟒𝟎 ± 𝟒 𝑴𝒆𝑽
than the PDG value 𝟖𝟎 ± 𝟏𝟎 𝑴𝒆𝑽 is observed. 
Additionally, a dip at (4230) is observed 

• Our results are consistent with previous 
measurements but with higher precision and 
more energies
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• The motivation is similar to 𝒆+𝒆− → 𝑫ഥ𝑫 channel, 
but we also want to...  

• Investigate the recently observed structure 
around 4.7 GeV in  𝒆+𝒆− → 𝑲+𝑲−, 𝑲𝑺

𝟎𝑲𝑺
𝟎 𝑱/𝝍

final state due to the similar quark composition

• Entangle the correlation between the (4230) 
and non-resonant 𝒆+𝒆− → 𝑫𝒔

+𝑫𝒔
−

BESIII: log. cordinates

PRL 133, 261902 (2024)

A dip at 
(4230)

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


Observation of Structures in 𝒆+𝒆− → 𝝎𝝌𝒄𝟏 and 𝝎𝝌𝒄𝟐

17PRL 132, 161901 (2024)

4.436 GeV 4.600 GeV

• 𝑀 = 4413.6 ± 9.0 ± 0.8 𝑀𝑒𝑉/𝑐2

• Γ = 110.5 ± 15.0 ± 2.9 𝑀𝑒𝑉
• Significance: 10.7
• Consistent with well-known (4415) and 

implying the existence of the hidden charm decay 
of 𝜓(4415) → 𝜔𝜒𝑐2

•

•

• Significance: 5.8
• Mass higher than the structure Y(4500) 

observed in 𝐾𝐾𝐽/𝜓 and  𝐷∗0𝐷∗−𝜋+

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


Inclusive and exclusive J/𝜓 production

• Average value of J/ cross section 
in the region s=4.53 to 4.95 GeV

  𝝈 = 𝟏𝟒. 𝟎 ± 𝟏. 𝟕𝒔𝒕𝒂𝒕 ± 𝟑. 𝟏𝒔𝒚𝒔. 𝒑𝒃

(in the   no-resonance hypothesis)

• The comparison indicates that no 
evidence of hidden decays 
involving the J/ meson

18

PRD 111, 052007 (2025)

Inclusive: 𝐉/𝝍+X 

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


Inclusive and exclusive 𝜓(3686) production

• Miss exclusive processes around the 𝝍(𝟒𝟑𝟔𝟎) region 
Excess ~23% of the 𝝍(𝟒𝟑𝟔𝟎)𝒑𝒓𝒐𝒎𝒑𝒕 inclusive cross 

section 

• Average value of 𝝍(𝟑𝟔𝟖𝟔) cross section in the 
region s=4.84 to 4.95 GeV, 𝝈 = 𝟏𝟓. 𝟑 ± 𝟑. 𝟎 𝒑𝒃

(in the no-resonance hypothesis)

19

Inclusive: 𝝍(𝟑𝟔𝟖𝟔)+X 
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X state



Search for 𝟏−+ states in 𝒆+𝒆− → 𝜸𝑫𝒔
+𝑫𝒔𝟏

− (𝟐𝟓𝟑𝟔) + c.c. 

• 𝑋(3872), 𝑌(4230) and 𝑍𝑐(3900) are exotic states.

• Some states are more exotic than the other exotic states.
• Such as 𝐽𝑃𝐶 = 0−−, 𝑒𝑣𝑒𝑛+−, 𝑜𝑑𝑑−+, cannot be 𝑞ത𝑞
• Light section: 𝜋1(1400), 𝜋1 1600 , 𝜂1(1855) with 𝐽𝑃𝐶 = 1−+

• Q. Wang, Phys. Rev. D 89, 114013(2014) predicts 1−+ molecule state 
ഥ𝐷𝐷1 2420

• Extend to D meson with strange quark, 𝐷𝑠
+𝐷𝑠1

− (2536) (𝑀 ≈ 4.5 𝐺𝑒𝑉)

• Data sample: 𝑠 = 4.61 − 4.95 GeV, 5.8 𝑓𝑏−1

21

Phys. Rev. D 112, 032002 (2025)

https://journals.aps.org/prd/abstract/10.1103/7b2z-qtly


Search for 𝟏−+ states in 𝒆+𝒆− → 𝜸𝑫𝒔
+𝑫𝒔𝟏

− (𝟐𝟓𝟑𝟔) + c.c. 

• Partial reconstruction:
• 𝑒+𝑒− → 𝛾𝐷𝑠

+𝐷𝑠1
− (2536), 𝐷𝑠

+ → 𝐾+𝐾−𝜋+, 𝐷𝑠1
− 2536 → 𝐾−ഥ𝐷∗0

• 𝑒+𝑒− → 𝛾𝐷𝑠
+𝐷𝑠1

− (2536), 𝐷𝑠
+ → 𝐾𝑆

0𝐾+, 𝐷𝑠1
− 2536 → 𝐾−ഥ𝐷∗0

22

Clear 𝐷𝑠 are observed, but no significant ഥ𝐷∗0

Phys. Rev. D 112, 032002 (2025)

https://journals.aps.org/prd/abstract/10.1103/7b2z-qtly


Search for 𝟏−+ states in 𝒆+𝒆− → 𝜸𝑫𝒔
+𝑫𝒔𝟏

− (𝟐𝟓𝟑𝟔) + c.c. 
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Unbinned two dimensional simultaneous fit

Width assumption

Typically 15 pb around 4.68 GeV 

Phys. Rev. D 112, 032002 (2025)

https://journals.aps.org/prd/abstract/10.1103/7b2z-qtly


Search for 𝟏−+ states in 
𝒆+𝒆− → 𝜸𝜼𝜼𝒄 and 𝜸𝜼′𝜼𝒄

• Analogy to 𝜂1 1855 → 𝜂𝜂′, 
possible 𝜂𝑐1 → 𝜂(′)𝜂𝑐

• X.-K. Dong, etc. Phys. Rev. D 101, 
076003 (2020) and C. Shi, etc. 
Phys.Rev.D 109, 094513 (2024) 
predict 1−+ charmonium-like hybrid

• Data sample: 𝑠 = 4.26 − 4.68 GeV, 
10.6 𝑓𝑏−1

• No obvious signal, unbinned two 
dimensional maximum likelihood fit

24

Phys. Rev. D 111, 112007 (2025)

https://journals.aps.org/prd/abstract/10.1103/2rq2-nr4m
https://journals.aps.org/prd/abstract/10.1103/2rq2-nr4m
https://journals.aps.org/prd/abstract/10.1103/2rq2-nr4m


Summary

• The BESIII experiment has made crucial contributions to the study of heavy 

exotic charmonium-like states, benefitting from its unique data samples and 

excellent detector performance. 

• Further exciting results are hopeful with increased statistics and energy after 

upgrading. These future studies are expected to enable us to discover some 

novel states, including those containing a strange quark component. 

• Additionally, research will focus on clarifying the correlations between 

charmonium-like states and their underlying nature. Overall, these progresses 

may deepen our understanding on non-perturbative strong interactions.
25
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BEPCII upgrade aims at: Increase luminosity by a factor of 3 & Increase beam energy to 2.8GeV

Timeline of BEPCII operation and its upgrade

2.8

Physics predictions

Overview of BEPCII upgrade project



27

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

漫散射

XAFS

衍射

光电子能谱

4B9A

3B1A

3W1A

荧光分析

高压

LIGA

1W1B

生物大
分子

生物大分子

1W
2

1W1

4w1
4B9

4
W

2

3
B

1

4W1B

4W1A

4B9B

X-射线成像

BEPCII

小角散射

光刻

3W1
软

X射
线

中
能
束
线

4B8

4B
7

VUV

1W
1A

1W
2B

IV

III II

I

软X射线

No dedicated SR operation, only parasitic SR 

experiments, 10 months/year BESIII time.














1B3

1B3（LIGA）

Remove 7 beamlines

Remaining 9 beamlines

Overview of BEPCII upgrade




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• Jul. 2024 – Dec. 2024 Summer shutdown for installation

• Jan. 2025 – Jul. 2025 Commissioning & Data taking @1.843GeV  (3686)

• Aug. 2025 Summer shutdown

• Sep. 2025 – Jul. 2026 Data taking @1.843GeV & 2.35GeV (project test)

• Aug. 2026 – Sep. 2026 Summer shutdown & 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-U Operation plan

We are here
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• Jul. 2024 – Dec. 2024 Summer shutdown for installation

• Jan. 2025 – Jul. 2025 Commissioning & Data taking @1.843GeV  (3686)

• Aug. 2025 Summer shutdown

• Sep. 2025 – Jul. 2026 Data taking @1.843GeV & 2.35GeV (project test)

• Aug. 2026 – Sep. 2026 Summer shutdown & 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-U Operation plan

Status of BEPCII-U commissioning

We are here

Thanks for your attention!



backup
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BESIII has studied XYZ states via  
𝒆+𝒆−annihilation samples exclusively 
• γηc, γπ0ηc

• π+π−ηc

• π+π-π0ηc , π
+π−ηηc

• γπ+π-J/ψ, γϕJ/ψ, γωJ/ψ, γγJ/ψ 

• π0J/ψ, ηJ/ψ, η'J/ψ

• π+π-J/ψ, π0π0 J/ψ, π0 ηJ/ψ, 
K+K−J/ψ, K0

SK
0

SJ/ψ,  

• J/ψX

• γχcJ , γπ+π-χc1, γπ0 χc1, π
0π0χc1,2

• ωχcJ, ϕχcJ

• π+π−χcJ

• ηhc

• π+π-hc, π
0π0hc, K

0
SK

0
Shc

• γγψ(2S),

• ηψ(2S), η′ψ(2S)

• π+π−ψ(2S), π0π0ψ(2S), 
K+K−ψ(2S), K0

SK
0

Sψ(3686)

• ψ(2S)X

31



• π+π-ψ(3770), K+K−ψ(3770)

• γX(3872), γπ0X(3872), 

ω X(3872), ϕX(3872)

• X(3872) lineshape

• γγψ2(3823)

• π+π-ψ2(3823), π0π0ψ2(3823)

• Other channels, such as 
updated 𝜋0𝜋0𝜓′, 𝜋0𝜋0ℎ𝑐 are 
on going

32
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