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Introduction

• Conventional hadrons are composed from 2 (meson) or 3 (baryon) quarks.

• QCD allows hadrons

with Nquarks≠2, 3.
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Naive Quark model: 

Exotic States:                 

Meson Baryon

Nature Reviews Physics 1, 480 (2019)



Charmonium-like (XYZ) states
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XYZ states: do not fit in the naïve 

quark model

X: JPC≠1- - neutral non-vector states   

X(3823) X(3872) X(6900)…          

Y: JPC=1- - neutral vector states 

produced in e+e- annihilation 

or initial state radiation(ISR) 

Z: Zc I=1 charmonium-like states

From F.K. Guo



New particle at BESIII
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https://doi.org/10.1016/j.scib.2023.08.025

http://english.ihep.cas.cn/bes/re/pu/NewParticles/

Ref:

https://doi.org/10.1016/j.scib.2023.08.025


XYZ+R-scan Dataset at BESIII
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XYZ samples:
Ecm =3.8-4.96 GeV:
(46 energy points)

 ~22 fb−1

Small R-scan samples:
Ecm =3.8-4.6 GeV:
(151 energy points) 

~3.5 fb−1



Hidden Charm processes



𝒆+𝒆− → 𝝅+ 𝝅− 𝒉𝒄 at BESIII
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Phys.Rev.Lett. 118 , 092002 (2017)

40 pb−1 (XYZ data sample)+ 20 pb−1 (R-scan data sample)

Evidence of Two Resonant Structures 
Y(4220), Y(4390)

22.2 fb−1 (XYZ + R-scan data samples)

Observation of Three Resonant Structures 
Y(4220), Y(4360), Y(4460)

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



𝒆+𝒆− → 𝝅+ 𝝅− 𝒉𝒄 at BESIII
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Y(4220) Y(4360), Y(4460) Phys.Rev.Lett. 135, 071901 (2025)



𝒆+𝒆− → 𝑲𝟎𝑲−𝝅+𝑱/𝝍 at BESIII
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𝑒+𝑒− → 𝐾𝑠
0𝐾𝑠

0𝐽/𝜓

Y(4230), Y(4500), Y(4710) Y(4230), Y(4500), Y(4710)

𝑒+𝑒− → 𝐾+𝐾−𝐽/𝜓

No significant 𝑍𝑐𝑠 states are found in these processes due to limited statistics.

Phys. Rev. D 107, 092005(2023) Phys. Rev. Lett. 131, 211902(2023)



𝒆+𝒆− → 𝑲𝟎𝑲−𝝅+𝑱/𝝍 at BESIII
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No significant Y states are found in 𝑒+𝑒− → 𝐾0𝐾−𝜋+𝐽/𝜓 due to limited statistics.

arXiv:2510.13274

https://arxiv.org/abs/2510.13274


𝒆+𝒆− → 𝑲𝟎𝑲−𝝅+𝑱/𝝍 at BESIII
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No significant 𝑍𝑐 and 𝑍𝑐𝑠 states are found in 𝑒+𝑒− → 𝐾0𝐾−𝜋+𝐽/𝜓 due to limited statistics.

arXiv:2510.13274

https://arxiv.org/abs/2510.13274


Charmed baryon pairs/baryonic molecular state

(near kinematic threshold) 



𝑒+𝑒− → Σ𝑐
തΣ𝑐/Λ𝑐

+ തΣ𝑐
− at BESIII
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➢ Spin-1/2 baryons pairs (𝐵 ത𝐵) at threshold production.

✓ observe baryon’s internal structures indirectly.
✓ probe the understanding of strong interaction.

➢ The cross section of 𝑒+𝑒− → Λ𝑐
+ഥΛ𝑐

−

✓ Belle – peak
✓ BESIII - plateau

Phys. Rev. Lett. 120, 132001 (2018)

𝑠 =4.750, 4.781, 4.843, 4.918, and 4.951 GeV
𝐿 = 1.77 fb−1

Energy thresholds:
✓ Λ𝑐

+ തΣ𝑐
−: 4.74 GeV

✓ Σ𝑐
തΣ𝑐 ∶ 4.91 GeV



𝑒+𝑒− → Σ𝑐
തΣ𝑐/Λ𝑐

+ തΣ𝑐
− at BESIII

15

XS hypothesis-1: threshold enhancement
XS hypothesis-2: no threshold enhancement

arXiv:2508.18594

Comparing the cross section of 𝑒+𝑒− → Λ𝑐
+ഥΛ𝑐

− near the 
threshold (∼250 pb) , a suppression of at least O(102).



Search for H𝑐
± → Λ𝑐

തΣ𝑐 in 𝑒+𝑒− → Λ𝑐
+ഥΛ𝑐

−𝜋+𝜋− at BESIII
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➢ Many structures are observed near the mass threshold of hadron pairs. 
Similar states are also proposed near the charmed baryon pair.

➢ For bound state, the mass is below the mass of the pair system, such as the 
one in Λ𝑐

തΣ𝑐 , system, which will decay to Λ𝑐
ഥΛ𝑐𝜋.

[1] X. K. Dong, et al. 2021 Commun. Theor. Phys. 73 125201

𝑒−𝑒+

Λ𝑐
+

തΣ𝑐
0

𝐻𝑐
+𝜋−

ഥΛ𝑐
− 𝜋+



Search for H𝑐
± → Λ𝑐

തΣ𝑐 in 𝑒+𝑒− → Λ𝑐
+ഥΛ𝑐

−𝜋+𝜋− at BESIII
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Upper limits of cross section for all signal 𝐻𝑐 with different width 
and mass assumption.

Phys. Rev. D109, L071104 (2024)

arXiv:2508.16871



1−+ molecular state



Search 𝟏−+state in 𝒆+𝒆− → 𝜸𝑫𝒔
+𝑫𝒔𝟏

− (𝟐𝟓𝟑𝟔)
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➢ Some theories postulate that Y(4660) is the possible candidate for the molecular state of 

𝐷𝑠
(∗)+

𝐷𝑠1,2
− or 𝐷(∗) ഥ𝐷1,2

[1-3].

➢ Searching for molecular sate X (J𝑃𝐶 = 1−+), formed by 𝐷𝑠
+𝐷𝑠1

− (2536), to test the hypothesis 

that whether Y(4660) is a molecular state.

➢ Based on the calculation of the potential model, the exotic hadronic molecule (X) with 

J𝑃𝐶 = 1−+ is probed to be possible in the radiative transition of the vector molecules (Y),  

𝐵𝑟 𝑌 → 𝛾𝑋 ≥ 𝑂(10−3) [2].

➢ The first measurement of the resonance parameters of Y(4660) in the electromagnetic decay 

could solve the mass and width mystery of Y(4660).

[1] PRD 90,034020(2014) 
[2] PRD 89, 114013(2014) 
[3] PRD 100, 111103(2019)



Search 𝟏−+state in 𝒆+𝒆− → 𝜸𝑫𝒔
+𝑫𝒔𝟏

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

➢ 𝑠 = 4.61 − 4.95 GeV, 𝐿 = 5.8 fb−1

➢ Mass of X set to 4.503 GeV/𝑐2

➢ Partial Reconstruction



Summary and Outlook
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⚫ The study of XYZ states continues to be a focus of research at BESIII.

⚫ Ideal experimental scenario for charmonium(-like) spectroscopy.

⚫ Some processes suffers from low statistics.

⚫ New exciting results expected: 

• datasets in wider energy range (4.95 ~ 5.6 GeV) to be collected.

• other approaches to be explored.

BEPCII will upgrade in both Lum. and Max. E



Backup 



𝑒+𝑒− → Σ𝑐
തΣ𝑐/Λ𝑐

+ തΣ𝑐
− at BESIII



Search 𝟏−+state in 𝒆+𝒆− → 𝜸𝑫𝒔
+𝑫𝒔𝟏

− (𝟐𝟓𝟑𝟔)
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