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Selected Results
Properties of -even states 

Production and decay properties of  

Search for  states: , ,  

Vector states from exclusive cross section measurements 

Hidden charm process:   details in Maoqiang’s Talk  

Open charm process: charmed meson (+ s) 

News of  states: 

 production from  

Multi-channel joint analysis for  

 in , , and  

Bound state around  threshould

C

X(3872)

1−+ ηηc η′￼ηc DsDs1(2536)

l . h. + cc̄

l . h .

Zc

Zc(3900) e+e− → π+π−J/ψ

Zc(4020)

Zcs KJ/ψ Kψ(2S) KπJ/ψ

ΛcΣ̄c

7

PRD111, 112007 (2025), PRD112, 032002 (2025)

PRD110, 012006 (2024), PRD 110, L031103 (2024) PRD 113, L071102 (2026)

PRL 131, 211902 (2023),  JHEP 02, 120 (2025),  arXiv:2407.20009,  arXiv: 2510.13274(accepted by JHEP)

PRD112, 092013 (2025)

arXiv: 2603.05564

PRD112, 114044 (2025)

Not in this talk
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2003, observed by Belle experiment in  process 

Mass:  MeV, very close to  threshold  
[  MeV] 

BW width:  MeV 

Production: /  decays,  decays,  /  collision,  collision, 
                       radiative/hadronic transition,  process 

B± → K±π+π−J/ψ

(3871.64 ± 0.06) DD̄*
Eb = − 0.05 ± 0.12

(1.19 ± 0.21)

B Bs Λb pp̄ pp PbPb
e+e− γγ*

 [ ]X(3872) χc1(3872)

8

PRL 91, 262001 (2003)

:   Nsig 36 ± 7
10.3σ

PRL 93, 072001 (2004)

PRL 130, 151904 (2023), PRD 110, 012006 (2024)

ωX(3872)
:  Nsig 32 ± 6

:  Nsig 79 ± 9

PRL 122, 232002 (2019)

γX(3872)
→ π+π−J/ψ
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Nature of  still under debate: molecule, tetraquark state, or a mixture with a sizable  
component 

Using data samples  from 4.66 to 4.95 GeV, two production ratios are studied 

 at 90% C. L.  

: ;  

No obvious  signal at 4.914 and 4.946 GeV, upper limits of the cross section at 
90% C.L. are 0.85 and 0.96 pb 

X(3872) χc1(2P)

s

R =
σ[e+e− → γX(3872)]
σ[e+e− → ωX(3872)]

< 0.23

R1,2 =
σ[e+e− → ωX(3872)]
σ[e+e− → ωχc1,2(1P)]

R1 = 5.2 ± 1.0 ± 1.9 R2 = 5.5 ± 1.1 ± 2.4

e+e− → ϕX(3872)

Production of X(3872)

9

PRD 110, L031103 (2024)

PRD 110, 012006 (2024)

ωX(3872) ωχc1(1P) ωχc2(1P)
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 DecaysX(3872)

10

e+e− → γX(3872)

⇒ e+e− → ωX(3872)

3.5σ

2.3σ

Mode Ratio to X(3872) → ω+ω→J/ε UL Reference
ϑJ/ε 0.79± 0.28 · · ·

PRL124,242001(2020)

ϑε(2S) ↑0.03± 0.22 < 0.42
ϑD0D̄0 0.54± 0.48 < 1.58
ω0D0D̄0 ↑0.13± 0.47 < 1.16

D↑0D̄0 + c.c. 11.77± 3.09 · · ·
ϑD+D→ 0.00+0.48

→0.00 < 0.99
ϖJ/ε 1.6+0.4

→0.3 ± 0.2 · · · PRL122,232002(2019)
ω0ϱc1 0.88+0.33

→0.27 ± 0.10 · · ·
PRL122,202001(2019)

ω0ϱc2 0.40+0.37
→0.27 ± 0.04 < 1.1

ω0ϱc0 · · · < 3.6
PRD105,072009(2022)ω+ω→ϱc0 · · · < 0.56

ω0ω0ϱc0 · · · < 1.7
ω0ω0ϱc1 · · · < 1.1

PRD110,072015(2024)
ω0ω0ϱc2 · · · < 0.5
ω+ω→ϱc1 · · · < 0.18 PRD109,L071101(2024)

ϑε2(3823)[→ ϑϱc1] · · · < 0.075 PRD110,012012(2024)
ω+ω→ς · · · < 0.12 PRD109,L011102(2024)

K0
SK

±ω↓ · · · < 0.07
PRD113,L071102(2026)

K↑K · · · < 0.10
ϑJ/ε 0.38± 0.20± 0.01 < 0.83 PRD110,012006(2024)

1
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 Charmless DecayX(3872)

PRD106,074015(2022)

 

Same order as  decays 

Falls within the lower region of 
theoretical predicton ranges

B[X(3872) → K*K] < 0.60 × 10−2

χc1(1P)

A good platform to study the nature of  ,  
branching fractions predicted based on a molecular picture 

X(3872)

PRD 113, L071102 (2026)
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 observed in light hadron sector 

 

In a molecular picture, several  states were predicted,  
with masses close to hadron pair thresholds 

In LQCD calculations,  hybrid states with mass around 
4.13 GeV and 4.33 GeV, decaying donimantly to open  
charm modes: 

η1(1855)

1−+

1−+

DsD*s , D1D̄, D*D̄, D*D̄*

Search for  States1−+

11

 in η1(1855) J/ψ → γηη′￼

PRL129,192002(2022)

PRD101,076003(2020)
PRD89,114013(2014)

Progr.Phys. 41 (2021) 65

JHEP07(2012)126,  JHEP12(2016)089,PRD102,014023 (2020) 

PRD109,094513(2024)



Yuping Guo/guoyp@fudan.edu.cn

 observed in light hadron sector 

 

In a molecular picture, several  states were predicted,  
with masses close to hadron pair thresholds 

In LQCD calculations,  hybrid states with mass around 
4.13 GeV and 4.33 GeV, decaying donimantly to open  
charm modes: 

η1(1855)

1−+

1−+

DsD*s , D1D̄, D*D̄, D*D̄*

Search for  States1−+

11

 in η1(1855) J/ψ → γηη′￼

PRL129,192002(2022)

PRD101,076003(2020)
PRD89,114013(2014)

Progr.Phys. 41 (2021) 65

JHEP07(2012)126,  JHEP12(2016)089,PRD102,014023 (2020) 

PRD109,094513(2024)

Search for such state in ,  at BESIII e+e− → γηηc, γη′￼ηc, γDsDs1(2536) DsD*s
PRD111, 112007 (2025) PRD112, 032002 (2025) PRD110,032017(2024)
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Search for  States1−+
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0.1σ

2.3σ

 and  , 4.26 to 4.68 GeVe+e− → γηηc γη′￼ηc

 pbσ[e+e− → γηηc] < 13.2

 pbσ[e+e− → γη′￼ηc] < 41.9

PRD111, 112007 (2025)

 
4.61 to 4.95 GeV

e+e− → γX → γDsDs1(2536)

PRD112, 032002 (2025)

 e+ e−  ψ/Y
 γ

 X

Ds Ds1(2536)

 K−  D̄*0
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Y States [ (mass)]ψ

13

, discovered in ISR process at BaBar,  

Confirmed by CLEO and Belle 

Mass > 4 GeV, above  threshold  

Not observed in inclusive hadron cross section 

Not observed in open charm pair cross section 

Later,  was reported by BaBar,  was discovered  
at Belle, both in  process

Y(4260) e+e− → γISRπ+π−J/ψ

DD̄

Y(4360) Y(4660)
e+e− → γISRπ+π−ψ(2S)

Y(4660)
Y(4660)

Y(4360)Y(4360)
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Precise CS Measurements
Using unique fine scan data samples above 3.8 GeV, cross section measurements of hidden charm, 
open charm, and light hadron processes 

14

3.8 4 4.2 4.4 4.6 4.8 50

20

40

60

80

100

(p
b)

σ

ψJ/-π+π

3.8 4 4.2 4.4 4.6 4.8 50

10

20

30

40

50

(p
b)

σ

(3770)ψ-π+π

3.8 4 4.2 4.4 4.6 4.8 5
(GeV)s

0

2

4

6

8

(p
b)

σ

ψJ/-K+K

3.8 4 4.2 4.4 4.6 4.8 5

0

20

40
60

80

100

(p
b)

σ

ch-π+π

3.8 4 4.2 4.4 4.6 4.8 50

2

4

6

(p
b)

σ

]
c1
χγ(3823)[

2
ψ-π+π

3.8 4 4.2 4.4 4.6 4.8 5
(GeV)s

0
0.5
1

1.5
2

2.5
3

(p
b)

σ

ψJ/0
SK

0
SK

3.8 4 4.2 4.4 4.6 4.8 50

20

40

60

80

100

(p
b)

σ

(3686)ψ-π+π

3.8 4 4.2 4.4 4.6 4.8 50

10

20

30

40

50

(p
b)

σ

cη
0π-π+π

3.8 4 4.2 4.4 4.6 4.8 5
(GeV)s

0

1

2

3

(p
b)

σ

(3686)ψ
-K+K

4.2 4.4 4.6 4.75 4.2 4.4 4.6 4.75 4.2 4.4 4.6 4.75

PRD106, 072001 (2022) PRD104, 052012 (2021)

PRL129, 102003 (2022)

PRL131, 211902 (2023) PRD 107, 092005 (2023)

PRD103, 032006 (2021)

arXiv: 2407.20009

PRD100, 032005 (2019)
PRD106, 052012 (2022)

PRL135,071901 (2025)



Yuping Guo/guoyp@fudan.edu.cn

Using unique fine scan data samples above 3.8 GeV, cross section measurements of hidden charm, 
open charm, and light hadron processes 

Precise CS Measurements
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Using unique fine scan data samples above 3.8 GeV, cross section measurements of hidden charm, 
open charm, and light hadron processes 

Precise CS Measurements
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Four-Quark Matter: Zc
Zc(4430)

Zc(3900)/Zc(3885)

e+e− → π+π−J/ψ

4260
e+e− → π+(DD̄*)−

4260

PRL110, 252001 (2013), PRL110, 252002 (2013) PRL112, 022001 (2014)

4260

e+e− → π+(D*D̄*)−

e+e− → π+π−hc

4230 
4260 
4360

Zc(4020)/Zc(4025) PRL111, 242001 (2013) PRL112, 132001 (2014)

Produced in  
annihilation or -flavor 
hadron decays 

Typically in +charmonium 
final states 

Intrinsic nature unclear, 
exotic states? kinematic 
effects?

e+e−

b

h
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 Production Zc(3900)

19

Data samples from 4.1271 to 4.3583 GeV, corresponding to a total   

Helicity-convariant formulism, including  and  

 parametrized with a constant-width relativistic BW function 

 with Flatte formula,  with constant-width relativistic BW functions; Or  with K-matrix

L = 12.0 fb−1

e+e− → π±Zc(3900)∓( → π∓J/ψ) e+e− → fj( → π+π−)J/ψ

Zc(3900)

f0(980) f0(500), f0(1370), f2(1270) (ππ)s

Mass and width of :  MeV/c ;  MeVZc(3900) M = 3884.6 ± 0.7 ± 3.3 2 Γ = 37.2 ± 1.3 ± 6.6

PRD112, 092013 (2025)

Purity > 90%
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 Production Zc(3900)

PRD106, 
072001 (2022)

π+π−J/ψ

|BW1 + BW2eiϕ |2 |BW + PS/seiϕ |2

|BW |2

|BW1 + BW2eiϕ1 + PS/seiϕ2 |2PRD112, 092013 (2025)

Average mass and width of :  
 MeV/c  

 MeV

Y(4230)
M = 4225.7 ± 4.1 ± 3.4 2

Γ = 57.5 ± 9.4 ± 12.1

 from :  
 MeV/c  

 MeV

Y(4230) π+π−J/ψ
M = 4221.4 ± 1.5 ± 2.0 2

Γ = 41.8 ± 2.9 ± 2.7

πZc(3900) πZc(3900)

f0(980)J/ψ

(ππ)SJ/ψ

2.1σ

Dominant process
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Multi-channel Analysis for Zc(4020)

21

Data samples at 4.400 and 4.415 GeV, total luminosity   

Joint analysis of three channels: 

L ≈ 1.6 fb−1

e+e− → π+π−J/ψ, π+π−hc, πD0*D̄*−
arXiv: 2603.05564

 
B[Zc(4020) → πJ/ψ]

B[Zc(4020) → D*0D̄*−]
= (3.6 ± 0.6 ± 1.6) × 10−3

 
B[Zc(4020) → πhc]

B[Zc(4020) → D*0D̄*−]
= (8.9 ± 1.3 ± 2.3) × 10−2
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Multi-channel Analysis for Zc(4020)

21

Data samples at 4.400 and 4.415 GeV, total luminosity   

Joint analysis of three channels: 

L ≈ 1.6 fb−1

e+e− → π+π−J/ψ, π+π−hc, πD0*D̄*−
arXiv: 2603.05564

 
B[Zc(4020) → πJ/ψ]

B[Zc(4020) → D*0D̄*−]
= (3.6 ± 0.6 ± 1.6) × 10−3

 
B[Zc(4020) → πhc]

B[Zc(4020) → D*0D̄*−]
= (8.9 ± 1.3 ± 2.3) × 10−2

 of  determined to be  with significance > JP Zc(4020) 1+ 10σ
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Bound State of ΛcΣ̄c
Predicted spectrum of hadronic molecules consisting of a pair of charmed-anticharmed hadrons

22

Progr.Phys. 41 (2021) 65

(I, S) = (1,0)
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Bound State of ΛcΣ̄c
Predicted spectrum of hadronic molecules consisting of a pair of charmed-anticharmed hadrons
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Progr.Phys. 41 (2021) 65

(I, S) = (1,0)
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Bound State of ΛcΣ̄c
Predicted spectrum of hadronic molecules consisting of a pair of charmed-anticharmed hadrons

22

Progr.Phys. 41 (2021) 65

(I, S) = (1,0)

Data samples at 4.92 and 4.95 GeV, 

total luminosityl   

 with 

partial reconstruction technique

L ≈ 360 pb−1

e+e− → π±H∓
c [ → π∓ΛcΛ̄c]

 e+ e−  ψ/Y

π±

 H∓
c

Λc Λ̄c

 pKπ

 π∓

PRD112, 114044 (2025)
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Bound State of ΛcΣ̄c
Simultaneous fit of two tag methods:  tag and  tag 

Bakcground processes:  [size fixed to existing measurements] +  [free] 

Λc Λcπ

ΛcΛ̄*c ΣcΣ̄c, ΣcΛ̄cπ

23

PRD112, 114044 (2025)

No obvious signal 
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Bound State of ΛcΣ̄c
Simultaneous fit of two tag methods:  tag and  tag 

Bakcground processes:  [size fixed to existing measurements] +  [free] 

Λc Λcπ

ΛcΛ̄*c ΣcΣ̄c, ΣcΛ̄cπ

23

PRD112, 114044 (2025)

No obvious signal 
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Summary
Light and heavy exotic hadrons can be studied at BESIII using the largest , ,  data 

sample and the unique fine scan data sample between  =3.8 to 4.95 GeV 

Recent progress in charmonium region: 

Production of  together with a vector state ( ) is observed; new decay modes of  have been 
searched 

Cross sections of exclusive processes are measured with high precision, revealing vector structures in the cs 
line shapes, mostly accumulated around 4.23 GeV, 4.5 GeV, and 4.7 GeV   better parametrization needed! 

 production in  investigated with PWA, enhancement shows around 4.23 GeV 

Quantum number of  determined to be ,  new information of decay branching fraction ratios 

BEPCII finished upgrade, increase the luminosity at =4.7 GeV by a factor of 3 (achieved), and 

extend the  up to 5.6 GeV; Currently taking data at  GeV; more exciting results are 
expected! 

J/ψ ψ(2S) ψ(3770)
s

X(3872) γ, ω X(3872)

⇒

Zc(3900) e+e− → πZc(3900)

Zc(4020) 1+

s
s s = 4.68

24



Yuping Guo/guoyp@fudan.edu.cn 25

Thank you!
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Y(4260) ⇒ Y(4230)
Seen in more than 10 decay modes, including open charm final states

26
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4.0σ

> 10σ

8.1σ

> 10σ

ηJ/ψ
PRD109, 092012 
(2024) > 10.0σ

> 10.0σ

PRL131, 211902 
(2023)

K+K−J/ψ
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 MeV/  
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m = 4044 ± 6 c2

Γ = 36 ± 16

K+K−J/ψ 2.3σ
PRL131, 211902 

(2023)

  

at 90% C. L.

B[Zcs(3985) → KJ/ψ]
B[Zcs(3985) → (D̄0D*s + D̄*0Ds)]

< 0.03  

Calculated with data in PRL112, 022001 (2014)

B[Zc(3900) → π±J/ψ]
B[Zc(3900) → (D̄D*)±]

= 0.16 ± 0.08
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JHEP02, 120 (2025)

0.8  for extra 
contribution 
besides PHSP

σ

K0
S K0
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 and  in Zc Zcs e+e− → K0K−π+J/ψ
Kπ K0K− K0K−π+

πJ/ψ KJ/ψ KπJ/ψ

arXiv: 2510.13274 (accepted by JHEP)


