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New forms of hadron
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BEPCII and BESIII
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Observation of Zcs(3985)−

➔  

❖  data accumulated at from 4.628, 
4.641, 4.661, 4.681 and 4.698 GeV in 2020. 

❖ Partial reconstruction of  and . 
❖ Signature in the recoils mass spectrum 

of  to identify the precess of 

e+e− → K+(D−
s D*0 + D*−

s D0)
3.7fb−1

K+ D−
s

K+D−
s

e+e− → K+(D−
s D*0 + D*−

s D0)
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Observation of Zcs(3985)−
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Observation of Zcs(3985)−
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Observation of Zcs(3985)−
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Discussions on the nature of Zcs(3985)−
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➔ Various interpretations are possible for the structure 
❖ Molecule 

❖  threshold kinematic effects / reflecting 

❖ Re-scattering / Triangle singularity. 
❖ Mixture of molecular and tetraquark. 
❖ … 

➔  from  annihilations and  from B 
decays.

D*s2(2573)+D*−
s

Zcs(3985) e+e− Zcs(4000)
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Observation of threshold enhancement in e+e− → ϕΛΛ
➔  interpreted to be  bound states. (PRD87, 054034) 

➔ Threshold enhancement of baryon anti-baryon pair observed in  (PRL91, 
022001),  (PLB659, 80),  (PRL79, 052006). 

➔ 28 data sets with , with total luminosity 19.462 .  

➔ Events reconstructed with . 

➔ Breit-Wigner parametrization: , . 
( ) 

➔ Angular distribution analysis: 

η(2225) ΛΛ
J/ψ → γpp

B → Kpp B0 → KΛΛ
s = 3.51 ∼ 4.6 GeV fb−1

ϕ → K+K−, Λ → pπ−(or Λ → pπ+)
M = (2262 ± 4 ± 28) MeV/c2 Γ = (72 ± 5 ± 43) MeV

25σ
JPC = 1++ or 2−+ or 2++
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➔  rejected with significance of . 
➔ Nambu model is rejected. 
➔ The enhancement consistent with that observed 

in  by Belle. (PRL79, 052006).

0−+ 7σ

B0 → KΛΛ

arXiv: 2104.08754
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Search for Zc(4020)0 → X(3872)γ
➔  at energies from 4.178 to 4.600 GeV. 

➔ The enhancement around 4.2 GeV in the  and the observation of the  
resonance in  suggest the connections between  and  states. 

➔ Connection between  and  states in the  molecule picture. 

➔ Branching fractions of  and  are predicted 
with quite different results. [PRD99.054028] 

➔ No significant signal is found 

➔

e+e− → π0Zc(4020)0 → π0X(3872)γ
e+e− → X(3872)γ Y(4220)

e+e− → π0Zc(3900)0 X − Y Y − Z
Zc X DD*
Zc(4020)0 → γX(3872) Zc(4020)± → π±X(3872)

ℬ[Zc(4020)0 → X(3872)γ] ⋅ ℬ[X(3872) → π+π−J/ψ]
ℬ[Zc(4020)0 → (D*D*)0]

< 0.24 % (@4.23GeV)

11

PRD104, 012001 (2021)

https://doi.org/10.1103/PhysRevD.99.054028
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ψ2(3823)
➔ Evidence of  from Belle experiment in  

❖  events, . 

❖  

➔ Observed by BESIII experiment in ,  

❖ Scan data sample at ,  

❖  

➔ Decays of  to  have been predicted by 
various theoretical work 

❖ ,  

❖

ψ2(3823) B → (ψ2(3823)γχc1)K
772 × 106 BB 3.8σ
M = 3823.1 ± 1.8 ± 0.7 MeV, Γtot < 24 MeV

e+e− → π+π−ψ2(3823) ψ2(3823) → γχc1

s = 4.23, 4.26, 4.36, 4.42, 4.60 GeV 6.2σ
M = 3821.7 ± 1.3 ± 0.7 MeV, Γtot < 16 MeV

ψ2(3823) γχc1, π+π−J/ψ, ggg, γgg

Γψ2(3823)→γχc1
∼ 200 − 350 KeV Γψ2(3823)→γχc2

∼ 40 − 90 KeV

Γψ2(3823)→γχc3
∼ 45 − 200 KeV
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Phys.Rev.Lett. 111, 032001(2013)

Phys.Rev.Lett. 115, 011803(2015)

Phys.Rev.D. 55, 4001(1997) 
Phys.Rev.Lett. 89, 162002(2002) 
Phys.Rev.D. 67, 014027(2003) 
Phys.Rev.D. 69, 054008(2004) 
Phys.Rev.D. 72, 054026(2005) 
Phys.Rev.D. 79, 094004(2009) 
Phys.Rev.D. 94, 034005(2016) 
Front.Phys. 11, 111402(2016) 
arXiv:1501.08269
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New decay modes of ψ2(3823)
➔ Using process  in a  

data sample between 4.3 and 4.6 GeV, several 
decay channels are studied. 

➔ Evidence for the   is found. 
 is rediscovered, no significant 

 signals for other channels. 

➔  is found with . 

➔ No significant  signals in 
all channels. 

➔ Consistent with the theoretical predictions.

e+e− → π+π−ψ2(3823) 9fb−1

ψ2(3823) → γχc2
ψ2(3823) → γχc1
ψ2(3823)
e+e− → π0π0ψ2(3823) 4.3σ

e+e− → π+π−ψ3(3842)
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PRD103, L091102 (2021)
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Summary

➔ BESIII is successfully operating since 2008 and will continue to run for 5~10 
years. 

➔ Unique data samples from 3.8 GeV to 4.95 GeV. Many exciting results have 
been published covering many aspects on  states. 

❖ Observation of the . 

❖ Threshold enhancement of  is observed in . 

❖ New modes of  is searched, but no significant signals 
are seen. 

❖ New modes of  are searched, evidence for the   is 
found. 

➔ More searches for the new  decay modes are in process.

Zc(s)

Zcs(3985)
ΛΛ e+e− → ϕΛΛ

Zc(4020)0 → γX(3872)

ψ2(3823) ψ2(3823) → γχc2

Zc(s)
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