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New forms of hadron 
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Beijing Electron Positron Collider (BEPC) 
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Update to 2.45 GeV 
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482pb-1 

1092pb-1 

826pb-1 

540pb-1 1029pb-1 

110pb-1 110pb-1 

567pb-1 

Data sets for XYZ study 

~8 fb-1 above 4.0 GeV in total 

4130, 4160, 

4190, 4200, 

4210, 4220, 

4236, 4245, 

4270, 4280, 

4290, 4315, 

4340, 4380, 

4400, 4440 

7.7 fb-1 
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𝑍𝑐  calendar at BESIII 

Year State M (MeV) 𝚪  (MeV) Process 

2013 𝑍𝑐 3900 ±  3891.2±3.3 40±8 𝑌 4260 → 𝜋±(𝐽/𝜓𝜋∓) 

2013 𝑍′𝑐 4020 ±  4022.9 ± 2.8 7.9 ± 3.7  𝑌 4260,4360 → 𝜋±(ℎ𝑐𝜋
∓) 

2014 𝑍′𝑐 4025 ±  4026.3 ± 4.5 24.8±9.5 𝑌 4260 → 𝜋− 𝐷 ∗−𝐷∗+  

2014 𝑍′𝑐 4020 0  4023.9 ± 4.3 7.9 ± 3.7 𝑌 4260,4360 → 𝜋0(ℎ𝑐𝜋
0) 

2014 𝑍𝑐 3885 ±  3883.9 ± 4.5 25 ±12 𝑌 4260 → 𝜋− 𝐷 ∗−𝐷+  

2015 𝑍′𝑐 4025 0  4025.5±4.6 23.0 ±6.1 𝑒+𝑒− → 𝜋0 𝐷 ∗𝐷∗ 0 

2015 𝑍𝑐 3885 0  3885.7 ± 9.8 35 ±19 𝑒+𝑒− → 𝜋0 𝐷 ∗𝐷 0 

PDG naming: 𝑍𝑐 3900 = 𝑋 3900 , 𝑍𝑐
′ 4020 = 𝑋(4020) 
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First observation of 𝒁𝒄 𝟑𝟗𝟎𝟎 ± 

BESIII: PRL 110, 252001 (2013)  

Belle with ISR data  (PRL110,252002) D0 with 10.4fb−1  𝑝𝑝   data (PRD98, 052010 (2018)) 

JP=1+ 

𝑚𝜋𝐽/𝜓 ∈ [4.2,4.25] GeV 

𝑆 = 4.3𝜎  

>8𝝈 

>5.2𝝈 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.252001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.110.252002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.052010


𝒁𝒄 𝟑𝟗𝟎𝟎 𝟎:  isospin vector,  𝐼𝐺 = 1+ 

PRL 115, 112003 (2015) 

𝑒+𝑒− → 𝜋0𝜋0𝐽/𝜓 

Simultaneous fit:  

Mass: 

 

3894.8 ± 2.3 ± 3.2  MeV 

 

Width: 

 

29.6 ± 8.2 ± 8.2 MeV 
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.112003


4.23 GeV

s 

4.26 GeV 

PRL 119, 072001 (2017), BESIII 
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PWA  determination of 𝐽𝑃 = 1+ for 𝒁𝒄 𝟑𝟗𝟎𝟎 ± 

4154 

events 

2447 

events. 

𝜋𝜋-𝑆 wave: 𝜎, 𝑓0(980) 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.072001


Angular distributions for different JP within Zc mass region 

• Events in the 𝑍𝑐 mass region 𝑀𝜋𝐽/𝜓 (3.86,3.92) GeV 

• Background events subtracted 

• 𝜃𝑍𝑐 : the polar angle of 𝑍𝑐 , 𝜃𝐽/𝜓 : helicity angle of J/y 

• Spin and parity for 𝑍𝑐
 determined 1+ with significance >7.5s 

PRL 119, 072001 (2017), BESIII 
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.072001


Search for 𝒁𝒄 𝟑𝟗𝟎𝟎 ± open charm decays 
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𝑒+𝑒− → 𝜋± 𝐷𝐷∗ ∓ PRD92, 092006 (2015) 

𝑠 = 4.23 GeV 𝑠 = 4.26 GeV 

𝑫𝟎𝑫 𝟎 tag 𝑫𝟎𝑫 𝟎 tag 

𝑠 = 4.23 GeV 𝑠 = 4.26 GeV 

1+ 

0− 

1− 
1+ 

1− 

0− 

Pole mass 

𝟑𝟖𝟖𝟏. 𝟕 ± 𝟏. 𝟔 
±𝟏. 𝟔  MeV 

Pole width 
26.6 ± 2.0 ±

2.1  MeV 

Favor  

𝐽𝑃 = 1+  

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.092006
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Search for 𝒁𝒄 𝟑𝟗𝟎𝟎 𝟎 open charm decays 

𝑒+𝑒− → 𝜋0 𝐷𝐷∗ 0, tag 𝐷+𝐷 0  or 𝐷0𝐷 0   PRL 115, 222002 (2015) 

Sum of 𝑠 =
4.23, 4.26 GeV  

Pole mass:  3885.75.7
+4.3 ± 8.4 MeV 

Pole width: 35−12
+11 ± 15 MeV  

𝒁𝒄: 𝑺-wave Breit-Wigner function with 𝚪 𝒔 = 𝚪𝟎
𝒑

𝒑∗
𝒎

𝑴
 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.222002


Insignificant decay of 𝒁𝒄 𝟑𝟗𝟎𝟎 ± → 𝝅±𝒉𝒄 

𝑒+𝑒− → 𝜋+𝜋−ℎ𝑐 

𝑍𝑐 4020 ± 𝑍𝑐 3900 ± 

𝑆~ 2.1𝜎 

PRL 111, 242001 (2013) 

ℒ𝑡𝑜𝑡𝑎𝑙 = 2.46 fb−1  

at 𝑠 =4.23, 4.26 and 

4.36 GeV 
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Fixing 𝑍𝑐 3900  mass 

and width in the fit yields 

𝜎 𝑒+𝑒− → 𝜋±𝑍𝑐, 𝑍𝑐 → 𝜋∓ℎ𝑐  
< 13 pb−1 at 4.23 GeV 

< 11 pb−1 at 4.26 GeV   

@90% C.L.  

𝜂𝑐 reconstructed 

exclusively with 16 

light hadron modes 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.242001


Strong evidence for 𝒁𝒄 𝟑𝟗𝟎𝟎 ± → 𝝆±𝜼𝒄 

Preliminary  Preliminary  

• 𝑒+𝑒− → 𝜋+𝜋−𝜋0𝜂𝑐 , with 𝜂𝑐 → 9 hadronic decays (𝜂𝑐 →
𝑝𝑝 , 2 𝐾+𝐾− , 𝜋+𝜋−𝐾+𝐾−, 𝐾+𝐾−𝜋0, 𝑝𝑝 𝜋0, 𝐾𝑆𝐾𝜋,
𝜋+𝜋−𝜂, 𝐾+𝐾−𝜂, 𝜋+𝜋−𝜋0𝜋0) 

• Strong evidence of 𝑒+𝑒− → 𝜋𝑍𝑐,  𝑍𝑐 → 𝜌𝜂𝑐 only at 𝑠 = 4.23 

GeV   (3.9𝜎 including systematics) 

•  𝑒+𝑒− → 𝜋𝑍𝑐
′ , 𝑍𝑐

′ → 𝜌𝜂𝑐  not seen. 

14 
PRD 100, 111102(R) (2019)  

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.111102
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Strong evidence for 𝒁𝒄 𝟑𝟗𝟎𝟎 ± → 𝝆±𝜼𝒄 

•  Measured Born cross section at 4.23 GeV: 

  𝜎𝐵 𝑒+𝑒− → 𝜋+𝜋−𝜋0𝜂𝑐 = 46 ± 12 ± 10  pb 

 𝜎𝐵 𝑒+𝑒− → 𝜋𝑍𝑐 , 𝑍𝑐 → 𝜌𝜂𝑐 = 47 ± 11 ± 11  pb 

 

BESIII 

BESIII 

Molecular 

prediction Tetraquark 

type I 

Molecular 

prediction 

ℛ 𝑧 =
𝐵𝑟 𝑍𝑐 → 𝜌𝜂𝑐
𝐵𝑟 𝑍𝑐 → 𝜋𝐽/𝜓

 ℛ 𝑧′ =
𝐵𝑟 𝑍′𝑐 → 𝜌𝜂𝑐
𝐵𝑟 𝑍′𝑐 → 𝜋𝐽/𝜓

 

Tetraquark 

type I 

PRD 100, 111102(R) (2019)  

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.100.111102
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Observation of  charged 𝒁𝒄 𝟒𝟎𝟐𝟎 → 𝝅𝒉𝒄
   

𝑴 = 𝟒𝟎𝟐𝟐. 𝟗 ± 𝟎. 𝟖 ± 𝟐. 𝟕 𝐌𝐞𝐕,     𝚪 = 𝟕. 𝟗 ± 𝟐. 𝟕 ± 𝟐. 𝟔   MeV,  𝑺>8.9𝝈 

𝑒+𝑒− → 𝜋+𝜋−ℎ𝑐 , ℎ𝑐 → 𝛾𝜂𝑐 , 𝜂𝑐 → 16 𝑚𝑜𝑑𝑒𝑠 

Cross section 𝜎(𝑒+𝑒− → 𝜋±𝑍𝑐 4020 ∓ → 𝜋+𝜋−ℎ𝑐) 

𝑠 = 4.23 GeV:  

𝑠 = 4.26 GeV:  

𝑠 = 4.36 GeV:  

PRL 111, 242001 (2013) 



Observation of  neutral 𝒁𝒄 𝟒𝟎𝟐𝟎 → 𝝅𝒉𝒄
   

𝑒+𝑒− → 𝜋0𝜋0ℎ𝑐 , ℎ𝑐 → 𝛾𝜂𝑐 , 𝜂𝑐 → 16 𝑚𝑜𝑑𝑒𝑠 

𝑍𝑐 4020 0:  𝑀 = (4023.9 ± 2.2 ± 3.8) MeV , Γ ∶ fixed 

Cross sections and ratio to that of  charged 𝑍𝑐(4020) 

𝑆 > 5𝜎 

PRL 113, 212002 (2014) 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.212002
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Observation of  charged 𝒁𝒄 𝟒𝟎𝟐𝟎 → 𝑫∗𝑫 ∗
 
 

ℒ 𝑠 = 4.26 = 826 pb−1,  only bachelor pion & one 𝐷∗ reconstructed  

𝑆-wave Breit-Wigner 

Mass:  

Width: 

𝑺 > 𝟏𝟑𝝈 

PRL 112, 132001 (2014) 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.132001
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Observation of  neutral 𝒁𝒄 𝟒𝟎𝟐𝟎 → 𝑫∗𝑫 ∗
 
 

only bachelor pion & two 𝐷 reconstructed, use ℒ = 1092 + 826 pb−1   
 at 𝑠 = 4.23 and 4.26 GeV, respectively 

•  𝑆 > 5.9𝜎 

• Pole mass 

 

 

• Pole width 

    

     

PRL 115, 182002 (2015) 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.182002
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𝒁𝒄 𝟑𝟗𝟎𝟎   and 𝒁′𝒄(𝟒𝟎𝟐𝟎) production cross section 

 𝒆+𝒆− → 𝝅∓𝒁𝒄
±, 𝝅𝟎𝒁𝒄

𝟎,  𝒆+𝒆− → 𝝅∓𝒁′𝒄
±, 𝝅𝟎𝒁′𝒄

𝟎, 

𝑍𝑐 3900 ± → 𝐷𝐷 ∗ ±, PRD92, 092006 

𝑍𝑐 3900 0 → 𝜋0𝐽/𝜓, PRL115, 112003 

𝑍𝑐 3900 ± → 𝜋±𝐽/𝜓, PRL119, 072001 

𝑍𝑐
′ 4020 ± → 𝜋±ℎ𝑐, PR111, 242001 

𝑍𝑐
′ 4020 ± → 𝜋±𝐽/𝜓 : PRL119, 072001 

𝑍′𝑐 4020 ± → 𝐷∗𝐷∗ ±: PRL112, 132001 

𝑍𝑐
′ 4020 0 → 𝐷∗𝐷∗ 0: PRL115, 182002 
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New 𝒁𝒄  in 𝒆+𝒆− → 𝝅+𝝅−𝝍′ ? 

ℒ = 1073.56 pb−1 

PRD96, 032004 (2017) 

•  A narrow structure observed in 𝜋𝜓′ mass spectrum for data at  

      𝑠 = 4.416  GeV. 

•  Perform fit to Dalitz plot of 𝑀2 𝜋+𝜓′   versus 𝑀2(𝜋−𝜓′) 
      with a 𝑆-wave Breit-Wigner function. 

𝑝 ⋅ 𝑞/𝑐2

𝑀𝑅
2 − 𝑥 2 +𝑀𝑅

2Γ2/𝑐4
+

𝑝 ⋅ 𝑞/𝑐2

𝑀𝑅
2 − 𝑦 2 +𝑀𝑅

2Γ2/𝑐4
 

•  A fit yields a mass 𝑀 = 4032.1 ± 2.4 MeV  and width  

     Γ = 26.1 ± 5.3  MeV with significance 9.2𝜎. 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.032004
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New 𝒁𝒄  in 𝒆+𝒆− → 𝝅+𝝅−𝝍′ ? 

Fit intermediate states: ignore interference & fit can’t describe date well 

PRD96, 032004 (2017) 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.032004


Open issues for 𝑍𝑐/ 𝑍𝑐
′  states 

PDG2018: 𝑍𝑐(3900) 
𝑀 = 3886.6 ± 2.4 MeV 

Γ = 28.2 ± 2.6  MeV 

Comments: 

• Inconsistent width definition, e.g. pole width, BW width  

• No interference effect considered  

•  Inconsistent mass and width of 𝑍𝑐(3900) measured in experiments. 

width (MeV)     experiment 
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PDG2018:  𝑍𝑐′(4020) 
𝑀 = 4024.1 ± 1.9 MeV 

Γ = 13.5 ± 1.5  MeV 

24 

• 𝑍′𝑐(4020) mass and width. 

Open issues for 𝑍𝑐/ 𝑍𝑐
′  states 

Mass (MeV)     experiment 
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𝑍𝑐  problem and prospects 

•  Complex 𝜋𝜋𝐽/𝜓, 𝜋𝜋𝜓′ Dalitz plot at higher energy → 

         How to understand the 𝑍𝑐 properties? 

•   Lacks of 𝑍𝑐 argand plots 

•   Insufficient experimental information on the 𝑍𝑐 decays and new        

       excited 𝑍𝑐 states.    

Huge 𝑋𝑌𝑍 data plan 

•  Large integrated scan luminosity from 4.0 ∼ 4.6 GeV 

               500 pb−1  at interval 10 MeV 

•  Huge luminosity at some specific points arXiv:1912.05983 

https://arxiv.org/abs/1912.05983
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Competition with other experiments 

arXiv:1912.05983 

Future data taking plan of BESIII 

Assume 50 𝒂𝒃−𝟏 of Belle II data in 10 

MeV energy bins.  

Along with top-up technique  

https://arxiv.org/abs/1912.05983
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Summary and remarks 

•  Quantum numbers are established for 𝑍𝑐 3900  as 𝐼𝐺 𝐽𝑃𝐶 =
1+ 1+− . It is observed in 𝑍𝑐 → 𝜋𝐽/𝜓, 𝜌𝜂𝑐   and 𝐷𝐷∗  

•  Spin and parity for 𝑍′𝑐(4020)  are not known, but it’s 𝐼𝐺 = 1+ 

established.  It is observed in 𝑍𝑐
′ → 𝜋ℎ𝑐 , 𝐷

∗𝐷∗ modes. 

•  To resolve the continuum or resonant production of these 𝑍𝑐 

sates, measurements of production cross sections above 4.0 GeV 

is necessary.  

•  To resolve inconsistent mass and width measurement for 𝑍𝑐 and 

𝑍𝑐
′  states,  coupled channel analysis is desirable.  

• Other measurements, such as Argand plot, and tests of 𝑍𝑐 

production model are helpful to figure out the structure of 𝑍𝑐 

states. 

•  BESIII plans to take more 𝑋𝑌𝑍 data and continue the study.         

Thanks for your attention.  


