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• Introduction of 


• Study of  decay modes


• Observation of 


• Summary

Zc

Zc

Zcs(3985)

Outline

2
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Hadrons and Exotic Hadrons
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+ … Exotic Signature:

Exotic quantum numbers: JPC=0--, 0+-, 1-+, 2+-, …


OR clear non-conventional-hadron signature 
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 StatesZc

4

Produced in  annihilation or -flavor hadron decays


Typically in h+charmonium final states


Intrinsic nature unclear, exotic states? kinematic effects?

e+e− b
Spin-parity and Argand plot; 


Production mechanism; 


More decay modes; Partner states;… 

first/2008

3.4σ
3.5σ
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BESIII & Data Samples
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Linear Accelerator

Storage Ring

BESIII 

Detector

BEPCII: -charm factory

Beam Energy: 1-

Lumi:  

Data taking from 2009-

τ

1 × 1033 cm−2s−1

Linear Accelerator 

Storage Ring
BESIII
Detector

SC Magnet: 1Tesla

Solenoid Magnet: 0.9/1.0 T

TOF
sT :80 ps

110 ps (60 ps)

CsI calorimeter: 

EMC
DE/E: at 1GeV

2.5% 
5.0% 

sZ: 0.6 cm/√E

MUC sRF: 2 cm

IPe+ e-

MDC
dE/dx: 6%
sp/p: 0.5% at 1GeV/c

46 data samples, L ∼ 21.9 fb−1

29 with Li > 0.4 fb−1

Small scan sample:  
104 energy points, L ∼ 0.8 fb−1

3.8 4.0 4.2 4.4 4.6 4.8 5.0
 (GeV)cmE
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)-1
Ld

t (
pb
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e+e− → π0π0J/ψ

 States from  Annihilation Zc e+e−
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e+e− → π+π−J/ψ

4260

e+e− → π+(DD̄*)−

4260

PRL110, 252001 (2013)

PRL112, 132001 (2014)

PRL115, 112003 (2015)

PRL115, 222002 (2015)

e+e− → π0(DD̄*)0

4230,4260

e+e− → π0π0J/ψ

4230

4260

4360

Zc(3900)/Zc(3885)
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 States from  Annihilation Zc e+e−

7

Zc(3900)/Zc(3885)

4230

PRL119, 072001 (2017)

 Pole parameter:


 MeV


 MeV


Quantum number: 

Zc(3900)±

M = (3881.2 ± 4.2 ± 52.7)

Γ = (51.8 ± 4.6 ± 36.0)

JP = 1+

 Pole parameter:


 MeV


 MeV

Zc(3900)0

M = (3893.1 ± 2.2 ± 3.0)

Γ = (22.2 ± 2.6 ± 7.0)

e+e− → π+π−J/ψ

e+e− → π0π0J/ψ

PRD102, 012009 (2020)
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 States from  Annihilation Zc e+e−
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e+e− → π+(D*D̄*)−

4260

PRL112, 132001 (2014)

Zc(4020)/Zc(4025)

e+e− → π+π−hc

4230


4260


4360

PRL111, 242001 (2013)

4230


4260


4360

e+e− → π0π0hc

PRL113, 212002 (2014)

PRL115, 182002 (2015)

4230, 4260

e+e− → π0(D*D̄*)0
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 in  ProcessZc e+e− → ππψ(2S)

9
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4230
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• e+e− → π±ρ∓ηc

 States in  ModeZc ρηc

10

PRD100, 111102 (2019)

[12]PLB746, 194 (2015)

[13]PRD87, 111102 (2013)

[14]PRD93, 074002(2016)

[15]PRD88, 016004 (2013)

[16]EPJC78, 14 (2018)

[17]PRD94, 094017 (2016)

[18]Porc.Sci.Hadron2013, 189

[19]EPJC73, 2561 (2013) 

3.9σ
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• 


•  data between 4.23 and 4.60 GeV


• No signal for  [also apply for  search]


•  at C.L.

e+e− → ηcηπ+π−

4.1 fb−1

ηcηπ+π− Zc

σup < 6.2, 10.8, 27.6, 22.6, 23.7 pb 90 %

 and Zc → πηc ηηc

11

PRD103, 032004 (2021)

•  observed at 4230, 

used to study 

e+e− → ηcπ+π−π0

Zc → ηcπ
±,0

•  in search of  close to e+e− → ηcπ+π−π0, ηcπ+π−, ηcπ0γ Zc m(DD̄)

 [GeV]s
4.2 4.4 4.6

 [p
b]

Bo
rn

σ

30−

20−

10−

0
10
20
30
40
50
60
70  [pb] maxσ  13.1± 47.5 

] 2m [MeV/c   8.9± 4236.3 
 [MeV] Γ  32.1± 70.0 

 [pb] maxσ  13.1± 47.5 
] 2m [MeV/c   8.9± 4236.3 

 [MeV] Γ  32.1± 70.0 

)0π−π+πcηData (
)0π−π+πcη (90Data UL

Fit
Y(4260), PDG
PRL 118, 092001 (2017)

1.9σ

4.6σ

3.2σ

1.9σ

2.1σ

0.7σ

7.3 fb−1

PRD103, 032006 (2021)
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•  in search of  close to e+e− → Zc[ → ηcπ
±,0]ππ Zc m(DD̄)

 and Zc → πηc ηηc

12
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No obvious signal of 


Upper limit of cross section also apply for 

e+e− → π+π−χcJ

Zc → π±χcJ

•  and  in  from  decays


•  and  from  annihilation at BESIII

Zc(4050) Zc(4250) π±χc1 B

Zc(3900) Zc(4020) e+e−

Zc → π±χcJ

13

PRD103, 052010(2021)
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• Connection between  states and  states in molecule picture


• Branching fraction of  and 

 of several per mille level 

Zc X

Zc(4020)0 → γX(3872)
Zc(4020)± → π±X(3872)

Zc(4020) → γX(3872)

14

PRD99, 054028 (2019)
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e+e− → π0Zc(4020)0[ → γX(3872)]
ℬ[Zc(4020)0 → γX(3872)] ⋅ ℬ[X(3872) → π+π−J/ψ]

ℬ[Zc(4020)0 → (D*D̄*)0]
< 0.24 %

at 4230

Do not contradict with theoretical prediction!
PRD104, 012001 (2021)
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• 


•  data at 4628, 4640, 4660, 4680, and 4700 


• Partial reconstruction of the process, tag  and 


•  reconstructed with  [  or ] and 

e+e− → K+(D−
s D*0 + D*−

s D0)

3.7 fb−1

K D−
s

D−
s K+K−π− ϕπ K*K K0

SK−

Observation of Zcs(3985)

15

PRL126, 102001 (2021)
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Observation of Zcs(3985)
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• Both decay modes can survive the 
selection


• Combinatorial background described 
by wrong sign (WS) events


• Absolute contribution in signal region 
determined from a fit to RM(K+D−

s )
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s D0)
D±

s D±
s

)2) (GeV/c-
s)-m(D-

s)+M(D-
sD+RM(K

1.95 2 2.05 2.1

2
Ev

en
ts

/ 5
.0

 M
eV

/c

0
20
40
60
80

100
120
140
160
180
200
220

Data
Fit result
WS

0D*-
s D→-

csZ
0D-

s D*→-
csZ

0D*-
sD+K

0D-
sD*+K

 = 4.681 GeVs

 or D*0 π0 /γD0

PRL126, 102001 (2021)
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Observation of Zcs(3985)

17

• An enhancement around 3.98 GeV


• Cannot be described by processes contain excited  mesons,  and 




• Cannot be described by interference between two open-charm processes

D D(*)−
s D**+

s
D(*)0D̄**0
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Observation of Zcs(3985)
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• Assume JP= 


• Simultaneous fit to five data 
samples


• Signal component:  
 
 
 

 represents the fraction 
of the two decay modes


• Pole position:


• Significance: 5.3 


• At least four quarks ( )

1+

f = 0.5

σ

cc̄sū

|
q ⋅ pj

M2 − m2
0 + im0( f Γ1(M ) + (1 − f )Γ2(M ))

|2

M = (3982.5+1.8
−2.6 ± 2.1) MeV/c2

Γ = (12.8+5.3
−4.4 ± 3.0) MeV
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  and Zcs(3985) Zcs(4000)

19
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:

• JP= 


•  MeV/ 

• =  MeV

Zcs(4000)
1+

m = 4003 ± 6+4
−24 c2

Γ 131 ± 15 ± 26

:


•  MeV/ 


• =  MeV

Zcs(3985)
m = 3982.5+1.8

−2.6 ± 2.1 c2

Γ 12.8+5.3
−4.4 ± 3.0

Mass consistent within 1 

Width differs significantly

σ

Studies in  system from  decay and 

 system from  annihilation are needed!

DsD* + D*s D B
K+K−J/ψ e+e−

No clear structure from Belle study in e+e− → KK̄J/ψ
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Summary and Outlook

20

• Unique data samples from 4.0 GeV to 4.9 GeV


• New data samples between 4.1 GeV to 4.4 GeV and above 4.7 GeV


• New decay modes of  states are searched for


• , , , and  , no obvious signal observed


• A new  state observed in  modes


• Significant at 4680 data sample ( 5 )


• Intrinsic nature unclear, strangeness-partner of ?


•  More results about the production & decay of  , structure 
properties are ongoing 

Zc

γX(3872) ηcπ ηcη χcJπ

Zcs D−
s D*0 + D*−

s D0

> σ

Zc(3900)

Zc(s)


