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Figure 7: Born cross section of e+e− → π+π−ψ(3686). The dots
(red) are the results obtained in this analysis, the triangles (green) and
squares (blue) are from BELLE and BABARs latest updated results,
respectively. The solid curve is the fit to BESIII results with the co-
herent sum of three Breit-Wigner functions. The dashed curve (pink)
is the fit to BESIII results with the coherent sum of two Breit-Wigner
functions without the Y(4220) hypothesis. The arrows mark the loca-
tions of four energy points with large luminosities.

data sample at 4.26 GeV. The statistical significance
of the Zc(3900)± signal is determined to be greater
than 10σ, and its mass and width are measured to be
(3899.0±3.6±4.9) MeV/c2 and (46±10±20) MeV, re-
spectively. This observation was also confirmed by
Belle [22] and CLEO-c [23], so the Zc(3900)± is the
first Zc state observed by more than one experiment.
The final states of the Zc(3900)± are J/ψ and π±, it indi-
cates that it must contains at least four quarks (cc̄ud̄ or
cc̄ūd) and be a candidate of exotic states. The isospin
partner neutral Zc(3900)0 was also observed in e+e− →
π0π0J/ψ using 2.5 fb−1 of data samples collected at c.m.
energies from 4.19 to 4.42 GeV [24]. The statistical
significance of the Zc(3900)0 signal is determined to be
10.4σ, the mass and width of Zc(3900)0 are measured to
be (3894.8±2.3±3.2) MeVc2 and (29.6±8.2±8.2) MeV,
respectively. The discovery of neutral Zc(3900)0 indi-
cates that the isospin triplet state is established. In-
spired by the discovery of Zc(3900)±, BESIII has report-
ed many Zc states in these years, such as Zc(3885)±,0 in
the (DD̄∗)±,0 system [25–27], Zc(4020)±,0 in the π±,0hc
system [28, 29], and Zc(4025)± in the (D∗D̄∗)± sys-
tem [30, 31]. Figure 8 shows a summary of the Z s-
tates observed in the proposed eight channels. The cor-
responding resonant parameters are list in Table 1.

To determine the spin and parity of the Zc(3900), BE-
SIII performed an amplitude fit to the e+e− → π+π−J/ψ
process with 1.92 fb−1 data samples collected at 4.23
and 4.26 GeV [32]. In the π+π−J/ψ final states, it has

three decay models, as shown in Fig. 9. Six contribu-
tions are considered in the amplitude, four intermediate
states in the π+π− mass spectrum, the Zc(3900) in the
pi±J/ψ system, and the non-resonant process. For the
quantum number of Zc(3900), five assumptions (1+, 0−,
1−, 2+, and 2−) are considered in the fit. A simultane-
ous fit is performed to the data samples at 4.23 GeV and
4.26 GeV, as shown in Fig. 10. The oppositely charged
Zc(3900) states are regarded as isospin partners, and
share a common mass and coupling parameters in the
fit. The Zc(3900) states is parameterized with a Flatte-
like formula. The mass of Zc(3900) is measured to be
(3901.5±2.7±38.0) MeV/c2, and the coupling parame-
ters (g′1 and g′2/g

′
1) are measured to be (0.075 ± 0.006 ±

0.025) GeV2 and (27.1±2.0±1.9), respectively. The fit-
ted coupling constants is consistent with previous result,
which is estimated based on the measured decay width
ration of (DD̄∗)± and π±J/ψ final states. The quantum
number of Zc(3900) favor to be 1+ with statistical sig-
nificance larger than 7.3σ over other quantum numbers
assumption.

Figure 9: The decay models of e+e− → π+π−J/ψ process.

Figure 10: Projections to mπ+π− (a),(c) and mJ/ψπ± (b),(d) of the fit
results with JP = 1+ for the Zc at 4.23 GeV (a),(b) and 4.26 GeV
(c),(d). The points with error bars are data, and the black histograms
are the total fit results including backgrounds. The shaded histogram
denotes backgrounds. The contributions from the π+π− S-wave J/ψ,
f2(1270)J/ψ, and Z±c π∓ are shown in the plots. The π+π− S-wave
resonances include the σ, f0(980), and f0(1370). Plots (b) and (d) are
filled with two entries (mJ/ψπ+ and mJ/ψπ− ) per event.

B. Wang / Nuclear and Particle Physics Proceedings 294–296 (2018) 63–69 67

The Zc(3900)− was observed in π−J/ψ invariant mass 
distribution in the study of e+e− → π+π−J/ψ at BESIII 
and Belle experiments [M. Ablikim et al., C. Z. Yuan et al. ].

Introduction
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exotic charmonium hybrid 


 spin-parity quantum numbers JPC = 1++

MC simulation: Decay Tree

three intermediate resonances (  and ),ψ(4260), Zc(3900)+ J/ψ
four final state particles (  and ) μ+, μ−, π+ π−

p Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

@ s = 4230 MeV (PDG)

p̄
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noPhotos

Decay pbarpSystem1
  1.0  Z_c(3900)+ pi-   PHSP;
Enddecay
Decay Z_c(3900)+
  1.0  J/psi   pi+         PHSP;
Enddecay

Decay J/psi
  1.0   mu+ mu-         VLL;
Enddecay
End

4

for event generation

psi4260_Zc3900Plus_jpsi_mumu.dec”; 
decay file specifying the signal decay 
channel

Since Added/Moved XYZ states, by K. 
Goetzen 02.04.2020 for PANDA, now we 
can define the dec file

p̄p

Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

@ s = 4230 MeV

name       id        mass/GeV       width/GeV      max_Dm/GeV    3*charge 2*spin lifetime*c/mm  PythiaId

psi(4260)  99100443  4.2300000e+00  5.5000000e-02  5.5000000e-01 0        2      0.0000000e+00  99100443

Z_c(3900)+ 99010443  3.8872000e+00  2.8200000e-02  2.8200000e-01 3        2      0.0000000e+00  99010443

evt.pdl
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for event generation

- 600K for signal


- 2.68M for DPM events


- PHSP model was used for all event 
generations


- PHOTOS was turned off for simplicity
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Strategy
Signal events was generated by

- tut_sim.C :: full simulation of the events;        
(sim.root, par.root files)

- tut_ana.C :: analysis of full sim events;         
(ana.root)

nev = 10k and pbeam =  8.5454 // for pbar = 4.230 GeV

TLorentzVector ini(0, 0, pbeam, Etot); // for pbar = 4.230 GeV

pbeam: 8.5454, Ecm: 4.23, Etot: 9.53503
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Strategy

- Get all final state particles (  and )


- Select true particle id   


- Combine all  candidates and assign the type id for J/psi then


- accept them as J/ψ if they pass truth match algorithm


- apply a vertex fit and accept only those ones which a probability > 0.01


- Select J/ψ if their mass is within nominal range (rough mass select) 

- Combine these with a  and accept them as a candidate charmonium and set its type 

id and apply true particle id selection algorithm

μ+, μ−, π+ π−

μ

π+
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Strategy

-then accept Zc(3900) if they pass truth match algorithm


- apply a vertex fit and accept only those ones which a probability > 0.01


- Select Zc(3900) if their mass is within nominal range (rough mass select) 


- Then reconstruct the initial pbarpSystem1 system and set type id, 


- then accept pbarpSystem1 if they pass truth match algorithm


- apply a vertex fit and accept only those ones which a probability > 0.01


- perform a 4-constraint fit and accept only those ones which have a probability > 0.01
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Analysis: decay vertex
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+ Resonant 
particles decay 
vertexes

2− 1.5− 1− 0.5− 0 0.5 1 1.5 22−

1.5−

1−

0.5−

0

0.5

1

1.5

2

hjpsi-vpos
Entries  334094
Mean x 0.0001223− 
Mean y 05−1.45e− 
Std Dev x  0.04097
Std Dev y  0.04188
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hjpsi-vpos
Entries  334094
Mean x 0.0001223− 
Mean y 05−1.45e− 
Std Dev x  0.04097
Std Dev y  0.04188

(x,y) projection of fitted decay vertex

2− 1.5− 1− 0.5− 0 0.5 1 1.5 22−
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1−

0.5−

0
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2 hpsi4260-vpos
Entries  139999
Mean x 0.0009665− 
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Std Dev x  0.1492
Std Dev y  0.1446
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Entries  139999
Mean x 0.0009665− 
Mean y  0.001044
Std Dev x  0.1492
Std Dev y  0.1446

(x,y) projection of fitted decay vertex
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Mean y 06− 2.592e
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Std Dev y  0.04334
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Entries  218975
Mean x 0.0001801− 
Mean y 06− 2.592e
Std Dev x  0.04175
Std Dev y  0.04334

(x,y) projection of fitted decay vertex
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Analysis: kinematics all
Zc(3900)+ψ(4260)

π−

J/ψ

π+

μ−

μ+

Reconstructed 
particles
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0 1 2 3 4 5 6 7 8 9 10
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Analysis: kinematics 4cf
Zc(3900)+ψ(4260)
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Analysis: kinematics 4cf
Zc(3900)+ψ(4260)

π−

J/ψ

π+

μ−

μ+

Reconstructed 
particles
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Analysis: mass: all
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+
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Analysis: mass: 4Cf
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+ fitting with 4 
constraint (4C) 
(pi, E)
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] 2)  [GeV/cψm(J/
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Analysis: mass: Δm(mψ(4260) − mZc(3900))
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

2− 1.5− 1− 0.5− 0 0.5 1 1.5 20
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20000

30000

40000

50000

60000

70000

) +(3900)c (4260) - Zψ4c fit massDiff (
hm4cf_DiffMass

Entries  108854
Mean   0.3477
Std Dev    0.0433
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DPM

) +(3900)c (4260) - Zψ4c fit massDiff (

2− 1.5− 1− 0.5− 0 0.5 1 1.5 20
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20000
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50000

60000
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) +(3900)
c

 (4260) - Zψfull truth match both massDiff (
hftmBoth_DiffMass
Entries  148712
Mean   0.3635
Std Dev    0.1268
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) +(3900)
c

 (4260) - Zψfull truth match both massDiff (
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) +(3900)c (4260) - ZψZcPlusOnly_ftm massDiff (
hZcPlusOnly_ftm_DiffMass

Entries  163254
Mean   0.3935
Std Dev    0.2136

Signal
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) +(3900)c (4260) - ZψZcPlusOnly_ftm massDiff (
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Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

only Zc(3900)+ 
passed ftm

both of them  
passed ftm

both of them  
passed ftm+4C
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Analysis: mass: result
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+
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Summary: 
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

- the production of the exotic charged charmonium-like state 
Zc(3900)+ in  collisions through the sequential process




- The decay file is modified to produce the ψ(4260)  in the 
resonance ( )


-  and  are reconstructed by the final state 
particles (  and ). 


-   after 4C in signal channel


-   after 4C for DPM bkg 


- The current limit in evt.pdl Mass: 3.8872, Width: 0.0282 GeV and

     we obtained the               Mass: 3.887,  Width: 0.024078 GeV  
after 4Cf.

pp̄
ψ(4260) → Z+

c (3900)π−, Z+
c (3900) → J/ψπ+ .

@ s = 4230 MeV

ψ(4260) , Z+
c (3900) J/ψ
μ+, μ−, π+ π−

Zc(3900)reco

Nevents : (generated)
=

108854
600K

= 18,14 %

Zc(3900)reco

Nevents : (generated)
=

0
2.68M

Outlook:

- Since the PHSP model is averaging the all spins 
of particle in the initial and final state,


- taken into account the VVS_PWave model to 
force   in pure S-wave


- Improve the obtained mass and width limits 
via voigt fit 

ψ(4260) , Z+
c (3900)
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Thank you…


