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QCD. Such states would either include additional

valence quarks or valence-glue content. To date only

hints of such states were observed, but unambiguous

evidence is missing. To a large extent, our under-

standing of hadron structure is based on the

constituent quark model where mesons are quark-

antiquark pairs, and baryons are made of three quarks.

This may change if, indeed, other configurations were

proven to exist.

The relation between the world of hadrons and the

world of quarks (and gluons) is not fully understood.

Only a few percent of the mass and part of the spin of

a nucleon can be linked to valence quark

contributions. The rest has to be attributed to a

dynamical generation process which, to date, cannot

be predicted concurrently by model calculations.

Figure 2. Mass range of hadrons that will be

accessible at PANDA. The upper scale indicates the

corresponding antiproton momenta required in a

fixed-target experiment. The HESR will provide 1.5

to 15 GeV/c antiprotons, which will allow

charmonium spectroscopy, the search for charmed

hybrids and glueballs, the production of D meson

pairs and the production of �  baryon pairs for

hypernuclear studies.

Chiral symmetry is one of the fundamental

symmetries of QCD in the limit of massless quarks.

This symmetry has to be broken to generate the

hadrons, but it is predicted to be partially restored in

nuclear matter [4]. To investigate the modification of

hadron properties, when those are produced inside the

nuclear medium, is of paramount importance to

understand this mechanism. Some experimental

evidence of mass shifts of light mesons has already

been observed. It is, however, of utter importance to

extend these studies to charmed mesons, as only then

a complete picture could be drawn.

The strong interaction can be studied by replacing

an up or down quark inside a nucleus by a strange

quark. This introduces a new flavour, leading to the

formation of a hypernucleus. Antiproton beams at

FAIR will allow to efficiently produce hypernuclei

even with more than one strange hadron, opening new

perspectives for nuclear structure studies. The

accessible set of hyperon states is not restricted in the

population of nuclear states. This offers new and

exciting perspectives for nuclear spectroscopy and the

possibility to study the forces between hyperons and

nucleons.

Experimental Approach

Conventional as well as exotic hadrons can be

produced by a range of different experimental means.

Among these, hadronic annihilation processes, and in

particular antiproton-nucleon and antiproton-nucleus

annihilations, have proven to possess all the necessary

ingredients for fruitful harvests in the hadron field.

• Hadron annihilations produce a gluon-rich

environment, a fundamental prerequisite to

copiously produce gluonic excitations.

• The use of antiprotons permits to directly

form all states with non-exotic quantum

numbers  ( format ion experiments) .

Ambiguities in the reconstruction are reduced

and cross sections are considerably higher

compared to producing additional particles in

the final state (production experiments). The

appearance of states in production but not in

formation is a clear sign of exotic physics.

• Narrow resonances, such as charmonium

states, can be scanned with high precision in

formation experiments using the small energy

spread available with antiproton beams

(cooled to �p/p�10-5).

• Since exotic systems will appear only in

production experiments the physics analysis

of Dalitz plots becomes important. This

requires high-statistics data samples. Thus,

high luminosity is a key requirement. This

can be achieved using an internal target of

high density, large numbers of projectiles and

a high count-rate capability of the detector.

The latter is mandatory since the overall cross

sections of hadronic reactions are large while

the cross sections of reaction channels of

interest may be quite small.

• As reaction products are peaked around

angles of 0º a fixed-target experiment with a

magnetic spectrometer is the ideal tool. The

physics topics as summarised in Figure 2

imply that the momentum range of the

antiproton beam should extend up to 15

GeV/c with luminosities in the order of 1032

cm-2s-1.

The HESR will provide 1.5 to 15 GeV/c antiprotons, which will allow 
charmonium spectroscopy, the search for charmed hybrids and glueballs, 
the production of D meson pairs and the production of baryon pairs for 
hypernuclear studies. [PANDA-TDR] 

Introduction
Mass range of hadrons that 
will be accessible at PANDA. The 
upper scale indicates the 
corresponding antiproton 
momenta required in a fixed-
target experiment.
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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++

 ̄pp

Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

@ s = 4230 MeV (PDG)

MC simulation: Decay Tree

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

Decay psi(4260) 
  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

 5

for event generation

psi4260_Zc3900Plus_Jpsi2pi_Jpsi_mum
u.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

 ̄pp

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

- 10000 for signal 

- 10000 for DPM events (produced, not 
included in the talk) 

- PHSP model was used for all event 
generations 

- PHOTOS was turned off for simplicity



Assist. Prof. Dr. Ali YILMAZ 24.06.2020Feasibility Study of   with PANDAZ+
c (3900)  7

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 =  8.59979 // for pbar = 4.230 GeV

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

pbarZ: 8.59979; Etot :9.58381;
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Strategy

- Combine all   candidates and accept them as J/ψ if their mass is 
within nominal range and apply a vertex fit with a mass constraint,

- Combine these with a   and accept them as a candidate charmonium 

- Then reconstruct the initial system, perform a 4-constraint fit and 
accept only those ones which have a probability > 0.01

- Perform mass constraint fits on all intermediate states except the 
charmonium and a new 4-constraint fit on the system created from 
the fitted states - a probability > 0.01 is required at every step

μ

π+
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hjpsi_all_Pt
Entries  25661
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Analysis: kinematics

Reconstructed 
particles

all

Zc(3900)+ψ(4260)
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J/ψ
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hjpsi_ftm_P
Entries  6391
Mean    6.381
Std Dev     1.162
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Analysis: kinematics

ftm

Reconstructed 
particles

Zc(3900)+ψ(4260)
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hjpsi_4cf_P
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Analysis: kinematics

4cf

Zc(3900)+ψ(4260)
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Analysis: mass: all
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

Reconstructed all 
particles
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Entries  3838
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Analysis: decay vertex
Zc(3900)+

ψ(4260)
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Analysis: decay vertex fit

Zc(3900)+

ψ(4260)

π−

J/ψ
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μ+ InvMass for 
particles coming 
from vertex
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Analysis: mass: trpid

Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

particles with true 
particle id 

hjpsim_trpid
Entries  6545
Mean    2.991
Std Dev     0.432

 / ndf 2χ   1158 / 173
Constant  18.5± 943.7 
Mean      0.001± 3.094 
Sigma     0.00072± 0.05092 
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Std Dev     0.432

 / ndf 2χ   1158 / 173
Constant  18.5± 943.7 
Mean      0.001± 3.094 
Sigma     0.00072± 0.05092 

 mass (true pid)ψJ/
hZcPlusM_trpid

Entries  4456
Mean    3.859
Std Dev    0.1529

 / ndf 2χ  641.8 / 66
Constant  12.3± 498.4 
Mean      0.001± 3.879 
Sigma     0.00142± 0.07603 
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Std Dev    0.1529

 / ndf 2χ  641.8 / 66
Constant  12.3± 498.4 
Mean      0.001± 3.879 
Sigma     0.00142± 0.07603 

 mass (true pid)+(3900)cZ
hpsim_trpid

Entries  3213

Mean    4.248

Std Dev    0.1532

 / ndf 2χ  552.8 / 57

Constant  11.5± 351.4 

Mean      0.001± 4.259 

Sigma     0.00194± 0.07393 
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 / ndf 2χ  552.8 / 57

Constant  11.5± 351.4 

Mean      0.001± 4.259 

Sigma     0.00194± 0.07393 

(4260) mass (true pid)ψ
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Analysis: mass: ftm
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

Full truth match 
for the particles 
(dec file & vertex 
& trpid)

hpsim_ftm
Entries  3068
Mean    4.253
Std Dev    0.1373

 / ndf 2χ  467.9 / 50
Constant  11.5±   357 
Mean      0.001± 4.259 
Sigma     0.0018± 0.0713 
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] 2)  [GeV/c-π +π ψm(J/
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Mean    4.253
Std Dev    0.1373

 / ndf 2χ  467.9 / 50
Constant  11.5±   357 
Mean      0.001± 4.259 
Sigma     0.0018± 0.0713 

(4260) mass (full truth match)ψ
hZcPlusM_ftm

Entries  4344

Mean    3.864

Std Dev    0.1404
 / ndf 2χ  566.1 / 61

Constant  12.4± 503.7 

Mean      0.001± 3.879 
Sigma     0.00137± 0.07457 
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Mean    3.864

Std Dev    0.1404
 / ndf 2χ  566.1 / 61

Constant  12.4± 503.7 

Mean      0.001± 3.879 
Sigma     0.00137± 0.07457 

 mass (full truth match)+(3900)cZ

hpsim_ftm
Entries  3068
Mean    4.253
Std Dev    0.1373

 / ndf 2χ  467.9 / 50
Constant  11.5±   357 
Mean      0.001± 4.259 
Sigma     0.0018± 0.0713 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
] 2)  [GeV/c-π +π ψm(J/

0

50

100

150

200

250

300

350

400

450

2
 E

nt
rie

s 
/  

0.
02

5 
G

eV
/c hpsim_ftm

Entries  3068
Mean    4.253
Std Dev    0.1373

 / ndf 2χ  467.9 / 50
Constant  11.5±   357 
Mean      0.001± 4.259 
Sigma     0.0018± 0.0713 

(4260) mass (full truth match)ψ
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Analysis: mass: nm
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+ not matched 
particles (dec file 
& vertex & trpid)

hpsim_nm
Entries  770
Mean    4.117
Std Dev    0.3853
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Std Dev    0.3853

(4260) mass (no truth match)ψ
hZcPlusM_nm
Entries  713
Mean    3.716
Std Dev    0.4339
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 mass (no truth match)+(3900)cZ
hjpsim_nm

Entries  19270
Mean    1.117
Std Dev    0.5714
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 mass (no truth match)ψJ/
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Analysis: mass: 4Cf
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+ fitting with 4 
constraint (4C) 
(pi, E)

Searching in the 
initial cond. of 
psi4260 (pi, E)

hjpsim_4cf
Entries  1875

Mean    3.068

Std Dev    0.01599

 / ndf 2χ  32.22 / 7

Constant  36.5±  1226 

Mean      0.000± 3.068 

Sigma     0.00025± 0.01341 
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Entries  1875

Mean    3.068

Std Dev    0.01599

 / ndf 2χ  32.22 / 7

Constant  36.5±  1226 

Mean      0.000± 3.068 

Sigma     0.00025± 0.01341 

 mass (4C fit)ψJ/

hZcPlusM_4cf
Entries  1875
Mean    3.843
Std Dev    0.09862

 / ndf 2χ  242.5 / 24
Constant  24.5± 630.7 
Mean      0.001± 3.853 
Sigma     0.00069± 0.02323 
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 / ndf 2χ  242.5 / 24
Constant  24.5± 630.7 
Mean      0.001± 3.853 
Sigma     0.00069± 0.02323 

 mass (4C fit)+(3900)cZ
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Analysis: mass: lpid
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

loose particle id 

hZcPlusM_lpid
Entries  1176
Mean    3.839
Std Dev    0.1635

 / ndf 2χ  161.1 / 49
Constant  6.2± 141.3 
Mean      0.002± 3.875 
Sigma     0.00219± 0.07149 
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 / ndf 2χ  161.1 / 49
Constant  6.2± 141.3 
Mean      0.002± 3.875 
Sigma     0.00219± 0.07149 

 mass (loose pid)+(3900)cZ
hpsim_lpid

Entries  555
Mean    4.223
Std Dev    0.1645

 / ndf 2χ  100.2 / 43
Constant  5.01± 74.68 
Mean      0.003± 4.256 
Sigma     0.00288± 0.06021 
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Constant  5.01± 74.68 
Mean      0.003± 4.256 
Sigma     0.00288± 0.06021 

(4260) mass (loose pid)ψ
hjpsim_lpid

Entries  9845
Mean     1.61
Std Dev    0.9723
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 mass (loose pid)ψJ/
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Analysis: mass: tpid
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

tight particle id 

hjpsim_tpid
Entries  3603
Mean    2.786
Std Dev    0.7485

 / ndf 2χ  965.6 / 168
Constant  13.2± 473.6 
Mean      0.001± 3.094 
Sigma     0.00099± 0.04974 
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 / ndf 2χ  965.6 / 168
Constant  13.2± 473.6 
Mean      0.001± 3.094 
Sigma     0.00099± 0.04974 

 mass (tight pid)ψJ/
hpsim_tpid

Entries  832
Mean    4.234
Std Dev    0.1669

 / ndf 2χ  166.9 / 47
Constant  6.2± 100.4 
Mean      0.003± 4.262 
Sigma     0.00309± 0.06518 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
] 2)  [GeV/c-π +π ψm(J/

0

20

40

60

80

100

2
 E

nt
rie

s 
/  

0.
02

5 
G

eV
/c hpsim_tpid

Entries  832
Mean    4.234
Std Dev    0.1669

 / ndf 2χ  166.9 / 47
Constant  6.2± 100.4 
Mean      0.003± 4.262 
Sigma     0.00309± 0.06518 

(4260) mass (tight pid)ψ hZcPlusM_tpid
Entries  1645
Mean    3.848
Std Dev    0.1643

 / ndf 2χ  263.1 / 57
Constant  7.7±   188 
Mean      0.002± 3.881 
Sigma     0.00225± 0.07319 
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 mass (tight pid)+(3900)cZ
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Analysis: mass: 2d
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

no ftm all events in 
psi4260 

only Zc(3900)+ 
passed ftm

both of them  
passed ftm
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hZcPlus_vs_psi4260
Entries  4898
Mean x   4.223
Mean y   3.818
Std Dev x  0.2561
Std Dev y  0.2442
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Entries  3623
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 (4260)ψ  vs M+(3900)cZ
ftm:Zc only M
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 (4260)ψ vs M+(3900)cZftm: both M
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Analysis: mass: cut flow
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

points represents the mean value of the gaussian fit to 
the Zc(3900) mass distribution 

error bars computed sigma value of gaussian fit times 
2.355 (=FWHM)  

PDG : average mass and width 
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Conclusion: 
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  ).  

- The current limit at PDG (3.8872 ± 0.0282 GeV) and we 
reached to (3.853 ± 0.02323 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−
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Future Works: 
Zc(3900)+

ψ(4260)

π−

J/ψ

π+

μ−

μ+

- produce DPM background (already produced   not included 
yet), 

- increase stats. for both signal and DPM background, 

- PWA analysis (Asiye Olgun already started to look into it) 

-   study has been started (Umut Keskin, it will be his PhD 
thesis)

10k

Zc(4430)
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Thank you…


