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In this work, inspired by the observation of charmoniumlike Z; (4200), we study the photoproduction of
charged charmoniumlike Z;(4200) with an effective Lagrangian approach and the Regge trajectories
model. The numerical results indicate that the Reggeized treatment can lead to a lower total cross section of
the Z;(4200) photoproduction and the peak position of the cross section was moved to the higher energy
point when the Reggeized treatment was added. Moreover, by using the data from the COMPASS
experiment and presented theoretical predictions, an upper limit of the decay width of Z.(4200) — J/wx is
estimated. The relevant results not only shed light on the further experiment of searching for the
charmoniumlike Z.(4200) state via meson photoproduction, but also provide valuable information for
having a better comprehension of the nature of a charmoniumlike Z,.(4200) state.
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I. INTRODUCTION

As of now, most hadrons can be well described by the
classical constituent quark model in the picture of gg for
mesons and ggg for baryons. However, according to
quantum chromodynamics, exotic states (such as multi-
quark states, molecule states, etc.) are also allowed to exist
in our Universe. Therefore, searching for and explaining
these exotic states arouse great interest among researchers.

In the experiments, a series of charmoniumlike and
bottomoniumlike states referred to as XYZ have been
observed [1-16]. Especially, those charged Z states are
even more exotic, since they have a minimal quark content
of [ccud) (Z}) or |bbud) (Z) [17-21]. Later, some neutral
Z states [including Z2(3900), Z9(10610), and Z2(4020)]
were reported by experiments [22-24], which provide
important information for confirming and understanding
the exotic Z states.

On theoretical aspects, these exotic states are interpreted
as a hadronic molecule, a tetraquark, hadrocharmonium, or
just a cusp effect [17-21,25-43]. Moreover, several hidden
charm baryons composed by |c¢gqqg) have been predicted
and investigated [44—47]. These studies enriched the picture
of exotic states.

Recently, the Belle Collaboration claimed that a
new charged charmoniumlike Z}(4200) was observed in
the invariant mass spectrum of J/wz™ with a significance
of 620 [13]. Its mass and width are My (4200 =
4196757 MeV/c?  and Tz (a200) = 37077015, MeV
[13], respectively. Meanwhile, the quantum number of
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71 (4200) was determined to be J¥ =17, since other
hypotheses with J¥ € {07,17,27,2"} were excluded
[13]. In Ref. [40], the calculations show that Z.(4200)
is a strong candidate of the lowest axial-vector tetraquark
state within the framework of the color-magnetic inter-
action. In Refs. [41-43], using the QCD sum rule approach,
the relevant results also support the tetraquark interpreta-
tion of Z.(4200). Besides, the Z.(4200) was described as a
moleculelike state in Ref. [48]. The above information
indicates that Z.(4200) is an ideal candidate for inves-
tigating the nature of exotic charmoniumlike states.

As of now, the charmoniumlike XY Z states are observed
in only four ways [17], ie., the e'e~ annihilation
(eTe™ > XYZ orete™ = J/y + XYZ), yy fusion process
(yy = XYZ), B meson decay (B — K + XYZ), and hidden-
charm dipion decays of higher charmonia or charmonium-
like states. Therefore, searching for the charmoniumlike
states through other production processes is an important
topic, which will be useful in confirming and understanding
these exotic XY Z states. For example, Ke and Liu suggested
to search for the charged ZZ(4430) by the nucleon-anti-
nucleon scattering [49], while the production of neutral
79(4430) and Z%(4200) states in pp reaction was inves-
tigated in Refs. [50,51]. Moreover, in Refs. [52-55], the
meson photoproduction process was proposed to be an
effective way to search for the charmoniumlike states. Soon
after, according to the theoretical predictions obtained in
Ref. [54], an experiment of searching for Z(3900) through
yN — ZX(3900)N — J/wz*N was carried out by the
COMPASS Collaboration [56]. Unfortunately, no signal
of exclusive photoproduction of the ZF(3900) state and
its decay into J/wx* was found. Thus, it is important to
discuss whether there are other charmoniumlike states that
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have a discovery potential through the yN — J/wa*tN
channel. Besides, a more accurate theoretical prediction is
necessary.

Usually, for the meson photoproduction process, the
mesonic Reggeized treatment will play important role at
high photoenergies. The exchange of dominant meson
Regge trajectories has already been used to successfully
describe meson photoproduction in Refs. [57-59]. Since a
high photon beam energy is required for the production of
charmoniumlike states through the meson photoproduction
process, the Reggeized treatment will be necessary to
ensure the result’s accuracy. In this work, within the frame
of an effective Lagrangian approach and the Regge tra-
jectories model, we systematically study the production of
charged Z.(4200) by the meson photoproduction process
in order to provide a reliable theoretical result and shed
light on our understanding of the properties and production
mechanism of a charged Z.(4200) state.

This paper is organized as follows. After an introduction,
we present the investigation method and formalism. The
numerical result and discussion are given in Sec. IIl. In
Sec. IV, we discuss the upper limit of decay width of
Z.(4200) - J/y=. Finally, this paper ends with a brief
conclusion.

II. FORMALISM AND INGREDIENTS

Since Z.(4200) has a strong coupling with J/yx
[13,40,43], the photoproduction process yp —
Z(4200)n — J/wn"n may be an ideal reaction channel
for searching and studying production of the charged
Z[(4200). Moreover, considering the signal of Z; (4200)
is mainly from the contributions of 7z exchange, while the
contributions from p and a( exchange can be negligible,1
the process as depicted in Fig. 1 is regarded as the source
of the signal of Z(4200). Besides, the reaction yp —
J/wrnTn via Pomeron exchange (as shown in Fig. 2) is
also calculated, which is considered to be the background
for Z}(4200) photoproduction. To investigate Z; (4200)
production, an effective Lagrangian approach and the
Regge trajectories model in terms of hadrons will be used
in the following.

A. Feynman diagrams and effective interaction
Lagrangian densities

Figure 1 show the basic tree-level Feynman diagram for
the production of Z[(4200) in a yp — Z(4200)n —
J/wntn reaction via pion exchange. To gauge the

'In Refs. [60-62], the results indicate that the pion exchange
plays a major role in the yp — Xn process by analyzing the
HERA data. Besides, in Refs. [63,64], it is found that the
contributions of p and a, exchange in the y*p — Xn reaction
are very small. Thus, in the present work, we consider only the
contribution from the one-pion exchange. Here, the y* stand for
the virtual photon.
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FIG. 1 (color online). The Feynman diagram for a yp —
Z£(4200)n reaction (a) and ayp — J/wz " n reaction (b) through
7 exchange.

Pomeron
p3
>

(b)

FIG. 2 (color online). The Feynman diagram of the yp —
J/wrn process through Pomeron exchange.

contributions of these diagrams, we need to know the
effective Lagrangian densities for each interaction vertex.

For the interaction vertex of zNN, we use the effective
pseudoscalar coupling2 [68-70]

Lovy = _igﬂNNNYS% - 7N, (1)

?It should be noted that some works [65,66] have pointed out
that the simple pseudoscalar coupling between nucleons and
pions is incomplete and inconsistent with chiral symmetry. Thus,
pseudovector coupling is suggested in Refs. [65,66]. However,
since the new pseudovector formalism may not yet be ready for
phenomenological use [67], pseudoscalar coupling is adopted in
the present work.
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where N and z stand for the fields of the nucleon and pion
meson, respectively, while 7 is the Pauli matrix. The
coupling constant of the zNN interaction was given in
many theoretical works, and we take g2y /47 = 14.4 [71].

As mentioned above, the spin parity of Z}(4200) has
been determined by the Belle Collaboration to be J* = 1*
[13]. Thus, the relevant effective Lagrangian for the vertex”
of Zyr reads as [52]

9zyz v v
ﬁZynr = ]W/Z (aﬂl// 8;!7[21/ — Oy av”Zy)v (2)

where Z and y denote the fields of the Z(4200) and J/y
meson, respectively. With the effective Lagrangians above,
the coupling constant gz, can be determined by the partial
decay widths I'z (4200)- /"

F o ng//lr 2 |I_5$rm|
Z(4200)—J jynr — MZ

2477M%
M2 _ mz _ m2 2
|:( Z 21/1 ﬂ) +m$,E,2, ) (3)

with
AI/Z(M%, m%,, m2)

2M, ’

Ey = /lpsm P + (5

where A is the Killen function with A(x,y,z) = (x — y—
7)? —4dyz.

As of now, no relevant experiment data about
I'7(4200)=/yx can be available [72]. However, in Ref. [43],
the authors obtained the partial decay width 'z (4200)-.7/yz =
87.3+47.1 MeV with the QCD sum rule approach,
which allows us to estimate the lower (upper) limit of
the decay width of Z(4200) = J/wz, Tz(4200)-s/yx =
40.2(134.4) MeV. With M, = 4196 MeV/c? and T, =
370 MeV [72], we get gz,,/M,=1.174, 1.731, and
2.147 MeV, which correspond to three typical partial decay
width FZ(4200)—>J/1//71’ = 402, 873, and 1344 MCV,
respectively.

For the interaction vertex of Zyz, we need to derive it by
the vector meson dominance (VMD) mechanism [73-75].
In the VMD mechanism for photoproduction, a real photon
can fluctuate into a virtual vector meson, which sub-
sequently scatters off the target proton. Thus, within the
frame of the VMD mechanism, we get the Lagrangian of
depicting the coupling of the intermediate vector meson
J/w with a photon as follows:

4)

*For the sake of simplicity, we use Z and i to denote Z, (4200)
and J/y, respectively.
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2
em,
EJ/W =-—" VA%, (6)
W

where mg, and f,, are the mass and the decay constant of the
J/y meson, respectively. With the above equation, one gets
the expression for the J/y — eTe™ decay:
e \?8alpem
FJ/y/—»e*e’ = <_> T A 2 (7)

fu 3my,

where pS™ indicates the three-momentum of an electron in
the rest frame of the J/y meson, while a = e?/4hc =
1/137 is the electromagnetic fine structure constant. Thus,
in light of the partial decay width of J/y — eTe™ [72]

Lyjyete- = 5.547 keV, (8)
we get the constant e/f,, = 0.027.

In Fig. 2, we present the Feynman diagram for the yp —
J/wrtn process through Pomeron exchange, which is
considered as the main background contributions to the
yp — Z5(4200)n - J/wrtn process. To depict the
Pomeron exchange process, the relevant formulas which
were used in Refs. [52,76,77] are adopted in this work. The
Pomeron-nucleon coupling is described as follows:

3B,(4m3 — 2.81)
(m2 — 1)(1 = 1/0.7)2 7

F (1) = =F@Oy,. (9)

where 1= g% is the exchanged Pomeron momentum
squared. 83 =4 GeV? stands for the coupling constant
between a single Pomeron and a light constituent quark.

For the vertex of yy P, with an on-shell approximation
for keeping the gauge invariance, we have

2B X 4uj

14 P =
M (my = 1) (2u5 + my, — 1)

Typeier PP, (10)

with

THY = (py + pa)’ g = 2pig™*

v Pi )
n 2{p’fg/” Ly pag = ol = )
4
pirh
- (piy”* — pﬁpi)} + (p1 — pa)’g".
PiP1 - Pa
(1)

where 2 = 0.8 GeV? is the effective coupling constant
between a Pomeron and a charm quark within the J/y
meson, while y, = 1.2 GeV? denotes a cutoff parameter in
the form factor of a Pomeron.
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B. Cross sections for the yp — Z;(4200)n
reaction

After the above preparations, the invariant scattering
amplitude A for the y(p;)p(p2) = Z£(4200)(g.)n(p3)
reaction by exchanging a 7 meson reads as

<fgﬂNN gAZ;Z”;W) i(p3)ysu(p2)e7’

X 611;[171 : (QZ _pl)gyu -

1
X 2 2 FnNN(q/zr)szn(‘]?z), (12)
V1 b/

ply(qz - pl)b]

where F,yy(g2) and Fy,,(q2) are the form factors for the
vertices of 7NN and Zyz, respectively. We have the
following definitions for both form factors:

A2

FnNN(qn) = A2 (13)
and
m2 — m?2
Fu,.(q2) = —4—F, 14
Zy/n(‘br) mg/ _ qlzt ( )

where A is the cutoff parameter for the zNN vertex. In the
next calculations, we take the typical value of A, =
0.7 GeV as used in Refs. [52,54,58,78].

As mentioned above, a higher photon beam energy is
required for the production of charmoniumlike states
through the meson photoproduction process. Thus, to better
describe the photoproduction of Z; (4200) at high photon
energies, we introduce a pion Reggeized treatment by
replacing the Feynman propagator q2 z with the Regge

propagator as follows [57-59,79]:

1 R s a (1) ﬂa;[ e—il[(l,[<l)
N —
qz —m; Sseate)  T[1 + oz ()] sin[ma, (1)]
(15)

where o), is the slope of the trajectory and the scale factor
Seale 18 fixed at 1 GeV?, while s = (p; + p,)? and t =
(p, + p3)? are the Mandelstam variables. In addition, the
pionic Regge trajectory a,(t) reads as [58,59,79]

ay (1) = 0.7(t — m2). (16)

The unpolarized differential cross section for the Z} (4200)
photoproduction shown in Fig. 1(a) then reads

do 5
dcosf  32zs |p°m|< ZM' ) (17)

spins
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0.15
7 meson exchange
0.12 - ---- Pionic Regge trajectory
_0.09
£
2
b

0.00

25

FIG. 3 (color online). The total cross section for the yp —
Z}(4200)n process through 7 meson or pionic Regge trajectory
exchange. Here, the numerical results (the blue solid line and
the red dashed line) correspond to the partial decay width
Iz (4200)~7/yx = 87.3 MeV, while the bands stand for the un-
certainties with the variation of I'z 4200)-s/y» from 40.2 to
131.4 MeV.

where p$™ and g™ are the three-momentum of the initial
photon and final Z[(4200) state, respectively, while 0
denotes the angle of the outgoing Z (4200) state relative to
the photon beam direction in the c.m. frame. The total cross
section can be easily obtained by integrating the above
equation.

In Fig. 3, the total cross section o(yp — Z}n) through 7
meson or pionic Regge trajectory exchange is presented
with A, = 0.7 GeV. Since the total cross section is propor-
tional to the partial decay width I'z(4200)- /> We note that
the cross section changes by a factor of 3—4 when the partial
width T'z(4200)-/y- 1s varied from 40.2 to 134.4 MeV.
Besides, it is found that the total cross section through the
Reggeized treatment is about 5 times smaller than that of
the result through a 7 exchange, which indicates that the
Reggeized treatment can lead to a lower cross section of
Z}(4200) photoproduction at high photon energies.
Moreover, we note that the peak position of the total cross
section was moved to the higher energy point when the
Reggeized treatment is used in the calculations.

Figure 4 shows the differential cross section for the
yp — ZIn process by exchanging the 7 meson or pionic
Regge trajectory at different energies, respectively. From
Fig. 4, one can see that, relative to the results related to
the 7 exchange, the differential cross section by exchang-
ing the pionic Regge trajectory is very sensitive to the 8
angle and gives a considerable contribution at forward
angles.

C. Cross sections for the yp — J/wn'n reaction

With the Feynman rules and above Lagrangian densities,
we obtain the invariant scattering amplitude M3 for the

094017-4



PHOTOPRODUCTION OF THE CHARGED CHARMONIUMLIKE ...

10° 7 meson exchange 75 GeV
----- Pionic Regge trajectory
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cos (0)
FIG. 4 (color online). The differential cross section for the
yp = Z5(4200)n process through = meson or pionic Regge

trajectory exchange. The notation of the lines and bands is as
in Fig. 3.

yp — J/wr"n process through r exchange [as depicted in
Fig. 1(b)] as follows:

Menal <fgﬂzwv sz> (p3)rsu(p2)
7%

X (p1 - 49" — Piqa)(pa - psg”™ — Php%)

1 AZ — m?
« G % T 7
e (35 )
my, —m2\ (mi, — M%
x 2 e — 2 ) (18)
my, — q” my, — gz

where G4 are the propagators of the Z(4200), taking the
Breit-Wigner form [80]

gpa + qZ/)qza/MZ
- MZ+iM, T,

G7'(q) = (19)
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Just as above, by replacing the Feynman propagator —-—

qzomy
with the Regge propagator R,, we can get the scattering
amplitude for the yp — J/wa™n process through the pionic
Regge trajectory exchange.

Since the Pomeron can mediate the long-range inter-
action between a confined quark and a nucleon, yp —
J/wrtn via the Pomeron exchange (as described in Fig. 2)
are the mainly background contribution to the yp —
Z5(4200)n — J/wn"n reaction. The invariant scattering
amplitudes M3, and M} for Figs. 2(a) and 2(b) can be
written, respectively, as

F(t)Gp(s,1)
(my, — 1) (25 + my, — 1)

45 +m

X T”/’”el’;,yeyﬂﬁ(pg,)ys ‘2_7"112\[}’;;”(172)7 (20)

s N

M = 8\/§ﬂcﬂ(2)gnNNFN(fI%)

F(t)Gp(s,1)

= 8V2p.u Fy(q>
\/_ﬁLﬂognNN N(q“)(mf,—t)(Z,u(z)—i—mg,—t)
4, + my
x T e, €, M(P3)7p6127275 u(p2) (21)
with
Gp(s.1) = —i(n/s)10-1, (22)

where 7(7) = 1 4+ € + 't is the Pomeron trajectory. Here,
the concrete values € = 0.08 and 5 = 0.25 GeV~>
adopted.

Considering the size of the hadrons, the monopole form
factor for the off-shell intermediate nucleon is introduced as
in the Bonn potential model [81]:
L

Fy(q}) = i=s,u, (23)

where Ay and ¢;(q; = p3 + ps.q, = p» — ps) are the
cutoff parameter and four-momentum of the intermediate
nucleon, respectively. For the value of Ay, we will discuss
it in the next section. It is worth mentioning that the form
factor is phenomenological and has a great uncertainty.
Thus, the dipole form factor deserves to be discussed and
compared with the monopole form.

Combining the signal terms and background amplitudes,
we get the total invariant amplitude

M = MPE 4 M + M. (24)

Thus, the total cross section of the yp — J/wn™n
reaction could be obtained by integrating the invariant
amplitudes in the three-body phase space:
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do(yp — J/ya*n) =

2
P2| ( gn:slMl )

x (27)*d®3(p1 + pa; P3. Pas Ps), (25)
where the three-body phase space is defined as [72]
d®;(p1 + pai p3. pa. Ps)
=5 - ; ——. (26
(pl +p2 ;pl> 11 GaE, (20

III. NUMERICAL RESULTS AND DISCUSSION

With the FOWL code in the CERN program library, the
total cross section including both signal and background
contributions can be calculated. In these calculations, the
cutoff parameter Ay related to the Pomeron term is a free
parameter. Thus, we first need to give a constraint on the

T T T T T
o ] @ ]
102 4 .- =
2 107 4 .
5 —— A=0.95GeV 3
10* 4 - = = A~096GeV E
————— A =0.97 GeV
10° 4 i
= A=1.0 GeV E
10° ; . ; .
15 20 25
W (GeV)
T T T T T T ]
107 (b) |
107 4 I J
,’. ————————————————————————————
— | '/'/-—
< 10* 4 OSSN E
N -I ’, -
° i/
10° 4 .'I,’III 3
i
P :."
1074 1 E
H
]
Bl
[}
10-7 "I T T T T T T T
5 10 15 20 25
W (GeV)

FIG. 5 (color online).  (a) The cross section of background from
the Pomeron exchange for the yp — J/wn™n process with a
monopole form factor at the different values of the cutoff
parameter Ay. (b) is the same as (a), but for the case of a dipole
form factor.
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0.08
—— Gy ([=1344 MeV) - - - o_(I=134.4 MeV)
----- G ([=87.3 MeV) o, ([=87.3 MeV)
0.06 |+~ oy ([=40.2 MeV) o, (T~40.2 MeV)
.......... o,
o
2 0.04
©

0.02

0.00

FIG. 6 (color online). The energy dependence of the total cross
sections for the yp — J/wr'n reaction. Here, opomeron and o,
denote the results via the Pomeron and 7z exchange, respectively,
while 61., is the total cross section of yp — J/wan. The
variations of ¢, and oy, to W with several typical partial width
values I'z200)-s/yx = 40.2, 87.3, and 1344 MeV are also
presented.

value of Ay. Figures 5(a) and 5(b) present the variation of
the cross section from the background contributions for
yp = J/wr"n with a monopole and dipole form factor,
respectively. It is obvious that the Pomeron exchange
contributions with a dipole form factor are more sensitive
to the values of the cutoff Ay than that of a monopole form
factor. Thus, the monopole form factor is adopted in the
following calculation.

0.03
Oy (TZ1344MeV) - - - 6, (T=134.4 MeV)
----- G (T787.3 MeV) Cpegee (17873 MeV)
o= 6, (T40.2 MeV) Opegee ([740.2 MeV)
0.02 O pomeon
i~
2
b

0.01

0.00

W (GeV)

FIG. 7 (color online). The energy dependence of the total cross
sections for the yp — J/wr " n reaction. Here, 6pymeron and ORegge
denote the results via the Pomeron exchange and pionic Regge
trajectory exchange, respectively, while oy is the total cross
section of yp — J/wn" n. The variations of ORegge AN Oy O W
with several typical partial width values I'z(4500)-7/yr = 40.2,
87.3, and 134.4 MeV are also presented.
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FIG. 8. The Dalitz plot (top) and the J/wz ™t invariant mass spectrum (bottom) for the yp — J/wn"n reaction with the Reggeized

treatment at different center-of-mass energies W = 7.5, 9, and 12 GeV. Here, the numerical result corresponds to the partial decay width

FZ(4200)—>J/VNT = 134.4 MeV.

At present, no experiment data are available for the
yp = J/wrnTn process. However, we notice that the
similar reactions yp — J/wp and pp — J/yz" have been
measured by some experiments [82—-85], where the
measured cross sections of these two process are about
1 and 10 nb, respectively. Here, we naively think that the
cross section of yp — J/wa™n may be equal to or less
than that of yp — J/yp, while it is greater than that of
pp — J/wa. Thus, we constrain the cutoff to be Ay =
0.96 GeV as used in Refs. [54,55], which will be used in
our calculations.

To better understand the effects of Reggeized treatment
on the final results, we calculate the total cross section of
the yp — J/wrn'n reaction without or with Reggeized
treatment as presented in Figs. 6 and 7, respectively.

Figure 6 shows the total cross sections for the yp —
J/wn"n reaction including both 7 exchange and Pomeron
exchange contributions by taking Ay = 0.7 GeV and
Ay =0.96 GeV. We notice that the line shape of the
total cross section goes up very rapidly and has a peak
around W =7.5 GeV. In this energy region, the cross
section of the signal is larger than that of the background
when taking the partial width values I'z_(4200)-.7/yr = 87.3
or 134.4 MeV.

In contrast, Fig. 7 presents the total cross sections for the
yp — J/wrn"n reaction including both pionic Regge tra-
jectory exchange and Pomeron exchange contributions by
taking A, = 0.7 GeV and Ay = 0.96 GeV. It is found that
the total cross section shows a peak at center-of-mass
energy W =9 GeV, and the contributions from the signal
are driven down when using the Reggeized treatment. We
note that for the cross section of the signal just a little bit
higher than that of the background at center-of-mass energy
W =9 GeV even a larger partial decay width value
(I'z, (4200)=7/yx = 134.4 MeV) is adopted.

To demonstrate the feasibility of searching for the
charged charmoniumlike Z}(4200) through the yp —
J/wrnTn reaction, we further give the Dalitz plot and
invariant mass spectrum for the yp — J/wa™n process.

Figure 8 presents the Dalitz plot and J/wz" invariant
mass spectrum for the yp — J/wxn process with the
Reggeized treatment at different center-of-mass energies,
where the numerical results are obtained by taking the partial
decay width I'z_(4200)—7/y» = 134.4 MeV. From the Dalitz
plot we notice that there exist a vertical band and a horizontal
band, which are from the signal and background contribu-
tions, respectively. Moreover, one notices that the signal of
Z[(4200) with W =9.0 is more explicit than that with
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FIG. 9. The Dalitz plot (top) and the J/wz™ invariant mass spectrum (bottom) for the yp — J/wr"n reaction with the Reggeized
treatment at center-of-mass energy W =9 GeV. Here, the numerical results correspond to the partial decay width values

rz(4200)_>1/wﬂ = 87.3 and 40.2 MeV.

W = 7.5 or 12 GeV, which is consistent with the result in
Fig. 7. Thus, we can conclude that W = 9.0 GeV is the best
energy window for searching for the charged Z; (4200) via
the yp — J/wntn process. By analyzing the J/wrn"
invariant mass spectrum in Fig. 8, one finds that the number
of events of J/wa" can reach up to 500/2 GeV? at W =
9.0 GeV when taking 50 x 10 collisions of yp.
Moreover, we take the center-of-mass energy W =
9.0 GeV as one of the inputs to calculate the Dalitz plot
and J/ywxt invariant mass spectrum related to the smaller
partial decay width, which are presented in Fig. 9. From
the Dalitz plot in Fig. 9, we notice that there exists a
clear vertical band which is related to the Z; (4200) signal
when taking partial decay width T’z (4200)—s/yz =
87.3 MeV. Since the signal and background contribution
do not interfere with each other as shown in the Dalitz
plot, the signal of Z}(4200) can also be distinguished
from the background. Thus, we can expect about
375/2 GeV? events for the production of J/wz" in
50 x 10% collisions of yp at W =9.0 GeV if taking
Iz (4200)—7/yx = 87.3 MeV, which is enough to meet

the requirements of the experiment. However, we also
see that the signal of Z/(4200) is submerged in the
background and will be difficult to distinguish from the
background if taking I';_ 4200)-7/y= = 40.2 MeV.

For comparison, we calculate the Dalitz plot and J/yz™
invariant mass spectrum for the yp — J/wzxtn process
without the Reggeized treatment at W = 7.5 GeV, as
presented in Fig. 10. One finds that a vertical band related
to the signal of Z/(4200) appears in the Dalitz plot even
if the lowest partial decay width (I'z (4200)=7/yx =
40.2 MeV) is adopted, which is obviously different from
that with Reggeized treatment.

IV. UPPER LIMIT OF THE DECAY WIDTH
I’z (4200)~7/y=
The J/yn™ mass spectrum presented by the COMPASS
Collaboration in Ref. [56], which studied exclusive photo-
production of a J/yz™ state at a nuclear target in the range
from 7 to 19 GeV in the center-of-mass energy of the
photon-nucleon system, does not exhibit any statistically
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FIG. 10. The Dalitz plot (top) and the J/wz ™" invariant mass spectrum (bottom) for the yp — J/wn* n reaction without the Reggeized
treatment at center-of-mass energy W = 7.5 GeV. Here, the numerical results correspond to the partial decay width values

rz(4200)_>‘]/v,ﬂ = ]344, 873, and 40.2 MeV.

significant structure at about 4.2 GeV. Nevertheless, it can
be used for the estimation of an upper limit for the
value BR(Z.(4200) — J/w7x) X 6,n-7,(4200)N-

A sum of two exponential functions for a continuum and
a Breit-Wigner curve for a possible contribution of
Z£(4200) photoproduction was fitted to the mass spectrum
in the range from 3.4 to 6.0 GeV. The mass My (4200 =
4196 MeV and the width I'; (4509) = 370 MeV were used
as the fixed parameters. Doing this, we ignore the possible
contribution of any other resonances like Z.(3900) and
their interference with Z.(4200). The J/wz™ mass spec-
trum with the fitting curve is shown in Fig. 11. The
obtained from the fit possible number of Z.(4200) events
is Nz (42000 = 58 £31. It can be converted to the upper

limit NgL( s200) < 98 events corresponding to a confidence
level of C.L. = 90%. According to the normalization used
in Ref. [56], this limit corresponds to the result

BR(ZC (4200) d J/l//ﬂ') X 67N—>ZC(4200)N < 340 pb (27)

This result can be used for the estimation of an
upper limit for the partial width I';,,, of the decay

45
40 COMPASS data
35
30
25
20
15

10

T T[T T[T T [ T[T T [T T[T T[T [TTrT]

PR BRI ey S mee e
. | | | ¢ LRI
L1t L L1 L1 ] b

3.5 4 4.5 5 5.5 6
M GeV

Jyn?

wO

FIG. 11 (color online). Mass spectrum of the J/yx state
obtained by COMPASS [56]. The fitted function is shown as
a red solid line. The dashed blue line corresponds to the
continuum description.
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Z.(4200) - J/y= based on the Reggeized treatment. The
production cross section, averaged over the W range
covered by COMPASS, is about I';/,, x 91 pb/MeV. So

r, 2, %90 pb/MeV
X 0z oo = < 340 pb.
tot tot

(28)

Assuming I',, =370 MeV, we obtain an upper limit
of I'y,» <37 MeV.

Photoproduction of the Z[(4200) state could also be
tested by using the data on the HERMES experiment. It
covers the range 2 GeV < W < 6.3 GeV [86], where the
difference between production cross sections calculated
through pionic Regge trajectory exchange and virtual pion
exchange is maximal.

V. SUMMARY

In this work, we study the charged Z.(4200) production
inthe yp — J/wr*n reaction with an effective Lagrangian
approach and the Regge trajectories model. Since the
charmoniumlike Z.(4200) was observed only in the B
meson decay process, it is an interesting and important
topic to study the charmoniumlike Z.(4200) by different
processes.

Through analysis and comparison, our numerical results
indicate:

(I) The effect of introducing the Reggeized treatment
has been to significantly reduce the magnitude of the
cross section for Z.(4200) photoproduction. The
total cross section for yp — Z[(4200)n via pionic
Regge trajectory exchange is smaller than that
without Reggeized treatment and the predictions
in Refs. [52-55].

(II) We finds that the differential cross section for yp —
Z[(4200)n by exchanging the pionic Regge trajec-
tory is very sensitive to the € angle and gives a
considerable contribution at forward angles, which
can be checked by further experiment and may be an
effective way to examine the validity of the Regge-
ized treatment.

(TIT) The total cross section for the yp — J/wx™n proc-
ess with Reggeized treatment is lower than that
without Reggeized treatment. The calculations in-
dicate that the partial decay width I'z (4200)~/yx 18 @
key parameter in studying the production of
Z.(4200) via yp collision. Adopting the partial
decay width predicted in Ref. [43] by assuming
that the Z.(4200) is a tetraquark state, we find that
the signal of Z}(4200) can also be distinguished
from the background at W =9.0 GeV if taking
[z (4200)—7/yx = 87.3 MeV, but not for the case

PHYSICAL REVIEW D 92, 094017 (2015)

of taking I'z (4200)-/y= = 40.2 MeV. In Ref. [48],
by assuming the Z.(4200) as an axial-vector
moleculelike state, the partial decay width
Iz (4200)—7/yx = 24.6 MeV was obtained with the
QCD sum rule. If the predicted 'z (4200)—s/px =
24.6 MeV in Ref. [48] is reliable, then the signal of
Z[(4200) produced in the yp collision will be
difficult to distinguish from the background. Thus,
the experiment of the meson photoproduction of
Z.(4200) may provide useful adjunctive information
for the confirmation of the inner structure of
Z.(4200).

(IV) The peak position of the total cross section for the
yp — Z5(4200)n — J/wx ' n process was moved to
the higher energy point when adding the Reggeized
treatment, which means that a higher beam energy is
necessary for the meson photoproduction of
Z.(4200). The results show that W = 9.0 GeV is
the best energy window for searching for the
Z.(4200) via yp collision. All these calculations
can be checked in a future experiment.

(V) Using data on exclusive photoproduction of a
J/wn* state from COMPASS, we estimated the
upper limit for the value of a Z.(4200) production
cross section multiplied by the branching ratio of the
Z.(4200) - J/wyr decay to be above 340 pb
(C.L. =90%). According to the Reggeized treat-
ment, it corresponds to the upper limit of
Iz (4200)—7 )y Of about 37 MeV, which is coincident
with the prediction of I'y 4200)—7/yr = 24.6 MeV
by assuming the Z.(4200) as a moleculelike state
in Ref. [48].

Since the Reggeized treatment used in this work has been
proven to be more precise than the general effective
Lagrangian approach in pion and kaon photoproduction
[57-59], our theoretical results may provide valuable
information, for both searching for the Z.(4200) via yp
collision or explaining the lack of observation of Z.(4200)
in experiment. Therefore, more experiments about the
photoproduction of Z.(4200) are suggested, which will
be important to improve our knowledge of the nature of
Z.(4200) and the Regge theory.
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