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We investigate J=ψ photoproduction off the proton, γp → J=ψp, to elucidate the nonexistence of
hidden-charm pentaquark signals reported by the GlueX and CLAS12 experiments. Within a coupled-
channel rescattering mechanism, we employ the transition amplitudes from a previous coupled-channel
analysis that dynamically generates the Pcc̄ states. The kernel amplitudes for the transition to the J=ψN
channel include both t-channel heavy-meson exchange and u-channel heavy-baryon exchange. We find
that the rescattering contributions from the D̄ð�ÞΣc channels—indispensable for the formation of the Pcc̄

resonances—are about one order of magnitude smaller than those from D̄ð�ÞΛc, since gD̄ð�ÞNΣc
is roughly 5

times smaller than gD̄ð�ÞNΛc
. Since the Pcc̄ resonances couple to the J=ψN channel predominantly through

the D̄ð�ÞΣc intermediate states, their suppression prevents the pentaquark signal from appearing in
photoproduction. With only a single parameter controlling the overall normalization, the present work
describes the GlueX and CLAS12 cross sections well. These results suggest that the null result from
photoproduction need not be in conflict with the pentaquark signals observed by the LHCb Collaboration.

DOI: 10.1103/271x-zb8h

I. INTRODUCTION

Since the LHCb Collaboration announced the existence
of hidden-charm pentaquark baryons, a plethora of exper-
imental and theoretical works have been performed. These
states were first observed in the J=ψp invariant mass
spectrum from Λ0

b → J=ψpK− decays [1,2]. Thus far, four
of them have been established: three narrow states below
the D̄�Σc threshold and one broad state below the D̄Σ�

c

threshold. Notably, Pcc̄ð4330Þ was observed in B0
s →

J=ψpp̄ decays, with no signal from the previously reported
Pcc̄ð4312Þ [3]. In contrast, the GlueX [4,5] and CLAS12
[6] Collaborations found no evidence for such states in J=ψ
photoproduction off the nucleon. Given that the Pcc̄ states
decay almost exclusively into J=ψ and a proton, this null
result is rather surprising. Several works subsequently tried
to explain this absence [7–10], but they mainly reproduced

the experimental data without clarifying the underlying
mechanism.
We start from a recent coupled-channel formalism for

hidden-charm J=ψ and open-charm two-body processes
[11], which provides fully off-shell transition amplitudes.
Based on it, we show why hidden-charm pentaquarks
cannot be generated in J=ψ photoproduction. There,
seven peaks were found: six identified as Pcc̄ resonances
and one as a cusp. Four reproduce the known states
Pcc̄ð4312Þ, Pcc̄ð4380Þ, Pcc̄ð4440Þ, and Pcc̄ð4457Þ, whereas
two near 4.5 GeV, Pcc̄ð4517; JP ¼ 3=2−Þ and
Pcc̄ð4522; JP ¼ 5=2−Þ, are predicted as D̄�Σ�

c molecular
states. Two further JP ¼ 1=2þ resonances, at ð4401 − i35Þ
and ð4533 − i17Þ MeV, lack a clean molecular interpreta-
tion and may correspond to genuine pentaquark configu-
rations. A dynamical explanation for the missing signal was
also proposed there through the J=ψN elastic channel,
where the negative-parity peaks appear as dips and are
washed out by the larger positive-parity (P-wave) bumps,
while the resonances remain visible in the Λb → J=ψpK−-
type transitions seen by LHCb.
In this work, we aim at clarifying the theoretical origin of

this suppression. To implement the transition amplitudes
for J=ψ photoproduction, the u-channel diagrams must be
taken into account. The crucial point is that the coupling
constant at the D̄ΣcN vertex is much smaller than that at the
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D̄ΛcN one. In Ref. [11], the D̄Σc channel was shown to be
essential for describing the resonances, in particular
Pcc̄ð4312Þ. In J=ψ photoproduction, however, the small-
ness of the D̄ΣcN coupling constant prevents the dynamical
generation of the hidden-charm pentaquarks, which we
demonstrate explicitly below.
The present paper is organized as follows. In Sec. II, we

describe the general formalism for J=ψ photoproduction.
We first construct the γN → J=ψN amplitudes from the
effective Lagrangian and then combine them with the two-
body hidden-charm and open-charm processes. Solving the
coupled-channel Blankenbecler-Sugar-type rescattering
equations, we obtain the numerical results. In Sec. III,
we first present and compare the results for D̄ð�ÞΛc →
J=ψN and D̄ð�ÞΣc → J=ψN, where D̄ð�Þ generically
denotes either D̄ or D̄�. We then display the total cross
section for J=ψ photoproduction off the proton, compare it
with the GlueX and CLAS12 data, and show explicitly how
the hidden-charm pentaquarks fail to emerge. The last
section is devoted to a summary and conclusions.

II. FORMALISM

In this section, we explain the general formalism
employed in the present work. Taking into account the
rescattering effects that contain information on the dynami-
cal generation of the hidden-charm pentaquark states (see
Fig. 1), we derive the transition amplitudes for J=ψ
photoproduction by solving the following coupled-channel
BS-type rescattering equation:

TJ=ψp;γpðp0;pÞ ¼ VJ=ψp;γpðp0;pÞ þ
1

ð2πÞ3

×
X
k

Z
d3q

2Ek1ðqÞEk2ðqÞ

×Vk;γpðq;pÞ
EkðqÞ

s−E2
kðqÞ þ iε

T J=ψp;kðp0;qÞ;

ð1Þ

where Vk;γp denotes the two-body Feynman kernel ampli-
tude for the intermediate state k in the rescattering equation.

When k ¼ J=ψp, VJ=ψp;γp represents the γp → J=ψp Born
diagrams [12]. T J=ψp;k stands for the transition amplitude
for the J=ψp → k process, where k runs over the inter-
mediate two-body open-charm states: D̄Λc, D̄�Λc, D̄Σc,
D̄Σ�

c, D̄�Σc, and D̄�Σ�
c. Since the elastic amplitude

T J=ψp;J=ψp is much smaller than those involving open-
charm intermediate channels, it is excluded in the present
work. The T J=ψp;k amplitudes were already constructed in
Ref. [11]. Here, p and p0 are the relative three-momenta of
the initial and final states, respectively, while q denotes the
three-momentum of the intermediate state in the center-of-
mass (c.m.) frame. The variable s is the square of the total
c.m. energy, and Ek ¼ Ek1 þ Ek2 is the total on-mass-shell
energy of the intermediate state.
We perform the partial-wave expansion of Eq. (1) in the

helicity basis and obtain the partial-wave transition ampli-
tudes as follows:

TJ
λ0λðp0; pÞ ¼ VJ

λ0λðp0; pÞ þ
1

ð2πÞ3
X
k;λk

Z
q2dq

2Ek1Ek2
VJ
λkλ
ðq; pÞ

×
Ek

s − E2
k þ iε

T J
λ0λk

ðp0; qÞ; ð2Þ

where the helicities of the final, initial, and intermediate
states are denoted by λ0 ¼ fλ01; λ02g, λ ¼ fλ1; λ2g, and
λk ¼ fλk1; λk2g, respectively. The channel indices are
dropped to simplify the notation. The variables p0, p,
and q represent the magnitudes of the corresponding
three-momenta p0, p, and q, respectively. The partial-wave
expansion of the kernel amplitude VJ

λ0λ is given by

VJ
λ0λðp0;pÞ ¼ 2π

Z
dðcosθÞdJλ1−λ2;λ01−λ02ðθÞVλ0λðp0;p;θÞ; ð3Þ

where θ is the scattering angle and dJλλ0 ðθÞ denotes the
reduced Wigner D functions. Since the propagator in
Eq. (2) develops a singularity when the off-shell energy
coincides with the on-shell one, we regularize the rescatter-
ing equation by isolating the singularity and treating it
separately. Accordingly, the rescattering equation is decom-
posed into regularized and singular parts as follows:

(a) (b) (c)

FIG. 1. Diagrams for J=ψ photoproduction off the proton (γp → J=ψp): (a) Pomeron exchange, (b) the Born diagrams, and (c) the
rescattering diagram.
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TJ
λ0λðp0; pÞ ¼ VJ

λ0λðp0; pÞ þ
1

ð2πÞ3

×
X
k;λk

"Z
∞

0

dq
qEk

Ek1Ek2

F ðqÞ − F ðq̃kÞ
s − E2

k

þ 1

2
ffiffiffi
s

p

×

�
ln

����
ffiffiffi
s

p
− Ethr

kffiffiffi
s

p þ Ethr
k

���� − iπ

�
F ðq̃kÞ

#
; ð4Þ

where

F ðqÞ ¼ 1

2
qVJ

λkλ
ðq; pÞT J

λ0λk
ðp0; qÞ: ð5Þ

Here, q̃k denotes the on-shell momentum defined by the
condition Ek1ðq̃kÞ þ Ek2ðq̃kÞ ¼

ffiffiffi
s

p
. This regularization

procedure is applied only when the total energy
ffiffiffi
s

p
exceeds

the threshold energy Ethr
k of the kth channel.

In the previous study [11], the transition amplitudes
T J=ψN;k were computed by including only the t-channel
diagrams in the kernel amplitudes. To describe J=ψ photo-
production quantitatively, we also need to introduce the
u-channel diagrams involving heavy-baryon exchange,
which provide significant contributions to the transition
amplitudes. Since the J=ψN elastic scattering amplitude is

small and the transition amplitudes to the J=ψN channel
are governed by heavy-hadron exchange, the resonance
properties remain almost intact despite the inclusion of the
u-channel diagrams. Figure 2 illustrates the t-channel
meson-exchange and u-channel baryon-exchange diagrams
for the transition to the J=ψN channel. The exchanged
particles considered in each reaction are summarized in
Table I. A kernel amplitude associated with a given
exchange diagram is written as

V ¼ CIF2ðq2ÞΓ1PðqÞΓ2; ð6Þ

where CI denotes the isospin factor for each exchanged
particle in a given channel, as listed in Table I. The vertex
functions Γ1;2 are derived from the following effective
Lagrangians respecting heavy-quark spin symmetry:

LDDJ=ψ ¼ −igψMD

ffiffiffiffiffiffiffi
MJ

p �
J=ψμD†

∂

↔

μD
�
;

LD�DJ=ψ ¼ igψ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
MDMD�

MJ

s
ϵμναβ∂μJ=ψν

�
D†

∂

↔

αD�
β þD�†

β ∂

↔

αD
�
;

LD�D�J=ψ ¼ igψMD�
ffiffiffiffiffiffiffi
MJ

p
ðgμνgαβ − gμαgνβ þ gμβgναÞ

�
J=ψμD

�†
ν ∂

↔

αD�
β

�
;

LDNΛc
¼ −igI3̄

ffiffiffiffiffiffiffiffi
MD

p
N̄γ5ΛcD̄þ H:c:;

LD�NΛc
¼ −igI3̄

ffiffiffiffiffiffiffiffiffi
MD�

p
N̄γμΛcD̄�

μ þ H:c:;

LDNΣc
¼ igI6

ffiffiffiffiffiffiffiffiffiffi
3MD

2

r
N̄γ5τ · ΣcD̄þ H:c:;

LD�NΣc
¼ −igI6

ffiffiffiffiffiffiffiffiffi
MD�

6

r
N̄γμτ · ΣcD̄�

μ þ H:c:;

LD�NΣ�
c
¼ igI6

ffiffiffiffiffiffiffiffiffiffiffi
2MD�

p
N̄γ5τ · Σ

�μ
c D̄�

μ þ H:c:;

LJ=ψΛcΛc
¼ −gJ3̄Λ̄cγ

μΛcJ=ψμ;

LJ=ψΣcΣc
¼ −gJ6Σ̄c · γμΣcJ=ψμ;

LJ=ψΣcΣ�
c
¼ 2gJ6ffiffiffi

3
p Σ̄c · γ5Σ

�μ
c J=ψμ þ H:c:;

LJ=ψΣ�
cΣ�

c
¼ gJ6Σ̄�

cμ · γνΣ
�μ
c J=ψν: ð7Þ

Since no reliable theoretical information is available for the relevant coupling constants, we estimate them using SU(4)
symmetry relations, even though this symmetry is strongly broken. To quantify the uncertainty arising from SU(4)

FIG. 2. The t-channel (left panel) and u-channel (right panel)
diagrams.
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symmetry, we introduce a common prefactor a by which all
couplings derived from the SU(4) relations are multiplied.
The couplings gI3̄ and gI6 are then estimated as

gI3̄
ffiffiffiffiffiffiffiffi
MD

p
¼ −

3
ffiffiffi
3

p

5
agπNN;

gI6

ffiffiffiffiffiffiffiffiffiffi
3MD

2

r
¼ −

agπNN

5
: ð8Þ

Similarly, gJ3̄ and gJ6 are obtained from gρNN via the SU(4)
relation:

gJ3̄ ¼ gJ6 ¼
ffiffiffi
2

p
agρNN: ð9Þ

In the present work, we adopt the coupling constants from
the Nijmegen potential [13,14], namely gπNN ¼ 13.2
and gρNN ¼ 2.97.
For the mesonic sector, we follow the same procedure

and estimate the gψ coupling as

gψMD

ffiffiffiffiffiffiffi
MJ

p
¼

ffiffiffi
2

p

2
agππρ: ð10Þ

The value gππρ ¼ 5.97 is taken from our previous work
[15]. We find that the parameter a controls the overall
magnitude of the total J=ψ photoproduction cross section
without significantly affecting the hidden-charm penta-
quark resonances. A value of a ¼ 0.47 provides the best
description of the experimental data, whereas a ¼ 1 yields
a cross section roughly an order of magnitude larger. Thus,
the parameter a is the main source for the uncertainty of the
present work.
The propagators for pseudoscalar and vector meson

exchange are given by [16]

Pðq;MÞ ¼ 1

q2 −M2
;

Pμνðq;MÞ ¼ 1

q2 −M2

�
−gμν þ

qμqν
M2

�
; ð11Þ

whereas those for spin-1
2
and spin-3

2
baryon exchange are

expressed as

Pðq;MÞ ¼ =qþM
q2 −M2

;

Pμνðq;MÞ ¼ =qþM
q2 −M2

�
−gμν þ

1

3
γμγν þ

1

3M
ðγμqν − γνqμÞ

þ 2

3M2
qμqν

�
: ð12Þ

Here, q denotes the exchanged four-momentum and M the
mass of the exchanged particle.
Since hadrons have finite sizes, a form factor is intro-

duced at each vertex. This form factor is also necessary to
ensure the unitarity of the transition amplitudes. We use the
following form [17]:

Fnðq2Þ ¼
�
nΛ2 −M2

nΛ2 − q2

�
n

; ð13Þ

where the positive integer n is chosen such that the power
of momentum in the vertex function Γ is regularized. As
n → ∞, the form factor in Eq. (13) approaches a Gaussian
form. Note that the energy dependence in Eq. (13) must be
removed, as it leads to unphysical behavior in the kernel
amplitude. Although the values of the cutoff masses Λ in
Eq. (13) cannot be determined directly from experiment or
theory, the associated uncertainties can be reduced by
exploiting the physical properties of the hadrons involved.
Since heavy hadrons are more compact than lighter ones
[18,19], higher cutoff masses are appropriate for them, as
the cutoff mass is inversely proportional to the size of the
corresponding hadron. We therefore introduce the reduced
cutoff mass Λ0 ≔ Λ −M. In Ref. [20], the cutoff mass was
shown to be related to ΛQCD via Λ ¼ M þ ηΛQCD, where η
is of order unity. This approach has been successfully
applied in previous studies [11,15,21–26]. In this work, all
values of the reduced cutoff mass are fixed at
Λ0 ¼ 600 MeV. We emphasize that we do not change
the values of Λ0 for fitting. We find that varying Λ0 only
rescales the overall magnitude of the rescattering contri-
bution, without altering its shape—the same role played by
the free parameter a.
Having revised the kernel amplitudes for the transition to

the J=ψN channel, we recalculate the transition amplitudes
T J=ψN;k within the same framework as in Ref. [11]. The
resulting J=ψN transition amplitudes are discussed in detail
below. Throughout the calculation, isospin symmetry is
assumed for the hadron masses, and this approximation is
retained exclusively for the masses in the remainder of the
calculation. The kernel amplitudes Vk;γp in Eq. (1) receive
contributions from the three tree-level diagrams depicted in
Fig. 3: (a) Dð�Þ exchange in the t channel, (b) nucleon
exchange in the s channel, and (c) Λc or Σc exchange in the

TABLE I. Isospin factors (CI) for the exchange diagrams
contributing to the transitions from the J=ψN channel to each
open-charm meson-baryon channel, together with the corre-
sponding exchanged particles.

Reactions Exchange CI

J=ψN → D̄Λc D̄, D̄�, Λc 1
J=ψN → D̄�Λc D̄, D̄�, Λc 1
J=ψN → D̄Σc D̄, D̄�, Σc

ffiffiffi
3

p
J=ψN → D̄Σ�

c D̄�, Σc
ffiffiffi
3

p
J=ψN → D̄�Σc D̄, D̄�, Σc, Σ�

c
ffiffiffi
3

p
J=ψN → D̄�Σ�

c D̄�, Σc, Σ�
c

ffiffiffi
3

p
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u channel. All possible exchange diagrams for each reaction channel are listed in Table II. The corresponding vertex
functions are derived from the effective Lagrangians in Eq. (7) together with the following electromagnetic interaction
Lagrangians:

LγDD ¼ −ieD̄AμðD̄∂
μD − ∂

μD̄DÞ;
LγDD� ¼ igγDD�ϵμναβ∂μAν

�
D̄∂

↔

αD�
β þ D̄�

β ∂
↔

αD
�
;

LγD�D� ¼ ieD̄� ðgμνgαβ − gμαgνβ þ gμβgναÞAμ

�
D̄�

ν∂αD�
β − ∂αD̄�

νD�
β

�
;

LγNN ¼ −eNN̄
�
γμ −

κN
2MN

σμν∂ν

	
AμN;

LγΛcΛc
¼ −eΛc

Λ̄c

�
γμ −

κΛc

2MΛc

σμν∂ν

	
AμΛc;

LγΣcΣc
¼ −eΣc

Σ̄c

�
γμ −

κΣc

2MΣc

σμν∂ν

	
AμΣc: ð14Þ

The relevant coupling constants are determined as

gγD0D�0 ¼ 0.30 GeV−1; gγD−D�− ¼ 0.141 GeV−1;

κp ¼ 1.79; κΛc
¼ −0.025;

κΣþ
c
¼ 0.41; κΣþþ

c
¼ 4.64; ð15Þ

where gγDD� is extracted from the branching ratio BrðD� →
DγÞ and the total decay width ΓD� [27,28] via the relation

ΓD�→Dγ ¼
q3γ
3π

ðgγDD� Þ2; ð16Þ

with qγ ¼ ðM2
D� −M2

DÞ=ð2MD�Þ. The anomalous magnetic
moment of the proton is taken from Ref. [27]. The
anomalous magnetic moment of Yc (denoting either Λc
or Σc) is related to its magnetic moment μYc

[29] by

μYc
¼ eYc

þ eκYc

2MYc

: ð17Þ

The transition amplitudes are formulated to ensure gauge
invariance, which is why we include the proton-pole

diagram despite its small contribution. Notably, the kernel
amplitudes are governed by distinct coupling factors:
VD̄ð�ÞΛc;γp

is proportional to gD̄ð�ÞNΛc
, while VD̄ð�ÞΣc;γp

is
proportional to gD̄ð�ÞNΣc

. This distinction is a crucial feature,

as it explains the relative suppression of the D̄ð�ÞΣc
rescattering contribution.
In the present study, we exclude the D̄ð�ÞΣ�

c intermediate
states from the rescattering calculation for two primary
reasons. Firstly, the coupling constant g

D̄ð�ÞNΣð�Þ
c

is approx-

imately 5 times smaller than gD̄ð�ÞNΛc
, so that contributions

from the D̄ð�ÞΣð�Þ
c intermediate states are significantly

suppressed relative to those from D̄ð�ÞΛc. Secondly, con-
structing gauge-invariant amplitudes that involve a spin-3

2

exchange propagator presents considerable technical diffi-
culties. For these reasons, the contributions from the D̄ð�ÞΣ�

c

channels are omitted.
Having formulated the kernel amplitude Vk;γp, we

proceed to evaluate the rescattering amplitude. Since the
transition amplitude for the J=ψN channel was computed
in the isospin basis, the corresponding amplitudes for
definite charge states are related by

(a) (b) (c)

FIG. 3. Tree-level diagrams for the subprocess γp → D̄ð�ÞΛcðΣcÞ contributing to the rescattering amplitude: (a) Dð�Þ-meson exchange
in the t channel, (b) nucleon exchange in the s channel, and (c) Λc (Σc) baryon exchange in the u channel.
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T J=ψp;D̄0Λþ
c
¼ T J=ψN;D̄Λc

; T J=ψp;D̄0Σþ
c
¼ 1ffiffiffi

3
p T J=ψN;D̄Σc

;

T J=ψp;D−Σþþ
c

¼−
ffiffiffi
2

3

r
T J=ψN;D̄Σc

: ð18Þ

For the background contribution, we employ the
Pomeron-exchange amplitude of Refs. [30–32], which
has been shown to describe successfully the total cross-
section data for diffractive vector-meson photoproduc-
tion in the high-energy regime (Eγ ≥ 10 GeV). Since
this parametrization was originally developed for high-
energy diffractive processes, its use in the near-thresh-
old region, W ¼ 4.0–4.7 GeV, should be regarded as a
phenomenological extrapolation rather than a micro-
scopic low-energy description. Alternative approaches
to the threshold region, based on gluon generalized
parton distributions (GPDs) [33] and on holographic
QCD [34], have also been proposed. In the present
work, the low-energy structures of primary interest are
described explicitly by the open-charm coupled-channel
rescattering mechanism. The total cross section for J=ψ
photoproduction off the proton is then obtained by
combining the rescattering and Pomeron-exchange
amplitudes.

III. NUMERICAL RESULTS

The null result for the hidden-charm pentaquark signal
in J=ψ photoproduction has so far remained unex-
plained. Previous attempts employed the meson-
exchange picture combined with Pomeron contributions,
which reproduce the data reasonably well, especially
when the two D̄ð�ÞΛc channels are included through a
rescattering process that generates threshold effects at
their respective thresholds [7]. These studies, however,
do not include the Pcc̄ states and therefore cannot
explain how the signal disappears. In the present work,
we investigate J=ψ photoproduction off the proton using
the transition amplitudes obtained in Ref. [11], which
contain dynamically generated hidden-charm pentaquark
states consistent with the candidates observed in Λb
decays by the LHCb Collaboration.

Before evaluating the J=ψ photoproduction results,
we discuss the J=ψN transition amplitudes. Figure 4
shows the distributions of the transition amplitudes from
the D̄Λc, D̄�Λc, D̄Σc, and D̄�Σc channels to the J=ψN
state, respectively. We restrict ourselves to these four
transitions, since the D̄ð�ÞΣ�

c intermediate states were
excluded from the rescattering contribution to the J=ψ
photoproduction amplitudes, as justified in the previous
section. The Pcc̄ states appear prominently in the
D̄Σc → J=ψN and D̄�Σc → J=ψN transitions, with mag-
nitudes exceeding those of the D̄ð�ÞΛc channels. This
qualitatively implies that the resonance structure should
be clearly observable unless the D̄ð�ÞΣc channels are
significantly suppressed.
As is evident from the structure of the kernel ampli-

tude Vk;γp, the rescattering contributions from the D̄ð�ÞΣc
intermediate states are suppressed. To demonstrate this
explicitly, Fig. 5 compares the total cross section from
the rescattering part, evaluated for each intermediate
channel. The contributions from the D̄Σc and D̄�Σc
channels are approximately one order of magnitude
smaller than those from the D̄Λc and D̄�Λc channels.
This illustrates why the Pcc̄ states are suppressed in the
photoproduction process: the D̄ð�ÞΣc channels couple
only weakly to γN.
Furthermore, a close inspection of the small peak

structure arising from D̄�Λc rescattering reveals a weak
signal of Pcc̄ð4312Þ. However, interference from the
D̄Σc channel acts destructively, particularly in the
Pcc̄ð4312Þ peak region. Consequently, no visible peak

TABLE II. Exchange diagrams contributing to each charmed
meson–baryon photoproduction channel off the proton.

Reaction Exchanged particles

γp → D̄0Λþ
c p, D̄�0, Λþ

c

γp → D̄�0Λþ
c p, D̄0, Λþ

c

γp → D̄0Σþ
c p, D̄�0, Σþ

c
γp → D−Σþþ

c p, D�−, D̄�0, Σþþ
c

γp → D̄�0Σþ
c p, D̄0, Σþ

c
γp → D�−Σþþ

c p, D�−, D̄0, Σþþ
c

FIG. 4. Spin-averaged squared transition amplitude to the
J=ψN channel, multiplied by the final-state center-of-mass
momentum qjT̄j2, as a function of the total energy

ffiffiffi
s

p
. The

vertical dashed lines indicate the relevant meson-baryon
thresholds.
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remains in the total rescattering contribution to J=ψ
photoproduction, as indicated by the dashed line
in Fig. 6.
Having discussed the rescattering mechanism, we now

examine the total cross section for J=ψ photoproduction
off the proton as a function of energy, comparing the
results with the experimental data in Fig. 6. The present
model is constructed primarily from the Pomeron-
exchange and rescattering contributions, since the Born
term has a nearly negligible effect. The results indicate
that the sizable cross section for J=ψ production orig-
inates from the rescattering effect, which facilitates
processes that would otherwise be OZI-suppressed.
The model reproduces the experimental data from both
the GlueX and CLAS12 Collaborations remarkably well.
As discussed above, the present model supports the
nonexistence of hidden-charm pentaquarks in J=ψ photo-
production, owing to the suppression of the D̄ð�ÞΣc
rescattering contribution, as mentioned already. The
shaded area in Fig. 6 shows the uncertainty from varying
the parameter a in the range 0.4–0.5. As noted above, a
affects only the overall magnitude of the rescattering
contribution. Even within this band, a Pcc̄ð4312Þ signal
cannot be identified.
While the GlueX experiment shows no signal for the

hidden-charm pentaquark states, it exhibits cusp struc-
tures at the D̄�Λc, D̄Σc, and D̄�Σ�

c thresholds [5,7].
These cusp structures arise mainly from the coupled-
channel rescattering effects. In particular, we find that
they are enhanced by the inclusion of the baryon-exchange

diagrams, which were not considered in our previous work
[11]. Baryon exchange is therefore essential in describing
the cusp structures. As shown in Fig. 6, the present results
for the cusp structures are consistent with the experimen-
tal data.
Here we give a brief comment on the effect of including

the D̄ð�ÞΣ�
c channels in the total cross section shown in

Fig. 6. We estimate the order of magnitude of their
contribution to be the same as, or smaller than, that of
the D̄ð�ÞΣc channels already included. This means their
effect would be visible mainly in the energy regions where
the corresponding resonances are located. The D̄Σ�

c con-
tribution would appear in the region around 4.37 GeV,
where the present coupled-channel analysis [11] dynami-
cally generates the Pcc̄ð4380Þ state. The D̄�Σ�

c one would
be concentrated just below its threshold, near which the
same analysis places the relevant states.
In Fig. 7, we present the numerical results for

the differential cross section dσ=dt as a function of −t
in the range of the average photon energy
8.93 GeV ≤ hEγi ≤ 10.82 GeV. The data are reasonably
well described over the full range of −t shown, keeping in
mind that the experimental uncertainties also grow with −t.
The uncertainty band from varying a, shown as the shaded
area in Fig. 7, mainly affects the high −t region. This is
expected, since in the low −t region the dominant con-
tribution is the Pomeron-exchange term, which by itself
explains the data in that region.

FIG. 5. Total cross section for the γp → J=ψp reaction from
the rescattering contribution, evaluated separately for each
intermediate state as a function of the total energy

ffiffiffi
s

p
. The

vertical dashed lines indicate the relevant meson-baryon
thresholds.

FIG. 6. Total cross section as a function of the total energy.
Experimental data are taken from Refs. [5] (squares) and [6]
(triangles). The error bars represent the statistical and systematic
uncertainties added in quadrature. The vertical dashed lines
indicate the relevant meson-baryon thresholds. The shaded area
shows the uncertainty from varying the parameter a in the range
0.4–0.5.
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FIG. 7. Differential cross section as a function of the exchange momentum transfer −t. Experimental data are taken from Refs. [5]
(squares), [6] (triangles), and [35] (circles). The error bars represent the statistical and systematic uncertainties added in quadrature. The
shaded area shows the uncertainty from varying the parameter a in the range 0.4–0.5.
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IV. SUMMARY AND CONCLUSIONS

In this work, we have investigated J=ψ photoproduction
off the proton, γp → J=ψp, to clarify why no hidden-
charm pentaquark signals appear in the GlueX and
CLAS12 experiments. The present framework combines
a Pomeron-exchange background with a coupled-channel
rescattering mechanism. The transition amplitudes T J=ψN;k

in the rescattering kernel were taken from our coupled-
channel analysis, which dynamically generates hidden-
charm pentaquark states consistent with the Pcc̄ observed
by the LHCb Collaboration. We have revised the
kernel amplitudes for the transition to the J=ψN channel
so as to include both t-channel heavy-meson exchange and
u-channel heavy-baryon exchange, derived from effective
Lagrangians. The coupling constants were estimated from
SU(4) symmetry relations, and the resulting uncertainty
was absorbed into a single common prefactor a, which
controls the overall magnitude of the cross section. The
reduced cutoff mass was kept at Λ0 ¼ 600 MeV through-
out, and the value a ¼ 0.47 was the only quantity adjusted
to the data.
In this study, we provide a theoretical mechanism for the

suppression of the hidden-charm pentaquark signal in J=ψ
photoproduction. The rescattering contributions from the
D̄ð�ÞΣc intermediate channels are about one order of
magnitude smaller than those from D̄ð�ÞΛc. This difference
originates from the coupling constants in the photopro-
duction kernel: VD̄ð�ÞΣc;γp

is governed by gD̄ð�ÞNΣc
, which is

about one-fifth of gD̄ð�ÞNΛc
. Since the Pcc̄ resonances couple

to the J=ψN channel predominantly through the D̄ð�ÞΣc
intermediate states, the strong suppression of these chan-
nels prevents the pentaquark signal from appearing in J=ψ
photoproduction off the proton. The weak signal of
Pcc̄ð4312Þ that would otherwise emerge through D̄�Λc
rescattering is further diminished by destructive interfer-
ence from the D̄Σc channel.
While the pentaquark signal is suppressed, the GlueX

data exhibit cusp structures at the meson-baryon thresholds,
which arise mainly from the coupled-channel rescattering
effects. We have found that these cusps are enhanced by the
inclusion of the u-channel baryon-exchange diagrams, not

considered in our previous work, so that baryon exchange
is essential for describing them. With these ingredients, the
total cross section agrees well with the GlueX and CLAS12
data over a wide energy range, and the differential cross
section as a function of −t is well reproduced in the small
−t region. These results confirm that the sizable J=ψ
photoproduction cross section is driven primarily by the
rescattering effect through open-charm meson-baryon
loops.
In conclusion, we have provided a natural explanation

for the nonexistence of hidden-charm pentaquark signals
in J=ψ photoproduction: the D̄ð�ÞΣc rescattering chan-
nels, which are indispensable for the formation of the
Pcc̄ states, couple only weakly to the γN initial state
because gD̄ð�ÞNΣc

is much smaller than gD̄ð�ÞNΛc
. This

contrasts with Λb decays, where the D̄Σc channel acts
as a filter that selects the pentaquark states. The present
results therefore suggest that the null result from GlueX
and CLAS12 need not be in conflict with the pentaquark
signals observed by the LHCb Collaboration and that the
absence of a pentaquark signal in photoproduction is not
by itself evidence against the existence of hidden-charm
pentaquark baryons.
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