
Production of T +
cc exotic state in the γp → D+ T̄ −

ccΛ +
c reaction

Yin Huang ,1,2 Hong Qiang Zhu ,3,* Li-Sheng Geng,4,† and Rong Wang 5,6

1School of Physical Science and Technology, Southwest Jiaotong University, Chengdu 610031, China
2Asia Pacific Center for Theoretical Physics, Pohang University of Science and Technology,

Pohang 37673, Gyeongsangbuk-do, South Korea
3College of Physics and Electronic Engineering, Chongqing Normal University,

Chongqing 401331, China
4School of Physics and Nuclear Energy Engineering, Beihang University, Beijing 100191, China

5Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China
6University of Chinese Academy of Sciences, Beijing 100049, China

(Received 1 September 2021; accepted 10 November 2021; published 14 December 2021)

Stimulated by the recent LHCb observation of a new exotic charged structure Tþ
cc, we propose to use the

central diffractive mechanism existing in the γp → DþT̄−
ccΛþ

c (T̄−
cc is the antiparticle of Tþ

cc) reaction to
produce Tþ

cc. Our theoretical approach is based on the chiral unitary theory where the Tþ
cc resonance is

dynamically generated. With the coupling constant of the Tþ
cc to DD� channel obtained from chiral unitary

theory, the total cross sections of the γp → DþT̄−
ccΛþ

c reaction are evaluated. Our study indicates that the
cross section for γp → DþT̄−

ccΛþ
c reaction is on the order of 1.0 pb, which is accessible at the proposed the

Electron-Ion Collider in China [Front. Phys. (Beijing) 16, 64701 (2021)] or the U.S. [Eur. Phys. J. A 52,
268 (2016)] due to the higher luminosity. If measured and confirmed in the future experiments, the
predicted total cross sections can be used to verify the (molecular) nature of the Tþ

cc.

DOI: 10.1103/PhysRevD.104.116008

I. INTRODUCTION

Exotic hadrons [1] have been the focus of theoretical and
experimental interest since they have an internal structure
more complex than the simple q̄q configuration for mesons
or qqq configuration for baryons in the traditional con-
stituent quark models [2]. In particular, understanding
their production mechanism and using it as a probe to
the structure of the hadrons are among the most active
research fields in particle and nuclear physics [3]. The
challenge is to understand the nonperturbative transition
from high-energy eþe−, photon-hadron, and hadron-hadron
collisions to physical exotic states. In this work, we report a
central diffractive contribution existing in the γp →
DþT̄−

ccΛþ
c reaction to understand the newly observed

doubly charmed meson Tþ
cc.

The charmed meson Tþ
cc with IðJPÞ ¼ 0ð1þÞ was first

observed by the LHCb Collaboration in the D0D0πþ
invariant mass spectrum [4]. Its mass and width are
measured to be

m ¼ 3875.09 MeVþ δm;

Γ ¼ 410� 165� 43þ18.0
−38 keV; ð1Þ

respectively, where the δm is binding energy and mea-
sured to be equal to δm ¼ −273� 61� 5þ11

−14 keV. From
theD0D0πþ decay mode, the new structure Tþ

cc contains at
least four valence quarks. Because the quark components
of D0 and πþ mesons are cū and ud̄, respectively, the Tþ

cc
is another new candidate of a tetraquark state with double-
charm quarks following the previous observation of the
doubly charmed baryon state Ξþþ

cc ð3621Þ [5].
In fact, there were already a few theoretical studies on the

existence of such a state before discovery. A looselyDð�ÞDð�Þ
bound state with a binding energy of 0.47–42.82 MeV was
predicted by taking into account the coupled channel effect,
and the isospin (spin parity) of the Tþ

cc state was suggested to
be IðJPÞ ¼ 0ð1þÞ [6]. The mass spectrum of the doubly
charmed meson state Tþ

cc around 3873MeV was investigated
in the one-boson-exchangemodel [7],which canbe associated
with the LHCb observation [4,8]. In Refs. [9,10], a doubly
charmed compact tetraquark state above the DD� mass
threshold was predicted by considering the heavy quark
symmetry. The axial-vector tetraquark state of ccūd̄ was
studied using the QCD sum rule method [11]. Exotic mesons
JP ¼ 0� and 1� with a general content ccq̄q̄0 in the same
approachwere investigated in Ref. [12]. The axial-vector state
ccūd̄ was modeled as a hadronic molecule of D0D�þ [13].
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Following the discovery of the Tþ
cc, several theoretical

studies have been performed. The mass and current coupling
of the newly observed doubly charmed four-quark state Tþ

cc
is calculated in the QCD two-point sum rule method with the
conclusion that the Tþ

cc can be assigned as an axial-vector
tetraquark [14]. Since the mass of Tþ

cc is just 273 keV below
the D�þD0 threshold, it can be naturally understood as a
DD� molecule [15–21]. From Refs. [14–21], it seems that
the Tþ

cc can not only be explained as a compact tetraquark
state but also as a molecular state. Moreover, the parameters,
such as the mass δmpole ¼ −340� 40þ4

−0 keV and width
Γpole ¼ 48� 2þ0

−14 keV given in Ref. [8] are different from
the mass δm ¼ −273� 61� 5þ11

−14 keV and width Γ ¼
410� 165� 43þ18.0

−38 keV given in Ref. [4]. Because the
two sets of parameters are obtained from different fits to the
inclusive cross sections, it is not yet clear which set of
parameters one should trust. Theoretical and experimental
studies of the production mechanism of the Tþ

cc state can
provide crucial information in better understanding its
nature.
In this work, we report on a theoretical study of T̄−

cc in
the γp → DþT̄−

ccΛþ
c reaction employing the central dif-

fractive mechanism, which has been widely employed to
investigate the production of hadrons in pp collisions
[22–25]. However, it was not studied in too much detail in
photon-hadron reactions either experimentally or theo-
retically. This is because, at not too high energies, the
hadrons in the final state contribute negligibly to central
diffractive productions compared with other processes
[25]. High-energy photon beams are available at the
Electron-Ion Collider in China (EICC) [26] or the U.S.
(US-EIC) [27], which provide another alternative to study
the γp → DþT̄−

ccΛþ
c reaction by considering the central

diffractive mechanism. The contributions for the γp →
DþT̄−

ccΛþ
c reaction from other channels, such as s− and

u− channels, are ignored because the s− and u− channels,
which involve the creation of two additional c̄c quark
pairs in the photon-induced production, are usually
strongly suppressed. Thus, the central diffractive mecha-
nism provides the dominant contribution in the γp →
DþT̄−

ccΛþ
c reaction and is a new tool to reveal the nature of

the Tþ
cc.

II. THEORETICAL FORMALISM

First we explain the central diffractive mechanism respon-
sible for the γp → DþT̄−

ccΛþ
c reaction. Similar to the central

diffractive mechanism in pp collisions, at higher energies
free D̄�D̄ production is dominant, while at lower energies the
D̄� and D̄ interact strongly and produce T̄−

cc. The tree-level
Feynman diagrams are depicted in Fig. 1.
To compute the diagrams shown in Fig. 1, we need the

effective Lagrangian densities for the relevant interaction
vertices. As mentioned in Refs. [15–21], the Tþ

cc resonance
can be identified as an S-wave D�D molecule. Because the

lowest angular momentum gives the dominant contribution
in the near-threshold region, a constant amplitude can be
used for the S-wave vertex of the TccD�D. Thus, the
Lagrangian density for the S-wave coupling of Tþ

cc with
its components can be written down as [28,29]

LTccD�D ¼ gTcc
Tμ†
ccD�

μD; ð2Þ

where gTcc
is the coupling constant. Using exactly the same

strategy as in Ref. [18], a state barely bound that can be
associated with the current Tcc [4,8] is found.
The couplings of the bound state to the coupled channels

D�þD0 (channel 1) andD�0Dþ (channel 2) can be obtained
from the residue of the scattering amplitude at the pole
position zR, which reads

Tij ¼
giigjjffiffiffi
s

p
− ZR

; ð3Þ

where gii is the coupling of the state to the ith channel. The
coupling constants are found to be

gTccD�þD0 ¼ 3.67 GeV; gTccD�0Dþ ¼ −3.92 GeV; ð4Þ

and, as we can see, they are basically opposite to each
other, indicating that the Tþ

cc is a quite good I ¼ 0 bound
state. Detailed calculations and discussions can be found
in Ref. [18].
In addition to the vertices described by Eq. (2), the

following effective Lagrangians [30,31] are needed to
evaluate the Feynman diagrams shown in Fig. 1. Because
we study the production rate of the Tþ

cc in the near-threshold
region, it is sufficient to consider effective Lagrangians that
have the smallest number of derivatives, which are given as
follows [30,31]:

LΛcND� ¼ gD�NΛc
Λ̄cγ

μND�
μ þ H:c:; ð5Þ

(a)

(c)

(b)

FIG. 1. Central diffractive mechanism responsible for the
production of T̄−

cc in the γp collision where T̄−
cc is treated as a

D�−D̄0 hadronic molecule. The definitions of the kinematics
ðp1; p2; p3; k1; k2; q1; q2Þ are also shown. The T̄−

cc represents the
antiparticle of Tþ

cc.
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LΛcND ¼ igDNΛc
Λ̄cγ5NDþ H:c:; ð6Þ

LγDD� ¼ gγDD�ϵμναβð∂μAνÞð∂αD�βÞDþ H:c:; ð7Þ

LγDD ¼ ieAμðDþ∂μD− − ∂μDþD−Þ; ð8Þ

where Aμ, D, D�μ, N, and Λc are the photon, D meson,
D� meson, nucleon, and Λþ

c baryon fields, respectively.
e ¼ ffiffiffiffiffiffiffiffi

4πα
p

with α being the fine-structure constant. Coupling
constants gDNΛc

¼ −13.98 and gD�NΛc
¼ −5.20 [32,33] are

obtained from SU(4) invariant Lagrangians [34] in terms of
gπNN ¼ 13.45 and gρNN ¼ 6. The coupling constant gD�Dγ is
determined by the radiative decay widths of D�,

ΓD��→D�γ ¼
g2D�Dγðm2

D� −m2
DÞ2

48πm2
D�

jp⃗c:m:
D j; ð9Þ

where p⃗c:m:
D . is the three-vector momentum of the D

in the D� meson rest frame. With mD� ¼ 2.01 GeV,
mD ¼ 1.87 GeV, and ΓD��→D�γ ¼ 0.979–1.704 keV [1],
one obtains gD�Dγ ¼ 0.173–0.228 GeV−1. According to
the lattice QCD and QCD sum rule calculations [35,36],
the minus sign for gD�Dγ is adopted, and the minus sign for
gD�Dγ is in relation to the dimensionless form factor
Fu;dð0Þ of the D meson [35,36].
In evaluating the scattering amplitudes of the γp →

DþT̄−
ccΛþ

c reaction, we need to include form factors
because hadrons are not pointlike particles. For the
exchanged D and D� mesons, we apply a widely used
monopole form factor, which is written as

F i ¼
Λ2
i −m2

i

Λ2
i − q2i

i ¼ D;D�; ð10Þ

where qi andmi are the four-momentum and the mass of the
exchanged Dð�Þ meson, respectively. The Λi is the hard
cutoff, and it can be directly related to the hadron size.
Empirically, the cutoff parameter Λi should be at least a few
hundred MeV larger than the mass of the exchanged hadron.
Hence, the Λi ¼ mi þ αΛQCD and the QCD energy scale
ΛQCD ¼ 220 MeV is adopted in this work. The α reflects the
nonperturbative property of QCD at the low-energy scale
and it can only be determined from experimental data. In the
following, it will be taken as a parameter and discussed later.
The propagator for the D meson is written as

GDðqÞ ¼
i

q2 −m2
D
: ð11Þ

For the D� exchange, we take the propagator as

Gμν
D�ðqÞ ¼ ið−gμν þ qμqν=m2

D� Þ
q2 −m2

D�
; ð12Þ

where μ and ν are the polarization indices of D�.

With all these ingredients, the invariant scattering
amplitude of the γp → DþT̄−

ccΛþ
c reaction demonstrated

in Fig. 1 can be constructed as

−iMj ¼ ūðp3; λΛþ
c
ÞWμν

j uðk2; λpÞ
× ϵνðk1; λγÞϵ�μðp2; λT−

cc
Þ; ð13Þ

where j denotes diagrams a, b of Fig. 1 or a contact term
contribution that will be explained below, while u and ϵ are
the Dirac spinor and polarization vector, respectively. λΛþ

c
,

λp, λT−
cc
, and λγ are the helicities for the Λþ

c , the proton, the
T̄−
cc, and the photon, respectively.
Then the reduced amplitudes Wμν

j read as

Wμν
a ¼ gaγ5ϵανβρkα1q

β
1

×
−gμρ þ qμ1q

ρ
1=m

2
D�−

q21 −m2
D�− þ imD�−ΓD�−

F a

q22 −m2
D̄0

; ð14Þ

Wμν
b ¼ gbγρðqν1 − pν

1Þ

×
−gμρ þ qμ2q

ρ
2=m

2
D̄�0

q22 −m2
D̄�0 þ imD̄�0ΓD̄�0

F b

q21 −m2
D−

; ð15Þ

where ga ¼ −gD�DγgDNΛc
gT̄cc

, gb ¼ −iegD�NΛc
gT̄cc

, F a ¼
F D̄0FD�− , and F b ¼ F D̄�0FD− . The charge of the hadron
is in units of e ¼ ffiffiffiffiffiffiffiffi

4πα
p

with α being the fine-structure
constant. ϵμναβ is the Levi-Civita tensor with ϵ0123 ¼ 1.
Here we take ΓD�;D̄� ¼ 0 MeV for theD� and the D̄� states
because their widths are on the order of tens of keV.
Obviously, the amplitude cannot satisfy gauge invariance

only with diagrams included in Figs. 1(a) and 1(b). To ensure
gauge invariance of the total amplitude, the contact diagram
shown in Fig. 1(c) must be included. Therefore, we introduce
a generalized contact term as follows:

Wμν
c ¼ 2gbð−γμ þHqμ2Þ

ðkν1 − pν
1Þ

q22 −m2
D̄�0

F b

q21 −m2
D−

ð16Þ

to satisfy

kν1

� X
j¼a;b;c

Mν;j

�
¼ 0; ð17Þ

where H ¼ ðmp −mΛþ
c
Þ=m2

D̄�0 , with mp and mΛþ
c
as the

masses of proton and Λþ
c , respectively.

The differential cross section in the c.m. frame for the
γp → DþT̄−

ccΛþ
c reaction reads
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dσðγp→Λþ
c DþT̄−

ccÞ
¼ mp

2ðk1 · k2Þ
X
si;sf

j− iMðγp→Λþ
c DþT̄−

ccÞj2

×
d3p⃗1

2E1

d3p⃗2

2E2

mΛþ
c
d3p⃗2

E2

δ4ðk1þ k2−p1−p2 −p3Þ; ð18Þ

where E1, E2, and E3 stand for the energies ofDþ, T̄−
cc, and

final Λþ
c , respectively, andM ¼ Ma þMb þMc is total

scattering amplitude of the γp → DþT̄−
ccΛþ

c reaction.

III. RESULTS AND DISCUSSIONS

The mass of Tþ
cc is slightly below the D�D threshold. It

is natural to treat it as aD�Dmolecular state, dynamically
generated from the interaction of the coupled channels
D�þD0 and D�0Dþ in the isospin I ¼ 0 sector.
Considering the new structure Tþ

cc as a molecular state,
its production in the γp → DþT̄−

ccΛþ
c reaction is evaluated

via the central diffractive mechanism and the contact term
to ensure the gauge invariance. However, the contribu-
tions for the γp → DþT̄−

ccΛþ
c reaction from other chan-

nels, such as s− and u− channels, are ignored because the
s− and u− channels involve the creation of two additional
c̄c quark pairs in the photon-induced production and are
strongly suppressed.
To make a reliable prediction for the cross section of the

γp → DþT̄−
ccΛþ

c reaction, the only issue we need to clarify
is the value of α of the form factors. The α reflects the
nonperturbative property of QCD at low-energy scales and
could not be determined from first principles. It is usually
determined from experimental branching ratios. We noticed
studies of α have been performed by comparison with
experimental data [37,38], whose procedures are illustrated
in Ref. [39]. In this work, we adopt a ¼ 1.5 or 1.7 because
this value is determined from the experimental data [37,38]
with the same D and D� form factors adopted in the work
of Ref. [39].
With the formalism and ingredients given above, the

total cross section as a function of the c.m. energy
ffiffiffi
s

p
[s ¼ ðk1 þ k2Þ2] for the γp → DþT̄−

ccΛþ
c reaction can be

easily obtained. The theoretical results obtained with a cutoff
α ¼ 1.5 or 1.7 for the c.m. energy from near threshold up to
12.0 GeV are shown in Fig. 2. The total cross section
increases with α in the discussed cutoff range but the
dependence is relatively weak. Taking

ffiffiffi
s

p ¼ 10 GeV and
ΓD��→D�γ ¼ 1.334 keV as an example, the increase of the
cutoff parameter from 1.5 to 1.7 results in an increase of the
cross section runs from 0.262 to 0.426 pb.
Figure 2 also shows that the total cross section increases

sharply near the threshold. At higher energies, the cross
section increases continuously but relatively slowly com-
pared with that near threshold. The cross section increases
sharply near the threshold can be easily understood, since at
that energy, the invariant mass of theDþT̄−

ccΛþ
c system will

reach and pass by 8031.21 MeV, which is the sum of the
Dþ, T̄−

cc, and Λþ
c masses. Then, the phase space opens and

leads to a sharp increase of the cross section near the
threshold. The phase space as a function of the c.m. energyffiffiffi
s

p
is shown in Fig. 3.

The difference between the cross section predicted with
α ¼ 1.5 and that predicted with α ¼ 1.7 becomes larger as
the energy increases. The total cross section is about 0.7
and 0.4 pb for α ¼ 1.7 and α ¼ 1.5, respectively. More
concretely, for a c.m. energy of about 11.0 GeV and a
parameter α ¼ 1.7 (α ¼ 1.5) as an example, the cross
section is 0.70 (0.43) pb for T̄−

cc production, which is
accessible at the EICC [26] and US-EIC [27] due to the
high luminosity of the future facilities. It is worth noting
that, when we increase the c.m. energy to 50 GeV, which is
far beyond the energy range of the planned EICC experi-
ment, the cross section is also on the order of 1.0 pb. Thus,
our results suggest that it will take at least one year of
running at US-EIC to collect a hundred events.
As shown in Fig. 2, we present the variation of the

total cross sections for different ΓD��→D�γ values, where
ΓD��→D�γ ¼ 0.979–1.704 keV is taken from Ref. [1]. The
results vary little and the cross section can reach 0.72 pb for

FIG. 2. Total cross section for the γp → DþT̄−
ccΛþ

c reaction
with ΓD��→D�γ ¼ 0.979–1.704 keV [1] as a function of

ffiffiffi
s

p
.

FIG. 3. The phase space for the γp → DþT̄−
ccΛþ

c reaction as a
function of the center-of-mass energies.
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the α ¼ 1.7 case at a c.m. energy of
ffiffiffi
s

p ¼ 11.0 GeV, which
should be compared with the central value of 0.7 pb.
Moreover, the coupling constants gΛcpD and gD�NΛc

are not
firmly determined, and they will affect the estimated cross
section. To see how much the cross section depends on the
coupling constants gΛcpD and gD�NΛc

, we show the cross
section as a function of the c.m. energy in Fig. 4, where the
coupling constants gΛcpD and gD�NΛc

are allowed to vary
in reasonable ranges, i.e., jgΛcpDj ¼ 10.7 ∼ 13.98 and
gD�NΛc

¼ −ð5.80 ∼ 5.20Þ. The values of jgΛcpDj ¼ 10.7,
gD�NΛc

¼ −5.80 [40,41] and jgΛcpDj ¼ 13.98, gD�NΛc
¼

−5.20 [32,33] are obtained from the light-cone sum rules
and SU(4) invariant Lagrangians in terms of gπNN ¼ 13.45
and gρNN ¼ 6 [34]. We find that the cross section is not very
sensitive to the coupling constants. Taking the cross section at
an energy of about

ffiffiffi
s

p ¼ 11.5 GeV as an example, the so-
obtained cross section ranges from 0.50 to 0.60 pb for α ¼
1.5 and from 0.81 to 0.97 pb for α ¼ 1.7.
The individual contributions of Figs. 1(a) and 1(b) and

the contact term for the γp → DþT̄−
ccΛþ

c reaction against
the c.m. energy are shown in Fig. 5. From the figure, the
contribution from Fig. 1(b) is a little larger than all the other
contributions near the threshold. However, the contribution
from the contact term becomes most important as the c.m.
energy

ffiffiffi
s

p
increases from 9.3 to 12.0 GeV. We also notice

that the interferences among them are sizable, leading to a
bigger total cross section. The contribution from Fig. 1(a) is
smaller than that from Fig. 1(b) near the threshold, whereas
they become almost the same at high energies. A possible
explanation is that the low-energy photon beam (still high
to produce meson pairs) directly decaying to the charm
meson pair DþD− is easier than that decaying to the
D�−Dþ pair [37,38,42–44].
Strictly speaking, such a high-energy interaction should

employ the Regge approach to estimate the production
cross section of Tþ

cc in the γp → DþT̄−
ccΛþ

c reaction,
because the Regge approach is known to be able to explain
very well high-energy scattering with unitarity preserved.
Moreover, a unique feature of the Regge amplitudes is that

they can reproduce the diffractive pattern both at forward
and backward scatterings as well as the asymptotic behav-
ior consistently with unitarity. In other words, the Regge
approach can be used to study the γp → DþT̄−

ccΛþ
c reaction

via the current mechanism. The relevant Regge amplitudes
for the charm mesons D and D� exchange can be found in
Ref. [45]. However, we found that even if the photon beam
energy is very high, the energy transferred to the D̄ and D̄�
meson to form the T̄−

cc state is not much, accounting for
about 8%–30% of the total energy. At this energy transfer,
the total cross section is strongly suppressed from the
ðs=s0ÞαDð�Þ term and is on the order of 10−24 pb. It means
that the Regge approach is not suited to study the
production of T̄−

cc in the γp → DþT̄−
ccΛþ

c reaction.
Finally, we should address the application scope of the

current approach. Unfortunately, there is no information on
the reaction studied, but one can estimate it from other
reactions. The central diffractive mechanism has been widely
employed to investigate hadron productions in pp collisions
[22–25] in a large-energy range, especially the center-of-mass
energy can reach and pass 100 GeV [23,24]. The exper-
imental measurement can be well reproduced [22–25]. In
addition, the cross section should not continuously increase
with

ffiffiffi
s

p
at high energies as required by unitarity. We indeed

find than the total cross section begins to decrease at a center-
of-mass energy of about

ffiffiffi
s

p ¼ 500 GeV [24] (see Fig. 7 in
Ref. [24]) and the trend of the same decrease can also be
found in our work at center-of-mass energies above
36.24 GeV. The results with α ¼ 1.7 are shown in Fig. 6.
Thus, the current energy range we studied is appropriate.

IV. DISCUSSION AND SUMMARY

Inspired by the newly observed doubly charmed meson
Tþ
cc, we performed a detailed study of the nonresonant

contribution to the γp → DþT̄−
ccΛþ

c , to estimate the T̄−
cc

production rate at relatively high energies, where no data
have been available up to now. The production process is
described by the central diffractive and contact term, while

FIG. 4. Total cross section at the central value gγDD� for
the γp → DþT̄−

ccΛþ
c reaction with jgΛcpDj ¼ 10.7–13.98 and

gD�NΛc
¼ −5.80– −5.20 [32,33,40,41] as a function of

ffiffiffi
s

p
.

(a) (b)

FIG. 5. Individual contributions of diagram a (red dashed line),
diagram b (blue dotted line), and the contact term (magenta dash-
dotted line) for the γp → DþT̄−

ccΛþ
c reaction as a function of the

c.m. energy.
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the contributions for the γp → DþT̄−
ccΛþ

c reaction from
s− and u− channels are ignored because the s− and
u− channels that involve the creation of two additional c̄c
quark pairs in the photon-induced production are usually
strongly suppressed. The coupling constant of the T̄−

cc to
D̄�D̄ is obtained from chiral unitary theory [18], where the
T̄−
cc is dynamically generated.
Our study showed that the cross section for the γp →

DþT̄−
ccΛþ

c reaction can reach 1.0 pb. Although the photo-
production cross section is quite small, it is still possible to
test our theoretical predictions thanks to the low back-
ground of the exclusive and specific reaction proposed in
this work. The future electron-ion colliders of high lumi-
nosity in the U.S. (1034 cm−2 s−1) [27,46] and China
(2–4 × 1033 cm−2 s−1) [26,47,48] provide a good platform
for this purpose. For a year of running, around a hundred
events can be collected. In experiment, it is vital to improve

the detection efficiency of the multiple final-state particles
of this reaction. To take advantage of the virtual photon of
small virtuality on EIC, the far-forward electron detector is
needed. The Roman pot frequently discussed could be
used for this purpose. The photoproduction channel should
be explored to study the exotic state Tþ

cc and its nature.
It is interesting to compare our results with those of

Refs. [49,50]. In those works, they estimate the cross section
by assuming Tþ

cc as a tetraquark. The production cross
sections estimated in Ref. [50] can reach 104 pb at the LHC
for

ffiffiffi
s

p ¼ 13 TeV, which indicates that the LHCb detector
might have already recorded such a state. This is quite
different from our prediction. If the Tþ

cc state is measured and
confirmed in future experiments, one is able to verify its
nature by comparing the production cross sections predicted
in different frameworks.
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