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Photoproduction of doubly charmed tetraquark 7., via photon-gluon
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The photoproduction of doubly charmed tetraquark 7. is predicted through the resolved channel
y+g—{cc)n]+¢c+¢— T, +c+catlLC and CLIC. At e e~ colliders, the initial photons y can be
produced from two primary sources, well-delineated within the Weizéicker Williams approximation
(WWA) and the laser backscattering (LBS). And the initial gluon can be emitted from the photon. The spin
and color quantum number [n] of the intermediate diquark configuration can be (cc)[*S,]5. Then its
nonperturbative hadronization to 7. was discussed in the phenomenological potential models. Finally, the
differential distributions and theoretical uncertainty of the doubly charmed tetraquark 7',.. were analyzed.
As the collision energy increases, the contribution of the resolved photon channel will become increasingly
significant, and it may even dominate the production of 7. with the laser backscattering spectrum. The
conclusion is that it is promising to observe T .. via the resolved channel of photoproduction both at the ILC
and CLIC, and the results have a strong dependence on the mass of constituent charm quark m,. and the

potential model.
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I. INTRODUCTION

The heavy exotic hadrons have attracted increasing
attention due to their complex structures, which differ
from the structure predicted by the conventional quark
models [1-3]. The heavy exotic hadrons include tetra-
quarks, pentaquarks, quark-gluon hybrids, hadron molecu-
lar states, etc. Among them, the doubly charmed tetraquark
T{.(3875) was discovered with two heavy charm quarks
and two antiquarks (cciid) and spin-parity quantum num-
bers J¥ = 17 by the LHCb Collaboration in the D°D°z "
invariant mass spectrum [4,5]. In-depth study of the doubly
charmed tetraquark is conducive to revealing the internal
structure of hadrons and understanding strong interactions.
Theoretically, T.(3875) has been investigated by multiple
methods under molecular state assumptions, such as lattice
quantum chromodynamics (QCD) [6-9], sum rules [10],
constituent quark model [11-16], effective field theory
[17-22] and so on [23-26]. However, as the candidate of
compact tetraquark with the (cc)-diquark configuration
[27-42], T.. has also been phenomenologically studied
through hadronic production [28,43,44], photon-photon
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fusion [45], electron-positron production [46], and indirect
production through Higgs and weak boson decay [47,48].

High-energy colliders provide convenient experimental
conditions for studying the production and decay properties
of the heavy doubly charmed tetraquark states. Among them,
the electron-positron Colliders, such as the International
Linear Collider (ILC) [49,50] and the Compact Linear
Collider (CLIC) [51,52], have become good platforms for
studying exotic states because of their clean background and
high luminosity. Relying on the designed collision energy
and experimental parameters, we can analyze the contribu-
tion of T.. produced through the resolved photon channel,
and make a comparative analysis with the results produced
by the photon-photon fusion channel to provide certain
guidance for the detection of future experiments. At e e~
colliders, there are two primary sources of the photon,
bremsstrahlung [53] or the laser backscattering (LBS)
[54]. Therefore, based on these two photon sources, we
consider 7', as acompact tetraquark and study its production
rates via photon-gluon fusion at ILC with center-of-mass
(CM) energy +/s = 250, 500, 1000 GeV and CLIC with
/s = 380, 1500, 3000 GeV, respectively.

Nonrelativistic QCD (NRQCD) [55,56] theory is applied
to describe the production of compact tetraquark 7.,
which can be factorized into short-range coefficients and
long-range matrix elements. Specifically, the short-range
coefficients are perturbatively obtained by the production
of heavy (cc)-diquark states through the resolved photon
channel. The long-range matrix elements describe the
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hadronization of the (cc)-diquark to T'.. This process is
nonperturbative and highly dependent on the potential
model, capable of describing the key information of heavy
exotics. The spin and color quantum number of the
intermediate (cc)-diquark can be [3S,]5 and ['Sy]¢ for the
decomposition of the SU(3) color group, 3 ® 3 = 3d6.
In this paper, only the [3S;]5 configuration is taken into
account to form a compact diquark state.

The rest parts of this paper are arranged as follows. In
Sec. II, the calculation technology is introduced based on
NRQCD. Then we present the numerical results of the
cross sections, the differential distributions for the produc-
tion of 7., and the main sources of theoretical uncertainty
in Sec. III. Finally, Sec. IV is reserved for a summary.

II. CALCULATION TECHNOLOGY

Within the framework of NRQCD, the differential cross
section for the production of doubly charmed tetraquark
T,. via photon-gluon fusion in ete™ collision can be
factored into

do(ete” - ete” + T, +C+7C)

- st [ anste
X dxifis,(xi) | dx;fj,(x;)
Z;/ /v / VAN

x Y dé(ij = {co)ln) +e+2)(Oy). (1)

Here f,/,(x) represents the photon distribution function,
where x = E,/E, is the energy fraction of the photon
emitted from the initial electron or positron, f;/, (i =
¥, g, u,d,s) is the Gliick-Reya-Schienbein (GRS) distribu-
tion function of parton i in photon [57] and f,,, = &(1 — x)
is for the direct photoproduction process, dé is the differ-
ential partonic cross section for hard subprocess
y+9- (co)*S |3+ ¢ +¢, (O[ »[) is the hadronization
from (cc)-diquark to T.., and its nonperturbative effect
usually depends on the potential model.

At eTe~ colliders, there are two main sources that
describe the distribution function of initial photon
fy/e(x). One of them is emanated through the photon
bremsstrahlung of the initial electrons or positrons, which

can be well described by the Weizsédcker-Williams approxi-
mation (WWA) [53],

£

1+(1- 1 1
:_< +( )C) 1 g(Qmax)_l_zm x( > T>>’
2r x min max min

(2)

where a denotes the electromagnetic fine structure con-

stant, Q2. = m2x?/(1 —x), Q% = (0.4/5/2)*(1 — x)+
2., /s is the CM energy, and 6, =32 mrad is the
maximum scattering angle of the electron or positron to
ensure the real photon [58]. Another source of photon is
the laser backscattering (LBS) and its photon energy

spectrum is [54],

1 1 4x 4x2
LBS —— (1= —
rle () N< T xm(l—x)—l-x%,(l—x)z)’
(3)
where the normalization factor N is
4 8 1 8 1
N=(1—-———)log(l —t
( o le) o) T A
4)

X, = 4EE ,coszg with the energy of incident electron and
laser beams E, and E, 6 is the angle between them, and the
energy fraction x of LBS is restricted by [59]

xm

0<x<
1+x,

(x, ~ 4.83). (5)

We adopted both the WWA and LBS photon distribution
functions for the photon at ILC with /s = 250, 500,
1000 GeV and CLIC with /s = 380, 1500, 3000 GeV,
respectively.

A. Short-distance coefficient

Typical Feynman diagrams for the hard partonic process,
7(p1) +9(p2) = (cc)n](q1) +¢(q2) + E(g3) at leading
order in O(a}) are shown in Fig. 1, and another twelve
can be obtained by interchanging the initial photon and
gluon lines. Here only [n] = [*S,]3 configuration is taken
into account to obtain the compact (cc)-diquark state.

The differential cross section dé can be rewritten as

dé(y + g — (cc)[n]+¢+7¢)

1" P2)" — M,

where I stands for the average over the spins of the initial
states and the sum over colors and spins of the final states,
d®; is the three-body phase space.

Note that, an additional factor 22/(2!2!) shall be multi-
plied by the squared amplitudes, where 2 contributes to
the additional 24 Feynman diagrams resulting from the
exchange of identical particles in the (cc)-diquark state,
1/(212!) due to the symmetry of identical particles of
two heavy quarks inside the diquark and two final-state
antiquarks. The momenta of the constituent quark in
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FIG. 1.
interchanging the initial photon and gluon lines.

(cc)-diquark can be g, = ¢;/2+ q and g, = q,/2—¢q
with the small relative momentum ¢ between two con-
stituent quarks and g = 0 at the leading velocity expanding
in NRQCD.

The amplitude M for the production of heavy (cc)-
diquark can be obtained by applying the charge conjugate
matrix C = —iy?y to reverse one of the fermion lines in the
Feynman diagrams (green in Fig. 1). After the action of C
parity, the amplitude for the production of (cc)-diquark can
be related to the amplitudes of charmonium with an
additional factor (—1)¢*!, where ¢ is the number of vector
vertices in the reversed c¢ fermion chain [45,60].

The projector for two constituent charm quarks
v(q1»)ii(q,,) into {cc)[>S,]5 take the following replace-
ment [56],

1
2\/2m,

€(q,) is the polarization vector of spin-triplet state, and G
is the color factor of the diquark. Note that the mass of
diquark 2m, can be different from the mass m; because
the subsequent hadronization of diquark can further
generate mass.

The color factor C;;; for the production of (cc)[3S)]5 has
been extracted from the amplitudes and it satisfies the
following form

¢(q1) (g1 +2m.) ® G, (7)

8 3
Cik =Nx D> (T3 (T} X Guur~ (8)
a=1 m,n=1

where N = /1/2 is the normalization constant, i, j, m, n
are the color indices of two outgoing antiquarks and two
constituent charm quarks of the diquark, respectively, k

(ce) [n] (a1)

lg)

lgs)

{e)n] (1)

c(qs)

claz)

{ce) [n] (ar)

() clgs)

c(qs) c(q2)

Twelve typical Feynman diagrams for y + g — (cc)[n] + ¢ + ¢ subprocess, and another twelve can be obtained by

stands for the color index of the diquark, G,,, is the color
factor for diquark in Eq. (7) and it can be adopted the
antisymmetric function ¢,,,; for (cc)z, which satisfies,
EmnkEm'n'k = 5mm’6nn’ - amn’énm’- (9)
Finally, the amplitudes of all 24 Feynman diagrams need to

be summed, M|n] = "2, M;[n].

B. Long-distance matrix element

The long-distance matrix element O<T§§>[n] in Eq. (1)
describes the hadronization from intermediate (cc)-diquark
in spin and color state [n] to T, which is accompanied by
a large nonperturbative effect and has a high dependence on
the potential model. In this paper, we will theoretically
predict its value in three different hadronization schemes.
First of all, we will simply adopt the nonrelativistic quark
model to correlate the long-range matrix element with the
Schrodinger wave function at the origin ¥, (r=0), and
then they can be naturally associated with the radiation
wave function at origin for S-wave [46],

_ IR (r =0

Tee Tee PNT
O<CC>[”] - |‘P<cc>[n](r - 0)| in

(10)
Under the harmonic oscillator potential (HOP) [46], the
solved value of O(TC"EM is 0.089 GeV?>.

After that, the diquark-antiquark symmetry (DAS)
[61-67] is utilized to analyze the long-distance matrix
element. According to the color interaction, the (cc)-
diquark in color antitriplet can act as an antiquark ¢, which

has the same color. Therefore, the hadronization of (cc)3
into the tetraquark state 7'.. with quark constituents ccitd
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can be related to the transition of an anticharm quark ¢ to
heavy anticharm baryon A7 with quark constituents ciid,
ie., (cc); = T..(ccitd) © ¢ — AZ(¢id). And the transi-
tion probability of ¢ — A7 (Ciid) can be estimated by the
fragmentation fraction of ¢ - A/ (cud), whose value can
be obtained by fitting the experimental data f(c — Al) =
0.06 [68]. For the transition of a heavy cc pair into (cc)-
diquark, the Schrédinger wave function at the origin ... (0)
is available, its value is slightly different and is estimated in
different potential models. Under the power-law potential
[69], |¥..(0)]> = 0.039 GeV? is estimated in Ref. [70],
and directly used in the numerical calculation. Therefore

the hadronization O<TC";’>[H] can be rewritten as,

OT”

oy = |¥..(0)]* x f(c = Af) =0.00234 GeV3.  (11)

Similarly, DAS symmetry can be used to describe the
light antidiquark (@d), the light antiquarks of 7', and its
color interaction can be regarded as a light quark [71].
When the heavy cc pair transitions to the (cc)-diquark by
¥..(0), and then a light quark can be captured 100% from
the vacuum to form the tetraquark state. This process is the
same as the hadronization of doubly charmed baryons. By

this way, the hadronization (’)<TL‘_’;> ) Can be

O

(cc

o = [Pec(0) =0.039 GeV?. (12)

These three hadronization schemes for the production of
tetraquarks are accompanied by great uncertainties, and we
will also conduct in-depth analysis in the numerical part.

III. NUMERICAL RESULTS

The input parameters in the numerical calculation are
listed below

m, = 1.8 GeV, |¥..(0)]> = 0.039 GeV?,
a=1/132.23, u=/4m? + p%, (13)

u is the renormalization scale, which is typically taken as
the transverse mass of the final-state doubly charmed
tetraquark with its transverse momentum py. The strong
running coupling can be obtained from the solution of the
one-loop renormalization group equation with the reference
point a,(mz) =0.1180 [72]. The long-distance matrix

element O<TC";>[n] obtained by HDAS hadronization scheme

in Sec. IIB is used as a representative for numerical
calculation, and the theoretical uncertainty caused by the
long-distance matrix element obtained in three different
hadronization schemes are analyzed subsequently.

The cross sections ¢ for the production of T'.[>S;]5 at
ILC and CLIC are calculated through the resolved photon-
gluon fusion using both WWA and LBS photon spectrum,

TABLE 1. The cross sections (in unit: fb) for T..[>S;]5
production at ILC and CLIC via photon-photon and photon-
gluon fusion using the WWA and LBS spectrum.

ILC CLIC
Vs (GeV) 250 500 1000 380 1500 3000

WWA y+y 453 7.37 936 6.27 9.81 9.28
y+g 0.16 0.47 1.18 031 1.88 3.86

Total  4.68 7.84 1053 6.58 11.70 13.13
LBS y+y 51.04 2211 8.52 31.27 4.67 158
y+g 4531 7811 12443 63.72 151.68 30.08
Total 96.35 100.22 13295 94.99 156.35 31.66

respectively. For comprehension, the cross sections via
photon-photon fusion based on the same parameters are
also listed in Table I. The designed CM collision energy is
selected to be \/E = 250, 500, and 1000 GeV at ILC, and
/s = 380, 1500, and 3000 GeV at CLIC.

From Table I, we can see that the contribution from LBS
photon spectrum is dominant than WWA. With the increase
of CM energy, the trend of the cross section is to rise first
and then decrease for LBS photon spectrum. However for
the WWA photon spectrum, it is not until the CM energy
reaches 3000 GeV that its downward trend was shown. For
resolved photon-gluon fusion, the cross section keeps
showing an increasing trend when the collision energy
increases to 3000 GeV. In the WWA photon spectrum, as
the CM energy increases, the contribution of the resolved
photon-gluon channel continues to rise, being 3.53%,
6.38%, 12.61% of that of the photon-photon channel.
The same conclusion can also be obtained at CLIC.
While in the LBS photon spectrum, the contribution of
the resolved photon-gluon channel increased significantly
with the increase of CM energy at ILC, up to 88.77%, 3.53,
14.60 times of that of the photon-photon channel. At CLIC,
the contribution of the resolved photon-gluon channel can
be 2.04, 32.48, and 19.04 times of that of the photon-
photon channel at /s =380, 1500, and 3000 GeV.
Therefore, the study of the production of tetraquark states
through resolved photon-gluon channel cannot be ignored
at ete™ collider.

With the designed luminosity L = 2,4,8 ab~! corre-
sponding to ILC at /s = 250, 500, and 1000 GeV and
L=1,255ab~" for CLIC at /s =380, 1500, and
3000 GeV, respectively, the total produced events of T,
via photoproduction can be estimated by ¢ x L, approx-
imately 9.37 x 10° (1.92 x 10%), 3.13 x 10* (4.01 x 10%),
and 8.43 x 10* (1.06 x 10%) each year at ILC with
/s =250, 500, and 1000 GeV using the WWA (LBS)
photon spectrum. At CLIC with /s = 380, 1500, and
3000 GeV, the total produced events of T.. via photo-
production can be 6.58 x 10> (9.50 x 10%), 2.92 x 10*
(3.91 x 10%), and 6.57 x 10* (1.58 x 10%) each year using
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TABLE II. Theoretical uncertainty of the cross sections (in
unit: tb) by varying m,. = 1.5, 1.65, 1.8, 1.95, and 2.1 GeV for
the photoproduction of T..[*S;]5 at \/s = 500 GeV using the
WWA and LBS spectrum.

m, (GeV) 1.5 1.65 1.8 1.95 2.1

WWA y+y 2193 1241 737 455 2091
y+g 154 083 047 028  0.17

Total 23.47 13.24 7.84 4.83 3.08
LBS y+vy 48.60 32.20 22.11  15.64 11.36
y+g 22779 13027 78.11 4872  31.30
Total 27639 16247 10022 6436 42.66

the WWA (LBS) photon spectrum. Based on such a base
number and considering the subsequent decay of the
doubly charmed tetraquark, it is still possible for 7., to
be experimentally discovered at linear electron-positron
colliders through photoproduction.

Then three main sources of theoretical uncertainty are
emphatically analyzed, the mass of charm quark, the
renormalization scale, and the long-distance element
matrix. First is the mass of the constituent charm quark.
In Table II, the mass of the constituent charm quark is set to
be m, = 1.8 £0.3 GeV to analyze the theoretical uncer-
tainty of cross section at /s = 500 GeV, and m,. takes five
options, m,. = 1.5, 1.65, 1.8, 1.95, and 2.1 GeV. Note that
when analyzing the theoretical uncertainty arising from one
source, the other parameters from different sources remain
at their central values. Table II shows that with the increase
of m,, the cross section decreases significantly for the
suppression of the phase space. Second, by typically
changing the renormalization energy scale u to be pg/2,

Ho» and 2ug with g = \/4m? + p2, the dependence of the
cross section on the energy scale can be seen from Table I11.

Due to the asymptotic freedom characteristic of QCD, as
the energy scale increases (decrease), the strong running
coupling constant a, decreases logarithmically, resulting in
a decrease (increase) in the cross section. Finally, three
hadronization schemes are applied to compare the non-
perturbative effect of the long-distance matrix element
T
Ocay

a)? which is presented in Table IV. As can be seen

TABLE III. Theoretical uncertainty of the cross sections (in
unit: fb) by varying u = uo/2, o and 2ug with py = /4m2 + p
for the photoproduction of T,.[3S,]5 at 1/s = 500 GeV using the
WWA and LBS spectrum.

WWA LBS
Scale  po/2 Ho 2o Ho/2 Ho 2up
y+vy 12.53 7.37 5.02 36.58 22.11 15.31
y+g 0.58 0.47 0.40 87.16 78.11 70.37
Total 13.11 7.84 5.42 123.73 100.22 85.68

TABLE IV. Theoretical uncertainty of the cross sections (in
unit: fb) by applying three hadronization schemes, HOP, HDAS,
and DAS, to obtain the long-distance matrix element OTL?(‘; .1 for
the photoproduction of T,..[3S,]5 at /s = 500 GeV using the
WWA and LBS spectrum.

O HOP HDAS DAS

WWA v+ 280.17 7.37 122.77
v+ 17.89 0.47 7.84
Total 298.06 7.84 130.61

LBS v+ 840.93 22.11 368.50
r+e 2970.92 78.11 1301.86
Total 3811.86 100.22 1670.36

from Table IV, the contributions for the photoproduction of
T..[’S]; in the HOP hadronization scheme are much
greater than those in the DAS and HDAS hadronization
scheme, being 2.28 times and 36.63 times, respectively,
because the long-distance element matrix obtained in HOP
hadronization scheme are much larger, while the matrix
elements obtained by HDAS are the smallest. This is also
the reason why we select the matrix element obtained by
HDAS as the center value for numerical calculation in
Tables I-III. This phenomenon shows a very large non-
perturbation effect.

In order to show the kinematic properties and provide
some guidance for future experimental detection, the
differential distributions for the photoproduction of doubly
charmed tetraquark 7', at /s = 500 GeV are presented in
Fig. 2, including the transverse momentum py distribution,
the invariant mass s,, the angular cos 0 and cos 6,,, where
the definition of squared invariant mass s, = (q; + ¢»)%, 0
(0,,) is the angle between the momenta g, of T, and the
initial photon p; (outgoing anticharmed quark g;). From
Fig. 2, the contributions from LBS spectrum are much
larger than that of using WWA. And in the WWA spectrum,
the contribution of photon-photon fusion (blue line) is
larger than that of photon-gluon fusion (red line) in the
whole region. From the transverse momentum p distri-
bution and invariant mass s, distribution, the differential
cross section shows a major downward trend for photo-
production of T... And in the LBS spectrum, the results
from the resolved photon channel become dominant only in
the small transverse momentum py region, py < 30 GeV.
From the angular distributions cos @ and cos ,,, it is shown
that the curves present a valley shape. And the greatest
contribution can be obtained when § = 0(x), that is to say
T .. is most likely to move back-to-back with the anticharm
quark ¢ in the beam direction.

Combined with the experimental parameters, different
transverse momentum cuts, py > 1, 5, 10 GeV, are adopted
to evaluate the cross sections for the photoproduction of 7',
at ILC and CLIC. The results are listed in Table V. From
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FIG. 2. Differential distributions for the photoproduction of 7. at /s = 500 GeV.

Table V, we see that the cross sections for the photo-
production of 7. through WWA (LBS) with p;y > 1, 5,
10 GeV cut are 84.2% (85.2%), 29.8% (38.4%), 12.7%
(20.3%) of that without the transverse momentum cut
correspondingly at /s = 500 GeV. Therefore, the contri-
butions in small py region are crucial for experimental
detection.

TABLE V. Cross sections (in unit: fb) by added different
transverse momentum cuts, py > 1, 5, 10 GeV, for the photo-
production of T..[>S;]5 at /s = 500 GeV using the WWA and
LBS spectrum.

pr cuts pr>1GeV  pr>5GeV pr>10 GeV

WWA  y+vy 6.21 222 0.95
y+g 0.39 0.12 0.04
Total 6.60 2.34 0.99

LBS y+vy 19.45 12.78 9.08
r+g 65.97 25.72 11.31
Total 85.42 38.50 20.39

IV. SUMMARY

Within the framework of NRQCD, the photoproduction
of doubly charmed tetraquark 7'.. has been analyzed
through the resolved photon channel, y + g — (cc)[n] +
¢+¢— T, + ¢+ catleading order in O(a}), where both
the WWA and LBS photon spectrum are adopted for the
initial photon at ILC and CLIC. Only the color and spin
quantum number [3S,]; of the intermediate (cc)-diquark is
taken into consideration to form the compact 7.

The cross sections for the photoproduction of photon-
gluon fusion and photon-photon fusion are numerically
calculated at ILC with /s = 250,500, 1000 GeV and
CLIC with /s = 380, 1500, 3000 GeV. From Table I, it
can be seen that the contribution from LBS photon
spectrum is dominant than WWA. In WWA photon
spectrum, as the CM energy increases, the contribution
of the resolved photon-gluon channel continues to rise,
being 3.53%, 6.38%, 12.61% of that of the photon-photon
channel. The same trend can also be obtained at CLIC.
While in LBS photon spectrum, the contribution of the
resolved photon-gluon channel increased significantly with
the increase of CM energy at ILC, up to 88.77%, 3.53,
14.60 times of that of the photon-photon channel. At CLIC,
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the contribution of the resolved photon-gluon channel can
be 2.04, 32.48, and 19.04 times of that of the photon-
photon channel at /s =380, 1500, and 3000 GeV.
Therefore, the study of the production of tetraquark states
through resolved photon-gluon channel cannot be ignored
at ete™ collider.

With the designed luminosity L =2,4,8 ab~! corre-
sponding to ILC at \/E = 250, 500, and 1000 GeVand L =
1,2.5,5 ab~! for CLIC at /s = 380, 1500, and 3000 GeV,
respectively, the total produced events of T,.. via photo-
production can be approximately 9.37 x 10° — 8.43 x 10*
(1.92 x 10° — 1.06 x 10°) each year at ILC with /s = 250,
500, and 1000 GeV using the WWA (LBS) photon spectrum.
At CLIC with /s = 380, 1500, and 3000 GeV, the total
produced events of 7. via photoproduction can be 6.58 x
10° — 6.57 x 10*(9.50 x 10* — 3.91 x 10°) each year using
WWA (LBS) photon spectrum. Based on such a base number
and considering the subsequent decay of the doubly charmed
tetraquark, it is still possible for T, to be experimentally
discovered at linear electron-positron colliders through
photoproduction.

Three main sources of theoretical uncertainty, the mass
of charm quark, the renormalization scale, and the long-
distance element matrix, are emphatically analyzed, which
are shown in Tables II-IV. The constituent charm quark
mass of (cc)-diquark is set to be m, = 1.8 + 0.3 GeV and
the renormalization energy scale u is changed to be /2,

o, and 2uy with pg = \/4m? + p3 to analyze the theo-
retical uncertainty. Three different hadronization schemes,

HOP, HDAS, and DAS for the (cc)[*S,]; into T, are also
discussed. This phenomenon shows a very large non-
perturbation effect.

Finally, the transverse momentum, the invariant mass,
and the angular distributions of 7', are presented in Fig. 2.
As can be found in LBS spectrum, the results from the
resolved photon channel become dominant only in the
small transverse momentum p; region, py < 30 GeV.
From the angular distributions cos@ and cos6,, it is
shown that the greatest contribution can be obtained when
0 = 0(x), that is to say T is most likely to move back-to-
back with the anticharm quark ¢ in the beam direction.
Therefore, compared to the traditional photon-photon
fusion channel, the contribution of T'.. through the pho-
ton-gluon channel is also significant, and a sufficient
number of events can be produced for experiments on
future ILC and CLIC to be detected.
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