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Abstract. The double vector meson production in two-photon collisions is addressed assuming that the color
singlet t-channel exchange carries large momentum transfer. We consider the non-forward solution of the
BFKL equation at high energy and large momentum transfer and estimate the total and differential cross
section for the process γγ → V1V2, where V1 and V2 can be any two vector mesons (Vi = ρ, ω, φ, J/Ψ, Υ ). A
comparison between our predictions and previous theoretical results obtained at Born level or assuming the
pomeron-exchange factorization relations is presented. Our results demonstrate that the BFKL dynamics
implies an enhancement of the cross sections. Predictions for the future linear colliders (TESLA, CLIC
and ILC) are given.

PACS. 12.38.Aw, 13.85.Lg, 13.85.Ni

1 Introduction

Understanding the behavior of high energy hadron re-
actions from a fundamental perspective within quantum
chromodynamics (QCD) is an important goal of particle
physics. Attempts to test experimentally this sector of
QCD have started some years ago with the first exper-
imental results from lepton–hadron (DESY-HERA) and
hadron–hadron (FERMILAB-TEVATRON) collisions. On
the other hand, the paperswhich form the core of our knowl-
edge of the Regge limit (high energy limit) of QCD were es-
tablished in the late 1970s by Lipatov and collaborators [1].
The physical effect that they describe is often referred to
as the QCD pomeron, with the evolution described by the
BFKL equation. The simplest process where this equation
applies is the high energy scattering between two heavy
quark-antiquark states, i.e. the onium–onium scattering.
For a sufficiently heavy onium state, high energy scattering
is a perturbative process since the onium radius gives the
essential scale at which the running coupling αs is evalu-
ated. This process was proposed as a gedankenexperiment
to investigate the high energy regime of QCD in [2–4] (see
also [5]). At leading order (LO), the cross section grows
rapidly with the energy,

σ ∝ α2
s e(αP−1)Y ,

with αP − 1 = 4αs Nc

π ln 2 and Y = ln s
Q2 , because the

number of dipoles in the light cone wave function grows
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rapidly with the energy. Some examples of processes which
are directly related with the onium–onium scattering are
forward jets in deeply inelastic events at low values of the
Bjorken variable x in lepton–hadron scattering, jet pro-
duction at large rapidity separations in hadron–hadron
collisions and off-shell photon scattering at high energy in
e+ e− colliders, where the photons are produced from the
leptons beams by bremsstrahlung (for a review of BFKL
searches, see e.g. [6]). This last process presents some the-
oretical advantages as a probe of QCD pomeron dynamics
compared to the other ones because it does not involve
a non-perturbative target [7–9]. In particular, the photon
colliders offer unique possibility to probe QCD in its high
energy limit [10]. The simplicity of the initial state and
the possibility of study of many different combinations of
final states make this process very useful for studying the
QCD dynamics in the limit of high center-of-mass energy√
s and fixed momentum transfer t. For instance, if we

consider quark production in γγ collisions we see that in
the general case there can be three large momentum scales
in this process – the photon virtuality Q2, the momen-
tum transfer t and the quark mass M . It implies that for
real photons interactions and t = 0 only heavy quark pro-
duction can be treated perturbatively. On the other hand,
perturbation theory can be used even for light quark pro-
duction if |t| � Λ2

QCD. In the last years many authors have
studied in detail the heavy quark production in γγ colli-
sions considering different theoretical approaches [11, 12]
(see also [13]).

Another possibility for the study of the QCD pomeron
is the vector meson pairs production in γγ collisions [14].
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At very high energies s � −t, diffractive processes such
as γγ → neutral vector (or pseudo-scalar) meson pairs
with virtual or real photons can test the QCD pomeron
(odderon) in a detailed way utilizing the simplest possible
initial state. As in the case of the large angle exclusive γγ
processes, the scattering amplitude is computed by convo-
luting the hard scattering pQCD amplitude for γγ → qqqq
with the vector meson wave functions. For heavy vector
mesons, this cross section can be calculated using the per-
turbative QCD methods. First calculations considering the
Born two-gluonapproximationhavebeendone in [14]. Some
years ago, the double J/Ψ production in γγ collisions has
been proposed as a probe of the QCD pomeron [15], where
the cross sections are calculated in the BFKL framework
and also considering a next leading order (NLO) calcu-
lation by a kinematic veto on the gluon momenta in the
ladder. Non-perturbative contributions for this process are
studied in [16] by employing modified gluon propagators.
Theoretical estimates of the cross sections presented in [15]
have demonstrated that measurement of this reaction at
a Photon Collider should be feasible (see also [17]). On
the other hand, in order to calculate light vector meson
production it is necessary to consider virtual photon col-
lisions or a large momentum transfer. In this paper we
study the double vector meson production in γγ collisions,
where the color singlet t-channel exchange carries large
momentum transfer. Such processes are characterized by a
large rapidity gap between the vector mesons, these being
identified experimentally by their decay into charged par-
ticles, e.g. ρ → π+π−. The presence of a large momentum
transfer allow us to calculate the light and heavy vector
mesons production cross sections for real photon interac-
tions. We consider the non-forward solution of the BFKL
equation at high energy and large momentum transfer and
estimate the total and differential cross section for the pro-
cess γγ → V1V2, where V1 and V2 can be any two vector
mesons (Vi = ρ, ω, φ, J/Ψ, Υ ). Our study is motivated by
the fact that the experimental data for the vector meson
photo-production at high t in electron–proton collisions at
HERA can be described quite well using the impact factor
representation and the non-forward BFKL solution [19,20].
In order to simplify our calculations we will consider the
non-relativistic approximation in the calculations of the im-
pact factors. This approximation should be not applicable
for light mesons. However, as verified in [19], the predic-
tions obtained using the non-forward BFKL solution at
asymptotic energies (leading conformal spin solution) and
this approximation agree quite well with heavy and light
meson HERA data. This phenomenological success occurs
due to the selection of the dominant amplitude of the gen-
eral expression as demonstrated in [20]. We will assume
that this dominance will be also present in the processes
considered in this paper, and use this approximation in
that follows. We postponed for a future publication the
study of double vector production using the full ampli-
tude, similarly to [20], which will allow us to consider the
helicity flip of the quarks.

This paper is organized as follows. In the next section we
present a brief review of the formalism necessary in order
to calculate the differential and total cross section of the
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Fig. 1. Impact factor representation for the γγ → V1V2 process

γγ → V1V2 process. In Sect. 3 we present our predictions
and compare our results with previous estimates. Finally,
in Sect. 4 we present a summary of our main conclusions.

2 Formalism

In order to calculate the γγ → V1V2 cross section we
will consider the impact factor representation proposed
by Cheng and Wu [21] many years ago, which allows us
to factorize the process in three disjoint parts: the impact
factors associated to the transitions IγVi (i = 1, 2) and the
exchange mechanism between them represented by KBFKL
in Fig. 1. In this representation, the amplitude for the high
energy process AB → CD can be expressed on the form

AAB→CD(q) (1)

=
∫

d2k d2k′IA→C(k, q)
KBFKL(k,k′, q)

k2(q − k)2
IB→D(k′, q),

where IA→C and IB→D are the impact factors for the up-
per and lower parts of the diagram, respectively. That is,
they are the impact factors for the processes A → C and
B → D with two gluons carrying transverse momenta k
and q − k attached, the gluons being in an overall color
singlet state. At lowest order the process is described by
two-gluon exchange, which implies KBFKL ∝ δ(2)(k − k′)
and an energy independent cross section. At higher order,
the dominant contribution is given by the QCD pomeron
singularity which is generated by the ladder diagrams with
the (reggeized) gluon exchange along the ladder. The QCD
pomeron is described by the BFKL equation [1], which im-
plies that the exchange of the gluon ladder with interacting
gluons generates increasing cross sections with the energy.
As our goal is the analysis of double vector meson pro-
duction at large −t, we will use in our calculations the
non-forward solution of the BFKL equation in the leading
logarithmic approximation, obtained by Lipatov in [22].

The differential cross section, characterized by the in-
variant collision energy squared s, is expressed in terms of
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the amplitude A(s, t) as follows:

dσ
dt

=
1

16π
|A(s, t)|2. (2)

The amplitude is dominated by its imaginary part, which
we shall parametrize, as in [19, 23], by a dimensionless
quantity F

Im A(s, t) =
16π
9t2

F(z, τ), (3)

where z and τ are defined by

z =
3αs

2π
ln
( s

Λ2

)
, (4)

τ =
|t|

M2
V +Q2

γ

, (5)

whereMV is the mass of the vector meson,Qγ is the photon
virtuality and Λ2 is a characteristic scale related to M2

V
and |t|. In this paper we only considerQγ = 0. In LLA, Λ is
arbitrary (but must depend on the scale in the problem; see
discussion below) and αs is a constant. For completeness,
we give the cross section expressed in terms of F(z, τ),
where the real part of the amplitude is neglected,

dσ(γγ → V1V2)
dt

=
16π
81t4

|F(z, τ)|2. (6)

This representation is rather convenient for the calculations
performed below.

The BFKL amplitude, in the leading logarithm approx-
imation (LLA) and lowest conformal spin (n = 0), is given
by [22]

FBFKL(z, τ) (7)

=
t2

(2π)3

∫
dν

ν2

(ν2 + 1/4)2
eχ(ν)zIγV1

ν (Q⊥)IγV2
ν (Q⊥)∗,

where Q⊥ is the momentum transferred, t = −Q2
⊥ (the

subscript denotes two dimensional transverse vectors), and

χ(ν) = 4Re
(
ψ(1) − ψ

(
1
2

+ iν
))

(8)

is proportional to the BKFL kernel eigenvalues [24], with
ψ(x) being the digamma function.

The quantities IγVi
ν are given in terms of the impact

factors IγVi and the BFKL eigenfunctions as follows [23]:

IγVi
ν (Q⊥) =

∫
d2k⊥
(2π)2

IγVi
(k⊥, Q⊥)

∫
d2ρ1d2ρ2 (9)

×
[(

(ρ1 − ρ2)2

ρ2
1ρ

2
2

)1/2+iν

−
(

1
ρ2
1

)1/2+iν

−
(

1
ρ2
2

)1/2+iν
]

×eik⊥·ρ1+i(Q⊥−k⊥)·ρ2 .

In the case of coupling to a colorless state only the first
term in the square bracket survives since IA(k⊥, Q⊥ =
k⊥) = IA(k⊥ = 0, Q⊥) = 0 in this case. The impact factor

IγVi
describes in the high energy limit the couplings of the

external particle pair to the color singlet gluonic ladder.
They are obtained in the perturbative QCD framework
and we approximate them by the leading terms in the
perturbative expansion [25]:

IγVi
=

Ciαs

2

(
1
q̄2

− 1
q2‖ + k2

⊥

)
. (10)

In this formula, factorization of the scattering process and
the meson formation is assumed, and the non-relativistic
approximation of the meson wave function is used. In this
approximation the quarks in the meson have collinear four-
momenta and MV = 2Mq where Mq is the mass of the
constituent quark. To leading order accuracy, the constant
Ci may be related to the vector meson leptonic decay width

C2
i =

3ΓVi
eeM

3
Vi

αem
. (11)

Moreover, we see that

q̄2 = q2‖ +Q2
⊥/4, (12)

q2‖ = (Q2
γ +M2

Vi
)/4. (13)

Although this approximation should be not applicable for
light mesons we will use it here following [19], which has
observed that this approximation implies a reasonable de-
scription of the heavy and light meson HERA data. As
emphasized in [20], this phenomenological success occurs
due to the selection of the dominant amplitude of the gen-
eral expression. We will assume that this dominance will be
also present in the processes considered in this paper. We
postponed for a future publication the study of double vec-
tor production using the full amplitude (also considering
higher conformal spins contributions).

Using (10) into (9), one obtains [23,26]

IγVi
ν (Q⊥)

= −Ci αs
16π
Q3

⊥

Γ (1/2 − iν)
Γ (1/2 + iν)

(
Q2

⊥
4

)iν

×
∫ 1/2+i∞

1/2−i∞

du
2πi

(
Q2

⊥
4M2

Vi

)1/2+u

×Γ 2(1/2 + u) (14)

×Γ (1/2 − u/2 − iν/2)Γ (1/2 − u/2 + iν/2)
Γ (1/2 + u/2 − iν/2)Γ (1/2 + u/2 + iν/2)

.

The differential cross section can be directly calculated
substituting the above expression in (7) and evaluating
numerically the integrals. The total cross section will be
given by

σ(γγ → V1V2) =
∫ ∞

|t|min

d|t| dσ(γγ → V1V2)
d|t| , (15)

where |t|min is the minimum momentum transfer, which
we will assume to have different values for the distinct pro-
cesses.



518 V.P. Gonçalves, W.K. Sauter: Double vector meson production from the BFKL equation

3 Results and discussions

Lets start the analysis of our results discussing the choice
for the parameters αs and Λ. We see that αs appears in
two different places in our calculations: in (15) and in the
definition of the variable z [see (4)]. The first factor comes
from the couplings of the two gluons to the impact factor
and the second one is generated by the gluon coupling inside
the gluon ladder (for details see [20]) . In this paper we
treat these strong couplings as being identical and assume
a fixed αs, which is appropriate to the leading logarithmic
accuracy. Furthermore, as the cross section is proportional
to α4

s , our results are strongly dependent on the choice
for the αs value. We assume αs = 0.2, following [19, 20],
where this value was determined from a fit to the HERA
data (for a detailed discussion see [19]). Similarly, at leading
logarithmic approximation,Λ is arbitrary but must depend
on the scale in the problem. In our case we have that in
general Λ will be a function of MV and/or t. Following [19]
we will assume thatΛ can be expressed byΛ2 = βM2

V +γ|t|,
with β = 1 and γ = 0. In order to consider the possibility
of the production of two different mesons we will generalize
this expression for Λ2 = β1M

2
V1

+ β2M
2
V2

+ γ|t|. In Fig. 2
we analyze the dependence of the differential cross section
for ρJ/Ψ production in our choice for the βi parameters.
Although we only present the results for γγ collisions at
W = 500 GeV, the dependence is similar for other center-
of-mass energies. As Λ is present in the definition of the
variable z [see (4)], which is associated with the energy
dependence of the cross section, we see that a different
prescription for Λ basically modify the normalization of
the differential cross section. In that follows we will assume
β1 = β2 = 1/2.

In Figs. 3 and 4 we present our results for the momen-
tum transfer dependence of the differential cross sections
for the production of different combinations of pairs of vec-
tor mesons and distinct values of energy. For comparison,
the Born level prediction which corresponds a two-gluon
exchange, given by the following formula:
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Fig. 2. Dependence of the differential cross section for ρJ/Ψ
production in the choice for the β parameters
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Fig. 3. Momentum transfer dependence of the differential cross
sections for the production of different combinations of pairs
of vector mesons and distinct values of center-of-mass energy.
Solid line: W = 100 GeV; dashed line: W = 500 GeV; dot-
dashed line: W = 1000 GeV; dot-dot-dashed: Born level
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FBorn(s, t) = 2πt2
∫

d2k

(2π)2
IγV1 IγV2

k2
⊥(k⊥ −Q⊥)2

, (16)

is also presented. We see that the differential cross sections
decreases when the masses of the pair of mesons increases
as well as it becomes flatter. Another remarkable feature
is the change of the behavior of the cross section when
we take into account the BFKL machinery in comparison
with the Born level cross section. The BFKL dynamics
implies a growth of the differential cross section and a
different slope in comparison to Born level, which is not
modified when the energy increases. As already pointed
out in [15], the inclusion of BFKL dynamics result in a
steeper t-dependence than the Born calculation.
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The total cross section for different combinations of
mesons are obtained directly from (15) and the results are
displayed in Figs. 5, 6 and 7 and in Tables 1 and 2.

For light vector meson production, a lower cut-off in
the t-integration is necessary in order to minimize non-
perturbative (soft pomeron) contributions. We choose in
this case |t|min = 1 GeV2, which is reasonable considering
that the HERA data for the photo-production of light vec-
tor mesons in this kinematic region are quite well described

Table 1. The double vector meson production cross sections
in γγ processes at different energies and |t|min = 1 GeV2. Cross
sections are given in pb

Born W = 100 GeV W = 500 GeV W = 1000 GeV
ρρ 3.18 51.0 730.0 2019.0
ρω 0.27 4.39 59.0 173.0
ρφ 0.48 9.52 135.0 367.0
ωω 0.023 0.37 4.9 14.0
ωφ 0.04 0.81 11.6 31.0
φφ 0.076 1.87 25.2 71.0

Table 2. The double vector meson production cross sections in γγ processes at different
energies assuming |t|min = 0 (1) GeV2. Cross sections are given in pb

Born W = 100 GeV W = 500 GeV W = 1000 GeV

ρJ/Ψ 1.43 (0.29) 750.0 (6.8) 2550.0 (89.0) 4833.0 (234.0)

ωJ/Ψ 0.12 (0.02) 24.0 (0.59) 410.0 (5.6) 1199.0 (20.0)

φJ/Ψ 0.21 (0.05) 34.0 (1.6) 460.0 (17.0) 1647.0 (55.0)

J/ΨJ/Ψ 0.19 (0.10) 13.0 (3.6) 190.0 (42.0) 586.0 (125.0)

ρΥ 0.005 (0.001) 0.47 (0.03) 6.7 (0.35) 24.0 (1.1)

ωΥ 0.0005 (0.0001) 0.04 (0.003) 0.75 (0.03) 2.09 (0.1)

φΥ 0.001 (0.0003) 0.06 (0.009) 1.1 (0.09) 3.25 (0.29)

J/ΨΥ 0.0025 (0.0019) 0.07 (0.03) 0.88 (0.45) 2.91 (1.27)

ΥΥ 0.00013 (0.00012) 0.002 (0.001) 0.02 (0.018) 0.06 (0.05)
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using a similar approach [19, 20]. On the other hand, we
assume |t|min = 0 when at least a heavy meson is produced,
since in this case we have a hard scale present which jus-
tifies the perturbative calculations in the low-t (t ≈ 0)
region. The predictions obtained using |t|min = 1 GeV2

are also presented in Figs. 5 and 6. We see that the to-
tal cross sections are smaller for heavier vector mesons.
Moreover, the introduction of a cut-off in the t-integration
implies a reduction of the normalization of the total cross
section, as expected from the analyses of the differential
cross section. Another important feature is that the dif-
ference between the calculations assuming |t|min = 0 and
|t|min = 1 GeV2 is also smaller for heavier vector mesons.
In Fig. 7 we present our predictions for the production of
two light vector mesons assuming |t|min = 1 GeV2. We see
that all cross sections present a strong growth with the
energy (σtot ∝ Wλ), with a similar slope (λ ≈ 1.4).

In Tables 1 and 2 we present a comparison between our
predictions for the total cross section for some values of
center-of-mass energy and the energy independent predic-
tion which comes from the Born amplitude. We see that
the inclusion of the BFKL dynamics implies that the cross
sections strongly increase with the energy, resulting in an
enhancement of the cross section in comparison with the
Born level prediction. This enhancement is larger when a
heavy vector meson is produced and |t|min = 0 GeV2. If
we assume |t|min = 1 GeV2 the BFKL dynamics predicts a
similar enhancement of the light and heavy vector meson
cross sections.

Lets now compare our results with those obtained in
other approaches [14, 15, 17, 18, 27, 30, 31] (for related dis-
cussions see [32–34]). In [27] the FELIX collaboration has
proposed the construction of a full acceptance detector for
the LHC, with a primary proposal providing comprehen-
sive observation of a very broad range of strong-interaction
processes. In particular, studies of two-photon physics in
AA collisions has been discussed in its proposal [27]. There,
the differential cross section dσ(γγ → V1V2)/dt, with Vi =
ρ, J/Ψ, . . ., was parameterized in the form

dσ
dt

(γγ → V1V2) (17)

= AV1V2

(
W

W0

)CV1V2

exp
(
tBV1V2 + 4tα′

V1V2
ln

W

W0

)
.

This parameterization was obtained assuming the valid-
ity of the pomeron-exchange factorization at high ener-
gies [28, 29] which relates the cross sections for differ-
ent processes. The parameters AV1V2 , BV1V2 , CV1V2 , and
α′

V1V2
were fixed considering the data for vector meson

photo-production at HERA and for pp elastic scattering.
For the ρJ/Ψ case, for instance, AρJ/Ψ = 1.1 nb/GeV−2,
BρJ/Ψ = 2.5 GeV−2, CρJ/Ψ = 0.8 and α′

ρJ/Ψ = 0. We have
assumed this parameterization and calculated the total
cross section considering |t|min = 0 and |t|min = 1 GeV2

(see Fig. 5). In comparison with the BFKL predictions we
see that the FELIX parameterization implies a different
normalization and energy dependence, with the BFKL
one being steeper. Basically, the FELIX parameteriza-
tion overestimates the cross sections at low energies and

underestimates the cross section at very high energies.
The only exception occurs when we consider the dou-
ble J/Ψ production. In this case the BFKL prediction is
larger than the FELIX one for all energies if we assume
AJ/ΨJ/Ψ = 3.1 × 10−4 nb/GeV−2, BJ/ΨJ/Ψ = 1.5 GeV−2,
CJ/ΨJ/Ψ = 1.38 and α′

J/ΨJ/Ψ = 0. On the other hand, if
we assume AJ/ΨJ/Ψ = 0.16/ ln(W/MJ/Ψ ) nb/GeV−2 and
CJ/ΨJ/Ψ = 2.0 as also proposed in [27] (BFKL-fit) we see
that the FELIX parameterization implies a larger cross
section for all energies. The main conclusion of the com-
parison between the BFKL predictions and those obtained
assuming the pomeron-exchange factorization is that the
BFKL dynamics implies a violation of this factorization,
which could be tested in future colliders.

In [18] the double vector meson production in γγ col-
lisions has been analyzed using the stochastic vacuum
model [35]. This model is based on the assumption that
the infrared behavior of QCD can be approximated by
a Gaussian stochastic process in the gluon field strength
tensor. A shortcoming of this model is that the energy de-
pendence is not predicted, which implies the introduction
of a phenomenological ansatz for this dependence. In [18]
the authors have considered the two-pomeron model [36],
resulting in the scattering amplitude being given by the
general expression

A(W 2, Q2, t) (18)

= βsoft(Q2, t)(W 2)αsoft(t) + βhard(Q2, t)(W 2)αhard(t),

where αsoft(t) = 1.08 + 0.25 t and αhard(t) = 1.28. These
values are used in order to describe the pp and ep data. It is
important to emphasize that as this model includes soft and
hard contributions the light and heavy vector meson total
cross sections can be calculated assuming |t|min = 0 GeV2.
Consequently, its results for double light vector meson pro-
duction cannot be directly compared with our predictions.
However, analyzing only the energy dependence of both
predictions, we see that the BFKL dynamics implies a
steeper dependence as expected, since the soft pomeron
contribution dominates the cross sections for these pro-
cesses in the model proposed in [18]. On the other hand,
when a heavy vector meson is present a comparison can
be made. In this case the predictions agree for low values
of energy (W ≈ 10 GeV) but are distinct for larger ener-
gies due to the larger intercept resulting from the BFKL
equation than the phenomenological one αhard(t).

The ρJ/Ψ production in γγ processes has also been
estimated in [30, 31]. There, the differential cross section
was estimated in a similar way as the elastic J/Ψ photo-
production off the proton [25] and reads [30]

dσ (γγ → ρ J/Ψ)
dt

(W 2
γγ , t)

= Cαem g
2
ρ

16 π3[αs(M2
J/Ψ/4)]2Γ J/Ψ

ee

3αemM5
J/Ψ

×[xGρ(x,M2
J/Ψ/4) ]2 exp

(
Bρ J/Ψ t

)
, (19)

where C denotes factors of corrections discussed in detail
in [30,31] and x = M2

J/Ψ/W
2
γγ . In the small-t approxima-
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tion, the slope is estimated to beBρ J/Ψ = 5.5±1.0 GeV−2.
The light meson–photon coupling is denoted by g2

ρ = 0.454.
The process above was proposed as a probe of the gluon
distribution on the meson xGρ and, by consequence, a con-
straint for the photon structure. The enhancement in the
sensitivity by taking the square of those distributions in
the total cross section could discriminate them in measure-
ments at the future photon colliders. Considering different
models for the gluon distribution of the meson the to-
tal cross section was estimated as being almost 10 pb at
W ≈ 10 GeV and in the range between 100 and 1000 pb
at W ≈ 100 GeV. Our results agree with these predic-
tions, with a behavior similar to those obtained using the
GRS(LO) parameterization for the gluon distribution on
the ρ meson (for details see [30,31]). Moreover, in [31] the
double ρ production was estimated assuming the pomeron-
exchange factorization to relate distinct cross sections, sim-
ilarly to FELIX collaboration. Our results agree with its
results. However, as its predictions are strongly dependent
on the assumptions present in the calculations of the dou-
ble J/Ψ and ρJ/Ψ production (see Table 1 in [31]), a direct
comparison is not very illuminating.

The first computations of the double vector meson pro-
duction at arbitrary momentum transfer were done in [14]
considering the Born graph for the pomeron (two-gluon
exchange). The total cross section for double light meson
production were computed assuming |t|min = 3 GeV2 and
αs = 0.32. Taking into account these differences we see
that our calculations of the Born level reasonably agree
with those presented in [14]. The double J/Ψ production
has been estimated in [14,15,17] at Born level and assum-
ing the BFKL dynamics. Similarly to light vector meson
production, our results agree with the predictions from [14]
if the differences are taken into account. In [17] the total
cross section was estimated assuming a small-t approxi-
mation and an ansatz for the BJ/ΨJ/Ψ slope parameter.
Moreover, it was calculated considering the solution of the
forward BFKL solution and some of its next-to-leading cor-
rections. The normalization of the cross section is strongly
dependent of the αs value (see Table 1 in [17]) and its en-
ergy dependence is steeper when the leading order (LO)
solution of the BFKL equation is used. Basically, although
the normalization of the distinct predictions differ, the
energy dependence is very similar. The difference in the
normalization can be explained in terms of the uncertainty
introduced in the calculations by the small-t approxima-
tion used in [17]. On the other hand, if we compare our
results with those obtained using the solution of the for-
ward BFKL equation with a different intercept, we see that
the normalization for low energies is similar, but the en-
ergy dependence of those predictions are softer. This result
is expected, since the next-to-leading corrections for the
BFKL equation implies a lower intercept than the leading
order solution used in our calculations.

Finally, let us estimate the expected number of events
of some of the processes calculated in this paper for the
future linear colliders. Currently, the international high
energy physics community is considering the construction
of a new e+e− collider [37–39]. For γγ collisions with center-
of-mass energies equal to W = 500 GeV, luminosities of

Table 3. Number of events per second for double vector
meson production at TESLA, CLIC and ILC luminosities
(W = 500 GeV). For the double ρ production we assume
|t|min = 1 GeV2

TESLA CLIC ILC
ρρ 8.0 2.0 28.0
ρJ/Ψ 28.0 5.0 100.0
J/ΨJ/Ψ 2.0 0.4 8.0
ΥΥ 0.0002 0.00004 0.0007

order L = 1.1, 0.2 and 4.0 ×1034 cm−2s−1 are expected at
TESLA, CLIC and ILC, respectively.

It is important to emphasize that the next generation of
linear colliders can reach values of center-of-mass energies
up to 3000 GeV. As the BFKL dynamics predicts a strong
growth of the cross sections with the energy, the number
of events presented in what follows may be considered a
lower bound. In Table 3 we present our predictions for the
number of events per second for the ρρ, ρJ/Ψ , J/ΨJ/Ψ
and ΥΥ production. For double ρ production our estimate
is conservative, since the soft pomeron contribution is not
included in our calculations. We predict a large number of
events related to double meson production in γγ collisions,
allowing future experimental analyses, even if the accep-
tance for vector meson detection were low. Consequently,
we believe that this process could be used to constrain the
QCD dynamics at high energies.

4 Summary

The photon colliders offer unique possibility to probe QCD
in a new and hitherto unexplorated regime. Moreover, good
knowledge and understanding of two-photon processes will
be essential for controlling background contributions to
other processes. In this paper we have studied the double
vector meson production using the non-forward solution
of the BFKL equation at high energy and large momen-
tum transfer. The total and differential cross section for
the process γγ → V1V2, where V1 and V2 can be any two
vector mesons (Vi = ρ, ω, φ, J/Ψ, Υ ), were estimated and
compared with those obtained using different approaches.
In particular, we have verified that the pomeron-exchanged
factorization leads to predictions different from those ob-
tained in this paper. Our main conclusion is that the forth-
coming photon colliders could experimentally check our
predictions. We believe that this process could be used to
constrain the QCD dynamics at high energies. However,
several points deserves more detailed studies: the contribu-
tion of all conformal spins, the helicity flip of the quarks, the
next-to-leading order corrections to the BFKL dynamics
and the corrections associated to the saturation effects. We
plan to estimate these contributions in future publications.
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522 V.P. Gonçalves, W.K. Sauter: Double vector meson production from the BFKL equation

Physics, GFPAE IF-UFRGS, Porto Alegre and the hospitality
of IFM-UFPel where this work was accomplished. This work
was partially financed by the Brazilian funding agencies CNPq
and FAPERGS.

References

1. L.N. Lipatov, Sov. J. Nucl. Phys. 23, 338 (1976); E.A. Ku-
raev, L.N. Lipatov, V.S. Fadin, Sov. Phys. JETP 44, 443
(1976); 45, 199 (1977); I.I. Balitsky, L.N. Lipatov, Sov.
J. Nucl. Phys. 28, 822 (1978)

2. A.H. Mueller, Nucl. Phys. B 415, 373 (1994)
3. A.H. Mueller, B. Patel, Nucl. Phys. B 425, 471 (1994)
4. Z. Chen, A.H. Mueller, Nucl. Phys. B 451, 579 (1995)
5. N.N. Nikolaev, B.G. Zakharov, Phys. Lett. B 332, 184

(1994); Z. Phys. C 64, 631 (1994)
6. A. De Roeck, Acta Phys. Pol. B 33, 2749 (2002)
7. J. Bartels, A. De Roeck, H. Lotter, Phys. Lett. B 389, 742

(1996); A. Bialas, W. Czyz, W. Florkowski, Eur. Phys. J. C
2, 683 (1998); J. Kwiecinski, L. Motyka, Eur. Phys. J. C 18,
343 (2000); J. Bartels, C. Ewerz, R. Staritzbichler, Phys.
Lett. B 492, 56 (2000); N.N. Nikolaev, B.G. Zakharov,
V.R. Zoller, JETP 93, 957 (2001)

8. S.J. Brodsky, F. Hautmann, D.E. Soper, Phys. Rev. D 56,
6957 (1997); Phys. Rev. Lett. 78, 803 (1997)

9. M. Boonekamp, A. De Roeck, C. Royon, S. Wallon, Nuc.
Phys. B 555, 540 (1999)

10. J. Kwiecinski, Nucl. Instrum. Meth. A 472, 30 (2001)
11. L. Motyka, N. Timneanu, Eur. Phys. J. C 27, 73 (2003)
12. M. Hansson, H. Jung, L. Jonsson, hep-ph/0402019
13. V.P. Goncalves, M.V.T. Machado, Eur. Phys. J. C 31,

371 (2003)
14. L.F. Ginzburg, S.L. Panfil, V.G. Serbo, Nuc. Phys. B 284,

685 (1987); 296, 569 (1988); L.F. Ginzburg, D.Yu. Ivanov,
388, 376 (1992)

15. J. Kwiecinski, L. Motyka, Phys. Lett. B 438, 203 (1998);
Acta Phys. Pol. B 30, 1817 (1999)

16. M.B. Gay Ducati, W.K. Sauter, Phys. Lett. B 521, 259
(2001)

17. V.P. Goncalves, M.V.T. Machado, Eur. Phys. J. C 28, 71
(2003)

18. A. Donnachie, H.G. Dosch, M. Reuter, Phys. Rev. D 59,
074011 (1999)

19. J.R. Forshaw, G. Poludniowski, Eur. Phys. J. C 26, 411
(2003)

20. R. Enberg, L. Motyka, G. Poludniowski, Eur. Phys. J. C
26, 219 (2002); R. Enberg, J.R. Forshaw, L. Motyka,
G. Poludniowski, JHEP 0309, 008 (2003); G.G. Polud-
niowski, R. Enberg, J.R. Forshaw, L. Motyka, JHEP 0312,
002 (2003)

21. H. Cheng, T.T. Wu, Phys. Rev. Lett. 22, 666 (1969);
Phys. Rev. 182, 1852 (1969); 182, 1868 (1969); 182, 1873
(1969); 182, 1899 (1969)

22. L.N. Lipatov, Sov. Phys. JETP 63, 904 (1986); Phys. Rep.
286, 131 (1997)

23. J.R. Forshaw, M.G. Ryskin, Z. Phys. C 68, 137 (1995)
24. J.R. Forshaw, D.A. Ross, Quantum chromodynamics, the

pomeron (Cambridge University Press, 1997)
25. M.G. Ryskin, Z. Phys. C 57, 89 (1993)
26. J. Bartels, J.R. Forshaw, H. Lotter, M. Wüsthoff, Phys.
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