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Double diffractive meson production and the BFKL Pomeron at e�e� colliders
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In this paper we study the double diffractive vector meson production in e�e� collisions assuming the
dominance of the BFKL pomeron exchange. We consider the nonforward solution of the BFKL equation
at high energy and large momentum transfer and estimate the total cross section for the process e�e� !
e�e�V1V2 with antitagged e� and e�, where V1 and V2 can be any two vector mesons (Vi �
�;!;�; J=�;�). The event rates for the future linear colliders are given.
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In the last years several studies has demonstrated that the
e�e� colliders offer an excellent opportunity to test the
QCD dynamics at high energies (For reviews see e.g.
Refs. [1,2]). The simplicity of the initial state and the
possibility of study of many different combinations of final
states making this process very useful for studying the
QCD dynamics in the limit of high center-of-mass energy���
s
p

and fixed momentum transfer t. This is the domain
where we could expect BFKL Pomeron theory [3] to be
applicable, provided that a hard scale exist which allows to
use perturbation theory. It has motivated the theoretical and
experimental analysis of several reactions. In particular,
the ���� total cross section, using the forward solution of
the BFKL equation, was calculated in e.g. [4], where the
photon virtuality provides the hard scale. One have that
while the two-gluon approximation does not describe the
OPAL and L3 data points, the leading order (LO) BFKL
prediction lies above the data. First attempts to include the
next-to-leading order (NLO) corrections to the BFKL
equation are encouraging [5]. Furthermore, the heavy
quark production in �� collisions was estimated in e.g.
Ref. [6], demonstrating that the experimental analysis of
this process can be useful to constrain the QCD dynamics.
In this case, the hard scale is the photon virtuality and/or
the heavy quark mass. A comparison with the data from the
L3 collaboration is presented e.g. in Ref. [6]. Another
possibility to study the BFKL theory is the double vector
meson production in �� collisions [7–11]. In this process
and in the general case there can be three large momentum
scales - the photon virtuality, Q2, the vector meson mass
MV and the momentum transfer t. Recently, the double
light vector meson production has been extensively ana-
lyzed considering distinct approximations [12–15]. In par-
ticular, the exclusive diffractive process ���� ! �� was
calculated at Born level in Ref. [13], considering the BFKL
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resummation effects in Ref. [14] and the NLO corrections
to the impact factors and BFKL kernel in Ref. [15]. In these
studies the hard scale was provided by the photon virtuality
and only the forward solution from the BFKL equation was
calculated. On the other hand, in Ref. [12] we have esti-
mated, for the first time, the double vector meson produc-
tion at photon colliders considering the nonforward
solution of the LO BFKL equation at high energy and
large momentum transfer. It has allowed to estimate the
total and differential cross section for the production of
heavy and light vector mesons in real photon interactions.
In that study we have restricted our analysis for photon
colliders. In order to estimate the feasibility of this process
it is important also compute the corresponding e�e� cross
sections. In this letter we extend our previous analyzes and
calculate the double diffractive vector meson production in
e�e� collisions assuming the dominance of the BFKL
pomeron exchange and estimating the event rates for the
future linear colliders.

Two-photon processes at future high energy linear col-
liders can be measured either as in a storage ring, via
photon emission from the lepton beams, according to a
Weizsäcker-Williams (WW) energy distribution, or using a
linear collider in photon collider mode. In the latter case
the high energy electron beam is converted into a high
energy photon beam, by backscattering of photons off an
intense laser beam, just before the interaction point.
Considering e�e� collisions, current conservation and
the small photon virtuality lead to a factorization of the
lepton scattering cross sections into the photon spectrum in
the lepton and the hard photon scattering cross section
[16]. For the e�e� ! e�e�V1V2 process, the cross section
will be given by (see Fig. 1)

�e�e�!e�e�V1V2
�
������
see
p
� �

Z
dxadxbdtf�=e�xa�f�=e�xb�

�
d���!V1V2

dt
�ŝ�; (1)
-1 © 2006 The American Physical Society

http://dx.doi.org/10.1103/PhysRevD.73.077502


FIG. 1. Impact factor representation for the e�e� !
e�e�V1V2 process.
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where see is the squared e�e� center-of-mass energy, xa
and xb denote the fractions of longitudinal momentum of
the lepton a and b that are carried by the corresponding
photons and ŝ � xaxbsee is the center-of-mass energy of
the �� ! V1V2 subprocess. In the Weizsäcker-Williams
(WW) approximation the energy spectrum of the ex-
changed photons is given by

f�=e�x� �
�em

2�

�
1� �1� x�2

x
ln
�
Q2

max

Q2
min

�

� 2m2x
�

1

Q2
min

�
1

Q2
max

��
: (2)

�em is the electromagnetic coupling constant, x � E�=E is
the energy fraction transferred from the electron to the
photon, m is the electron mass. Moreover, Q2

min �
�m2x2�=�1� x� and Q2

max � E2�1� x��2
max is the maximal

photon virtuality for electron scattering angles below �max.
This angle can be determined by tagging the outgoing
electron in the forward direction or by requiring that it be
lost in the beam pipe (antitagging). Following Ref. [8] we
have that the Eq. (1) can be rewritten as

�e�e�!e�e�V1V2
�
������
see
p
� �

Z 1

0
dxa

Z 1

0
dxb��ŝ� ŝmin�

� f�=e�xa�f�=e�xb����!V1V2
�ŝ�;

(3)
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where � is the step function, ŝmin is the threshold on
hadron production which assures that the �� system is in
the high energy region where the BFKL dynamics is ex-
pected to be valid (see below), and

���!V1V2
�ŝ� �

Z 1
tmin

dt
d���!V1V2

dt
�ŝ� (4)

is the total cross section of the photon-photon subprocess.
Moreover, tmin is a cut-off in the momentum transfer (see
discussion below).

At high energies the double diffractive meson produc-
tion is expected to be described in terms of the BFKL
Pomeron [7–15]. At leading logarithmic approximation,
it corresponds to a sum of ladder diagrams with reggeized
gluons along the chain, with the sum being described by
the BFKL equation [3]. Considering the impact factor
representation and the BFKL dynamics, the differential
cross section for the �� ! V1V2 will be expressed by
(For details see Ref. [12])

d���� ! V1V2�

dt
�

16�

81t4
jF BFKL�z; ��j2; (5)

where the BFKL amplitude F BFKL, in the leading loga-
rithm approximation (LLA) and lowest conformal spin
(n � 0), is given by [17]

F BFKL�z; �� �
t2

�2��3
Z
d	

	2

�	2 � 1=4�2

� e
�	�zI�V1
	 �Q?�I

�V2
	 �Q?�

�: (6)

In the Eqs. (5) and (6), z � �3�s ln�ŝ=�2�	=�2��, � �
jtj=�M2

V �Q
2
��, MV is the mass of the vector meson, Q�

is the photon virtuality, �2 is a characteristic scale related
to M2

V and jtj, and Q? is the momentum transferred, t �
�Q2

?, (the subscript denotes two dimensional transverse
vectors). Furthermore,


�	� � 4 Re
�
 �1� �  

�
1

2
� i	

��
(7)

is proportional to the BKFL kernel eigenvalues with  �x�
being the digamma function. The quantities I�Vi	 are given
in terms of the impact factors I�Vi and the BFKL eigen-
functions as follows [18],
I�Vi	 �Q?� � �Ci�s
16�

Q3
?

��1=2� i	�
��1=2� i	�

�
Q2
?

4

�
i	 Z 1=2�i1

1=2�i1

du
2�i

�
Q2
?

4M2
Vi

�
1=2�u

�
�2�1=2� u���1=2� u=2� i	=2���1=2� u=2� i	=2�

��1=2� u=2� i	=2���1=2� u=2� i	=2�
; (8)

where the constant Ci may be related to the vector meson leptonic decay width, C2
i � 3�VieeM3

Vi
=�em.

The differential cross section can be directly calculated substituting the above expression in Eq. (6) and evaluating
numerically the integrals. Following Ref. [12], we will assume the nonrelativistic approximation of the meson wave
-2



TABLE I. The double vector meson production cross sections in e�e� processes at different energies, jtjmin � 0 and �max �
30 mrad, assuming the BFKL Pomeron (Two-gluon) exchange. Cross sections are given in pb.

������
see
p

� 200 GeV
������
see
p

� 500 GeV
������
see
p

� 1000 GeV
������
see
p

� 3000 GeV

�J=� 0.90 (0.015) 5.80 (0.049) 21.87 (0.097) 178.19 (0.22)
�J=� 0.11 (0.0023) 0.69 (0.0073) 2.58 (0.014) 20.77 (0.033)
!J=� 0.075 (0.0013) 0.48 (0.0041) 1.85 (0.0081) 15.03 (0.019)
J=�J=� 0.045 (0.0021) 0.27 (0.0066) 0.98 (0.012) 7.56 (0.031)
�� 0.0013 (0.000055) 0.0093 (0.00017) 0.036 (0.00034) 0.31 (0.00080)
!� 0.00011 (0.0000055) 0.00078 (0.000017) 0.0030 (0.000034) 0.026 (0.000080)
�� 0.0002 (0.000011) 0.0013 (0.000034) 0.0050 (0.000068) 0.040 (0.00016)
J=�� 0.00025 (0.000027) 0.0015 (0.000086) 0.0052 (0.00017) 0.038 (0.00040)
�� 0.0000072 (0.0000014) 0.000038 (0.0000045) 0.00012 (0.0000088) 0.0008 (0.000020)
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functions, �s � 0:2 and �2 � �1M2
V1
� �2M2

V2
� �jtj,

with �1 � �2 � 1=2 and � � 0. As the differential cross
section is proportional to �4

s and the energy dependence is
determined by the variable z, which is dependent of the �s
and � values, we have a strong dependence of our pre-
dictions on the choice of these parameters (For a more
detailed discussion see Ref. [12]). A similar dependence is
expected for the predictions presented in this letter. These
uncertainties will be reduced considering in the calcula-
tions the NLO corrections to the impact factors and non-
forward BFKL kernel.

In what follows we calculate the total cross section for
the process e�e� ! e�e�V1V2 with Vi � �, !, �, J= ,
� and different values of the center-of-mass energy
(
������
see
p

� 200, 500, 1000 e 3000 GeV). Moreover, we will
assume �max � 30 mrad. As our calculations for the �� !
V1V2 subprocess are only valid at high energies we should
to exclude the region where the BFKL dynamics is ex-
pected to break down. This restriction is present in Eq. (3)
in terms of the theta function, where we have defined a
minimum value for the center-of-mass energy of the hard
subprocess, ŝ. Here we choose

��������
ŝmin

p
� Wmin � 20 GeV,

independently of the hadronic final state produced.
Furthermore, for double light meson production, the hard
scale for the ��! V1V2 subprocess is provided by the
momentum transfer. Consequently, in the calculation of the
total cross section [Eq. (4)] a lower cut-off in the
t-integration is necessary in order to minimize nonpertur-
bative (Soft Pomeron) contributions. We choose in this
case jtjmin � 1 GeV2, which is reasonable considering
that the HERA data for the photoproduction of light vector
mesons in this kinematic region are quite well described
using a similar approach [19,20]. On the other hand, we
TABLE II. The double light vector meson production cross sectio
�max � 30 mrad, assuming the BFKL Pomeron (Two-gluon) exchan

������
see
p

� 200 GeV
������
see
p

� 500 GeV

�� 0.18 (0.035) 1.03 (0.11)
�� 0.033 (0.0053) 0.19 (0.016)
�! 0.015 (0.0030) 0.088 (0.0093)
�� 0.0067 (0.00084) 0.038 (0.0026)
�! 0.0029 (0.00044) 0.016 (0.0013)
!! 0.0013 (0.00025) 0.007 (0.00080)
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assume jtjmin � 0 when at least a heavy meson is pro-
duced, since in this case we have a hard scale present
which justifies the perturbative calculations in the low-t
(t 
 0) region. It is important to emphasize that a Soft
Pomeron contribution is not included in our calculations
(See e.g. Ref. [21]).

Our predictions for the double diffractive meson pro-
duction in e�e� collisions are presented in the Tables I and
II considering the nonforward solution of the BFKL equa-
tion. For comparison we also show the results obtained at
the Born level, which corresponds to the two-gluon ex-
change mechanism. It is important to emphasize that
although the Born term implies an energy independent
cross section at the photon level, its predictions for the
e�e� cross sections have a weak energy dependence due to
the photon flux factor. As already observed in Ref. [12], the
cross sections decrease when a heavier vector meson is
considered. Moreover, the BFKL dynamics implies an
enhancement of the cross section in comparison to the
two-gluon exchange predictions, which can reach 2 orders
of magnitude, depending of the energy and mesons in-
volved in the reaction. Previous estimates for the double
J=� and �J=� production in e�e� collisions has been
obtained in Refs. [8,9], respectively. The production of
other combinations of vector mesons in the final state
considering the BFKL dynamics are estimate here for the
first time. In Ref. [8] the authors have solved the BFKL
equation taking into account dominant nonleading effects
which come from the requirement that the virtuality of the
exchanged gluons along the gluon ladder is controlled by
their transverse momentum squared and have estimated the
double J=� production at LEP2 energy. We have that our
predictions are similar with those obtained there if we
ns in e�e� processes at different energies, jtjmin � 1 GeV2 and
ge. Cross sections are given in pb.

������
see
p

� 1000 GeV
������
see
p

� 3000 GeV

3.60 (0.21) 26.62 (0.51)
0.66 (0.032) 4.87 (0.077)
0.309 (0.018) 2.28 (0.043)
0.130 (0.0051) 0.951 (0.012)
0.057 (0.0027) 0.41 (0.0064)
0.026 (0.0025) 0.19 (0.0036)
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TABLE III. Number of events per year for double vector
meson production at TESLA, CLIC and ILC expected luminos-
ities (

������
see
p

� 500 GeV and �max � 30 mrad).

TESLA CLIC ILC

�� 350000 206000 220000
�J=� 1970000 1160000 1270000
J=�J=� 92000 54000 59000
�� 13 8 9
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consider the same experimental cuts and energy. A more
detailed comparison of the energy dependence is not pos-
sible, since it is not analyzed in Ref. [8]. On the other hand,
the �J=� production in e�e� collisions was previously
estimated in Ref. [9], where this process was proposed as a
probe of the gluon distribution on the meson xG� and, by
consequence, a constrain for the photon structure. Our
predictions agree with the results presented there, only
presenting a steeper energy growth. It is expected since
we are using the LO solution of the BFKL equation, while
in Ref. [9] the energy dependence is determined by the
gluon distribution of the light meson which has a smaller
intercept.

Finally, lets estimate the expected number of events of
some of the processes calculated in this paper for the future
linear colliders. For e�e� collisions with center-of-mass
energies equal to

������
see
p

� 500 GeV, luminosities of order
L � 340, 200 and 220 fb�1=year are expected at TESLA,
CLIC and ILC, respectively. In Table III we present our
077502
predictions for the number of events per year for the ��,
�J=�, J=�J=� and �� production. For double � pro-
duction our estimate is conservative, since we consider a
cut in the momentum transfer t (jtjmin � 1 GeV2) and the
Soft Pomeron contribution is not included in our calcula-
tions. As expected, the number of events is smaller than
those obtained for a �� collider [12]. However, we still
predict a large number of events related to double meson
production in e�e� collisions, allowing future experimen-
tal analyses, even if the acceptance for vector meson
detection were low. Consequently, we believe that this
process could be used to constrain the QCD dynamics at
high energies.

As a summary, we have studied the double diffractive
vector meson production in e�e� collisions assuming the
dominance of the BFKL Pomeron exchange and estimated
the total cross sections for the future linear colliders. Our
results indicate that it may be possible to perform a su-
cessful experimental analysis of this process. It is an
important results since, as already pointed out in
Ref. [14], this exclusive diffractive reaction may become
the best tool to investigate the perturbative picture of the
BFKL Pomeron. In particular, we expect that in this pro-
cess the impact of the NLO corrections can be evaluated
and the various approaches proposed in the literature can
be constrained.
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