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The role of secondary reggeons in central meson production
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Abstract. We estimate the contribution of f2 trajectory exchange to the central η and η′ production. It
is shown that secondary reggeons may give a large contribution to processes of double diffractive meson
production at high energies.

PACS. 12.40.Nn Regge theory, duality, absorptive/optical models – 13.60.Le Meson production – 12.39.Mk
Glueball and nonstandard multi-quark/gluon states

The Regge theory provides a natural and economical
description of hadron-hadron interactions at high ener-
gies and small momentum transfers [1]. In this approach
the interaction between colliding particles is described by
the exchange of effective particles, i.e. reggeons. At high
energies, the pomeron with vacuum quantum numbers
gives the dominant contribution to the hadron-hadron to-
tal cross-sections. The reggeons with quantum numbers
different from the vacuum ones can also contribute to the
total cross-sections and their contribution is vanishing at
very high energies.
An interest in double diffractive processes (DDP) is

mediated by the idea that they can be a pure source
of glueballs [2,3]. Intensive studies of these processes
have been recently performed by WA102 collaboration at
CERN. The mechanism of the central meson production
in DDP at high energies is usually related to the double
pomeron exchange (DPE) [3–5]. This conclusion is based
on the following observations:

i) if the two-pomeron fusion contributes dominantly to
the central meson production, one can explain rather
weak energy dependence of the total production cross-
sections;

ii) t- and azimuthal dependences of differential cross-
sections for the most mesons are consistent with the
two vector-fusion mechanism and with additional as-
sumption that pomeron transforms as vector current;
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iii) quantum numbers of these effective vector exchanges,
e.g. flavour, P - and C-parities, are the same as for the
pomeron.

However, these arguments fail if one looks into the de-
tails of the experimental data. For example, even in the
simplest case of the light pseudoscalar meson production
we find:

i) the observed cross-section of η production is larger
than that of the η′ production [6], while the DPEmech-
anism predicts the opposite: ση � ση′ . This conclu-
sion comes from the consideration of the flavour-singlet
structure of the two-pomeron fusion which leads to the
enhancement of flavour-singlet meson production [8].

ii) the cross-section of π0 meson production does not show
any angular dependence in the range 0◦ < ϕ < 150◦
and shows a peak (presumably a contribution from the
diffractive ∆ and nucleon resonance production [7]) at
ϕ = 180◦, while the mechanism of two-vector fusion
predicts the behaviour like sin2 ϕ with a maximum at
90◦. Hence, the mechanism of π0 production is not
consistent with the two-vector fusion at all.

The main goal of this letter is to underline the impor-
tance of secondary reggeon exchanges for central meson
production. As an example, we estimate the contribution
of the f2 exchange with P = C = +1 to the central pro-
duction of η and η′ mesons for WA102 kinematics.
Let us consider a two-reggeon fusion contribution to

central η, η′ productions, as is presented in fig. 1, where
the pomeron and f2 reggeon are taken into consideration.
The cross-section of meson production in the reaction

p(p1) + p(p2)→ p
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+ p
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Fig. 1. Two-reggeon fusion diagram.

is given by the formula

dσ =
dPS3

4
√
(p1 · p2)2 −m4

p

∑
spin

|T |2, (2)

where dPS3 is the 3-body phase space volume, mp is the
proton mass, and T is the matrix element for DDP reac-
tion.

∑
spin stands for the summation and averaging over

the spins in the final and initial proton states, respectively.
At high energies and small momentum transfers, the

four-momenta of initial and final protons in the center-of-
mass system are given as follows:

p1 ≈ (
P +m2

p/2P,0, P
)
,

p2 ≈ (
P +m2

p/2P,0,−P
)
,

p1
′ ≈ (

x1P +
(
m2

p + p2
1T

)
/2x1P,p1T , x1P

)
,

p2
′ ≈ (

x2P + p2
2T

)
/2x2P,p2T ,−x2P

)
, (3)

where P =
√
s/2, s = (p1 + p2)2. Using the result of

ref. [9] for the high energy phase space at small momentum
transfers, we obtain

dPS3 =
1
28π4

dt1dt2dx1dx2dΦ

× δ
(
s(1− x1)(1− x2)−M2

)
(4)

for the phase space volume in the DDP reaction, where
Φ is azimuthal angle between final protons, t1,2 = (p1,2 −
p′1,2)

2 and M is the meson mass. Kinematic limits for the
phase space integration in (16) are determined by positive
p2

1,2T in (15) and the condition s1,2 ≥ (M +mp)2, where

s1,2 = s(1− x1,2) +m2
p + 2t1,2. (5)

Let us consider typical values of s1,2 for the diffractive
process, which appeared to be very important to under-
stand the reaction mechanism. In the diffractive region
where t1,2 are small s1,2 at given s can be functions of
x1,2 only. One can see from (4) that x1,2 are not indepen-
dent variables. At fixed xF = x2 − x1

x1 = 1−
√
x2

F

4
+
M2

s
− xF

2
,

x2 = 1−
√
x2

F

4
+
M2

s
+
xF

2
. (6)
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Fig. 2. The dependence of the s1,2 on xF for η′ production at
P = 450GeV/c.
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Fig. 3. The dependence of the s1,2 on s for η′ production at
xF = 0.05.

Using (5) and (6) we obtain the dependence of s1,2 on
xF (see fig. 2). As one can see, despite the large value
of the total invariant mass of the system, the value of s2
is always rather small. Therefore, the large contribution
from secondary Regge trajectories can be expected for any
central meson production. Fixing xF and varying s (see
fig. 3), we see that this conclusion remains valid even at
very high energies. This is why even at LHC energy the
contribution from secondary reggeon exchanges can be not
small, contrary to the expectation [11].
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Let us estimate more accurately the contribution of
both pomeron and secondary reggeons to the central η, η′
production. The leading correction to the two-pomeron
fusion contribution to this reaction comes from the addi-
tional pomeron-f2 reggeon fusion, where f2 is the trajec-
tory with P = C = +1 and positive signature.
The matrix element of DPE reaction, T , is given by

the formula

T = i36β2
PλMAM

PPεµνρσp
µ
1p

ν
2p

′ρ
1 p

′σ
2

×Fp(t1)Fp(t2)FPPM(t1, t2), (7)

where

Fp =
4m2

p − 2.79t
(4m2

p − t)(1− t/0.71)2
, (8)

and

FPPM(t1, t2) =
1

(1− t1/8π2f2
PS)(1− t2/8π2f2

PS)
(9)

are form factors in proton-pomeron and pomeron-
pomeron-pseudoscalar vertices, respectively (see [8]), and

AM
PP = β4

PD
M
PP

(
s1
s0

)αP(t1)−1(
s2
s0

)αP(t2)−1

× exp
(
− iπ

2
[αP(t1) + αP(t2)− 2]

)
, (10)

s0 = 1GeV2, βP = 1.8GeV−1, αP(t) = 1 + ε + α′t is the
pomeron trajectory with ε ≈ 0.08, α′ ≈ 0.25GeV−2 and

λM =
18

RMαem

√
2Γγγ

πM3
. (11)

Here Γη→γγ = 0.46×10−6GeV, Γη′→γγ = 4.28×10−6GeV
and factors DM

PP and R
M are related to the wave functions

of η and η′

η = − sinΘη0 + cosΘη8,

η′ = cosΘη0 + sinΘη8, (12)

Dη
PP = − sinΘ, Dη′

PP = cosΘ, (13)

Rη = 2
√
2 cosΘ − sinΘ,

Rη′ = 2
√
2 cosΘ + sinΘ, (14)

where Θ = −19.5◦ is the singlet-octet mixing angle.
Using (4), (6), (7) and the equations

p2
1,2T = −x1,2t1,2 − (1− x1)2m2

p, (15)

which follow from (3), the cross-section is finally written as
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(16)

The f2 reggeon gives an additional contribution to the
total amplitude

AM = AM
PP +AM

Pf2 +AM
f2P, (17)

where

AM
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2
f2D

M
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,
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The factors DM
ij can be obtained from the quark decom-

position of η1, η8 and f2 mesons,

η1 =
1√
3
(uū+ dd̄+ ss̄), η8 =

1√
6
(uū+ dd̄− 2ss̄)

f2 =
1√
2
(uū+ dd̄), (18)

where we assume that f2 is an ideal mixing of SU(3)
flavour octet and singlet.
We have

Dη
Pf2
= −

√
2
3
sinΘ +

1√
3
cosΘ,

Dη′
Pf2
=

√
2
3
cosΘ +

1√
3
sinΘ. (19)

The parameters of f2 trajectory have been taken from
Donnachie-Landshoff fit [10]

βf2 = 3.6GeV
−1, εf2 = −0.45, (20)

with α′
f2
≈ 0.9GeV−2.

The final result for η and η′ production cross-sections
for WA102 kinematics (P = 450GeV/c, 0 < xF < 0.1)
becomes to be equal to

σ(η) = 450 nb, σ(η′) = 550 nb, (21)

which can be compared with the DPE contribution
alone [8]:

σ(η) = 46 nb, σ(η′) = 370 nb, (22)

and with the experimental data [6]

σ(η) = 1295± 120 nb, σ(η′) = 588± 60 nb. (23)

We see that f2 reggeon contribution to the cross-section of
η meson production is very large. The admixture of flavour
non-singlet f2 exchange increases the cross-section by an
order of magnitude and also gives the large enhancement
of η′ production. Taking into account uncertainties of our
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Fig. 4. dσDPE/dσtot as a function of xF.

model for possible values of quark-pomeron and quark-f2
coupling constants as well as representation of form factors
in effective vertices, we conclude that the sum of DPE and
f2 exchange can explain the observed value of total cross-
section of η and η′ central production. On the other hand,
the DPE alone fails to explain the cross-section value. We
should stress that f2 exchange does not spoil a good DPE
description of the t and azimuthal dependence of the dif-
ferential cross-sections of η and η′ production [8], which is
just fixed by the shape of nucleon and pseudoscalar me-
son form factors and vector-like structure of quark-reggeon
vertex.
We have also analysed the DPE contribution to the

cross-section for different values of xF and s (see figs. 4
and 5). As is seen here, even for η′ production, its contri-
bution is not dominant at any value of xF and s. Increasing
energy does not lead to the prevailing of DPE in η and
η′ production. This is the reason why meson production
within DDP does not seem to be a pure kinematical re-
gion for the dominance of DPE mechanism even at LHC
energy [11].
Although our calculation has been performed only for

the simplest case of pseudoscalar η and η′ meson produc-
tion, we think that any DDP cannot leave the region where
exchanges by secondary Regge trajectories are significant.
This conclusion is based mainly on kinematical arguments;
this is why we expect them to be correct for any central
meson production too. We should also mention that due to
large admixture of flavour singlet component, f2 exchange
can play an important role even in reactions of central
glueball production.
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Fig. 5. σDPE/σtot as a function of s.

Concluding, we have estimated the contribution of sec-
ondary reggeon trajectories into central production of η
and η′ mesons. The contribution is shown to be very large.
Therefore, before making some definite conclusions about
properties of the pomeron from the analysis of central
production data, one should carefully disentangle the sec-
ondary reggeon contribution.

We are grateful to A. Dorokhov, S. Gerasimov, V. Romanovsky,
N. Russakovich and A. Titov for useful discussions.
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