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Abstract

Non-perturbative QCD mechanisms are of fundamental importance in strong
interaction physics. In particular, the flavor singlet axial anomaly leads to a gluonic
pole mechanism which has been shown to explain the η′ mass, violations of the OZI
rule and more recently the proton spin. We show here that the interaction derived
from the gluonic pole exchange explains the high momentum transfer behavior of
the photoproduction cross sections of vector mesons at JLab energies.

1 Introduction

Recently the CLAS Collaboration at JLab has published new data on ρ- and φ-meson
photoproduction at large momentum transfers [1, 2]. The main goal of these data is to
provide understanding for the mechanism responsible for the violation of the OZI rule in
strong interactions [3, 4, 5].

The usual approach to the description of exclusive reactions consists in the use of
some effective non-perturbative reaction model at small momentum transfers and hard
perturbative gluonic exchange mechanisms at large momentum transfers [6]. These ap-
proaches are unable to explain the large spin effects at large −t in exclusive reactions [7].
One example is the large Ann asymmetry in proton-proton elastic scattering which can
be understood only if some helicity violating contribution is present at such momentum
transfers. The pQCD exchanges in these approaches lead only to quark helicity conserving
contributions and therefore can not be the dominant mechanisms for exclusive reactions
in the few GeV region.

We have proposed a non-perturbative mechanism [8] for exclusive reactions at large
momentum transfers, whose relevance we have studied in φ meson electromagnetic pro-
duction at large momentum transfer, which we here generalize to ρ- and ω-meson photo-
production off the nucleon. The new ingredient of our model is the gluonic contribution
arising from the QCD mechanism associated with the flavor singlet axial anomaly and
describable in terms of an additional gluonic pole in the amplitudes. The gluonic pole
was introduced in [10] to describe features of OZI violation in the pseudoscalar meson
nonet. It has been shown to provide a natural explanation of proton spin [11]. Recently,
applications to radiative decays of pseudoscalar mesons, the muon anomalous magnetic
moment and the determination of the photon structure gγ

1 function in polarized deep in-
elastic scattering have been discussed [9]. The origin for this pole is the periodicity of
QCD the potential as a function of the topological charge and the existence of instantons
tunneling between the various classical vacua of the theory [12].

By showing the relevance of the gluonic pole exchange in vector meson photopro-
duction at large momentum transfers, we unveil a non-perturbative QCD effect, which
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Figure 1: a) Contributions from the pomeron, f2, π (η) to ρ and ω (φ) photoproduction; b)

Contribution from the G-pole exchange to vector-meson photoproduction.

is neither contained in the low energy effective theories nor in the pQCD ingredients of
previous calculations.

2 Vector meson photoproduction off the nucleon

It is very well known that at large energy and small momentum transfer the main contri-
bution to the photoproduction of the vector mesons comes from the pomeron exchange.
In the low energy region one can expect the dominance of the pomeron at small −t only
for φ meson electromagnetic photoproduction due to OZI rule. For ρ and ω-meson pro-
duction the contribution from secondary Reggeon exchanges might be important. In the
case of photoproduction the leading Regge trajectory with appropriate quantum numbers
is the f2 meson trajectory. Subleading Regge exchanges, which might give a significant
contribution, are π-meson exchange for ρ- and ω-meson production and η-meson exchange
for φ-meson production [3] (Fig.1a).

We use the Donnachie-Landshoff (DL) model [13] to describe the soft pomeron con-
tribution to the vector meson production differential cross section,

dσP

dt
=

81m3
V β2

0β
2
qΓ

V
e+e−

παem

F (t)2µ4
0

(2µ2
0 + Q2 + m2

V − t)2(Q2 + m2
V − t)2

(

S

S0

)2αP (t)−2

, (1)

where

F (t) =
4M2

N − 2.8t

(4M2
N − t)(1 − t/0.7)2

(2)

is the electromagnetic nucleon form factor. The pomeron-quark couplings β0 = 2 GeV−1,
βs = 1.5 GeV−1 are obtained from a fit to the total pp, πp and Kp cross sections [14],
µ2

0 = 1.1GeV 2, S0 = 4GeV 2 and the pomeron trajectory is αP (t) = αP (0) + α′

P t, with
αP (0) = 1.08 and α′

P = 0.25 GeV−1. The effect of the f2 trajectory can be taken into
account by multiplying the equation for the pomeron contribution Eq.(1) by the factor

FP+f2
= 1 + 2A(S, t)cos

(

π

2
(αf2

(t) − aP (t))
)

+ A(S, t)2 (3)

with
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Figure 2: Contribution of the triangle graph to the π exchange amplitude.

A(S, t) =
β2

f2

β2
0

(

S

S1

)αf2
(t)−1 (

S

S0

)1−αP (t)

, (4)

where the f2 trajectory is αf2
(t) = 0.55 + 0.9t, and the coupling to quarks βf2

= 4.32 was
taken also from the DL fit to the total hadron cross sections [14].

The contribution of the pseudoscalar exchange to the cross section can be calculated
by using the same procedure as in the DL approach to the pomeron contribution [13] 1

Direct calculation of the triangle diagram in Fig.2 2 at the quark level with the quark-
meson interactions

Lπqq =
gπ0qq

2mq

(ūγµγ5u − d̄γµγ5d)∂µπ0,

Lηss =
gηss

2ms

s̄γµγ5s∂
µη (5)

gives the result

dσPS

dt
= −

KPSV mV g4
PSNNΓV

e+e−t

παem

FPS(t)2

(S − M2
N )2(t − M2

PS)2
, (6)

where Kπρ = 3/100, Kπω = 9Kπρ, Kηφ = 3 and we have used the constituent quark
relations 2mq = mV , gπ0qq = 3/5gπ0NN and gηss = 2gηNN .

For numerical estimates the value gπNN = 13.28 [15] for pion-nucleon and the SU(3)f

value gηNN = 3.52 for η-nucleon coupling [3] have been used. In Eq.(6) the pseudoscalar-
nucleon form-factor is taken of monopole form

FPS(t) =
Λ2 − M2

PS

Λ2 − t
(7)

1We do not include the interaction of the η-meson with the u− and d− quarks because its contribution
to ρ and ω-meson production is much smaller than the contribution of the π-meson.

2We do not use the conventional approach for the calculation of the pseudoscalar contribution which
consists in using as input the experimental values of widths for V → γπ0(η) [3] since one has large
uncertainties in the estimates due to the poor knowledge of the V γπ0(η) form-factors.
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with Λ = 0.8GeV [16]. The Reggeization of the pseudoscalar meson exchange can be
perform in the standard way (see for example [17]). It is done by substituting the pseu-
doscalar propagator in the following way,

1

t − M2
PS

→
(

S

S1

)αPS(t) πα′

sinπαPS(t)

1 + e−iπαPS(t)

2Γ(1 + αPS(t))
. (8)

The pseudoscalar trajectories are taken as

αPS(t) = α′(t − M2
PS) (9)

with slope α′ = 0.9GeV −2.
It can be shown that the effect of Reggeization leads to the multiplication of Eq.(6)

by the Regge factor

R =
(

S

S1

)2αPS(t)

Γ(1 − αPS(t))cos2(
παPS(t)

2
). (10)

The pomeron contribution to vector meson photoproduction is shown in Figs. 3,
4 and 5 by long-dashed lines. It underestimates the low −t cross-section for ρ and ω
production at JLab energies but describes rather well the low −t φ-meson production.
The total contribution of the DL pomeron and f2 exchange to the cross section for ρ and
ω photoproduction is presented in Figs. 3 and 4 by dashed-dot lines. The contribution
of the pion exchange in Figs. 3 and 4 and η-meson exchange in Fig. 5 is shown by short-
dashed line. It is apparent that pseudoscalar exchange is important only for ω production
at very small momentum transfers. Our result is in contradiction with the result of ref.
[3] where a nonreggeized pion exchange contribution to vector meson production was
calculated. In our approach the suppression of the pseudoscalar contribution at large −t
is not very sensitive to the −t dependence of the π(η)NN and π(η)γV form-factors and
the absolute value of the pseudoscalar coupling with quarks. This suppression is due to
the smallness of the Regge factor (S/S1)

2αPS(t) in the cross-section for large −t. The effect
of the Reggeization for the case of the π contribution to ρ production is shown in Fig. 6.
This effect is very large and can not be neglected. The pomeron and Regge contributions
describe the data for all mesons rather well in the small −t ≤ 0.5 GeV2 region. However,
for large −t ≥ 1 GeV2, all these contributions deviate strongly from the data.

3 Anomalous gluonic exchange

In our previous work [8] a new gluonic, so-called G-pole, exchange was introduced to
explain the large −t electromagnetic φ meson production at JLab. This exchange, not
related to the exchange of any mesonic state, arises from the nontrivial topological struc-
ture of the QCD vacuum. In some sense this exchange represents the interaction of the
quarks in the photon with the quarks in the proton generated by the excitations of the
QCD vacuum.

In QCD the anomalous gluonic axial current

Kµ =
αs

4π
ǫµναβAa

ν(∂αAa
β +

gs

3
fabcA

b
αAc

β) (11)
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Figure 3: The contributions of the pomeron (long-dashed line), the sum of pomeron and f2

exchanges (dashed-dot line), pion (short-dashed line) and G- exchange (dotted line) to ρ-meson

production at Eγ = 3.82GeV . The solid line represents the total contribution. The data are

from the CLAS Collaboration [1].

Figure 4: The contributions of the pomeron , the sum of pomeron and f2 exchanges, pion and

G-exchange to ω-meson production at Eγ = 3.87GeV . The notation follows that of the previous

figure and the data are from [18].

5



Figure 5: The contributions of the pomeron, the sum of pomeron and f2 exchanges, η (short-

dashed line) and G-exchange to the φ-meson photoproduction at Eγ = 3.6GeV . The notation

for the pomeron and f2 contributions follows that of the previous figures and the data are from

[2].

Figure 6: The effect of π reggeization in ρ production is shown.
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has a massless pole

i
∫

d4xeikx < 0|TKµ(x)Kν(0)|0 >k→0 →
gµν

k2
λ4 (12)

which is related to the topological susceptibility of the QCD vacuum

χ(0) = −λ4 = i
∫

d4x < 0|TQ(x)Q(0)|0 >, (13)

where Q(x) = ∂µKµ is the density of topological charge. This pole has been called the
gluonic ghost pole [10] in the literature and G-pole by us [8].

The diagonalization of the propagator matrix for the ghost operator Q and quark
nonet states π0, η8 and η′ leads to the following propagator

< GG >= −A (14)

which we called G-propagator. A in Eq.(14) is determined by the topological susceptibility
of QCD vacuum [9]

A ≈ −χ(0)|Y M =
f 2

π

6
(m2

η′ + m2
η − 2m2

K) ≈ (180MeV )4. (15)

We should stress that the G-propagator Eq.(14) does not depend on the momen-
tum transfer k2 and therefore the effective interaction induced by the ghost exchange is
point-like. This property is responsible for the large G-pole contribution to vector meson
photoproduction at large momentum transfers as will be shown next.

Let us estimate the contribution of G-pole exchange to vector meson photoproduction
(Fig.1b). To calculate this diagram the values of couplings gGNN and gGγV are needed.
We will use the fact that the contribution of the G-pole to the physical amplitudes in the
flavor singlet channel leads to results which are different from the predictions of the OZI
rule. This mechanism produces, for the isosinglet axial-vector nucleon form factor at zero
momentum transfer, the following generalized U(1) Golberger-Treiman relation [19]

2MNG0
A = Fgη′NN + 2NfAgGNN = Fη0

gη0NN
, (16)

where F ≈
√

2Nffπ, fπ = 93 MeV and gGNN is G-nucleon coupling constant. The exper-

imental value of G0
A ≈ 0.3 extracted from experimental data on nucleon spin-dependent

structure function g1(x, Q2) [20], allows us to estimate the value of G-nucleon coupling
constant as

gGNN ≈ −
0.3MN

NfA
≈ −89.35GeV −3. (17)

The G-pole contribution to the η′(η) → γγ decay has been discussed in [19] where a
modified formula for the effective coupling of the η′ meson with photons has been obtained,

Fgη′γγ + 2NfAgGγγ =
4

π
αem. (18)

Let us consider the G-pole contribution to the η′γV coupling, where V stands for ρ0, ω
and φ. The interaction of the vector mesons with the quarks is assumed to be photon-like

Lρqq = Cρ(ūγµu − d̄γµd)ρµ, Lωqq = Cω(ūγµu + d̄γµd)ωµ, Lφss = Cφs̄γµsφµ. (19)
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Due to this vector meson-photon analogy the generalization of Eq.(18) to the case of the
η′ → γV amplitude is straightforward

Fgη′γV + 2NfAgGγV = kV CV

√

αem

π3
, (20)

where kφ = −1, kρ = 3 and kω = 1. The values of gη′γφ, gη′γω and gη′γρ can be extracted
from the experimental widths Γφ→η′γ , Γω→η′γ and Γη′

→ργ.
The vector meson couplings with quarks are not well known. In order to estimate

them we use a constituent quark model calculation for the ρ and ω couplings

Cρ = Cω =
gωNN

3
≈ 3.45, (21)

where gωNN = 10.35 is taken from [3] and for the φ coupling we use the NJL model
prediction [21]

Cφ = −5.33. (22)

Our final estimate for the G-vector meson couplings is |gGγρ| = 11.02 GeV−4, |gGγω| = 3.57
GeV −4 and |gGγφ| = 1.91 GeV −4.

We are now ready to calculate G-pole contribution to vector meson photoproduction.
The absolute value of the G-contribution strongly depends on its couplings with the
nucleon, photon and vector meson and is given by

dσG

dt
= −

A2g2
Gγφg2

GNN t(t − M2
φ)2

64π(S − M2
N)2

F1(t)
2, (23)

where F1(t) = 1/(1 − t/M2
f1

)2 is the flavor singlet axial form factor of the nucleon with
the value of Mf1

equals to the mass of the flavor singlet f1(1285)-meson [8].
It should be noted that the G-exchange induces a nucleon spin-flip, which produces a

factor t in Eq.(23), and leads to an additional enhancement of the G-pole contribution at
large −t, with respect to the pomeron contribution, which is nonspin-flip Eq.(1). Moreover
the energy dependence of the G contribution corresponds to that of a fixed pole with zero
Regge slope. Therefore the large t Regge suppression in vector meson production given
by (S/M2

N )2α′

R
t with the slope α′

R ≈ 0.9 GeV−2 for the usual Regge trajectories, e.g. π0

and η, is absent for the G-exchange.
The result of the calculation of the G-pole contribution is presented in Fig. 3, 4 and

5 by the dotted lines. The sum of the pomeron, f2, π0, η and G-pole contributions are
shown by the solid lines. It is evident that G-exchange determines the behavior of the cross
section at large −t and our model based only on pomeron, secondary Regge exchange and
G-pole contributions reproduces the main features of a data. The deviation from data at
intermediate values of −t might be related to additional contributions from the pomeron
and Regge cuts or to non-linear t dependences of Pomeron and f2 trajectories[22].

4 Conclusion

The gluonic degrees of freedom play a very important role in the ρ- ω- and φ-meson
photoproduction at JLab energies. At small −t the cross-section is described rather well
by the Donnachie-Landshoff soft pomeron and secondary Regge exchanges. At large −t
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an extremely interesting phenomena, related to the complex structure of QCD vacuum,
takes place. We have shown that at large momentum transfers, the point-like interaction
induced by the G- pole exchange, related to ghost pole in the correlator of the anomalous
gluonic axial currents, gives the dominant contribution. We should stress that vector
meson photoproduction is only one of the possible exclusive processes where the G-pole
contributes. We plan to extend our considerations here to the study of other reactions at
large momentum transfers.

As has been mentioned the G-pole exchange leads to a nucleon helicity flip and there-
fore can be separated from the helicity conserving pQCD hard gluonic exchanges in pro-
cesses with polarized particles.

Recently we have shown that at large energy and large momentum transfer a new
anomalous trajectory with very large intercept αf1 ≈ 1 and very small slope α′ ≈ 0 called
f1 is needed to explain elastic pp, pp̄ and vector meson production at HERA [23]. It would
be interesting to find a relation between this f1 trajectory and the G− exchange similarly
as was discussed recently for the relation between pomeron and S-channel multi-glueball
0++ exchange [24].

We are grateful to S.B.Gerasimov, W.-D.Nowak and V.L.Yudichev for useful discus-
sion. We would like to thank M. Battaglieri and R. Schumacher for providing us with the
CLAS data. This work was partially supported by DGICYT PB97-1227, RFBR-01-02-
16431, INTAS-00-00366 grants and by the Heisenberg-Landau program.
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