
where s0 is a typical hadronic scale ∼ 1 GeV2 which replaces M2
X in Eq. (4). In the last

step we also make the simplifying assumption that the contribution to the denominator
from the Odderon is numerically much smaller than from the Pomeron and therefore can be
neglected. The maximally allowed Odderon coupling at t=0 is then given by,
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∣
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√
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(

s
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)αP−αO

. (13)

Strictly speaking this limit applies for the soft Odderon and Pomeron and is therefore not
directly applicable to charm photoproduction which is a harder process, i.e. with larger
energy dependence. According to recent data from HERA [24] the energy dependence,
parameterized as sδ

γp, for photoproduction of J/ψ mesons is δ = 0.39 ± 0.09 for exclusive
production and δ = 0.45±0.13 for inclusive production corresponding to a Pomeron intercept
of αP(0) " 1.2. Even so we will use this limit to get an estimate of the maximal Odderon
coupling to the proton.
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FIG. 3. The amplitudes for the asymmetry using the Donnachie-Landshoff [21] model for the

Pomeron/Odderon coupling to the quark and the proton.

The amplitudes can be calculated using the Donnachie-Landshoff [21] model for the
Pomeron and a similar ansatz for the Odderon [12]. The coupling of the Pomeron/Odderon
to a quark is then given by κγcc̄

P/Oγρ, i.e. assuming a helicity preserving local interaction. In

the same way the Pomeron/Odderon couples to the proton with 3κP/O
pp′ F1(t)γσ if we only

include the Dirac form-factor F1(t). The amplitudes shown in Fig. 3 can then be obtained

by replacing gP/O
pp′ (t)gγcc̄

P/O(t, M2
X , zc) in Eq. (4) by,

gP/O
pp′ (t)gγcc̄

P/O(t, M2
X , zc) = 3κP/O

pp′ F1(t)ū(p − ()γσu(p)

(

gρσ −
(ρqσ + (σqρ

(q

)

κγcc̄
P/Oεµ(q)

×ū(pc)

{

γµ % (− % pc̄ + mc

(1 − z)M2
X

γρ − SP/Oγρ % pc − % ( + mc

zM2
X

γµ

}

v(pc̄)

where ( = ξp is the Pomeron/Odderon momentum and gρσ − &ρqσ+&σqρ

&q stems from the
Pomeron/Odderon “propagator”. Note the signature which is inserted for the crossed dia-
gram to model the charge conjugation property of the Pomeron. The Pomeron amplitude
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