Regge-model predictions for K +Σ
photoproduction from the nucleon
P. Vancraeyveld1, L. De Cruz, J. Ryckebusch and T. Van Cauteren
Department of Physics and Astronomy, Ghent University, Proeftuinstraat 86, B-9000 Gent,
Belgium
Abstract. We present Regge-model predictions for the p(γ, K + )Σ0 and n(γ, K + )Σ− differential
cross sections and photon-beam asymmetries in the resonance region. The reaction amplitude
encompasses the exchange of K + (494) and K ∗+ (892) Regge-trajectories, introducing a mere three
free parameters. These are fitted to the available p(γ, K + )Σ0 data beyond the resonance region.
The n(γ, K + )Σ− amplitude is obtained from the p(γ, K + )Σ0 one through SU(2) isospin symmetry
considerations.
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Electromagnetic (EM) kaon production plays a key role in the ongoing theoretical and
experimental efforts to resolve the missing resonance problem. Despite the publication
of a large body of high-quality p(γ (∗) , K)Y data in recent years, phenomenological analyses have not led to an unequivocal outcome. Disentangling the relevant resonant contributions is convoluted, because of the large number of competing resonances above the
kaon production threshold. Moreover, the smooth energy dependence of the measured
observables hints at a dominant role for background, i.e. non-resonant, processes.
At sufficiently high energies and momentum transfers, the isobaric description breaks
down as partons become the relevant degrees-of-freedom. In this energy region, the
kaon production amplitude can be elegantly described within the Regge framework,
characterized by the exchange of whole families of particles, instead of individual
hadrons. Building upon the work of Guidal et al. [1, 2], we model the p(γ, K + )Σ0
amplitude by means of K + (494) and K ∗+ (892) Regge-trajectory exchange in the tchannel [3]. A gauge-invariant amplitude is obtained by adding the electric part of the
nucleon s-channel Born diagram. The strong forward-peaked character of the differential
cross section provides powerful support for this approach. In our implementation of
the Regge model, the operatorial structure of the amplitudes is dictated by an effective
Lagrangian approach2 . As a result, we need to introduce only three parameters
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with gK + Σ0 p , gvK ∗+ Σ0 p and gtK ∗+ Σ0 p the coupling constants at the strong interaction vertex and κK ∗+ K + the K ∗+ (892)’s transition magnetic moment. To obtain a Reggeized
amplitude, which effectively incorporates the transfer of an entire trajectory, one substitutes the Feynman (t − m2K (∗)+ )−1 propagator in the t-channel Born diagram by the
corresponding Regge propagator
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with s0 = 1 GeV2 , αK + (t) = 0.70 (t − m2K + ) and αK ∗+ (t) = 1 + 0.85 (t − m2K ∗+ ), when
t and m2K (∗)+ are expressed in units of GeV2 . The data indicate that the trajectories
are strongly degenerate. Consequently, the Regge propagators have either a constant
or rotating phase. This phase cannot be deduced from first principles and needs to be
determined by data.
In order to relate n(γ, K + )Σ− to p(γ, K + )Σ0 , it suffices to convert the coupling constants at the strong interaction vertex. Assuming isospin symmetry to be exact, the
hadronic couplings are proportional to Clebsch-Gordan coefficients. One can find the
following relations [5]:
√
√ v,t
gK + Σ− n = 2 gK + Σ0 p , gv,t
2 gK ∗+ Σ0 p .
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For the p(γ, K + )Σ0 reaction, the amplitude is made gauge-invariant by adding the electric part of the s-channel Born diagram. For n(γ, K + )Σ− , the same is achieved through
the electric part of the u-channel Born diagram.
At sufficiently high energies (ωlab & 4 GeV), a limited amount of p(γ, K + )Σ0 data is
available, comprising differential cross sections [6] in addition to photon-beam asymmetries [7]. These data show no resonant features and are used to constrain the three
parameters of Eq. (1). In Ref. [3], we identified a rotating and a constant phase for the
K + (494) and K ∗+ (892) trajectories respectively, as the only solution compatible with
the data. The available 57 data points, did not allow us to single out a unique parametrization in that the sign of GtK ∗+ Σ0 p remains undetermined [3]. The two model variants, that
yield the best description of the high-energy data, were labeled Regge-3 and Regge-4.
The Regge model’s amplitude can be interpreted as the asymptotic form of the full amplitude for large s and small |t|. By extrapolating it into the so-called resonance region
(W . 2.5 GeV), we can try to evaluate down to what energies the simple Regge model
holds.
Figure 1 features the angular dependence of the p(γ, K + )Σ0 differential cross section
in three representative energy bins. As expected, the Regge model performs best at
higher energies. At ωlab = 1525 MeV, the cross section is significantly underestimated,
hinting at the presence of resonances. In Refs. [3, 4, 14], we have shown that by
adding resonant s-channel contributions to the Regge amplitude, one can considerably
improve on the overall description of the data. We coined the resulting hybrid approach
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Figure 1. The differential cross section for p(γ, K + )Σ0 (left panels) and n(γ, K + )Σ− (right panels) as a
function of the kaon’s center-of-mass scattering angle. The solid curve are calculations with the Regge-3
model. Data from Refs. [8] (), [9] (•), [10] (N) and [11] (H).

Regge-plus-resonance (RPR). In figure 2, we show the photon-beam asymmetry for two
forward-angle cosine bins over an extended energy range. The Regge model predicts a
vanishing asymmetry at threshold which steadily rises towards +1 as energy increases.
This is confirmed by the data, although the measured asymmetry is smaller.
Figures 1 and 2, also contain predictions of the n(γ, K + )Σ− observables. On the basis
of Eq. (3), one would expect the n(γ, K + )Σ− cross section to be roughly twice as large as
for p(γ, K + )Σ0 . The scarce neutron data rather hints at cross sections of equal magnitude.
The photon-beam asymmetry is nicely reproduced.
In summary, we have presented a simple Regge approach to electromagnetic kaon
production from the proton and neutron. The neutron results are anchored to the proton
ones through isospin symmetry. The mere three free parameters in our approach are
fitted to the 57 available high-energy data points for p(γ, K + )Σ0 . Owing to the t-channel
dominance and the absence of a prevailing resonance, this model can account for the
gross features of both the p(γ, K + )Σ0 and n(γ, K + )Σ− differential cross sections and
photon-beam asymmetries within the resonance region. This result corroborates earlier
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Figure 2. The photon-beam asymmetry for p(γ, K + )Σ0 (left panels) and n(γ, K + )Σ− (right panels) as a
function of the incoming photon’s lab energy. The solid curve are calculations with the Regge-3 model.
Data from Refs. [10] (N),[12] () and [13] (•).

findings [3, 14, 15].
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