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Abstract. All the available data on differential cross sections, total cross
sections, spin density matrix elements, and parity spin asymmetry for the
γp → K∗+Σ0 and γp → K∗0Σ+ reactions are analyzed within an effective La-
grangian approach. The reaction amplitudes are constructed by considering the
s-channel exchanges of N, ∆, and their excited states, the t-channel exchanges
of K, K∗, and κ, the u-channel exchanges of Λ, Σ, and Σ∗, and the interaction
current. Two fits with different reaction mechanisms are obtained that describe
the data equally well. The s-channel ∆(1905)5/2+ resonance exchange is found
to provide dominant contributions in both fits. The t-channel κ exchange only
contributes significantly to γp→ K∗0Σ+ in model II, which challenges the claim
made in literature that the available parity spin asymmetry data supports the
dominant contribution of κ exchange in γp→ K∗0Σ+.

1 Introduction
Extraction N∗s from data and understanding their nature are essential to our understanding

of the non-perturbative behavior of QCD. Our current knowledge of most of the N∗s is coming
from πN → πN scattering and γN → πN, KY (Y = Λ,Σ) reactions. It is known that some
N∗s may couple weakly to πN and KY but strongly to other channels. Thus, much efforts
have been made in studying N∗’s from the production reactions of mesons other than π and
K in the past few years. In the present work, we concentrate on the photoproduction of K∗Σ,
whose threshold is much higher than that of πN and thus is more suitable to study N∗’s with
higher masses in the less explored energy region.

Experimentally, for γp → K∗+Σ0, we have differential cross-section and total cross-
section data in the energy region from threshold up to center-of-mass energy W = 2814
MeV published in 2013 by the CLAS Collaboration [1]. For γp → K∗0Σ+, we have dif-
ferential cross-section data in the energy region from threshold up to W = 2519 MeV pub-
lished in 2007 by the CLAS Collaboration [2] and W = 2321 MeV published in 2008 by the
CBELSA/TAPS Collaboration [3], and the data on spin density matrix elements and parity
spin asymmetry at W = 2087 ∼ 2538 MeV published in 2012 by the LEPS Collaboration [4].

Theoretically, many works have already been devoted to the study of K∗Σ photoproduc-
tion reactions [5–9]. In Ref. [5], predications of differential cross sections, total cross sec-
tions, and beam asymmetries for γp→ K∗+Σ0 and γp→ K∗0Σ+ were made in a quark model
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with an effective Lagrangian. In Ref. [6], differential and total cross sections for γp→ K∗0Σ+

were calculated in an effective Lagrangian approach and compared with the preliminary (un-
published) data, and the parity spin asymmetry for γp → K∗0Σ+ were predicted, based on
which it was claimed that the κ exchange is substantial for this reaction. In Ref. [7], the differ-
ential and total cross sections for γp→ K∗+Σ0 and γp→ K∗0Σ+ were computed within an ef-
fective Lagrangian approach and compared with the data. It was concluded that the resonance
contributions are negligible while the contributions from K and ∆ exchanges are dominant
for K∗Σ photoproduction reactions. In Ref. [8], a combined analysis of the γp→ K∗+Σ0 and
γp → K∗0Σ+ reactions was performed within an effective Lagrangian approach, and a much
better description of the data on differential and total cross sections, compared with previous
theoretical results, was achieved. It was found that the ∆(1905)5/2+ resonance is rather im-
portant for K∗Σ photoproduction. In Ref. [9], the N(2080)3/2− and N(2270)3/2− molecules
were introduced to replace the ∆(1905)5/2+ resonance in Ref. [8], and it was found that the
data can still be well reproduced, indicating that the molecular structures of N(2080)3/2− and
N(2270)3/2− are compatible with the K∗Σ photoproduction data.

It is noticed that the reaction mechanisms extracted from various theoretical works [5–
9] are not convergent. Moreover, the LEPS data [4] on spin density matrix elements and
parity spin asymmetry for γp → K∗0Σ+ have never been theoretically analyzed in literature.
In the present work, we perform a combined analysis of all the available data for γp →
K∗+Σ0 and γp → K∗0Σ+ within an effective Lagrangian approach, with the purpose being to
understand the reaction mechanism, especially, the role of resonance and κ exchanges in K∗Σ
photoproduction.

2 The model

We consider the s-channel exchanges of N, ∆, and their excited states, the t-channel
exchanges of K, K∗, and κ, the u-channel exchanges of Λ, Σ, and Σ∗, and the interaction
current to construct the reaction amplitudes for K∗Σ photoproduction. After numerical trials
it was found that by including in s channel the ∆(1905)5/2+ resonance the data can be well
reproduced. The full photoproduction amplitudes can be written as

Mνµ = Mνµs + Mνµt + Mνµu + Mνµint, (1)

where ν and µ are Lorentz indices of vector meson K∗ and photon γ, respectively. All these
four diagrams in Eq. (1) are schematically depicted in Fig. 1. The s-, t-, and u-channel
amplitudes, i.e. Mνµs , Mνµt , and Mνµu , can be constructed straightforwardly by computing the
corresponding Feynman diagrams. The interaction current, Mνµint, is constructed in such a way
that the full photoproduction amplitude satisfies the generalized Ward-Takahashi identity and
thus is really gauge invariant. The model parameters include the cutoff parameters for the
N, ∆, Σ∗, Λ, Σ, K, κ, and K∗ exchanges, the coupling constants for the ∆ΣK∗ and Σ∗Σγ
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Figure 1. Generic structure of the K∗ photoproduction amplitude for γN → K∗Σ. The four subfigures
correspond to the diagrams for s-, t-, and u-channel interactions and the interaction current, respectively.
Time proceeds from left to right.

2

EPJ Web of Conferences 303, 01013 (2024)	 https://doi.org/10.1051/epjconf/202430301013
MENU 2023



with an effective Lagrangian. In Ref. [6], differential and total cross sections for γp→ K∗0Σ+

were calculated in an effective Lagrangian approach and compared with the preliminary (un-
published) data, and the parity spin asymmetry for γp → K∗0Σ+ were predicted, based on
which it was claimed that the κ exchange is substantial for this reaction. In Ref. [7], the differ-
ential and total cross sections for γp→ K∗+Σ0 and γp→ K∗0Σ+ were computed within an ef-
fective Lagrangian approach and compared with the data. It was concluded that the resonance
contributions are negligible while the contributions from K and ∆ exchanges are dominant
for K∗Σ photoproduction reactions. In Ref. [8], a combined analysis of the γp→ K∗+Σ0 and
γp → K∗0Σ+ reactions was performed within an effective Lagrangian approach, and a much
better description of the data on differential and total cross sections, compared with previous
theoretical results, was achieved. It was found that the ∆(1905)5/2+ resonance is rather im-
portant for K∗Σ photoproduction. In Ref. [9], the N(2080)3/2− and N(2270)3/2− molecules
were introduced to replace the ∆(1905)5/2+ resonance in Ref. [8], and it was found that the
data can still be well reproduced, indicating that the molecular structures of N(2080)3/2− and
N(2270)3/2− are compatible with the K∗Σ photoproduction data.

It is noticed that the reaction mechanisms extracted from various theoretical works [5–
9] are not convergent. Moreover, the LEPS data [4] on spin density matrix elements and
parity spin asymmetry for γp → K∗0Σ+ have never been theoretically analyzed in literature.
In the present work, we perform a combined analysis of all the available data for γp →
K∗+Σ0 and γp → K∗0Σ+ within an effective Lagrangian approach, with the purpose being to
understand the reaction mechanism, especially, the role of resonance and κ exchanges in K∗Σ
photoproduction.

2 The model

We consider the s-channel exchanges of N, ∆, and their excited states, the t-channel
exchanges of K, K∗, and κ, the u-channel exchanges of Λ, Σ, and Σ∗, and the interaction
current to construct the reaction amplitudes for K∗Σ photoproduction. After numerical trials
it was found that by including in s channel the ∆(1905)5/2+ resonance the data can be well
reproduced. The full photoproduction amplitudes can be written as

Mνµ = Mνµs + Mνµt + Mνµu + Mνµint, (1)

where ν and µ are Lorentz indices of vector meson K∗ and photon γ, respectively. All these
four diagrams in Eq. (1) are schematically depicted in Fig. 1. The s-, t-, and u-channel
amplitudes, i.e. Mνµs , Mνµt , and Mνµu , can be constructed straightforwardly by computing the
corresponding Feynman diagrams. The interaction current, Mνµint, is constructed in such a way
that the full photoproduction amplitude satisfies the generalized Ward-Takahashi identity and
thus is really gauge invariant. The model parameters include the cutoff parameters for the
N, ∆, Σ∗, Λ, Σ, K, κ, and K∗ exchanges, the coupling constants for the ∆ΣK∗ and Σ∗Σγ

N,∆

∆(1905)

N

γ

Σ

K∗

K,κ,K∗

N

γ

Σ

K∗

Λ,Σ,Σ∗

N

γ

K∗

Σ

N

γ

Σ

K∗

Figure 1. Generic structure of the K∗ photoproduction amplitude for γN → K∗Σ. The four subfigures
correspond to the diagrams for s-, t-, and u-channel interactions and the interaction current, respectively.
Time proceeds from left to right.

vertices, and the mass, width, helicity amplitudes, hadronic couplings, and cutoff parameter
for the N(1905)5/2+ resonance contributions. Their values are determined through fitting
the available data for K∗Σ photoproduction reactions by use of MINUIT. More details of the
model are referred to Refs. [8, 10].

3 Results and discussion

We perform a combined analysis of all the available data on differential cross sections,
spin density matrix elements, and parity spin asymmetry for γp → K∗+Σ0 and γp → K∗0Σ+

in an effective Lagrangian approach. The ∆(1905)5/2+ resonance is found to be needed to
describe the data. Two solutions with similar fitting qualities are achieved, named as model I
and model II in the following parts.
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Figure 2. Differential cross sections for γp → K∗+Σ0 and γp → K∗0Σ+ as a function of cos θ (black
solid lines) in model I. The scattered symbols denote the CLAS data [1, 2]. The blue dashed and green
dash-double-dotted lines represent the individual contributions from the ∆(1905)5/2+ and ∆ exchanges,
respectively. The magenta dotted and cyan dash-dotted lines represent the individual contributions from
the Λ and K∗ exchanges for γp → K∗+Σ0, and the Σ and Σ∗ exchanges for γp → K∗0Σ+, respectively.
The numbers in parentheses denote the centroid value of the photon laboratory incident energy (left
number) and the corresponding total center-of-mass energy of the system (right number), in MeV.

The results for differential and total cross sections obtained in model I are presented in
Figs. 2-3. One sees that for γp → K∗+Σ0, the ∆(1905)5/2+ and ∆ exchanges provide dom-
inant contributions at low energies, the K∗ exchange contributes significantly at high energy
forward angles, and the Λ exchange offers small contributions at high energy backward an-
gles. For γp → K∗0Σ+, the ∆ exchange provides dominant contributions, the ∆(1905)5/2+

and Σ exchanges contribute significantly at low energies and high energy backward angles,
respectively, and the Σ∗ exchange offers considerable contributions at high energy backward
angles.

The results for differential and total cross sections obtained in model II are presented in
Figs. 4-5. One sees that for γp → K∗+Σ0, the ∆(1905)5/2+ exchange provides dominant
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Figure 3. Total cross sections with dominant individual contributions for γp→ K∗+Σ0 and γp→ K∗0Σ+

in model I. Data are from the CLAS Collaboration [1] but not included in the fit.
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Figure 4. Differential cross sections for γp → K∗+Σ0 and γp → K∗0Σ+ as a function of cos θ (black
solid lines) in model II. Notations are the same as in Fig. 2 except that the orange dot-double-dashed
lines represent the contributions from the κ exchange.

contributions at low energies, the K∗ and κ exchanges contribute significantly and consider-
ably, respectively, at high energy forward angles, and the Λ exchange offers supplementary
contributions at high energy backward angles. For γp → K∗0Σ+, the κ exchange provides
substantial contributions especially at forward angles, the ∆(1905)5/2+, Σ, and Σ∗ exchanges
have similar contributions as in model I.

The computed spin density matrix elements for γp → K∗0Σ+ at Eγ = 1.85 − 2.96 GeV
obtained in model I and model II are presented in Fig. 6. One sees that although there is only
one data point at very forward angle for each observable, our theoretical values agree well
with the corresponding data.

In Fig. 7 we show our calculated results for the parity spin asymmetry for γp → K∗0Σ+

at Eγ = 1.85 − 2.96 GeV. The parity spin asymmetry is defined as Pσ = 2ρ1
1−1 − ρ1

00. If there
is only t-channel interaction, then Pσ tends towards 1 for natural parity exchange and −1 for
unnatural parity exchange. In Ref. [4] it was argued that the γp → K∗0Σ+ is dominated by
κ exchange as the observed Pσ is very close to 1. In the present work, for γp → K∗0Σ+, we
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Figure 6. Spin density matrix elements for γp→ K∗0Σ+ as a function of cos θ at Eγ = 1.85− 2.96 GeV
in model I (solid lines) and model II (dashed lines). Data are from the LEPS Collaboration [4].

have dominant contributions from κ exchange in model II, while in model I the ∆ exchange
dominates the contributions at forward angles but the contributions from κ exchange are rather
supplementary. However, as we can see from Fig. 7, in both model I and model II, the
theoretical results for Pσ agree well with the data point. This means that the available Pσ data
is not sufficient to support the argument that the κ exchange has dominant contributions in the
γp→ K∗0Σ+ reaction. Note that in the energy region considered, there are also contributions
from s- and u-channel interactions. Thus the analysis based on the contributions from pure
t-channel amplitudes to Pσ is not valid.

In Ref. [9], the contributions from the N(2080)3/2− and N(2270)3/2− states instead of
the ∆(1905)5/2+ resonance as chosen in Refs. [8, 10] and the present work were considered
for K∗Σ photoproduction reactions. The N(2080)3/2− and N(2270)3/2− are assumed to be
the K∗Σ and K∗Σ∗ molecules, respectively. The data were well described, indicting that
the considered data are compatible with the molecular scenarios of the N(2080)3/2− and
N(2270)3/2− states. It is worthy mentioning that the contributions from the κ exchange in
Ref. [9] are also rather small, as observed in model I of the present work, thus not supporting
the statement made in Ref. [4] that the γp→ K∗0Σ+ reaction is dominated by the κ exchange.
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Figure 7. Parity spin asymmetry Pσ for γp→ K∗0Σ+ as a
function of cos θ at Eγ = 1.85 − 2.96 GeV in model I (solid
lines) and model II (dashed lines). Data are from the LEPS
Collaboration [4].

4 Summary and conclusions

In the present work, all the available data on differential cross sections, total cross sec-
tions, spin density matrix elements, and parity spin asymmetry for the γp → K∗+Σ0 and
γp → K∗0Σ+ reactions are well reproduced within an effective Lagrangian approach. The
reaction amplitudes are constructed by considering the s-channel exchanges of N, ∆, and
∆(1905)5/2+, the t-channel exchanges of K, K∗, and κ, the u-channel exchanges of Λ, Σ, and
Σ∗, and the interaction current. Two fits with different reaction mechanisms are obtained that
describe the data equally well. The s-channel ∆(1905)5/2+ resonance exchange is found to
provide dominant contributions in both fits. The t-channel κ exchange only contributes sig-
nificantly to γp → K∗0Σ+ in model II, which challenges the argument made in Ref. [4] that
the available parity spin asymmetry data supports the substantial contribution of κ exchange
in γp→ K∗0Σ+.
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