
 

Photoproduction γp → K +Λð1520Þ in an effective Lagrangian approach

Neng-Chang Wei ,1 Yu Zhang,1 Fei Huang ,1,* and De-Min Li2,†
1School of Nuclear Science and Technology, University of Chinese Academy of Sciences,

Beijing 101408, China
2School of Physics and Microelectronics, Zhengzhou University, Zhengzhou, Henan 450001, China

(Received 16 October 2020; accepted 19 January 2021; published 10 February 2021)

The data on differential cross sections and photon-beam asymmetries for the γp → KþΛð1520Þ reaction
have been analyzed within a tree-level effective Lagrangian approach. In addition to the t-channel K andK�

exchanges, the u-channel Λ exchange, the s-channel nucleon exchange, and the interaction current, a
minimal number of nucleon resonances in the s channel are introduced in constructing the reaction
amplitudes to describe the data. The results show that the experimental data can be well reproduced by
including either theNð2060Þ5=2− or the Nð2120Þ3=2− resonance. In both cases, the contact term and theK
exchange are found to make significant contributions, while the contributions from theK� and Λ exchanges
are negligible in the former case and considerable in the latter case. Measurements of the data on target
asymmetries are called on to further pin down the resonance contents and to clarify the roles of the K� and
Λ exchanges in this reaction.
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I. INTRODUCTION

The traditional πN elastic and inelastic scattering experi-
ments have provided us with abundant knowledge of the
mass spectrum and decay properties of the nucleon
resonances (N�’s). Nevertheless, both the quark model
[1,2] and lattice QCD [3,4] calculations predict more
resonances than have been observed in the πN scattering
experiments. The resonances predicated by quark model or
lattice QCD but not observed in experiments are called
“missing resonances,” which are supposed to have small
couplings to the πN channel and, thus, escape from
experimental detection. In the past few decades, intense
efforts have been dedicated to search for the missing
resonances in meson production reaction channels other
than πN. In particular, the ρN, ϕN, and ωN production
reactions in the nonstrangeness sector and the KY, K�Y
(Y ¼ Λ;Σ) production reactions in the strangeness sector
have been widely investigated both experimentally and
theoretically.
In the present paper, we focus on the γp → KþΛð1520Þ

reaction process. The threshold of the KþΛð1520Þ photo-
production is about 2.01 GeV, and, thus, this reaction

provides a chance to study the N� resonances in the W ∼
2.0 GeV mass region in which we have infancy informa-
tion as shown in the latest version of the Review of Particle
Physics (RPP) [5]. Besides, the isoscalar nature of Λð1520Þ
allows only the I ¼ 1=2 N� resonances exchanges in the s
channel, which simplifies the reaction mechanisms of the
KþΛð1520Þ photoproduction.
Experimentally, the cross sections for the reaction γp →

KþΛð1520Þ have been measured at SLAC by Boyarski et al.
in 1971 for photon energy Eγ ¼ 11 GeV [6] and by the
LAMP2 group in 1980 at Eγ ¼ 2.8–4.8 GeV [7]. In 2010,
the LEPS Collaboration measured the differential cross
sections and photon-beam asymmetries (Σ) at Spring-8
for γp → KþΛð1520Þ at energies from threshold up to Eγ ¼
2.6 GeV at forward Kþ angles [8]. In 2011, the SAPHIR
Collaboration measured the cross sections at the Electron
Stretcher Accelerator (ELSA) for the KþΛð1520Þ photo-
production in the energy range from threshold up to Eγ ¼
2.65 GeV [9]. Recently, the differential and total cross
sections for the KþΛð1520Þ photoproduction were reported
by the CLAS Collaboration at energies from threshold up to
the center-of-mass energyW ¼ 2.86 GeV over a large range
of the Kþ production angle [10].
Theoretically, the KþΛð1520Þ photoproduction reaction

has been extensively investigated based on effective
Lagrangian approaches by four theory groups in 11
publications [11–21]. In Refs. [11–14], Nam et al. found
that the contact term and the t-channel K exchange are
important to the cross sections of γp → KþΛð1520Þ, while
the contributions from the t-channel K� exchange and the
s-channel nucleon resonance exchange are rather small.
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In Refs. [15–18], Xie, Wang, and Nieves et al. found that,
apart from the contact term and the t-channel K exchange,
the u-channel Λ exchange and the s-channel Nð2120Þ3=2−
[previously called D13ð2080Þ] exchange are also important
in describing the cross-section data for γp → KþΛð1520Þ,
while the contribution from the t-channel K� exchange is
negligible in this reaction. In Refs. [19,20], He and
Chen found that the contribution from the t-channel K�

exchange in γp → KþΛð1520Þ is also considerable besides
the important contributions from the contact term, the
t-channel K exchange, the u-channel Λ exchange, and
the s-channel Nð2120Þ3=2− exchange. In Ref. [21], Yu and
Kong studied the γp → KþΛð1520Þ reaction within a
Reggeized model, and they claimed that the important
contributions to this reaction are coming from the contact
term, the t-channel K exchange, and the t-channel K�

2

exchange, while the contribution from the t-channel K�
exchange is minor.
One observes that the common feature reported in all the

above-mentioned publications of Refs. [11–21] is that the
contributions from the contact term and the t-channel K
exchange are important to the γp → KþΛð1520Þ reaction.
Even so, the reaction mechanisms of γp → KþΛð1520Þ
claimed by those four theory groups are quite different. In
particular, there are no conclusive answers which can be
derived from Refs. [11–21] for the following questions: Are
the contributions from the t-channel K� exchange and
u-channel Λ exchange significant or not in this reaction,
does one inevitably need to introduce nucleon resonances
in the s channel to describe the data, and, if yes, is the
Nð2120Þ3=2− resonance the only candidate needed in this
reaction and what are the parameters of it?
On the other hand, the data on photon-beam asymmetries

for γp → KþΛð1520Þ reported by the LEPS Collaboration
in 2010 [8] have never been well reproduced in previous
publications of Refs. [11–20]. As an illustration, we show
in Fig. 1 the theoretical results on photon-beam asymme-
tries from Refs. [16,17,19,20] calculated at cos θ ¼ 0.8 and
compared with the data located at 0.6 < cos θ < 1. It is true
that the data bins in scattering angles are wide; never-
theless, it has been checked that the averaged values of
theoretical beam-asymmetry results in 0.6 < cos θ < 1 are
comparable with those calculated at cos θ ¼ 0.8. One sees
that, in the energy region Eγ > 2 GeV, even the signs of the
photon-beam asymmetries predicated by these theoretical
works are opposite to the data. In the Regge model analysis
of Ref. [21], the photon-beam asymmetries have indeed
been analyzed, but there the differential cross-section data
have been only qualitatively described, and the structures of
the angular distributions exhibited by the data were missing
due to the lack of nucleon resonances in the s-channel
interactions.
The purpose of the present work is to perform a

combined analysis of the available data on both the
differential cross sections and the photon-beam

asymmetries for γp → KþΛð1520Þ within an effective
Lagrangian approach, and, based on that, we try to get a
clear understanding of the reaction mechanism of γp →
KþΛð1520Þ. In particular, we aim to clarify whether the t-
channel K� exchange and the u-channel Λ exchange are
important or not and what the resonance contents and their
associated parameters are in this reaction. As discussed
above, previous publications of Refs. [11–20] can describe
only the differential cross-section data, and they gave
diverse answers to these questions. It is expected that more
reliable results on the resonance contents and the roles of
K� and Λ exchanges in this reaction can be obtained from
the theoretical analysis which can result in a satisfactory
description of the data on both the differential cross
sections and the photon-beam asymmetries.
The present paper is organized as follows. In Sec. II, we

briefly introduce the framework of our theoretical model,
including the effective interaction Lagrangians, the reso-
nance propagators, and the phenomenological form factors
employed in this work. The results of our model calcu-
lations are shown and discussed in Sec. III. Finally, a brief
summary and conclusions are given in Sec. IV.

II. FORMALISM

The full amputated photoproduction amplitude for
γN → KΛð1520Þ in our tree-level effective Lagrangian
approach can be expressed as [22–25]

Mνμ ≡Mνμ
s þMνμ

t þMνμ
u þMνμ

int; ð1Þ
with ν and μ being the Lorentz indices for outgoing
Λð1520Þ and incoming photon, respectively. The first three
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FIG. 1. Predictions of photon-beam asymmetries at cos θ ¼ 0.8
as a function of the photon laboratory energy for γp →
KþΛð1520Þ from Ref. [16] (blue dashed line), the fit II of
Ref. [17] (red solid line), Ref. [19] (green dotted line), and
Ref. [20] (black dot-dashed line). The data are located in 0.6 <
cos θ < 1 and taken from the LEPS Collaboration [8] (blue
square).
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terms Mνμ
s , Mνμ

t , and Mνμ
u stand for the amplitudes resulted

from the s-channel N and N� exchanges, the t-channel K
and K� exchanges, and the u-channel Λ exchange, respec-
tively, as diagrammatically depicted in Fig. 2. They can
be calculated straightforward by using the effective
Lagrangians, propagators, and form factors provided in
the following part of this section. The last term in Eq. (1)
represents the interaction current arising from the photon
attaching to the internal structure of theΛð1520ÞNK vertex.
In practical calculation, the interaction current Mνμ

int is
modeled by a generalized contact current [22–31]:

Mνμ
int ¼ Γν

Λ�NKðqÞCμ þMνμ
KRft: ð2Þ

Here Γν
Λ�NKðqÞ is the vertex function of Λð1520ÞNK

coupling governed by the Lagrangian of Eq. (16):

Γν
Λ�NKðqÞ ¼ −

gΛ�NK

MK
γ5qν; ð3Þ

with q being the four-momentum of the outgoingK meson;
Mνμ

KR is the Kroll-Ruderman term governed by the
Lagrangian of Eq. (15):

Mνμ
KR ¼ gΛ�NK

MK
gνμγ5QKτ; ð4Þ

withQK being the electric charge of outgoingK meson and
τ being the isospin factor of the Kroll-Ruderman term; ft is
the phenomenological form factor attached to the amplitude
of t-channel K exchange, which is given by Eq. (39); Cμ is
an auxiliary current introduced to ensure the gauge invari-
ance of the full photoproduction amplitude of Eq. (1). Note
that the photoproduction amplitudes will automatically be
gauge invariant in the cases that there are no form factors
and the electromagnetic couplings are obtained by replac-
ing the partial derivative by its covariant form in the
corresponding hadronic vertices. In practical calculation,

one has to introduce the form factors in hadronic vertices
(cf. Sec. II C) which violate the gauge invariance. The
auxiliary current Cμ is then introduced to compensate the
gauge violation caused by the form factors. Following
Refs. [27–29], for the γN → KΛð1520Þ reaction, the
auxiliary current Cμ is chosen to be

Cμ ¼−QKτ
ft− F̂
t−q2

ð2q−kÞμ− τQN
fs− F̂
s−p2

ð2pþkÞμ; ð5Þ

with

F̂ ¼ 1 − ĥð1 − fsÞð1 − ftÞ: ð6Þ

Here p, q, and k denote the four-momenta for incoming N,
outgoing K, and incoming photon, respectively; QK and
QN are electric charges of K and N, respectively; fs and ft
are phenomenological form factors for s-channel N
exchange and t-channel K exchange, respectively; ĥ is
an arbitrary function going to unity in the high-energy limit
and set to be 1 in the present work for simplicity; τ depicts
the isospin factor for the corresponding hadronic vertex.
Alternatively, one can rewrite the auxiliary current Cμ in
Eq. (5) as

Cμ ¼ −QKτð2q − kÞμ ft − 1

t − q2
½1 − ĥð1 − fsÞ�

− τQNð2pþ kÞμ fs − 1

s − p2
½1 − ĥð1 − ftÞ�: ð7Þ

One sees clearly that if there are no form factors, i.e.,
ft ¼ fs ¼ 1, one has Cμ → 0 and, consequently, Mνμ

int →
Mνμ

KR. We mention that the auxiliary current Cμ in Eq. (5)
works for both real and virtual photons; i.e., the amplitudes
we constructed in Eq. (1) are gauge invariant for both
photo- and electroproduction of KþΛð1520Þ. In Ref. [32],
another prescription for keeping gauge invariance of the
KþΛð1520Þ electroproduction amplitudes was introduced,
where additional terms are considered besides those for
photoproduction reactions.
In the rest of this section, we present the effective

Lagrangians, the resonance propagators, the form factors,
and the interpolated t-channel Regge amplitudes employed
in the present work.

A. Effective Lagrangians

In this subsection, we list all the Lagrangians used in
the present work. For further simplicity, we define the
operators

ΓðþÞ ¼ γ5 and Γð−Þ ¼ 1; ð8Þ

the field

FIG. 2. Generic structure of the amplitude for γp →
KþΛð1520Þ. Time proceeds from left to right. The outgoing
Λ� denotes Λð1520Þ.
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Λ� ¼ Λð1520Þ; ð9Þ

and the field-strength tensor

Fμν ¼ ∂μAν − ∂νAμ; ð10Þ

with Aμ denoting the electromagnetic field.
The Lagrangians needed to calculate the amplitudes for

nonresonant interacting diagrams are

LγNN ¼ −eN̄
��

êγμ −
κ̂N
2MN

σμν∂ν

�
Aμ

�
N; ð11Þ

LγKK ¼ ie½Kþð∂μK−Þ − K−ð∂μKþÞ�Aμ; ð12Þ

LγKK� ¼ e
gγKK�

MK
εαμλνð∂αAμÞð∂λKÞK�

ν; ð13Þ

LγΛΛ� ¼ −ie
gð1ÞΛ�Λγ

2MΛ
Λ̄�μγνFμνΛ

þ e
gð2ÞΛ�Λγ

ð2MΛÞ2
Λ̄�μFμν∂νΛþ H:c:; ð14Þ

LγΛ�NK ¼ −iQK
gΛ�NK

MK
Λ̄�μAμKγ5N þ H:c:; ð15Þ

LΛ�NK ¼ gΛ�NK

MK
Λ̄�μð∂μKÞγ5N þ H:c:; ð16Þ

LΛ�NK� ¼ −
igΛ�NK�

MK�
Λ̄�μγνð∂μK�

ν − ∂νK�
μÞN þ H:c:; ð17Þ

LΛNK ¼ −igΛNKΛ̄γ5KN þ H:c:; ð18Þ

whereMK� ,MK ,MN , andMΛ denote the masses of K�, K,
N, and Λ, respectively; ê stands for the charge operator and
κ̂N ¼ κpð1þ τ3Þ=2þ κnð1 − τ3Þ=2 with the anomalous
magnetic moments κp ¼ 1.793 and κn ¼ −1.913. The
coupling constant gγKK� ¼ 0.413 is calculated by the radi-
ative decay width of K� → Kγ given by RPP [5] with the
sign inferred from gγπρ [33] via the flavor SU(3) symmetry
considerations in conjunction with the vector-meson domi-

nance assumption. The coupling constants gð1ÞΛ�Λγ and gð2ÞΛ�Λγ
are fit parameters, but only one of them is free, since they are
constrained by the Λð1520Þ radiative decay width
ΓΛð1520Þ→Λγ ¼ 0.133 MeV as given by RPP [5]. The value
of gΛ�NK ¼ 10.5 is determined by the decay width of
Λð1520Þ → NK, ΓΛð1520Þ→NK ¼ 7.079 MeV, as advocated
by RPP [5]. The coupling constant gΛ�NK� is a parameter to
be determined by fitting the data. The coupling constant
gΛNK ≈ −14 is determined by the flavor SU(3) symmetry,
gΛNK ¼ ð−3 ffiffiffi

3
p

=5ÞgNNπ with gNNπ ¼ 13.46.
For nucleon resonances in the s channel, the Lagrangians

for electromagnetic couplings read [22–25]

L1=2�
RNγ ¼ e

gð1ÞRNγ

2MN
R̄Γð∓Þσμνð∂νAμÞN þ H:c:; ð19Þ

L3=2�
RNγ ¼ −ie

gð1ÞRNγ

2MN
R̄μγνΓð�ÞFμνN

þ e
gð2ÞRNγ

ð2MNÞ2
R̄μΓð�ÞFμν∂νN þ H:c:; ð20Þ

L5=2�
RNγ ¼ e

gð1ÞRNγ

ð2MNÞ2
R̄μαγνΓð∓Þð∂αFμνÞN

� ie
gð2ÞRNγ

ð2MNÞ3
R̄μαΓð∓Þð∂αFμνÞ∂νN

þ H:c:; ð21Þ

L7=2�
RNγ ¼ ie

gð1ÞRNγ

ð2MNÞ3
R̄μαβγνΓð�Þð∂α∂βFμνÞN

− e
gð2ÞRNγ

ð2MNÞ4
R̄μαβΓð�Þð∂α∂βFμνÞ∂νN

þ H:c:; ð22Þ

and the Lagrangians for hadronic couplings to Λð1520ÞK
read

L1=2�
RΛ�K ¼ gð1ÞRΛ�K

MK
Λ̄�μΓð�Þð∂μKÞRþ H:c:; ð23Þ

L3=2�
RΛ�K ¼ gð1ÞRΛ�K

MK
Λ̄�μγνΓð∓Þð∂νKÞRμ

þ i
gð2ÞRΛ�K

M2
K

Λ̄�
αΓð∓Þð∂μ∂αKÞRμ þ H:c:; ð24Þ

L5=2�
RΛ�K ¼ i

gð1ÞRΛ�K

M2
K

Λ̄�αγμΓð�Þð∂μ∂βKÞRαβ

−
gð2ÞRΛ�K

M3
K

Λ̄�
μΓð�Þð∂μ∂α∂βKÞRαβ

þ H:c:; ð25Þ

L7=2�
RΛ�K ¼ −

gð1ÞRΛ�K

M3
K

Λ̄�αγμΓð∓Þð∂μ∂β∂λKÞRαβλ

− i
gð2ÞRΛ�K

M4
K

Λ̄�
μΓð∓Þð∂μ∂α∂β∂λKÞRαβλ

þ H:c:; ð26Þ

where R designates the N� resonance and the superscript of
LRNγ and LRΛ�K denotes the spin and parity of the
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resonance R. The coupling constants gðiÞRNγ and gðiÞRΛ�K
(i ¼ 1, 2) are fit parameters. Actually, only the products

of gðiÞRNγg
ðjÞ
RΛ�K ði; j ¼ 1; 2Þ are relevant to the reaction

amplitudes, and they are what we really fit in practice.
In Ref. [11], the off-shell effects for spin-3=2 resonances

in γp → KþΛð1520Þ have been tested. It was found that the
off-shell effects are small and the off-shell parameter X can
be set to zero. In the present work, we simply ignore the off-
shell terms in the interaction Lagrangians for high spin
resonances and leave this issue for future work.

B. Resonance propagators

We follow Ref. [22] to use the following prescriptions
for the propagators of resonances with spin 1=2, 3=2, 5=2,
and 7=2:

S1=2ðpÞ ¼
i

p −MR þ iΓR=2
; ð27Þ

S3=2ðpÞ ¼
i

p −MR þ iΓR=2

�
g̃μν þ

1

3
γ̃μγ̃ν

�
; ð28Þ

S5=2ðpÞ ¼
i

p −MR þ iΓR=2

�
1

2
ðg̃μαg̃νβ þ g̃μβg̃ναÞ

−
1

5
g̃μνg̃αβ þ

1

10
ðg̃μαγ̃νγ̃β þ g̃μβγ̃νγ̃α

þ g̃ναγ̃μγ̃β þ g̃νβγ̃μγ̃αÞ
�
; ð29Þ

S7=2ðpÞ ¼
i

p −MR þ iΓR=2
1

36

X
PμPν

�
g̃μ1ν1 g̃μ2ν2 g̃μ3ν3

−
3

7
g̃μ1μ2 g̃ν1ν2 g̃μ3ν3 þ

3

7
γ̃μ1 γ̃ν1 g̃μ2ν2 g̃μ3ν3

−
3

35
γ̃μ1 γ̃ν1 g̃μ2μ3 g̃ν2ν3

�
; ð30Þ

where

g̃μν ¼ −gμν þ
pμpν

M2
R
; ð31Þ

γ̃μ ¼ γνg̃νμ ¼ −γμ þ
pμp

M2
R
; ð32Þ

and the summation over Pμ ðPνÞ in Eq. (30) goes over the
3! ¼ 6 possible permutations of the indices μ1μ2μ3
ðν1ν2ν3Þ. In Eqs. (27)–(32), MR and ΓR are the mass
and width of resonance R with four-momentum p,
respectively.

C. Form factors

In practical calculation of the reaction amplitudes, a
phenomenological form factor is introduced in each had-
ronic vertex. For the t-channel meson exchanges, we adopt
the following form factor [22–25]:

fMðq2MÞ ¼
�
Λ2
M −M2

M

Λ2
M − q2M

�
2

; ð33Þ

and for the s-channel and u-channel baryon exchanges, we
use [22–25]

fBðp2
xÞ ¼

�
Λ4
B

Λ4
B þ ðp2

x −M2
BÞ2

�
2

: ð34Þ

Here, qM denotes the four-momentum of the intermediate
meson in the t channel, and px stands for the four-
momentum of the intermediate baryon in s and u channels
with x ¼ s and u, respectively. ΛMðBÞ is the corresponding
cutoff parameter. In the present work, in order to reduce
the number of adjustable parameters, we use the same
cutoff parameter ΛB for all the nonresonant diagrams, i.e.,
ΛB ≡ ΛK ¼ ΛK� ¼ ΛΛ ¼ ΛN . The parameter ΛB and the
cutoff parameter ΛR for N� resonances are determined by
fitting the experimental data.

D. Interpolated t-channel Regge amplitudes

A Reggeized treatment of the t-channel K and K�
exchanges is usually employed to economically describe
the high-energy data, which corresponds to the following
replacement of the form factors in Feynman amplitudes:

fKðq2KÞ → FKðq2KÞ ¼
�
s
s0

�
αKðtÞ πα0K

sin½παKðtÞ�

×
t −M2

K

Γ½1þ αKðtÞ�
; ð35Þ

fK� ðq2K� Þ → FK� ðq2K� Þ ¼
�
s
s0

�
αK� ðtÞ−1 πα0K�

sin½παK� ðtÞ�

×
t −M2

K�

Γ½αK� ðtÞ� : ð36Þ

Here s0 is a mass scale which is conventionally taken as
s0 ¼ 1 GeV2, and α0M is the slope of the Regge trajectory
αMðtÞ. For M ¼ K and K�, the trajectories are parame-
terized as [34]

αKðtÞ ¼ 0.7 GeV−2ðt −m2
KÞ; ð37Þ

αK� ðtÞ ¼ 1þ 0.85 GeV−2ðt −m2
K� Þ: ð38Þ
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Note that, in Eqs. (35) and (36), degenerate trajectories are
employed for K and K� exchanges; thus, the signature
factors reduce to 1.
In the present work, we use the so-called interpolated

Regge amplitudes for the t-channel K and K� exchanges.
The idea of this prescription is that at high energies and small
angles one uses Regge amplitudes, and at low energies one
uses Feynman amplitudes, while in the intermediate energy
region an interpolating form factor is introduced to ensure a
smooth transition from the low-energy Feynman amplitudes
to the high-energy Regge amplitudes. This hybrid Regge
approach has been applied to study the γp → KþΛð1520Þ
reaction in Refs. [14,18,20,21] and the other reactions in
Refs. [34–37]. Instead of making the replacements of
Eqs. (35) and (36) in a pure Reggeized treatment, in this
hybrid Regge model the amplitudes for t-channel K and K�
exchanges are constructed bymaking the following replace-
ments of the form factors in the corresponding Feynman
amplitudes:

fMðq2MÞ → FR;M ¼ FMðq2MÞRþ fMðq2MÞð1 − RÞ; ð39Þ

where FMðq2MÞ ðM ¼ K;K�Þ is defined in Eqs. (35) and
(36) and R ¼ RsRt with

Rs ¼
1

1þ e−ðs−sRÞ=s0
;

Rt ¼
1

1þ e−ðtþtRÞ=t0 : ð40Þ

Here sR, tR, s0, and t0 are parameters to be determined by
fitting the experimental data.
The auxiliary current Cμ introduced in Eq. (5) and the

interaction currentMνμ
int given in Eq. (2) ensures that the full

photoproduction amplitude of Eq. (1) satisfies the gener-
alized Ward-Takahashi identity and, thus, is fully gauge
invariant [27–29]. Note that our prescription for Cμ and
Mνμ

int is independent of any particular form of the t-channel
form factor fKðq2KÞ, provided that it is normalized as
fKðq2K ¼ M2

KÞ ¼ 1. One sees that, when the interpolated
Regge amplitude is employed for t-channel K exchange,
the replacement of Eq. (39) still keeps the normalization
condition of the form factor:

lim
q2K→M2

K

FR;K ¼ 1: ð41Þ

Therefore, as soon as we do the same replacement of
Eq. (39) for the form factor of t-channel K exchange
everywhere in Cμ and Mνμ

int, the full photoproduction
amplitude still satisfies the generalized Ward-Takahashi
identity and, thus, is fully gauge invariant.

III. RESULTS AND DISCUSSION

As discussed in the introduction section of this paper, the
reaction γp → KþΛð1520Þ has been theoretically inves-
tigated based on effective Lagrangian approaches by four
theory groups in 11 publications [11–21]. The common
feature of the results from these theoretical works is that the
contributions from the contact term and the t-channel K
exchange are important for the γp → KþΛð1520Þ reaction.
Apart from that, no common ground has been found by
these theoretical works for the reaction mechanisms of
γp → KþΛð1520Þ. In particular, different groups gave
quite different answers for the following questions: Are
the contributions from the t-channel K� exchange and
u-channelΛ exchange significant or not in this reaction, are
the nucleon resonances introduced in the s channel indis-
pensable or not to describe the available data, and, if yes,
what are the resonance contents and their associated
parameters in this reaction? On the other hand, we notice
that even though the data on photon-beam asymmetries for
γp → KþΛð1520Þ have been reported by the LEPS
Collaboration in 2010, they have never been well repro-
duced in previous theoretical publications of Refs. [11–20].
One believes that these photon-beam-asymmetry data will
definitely put further constraints on the reaction amplitudes.
In Ref. [21], the photon-beam-asymmetry data have indeed
been analyzed, but there, the structures of the angular
distributions exhibited by the data are missed due to the
lack of nucleon resonances. In a word, all previous
theoretical publications in regards to γp → KþΛð1520Þ
are divided over the reaction mechanism and the resonance
contents and parameters of this reaction. A simultaneous
description of the differential cross-section data and
the photon-beam-asymmetry data still remains to be
accomplished.
The purpose of the present work is to get a clear

understanding of the reaction mechanism of γp →
KþΛð1520Þ based on a combined analysis of the available
data on both the differential cross sections and the
photon-beam asymmetries within an effective Lagrangian
approach. As the differential cross-section data exhibit
clear bump structures in the near-threshold region, apart
from the N, K, K�, and Λ exchanges and the interaction
current in the nonresonant background, we introduce as few
as possible near-threshold nucleon resonances in the s
channel in constructing the γp → KþΛð1520Þ reaction
amplitudes to reproduce the data.
In the most recent version of RPP [5], there are six

nucleon resonances near the KþΛð1520Þ threshold,
namely, the Nð2000Þ5=2þ, Nð2040Þ3=2þ, Nð2060Þ5=2−,
Nð2100Þ1=2þ, Nð2120Þ3=2−, and Nð2190Þ7=2− resonan-
ces. If none of these nucleon resonances are introduced in
the construction of the s-channel reaction amplitudes, we
find that it is not possible to achieve a simultaneous
description of both the differential cross-section data and
the photon-beam-asymmetry data in our model. We then try
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to reproduce the data by including one of these six
near-threshold resonances. If we include one of the
Nð2000Þ5=2þ, Nð2040Þ3=2þ, Nð2100Þ1=2þ, and
Nð2190Þ7=2− resonances, we find that the obtained theo-
retical results for differential cross sections and photon-
beam asymmetries have rather poor fitting qualities. As an
illustration, we show in Fig. 3 the differential cross sections
at a few selected scattering angles as a function of the
incident photon energy which are obtained by including
one of the Nð2000Þ5=2þ (black solid lines), Nð2040Þ3=2þ
(red dot-double-dashed lines), Nð2100Þ1=2þ (blue dashed
lines), and Nð2190Þ7=2− (green dot-dashed lines) reso-
nances and compared with the corresponding data [8,10].
One sees clearly from Fig. 3 that the fits with one of the
Nð2040Þ3=2þ, Nð2100Þ1=2þ, and Nð2190Þ7=2− resonan-
ces fail to describe the differential cross sections at
cos θ ¼ 0.95, and the fit with the Nð2000Þ5=2þ resonance
fails to reproduce the differential cross-section data at the
other three selected scattering angles. In a word, none of
these four fits that includes one of the Nð2000Þ5=2þ,
Nð2040Þ3=2þ, Nð2100Þ1=2þ, and Nð2190Þ7=2− resonan-
ces can well describe the differential cross-section data.
Thus, they are excluded to be acceptable fits. On the other

hand, if either the resonanceNð2060Þ5=2− or the resonance
Nð2120Þ3=2− is considered, a simultaneous description of
both the differential cross-section data and the photon-
beam-asymmetry data can be satisfactorily obtained, which
will be discussed below in detail. Consequently, these two
fits, i.e., the ones including the Nð2060Þ5=2− or the
Nð2120Þ3=2− resonance, are treated as acceptable. When
an additional resonance is further included, the fit quality
will be improved a little bit, since one has more adjustable
model parameters. But, in this case, one would obtain too
many solutions with similar fitting qualities, and mean-
while the fitted error bars of adjustable parameters are also
relatively large. As a consequence, no conclusive conclu-
sion can be drawn about the resonance contents and
parameters extracted from the available data for the
considered reaction. We thus conclude that the available
differential cross-section data and the photon-beam-asym-
metry data for γp → KþΛð1520Þ can be described by
including one of the Nð2060Þ5=2− and Nð2120Þ3=2−
resonances and postpone the analysis of these available
data with two or more nucleon resonances until more data
for this reaction become available in the future.
As discussed above, we introduce nucleon resonances as

few as possible in constructing the reaction amplitudes to
describe the available data for γp → KþΛð1520Þ. It is
found that a simultaneous description of both the differ-
ential cross-section data and the photon-beam-asymmetry
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FIG. 3. Differential cross sections for γp → KþΛð1520Þ at a
few selected scattering angles as a function of the photon incident
energy. The black solid lines, red dot-double-dashed lines, blue
dashed lines, and green dot-dashed lines denote the results
obtained by including the Nð2000Þ5=2þ, Nð2040Þ3=2þ,
Nð2100Þ1=2þ, and Nð2190Þ7=2− resonances in the s channel,
respectively. Data are taken from the CLAS Collaboration [10]
(red circles) and the LEPS Collaboration [8] (blue squares). For
cos θ ¼ 0.85, the CLAS data at cos θ ¼ 0.84 (Eγ < 3.25 GeV)
and cos θ ¼ 0.83 (Eγ > 3.25 GeV) are shown.

TABLE I. Fitted values of model parameters. The asterisks
below resonance names represent the overall status of these
resonances evaluated by RPP [5]. The numbers in the brackets
below the resonance masses and widths denote the corresponding
values advocated by RPP [5].

ffiffiffiffiffiffiffiffiffiffi
βΛ�K

p
Aj represents the reduced

helicity amplitude for resonance with βΛ�K denoting the branch-
ing ratio of resonance decay to Λð1520ÞK and Aj standing for the
helicity amplitude with spin j for resonance radiative decay to γp.

Fit A Fit B

sR ½GeV2� 5.17� 0.02 3.80� 0.12
s0 ½GeV2� 0.81� 0.02 8.00� 0.05
tR ½GeV2� 0.80� 0.03 1.16� 0.07
t0 ½GeV2� 1.60� 0.07 0.96� 0.07
ΛB [MeV] 748� 2 770� 5

gð1ÞΛ�Λγ
0.00� 0.01 8.99� 0.51

gΛ�NK� −22.48� 0.91 −54.22� 3.72

Nð2060Þ5=2− Nð2120Þ3=2−
� � � � � �

MR [MeV] 2020� 1 2184� 2
[2030–2200] [2060–2160]

ΓR [MeV] 200� 30 83� 4
[300–450] [260–360]

ΛR [MeV] 1086� 3 2000� 52ffiffiffiffiffiffiffiffiffiffi
βΛ�K

p
A1=2 ½10−3 GeV−1=2� 3.07� 0.02 3.04� 0.11ffiffiffiffiffiffiffiffiffiffi

βΛ�K
p

A3=2 ½10−3 GeV−1=2� 0.54� 0.02 5.27� 0.19

gð2ÞRΛ�K=g
ð1Þ
RΛ�K

−1.26� 0.01 −4.06� 0.28
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data can be achieved by including either the Nð2060Þ5=2−
resonance or the Nð2120Þ3=2− resonance. We thus get two
acceptable fits named as “fit A,” which includes the
Nð2060Þ5=2− resonance, and “fit B,” which includes the
Nð2120Þ3=2− resonance. The fitted values of the adjustable
model parameters in these two fits are listed in Table I, and
the corresponding results on differential cross sections and
photon-beam asymmetries are shown in Figs. 4–6.
In Table I, for u-channel Λ exchange, only the value of

the coupling constant gð1ÞΛ�Λγ is listed. The other coupling

constant gð2ÞΛ�Λγ is not treated as a free parameter, since it is
constrained by the Λð1520Þ radiative decay width
ΓΛð1520Þ→Λγ ¼ 0.133 MeV as given by RPP [5], which

results in gð2ÞΛ�Λγ ¼ 2.13 in fit A and −13.01 in fit B,
respectively. The asterisks below the resonance names
represent the overall status of these resonances evaluated
in the most recent RPP [5]. One sees that both the
Nð2060Þ5=2− and the Nð2120Þ3=2− resonances are evalu-
ated as three-star resonances. The symbolsMR, ΓR, and ΛR
denote the resonance mass, width, and cutoff parameter,
respectively. The numbers in brackets below the resonance
mass and width are the corresponding values estimated by

RPP. It is seen that the fitted masses of the Nð2060Þ5=2−
and Nð2120Þ3=2− resonances are comparable with their
values quoted by RPP, while the fitted widths for these two
resonances are smaller than the corresponding RPP values.
For resonance couplings, since in the tree-level calculation
only the products of the resonance hadronic and electro-
magnetic coupling constants are relevant to the reaction
amplitudes, we list the reduced helicity amplitudesffiffiffiffiffiffiffiffiffiffi
βΛ�K

p
Aj for each resonance instead of showing their

hadronic and electromagnetic coupling constants separately
[22,23,30,34]. Here βΛ�K is the branching ratio for reso-
nance decay to Λð1520ÞK, and Aj is the helicity amplitude
with spin j (j ¼ 1=2; 3=2) for resonance radiative decay
to γp.
We have, in total, as shown in Figs. 4–6, 220 data points

in the fits. Fit A has a global χ2=N ¼ 2.10, and fit B has a
global χ2=N ¼ 2.63. Note that, in the fitting procedure,
11.6% and 5.92% systematic errors for the data from the
CLAS Collaboration and the LEPS Collaboration, respec-
tively, have been added in quadrature to the statistical errors
[8,10]. Overall, one sees that both the differential cross-
section data and the photon-beam-asymmetry data have
been well described simultaneously in both fit A and fit B.
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FIG. 4. Differential cross sections for γp → KþΛð1520Þ as a function of cos θ from fit A (left panel) and fit B (right panel). The
symbols W and Eγ denote the center-of-mass energy of the whole system and the photon laboratory energy, respectively, both in MeV.
The black solid lines represent the results calculated from the full amplitudes. The red dotted lines, blue dashed lines, green dot-dashed
lines, cyan double-dot-dashed lines, and magenta dot-double-dashed lines denote the individual contributions from the interaction
current, the t-channel K exchange, the t-channel K� exchange, the s-channel N� resonance exchange, and the u-channel Λ exchange,
respectively. The scattered symbols are data from the CLAS Collaboration [10].
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Figures 4 and 5 show the differential cross sections for
γp → KþΛð1520Þ resulted from fit A (left panels), which
includes the Nð2060Þ5=2− resonance, and fit B (right
panels), which includes the Nð2120Þ3=2− resonance.

There, the black solid lines represent the results calculated
from the full reaction amplitudes. The red dotted lines, blue
dashed lines, green dot-dashed lines, cyan double-dot-
dashed lines, and magenta dot-double-dashed lines denote
the individual contributions from the interaction current,
the t-channel K exchange, the t-channel K� exchange, the
s-channel N� resonance exchange, and the u-channel Λ
exchange, respectively. The individual contributions from
the s-channel nucleon exchange are too small to be clearly
shown in these figures. One sees from Figs. 4 and 5 that the
differential cross-section data are well reproduced in both
fit A (left panels) and fit B (right panels). Note that in
Fig. 5, for cos θ ¼ 0.85, the CLAS data at cos θ ¼ 0.84
(Eγ < 3.25 GeV) and cos θ ¼ 0.83 (Eγ > 3.25GeV) are
shown. That explains why in Fig. 4 the theoretical results
agree with the CLAS data at high-energy forward angles
but in Fig. 5 the theoretical differential cross sections at
cos θ ¼ 0.85 overestimate the CLAS data at the last two
energy points.
From Figs. 4 and 5, one sees that, in fit A, the

contribution from the interaction current [cf. Eq. (2)] plays
a rather important role in the whole energy region. In the
near-threshold region, the differential cross sections are
dominated by the interaction current and the Nð2060Þ5=2−
resonance exchange. Actually, the contributions from these
two terms are responsible for the sharp rise of differential
cross sections near the KþΛð1520Þ threshold, in particular,
the bump structure near Eγ ≈ 2 GeV at forward angles as
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FIG. 5. Differential cross sections for γp → KþΛð1520Þ at a few selected scattering angles as a function of the photon incident energy
from fit A (left panel) and fit B (right panel). The notations for the lines are the same as in Fig. 4. Data are taken from the CLAS
Collaboration [10] (red circles) and the LEPS Collaboration [8] (blue squares). For cos θ ¼ 0.85, the CLAS data at cos θ ¼ 0.84
(Eγ < 3 .25GeV) and cos θ ¼ 0.83 (Eγ > 3.25 GeV) are shown.
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FIG. 6. Photon-beam asymmetries for γp → KþΛð1520Þ at
cos θ ¼ 0.8 as a function of the photon incident energy from fit
A (left panel) and fit B (right panel). The black solid lines represent
the results calculated from the full amplitudes. The red dotted lines,
blue dashed lines, green dot-dashed lines, cyan double-dot-dashed
lines, and magenta dot-double-dashed lines denote the results
obtained by switching off the contributions of the interaction
current, the t-channelK exchange, the t-channel K� exchange, the
s-channel N� resonance exchange, and the u-channel Λ exchange,
respectively, from the full model. Data are in the bin 0.6<cosθ<1
and taken from the LEPS Collaboration [8].
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exhibited by the LEPS data in Fig. 5. The t-channel K
exchange is seen to contribute significantly at higher
energies and forward angles. The t-channel K� exchange
has tiny contributions at high-energy forward angles, while
the contributions from the u-channel Λ exchange are
negligible. In fit B, the interaction current plays a dominant
role in the whole energy region and is also responsible for
the sharp rise of the differential cross sections at forward
angles near the KþΛð1520Þ threshold. The bump structure
near Eγ ≈ 2 GeV at forward angles as exhibited by the
LEPS data in Fig. 5 is caused by the Nð2120Þ3=2−
resonance on the base of the background dominated by
the interaction current. The t-channel K exchange and the
u-channel Λ exchange have significant contributions at
forward and backward angles, respectively, mostly at
higher energies. Considerable contributions are also seen
from the t-channel K� exchange at high-energy forward
angles.
The results of photon-beam asymmetries for γp →

KþΛð1520Þ from fit A and fit B are shown, respectively,
in the left and right panels in Fig. 6. There, the black solid
lines represent the results calculated from the full ampli-
tudes. The red dotted lines, blue dashed lines, green dot-
dashed lines, cyan double-dot-dashed lines, and magenta
dot-double-dashed lines denote the results obtained by
switching off the contributions of the interaction current,
the t-channel K exchange, the t-channel K� exchange, the
s-channel N� resonance exchange, and the u-channel Λ
exchange, respectively, from the full model. One sees that
the photon-beam-asymmetry data are well reproduced in
both fits. In fit A, when the contributions of the
Nð2060Þ5=2− resonance exchange are switched off from
the full model, one gets almost zero beam asymmetries. We
have checked and found that the Nð2060Þ5=2− resonance
exchange alone results in negligible beam asymmetries.
This means that it is the interference between the
Nð2060Þ5=2− resonance exchange and the other interaction
terms that is crucial for reproducing the experimental
values of the beam asymmetries. A similar observation
also holds for the interaction current [cf. Eq. (2)]. The
interaction current alone results in almost zero beam
asymmetries, but one gets rather negative beam asymme-
tries when the contributions from the interaction current are
switched off from the full model. This means that the
interference between the interaction current and the other
interaction terms is very important for reproducing the
beam asymmetries. Switching off the contributions of the
individual terms other than the Nð2060Þ5=2− resonance
exchange and the interaction current from the full model
does not affect too much the theoretical beam asymmetries.
In fit B, the interaction current alone is found to result in
almost zero beam asymmetries, the same as in fit A.
Nevertheless, it is seen from Fig. 6 that one gets rather
negative beam asymmetries when the contributions of the
interaction current are switched off from the full model,

showing the importance of the interference of the inter-
action current and the other interacting terms in photon-
beam asymmetries for γp → KþΛð1520Þ. Switching off
the contributions of the individual terms other than the
interaction current from the full model would not affect the
theoretical beam asymmetries too much. In Ref. [8], it is
expected that the positive values of the KþΛð1520Þ
asymmetries indicate a much larger contribution from
the K� exchange. In both fit A and fit B of the present
work, we have checked and found that the K� exchange
alone does result in positive beam asymmetries, but, when
the contributions of the K� exchange are switched off from
the full model, the calculated beam asymmetries do not
change significantly. In particular, the theoretical beam
asymmetries are still positive and close to the experimental
values when the contributions of the K� exchange are
switched off from the full model.
Figure 7 shows the total cross sections for γp →

KþΛð1520Þ predicated from fit A (left panel) and fit B
(right panel), which are obtained by integrating the corre-
sponding differential cross sections calculated in these two
fits. In Fig. 7, the black solid lines represent the results
calculated from the full reaction amplitudes. The red dotted
lines, blue dashed lines, green dot-dashed lines, cyan
double-dot-dashed lines, and magenta dot-double-dashed
lines denote the individual contributions from the inter-
action current, the t-channel K exchange, the t-channel K�
exchange, the s-channelN� resonance exchange, and the u-
channel Λ exchange, respectively. The individual contri-
butions from the s-channel nucleon exchange are too small
to be clearly shown in these figures. Note that the data for
the total cross sections of γp → KþΛð1520Þ are not
included in the fits. Even so, one sees that, in both fit A
and fit B, the theoretical total cross sections are in good
agreement with the data. In fit A, the s-channel
Nð2060Þ5=2− exchange, the interaction current, and the
t-channel K exchange provide the most important contri-
butions to the total cross sections, while the contributions
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FIG. 7. Total cross sections for γp → KþΛð1520Þ predicated
by fit A (left panel) and fit B (right panel). Notations for the lines
are the same as in Fig. 4. Data are taken from the CLAS
Collaboration [10] but not included in the fits.
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from the u-channel Λ exchange, the s-channel N exchange,
and the t-channel K� exchange are negligible. The bump
structure near Eγ ≈ 2 GeV is caused mainly by the
Nð2060Þ5=2− resonance exchange and the interaction
current. The sharp rise of the total cross sections near
the KþΛð1520Þ threshold is dominated by the s-channel
Nð2060Þ5=2− exchange. In fit B, the dominant contribu-
tions to the total cross sections come from the interaction
current, which is also responsible for the sharp rise of the
total cross sections near the KþΛð1520Þ threshold. The
individual contributions from the s-channel Nð2120Þ3=2−
exchange, the t-channel K and K� exchanges, and the
u-channel Λ exchange are considerable, while those from
the s-channel N exchange are negligible to the total cross
sections. Comparing the individual contributions in fit A
and fit B, one sees that the contributions from the resonance
exchange are rather important in fit A, but they are much
smaller in fit B. The contributions from the t-channel K�
exchange and the u-channelΛ exchange are negligible in fit
A, but they are considerable in fit B. In both fits, the
interaction current provides dominant contributions, and
the t-channel K exchange results in considerable contri-
butions to the cross sections.
Asmentioned in the introduction section, theKþΛð1520Þ

photoproduction reaction has been theoretically investigated
based on effective Lagrangian approaches by four theory
groups in 11 publications [11–21]. In these previous
publications, the photon-beam-asymmetry data reported
by the LEPS Collaboration in 2010 [8] have never been
well reproduced except in Ref. [21]. But in Ref. [21], the
structures of the angular distributions exhibited by the data
are missed due to the lack of nucleon resonances in the
employed Reggeized model. As shown in Figs. 4–6, the
present work for the first time presents a simultaneous
description of the data on both differential cross sections and
photon-beam asymmetries within an effective Lagrangian
approach. The common feature of the results from the
previous works [11–21] is that the contributions from the
contact term and the t-channelK exchange are important for
the γp → KþΛð1520Þ reaction. This feature has also been
observed in the present work, as illustrated in Fig. 7. The
contributions of nucleon resonance exchanges are reported
to be small in Refs. [11–14], while the Nð2120Þ3=2−
exchange is found to be important to the cross sections of
γp → KþΛð1520Þ in Refs. [15–20]. In the present work, we
found that, to get a satisfactory description of the data on
both differential cross sections and photon-beam asymme-
tries of γp → KþΛð1520Þ, the exchange of at least one
nucleon resonance in the s channel needs to be introduced in
constructing the reaction amplitudes. The required nucleon
resonance could be either the Nð2060Þ5=2− or the
Nð2120Þ3=2−, both evaluated as three-star resonances in
the most recent version of RPP [5]. In the fit with the
Nð2060Þ5=2− resonance, the contributions of the resonance
exchange are found to be rather important to the cross

sections, and, in particular, they are responsible for the sharp
rise of the cross sections near the KþΛð1520Þ threshold, as
can be seen in Fig. 7. In the fit with the Nð2120Þ3=2−
resonance, although much smaller than those of the
interaction current, the contributions of the resonance
exchange are still considerable to the cross sections. In
Refs. [11–18,21], the t-channel K� exchange is found to
provide negligible contributions. In Refs. [19,20], it is
reported that the contributions of the t-channelK� exchange
are considerable to the cross sections. In our present work,
the contributions of the t-channel K� exchange are negli-
gible in the fit with the Nð2060Þ5=2− resonance and are
considerable in the fit with the Nð2120Þ3=2− resonance. As
for the u-channel Λ exchange, important contributions are
reported in Refs. [15–20], while in the present work,
considerable contributions of this term are seen only in
the fit with the Nð2120Þ3=2− resonance.
From Figs. 4–7, one sees that the fit with the

Nð2060Þ5=2− resonance (fit A) and the fit with the
Nð2120Þ3=2− resonance (fit B) describe the data on differ-
ential cross sections and photon-beam asymmetries for
γp → KþΛð1520Þ almost equally well. In Fig. 8, we show
the predictions of the target nucleon asymmetries (T) from
fit A (black solid lines) and fit B (blue dashed lines) at two
selected center-of-mass energies. One sees that, unlike the
differential cross sections and the photon-beam asymme-
tries, the target nucleon asymmetries predicted by fit A and
fit B are quite different. Future experimental data on target
nucleon asymmetries are expected to be able to distinguish
the fit A and fit B of the present work and to further clarify
the resonance content, the resonance parameters, and the
reaction mechanism for the γp → KþΛð1520Þ reaction.

IV. SUMMARY AND CONCLUSION

The photoproduction reaction γp → KþΛð1520Þ is of
interest, since the KþΛð1520Þ has isospin 1=2, excluding
the contributions of the Δ resonances from the reaction
mechanisms, and the threshold of KþΛð1520Þ is at
2.01 GeV, making this reaction more suitable than π
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FIG. 8. Predictions of target nucleon asymmetries for γp →
KþΛð1520Þ from fit A (black solid lines) and fit B (blue dashed
lines) at two selected center-of-mass energies.
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production reactions to study the nucleon resonances in a
less-explored higher resonance mass region.
Experimentally, the data for γp → KþΛð1520Þ on differ-

ential cross sections, total cross sections, and photon-beam
asymmetries are available from several experimental
groups [6–10], with the photon-beam-asymmetry data
coming from the LEPS Collaboration [8] and the most
recent differential and total cross-section data coming from
the CLAS Collaboration [10].
Theoretically, the cross-section data for γp→KþΛð1520Þ

have been analyzed by several theoretical groups [11–20]
within effective Lagrangian approaches, and the photon-
beam-asymmetry data [8] have been reproduced only in
Ref. [21] within a Reggeized framework. In the latter, the
apparent structures of the angular distributions exhibited by
the data are missing due to the lack of nucleon resonances in
s-channel interactions in the Regge model. In these publica-
tions, the reported common feature for the γp → KþΛð1520Þ
reaction is that the contributions from the contact term and the
t-channel K exchange are important to the cross sections of
this reaction. Nevertheless, the reaction mechanisms
of γp → KþΛð1520Þ claimed by different theoretical groups
are quite different. In particular, there are no conclusive
answers for the questions of whether the contributions from
the t-channel K� exchange and u-channel Λ exchange are
significant or not, whether the introduction of nucleon
resonances in the s channel is inevitable or not for describing
the data, and, if yes, what resonance contents and parameters
are needed in this reaction.
In the present work, we performed a combined analysis

of the data on both the differential cross sections and
photon-beam asymmetries for γp → KþΛð1520Þ within
an effective Lagrangian approach. We considered the
t-channel K and K� exchange, the u-channel Λ exchange,
the s-channel nucleon and nucleon resonance exchanges,
and the interaction current, with the last one being con-
structed in such a way that the full photoproduction

amplitudes satisfy the generalized Ward-Takahashi identity
and, thus, are fully gauge invariant. The strategy for
introducing the nucleon resonances in the s channel used
in the present work was that we introduce nucleon
resonances as few as possible to describe the data.
For the first time,we achieved a satisfactory description of

the data on both the differential cross sections and the
photon-beam asymmetries for γp → KþΛð1520Þ.We found
that either theNð2060Þ5=2− or theNð2120Þ3=2− resonance
needs to be introduced in constructing the s-channel reaction
amplitudes in order to get a simultaneous description of the
data on differential cross sections and photon-beam asym-
metries for γp → KþΛð1520Þ. In both cases, the contribu-
tions of the interaction current and the t-channelK exchange
are found to dominate the background contributions. The s-
channel resonance exchange is found to be rather important
in the fit with the Nð2060Þ5=2− resonance and to be much
smaller but still considerable in the fitwith theNð2120Þ3=2−
resonance. The contributions of the t-channel K� exchange
and the u-channel Λ exchange are negligible in the fit with
the Nð2060Þ5=2− resonance and are significant in the fit
with the Nð2120Þ3=2− resonance. The target nucleon
asymmetries for γp → KþΛð1520Þ are predicted, on which
the future experimental data are expected to verify our
theoretical models, to distinguish the two fits with either the
Nð2060Þ5=2− or theNð2120Þ3=2− resonance, and to further
clarify the reaction mechanisms of the KþΛð1520Þ photo-
production reaction.
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