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Photoproduction yp — K*A(1690) in an effective Lagrangian approach”
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Abstract: A gauge-invariant model is constructed for the yp — K*A(1690) reaction within a tree-level effective
Lagrangian approach to understand the underlying production mechanisms and study the resonance contributions in
this reaction. In addition to the #-channel K and K* exchanges, s-channel nucleon exchange, and interaction current,
the s-channel nucleon resonance exchanges are included in constructing the reaction amplitudes to describe the data.
It is found that the contributions from the s-channel N(2570)5/2~ exchange are required to describe the most re-
cently measured total cross-section data for yp — K*A(1690) from the CLAS Collaboration. Further analysis indic-
ates that the interaction current dominates the yp — K*A(1690) reaction near the threshold as a result of gauge in-
variance. The f-channel K exchange contributes significantly, while the contributions from the #-channel K* ex-
change and s-channel nucleon exchange are ultimately negligible. The contributions from the s-channel
N(2570)5/2~ exchange are found to be responsible for the bump structure shown in the CLAS total cross-section
data above the center-of-mass energy W ~2.7 GeV. The predictions of the differential cross sections for

vp — K*A(1690) are presented and discussed, which can provide theoretical guidance for future experiments.
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I. INTRODUCTION

The study on the internal structure of nucleon, as well
as the spectrum and structures of nucleon resonances, al-
lows access to the strong interaction and provides insight
into the non-perturbative nature of quantum chromody-
namics (QCD). Currently, most of our knowledge on the
experimentally established nucleon resonances listed in
the Review of Particle Physics (RPP) [1] primarily ori-
ginates from the 7N scattering or 7N, nN, KA, and KX
photoproduction experiments. However, there might be
nucleon resonances that have rather small couplings to
the 7N, nN, KA, and KX channels and are thus "missing"
in these experiments. In fact, both the quark model [2, 3]
and lattice QCD [4, 5] calculations predict significantly
more nucleon resonances than those found in experi-
ments. Inspired by this situation, in recent years, modern
electromagnetic facilities around the world, such as the
Thomas Jefferson National Accelerator Facility (JLab),
Mainz Microtron (MAMI), 8 GeV Super Photon Ring
(SPring-8), and Electron Stretcher Accelerator (ELSA),
have measured large amounts of the data on both differ-

ential cross sections and polarization observables for ' N,
wN, ¢N, K*A, K*E, KA*, and KZ* photoproduction pro-
cesses. These measurements complement the results ob-
tained from the nN scattering and the 7N, nN, KA, and
KX photoproduction experiments, by providing an altern-
ative platform for finding new nucleon resonances and
identifying the properties of some known nucleon reson-
ances.

The photoproduction of KA*, with A* = A(1405),
A(1520), A(1670), or A(1690), is suitable to study nucle-
on resonances with sizable hidden s5 components in a re-
latively less-explored higher energy region due to the
much higher reaction thresholds of these channels. Be-
sides, the s-channel isospin 7 =3/2A and A* exchanges
are forbidden from contributing to the KA* photoproduc-
tion reactions, which simplifies the reaction mechanisms
and facilitates the extraction of the information on the
isospin I =1/2 nucleon resonances. Compared with the
photoproduction of KA, which has been widely studied in
various approaches, e.g. chiral perturbation theory [6],
isobar models [7-9], K-matrix approaches [10-12], and
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dynamical coupled-channels models [13, 14], the photo-
production of KA* also has the advantage in that it may
couple weakly to 7N and nN channels owing to its signi-
ficantly higher threshold, thereby leading to a substan-
tially clearer background in isolating the complicated res-
onance contributions. In the literature, intensive experi-
mental and theoretical analyses have been devoted to the
investigations of the KA* photoproduction reactions.

In Refs. [15-17], the KA(1405) photoproduction was
studied based on the recent differential cross-section data
from the CLAS Collaboration [18]. In Refs. [19-30], the
KA(1520) photoproduction has been studied based on the
recent measurements from the CLAS [18], LEPS [31] and
SAPHIR [32] Collaborations, as well as the previous
measurements at SLAC [33] and measurements from the
LAPS2 group [34]. Unlike the photoproductions of
KA(1405) and KA(1520), which have been adequately in-
vestigated, theoretical investigations of the KA(1670) and
KA(1690) photoproductions have been absent in the past
owing to the lack of experimental data. Fortunately, the
total cross-section data for KA(1670) and KA(1690) pho-
toproduction reactions from the CLAS Collaboration be-
came available recently [35]. The theoretical analyses of
these data are called on to understand the underlying pro-
duction mechanisms of these reactions.

In this work, we concentrate on the investigation of
the yp — K*A(1690) reaction. We construct a gauge-in-
variant model within the tree-level effective Lagrangian
approach. The goal is to provide a theoretical description
of the most recent total cross-section data from the CLAS
Collaboration [35]. Accordingly, we attempt to elucidate
the reaction mechanisms of this reaction and, in particu-
lar, extract the nucleon resonance contributions required
in this reaction. We construct the reaction amplitudes for
vp — K*A(1690) by including the ¢~channel K and K* ex-
changes, s-channel nucleon and nucleon resonance ex-
changes, and the interaction current, with the last one
built in such a way that the full photoproduction amp-
litude satisfies the generalized Ward-Takahashi identity
(WTI) and is thus fully gauge invariant. The results indic-
ate that the available total cross-section data for
vp — K*A(1690) can be well reproduced by considering
the s-channel N(2570)5/2- exchange. The contributions
from individual Feynman diagrams are analyzed. Further-
more, the differential cross sections are predicted and dis-
cussed, which can provide theoretical guidance for future
experiments.

The remainder of this paper is organized as follows.
In Sec. II, the framework of our theoretical model is
briefly introduced. The effective Lagrangians, resonance
propagators, and phenomenological form factors adopted
in the present calculations are comprehensively presen-
ted in this section. The numerical results are shown and
discussed in Sec. III. Finally, the summary and conclu-
sions of this paper are presented in Sec. [V.

Io. FORMALISM

In this study, we investigate the yp — K*A(1690) re-
action in an effective Lagrangian approach at the tree-
level approximation. For the convenience of further dis-
cussion, we define the Mandelstam variables ¢ = (p — p’)? =
(k=q?, s=(p+k?=(q+p)=W?, and u=(p-gq)’*=
(p'—k)? as k, ¢, p, and p’ denoting the four-momenta of
the incoming photon, outgoing K, initial-state proton, and
final-state A(1690), respectively.

As depicted in Fig. 1, the following diagrams are in-
cluded in constructing the reaction amplitudes: the s-
channel nucleon and nucleon resonance exchanges, #-
channel K and K* exchanges, and interaction current.
Note that the u-channel A exchange is not considered, as
no information on the radial decay A(1690) — Ay is
available in RPP [1]. The full amputated reaction amp-
litude for the yp — K*A(1690) reaction can be expressed
as

M = MF + M+ Mt Q)

where u and v denote the Lorentz indices of the incoming
photon and outgoing A(1690), respectively. M;" repres-
ents the s-channel amplitude of the nucleon and nucleon
resonance exchanges, and M," is the ¢~channel amplitude
comprising the K and K* exchanges. They can be calcu-
lated straightforwardly with the effective Lagrangians,
resonance propagators, and form factors given in the fol-
lowing part of this section. M. in Eq. (1) represents the
generalized interaction current arising from the photon at-
taching to the internal structure of the A(1690)NK vertex.
It is known that in the effective Lagrangian approach, in-
troducing the phenomenological form factors will result
in violating the gauge invariance of the reaction amp-
litudes. In this study, we follow Refs. [36-45] to intro-
duce an auxiliary current C* and compensate the viola-

¥ K
'\,\,\’\’\/”,,
K, K* |
N A*

(a) s channel (b) t channel

v

N

(¢) Interaction current

Fig. 1. Generic structure of the amplitude for yp—
K*A(1690). Time proceeds from left to right. The outgoing A*
denotes A(1690).
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tion of the gauge invariance caused by the form factors;
we model the generalized interaction current M:"' as

M:;,ﬂt = FX,NK(q)Cﬂ + MI?th, (2)

where I’y .\ . (q) is the vertex function of the A(1690)NK
interaction obtained from the Lagrangian of Eq. (13),

8ANK Y
, 3
M 73 (3)

Cink(@ =-

and M, isthe traditional Kroll-Ruderman term ob-
tained from the Lagrangian of Eq. (12),

Mk = S s Ok, @
with Qg being the electric charge of the outgoing K
meson and 7 being the isospin factor of the Kroll-Ruder-
man term. f; is the phenomenological form factor attach-
ing to the amplitude of the z-channel K exchange, which
is given by Eq. (29). The auxiliary current C* for the
vp — K*A(1690) reaction is chosen to be [41-43]

A

F -F
o=~k =L g ry —ron =L
I—q s=p

@p+k)F, (%)

with
F=1-h(1-f)(A-f). (6)

Here,Qy represents the electric charge of N and f; is the
phenomenological form factor for the s-channel N ex-
change, as given in Eq. (30); % is an arbitrary function
tending to unity in the high-energy limit and set to be 1 in
the present work for simplicity.

The prescriptions of the generalized interaction cur-
rent in Eq. (2) and the auxiliary current C* in Eq. (5) en-
sure that the full photoproduction amplitude of Eq. (1)
satisfies the generalized WTI and is thus fully gauge in-
variant [41-43], independent of what particular forms are
chosen for the phenomenological form factors f; and f;.

A. Effective Lagrangians

In this subsection, the Lagrangians required to calcu-
late the reaction amplitudes of the yp — K*A(1690) reac-
tion are given. For convenience, we define the following

operators:
=y, T19=1 ™

and the field-strength tensor for the photon field A*:

FHY = g1AY — 9 A, 8)

To avoid ambiguities, the notation A* will stand for only
the A(1690) resonance throughout this paper.

We use the following Lagrangians to calculate the
non-resonant amplitudes

Loy = —eN|[ey = X079, ]A, [N, ©)
2My

Lykx =ie|K* (0,K7) - K (0,K7)|ax, (10)

Lok = oBYKK _apiv (Ba Au) (0,K)K;, (11)
Mk

Loy = —iQKg;‘\;IZK/_\*”AﬂKy5N+H.C., (12)

Lank = gIAQN’([\*ﬂ (0,K)ysN +H.c., (13)
K

_ ISANK xa v . .
Lawx ===y A%y (6,K; - 8,K;)N + H.c., 14

where My, Mg, and Mg- denote the masses of &V, K, and
K*, respectively. e is the elementary charge unit and
¢ stands for the charge operator acting on the nucleon
field. &y = k& + K, (1 —2) with «, = 1.793 being the anom-
alous magnetic moment of proton and «, = —1.913 the an-
omalous magnetic moment of neutron. The coupling con-
stants g,xx- = 0.413 and ga-yx = 4.20 are calculated from
the decay width of I'(K** — K*y)=~0.0503 MeV and
T(A(1690) — NK) ~ 17.5 MeV, respectively, as given by
RPP [1]. The coupling ga-yk- is considered a free para-
meter to be determined by a fit to the data.

For the s-channel resonance exchanges, the Lagrangi-
ans for the electromagnetic interactions are expressed as

[30, 36-39]

1)
8RNy -
1/2¢ _ SRNy

Ly = eﬂRr“)a,W (3"A")N +H.c., (15)

(1)

3/2« _ . ORNy 5 (+)
Liny == ]e2MNR#7vr YN
@)
g _
+e— - R,I®F,N +Hec., (16)
(2My)
(e8]
5/2+ RNy & (F) ( q@ v
—e——R " (0*F*)N
RNy =€ g R ( )
?2)
. 8RNy -
£ ie R T® (0°F*)O,N + H.c., 17
oMy e ( )0y (17)
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(1)
T2+ .
.LRNy =ie

N
2

Srny
(2:4”7)4 Ruapl™ (0" F*)0,N + Hec.,
N

(18)

and the Lagrangians for resonances coupling to A(1690)K
are [30]

(1)

12+ _ 8RA'K 5 sur(2)
Lk ==y AT (6.K)R+H.c., (19)

Y]
3/2. g * Ak
L =—1’:4AKKA 1y, TP (B K)R,
2)
-SRAK £ * 1 (F o4
+ I%Aaﬁ )(@"3“K)R, +H.c., (20)

Q)]
52+ _.8RAK 7+ +
‘ERA‘J;( —lv[\ ")/ﬂl"(ﬂ (M&BK)R([[;
K
2)
ERAK 7
- M—;A"F&) (0#6"PK)Rop+ He.,  (21)

(D
7/2¢ _ 8RAK 1. (F) 2
'ERA‘K = _M3 A yﬂf (8"666 K)R(lﬁ/l
K
2)
— i SBAK Ko ) (1 P 5K Ry + H
7 u opa T H.C.,
My
(22)

where R denotes the N* resonance, and the superscripts
of Lrny and Lga-x represent the spin and parity of the
resonance R, respectively. In the this study, the gg[)\, X
terms in £/2%, £/, and L}/>* are ignored for simpli-
city. The products of the coupling constants g%}vygg)v X

(i=1,2) are considered fit parameters.

B. Resonance propagators

The propagators of the N* resonance field (R) with
mass Mg, width T'g, four-momentum p, and spin 1/2,
3/2,5/2,and 7/2 are expressed as [36, 46-48]

i

ﬁ—MR-i-iFR/Z’ (23)

S12(p) =

i

S3p(p) = m

_ I_ .
(g;n/ + §7ﬂ7v) s (24)

L.
E(g,uozgvﬁ + g}tﬁgvoz)

i
5920 =y

1. . T . .. ..
- ggyvgaﬁ + I_O(g/uﬁ’vyﬁ +8upYvYa
+ BT + BT @5)

1 1
S =T s o A Az (~ v, g v g V.
7/2(p) ﬁ—MR'FIFR/Z 36 PZP: g/ly 1gll2 Zgﬂf« 3

3. . . 3. . .
- ?gﬂxllzgvlwgp;vj + 57/10/1/\ 8, v, 85 v
3. . .
= 35 7 Vr BBy, ) (26)
where
B = — g+ 22 27)
uv = Ny LK
MR
- _ Pulb
Tu =78 ==Yt (28)
R

and the summation over P, (P,) in Eq. (26) goes over the
3! = 6 possible permutations of the indices uuous (vivovs).

In this study, the Rarita-Schwinger prescriptions for
the propagators of high spin resonances are used in Egs.
(24)—(26). 1t is known that the Rarita-Schwinger prescrip-
tions suffer from low-spin background problems. Efforts
to determine the pure high-spin propagator formalism
commenced in Ref. [49] and were later implemented for
applications in nuclear and particle physics in Ref. [50].
In the future, when more data for yp — K*A(1690) be-
come available, a serious treatment of the resonance
propagators, as discussed in Refs. [49, 50], will be re-
quired.

C. Form factors

In the effective Lagrangian approach, phenomenolo-
gical form factors are introduced in hadronic vertices to
consider the internal structures of hadrons and regularize
the momentum dependence of the reaction amplitudes. In
this study, we use the following form factors for the
channel meson exchanges [30, 36-39]

A2 _M2 2
fM<qﬁ4)=(—A% _q%”: ) : (29)

and for the s-channel baryon exchanges, we use [30, 36-
39]

2

A4

fop)) = [—32] : (30)
AL+ (p% - Mlzg)
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where gy represents the four-momentum of the interme-
diate meson in the ¢ channel, p; stands for the four-mo-
mentum of the intermediate baryon in the s channel, and
Aup) is the cutoff parameter. In this study, we adopt a
common value for all the non-resonant diagrams, i.e.
Apg = Ag = Ag- = Ay, to reduce the number of adjustable
parameters. The parameter Ay, and the cutoff parameter
Ag for nucleon resonances are determined by fitting the
experimental data.

In addition to the dipole form factors adopted in this
work, the monopole form factors and exponential (Gaus-
sian) form factors are also widely adopted in literature.
We have checked and determined that a monopole type of
the form factor will result in a significantly bigger y?,
thus indicting a substantially worse fitting quality, while
an exponential (Gaussian) type of form factor will result
in similar results as those presented in this paper, al-
though the model parameters change negligibly.

1. RESULTS AND DISCUSSION

As mentioned in the introduction section of this pa-
per, very recently, the first data on total cross sections for
the yp — K*A(1690) reaction became available from the
CLAS Collaboration [35]. In this work, for the first time,
we perform a theoretical analysis of these data within an
effective Lagrangian approach. We construct the reaction
amplitudes by including the f-channel K and K* ex-
changes, the s-channel nucleon and nucleon resonance
exchanges, and the interaction current. The gauge invari-
ance of the photoproduction amplitudes is fully imple-
mented by introducing an auxiliary current in the general-
ized contact term (cf. Eq. (2)). As the data for yp —
K*A(1690) are scarce, the strategy adopted in the present
work for introducing nucleon resonances is that we intro-
duce nucleon resonances as few as possible to describe
the available data.

First, we attempt to observe how the total cross-sec-
tion data of the yp — K*A(1690) reaction [35] can be de-
scribed without introducing any nucleon resonance. In
Fig. 2, we present the results obtained from the Born
amplitudes with the green dashed line. Evidently, the
Born amplitudes themselves are far from sufficient in de-
scribing the data, thus indicating the necessity of the con-
tributions from the resonance exchanges.

In RPP [1], there are three nucleon resonances lying
above the threshold of the yp — K*A(1690) reaction with
spin J <7/2, namely, the N(2190)7/2, N(2300)1/2*,
and N(2570)5/2" resonances . Subsequently, we attempt
to include one of them in the s-channel, to describe the
data. We adopt Minuit to fit the model parameters, and
the resulted y? per data are 7.69, 7.64, and 1.17, respect-

0.3 T ‘ T ‘ T T T
Born
0 N(2190)7/2~ b
------ N(2300)1/2*

0.2 — —— N(@2570)5/2~ —
ey
= L
©

0.1 —

0

22 24 26 28 3 3.2

W [GeV]

Fig.2. (color online) Total cross sections for yp — K*A(1690).
The green dashed line represents the results without any nuc-
leon resonance. The cyan dot-dashed, blue double-dot-dashed,
and red solid lines denote the results obtained by including the
N(2190)7/2~, N(2300)1/2", and N(2570)5/2~ resonances in the
s channel, respectively. Data are taken from the CLAS Collab-
oration [35].

ively, for results including each of the N(2190)7/27,
N(2300)1/2*, and N(2570)5/2~ resonances. The corres-
ponding results are shown in Fig. 2, where the cyan dot-
dashed, blue double-dot-dashed, and red solid lines de-
note the results obtained by including the N(2190)7/2",
N(2300)1/2*%, and N(2570)5/2~ resonances in the s chan-
nel, respectively. Evidently, although the fits with the
N(2190)7/2~ and N(2300)1/2* resonances fail to repro-
duce the data, the fit with the N(2570)5/2~ resonance de-
scribes the data satisfactorily well.

In the remainder of this section, we present a detailed
discussion of the model results for the yp — K*A(1690)
reaction obtained by including the N(2570)5/2~ reson-
ance. In Table 1, we present the fitted values of the cor-
responding model parameters. For resonance couplings,
we present the reduced helicity amplitudes vBa-xA;, in-
stead of showing their strong and electromagnetic coup-
ling constants separately [30, 36, 44, 45, 51], because in
tree-level calculations, as performed in this work, only
the products of the resonance strongnic and electromag-
netic coupling constants are relevant to the reaction amp-
litudes. Here Ba.x is the branching ratio for the reson-
ance decay to A(1690)K, and A; is the helicity amplitude
with spin j (j = 1/2,3/2) for resonance radiative decay to
vp. The values in the brackets below the mass My and
width Tz of the resonance N(2570)5/2~ are the corres-
ponding values listed in RPP [1], which are quoted from
the results of BESIII [52]. One can see that both the fit-
ted mass and width for the resonance N(2570)5/2  are
close to the ranges given by BESIII [52].

In Fig. 3, the model results of the total cross sections

1) For resonance with spin J > 9/2, the vertices and propagators are much more complicated. We postpone the inclusion of them till more data for this reaction be-

come accessible.
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Table 1.
below the resonance N(2570)5/2~ denote the overall status of

Fitted values of model parameters. The asterisks

this resonance evaluated by RPP [1]. The values in the brack-
ets below the mass Mgr and width Tx of the resonance
N(2570)5/2- are the corresponding values listed in RPP [1],
which are quoted from the results of BESIII [52]. vBa-kxA; is
the reduced helicity amplitude for resonance N(2570)5/2~ with
Ba-kx denoting the branching ratio of the resonance decay to
A(1690)K and A; denoting the helicity amplitude with spin j
for resonance radiative decay to yp.

Parameter Values
Apg/MeV 965+ 16
8A*NK* -19.32+14.76
N(2570)5/2~
ok
Mg/MeV 2660+5
570t
Tr/MeV 300+ 16
[250733571
Agr/MeV 2390+ 82
VB kA1/2/(107 GeV™'1%) ~4.61+0.06
VBA-kA3/2/(107 GeV!/?) 6.24+0.23

(the red solid line) for the yp — K*A(1690) reaction are
shown and compared to the corresponding data from the
CLAS Collaboration [35]. The contributions calculated
from each individual reaction amplitudes are also shown
with the cyan dot-dashed, blue double-dot-dashed, green
dashed, blue double-dotted, and magenta dotted lines rep-
resenting the contributions from the individual amp-
litudes of the interaction current, s-channel N(2570)5/2
exchange, t-channel K* exchange, t-channel K exchange,
and s-channel N exchange, respectively. Evidently, near
the threshold, the interaction current dominates the
vp — K*A(1690) reaction as a consequence of gauge in-
variance. The t-channel K exchange makes considerable
contributions to the yp — K*A(1690) reaction and its de-
structive interference with the interaction current is ob-
served. The contributions from the #-channel K* ex-
change, as well as the s-channel nucleon exchange, are
very small. The N(2570)5/2~ resonance exchange
provides significant contributions at high energies, and
actually, its constructive interference with the interaction
current is responsible for the bump structure shown in the
CLAS total cross-section data at the center-of-mass ener-
gies above W =~ 2.7 GeV.

In Fig. 4, we show the predictions of the differential
cross sections for yp — K*A(1690) from the present
model. The contributions from individual interaction dia-
grams are also presented in this figure. Evidently, at the
lower energy region, the interaction current dominates the

0-3 T { T { T T T
L —— Total i
Contact
------ N(2570)5/2"
0.2 — K _|
o) K
1 | e N
©
01
| /‘\i\/ ,E’ """""""" ~m——— i
g T PPN bt IR R |
2.2 24 2.6 2.8 3 3.2
W [GeV]

Fig.3. (color online) Total cross sections for yp — K*A(1690).
The red solid line denotes the results obtained by the full reac-
tion amplitude with the N(2570)5/2~ resonance. The cyan dot-
dashed, blue double-dot-dashed, green dashed, blue double-
dotted, and magenta dotted lines represent the results from the
individual contributions of the interaction current, s-channel
N(2570)5/2~ exchange, t-channel K* exchange, z-channel K
exchange, and s-channel N exchange, respectively. Data are
taken from the CLAS Collaboration [35].

differential cross sections of this reaction and has de-
structive interference with the z-channel K exchange,
which contributes mainly at the forward angles. Note
that, the dominance of the interaction current is also ob-
served in the yp — K*A(1520) reaction [25, 26, 28, 30].
As energy increases, the contributions from the s-channel
N(2570)5/2~ exchange become prominent. These pre-
dicted differential cross sections for the yp — K*A(1690)
reaction provide theoretical guidance for the experiment-
al measurements and can be tested by the future data.

IV. SUMMARY AND CONCLUSION

The first measurement of the total cross sections for
the yp — K*A(1690) reaction was presented most re-
cently by the CLAS Collaboration in Ref. [35]. In this
study, for the first time, we performed a theoretical ana-
lysis on these data within an effective Lagrangian ap-
proach. In addition to the s-channel nucleon exchange, #-
channel K and K* exchanges, and generalized interaction
current, we considered as few as possible nucleon reson-
ance exchanges in the s channel in constructing the reac-
tion amplitudes for yp — K*A(1690), to describe the data.
The gauge invariance of the full photoproduction amp-
litude was fully implemented by considering a particular
auxiliary current in the generalized interaction current (cf.
Egs. (2) and (5)).

It was found that the available total cross-section data
for the yp — K*A(1690) reaction can be satisfactorily de-
scribed by introducing the s-channel N(2570)5/2~ ex-
change. The fitted mass and width for N(2570)5/2" are
close to the ranges listed in RPP [1], which are quoted
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0.15 — T T T ]
i W = 2200 MeV
0.1

0.05

T | T | T | T
W =2500MeV

do/dcos6 [ub]

Fig. 4.

from the results of BESIII [52]. The interaction current
was found to dominate the cross sections of yp —
K*A(1690) near the reaction threshold. Considerable con-
tributions from the z-channel K exchange were observed.
The t-channel K* exchange and s-channel nucleon ex-
change were found to make rather small contributions to
the cross sections of yp — K*A(1690). The N(2570)5/2~
resonance exchange provides significant contributions at

cos0

(color online) Predicted differential cross sections for yp — K*A(1690) at four selected energies. The red solid lines denote the
results obtained by the full reaction amplitudes with the N(2570)5/2~ resonance. The cyan dot-dashed, blue double-dot-dashed, green
dashed, blue double-dotted, and magenta dotted lines represent the individual contributions from the interaction current, s-channel
N(2570)5/2~ exchange, -channel K* exchange, -channel K exchange, and s-channel N exchange, respectively.

high energies, and its constructive interference with the
interaction current was inferred to be responsible for the
bump structure shown in the CLAS total cross-section
data at the center-of-mass energies above W ~2.7 GeV.
The differential cross sections for the yp — K*A(1690)
reaction were predicted, which provide theoretical guid-
ance for future experiments.
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