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K* photoproduction off the nucleon: yN — K*A
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We study the photoproduction of the K*(892) vector meson from both the charged and neutral reactions
yp — K**A and yn — K*°A. The production mechanisms that we consider include t-channel K*, K,
k exchanges, s-channel nucleon diagrams, and u-channel A, X, £* diagrams. These could constitute important
backgrounds for future investigation of “missing” resonances that can be searched for especially in these reactions.
The #-channel K meson exchange is found to dominate both reactions. The total and differential cross sections

are presented together with some spin asymmetries.
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I. INTRODUCTION

The baryon spectra predicted by some quark models
anticipate much more baryon resonances than those observed
so far [1]. These “missing” resonances are expected to
have rather small couplings to the 7 N channel, and various
reaction mechanisms have been suggested to search for
those resonances. One of them is to use photoproduction
processes containing mesons other than pion(s) in the final
state. For example, the photoproductions of KA and KX
in the scattering off the nucleon may give us a clue on the
existence of nucleon resonances that strongly couple to the
kaon channel [2]. Vector meson photoproduction, y N — VN,
where V stands for a vector meson (p, w, ¢), may also be useful
in identifying the missing resonances [3].

Recently, the interest in K*(892) vector meson photo-
production has grown. This was initially triggered by the
quark model, which predicts that some nucleon resonances
with higher mass can have sizable couplings with the K*
channel [2]. In addition, there are some preliminary experi-
mental data from the CLAS Collaboration at the Jefferson Lab
on the reactions of K* photoproduction, i.e., K*¥ [4] and
K* A [5] production. These experiments show that the total
cross sections for K* photoproduction, though small, are not
much more suppressed than those for K photoproduction, and
it leads to the conclusion that full coupled-channel analyses
to search for the resonances should include the K* channel as
well [5]. Therefore, it is legitimate to study the mechanisms of
K* photoproduction.

At present, theoretical works to understand the K* photo-
production reactions are very limited [6]. In Ref. [7], Zhao
et al. studied K*X photoproduction from the proton targets
using a quark model. This model is based on the quark-meson
couplings whose coupling constants are assumed to be flavor-
blind, which allows to use the values determined by other
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reactions. To implement the #-channel exchange contribution,
the kaon exchange was considered. More accurate experimen-
tal data are needed to further test their model [4], and the
other channels for K* photoproduction, such as K*A, were
not considered.

In this article, we investigate K * A photoproduction,y N —
K*A. The purpose of this work is to study the background
production mechanisms that include 7-channel K*, K, and «
exchanges as well as s-channel nucleon and u-channel hyperon
(A, 2, X*) diagrams. This can provide a platform for future
investigations of nucleon resonances that can also contribute
to this reaction near the threshold. Because of isospin, the
s-channel A resonances are excluded, and this reaction has an
advantage in the study of nucleon resonances. Our approach
is based on the effective Lagrangians and is similar to the
work of Ref. [8]. By making use of the effective Lagrangians
for K* meson interactions, we evaluate the tree diagrams for
K* photoproduction. The coupling constants are constrained
either by phenomenology or by quark-model predictions when
the experimental inputs are not available. One advantage of K*
photoproduction over K photoproduction is that it provides a
chance to study the controversial scalar (700-900) meson [9]
in the ¢ channel. Such a contribution is prohibited in kaon
photoproduction because the k — Ky interaction is not
allowed because of angular momentum and parity. We show,
however, that the x-meson exchange is suppressed in K*
photoproduction and it would be hard to identify the x-meson
contribution in this reaction at present.

Because both the K* and nucleon are isodoublets, we
consider the following two reactions,

D:yp—K*tA, (ID): yn—K*°A. (1)
In the next section, we develop our approach for K* pho-
toproduction. The effective Lagrangians and their coupling
constants are discussed in detail. Our results for cross sections
and some spin asymmetries are given in Sec. III, and we make

some comments on the Regge approach to this reaction. We
summarize in Sec. IV.
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FIG. 1. Tree diagrams for yN — K*A, which include (a) #-
channel exchanges, (b) the intermediate nucleon, (c) the intermediate
hyperon, and (d) contact diagrams.

II. MODEL

The tree diagrams we consider are shown in Fig. 1, which
also defines the momentum of each particle. In this calculation,
we work with a model that includes (i) z-channel K, K*,
and « exchanges; (ii) the s-channel nucleon; and (iii) the
u-channel hyperon (A, ¥, ¥*) terms. The contact term for
the charged K* photoproduction is included as well. Because
of isospin conservation, the A resonances cannot contribute to
this reaction. The production amplitude can then be written as

M = i (KNup(p )M uy(p)e(v), 2)

where ¢*(K*) and ¢"(y) are the polarization vectors of K*
vector meson and the photon, respectively. The Dirac spinors
of A and the nucleon are denoted by u,(p’) and uy(p),
respectively. Below we calculate M*" for each channel.

A. t-channel K* and K exchanges

Because of charge, the K* exchange is present only
for the charged K* photoproduction, yp — K*'A. The
production amplitude is calculated from the following effective
Lagrangians,

Ly = —ieA"(K*VKi — K5 K*Y), (©)

Lrna = _gK*NAN(y/LAK*M

. KK*NA
2My

a,wAa"K*“> +H.ec., )

where A, is the photon field, K;jf = 9, Kt — BUKZi, and
the isodoublets are defined by

E) )
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We use the following coupling constants determined by the
Nijmegen potential [10],

gr+Na = —4.26,
gx*na = —0.11,

(NSC97a),
(NSCO7f).

KK*NA = 2.66

KK*NA = 2.43
The production amplitude then reads

My = e Ik, q)

e
(k —q)* — Mg.
X Poglk — )T 1 (g — k), )

where ng- = 1 and O for reactions (I) and (II) of Eq. (1),
respectively, and

Ltk @) =2q"g" — q"g"" + k"¢,
(k —q)ok — q)g
Mz,

3

Paﬂ(k_q) = 8ap —

IKK*NA
)
——3a"(q

M,y - k)vi| - (8

The decay width of K*, I'x» = 50.8 MeV, is included by
replacing Mg~ in the propagator by Mg+ — il"g+/2.

However, the #-channel kaon exchange is allowed for both
reactions. In this case, we have

Fllé*NA(q — k) = gk*na |:J/ﬂ -

—0 _ 40
Lok = gBKK*s”WﬁaMAV(BaK;OK + 3aK;; KO)

+ 8 ki P A0 KK + 0,K 5K ),
Lxna = —iggnaNysAK +H.c., )

where K is the kaon isodoublet, KT = (K*+, K°). The coupling
constants g, x g+ can be calculated from the experimental data
for ['(K* — Ky),which gives

gyxx- =—0388GeV™",  gfc . =0254GeV™!, (10)

where the phases of the couplings are fixed from the quark
model.

The coupling constant gk v » is obtained by using the SU(3)-
flavor-symmetry relation, which gives

1
8KNA = _ﬁ

with f = 0.365 and g2,,/47 = 14.0. In this work
we employ the pseudoscalar coupling for this interaction.
However, because the nucleon and A are on their mass shell,
it is equivalent to the pseudovector coupling. The production
amplitude for the K exchange becomes

(l + 2f)gnNN = —13.24, (11)

v igyKK*gKNA ;wotﬂk
K = 2 & aqpYs, (12)
(k —q)" — Mg
where gyxk+ = &yxg- for reaction (I) and gg kK~ for

reaction (II).

B. t-channel k exchange

The scalar k¥ meson cannot couple to Ky because of
angular momentum and parity consideration and, as a result,
the ¥ meson exchange is not present in kaon photoproduction.
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However, y K *k coupling is allowed and this provides us with
a chance to study the controversial x (700-900) meson [11] in
K* photoproduction.

The effective Lagrangians for the scalar (and isodoublet)
k meson interactions are given by

Lykee = gyxc AVRK?, + He.,
Lina = —8naNkA+H.c.,

where A, = d,A, — 9,A, and

K= (";) . k=, &), (14)
K

The coupling constants are determined as follows. For
8y k*«,» we rely on the vector-meson dominance model in the
SU(3) limit [12]. Here we briefly explain this model referring
the details to Ref. [12]. The basic idea of this model is to
start with the most general Lagrangian for the SVV interaction,
where § stands for scalar meson nonet and V for vector meson
nonet. Then the §q or g°¢> nature of scalar mesons is revealed
through the mixing angle between the scalar meson octet and
scalar meson singlet. If the gg structure dominates the scalar
meson wave function, then one would expect the mixing angle
fs ~ —20°, whereas the dominance of the tetraquark nature
leads to 8y ~ —90° [12]. The general form for the SVV
interaction can then be written as [12]

Lsvv = Ba€ape€” [V, 1V 10 S
+ Bg Tr (S) Tr (VHY Vi) + Bc Tr (SV’“)Tr(V,w)
+ Bp Tr(S)Tr(V’”)Tr(VW). (15)

(13)

Using the vector-meson-dominance hypothesis in the SU(3)
limit, the SVy couplings of our concern can be expressed in
terms of the above couplings B; and the mixing angle, and we
have

e 2

c 0 e 4
gmw=;§m, 8k = =7 has (16)

8p

where g, = 4.04 is the universal p meson coupling, g; K =
8yK—«k+ = 8yK*tk—> and 831{*,(
Ba is independent of the mixing angle 6y [12], this shows
that the coupling constants g, x+. also do not depend on the
mixing angle and, therefore, they are blind to whether the gg or
7%q? nature dominates the scalar meson structure in the SU(3)
limit. Note also that the ratio of the couplings gg Ko/ 8y ke 18

= 8,800 = &yKg0- Because

—2 in this limit just as in the case of g ./ g5 k-, which is
close to —1.53 in nature but takes —2 in the SU(3) limit. The
coupling constant 84 can be estimated from the observed value
of I'(ap — yy), which leads to 84 = 0.72 GeV~! [12]. Here
we use M (k) = 900 MeV and I'(k) = 550 MeV following
Ref. [12].!

For the couplings of scalar mesons with octet baryons, we
again use the values of the Nijmegen potential [10], which

'We note, however, that a recent analysis gives the pole position of
the x at M = (750%32) — i(342 £ 60) MeV [13].
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gives

(NSC97a),
(NSCY7f).

8kNA ™ -8.3

17
gKNA ~ —100

However, it should be mentioned that the above values are
obtained with M(x) = 880 MeV. Also in Ref. [10], it was
stressed that the structure of the scalar mesons is crucial for
the central YN potential and the above values are obtained
with assuming that the scalar mesons are close to gg state.
With this caveat in mind, we use the above values just as a
guide for the couplings involving the k meson. Our numerical
results show that the ¥ meson exchange is suppressed and the
uncertainties of x-meson coupling constants are not crucial
in K* photoproduction. Collecting the «-meson coupling
constants, we have

85 kue8iena| = (1.0 ~ 1.2)e GeV™!,

0 c
8y Kk 8kNA = —2&) kg 8kNA-

(18)

In fact, the phase of g; k+«8&cNA cannot be fixed at this stage.
However, because the x-exchange contribution is small, the
phase of the above coupling constants is hard to distinguish in
K* photoproduction. The production amplitude reads

28y Kk 8kNY
Muvz_ )4 k - W _ gy ;L’
(k= a7 — (M, —iT, 2y 987 ~ KD
19)
where g, g« = g;K*K for reaction (I) and ggK*K for

reaction (II).

C. s-channel diagrams

The s-channel diagrams shown in Fig. 1(b) can contain
the intermediate nucleon as well as nucleon resonances. The
purpose of this work is to investigate the main production
mechanisms that should be well understood before studying
the nucleon resonances. In this work, therefore, we consider
only the intermediate nucleon state, postponing the inclusion
of nucleon resonances to a future study, as it requires more
information or assumptions. The consequences of limiting the
intermediate state to the nucleon are discussed later.

The amplitude of the s-channel nucleon term can be
calculated from Lg«y 4 of Eq. (4) and

1413

EyNN = —EN I:)/#AM

1
2My

(k) +x) 13)UMV8”A“:|N, (20)

where the isoscalar and isovector anomalous magnetic mo-
ments of the nucleon are k¥ = —0.06 and x = 1.85. Then
the production amplitude is obtained as

e
(k+ p)* — My,

v

N FIU(*NA(CI)(k +p+ MN)F;,LN(k):

@1
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where

M) =y

N

v 22
My (22)
with (Q, = +1,«, = 1.79) for reaction (I) and (Q, = 0,
kp, = —1.91) for reaction (II).

D. u-channel diagrams

For the wu-channel diagrams of Fig. 1(c), we consider
intermediate hyperons, including A(1116), £(1193), and
3*(1385). The diagrams with the intermediate octet hyperons
can be calculated with

A x v
Lyan = 3Ropd” AA, (23)
eUsA &0 v
Lyma =Gy 200" AN+ He, (24)
where ko = —0.61 and sz, = 1.62 % 0.08. This leads to
L e v
MY =1 mrﬁ(k)(lf =4+ MUk na@),
(25)
; e
My = flzmrgA(kXﬁf —d+ M)k y5(q),
)
where
oAl = ok,
2My
M (26)
L () = A G
N

with n, = 1 and ny = 1, —1 for reactions (I) and (II),
respectively, which comes from the isospin factors. The vertex
function I'y. , , () was provided before and I'y.. ;- (¢) has the
same structure but with [10]

gx*nNy = —2.46, Kreny = —0.47 (NSC97a),

gk:Nz = —3.52, Kg:ns = —1.14 (NSCO97f).

To compute the contribution from the intermediate
»*(1385), we need to know the interactions Lg+ys+ and
L, rx+. The general form for L« yx- is written as

(1)
KNS B S
—i K2 ty"ysN

Lgnss =
MK*

o

—LMNE K*,, 2" . tys0"N
K*

3) o,

+7’54’[ZE 3V K*,, T

-TysN +H.c.,, (28)

which follows from the fact that this is an interaction of J¥ =
%+ — {r + 17. Thus we have, in general, three independent
couplings. However, their values are poorly known and we use
the SU(3) symmetry relations to estimate the couplings. (See,
e.g., Ref. [14].) By making use of the quark-model prediction

and SU(3) flavor symmetry we obtain
1 Mg-

1 1
Jicwn == g Sona = ~26. 29)
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with f;}\; A = 3.5 [15,16]. The other couplings are unknown
and we do not consider the terms containing fl((2*)NE* and
v [16].

The Lagrangian for y AX* interaction has the same struc-
ture as Lg«yx+ of Eq. (28). Because the photon is massless,
the number of independent couplings is reduced to 2 and the
interaction can be written as

e _
EyAE* = iE*uV\JVSAF!w
N

M

+ 82 S ys0, AFM 4 Hec., 30)
aM2,

which leads to the decay width as
" — Ay)

_ P?/ e 2
48T M. \2My
2
(M- — MA)i|
N

(BMs+ + My) My
81 hoes A g22M

2
2MN:| (Mz«—My) } (31

Ms
+3|:g1 - &

and the E2/M 1 ratio as [17]

Mz« — My

Rey = E2/M1 = —
EM / 2My

y 81— &Mz /2My)
818 Ms« + My)/2My) — goMs-(Ms-

— Mp)/@MyY
(32)

The recent CLAS experiment puts a constraint on the
radiative decay width of ['(X* — Ay) as [18]

[(Z* — A,) =479 £ 120 5 keV. (33)

Together with the chiral quark-model prediction on the
E2/MT1 ratio for this radiative decay, Rgy = —2.0% [19],
we obtain

g1 =378, g =3.8. (34)

The production amplitude reads

e
— ¥k, p)
(p —q)* — M%.

X Aﬂa(2*7 P — Q)F;(%NZ*(q)s (35)

MED = Ny

where ng+ = 1 for the reaction (I), nz+ = —1 for reaction (II),
and

(H
Jrnz

§ _va
My == vsvs(qU 8 — 478",

F;(%NZ*(Q) =

ny kvg“ﬁ).

81 82
T, k, p') = { nys+ pLVs} (P g
A 2My 4M3

(36)
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The spin-3/2 Rarita-Schwinger propagator for the resonance
R with momentum p contains

1
Aw(R, p)=(p+ MR)( — 8w+ gyu}/v

2
+ M(VMPU — YoPu) + 3MI%PMPV)~
37

The decay width is incorporated by replacing Mz — Mg —
iI"g /2 in the propagator. We use Mz~ = 1385 MeV and I's» =
37 MeV.

E. Contact diagram

Because the K*N A interaction contains a derivative cou-
pling, there exists a contact diagram for the charged K*
vector meson photoproduction. Inclusion of this diagram is
essential to satisfy the gauge-invariance condition. By minimal
substitution in the Lagrangian (4), we have

LE8K*NAKK*NA T v .
le\o’”’ AVKH' p+H.C., (38)

which gives the contact diagram of Fig. 1(d). The correspond-
ing amplitude is given by

Lygnay = —

[egK+NAKK*NA
ME = 22 T TR gk, 39
c M,y (39)

F. Form factors

The form factors are included to dress the vertices of
the diagrams. For the form factors of z-channel exchanges,
Fg+, Fx, and F,, we use the form of

A% — Mezx

A (40)

Fu(p*) =
where M2 and p? are the mass and momentum squared of
the exchanged particle. The form factor is multiplied to each
vertex, and each diagram contains two powers of the form
factor.

The s- and wu-channel diagrams have the form factor,
Fy, Fy, Fy, and Fy, in the form of [20]

Fy(p?) = nAt n @1
B\D Iy (p2 _ Mezx)z y

which becomes the Gaussian form as n — oo. We take n = 1
but the results with n — oo are also discussed.

It is well-known that introducing the form factors that
depend on the momentum and mass of the exchanged particle
violates the charge conservation condition, k, M*” = O unless
the production amplitude is transverse by itself. For example,
in the reaction of yp — K*tA, the t-channel K* exchange,
s-channel nucleon term, and the contact term separately violate
the charge-conservation condition but their sum does not.
Having different form factors at each channel clearly makes
the sum violate the charge conservation. Various methods to
restore the charge-conservation condition have been developed

PHYSICAL REVIEW C 73, 065202 (2006)

[21-24]. In this work, following Ref. [24], we take the common
form factor for the #-channel K *-exchange, s-channel nucleon
term and the contact term as

F=1=(— Fxg:)1 = Fy). (42)

In the case of yn — K*YA, each production amplitude is
transverse. Thus the charge-conservation condition is satisfied
even with the form factors and no prescription such as Eq. (42)
is necessary.

III. RESULTS

Before we present our numerical results, the cutoff pa-
rameters should be fixed. We use the total cross section for
yp — K*TA reported in Ref. [5] to constrain the cutoff
parameters of the form factors. The observed total cross section
data show that the cross section has the maximum near the
threshold and then decreases as the energy increases. This
behavior is observed in the model of spin-0 meson exchanges,
whereas the spin-1 meson exchange makes the total cross
section increase with the energy because the total cross section
in the r-channel exchange model scales as o ~ s’/~!, where
J is the spin of the exchanged particle in z-channel. In our
case, the charged K* production contains the K* vector meson
exchange and, as a result, provides an increasing total cross
section with the energy. This is shown by the dot-dashed line
in Fig. 2(a), which is obtained with the cutoff Ag- = 1.1 GeV.
(See below for the other cutoff parameters.) However, this
is not consistent with the experimental observation reported
by Ref. [5], which means that the K*-exchange contribution
should be suppressed. In fact, the contribution from the
higher-spin meson exchanges can be modified by reggeizing
the production amplitude. (See below) In this exploratory
work, however, to avoid additional complexity, we simply
suppressed the K* exchange by employing a soft form factor
with Ags = 0.9 GeV.

Shown in Fig. 2 are the total cross sections foryp — K*TA
(left panel) and yn — K*°A (right panel). These results
are obtained with the (NSC97a) values for the K* and «
couplings. The solid lines are obtained with Ag- = 0.9 GeV
and Ag = A, = 1.1 GeV, whereas the s- and u-channel form
factors have A = 0.9 GeV [16]. This gives a good fit to the
measured total cross sections except the near-threshold region.
In the left panel we also give the results obtained with A g+ =
1.0 GeV (dotted line) and with Ag+ = 1.1 GeV (dot-dashed
line) while keeping the other cutoff parameters. The decrease
of the total cross section by changing Ag- = 0.9 GeV to
Ak = 1.0 GeV shows the destructive interference between
the K exchange and K* exchange. With Ag- = 1.1 GeV,
the vector meson exchange starts to dominate and the total
cross section shows the behavior expected from the vector
meson exchange model. With Ak« = 0.9 GeV, the K* vector
meson exchange is suppressed and, in fact, the kaon exchange
dominates the reaction.

The K meson exchange dominance can be also seen in the
neutral K* production shown in Fig. 2(b). The vector meson
exchange does not contribute to this reaction and Fig. 2(b)
shows the behavior expected from the pseudoscalar meson
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i 1 r b FIG. 2. (Color online) Total cross section (a)
- 1T 1 for yp — K**A and (b) for yn — K*A.
= r 10 - (a) The solid line is obtained with Ag« = 0.9
= - 1 L = GeV, whereas the dashed and dot-dashed lines
o i 1 L o are obtained with Ag+ = 1.0 and 1.1 GeV,
0.2 4 respectively. (b) The solid line is the full cal-
i 1 r culation and the dotted line is obtained from the
L r t-channel K exchange alone. The experimental
ol r i data are from Ref. [5].
00 7\ |11 ‘ 1111 ‘ 1111 ‘ 111l ‘ 1111 7\ | 11 ‘ | ‘ 1111 ‘ 1111 ‘ 1111
1.5 2 2.5 3 3.5 4 15 2 2.5 3 3.5
E. (GeV) E (GeV)

v

v

exchange model. One can clearly see from the dotted line that
the cross section is almost dominated by the K exchange.
Figure 2 also shows that the cross section for the neutral
K* photoproduction is larger than that for the charged K*
photoproduction. This can be understood by the dominance of
K exchange and the ratio of |82K1<*/g;1<1(*| ~ 1.53.

A close inspection of our results for total cross sections
with the data of Ref. [5] shows that our model can describe
the charged K* meson production process at large energies,
E, > 2.3 GeV. But there is discrepancy between the two

at lower energies. This may be ascribed to limiting the s-
and u-channel diagrams to the intermediate lowest octet and
decuplet baryons. We expect that the low energy behavior can
be improved by including the nucleon resonances lying near
the K*A threshold.

The differential cross sections for the charged and neutral
K* photoproduction are given in Figs. 3 and 4, respectively, at
four photon energies, E, = 2.0,2.5, 3.0, and 3.5 GeV. They
are given as functions of the scattering angle 6, which is defined
as the angle between the photon beam and the outgoing K*

coso coso
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FIG. 3. (Color online) Differential cross sections for yp — K**A at E, = (a) 2.0 GeV, (b) 2.5 GeV, (c) 3.0 GeV, and (d) 3.5 GeV. The
solid lines are the full calculation and dashed lines are for the K-meson exchange alone.
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FIG. 4. (Color online) Differential cross sections for yn — K*°A at E, =2.0GeV, (b) 2.5 GeV, (c) 3.0 GeV, and (d) 3.5 GeV. The solid
lines are the full calculation and dashed lines are for the K-meson exchange alone.

vector meson in the center-of-mass frame. In both cases, we We also employed the Gaussian form factor by taking
have a forward peak as a result of the K-exchange dominance. the limit of n — oo in Eq. (41) and found no significant
The effects of the other production amplitudes can be barely difference in the differential cross sections.? This is because of
seen at large scattering angle region only. The contribution  the K-meson-exchange dominance. The only difference could
coming from the scalar k meson exchange is suppressed in  be seen in the backward-scattering region, cosd < —0.5,
the considered energy region. We have varied the x meson  because the form factor with n — oo suppresses the
couplings, including the phase around the values of Eq. (18)

with the form factor (40) in the production amplitude, but the

changes are not crucial.

2Note, in some other reactions, the difference between n = 1 and
n — oo becomes quite noticeable, e.g., in Ref. [25].

02 T T T T T T T T ‘ T T T T 1 T T T T ‘ T T T T T T T T
01f~_ (@ 4 08— (b) —
ofF o . 061 _
e o 1 g r 1
-0.1F 4 7 o4 - —
—02F = 02F
T B B OVHH\HH\HH FIG. 5. (Color online) Spin asymmetries
-0.5 0 0.5 1 -0.5 0 0.5 1 (@ , (b) Vi, (©) szT, and (d) C?ZR for

) Y RS

[ L B yp — K** A (solid lines) and for yn — K*'A
(dashed lines) at £, = 3.0 GeV.
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cos6
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S S

FIG. 6. (Color online) Parity asymmetry P,
(a) for yp — K**A and (b) for yn — K*'A
] at E, = 3.0 GeV. The solid lines are the
4 full calculation, whereas the dashed lines are
1 obtained without the k exchange.

coso

differential cross section at large scattering angles more than
that with n = 1. However, it is difficult to distinguish them.

Next we consider the spin asymmetries. Because contri-
butions from the baryon resonances are expected to be seen
mostly in the backward scattering angles, cosf <0, here we
focus on the spin asymmetries in the range cosé > —0.5.
Because of the K-exchange dominance, the single asymmetries
for photon, nucleon, and A are close to zero for forward-
scattering angles. As an example, in Fig. 5(a), the single photon
asymmetry is shown, which is defined as

ol —ot

= 4
e 43)

where o!l (61) is the differential cross section produced by a
photon linearly polarized along the X and () axis in the center-
of-mass frame. Also given in Fig. 5 are the tensor polarization
asymmetry V,,,, of the K* vector meson, beam-target double
asymmetry C2', and beam-recoil double asymmetry CER. The

2z ?

0.5

1

T T T T

0.4

l

T T T T

0.5 1

cos0

solid lines in Fig. 5 are the results for yp — K*'A and
the dashed lines for yn — K*°A. The definition for these
asymmetries and the coordinate system can be found, e.g., in
Refs. [26].

Another interesting feature of K* production reaction is
that the scalar x-meson exchange is allowed. In fact, because
the x exchange is a natural-parity exchange, whereas the
K meson exchange is an unnatural-parity exchange, their
relative strength can be estimated by measuring the parity
asymmetry defined as [27,28]

oV —g¥

g 7% 44
e 44)

Py = = 2p1_; — Poo;

where oV and o'V are the contributions of natural and unnatural
parity exchanges to the cross section, and the asymmetry P,
can be expressed in terms of the K* density matrix elements.
From its definition, it can be easily found that P, — —1 for the

Wﬁjﬁjﬁjjﬁjﬁﬁ 1‘0

~ 03 L FIG. 7. (Color online) Total cross section
= + (a) for yp — K*'A and (b) for yn —
o r K**A within K-trajectory exchange model of
02+ Regge approach. The experimental data are from
L Ref. [5].
0.1
00 L - l I l I l - l 11 (- l I l I l I l 11 00
1.5 2 2.5 3 35 4 15 2 2.5 3 3.5 4
E. (GeV) E. (GeV)

v v
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K exchange, whereas it becomes +1 for K* and « exchanges.
The reaction yn — K *0 A where the K* exchange does not
contribute, is a good place to estimate the relative strength
between the K exchange and the x exchange. In our model,
however, the contribution from the « exchange is suppressed
and P, is very close to —1 as can be seen from Fig. 6. (The
photon polarization asymmetry Xy [28] also gives the similar
results.)

Before closing, we briefly mention about the Regge
approach to this reaction. To estimate the cross sections of
K* A production in Regge approach, we have employed the
method of Ref. [29] to Reggeize the amplitudes, namely
the propagator is replaced by the Regge propagator while
keeping the coupling constants as before. The results within
the K-trajectory exchange process are presented in Fig. 7.
Although it underestimates the total cross sections for K** A
production, this shows that the energy dependence of the
total cross sections is similar to the case of the tree-level
approximation that is employed in this work. We refrain
from making the full calculations including the K *-trajectory
exchange and other possible contributions, which is beyond the
scope of this work. However, we expect that the discrepancies
shown in Fig. 7 could be compensated by the K*-trajectory
exchange, which will dominate in the high-energy region, as
claimed in Ref. [6], because the K* trajectory lies above the
K trajectory: ag+(t) &~ 0.2540.83¢ and o (¢) = —0.1740.7¢
[29].

IV. SUMMARY

We have investigated photoproduction mechanisms of K * A
off the nucleon targets. Our calculation includes the #-channel
strange meson exchanges as well as the s- and u-channel inter-
mediate nucleon and hyperon diagrams. Baryon resonances,
which are predicted to have sizable couplings with K*A [2],
can also participate in the reaction. Our calculation thus can

PHYSICAL REVIEW C 73, 065202 (2006)

provide background production mechanisms to investigate
such resonances in K*A photoproduction. We have found
that the K-meson exchange dominates both the charged and
neutral K* photoproduction, which leads to sharp peaks in
the differential cross sections at forward-scattering angles.
Because of the K-exchange dominance, the total cross sections
for the neutral K* photoproduction is found to be larger than
those for the charged K* photoproduction. Comparison with
the experimental data of Ref. [5] shows that the inclusion of
baryon resonances can improve our model prediction at lower
energies close to the threshold.

As a test for our model, we have made several predictions
on the spin asymmetries that can be measured at current
experimental facilities. One advantage of K * photoproductions
over K photoproductions is that it allows the x-meson exchange
whose existence and properties are still under debate. However,
within our model, we found that the contribution from the
x meson exchange is suppressed and can hardly be seen in
the reaction of K*A photoproduction. Therefore, the parity
asymmetry P, which can distinguish the relative strength
between the « and K exchanges, especially in neutral K*
production, is found to be P, &~ —1 because of the K-meson
exchange dominance. Measurement of those spin asymmetries
would be helpful to test the reaction mechanisms of K*
photoproduction such as the dominance of the K meson
exchange.
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