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Investigating the parity of the exotic ©* baryon from kaon photoproduction
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Based on the hadronic model with the gauge prescription suggested by Ohta and Haberzettl, we investigate
the possibility of determining the parity state of t8¢ baryon using photon induced processes— K 0*
and yp— K%O*. The total and differential cross sections are simulated in two versions of pseudo@¢for
and pseudoscal@PS coupling schemes and the results are reported both on the positive and negative parity
states of theD™ baryon. It is found that in both coupling schemes the total cross sections from the neutron
target are in general larger than those from the proton target, regardless@f gaity. The cross sections of
the ©* production however depend largely on the value of @iiedecay width which is not yet well estab-
lished. Moreover, there is a wide theoretical uncertainty associated with the different assumption on the gauge
prescription in model calculations. We discuss these points by comparing theoretical predictions with the
existing experimental data. Our analysis suggests that the observation of the angular distribution rather than
just the total cross section in the photoproduction process may be a useful tool to distinguish the parity of the

O baryon.
DOI: 10.1103/PhysRevC.70.045205 PACS nuni®erl3.60.Rj, 13.75.Jz, 14.20c, 24.85:+p
[. INTRODUCTION All these theoretical studies address various aspects of the

. . O™ baryon properties and in many cases the models assume
The recent experimental observations of the narrow, . predict a definite parity for the©* as positive

baryon state from the invariant mass spectrurktif or K% 9,16-18,20,21,24,28 BOHowever, recent works from the
in photon induced nuclear reactions and their interpretatiorggCD_Sum ruleg27,29 and the lattice QC32,33 favor a
as an exotic pentaquark state of ¢ baryon withs=+1 — negative parity. Therefore the assumptions on or the model
attracted a lot of attentiofl—5]. Such an experimental evi- predictions for the parity of th@* are still controversial and
dence for thed* baryon was also observed in other reactionjt is thus of importance to analyze the processes that may
channelsK*Xe— K°pX¢€ [6], vﬂ—@—) collisions with nuclei  reveal the true parity state of tHa*.
[7] and pAHngX [8], which tend to confirm the existence  Along this line of thoughts, there are theoretical attempts
of the ©* baryon. The extracted mass of 8¢ baryon from  to determine the parity of th®* baryon by the direct esti-
these experiments is reported to be 1.54 GeV and its decapation of the cross sections observed in the photon and me-
width less than 25 MeV are consistent with those of the penson induced™ production experiments using hadronic mod-
taquark state predicted in the chiral soliton mof8t12. els [38,39,41-48 In particular, the cross sections oh
These experimental identifications of th" have initi-  _ K-©* and yp— K%0* have been estimated with the had-
ated intensive studies of the new type of hadron structurefonic models including hadron form factdi39,41 and com-
that are containing more than two or three quaik3,14.  pared with the data from the SAPHIR experiméa}. The
However, since quantum numbers other than its mass angse of hadron form factors requires, of course, the gauge
decay width of the detecte®" baryon are not yet known invariance of the photoproduction amplitude and this con-
from these experiments, much theoretical attention has beefiraint is indeed satisfied in Ref&9,41]. Yet, in view of the
paid to the determination of its further properties like spin,model development in the similar processegs;— K*A and
isospin, parity and magnetic moment. Subsequent theoreticghp — K*30 [44—47, the gauge prescription suggested by
investigations on the structure of tkg baryon follow based Ohta[48] and Haberzettf49] yields the betten?-fit for the
on the constituent quark model including diquark-diquark- analysis of theyp— K*A process and has a firm field theo-
approach{15-21, Skyrme mode[10-12,22-2f QCD sum  retic foundation. Since this point cannot be overlooked, we
rule [27-29, chiral potential modef30], largeN; QCD[31],  apply the prescription of Ref§48,49 to the model calcula-
lattice QCD[32,33 _and group Eheory approa¢B4,35. Thg tion of the processesn— K-0* and yp—>E06+.
dynamical properties of thé& + paryon was .allso studied To focus on the difference in the gauge prescription from
through the production of th®™ in the relativistic nuclear o earjier work, we use the same model parameters of Ref.
collisions[36,37. [41]. While Ref.[41] concluded that the total cross section
already determined the parity of ti&" as positive, our re-
sults indicate that there is a wide theoretical uncertainty as-

*Electronic address: bgyu@mail.hangkong.ac.kr sociated with the different assumptions on the gauge pre-
"Electronic address: tkchoi@dragon.yonsei.ac.kr scription and the total cross section itself cannot yield a
*Electronic address: crji@unity.ncsu.edu definite conclusion on the parity of th@*. We thus stress
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nucleon,©* and kaon exchanges in tlse u-, andt-channel,
respectively, i.e.,
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FIG. 1. Tree level diagrams foyN— KO* reaction. Diagrams +Mo) -2 un(p).
(@), (b), and(c) denote thes-, u-, andt-channel pole terms with K
hadron form factors depicted as the blob at each vertex. The did=or brevity, we write the amplitude collectively foyn
gram(d) is the Kroll-Rudermar{KR) term; it is absent for pseudo- _, K-+ and yp—>E°6+ with notationsQy, Qg, andQy by

scalar couplings with bare vertices. The last diagr@ncorre-  assigningQy=0, Qp=1, and Qx=-1 to yn—K O*, and
sponds to the contact interaction term required to restore gaug -1 -1 dO.=0 t KOO" tivelv. Th
invariance of the Born amplitude. It is depicted as a large blob to<N~ Qo=1, an QK 0 yp— , respectively. The

distinguish from the KR term. anomalous magnetic moments of the proton and neutron are

kp=1.79 andx,=-1.91. In Eq.(2), gkne IS the O™ coupling

. o ) constantkg is the anomalous magnetic moment&@f, and
that further analysis of the angular distributions is necessary, is the photon polarization vector. Also,F;(s)

Especially, the features of the angular distribution near_ 2 2 — 2
threshold become less dependent on the model paramete:rF (s, Mo, %), FaW=F(M?%,u,m), and Fyt

. . |s—3(M2, M2 ,t) are the hadron form factors introduced to the
because they follow the conservation rules of parity and an-KN6 vertices in thes w-. andt-channel with the normal-
gular momentum. e

. . _ 2 _ _ 2 _ _ _ _
This paper is organized as follows. In Sec. Il, the crosdZationsFy(s=M )=1, F(u=Mg)=1, andFy(t=)=1, re

section and the differential cross section for angular distribu-SpeCtively' . .
g In the PV coupling, the Kroll-Ruderman term of Figdl

tion are evaluated for th®* production fromyN—KO* . . . .
when the©* has the positive parity. The cross section and'S required to restore gauge invariance of PV pole terms due

angular distribution of the reaction in the case of the negativé0 the y54 coupling;
parity ©* production are evaluated in Sec. Ill. Summary and
) . : ekno —
discussion follow in Sec. IV. Mir== 1 . Uo(P ) vs£{F1(S)Qn — QeF2(W)}un(p).
)
Il. PHOTOPRODUCTION FOR THE POSITIVE (3)
PARITY ©*

YsdF5(u) + QyF3(t) y5(M

(2)

) . In the gauge transformation of the PV coupling pole terms
The photoproduction of th®" baryon from neutron or y,gether with the Kroll-Ruderman term, however, these am-

proton target is usually cal_culated in_relativistic hadron mOd'pIitudes are not gauge invariant, but yield the following re-
els because the models with hadronic degrees of freedom ajg;,n-

more relevant than the perturbative QCD to the energy range
of the reactions that we study in this work. In hadronic mod-(M py_poie + MkR) ek = €&noUo(P) ¥s{F1(S)Qn — QoF ()
els the reaction is generated from the Feynman diagrams at
tree level as shown in Fig. 1. The momenta of the incident ~ QcF3(®}un(p). (4)
photon, the nucleon, the outgoing kaon, and@earek, p,  The nonvanishing divergence of E@) is due to the use of
g, andp’, respectively, in the diagrams of Fig. 1. The Man- different form factor for each hadron vertex and this sort of
delstam variables ars=(p+k)?, t=(k-q)? andu=(p'-k)?>.  divergence equally holds for the gauge transformation of
Using effective Lagrangians for vertex couplings pertinent topseudoscalatPS coupling photoproduction amplitude. In
the diagrams, the transition amplitude is obtained. Here, afact it vanishes wheifr;=1 fori=1,2,3,i.e., in the case of
the interaction Lagrangians relevant to the process are foungbint interaction okKNO, or whenF;=F for all i, i.e., in the
in other literature[39-41,43 we will not repeat them. In- case of using an overall form factd¥, In Refs.[39,41], the
stead, with the interaction Lagrangians given in Refsrecipe they used in order to restore gauge invariance of the
[39,41, let us begin with the Born amplitude for the positive Born amplitude as given in E¢4) corresponds to the case of
parity ©* photoproduction. The Born amplitude of the using an overall form factor. In this work, we follow the
pseudovectofPV) couplingKNO™ interaction can be written gauge prescription suggested by Oli#8] and later im-
as proved further by Haberzetf9]. According to these field
- theoretic analyse$48,49, the divergence of the hadronic

Meom= Mpv-poet Mig + Me. ( current due to the different form factors can be removed by
The PV-pole terms are composed of the first three pole diaintroducing the diagrante) of Fig. 1, so-called contact inter-
grams of(a), (b), and(c) in Fig. 1 which correspond to the action term. It is of the form
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o , n (2 + k) € yn->K0" yn—->Ke
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Here,lA: is a subtraction function which depends on the Man-
delstam variabless, u,t). Note that in order to maintain the _

original singularity structure of the Born amplitude, each of =200
the three pole terms in Eq@5) should be nonsingular, i.e., °

~ 100
F=1 for on-mass shell and this can be a constraint on the

arbitrary choice of the functiof [50,57. In this work, to %5
preserve the crossing symmetry of the amplitude, we choosc E, GV E, (G0
the subtraction function, in specific,

300

FIG. 2. Cross sections fam— K-0* and foryp— K°O* when
F= F,(u) + F5(t) — Fo(u)F4(t), the ©* has positive parity. The PV coupling scheme is displayed in
the left column and the PS scheme is in the right column. Given the
coupling constangne=2.2, dependence of the cross sections with
A=1.8 and 1.2 GeV are shown. The dotted lines are the results of

- 0+ . the Born amplitude withkg=0 and cutoffA=1.2 GeV. The solid
for yn—K"6" ar]d Yp— K07, respectlvely_. For each had- lines are the results of the Born amplitude witg=0 and cutoff
ron form factor in the channels=s,u,t, (ori=1, 2, 3, we A=1.8 GeV. The dot-dashed lines are the Born contributions with
use kp=0.7 andA=1.8 GeV. The dot-dot-dashed lines wiklg=-0.7

A4 andA=1.8 GeV.

AT+ (e M "

F=Fy(9) + F,(u) - Fy(S)FH(u) (6)

Fi(X, M,) =
. _ _ ) _ present. Instead, we have only few experimental observa-
which are normalized to unity at=M;". HereM; is the mass tions; the decay widtii'y and the cross section. It has been

of the exchanged particle andis the square of the trans- reported that the decay widf, is measured in the range
ferred momentum. This function has the correct on-shelb~25 MeV [1-6,8 and the mean cross section fop

condition, i.e.F;(x= M2) 1fori=1, 2, 3 and, thusF 1 by —K%* in the SAPHIR experiment is in the order of 200 nb
Eqg. (6). up toE,=2.6 GeV[2]. More recently HERMES experiment

In the PS coupling, the Born amplitude is composed ofestimated the cross section of thg production to be 100
those terms depicted by Figs(a}-1(c). By the procedure ~220 nb from the quasireal photoproduction on deuteron,
similar to that of PV coupling, the Born amplitude which eD— ngx [5]. However, the precise measurements of the
preserves gauge invariance can be obtained by width and cross sections are still lacking and there are on-
going discussions about possible reanalyses of these observ-

Meom= Mps-poie+ Mo, ®) ables[52-54. In particular, using thé<*d scattering data,

where Nussinov reanalyzed the decay width ©f and came up

b+ K+ M) with T'g<6 MeV [52]. Moreover, Arndtet al. suggested

— — PTRTIM) I'o <1 MeV based on th&*p andK*d databas¢53]. In this

Mps-pole= €GnoUe(P ){Fl(S)ys [QNE work, we adoptgene=2.2 assumingl'o=5 MeV for the
positive parity ©®* and compare our results to the present

+ |—No"’“ye k ] {thi K6 e kp] SAPHIR data[2]. The value ofkq is still elusive, although
2M 2M g there are some theoretical suggestions on this quantity
(B —Kk+Mg) [9,13. We consider it as a parameter and vary its value be-

X ysFa(U) tween 0.7 ko <0.7.

B M9 The results are given in Fig. 2, where the cross sections
(29-K) - € are obtained by using the subtraction function and form fac-
+QKF3(t)7’5W un(p), (9 tors of Egs.(6) and (7) to reduce the strength of the Born
K terms. In relation with these functions we present the sensi-
and the contact interaction term of Figelis given by Eq. tivity of the cross sections to the cutoff parameteby tak-
(5). ing both A=1.8 GeV[41,44 and a somewhat lower value
In the calculation of cross sections based on this frameA=1.2 GeV for comparison. Given the coupling constant
work, the coupling constargxne and the anomalous mag- guno=2.2 with k=0, the dotted lines withA=1.2 GeV
netic momentkq are to be determined. Unfortunately, there lower the cross section down by more than one third of its
are no detailed informations available on these quantities ahagnitude as compared to the solid lines with1.8 GeV in
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FIG. 4. Diagrams fort-channelK* and K; exchanges in the
oy 5504 IR o b ; YN—KO™ process.
- A=0.8GeV N EEE
02 1% . 02 oy significantly dependent on the variation &, in case of PS
b PR I N Y coupling scheme, albeit parametrized as the same value with
N MATEATIATINS B AT IATINN B | e Ref. [41]. Besides the different type of form factor used in

R R LR Ref. [39] from ours and Ref[41], the apparent distinctions

! ' 7 between these previous results and ours are mainly due to the

different gauge prescriptions adopted in each model calcula-
R = : o ton. Although neither of the procedures adopted in Refs.
F for yp—K%0". The functional form of is given by Eq(6). The 39 47 violates the gauge invariance, we emphasize that
solid line is forA=1.8 GeV. The dotted line ancj the dashed line arethey certainly need further improvement in going beyond
for A=1.2 and 0.8 GeV, respectively. Note tiat 1 atE,=0 be-  just taking a single overall form factor from a field theoretic
low the threshold of the reaction regardlessiofzalues. point of view. In Fig. 2, it is instructive to note that the cross
section of yn—K™O" near threshold is similar to that of

yn— 77 p and also that 0fyp—>E06+ to yp— 7°p, since the
two channels of©* production have the same charge ex-

when form factors are incorporated. For instance, the effe change structure of the Born terms with the corresponding
P ) ’ Cwo processes in the pion photoproduction. According to the

tive coupling strength becomegyoF:(S) =0.36 at threshold g 11" of Refs[55,56 where the couplings of the baryon

if A=1.2 GeV. The smaller the cutoX is, the more signifi- ¢t with the antidecuplet are analyzed, @eis difficult to
cantly F is attenuated by the reductions in each form factorcouple to any would-be nucleon resonances. We, thus, refer a
F, as shown in Fig. 3. However, such a significant falloff in qualitative analysis of our cross sections to those of the pion

F may not be so desirable in order to minimize the ambiguityPhotoproduction near threshold where no significant contri-
: o butions are attributed to the resonan¢gg]. With these in
from the form factors. In Fig. 3F is very close to 1 near

: : . mind, the “nose” structure of PV coupling scheme i
threshold almost independent of the scattering adgleA -9+ near threshold is understood by the Kroll-Ruderman

=1.8 GeV. For this reason, we take the=1.8 GeV in what oy and possibly the kaon pole term. The Kroll-Ruderman
follows. . _ term dictates the threshold amplitude, giving lasyeave

~ InFig. 2, the cross section fam— K"0™ is about 150 nb  contribution to yield a rapid increase of cross section to-
in the PS and 250 nb in the PV scheme nEar2.5 GeV. gether with the kaon pole term. For the procegs— K",

The cross section foyp— K0 is about 200 nb in PS and there is neither Kroll-Ruderman term nor kaon pole term due
80 nb in the PV scheme. These results are from the Borio the charge conservation. Therefore, the cross section of the
contributions only and this point is in sharp contrast to thelatter process is suppressed near threshold similar to the case
results of previous calculations. In RE89], with more con-  of yp— 7% [58,59. These qualitative features are apparent
tributions of the two- and three-body final state interactionsn the PV coupling scheme and consistent with the remark in
considered, the authors used thehannel andu-channel Ref.[60] that the photoexcitation of the baryon anti-decuplet
Born terms to obtain cross sections with the magnitude ofs strongly suppressed in the proton target and the process

38 nb foryp— K°0* and of 280 nb fonn— K" in the PS ~ OCCUrs mostly in the neutron target.
scheme. Also in Ref41], the authors includel* exchange We now consider the contributions ¢fchannel vector

in their PS coupling Born amplitude to obtain the cross sec{j“es,c’tnﬁ; ar|1:d Ky axiaé_vector rr}esomzeexcdhznges.hFigure 4
) — epicts the Feynman diagrams for tk& and K, exchanges
tions about 326-400 nb for yp—K%0* and about 200 . i 5 B 4

~230 nb for yn—K-0*, depending on the sign @yrro. in the t-channel. For th&* (890)(J"=1") exchange, we use

But the Born contributions to these total cross sections aréhe Lagrangians
found to be about 40 and 80 nb for each process and almost —

the rest of the cross sections are frédh contributions. In Lieno = gK*N96<7M+ M + M
fact their Born contributions up t&,=4 GeV are smaller by

a factor of  or ; than our result in PS scheme of Fig. 2, ek .
despite the same cutoff with ours. As a consequence, the Lyriy = TyfaﬁwﬁaAﬁ&”KTK Y+h.c., (10
K* contributions relative to the Born terms in the cross sec-

tions are much larger than ours. Furthermore, in contrast tavhere gk«neg @nd «* are, respectively, the vector coupling
their findings in thexg contributions, our cross sections are constant and the tensor coupling ratiokof NO vertex. Here

FIG. 3. Energy and angle dependence of the subtraction functio

Fig. 2. As indicated in Refg§44,45, it probably makes more
sense to consider the produgiyeF;(X) as the effective cou-
pling strength but not the bare coupling constggyie alone

*

away> K/N+h.c.,
(S}
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m is a parameter of mass dimension for the anomalous cou

pling of g«k,. The transition amplitude fdK* exchange in
the t-channel can be written as

(_ ga,u + qr(rq/M/MZ*)
t= M2, +iTMs

M == GK*NGUG{ €apro k*eq”
*

— 11
M +Mg (D

X(h” ‘Tvqu) Un;s
with Gysno=0ksnok+k, Fa(tm™, and g, =(q-k),. Includ-

ing these contributions, we ugg«x:,=0.254 for the charged
kaon anomalous decay argk-xo,=0.388 for the neutral
kaon decay that are cited in Particle Data Gr¢@f]. Fol-

lowing Ref.[40], the unknown coupling-ne Was deduced
to be 1.32 from the assumptiogyne/Ikno=0.6. We adopt

this value ofgy«ne and do not consider the tensor coupling

contributions of botiK* and K, to avoid any further param-

eters The interaction Lagrangians for the axial vector meson

K,(1270(JP=1%) coupling toK,NO* andK Ky are given by

= ol _ K v |ept
CKlNe = gK1N96<')’M + M+ Meomﬁ )Kl vsN + h.c.,

K
Ly ky= —i——K"(9,A,9K] - 3,A,KE) + h.c.,

1K7

(12)

wheregy no and «; are the axial vector coupling constant

and the tensor coupling ratio &;NO vertex, respectively.
Then, the transition amplitude for thechannelkK, exchange
is given by

— MY 1! VIN 2

(=g +q" "M )

MK = 2 .
1 t= Mg, +ilMy,

GKlNOUG(k ‘q'e,—€-q'k,)

x( 4k
Yv M+ Mg

quqla) YsUN; (13)

with Gy o =0k NeGk kyFa(Dm ™. 1. For the axial vector meson
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FIG. 5. Cross sections fom— K~6* of PV (upper lef) and PS
scheme(upper righj. Cross sections foyp— K%O* of PV (lower

left) and PS schem@ower righty when the©* has positive parity.
k=0 in any cases for all panels. The solid lines are the contribu-
tions of the Born amplitude witlk-no=0. The dotted lines are the
sum of the Born terms ank* with gx«no=1.32. The dot-dashed
lines the sum of the Born terms amd with ggsno=—1.32. The
dashed lines are the sum in total of the Born teriisand K, with
k=N =1.32, g ,ne=—0.07 for yn—K O™ and gk ne=-0.1 for
yp— K%0*, respectively. The dot-dot-dashed lines are the sum in
total of the Born termsK* and K; with Ok:no="1.32, gk ,no=
+0.07 for yn—KO" and gqne=+0.1 for yp—KO*,
respectively.

contributions, whereas the role Kf is minor and these vec-
tor mesons give contributions tgp— K°O* larger thanyn
—K~0*. In this figure, the results of these contributions are
more favorable whemy.yo=1.32, g ,no=-0.01-0.1) for

M—K O*(yp—K°O*) as depicted by the dashed lines.
They give the same order of magnitude to the cross sections
for each process &,=2.5 GeV, regardless of the coupling
scheme. Around thls energy, the dashed lines of the cross

coupling constarlj;K Ky there are no empirical data available section for yn— K ©* are about 230 nb, and fonp

for the decayK1—>Ky except for its decay channel to
meson via the proceds; — pK [61]. In Ref.[62], by using
the effective Lagrangian given by E(.2) for the interaction
vertex K Kp, the decay widthl’y ¢, was estimated to be
37.8 MeV and the coupling constagg k, was determined
to be 12.0. Using this value fagyy Kpr WE deduce the cou-
pling constanigx ky=0.6 by applylng the vector dominance
relation for gy, = (e/f,)0k K, wheref2/477 2.9. In order
to determine the aX|aI vector couplmg constagine, we
make use of the ratigK*Kng*pA/gKlegKlpA:—8.6, which
is extracted from WJC model fd£*A electromagnetic pro-

duction [63] and assume that this ratio is valid also for

gK*Kng*NO/gKlegKlNO' Then, we otiairgKlNez—O.W for
yM—K 0" andgy no=-0.1 for yp— KYO*, respectively.
In Fig. 5, we present the results K and K, contribu-

tions to the cross sections gh— K™ O* and ypHE°6+ in
both coupling schemes. In most casks,gives significant

—.K%O* about 150 nb, respectively.

In Fig. 6, the differential cross sections fgn— K~6* are
displayed near thresholel,=1.8 GeV and aE,=2.5 GeV. It
is interesting to see that the angular distributions of the kaon
produced near threshol&,=1.8 GeV, are isotropic both in
the PV and PS schemes. These are due tstwave domi-
nance from the Kroll-Ruderman term in the case of PV, and
from the s-channel nucleon pole term in the case of PS,
respectively. Notice that the scales of the cross sections in
the two schemes are different. This feature of theave
production near threshold can be anticipated from the parity
and angular momentum conservation which states that the
angular momentum of the produced kaon is in sheave
state near threshold, if the parity of th¥ is positive. In the
energy binE,=2.5 GeV, the interference d&* and K, ex-
changes develops a peak arouéd45° in both coupling
schemes whegK*Ne:1.32,gK1N9:—0.07 as depicted by the
dashed lines.
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[lI. PHOTOPRODUCTION FOR THE NEGATIVE
PARITY ©*

We now turn to the case dd* photoproduction when it
has the negative parity. The electromagnetic coupling vertex
of the negative paritPp* baryon is given by

- K
Lyoo =" 97’5[Qe7"u - ﬁffﬁﬁy] YsOA:.  (14)

5 d s JaREn . . . .
340- '\\ . & T The interaction Lagrangians of the negative pa@tyfor the
5T b & AN E PS and PV couplings are of the forms
8L 10

ﬁiﬁe = —igkneONK,

=

W
ST T T T

(;‘45I90‘135‘180 45I90I135‘180
6 (degree) 6 (degree) OknO  —
Lino=——"""—O¥"NJ,K, (15)
FIG. 6. Angular distributions foryn—K 0" at E,=1.8 GeV M -Mg
(upper lefy, E,=2.5 GeV(lower left) of PV andE,=1.8 GeV(up- . .
per righy, E,=2.5 GeV(lower right of PS scheme when the parity which are equivalent to each other for the free baryons. It

each other when, reduced to the nonrelativistic spinor forms

In Fig. 7, the angular distributions gfp— K°0* are pre-  at threshold, i.e.,
sented. There appear small deviations from the isotropic an- PS ) +
gular distribution in the Born contribution and the backward Lkno = ~1GknoXoXnK + -+
asymmetries are observed near threshold. These backward
enhancements hold even&j=2.5 GeV both in the PV and

) m
PS schemes. They are resulting from thehannel contribu- EE\,GG =- IgKNe—K XBXNK + e (16)
. i : . M - Mg

tion of the Born terms, since there is no kaon pole term in

this process. AE,=2.5 GeV, the change in the sign Kf The difference is by the factomg/(Mg—M)=0.85,

andK; coupling constants in the PV coupling scheme shiftswhich makes the PV coupling version somewhat smaller
the position of a peak from the the very forward angle forthan the PS one by the factor of 0.85. The Born amplitude for
Ok:no=1.32, ge,ne=—0.1 to the very backward angle for the negative parityd* photoproduction can be derived by
gK*Ne:—l.BZ,gKlNQ:O.l. It is worth noting that the thresh- using the Lagrangians in Eg&l4) and(15) for the coupling

old behaviors of the Born terms of these two processes givevertices relevant to the interaction diagrams shown in Fig. 1.
in Figs. 5—7 show a close similarity to thoseyf— 7 pand  This leads to the replacement of the final staje- —ugys at
yp— 7°p near threshold found in Ref§58,59, as men- every KNO vertex and theu-channel propagator 06,

tioned before. S(p' —k) ——y5S:(p’ —k)v5 in the amplitude given by Eq.
1), i.e.,
yp->K0" yp—>K'e" (1)1
5 T 20
4'_ l l l ] B l l l MBorn:MPV—poIe"'MKR"’MCy (17)
i SN I L e

23 ot B e where
g
S

k+M

etkno —
MPV—poIe: M——hl\l/lua(p ){_ Fi(s)d

+ iﬂo”“”eﬂkv] + {— Qoé+ i;vea“"eﬂk,,}
[G)

2M
¢ (B - K+ M)
g X ——qF,(u
3 o W
(M-Mp)(29-K) - €
— QkF3(t) — > un(p), (18
0 (degree) t=mg
FIG. 7. Angular distributions foryp—>E°6+ atE,=1.8 GeV etno —
(upper lefy, E,=2.5 GeV/(lower leff) of PV andE,=1.8 GeV(up- Myr= M =M Uo(P"){F1(S)Qn = QeF2(W)}Hun(p),
per right, E,=2.5 GeV(lower right of PS scheme when the parity 0
of ©* is positive. The notations are the same as in Fig. 5. (19
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(2p+K) -€

M= eQ(NGUG(p,){[Fl(S) ~FIQy vz T QelFa(u)

(2p" = k) - - (20-Kk) -
p_—Meze + Q[ Fs(t) - F]?_—mﬁe}UN(P)-

(20)

-F]

By the similar procedure, the PS coupling Born amplitude is

given by
MBorn = MPS—poIe+ Mcv

where the contact interaction ter. is given by the same
equation, Eq(20), and

(21)

(p+k+M)

- M2 |:QNé

Mpspole= e%NeUe)(p’){ —F4(9)

Ko
2Mg

+ iﬂa””eukv] + [- Qob+i O'MVEMk,,:|

2M
y (p' —k+ “ge)

29 -k) -
- QKFs(t)%}uN(p)-

t—my

Fa(u)

(22)

For an application of thek* and K; exchanges in the
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FIG. 8. Cross sections fom— K=" of PV (upper lef) and PS
scheme(upper righy. Cross sections foyp— K°0* of PV (lower
left) and PS schemgower right) when the©™* has negative parity.
ko=0 in any cases for all panels. The solid lines are the contribu-
tion of the Born amplitude withgxne=0.3, gk=ne=0. The dotted
lines are the sum of the Born amplitude aktl with gy«ne=0.18.
The dot-dashed lines the sum of the Born amplitude lhdvith
Ok*no=—0.18. The dashed lines are the sum in total of the Born
terms,K* and Ky with gx«no=0.18, gk no=—0.1 for yn— K 6*

t-channel, we use the transition amplitudes of the positiveddk,no=-0.16 foryp—K°0", respectively. The dot-dot-dashed

parity ©* cases, i.e. Eqs(11l) and (13), replacingug by
—Ugys in the K* NO andK;NO vertices.

The process for the negative pari§” production was
considered in Refs[38,40-42 and found to have smaller
cross section than the positive-part®y’ production. In Fig.

lines are the sum in total of the BorK* and K; with gy«no=
-0.18, gx,no=+0.1 for yn—K O and gk ne=+0.16 for yp

—K%0", respectively.

sented in Refs[39,4]]. The reason for the suppression is

8, the total cross sections are shown for both processes withainly because the adopted coupling constggie=0.3

Okno=0.3 taken from the decay widthig=5 MeV. For the
K* and K; coupling constants, we ugg«no=0.18, keeping
the ratio gk«ne/9kne =0.6. The coupling constary o is
determined from the assumption that the
gK*Kng*pA(1405)/gKlegKlpA(l403:_0-7 extracted from Ref.
[63] holds for the present coupling ratio
gK*Kng*NQ/gKlegKlNQ as well. In the figures, the role &f;

is appreciable in the negative pari§" and the cross sec-
tions are sensitive to the sign &* and K; coupling con-
stants. This is analogous to tK& dominance in the positive
parity production, since the parities Kf and K, are oppo-
site to each other. Depending on the signs ofKheand K,
coupling constants, the cross sections far— K 0* are
around 30 nb for PV, and 2050 nb for PS schemes &,

=2.5 GeV, respectively. While fopp— K°0*, the cross sec-
tions are about # 33 nb in the PV, and 2 12 nb in the PS
schemes. From these figures we find that the reacjion

— K~O" is still dominant over the reactiopp— K°0* in the
case of the negative pariy* as well. It should be noted that
the inclusion of magnetic momemiy could give an addi-
tional contribution to the cross sections.

taken fromI'o =5 MeV is smaller by a factor of than that
of positive parity. This reduction is of course reflected in the
suppression of cross sections roughly by an order of magni-

ratiotude smaller than the existing SAPHIR experimental cross

section. Thus, if we trust the existing SAPHIR data, then we
may well doubt the possibility of negative parity statef.
However, there exists a rather large uncertainty in the present
measurement of the decay width of #é. Also, as we dem-
onstrated in the positive parity case, the cross sections calcu-
lated in the framework of hadron models are largely depen-
dent on the gauge prescription as well as the cutoff
Moreover, let us consider the decay width of the transition,
0*(3*) — KN(3*) with both parities retained; i.e.,

_ gﬁNG gl 5 e —
Lo = o M_e(\*‘M +[q[*+ M),

(23

and suppose that the coupling constgo is a priori given

and the kaon momentung| in the ©* rest frame is small.
Then, the Eq(23) implies that the widtH'g near threshold
would be small for the positive parit9* by the subtraction

of nucleon mass from its energy, and vice versa for the nega-

In comparison with the cross sections of the positive partive parity. This means that the decay of the positive parity is
ity ©* production in Fig. 5, the cross sections in the case okinematically forbidden for small momentum and initially a
negative parity are suppressed roughly by an order of magiegative parity state dd* is more likely to decay to the final
nitude. This is consistent with the previous calculations prenucleon and kaon. In this respect, analyzing only the total
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Yn->K@" Yn->K©' understood by thé-channel kaon pole dominance. In the

case ofyp—K%0* presented in Fig. 10, the apparent flat

curves of the Born contribution may be due to the small
u-channel Born contribution weakened by the small coupling
constantggne- Therefore, the development of the angular
distribution of the cross section in this process comes from
the t-channelK* and K, contributions as the photon energy

increases.

Before closing this section, it should be remarked that the
angular distributions ofyn—K-0* and yp—K°0* near
threshold in particular show a clear distinction between two
opposite parities of th®* baryon and they are given in a
rather model-independent way. As we have demonstrated up
, . oo . , ) . to this point, near threshold where the orbital excitations of
45 90 135 180 0 45 90 135 180 kaon other thai.=0 or 1 are suppressed, the conservation of

6 (degree) 0 (degree) . h i

parity and angular momentum imposes a specified form on

FIG. 9. Angular distributions fonn—K-©* at E,=1.8 Gev  the shape of angular distribution oN— KO, depending on
(upper lefy, E,=2.5 GeV(lower left) of PV andE,=1.8 GeV(up- ~ What parity state of th®* is. Therefore, the observation of
per righy, E,=2.5 GeV(lower right) of PS scheme with the nega- the reaction near threshold can provide an unambiguous way
tive parity ©*. The notations are the same as in Fig. 8. to clarify the parity of theD*. The importance of using this

sort of conservation laws near threshold was also emphasized
cross sections does not seem to provide a decisive conclusiam Ref. [64], but for the different reactiopp— 3*0*. The
on the parity of thed™. We thus analyze further these pro- reaction they suggested instead of & photoproduction
cesses by presenting the angular distributions. takes the advantage of giving more tight condition on the

The angular distributions foyn— K0* and yp—K%0*  parity and angular momentum at the initjap state. How-
are displayed in Figs. 9 and 10, respectively. By the parityever, the photoproduction &* has already been observed
and angular momentum conservation, the produced kaon &nd seems to be more available for the present experiment
anticipated to be in thp-wave state near threshold when the than the reaction suggested in RgF4].
producedO®* has negative parity. Such a feature is well re-
produced inyn— K O, whereas it is less clear foyp

—K%*, regardless of the coupling schemes of KO
interaction. Note that the scales of the cross sectiori, of We investigated the possibility of using photon induced
=1.8 GeV in the two schemes are different in Fig. 9. In par-g+ production, yn—K-6* and yp— K0, to discriminate

t'Caurlé"r' :;;hde 2ht(())t(z)anc?)r;gfgt:'ﬁigrg?:nz\;e (;‘btsheew;o?nf?grmthe parity of the©™ baryon. The processes are calculated for
ward p u ! fvo possible parity states of ti@* baryon using the hadron

S . o ) .
W.'th K* andK, right around 45° both in the two schemes o'n. model where the interaction of th&\NO vertex is considered
Fig. 9. The coherent peak of the Born terms around 45 I$0th in the PV and PS coupling schemes. We employ the
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IV. SUMMARY AND DISCUSSION

yp—>K yp->Ke" broader basis of prescription for the gauge invariance based
I—TTT1 I—T—T—— T on the Ohta and Haberzettl methods, as discussed in the
s Y _' study of K*A and K*X photoproduction§48-5(0. The re-
sl 1 al ] sults for the total and differential cross sections are to a large
g P extent different from those of previous calculations
-l e # [38,39,41,42 indicating that there is a wide theoretical un-
B I I . certainty associated with the different assumptions on the
i———t—L— L '-“;80 e gauge prescription. We may summarize the differences as

follows. (i) With the decay width 5 MeV, the cross sections
of the positive parityd* from the neutron and proton target
are comparable to the present SAPHIR data, whereas the
cross sections of the negative parity are found to be only tens
of nb. Nevertheless, the uncertainty in the experimental data
are now under discussion and if the cross sections are indeed

== an order of magnitude smaller, as presented in RBf63,
CF e ™ F e ™ than the published SAPHIR dafd], then the results of the

present work are likely to support the photoproduction by the

FIG. 10. Angular distributions foyp—K°0* at E,=1.8 Gev ~ Nhegative parity®™ even with the coupling constamno

bd
oW
w

do/dQ (nb)
- G

4
173

=
=

(upper lefy, E,=2.5 GeV/(lower left) of PV andE,=1.8 GeV/(up- =0.3. Qur results also show _that the cross section ofthe
per righy, E,=2.5 GeV(lower right of PS scheme with the nega- production from the neutron is on the whole larger than that
tive parity ©*. The notations are the same as in Fig. 8. of ©* production from the proton(ii) Using the empirical
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ratio of gy«k,Ik*na/ Ik, Ky9K NA extracted fromK*A electro-  tion processes for the two opposite parity states are less de-
magnetic production for the determination of the couplingpendent on the model parameters and distinct from each
constantsgy-ne andgx e, We obtain the<* and K; contri- oj[helr. Therefore, we suggest thgt the observation of angular
butions and find that thi&* contribution is in general impor-  distribution in the photoproduction process can serve as a
tant andK, contribution to the negativé®* parity is not ~MOre useful tool to distinguish the parity of tke bar_yon as
negligible either. However, these contributions are not sompared to the measurement of total cross sections only.
much dominant over the Born contribution as claimed in

Ref. [41]. This point is supported by the generally known ACKNOWLEDGMENTS

fact that the contributions of vector mespfw) are about This work was supported in part by 2003 Hankuk Avia-
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