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A formalism, based on an isobaric approach using Feynman diagrammatic techniques, which includes the
nucleonic(spin < 5/2), hyperonic(spin 1/2, and kaonic resonances, is developed. Using this formalism, a
thorough investigation of the following electromagnetic strangeness processes, for which experimental results
are available, is performedip—K*A, K*3° KOS*, for ES’< 2.1 GeV,ep—e'KA, e’K*3°, and
K~ p—vyA,y3%. A reaction mechanism, describing well enough the data, is found to include a reasonable
number of baryonic resonances among a very large number of potential candidates. The extracted main
kaon-hyperon-nucleon coupling constants are in good agreement with values predicted y8jnsyBithetry.

The main findings of this model are compared with the results of other recent phenomenological studies.
Predictions for the upcoming photoproduction polarization and electroproduction observables are presented,
and their sensitivity to the phenomenological models ingredients are emphdS2886-28136)01606-9

PACS numbg(s): 25.20.Lj, 25.30.Rw, 13.88-e, 13.60--r

[. INTRODUCTION The photoproduction reactions that are being, or will be,
studied in the near future at all of the above three laborato-
The investigation of strangeness production from a pro+ies, will focus on the following reactions:

ton, using real1-3] or virtual [1,3,4] photons, started in the N
late 50s, but a comprehensive description of the underlying yHp—KT+A, 1.1
reaction mechanism is still not available. This uncomfortable
situation, compared to that of pion photoproduction, which is
dominated basically by one nucleonic resonance, might be
attributed to the more complex role played by the strange
quark versus that engendered byndd quarks. The intro- - Reaction(1.1) is by far the one most studied, both theoreti-
duction of this additional degree of freedom leads to the facga"y (see, e.g., Ref§1-3]) and experimentally8,10], in-
that, even close to the threshola,priori a rather copious cluding polarization observables measureméits17; al-
number of nucleonic and hyperonic resonances may intefnough, a large part of the existing data base suffers from
vene in the process. In addition, the lack of knowledge ofihconsistencie$2] within the reported accuracies. There are
several relevant coupling constants adds to the complexity qkgs extensive investigatiof3,8,10,13 of the reactior(1.2).
the phenomenological investigations in this field. In nourish—,:ina"y, the third procesél.3) has up to now received very

ing the hope of evolving towards a subnucleonic descriptionjtiie consideratior{5,14], probably because of experimental
of, at least, the elementary reactions, efforts to understangisiculties [15] in identifying the final state particles.

the highlights and shortcomings of approaches based on The high duty cycle electron beam and the associated de-
baryonic and mesonic degrees of freedom are of special ifpciors at CEBAF also allow envisioning high quality elec-

terest. In this context, such formalisms are called upon tqrgproduction datd7] for the elementary reactions
show the domain of validity of such interpretations as clearly

y+p—K* +30, (1.2

y+p—KO+3 T, 1.3

as possible and to eventually offer evidence for the crucial e+p—e +K T +A, (1.9
need for descriptions which introduce quark-gluon constitu-
ents of the hadrongxplicitly, where approaches based on e+tp—e +K"+30, (1.5

simple quark models are being initiatgsl6]. This transition

frontier in the strangeness realm is expected to become cleéfere, the virtual photon has besides the transverse compo-

due to the theoretical and experimental efforts underway. nent a longitudinal part and offers the possibility of varying
Actually, the new generation of electron accelerators andndependently the energy and momentum transfers. In this

associated detectors have motivated several proposals at trespect, the electrons are a finer probe for the strangeness

Continuous Electron Beam Accelerator Facil@ZEBAF) realm. At the present time, the dafa6] in this field are

[7], ELectron Stretcher AcceleratdELSA) [8], and Euro- scarce, and they have been used only in two phenomenologi-

pean Synchrotron Radiation Facili(ESRB [9]. cal analysig3,17].
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Although each of the above reactions is interesting byFinally, the most recent model, by Mart, Bennhold, and
itself, a desirable step by step investigation necessitates firstyde-Wright[14], is dedicated to th&>, photoproduction
the understanding of the elementary photoproduction reachannels with a special emphasis on the chadygutoduc-
tions. An extension to the electroproduction processes withion in the same energy range as Williaeisal. [3].
enough confidence in the reaction mechanism constitutes the The goals of the present work are to obtaisirglemodel
next stage. Afterwards, we can take benefit of the muchor all the reaction1.1)—(1.7), and to cure the shortcomings
cleaner electromagnetic probes, compared to hadronic onesf the above models without losing their findings, and in
to study the strangeness in composite hadronic systems, essme cases improving them. The requireméa® for such
pecially the hypernuclei physid48]. a model are thetti) reproduce with a reasonabjé all the

A very attractive feature of the above reactions comesxisting data fomll of the seven reactiond.1)—(1.7) in the
from their self-analyzing character which allows measuringwholeenergy range where experimental results are available,
directly the polarization of the outgoing hyperon. Besidesii) satisfy the SWB)-symmetry constraints on the two main
both at CEBAF and ESRF, polarized beams will be avail-coupling constantgjii) predict correctly at least the experi-
able, and polarized targets are also being developed. Thermental results for one observable purposely omitted in the
fore, the single and double polarization measurements wilfitted data base(iv) obtain a rather simple reaction mecha-
be achievable as the first generation of experiments with thaism.
shortly upcoming facilities. Such data will of course provide To achieve these aims, the main novelty of the present
strong constraints on the phenomenological formalisms.  formalism is, besides spin-1/2 baryonic resonances, the in-

In such formalisms, the amplitudes of the strangenesslusion of spin-3/2 and spin-5/2 nucleonic resonances. Using
photoproduction can be related by crossing symmidi®yto  this formalism, we have obtained a model in line with the

those ofK ™ p radiative capture processes requirements put forward in the previous paragraph.
The paper is structured as follows. In the second section,
K™ +p—y+A, (1.6 the formalism is outlined. In the third section the fitting pro-
cedure and the model ingredients are discussed. The fourth
K +p—y+3° 1.7 section is devoted to the results, comparisons with the data,

as well as with other recent models. In the same section, we
Here, the relevant quantity is the branching ratio defined asiso produce predictions for some observables planned to be
measured in the near future at CEBAF, ELSA, and ESRF,
R _T(K"p—~Y) (1.9 with an strong emphasis on the photoproduction polarization
YUK p—all)’ ' observables and on the electroproduction reactions. The
summary and conclusions are presented in the last section.
with Y =A,3°. The only reliable datf20] on the branching

ratios have been measured at Brookhaven, with stopped ka- Il. FORMALISM
ons.
While the threshold energies for the reactiddsl) and In this section, we describe the theoretical framework

(1.2 areE® = 0.911 and 1.045 GeV, respectively, the en-used in our approach. We simply recall the main lines of the
ergy of thé outgoingy in the radiati\;e capture pr;)cesses model, and refer the reader to the literature on the subject for
(1.6) and (1.7 is only about 0.3 GeV. This “kinematical” More details, especially Reft2,3,17,25,2§ For clarity, the

fact has serious implications on the phenomenological modEXPressions of the invariant amphtuqes, which are the I§ey
els. Besides, as we will also see later, even within a give,guantltles of the model, are reported in separate appendices.

reaction the sensitivity, and so the selectivity of different _
observables to the ingredients of the models show a large A. Isobaric model

variety. Hence, the use ofsingleformalism to understand e investigate the photo- and electroproduction of kaons
simultaneoushall the above seven reactions, including po-on the proton at center of mass energie®.5 GeV, and the
larization observables, offers a powerful mean in disentanassociated radiative capture branching ratios at threshold.
gling the underlying reaction mechanism. These reactions are described within the framework of an
The most extensive theoretical inveStigationS in this ﬁeld,isobaric model, where the amp"tudes are expressed as Feyn_
between threshold and roughl2° = 2 GeV, are based on man diagrams. In what follows, we consider the photo- and
isobaric approaches, following the pioneer works by Thomelectroproduction amplitudes associated with tKe A,
[21] and Renard and Renaf@2,23, revived in early 80s by K*3° and K°S* channels(only the photoproduction is
Hsiao and Cotanct{24], and Adelseck, Bennhold, and considered in this last chanhelThe amplitudes for the ra-
Wright [25]. All these formalisms use the Feynman diagram-diative capture can easily be obtaingd crossing symmetry.
matic techniques. A comprehensive discussion on both theo- We use first-order perturbation theory, where each dia-
retical and experimental studies prior to 1990 can be foungram corresponds to the exchangeowie particle or reso-
in Ref.[2]. Since then, three major models, based on isobarigance(tree approximation The corresponding diagrams are
approaches, have been published. The first one by Adelsecthe so-called extended Born terms for the exchange of the
Saghai[2] focuses on the first reactiofl.1) for E5’< 1.5
GeV. The second one, by Williams, Ji, and Cotarj&h
improving their previous studief26], investigates all the  !To obtain the electroproduction channel #%3.*, one needs to
above reactions(1.1)—(1.7) except the y+p—K°+3"  take into account the Fubini-Nambu-Watagh2®] term, not dis-
channel, and extends the energy rangeEﬁ?s 2.1 GeV. cussed here.
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TABLE I. Particles considered in this study. Valu@ef. [54])
for mass and width as used in our calculation are given in the last
two columns, respectively.

Notation Particle 0nJ~ Mass(MeV) Width (MeV)

p 1/2* 938.272

K* 0~ 493.677

K° 0~ 497.672

A 1/2* 1115.68

30 1/2* 1192.55

FIG. 1. Extended Born terms for the reactipp—K°3, ", St 1/2* 1189.37

*+ * + -
proton (p), kaon K), and hyperon Y), and the resonant K*o K*(892)° l, 891.59 49.8
terms for the exchange of thé*, K*, andY* resonances. K K*(892) 1+ 896.1 205
. . . K1 K1(1270) T 1273.0 90.0
In the reactions where & is produced, we also include the 1 N(1440) (1) 1/2 1440 350
A resonances as permitted by isospin conservation. As a

example, we show in Fig. 1 the Born terms for the reaction" > N(1520)  (2)3/2 1520 120
yp— KOS ", The relevant Born terms fa¢ *Y channels can N(1535)  (0)1/2 1535 150
be found in the literaturésee, e.g., Ref.3)). N(1650)  (0)1/Z 1650 150
The resonances that can be handled in our approach aP® N(1700)  (2)3/2 1700 100
the spin< 5/2 ones in thes channel, the spin-1/2 resonances N® N(1710) (1) 1/2 1710 100
in theu channel, and th&* (892 andK1(1270 resonances N7 N(1720) (1)3/2 1720 150
in the t channel(the corresponding diagrams are given in N8 N(1675) (2)5/2 1680 150
Fig. 2). All of them have their mass: 2 GeV. In Table |, we N9 N(1680) (3)5/2 1680 130
summarize the characteristitand notation usedor all ex- L1 A(1405) (0)1/Z 1407 50
changed particles and resonances considered in the presé2 A(1600) (1)1/2 1600 150
work. L3 A(1670) (0)1/2 1670 35
Each Feynman diagram leads to a gauge invariant ampli-4 A(1800) (0)1/2 1800 300
tude, except for the extended Born terms corresponding to5 A(1810) (1)1/2 1810 150
the exchange of a charged bary@irac couplingey*). So, s1 3(1660) (1) 1/2 1660 100
in the case oK™ photoproduction associated with theor  s2 3(1750) (0)1/2 1750 90
9, it is necessary to include the¢* exchange Born termin  p1 A(1620) (0)1/Z 1620 150
order to restore gauge invariance which is broken by they2 A(1900) (0)1/2 1900 200
proton exchange, while in th€® production associated with p3 A(1910) (1) 1/2 1910 250
fcheEf, the proton an®& * exchanges together ensure gaugep 4 A(1232) (1)3/2 1235 131
Invariance. . _ D5 A(1600) (1)3/2 1600 350
_ The Lc_>rentz invariant matrix element for electroproduc- ¢ A(1700) (2)3/2 1700 300
tion Is written as D7 A(1920) (1)3/2 1920 200

Mg=iUy

6
;1 AjM,-)up. (2.1

Y
AN
* gz‘éwm ggg*yN
1 9K1YN K1Y N
P

K
gK'Iz,' K
gxﬁ T«
Y
(e)

FIG. 2. Resonant terms for the reactionp—KY, with

Here,Uy andU,, are the spinors of the hyperon and proton,
respectively,A;'s are Lorentz invariant scalar functions of
the Mandelstam variables, avd;’s are the usual six gauge
invariant matrices for electroproducti¢8,17].

Application of the Feynman rules yields the invariant am-
plitudes.A; . Their expressions are given in Appendix A for
the usual extended Born terms, t& resonances, and the
J™=1* nucleonic and hyperonic resonances. Note that in the
photoproduction case, only four gauge invariant matrices are
needed, and the form factors reduce to the values 0(seé&
Sec. 11 Q.

We now give some details concerning the spii/2
nucleonic resonances.

B. Nucleonic resonances of spin 3/2 and 5/2

As explained in the Introduction, the model of Adelseck-
Saghai 2,27] can be considered as a good model at energies
up to E,=1.4 GeV. Since one of the aims of the present

(K,Y)= (K*,A), (K*,39), (K°,=™). The spin of the resonance Work is to extend that model to higher energies where new

is given in brackets.

experimental data will be available in the near future, we
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TABLE II. Vertex factors for the spin-3/2 and -5/2 nucleonic resonances. The mafrices y5 and
I'_=1 ensure parity conservation at the electromagnetic and hadronic verticeB!sTaee the form factors
as defined in Sec. Il C. In second colunt, is the short notation for the corresponding nucleonic resonance
considered in first column.

Vertex Coupling
N*(i)py o (gw P | Lo PRSPy Reg™|
2 N Jsem,) VTP (Jsemp2 | T2
3. Okyne
KYN*(E ) M e pYF;
5, an YDy v\ Ous,p PEPY DY — P, Ppgt P
N*| =* |py S T A + N*yp Fpby Py vy Fp Y PN
2 M * Y e M * > 2 2
N \/g—'-l\/lp N (\/g—'-l\/lp)
5. Okyne o
KYN*| == M2 pYpyT -
2 N*

have added spip~1/2 nucleonic resonances which may in- duction is given in Table Il. For positive parity, the dot prod-
tervene in the reaction mechanism as energy increases. uct with the photon vector polarization leads to

Nucleonic resonances of spin 3/2 and 5/2 were taken into
account in the original photoproduction model developed by
Renard and Renarf22,23,3Q. However, their expressions  V*(N*pvy)=i
for vertices(i.e., the electromagnetic parand propagators
led to scalar amplituded; as sums of resonant and nonreso-
nant parts. As the latter contributions bring an undesirable +G,
behavior as energy increases, Renard and Renard simply dis- ( Js+M p)2
carded them in the fitting procedure. For this reason, we have
used the method proposed by Adelsetlal. [25] for spin
3/2, and extended it to the spin-5/2 case. As the expressionﬁq G dG. stand for th | i tant
are rather intricate, we used MAPLE for symbolic math-Wa re 51 a{,‘ 2 stand for the usual coupling constants

Y and gy« by’ respectively.

ematical calculations. On*p o
As stated by Adelseckt al.[25], these prescriptions used

1. Spin 3/2 for the propagator and vertex are necessary in order to ensure
gauge invariance of the scattering amplitude. An explicit
n[:])roof can be found in Ref32].

In the case of electroproduction, we make the gauge trans-
Eﬂrmation on the photon vector polarization

pLé

G [
! Vs+M,

€’ —

(€-PpPy— Py Ppe”) | 75,

2.3

We adopt the prescriptions given in RE25] for the spin-
3/2 propagator and vertex. The propagator is obtained fro
the expression given by Pilkhyi1], with the mass of the
resonance appearing in the numerator replaced by the tot
invariant energyx/g

€p,
et— et — —rpM, (24)
P3/2_ ¢]+ \/g p)’
v 2 .
3T My FiM s Ty) which implies
2 1
X g/.w+ ’}/V’Y,u__q,u,qv__(')/ﬂqv_ ’YVq,u.) . e'py
S S E—E— . (25)
Vs b

(2.2

Hereq=p,+p, andM y« is the mass of the resonance. The Obviously, this transformation only affects tkB contribu-

complex term is introduced to take care of the finite widthtIon !n Eq.(2.3). Note that the rehiultlng vertex factor mgst be
I'\+ Of the unstable particl2. multiplied by the form factor=" =F5, the second Dirac
The spin-3/2 vertex factors are constructed in analogyorm factor of the protor(see next subsectipn _
with those of theA resonance in pion photoproductifil], The Lorentz '”Va”"im matrix elemeM ;; corresponding
by replacing the mass of the resonanc as in the case 1o the exchange of aN* (3/27) resonancéfor example, Fig.

of the propagator. The resulting expression for the photopro2(®) with Y=ATis then written

Mi=U,VAK AN PV (N*py)Up, (2.6
2In the following, when unambiguous, we ub# as a short no-

. * *
tation for N(3,2:) or N(5,21) . where
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VE(K T AN*) = gl\’;lAN* pe .
N*

(2.7

The resulting invariant amplitude4; for photo- and elec-
troproduction are given in Appendix B.

2. Spin 5/2

We take the spin-5/2 propagator and vertex as defined b,

Renard and Renar®2,30, and modify it according to the

Adelsecket al. [25] prescription used in the spin-3/2 case.

The resulting propagator is

ps2 4+ s
PR 05— My 1M s Ty )

,PS/Z r .

puv 'y

(2.9

The spin-5/2 projection operator is written as

P‘S/Z

uv, v’

:5P,u,u’PVV’_2P P !Vr+5PﬂVrPVMr

My
+ Plup’yp’ygpg.,ur PVV! + PVp’yp’yUPo.Vr PI—"M’

+ PMP,),P,)/U'PU_V, PVM/ + PVP’)/‘D’)/U—PU.#! P

puv's
(2.9
in terms of the spin-1 projection operator
1
P/.LV:_gMV+ gq/.l,qll' (21@

The expanded expression of the propagator can be found

Ref. [30].

The spin-5/2 vertex factor for positive parity is given in
Table Il. The dot product with the photon polarization gives

in the photoproduction case

G,
(Vs=Mp)?
(2.11

Py Py,
\/E_Mp

X (e-PpP” P =P, Ppe” PY),

VAV (N*py) =G,

et p? —
Py

where G; and G, now stand for gﬁ*py/MN* and
gﬂ* o,/ M, respectively.
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invariance of the amplitudes. In fact, the treatment of an
interacting spin-3/2 baryon in the effective Lagrangian
theory [33] takes into account the freedom related to the
off-shell behavior of the particléor resonanceat the vertex.
The resulting expressions for the propagator and vertex are
more complicated and they depend on new free parameters,
the so-called “off-shell parameters.” A few years ago, the
theoretical aspects of this problem were renewed by Benmer-
Youcheet al. [34], and application to the theory of pion pho-
toproduction in theA(1232) region was investigated by
Davidson et al. [35]. Very recently, Benmerrouchet al.

[36] have demonstrated clearly the importance of off-shell
properties of the spin-3/2 nucleonic resonances insihmee-

son photoproduction in the* (1535) resonance region.

We are currently investigating these aspects within our
model. Preliminary results concerning the photoproduction
processes show that off-shell effects in the case of spin-3/2
nucleonic resonances are rather moderate, justifying the use
of the Adelsecket al. prescription. A detailed analysis will
appear in a forthcoming papg37].

C. Form factors

In electroproduction processes, virtual photons probe the
electromagnetic structure of the involved hadrons. This
structure is taken into account in phenomenological models
by incorporating form factors appropriate to each hadron. In
the present work, we have selected some parametrizations
proposed in the literature, without trying to readjust the pa-
fameters. We now describe briefly the form factors intro-
duced at the relevant vertices.

1. Baryonic form factors

At the ypp vertex, we have to consider the two form
factors of the proton; namely;? andF5, which are related
to the electric GE) and magnetic Gf;) form factors

wherer= p§/4M 2 (p§< 0), with x, the anomalous magnetic

The evaluation of the invariant amplitudes proceeds alongnoment of the proton.
the same lines as in the spin-3/2 case. Note that the These form factors have being studied extensively in the

KT AN* vertex is(see Table i

VAR ANK )= SN i

V2, (2.12

As a consequence of the complexity of E¢8.9 and

literature. We have retained the model developed by Gari
and Krimpelmann(hereafter referred to as Ghn Ref.[38]

in its most recent versiof89] which gives good agreement
with available data. The basis of this approach is the ex-
tended vector meson dominan@&V/MD) model, combining
the vector meson dominan€éMD ) hypothesigappropriate

(2.11), the calculation is tedious and the resulting expresat low p’j) with the perturbative QCD approach describing
sions very intricate. We give in Appendix C the most com-the spacelike region. According to GK, the form factors are
pact form we have obtained for the photoproduction ampli-expressed in terms of isoscal#) and isovectofiv) parts as
tudes. The electroproduction amplitudes are much more
lengthy, hence we do not report them here.

We end this subsection with a few comments on the off-
shell effects. Actually we have used the prescription of
Adelsecket al. [25] to define the propagator and the vertex
of the spin-3/2and spin-5/2 nucleonic resonances. This can
be considered as ad hocmethod aimed to preserve gauge with

1 . 1 . .
FEZE(F'f-i- FY), FSIZ(KSF'ZS-F KiyF5),
p
(2.19
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iV, ~2 gp mi 2 gp D, A2 Y n 1 is iv Y n 1 is iv
F1(Q ):E m§+Q2F’i(Q )+ l_f_ F1(Q%), F1:F1:§(F1_F1)a F2:F2:2_Kn('<is|:2_’<iv':z)-
(2.153 (2.18

K, is the anomalous magnetic moment of the neutron, and
the isoscalar and isovector parts are the same as for the pro-
ton.

For nucleonigdhyperonig resonances, we choose the sec-
ond Dirac form factor of the protomeutron. Namely,F? is
introduced at theyN* p vertices, and=} at theY* Ay and
Y* 3%y vertices.

. g, m
KiFZ Q%)= Kyt s FAQ%) +
vl 2 pfp m§+Q2 2

Kiy ™ Kp%j) F?(QZ)!
(2.15h

1—%)F?(Q2),

FT(QZ):?—:H%@F?(Q%*‘ .
(2.150

2. Kaonic form factors

_ g m2 The form factor of theK* has not been studied as exten-

KkisF5(Q%) =K+ ————F5(Q?) sively as for the nucleon. Moreover, the available data are
fo m,+Q restricted to the low transfer domaif<0.15 GeV?/c?),

which makes it difficult to choose a model valid in the en-
ergy range considered in the present work. We have adopted
the vector meson dominan¢€€MD) model as proposed by
Williams et al. [3,28]:
Here, Q= —pzy, g, andg, are the vector meson-nucleon
coupling constantsmﬁ/fp and mf)/fw the couplings of the
photon to the vector mesons, and the quantiieare the F%,@ f, M2+Q%—iM,T,’
magnetic momentsk-’ and F;” denote the meson-nucleon

form factors, andF{D describes the nucleon nonresonantwhereM, andI’, are the mass and width of the vector me-

Y,

+| Kis— wa— (2.150

F2(Q?).

(2.19

M2
Fye(Q)= g”) .

quark structure, which is responsible for the asymptotic beson, respectively.

havior (Q?— ).

The three coupling parameters are determined by the

In order to have a smooth transition between the low and&nown ® — K"K~ decay width, plus the two normalization
high Q% domains, the following simple form is proposed by constraints F«+(Q?=0)=1, Fxo(Q?=0)=0. The values

GK:

ar~2 Ai Ag
F1(Q )=mm, (2.163

2 2 2

A

@ N 1 2

with ¢=p,w,D, and
~ A3+Q? A3
Q*=Q%n In| ——|. (2.17)
Aczgco Aéco

The values of the parameters obtained by {39] are re-
ported in Table IlI.

At the YAy, Y3y vertices f=A,3°, we have used

the two form factors of the neutroR} andF5. According to

obtained by the authors arg,/f,=0.5, g,/f,=0.17,
04 /f$=0.33, leading to &K™* charge radius{ri+>=0.335
fm?2, in good agreement with the experimental val4é):
0.34x0.05 fm?.

We have also considered recent results by Cardatedl.
[41]. The charge form factor of the kaon is evaluated using a
relativistic constituent quark model based on the light-front
formalism[42]. Two models are proposed, the first one as-
suming the same charge radius for d, ands constituent
quarks, namelyr)= 0.48 fm, and the second one using
(ry=0.48 fm for theu andd quarks andr)= 0.25 fm for
the s quark. Here, we have retained the second model,
fitted® according to the following form:

a N l1-a
1+Q%AT  (1+QYA5?

Fe+(Q%)= (2.20
The best fit was obtained with= 0.398,A,= 0.642 GeV/

¢, andA,= 1.386 GeVt.
For theK* and K1 kaonic resonances, we have chosen

GK, these quantities are expressed in a form similar to thene simplified VMD model used by Adelseck-Wright7].

proton ones. So we have

A monopole form factor was assumedF(Q?)
=(14+Q?%A? %, with Ax« and A, adjusted to give the

TABLE . Parameters for the nucleonic electromagnetic form pest it to the electroproduction data. The obtained values are

factors obtained by Gari and Kmpelmann Ref[39]. The A’s are
given in GeVE.

Ay =0.95 GeVE, Ay;=0.55 GeVe.

Kiv Kis gp/fp Ky gw/fw Ko A‘i’w A? A2 AQCD

3The fit was performed on 30 numerical values of the form factor
in the rangeQ?=0-5 Ge\?, which were kindly communicated to

3.706 —0.12 0.631 3.3 0.658 0.4 0.863 1.21 2.1 0.33 us by Dr. G. Salmeand Dr. S. Simula. The results for the first

model have been reported elsewhpgta].
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We have also considered the extended VMD model
(EVMD) proposed by Williamet al.[3,28]. The structure of
the form factor is similar to th& ™ case, with the following
modifications. In addition to thg, », and®, the exchange
of the ®* (1680 meson is included. The and w coupling
constants are the same as above for the kaon form factor. The
two remaining parameters, fitted to the electroproduction e
data, aregq /f$=0.77, go+ / T+ =0.63. Moreover, the di-
rect coupling of the photon to the hadron is taken into ac-
count with an extra tem’yFy(QZ), for which a monopole :
form is chosen:F (Q%)=(1+Q%¥A?)™%, with A=0.8 hadronic plane
GeV/c. The normalization of the form factor to unity at
Q?=0 determines the strengty=1—= (g, /f,).

Finally, we recall that in the photoproduction case

leptonic plane

FIG. 3. Leptonic and hadronic planes for kaon electroproduc-
tion.

(Q?=0) the form factors are nal and transverse components of the beam. The expressions
o p A0 A0 for the cross section in terms of the CGLN amplitudes as
Fi=F;=1, F;= =0, Fy~ =1, well as the relations between these amplitudes anddfe
FRK*KI_q  EN*_pY*_q (2.2  are summarized in Appendix D.

2. Photoproduction
D. Observables . .
In photoproduction case% reduces to the first four terms

1. Electroproduction in Eq. (2.23 sincep,,- £=0, and the corresponding;'s are
We obtain an alternative representation of the Lorentz insimplified asp?=0. The resulting differential cross section
variant matrix elementd; by expressing Eq2.1) in terms  reduces to theloy contribution in Eq.(2.24.

of two-component spinorg. In the c.m. frame, we have The photoproduction polarization observables are calcu-
lated according to the method described in RBf. We sim-

Ey+ My Ep+M,]"? ply recall here the expressions of the polarization observ-
7 2My 2M, (XY Fx(p), (222 Lples investigated in this paper.
The single polarization observables are the hyperon polar-
where ization asymmetryP, the polarized proton target asymmetry
- A .~ A A T, and the polarized photon beam asymmeiry They are
F= 0 8Fy+i(0.D) (0XP, . 8) Fat (05, (P .8) F defined by P ymmely They
+(0'6K)(6K é)f4+(0’f)7)(f}7 ‘AS)J,TS da_/dQ(+)_ do_/dQ(f)
+(0.px)(Py - 8) Fo. (2.23 P deld0 T T dotd0 " (2.29
The F;’s are the well-known Chew, Goldberger, Low, and do/dQ) —do/dQ )
Nambu(CGLN) amplitudeg44]. T= ) = (2.29
The electroproduction cross section is obtained as do/dQ™" '+ do/d)
do . _do/dQ™) —do/d D
m:dUU‘FSLdO’L'i‘SdO'pSInZeCOSZ(ﬁ 2= do/dQD +dor/d M’ (2.28
++v2¢ (1+¢)dosinfcosp. (2.29 respectively, where- (—) refers to a hadron polarized par-

) ) _ allel (antiparalle] to the§/=(py>< pk)/(Ip, X pk|) axis, and
Here, 0 is the angl.e betWee'n the OuthIng kaon and the V|r1 (H) to a photon |inear|y po'arized perpendicu[@ara”eb
tual photon, andp is the azimuthal angle between the kaonto the reaction plane.

production plane and the electron scattering plese Fig. Among the 12 double-polarization observables, we will
3). Also e ande_ are the transverse and longitudinal polar-report in Sec. IV on four of them corresponding to the beam-
ization parameters, respectively recoil asymmetriegTable IV). This set is technically the
Ip.J? v 2 easiest double-polarization observables to be measured. The
I P pyz tanz(f) e —— p—zya, (2.2  9eneral expression is
Py 7 do/dQ ™ ) —da/dQ+ )
with ¥ the angle between the momenta of the incoming and X= da/dQTF D +da/dQ )
outgoing electrongsee Fig. 3. Moreover,do is the cross
section for an unpolarized incident photon beam, and the do/dQ ) —do/dQ ")
term containingdop is the asymmetry contribution of a T do/dOC I+ do/d0 T (229

transversally polarized beam. The cross section of a longitu-
dinally polarized virtual photon is given bydo,, while  where+ (—) denotes a polarization parall@ntiparalle] to
do, contains the interference effects between the longitudithe respective quantization axis as specified in Table IV. In
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TABLE V. Photoproduction observables discussed in this pa- TABLE V. Electromagnetic vertices: magnetic
per. [ux=rx(eh/2m)] and 3°-A transition moments (wso,=
ksox[eh/(myo+my)].

Polarization® of

Observable y p Y Anomalous magnetic moment Val(ig4]
(do Kp 1.79
Ka -0.73
Simple polarization 0.8¢°
(2P y' K50 1.02
(€)) p 1.21°
@T y Ks+ 1.85
K50 1.61

Double polarization
p aKEO:(KEJr"‘KE—)/Z.

beam-recoil , bKEO from quark model, see Ref28].
(5Cy c X Cremo= — (1/2
, Ks0 (1/2)«y, .

(6)C, C z
Eggx’ : x! 11l. MODEL INPUTS AND FITTING PROCEDURE

2 z'

— : In this section, we report on the phenomenological ingre-

Quantization ~ axes = are  defined = as  follows: gients of our investigations and discuss the procedure that
z=Pp Y=, X P[P X Pl X=Y X2, Z'=Py.Y' =y X'=Y'XZ".  pas allowed us to obtain the model presented in this paper,

o] is the |inear|y p0|arized phOtO{”O,ﬂ'/Z with respect to Scattering hereafter called SL for Sa(ﬂay_Ly&nThe main features of

scattering plane c is the circularly polarized photon.

the case of a circularly polarized) photon beamy (—) is A. Propagators and vertices
equivalent to the helicity state 1 (— 1), while in the case of In the previous section, we described our approach and
a linearly polarizedt) photon beam, it refers to a state with showed in Figs. 1 and 2 some typical Feynman diagrams. In
an angle of 45(—45) between the polarization vector and our effort to determine the reaction mechanism, the main
the x axis. questions are the nature of the propagators, and their

strengths. In other words, which resonances are exchanged

3. Branching ratio and what are the corresponding coupling constants? Given

The amplitudes for the kaon photoproduction mechanismgjlggwogr 1egeer3y t:]?anlgaerng r:zﬁ[)isrt o?‘orzss()frr\?;chézriig(\)nlfrjl Tﬁ

yp—K*Y, Y=A,30 can be related to radiative kaon cap- =¥ ST ) . .
ture K~ p— Y using crossing symmetfi29]. The only rel- Table | cana priori intervene in the reaction mechanism.

evant observable for which data are available is the branch-iS table contains all relevant baryonic resonances with
ing ratio for the radiative capture of kaons at rest masses up te= 2 GeV. As explained in the previous section,

we take into account all nucleonic resonances with spin
(K p—7Y) 5/2, and hyperonic resonances with spin 1/2. The choice of
Ryy=m- (2.30 kaonic resonances is based on previous investigatt3)].
Another difficulty comes from the fact that only a few cou-

Workman and Fearinf5] give expressions for the two plings are known and the other ones have to be determined
disintegration widthd™ in the above equation in terms of the Phenomenologically. The known couplings concern the elec-
photoproduction transition matri¥;, assuming the kaon tromagnetic vertices, and their values as used in this work,

wave function to be a constant are given in Table V.

B. Models

M E
(K™ p—Y)=| ¢ (0)[2 y > Mgl — . _
4m(Mg+M,)Mg €555 As mentioned in the Introduction, at the present time, the

(2.3) most recent and significant models come from three groups.
The first one by Adelseck-SagH&i,27] (hereafter referred to
I'(K™p— all)=2W,|px(0)|% (232 as A9, focuses on the first reactid.1) for E2°< 1.5 GeV

) ) ) and offers the most comprehensive study of this reaction.
Here,W,=560+135 MeV fm3 is the imaginary part of the

K™ p pseudopotential. The final expression for the branching———

ratio is “In our code the observables are calculated through a decomposition
in terms of the CGLN amplitudes. Given the complexity of the
_ MvE, E E ||\“/|’ ,|2 (2.33 expressions, especially in the case of spiB/2 resonances, we
" 8TWp(Mic+Mp)My Ze,sp,sA e ' have cross-checked our numerical results against those obtained
_ with an independent code where the observables are calculated di-
with My; related toMy; via crossing symmetry. rectly using the explicit forms for the vertices and propagators.

R
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TABLE VI. Exchanged resonances and main coupling constants of models 2,28, WJC[3], and
MBH [14], with their broken SIB)-symmetry value$2,46]. The number of free parameters A (K3)
channels is shown in the last column.

Number of free

s channel u channel t channel Iran Okzn parameters
\aT AT
AS N1 L3 K*, K1 —-4.17+ 0.75 1.18+ 0.66 8
WJC N4,N6,D1,D2,D3 L1 K*, K1 —2.38 0.27 A12
MBH N4, N6, D2, D3 — K* 0.51 0.13 (8)
SU(3) -3.7x 0.7 1.1+ 0.2

The second one by Williams, Ji, and Cotah828] (hereaf- retical results from AS, WJC, and MBH and the available
ter referred to as WJCinvestigates all the above reactions data, showing the need for a more sophisticated model repro-
(1.1)—(1.7) except theyp— KPS " channel, and extends the ducingall the experimental results simultaneoualyd satis-
energy range tcE';‘bs 2.1 GeV. These authors study the fying the SU3)-symmetry requirements.

largest number of reactions ever performed and underline the

importance of considering the radiative capture channels. Fi- C. Minimization method

nally the most recent model, by Mart, Bennhold, and Hyde- To build a new model, we have used all the available data

Wright [14] (here:?\fter referred toas MBpis dedicated to for the seven reactions. Table VIl shows the number of data
K2, photoproduction channels in the same energy range as

WJC, with the novelty being a special emphasize on th oints for each reaction and used in our minimization data

chargeds, production channel. In Table VI. we summarize ase. The minimization was done through least-squares fit-
9 P X S PO ting procedure using theinuiT code[50] from CERN. Be-
the resonances included in these models, with the conve

tions introduced in Table I, and the extracted values of thg'ause of inconsistencies within the data base, discussed in
. X ’ details in Ref[2], we have used consistently the total error
two main coupling constants.

Common to all these models is that they all incluzfdy bars in line with Ref[2]. The very recent data from ELSA

. . : 8] have rather large statistical error barsughly =20%)
spin-1/2 baryonic resonances and determine the unknOV\Lﬁ o 0
coupling constants by fitting the data. These three modelcompared to those of the old dafa0] (*4% o +8%).

contain the same Born terms andhannel exchange@x- l§|ence, for the ELSA experimental results we have used only

cept for MBH), but differ in the baryonic resonances in both statistical uncertalnt_les in the minimization. Notice that _the
. : rather poor accuracies of the ELSA data seem more reliable
s and u channels(Table VI) and associated coupling con-

stants. The main features of the AS model @r¢he reaction ﬁgzﬂlt;?io?q uch smaller erro{] of the old experimental

mechanism is simple, since the model contains only two The main question here is the “choice” of the resonances
baryonic resonance§j) it reproduces well enough the cross 9 . ; .
relevant to the reaction mechanism, given that there are

. " ;
séeec\?o(r;i?) fi(zr :gzlétﬁcgg:gé?lprc;ﬂut%téogvgnggll el glgrit;atil(.)ﬁ about 30 potential candidates as exchanged part{@laisle
' X y P I). At the present time, there are no unique criteria allowing

2§ﬁ221netgc|:isr‘nga$f(inan%£'afl\lr)egr]r?er?;v?/virt?]altrr]]e(i:?%prgrllgn one to select the relevant intervening resonances. The reason
9 9 for this uncomfortable situation is that the existing data,

SU(3)-symmetry valued2,27,44 and with the values ex- : : = 0 X i
tracted from hadronic sect¢d7]. The shortcomings of this coming basically from ther p—K"A reaction, do not al

model are that it overpredicts th@nfitted cross sections
above~ 1.5 GeV(due mainly to the importance of the Born TABLE VII. Number of data points for the reactions considered
terms[48]) and the radiative capture branching ratio. Thehere and used in our fitting procedure.

WJC model gives rather good agreement with all the fitted

data up to~ 2 GeV, as well as théitted) branching ratios. Reaction Number of data points Ref.
However the coupling constants of this model are far from(l) yp—K*A 242 [8, 102 11]
their SU3) values. Besides, the model does not reproduce,) ., i +yo 195 8, 10]
[49] the only unfitted data set corresponding to the polarized(g) yp—KOS* 2 [15]
target asymmetry inyp—K*A reaction. The last model, (4) ep—e’ KA 66 [16]
MBH, investigates only two of the above reactions, i.e.,5) gpe'K*3° 43 [16]
yp—K*2° KO3, with couplings much smaller than the (4 K- p— yA 1 [20]
SU(3) predictions. (7) K~ p— 730 1 [20]

In the next section, we perform a more comprehensive
comparison than done in the original papers, between thedAs discussed in Ref2].
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low extracting the branching ratios for the disintegration of TABLE VIIl. Exchanged particles and coupling constants for
the nucleonic resonances to kaon-hyperon final states. In tHeA channels from models by Af], WJC[3], and SL (present
latest version of the Particle Data Gro(RDG) compilation work). All the bgryonic resonances have spin 1/2, exd¢pt(spin
[51], nonvanishing branching ratios fo{* —KA are re- /2 andN8 (spin 5/2.

ported only for resonancd$4—N9 with large uncertainties.

For the KX, final state, no branching ratio information is Particle _ Coupling AS wJc st
provided for the 16 nucleonic resonanceN1-N9 and A Okan/ VA7 —4.17+ 075 —2.38 —3.16+ 0.01
D1-D7) considered heréTable ). Notice that in the 1990 ¥, Oksn/ 4w 1.18= 0.66 027  0.91+ 0.10
edition of the PDG[52] the branching ratios reported for
N6—KZX (2-10% andD7—KZX (~ 5%) have been dis- k= Gyl/4m  —043+ 007 -0.16 —0.05+ 0.01
m!ssed in the .subsequent editid5§,5£_1,5]]. Gi\{en tl:]iS situ- Grl4m 0.20+ 0.12 0.08 0.16+ 0.02
ation concerning the relevant branching rat%gn this work 4 Gyi/4m —0.10+ 0.06 002 —0.19= 0.01
we have not favored any of the resonances Ilste_d in Table I. G /4w —121+ 033 017 -0.35+ 0.03
The resonance selection method used to obtain the present
SL model is explained in the following. Among the existing _ “ _ -
models, that by Adelseck-Saghai27] offers an appropriate Ei g“ljﬁﬁ 141+ 0.60 004 0.01x 0.12
starting point for the reasons enumerated above. Another ap- Na /N2 '
pealing feature of this work is that these authors are the onl GNaG/\/E —0.06
ones to have investigateall the 4096 possible configura- 7 GEWMW —0.04x 0.01
tionswith spin-1/2 hadronic resonances and have shown that Gn7l4m —0.14x 0.04
the model obtained is thenly satisfactory one® Introducing N8 GRg/4m —0.63+ 0.10
higher spin resonances increases by a large amount the num- Grgl4m —0.05* 0.56
ber of possible configurations, henceeathaustivestudy be-
comes prohibitive. Consequently, we chose the AS model asl G /4w —-0.07 —-0.31* 0.06
our starting point and moved progressively to more compli13 G 3/\A4r —3.17* 0.86 1.18+ 0.09
cated reaction mechanisms. However, thousands of minimi-5 G s/ Vam —1.25+ 0.20
zations, with different exchanged resonances content, wergg Ge /AT —~4.96+ 0.19
performed before obtaining the model presented in this pa
per.

The first step was thus to extend the Adelseck-Saghaill KX channels, reactiond.2), (1.3), (1.5), and(1.7). Table
model to higher energies. Actually, the available data coveX shows the reduceg®s for individual channels. The reac-
the energy range from almost threshold to 2.1 GeV. Focusingon mechanism obtained in this work deserves a few com-
on the K¥A photoproduction channel, we introduced the Ments, especially with respect to the AS mogable VIII),
spin-3/2 nucleonic resonances as explained in Sec. Il B, an@hich was our starting point. _
obtained a satisfactory modé6]. As second stef82,57,58 Actually, both AS and SL models satisfy the broken
we generalized our approach to study simultaneously afU(3)-symmetry requirements for the two main coupling
photoproductionand the radiative capture reactions. The constantgy,n andgysy . In the AS model these values are
K* A electroproduction reaction was also explored. This wa@®btained by leaving both of them as completely free param-
done by adding spin-5/2 nucleonic resonances as well as, fGters in the minimization procedure. However, this is not the
theK3 channels, the isospin-3/2 on@s. Sec. I). This latter ~ case for the SL model because of a very large number of
work was then pursuef#3,59,6Q with basically an exten- Possible configurations as explained above. Hence, in the
sive study of the relevant hadronic form factors, leading thu@resent study these couplings were left free only inside their
to a complete and simultaneous phenomenological analyskyoken SW3) values [2,46]; namely, —4.4<gy /AT
of all seven reactionél.1)—(1.7). The resulting Saclay-Lyon <-—3.0 and +0.8ngzN/\/E$ +1.3. This also explains
SL model is presented in this paper. The content of outhe smaller uncertainties in the SL model compared to those
model, as well as of the other modd[®,3,14 mentioned of the AS model27], especially for the first coupling con-
above, are summarized in Tables VIII and IX fd’A and  stant. The error bars of the available electromagnetic strange-
K3 channels, respectively. The reducgts are 1.73 for all  ness production data do not allow extractigg,y and
KA channels, reactiondl.1), (1.4), and(1.6); and 1.04 for gys\ couplings with accuracies better thah20% and

+50%, respectively27]. Here, we would like to point out
that whether the extracted values for the two main coupling
°A comparable situation is encountered in other sectors. For exeonstants from the electromagnetic production of strangeness
ample, recent experimentgd5], and theoretica]36] investigations  have to satisfy the S(3)-symmetry requirements has been a
on the reactionyp— np find a non negligible contribution from long standing problem in this field and is still a controversial
N2, while no branching ratio foN2— 7N is reported in the PDG  issue(see, for example, Ref§2,3]).

[52-54,51. The present model includes the oripin-1/2 nucleonic
®The two others models, WJC and MBH, were obtained by fixingresonance in AS with much smaller strength. In addition, it
from the beginning the exchanged particles content of the modetontains one spin-3/2 and one spin-5/2 nucleonic resonances.
(Table V) in data fitting. Their choices of nucleonic resonances areThe higher spin components in the present model lead to
partly based on the disintegration branching ratios reported in themaller couplings for thechannel exchanges. This confirms

1990 edition of the PDG52] as discussed above. the manifestatio61] of the duality hypothesi§62] in the
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TABLE IX. Exchanged particles and coupling constants for removingt-channel resonances in our model research. This
KX channels from the models by MBHL4], WIC[3], and SL  attempt did not allow finding a satisfactory model. Recent
(present work progress in a model independent approf6h,64 shows
[65] that the present data base for h& channels force the

Particls Coupling  MBH — WJC SL t-channel resonances in the model discussed Hers to
A gkan/ VAT 0.51 —-238 —3.23+ 0.17 mimic spin-7/2s-channel exchanges. Before concluding that
S Osn/am 0.13 0.27 0.80+ 0.10 such high spin resonances intervene significantly in the reac-
tion mechanisms of the strangeness electromagnetic produc-
K* Gy /4w 0.05 0.11 0.02+ 0.01 tion and given the amount of work required to include such
Grl4m 005 —-014 -0.07-+ 0.02 terms in the formalism, one needs probably more reliable
K1 Gy, /4 ~0.13 -0.05+ 0.01 data, as anticipated, from the upcoming facilities.
Gpy /4w 0.07 0.23+ 0.04 Before ending this section, we discuss the content of the
SL model in more detail and the role played by different
N1 Gny /a7 —095+ 0.11 components of the reaction mechanism so obtained, with the
N4 Gual V& 0.08 0.09 fqllowmg main goals:(i) are all the e>'<changed partlgles in-
NG N 057 0.47 q!spensable in the reaction mechanism as de.termln'ed here,
N7 G2l —0.04+ 0.02 (i) how sensitive are different channels to the ingredients of
GB/4m ~053+ 006  themodel? o _
NS Gl /4 202+ 0.20 This mformauon is summarl_zed in Table XI. The first
Gd Jam 391+ 057 column gives the relevant reaction, wisi KA referring to
N8 the reactiong1.1), (1.4), and (1.6), andall K3, to the re-
L1 Gou I \Em 0.46 042+ 003 maining processefl.2), (1.3, (1.5, and_(l.?). The secon_d
L3 Gyl A 010+ 0.09 column refers to the obs_ervable:- fpr which data are available
L3 and have been included in the fitting procedure. The ten sub-
L5 Gus/Vam 6.01x 0.23 sequent columns have been obtained after remowving
St Gy /4w —172+ 021  yesonance at a timand refitting the complete set of data
base. Hence, for example, the third column is generated from
D1 Gpi/Vam —0.03 an exchanged particles configuration contairatighose in-
D2 Gpa/Vam 0.07  —0.06 cluded in the SL modekxceptthe N1 resonance. This new
D3 Gps/ V4w 0.30 -0.51 0.43+ 0.04 configuration was then used to fit all the data providing
D4 G 4m —0.47 + 0.06 x?%'s for each channel. This procedure leads of course to a
GB,/4m -1.88+ 0.14 new set of couplings for each column.
D7 G2, /47 0.05+ 0.01 The N1 resonance, because of its tiny coupling in the
G2, /4m 0.29+ 0.04 KA processes, improves the’ only in the K3 channels.

The only spin-3/2 baryonic resonance included in our model

(N7) is required by theyp—K*A and all the electropro-
strangeness field. The applications of this hypothesis to thgyction channels. This resonance plays a crucial role in the
strangeness sector was performed in the early 70s to the hag—p radiative capture, as well as in the chardeghotopro-
ronic reactiond63] and, with less conclusive result, to the gyction. Besides, we have observed that removingNfie
photoproduction processga3]. Later, the need farchannel  resonance spoils the corrgmtedictionfor the polarized tar-
resonance exchanges in the models with only spin-1/2 res%-et asymmetryT in the y5—>K+A reaction. The last nucle-
nances in thes andu channels was underlined by Williams onic resonanceN8 (spin 5/2 affects not .only almost all
etal.[3]. Given that our formalism allows including higher |+ o\ including the recall-polarization asymme-
spin nucleonic resonances, we investigated the possibility otlfy, but also im’proves the? for the K * 3 photoproduction
reaction.

The firstA resonancé.1 is, as expected, the most impor-
tant component of the model with respect to radiative capture
branching ratios. The next on& ), which is also the only

TABLE X. Partial reduced y? obtained with the present model
(SL) for data base reported in Table VII. The number of free pa-
rameters foKA (KX) channels is shown in the last row.

Reaction X2 other baryonic resonance in the AS model, shows up in
KA photoproduction and related radiative capture channels.

(D) yp—K"A 15 In contrast, the lash resonancé.5, improves they? for the

(2) yp—K*2° 0.9 K *3° photoproduction.

(3) yp—K2" 17 The only retained® resonanceSl plays a rather minor

(4) ep—e'KTA 1.9 role, affecting only total cross sections. However, we have

(5) ep—e’'KT30 2.7 found a strong correlation betweérb andS1. Discarding

6) K p—Ay 0.5 one of them from the reaction mechanism increases the cou-

(7) K p—32 0.0 pling constant of the kept resonance by roughly a factor of 5.
Although there are no indications about the size of these

Number of free parameters (©B) couplings from other sources, such large variations of the

couplings, related to resonances with apparently small indi-
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TABLE XI. Sensitivity of the y?’s to the components of the present mot®l). The first two columns
give the considered reactions and the fitted observables, respectively. Each of the following columns gives
the deterioration of th&? in percentage when the corresponding resonance is switched off. The scale goes
from weak to strong as-<3% ; 3%<* <10% ; 10%=<** <20% ; 20%=<*** <40% ; **** =40%.

Reaction Observable N1 N7 N8 L1 L3 L5 S1 D3 D4 D7

All KA All - * * * *ox - -

yp—KTA do - - * * * - -

'yp—>K+/§ P _ * k% * — * k% — —

,yp_,KJrA Trot — — _ ** *kx _ *

ep—>e’K+A dUUL - ** *x - - - -

K p—vyA Branching ratio —  *¥%% %k wkkk ks - -

All K3 All * — — — — _ _ * ok _

’}’p*)K+EO do * _ *% _ _ * _ * *kk _

‘yp%K*EO Tot * * *% *% * *% * *% KKKk *hkKk

ep—»e/KJrEO d‘TUL *% * _ * — — — *% * —

K p—y2° Branching ratio  — - N - - - - - _

,yp_)KOE+ O-[OI *kk*k *kk*k —_ —_ — —_ — *kk*k *kk*k *kk*k
vidual effects, seem undesirable. still scarce, and at higher energies there are basically no data

The threeA resonances¥3, D4, andD7), forbidden in  up to 4 GeV. In this and the following subsections, we
theKA reactions, play non-negligible roles in all neutral andpresent results for a few kinematical regions selected with
charged®, production processes. respect to the existing or expected data. Although the mod-

In summary, within the several thousands of configuraels, ours included, have been obtained by fitting data up to
tions studied, the SL model comes out to be ghreplestand roughly 2.1 GeV, we will report on some predictions up to

offers the best agreement with the data. 2.5 GeV, in order to investigate the higher energy behavior
Finally, we emphasize that the extracted values for they gifferent models. For the AS model the results are re-
two main coupling constantgxn and ggsn (Tables VIl horted up to 1.5 GeV, the upper limit of its validity.

and 1X) coming fromK A andKZ channels agree with each  £igyres 4a)—(c), show the excitation functions for three
other within the associated uncertainties. The other couplings ., angles of the produced kaons. Our md@l) and that

for these channels cannot be compare_d to each other, sinfﬁ WJC[3] reproduce the data at 27° almost equally well,
they are products of the electromagnetic and the strong Ve(ihile as expected, the AS modgd] overpredicts the data

tices. above 1.5 GeV. At the two other angles, SL gives the best
agreement. It is also worthwhile mentioning that although
IV. RESULTS AND DISCUSSION the two first model{SL and WJG give comparable results

In this section, we present our results for all the channel&t the most forward angle in the whole energy range, they
(1.)—(1.7) and compare them with the data and relevangdiffer significantly in their predictions at the two other angles
models from A 2], WJC[3,28], and MBH[14]. Notice that above 1.5 GeV, where no data are available. The angular
for these models, the numerical results reported here hay@istributions are given in Figs.(d)—(f) at three energies:
been obtained by using our code for reaction mechanism@0Se to thresholdFig. 4(d)], at the highest limit for SL and
(including coupling constaniss reported in the original pa- WJC modeldFig. 4f)], and at an intermediate energig.
pers. We will discuss, in appropriate subsections, eventud(®1: which is the upper limit for both the AS model and the
deviations from the curves given in those papers. We willecent data from ELSA. At 1.0 GelFig. 4(d)], the data are
also produce predictions for single- and double-t°0 scattered and the models do not show significant differ-
photoproduction polarization asymmetries for observable§NCes, except for our model at most backward angles. At
(Table IV) to be measured soon at CEBAF, ELSA, and 14 GeV([Fig. 4e)] our fit is again superior to the predic-
ESRF. These models allow, of course, extracting the twdions Of the two other models. The most striking feature ap-
other sets of double-polarization asymmetries; namelyP€ars at 2.1 Ge\[Fig. 4(f)], where the two higher energy
beam-target and target-recoil observables. These observabf@9dels reproduce the only fitted data point but give very

are harder to measure, so to reduce the number of figures ffifferent predictions in almost the whole angular range. The
this paper, we do not depict them here. total cross section is depicted in Fig. 5. The existing data

again rather favor our modégL).
By now, it is well known[49,61] that polarization observ-
ables are much more sensitive to the model ingredients than
Since the recent publication of the experimental resultshe above observables. We first consider the single polariza-
from ELSA [8], a rather large number of data points for tion asymmetrie$Figs. §a)—(f)].
K* photoproduction channels below 1.5 GeV are available. The most extensive polarization data concern the
In the energy range from 1.5 to 2.1 GeV the dpt8] are  A-polarization asymmetryP[11], especially at 90°(Fig.

A. Reaction y+p—K*+A
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6(a)]. At this angle, the fitted curvelshe SL model and that ures &c) and Gf) show the predictions of different models
by WJO, and the prediction by AS reproduce the data welland, compared to the two other single-polarization asymme-
enough. From the angular distribution at 1.45 GeV, Fi@),6 tries, underline higher sensitivities to the reaction mecha-
we infer that the backward angle measurements at intermetisms put forward by these models.
diate energies are quite suitable in constraining phenomeno- The double-polarization measurements, using polarized
logical models. Results at other energies, not reported herbgeams and measuring the polarization of the outgoing hy-
show that the highest sensitivity of the single-polarizationperon, will constitute the first generation of the double-
asymmetries to the model ingredients is observed at energigmlarization experiments at ESRF and likely at CEBAF.
around 1.5 GeV. Figures Ta)—(h) show predictions for the beam-recoil
There are only three data pointe2] with large error bars asymmetries. The observablég andC,, corresponding to
involving the polarized target asymmetily, which fix at  a circularly polarized beam, show sizable sensitivities to the
least the sign of this observall2,66] in the relevant phase models in large areas of the phase spdggs. 1a) and (b)
space. These data are well reprodu¢€dy. 6(b)] by the and 7e) and(f)].
present modelSL) and the prediction by AS. In contrast, the  With a linearly polarized beam, the two asymmetries
WJC model prediction gives the wrong sign. The angularO,, andO,, Figs. 7c) and(d) and 7g) and(h), manifest
distributions at intermediate enerdfig. 6(e)] leads to the less sensitivity to the reaction mechanism ingredients. The
same conclusions as for tiieasymmetry discussed above. WJC model, contrary to the AS model, predicts rather tiny
For linearly polarized photon beam no data are availableyalues for these observables almost through the whole phase
but measurements are foreseen at CEBAF and ESRF. Figpace, while the present model gives intermediate values
with sign changes at both energies. Such structures are dis-
cussed in the following.

§ 3 Actually, in the polarization asymmetries shown in Figs. 6
& and 7, a large number of curves, in particular those from the
5 present model, undergo sign changes because of vanishing
values(nodes of the investigated observables. The physical
content of these zero point@ccording to their positions
1 and/or numberhas been founf61,64 to be powerful ways
— %Jc to pin down the reaction mechanism. Hence, the polarization
. T AS asymmetry measurements are expected to put drastic con-
o Ll v v v v e straints to find a viable model.
1 1.5 2 2.5
£, (GeV) B. Reaction y+p—K*+3°
FIG. 5. Total cross section for the reactigp—K*A as a For this channel, the two most recent studies come from

function of photon energy. Curves and data as in Fig. 4. WJC[3] and MBH[14]. Only the latter authors were able to
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include the recent ELSA daf&] in their fitting procedures. The angular distributions are given in FiggdB-(f) in a
We have also included the ELSA results in our data basesimilar energy region as in the previous subsec{iBiys.
Figures 8a)—(c) show the excitation functions at three 4(d)—(f)]. At the lowest[1.1 GeV, Fig. &d)] and intermedi-
angles of the produced kaons. Our model gives the bestte [1.45 GeV, Fig. 8&)] energies, the three models give
agreement with the data at all angles displayed. The resulgomparable agreement with the data. At the highest energy
for the MBH model are satisfactory at the two extreme[2.1 GeV, Fig. &)] they differ less drastically in their pre-
angles, but they deviate significantly from the data at 90° dictions, compared to thi " A channel casgFig. 4(f)].
We recall that the curves labeled WJC and MBH have been The total cross sectiofirig. 9) is well described by the SL
obtained using our codavith the relevant reaction mecha- and WJC models, while the MBH curve exhibits a peculiar
nisms. behavior at low energies, as is the case in Figa). 8nd(b).
This latter model at energies above 2 GeV, predicts a flat
behavior for the total cross section, while the two other mod-
"Notice that our code closely reproduces the results published bgls show a minimum below this energy.
MBH for both this reaction and th°S * channel discussed in the For this reaction no polarization data are availdb\We
next subsection. However, the WJC curves, as reported here, cofiompare then the predictions of the three models among
pared to those released by the auth@28 require some com- themselves in the same phase space region as for the previ-
ments. Our code reproduces all numerical results reportgs} 28] ous reaction.
for both processes+p—K*+A andy+p—K*+3°, except for The outgoing baryon asymmetryP) is depicted in Fig.
the excitation function of the latter reaction at 27°. In trying to 10. The excitation function at 90Fig. 10a], and the an-
understand the origin of this discrepancy, we did several tests usingular distribution at 1.45 GeVFig. 10d)], show the most
both our code, and the code for the- p—K* +3° channel kindly ~ drastic differences basically between the MBH model on one
made available to us by Dr. R. A. Williams. We checked the agreehand, and the SL and WJC models on the other hand. All
ment between numerical results from the Williams code and ouréhree models predict rather small asymmetries at higher en-
especially by producing excitation functions reported 3328 at ergies.
27°, 45°, and 90°. The two codes agree at the level of a few For the polarized target asymmetry)( the predictions of
percent. At the most forward angle, both codes give the WJC curv@ur model are significantly different from those of the two
as shown in Fig. &), which hence deviates from that of RE8], other ones for both the excitation function at 96%g. 10b)]
especially at higher energies. We did not pursue further the origingnd the angular distribution at 1.45 G¢WMig. 10e)].
of the only difference for th& " 3.° excitation function at 27° be- As for the previous reaction, the polarized beam asymme-
tween the two codes and the corresponding curve in ff.A  try () offers the most contrasted predictions from different
possible explanation may be in the values used for mass/width of
the A resonances, present only in tké 3° channel. Using consis-
tent mass/width values published in 1982f.[53]) and 1994(Ref. 8The recent integrated polarization data from EL®Ahave been
[54]) by the Particle Data Group, we checked that such differenceseported in energy and/or angular bins too large to be embodied in
affect more the forward angle cross sections. minimization procedures. Hence, we do not consider that data here.
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models. This is clear for the excitation function at 9&ig.  ences are observed between the present model and those by
10(c)] above 1.5 GeV. At 1.45 GeYFig. 10f)] WIC gives WJC and MBH. TheC,, asymmetry at intermediate energy
predictions for angular distribution with opposite sign to[Fig. 11(@)] seems to offer the most attractive phase space
those of the two other models in almost the whole angularegion. This is also the case for tl&,, asymmetry[Fig.
range. 11(b)].

For the double-polarization observables with circularly The common feature to the three models for the two other
polarized photon beam<(, andC,), quite striking differ-  double-polarization observables considered here with lin-
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SL and MBH[14], respectively, as well as the predictions
for the relevant observables with the WJG@] reaction
mechanism.

The total cross section results of the three models and the
data are depicted in Fig. (@. The prediction by the WJC
model overestimates the two data points by roughly factors
of 5 and 25 at the lowest and the highest energies, respec-
tively. Compared with WJC, the fit by MBH improves the
agreement with the data at the highest energy only, reducing
the discrepancy between theory and experiment to roughly a
factor of 10. Clearly, our model gives much better agreement
with the data.

Given the existing proposals at CEBAF and ESRF, we
show in Fig. 12 the predictions of the above models for the
excitation function at 90{Fig. 12b)] and angular distribu-
tions at 1.5 GeV[Fig. 12c)], and 2.1 GeV[Fig. 12d)].
Except at lower energies at 90°, the SL and MBH models
early polarized photon beam©{, and O,/), is that they obtained by fitting the data, show important differences in
have smaller magnitudes than the two observables discusseékir predictions. This emphasizes the crucial constraints that
above. ForO,, [Figs. 11c) and 11g)], our model shows experimental results for this channel will put on the phenom-
significant differences with the two other models at both enenological investigations.
ergies. ForO,,, the angular distributions at 1.45 Gd¥ig.

11(d)] and 2.1 GeVFig. 11(h)] indicate smaller discrepan- D. Reactionse+p—e’+K*+Y;Y=A,3°
cies between the SL and the two other models.

Otot (,Ufb)

J
1 1.5 2 2.5
E, (GeV)

FIG. 9. Total cross section for the reactigp—K*™3° as a
function of photon energy. Curves and data as in Fig. 8.

The electroproduction dafa 6] are even more scarce than
in the case of photoproduction processes and have been ob-
tained in a rather small phase space region. Among the new
For this channel, there are only two total cross sectiorfacilities, only CEBAF offers excellent conditions for forth-
data pointg15]. Only very recently, this reaction has been coming datd7].
investigated  through  phenomenological approaches Figure 13 shows the unpolarized component of the differ-
[14,57,58. In this section, we show the results of the modelsential cross sectiodo, = doy+¢, do [see Eq.(2.29)],
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FIG. 11. Excitation function for double-
polarization asymmetriesQ,, C,,, O, and
0,) in yp—K*3° at E'2° = 1.45 GeV(a)—(d)
and 2.1 GeM(e)—(h). Curves as in Fig. 8.

as a function of the transfer momentum for the reactions One of the major issues in the strangeness electroproduc-

etp—e’ +K*"+A and e+p—e’+K"+3% The SL

tion concerns the information that can be extracted on the

model reproduces well enough the data for both channeldorm factors of the relevant hadrons. We have performed a

This is also the case for the WJC modi8].
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rather extensive study on this question. To get the highest

FIG. 12. Observables for the reaction
yp— KO3 *: total cross section as a func-
tion of photon energya), excitation func-
tion at 6" = 90° (b), and angular distri-
butions atE®® = 1.5 GeV (c), and 2.1
GeV (d). Curves as in Fig. 8. The results
for the WJC model are divided by a factor
of 5. Data are from Ref.15].
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after referred to a#, W, andC respectively. To facilitate the
discussion, we will characterize each curve in Figs. 14-16
asU-VXY, whereU refers to the choice of the baryons form
factors, andv, X, andY to those of the kaorK*, andK1,
respectively. With this convention, the SL model corre-
+ sponds to the combination GK92-WAFEcurve (a) in Fig.
14]. The sensitivity of this observable to the kaon form factor
is studied by using the alternative expression E320
based on Cardarelit al.[41] work, which leads to curvéb)
in Fig. 14 corresponding to GK92-CAA. For this configura-
tion, as well as for each of the subsequent droesves(c)—
N T (e)], we have fitted the data with treameexchanged par-
0.2 0.4 0.6 ticles as SL and extractedreewset of coupling constants to
calculate the observables. In the SL model, we use the
Adelseck-Wright[17] form factors (Sec. 1l C 3 for both
K1 andK* resonances.Curves(c) and(d) show the results
FIG. 13. Differential cross sectiodoy =doy+te do, as a _obtained if using the form fa_ctors as parametrized _by Wi"'
function of momentum transfer Q2) for the reactions iamset al. [3,28], corresponding hence_to the _comblnatlons
ep—e’K*A and ep—e’'K*S% at £=0.72, s=5.02 Ge\?, GK92-WAW and GK92-WWW, respectively. Finally, in the
t=—0.15 GeV2. Curves are from the SL model, and data from latter case we have replaced the baryons form factors in SL
Ref. [16]. (GK92) by the older version of the work published by Gari
and Krumpelmann in 1985Ref. [38]). This configuration,
K85-WWW, is almost® the same as that used by Williams
al.[3,28] for the form factors.

doy (ub/GeV’)

0.5

o (&)l
O_IIII‘IIII'IIII_‘_IIII

Q*(GeV?/c?)

i . G
sensitivity to the treatment of the hadronic structures, we
have focused on thK* A channel, which has simpler reac- Figure 14 shows that the unpolarized cross section

- - + O -
tlor;_mechzirxsrrr: than thie” = Ire?((j:rtmn.f i doy, is not significantly sensitive to the different kaon form
igure 14 shows our results falo,_for difterent com- ¢, 145 studied hereurves(a) and(b)]. This might be due to

Einatio?]s of thﬁ f%rm factofrs. Afs discuzsed in_ Sec. |l c|: WEhe fact that the form factors are constrained by the available
ave chosen the baryons form factors by Gari andwfiel- 445 (ithough limited to small transferswhich is not the

mann published in 198%Ref. [38]) and 1992(Ret. [.39])’ case for the kaonic resonances. The other three sets of form
hereafter referred to as GK85 and GK92, re*spectwely. Fofactors fork 1, K*, and baryon§curves(c)—(e)] show rather

the t—channe] exchanged parucles., namedy, K , andK1, small and comparable deviations from the SL model only at
the expressions by .Adelseck—erghﬂ], W'”'af_“s etal. low momentum transfer. Within this study, the unpolarized
[3,28], and Cardarelliet al. [41] are used, and will be here- cross section does not show appealing features with respect
to the hadrons form factors.

Now, we use the same five combinations of the form fac-
tors as above to investigate the sensitivity of different com-
ponents of the differential cross section in Eg.24 as a
function of the Mandelstam variable namely, the trans-
versedo, longitudinaldo , transverse-longitudinalo ,
and longitudinal-longitudinatlop terms, depicted in Fig. 15.

The transverse cross sectidior; shows an almost uni-
formly decreasing behavior as a functiontpfexcept for the
(e) configuration. The phase space shows unequal sensitivi-
ties to the choice of the form factors. This latter observation
L is true also for the longitudinal pado , where the predic-

doy, (ub/GeV?)

L a tions bear more different behaviors as in the case of the

05 — ----- b transverse component. The interference terms, as expected,
L c are smaller in magnitude than the unpolarized components.
b d Although the transverse-longitudinal pardd,) shows
-o— e higher discrepancies between different sets of form factors
- than the transverse-transverse cross sectiatnp), they stay

0 ey e S S NN T R compatible with the indications inferred from the existing
0 0.2 0.4 0.6 0.8
Q*(GeV?/c?)

*These form factors allow obtaining a better fit to the data than
FIG. 14. Same as Fig. 13, but only for the reaction those by WJC. This probably comes from the fact that the free
ep—e’'K"A. Curves are from the SL model with the following Pparameters of the monopole form factors were fitted on an electro-
combinations for electromagnetic form factors of the relevant hadproduction data base close enough to the one considered here. For a
rons(as defined in Sec. IV P GK92-WAA (a), -CAA (b), -WAW comparison among different parametrizations, see Ré8&60.
(c), -WWW (d), and GK85-WWW(e). °The only difference is that Williamet al. put F}(Q?)=0.
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very poor experimental dafd 6].
The sensitivity of theK ™ A electroproduction observables where the radiugémass of thes quark is different from those
to the choice of the form factors is magnified for the ratio of of u andd quarks. The crude approximation taking the same

of 2 [curve (b)]. This form factor corresponds to the case

the longitudinal to transverse cross  sectionsradius(mas$ for all three quarks leadgt3] to significantly
R(t)=do/doy (Fig. 16. The SL model has a continu- smaller ratio and flattens itsdependence. A drastic change
ously increasing dependence on thé variable and gives hoth in the shape and magnitude is produced by the use of
above roughly—t=1 GeV? the highest ratignotice that in  \wJC form factor for thek 1 resonancécurve (c)]. The main

Fig. 16 curve(a) is rescaled by a factor of 112The main  gensitivity to thek* form factor happens at the highest val-
effect when using the kaon form factor by Cardarefiial. | ,o5 of —t: above roughly 1.5 Ge¥, the ratio decreases
[41] is to reduce the magnitude of the ratio by almostafactors|ow|y [curve (d)]. The other drastic effect is obtained by

__________

L L I SUL I

_______

e b v b e b by |

using the older versio[88] of the baryonic form factors due
to Gari and Krunpelmann, with the most striking feature
being the inversion of the curvature at low values -of
[curve(e)]. As mentioned above, tHe) configuration for the
form factors is very close to that used by Williaresal.
Actually, their model, although with a reaction mechanism
very different from the present workTable VIII), shows
comparable behavior foR(t). Moreover, the curvature of
this ratio was found very sensitive to thehannel contribu-
tions [60]. Such indications are very instructive, since we
might hope that the forthcoming experimental data, in fixing
the shape of this ratio, will offer a good opportunity to dis-
entangle the role played by the hadrons form factors from
those of the underlying reaction mechanism.

To summarize the form factors studies, according to our
results, the most significant information is embedded in
the ratioR(t) =do | /doy in the transfer range accessible at

0.5 1 1.5 2 2.5
—t(GeV?)

CEBAF.

_ o E. ReactionsK ™+ +Y;Y=A3°
FIG. 16. Same as Fig. 14, but for the longitudinal to transverse =y

differential cross sections ratR(t) =do /do . Results for curve
(a) are divided by a factor of 2.

The radiative capture reactions have been mainly studied
[67] independently of the photoproduction reactions and in
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TABLE XII. Branching ratios from WJ{3], SS[69], and the  exchange of the following particléé:
present work(SL). Data are from Ref{20].

*
wJac SS SL Experiment K*(892),K1(1270,

K™ p—vyA 0.89 109 095 0.86& 0.07+ 0.09 N(1440[1(1/27)],N(1720[1(3/27)],N(1675[2(5/27)],
K p—y30 1.46 1.55 1.43 1.44 0.12* 0.11

A(1405[0(1/27)],A(1670[0(1/27)],A(1810[1(1/27)],

tight connection with the role and the nature of the .

A (1405 resonance. The field has suffered from the fact that 2(1660[1(2/27)],

the only data point68] available until 1989, and used exten-

sively in phenomenological calculations, was found to be tooA(1910[1(1/2%)],A(1232[1(3/27)],A(1920[1(3/2")].
high by almost a factor of 3 compared to the new and more

reliable measuremenf80]. The most recent investigation in The threeA resonances intervene only in th& channels.

this sector has been done by Siegel and Sa@i®ii(hereaf-  This set of exchanged resonances was determined after ex-
ter called S§ where all elastic and inelastic channéigd-  amining thousands of configurations containing different
ronic and electromagnetic final statéa low energyK ™ p combinations of roughly 30 baryonic resonances. The ob-
interactions have been investigated within a coupled channéained model is the only configuration satisfying the criteria
formalism. The authors discuss different results according tépecified in the text; namely, acceptabyé’s for all the

the allowed discrepancies for the coupling constants fronge€ven channels, agreement with the($ksymmetry con-
their SU3)-symmetry values. Here we report their resultsstraints for the two main coupling constants, predictivity
with 20% SU3) breaking, as is the case in the present work.Power, and a rather simple reaction mechanism.

The simultaneous study of these channels and the strange- The free parameters of the model, 15 for kieA and 20
ness photoproduction reactions, using crossing symmetr)t?r_ the K3 channels, have been determmeq by Ieast-sq_uares
was basically initiated by Williams-Ji-CotangB] after the ting procedure on 309 and 241 data points, respectively,
new data became available. Table XII summarizes the resulf@" the above. seven reactions, i.e., all the processes for which
from SS, WJC, this work, and the experimental values. Th ata are available.

data are well reproduced by the three models. Our calcula- In fact, the obtained model, called SL, contains a reason-
. : . able number of resonances, with the values of the two main
tions confirm the crucial role played by thd (1409

: ) coupling constants in agreement with the (Silsymmetry
resonance in th.'s channésee Tabl_e X New data from constraints. The model allows predicting the only unfitted
DADNE [7fO]h'W|]!'I lhopefully allow improving our under- 5 4ijaple data for the target asymmetry polarization in the
standing of this field. yp—K* A reaction. These data were excluded purposely
from the fitted data base to check the predictive power of the
V. SUMMARY AND CONCLUSIONS model. Given the planned photoproduction polarization ex-

The present work, based on an isobaric formalism, offer€riments at CEBAF, ELSA, and ESRF, we provide predic-
a unified description of all the strangeness photo- and eledions and go through a rather detailed discussion on the se-
troproduction observables off the proton known experimen-le‘:t'vIty of single and double beam-recoil polarization

tally in the energy range from threshold Eﬁsz 21 GeV: observables in determining the reaction mechanism.
' ' The present investigation emphasizes the need for new
namely, yp—K*A, K*3° KO3*, and ep—e'K*A,

- . .’ . and more accurate data for all the strangeness production
e’'K*30% as well as the branching ratios of the radiative g P

: c 0 . ’ observables, and singles out the crucial need for measure-
capture reaction& ™~ p—yA,y%" at thresholdyia crossing  ments with polarized photon beams. The most appealing ob-

symmetry. servables come out to be the single-polarization asymmetry
This formalism is an extension of previous calculations,using a (linearly) polarized beam, and the double-
the main novelty being the inclusion of spin-3/2 and -5/2polarization observables with circularly polarized photons.
nucleonic resonances. We have used the method proposed Pie neutral kaon production channgp—K°S " appears
Adelsecket al.[25] for spin-3/2, and extended it to the spin- also to be very attractive in pinning down the reaction
5/2 case. Nevertheless, adopting this treatment may be comechanism.
sidered as aad hocmethod aimed to preserve gauge invari-  In studying the electroproduction reactions, we emphasize
ance of the amplitudes. Due to the effective Lagrangiarthe sensitivity of differential cross sections to the choice of
theory[33], it is known that the treatment of an interacting baryonic and kaonic form factors as reported in the literature.
spin-3/2 baryon implies the off-shell behavior of the particleWe find that the most appropriate quantity to be measured is
(or resonanceat the vertex. This problem has recently beenthe ratio of the longitudinal to transverse components
renewed by Benmerrouctes al.[34], and applied35,36/to  R(t)=do /doy as a function of the Mandelstam variable
the nonstrange pseudoscalar mesons photoproduction. Our
preliminary results[37] for kaon photoproduction show
rather moderate effects due to the off-shell contributions.
The work presented in this paper leads to a reaction The quantum numbers of the baryons are indicated as
mechanism including, besides the extended Born terms, the,(J™].
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The radiative capture branching ratios at rest show, as Bomn —2egyN
expected, high sensitivity to tha (1405) hyperonic reso-  Ag Im
nance. We observe also a non-negligible role played by the p K

FE+(F*=FD(p2—2p,- pk)

A(1670) resonance. P, Pp egeyn 2F7

The elementary operators constructed here, because of the X— M2 o2
Lorentz invariant structure of the used formalism, can easily PyPy Py My Py
be transformed into any reference frame. These operators
can, hence, be incorporated into strangeness production on 2. Born terms (Y=37)
nuclei, and especially in the promising field of the hyper-
nuclear physics using electromagnetic probes. ABO"‘ gKYl;l(1+ Kp)+ gKYN (1+ Ky),

s—Mj
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APPENDIX A
Contributions to the invariant amplitudes arising from the 3. K* resonance
Born terms, and from the exchange of k&, the nucleonic
J7=1%/2, and the hyperonid™=1*/2 resonances. ks _ Gv My+ M, pK*
LM t—Mi, HiM T
1. Born terms [(Y,Y")=(A,X9),(2%A) ] Gy t 1 .
M Myt My (=M, +iM T T
Y pt— K* I K* L K*
ABom— M(FM KpFB) + &“;(F + kyFY)
K* — & 1 1 FK*
n egKY’ZN (MY’+MY)KEOAFY' 2 M MY+Mpt—Mi*+iMK*FK* '
U_MY’ 2|\/|p 2
Ag* _ @ 2 1 *
egKYN M t_MK*+IMK*FK*
ABom (FK+ FP)
(s—M2)(t—MZ) _GrMy—M, 1 K
M My+Mpt—MZ, +iMgelge
. + . Y p K* K K
+(FK—FE)M ,
py' Py
k+_ Ov 1 K*
A4 EvE 2 .
M t_MK*+IMK*FK*
Agom €OkyN Kp _p
s—MZ M, 2’ Gr My—M, 1 K+
p P Ve 2 : F
M MY+Mpt_MK*+|MK*FK*
€0kyN Ky €0ky'N K30A _yr * *
Born_ Y Y K K
—_ + —_—— = =
Ag u-M{ My 2 u—ME, M, 2 As =As
4. K1 resonance
€0kyN K €0kyN Ky
Born_ p p_ Y K1_ 1_ _
AT mzam, T2 u—mZ 2w, 2 AT =As"=Ag =0,
€O0ky'N K30A _y/ Gkt 1 1
Y Aglz _ T K1

Cu-MZ, 2M, M My+M,t—MZ, +iM s
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K1
AK1:G_V 1 K1
3 M t—Mg+iM T
K1
G_TMY—Mp 1 K1
M MY+Mpt_Mil+iMK1FKl '
K1
AKIZ_G_V , 1 KL
4 M t_MKl+IMK1FKl
K1
_ &1 My—M, 21_ EKL
M MY+Mpt—MK1+|MK1FK1

In the above expressions, we Ude=1 GeV as a renormal-
ization mass.

5. N*(1/2*) nucleonic resonances

* + * =+ * =+
./42‘ (1/2 ):AZI (1/2 ):.Agl (1/2 ):0,

AN* (2% _ €0y N+
S_Ma*dl—iMN*FN*
(MN*+Mp)KN*N MN*_MD N*
2M, MyFM,
AN (1/2* ZegKYN* NN e
S_MN*+IMN*FN* Mp
AN* (112 ) — egKYN* KN*NFN*

S M +|MN*FN* ZMp

The contributions from the-channelA* (1/2*) resonances
associated witl:° production have the same form, with the

appropriate substitutions for the mass, width and coupling

constant.

6. Y*(1/2*) hyperonic resonances

* + * =+ * =+
A\Z( (112 ):Ag (1/2 ):A\G( a2z _g
€0kNY*

AY*(llzi):
! U_M$*+iMy*ry*

(My*+My)Ky*y My*_
2M,

Ile %
Mys*My

€0kNy* Kyxy
U MY*+|My*Fy* Mp

AY* (12" ) — FY* ,

AY*(l/Z )— zegKNY* Kyxy EY*
u— MY*+|My*Fy* 2Mp

F

APPENDIX B

After simplifications and factorizations with the help of
MAPLE, the contributions to the invariant amplitudes corre-

sponding to the exchange of &t (3/27) resonance are the
following.

H. LAMOT, AND B. SAGHAI 53
The photoproduction amplitudes are written as
A= ! Z GP:, j=1,...,4
D (=M +iMpe TSt =5
The contributions coming from th&, coupling are
(3Vs—MpA PA"Py 1
112T+MA_\/— ; 12=—\/——,
s+M, s+M,
M M,A
Pis= 2 : , P1u=1,
Vs+M, 35( Vs+Mp)
and those coming from th&, coupling
_ B(s—My) =M,
ToBVs(VsH+My) T 25t Mp)?
_patp, B(Js—My)
23— - )
(Vs+Mp)®  3(Vs+Mp)*\s
poe VMo
2(\s+Mp)’
with
A=2p,-q—sM,, B=p,-q+sM,.
The electroproduction amplitudes are
A= ! E GE;:, j=1 6
I (5= M2 +iM e D)t i A8
Forj=1,...,4, theE;; coefficients are expressed in terms

of the aboveP;; as

Eij=P;+pRj, i=12, j=1,....4.

The extra termsR;; coming from theG, coupling have the
following expressions:

A
6S(\S+Mp)pa-p,

A
Y es(VstM,)’

R13=0, Ry,=0,
and those coming frorns,
Ro o B
2 B(\s+Mp)2s’

_ VsMyM,—2M_p,-q+3ysp,-q
6pA-P,(Vs+Mp)%s

3

1

Rps= — =,
# 2(JstMp)?

3(Vs+Mp)%s’
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For j=5,6 theE;; coefficients coming fronG,; andG,  onto the right of the first vertex. Using the anticommutation

are property ofy® with y*, it is easy to move the® matrix in
the same position as in the positive parity case, namely onto
B 3 P, PpA 1 the right of the second vertex. By inspection, we immedi-
E1s=— 3s’ Ei6= ' ately obtain the parity rule for the transition matrix
3s(\S+Mp)ps-p, Vst M,
£ py.ppA M(fr):_Mw)[\/g—’_\/g]
257 2" . . I
3(Vs+Mp)s The corresponding parity rule for the contributions to the

invariant amplitudes is then
P, Pp(VSMyAMy—2Mpy - q+34/spy - D

=20 3pa- Py (VS+M)p)%s A7 == A s = s,
In the above express_ions,_ the dot produgts: Pp APPENDIX C
Pa-P, andp,- g can be written in terms of the usual invari-
ants as The contributions to the invariant amplitudes correspond-
. ) ) P ing to the exchange of B* (5/2*) resonance have the same
Py Pp=2(S7P5=Mp),  Pa-Py=z (Mi+pi—u), structure as in the spin-3/2 case. We give only the photopro-
duction amplitudes
PA+= 7 (s+M{—M). ,
In the case of a negative parity resonance, the 4= 1 z Pj., i=1,....4
“(N*py) vertex is given by Eq(2.3) with M,— — M, and 10(s— MN* HiM s I )=
iy°—1, and theV“(K*AN*) vertex is obtamed from Eq.
(2.7) timesi y® (see Table ). The correspondiniyl; ampli- Defining w=\/s, the contributions coming from thé&,

tude has the same structure as Ex6), with y° acting now  coupling are

{(2Maw(2w—Mp)p,-q—2(4w+Mp)(py- 9)P)w, — Miww? jw?
11— 2W,W4

{4w2(7W+4Mp)pA P,PA-d—4MAW3(2W—M )P, - p,w_—20(py - p,)°wW
2w_w?

(4pa-q+Maw)w,w_—10p, - p,w?
Po= WoawW_ )

{2(py-a)*Mp—2M W(2W—M)py - QI W~ MEW? W, w2 —8W?p, - p,Myp,- q, 2Mwi(5w— Mp)pA Py
13~ w_w? w_w?

2w, (3W—2Mp)p,-q—10p, - p,w? =M ww?
2 L

P.,=
14 W

and those coming frorns,:

{(pr-@)2—Mwp, - QIWiw_+(2M\W3p, - p,—2p, - p,W?p, - Q)W
2w_w3

Py1=

(—4p,-g—M W)Wiw_+10W2w, p - Py
2w2w2

22—

_{MaAWpy g = (Pa- D HWEW_ +{4W(2W—Mp)Py - P,Pa- A= MaW(3W+Mp)pa Py iw,  10(py-p,)*w°

23 waw? wiw?

10W2W .y~ Py —2(3W—2M p)W3 Py - g+ M yww?

Pas= 2w2w _
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with

wW,=w+M,, w_=w-M,.

The dot products and the parity rule are expressed as in

Appendix B.

APPENDIX D

The relations between the CGLN amplitudes and .the
invariant functions are

F1=( \/§_ Mp)A1—p, PpAz— P, PyAs— piA5:

. [Pyl Pkl
2 (Ep+Mp)(Ey+My)

+p, PyAst pAs],

[(Vs+Mp) A +p,ppAs

[p,|| P

fgzm[ - 2py~ ppA2+ ( \/§+ M p)-A4+ piAG:'v
_ [P« 2
Fa= Byt My 2Py PoAat( V5= Mp) As=plAe],
e
f5—m[_u‘ll+ 2py' pyA;

+(Vs+Mp)(As— As)+ P, pyAsl,
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__Ipyllpxd
(Ey+My)

— P, PyAs

Fs _Zpy'pYA2+(\/§_Mp)A3

1
B Ep+ M p{p70A1+ Py pPA3+ Py PyAs

+pyo<J§+Mp>A5}}-

The expressions for the different components of the cross
section[Eq. 2.24 in terms of the CGLN amplitudes are

doy=A[| Fi|?+|F|>+ 2Re Fi Fp)cosh+ 3sirf 6| F5|?
+| Ful?+ 2R F} Fy— Fh Fat Fi Faco)}],
do = A[| F7|?+| Fg|*+ 2Re F% Fg)cod],
dop=A[3 |F3|*+ 7| Ful*+ Re(FL Fy= 73 Fs
+ F3 Faco9)],
doy = ARE F7(— F; + F3 + F; c0Y) + Fg( F + F3 cOY
+F)1,
with

_ Ip] (EptMp)(Ey+My)
2ys  s=Mp
f7:f1+f3C0§+f5, f8:f4C0$+f6.
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