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3 photoproduction in the resonance region
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A study of yp—KZX processes in an isobar model at tree level is reported. By comparing model calculations
to the published SAPHIR data, we explore the possible role of different isdspin (N*) and =3 (A*)
resonances in the reaction dynamics. In our analysis, the inclusion of the “mid3ia(£895) resonance does
only slightly improve the global description of tf photoproduction data. More convincing signals for the
presence of such a “missing” resonance emerged in the analysis of the isospin rgtateld * A reaction.
Various implementations of the nonresonant part of *hg@hotoproduction amplitude are presented. The
sensitivity of the computed observables and extracted resonance parameters to the uncertainties inherent to the
treatment of the nonresonafitackgroung diagrams are discussed.
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I. INTRODUCTION graphs are taken into account. This implies that all higher-
order terms, which, for example, account for final-state inter-
Traditionally, pion photoproduction reactiongp— 7N action effects, are being discarded. Also the unitarity con-
have played a crucial role in studies that aim at elucidatingstraint is not fully obeyed at tree level. A recent coupled-
the excitation spectrum of baryons. The study of the farchannel analysis[3], specifically designed to include
weaker kaon photoproduction channels is currently gainingoupled-channel effects in the description of strangeness
momentum, thanks to the construction of a number of dediphotoproduction channels, reports that the effect of coupled-
cated photon and electron accelerator facilities in the fewchannel mechanisms on the cross sections is of the order of
GeV photon and electron energy regime. It is believed thaR0%. Admittedly, this is a substantial effect. On the other
the involvement of @s quark antiquark pair in the reaction hand, in the tree-level analysis presented here, we observe
process opens a new window on the dynamics of excitegubstantial model dependences. They give rise to substantial
nucleon states and can help in shedding light on the complexariations in some of the extracted coupling constants. The
and not so well understood field of baryon spectroscopy. Remajor source of the model uncertainties stems from the treat-
cently, accurate measurements for the three reactigms ment of the background or nonresonant Feynman diagrams.
—K*A, yp—K*3% and yp—K°S " have been reported In the light of this, we reckon that a profound understanding
[1,2]. In the baryon resonance region, the observed totadf the tree-level contributions to hyperon photoproduction
cross sections for all three channels are of the order of a fewrocesses is imperative. We are convinced that full-blown
microbarns. coupled-channel analyses will also benefit from an improved
A property which is specifically related to the production understanding of the tree-level contributions to the strange-
of 3 hyperons, is the anticipated role of the isospin3 A* ness photoproduction reactions.
resonances in the reaction dynamics, which are excluded In this work, we extend our tree-level analysis of the
from participating inA photoproduction because of argu- photoproduction data reported in Ré#] to the > channel.
ments based on isospin conservation. As such, #jpe  The organization of this paper is as follows. In Sec. II, we
—K3 channel can act as an isospin filter to study thase Will discuss the isobar model for hyperon photoproduction
resonances. In comparison to thp— KA process, the de- ©On the nucleon. Special attention will be paid to the peculiar
scription of 3, photoproduction within the context of isobar role played by the Born diagrams. In Sec. Il we then present
models appears less attractive, as the freedom to exéite the results of our numerical calculations. In Sec. Il A, we
states increases the number of candidates, and correspor@xplore the dominant resonance contributions and in Sec.
ingly the number of parameters, for intermediate resonanill B we investigate various schemes to implement the non-
states. An important feature which helps in minimizing theresonant background terms. In Sec. Ill C, we discuss in how
number of free parameters, though, is the observation thder the crossing symmetri€ ~p— y%° process provides ad-
the 3% and 3" particles are part of th& isospin triplet. ditional constraints for the description of tRephotoproduc-
Consequently, one can rely on isospin symmetry to relate théon reaction. Section IV contains our conclusions and an
coupling constants needed in the description of theoutlook. The Appendix summarizes the use of isospin con-
p(y,K*)30 reaction to those required for thgy,K%)>* straints in relating hadronic and electromagnetic coupling
process. Within such a scheme, a common analysis of botfonstants.
reaction channels becomes possible.
In this work, we aim at studying. photoproduction at the Il. ISOBAR MODEL
so-called “tree level,” where only first-order Feynman .
A. Formalism
In this work, the>, photoproduction reaction on the proton
*Electronic address: stijn.janssen@rug.ac.be is modeled with the aid of effective Lagrangians. In such
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a framework, the physical degrees of freedom are hadrondere, X; are the measured observable§¢i their standard

and their excited states. Every resonance is treated as %viations,Yi(al, ..a,) the theoretical predictions for the

individual partic_le with its own propgrties, suph as mass’\/ariablesxi andN the number of data points in the fit. The
strong-decay widths, and photohelicity amplitudes. When

calculating the leading Feynman diagrams, ef'fective-fieIaaj s denote the free parametdoupling constants and had-

theories provide the operatorial structure of the interactior O e form-factor cutoffs of the model.

vertices and the propagators for the intermediate particles. ':'_hedE_ ' i ,AandEd.baryons form alnils.ospm. triplet. As
The detailed forms of the effective Lagrangians for the vari-outlined in the Appendix, one can exploit isospin symmetry
ous couplings can be found in many workge, for example to establish relations between the hadronic and electromag-

Refs.[5,6]). The conventions used here are summarized if€tic coupling constants for the differehtphotoproduction
Ref. [4]. channels. The obvious advantage of such a procedure, is that
Since the Lagrangian formalism describes point-like interthe p(y,K*)%% andp(y,K%) 2" data can be described with
actions, it is a common procedure to introduce phenomend®ne common set of parameters. In principle, tigg,K°)x°
logical form factors at the hadronic vertices. They do accoun@ndn(y,K )X~ channels could also be implemented in this
for the finite extension of the interacting hadrons and thescheme[11]. Data for those reaction channels are sparse,
hard (unknown physics at short interbaryon distances. Wethough. Moreover, the procedure of extracting “elementary”
wish to stress that such a phenomenological treatment of tHeeutron cross sections from measurements on nuclei, such as
short-distance physics is necessarily model dependent. e deuteron, induces severe model dependences. To make
widely used parameterization for the hadronic form factors ignatters even worse, connecting proton to neutron electro-

the dipole form[7]: magnetic coupling constants demands the knowledge of the
rather poorly known helicity amplitudes for the different
A? nucleon resonances. For all of the above arguments, we have
Fx(A)= (Xx=s,t,u), (1) excluded from our global analyses tB photoproduction

4 _M2)\2
A%+ (x=M3) channels off the neutron.

Even at tree level, the description ¢p—KY processes
wherex is the off-shell momentum squared at the vertex andnvolves a substantial number of Feynman diagrams. The
A is the cutoff mass that sets the short-distance scale of thdiagrams can be divided into two broad classes, the back-
effective theory. It is well known that introducing hadronic ground (or, nonresonaitand the resonant terms. The latter
form factors violates gauge invariance at the level of thereflect themselves as channel terms and are esteemed to
Born diagrams. Additional contact terms are then required t@ontain the most relevant physical information. The extracted
restore this fundamental symmetry, a procedure which is natoupling constants for the corresponding resonant states con-
free of ambiguities. In our calculations, the gauge-restoringstitute the bridge between the photoproduction measure-
contact terms are determined with the aid of a procedurenents and quark-model predictiohs2—14. However, the
which was recently suggested by Davidson and Workmammplementation of the background contributions in the de-
[8]. The advantage of this recipe over other schemes, is thatription of yp—KY processes is far from being a trivial
the added contact terms do not contain any singularities. Thigask. The background contains several classes of Feynman
is not the case for older procedures, such as those suggestgphs. First the Born terms, involving an off-shell proton in
by Ohta[9] or Haberzett[10], which have been adopted in the s channel, aKk meson exchange in thechannel and
numerous theoretical works dealing with meson induced antlyperon exchange in the channel. Second, there are terms
meson production reactions. involving the exchange of K* vector meson in thé chan-

Within the context of an effective-field theory, the degreenel andY* hyperon resonances in thichannel. Some mod-
of participation of the different intermediate resonances isls dealing withA and 3, photoproduction have neglected
determined by the magnitude of the corresponding electrothese resonant channel term$15,16. The exchange ok*
magnetic and strong coupling constants. Those values are nghd Y* particles in thet and u channel are perceived as
predicted by the theory itself, but should be determined byhackground and not as resonant diagrams, as they do not
comparing model calculations to an extensive data set. Thgossess poles in the physical region of the reaction.
most recently publisheg(y,K™)2° and p(y,K°)=" data
are due to the SAPHIR Collaboration at the ELSA facility in
Bonn[1,2]. This data set foB.° (3*) photoproduction con- B. Born diagrams
tains 21(5) total and 70(18) differential cross section points,
as well as 12(4) recoil polarization asymmetries over an
energy range from threshold up to 20.55 GeV. On the eling the yp—K*A and yp— K3 reaction dynamics. The

basis of these data, we have determined the optimal couplinlgorn terms only depend on two parametag:, and
. . B d : p
constants for several sets of intermediate resonances by mlr&wzop. which are in principle strictly related to the well-

mizing x2, which is defined in the standard manner: determinedg_yy coupling constant through SB) flavor
symmetry. In practice, S@3) is a broken symmetry and at
X Yiag, - an ] best some “realistic” ranges fogy+,, and gg+xo, can be
< > . 2 set. Reasonable ranges, corresponding with deviations of
X 20% from the S\B) predictions, are

It is a notable fact that the Born terms on their own ex-
hibit rather intriguing characteristics when it comes to mod-

1
2_ =
X N ;
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Oy (MeV) @, (MeV) ?20 at the eleqtromagnetic vertex. The dominance of this
erm can be attributed to the large valueggf: ,, compared
FIG. 1. The photon-energy dependence of the contribution fronfO Gk +x0p . As a matter of fact, this implies that the major
the Born diagrams to the total(y,K *)3° andp(y,K%)S* cross  part of the background cross section ¥? production is
sections. These results are obtained without introducing hadronidominated byA exchange in ther channel. Due to charge
form factors andgy+,/V4m=—3.0 andgy+s0,/4m=0.9. The  conservation,A exchange cannot contribute to the Born
dashed curve in thp(y,K")3° panel, is the result after excluding terms for3* photoproduction. In the(y,K®)=* channel,
the “extended” Born term depicted in Fig. 2. The data are fromthe Born contributions consist only of proton exchange in the

Refs.[1,2]. s channel an® " exchange in thai channel. Remark that
also thet channel does not contribute since the photon does

UK+ Ap not couple to the neutrak® meson. Despite the restricted
—4.5< ?g—&o, (33 number of background diagrams, the two Born terms pro-

duce far more strength than in tB€ photoproduction case.
This can be partly attributed to tiggos +, coupling constant

0.9< 9k +x% <13. (3b) which is, according to the relatiqi\3), a factor ofy2 larger

At than gg+s0, and partly to the values of the corresponding
anomalous magnetic momentscs(+=1.458, ky0=0.79)
Purely hadronic processes, such Kbl scattering[17] or  [23,24.
pp—pKY reactiong[18,19, can be understood in terms of  From the above discussion it may become clear that apart
the SU3)-based coupling constants. These observations malyom introducing resonances, it is mandatory to add model
suggest that there is little room for $8) breaking beyond ingredients that properly counterbalance the strength pro-
the aforementioned ranges. In the electromagnetic producluced by the “bare” Born terms. IM\ photoproduction,
tion of strangeness, though, a difficulty emer§¢20-23.  where one comes across a similar difficulty, we discussed
Indeed, using coupling constants which vary within thethree schemes in which this goal could be accompligh¢d
aforementioned boundaries, the predicted strength from theirst, it is well known that for sufficiently low values of the
“bare” Born terms overshoots the measurgqdy,K*)A cutoff massA in the hadronic form factors of Ed1l), the
cross section by a factor of 3 or 4. In tAephotoproduction  strength stemming from the Born terms can be adequately
case, we observe similar qualitative features. The photorsuppressed without invoking other mechanisms. It turns out
energy dependence of the tofly,K ")3° andp(y,K9)3 " that in such a scheme an appropriate description ofAthe
cross sections, calculated in a model that solely includes thphotoproduction data can solely be achieved with cutoff
Born terms, is displayed in Fig. 1. For bol production  masses of the order of the kaon mass. This is a rather incon-
channels, the Born terms in themselves strongly overprediatenient situation for an effective-field theory. Second, in Ref.
the measurements. For the curves of Fig. 1 we adopt thg5] we have shown that for the(y,K*)A process, the
values gy+p/V4m=—3.0 and gx+xo,/\47m=0.9. They introduction of hyperon resonancéa* and 3*) in the u
correspond with the smallest absolute couplings which arehannel permits one to naturally cut down the strength from
allowed according to Eq(3). When adopting couplings the Born terms through destructive interferences. Such a
based on exact SB8) symmetry, the overprediction becomes scheme offers the obvious advantage of describing the pho-
even more severe. toproduction data with cutoff masses of a few times the kaon
An intriguing observation is that, under the constraints ofmass. As a third alternative, the constraints frdmnoken

Eqg. (3), the major fraction of the Born strength in the SU(3)-flavor symmetry of Eq(3) can be simply disregarded.
p(y,K*)20 channel is stemming from the so-called “ex- It goes without saying that after sufficiently reducing the
tended” Born diagram which is sketched in Fig. 2. In this gk+,, andgx+xo, couplings, one cafartificially) force the
diagram, aA is produced in th@ channel and converted into strength from the Born diagrams to approach the magnitude
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TABLE I. The table summarizes the reducgtivalues for the different sets &f* andA* resonances and
a particular model to treat the background diagrams. Fhevalues are from the best fits obtained from
comparing the model calculations with the SAPHpRy,K)> data. With “N* core set” we refer to the
S11(1650),P44(1710), andP,3(1720) nucleon resonances. NFP indicates the total number of free parameters
in the corresponding fitting procedure.

Resonance contributions Background x? NFP
N*core set D3(1895)  S3,(1620)  S34(1900)  P4y(1910) Model
¢ D 6.52 13
¢ ¢ ¢ D 4.16 15
¢ ¢ ¢ D 5.66 15
¢ ¢ ¢ D 3.20 15
¢ ¢ ¢ ¢ D 3.19 16
¢ ¢ D 5.29 18
¢ ¢ ¢ ¢ D 2.88 20
¢ ¢ L 2 A 2.03 15
¢ ¢ ¢ L 2 A 1.98 20
¢ ¢ ¢ B 1.95 17
¢ ¢ ¢ ¢ B 1.81 22
¢ ¢ ¢ C 1.96 15
¢ ¢ ¢ ¢ C 1.89 20
of the measured cross sections. provement and, consequently, for additioNdl andA* reso-

In this work, we extend our description of photo- nances playing a non-negligible role in the reaction dynam-
production[4] to theX production channels. Building on the ics. Table | summarizes the attaingd values for various
knowledge gained im\ photoproduction, in Sec. 1llB we combinations of resonances. In an attempt to minimize the
will present various schemes to implement the backgroun@umber of free parameters, we started out with introducing
diagrams in modelingd(y,K)X reactions. First, however, only spin-1/2A* states. Note that in an effective Lagrangian
we will look for a proper set of resonances to describe theypproach, a spin-1/2 resonance adds only one free parameter
currently availablep(y,K)% data |nOSec. INA. Finally, in - \yhile five extra parameters are introduced per spin-3/2 reso-
Sec. 11l C we consider thp(K™,y)%" reaction. nance (two coupling constants and three off-shell param-

etery. Candidates for spin-1/2A* resonances are the
Ill. RESULTS S31(1620), S34(1900), andP34,(1910) state$23]. With those
three A* resonances and the aforementioned core of three
N* resonances consisting of t1%g,(1650), P,,(1710), and

Recent isobar model$4,5,15,28 identified the three P,5(1720), we arrive at a global best fit witp?=3.19. A
nucleon resonance;;(1650),P;,(1710), andP,5(1720) as  similar quality of agreement)¢=3.20), however, can al-
leadingN* contributions to thep(y,K)A reaction. It thus ready be achieved by the mere action of only two of these
appears natural to consider them as privileged candidates t*'s, the S33(1900) andP;(1910). Other combinations se-
participate in the> photoproduction channe[d6]. On the lected out of the three aforementiondd states were also
other hand, we do not have similar guidelines concerning thable to improve the description of the datsee Table )l
leadingA* contributions. In our numerical investigations, we although the combination of th8;,(1900) andP3,(1910)
rely on ay? procedure to judge whether a particular set ofclearly produced the begf?. Note that these twa\* reso-
resonances is suited to describe the data. In the process @finces were also recognized as most likehZ resonance
determining an optimum set &* andA* particles, we have candidates by Mart in his analysis of tRephotoproduction
fixed a basic set consisting of the three aforementiddéd data[16].
resonances to which we have gradually added other combi- The recenp(y,K*)A data from the SAPHIR Collabora-
nations ofN* andA* states. All results reported in this sub- tion [1] exhibit a structure in the energy dependence about
section are obtained with a particular model chdiceSec.  w,~1.5 GeV. In the analysis of Refl5], this structure
[1l B coined model D for treating the background. A pro- was put forward as possible evidence for the existence of a
found discussion of the implementation of the background'missing” D;5(1895) resonance. An alternative interpreta-
diagrams is postponed to Sec. Il B. tion in terms of the exchange of a spin-3%2 resonance in

Starting with a “core set” consisting of th&,,(1650), theu channel was put forward by Saghai in ReX6]. In Ref.
P14(1710) and P,5(1720) resonances, we arrive af  [4], we stressed thaN* resonances with other quantum
=6.52 for an overall fit to the combined set pfy,K 7)3° numbers can also account for the observed structure. From
and p(y,K%=" cross section and polarization asymmetrythis discussion it may already become obvious that the iden-
data. This quality of agreement surely allows room for im-tification of “missing resonances” and their properties from

A. Resonance contributions
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strangeness photoproduction data, is a heavily debated topithereby, noY* contributions in theu channel are consid-
We have investigated in how far the inclusion of a “missing” greq. Despite our reservations regarding the use of “soft”
D15(1895) resonance improves the fits of th@hotoproduc-  cytoff masses, eventually we arrive in this scheme at a very
tion data. Including the core set of thré¢*’s and the  gatisfactoryy?=2.03 with a cutoff mass close to the under
D15(1895) in thes channel, we arrive at a best fit witt*  |imit of 0.4 GeV. It should be stressed that with cutoff masses
=5.29. Despite the fact that i 3 andA* resonances have 35 small as the kaon mass, the hadronic form factor starts
their poles in the same energy region, inspection of Table hjaying a predominant role in the description of the reaction
learns that this quality of agreement is inferior to what wasgynamics and heavily affects the predicted values of the ob-
obtained in the calculation with twA* resonances. A reso- servables, not only in the high-energy regime but even at
nance set consisting of the core of thié& resonances, the threshold.
D1;and the twoA*’s leads to a fit withy*=2.88. Compared Model B In Ref.[25], we pointed out that for the descrip-
to the x? of 3.20, achieved without introducing e, 5, this  tion of p(y,K")A processes, the introduction of hyperon
represents only a minor improvement, in view of the fact thatesonances in thechannel can be an efficient and physically
the introduction of a spin-3/2 resonance comes at the exelevant way of counterbalancing the strength produced by
pense of throwing in five additional free parameters in thghe Born terms. More specifically, the destructive interfer-
fitting procedure. ence between the channel amplitudes of th&* (1800 and
Summarizing the findings of Table I, we are tempted 05+ (1810 hyperon resonances and the Born terms resulted in
conclude thatA* resonances seem to constitute an _ess_,entlae{ very satisfactory description of the(y,K*)A data. We
pa_rt of the dynam_lcs ok photoproduction. No COMVINCING K ave made an attempt to identify an equivalent procedure for
evidence for a salient role for ifi,(1895) resonance iB KX, photoproduction. Unfortunately, there is relatively little
photoproduptlon is found. l.n this SUbSQCt'On' we h.ave dr.av‘."fheoretical guidance on how to select the proper intermediate
our conclusions on the basis of numerical calculations withi yperon resonances and how to determine realistic values for

one p;rg_cular moi?t(“mo?el ol )dfc;r ;rea_tlngl the ?’aCk-th their coupling constants. Nevertheless, after including the
ground diagrams. Alternative. models or impleémenting €« 114 ands* (1880 in the u channel, we arrive at a fair

background diagrams will be introduced in the forthcomin - 150 Oy + :
section. Anticipating these investigations, the relative role g Esc”pt"’” of thep(y,K™)%" andp(y,K")X" data with a
the differentN* andA* particles turns out to be rather inde- X of 1.95.

. : Note that the A* resonance does not feed thegp
pendent of the choices made with respect to the treatment of o<+ :

. ) L —K"2 " channel. Consequently, the procedure of introduc-
the nonresonant diagrams. As it happens, this will turn ou} . .
not always to be the case for the extracted quantitative reso-y hyperon_ resonances in thechannel, as a natural _phy5| .
nance information cal mechanism to counteract the background amplitudes, is

' expected to be less effective in thEy,K®)>* channel.
However, as can be seen in Fig. 3, a stronger destructive
interference between thik* vector-meson contribution in

As alluded to in Sec. Il B, one of the long-standing issueshe t channel and the background diagrams is noted for the
in modeling strangeness photoproduction is the unrealistip(v,K%)=* process. One may wonder why this mechanism
cally large amounts of strength produced by the “bare” Borndoes not seem to prevail so strongly in & photoproduc-
terms. In the process of trying to counterbalance the strengttion case. This can be naturally explained by looking at the
from these amplitudes by adding extra ingredients to theespective electromagnetic coupling constants okihevec-
theory, it appears that some model dependence in the tredtr mesons. On the basis of H&10), one finds that the loss
ment of the background terms cannot be avoided. We nowf destructive interference with thA* resonance in the
discuss four models which all succeed in cutting down thep(y,K°) =" process is likely to be counterbalanced by an
background strength i photoproduction. In all schemes, enhanced destructive interference with thehannel vector-
the background contains at least the usual Born tdims meson exchanges.
cluding the “extended” diagram in th@(y,K*)3° casd One of the obvious advantages of the “model B” de-
and theK*(892) vector-meson exchange in thehannel. scribed here, is that the role of the hadronic form factors can
For the investigations presented in this subsection, the resde diminished to levels that appear physically acceptable.
nant part includes the* resonance$,;(1650),P,;(1710), Indeed, good fits x>=1.95) of the3, photoproduction data
and P;5(1720) and the\* statesS;;(1900) andP3,(1910). can be obtained with a *hard” cutoff mass of the order
Those five resonances were identified in Sec. Ill A as am\=1.6 GeV. One argument that may speak against model B
appropriate set for describing photoproduction with a is that the extracted values of t& coupling constants turn
minimal number of free parameters. out to be large in comparison with ti¢* and A* coupling
Model A The hadronic form factorf,(A), described in  strengths. However, the two channel particles, introduced

Eq. (1), cut the high-momentum dependence of the differenin the computations, could be interpreted as representing ef-
amplitudes and emerge as a mechanism to reduce tHective particles which account for a larger setuo€hannel
strength stemming from the Born diagrams to magnitudes gprocesse$4].
the order of the measured cross sections. To fully exploit the Model C A third option is to simply disregard the con-
power of this reduction mechanism, we imposed an undestraints of Eq(3) imposed by(broken SU(3)-flavor symme-
limit of 0.4 GeV for the cutoff massA during the fit.  try. Then, thegk+,, andgg+xo, coupling constants can be

B. Background contributions
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FIG. 3. Total cross sections for thgy,K *)3° andp(y,K%)3 "
processes. The dashed curve denotes the computed strength fro
the Born termgwith “strong” hadronic form factorsA=1.6 Ge\j.

For the dotted line, th&k* t channel contribution is added. The

dot-dashed curve includes th& hyperon resonances and conse-
quently is the result of the full background contribution as com-
puted within model B. The solid line embodies, in addition to the
background, thes channelN* and A* resonances. The data are
from Refs.[1,2].
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treated as free parameters in the minimization procedure. Ir ?ooo 1250 1500 1750 2000 1000 1200 1400
calculations with model C we are solely constraining the Oap (MeV) Oy (MeV)

relative sign between the two coupling constants. Ignoring

Y* exchange in thel channel, we arrive at an overall agree-  FIG. 4. Energy dependence of the tota(y,K")3° and
ment with the data of?=1.96 with gKmp/\/E: —0.23  p(y,K9)Z" cross sections. The dashed curves denote the computed
and gK+20p/\/ﬂzo_28_ These numbers are dramatically strength from the “background” diagrams. The solid curves include
smaller than what is predicted on the basis of(®Ulavor  both the background and the resonant amplitudes. The pehgls
symmetry(—3.75 and 1.09, respectivélyin this fit, the cut- (B), (C) refer to the optimum fits obtained with the three back-
off mass was allowed to vary freely and adopts a value of 2.ground models A, B, and C, respectively. The data are from
GeV. This value ofA alludes to a rather modest role for the Refs-[1.2)

hadronic form factors in the description of the reaction dy-

namics. obtained in models A, B, and C.

Model D. This scheme is an attempt to unite some of the With all suggested models for implementing the back-
virtues of the three models presented above, at the same tinggound diagrams, we arrive at a satisfactory description of
minimizing the number of free parameters that are introthe available data. This feature becomes apparent from the
duced to compute the background diagrams. In this modely? values contained in Table | and can also be illustrated by
the constraints of Eq(3) are respected during the fitting directly comparing model predictions with the data points.
procedure. In an attempt to keep the model as simple aSigure 4 shows the energy dependence of the total cross
possible, nor* particles in thau channel are introduced. The section for the background models A, B, and C. In these
hadronic cutoff mas4 is treated as a parameter and allowedplots, the strength from the background diagrams is also
to vary freely in a range defined by the under limit 1.1 GeV.shown. It is clear from this figure that the predictions for the
In the optimum fit, the value of\ always approaches this background and resonant strength are qualitatively similar
under limit, stressing the essential role of the hadronic fornfor models A and C. Nevertheless, there are major differ-
factors for keeping the strength from the Born diagrams aences between the assumptions underlying the two models.
realistic levels. In Sec. Il A this scheme for treating the Most importantly, whereas model A is based gy, cou-
background diagrams was adopted when investigating thpling constants respectingproken SU(3) flavor symmetry,
dominant resonance contributions. This choice was made omodel C does not impose any constraints of that type. How-
the basis of a minimized number of free parameters related tever, it appears that respecting SUflavor symmetry comes
the background diagrams. Inspecting Table I, it becomes olat a certain price. Indeed, when adopting($Uconstraints
vious, though, that for a fixed set of resonances model n thegky, values, one appears to be forced to either intro-
systematically leads tg? values which are inferior to those duce (unrealistically soft hadronic form factorémodel A),
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TABLE II. Numerical values of the coupling constants and hadronic cutoff mgssé&eV) in the isobar
model calculations for thp(y,K ")=° process. The conventions for the coupling constants are as ifidef.

or implement additionali channel diagramg$model B to

model A model B model C
Born terms Ok+s0p /4T 9.949x<10°? 9.215¢<10°? 2.811x10 !
Ok+ap/ VAT —4.487 —3.017 —2.261x10°*
K* Gyx 6.926x 10 2 7.598x 10 2 6.828<10 2
G 8.047x 10 2 4.087x10 2 1.411x 1071
P01(1810) Gp,, 21.838
P1,(1880) Gp,, —9.451
S,1(1650) Gs,, —4.568<10 2 —4.516x10°3 —2.511x10 2
P,1(1710) Gp,, —1.213x10°! —1.583x 10! —1.879x10° !
P,5(1720) G 2.367x 10" 2 1.706x 1072 2.699% 10" 2
ngz 5.238<10 2 8.343< 102 5.213x<102
Xp,, 12.351 6.943 14.863
Yo, 3.781 4.765 3.861
Zp, -1.122 —1.129 —1.089
S31(1900) Gs,, 5.131x 10 2 4.279<1072 4.351x 1072
P31(1910) Gp., 3.726x10 ¢ 3.599x 10 ¢ 3.920x10°?
cutoff mass Aporn 439.68 1605.04 2509.22
Avres 1616.20 1602.43 1601.54
e 2.03 1.95 1.96

more sense to compare the prodngtyp-f: than the bare

deStrUCtiVely interfere with the Born terms. In the Iiteraturecoup”ng ConstanthYp_ In this respecn our model A, based

on p(vy,K)Y, there is no agreement on whether or not to
respect S(B) symmetry. The analysis of Leet al. in Ref.
[27] is based on moderately broken &Y symmetry
(Okrp/ VA= —3.80 andgyy,/\4m=1.20). This for ex-
ample also holds for the work of Davidktal. [28]
(Okap/ VA= —3.23 andgys,/4m=0.80). Other analy-
ses yieldedgky, coupling constants which do not respect
SU(3) symmetry. Williamset al. [20] were one of the first

to document that by not imposing flavor symmetry a fair "

description is obtained with much smaller coupling®2.38
<Oirp/VAm<—1.16 and 0.09289,o,/\47=0.273,
Martet al.

Similarly and more
Okap/VAT=051 and gyyo,/VAm=0.13, Feuster and
Mosel [5] extractgy,,/\47=—1.72 and Hsiact al. [22]
arrives at values ranging betweeﬁ2.41<g,2Ap/\/E<

—1.24 and—0-50$gf<rzop/\/477$ 1.04. All these absolute where +(—) refers to a hyperon polarization paralkgnti
Okyp'S are substantially smaller than what could be expectegbaralle) to the (5, X px) axis. Note, however, that the data

on the basis of moderately broken &Y flavor symmetry.

recently,

[11] use

~ do/dQ")—do/d0 )

T do/dO) +de/d)

on SUQ3) flavor symmetry forgyy p,, requires form factor§

of the order 0.1. Model C, on the other hand, use valuds of
of the order 1, but theyky, are close to one-tenth of the
SU(3) predictions. This results in comparable values for

Okvp’ F in both models. In model B, S@) flavor symmetry
is only mildly violated and due to the larger cutoff mass, the

productgyy p- F is considerably larger than in the models A

In Fig. 5, model calculations for the angular distribution

of the p(y,K")2% and p(y,K%)S* recoil-polarization
asymmetry are given. This asymmetry is defined as

4

points for the asymmetry of th&®S " process, are binned

The numerical values obtained in this work are summarizedver the whole energy range. Consequently, they hardly af-
in Table 1. As pointed out in Ref[5], it probably makes fect the y? of the global fit.

JETTT T

FIG. 5. Angular dependence of the

p(y,K*)20% and p(y,K%)S ™ recoil-polarization

o o 7 asymmetry P). The solid, dashed, and dotted
3 T + lines are obtained with background model A, B,
05 E T T . and C, respectively. Our results are averaged over
F1050 MoV’ <, < 1250 MeV 1250 MeV < i, < 1450 MeV ] 1450 MeV < e, <2000 MeV] F1050 Mev <, < 1550 Mev] the experimental energy bins. The data are from
L e N S o e IR Y s s PPN Y s R B s NN NN Refs.[1,2]
-1 0 1 - 0 14 0 1 -1 0 1 Ll
cos6 cos6

035202-7



JANSSEN, RYCKEBUSCH, DEBRUYNE, AND VAN CAUTEREN

p+y—o K +2° p+y—o Kl +Z*

do/dQ (ub/sr)

0
05 1200

PHYSICAL REVIEW 66, 035202 (2002

p+y—o K +2°

do/dQ (ub/sr)

05 1200

N w 0.4 N
03
0.2 SR
AT
o ’ ,:c‘:.:\\:\:\‘i‘\“\“‘“\‘\\\\\\\\\\\\\\;\\‘\;\;\;\ _ %’lﬁ“\‘\““
e >l
o 40
05 1200 \
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FIG. 6. The differential cross section and photon-beam asym- FIG. 8. As in Fig. 6 but now for background model C.

metry (3) for thep(y,K")3° andp(y,K® S " processes as a func-
tion of the photon lab energy,,, and cosd. The calculations ac-
count for theS;;(1650), P14(1710), P,5(1720), S3,(1900), and

photon energies should not be considered as physical. It il-
lustrates the limits of the hadronic models for predicting ob-

P4,(1910) s channel resonances. The background terms are treatetrvables in “unmeasured” regions of the phase space. Note

according to the prescriptions of model A.

that the data used in the fitting procedure do not extend be-
yond 2.0 GeV E° production and 1.55 GeV £ produc-

Predictions for the energy and angular dependence of théon). For the angular and energy dependence of the
differential cross section and the photon-beam asymmetrp(7,K*)2° photon-beam asymmetry, models A, B, and C
(2) are displayed in Figs. 6, 7, and 8 for the models A, B,produce comparable results. Although no published data ex-
and C described above. The photon-beam asymmetry is dést for this observable to date, the model dependences in the

fined in the standard manner:

_ do/d0®) —do/daD
do/dQ) +do/d

©)

Here, L (||) refers to linearly polarized photons perpendicular
(paralle) to the reaction plane. From visual inspection of the
Figs. 68, it indeed becomes apparent that the energy a
angular dependence of the differential cross sections is rath
similar for the three models. The sudden rise in the predictec 1 ey
3.9 cross sections at very backward angles and the highes : :

p+y—o K +2° p+y—o Kl +Z*

do/dQ (ub/sr)

FIG. 7. As in Fig. 6 but now for background model B.

predictions for this observable seem to be modest. On the
other hand, large variations between the different predictions
for the p(y,K%)>* photon-beam asymmetry are observed.
To fully appreciate this, we have gathered the calculations
for the photon-beam asymmetries at some fixed photon lab
energies in Fig. 9. With no doubt, more precise data for the
various polarization observables would help in further con-
araining the model dependences in the treatment of the
Iackground diagrams.

A . : T ]
05 + + ]

F Gy, = 1100 MeV T @y, = 1500 MaV T @y, = 1900 MaV 1

R o IWET PR AR PEETE & 8 FNEEE SWETE AEETl FEEES 8 FEEEY SEYl SEETE SRR o

1 T e e

L KOs+ I 1300 MeV I = 1500 MeV h

o5k . + .

F s T o
W0 Wi " .
05 3 P 3

[ O =1100 MeV I e I b

A Clov oo loa e by b 1Ty b bonn by o I 0 e by v b naa e 11

-1 05 0 05 14 05 0 05 11 -05 0 05 1
cos0

FIG. 9. The angular dependence of the photon-beam asymmetry
(2) for three photon lab energies. The solid, dashed, and dotted
curves are the predictions as obtained with the background models
A, B, and C, respectively. The upper panels are forphg, K *)3,°
process, the lower for the(7,K%)3* reaction.

035202-8



3, PHOTOPRODUCTION IN THE RESONANCE REGION PHYSICAL REVIEW €5, 035202 (2002

G [S,,(1650)] GIP,(1710)]  GM [P, (1720 GP [P,,(1720)] G [S,(1900)] G [P4,(1910)]
0 0 r F 01 006 F =
. ‘ b N . Fe 1 oeb ] FIG. 10. The extracted coupling constants for
<001 |- — r F | . X - - ) E .
_ o5 oy T4 O Il o] *n ] the N* and A* resonances. The circles are ex-
= 3 o o ] ] c CL e
3 o0z | 3 b 002 | E oo " o ] tracted within model A, the squares within model
g [ 02 F 06 |- ] : ] ] . S
8 Ayl 0 F 7 N e 4] .f E 1 B, and the triangles within model C. The conven-
@ L . re 0015 | = S ] 1 . .
£ % ; : oo |- ] F ] e2F . tions adopted for the coupling constants are sum-
8 oo b 1°°F m 7 oo f 3 o0z | E ] marized in Ref[4].
[ E 002 |- n o 1 o1 | -
® A { o005 | 3 001 | 1 ]
005 [ 4 °2r ] F
oL 0 oL 1 0

Not only the predictions for some of the asymmetries, butwherep, k, px, andps are the four momenta of the proton,
also the extraction of resonance parameters, turns out to lghoton, kaon, and®, respectively. Unfortunately, to our
reasonably sensitive to the adopted procedure to treat tHenowledge the sole reliable data point for the radiative kaon
background. This feature is illustrated in Fig. 10, where thecapture process is for the branching ratiostdppedkaons
extracted resonance coupling constants are plotted for the
background models A, B, and C. For the=3 A* reso-

- 0
nances, the extracted coupling constants are rather insensi- R= M
tive to the choices for the background. Larger variations, (K™ p—all)
exceeding the 20% level are observed for the extrabted
parameters. Table Il lists the numerical values of all param- _ T w 1
eters corresponding with the optimum fits. The discerned _2WK’p MMk(Mp+My) (47)2
model variation in the resonance parameters show that a
model-independent extraction of this information from the 1 _Kk+s0
strangeness-photoproduction data is not yet at hand. This is X§|M PR (k= PPyl ©®

rather unfortunate, given that these variables play a crucial
role in linking the predictions ofconstituent quark models where w is the c.m. photon energy antVy ,=560

and the photoproduction data. . - . .
To conclude this section, we come back to the aforemen—i 135 MeV fir? is the K P pseudopotential determined by

tioned issue of the missing 3 nucleon resonance. Adopting Burkhardtet al. [30]

background model D, the inclusion of thig* particle im- Our model predictions foR are summarized in Table III.
oroved the quality of the global fit from?=3.20 to y2 It becomes clear that the three proposed background models

588 We st in that thi tth gf)oduce values which differ by two orders of magnitude and
—<.00. Ve Slress again that this comes at the expense nsiderably underestimate the measured value. However, it
adding five extra parameters. We have investigated whether

o o ) s been stressed by various authf28,30,32 that the
similar qualitative feature emerged with background mOdelsA*(1405 resonance, which is as channel resonance just
Ak‘]’ B, a,[‘d Cd I?] all caAs*es, a global fit \.N;]th ”:je c.or:e of ';]he below the decay threshold, is of crucial importance for re-
threeN™ and the twoA™ resonances with an without the roducing R. In the 3 photoproduction process, the
D 15(1895) was performed. The results are contained in Tabl *(1405 is a candidate for a resonantchannel contribu-

I. The improvement in the quality of the fit varied from 3%

) S tion. However, in our analysis ofp— K2, no direct need
(model A) to 8% (model B. We appreciate this improvement o jyiroducing theA* (1405 emergedmodel B is the sole
as rather modest in view of the five extra parameters. For th

. . fhodel that implementsi channelA* and 3* resonances

sake OT reference, We+ment|on that Ina comparable tree'Ie\’%lherefore, we investigated whether a consistent description

analysis of thep(y,K™)A data, the inclusion of an extra of the branching ratiock and thep(y,K)3 SAPHIR data is

D15(1895) resonance improved the fits from 22 up to 40%aasible. To this end, we started out from background model

depending on the choices made for computing the backB to which we addéd the\* (1409 hyperon resonance. In

ground contribution$25]. the fitting procedure against the SAPHIR data and the value
of R, we arrive at ay? value of 1.92. The result for

C. Radiative kaon capture R=1.56x10"2is in agreement with the experimental value

Through the rules of crossing symmefg], the process  Within the error bars.

of radiative kaon capture, o _
TABLE Ill. Model predictions with the background models A,

K™ +p—y+3°, (6) B, and C for the branching ratiR=T(K p—y2%)/T(K p
—all). The experimental value is from R¢B1].

is related to the kaon photoproductipfy,K ")3° process. -
Indeed, one has A B C B + experiment
A*(1405 Ref.[31]

MK P 720(p,k,pK Ps)=M yp_'KJrEO(p, —k,—pk ypi)(,?) RXx10* 0.016 0.259 0.002 1.556 1.40.20+0.11
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To conclude this subsection, we wish to stress that the APPENDIX: ISOSPIN SYMMETRY AND COUPLING
branching ratioR in radiative kaon capture has only a lim- CONSTANTS
ited potential to constrain thp(y,K)2 reaction dynamics.
Indeed, there are strong indications that the valuérois
mainly determined by the strength of the" (1405 while
this resonance plays only a secondary roleyp—K3
reactions.

Isospin symmetry considerations are extremely useful
tools to establish ranges and relative signs between series of
coupling constants. In this appendix we sketch how isospin
arguments can be used to establish relations between the dif-
ferent hadronic and electromagnetic coupling constants
which are required in global fits to photoinduced open
IV. CONCLUSION strangeness production on the proton. In this appendix, we

ssume the isospin symmetry of the various meson and
aryon multiplets to be exact. In what follows we will briefly
address both hadronic and electromagnetic coupling con-
stants.

In this work, we have presented results for neutral an
charged, photoproduction off the proton in a hadronic
model at tree level. By comparing model calculations to
the SAPHIR data, we were able to identify a set of five
and A* resonances| S;;(1650), P4(1710), P,4(1720), _
S5,(1900), andP3;(1910)] with which a satisfactory de- 1. Hadronic decays ofN* and A* resonances
scription of the data can be obtained. Our calculations do not The calculation of hadronic transitions of baryon reso-
provide evidence for a salient role for tii® ;(1895) reso- nances poses a challenging task to constituent quark models
nance in% photoproduction. Th®,5(1895) has never been (CQM). The major difficulty of such models is to determine
observed inmN scattering. Recently, it was claimed that sig- the structure of the operators which govern the decay mecha-
nals for the existence of such a resonance emerge from the nism. This reflects the insufficient basic insight into the
photoproduction data. quark dynamics in low-energy hadron phenomenology. Most

We have shown that the “bare” Born amplitudes produceCQM'’s studying hadronic decays of baryon resonartfmasa
p(y.K)X cross sections which dramatically overshoot therecent example, see R¢87]), start from a transition opera-
measured ones. Therefore, additional ingredients in theor at quark level which does not contain isospin-dependent
model calculations beyond resonance contributions appeagrms. In such a model, the amplitude for a pseudo-scalar
essential. We have presented total and differential cross sehadronic decay of the type
tions as well as recoil and photon asymmetry results for four
schemes which accomplish to cut down satisfactorily the B(l11,M1)—K(l2,M3)+Y(l3,M3), (A1)
magnitude of the Born amplitudes. Through the background
diagrams some model dependence in the extracted resonarigeproportional to the isospin part
parameters gets introduced. This dependence turns out to be

small for theA* particles. For some of th8* resonances, (—1)'27hh S
though, the obtained coupling constants may vary substan- 2l +1 (12M2lsMg[liM ) (1[ TE10), (A2)

tially, depending on which model is used to implement the
background. Predictions for thp(y,K*)=° photon-beam

” ) wherel; andM; are the isospin and isospin projection of the
asymmetry are only moderately sensitive to the implementa-

tion of the background terms. This is not the case for thd€SPective particles anif) denotes a spherical tensor opera-
photon-beam asymmetries in the(y,K®)S* channel. It tor of rankl. From the expressiofA2), one easily obtains

should be stressed that for i case far more data are the following relations between the different isospin chan-
presently available. In the foreseeable future, the availabl8€!S INN—KZX:

amount of> photoproduction data in the resonance region

will dramatically increase. Research efforts at Jefferson Lab _ Ok0s+p _ Ok+s-n

[33], at GRAAL (Grenoble [34], and SPring-$35] and con- Ok 3% = 2 ~Okox0n= 2 (A3)
tinuing analysis work from the SAPHIR Collaborati¢86]

will extend theX andA photo production and electroproduc- In determining these relations we adopted the following con-

tion data beyond 2.0 GeV and will shed light on tfie)ca- : : ; : : .
pability of hadronic approaches to model the physics a%/ennons for the isospin states of thhysicalX particles:

higher photon energies. They will also provide large and ac-
curate sets of polarization data. With such an extended data
base, one can be hopeful to better constrain the theoretical 0
models and reveal the full dynamics of strangeness photo- 2%+ 1=1M=0), (A4)
production reactions.

St-[l=1M=+1),

STi+|I=1M=—-1).
ACKNOWLEDGMENTS For the hadronic decays of the type—~KA, starting from
This work was supported by the Fund for Scientific EQ. (A2), even simpler relations can be written down:
Research—Flanders under Contract No. 4.0061.99 and the
Research Council of Ghent University. 9k +Ap=OKOAn - (A5)

035202-10



3, PHOTOPRODUCTION IN THE RESONANCE REGION PHYSICAL REVIEW €5, 035202 (2002

We now consider hadronic decays of the type-K3,. De-  amplitudes, it is easily proven that they are sensitive to the
fining the corresponding isospin states for the particles  isospin of the final state. To determine the electromagnetic
as|l=3%,I;==*3), one obtains the following relations from vertex coupling at a neutron target from the knowledge of the

Eq. (A2): electromagnetic coupling at a proton target, those differences
have to be taken into account. We adopt the same procedure
Ok+30A+=— V2 Okos+A+ as for the vector-meson transition moments and use the ex-
perimental amplitudes as a conversion coefficient. The ex-
= Qg03040= V20K 3 - a0. (A6)  pressions, which directly follow from the interaction
. . . Lagrangians, read
The relations contained in Eq8A3), (A5), and (A6), also
hold when aN*, K*, 3*, or A* resonance is involved at the 1 n
. _KN*n 112
vertex. spin— X = (Al1)
Knep Al
2. Electromagnetic vertices
. o . 3«8 J3AT +AD
Most of the information with respect to electromagnetic spin— = w0 T v e (A12)
couplings rely on experimental quantities. The measured de- 2 Kf\ll*)p \/§AE/2i AL,
cay widths for theK* *(892) andK*°(892) vector mesons
are[23] a M,
3A],———Aj}
Tye+x,=50%5 keV, (A7) <2 V2o 2
& = YIS (A13)
Ky
Txo_go,=116+10 keV. (A8) N*p ﬁAg,z—M—”Ag,z
N*

In principle, one can determine the value of the magnetic

transition moment on the basis of the proportionam&*K where * refers to even/odd parity. Note that some of these
~T'x k- Within the context of isobar models, however, helicity amplitudes are rather poorly k_nown, especially those
the coupling constants are frequently considered as “effecof the neutron. For the electromagnetic decay ofAfigeso-
tive couplings” wherein, for example, part of final-state in- hances the following simple relation holds:

teraction effects are absorbed. It is a common procedure to

use only the ratios of the measured decay widths to connect Kaxp™= Kaxn, (A14)

isospin related coupling constants. This leads to the follow- . L
ing expression: regardless of the spin state of tA& resonance. This is not

the case for the electromagnetic decay2éfresonances. In
principle, one can make use of the same procedure adopted

2
Kroko _ Tiroky (A9)  for theK* andN* transition moment and take the ratio of

2

K +i+  Tretokty the helicity amplitudes as a conversion coefficient. Due to
the lack of knowledge about the latter quantities, we have
or used ratio’s of th& ground state transition moments as con-
version coefficients. This produces the following relations:
Kigeogo= — 1.52x (A10) P g
The relative sign in the last expression was allocated on the _ Ms0 _ Mx0
i . Ks*s0= K = KS*s—, Al5
basis of a CQM predictioh38]. s s+ et s - T (A15)

The nucleon magnetic transition moments are related to
the photohelicity amplitudes through the interactionin which we have usegsy+=2.458, uy-=—1.160[23],
Lagrangians. From the isospin structure of th& helicity = and uy0=0.79[24].
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