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Pseudovector versus pseudoscalar coupling in kaon photoproduction reexamined
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The question of pseudovector versus pseudoscalar coupling schemes for the kaon-hyperon-nucleon interac-
tion is reexamined for the reactiorp— K * A in several isobaric models. These models typically include Born
terms,K* andK; exchanges in thechannel, and a few different combinations of spin-1/2 baryon resonances
in the s andu channels. The coupling constants are obtained by fitting to a large data set. We find that both
pseudoscalar and pseudovector couplings can allow for a satisfactory description of the present database. The
resulting coupling constantgy ,n and ggsn, in the pseudovector coupling scheme are smaller than those
predicted using flavor S(3) symmetry, but consistent with the values obtained in a QCD sum rule calculation.

PACS numbegs): 25.20.Lj, 13.60.Le, 13.75.Jz

Kaon electromagnetic production has been studied foremind the readers that the result @f \n/\47=—4.17
more than three decades. However, the progress has not bee®.75 obtained by A$5], which appears to agree well with
as swift as in the case of pion production. This is due mostijthe SU3) value, was actually more of a constraint imposed
to the lack of precise experimental data. This is changing ai the fitting. They found many other possibilities within the
abundant data are coming from various high-energy, hig°S coupling scheme which could give a comparable reduced
duty cycle electron accelerators like TINAF, ELSA, andx?. It is clear then that the issue is far from being settled.
ESRF. Bennhold and Wrigh{BW) [9] investigated this question of

On the theoretical side, most of the calculations have emPV versus PS coupling for the KYN vertex in kaon photo-
ployed the isobar model approafh-4]. Such an approach Production more than ten years ago. They concluded that the
includes a limited number of low-lying-, t-, andu-channel data did not prefer one couplln_g over the other. .However,
resonances, together with the Born terms, in a fit to dataQnly Born terms were included in the model considered by

These phenomenological analyses have been hampered EVY.Y and the fitted data were those available before 1984

the fact that many resonances can, in principle, contribut d d?gsgvet\;]es r%tqh%rrtgnmtltedé S’?.g?;%':‘%ganweh‘ggmr;g é?;m
due to the large energy needed to produce a kaon. The IS 1mp questi P proguct

differ from each other mostly in the particular set of reso- ithin more extended models and the larger database which

. . . is currently available, as recently called for by Bennhold
nances considered. Despite many persistent efforts to reprg; o [10] y y y

duce datd1-4], serious problems remain in the description = 1o eytended models we considered are similar to those
of kaon production. For example, the coupling CO”Sta”%mployed by AS[5] and WJC[1]. They consist of Born
gkan/ V4 obtained from the fits by Adelseck-SaghaiS)  terms, k* (892) andK,(1270) exchanges in thechannel,

[5], Williams, Ji, and CotancWJC) [1] and Mart, Ben-  and a number of spin-1/2 baryon resonances instaed u
nhold, and Hyde-Wrigh{6] are —4.17+0.75,-2.38, and  channels. The kaon-baryon-baryorKBB’) interaction,
0.51, respectively, as compared with the (SUvalue of  \hereB andB’ can beN, N*, Y, andY*, in either coupling

—3.7-0.7[5]. scheme is given as follows:
Most theoretical analyses performed so far have em-
ployed pseudoscalar couplind®S for the kaon-hyperon- EESB/:_QKB’BI//B'Ftl//Bd)K: 1)

nucleon vertex. This is becaufgé| the use of pseudovector
coupling would lead to a further suppression of the leading
Born couplings in the fit to data. Another reason is that the PV :fKB’BZ ) %)
value of the coupling constag /4 obtained from the KBB' ™ " VBVl =¥BOPK,

fit within the pseudovector coupling scheme is, in general,

considerably smaller than the &) value. However, under wherel’ , =iys andl' _=1, depending on wheth&’ andB
flavor SU3) symmetry, kaon is a member of the pseudo-have the same or opposite parity. As in thél interaction,
scalar meson octet, as well as the pion and eta meson. Thuge “equivalent” coupling constant for thé BB’ in PV cou-
it is natural to expect that the kaon-hyperon-nuclééiN)  pling is related to that in PS coupling through the relation
vertex takes the same form adNN. In the =N system, it is

well established that the pseudovedt®Ww) coupling scheme

has an advantage over PS coupling as it respects current
algebra and incorporates low-energy theorems. Furthermore, (mg+mg) Mk

with SU(3) symmetry-breaking effects taken into account, a

recent QCD sum rule calculatiof8] gave gxan/V47  In pseudoscalar coupling, the Born terms are those given in
= —1.96, which is only about half of the §8) value. We Figs. 1a@-1(c), while the additional “seagull” diagram of

Okes'  Tkes’

()
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ization data. In the present study, 242 data paofotess sec-
tions and polarizationfrom the yp—K* A reaction are used
in the fitting procedure, as used in the calculation of R2f.

The resulting parameters obtained in the least-squared fit
to the data and thg? per degree of freedom within both PS
and PV coupling schemes for the three models described
above are listed in Table I. In several cases certain combina-
tions of strong and electromagnetic couplings, e.g.,

Fig. 1(d) is needed in pseudovector coupling in order to9kan=«(NN*), where <(NN*) is the transition magnetic
maintain gauge invariance. The couplings of vector mesongloment ofNN*, always arise together. Therefore, only their
K* andK, with baryons are taken to be a sum of vector andProduct such aGys = gxan+ k(NN*), can be determined in
tensor parts, as given in R¢L1]. With the standard form for the current study as given in Table I. We first repeat the
the electromagnetic verticeg BB’ and yMM', where calculation of AS[5], which used PS coupling and fitted to
M(M")=K, K*, andK, [11], it is straightforward to derive only 117 differential cross section data for the reaction
the resulting kaon photoproduction amplitude. Explicit ex-p(v,K™)A available at that time. We find a set of coupling
pressions for various amplitudes within the PS couplingconstants which differ slightly from those of their model A
scheme can be found in R¢1.1]. In our present calculation, but lead to a smallex?/N=1.21 as shown in the first col-
the amplitudes in both PS and PV coupling schemes argmn of Table I. We then employ the same model, i.e., in-
evaluated by a computer program which carries out the Dira€luding the Born terms and keeping only N1 and L3 reso-
algebra in the helicity basis. nances but refit to a larger database of 242 data points from
The first model(l) we consider is that employed by AS the p(y,K™)A reaction. The refitted coupling constants are
[5] which includes the Roper resonan¢1440) (N1) and listed in the column denoted by PS-l. The resultipg/N
A(1670) (L3) in the s andu channels, respectively. We fol- increases to 1.56 since the number of data points considered
low the notation, e.g., N1 and L3 used above, of R&f.to  is considerably larger. Many of the coupling constants ob-
denote various baryon resonances. In the second nfidglel tained differ substantially from the AS values, e.g.,
one more resonanc®(1405) (L1) in theu channel is added gxan/ V4 changes from-4.11 to —1.55. Clearly the se-
to AS model. As can be seen in Table I, where the mesotection of database is very important in determining the cou-
and baryon resonances included in each model are listed, thpding constants. As demonstrated in R3], we also find
third model (Ill) we study contains four more resonances,that the coupling constaglsy cannot be determined by the
i.e., N(1650) (N4), N(1710) (N6), A(1750) (L5), and data for the reactioyp— K™ A alone(even the sign ofixs
3,(1660) (S1), than model II. may changge The column labeled by PV-I gives the results
The fitted data set used in the BW’s study of PS vs PWithin the same model I, but with the PV coupling scheme
coupling[9] consists of 131 data points for the photon labo-for theKBB' vertices. It gives an almost identicgf/N as in
ratory energ)E, in the range of 936 1400 MeV, all for the ~ PS-I, but the resulting fundamental coupling constants,
reaction of p(y,K™)A. Of these 131 data points, 108 of gyn/V47 andgysy/ V4 decreases by about 20% as com-
them are differential cross sections while the rest are polampared to PS-I value.

(b) c)

FIG. 1. The Born term diagrams forp—K™A.

TABLE I. Exchanged particles and associated coupling constants. From the QCD sum rule approach, the
leading coupling constantgyn/ V4 andggsn/ V4, are(—2.76, 0.44 for the SU3) symmetric case and
become(—1.96,0.33 otherwise[8]. Note thatGyx =gk an+ K(N*N)/ V47 and Gy« =gyy* e (Y¥A) /4.

Particle Coupling AS PS-I PV-l  PS-l PV-Il PSHIl PVAI
A Ouan/VA7  —411 —155 —124 198 -165 —241 —1.44
b3 Ousn /AT 1.10 0.71 1.04 —0.50 0.36 0.47 0.23
K*(892) GylAm -0.44 -013 -011 -014 -021 -0.17 -0.17
Gqldm 0.18 0.24 0.37 0.23 0.14 0.09 0.17
K1(1280) Gy /4m -010 -0.17 -022 -017 —007 -0.18 —0.12
Grildm -113 -0.13 -0.07 -029 -030 -0.36 —0.23
N(1440) G 143 -125 -111 -097 -120 -129 -1.10
N(1650) Gua ~0.05 0.03
N(1710) Gue 0.02 0.01
A(1405) Gy -0.06 -0.78 -0.08 —0.51
A(1670) Gis -3.09 -009 -1.38 -032 -481 -046 —4.43
A(1750) Gis -1.81 0.25
3(1660) Gy 042 —0.45
Y3N 1.21 1.56 1.57 1.56 1.46 1.38 1.38
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1 12 14 16 18 2 -1 _0',5 6 of5 1 quantitative fit to this observable is possible only with re-
E, (GeV) cos6, fined models including form factors and final-state interac-
tions. For completeness, we last present the total cross sec-
FIG. 2. Differential cross sections for thﬁ)—>K+A The left tion in F|g 4. For photon energies below 1.5 GeV' both
side shows the energy dependence gl =27°, 90°, and 150°; the  schemes work quite well. To reproduce the higher energy
right side gives angular distribution Bt,=1.0, 1.45, and 2.1 GeV, a5 it is essential to have hadronic form factors at all inter-
o e e e i, 2o verice£3 12
tgd), and PV-III (thin-solid_), respectively. The d_ata W_ith filed resiﬁg ef(r)arlllt);;etkf‘l?nrcin:riiﬁte\::/ IE:T)UF;:)?n%ogg:;gtgagtl;feer?r:\ée[;ﬁed
circles are the same as in R¢2]. The data points with open . .
squares are from the SAPHIR collaboratidm]. up to a f_actor of & This Implle_s_ that th_e Born terms are _not
stable with respect to the addition of higher resonances in the
PS-Il and PV-II columns give the results obtained with PS scheme. In contrast, the fitted results with PV coupling
model Il which contains an additional hyperon resonanceare quite stable toward such additions, and the leading cou-
A(1405) (L1) as compared to model I. The addition of L1 pling constants in PV schemes are close to each other. Note
strongly affects other coupling constants, in particuagy, ~ that the role of N(1650) emphasized by other groups
and G, 3(1670). As in model |, the coupling constant [3,1,2,13 is not as explicit in our work. The ability to reach
Jkan/ VA7 in the PV scheme is smaller than that in the PS2 smally? in most of our cases indicates that the neglect of
scheme. We have tried a number of combinations of baryoRigher spin resonancespin-3/2 and higheris justified in
resonances in our fitting process. We find that a reasonabl€ energy region in which we are interested.
¥2/N can be achieved by several different models due to the In summary, we have tested the PS and PV schemes for
quality of the present database. A typical result is presentethe kaon-baryon interaction in thg+ p—K™+ A reaction.
in the last two columns, PS-IIl and PV-IIl, of the table. The Our results show that the PV coupling scheme for the kaon-
¥2IN’s obtained with model Ill become smaller because fourhyPeron-nucleon cannot be ruled out by the present database.
more resonances are included.
In Fig. 2 we show the differential cross sections for the 3 T T T T
above three models as a function of the photon enégadt)
and the scattering angl@ight). Note that the points with
open squares are the latest data from the SAPHIR Collabo-
ration[14] and are not included in our fitting procedure. At e By 3
lower energies, both PS and PV schemes can provide reason- 2 173, TP s
able descriptions, in other words, the data do not distinguish y

PS and PV couplings in this region. As the photon energy g
increases, the theoretical predictions in the PS and PV s ¢ data-95 ci: + +
schemes differ considerably. : R ggf:‘"“ E|3

In Fig. 3 we show recoil polarization of th& with re- TR — PV EIJ EIJ Eij
spect to the photon energjeft) and the scattering angle ---- PS-ll
(right). Due to the scarcity of data and large error bars, this " —-— Pv-I
quantity gives a small contribution tg?. As in Fig. 2 the - ;S;::::

deviations start mainly afte = 1.3 GeV. We would like to

point out that the present simple model is not able to repro- ] 12 12 16 18 >
duce the node structure in the angular distribution ofRhe E, (GeV)

as indicated by the recent data from SAPHIR]. SinceP , !

is due to the interference between helicity amplitudes, reso- FIG. 4. Total cross sections as a function of the photon energy.
nances and final-state interactions play a significant role. Ahe legends for the curves and data are the same as in Fig. 1.
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Both schemes can provide reasonable descriptions of thiis case, whether the leading-order term proceeds through
data for the differential cross section beldw,=1.5 GeV. the contact interaction, which only appears in the PV
The resulting coupling constants in the PV scheme are som&cheme, or not could help to distinguish these two schemes.
what smaller than those from the &) limit, but are con-  Any contribution due to the PS coupling must rely on the
sistent with values obtained from a QCD sum rule calculapropagation of the nucleon or the hyperon inside the nuclear
tion [8]. To resolve this question, precise data, in particulaimedium, which shall manifest itself in the cross sections.
A polarization at backward angles will be helpful, together
with a refined theoretical model with a proper treatment of The authors thank B. Saghai for providing them with the
hadron size and final-state interactions. data set used in this study and useful discussions. This work
Another possibility of examining the coupling scheme iswas supported in part by the National Science Council of
the study of kaon photoproduction from nuclear matter. INROC under Grant No. NSC-89-2112-M002-038.
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