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Unified approach to pseudoscalar meson photoproductions off nucleons in the quark model
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A unified approach to the pseudoscalar messn#, andK) photoproductions off nucleons are presented.
It begins with the low energy QCD Lagrangian, and the resonances mahdu channels are treated in the
framework of the quark model. The duality hypothesis is imposed to limit the number df-¢hannel
exchanges. The CGLN amplitudes for each reaction are evaluated, which include both proton and neutron
targets. The important role of th&wave resonances in the second resonance region is discussed, and is
particularly important for thé&k, z, and ' photoproductions.S0556-281®7)01908-7
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[. INTRODUCTION the photoproduction data directly with the explicit quark and
gluon degrees of freedom. Such a step is by no means trivial,
Recently, there has been considerable interest in studyingjnce it requires that the transition amplitudes in the quark
the meson photoproductions off nucleons. The data fronmodel have correct off-shell behavior, which are usually
ELSA in the kaor{ 1] and 7 [2] productions, from MAMI[3]  evaluated on shell. More importantly, it also requires that the
and BATES[4] in the » production have been published. model with explicit quark and gluon degrees of freedom
Further experiments have also been planned at the Contingives a good description of the contributions to the photo-
ous Electron Beam Accelerator FacilifCEBAF) [5] and  productions from the nonresonant background, which are
other electron accelerator facilities, which will provide ausually used to evaluate the contributions freschannel
complete set of data i, K, and » photoproductions with resonances. The low energy theorem in the threshold pion
much better energy and angular resolutions. This provides yshotoproduction is a crucial test in this regard, which the
with a golden opportunity to study the structure of baryonnonresonant contributions dominate in the threshold region.
resonances and a challenge to understand the reacti@ur investigatiof15] showed that the simple quark model is
mechanism in terms of quantum chromodynant@€D). no longer sufficient to recover the low energy theorem, and
The theoretical investigations of meson photoproduction®ne has to rely on low energy QCD Lagrangian so that the
during the past 30 years have been concentrated in the isgieson baryon interaction is invariant under the chiral trans-
baric models[6-10Q], in which the Feynman diagrammatic formation. Moreover, we found substantial contributions
techniques are used so that the transition amplitudes are Lofrom the S-wave resonances in the second resonance region
entz invariant. The recent investigations by Daeidal. [8] to theEy, amplitudes of the neutral pion photoproductions.
in the kaon photoproductions and by the RPI gréip] in  This shows the importance of the consistent treatment of
the threshold region of they photoproduction have been both resonant and nonresonant contributions even in the
quite successful in describing the available data. Because thiereshold pion photoproductions. We have extended it to the
meson baryon interactions are treated in the phenomenolodkaon [16] and # [17] photoproductions by combining the
cal level, the isobaric models have no explicit connectionow energy QCD Lagrangian and the quark model, and the
with QCD, and the number of parameters in these models ariaitial results showed very good agreement between the
generally related to the number of resonances that are irtheory and experimental data with far less parameters. The
cluded in calculations. Thus, it becomes increasingly imporpurpose of this paper is to present a comprehensive and uni-
tant to investigate the reaction mechanism in terms of quarkied approach to the meson photoproductions based on the
and gluon degrees of freedom. Such a program has its getew energy QCD Lagrangian. The duality hypothesis is also
esis with the early work of Copley, Karl, and Obrjk?] and  imposed to limit the number dfchannel exchanges, which
Feynman, Kisslinger, and RavndaR] in the pion photopro- was not done in our previous investigatid6|. This reduces
duction, who provided the first clear evidence of underlyingthe number of free parameters even further, and, in principle,
SU(6)®0(3) structure to the baryon spectrum. The follow- there is only one parameter for each isospin channel, such as
ing calculations and discussions with the consistent treatment , in the » production oraxy, and axys for kaon pro-
of the relativistic effect§14] have not changed the conclu- ductions.
sions of Refs[12] and[13] significantly. These calculations The paper is organized as follows. In Sec. Il, the theoret-
in the framework of the quark models have been limited onical framework is established in meson photoproductions
the transition amplitudes that are extracted from the photostarting from the low energy QCD Lagrangian. The formal-
production data by the phenomenological models. The chakism in the chiral quark model is presented for theand
lenge is whether one could go one step further to confronti-channel resonances in Sec. lll. We shall show how the
CGLN amplitudes for thes- and u-channel resonances are
derived in the quark model. Although our approach starts
*Electronic address; ZPLI@ibm320h.phy.pku.edu.cn with the low energy QCD Lagrangian, it could also be ex-

0556-2813/97/5@)/109915)/$10.00 56 1099 © 1997 The American Physical Society



1100 ZHENPING LI, HONGXING YE, AND MINGHUI LU 56

tended to the heavy pseudoscalar meson photoproductiowhereN; (N;) is the initial (final) state of the nucleon, and
such as then' production, as the meson quark coupling w (w,,) represents the energy of incomifgutgoing pho-
should also be either pseudoscalar or pseudovector for thtens(mesong
n'. In Sec. IV, we discuss some important features of the The first term in Eq(5) is a seagull term, it is generated
quark model approach to meson photoproductions. In paby the gauge transformation of the axial vectyy in the
ticular, the S-wave resonances in the second resonance r&QCD Lagrangian. The corresponding quark-photon-meson
gion play an important role in the threshold regionkgf»,  vertex is given by
and n' photoproductions. Finally, the conclusion will be
. . e I L
given in Sec. V. Hie= 2 £ bt (@0 Vb @A kr), @
Il. THE MODEL
. whereA*(k,r;) and ¢, are the electromagnetic and meson
To understand many of the successes of the nonrelativistige|ds, respectively. Notice that the seagull term in &y.is
quark model, Manohar and Georgi propo$é] the concept  proportional to the charge,, of the outgoing mesons, it does
of chiral quarks, which is described by the effective Lagrangmot contribute to the productions of the charge neutral me-

lan sons. As will be shown later, this also leads to the forward
. peaking in differential cross sections for the charge meson
L=y, (10" +VFE+ysA)—m]+---, (1)  production.

The second and the third terms aeandu-channel con-
tributions. There has been considerable information on the
s- andu-channel resonances fromN scattering as well as
the pion photoproductions, and the transition properties of
these resonances, such as the electromagnetic transition as
well as the meson decays, have been investigated extensively
in the framework of the quark model. Our task in meson
photoproductions off nucleons is to combine the electromag-
netic transitions and the meson decays of these resonances
together, in particular those evaluated in Rf9], and to
express these transition amplitudes in terms of the standard
CGLN amplitudeq20] so that the various experimental ob-
servables could be easily calculafed]. This has been done

where the vector and axial currents are

1 t t
V=5 (£19,6+ 60,80,

1 T T
A =5 (€10,6- 60,6,

gzeiﬂ'/f. (2)

f is a decay constant, the quark fieldn the SU3) symme-

try Is for the proton target in the kaon and theproductions, we
will present the complete evaluation of the CGLN ampli-
$(u) tudes for the transitions from both proton and neutron targets
y=| ¥(d) |, (3)  to the resonances below 2 GeV, which corresponds to main

quantum number in the harmonic oscillator wave function
n=<2 in the SU(6®O(3) symmetry limit. The connection
between the CGLN amplitudes for baryon resonances and
the helicity amplitude®A1,» and Az, in the electromagnetic
transition could be easily established, this has been discussed
extensively in Ref[16]. For those resonances above 2 GeV,
there is little information on their properties, thus they are
treated as degenerate so that the contributions from the reso-

(s)

and the fieldr is a 3® 3 matrix:

nances with quantum numbercould be expressed in a com-
pact form. Generally, the contributions from those reso-
nances with the largest spin for a given quantum nunmber
are the most important as the energy increases, this corre-
sponds to spinJ=n+1/2 for the processegN—KA and

(4) yN— 7N, and J=n+3/2 for the reactionsyN—K?3, and
yN— 7N.

in which the pseudoscalar mesons K and7, are treated as The contributions from thei-channel resonances are di-

Goldstone 2030;13 TO thatfthe Lagrangian in(EE)qis ir;]\'/ari—h. Vided into two parts. The first part is the contributions from
ant under the chiral transformation. Starting from this chiralye " resonances with the quantum number0, which in-

L_agrangian, there are four components for the photoproduc&Iude the spin-1/2 resonances, such as AheS, and the
tions of pseudoscalar mesons: nucleon, and the spin-3/2 resonances, such as thia kaon

productions andA (1232) resonance iar productions. Be-

(Nf[Hml N> (N HelNi) cause the mass splitting between spin-1/2 and -3/2 reso-

Mfi:<Nf|Hm,e|Ni>+§j:

Ei+w—E; nances witm=0 is significant, they have to be treated sepa-

(g HI NN H oo Ny rately. The Fransition amplitgdes for these-channel _
4 ATl AT Tml }JFMT, (5)  resonances will also be written in terms of the CGLN ampli-
Ei—wn—E;j tudes, which will be given in the next section. The second
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part comes from the resonances with the quantum number The transition matrix elementt’;; is expressed in terms
n=1. As the contributions from the-channel resonances of the CGLN amplitude,
are not sensitive to the precise mass positions, they are

treated as degenerate as well, so that the contributions from M'i=J-€, (8
these resonances could also be written in a compact form, ) o ] )
which is also in terms of the CGLN amplitudes. wheree is the polarization vector of incoming photons, and

The last term in Eq(5) is thet-channel charged meson the current is written as
exchange, it is proportional to the charge of outgoing mesons
as well, thus it does not contribute to the process . (o-q)(kXo) ok o-q
yN— yN. This term is required so that the total transition J=fiotif, lql|K] +f3|q|||(| a+fs 9 g (9
amplitude in Eq(5) is invariant under the gauge transforma-
tion[22]. The othett-channel exchanges, such asKfeand i the center-of-mass frame, wheweis the spin operator for
K1 exchanges in the kaon production, which played an imthe initial and final states with spin 1/2. Therefore, the dif-

portant role i 7,8], thep andw exchanges in the produc-  ferential cross section in terms of the CGLN amplitude is
tion are excluded due to the constraint of the duality hypo{21]

thesis. This was not imposed in our early investigafibl

of the kaon photoproduction, in which the contribution from sirt( )
theK* exchange was included. The duality hypothesis statedM7i|*= Re[ |f1]2+f5|°—2cog ) o] + 5
that the inclusion of thé-channel exchanges may lead to a

double-counting problem if a complete set of resonances is

introduced in thes andu channels. Dolen, Horn, and Schmid X[| a2+ a2+ 2f4fT +2f5f3 +2c08 0) f 431,
[23] found that thet-channelp Reggie trajectories, which
govern the asymptotic high energy behavior, can be ex- (10

tracted froms-channelN* resonances of their low energy here d is th le bet the i . hot
model. This constraint has been applied to the kaon photoV—V erev 1s the angie between the incoming photon mormen-

production by Williams, Ji, and Cotan¢8] in their quantum tum k and outgoing meson momentuein the center-of-

hadrondynamic approach. The problem in their approach inass frame. The various polarization observables can also be

that the minimum set of the- andu-channel resonances was exprefss[ed]in terms of CGLN amplitudes, which can be found
in Ref.[21].

used in the calculation so that the model space is severef{;‘ . . .
Therefore, it is more convenient to express the transition

truncated from a complete set of resonances to a few reso- litudes in th K model in t f the CGLN i
nances, in particular, the resonances with higher spins thMPItuces in the guark model in terms of the. ampli-
des, since the kinematics in this framework is well known.

are important in higher energies are neglected. Thus, th ;
theory becomes an effective theory, and the duality con- e start this _procedL_Jre fr_om the general quar k-p_hoton and
' uark-meson interactions in the QCD Lagrangian in @&g}.

straint is less significant. On the other hand, the chiral quar ding th i fiold i fth
model provides an ideal framework to apply the duality con- y expanding the nonlinear fielglin Eq. (2) in terms of the

straint since every resonance could be included in principl&*©ldstone boson fields,
and without additional parameters. The explicit expression

for the t-channel charged meson exchange is shown in the f=1+im/i+--, (1D

Appendix. we obtain the standard pseudovector coupling at the tree
level:
I1l. FORMALISM
11— .
Before we present our chiral quark model approach, it is Hmzz f—dfj YLYEY 0 . (12
very useful to review some basic kinematic feature of meson ;o tm
photoproductions. The differential cross section for meson i L
photoproductions in the center-of-mass frame is The electromagnetic coupling is
do®™  aearm(Ex+My)(Er+My) [qf He= —Ej & VL AM(K.). (13)

r |12

do sy emg? M@
Because the baryon resonancessiand u channels are

where the factoeg,/f,, is removed from the transition ma- treated as three quark systems, the separation of the center-
trix element M’y so that it becomes dimensionless, andof-mass motion from the internal motions in the transition
Js= En+o,=E¢+ oy, is the total energy in the c.m. frame. _operators is crucial, in particular, tp reproduce the model
The coupling constant,, is related to the factog,/f,, by  independent !ow energy theorefis] in the thre_shold pion
the generalized Goldberg-Treiman relatif24], however, Photoproduction and in the Compton scatteringi— yN
the quark mass effects lead to about 30% deviation from th&26]. Thus, we take the same approach as that in Refs.
measured value, while the Goldberg-Trieman relation is act26,27,13 to evaluate the contributions from resonances in
curate within 5% for the pion couplingg5]. Therefore, the s andu channels. Replacing the spingrby ¢' so that the
coupling a,, will be treated as a free parameter férand  y matrices are replaced by the matex the matrix elements
7 productions at present stage. for the electromagnetic interactidt, can be written as



1102 ZHENPING LI, HONGXING YE, AND MINGHUI LU 56

TABLE I. The g factors in theu-channel amplitudes in Egs.
<Nj|He|Ni>:< 2 € a;- ee’ [N > (31) and(32) for different production processes.
. ~ : Reaction 9 9 9 9 9 9 9
:I<Nj [H,; ejrjwee'k'ri i 2 2 A °
kA L 111 \E M
2 ek i N 3 3 2 3
— er.- oKe'™
T e ' m-kA Ll 1 g \ﬁ Ba
_ _ 3 3 2 3
:I(Ej_Ei_w)<Nj|ge|Ni>+|w<Nj|he|Ni>' ‘)/p~>K+20 _E E -3 -7 9 _i 50
(14) 3 3 3,2
where yn—K°30 11 3 1 9 1 30
3 3 3\/5
A=2 (ap-pj+Bm)+2 V(ri—r) (15 yp—okx* 1 3 3 2 o 1 = 24
] i 3 4 3 3
- 1 2 _ 1
is the Hamiltonian for the composite system, m—K'X 3 73 3 2 0 3 0
yp— 7P 1 0 1 0 o0 1 0
=D er-eek, 16
Je 2 " (18 yn—7n 2 2 o9 -1 o0 1 0
3 3
1 1 3 1 9 5 2n
7p—>7‘r+n _ - _ - s — n
26116(1 a; ke, (17) 3 3 5 5 5 3 5
mezp 2 L 3 19 5 4
andk=k/w,,. Similarly, we have 3 3 5 5 3 15
. . yp—m°p 7 8 15 5 o 5 8k
(Ni|He[Nj) =i (Ef—Ej— @,)(N¢|gelNj) +iw,(N¢|he|N;j). 15 15 7 32 15
(18  yn—=°n 2 2 6 -7 0 _ 5 Am
15 15 32 5

Therefore the second and the third terms in Ex}.can be
written as

P . <Nf|Hm|Nj><Nj|he|Ni>
MZS_|<Nf|[geva]|Ni>+|wy; ( Ei+w7—E

effects of the binding potential is included in the transition
i operator so that the first term in E@20) differs from
(1/mg)p;j- € used in[12,19.

<Nf|h|;|N N |gmlN >] (N¢[ MeaguiNi) The corresponding meson coupling is
Wm—
w w
+ (N MIN;) + (N[ M [N, (19 HY = Ef+meaj'Pf+ E-+mM-UJ'Pi
I I
where the first term could also be regarded as the seagull R
term, and theMg (M,) corresponds to the(u)-channel Om I —iger
contributions. There are two very important consequences in —op gt Mq"J Pj ae (21)

this manipulation. First, the leading terms in the low energy
theorem of the threshold pion photoproduction are present
only in the leading Born terms, which include the seagull.
term and the contributions from the nucleon in thandu
channels, while the resonance contributions are only present
at higher orderf15]. Second, the nonrelativistic expansion
for hg in Eq. (17) becomeg 26,15

where w, is the energy of the emitting mesons alr}ds an
isospin operator. The factor 4} in Eg. (21) is a reduced
mass at the quark level, which equalsud# (1/my)

(1/mg) for kaon productions and af=2/m, for » and
7 productions. The first three terms in E§1) correspond to
the center-of-mass motion, and the last term represents the
e A internal transition. The constawf, is related to the axial
hezz erj-e— ﬁgj.(exﬁ) eikry, (200 vector coupling, and defined as

]

i
E|0’l

> ga(Ne o|Ni), (22

wherehg is only expanded to order iy, and it has been <Nf
shown[15] that the expansion to orderndy is sufficient to

reproduce the low energy theorem for the threshold pion
photoproduc]]onizo] The procedure from Eq_'|_4) to Eq. where o is the total Spln operator of the initial and final
(20) is equivalent to the prescription ii4], in which the states with spin 1/2. The isospin operatpnn Eqg.(2)) is
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aJ-T(s)aj(u) for KT, It produces the leading terfd5] in the low energy theorem
the threshold pion photoproduction. Therefore, it plays a
a'(s)a(d) for K° - - : -
j j ' dominant role in the meson photoproductions of nucleons in

A a}r(d)aj(u) for o+, the low energy region. The form factor in EQR5) also

Ij=< L makes this term peaked at the forward angle for fikitnd
=t oy at _ f 0 g. This leads to an interesting prediction for meson photo-
\/E(aJ (waj(u)—aj(d)a;(d))  for productions in the chiral quark model; the differential cross

1 sections for the charged meson productions without contri-
or 7, 23 butions from isospin-3/2 resonances should be forward
(23 peaked above the threshold because of the dominance of

WhereajT(s) anda;(u) or a;(d) are the creation and annihi- seagull term |+n the low energy reglon._The da_ta m_the pro-
lation operators for the strange and up or down quarks, an8€SS€P—K"A and yp—7p are consistent with this con-
|; is simply a unit operator for they production so that the clusion, in which theK™ production is strongly forward
factorg, is 1. The values ofj, are listed in Table | for each Peaked, while they production does not exhibit the forward
reaction in the S(B) symmetry limit. peaklng. at all. This featgre is quite unique in the ph|ral quark
model, it is a combination of the QCD Lagrangian and the
integration of the spatial wave functions in the initial and
final states, which does not exist in the traditional effective

\

A. The seagull term

The amplitudes for the seagull term are Lagrangian approaches at the hadronic level.
®m 1 1
Ms=—F(k,q)en 1+ 2 | Byt My + E M, o€, B. The u-channel resonance contribution
(24 We show the amplitudes for thechannelA and3 reso-

nances in kaon productions and for tirehannel nucleon in

where ey, is the charge of outgoing mesons, and the formn and 7 productions in the Appendix. The calculation of

factor is M, in Eq. (19) for the excited states follows a procedure
(k—q)? similar to that used in the Compton scatteringN(— yN)
F(k,q)=exp(— > ) (25) [26]. Replacing the outgoing photon operathg in the
6a Compton scattering by in Eq. (21), then theM,, is
Lr;r;?]ztgarmonic oscillator basis, whete is the oscillator MUZ(M3+M5)6—(k2+q2)/6a2’ (26)

The seagull term in the chiral quark model is generated by
the gauge transformation of the QCD Lagrangian in @g.  where

Mign  eglg k-q e3|3[w wm/ ® 2w
=iz—03 (eXk)os AF| — Pk | — 21+ Lo €+ —Lo5-Ae-
3 2m, 3 ( o3 302" 6 L g \ 2m, 3 273 q
k-q W0 k-q
XFY — Pk | — = esl 303 ke- F2<—,P k|, (27)
3a? ! ) 18,u,qoz2 38T a 3a? '

which corresponds to the outgoing meson and incoming photon absorbed and emitted by the same quark, and

MPgn  eyls k-q ey ww 1 20
=i, CAFO — — p.. Y et ——0s . Yo, Ae-
6 |2mq0'2 (exXk)os-AF 6a2,Pf k|+ 12| g (0'3 €+ 2mq02 (eXk)og-k|+ e o3 -Ae-q
k-q .0 k-q
XFY — — Pi-k| - —"e,l30;5 ke- FZ(——,P k|, 28)
( 6a?" ) 72,Lan2 28T q 602" (

which corresponds to the incoming photon and outgoing meson absorbed and emitted by different quarks. TAarvecter
(27) and (28) is defined as

1 N 1
EytMy  Ef+ My

A=—wp +1

q. (29

) 1
“ME M,

Notice that the initial nucleon and the intermediate states have the c.m. momkrdad — k — g, respectively. The function
F'(x,y) in Egs.(31) and(32) is the product of the spatial integral and the propagator for the excited states, it can be written
as
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Mp
Flixy)=2

n—I
n>l(n—|ﬂ(y+n5M2)X ’ (30

wherenéM?= (M ﬁ— Mf)/Z represents the mass difference between the ground state and excited states with the total excitation
guantum numben in the harmonic oscillator basis.

The Mﬁ in Eq. (27) andMﬁ in Eq. (28) are theu-channel operators at the quark level. They are the master equations for
all pseudoscalar meson photoproductions. To derive the amplitudes for a particular reaction, one has to transfariraids.
(28) into the more familiar CGLN amplitudes at the hadron level. We have

A43 S {ig,A-(exK)+ 0 [AX (€xK) ]} FO KA k|-t wmw%1+-w7) L2 A
| € ag- 6 y . - = ~ | O-€T —(—O0- -RAE€-
9 3a2" 6] 1q 2mq o !
K- k-
XFH 23 prk| = 2 ke qF2| Py k], (31)
3a? 18a%u, 3a?
and
My L 'A-(exk AX(exK)}F°| —— kq Pk |+ ] mal g 4 gr @ RN
o 2m, ig,A-(exk)+g,0-[AX(eXK)]} 62 " 1 e +gaqu o e+?a' €q
K- k-
xFY| = Prok| ™ . ke qF? —~ 7 .Prk|. (32
6a? 720, 60

The variousg factors in Egs(31) and(32) are defined as The numerical values of thesggfactors in Eqs(31) and(32)
depend on the detailed structures of final state wave func-
tions, and they are presented in Table | in thg @Wymme-
g§=<Nf 3 effjof > / 0a. 3y o andheyarep By
The first term in Eqs(31) and (32) corresponds to the
correlation between the magnetic transition and the ¢c.m. mo-
9a; (34 tion of the kaon transition operator, it contributes to the lead-
ing Born term in theu channel. The second term is the cor-

gg:<Nf 2 ejllo'

i+]j

—

; eJII

> glioi-Ac;-B
i£j

whereA andB are vectors, andr is the total spin operator
for spin-1/2 baryons. Thus, we have

1 <N
g9,= f
3029

2 ejTiUi'UJ

represents the correlation of the internal motions between the
1
u Nf
929a

by a factor (-1/2)". Thus the transition matrix element
T N‘> (37) the contributions from every term in Eg$31) and (32).

and relation among the internal and ¢.m. motions of the photon
photon and meson transition operators, which only contrib-
ute to the transition between the ground armel2 excited
states. An interesting observation from these expressions is
=(N¢|g;A-B+igio-(AXB)IN;),  (36) 3 becomes dominant as the quantum numbércreases.
Equations(31) and (32) can be summed up to any quan-
tum numbem, however, the excited states with large quan-
Physically, this corresponds to the average sum of the con-
and tributions from every resonance with the total excitation
numbem=1 and 2. The orbital excited=1 resonances are
, 1
ga: u Nf

transitions between the ground amg 1 excited states in the
939 (39 harmonic oscillator basis. The last term in both equations
wheregy is given in Eq.(22). The factorsg, andg; in Eq.
(32) come from
to the incoming photons and outgoing kaons being absorbed
and emitted by the same and different quarks, and they differ
resonance contributions. Thus, we only include the excited
states witm=2, which is the minimum number required for
(3890  nel are much less sensitive to the detail structure of their
masses than those in tisechannel. However, the contribu-

z ejii(UiXUj)Z N

and meson transition operators, they only contribute to the
gw=<h

that the transition matrix elementst> and M2 correspond

tum numbern become less significant for the-channel

treated as degenerate, since their contributions i tblean-
2059a i#] >
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tions from %*(1385) andA(1232) to theK and 7= photo-  follows the analytic procedure for the Compton scattering in
productions should be separated from the>, and nucleon Ref.[26]. Replacing the outgoing photon vertex in Compton
for n=0, as their masses differ significantly. The amplitudescattering in Ref[26] by the meson transition operator in

M, forn=0is Eq. (21), we find that the general expression for the excited
resonances in the channel can be written as
1 e—((}]2+k2)/6a2
n=0 s U U’
= i + A-(exk 2M
u 2mg Pkt 5M2/2{ (939, +929,)A-( ) Mg R e_(k2+q2)/6“20R, (a4

T S—Mg[Mg—il(q)]

u U~/
+(93—9202) - [AX(exk)]}. 39 where \s=E;+ w,=E+ o, is the total energy of the sys-

Equation(39) represents the sum of the contributions fromtem, andOg is determined by the structure of each reso-
both spin-1/2 and -3/2 states in t66 multiplet, such as the nance. Equatio44) shows that there should be a form fac-
A, and3* states in kaon photoproduction. Thus, the con-tor, e~ (**9%6¢” in the harmonic oscillator basis, even in the
tributions from spin-3/2 states such as the andA can be real photon limit.I'(g) in Eq. (44) is the total width of the
obtained by subtracting the contributions of spin-1/2 inter-resonance, and a function of the final state momergufor
mediate states from the total=0 amplitudes. The amplitude a resonance decaying into a two-body final state with relative

for the spin-1/2 intermediate state is angular momenturh, the decay widtH'(q) is
(N{|heN(I=1/2)(N(I=1/2)|Hn| N;) Fg ot X( Jail | Di(q) s
=g L ,
—(N{|po-(exk)o-AIN), (40 MeT "o/  Di(ad)
in which we only considered the contributions of the mag-with
netic term inh,. The magnetic momeni in Eq. (40) is
o (MEZ—MZ+MHZ
OksN o= 2 —M7, (46)
s mas  for yN—KA, VAV ES
gKAN
- and
M= M0+ kAN MAS, for ’yN—>K20,
YN ~ \/(s—M§+ MHZ
M, for otheryN—mg-+Ns. |ail = 4s —Mf, (47)

(41
where x; is the branching ratio of the resonance decaying
We have into a meson with massl; and a nucleon, anHy, is the total
decay width of theS-channel resonance with the mass
Mg. The functionD(q) in Eq. (45) is called a fission barrier
[28], and wave function dependent. For the meson transition
operator in Eq.(21), the D|(q) in the harmonic oscillator

1 e (@+kA/6a®

My~ 3= {i(939,+959,)A- (exk)

2mg P;.k+ sM?/2

+(95-9292) - [AX (€XK)] basis has the forrfi.9]
—ipo-(exk)o-Al. (42 9
_ _ D|<q>=exp( ——2>, (49)
We find that the general form of the CGLN amplitudes for 3a

the J=3/2 states witm=0 is
which is independent of. A similar formula used iH=1

M fgsef(qh k?)/6a? ma andp-wavel = 1/2 K 7 scattering was found in excellent
> agreement with data in the andK* meson regiorf29]. In
Mn(P¢-k+ 6M3_3,/2) principle, the branching rati®; should be evaluated in the
x{i2o-Ao-(exK)+ o [AX(eXK)]}, (43) quark model. However, th_ere are very Iarge uncertainties in
most quark model evaluations as the coupling constant, such
wheresM2_,,=M?_,,—M?2. The factorgg is also listed in @S @;nN and gy, are not well determined. Our resglts in
Table | for each reaction. The structure in E4@) is differ- ~ the 7 and kaon photproductions could provide a guide for
ent from that of the CGLN amplitude for the spin-3/2 reso-the future investigations, which in turn will determine the
nance in thes channel; there are botd; andM; compo- branching ratiox; more precisely. Therefore, we simply set

nents in Eq.(43), while the spin-3/2 resonance in tle X==X;=0.5 for the resonanc,,(1535), whilex,=1.0 for
channel only had/; transition[21]. the rest of the resonances as a first-order approximation, as

the resonance decays are dominated by the pion channels
except the resonanc®;;(1535) whose branching ratio in
7N channel is around 50%. The resultssnand kaon pho-

The amplitude of the nucleon pole term is presented in théoproductions suggest that they are not sensitive to the quan-
Appendix. The S-channel resonance contributions cometity x;, as we know qualitatively that; is small in thenyN
from the second term in Eq19), the derivation of this term andKY channels except the case $f;(1535).

J=3/2_
u =

C. The S-channel resonance contribution
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Our investigation in then photoproduction[17] has At the quark level, the operat@y for a givenn in the
shown that the momentum dependence of the decay widtharmonic oscillator basis is
for the s-channel resonances is very important in extracting
the properties of the resonan&g;(1535) from the data in O.= 0%+ O3 (49)

. o . n n n:

the thresholdy production, it is also an important procedure
to ensure the unitarity of the total transition amplitufié$]
approximately. This has not been taken into account in manyhere the amplitude®? and O3 have the same meaning as
calculations of the kaon ang production within the effec- the amplitudes/\/lﬁ andMﬁ' in Egs.(27) and(28). Following
tive Lagrangian approach, which leads to a larger theoreticahe same procedure used in the Compton scatt¢Biff we

uncertainty that has not been fully investigated. have
Q%9 lses 1(k-q\" ety won o, 20, 1 (kgq\"*
3 —_|2—rnq0'3~A0'3-(€Xk)m Q + 6 Py \l+2mq)0'3'6+70'3'A6'q (n—1)! Q
n-2
®,0n 1 k-q
+ """ eslz05- ke —n—| — 50
18uqa? 0 " q(n—Z)!(saZ) -
and
Orz-lgA _e2|3 1 _kq " ezl3[w7wm/ 1
6 ——Iz—mqoz'(exk)(r@Am oa? - 12{ o \0'3'6-!—2—mq0'2-(e><k)0'3~k
20 1 —-k-q "l Om 1 -k-q n-2
+ % Ae-q|——— +—""e)l305 ke-g——— : 51
2 T (n—l)!( 6a2> T2pga? 227 =2yt 62 5D
where the vectoA for the s channel is
—— wm
= Ef+|v|f+1)q' (52)

One can transform Eq$50) and (51) into more familiar CGLN amplitudes, and we find

Oﬁ— Ly A-(exk AX (exk Lka n+1wmw7 14 v +2w7 A 1 (ka)™"
= Z—mq{'gu (exk)—o-[AX(e )]}HQ 8 g 2mg) T €t 2 A D 302
n-2
Ono, 1 k_q
and

Oﬁ_ 1 A 40 oA " 1/ -k-q\" 1 wmwy/l , 0,
g—;—z—rnq —1g, -(eXk) ga0'~[ X (eX )]}m v —1— 1 \ +ga2mq T €
20 1 /—k-q -t ) 1 /—k~q n-2
+ 5. A€- Yo-ke- , 54
22 7 Y 0=D1 Taa2 722" "€ Tn=2)1| g2 =4
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where theg factors in Eqs(53) and(54) are defined in Egs. TABLE II. Meson transition amplitudeg in the simple har-
(33)—(38) and given in Table I, and monic oscillator basis.
“ (N,L) Partial waves A
g§=<Nf EJ: ejlj(rjz Ni> / ga=€m+03, (55)

_ . (0,0) P —( L +1)
where e, is the charge of the outgoing mesons. Thus, th Er+ My
operatorOg in Eq. (44) has a general structure, L S on | o 1) 22

Or=0rA[fRo- e+ifR(o - q)o- (kX e€) Mg \EFMp 7302

w,
+fi0-ke-q+fio-qe-q], (56) (1,1 D —(Ef+",‘\/|f+1

for thg pseudoscalar meson photoproduction_s, whglie an (2.0) b on (_om q_2
isospin factor, A the meson decay amplitude, arfcf ' E+M 2
i X o . Mg \EstMe o
(i=1---4) is the photon transition amplitude. The factor )
gr and the meson decay amplitudein Eq. (56) are deter- (2 o) ) Wm [ Wy 1)i
mined by the matrix element&N¢|H|N;) in Eq. (5); the Mg \Er+Mp /542
factor gr represents the transition in the spin-flavor space, © %
and the amplitudé\ is the integral of the spatial wave func- (2.2) F -|z J;RA 1)—2
tions. t+Mi o

We shall discuss briefly how the CGLN amplitudes for
each resonance with=1 could be extracted from Eq&3)
and (54), as the CGLN amplitudes fod=3/2 resonances  for the resonanc®,s with quantum numbeN(2P,,)3 ", as
with n=0 follow the same procedure as that in thehan- a2
nel. Since the amplitud®,,_, represents the sum of all reso- only the S;; resonance WithN(*Py);
nances witm=1, we start with the reactiogp—K*A, in  nance withN(*Py)3~ contribute toyp—K*A. The quan-
which the isospin 3/2 does not contribute. Moreover, thetity [wm/,uq+(2/3)(A~q/a2)] in Eq. (58) corresponds to the
contributions from the states with quantum numbermeson transition amplituda in Eq. (56), while the meson
N(*Py) vanish as well due to Moorhouse selection &  transition amplitudeA for the D-wave resonance i#\|/|q].
for the electromagnetic transitidm, in Eq. (20). Thus, only  The amplitudesA for the S and D waves have the same
the resonances witiN(’Py) contribute to the reaction expressions as those in Table | of Refl19] with

yp—>K:A._ Substituting theg factors for the reaction g—ih=|A|/|q], andh=w./2u,. Note thatA has a nega-
yP—K"A into Egs.(53) and(54), we have tive sign, this is consistent with the fitted values fpr th
1 k-q andh in Ref.[19]. The quantity (»,/12)(1+ w,/2m,) in Eq.
Opn=1=— m{iA- (exk)—o-[AX(exXK)]}— (58) represents the photon transition amplitide It is pro-

q o portional to the helicity amplitudeA}, for the state

and theD 5 reso-

1| wmo, o, 20, N(?Py) 3~ for the h, in Eq. (20) [30], as the CGLN ampli-
+— 1+ —|o-e+—-0-Ae-q|, tude for S-wave resonances is simply a product of photon
1 M 2m a? o .
q and meson transition amplitudes.

(57) Similarly, we find that the CGLN amplitude for th8;;

_ _ _ _ resonance in the reactiopp—K*2% is
in which only S andD partial waves are present. Rewrite the

guantity O,_4 into S andD waves, we find w, o, \[on 2A-q
Oh=1(S Wave)=?<1—6 ) — §—2 O E.
w, 0, \[on 2A-q Mg/ \ Mq a

On-1(S WaVG):E 1+2—mq ,M_q 57 O-E, (60)
(58) This shows that the amplitudé& is the same for both reac-
and tions, yp—K™* A andyp—K*30. In fact, it has been shown

in Ref. [19] that the meson transition amplitudeis inde-

—j w, A-q pendent of not only a particular reaction but also(@lsym-

O,-1(D wave = o7 Ao-(eXk)— 1—; — metry so that the resonances belonging®&and 70 multip-
q a lets with the same angular momentlirs 2 are governed by

1 the same meson decay amplituleln other words the am-
14 ﬂ) et =5 Ae.q. (59 PlitudeA in Eq.(56) is universal for the pseudoscalar meson
2my 6 o? decay processes. Thus, we present the amplifude the
simple harmonic oscillator basis in Table IlI, in which the
Thus, theO,-,(S wave) in Eq.(58) represents the CGLN  amplitudeA depends on the total excitationand the orbital
amplitude for the resonanc&;; with quantum number angular momentuni. The relative angular momentum of
N(?Py) 3, while O,_,;(D wave) is the CGLN amplitude the final decay products is expressed in terms of the partial

X
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TABLE Ill. The CGLN amplitudes for theS-channel baryon resonances for the proton target in the
SU(6)®0(3) symmetry limit, wherek=|k|, g=|q|, and x=(k-g)/kg. The CGLN amplitudes for the
N(*Py), N(“Sy), andN(*D,,) states are zero due to the Moorhouse selection rule, see text.

States fi fy fa fa
tes3s kqx 5 1 1 0
A3 2m, 2m,
G 2y 1+L 0 0 0
M2 12\ 77 2m,
) k \qg? kgx
N(2P,, )3~ — 21+ _) — 0 _7
("Pu) 18 my/ o? 1ana2 6a?
M2 6" 6m,
) k \g? kgx
ACPy)3 ——’(1——) = 0 v
9 6mg/) o2 18mya 3a
2
N(3S))3 __k 0 0
° 216mga”
3 2 2
A(4S’)3+ k qx k 3 k
° 36m,a? 54m,a? 36m,a?
k2qx k k?
N(?Dgy)5* a (1+—) —_— 2y 0
362\ 2Mg 216m,a? 3602
2 2 2
N(ZD 5+ —ﬁ(l L) _k—(XZ_%) _ K k™
2 180%| " 2mq 144mga? 1800? 36qa”
2
A(DY3" 0 . 0 0
108«
2 2
A(Dg)2” 0 T : 0
108mya? 36mya?
3 2 2
A(DYS* SLL LI et _< 0
126mga” 126mga® 210mga?
k3q k2 k2
A(“Dg 1" x2—3 x2— 1 x2—1 0
(*Dy)z 12nqa2( 7) 2qua2( 5) 12mqa2( 7)
2
N(ZSM)%+ 0 _k— 0 0
432mya?
2
A(st)%+ 0 _k— 0 0
648m,a”
2 2
N(2Dy) " kqx(1 L) k k 0
Mz 7227\ 2mg 432mya® 7207
2 2 2
N(ZDy 5+ —k_q( L) K eoy K I
M2 36002 2m, 288m,a’ 36002 72002
APD 3t kqu( k ) —K? k 0
(Du)z 3622 2mg 648m,a? 3602
K2 2 _
A(ZD )§+ ﬂ(( L) k—(xz_%) K k2X
M2 18022\ 2my 432m,a? 180a? 36qa?

wave language in Table II, which tH& P, D, andF waves only depend on the initial proton and neutron targets. We

denote the relative angular momentum O, 1, 2, and 3 betweeshow the photon transition amplitud&'% for each resonance

the final decay products. with n<2 in Table Il for the proton target and Table IV for
Thus, the advantages of E(6) are that only the factor the neutron target. They are usually expressed in terms of

Or is determined by a particular reaction, while the ampli-helicity amplitudes,A;,, and Ag,, and the connection be-

tudeA is universal, and the photon transition amplltudés tween the two representations can be established, which has
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TABLE IV. The CGLN amplitudes for thes-channel baryon resonances for the neutron target in the
SU(6)®0O(3) symmetry limit, where&k=|k|, g=|q|, andx=(k-q)/kq.

States fq fy fs fu
2p )1- oy, K 0 0 0
NCPuw)z 12 |1 em,
1) k \g? kgx —w
N(2Py) 3~ -2 1+—)— 0 z
("Pu) 18 6mgy/ o2 36|’nqa/2 6a?
4p 1 oK 0 0 0
N(*Py)3~
( M)Z 36mq
_ 2 _
N(Py) 3 ,Kq kgx 0 0
M/ 2 2 2
135mqa 9qua
- —w Ko —kgx kgx
N(*Pw)3 —I—-(X*~35) - ’ 0
6mqa 1qua 6mqa
k2
N(2S/) L+ 0 - 0 0
(%) 324mya?
—k3gx —Kk?
N(?Dg) 3+ > - 0 0
108y« 324mya
k3gx k?
2 5 2_1
Doz 540m,a? 21€mqa2(x ) ° °
N(ZSM)lJr 0 k—z 0 0
? 1296m,a?
—k%qx k —K2 -k
N(*Dw)3* 2( o ) - — 0
72 mg 1296m,a 72w
k?gx k k? k —k?x
N(*Dy)3* 2( —) (= 3) > -
360« 6my 864m, 3600 72qa
—k3gx —Kk? k2
N(*Sw)3* 5 5 5 0
216ma 324mqa 216ma
—K?
N(?D,, )%+ 0 - 0 0
(Dw)z 1944m,a”
an o 3s k3gx 7k2 —k? 0
N(*Du)2 P P P
162mqa 1944n 216ma
_ L3 _ L2 2
N(‘Dy) 3" s L NS - 0
756mya’ 756mya’ 126an,a”
_k3q _k2 2
N(D.) I+ x2— 3 RV S | 21 0
("Dw)z 72mqa2( 7) 126nqa/2( 2 72mqa2( 7)

been discussed extensively in Reff$6,17 for proton tar- in terms of the helicity amplitudesd;,, and Az, in the
gets. Here we discuss some important features of the CGLISU(6)® O(3) symmetry limit can also be applied to the cor-
amplitudes for neutron targets and their relation to those foresponding CGLN amplitudes. For example, the helicity am-
proton targets. A very important example is the contributionsplitude As, for the resonanceD;4(1520) classified as
from the resonances belonging to_(f‘N)) representation for N (2p,,)2- in the quark model has a simple relatid#, 19
neutron targets, of which the transition amplitudes for proton

targets are zero due to the Moorhouse selection [Rd¢ if —_n

ong uses the nonrelativistic transition operator in E{). A% 4 D13(1520]= — Ag/,[ D 1415201, (62)
There are three important negative parity baryons that belong ' , .
to the (70°N) multiplet in the naive quark model, which nd we find the same relation for the corresponding CGLN
correspond tS;;(1650),D15(1700), andD,(1675). In par- amplitudesf,

ticular, the contributions from the resonanbegs(1675) are

quite large. In general, the constraints on the phototransition falD14(1520]= —f3[D15(1520] (62)
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TABLE V. The gg factors in thes-channel resonance amplitudes for different production processes.

Reaction (56N) (567A) (702N) (707N) (702A)
yp—KTA 1 0 1 0 0
yn—KOA 1 1 0 0
yp—K*30 1 g -1 0 1
yn—KO30 1 8 -1 -2 -1
yp—KOS* 1 3 -1 0 4
yn—K*+s"~ 1 3 -1 -2 :
Yb— 7P 1 0 2 0 0
yn— nn 1 0 2 1 0
yp—mn 1 s : 0 1
yn—m p 1 15 : 5 1
yp—mp 1 15 5 0 1
yn—a'n 1 1 5 5 “To
between protons and neutrons. between the two helicity amplitudes. This is certainly true

The CGLN amplitudes for thre8-wave resonances show for the resonanceRB;3(1232) andP33(1600) in the symme-
a more explicit connection with the corresponding helicitytry limit.

amplitudes. Because onlﬁ is present for the&s-wave reso- We present the quark model results of the factor for
nances, it is proportional to the helicity amplitudg,. the pseudoscalar meson photoproductions in Table V. It rep-
Thus, we have resents the relative strength and phases of the contributions

from different resonances comparing to the contributions
R P from the nucleon which belongs to the (B, multiplet in
fi(yp—Sw — AL S1) , (63  SU(6) symmetry. Notice that for a given $8) representa-
fR(yn—S1)  Al(Si) tion, the factorgg is determined by th€-G coefficient in

the isospin coupling between the meson and the final baryon

and the comparison between the CGLN amplitudes in TableState,
IV and V and the corresponding helicity amplitudes in Ref.
[14] show that this is indeed the case.

For the excited positive parity baryon resonances, the h%/vherelz
licity amplitude A5, vanishes for the staté¢(>Dg), and cor-
responding CGLN amplitudé} is zero for these states as
well. The ratio of the helicity amplituded,,, between the

gr(Im I e 1 E TR 16)/GA (66)

and |, are the isospin for the outgoing mesons,
I+ andlZ are the isospin quantum numbers for final baryons,
andlg is the isospin oB-channel resonances. Thus, we have

proton and the neutron targets for the resondgé€1440) is the relation
the same as the ratio of the CGLN amplituide which cor- oy +

Z s . : gr(yp—K"2™)
responds to theM; transition according to the multipole -_—
decomposition of the CGLN ?mplituc{él]. There are also gr(yn—K*X7)
contributions from the staté$("D,,), which are in the same _
SU(6) representation as the staté6*P,,) so that the Moor- - (12,-1/2,1,31g, L2 ga(yn—K"2")
house selection rule is also true for these states. However, we (1/2,172,1+1|1g, — 1/2)ga( yp—KOZ ™)
find that only the CGLN amplitudes for the stdtg/(1990)
is relatively strong, and there is little evidence for other reso- =(—1)'r 12 (67)

nances below 2 GeV. Therefore, only the contribution from,

F17(1990) will be taken into account in our calculation. The
CGLN amplitudes for resonancéd?;; belonging to the 56
representations satisfy the relation

in which the additional minus sign comes from the ratio of
theg, . Results in Table Il show that the relation in E7)

is indeed satisfied. Therefore, the reactign—K°>* could

be regarded as a mirror of the reactign—K*=~ in the
isospin space. Similar relations are also true for the reactions
3f§_ (64 YP—K'A and yn—KOPA, yp—K*30 and yn—K°S ™,

fR
1 _fg__

q- yp— " n and yn— 7~ p, and yp— #°p and yn— #n, in
which the relation in Eq(67) is satisfiedt Thus, the coeffi-
According to the multipole decomposition of the CGLN am- cient g for the processes with the neutron target can be

plitudes [21], Eq. (62) corresponds to theM; transition deduced from that of the proton target according to their
which also leads to the relatidi4,19 isospin couplings, and this result seems to be more general

_iAg/z (65) 1Except the states (7), of which the photon transition ampli-
\/§ tudes vanish for the proton target.
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than the SU(6% O(3) basis used here. This also gives us alKA or KX state, which has the same quantum number as the
important constraint in predicting the reaction of neutron tarthe resonancg,;. This will help us to understand the puzzle
gets from the proton target results. that the decay intoyN is enhanced for the resonance

If one intends to calculate the reaction beyond 2 GeV inS;3(1535) and suppressed for the resonaBg€1650).
the center-of-mass frame, the higher resonances with quan- Second, assuming the' quark coupling is either pseudo-
tum numberN=3 andN=4 must be included. There are scalar or pseudovector, one could extend this approach from
only a few resonances around 2 GeV that can be, in prin# to " photoproduction. An interesting predictiB3] from
ciple, classified a?N=3 resonances, in particular the reso-the quark model emerges for th¢ photoproduction; the
nancesS;,(1900) andD35(1930). However, we do not ex- threshold behavior of they’ photoproduction is dominated
pect these resonances to contribute significantly since thdyy the off-shell contributions from the-wave resonances in
are lower partial wave resonances. Instead, we adopt an afite second resonance region, which can be tested in the fu-
proach that treats the resonancesNer2 as degenerate, the ture CEBAF experiment§34]. This can be understood by
sum of the transition amplitudes from these resonances cdhe relative strength of the CGLN amplitudes between the
be obtained through the approach in R&6] which in Eqs.  s-wave resonances in the second resonance region and the
(53) and (54) becomes thes channel. Generally, the reso- resonances around 2.0 GeV in the quark model. There are
nances with larger quantum numkérbecome important as two S;; resonances with isospin 1/2 in the second resonance
the energy increases. Note that the amplit@fegenerally ~ region. The CGLN amplitudes for these two resonances are

differs from the amplitude®® by a factor of ()", this proportional to that in Eq(58), in which the leading term

: - oes not depend on the outgoing meson momerquion
shows that the process that the incoming photon and outgg-
P gp g e other hand, th&- or D-wave resonances around 2 GeV

ing meson are absorbed and emitted by the same quark be- k . ) . .
comes more and more dominant as the energy increases. F glong ton=3 in the harmon_lc oscillator basis. Acording to
thermore, the resonances with partial wadveN become gs. (53) and (.54)’ the amplitudes for thé_;— and Dz-wave
dominant, of which the isospin is 1/2 foN—KA and resonances witin=3 are at least proporﬂona@l 1g” com-
yN— 7N and 3/2 for yN—KS3 and yN— =N. Thus, we pared to .theq dependence of the _amplltude of the
could use the mass and decay width of the high spin states 1(1535) in Eq.(58), as the wave functions for the- and

Eq. (48); the resonanc&;,(2190) for then=3 states and “wave resonances with=3 are orthogona_l to tha'g By
the resonancéd o(2220) for then=4 states inyN—KA  €SOnances in the second resonance region. This leads to
and yN— 7N, and the resonancs(2200) for then=3 smaller contributions from th&- and D-wave resonances

states and the resonant; ;(2420) for n=4 states in around 2 GeV to the threshold region of tge photopro-

vp—KZX. Indeed, only the couplings for the high spin statestCtions'

are strong enough to be seen experimentally, and this is con- Finally, the higher partlgl wave resonances become more
sistent with the conclusions of the quark model. important as the energy increases. Notice that the CGLN

amplitudes for theP-wave resonances witN=2, such as
P11(1440) andP4(1710), are much smaller than those for
IV. DISCUSSIONS the resonanceB;5(1680) andF3;(1950). For the processes
yN—KZ, the contributions from the isospin-3/2 states, in
Equation (56) establishes the connection between theparticular those resonances in i@multiplet, are dominant.
transition amplitudes of the-channel resonances and their Therefore, the processem— K30 and yp—K°S* pro-
underlying spin flavor structure. The relative strength andide us with a very important probe to the resonances with
phase for eacls-channel resonance are determined by thesospin 3/2, a particular example is the resonances
SU(6)®O(3) symmetry so that no additional parameters are-,(1950), F 35(1905), P35(1920), andP5,(1910). It should
required. Therefore, there are some important features of thge pointed out that th&-wave resonances with isospin 3/2
s-channel resonances in meson photoproductions that can Rgsre not included in most investigations. It raises the ques-
discussed without numerical evaluation. Here we highlightion whether these calculations are reliable beyond the

some of them. threshold region.
First, theS-wave resonances play very important roles in

the threshold region, of which the transition amplitudes are
determined byE, transition. This is particularly true for the
kaon and# production, in which masses of theSewave A comprehensive and unified approach to the pseudosca-
resonances are sandwiched between their threshold energits. meson photoproductions is presented in this paper. The
Moreover, the effects of thB-wave resonances are enhancedquark model approach represents a significant advance in the
for the neutral meson production, since the seagull term thaheory of the meson photoproductions. It introduces the
dominates in this region does not contribute. This has beequark and gluon degrees of freedom explicitly, which is an
widely recognized in theyp photoproduction[17,11], and important step towards establishing the connection between
their contributions to the threshold pion photoproductionsthe QCD and the reaction mechanism. It highlights the dy-
have been discussed recenthf]. The same is true for the namic roles by thes-channel resonances, in particular the
kaon photoproductions as well. Therefore, the kaon and roles of theS;; resonances in the threshold region of the
productions in the threshold region provide a very importan, 7z, and »’ photoproductions.

probe to the structure of thesewave resonances. In Ref. Moreover, it should be pointed out that E¢&7) and(28)

[32], we showed that the kaon production experiments mayn theu channel and Eq450) and(51) in the s channel are
provide us with information on the existence of a quasiboundnore general. They correspond to the pseudoscalar meson

V. CONCLUSION
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photoproductions at the quark level, which are independenphotoproductions, in particular the polarization observables
of the final states. Thus, if we replace the final nucleon andhat are sensitive to the detail structure of thehannel reso-
the 2 states byA(1232) and>* states, the formalism pre- nances, could be provided. The numerical evaluations of the

sented here could be extended to the reactiongr andK photoproductions in this approach are currently in

yN—7A(1232) andyN—K"2*, which have not been in- progress, which will be reported elsewhere.
vestigated in the literature.

The initial results of our calculations in the [17] and
K [34] photoproductions has _shown very go_od agreement ACKNOWLEDGMENT
between the theory and experimental data with far less pa-
rameters. The challenge for this approach would be to go one The financial support from Peking University is gratefully
step further so that the quantitative descriptions of mesomacknowledged.

APPENDIX

The matrix element for the nucleon pole term in thehannel is found to be

1 1 k? o 1 1
- — (02 +k?)/6a? _ L ia—(K2+q?)ea?| ¥m
My=one Ef+Mf+EN+MN) oN 4PN-k"‘N)” erie 2 | B, T Eyimy) T
MN 21 42)/642 1 1 Enwm
N —(K2+q?)/6a ke,
XZPN-ka go-(exXk)+e Ef+Mf+ Ext My 4PN-kU ke-q
1 1 e
~ (k2+g?)/6a? £m N o ge-
e 2 \Ex M, T Egr My T 2P ke 9E S (A)
wherePy-k=w, (Ex+w,), uy is the magnetic moments of the nucleey, is the total charge of the nucleon.
The matrix elements for thel-channelA and3 exchange terms in the kaon production is
2. 02y/602 Mf/ M JAsMAs w kz/ 1 1
M :_ef(k +q°)/6a m + o€
= 2M\\ Pk pokeom?/| 2 |Er+M; En+My
| Wm 1 2 2 2 1 1 Ef(l)m
+il — + + (eX .q} —a= (kK°+q%)/6a 4 . .
W2 E M, TEgmy TL o (exke q} € E+M,  EniMy P, k” K€
1 1 e
_ o- K2+ q))f6a?| Om n n ' o de.
€ 2 \E,+ M, Eni My, 2P, KO A€ (A2)
where
9= for yYN—KA,
ga
9= 98 gor N—KSO, (A3)

0  other processes

is the ratio between the coupling constants forand 3, final states,u,s=1.61 is the magnetic moment for the transition
between the\ and3.° states, andP;-k= Efw,+k-qg. Notice that the final baryon state has the total momentumin the
center-of-mass system.

The u-channel nucleon exchange for tlyeand 7 productions is

k[ 1 1 ) 1
— _ ak?+gd)i6a? Mt I(um 4 .e+i _m + 4 (eX .
M,=-e 2Pk 2 \Er i My T EviMy T 2 Erm, T EvE ey PO (ko

1 1 erw w 1 1 e

_ o (K2+0?)/6a? + M ke g o (K+dd)/6a?] M + + f e,
€ E+M,  EytMy ap, k7 Ked—e 2 \E,+M,  EyiMy T2p, ko G
(A4)
The matrix element for thé channel is
Mi+Myg-e/ 1 1
_ —(k—q)2/6a2em( f N o ]
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