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Previous approaches to the photoproduction and electroproduction of strangeness off the proton, based upon
effective hadronic Lagrangians, are extended here to incorporate the soaféiébell effectsnherent to the
fermions with spire=3/2. A formalism for intermediate-state, spin-3/2, nucleonic, and hyperonic resonances is
presented and applied to the procesgps-K* A, for E'jbs 2.5 GeV,ep—e'K*A, as well as the branching
ratio for the crossed channel reactiBh p— yA, with stopped kaons. The sensitivity, from moderate to
significant, of various observables to such effects are discugS6856-28138)04207-1

PACS numbgs): 25.20.Lj, 25.30.Rw, 13.88.e, 14.20.Jn

I. INTRODUCTION In the study of pion photoproduction, the Rensselaer
Polytechnic Institute(RPI) group [5,6] has shown that of

The purpose of the present work is to improve the recenseveral different forms of the spin-3/2 propagator in the lit-
Saclay-Lyon(SL) study[1] on the strangeness electromag- erature only one of them has a correct inverse. Also the
netic production from the proton. This investigation wasauthors pointed out that there are extra degrees of freedom
based upon an effective hadronic Lagrangian in the lowegkssociated with the interaction vertices involving a spin-3/2
(tree) approximation, often called the isobar approximation.particle. By exploiting these facts, they successfully fitted the
Based on a number of aspects one might safely say that SL &isting photopion data by the amplitudes generated from
an improved version of its predecessors dealing with thé&ffective hadronic Lagrangians, and made predictions for
same strangeness production processasparticular, it has SOme observables as well as /M1 ratio for theNAy
incorporated thes-channel nucleonic resonances with spinVertex. A similar strategy has been applied also by the RPI
3/2 and 5/2, expected to be important should the model regroup[7,8] to the photoproduction and electroproduction of
main adequate as energy increases. In R&f.such reso- the  meson. . .
nances were also considered. However, there the componer?_tslt seems quite natural then, as an extension of the Saclay-

) . ; L . on approach 1], as well as the works of the RPI grou
of the amplitude growing undesirably with increasing chan-[sy_S] t[())pexplcr}t 1his treatment for spin-3/2 particles gi]n thF:a
nel energy were taken away by hand. '

f the ph r ion an lectropr ion of th
As we will see later, these contributions arise from theStUdy of the photoproduction and electroproduction of the

ated with h Hered strangeness off the nucleon. Yet, one needs to incorporate
honresonant terms associated with each considered resgq,narly theu-channel exchanges in the phenomenological

nance with spin>1/2. In the SL study this was avoided by apnroaches. The reasons for such an effort are mainly two-
modifying the vertices and propagators in a manner adoptegh|q: (i) a consistent treatment of the higher spin baryonic
for spin-3/2 resonances in Ref&,4]: a straightforward ex- resonances in both and u channelsii) very likely, more
tension to higher spins, while preserving the electromagnetigpphisticated formalisms will be needed to interpret the
gauge invariance. . forthcoming data from new facilities, e.g., the Thomas Jef-
This modification, however, has introduced an unwantederson National Accelerator FacilityJLAB), the Electron
behavior for spin>1/2 hyperonic resonances exchanged ingtretcher AcceleratofELSA), the European Synchrotron
theu channel: the corresponding propagators become singiradiation Facility ESRF, and the 8 GeV Synchrotron facil-
lar in the phySical region. Thus in the SL approach 0n|y|ty (Spnng_s under construction in Japan_
spin-1/2 hyperons have been considered inuuhannel ex- In this paper, we work out the general expressions valid
change. The phenomenological success of the SL modebr the processes with a kash(= K*,K°) and a hyperory
might imply that, within the present state of the data, the(=A 30 5 +) in the final state. A selected set KfA chan-
main contributions from baryonic higher spin resonancese| observables for the following processes are also reported:
come mainly from thes-channel resonancewe will come ., K+ A (Eljlbg 25 Ge\l, ep—e’K*A, and K p

back to this point in Sec. I/ —yA. Similar investigations with th& hyperons in the

final state, i.e. K™% andK°S " channels, are in progress
and the results will be reported elsewhere.
See Ref[1] for a detailed account on this matter and extensive In Sec. Il, the approach by the RPI group is extended to
references to relevant papers. the photoproduction and electroproduction of strangeness
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throughs-channel nucleonic resonances of spin 3/2. The off- K+
shell parameters are introduced in the interaction K=| ko |.
Lagrangians, and the dependence on these parameters of the

nonpole part of the invariant amplitudes is clarified. The ap-

proaches used previously where the off-shell effects were £®) and £(? are for they® and derivative electromag-
ignored are placed in the present context. Section Il is denetic coupling terms, respectively. Theke” is the standard
voted to the treatment of spin-3/2 resonances inulan-  electromagnetic field tensSrandMV is defined as

nel. The direct calculation proceeds along the same line as

for the s-channel resonance exchange. The substitution rule 0. (V)=g, —
which emerges from the direct calculation is worked out, p\V)=Guy
leading to simple rules to obtain thechannel invariant am-

plitudes from thes-channel ones. In Sec. IV, we give our It is important to stress that in the above Lagrangians,
results and we discuss the dependence of the relevant observX,Y,Z are arbitrary parameters which preserve the sym-
ables on the off-shell parameters. The summary and conclunetry of the free Lagrangian under the point transformation,
sions are presented in the last section. and are often called theff-shell parameter¢see Ref[5] for
more details As will become clear later, we will exploit this
extra freedom to make the kaon electromagnetic production
amplitudes well tamed. In what follows we will rather use

In this section we extend the approach by Benmerrouch=X+3, Y=2Y+1,Z=Z+1.
et al. [6-7], devoted to ther and » photoproduction, to Using the above Lagrangians, the matrix element for the
obtain the amplitudes for the reactions A p—KY (KY y® term is obtained as

=K*A,K"329,KS ) for both real (yg) and virtual (yy) L o

photons, through as-channel nucleonic resonance of spin (YKITS"[vp)=—iG1Uv(py)ip/®,,.(Z)P**(q)
3/2 and positive parity. Once we obtain the amplitude, it is . 5 - .

easy to establish its relation to the corresponding one ob- X0, (Nl |p§ex+|eﬁp§]up(pp),
tained by Renard and Rendr2]] as well as to the one in SL (2.5
[1]. Although some parts of this section should appear to be

repetitive to those who are familiar with R¢6], we give a  Where we have introduced the coupling constant
comprehensive presentation of the matter for completeness,

and present the explicit expressions of the invariant ampli- G, €%19kvrR 2.6
tudes for the photoproduction and electroproduction. 2M My’

1

V+§ YuYv- (2.9

Il. SPIN-3/2 RESONANCES IN THE s CHANNEL

€' is the polarization vector of the photog=p,+p,=px

+py is the total momentums=q?), and P#*(q) is the
Following Ref.[5] with some modifications appropriate spin-3/2 propagator. As explained in R¢8], the simplest

for the processes under consideration, the most general intgierm for the propagator reads

action Lagrangians which preserve the symmetry under the

A. Propagator and vertices

so-called point transformation reads P (q) g+Mg
A= 5 ——>¢
T 3(9P-MP)
EKYR=gl\:T(R[ﬁVG)VM(Z)Y&”K+V(a”KT)®W(Z)R”]. «| 3g. — 3.y 20,0, Gv¥u—Au¥s
2.1) S M Mg
(2.7
ieg, — where My is the mass of the resonance. It is important to
ﬁglp)Rzz—Ml[RVM(Y) v, Y°NF note [5] that this propagator contains the spin-1/2 contribu-
p tion, which is a consequence of the fact that the ab@yg
= has the correct inverse.
5 ME VA
TNV 7,0, (RFT], 2.2 Using expressiori2.4) for ® ,, to calculate the terms on
both sides of the propagator, we find
—eh — Y — -
Loor= 5 [RYO,,(X) Y (N)F™ (YKITS yp)=—iG,Uy(pyl(PK),~ ZBr 7, P ()
aM
p
J— >< — —
_(ﬂ)\N)‘}/5® VM(x) R}LFV}\]. (23) {[61/'07 (p'y)vé] Y7v
X[éléy— € py]}'ysup(pp)- (2.9

In expression(2.1), Lyyr specifies the Lagrangian for the
strong kaon-hyperon-resonanck{R) vertex in whichK 2Throughout the present paper we follow the conventions found in
denotes the isodoublet Bjorken and Drell[9].
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A similar calculation leads to théerivativecoupling contri- My= ys(epy~ Py—P,€ Py),
bution corresponding t& (?)

Ms=1(p2k—€-p,b,),
Me=7*(P%e-Py— € PP, Py)
— Y3 (p2e Pp— € PP, Pp)- (2.19

(YKIT?|yp)=—iGoUv(py)[(PK) u— 2Bk ¥, 1P*"(q)
X{[e pp(py)v_ py' ppfv] +’)~(’yV

X[Py Pt~ € Ppby Tt ¥°Up(pp), (2.9
Due to the second terms y°(p2e-py—€-p,p,-Py), the

with choice of Mg is different from that used in RefE3] and[1].
This results in a few modifications in the expressions of the
_ €%0kyr (2.10 CGLN amplitudes for the electroproduction as given in Ap-
2= 4M;MK. ' pendix A. The advantage of this choice is its symmetric

property under the exchange,— —py, thus leading to
Adding the above two contributions given in Eq®.8),  more transparent relations between #ieand u-channels
(2.9, we can write the scattering amplitutié;; correspond- amplitudes, as shown in the next section. In the case of pho-
ing to thes-channel exchange of & =3/2" resonance as toproduction ()§=O €-p,=0) only the first four invariant
_ amplitudes in Eq(2.15 are needed.
M(ﬁs)= Uv(py) VAKYRP, () V" (Rpy)Up(py), Using the above expressions for the propagator and verti-
(2.11 ces, the application of the Dirac algebra leads to the invariant
amplitudesA;, which are expressed as sums of resonant or
pole (P) and nonpole Il P) contributions. In the case of the
photoproduction we find

where theKY R vertex reads

gKYR

VHKYR)=— [pfé Zpy*], (2.12 Py
A=2 G| —+PNP| (j=1,...4. (210
and theRpy vertex is =1 |s—Mg
eq The expressions of the"NP coefficients are given in Ap-
VY'(Rpy)= oM [e"p,—Pyé— YY" (ép,— € p,)] pendix B, Eqs(B9)—(B12).
P The electroproduction amplitudes can be written in a
similar form:
4|v|2[6 PpP,— P, Ppe”+ Xy P
A= G STENT] (j=1,....8. (217
=1 [s— |\/|R
e i 25
X(Py o= € Ppby)] 117" 213 o j=1,....4, theEFNP coefficients are expressed in
terms of the above defined photoproduction coefficients
Note that, for the general case of electroproduction, thePPNP as

above vertex must be multiplied blyR=F5, the second P.NP_ mP.NP PNP /i .
Dirac form factor of the proton. In the case of photoproduc- =i~ Pij TPy R (i=12 (j=1,....4.
tion, this factor reduces to unity, and in addition we have (2.18

€-p,=0. The extra term&K" NP are given in Appendix B, Eq$B13)
. . and(B14). Note that this decomposition is not necessary for

B. Invariant amplitudes j=5,6. The corresponding coefficieng; """ are given in

The Lorentz invariant matrix element for electroproduc-Eds.(B15) and(B16) of Appendix B.

tion is written as We mention that in the calculation of the observables
(Sec. IV), the following replacement is made in the denomi-

_ [ & nator of the pole contribution in Eq§2.16) and (2.17):

MEP=iUy| > AM; |U,, (2.14

=1 s—M2Z—s—M3Z+iMglg, (2.19

where Uy and U, are the spinors of the hyperon and the whereI's is the width of the resonance. It is important to
proton, respectlvely.AJ s are Lorentz invariant scalar func- emphasize here that tip®le contributions(see Appendix B
tions of the Mandelstam variables, auod(;’s are the six are completelyindependenbf V(=X,Y,Z), hence with no

usual gauge invariant matrices for the eIectroproduction off-shell dependence.
So far we have discussed the case in which the parity of

M1=75(¢)yé—6~py), the s-channel resonance is positive. For a resonance with
negative parity, we have only to make the following replace-
M=2y"(e-ppP, Py— € PyP,- Pp), ments: VA(KYR) —iy*V4(KYR) in Eq. (2.12, and iy®

—1 in Eqg.(2.13. In the correspondind/l;; amplitude[Eqg.
M3=y5(épy- Pp—B,€ Pp), (2.11)], ° is now acting onto the left of the first vertex.
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Using the anticommutation property gP with y*, it is easy plé 1

to move they® matrix in the same position as in the positive VY (Rpy)=i| ga| €' — —=> +0p 5

parity case, namely, to the right of the second vertex. By Vs+M, (Vs+Mp)

inspection, we immediately obtain the parity rule for the in-

variant (pole and nonpoleamplitudes X (€-pop’— P, Poe”’) | ¥ 2.23
PPy~ Py Pp : :

(=) —(_\it1lp(+H) P -
Ej (Mp)=(—)""Ej (~Mg), i=12,j=1,.. '(’26'20) As stated by Adelseclet al,, these prescriptions were

' used to ensure gauge invariance of the scattering amplitude.
In fact, expression$2.22 and(2.23 may be reached from

Egs.(2.12 and(2.13 as demonstrated in Appendix C, where

the coupling constants, , gy, andgxygare defined in terms
1. Renard and Renard approach of g1, 0>, andggygr, respectively. Particularly, the photon

The expressions used in REZ] for the propagator are the coupling_vertex in this choice contains damping factors in
same as Eq(2.7), but in the interaction Lagrangian Egs. thes variable. . _
(2.D-(2.3 0,,(V), (V=X,Y,Z) was set equal tg,, . In However, regarding the spin-3/2 propagat®r21), when
_ 1 v the same form is used for &@channel resonance exchange,
other words, the authors pat=-3 in Eq. (24 (or V namely, thes variable replaced by the variable, the latter

=0), thus no off-shell effect associated with the spin-3/2ma vanish at certain kinematical situations, leading to an
particles was considered. It is therefore clear from Egs, y X 9

(2.12 and(2.13 that the corresponding amplitude simplifies unphysical behavior. Note also that as pointed out in Ref.
considerably. However, some of tm®npole contributions [5], such propagators do not have inverses, and correspond-

PNP grow linearly in thes variable(see Appendix B caus- ing wave equations for the spin-3/2 field cannot be defined.
U ary in Ppe! ._Thus this approach is not appropriate for a consistent simul-
ing an undesirable increase, for example, in the productio

cross section. For this reasafl the resultingnonpolecon- taneous description of treandu channels.
tributions were artificially thrown away in Ref2].

C. Formalisms without off-shell effects

Ill. SPIN-3/2 RESONANCES IN THE u CHANNEL

2. Adelseck et al. approach In this section we show some basic details on how the

To avoid the difficulties encountered in the Renard andowest orderu-channel exchange of A*(3/2") resonance
Renard mode[2], Adelsecket al. [3] have suggested and contributes to the amplitude fd€* production on the pro-
applied the following prescriptionfused also in Ref[1]).  ton.

The propagator is written from E¢2.7), with the mass of
the resonanc®l ; replaced by the total invariant energ/g, A. Direct calculation
except in the denominator where the width of the resonance

* + i
is introduced The exchange of 4*(3/27) resonance in tha channel

is treated along the same lines as in Sec. |l fordfolannel
resonances exchange. The matrix element corresponding to

A 4+ Js the v° photon coupling takes the form

#'3(s—M23+iMRLR)

—ieg;9kpr—
<YK|T511)| Yp)= WMKDUY(F)Y)')’S')’B
2 1
X 3g/.LV_ YuYv™ gq,u,qv_ Ts(yyqv_ ’)’Vq,u,) . X[— ip/iE)\'f' i Eﬁp);,]®)\V(Y)PWL(_q/)

(2.20) X0 ,,(2)ipkU,(p,), (3.1

H — A X + Py —
This modification provides an extra damping of the ampli—Wlth _R=A (312 .)' TQS momentum ‘Fa”Sfer S =Py
tude with increasing channel energy. So together with the PY~ Pk™Pp. with g"“=u. Note that with a correct kine-
corresponding modification in the vertices discussed beIOV\fnatlcal conS|dferat|on ,'t is easy to see that the propagator
an unwanted growth in the production cross section due tgleper)ds on-q (nptq ). )
the nonpole contribution could be reduced in the absence of Using Eq.(2.4) just as before, one finds
the off-shell freedom(in terms ofX,Y,Z).

i [ —ieg;9kpr—
In the photoproduction case, tieY R vertex is (YK|T51)|yp)= 2M:M Kp Uv(py) 75{[6V¥5y—(py)yé]
~ _'? é_E' Y PVM —n'
VH(KYR) = gl\;mw (2.22 (B ‘ P, 1P (=1a’)
" X[(PR) =2 7,BUp(Py). (32

and theR py vertex factor for a positive parity resonance is The derivative coupling term is calculated along the same
written as lines, leading to



PRC 58 OFF-SHELL EFFECTS IN THE ELECTROMAGNET. .. 79

B. Substitution rule

(2) _ _iegéngR_ ) )
(YKIT [ yp)= TUY(F’Y) Vs We now calculate the-channel results by a substitution
AMZM ¢ ; i ,
rule applied to thes-channel expressions. Namely, we intro-
X{[€-py(P,),— P, PveE,] duce in Eq.(2.11) the appropriate coupling constants, to-
~ gether with the following replacements:—u, My—My,
+X[p,-pyé—€-pyp,ly,P"(—=0q") Pp — Py, Up(Pp) = Vy(=py), Uv(py)—Vp(—pp), with
- Vy, Vy being the negative energy spinors. The resulting
X[(PK) w=Z Y, Px 1Y p(Pp)- (3.3 scattering matrix is
In the above expressiong; andg; are the twoyY R cou- M=V (= pp) VA(KPRIP (A" ) V' (RYy)Vy(—py),
pling constants, which are similar t(h andg, in Egs.(2.2) (3.8

and(2.3). Note the similarity of the last two expressions with

the corresponding ones for archannel resonance exchange, and the expressions of the vertices and propagatofcre
Egs.(2.8) and(2.9). Adding the two above contributions, the Egs.(2.12), (2.13), and(2.7)]:

scattering matrix in thei-channel exchange reads

JkpRr

1 v ' HKpR)=— —— #_z M, 3.9
M =Uy(p)V"(RYY)P,.(—q")V*(KPRU(p,). VHIPRI= = g [Pk 2] @9
(3.9
_ eg; -
The two vertices are VY(RYy)=i 2'3];([61)[15),_ PLE— Yy (ép,—€-p,)]
g ~
VKPR == TUIpk-Zy'Bl, 35 egy ) )
—4M$[s-pyp7—py-pve
14 —1 eg]" 14 14 v, v
VY'(RYy)=iys —ZMY[E By,—PE—Y(p,—€p,)y’] +Xy"(p, Pyé—e-pyb)] | vs (3.10
Y Y ! ’
eg . v
T 2L €PYPS Py e @' +Mg 2
: Pl = o2 3G~ y,7,~ 50
pl(Q') 3u-M2) Pl M%qﬂq

+X(p,- pyé— € pyp,) ¥ |- (3.6)

: (3.11

1
- M_R(’Y,uq;/_ ’qul:L)
The propagator reads

with 9" =p,—py=px—P,, as before.

Using the relation between thé andU spinors:V(—p)
ZCUT(p), with C= y,7y, the charge conjugation operator,
andU=U"y, the Dirac adjoint olU, Eq.(3.8) is written as

—¢'+Mg

P,.(—q ):3(u——M2R)

2
3gv,u._ YoYu— Wq;q;/,
R

. (3.7

1
+ v W 1,) - ' v
Mg 70 Yuh) M= —UT(p,) C~2VA(KPRIP,,(q') V(R YY) CUL(py).

(3.12

Using the above expressions for the vertices and propaga- ) ) ) . )
tor, the decomposition df1{ in terms of the gauge invari-  BY appropriately inserting=C"-C, the above equation
ant matrices defined in Eq2.15 can be done along the €an be transformed into
same lines as in Sec. Il B. However, comparing sheand _
u-channel vertices and propagators, it is easy to get out theMﬁ”: —Uy(py)
rules regarding how to obtain the expressions for the Y ,
u-channel exchange from those for teechannel, namely, X[V RYYTIT Pu.(d )T]C[VM(KpR)T]CUP(pP)’
(1) exchangep,« —py (including My—My), (2) express (3.13
the products ofy matrices in a reversed ordg) change
s—Uu, g,——0,, Mr——Mg, and (4) exchange the two where we have defined tt@ transform ofXT as
vertices and put the appropriate coupling constants. In fact,
these rules result from a substitution rule which is simpler to [XT]1¢=Cc~IXTC.
use, since it allows us to formally derive the invariant am-
plitudes for theu-channel exchange directly from the corre- Now, we exploit the properties of the charge conjugation
spondings-channel exchange amplitudes. The derivation ofmatrix C to calculate theC transforms of the vertices and
the substitution rule and its application to obtain the invarianfpropagator. For example, tl@transform of the KpR) ver-
amplitudes are given in the next two subsections. tex Eq.(3.9) is
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OkpRr 6
p _ ~ —
[VH(KpRITIC= - TR pg—Zpyr*]TC. MY =V, 3, AUt M(—py.~py
(3.19
. . XVy(—py). (3.21)
From the properties of, we obtain
From Eq.(2.19), it is clear that
C Hpky*)'C=C T (px),y"'C
:,y,u(pK)V,yv: '}’Mlea (3.13 Ml,S,G(_va_pp):Ml,S,G(pp-pY)y
and Eq.(3.14) becomes Ma(=Py,=Pp)=—Ma(Pp.Py),
g Mz =Py, Pp)=—Maa(Pp,Py). (3.22
[VA(KpR)T]®= - KpR[pf: Zy"pe]. (3.9

A similar calculation leads to thBYy vertex

!

: eg L <
[V (RYNTIO=iyg = o[e'B, == V(B,4

!

eg
4M2[ “PyP,— Py Pye”

—€ py)’yv]_

+X(p,-pyé—€ pyp,)y"1|, (3.17

and the propagator takes the form

—¢'+Mpg 2
[ y7a q )T]C 3(_—R) gv/.L ‘}/V’Y,u M2 qvq,u
1 ’ !
+M—R(%qﬂ—mqy) : (3.18
A comparison with Eq(3.1]) leads to
[Pu,(q)T]1°=P,.(=q"). (3.19

Combining Egs(3.13, (3.16), (3.17), and(3.19 leads to the
same result as the direct calculation E(4)—(3.7).

C. Invariant amplitudes

In this subsection, we apply the substitution rule to obtain

the invariant amplitudeghereafter denoted aAJ-’) for the

We proceed as in the last subsection, and transform Eq.
(3.21) into

6
MW= —iUy(py) 2 {(u,t,8)C M (= py,—pp)C

XU p(Pp). (3.23
Then, we calculate the& transforms of theM jT(— Py,
— pp) matrices, which can easily be expressed in terms of the
original M;(p,,py) matrices as

CTIMIA—py,—P

p)C=—MyAPp.Pv),

C IMId—py,—Pp)C=MsdPp,Py),

CIM =Py, ~Pp)C=MudPp.py).  (3.24
Substituting these relations into E@.23), the scattering

matrix in theu channel can be written as

6

M{P=iUy(py) E Al (8,5,u)M;(Py.Py) |Up(Pp),

(3.29

where the invariant amplitudesj’ are related to thed; am-
plitudes in thes channel as follows:

ApAs,tu)=A; u,t,8), Aj,s,t,u)=A,4ut,s),

Aso(S,t,u)=—As4Uu,t,s). (3.26

u-channel exchange directly from the correspondingt is then quite easy to obtain these invariant amplitudes in a

s-channel exchange amplitud

Let us write Eq.(2.14 with specifying the relevant vari-

ables
o 6
M%?):|UY(pY) jgl Aj(sat:U)Mj(pp'pY))Up(pp),

(3.20

whereM; are the six gauge invariant amplitudes E219),

form similar to Eq.(2.17), which we will not present in this
paper.

IV. RESULTS AND DISCUSSION

In this section wallustrate the sensitivity of differenK A
channels observables to the off-shell effects. We need,
hence, a reliable dynamical model, with respect to the exist-
ing data, as a starting point. In the following, we present first

and.A; have been made explicit in Sec. Il B. We now apply how a rather simple model was obtained and then, within the

the substitution rule(see the previous subsectjoto Eq.
(3.20 in order to obtain the scattering matrix in thechan-
nel

dynamical ingredients required by the available data, we re-
port on the importance of the off-shell effects according to
the observables and/or the phase space regions investigated.
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TABLE I. Exchanged particles, coupling constants, and off-shell param@@&8 for KA channels from models S1], and this work
(A, B, and Q. The reduced®’s are given in the last row. Model A is a simplified version of the SL model With(spin 1/2 andN8 (spin
5/2) resonances removed. All the baryonic resonances have spin 1/2, 8ktepidL 8 (spin 3/2 for which an off-shell treatment is applied
(models B and € Model D is identical to model B, with fixed valueé=—1/2,Z=0, andY free.

Notation particle ©)J™ coupling SL A B C D
and OSP
A i+ guan/VAm  —3.16+0.01 —3.16+0.01 —3.22+0.03 —3.22r0.01 —3.16+0.90
3 3+ Oksn/ VAT 0.91+0.10 0.78-0.08 0.83-0.10 0.86-0.02 0.87-0.06
K*+ K*(892)" 1 Gy /4w —0.05£0.01 —0.04+0.01 0.02-0.01 0.02-0.01 0.02-0.01
Grl4m 0.16=0.02 0.18-0.02 0.18-0.01 0.17-0.01 0.18-0.03
K1 K1(1270) 1 Gyy /4w —-0.19+0.01 —-0.23*0.01 -0.15:0.01 -0.15-0.01 —0.17+0.01
Gy 4w —0.35+0.03 —0.38£0.03 —0.38:t0.04 —0.39£0.03 —0.35+0.03
N1 N(1440) (1)1+ Gp /4w  —0.01+0.12
N7 N(1720)  (1)3+ Gyglam —0.04£0.01 —0.04-0.01 —0.04:0.01 —0.04-0.01 —0.03+0.01
G l4m —0.14+0.04 -0.12£0.02 -0.10+0.01 -0.10£0.01 —0.11+0.02
X —-1.03+0.21 —1.03+0.06 -05
Y 8.25+0.28 8.19-0.12 9.840.19
4 0.003+0.014 10°+0.01 0.0
N8 N(1675)  (2)3- GRlgldm —0.63+0.10
GPgl4m —0.05+0.56
L1 A(1405) (0) %f GLl/\/E —0.31+0.06 —0.29+0.05 —0.28£0.02 —-0.28£0.01 —0.29+0.05
L3 A(1670) (0)%* GL3/\/E 1.18+0.09 1.15-0.13 1.26-0.02 1.26-0.01 1.18-0.06
L5 A(1810)  (1)i+ Gs/J4m  —1.25-020 —3.89-1.45 —1.78+0.05 —1.78:0.02 —1.77+0.12
L8 A(1890)  (1)3+ Gigl4m 0.002+0.045
GZgl4m 0.003+0.053
X —0.02+3.92
Y 0.23+9.20
z 0.23+9.00
S1 3(1660) (1)L~ Gg /4w  —4.96+0.19 —-243+120 -537-0.05 -536+0.02 —533+0.12
X2 1.73 1.84 1.66 1.69 1.66
A. Reaction mechanism P, resonances. Concerning another nucleonic resonance in

To build a simple model with a reasonably realistic dy-the SL model, the\8(5/2), it was showi1] that its contri-
namical content, we take advantage of the SL mddgl bution to the considered underlying dynamissot crucial
which has emerged from a comprehensive phenomenologicé$ee Table Xl in Ref[1]).
study. For these reasongje removed the N1 and N8 resonances

The underlying dynamics in the SL model is, besides exin searching for a simple model to study the role of off-shell
tended Born terms, resonances exchan@adble ) in the  effects The parameters of this model, hereafter called model

following channels. A, have been obtained by refitting the data. Note that the

s channelN1(1/2),N7(3/2),N8(5/2); where the spin of formalism used in this refitting is still within the context of
each nucleonic resonance is given in parentheses. Adelsecket al's treatment for the spin-3/2 resonankg.

u channel:L1, L3, L5, S1; all spin-1/2 hyperonic reso- Model A is the basis of our numerical results reported in the
nances. next subsection.

t channelK*, K1; both of them have also been included The first step was thus, using model A, to fit the same data
in the present work. base as used to obtain the SL mo¢hl available 312 data

In thes channel, the most relevant resonance, in the framgoints for photoproduction, electroproduction, as well as for
of the present work, is the spin-3/2 resonafte TheN1  the K™ p radiative capture processThe coupling constants
resonance®;,(1440 was found to have a coupling compat- and the reduceg? are given in Table I. Although the result-
ible with zero(see Table | and Ref1]). Moreover, a recent ant y? for model A (1.84) is slightly larger than that for the
model-independent nodal structure analy{di6] concludes SL model(1.73, it is still acceptable. Anticipating the pre-
that the present data do not require contributions from theentation of the observables in the next subsection, the fit of
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the data with model A appears at a comparable level of qual-
ity as with the SL model, see the dotted and dash-dottecs [ i
curves in Figs. 1-3, and Fig. 5. Hence, these results justify§ 03k
the use of model A as a starting point to investigate theg
sensitivity of the observables to the off-shell effects.

Given that model A contains only one spin-3/2 baryonic °
resonance, we have also investigated possible contribution
from other known spin-3/2 nucleonic resonances, narhely,
[N(1520)[(2) 2771 (N2) or [N(1700)[(2) 2] (N5). We
performed minimizations for all possible configurations in-
cluding one to three of the spin-3/2 resonani&s N5, and
N7. In these configurations, whenever at least one of the twc
resonancedl2 andN5 was retained, the correspondigg's
were found to be significantly larger than those for model A, <
implying that the existing data base does not require contri-2
butions from these resonances. Through the numerical inves§
tigations mentioned above, we have reconfirmed that modeE
A is indeed areasonable starting moddior the present
study.

Then we adopted the correct propagdtag. (2.7)] and

(@ E,=1.00Gev

0.4 F

a/

0.3 |

0.2 F

do/dQ (ub/sr)

=4

0.3 F

1 15 2

E, (GeV)

0 0.5 1

cosOy

25 —1 -0.5

introduced the off-shell treatments to tNg resonance, and
fitted again the data to obtained modelBable |). Finally,
for the sake of completeness we includedihehannel spin-
3/2 hyperonic resonande\ (1890) [(0) £*] (L8) with the
off-shell effect, and once again fitted the d&taodel C in

FIG. 1. Differential cross section for the procegp— K™ A:
excitation functions a¥g™=27° (a), 90° (b), and 150°(c), and
angular distribution aE'*=1.0 GeV (d), 1.45 GeV(e), and 2.1
GeV (f). The curves are from models SHotted, A (dash-dottey
B (solid), and C(dashedl The SL model comes from Rdfl], and
model A is a simplified version of SL where the resonarégésand

Table ). The choice of this resonance, as in the case O\g have been taken awagee Table ). Model B is the same as
nucleonic resonances mentioned above, comes from the fagfogel A, but with off-shell effects for the only spin-3/2 resonance
that the inclusion of any other spin-3/2 hyperonic resonanceg7) in the reaction mechanism. Model C is the same as model B

[A(1520)[(0)271(L6) or[A(1690)[(0)3 ] (L7), dete-
riorates the reduceg? significantly.
Here we would like to point out that by adding any spin-

3/2 baryonic resonance we introduce five additional free pa-

rameters, namely, two coupling constan®,; (andG,) and
three off-shell parameters. The fact that the associated

with model C comes out larger than that for the model B,

with an extra spin-3/Zhyperonig¢ resonancel(8), also with off-
shell effects treatment. Data are from Ré¢fs3] (empty circleg and
[14] (full circles).

split the four models into two families abo@bw 1.5 GeV:

in the backward hemisphere, both the SL and A models pre-
dict significantly larger cross sections than the two otfiBrs

indicates that the dynamical content of the phenomenologic&nd O which embody the off-shell effects.

approach discussed here is reliable enough, sdcitional
free parameterslue to apparently unrelevant resonandes
not improvethe x? (reduced or per poiitModel D in Table

For the angular distributiongFigs. 1(d), 1(e), and 1f)],
the four models give similar results &2°=1.0 and 1.45
GeV, while at the highest enerng';‘b=2.1 GeV; Fig. 1f)]

[, with two of the free parameters fixed, will be discussed inthe off-shell treatments produce drastic effects at backward

Sec. IV C.

B. Observables

In this subsection, we compare with the data the results
the four dynamical modelSL, A, B, and G summarized in

Table I. Here we will adhere closely to the observables re

ported for the SL modd]l1], where a comprehensive discus-
sion on other available phenomenological res[dt$,17 is
also presented.

1. Reactiony+p—K*+A

In Fig. 1, angular distributions and excitation functions

angles.

A striking manifestation of the above behaviors can be
seen while investigating the total cross sectibig. 2). The
long lasting shortcoming of the phenomenological models

ased on effective Lagrangian approaches is significantly
cured by the inclusion of the off-shell effeétdlamely, the

total cross section does not any more show a diverging be-

havior aboveE'?>~ 1.5 GeV (see also Fig. 5 in Refl]).

In the explored phase space region, the excitation func-
tions and angular distributions for single polarization asym-
metries(Fig. 3) show significant sensitivity to the off-shell
treatments above roughly 1.8 GeV for the-polarization
asymmetry P) and polarized target asymmetry)( In the

for the differential cross section are shown. All the modelscase of the linearly polarized beam asymmef®) the ef-
reproduce the data almost equally well. However, the exci-

tation functions a#™=90° [Fig. 1(b)] and 150°[Fig. 1(c)]

3We use the notatiof(/)J"].

“4Preliminary data from ELSA18] for both differential cross sec-
tion at about 2 GeV and the total cross section up to the same
energy show trends similar to those of model B in Fig$) and 2.
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FIG. 2. Total cross section for the reactigp—K*A as a 0.5 E 7 T
function of photon energy. Curves and data as in Fig. 1. \S 0 f SR E N : _ L S
-05 [

fects are more drastic. Indeed, abd&/’~ 1.6 GeV the off-

shell treatments produce a sign change with sizeable magni

tudes around 2 GeV. F@ E
The angular distributions for double polarization asymme- 05 [

tries, atE;"=1.45 and 2.1 GeV, are shown in Fig. 4. A N, {2

general trend for these observables is that significant off-© i

shell effects appear in the backward hemisphere. In the cas —0.5

of C,, asymmetry, this sensitivity gets attenuated with in-

creasing photon energy. For the other asymmefry X with

circularly polarized beam, as well as for the two asymmetries

(O, andO,/) with linearly polarized beam, the effects are,

on the contrary, enhanced with increasing photon energy. It FIG. 4. Angular distributions for double polarization asymme-

is worth noticing that the two models without off-shell treat- tries (C,, C,,, Oy, and0,,) in yp—K*A at E®=1.45 Gev

(a)—(d) and 2.1 GeM(e)—(h); curves as in Fig. 1.

= 1.45 GeV

(m E,=2.10 GeV

[rrTT
[rrTT
q
R

-05 0 0.5 1

-05 O 0.5

|
[T
-

cosOy

1

(@) O =90 [ By = 145 Gev ments predict almost vanishing values @y andO,, asym-

metries, while introducing these treatments results in a sign
» = E change and sizeable magnitudes for these asymmetries in the
—o5 [ E o backward hemisphere. We note that the curves depicted in
- - - Figs. 1-4 split in two families depending on whether the
off-shell effects are include@odels B and Cor not(mod-

;
F ) 0 = 907 P els SL and A.
05 | »
= oo i 2. Reaction erp—e’+K*+A
o5 ] T E g The cross section for the electroproduction process is
' given by
_q Bl P R Lo P R
do ]
-~ :d(Tu+ ELdO'L+ EdO’pS|n20 cos 2(b
P GRS Fo dQg
e E ++2€.(1+ €)dosin 8 cos ¢, 4.1
—05 = E g
VYN TN I ST [ S with 6 the angle between the outgoing kaon and the virtual
1 2 =1 0 1 =1 0 1 .
E, (GeV) cosd, cos0, photon, andp the azimuthal angle between the kaon produc-

tion plane and the electron scattering plane. Transverse and
FIG. 3. A-polarization asymmetryR) in yp—K*A, polarized  longitudinal polarization parameteesand ¢, , respectively,
target asymmetryT) in yp—K* A, and linearly polarized beam arée defined as
asymmetry E) in yp—K*A: excitation functions a®#$™=90°

(8—(c), and angular distributions d&5°=1.45 GeV (d)—(f), and Ip,|2 ) p2
E°=2.1 GeV(g)—(i). Curves are as in Fig. 1, and data from Refs. €= 1—2%tanz(§> , EL=— Tye, 4.2
[15] (P) and[16] (T). y Py
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FIG. 5. Differential cross sectiotioy, as a function of momen- —t(GeVz/cz)

tum transfer Q?) for the reactionep—e'K*A, for W=5.02 ) o

Ge\?, t=—0.15 Ge\?, €=0.72. Curves are as in Fig. 1, and the  FIG. 7. Same as Fig. 6, but for the longitudinal to transverse

data from Ref[17]. differential cross sections rati@(t)=do_/doy . Curves are as in
Fig. 1.

with ¥ the angle between the momenta of the incoming and . .

outgoing electrons. Moreovedo, is the cross section for an  Verse componer(T) splits also the four curves in the same
unpolarized incident photon beam, and the term containin@¥© families, with the off-shell effects producing signifi-
dap is the asymmetry contribution of a transversally polar-cantly smaller values for this obse(vab_le. On the contrary,
ized beam. The cross section of a longitudinally polarizedhese effects enhance the longitudindl) part. The
virtual photon is given bydor , while do, contains the in- transverse-longitudindlTL) interference term shows similar

terference effects between the longitudinal and transversgensitivities. Among the observables reported herel. thed
components of the beam. TL terms are the only ones to produce the most sizeable
In the figures shown in the remainder of this section, thefifferences between the models SL and A. Finally, the
electromagnetic form factors used are the same as in the S[ansverse-transvers@T) interference term shows rather
model (see Sec. IV D in Ref1]). Figure 5 shows the unpo- negligible dependence on the ingredient of the models.
larized component of the differential cross section Because of the above predictions on the suppression of
doy =doy+e do, [see Eq.4.1)], as a function of the the_transverse component and the enhancement of t_he longi-
momentum transfer. All four models reproduce the datdudinal one due to the off-shell treatments, the rdii)
equally well. We note again that models B and C give almosf_ 401 /doy is an interesting quantity to be investigated.
identical results. The predictions for different components of! NiS latter was already found appealing in the SL approach

the cross sectiofEq. (4.1)] are reported in Fig. 6. The trans- while examining the effects of hadrons electromagnetic form
factors. Here, the off-shell treatments have sizeable effects

(Fig. 7): the ratioR(t) between—t=0.5 and 1.0 Ge¥ is

l: . 3 F L increased by a factor of 2 to 4, due to such treatments.
06
0.2
05 [ < 3. Reaction K +p—y+A
% B % o The amplitudes of the strangeness photoproduction can be
2050 3o related by crossing symmetf$9] to those ofK ™ p radiative
3 3 B S e capture processes
0.2 ;.\uu.u,.u.vu.w K +p—7y+A. 4.3
a 1T
. _ozr Here, the relevant quantity is the branching ratio defined
R A F as
7 3 I'(K p—yA
¢ [ . _ LK povh) _p e ), (4.9
B g5 & : 'K~ p—all)

|
o
T

o Lol T EE P P with stopped kaons.
oo '(G“j? 2o T e In Table Il, the results of the four models are compared
1o © with the only available data point. They all agree with the
FIG. 6. Same as Fig. 5, but for differential cross sectionsUpper bound of the experimental result. Although in the SL
day(t), do(t), doy(t), anddop(t), see Eq(4.1). T andL stand ~ model the presence of tié¢7 resonance was found relevant
for transverse and longitudinal, respectively, faW=5.02  in reproducing the measured branching résiee Table Xl in
GeV?, Q%=1 Ge\?, ande=0.72. Curves are as in Fig. 1. Ref [1]), the off-shell treatments do not affect this observ-

|
o
[N
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TABLE II. Branching ratios [BX10® in Eq. (4.4)] for  global increase of the-channel strengths when discarding a
K~ p—vyA, from the SL model and the present wdrkodels A, B,  spin-5/2 resonance is a manifestation of the duality hypoth-
C, D). esis(the interplay between s- artedchannel strengthsn the
strangeness sector, as discussed in Rdf.

The introduction of off-shell effect$models B and €
SL[1] A B C D) experimen{20] attenuates these increases, and given the associated uncer-
tainties, the couplings for thechannel resonances in models
B and C stay compatible with the corresponding couplings in
the SL model. These observations on the numerical values
0.95 100 099 099 100 0.86.07+0.09 tend to show that the present data do not require strongly
contributions from spin-5/2 nucleonic resonances.

The above considerations indicate strongly that the under-
able. This may be due to the fact that here we are dealingjing dynamics retained in this work are tightly constrained
only with stopped kaons, and the reported behavior might by the available data base. Hence, the reported sensitivities
altered for kaons in flight. to off-shell treatments are not likely to be altered signifi-

Before ending this section, we wish to make a few com-cantly by the rest of the free parameters of the models intro-
ments on some general features of the findings summarizetlced here.
in Table | and/or depicted in Figs. 1-7.

2. Off-shell free parameters

C. Comments on free parameters In obtaining models B and C we have treated the three

. o parameter$X, Y, andZ) as free ones. As shown in Table |,
The models discussed in this paper embodyri@del A ¢ of six off-shell parameters related to thNy and L8

to 20 (model Q free parameters, see Table I. In this S”bsec‘resonances, the largest one by far is Yhparameter for the
tion, we emphasize that, in spite of rather large number o7 resonance. Th& parameter related to this latter reso-
free parameters, our approach offers some meaningful imance comes out to be compatible with zero. Moreover, all
sight into the dynamics of the strangeness electromagnetigree parameters of tH¢7 resonance are stable upon com-

production processes. paring the B and C models.
_ Notice that one of the main motivations in introducing the
1. Coupling constants off-shell effects is to cure an undesirable increase in the pre-

In the fitting procedures, the two main coupling constantsdicted photoproduction total cross seth>ion above roughly 1.5
(Table ), gxan @ndgysy, have been allowed to vary within  G€V. By examining the nonpole pafy;” of the amplitudes
their broken S\3)-symmetry limits[11]. Given that for the N Appendix B, one findSthat for the off-shell parameters
other couplings we do not dispose of any reliable values of* — 1/2 andZ#0, there are contributions to the invariant
constraints, we will discuss their variations, within the cor-2MPplitudes which rise linearly as a function of theariable

responding uncertainties, according to the models ingredien bserve thal\f[. do‘?s not partticipzte l;n this .mﬁ?%"_'%nce't th
and/or off-shell treatments. The values referred to concerg© ¢9SS S€clion Increase statec above might be due to the
. #—1/2 andZ#0 values, as obtained from the present

models SL, A, B, and C in Table I. Lo | loiti h labl

(i) s channel: no significant variations are observed minimizations(Table ) exp 0|t|ng the available dgta. .

(i) u channél' In aoina from the SL model to modél A The authors of Ref.5] have discussed extensively differ-
the couplings of. thd_95 a?\d S1 resonances undergo varia’- ent “choices” of these free parameters, and especially fixing
tions of factor 2 to 3. Then the inclusion of off-shell effects two of them, as reported in the literatU@2]. They conclude

. . " that there is no physical basis to attribute fixed values to any
(going from model A to B brings them back close to their of these off-shell parameters,

SL model values, stabilizing them for the C model. These However, to numerically estimate the consequences of

two cons_ecutive variations might come from the Observatiorbliminating the undesirable-dependent terms by imposing
[1] that in the SL model these two resonances are rath&f _ 1> 20470 we have performed a minimization

zggir;glﬁe;%r;etlgt;?' (;rr\l/grifa?i(g,nsmo;htelhesat;%ngle c(:)(zuarllix CONYithin the context of model B. The results for the coupling
' 9 \ S PING  constants and the only adjusted off-shell parameYgrdre
constants. However, the combined contribution of these reso-

nances to the observables does not show any drastic varigi—ven in Table | as model D. We see that the only significant
tion y variation compared to model B concerns tlieparameter.

(iii) t channel: As mentioned already, the model A is theNOtlce that for model B we had alread~0. Hence, de-

starting point of the present study. To obtain this model, thereasing the magnitude of theparameter by roughly a fac-

only spin-5/2 nucleonic resonance in the SL has been re-
moved.

A close look at the coupling constan{§able ) shows °From Egs.(B10) and (B12) in Appendix B, we see that only
that two families of couplings have significantly different three of the nonpole coefficient®{y, P57, andP}y) depend on
values. The first family comes from thechannel: while the the s variable and that this dependence is linear. We write hence
coupling ofL5 increases in magnitude, that®f decreases. Pij =a;s+bj;, where the coefficienta;; andb;; are functions of
These variations are likely independent of the spin-5/2 resg?nly off-shell parameters and baryon masses. Then one can readily
nance. In fact, a strong correlation between these two resd@lerive the expressionsay;«(Z—1/2)(2Y—-1); ax~<(Z—-1/2)
nances was found in our previous wdrk. The other fam-  +X[1—2Z(My/Mg+2)]; axxX(Z—1/2). All these coefficients
ily, as expected, concerns thechannel resonances: the vanish atX=0 andZ=1/2 (i.e., X= — 1/2 andZ=0).
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_— D. Comments on unitarity
L The constructed amplitudes do not embody unitarity in
any of the reported approachéscluding this work. This
aspect has been considered in the case of pion photoproduc-
tion [6], where different unitarization methods have been in-
vestigated to take into account the absorptive corrections and
going hence beyond the tree approximation. In that work, the
N S I TR P effects of the higher order diagrams on the observables are
1 1.5 2 2.5 05 1 15 2 25 found to be less than 10%. Such an effort in the case of pions
E, (Gev) —t(GeV?) is justified and fruitful because on the one hand the reaction
mechanism is almost under control, and on the other hand
there are copious and accurate enough data for both photo-
production channel and theN interactions and hence, the

G (b)

FIG. 8. (a) Total cross section for the reactigp—K* A as a
function of photon energyb) Longitudinal to transverse differen-
tial cross sections ratidR(t)=do /doy for the reactionep -
—e’'K*A. The curves are from models Bolid) and D (dashegl 7N phase shifts.

Model D has been obtained in the same conditions as model B For _the two other_ pseudos_cala_\r mesapsand K- both
except that the off-shell paramete¢sandZ were fixed at- 0.5 and theoretical and experimental situations are less advanced and

0.0, respectivelysee Table)l the main effort at the present time is focused on improving
the ingredients of the tree approximation. However, there has
recently been some attempts to unitarize the amplitude in the

tor of 2 (E)etween models B and)Oeads to an increase of aqqaciated strangeness photoproduction processetlal.
about 20% of the magnitude of theparameter. In Fig. 8 the [23] have performed &feasibility study” within a chiral

photoproduction total cross section and the electroproductiopg|or dielectric model adopting a simple two-channel case

ratio R(t)=do /doy are depicted for both the B and D 4 using thek "N phase shifts to approximate the' A
models. In both cases the results from the two models argjgstic scattering in the final state. Kaisaral. [24] have

quite close and the photoproduction total cross section COM&feveloped an S@) chiral dynamics with an effective
out to give slightly higher values using trel hocfixed o pled-channel potential. Thiswave approximation ap-
values forX andZ [Fig. 8(@)]. Other observables discussed proach s limited to the near threshold region. These works
in this paper show similar behaviors while comparing mod-nt forward some indications on the effects from the unita-

els B and D. The closeness of the predictions for the 0bsenti;ation, but they do not offer a definitive conclusion about
ables can be understood by noticing that Zhparameter in 1o importance of the final state interactions.
r_nodel B has a value compatible with zero, and the contribu— Note also that there has not been any unique way to carry
tions due to theY-dependent terms dominate numerically op, the unitarization. We thus believe and hope that, since the
over those coming from th&-dependent ones. finite widths of the resonances are included, some parts con-
In the case of pion photoproduction, the RPI grd@  {riputing towards unitarization have been effectively in-
found that |mp05|ng>2(:—_1/2 andZ=0 leads to a signifi- cjyded in the models discussed in this paper. Finally, we
cant increase of thg<. This is not the case with the present yoyd like to mention that there are some works in progress

investigation(Table ). The reason is that the pion photopro- [25] attempting to embody unitarity in the reactions studied
duction was studied in thA 33 resonance region, where the pere.

reaction mechanism is dominated by this spin-3/2 resonance,
while in the case of strangeness production none of the reso-
nances has a paramount role. Moreover, we recall that model
B (C) studied here contains offevo) spin-3/2 resonance and  In the present paper, focusing on the electromagnetic pro-
five spin-1/2 resonances. duction of strangeness, we were concerned with the improve-
To our knowledge, there ara priori no bounds on the ment on the effective hadronic Lagrangian approaches by
values of the off-shell parameters. However, rememberingncorporating the correct spin-3/2 resonances propagators
that the off-shell freedom comes in only from the nonpoleand what is called off-shell effects entering the vertices con-
terms, and that the principal contribution from a given resonected to these resonances. The work presented here allows
nance must correspond to the propagation of its proper spins to preserve the gauge invariance of the formalism, to en-
we expect that the corresponding nonpole parts might nature that each propagator associated with a spin-3/2 ex-
dominate the pole part. This would give reasonable upperehanged baryon has an inverse, and to include simulta-
bound to which valueX, Y, andZ may take. This expecta- neously botiN* andY* spin-3/2 resonances. Applying our
tion was verified in the case of the models reported here. approach to th& A channels observables investigated in Ref
Finally, in the case oE 8 hyperonic resonandenodel Q, [1], we emphasized that the photoproduction and electropro-
very small values of the off-shell parameters, as well as thosduction of K* A observables show significant sensitivity to
of coupling constants resulting from the minimization en-the off-shell effects, while these effects do not lead to mea-
dorse our previous affirmations: contributions from this resosurable manifestations in th€™ p radiative capture branch-
nance are not required by the existing data base, and theg ratio with stopped kaons.
smallness of the relevant free parameters explains why its The numerical results reported here are of course heavily
inclusion in the underlying dynamics does not have signifi-based on the existing data. Given the inconsistencié$
cant consequences, neither gh nor on the predicted ob- within the present data, the dynamical content of the models
servables. reported here will very likely evolve with the forthcoming

V. SUMMARY AND CONCLUSIONS
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high quality data from several experiments, both ongoing |p7||pK|
and planned. Hence the presented numerical results should fﬁm
be considered as guidelines for relative effects. The efforts in v v
refining the phenomenological approaches are then meant to
provide us with appropriate tools to interpret the upcoming
data.

Applying the formalism derived in this paper to the avail-
able database, our results show that the photoproduction
data, especially polarization asymmetries, are crucial in pin-
ning down the role of off-shell effects. Once these effects are
under control, the electroproduction channel can be investi-
gated in studying the electromagnetic form factors of theThe only differences between these and the relations given in
baryons, kaon, and their resonan26|. These conclusions Appendix D of Ref[1] appear in the amplitude&; and F
were reached for th& A channels and we are currently in- (contributing only in the electroproduction observables
vestigating the complemental§2, processes. The associated where we have the following extra term inside the braces:
strangeness production sector using electromagnetic probes(p.,-p,+ pzy)AG.
is also being investigated within more fundamental ap-
proaches such as Chiral perturbation thef@Yy], limited to
the threshold region, or chiral quark modg®8] where the
electroproduction process is rather hard to deal with. Con-
cluding, the complementarity between the Effective La- Here we present the concrete form for the invariant am-
grangian approach and other promising investigationglitudes decomposed into the pol®)( and nonpole I P)
[23,24,27,28 provide us with powerful theoretical means to parts as discussed in Eq2.16—(2.18). The calculation has
interpret the copious and high quality data to come. been done both manually and by usmgpLE to confirm the
validity of the former.

To begin, we first introduce several coefficients as well as
a few Lorentz scalar products which enter the expressions for

We would like to thank Jean-Christophe David, Zhenpingthe amplitudes:

Li, and Nimai Mukhopadhyay for fruitful discussions, and

—2p,-py Ayt (Vs—Mp) As

— (P, Py— P, Pp— D) Ag
1
TE M, (P0ALT Py Ppdat Py PrAs

+p,o(Vs+M p>As}}. (AB)

APPENDIX B: INVARIANT AMPLITUDES FROM AN
s-CHANNEL SPIN-3/2 RESONANCE

ACKNOWLEDGMENTS

Dietmar Menze and Reinhard Schumacher for helpful ex- 1
changes on the experimental results and projects. A=— GW(M$+ M&—M&—MgMy), (B1)
R
APPENDIX A: CGLN AMPLITUDES >
The well-known Chew, Goldberger, Low, and Nambu B(Z)= Ve (B2)
R

(CGLN) amplitudes entering into the expressions of the pho-
toproduction and electroproduction observalese for ex-
ample Ref[1]) are related to thed; invariant functions as 1

follows:  12M2(p,-Py— P, Pp)
X[2MgM My —(M%+M2—MZ)(2M,—3Mg)],

F1=( \/g— Mp)A1—p, PpAz— P, PyAs— piA51

Al) (B3)
[P,/
jtZ‘(EpH\Ap)(EYJrMY)[NEH\/"’)AlﬂO"'D"A3 D(X,2)= Y ! :
Py Py—PyP
+p, Pyt p2As], (A2) A _
X[(2Mp—Mg)—2(Mg+2My+2M,)Z
Pyl . o
f3=ﬁ[—2py'ppA2+(\/§+Mp)A4+piA6], —2MgX+4(My+2Mg)XZ], (B4)
(A3)
_ 2 _ 2
|pK|2 , E_ 12MR[MK (MY+MR) ]l (85)
f4:m[2py'ppA2+(\/§_Mp)A4_ p5As],
(A2) o= - <
F(X,Z)= ——[Mg—2MgZ—2MgX
o2 12M2
_ 1Py —
75—m[—-/41+2py'pYA2+(\/§+Mp)(A3_A5) +4(My+2Mp)XZ]. (B6)
+(P, Py— Py Pp— D) As], (A5) The dot products are given by
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1 1 PH=—E(M3—M?2),
Py Pp=5(S=M;=P3), P, Py=5(M7+pi—u). P
B7 1
®0 P2=5(Mp—Mg),
Using the relatiors+t-+u=M3+M{+Mg+p?, we obtain
1 . p:_E(MY+2MR)(Mp_MR)MY+E 2
Py PYy= Py Pp=35 (=M —p7). (B8) 26 Mg 27°
_— . . . 1 (Mg—~MR)(Mp+2Mg) 1
With this preparation above we first present the quantities + 3 M - Et'
PIN" (j=1,....,4) for thephotoproduction coming from R
the G, coupling 1
P§4:—§(M§—M2R), (B11)

1 1ME| 1M+1|\/|§M+1t
3 6Mm2/ P 3"R"3Mg P27
PP=1,
2
P:EMYMP —E%—l M
13 3 M% 3MR Y
+(1 1 M2 "
-2 X|m,,
3 3|\/|2R
Pls=—(M,+Mpg), (B9)
np_ 2 (st MyM p+2MgMy+2MeM ) YZ
11_3 Mé
1 (s—=M§+MgMy+MgM,+MZ)Y
3 Mé
1(—5—2MRMY+M§—2MRMp)Z
3 Mé
_1—s+M$—MRMY+M,§—2MRMp—M§
6 M%
PYY=0,
pnpd_(My+2MYZ 2 ¥
133 M2 3 Mg
2 (-My+M,—2Mp)Z 1 M,—Mg
3 |\/|2R 3 Mé
PNP=0. (B10)

Those coming from th&, coupling, viz.P5"" (=1,... 4
are

PY =—E-F(X,2)(s—M?),

Py =0,

PNP—2 (_S+ MyM p_ZMRMY+ ZMRMp)XZ
2373 M2
R

_E(—s+M$—MRMY+MRMp—M§)'>“<

Py ==. (B12)

The parts forj=1,. .. ,4contributing to the electroproduc-

tion [see Eq(2.18] are as follows. Those related to coupling

Gy

2A—1
“Py— P, Pp)’

Rflz A' RJF.,ZZ 2( p
Y

Ris=R1,=0, (B13

- B(Z)
RIT=B(Z), Riz=—————,
py' Py p'y' pp

R?spz RT4P: 0.
Those related to couplinG,:

R5,=E, R5,=C,

1
R2Ps: —2A, R54: o
(B14)

RIT=F(X.2), R} =D(X,2),
RY = —2B(Z), Rb;=0.

For j =5,6 (contributing solely to the electroproductiotie
Ej; coefficients coming fronG, are
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2ApP,-Pp— Py Py
Efs=—2A(Mg+M,), Ef=— 1217

py'pY_py'pp

gne_ 1My 2(My-MetMpZ 1Y
3 M% 3 Mé 3 Mg

2 (My+2Mp)YZ

t3 2z

MR
2B(Z)p, p
'IIGP:—VD (B15)

Py PYy=Py Py’
while those coming fronG, are
E5s=2Ap, pp, Ebs=2Cp,-p,,
E> =2B(2)p, Py, Ejs=2D(X.2)p, p,. (B16)
APPENDIX C: VERTICES ADOPTED BY ADELSECK et al.

Here we show how the vertices Eq2.12 and (2.13
may be reduced, by some assumption and approximation,
the ones used by Adelseek al. [3]. As discussed in Ref.
[5], the propagator adopted by Adelseekal. Eq. (2.21)
may be rewritten(in the limit of zero width as

LA

PA (q)=
,uv(q) S—MZR

(CD

2
v

where P
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(q) is the projection operator for spin-3/2 states.
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has been used. So by this assumptimnapproximatioh, we
have only to find out the structure @by suppressing the
index for spin eigenstatgshe following matrix elements:

Uv(py) VEKYRU ,(q), (C6)
and
U () V(RpY)U,(py)- (C7)

First, by disregarding the off-shell freedom, tK¥Rver-
tex in Eq.(2.12, sandwiched between two spinors EG6),
becomes

— g —
(P VH(KYRIU,L(0)= T pt Uy () U (),
()
which results from
QU ()= (Pk+Py)“U,,(9)=0. (€9

This is a consequence from one of the constraints for spin-
3/2 fieldR,,, recall Sec. Il A:9#R,=0. Thus by introducing

@xyras

Okyr__ 9kYR

Mg~ My’ (€10
we may identify theKYRvertex of Adelseclet al. as
aKYR
VHKYR)~ pé. (C1)
Mg

Thus this choice of the propagator cuts out the propagation \ye now ook at theR py vertex whose matrix element is
of spin-1/2 states. With this the scattering amplitude Edyafined in Eq(C7). With no off-shell freedom implemented,

(2.11) reads
G+ 5
s—M2+ilgMg

XP¥q)V"(Rpy)U(py).

M =Uy(py) VAKYR)

(C2

For an on-mass-shell positive energy resonance the spin-

3/2 projection operator may be written as

P¥(a)=2 UL (0U,(a), (C3)

where the summation is implied over the spin eigenstates.

By assuming that the propagating spin-3/2 resonance is
approximately on-mass-shell, and in a positive energy state,

we find

Vs+Mg

M~ Uy(py)VAKYRU (@) —————
=2 Uy(py)VA( S rarvive

XU, (@V"(Rpy)Up(pp). (c4
In the above expression the equation

the vertex Eq(2.13 reads

e .
2Mp(e by—P,E)

VY(Rpy)=

€% v v\ i A2 C12
+4_|v|’2)(6'pppy_p'y'pp6) iy’ (C12

The second term in the large bracket can be handled quite
easily: even without taking its matrix element, we can simply
define the coupling constant, as

o] _ %
(Mg+Mp)?  4ME

(C13

Next, to findg, we take the matrix element of the first
term in the large bracket of EQC12), that is proportional to
g,. This reads

i~ (G~ p"h)y® C14
|2_I\/IpU"(q)(E By,—Py€) Y’ U(py). (C14

Then we exploit the following relations:
p'y:q_ ppv (C15)
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py?’SU(pp)z _Mp’}’SU(pp), (C19

U(@4=U,(q)Mg.
Then Eq.(C14 may be rewritten as

(C1y

(MptMp) |, Py | g
991TpUV(Q) € —Mé iy°U(pp)-
(C18
Thus by definingg, through
da _ €%
Mg+M, 2M, (€19

Eq. (C18) reads

PRC 58

14

v_ Py
Uy(q)ga[e I\,,RH\,,AU(pp). (C20

Then with everything put together, tiipy vertex becomes

v ~1 V__ p;é
+ 1 ( v V) 5
—_— (€ — . € .
gb(MR+Mp)2 PpP, =Py Pp Y
(C21)

The problem with this form is that it does not respect gauge

invariance. Thus in Ref 3] the replacemenMg— s was
made, which eventually leads to EQ.23.
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