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Corrections to the Born approximation in photoinduced strangeness production off a proton are calculated in
a semirealistic microscopic model. The vertex corrections and internal contributions to the amplitude of the
vp—K*A reaction are included on the one-loop level. Different gauge-invariant phenomenological prescrip-
tions for the modification of the Born contribution via the introduction of form factors and contact terms are
discussed. In particular, it is shown that the popular minimal-substitution method of Ohta corresponds to a
special limit of the more realistic approach.
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I. INTRODUCTION part of the amplitude and originates from the convection cur-

One of the qoals in studies of photoproduction and elec_rent of the charged particles involved in the reaction. Its
the goa P P . contribution to the matrix element, being proportional to the
troproduction of pions or kaons on the proton is the extrac

. . : _ ‘momenta of particles, affects the cross section at high ener-
tion of information on baryon resonancég. This is usually P g

) X ! i ies. In the approach of Oh#g(s,t) is not altered, due to the
done on the basis of models built on effective I-agr"’mg""mgomplete cancellation between the effects of FF’s and the

[2-9]. A typical amplitude, describing meson photoproduc-contact terms. In other methods, in particular in the DW
tion, includes the Born contribution as a kind of baCkgrOU”dapproacr{&lO], or Haberzettl's approacfil,], the ampli-

to be added to the resonance contributions. Only at low phog,ge a (s, t) changes considerably compared to the Born am-
ton energies the physics is determined by the Born dlagramf,mude_

With increasing_ photon energy the Born contribution_rises 0 |n order to study different phenomenological approaches
produce unrealistically large cross sections at energies of inye calculate vertex corrections and internal contributions to
terest for strangeness production as noticed by many authofge electric amplitude in an effective Lagrangian model. Ir-
[6-8|. The popular strategy is to suppress the Born ampliyeqycible one-loop contributions are included for the reaction
tude by including form factors(FF’s) in the strong- .5 ,k+A This allows us to extract, within a gauge-invariant
interaction vertices. '_I'hese FF's account for physics on th_‘?nodel, both the FF'gassociated with three-point loop cor-
scales beyc_)nd what is considered, i.e., excha'nges'of heaV'F’éctions and the contact termg@ssociated with four-point
mesons which are truncated from the Lagrangian(@gher |55 correctiony and to make a comparison with phenom-
orden loop corrections which are letted for simplicity. enological approaches. The model is(8la,o Symmetrical
Closely associated with FF's are additional terms, called consnq describes the baryon-meson interaction as well as the
tact terms(sometimes four-point vertices or internal contri- yeson-meson interaction of the scalar and pseudoscalar me-
butions, which restore gauge invarian¢®&l) usually Vio- gsgns, |n the intermediate states of the diagrams we include
lated _by the introduction of FF's. Several d|fferent_ the scalar meson, kaon, proton, ahdiyperon. The pion and
prescrlpt_lons for the FF s and contact terms_are commonly i hyperon are not included as yet, and thus the model can be
use. While at low energies these prescriptions lead to relg;onsigered as semirealistic. On the one-loop level there ap-

tively close results, at higher energies the calculated CrOSSear three diagrams for tH€'pA vertex and four diagrams
sections may differ drastically. Therefore the information on¢y; the internal amplitude. The vertex corrections have the
the properties of resonances extracted from these processeii%perty that in the limit of large mass of the scalar meson
strongly influenced by uncertainties in the treatment of thissgch of the three vertex-correction diagrams generates FF’s,
problem([4]. which depend exclusively on one of the Mandelstam vari-
In the present work we study two commonly used proce-pjess,u, or t. This in turn leads to an interesting effect of

dures: Ohta’s minimal-substitution metho®] and the cancellation between the vertex corrections and the four-
Davidson-Workman(DW) recipe[8,10]. The most essential point diagrams in the scalar amplitude(s, t).

difference in predictions of these two methods for the meson \yie should mention that some loop contributions in the

phoEoproduc_hon processes, such @$\|~>_7TN or p pion photoproduction on the nucleon were studied in Ref.
—K'A(KZ), is the modification of one particular invariant 12 where the need for consistent treatment of corrections
amplitude Ay(s,t). This amplitude is related to the electric iy the Born amplitude was stressed.
The paper is organized as follows. In Sec. Il A the Born
approximation is briefly discussed and invariant amplitudes
*Electronic address: korchin@kvi.nl are introduced. The structure K pA vertex is addressed in
"Electronic address: scholten@kvi.nl; http:/Avww.kvi.nl/scholten Sec. Il B. Different recipes for restoring Gl are outlined. The
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y K* % a o b= vs(y'k-p' = pHK). 3

. ; s The gauge-invariant basig1/ is constructed in such a
way that the scalar amplitudes(s,t) are free from kine-

matical singularities and zerdsl4]. For the Born dia-

gramsA; take the form(we omit arguments for brevily

ABornzeg<1+KD+ KA )
! s-MZ u-M2)’

FIG. 1. Born diagrams for the reactior-p— K*+A. Solid lines
depict the proton, double-solid lines—thAehyperon, wavy lines—
the photon, and dashed lines—the kaon.

present model for calculation of the loop corrections and the
parameters is described in Sec. Il C. Results of calculations

and a discussion are presented in Sec. Ill. In Sec. IV we draw ABOM _ o 2
- - - . . —eg—————_,
conclusions. Finally, the Appendix contains details of the cal- 2 (s= M2)(t— ud)
culation of the three- and four-point loop integrals. (4)
Bom__ Kp 1
Il. FORMALISM A= S VSrvre
N
A. Born diagrams
The Born amplitude for the reactiop+p—K*+A (see Born Ky 1
Fig. 1) can be split in electric and magnetic parts, i.e., 4 M, u- 'V'[Z\
7§:7§,EI+7§,Mag1 where

The magnetic part results in the single-pole amplitudes
2pH 204 AZom ABOMand AR™ while the electric part contributes
s—M§+t—,u§ : solely to the double-pole amplituda3°™. As was dis-
cussed in Ref[14] the latter is a peculiar feature of the
amplitude with real photons and the choice of the spin

Tep = egﬂp’)wsum)(

Tg mag=€9UP") 75 tensorsM¥.
1 Kp "
X S M2 (1 + k) e+ M—(?’”k p-pk) B. K*pA vertex and form factors
N N
1 « In a phenomenological description strong FF’s are often
+ 5 [_ Ko yk+ _A(yuk p - p’”k)]}u(p). included directly in the Born diagrams. At this point we re-
u-Mj My call the general structure of tH€ pA vertex
(l) F(I .): £+ p_MNf_l_p,_MA f
The four-momenta of théreal) photon, proton, kaon, and PP =0\ ¥l s My 2. M, %3
A are denoted b¥,p,q, andp’ respectively, andVy;, w, Yy M
and M, are the masses of the proton, kaon, andThe + p A75¢ Nf4>, (5)
invariantss,t,u are the Mandelstam variables satisfying M My

the relations+t+u=M2+M3+u2. The anomalous mag-
netic moments of the proton ant are denoted by, and
Ky, respectively. Finallyg stands for the<*pA coupling
constant. The spinor of the initial proton igp), and the
one of the finalA is u(p’) where the helicity(spin) indices
are suppressed. The amplitudes in E@S.are gauge in-
variant, i.e.,k-7g=K-7y,4=0. Fo(p?) = f1(M3, p?, ud),

We will use the formalisnjl3,14 in which the amplitude
is decomposed through the independent spin tensors

wherep’,p, andq are theA, proton, and kaon momenta,
respectively, and;=f,(p’?,p?,g° are scalar functions. If
only one of the hadrons is off its mass shell then Ej.
simplifies. For this situation it is convenient to introduce
the three-point FF's:

Fu(prz) = fl(p,21 Mﬁa Mi)y
4

77‘:21 Ai(s, tiulp") Ml u(p), 2 FdD = (M2, M2, 6, (6)
i=
with Ge(p?) = F2(M3, P2 1d),
“— _
M=y Gup'?) = 1a(p'2, M, 123).
ME = 2y5(pPk - p' - p'ok - p) In general the functiong(p?),F,(p’'?, and F(g?) have

different functional dependencies as indicated by the sub-
script s,u, or t, and are normalized to unity on the mass
ME = ys(y'k-p=pK), shell.
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When the vertex in Eq5) is included in the tree-level ’
terms, the magnetic amplitudg ., in Eq. (1) is modified TE+ T =egup’)ys
to 7f,., with the following result for the scalar amplitudes:

2pH 20#
VI
S-My  t-uk

Mag
1+Kp KA +Gs(s)i<p_uk_ 'y#>:|u(p) (1)
A]_'Mag:e —S_MZFS(S)+—U_M2 Fu(u) MN kp
N A up to the transverse terms which are not constrained by
+Gy(s) Kp +Gy(U) Ka the condition of GI. The amplitude in Eq11) is appar-
s 2M§ 7 om2 ently gauge invariant and yields two scalar amplitudes
2
Aspiag=ed 2 ——F (9 + G Pee1 = SR - )
3,Mag — MNS_Mﬁ S MNS—Mﬁ S ) N Mk
1 Aot = - 0 ——G(9 12
K =-e ——=G4(s).
Paptag= €9 —7Fy(U). ) T My s-ME
' MA u- MA

It is seen that, firstAgg, cancels the term iz g pro-
portional to G4(s), and second, the amplitud&, g, coin-
] cides with the Born amplitud&2°™ in Eq. (4). The main

The electric amplitude changes to

2p* k
TE = egﬂp’)yg;(s_L{Fs(s) + GS(S)M— result is thus that the scalar amplitude is not modified

2
Mx N in the presence of strong FF’s, as noticed earlier in Ref.
204 [6].
T th(t))U(p)- (8
M 2. Approach of Davidson and Workman [8]
This term cannot be cast in the form of HQ) since it is In order to change the electric contribution in a phenom-
not gauge invariant. Indeed, contraction with the photonengjogical approach some authors introduced FF’s directly in
momentum results in the amplitudeA, in Eq. (2). As was pointed out in Refs.
K [8,1Q], care should be taken with the structure of these FF's
k-TEFegHP'))’s[Fs(S) +Gy(s) — — Ft(t)]u(p) in order to avoid spurious pole contributions as generated
My with the original introduction of these FF's in Refd.1,7].
= ' "+ keg) — "0 — _ The procedure in Ref$8,10Q], in which the FF's modify the
SupHLIP’, priia) TP, pia =k Ju(p) # 0 total amplitudeA,, will be referred to as the DW approach.
© In the DW approach the amplitud is modified to
In general, it is known that there are other contributions to >
the amplitudg15,16,13 which ensure Gl of the total am- Ap= ABMF = ABMt eg——— — (F-1)
plitude. We will denote this additional amplitude W (s=M{(t - ui)
and discuss different ways of constructing this amplitude. = ABO™ 4 AADW, (13)

1. Minimal-substitution method of Ohta [9] where the factoF for the reactionyp— K*A is chosen to

In the original formulation of Oht49] the electromag- be
netic interaction(EM) was included directly in the three- .
point 7NN vertex using the minimal-substitution method. F =Fg(s) + F(t) — Fs(s)Fy(1), (14
This allowed for construction of% in terms of the FF’s. It i that th tion to the B tribution i
may be instructive to derive the same regédtr the pK*A 0 ensure that the forgec |on_02 € born contribution 1s
verteX using a simpler, though less rigorous, method which{'€€ from poles as=My and U= i The functionsF(s)
was applied in Ref[17]. The GI requirement for the total and F(t) are nprmahzed to unity on_shell and are usually
amplitudeTya;+ 7e+7;, with the help of Eq(9) and defini- parametrized in the monopole or dipole form but are not

tions s-M2=2k-p, t-u2=-2-q, can be written as necessarily related to the FF’s introduced in Sec. Il B.

k-7.=-k-Tg C. Loop contributions
) 1-Fy9) In a microscopic model for the reaction mechanism there
=egk,u(p’) ys| 2p* s— M2 are various loop corrections to the Born diagrams. The sim-
N plest loop corrections are self-energy insertions in the propa-
1-F(t) v gators. These corrections are partially compensated by the
+2g” t‘Mﬁ _Gs(S)M_N u(p), (10) three-point loop corrections to the EM verticepp and

vKK. The net result is that only the magnetic contribution is
from which 7¢ is obtained as the term multiplyiny,. We  affected, however the convection current, which is of our
now find [using Eq.(8)] main concern, remains unchanged. For this reason these loop
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contributions will not be included. We will come back to this
issue in the end of Sec. Il B. The second type of loop dia- 5 ‘ .
grams are corrections to th&pA vertex shown in Fig. @). 1 2 3

These are ordered in a particular way to allow for an inter-

pretation in terms of the three-point FF’s introduced in Sec.

1 B. In this section we will explicitly calculate the three- , H’%’ SN

point loop correctionsCfg], to the electric amplitude. As dis- o o

cussed in Sec. Il B, Gl of the full amplitude is restored after 1 21 22 3

inclusion of the four-point diagram@nternal amplitudg de- .

picted in Fig. 2b). These diagrams can be obtained by at- F'G: 2. One-loop corrections in the present mo#€pA vertex
taching the photon to the lines of charged intermediate paf®: four-point contributionZfy; (b). Dotted lines correspond to the
ticles in the three-point loops and will be referred toggy. 7 ™M™ other notations are the same as in Fig. 1.

The amplitudeL,) cannot be expanded in the basis, EQ. 1, cajculate loop corrections we use an effective-
(2), since only the sunt{y+Lf, is gauge invariant. To ex- | agrangian model which is SB8)ga,o Symmetrical and in-
tract the amplitudeA, we express the loop corrections in cludes as degrees of freedom the baryon octet mBtrike
terms of the Lorentz structures appearing in H@): scalar (J’=1*) meson nonetb,, and the pseudoscal&s”
¥R, v, s v, v K, vsatK, vsvK, where it can be noted =17) meson nonet,s The corresponding Lagrangian is
that M4 =2y5(g"k-p—p~k-q) and M= M4+ ys(q“k—y*k-q). o .

Since M¥ is expressed solely in terms gfp* and ysg*, it L=Lg+Ddr(d{B, B}) + Ftr(dJB, B])
will be sufficient to retain only these terms from the loop
corrections and write

+Dydt(PpdB, BY) + Fodr(®d B, B]) + Ly,  (20)

wherel, is the free partgz B*yo,[B,E]({B,E}) stands for
commutator(anticommutator, Ds andF (Dps andF,¢) are
the baryon-meson coupling constants for scalpseudo-

#Ft(t)_l
MR t- i

Fs(s) -1
+

5§]=2663p37@(W‘S_ »Kp)+--u

(15 scalar$ [18], andLg is the Lagrangian describing meson-

meson interaction. The latter is chosen in thd3J

Ly =2egup’) ys[p“Hy(s, )+ g“H(s, O]u(p) + -+, X U(3) linear o model[19] (the explicit form ofL4, can be
(16) found, e.g., in Ref[20]). For the purpose of our paper it is

essential that 4 describes thesK*K™ and fyK*K~ cou-
where the ellipses mean the omitted terms containing thglings, where o=1f;(400-1200 and f,=f,(980 [or
Lorentz tensors\%, M¥%, and M¥% appearing in the mag- fo(1370] represent the scalar mesoigd].

netic terms. It should be noted that the functidh&) and In the calculation of loops we do not include themeson
F«(s) in the loop correctioncfg], Eq. (15), coincide with and the2, hyperon in the intermediate states. This restricts

the phenomenological FF's appearing in E8). The con-
dition of GI, k-(Lz1+L4))=0, imposes the relation
(5= MYH(s, 1) = (t= pR)H(s, ) =F(t) = F(9). (17)

The correction to the Born amplitud&S°™ can now be
expressed as

A 2 (ﬁm—1+H(tﬁ
—e0— 5| ——5— S,
%Mt

~ 2 (F4$—1

5 — + Hg(s, t)).
= g N

= (18)

the one-loop diagrams to those shown in Fig. 2. Calculation
of the corresponding integrals is tedious and we refer to the
Appendix for details.

The coupling constants of the &) singlet ¢y and octet
¢ States to proton and follow from Eq. (20). To get cou-
plings of the physical mesons; and f,, one needs in addi-
tion the mixing angle for the scalar mesons. All parameters
are given in the Nijmegen baryon-baryon one-boson-
exchange model of Ref18],

Gopp=16.90,g,04 =9.84,

gK*pA == 14.113|gf0pp: - 297! (21)

To find the total correction to the Born amplitude one thus

needs the coefficients multiplying® in Lfg] [see(15)] and

in L, [see Eq.(16)] [alternativelyAA, can be expressed

through Fy(s) and Hg(s,t)]. It should be noted thahA,
cannot have poles, and the condition

. 1-F(t)
lim Hy(s, 1) = > (19
S—>M§ t= Mk

should hold als=M§, which is the unphysical point for the

s channel.

ngAA == 910,

and massean,=0.76 GeV, m; =0.993 GeV. Thecorre-

sponding vertex is ig,gg(-igs ge). The oK*K™ vertex is
-ig,x+k-» With the coupling constanft20] gUK+K7:\f§(m(2,

- ug)(2f)sin(a—Aa), where fg=113 MeV is the kaon
weak-decay constant,a=arcsir{1/y3)~35.26° is the
“ideal” mixing angle, andA« is a correction, usually of
the order of 3°-10°. Likewise, thd,K*K™ vertex is
=igi e With gy = \3(m; - i)/ (2fi)cod a=Aa).
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3 T T T 12 T T I T
Born
—— present model: m, = 0.76 GeV ol — Ay ki, = 1.8 GeV |
---- m,=10GeV ---- AA,: present model
““““““ phenomenological o T 8 —— AA;: DW |
" AA,: Ohta
S 3
w 2
<

A (st) [GeV™]

Refy(s)

klab [GCV]

FIG. 4. Invariant amplitudeds(s,t) (real pari as function of
scattering angle at fixed photon lab eneftpp), and as function of
FIG. 3. Form factors in the channel(upper panglandschan-  energy at fixed anglébottom. The calculation is performed with
nel (lower pane). Solid and dashed lines present model witf m,=0.76 GeV.
ngﬁZSn(gE \éigﬂoi‘g f(;cet\é ’rsrzsoﬁcé';gg dotted lines present phet=(,u,<+m(,)2 develops a cusmot shown explicitly. The lat-
' ter corresponds to the physical state of a kaon aodrathe

t channel (pA—K™). The differences betweef(t) and
_ FPY(t) at t>0 may not be considered very important, be-
A. Form factors and amplitude A(s,t) cause this kinematical region is never reached in fpe
In Fig. 3 we show the FF’s as extracted from the loop—K"A reaction.
corrections in the ands channels for two masses of the The s-channel FF is plotted in Fig. 3 up t&~5 Ge\?
meson, 0.76 GeV and 1.0 GeV. For comparison the phenonforresponding to photon lab energikg, of about 2 GeV.
enological FF’s used in most analyses are also plotted. The¥SO here there is a sharp cuspsat(My+m,)* that comes

; from the intermediate protoo-state depicted in diagrams 2
have the typical bell-shape for(see, for example, Ref8 -
v yp! P ® xamp fe) and 3 in Fig. 2a). However, contrary to thé channel, the

Ill. RESULTS OF CALCULATION AND DISCUSSION

(oh) A? difference betweeifr(s) and the phenomenological FFFﬁsph)
F(s) = S M2+ A% X (s) shows up in the physical region & (M, +u)% For
N example, as=3 Ge\?, corresponding tk,,~1.1 GeV, the
, FF F((s) is larger tharF""(s) by a factor 30. This calculation
FPN (1) = A 22) shows that in microscopic models the FF’'s have much richer
t (t- M§)2+A4 strgctu_re than the commonly used phenomenological param-
etrizations.
with a cutoff massA of about 1GeV. All FF's are nor- Figure 4 shows the correction to the Born amplitude cal-

malized to unity at the corresponding on-shell points. Weculated in the present model, and in the DW approach, Eq.

do not present FF in the channel as it is not relevant for (14), with FF's from Eq.(22). Ohta’s recipe giveaA,=0. It

the discussion of the electric amplitude. is seen that loop corrections increase the Born amplitude
As it is seen from Fig. 3F(t) for m,=0.76 GeV is, inthe  A3°™ in contrast with the DW prediction. This result de-

physical region of the reactiopgp— K*A, rather close to the pends on ther mass; the calculation is performed with,

phenomenological FF down to —1.5 G&\At positivet the  =0.76 GeV and for the larger mags, =1 GeV, the correc-

FF calculated in the present model keeps increasing and &bn is less.
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terms. Of course this conclusion is valid only for the convec-
tion current related t@\, and different procedures may give
different results for the magnetic contributions associated
with Aq, Az, andA,.

Another way to see the cancellation between the two con-
tributions is to phrase the problem in terms of self-energy

corrections. In the limim,— o the vertex correctioﬂN”1 de-
pends ors=p? andp only and can be rewritten in terms of an

irreducible vertex(which is pointlike in this limiy and a

FIG. 5. Diagrams describing loop corrections to the three-point__ . . = B i

vertex (a) and four-point vertexb), in which theo propagator has ie(lf /ezr}e)rgyg (C(;rrg(.:tlon’tr{‘l_(g/thK).Vs sin(a I'Aagiystz?kﬁp)
been contracted to a point. Notations are the same as in Figs. 1 an??l\g K)V5 N P 5 Ince the vertex 1s normailzed at the on-
2 shell pointp =My, the correction vanishes there, which im-

plies that the self-energy also vanishes on shell, i.e.,

B. Cancellation of loop corrections at largem,, Sn(Pu(p)=0. The four-point term, shown in diagram 1 in

With increasingo-meson mass an interesting effect oc- Fig. 5(b), is proportional td™*(p+k,p), which corresponds to

curs: the total correctiodA, tends to zero in the loop cal- a photon coupling to the vertex correctidiy. It can be
culation, implying a cancellation between the vertex correcshown algebraically that

tions Ef‘g] and the four-point loop diagramsslqu. This

£
Kb

1 21 22

cancellation becomes more complete nif,>My and A, k,TH(p+k, pu(p) = [Sn(p) = Sn(p + K u(p)
— AB°™ |n other words, Ohta’s prescription discussed in Sec. "
Il B is reproduced. ==2\(p+Ku(p). (23

There are two ways to understand this effect. One is by ) ]
realizing that in general loop corrections to a strong vertexON€ may also argue that since the photon is coupled to all
depend on the four-momenta of all particles involved. Mini-charged particles in the loop the vertex should obey the
mal substitution in such a complicated function introduces/Vard-Takahashi identity23] which reduces to Eq(23)
many ambiguities as, for example, was discussed in RefOr the vertex correction. _ _
[22]. In general, gauge-invariant tensor structures beyond the The total correction to the Born amplitude can be written
minimal substitution can be constructed through a combina@s
tion of at least two four-vectors. For these four-vectors one
may take the momenta of any particle involved andjor
matrices when dealing with fermions. The resulting terms
may contribute to any of the tensosst/ with i=1,2,3,4. eg
Therefore the minimal substitution in the most gen&rgiA =_—u(p’) ysJ“u(p), (24)
vertex does not lead to unique results, evenAgs,t). 2fk

If the vertex, however, depends on a single momentum
p“, then the procedure of minimal substitution gives unam-where S(p+k)=(p+k-My)™ is the free proton propaga-
biguous result for the electric amplitude. Possible terms betor. It is now straightforward to show that the current
yond minimal substitution in such a vertex are expressed vid“u(p) is (a) purely transversek, J*u(p)=0, and(b) inde-
p“ and y* solely. Any gauge-invariant structures built on pendent of the momentp’ of the A and g of the kaon.
these two four-vectors will not contribute WM, which the The first condition Implles that the matrix element in Eq
present discussion is focused on, because the latter tens@4) can be expressed in terms of the four Lorentz spin
involves two independent momenp4 andp’* [see Eq(3)].  tensorsM{, and the second implies that oniy 1,3 are
In this case any procedure to restore Gl should thus yiel@llowed. The contribution to the convection current there-
identical results for thé\,(s,t) amplitude. fore vanishes, i.e AA;=0.

The diagrams drawn in Fig. 5, which correspond to those This result is general, although the arguments for the dif-
of Fig. 2 in the limitm, — o, help to understand the situation. ferent diagrams in Fig. 5 differ in detail. Diagram 2 in Fig.

In this limit the propagator of thec meson becomes 5(a), for example, describes the vertex correction This
momentum-independent and “shrinks” to a pointlike interaccorrection is proportional to an effective self-enely of

tion, resulting in effective four-point  vertices the A. Since the finalA is on its mass shell this self-energy

AAK*K™,ppK*'K~, and ppAA. Simple analysis shows that, ishes. Th di litud tional
for example, diagram 1 in Fig.(8 depends exclusively on vanishes. The corresponding amplitude, proportional 20

vanishes as well. The four-point terms are given by the dia-
the nucleon momentump and does not depend on the kaon b 9 y

dA(D Theref his di rams 21 and 22 in Fig.(B). Each of them is not zero,
(q),an (p') momenta. Therefore this diagram can generatg,, yeyer they have opposite signs and cancel each other in
FF's depending ors only, and cannot lead to any or t

. o 4 when o, More formally, this result follows from the
dependencies. Similar arguments apply to other diagrams fﬁ\z Mo y

Fig. 5a). Any Gl restoring procedure therefore gives result'act that diagrams 21 and 22 describe a correctiofp’,p’
that coincides with that of Oht§9], leading to complete K t0 the EM vertex of the neutrak hyperon, which is
cancellation between the vertex corrections and the contattansversek,-I'*(p’,p’-k)=0, and independent of the mo-

ze_fimp’ws[zN(m KSo(p+ K)o+ T¥(p-+k, p)Ju(p)
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T If only the diagrams 3 in Fig. 2 are switched on, the
diagrams 1

T
Born
— AdA, dependence of thK*pA vertex is generated at all values of

m,. (see the lower part of Fig.)6Nonetheless the correction
to the Born amplitude decreases fast and is practically neg-
ligible atm, about 3—4 GeV. It is also interesting to note that
at m,=1 GeV the total correction is maximal. This reflects
nonregular behavior of the four-point loop diagram as a
function of invariant energycusp structure due to nucleen-
intermediate staje

The arguments presented above also justify our neglect of
diagrams 3 the proper self-energy insertions and corrections to the elec-
L5 --- E(t) 7 tromagnetic vertices, mentioned in the beginning of Sec.
Il C, in the calculation of the electric amplitud®.

We can conclude that in a microscopic model, where the
three-point vertex has a particular structure which generates
off-shell dependence only on a single momentgrorre-
sponding to the limit where one of the particles in the loops

_______ is very heavy, different corrections to the Born amplitude

05 « aemm T . cancel and the procedure of OH# is justified.

! L ! In more realistic models, in which light mesons are
0 z 4 6 8 present in the loops, the corrections do not cancel and the
DW procedure may be more appropriate. To test this as-
sumption we calculatedAS™ in Eq. (14) with the micro-

as functions ofo-meson mass. Upper panel, calculation including scc?p'c FFS Shown,'n Fig. 3, 'nSt,ead of phenomenological
only diagrams 1 in Fig. 2; lower panel, calculation including only FF'S used in the original formulatiofone may argue how-
diagrams 3 in Fig. 2. For diagrams 3 the coupligggss is V€T that only the phenomenological FF's are to be used in
multiplied by m,/0.76 GeV. The invariant energy and momentum the DW approach It turns out that at smath, the correction
transfer corresponding to this kinematics age4.26 Ge\f andt, AA'EW is of the same sign and similar magnitUde&@zOOps,
=-1.05 GeV, respectively. however results disagree in the conditions where one is close
to a threshold for the production of the physical particles
included in the loop diagrams. Whil&A2°PS is a flat and

) . RN smooth backgroundgsee, for example, the dashed curve in
d|ag_rams contribute to the tensokdj® with i=1,4only, and Fig. 4, the DW calculation shows an irregular behavior re-
AA=0. o ) ) , , flecting the cusps iffr4(s).

_The situation with the corrections described by diagrams  the ahove observations may support the picture in which
3in F_|g. 5 is basically smllar to d|agrams 1. We only have toihe pw approach is applicable in the regime where loop
take into account that, since the couplirgg, andg,\, ar¢  corrections arise due to the light intermediate particles, while
independent ofm,, both three- and four-point corrections the method of Ohta is applicable in the other extreme.
diminish if m,—. In order to observe effect of the cancel-  The precise magnitude of the loop corrections depends of
lation, the diagrams have to be kept finite. One can assumeourse on the detailed structure of the model. In the present
somewhat artificially, that the produgt,g,a, rises linearly  semirealistic calculation, where pions aadyperons are not
with m,. A reasoning similar to that given above leads to thetaken into account, the corrections tend to enhance the Born
conclusion thatAA,=0. Moreover, because the kaon is aamplitude. This situation may however be reversed if all pos-
spinless particle, the loop corrections do not contribute to theible intermediate states are included.
amplitudesA,,A;, andA, as well. Finally we should mention that the diagrams similar to

The above considerations are supported by numerical cathose in Fig. 2, wherd, meson replaces the, have also
culations(see Fig. §. It is seen from the upper part of Fig. 6 been included in the calculation. The effect of these turns out
that, when only the diagrams 1 in Fig. 2 are included, the FHO be very small and can be discarded.

F(s) differs considerably from unity. This means that the
correction to the three-point vertex does not vanish in the
limit m,— and yields thes dependence of the vertex. In
this limit the diagram should not contribute to thehannel In the present work we have explicitly calculated loop
FF and indeed one finds th&t(t)=~1 (not shown. At the  corrections to the strondg{*pA vertex and the additional
same time the amplitudé, approaches the Born term at four-point amplitude in an effective-Lagrangian model for
large o mass indicating the cancellation of all corrections asphotoinduced*A production off the proton. The main focus
discussed above. It appears also that the corrections are smhails been on the scalar amplitubigs,t), associated with the
even at moderate,. This is just a consequence of the fact electric contribution in a gauge-invariant approach.

that the coupling constants which enter this diagram are The calculation shows that there is a strong cancellation
small. in the amplitudeAy(s,t) between three-point loop correc-

Ky = 1.8 GeV, f = 90°
1 1 1

Ratios

1O F —

FIG. 6. RatioAy/AS°™ and form factors in the andt channels

mentap of the proton andy of the kaon. Therefore these

IV. CONCLUSIONS
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tions, often parametrized via form factors in a phenomeno-  _ i
logical approach, and four-point loop corrections, often writ- = ggoAAgo-K"K‘W
ten as contact terms restoring gauge invariance. This
cancellation becomes complete if one of the intermediate ys(2M , + L)d*L
particles in the diagrams be<_:o_mes infini_tely heavy. This Xf [(p’—L)2—Mi)[(L+q)2—,uﬁ](L2—m§)’
shows that the result of the minimal-substitution method of
Ohta[9] can be understood in the microscopic picture as a
particular limiting case.

In a more realistic case the cancellation is not complete.

Ip= gg(rppg(rK"K‘W

Only part of the loop corrections can be absorbed in an ap- ys(My + p— L)d*L(2m) ™
propriately chosen form factors and contact terms, con- > 5 530
structed using the minimal substitution. The remaining part [(p— L)%= MRL(L = )" = pic (L= )

can be accounted through four-point contact terms which are
gauge invariant and free of the poles, as was done in the ~ i

work of DW [8,10. I's= 9Grppdonn 53

The calculation also indicates that the form factors, usu- . 4
ally taken in phenomenological approaches, may not be re- y ¥5(2My + L)(My + p - L)d"L(2)
alistic. In a microscopic model the form factors are necessar- [(p-L)2-MA[(p' —-L)?- MAY(L>-m?)’

ily complex, with cusp structures in the real part reflecting

the possibility that the intermediate states become physical

particles for certain kinematical conditions. Even though wewhere we explicitly used Dirac equation for the fidglhow-

have focused our attention in this calculation on the electriever did not assume the initial proton and the kaon to be on

current, we expect that the conclusion about the complexheir the mass shells, i.ep?=s#M2 and g?=t# uZ. Using

structure of the form factors is more general and applies tehe Feynman parametrization and integrating over the loop

any vertex, which accounts for loop corrections not explicity momentumL we obtain

included in the present model. Nontrivial structures of the L .

form factors extracted from a microscopic calculation were T = 2C f dxf q My (2-%) = p(x-y)

also observed in Ref5]. However the cancellation of dif- 17205 0 0 y Aq(X,y)

ferent contributions which was observed in the calculation of

the A; term may, due to the current conservation, be a pecu- 1 XM

liarity of the electric amplitude. I,= zgczysf dxf dy
In the present calculation only the scalar mesons, proton, 0 0

kaon, andA hyperon have been included in the loop dia-

grams. In particular contributions involving tiebaryon and - 1 X

the pion have not been considered. Qualitatively one expectsI'z = 29%7’5J dXJ dy) 2N, =1 -2 InAz(x, y)

these particles to give similar contributigim absolute mag- 0 0

nitude and structure, but sign may be diffepetat what has +{MyM, (2 -x+y) + Mi(Z -X)(X = y)+ MﬁY(X‘ y)

been calculated in this work. Clearly a more complete calcu-

(A1)

N~ Mpa(x—y) +p(1-x)
AZ(X! Y) '

lation, where all possible intermediate states are taken into _ oy 1

account, is needed to adequately describe the nonresonant FSYL =X+ PIMA2 =x=y)* I\/lNy]}A:g(x, y)}'

part of theyp— K*A amplitude. The knowledge of the latter (A2)
is imperative to separate the resonances from the background

contribution in strangeness photoproduction. with  Cy=g,an0ok+k-! 327, szgopngK+Kf/327r2, Cs

=0yarTopp/ 32772, and
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APPENDIX: EVALUATION OF LOOP INTEGRALS FOR (A3)
THE pK*A VERTEX AND p—K*A AMPLITUDE _ ~ ~
The one-loop vertex corrections corresponding to the dia- While I'; andI’, are convergent,'; has a divergent piece
grams in Fig. 2a) can be written as which in the dimensional-regularization method is expressed
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via the con;tanNe_:Zle—_yE+ln 4, whereeE4—D andD is Fo(M32) = F(ugz) =1. (A5)
the space-time dimension. In order to normalize the vertex h , il diff b tendt ch
we add a counterterm of the fordy y5 to the loop correc- -rll—elesrellrf ?hneesﬁegﬂ;z rleeir(?r?cgf t(re]tweenKsi A reta(z:ti%rr]\_
tions. The coefficientg can be fixed by requiring to be the : phy 9 op-— '

hvsical i A Thi diti " i where t<0, the functionF(t) is real. In this case the
physical coupling constartpy. This condition automatl- 4 minators in Eqs(A2) do not vanish and the calculation

cally makes the vertex finite and properly normalized$g  of the twofold integrals is straightforward. In tleechan-
for on-mass-shell particles. Subsequently the off-shell vertege| however the FE has an imaginary part which develops
is calculated from at s= (M, +ux)? for the first diagram in Fig. @) and at
s=(My+m,)? for the second and third diagrams. Calcula-
tion of the corresponding integrals requires care and we
' ' 5 =Tl T +T+T apply the methods developed by 't Hooft and Veltman in
UPOT (', pig) =ulP)lgys + Iy + o+ 1y Ref. [24]. In particular, one integration in Eq$A2) can
_(fl+f2+f3)p2=M2 ¢=,2]. (A4)  be performed which ensures that the remaining integrals
NTTK are numerically stable.
The four-point loop contributions are shown in Figbp

All FF’s defined in Egs.(5) and (6) of Sec. I B can be We introduce the notatiorf,;=Ly 1 +Liy o1+ Ly 2+ Liay 5
obtained from Eq(A4). In particular, thes- andt-channel  for the four diagrams in Fig.(B). For example, for’f,; , we
FF’'s are normalized as follows: have

i J ¥5(2My + L)[2(L* + g#) — k#]d L
@m* ) [(p' -~ L)? = MAI(L +@) - wZ]l(L +k= )% - wg) (L2~ i)’

L{411=€9%Ardokk- (AB)

and similarly for Lfy, ,, Lf;,, and Lfy, 3 (the baryon ! X 1,x, %3 Y, YA XY}
spinors are omitted for brevilyOne can explicitly check (S )= consgfo dxfo ydy A(A + BY)
that these amplitudes satisfy the relation

M3Z(1 -x) + MZx - tx(1 - x)
M (L =) + MRx— ugx(1 =%)

1
K- (Lran + Lrapor + Liajzzt Liagd) * COHS&fO dxn

=-k-Tg (A8)
=—eup )[l'(p’, p+k;a)-T(p’, p;g-Kk]u(p), with the polynomials
(A7) A=ax’+ by’ + cxy+dx+ey+f—i0,
which guarantees Gl of the total amplitude. B=hx+jy +k. (A9)

We perform integration ovekr, as well as over one of the
Feynman parameters. In order to obtain contribution of theséhe coefficientsa,b,c,d,e,f,h,j,k depend on a particular
loops to the coefficienitl(s,t) in Eq. (14) one has to project diagram and are expressed in terms of the masses of ex-
the tensor structure(p’) ysg“u(p) out of the final result. Any  ternal and internal particles, and the Mandelstam variables
of the four-point integrals is proportional to the tensors:S,U, andt. The second integral in EGA8) appears only in
¥s¥* vs K, vspK, vs0°k, ysp*, and yq*, and of course Lf; 5 One integration can further be done using the meth-
terms =« ysk*, ysk“k can be dropped. It suffices for our pur- ods of Ref.[24]. The obtained coefficientsl(s,t) for the
poses to select only those proportionalygn. In this way  diagrams in Fig. &) are calculated numerically. In the
we arrive at the integrals with the following generic struc- numerical calculation double precision and a large number
ture: of mesh points are used to get accurate results.
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