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Electromagnetic production of kaons
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Employing diagrammatic techniques, a model for the reactions 'H(y, K+)A and 'H(e, e'K+)A
is derived with the coupling constants being determined phenomenologically by a least-squares 6t
to the available data. We 6nd a strong sensitivity of the photoproduction process to t-channel ex-
change terms. The inclusion of the kaon resonance Ql(1280 MeV) brings the dominant KAN
coupling constant in agreement with predictions from the analysis of Kp scattering data. An ex-
cellent 6t to the electroproduction data con6rms former measurements of the kaon radius.

TABLE I. Numerical value of KAN coupling constant

(gJJ4x) as determined from electromagnetic (EM) and ha-

dronic (H) processes, and quark model calculations (Q).

Type

EM
EM
H
H
H

EM
EM
EM

Reference

1

2
9
6
7
8
3
4

Present work

Value

2.0
2.49
2.43
4.62
3.73
4.13
1.29
0.92
4.30

The production of strange particles has become of
significant concern due to the rapid development of hyper-
nuclear physics. In order to extract sensitive information
from the study of hypernuclei, we are confronted with the
need for a well-understood production mechanism. Thus
we consider an electromagnetic probe in the initial state,
creating the relatively weakly interacting K+ associated
with the hyperon in the final state. The high photon ener-

gy, i.e., short wavelength, needed to reach the regime of
kaon production justifies an impulse approximation based
on the elementary processes 'H(y„K+)A or 'H(y,
K+)A. Phenomenological models for the kaon photopro-
duction process have been derived by many groups, '

but to date no analysis of the reaction 'H(e, e'K+)A has
been made. Moreover, the results from the photoproduc-
tion analysis remain questionable due to inconsistencies
in the value of the dominant KAN coupling constant when
compared to independent determinations from hadronic
processes ' or quark model calculations. Presently, the
strength of the KAN coupling as determined from elec-
tromagnetic interactions reaches at most half of the value
as implied by processes involving the strong interaction.
For comparison, we show a representative list of deter-
minations of the KAN coupling in Table I.

We derive the scattering amplitude for the elementary
process 'H(e, e'K+)A in the framework of the one-photon
exchange approximation, given by

where p runs from 0 to 3. The polarization four-vector e„
of the virtual photon is directly related to the electron
current:

a„-u(p, ) y„u(p, )/p„',

with the photon's four-momentum being denoted by

py pe' pe.
In a preceding study, we have calculated the amplitude

describing the hadronic current I"by means of Feynman
diagrams for the Born terms (p, A, K+, Z, and K ex-
change), as well as for resonant states in the s (N*), t
(K ), and u channel (Y ). All diagrams are shown in
Fig. 1 of that reference. In addition to the resonances
shown in Table II of Ref. 3, we investigate the effects of a
second kaon resonance (the pseudovector state Q 1 with a
mass of 1280 MeV, a width of 90 MeV), and two more u-
channel resonances (J' 2, M 1600 MeV, I 150
MeV, and J' 2, M 1800 MeV, I 150 MeV).

For virtual photons, the transition matrix T can be co-
variantly expressed in terms of six Lorentz and gauge in-
variant amplitudes A;:

6

T-u(p~) g A;Miu(p„),
1

where M; are six known Lorentz-invariant matrices, '

rather than four matrices as in the case of real photons.
The coupling constants are obtained by a least-squares

fit to (a) all available photoproduction data, " (b) elec-
troproduction data' ' and (c) both sets. We also com-
pare the sensitivity of the operator to various resonances.
The best fit was obtained after including the Nl, N4, Zo,

Y2, K, and Ql resonances. A list of all coupling con-
stants is given in Table II. Sets I and II were obtained by
fitting photoproduction data up to 1.4 GeV photon energy,
while set III employed the electroproduction data and set
IV used both data sets. The nomenclature of the coupling
constants follows Ref. 3; the coupling of Ql is chosen
analogous to the vector-kaon coupling, the only differ-
ences being its opposite parity resulting in an additional y5
factor. Note that the secondary coupling constants vary
considerably from fit to fit. The processes being investi-
gated with the currently available data cannot claim to
determine their individual values, but rather the set of
values are determined. Individually, the terms involving
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TABLE II. Effective coupling constants for 'H(y, K+)A
(sets I, II), 'H(e, e'K+)A (set III), and the combined data set
(set IV).

Set

gx/J4x
Gs/ J4a
Gv/rz
Gr/4x

Gg)/J4a
GN2/Era
Gv3/ J4x

Gva/4a

Gg/4x
Z2/N

2.40
0.0951
0.121

—0.0135

8.722

4.30
3.60
0.124

—0.338
—0.907

0.103
3.35
0.269
0.829
4.903

2.90
6.73

—0.0203
—0.188
—4.49

0.540
—0.285

0.0959
0.123
2.247

IV

3.15
3.28
0.0279

—0.188
—1.11

0.101
0.698
0.132
0.0630
3.723

0.5

the secondary coupling constants do not play a dominant
role.

We found that the coupling constants for 'H(y, K+)A
were not very well determined, being very susceptible to
changes in the available data set. We consider this as evi-
dence for inconsistencies hidden in the photoproduction
data. However, by including the Q 1 t-channel resonance,
the dominant KAN coupling showed a general increase in
strength, suggesting that Q 1 provides a necessary contri-
bution to the photoproduction process. Rosenthal et al.
recently investigated the effect of a spin-2 tensor reso-
nance in the t channel, but found little improvement in the
fit. Moreover, their KAN coupling dropped to a value less
than 1. A comparison of the differential cross section as
predicted by sets I, II, and IV to some of the data is shown
in Fig. 1. Through the addition of the Q 1 resonance, we
are able to reproduce the proper angular distribution.

Our analysis of the reaction 'H(e, e'K+)A revealed an
extremely consistent data set. The K+A)V coupling con-
stant varied only from 2.84 for using the "true" Born
terms (p —,A —,and K+ —exchange only ) to 2.90 with
all resonances mentioned above being included. The cor-
responding x 2 per degree of freedom changed from 5.273

(24.76 for photoproduction) to 2.247. The fit was very
sensitive to the choice of the mass parameter in the kaon
form factor, for which we adopted the vector dominance
model. We found a strong preference for a mass parame-
ter of 950 MeV which is equivalent to a kaon radius of
0.51 fm. Hsiao and Cotanch' were only able to repro-
duce the electroproduction cross section under the as-
sumption of an unphysically small kaon size due to their
use of Thorn's coupling constants. Our result confirms
earlier direct measurements done by electron scattering. '

For the lambda we employed the same form factor as for
the neutron, apart from using the appropriate mass. The
KAN coupling constant is somewhat lower than in the
case of (y, K+), but by dividing out the A —Z transition
moment [—1.82@~ (Ref. 18)] we obtain an effective
KAN —kZN coupling of 16.1 in agreement with deter-
minations ' from hadronic interactions. Figure 2 com-
pares the predictions of sets II, III, and IV with measure-
ments from the 'H(e, e'K+)A reaction. ' The disagree-
ment of set I with the data points can be understood by
the relatively high equivalent photon energy of 2.2 GeV,
which is beyond our photoproduction fit. The agreement
of set III with the data is remarkable, and even set IV pro-
vides a rather good description of the process.

It appears that the electroproduction process, though at
much higher energies than the investigated photoproduc-
tion process, is very well described by a few selected first-
order Feynman diagrams. The quality of the (e,e'K+)
data set seems to be of a higher standard than the (y,K+)
data, suggesting the need for improved measurements of
the photoproduction process.

The reaction 'H(y, K+)A displays a critical depen-
dence on t-channel resonances. Inclusion of the Q 1 reso-
nant state of the kaon resolves inconsistencies in the nu-
merical value of the primary K+AlV coupling constant en-
countered when using electromagnetic instead of hadronic
probes.

We suggest that set II provides an adequate description
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FIG. l. Angular distribution of 'H(y, K+)A. The dotted
curve represents set I, the dashed curve employs set IV and the
solid curve shows our best fit given by set II.

-p, («V)
FIG. 2. Cross section for 'H(e, e'K+)A. The solid curve is a

prediction of our best fit (set III), the dotted curve is an extrapo-
lation of the photoproduction operator (set II), and the dashed
curve represents a fit to all data (set IV).
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of the reaction 'H(y, K+)A, while set III proves to be the
appropriate model for 'H(e, e'K+)A. Further measure-
ments, in particular of the photoproduction process, are
urgently needed in order to clarify the inconsistencies en-
countered in the currently available data. More precise
data in a wider energy range might also be able to remove
the small discrepancies between real and virtual photopro-
duction of kaons.

This good description of the elementary process pro-
vides a firm basis for predicting kaon production cross sec-
tions from nuclei and, once these experiments can be per-

formed on the new generation of electron accelerators, the
extraction of information on hypernuclear structure and
hyperon wave functions. Conversely, it is feasible, with a
given hypernuclear structure, to obtain more details on
the elementary process since certain pieces of the basic
operator can be selected and enhanced by an appropriate
choice of the initial and final nuclear states.
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