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by kaon photoproduction and radiative capture
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We report a comprehensive analysis of the crossing related reactions p(y, K ) Y and p(K, y) Y
for Y =A, X, and A(1405). Our model, which incorporates both crossing and duality, reproduces
all existing A and X cross-section, polarization, and capture branching-ratio data while providing
useful constraints for the A(1405) magnetic transition moments. While the p (y, K+ )A(1405) cross
section is predicted to be measurable at CEBAF (o.—1 pb), parity conservation leads to a model-

independent suppression of the p(y, K+)A(1405) polarization and p(K, y)A(1405) cross section
(o.—1 nb).

Since the early 1960's several phenomenological studies
have been separately conducted on kaon photoproduc-
tion and radiative capture. ' However, these analyses
did not incorporate crossed-channel data which provides
an important, fundamental constraint on the model pa-
rameters. We have recently reported a crossing-
consistent analysis which produced an improved set of
coupling constants that now simultaneously describe the
available data for both the photoproduction p(y, K+)A
and capture p(K, y)A reactions. That analysis utilized
a fairly elaborate pole model containing 12 tree-level dia-
grams. However, without additional phenomenological
input, the previous analysis cannot be directly applied to
other production or capture channels, including the
A(1405). In this paper we employ a duality constraint to
develop a more restricted model which comprehensively
describes the crossing-related kaon photoproduction and
radiative capture reactions for A and X production and
which also provides a realistic prediction for A(1405)
production. Such a model is important because of the
keen interest in electromagnetic processes involving pro-
duction of the complete hyperon spectrum.

The duality constraint required in this analysis is based
on the dual role of resonances in the s (u) and t channels.
Dolen, Horn, and Schmid have shown that so-called in-
terference models, which include resonances in both
channels simultaneously, produce an over complete
(double-counting) description of the amplitude. Renard
and Renard used the finite-energy sum rule (FESR) for
the kaon photoproduction process and showed that their
low-energy amplitude including s- and u- channel reso-
nances (not including t-channel E*-K** resonances)
reproduces well on the average the features of the high-
energy amplitude based on Reggeized K* and K** ex-
change. Therefore, we consider only s- and u-channel
resonances along with the usual Born graphs (including p
in the s channel, X and A in the u channel, and, for
gauge invariance, the K+ exchange in the t channel).
Since the t-channel (K*) exchanges are not included by
duality, we avoid problems at higher energies associated
with the tensor coupling of non-Reggeized K* ex-
changes. Hence we have more confidence in our

A(1405) predictions IA(1405) production has a threshold
at E =1.45 GeV, an energy where other models start to
fail]. Because calculations ' have demonstrated that the
A(1405) dominates the capture width, we include it as a
resonance in the u channel. Two X* resonances contrib-
ute in the s channel, the N =N( 1650—) and

N+ =N(171—0), having opposite parities and significant
decay fractions into %+A and K+X . Our model is
minimal in the sense that we include only the necessary
spin- —,

' intermediate-state diagrams to produce a reason-
able description of available A and X data. This
minimal model is attractive since it contains fewer pa-
rameters than in previous analyses, but is able to describe,
more data. We neglect the low-lying spin- —,

' X' reso-
nances because in the kinematic range of interest
(0.9 (E,, (2.0 GeV) these virtual states are nonresonant
and are much farther off their mass shell. Thus there are
a total of seven distinct diagrams for each hyperon reac-
tion Iexcept for X production where we also include two
b, graphs: b, —:b( 1620) and b, + —= b, (1910)]. A single,
effective coupling constant can be associated with each
diagram defined to be the product of the strong and elec-
tromagnetic vertex couplings that are listed in Table I.

Our basic philosophy differs from other approaches
which do not utilize crossing symmetry or duality, but do
stress coupling-constant constraints determined by phe-
nomenological analyses of purely hadronic reactions. ' '
We agree that it is highly desirable to develop a model
which can successfully describe both electromagnetic and
hadronic processes with one common set of parameters. "
However, we submit that it is inconsistent to directly ap-
ply parameters determined by hadronic investigations to
electromagnetic studies when the two analyses differ
significantly in both theoretical concept and computa-
tional accuracy (the purely hadronic treatments use
dispersion relations, whereas the electromagnetic descrip-
tions employ a perturbative diagramatic approach).
Therefore, until a more ambitious model is developed
which treats hadronic and electromagnetic reactions
within the same, consistent formalism, we advocate that
electromagnetic applications should use parameters
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Strong Electromagnetic (p& )

TABLE I. Strong and electromagnetic coupling constants
used in this analysis. Numbers in parenthesis are an alternative
set of values used to establish the theoretical uncertainty in the
A(1405) production cross section. Note that the extracted
eftective coupling constants referred to in the text are G =pg.

dr/dQ

0.5

0.4-
c.rn. cross section

~ 1

$j

gKNA 4
g ()

= —0.329

gKNA(1405) 1.5 {3.0)

gKN+ A

gKN A

g o=9.08
KN+ X

g O=0. 332
KN X

gKN + A( 1405 ) gKN A

gKN A(1405) gKN+ A

pp
= 1.793

PA = —0.613

p O=0. 81

PA(1405) =o 44

p 0 =1.61
X A

PA(l4o5)A
= —o.224 {—o 112)

p o=1.077 (0.538)

PN ~
=0.406

PN =0.097

Qb/sr)
0.3-

0.2-

0.1-

0-1 -0.5 0 0.5

determined comprehensively, and exclusively, from pro-
cesses with constraints imposed from crossing and duali-
ty, but not the hadronic sector.

Because our model does not include the parameters as-
sociated with t-channel (K*) exchanges, we can now
simultaneously describe all three A, X, and A(1405) re-
action channels in kaon photoproduction, p(y, K+)Y,
and the crossing related radiative capture, p(K, y) Y,
processes. The A, X, and A(1405 ) photoproduction
(capture) reactions are interrelated and complementary
because the amplitude for each process involves diagrams
with different combinations of the same strong and elec-
tromagnetic coupling constants. All of the coupling con-
stants except gz&~(&4p~), gz& ~(,4p5), and gz& z(,4p5) are

first determined phenomenologically by the A and X
processes, and are then used to predict the A(1405) am-
plitudes. The A(1405) anomalous magnetic moment is
computed theoretically from both an SU(3) quark model
and a hadronic KN wave function [we use the KN value
for consistency with the SU(3)-violating transition mo-
ments]. The two hadronic KN+A(1405) coupling con-
stants are determined by the chiral symmetry of the La-
grangian including g~& ~ and gz~ ~. For gz&~(, 4p5),

which is not uniquely determined, we use the value ob-
tained from hadronic scattering ( —3.0) as an upper
bound and show the sensitivity of our A(1405) results to
this parameter. The resulting coupling constants gen-
erate a good description of all available A and X produc-
tion cross-section and polarization data, while predicting
capture branching ratios within the error of the new ex-
perimental values. ' The Born couplings are primarily
constrained by the A data, being much less sensitive to
the X data, which is mainly responsible for fixing the
EX*X and EAR couplings. It should be noted that the
values we obtain for g~&~, G&, and G& are substantial-

ly different by a factor of 2 —20 from the values obtained
in recent photoproduction analyses. However, these
differences are not surprising since no other analysis in-
corporates crossing and duality constraints in a minima1
model. The small gz&~ is a direct consequence of the du-

FIG. 1. Photoproduction angular distributions for A at
E~=1.2 GeV and X at E~=1.1 GeV.
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FIG.2. Energy dependence of p ( y, K )X at 0,, —93'.
Solid line represents full 6 result. Dot-dashed line represents
the no-5 result.

ality constraint since t-channel graphs (which are exclud-
ed in this model) are known' to produce interference
with the Born terms which enhance gz&~. The difference
of a factor of 20 in G& and G& couplings is not un-

reasonable because the effective X* couplings are very
uncertain in all models.

Figure 1 is representative of our global g fit and illus-
trates the angular distributions for p(y, K+ ) Y at 1.2 GeV
for A and at 1.1 GeV for X . Note in Fig. 2 the energy
dependence of the X cross-section data, suggesting an
important resonance contribution near +s —1.9 GeV.
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FIG. 3. Polarization of A and X vs E,, at 0, -90.

This energy behavior can only be reproduced, in part, by
our model if the b (1620) and 6(1910) isobars are included
(the solid line represents the full 6 calculation, while the
dash-dot-dashed line represents the no 6 result). In view
of the magnitude of this effect, it is interesting to note
that the 6 diagrams have only a small effect on the X-
capture branching ratio. Since isospin conservation for-
bids 6 contributions to A and A(1405) production, X
photoproduction appears to offer the only opportunity to
study this effect and additional, more accurate measure-
ments are strongly recommended. In Fig. 3 we plot the
A and X polarization at 90' as a function of the laborato-
ry photon energy. In contrast to the A, the X polariza-
tion is negative, and while there is currently no data to
confirm this prediction, it is interesting that in purely ha-
dronic production measurements for p+ Be~ K+X, op-
posite A and X polarizations, are observed. ' Another
key result is a new, improved value for the ratio
of A(1405) electromagnetic transition moments,
R =p~(, 4o5)~/p „,o. By exploiting the capture
branching-ratio sensitivity to the transition moment and
incorporating recent experimental limits on the branch-
ing ratios, we have obtained a more stringently bound ra-
tio R = —0.21+0.08. This small, negative ratio severely
violates the SU(3) prediction R =+&3 tbroken liavor
SU(3) predicts an even larger ratio
R =(3) ~ M, /(2M, +M„),where M„and M, are the up-
and strange-quark masses, respectively], and clearly im-
plies that the A(1405) may not be the SU(3) singlet
ground state. Further, because there are no other X* or
N* states with similar mass and parity, the A(1405) can-
not be included in an SU(3) octet. These findings support
the conjecture that the A(1405) is not a pure three-quark
system, but rather is a more complicated structure —a re-
sult consistent with the exotic KN molecular representa-
tion suggested by several authors. ' ' Predictions for
the A(1405) production cross section are plotted in Fig. 4
and contrasted with A production for the same incident

1405
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FIG. 4. Photoproduction cross section for the A(1405} at
E~ =1.6 GeV showing the sensitivity to the unconstrained pa-
rameters (solid line for g«A„4»)= 1.5; dot-dashed line for
g«A(14») =3.0}. Dotted line demonstrates sensitivity to N* res-
onances (g«A(i4») = 1.5 and N* coupling constants set equal to
zero}.

energy. This figure also demonstrates the sensitivity to
the KNA(1405) coupling constant, as the solid and dot-
dashed curves were generated using the values of 1.5 and
3, respectively. We expect the measured cross section to
lie somewhere in between these curves. The dotted line,
which uses gz&~( &4o5)

= 1.5 and gzz ~(,4o5 )
=0, indicates

the sensitivity to the g~~ ~~, 4O&) coupling constants. In

all cases, the A(1405) production distributions are rough-
ly isotropic with a magnitude similar to the A cross sec-
tion. The maximum A(1405) polarization, however, is
very small ( (0.1). Unfortunately, the p(K, y')A(1405)
at rest capture branching ratio is predicted to be un-
measurable ( —10 ). Figure 5 shows all of the capture
cross-section predictions as a function of kaon laboratory
momentum.

The large sensitivity of the A(1405) photoproduction
cross section to the KNA(1405) coupling constant is
signficant and indicates that this parameter can be accu-
rately determined when future experimental data become
available. More fundamentally, this sensitivity is a natu-
ral consequence of parity conservation, which is also the
reason why our model predicts a small A(1405) polariza-
tion. The A(1405) has negative intrinsic parity compared
with the positive A and X parities. Parity conservation
determines which partial-wave component dominates the
production amplitude (since the model contains only
spin- —,

' intermediate states, angular momentum conserva-
tion permits only s and p waves to contribute). A and X
production are dominated by even-parity diagrams (the
proton graph for A and the A graph for X ) which pro-
duce substantial p-wave components in the amplitude as
evidenced by the large A and X polarizations. The same
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FIG. 5. In-Aight capture cross sections at 0, =90 for A,
X, and A(1405) as a function of the kaon laboratory momen-
tum.

diagrams dominate A(1405) photoproduction; hence pari-
ty conservation selects a large s-wave component and
thereby produces a small polarization and an increased
sensitivity to the proton graph. The A(1405) production
threshold at &s —1.9 GeV is about 300 MeV away from
the nearest possible resonant X* state and about 200
MeV away from the nearest resonance below threshold;
hence the small A(1405) polarization is believed to be a
model-independent result for photoproduction near
threshold. The small capture cross section for the
A(1405) also follows from parity conservation combined
with A(1405) domination in the capture channel and the
absence of other nearby u-channel A* resonances. We
conclude that our model provides realistic and model-
independent predictions for A(1405) production in both
photoproduction and capture channels.

In conclusion, we have used a relativistic pole model
which can be comprehensively applied to A, X, and
A(1405) photoproduction and kaon radiative capture pro-
cesses. We find that our minimal model not only works
as well as our previous model for the p(y, K+)A and
p(E, y)A reactions, but also has the added features of
successfully describing the X photoproduction and radi-
ative capture data and providing useful predictions for
the A(1405) processes. Low-energy production of the
A(1405) is found to be very small in the capture channel
[cr —1 nb for K p —+yA(1405)], whereas in photopro-
duction it is comparable with the A and X (cr —1 pb).
This is a model-independent result which follows from
parity conservation. Hence low-energy studies of A(1405)
formation should be more feasible in the (y, E+) chan-
nel. At higher energies (e.g., for K momentum above
-0.6 GeV/c ), the A(1405) in-Right capture cross section
may be significantly enhanced by excited hyperon reso-
nances [such as A(1600), X(1660), etc.] to permit produc-
tion studies at kaon factories. Utilizing the capture
branching-ratio sensitivity to the A(1405), A, and X
transition moments, new phenomenological limits have
been established for the transition moment ratio
R = —0.21+0.08, a value that severely violates the SU(3)
prediction R =+'&3. We believe this is further phenom-
enological support for the claim that the A(1405) may not
be a pure three-quark state. Clearly, more experimental
data is needed to test this model. Obviously, an elec-
troproduction study would be complimentary and pro-
vide additional constraints on this model. We are
currently pursuing an analysis of the available electropro-
duction data [which includes limited A(1405) production
data] to further test and develop this model.
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