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Lambda-neutron interaction in kaon photoproduction from the deuteron
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The importance of hyperon-nucleon final-state interaction in kaon photoproduction from the
deuteron is examined. By calculating the deuteron wave function using the Reid, Paris, or Bonn XX
potentials, the uncertainty of this process due to the nucleonic wave function is found to be negligi-
ble. The insignificance of oA'-shell and relativistic eAects is demonstrated by employing a completely
relativistic wave function and comparing various approximations, We find the inAuence of the kaon
production operator to be the most critical ingredient in this calculation. Final-state efFects, which
are included via a distorted-wave formalism, involve partial waves up to l =3. They produce a
sharp rise of the cross section near threshold resulting in an enhancement by about a factor of 3, but
diminish rapidly as the energy increases. Diferent AN potential models show variations of the
eA'ect hy up to 10%.

I. INTRODUCTION

In order to obtain a comprehensive understanding of
the strong interaction, it is essential that any theory
reAect the underlying symmetry which is unveiled in the
multiplet structure of the particles. Thus, it is indispens-
able to go beyond the nucleon-nucleon sector and incorp-
orate and utilize aspects furnished by other members of
the baryon multiplet, among them the lambda and sigma
hyperon. To obtain a full understanding of the hyperon-
nucleon as well as the hyperon-hyperon interaction is not
only beneficial for the field of nuclear physics, but also
sheds light on the realms of quark and particle physics.

Despite the discovery of hypernuclei thirty years ago, '

hypernuclear physics has not gone much beyond hyper-
nuclear spectroscopy due to lack of experimental facili-
ties. Recent improvements in kaon and pion beams along
with higher energy and duty cycle machines being con-
structed, such as CEBAF or the new rnachine in Mainz
(MAMI), have led to a revival of interest in this field.
Growing awareness of the importance of meson as well as
quark degrees of freedom has further contributed to
again attracting attention to hypernucjear physics.

Our intention in the present paper is to consider a pos-
sible experiment which is well suited for the study of
lambda-neutron interaction in the continuum. This reac-
tion has been investigated previously for photoproduc-
tion by Renard and Renard and for electroproduction by
Cotanch and Hsiao. Currently, experimental sources of
the hyperon-nucleon (Y1V) interaction, in particular of
the A% interaction, are essentially of three kinds: (i)
study of hypernuclei; (ii) low-energy direct scattering re-
actions, which can only involve the proton; and (iii)
final-state interactions.

The extraction of the YX interaction from the study of
hypernuclei is an elaborate task, requiring accurate
knowledge of the nucleonic wave function. Due to the
large freedom in the choice of and shape of the potential,
it is not possible to unambiguously define all potential pa-
rameters. The process through which the hypernuclear

state is formed further complicates a unique determina-
tion. Most experiments proceed via the strangeness ex-
change reaction (K,m ) or (sr+, K+ ) which involve the
complex pion interaction, thereby making it difficult to
extract details of the underlying potential. The pho-
toproduction process (y, K ), however, provides an at-
tractive alternative by largely eliminating any distortions
in the incident channel due to the weakly interacting na-
ture of the electromagnetic probe.

The second option, hyperon-nucleon scattering, does
not presume any knowledge of nuclear structure but is
hampered by the lack of hyperon beams. Moreover, the
lack of neutron targets confines the analysis to Ap in-
teractions, making it impossible to explore charge syrn-
metry breaking effects of the involved forces. The results
obtained to date by this method are quite poor and
disagree with potential parameters as derived from the
study of hypernuclei.

The above-mentioned difficulties may be circumvented
by studying hyperon-nucleon interaction in the frame-
work of final-state interactions (FSI's). Due to different
kinematical conditions, an analysis of final-state effects al-
lows the investigation of novel regimes in the interaction
not accessible to either one of the previously mentioned
methods. In particular, FSI is the only way to examine
the hyperon-neutron interaction by itself.

In this paper we employ the photoproduction of a posi-
tively charged kaon off the deuteron system to examine
final-state effects caused by the lambda-neutron interac-
tion. We investigate the sensitivity of the inclusive reac-
tion H(y, K+)An, as well as of the exclusive reaction
H(y, K+A)n. We also test the assumption by Renard

and Renard that corrections to the relative An s state
only are sufficient to describe the final-state interaction.

The interaction of the photon and of the K meson are
reasonably well understood and comparatively weak, jus-
tifying first-order theoretical treatment. Experimentally,
however, the weakness of the interaction results in low
counting rates and small cross sections. The advantage
of th.e deuteron as a target nucleus lies in the theoretically
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rather well-known nucleonic wave function. In the pro-
cess under consideration it serves as a neutron source and
simultaneously provides the proton to be converted into a
lambda via 'H(y, K )A. Thus, there are no residual nu-
cleons which would screen the effect of the An interac-
tion.

The choice of a photon and a deuteron in the initial
state minimizes any uncertainties in the incident channel.
Furthermore, in this paper we neglect the final-state in-
teraction of the K+ meson with the neutron due to the
weakness of the E+-nucleon interaction. This small per-
turbation, however, could be included in future studies.

In Sec. II we briefly discuss the properties of the deute-
ron system. We display the uncertainties introduced by
the wave function by comparing results obtained under
the assumption of a Reid, Paris, or Bonn nucleon-
nucleon potential; The significance of relativistic effects
is examined by using a relativistic model proposed by
Gross.

The model for the photoproduction operator is based
on a phenomenoiogical analysis of the elementary
'H(y, K )A process. We give a brief overview of the ele-
mentary production operator in the third section of this
paper. A complete description can be found elsewhere.

In Sec. IV we describe the application of the basic
operator to the deuteron system in the spirit of an im-
pulse approximation. Relativistic and off-shell effects are
investigated by extending the operator to the regime of
relativistic wave functions and testing various approxi-
mations. In order to incorporate the An final-state in-
teraction into the process, we utilize a distorted-wave for-
malism. A description of this procedure as well as the re-
sults are presented in Sec. V. We conclude the study with
a summary and a few final remarks in Sec. VI.

II. THE DEUTERON

Due to the fact that the deuteron is a two-body system,
it is possible to separate the motion of the center of
momentum from the relative motion in a weil-defined
manner. This enables us to rigorously write the wave
equation, involving only easily controllable approxima-
tions to the assumed interaction. Thereby we avoid the
difticulty encountered in the treatment of many-body
problems ( A ~ 4) where approximations to the wave
equation itself need to be made, or where the resulting
wave function may contain spurious excitations of the
center of momentum.

Even though in a Schrodinger picture the only uncer-
tainty in the two-body problem lies in the underlying
nucleon-nucleon potential, there exists considerable
doubt regarding the question of a relativistic wave equa-
tion. Several attempts have been made to construct a rel-
ativistic two-body equation, ' '" but no unique procedure
has been found. ' ' The model used in this work follows
a prescription suggested by Gross. ' '

The general form of the deuteron wave function in
momentum space is shown in Eqs. (la) and (1b), and Eqs.
(2a) and (2b) represent the corresponding coordinate
space expression.

4„+, = u (p) & pl(01)1M &
—tU(p) & pl(21)1M &,

e„,=U, (p)&pl(1O)1M &+U, (p)&pl(11)1M &;

(la)

(1b)

++(r)=" &rl(O1)1M&+
" &rl(»)1M&, (2a)

U, (r) U( r)
%„,(r)=i &rl(10)1M&+i &rl(11)1M& .
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FICx. 1. Comparison of the deuteron S wave as predicted by
CJross ( ———), Reid ( —~ ——~ ), the Paris group ( ), and
the Bonn group (- - -).

The notation l(lS)1M & indicates coupling of the rela-
tive motion between proton and neutron with angular
momentum / and total spin S to the deuteron J=1 and z
component M=O, +1; according to standard notation,
the coordinate (momentum-) space representation is
denoted by &rl(&pl). The S- and D-state wave function
are conventionally represented by u and m, while v,, and
v, stand for the singlet and triplet P-state wave function,
respectively. The presence of P-state components in the
deuteron wave function is a purely relativistic effect and
is not predicted in any nonrelativistic theory. Details on
the relativistic deuteron wave function, including the
shape and size of the P state, may be found in Ref. 7.

To obtain reasonable counting rates for the photopro-
duction reaction requires choosing the kinematical situa-
tion so that the proton and the neutron have rather low
relative momentum. Even though a large relative
momentum might, under certain conditions, be able to
enhance the photoproduction process by reducing the
momentum mismatch in the basic operator, the overall
cross section will still be greatly suppressed due to the
strong decrease of the deuteron wave function for high
relative momenta. Thus, in order for the reaction
H(y, K+)An or H(y, K+A)n to yield practical counting

rates, we need to choose low relative momentum states
for the two nucleons. Due to this pragmatic condition,
the process is completely dominated by the S-state wave
function u. Hence, we can be confident that the initial
channel is sufFiciently well described if there are only
minor deviations in the description of the deuteron's S
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FIG. 2. Low-momentum behavior of the deuteron wave func-
tion. (Same notation as in Fig. 1.)

state when employing different TV' potential models. A
well-defined nucleonic wave function for the initial state
is essential to guarantee that final-state effects are not
hidden by our insufIicient knowledge of the system. In
Figs. 1 and 2 we give a comparison of the dominant 5
wave of the deuteron as calculated in a relativistic frame-
work by Gross, and nonrelativistically based on XN po-
tential models by Reid, the Paris group, and the Bonn
group. The coordinate space representation (Fig. l)
shows minute deviations at short distances which corre-
spond to high-momentum components in the wave func-
tion (Fig. 2). Since in this regime the wave function is
smaller by an order of magnitude as compared to its peak
value, uncertainties due to our inaccurate knowledge of
the NN interaction are negligible for the kinematical
domain under consideration.

III. THE BASIC OPERATOR
C

First attempts in the formulation of an invariant kaon
photoproduction operator were made by Thorn' twenty
years ago. Using a diagrammatic technique, he
developed an operator whose coupling constants were ob-
tained by a least-squares fit to the available 'H(y, K+ )A
data. Since that time many new models' ' have
emerged, improving upon his result. A long-standing
puzzle among all these phenomenological models has
been the disagreement between the coupling constants, in
particular the KAX constant, obtained from this elec-
tromagnetic process as compared to the value obtained
via hadronic probes or from quark model predictions. '

In a recent study, we extended the analysis of the pho-
toproduction process to include the data set from the
electroproduction reaction 'H(e, e'K+)A as well. This
provided additional constraints on the question of which
resonant terms were to be included in the elementary
(y j y, I,K ) production operator. We were able to ob-
tain an excellent description of the electroproduction
process with the KA& coupling constant approaching
values comparable to predictions from the hadronic sec-

tor and, in particular, were able to reconfirm the charge
radius of the K+ which had been previously measured.
Our new fit to the photoproduction data also produced
coupling constants more in accord with hadronic analy-
ses, but the resulting y was rather large. After various
tests, we found evidence that the difIiculty in fitting the
photoproduction data is not so much a problem of the
operator, but of the quality and consistency of the avail-
able data points. Experiments based on electron scatter-
ing instead of real photon beams provide more accurate
and reliable data, thus having a higher predicative power.
Improved measurements of the photoproduction process
are desirable to compare the importance of different pro-
duction mechanisms for real and virtual photons.

We derived the operator based on the assumption of a
one-photon exchange mechanism. The best fit was ob-
tained when we included —besides the first-order
proton-, kaon-, and lambda-exchange diagrams —two s-
channel nucleon resonance, one u-channel hyperon reso-
nance, and two t-channel kaon resonances. Details re-
garding the vertex factors, form factors, and coupling
constants can be found in Ref. 9.

IV. PHQTQPRQDUCTION OFF THE DEUTERON

The principal difference between the pion and kaon
production from the deuteron system lies in the absence
of the 6 resonance in the latter case. Since the T=J=—,

'
state cannot be excited, the necessity of taking the corn-
plex S-~ interaction into consideration is eliminated.
Furthermore, due to the neutron and the lambda being
distinguishable particles, we do not face the problem of
antisyrnmetrizing the baryonic final state.

Under the assumption that the incoming photon in-
teracts with the proton only, we are able to describe the
production process in the framework of the spectator nu-
cleon model. Without final-state interaction, the neu-
tron as the spectator nucleon remains unaffected during
the process and is subsequently being detected. Thus, the
on-shell structure of the neutron requires the proton to
propagate as an off-shell Dirac particle, as illustrated in
Fig. 3. By using the conventional decomposition of a
Dirac propagator, shown in Eq. (3), we now connect the
off-shell behavior of the proton to the v-spinor com-
ponents. For comparison the propagator of a particle on
its positive-energy mass shell is given in Eq. (4). The no-
tation follows the convention of Bjorken and Drell.

(b)

FICx. 3. Time-ordered diagrams for the reaction d(y, K+A)n.
The proton propagates forward (a) or backwards (b) in time.
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The v-spinor components are, in turn, related to the P-
wave contributions in the deuteron wave function, as can
be seen from Eqs. (lb) and (2b), thus establishing a link
between the oF-shell behavior of the proton and its "an-
tiparticle" components.

To obtain a complete description of the photoproduc-
tion process, it is furthermore necessary to incorporate
the additional degree of freedom, introduced by the arbi-
trary relationship between the proton's energy and
momentum, into the basic kaon production operator (Sec.
III). Since we employ a diagrammatic technique, this can
easily be achieved by using the following identities in the
derivation of the basic operator:

10
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FIG. 4. Illustration of off-shell effects in d(y, %+A)n. The
solid curve is an impulse approximation and the dashed curve is
a full calculation.

p =(po, p)=(E,p)+(po —E,0),
p u (p) =M u (p)+ (pQ E)you —(p),

p v( —p)=M v( —p)+(po+E )yov( —p), (6b)

and

where po represents an arbitrary proton energy, and
E =p +M is the on-shell energy. The application of
Eqs. (5) and (6) significantly complicates the operator.
However, the so-derived operator together with the rela-
tivistic deuteron wave function provides a completely rel-
ativistic description of the kaon photoproduction from
the deuteron.

A particular advantage of this procedure is its simplici-
ty in controlling various approximations. By rejecting
the v-spinor contribution [Eq. (6b)], the P-state com-
ponents in the deuteron are neglected and the relativistic
nuclear wave function reduces to its nonrelativistic coun-
terpart, still accounting to some extent for possible off-
shell effects. If, in addition to this approximation, po is
set equal to E, we recover the conventional impulse ap-
proxirnation.

As was to be expected, relativisitic and off-shell correc-
tions are found to be important only for high-momentum
components of the spectator neutron. In such a situa-
tion, mornenturn conservation at the deuteron vertex re-
quires a large relative proton-neutron momentum, i.e.,
the reaction takes place far into the tail of the deuteron's
momentum-space function. This leads to unreasonably
low counting rates, since the cross section in the specta-
tor nucleon model is proportional to the square of the nu-
cleonic wave function. To obtain measurable cross sec-
tions, it is necessary to stay in a kinematical region close
to the threshold for a given kaon momentum and solid
angle. The threshold for yd ~K+An is 794.03 MeV.

Figures 4 and 5 demonstrate the difference between the
impulse approximation and the full calculation. The no-
tations d o. and d o, respectively, denote

d 0d2cr =
dP~d Q,~
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FIG. 5. Same as Fig. 4.

where Pz is the magnitude of the kaon's three-
mornentum.

In the coincidence cross section H(y, K+A)n, minor
deviations can be seen at large lambda angles where the
cross section has already dropped by about three orders
of magnitude. The discrepancy is more prominent in the
H(y, K+)An process, where its maximum occurs near

the peak of the cross section. However, corrections are
still less than 10%%uo. The deuteron wave function used in
the full calculation is the one suggested by Gross, while
the one employed in the impulse approximation has been
calculated from the Paris potential.

We found the largest uncertainty in the photoproduc-
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tion process to be introduced by the basic operator. De-
pending on the particular choice of the operator (in-
clusion of different resonances, uncertainly in coupling
constants) we found deviations in the cross section of up
to 35%%uo. The photoproduction operator used to calculate
the figures in this paper is given by the best fit as present-
ed in Ref. 9. As an aside, we note that our fits to the ele-
mentary electroproduction data do not allow a variation
of the kaon form factor as considered by Cotanch and
Hsiao.

We are confident that apart from the elementary
operator, the kaon photoproduction process from the
deuteron is adequately described by the impulse approxi-
mation and that relativistic and off-shell corrections do
not play a significant role in the kinematical regime under
consideration.

V. LAMBDA-NEUTRAL)N
FINAL-STATE INTERACTION

In the formalism outlined in Sec. III we not only as-
sumed the neutron to be a spectator to the production
process, we also neglected any perturbation of the neu-
tron wave function due to interaction with the produced
particles.

The final state of the process under consideration con-
tains three distinct particles involving three substantially
different types of two-body interactions. The KA interac-
tion, which certainly provides an important contribution,
has already been taken care of through the phenomeno-
logical approach by which we construct the basic opera-
tor. Corrections to the cross sections can, therefore, only
come from effects of the interaction between the neutron
and the kaon or the lambda. Supposing that
modifications caused by the KN interaction ' are
insignificant compared to the remaining final-state effects
and to the uncertainties in the particular choice of the
basic production operator, we disregard its contribution
and consider only the effect of the An interaction. A
three-body interaction is in principle conceivable, but so
far no clear evidence for such a force has been found.

The primary purpose of this study is to investigate to
what extent the reaction yd ~K+An can be used as a
tool in studying the hyperon-nucleon interaction. To
answer this question, we need to focus our attention on
two main points. Firstly, is there a significant contribu-
tion coming from the final-state interaction and secondly,
is it possible to distinguish between different potential
models. The question by how much the remaining in-
gredients (production operator, deuteron wave function)
in this process influence or screen the final-state effect has
already been discussed in the preceding sections.

Since we are interested in the ability of this reaction to
differentiate between various potential models, we choose
two representations for the lambda-nucleon potential
with quite different functional behavior and potential pa-
rameters. For the present purpose it is sufficient to use
models with a rather simple analytic form, allowing for a
different strength and shape in the spin-singlet and triplet
state of the An system. If this reaction proves to be use-
ful as a probe of An interaction, more sophisticated mod-

els ' may be implemented.
One of the first potentials developed was the one by

Bhaduri et al. who suggested a Yakawa-type potential
with a cutoff at short distances. We chose the parameters
of set 1 in their paper, corresponding to a singlet scatter-
ing length of a, = —2.46 fm and a singlet effective range
of r, =3.87 fm; the triplet parameters are a, = —2.07 fm
and r, =4.50 fm. The other model considered in the
current paper is the more recent Verma-Sural potential,
which assumes a double-Gaussian shape. The potential
parameters of their set 3 correspond to the following
low-energy scat tering parameters: a, = —2.29 fm,
r, =3.14 fm, a, = —1.77 fm, y.nd r, =3.25 frn. The dorn-
inant features of these two models are the short distance
repulsion of the Verma-Sural potential and the relatively
long range of the Yukawa-type potential.

To incorporate the final-state interaction into the pro-
duction process, we employ a nonrelativistic distorted
wave formalism, which is justified due to the fact that
neither relativistic nor off-shell effects play an important
role in the description of the given process (see Sec. III).
The distorted-wave function for the relative A-n motion
is obtained by numerically solving the Schrodinger equa-
tion for the two-body system. Having calculated the
distorted-wave function, we insert a complete system
( f ~

A'n ' ) ( A'n '
) of plane-wave states between the dis-

torted state ( ( An
~

) and the production operator T:

M&;= An A' n' A' n' K T yd

The projection of the distorted-wave function onto the
plane-wave states as well as one of the integrations in-
volved in the complete system are carried out numerical-
ly. Due to our particular choice of the operator, it is con-
venient to express the integration regarding the complete
system in momentum space rather than in coordinate
space. Since one of the momentum-space integrals needs
to be integrated numerically up to infinity, we truncate it
at some large value where the cross section has already
decreased by several orders of magnitude.

Besides testing the sensitivity to the underlying poten-
tial model, we also examined the dependence of the final-
state effect on the number of partial waves included in the
distorted-wave calculation. Renard and Renard in an
earlier study concluded that corrections to the relative s-
state wave function provided an adequate description of
the final-state interaction. Our analysis, however, shows
that s-state corrections, depending on the kinematical re-
gion, account for only 50% of the total effect. For an ac-
curate description of the interaction, we find it necessary
to include the lowest four partial waves, i.e., up to I =3.

Figures 6—8 demonstrate the size of the final-state
effect. A comparison of Figs. 6 and 7 shows that correc-
tions due to the lambda-neutron interaction are not at all
negligible in the reaction H(y, K+)An, while causing an
effect of less than 8% in the exclusive process
H(y, K+A)n Even though t.hese two figures have been

calculated at different energies, this difference between
the inclusive and exclusive reaction is a general result
which holds at any energy. Thus, in kaon photoproduc-
tion from the deuteron, final-state interaction effects can
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FIG. 6. Comparison of d'o. without ( . ) and with A-n in-
teraction (1=0:———,l=0—3: ), using the potential by
Verma and Sural.

FIC». 8. Comparison of d o. using the AX potential by Bha-
duri et al. ( ———), the potential by Verma and Sural ( —),
and the plane-wave approximation ( ).

be observed by detecting only the kaon. Figure 7 also
displays the typical behavior of the final-state corrections
in this process. The An interaction causes the cross sec-
tion to rise sharply at threshold, increasing the cross sec-
tion by about a factor of 3. This distinct enhancement,
however, is strongly concentrated in a very narrow region
of about 30—40 MeV above threshold. Beyond that limit,
the cross section drops slightly below the undistorted re-
sult and for all practical purposes remains indistinguish-
able from the interaction-free case.

As can be seen from Fig. 7, the s-state contribution
alone only gives about 60% of the final-state interaction
effect. %'e find that three to four partial waves are need-
ed to evaluate the final state completely. Due to the con-
centration of the An interaction near threshold, we are
not able to see effects from lambda-sigma conversion
which occurs at about 80 MeV above the lambda thresh-
old.

The sensitivity of the cross section to the choice of the
underlying AN potential is illustrated in Fig. 8. We find
the shape of the curves to be almost independent of the
particular model. The magnitude of the final-state
corrections due to the different interaction models shows
variations on the order of 10%. This, together with the
very similar shape of the curves, requires highly accurate
measurements in order to be able to distinguish among
different potential models.

The kaon laboratory angle in Figs. 6—8 has been
chosen to be 0 to achieve maximum cross sections. Mov-
ing the kaon away from the beam axis results in a reduc-
tion of the final-state effect as well as an overall decrease
of the cross section, but the general behavior remains the
same.

VI. CONCI, USIQN
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The purpose of this paper was the investigation of the
reaction yd —+%+An as a means of probing the lambda-
neutron interaction. All currently existing AX potential
models are based on either the study of hypernuclei or on
Ap scattering experiments. These reactions, however,
produce unreliable and somewhat inconsistent results.
Therefore, an independent approach by which these mod-
els can be tested and compared is desirable. Due to the
different kinematical regime, final-state interactions are
able to investigate parts of the interaction not accessible
to either one of the abave-mentioned methods. In addi-
tion, they provide an excellent opportunity for exploring
the lambda-neutron interaction which complements the
existing data on lambda-proton interaction. A compar-
ison of these two types of interactions will then enable us
to deduce information on possible charge symmetry
breaking effects.

The kaon photoproduction process from the deuteron
provides a very attractive mechanism by which to study
final-state effects. A reliable nucleonic wave function
combined with a well-understood electronic probe and
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the weakly interacting K+ meson establish a firm base
from which dependable conclusions about any final-state
corrections can be drawn. The only drawback is a low
counting rate arising from the rather weak electromag-
netic interaction. To obtain reasonable cross sections,
the kaon needs to be emitted along the beam axis and
measurements have to be taken in a very narrow region
just above threshold for the chosen kinematics.

Given the deuteron wave function and the basic kaon
photoproduction operator, we calculated the disintegra-
tion of the deuteron with associated lambda production
within the framework of the spectator nucleon model.
Corrections due to lambda-neutron final-state interaction
were included via a distorted-wave formalism. The sensi-
tivity of this process to relativistic effects, off-shell behav-
ior, production mechanism, and underlying lambda-
nucleon potential was examined.

By employing different NN potentials, we found only a
very weak dependence of the particular nucleonic wave
functions. Uncertainties arising from possible relativistic
effects or from the off-shell structure of the proton proved
to be insignificant within the kinematical region under
consideration. The largest uncertainty was introduced by
our insufficient knowledge of the basic photoproduction
mechanism.

Final-state effects dominate the cross section near
threshold. They produce an abrupt rise in the cross sec-
tion right at the threshold value leading to an enhance-
ment of up to a factor of 3. Increasing the energy by as
much as 30—40 MeV, however, causes this effect to van-

ish. Thus, final-state corrections are essential only near
threshold, but can be neglected at higher energies.

Contrary to the conclusion of Renard and Renard, we
found that inclusion of s-state corrections only provide an
insufficient description of the final-state interaction. Dis-
tortions of the first four partial waves were necessary to
obtain stable results. The sensitivity of the final-state in-
teraction to the underlying lambda-nucleon potential was
found to be fairly weak. Shape as well as size of the
final-state effect is almost independent of the assumed in-
teraction. Highly accurate measurements are needed in
order to draw any dependable conclusions on details of
the lambda-neutron potential. Due to the low counting
rates in this process, this task requires great effort and
refined instrumentation. Nevertheless, we suggest that
measurements from the deuteron provide an attractive al-
ternative for studying the AN, in particular the An sys-
tem.

A possible alternative for the investigation of the An
interaction would be to use kaon factories to analyze the
related process K d ~@An. Even though the initial
state is more complex than in the reaction studied in this
paper, the final state displays a clean lambda-neutron in-
teraction. Also, the reduced momentum mismatch in
this process favors creation of the A-n system in a rela-
tive s-state.
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