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Nonlocal separable (NLS), S-wave, spin-dependent, central potentials and a Faddeev
formalism are used to solve the Ad scattering problem. The NN interaction is represented
by an attractive NLS potential. Each of the AN interactions is represented by the sum of an
attractive and a repulsive (core) NLS potential. Three different forms are used for this core
potential, including no core at all. For a given AN spin each AN potential is adjusted to give
the same low-energy scattering parameters, and the potentials with a core are adjusted to
give the same phase shift over a wide energy range, as that given by a phenomenological lo-
cal potential with a hard core. The AN wave functions and off-shell transition matrices are
compared to see how each reflects the presence of the AN core potential. For incident A lab-
oratory momentum in the range 100-300 MeV/c the Ad cross sections are reduced by
(13-25)%, and they do depend on the off-shell behavior of the AN amplitude.

I. INTRODUCTION

This paper studies a nonrelativistic quantum-
mechanical system of three hadrons, interacting
via a sum of two-body potentials. The three-body
system consists of a A hyperon, a neutron, and a
proton. The theoretical investigation of such a
multiparticle system may provide a tool for prob-
ing the two-body AN potential, i.e., it may yield
information which cannot be obtained directly
from two-body calculations and experiments. In
the present work, low-energy A-deuteron scattering
ing is investigated to determine whether Ad scat-
tering cross sections are sensitive to short-range
behavior of the AN interactions.

In'the system being studied, each of the three
particles is a spin- fermion. The A is taken to
have mass mA =1115.4 MeV, strangeness -1, and
0 isospin. The nucleons are treated as identical
particles of average mass m„=938.9 MeV, strange-
ness 0, and isospin —,', coupled to form a state of
0 isospin. Since the deuteron is an isospin sing-
let, the three-body A +n+P system is taken to be
in the total isospin-0 state. The spin state of this
system is either a doublet (8=-,') or a quartet
(J= —,). The potential between each pair of parti-
cles is taken to be an S-wave, spin-dependent,
central potential, so that the nucleon-nucleon
(NN) potential is the 'S, potential and the AN po-
tential is either a triplet, 'S„or a singlet, Sp,
potential.

The AN interaction is, in fact, a two-channel
process, AN —(AN, ZN). The AN elastic-scatter-
ing problem below the Z threshold (about 78 MeV),

may be solved using a two-channel formalism.
The Z channel may be eliminated from the prob-
lem leaving a one-channel AN problem, with an
effective potential that is energy-dependent and
nonlocal; For energies near the A-channel thresh-
old, the energy dependence of this effective po-
tential should be negligible. For phenomenologi-
cal analysis of the low-energy AN interaction, it
has been customary to use a simple local shape
for the remaining A potential. The result is that
until recently' the low-energy AN interaction has
been mostly analyzed using the same sort of po-
tentials as were used to analyze the low-energy
NN interaction. A one-channel AN potential is
used throughout this work.

Since boson-exchange potential models have
been quite successful in reproducing the exten-
sive NN data, many authors have analyzed the
hyperon-nucleon (YN) interactions by different
meson-theoretic models. ' ' The YN potential
found in this manner has anumber of undetermined
parameters in it. The assumption of some sym-
metry model (e.g. , SU,), provides some relations
among the coupling constants, while the rest of
the parameters are treated as search parameters
to reproduce the low-energy 7Ã scattering param-
eters. These latter parameters have been deter-
mined (within rather wide limits) by the analysis
of light hypernuclear binding energies, using a
phenom enological single-channel YN potential
with a hard core, ' and by low-energy scattering
data available at the time.

However, because of the possibility of construct-
ing a number of different meson-theoretic poten-
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tials (by assuming different exchange mechanism
and different symmetry models), which all pro-
duce the "same" Ap low-energy data, more ac-
curate "tests" are highly desirable to eliminate
all but one of these candidates for "the" AN poten-
tial. One obstacle to carrying out the "tests" is
the arbitrary manner in which the AN potential is
cut off at short distances, i.e., where a many-
body problem is represented by just one param-
eter, the hard-core radius. The hard core was
first introduced in NN interactions, as the sim-
plest method of displaying our ignorance of the
short-range behavior of the interactions that pro-
duced the experimental data. However, recent
work on NN interactions has shown that a soft
core, a supersoft core, or a nonlocal core is at
least as good a representation of the true short-
range behavior. "" Therefore, it is desirable
to have a "test" that is sensitive to the short-
range behavior of the AN potential, i.e., an exper-
iment that for a given meson-exchange model,
and a given symmetry model, could distinguish
among several meson-theoretic potentials with
differing short-range behavior, but which all re-
produce the same low-energy Ap scattering pa-
rameters.

The obvious way to investigate the short-range
behavior of a potential is to do scattering experi-
ments from very low up to fairly high energies.
The partial-wave amplitudes with orbital angular
momentum greater than zero will be insensitive
to the short-range behavior. The S-wave ampli-
tude will sense the potential over its whole range
and the sensitivity to the short-range behavior of
the potential increases with increase in the energy.
Thus, by separating out the S-wave part of the
cross section, one could see the effect of the
short-range part of the potential,

There are several difficulties with the proce-
dure just outlined above. First, the above argu-
ment assumes a local potential, when in fact there
is no reason (other than convenience of the phys-
icist) to assume a local short-range potential.
Second, if the YN energy is high enough for the
cross section to be sensitive to the'short-range
behavior of the potential, the ZN channel is either
open —thus compounding the experimental diffi-
culties —or the energy is close to the ZN thresh-

~old, so that the effects of this closed channel can-
~not be ignored in the theoretical analysis. "'

These difficulties may be eliminated by limiting
the YN energy range to energies that are (1) be-
low the ZN threshold, so that no real Z's are pres-
ent;. (2) far below the ZN threshold, so that the
effect of the closed ZN channel may be easily tak-
en into account in the theoretical analysis (in
which the FN potential is reduced to a single-

channel AN potential); or (3) near the AN thresh-
old, so that only S waves need to be used. The
experimental situations which satisfy these con-
ditions are (in order of decrea, sing theoretical
cleanliness): (a) An and Ap bound states; (b) AP
and An low-energy scattering; (c) APn and Ann
bound states; (d) Ad low-energy scattering; (e)
other light hypernuclea, r bound states; (f) low-
energy A -nucleus scattering from light nuclei
other than the deuteron. Now, the first experi-
ment (a) is eliminated since no AN bound state
exists. The nonexistence of free neutrons means
An scattering is impossible and low-energy Ap
scattering does not contain enough information
to determine anything more than the Ap scatter-
ing lengths and effective ranges, so (b) is elimi-
nated. The only experimentally determined ANN
bound state is the isospin-0, spin- —,

' hypertriton,
AII', in which BA, the binding energy of the A, is
determined to be" 0.06+ 0.06 MeV. This number
is too small and too ill-determined to be of use in
the determination of the short-range behavior of
the AN potential. Therefore, (c) is also elimi-
nated. Of the rest, (d) looks most promising for
two reasons. First, the neglected three-body
ANN forces, which may be significant, should
have a smaller effect here than in problems with
more than two nucleons present. Second, theo-
retical techniques have been developed in the last
six years which allow, in certain cases, for the
exact solution of three-particle problems. "

All the above is a motivation for calculating low-
energy Ad scattering cross sections for several
single-channel AN potentials which all give the
same AN scattering lengths and effective ranges,
but differ in their short-range behavior in that
they give different AN cross sections at higher
energies (which, of course, cannot be measured
since the model breaks down at higher energies).
If the calculated Ad cross sections are not mea-
surably different, it would not be fruitful to do
low-energy Ad scattering experiments. If -they
are different, useful information can be found
from such experiments.

It now comes to the question of carrying out the
calculations described directly above. In partic-
ular, what is the form to be used for the NN and
AN potentials, and what kind of three-body formal-
ism is to be used? The method employed here is
a multiple-scattering formalism pioneered by
Faddeev. " In addition, a potential of separable
(or sum of separable) form is used for each two-
body interaction.

Similar work has been done on the Ad scatter-
ing problem in the quartet spin state, "and also
on the bound state of three nucleons, "which is
significantly different from the ANN problem so
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that no conclusion can be dramn from it. In the
study of Ad scattering» here, the tmo-body AN
potentials used were investigated more thoroughly
than in Ref. 1'7, in that the off-shell amplitudes,
the poles in the scattering amplitudes, and the
actual wave functions generated by these ampli-
tudes (with different shapes of core potentials)
mere calculated. Both spin singlet and triplet AN
potentials were used, and by setting the same
core parameters for the tmo spin states, fewer
potential parameters mere needed than in the pre-
vious work. "'" Here, the three-body calculations
were expanded to include doublet Ad scattering,
and in the total three-body scattering cross sec-
tions both doublet and quartet spin states were in-
cluded» so that the results obtalQed could be com-
pared with experiments that do not involve a polar-
ized A or deuteron.

Recent works by other authors'o '2 yield a num-
ber of mays to represent a local potential ampli-
tude by a sum of separable terms. So far, these
developments have been used in three-body prob-
lems where the total three-body energy, E, is
negative (or used in the three-nucleon problem
where it makes sense to consider the on-shell be-
havior of the two-body amplitude at energies much
higher than are relevant to the one-channel model
Of 'the AN intel'RCtloll). Fol' SUCh BllergleS the keX'-

nels of the integral equations involved do not have
the singularities that are present when F. is posi-
tive, such as in Ad scattering above the deuteron
breakup threshold.

In the following analysis of two-body systems,
a sum of nonlocal separable potentials, instead
of a local potential, is used. For the connection
between nonlocal interactions and the local poten-
'tiRis (i.e, 'tile Bxpex'1111611'tRl dRtR) i't ls 1'Bqlllred
that the separable potential reproduce the same
on-energy-shell behavior as that of a local poten-
tial (at least for energies up to the order of 80
MBV). A phenomenological local (PL) potential,
rather than a meson-theoretic potential, is used
here. For the purpose of testing the short-range
behavior of the AN potential, the. former choice
is as good as the latter, and the simple shape of

the PL potential means that the dependence of the
phase shift on energy for any given hard-core
radius, scattering length, and effective range,
can be easily calculated.

II. TWO-BODY INTERACTIONS

A. Local Potentia1s

The shape of the two-body, spin-dependent,
charge-independent local potentials, Vx(~), used
here for the phenomenologieal model is an expo-
nential well plus a hard core,

i, (~.)= „'-V,e-"'"-"', ~~ d
(&)

In the above equation, V, is the strength param-
eter, q is the range parameter, and d is the ra-
dius of the hard core. This was the shape used by
Hexndon and Tang (HT) in their very extensive
analysis of light hypernuclei. ' It is the HT results
which are used as the "experimental results" to
which the MLS potentials given below are fitted. .

In the Ad system both NN and AN forces are
present. The NN force is to a very good approxi-
mation charge-symmetric (CS), but the AN force
seems to contain an appreciable charge-symme-
try-breaking (CSB) part. ' Since the A isospin is
zero and the deuteron is also an isospin singlet,
the CSB part of the HT potentials plays no role
and is dropped from the interaction Hamiltonian
ln the very beglnnlng. The low-e11ergy scattering
parameters, the scattering length a and effective
range x„are determined from the CS part of the
interaction. From Ref. 9, these values are found
to be"

a=-1.66 F, ~, =3.15 F

for Spin One» alld

a = -2.09 F, xo = 2.85 F
for spin zero.

The S-wave Schrodinger equation with V~(y) as
glvell 111 Eq. (1) is 1'BRdiiy solved. VAth 'tile scat-
tering parameters given in Eqs. (2) and (3) and the
same hard-core radius as used by HT the other

TABLH I. Local potential parameters.

Potential

AN LHC

Spin

573.4
599.5

23.7
27.3

16.4
19.6

9.21
11.7 4.97

6(e) in degrees at e in MeV
20 40 60 80

NN LHC

0.00 110.6
125.4

27.2
30.0

25.1
28.2

23.0
25.8

21.4
23.9'
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potential parameters may be found. The results
are shown in Table I for these AN local hard-
core (LHC) potentials. The phase shifts for these
potentials at center-of-mass energies e =20, 40,
60, and 80 MeV are also given, as is the energy
e =e, for which each of these potentials gives a
zero phase shift.

For purposes of comparison, local no-core
(LNC) AN-potential parameters are also shown
in Table I. These LNC parameters are found with
the use of the potential in Eq. (1) with d = 0 and the
stipulation that each LNC potential yield the same
values of a and ~, as the corresponding LHC po-
tential.

The 'S, np low-energy parameters are obtained
from the Tang and Herndon charge-symmetric
potential" with the same shape as V~(~) given in

Eq. (1), by a procedure similar to that used in the
AN case. The low-energy parameters used in the
nonlocal NN interaction are the 'S, scattering
length a„=5.3858 F and the deuteron binding ener-
gy ED = 2.225 MeV. The NN-potential parameters
are also shown in Table I.

V(k, k') = X,v, (k)v, (k') + x,v, (k)v, (k') . (4)

The method of numerical solution of the Fad-
deev equations for scattering problems (8 &0)
necessitated the use of some simple analytic
forms for the shapes of the separable terms v, (k)
and v, (k). Thus, a one-parameter shape is chosen
for each of these potentials with the range param-
eter P,.

' being spin-dependent. A two-body poten-
tial in any given spin channel, then, has four un-
known parameters: p, ', p, ', A,„and A, By
convention, the term with subscript 1 refers to
the long-range, attractive part of the potential,
and the term with subscript 2 refers to the short-
range, repulsive part of the potential. In other

B. Nonloeal Potentials

A characteristic feature of all the phenomeno-
logical AN potentials developed from analysis of
the light hypernuclei is the behavior of the phase
shift with energy, namely, a positive phase shift
at low energies that eventually goes through zero
at higher energies. This behavior was set by us-
ing local potentials with repulsive cores, anal-
ogous to NN potentials. However, a single-term
NLS potential produces no repulsion for short
distances, " so that its phase shift does not change
sign. The simplest form of NLS potential which

could reproduce the above behavior, is a sum of
two NLS potentials with one repulsive term repre-
senting the short-range and one attractive term
representing the long-range behavior of the poten-
tial, that is, in a momentum-space representa-
tion,

words, the following inequalities must hold:

p, '&p, ', A., &0, A., &0.

The potential shapes used are such as to yield
three forms for the AN potential. One form is
the potential designated YY, in which both v, (k)
and v, (k) have the Yamaguchi. shape" v, (k) = 1/(k'
+P,'). Another is the potential designated YT in
which v, (k) is a Yamaguchi shape, but the core
v, (k} has the shape first used by Tabakin, "v, (k)
=k'/(k'+P, ')'. The third form, YO, is a pure
Yamaguchi shape, i.e., A., = 0.

In order to obtain the required strong repulsion
at short distances for a sum of two NLS poten-
tials of the above types (with A., x 0), the inequality
A., & ~A., ~

must hold. With this condition the Born
amplitude for S-wave AN scattering is positive.

It was previously shown" that the low-energy
Ad cross sections are insensitive to the existence
of a core in the np potential. Hence, the NN po-
tential considered here is a purely attractive, no-
core potential of Yamaguchi shape. The param-
eters of the 'S, NN potential,

P„„'=0.6952 F

x„„=-3326.5(2v)' MeV',

are determined from the deuteron binding energy
and the NN scattering length- given above.

C. Numerical Results

The parameters of the AN spin singlet and trip-
let potentials for both the YY and YT forms are
determined by imposing the conditions that (1) in
each spin channel the separable potential gives the
same scattering length and effective range as the
LHC potential; (2} the core parameters (P, and A.,)

are the same in the spin-0 and spin-1 channels;
(3) in each channel the NLS-potential phase shift

5(s) goes through zero at the same energy, e = e„
as does the phase shift of the LHC potential (this
insures that the nonlocal phase shift be very close
to the local phase shift for all lesser energies).

All the parameters of the AN spin-0 and spin-1
separable potentials are determined from the
above conditions with no free parameters left and,
in fact, the fitting of the parameters is done with

only one more parameter -the core strength -than
in present in the LHC potential. The values of the
parameters for different shapes of separable po-
tential and different low-energy local parameters
are given in Table II.

For the YO form only condition (1) is imposed.
The resulting parameters are also shown in Table
II.

Figure 1 shows the AN 'S, phase shift as a func-
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}.0
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0, 5 t. Q l. 5 2. 0 3.0

FIG. 2. The AN 3S~ radial wave function u(x) = xg(x) at a c.rn, energy of 20 MeV for the local no-core (LgQ), the
local hard-t:ore (LHC), and the nonlocal separable potentials YO, YT, and YY. Only the LHC curve is shown for
~&2.5 F.

in Pig. 2. The same work carried out for other
values of g ~ 40 MeV and for the spin-0 channel
yielded results so similar to those shown in Fig. 2

that they are not presented here. An examination
of Fig. 2 shows (a) the wave function of the poten-
tial YO quite closely resembles that of the purely
attractive LNC local potential; (b) the potential YT
looks more like the potential YO than does the po-
tential YY, but it is repulsive at short distances
0 & r & 0.4 F; (c) at a given energy the YT potential
gives a wave function "equivalent" to that obtain-
able from a soft-core local potential, while the
YY potential gives a wave function with a node.
This very nonlocal behavior of the YY wave func-
tion shows up at such small g that its effect on
low-energy Ad scatterings should be negligible.

Mongan' has shown that if the full off-energy-
shell t matrix vanishes at infinite energy, the
knowledge of the half-off-energy-shell t-matrix
elements t(e, k, k'), where k'gk =(2ye)'~', in the
scattering region (i.e., e & 0), plus the values of
the bound-state form factors (for negative ener-
gies) are sufficient to determine the full off-ener-
gy-shell two-body f-matrix element t(e, p, k'),
where pg.k, at all energies, within a consta, nt.
Fuxthermore, it has been proven" that the func-
tion E{k,k') defined by

E(k, k') = t(e, k, k')/t(e, k, k),

is a "real" function. Thex'efore, the full off-shell
t-matrix element is completely determined by the
real function E(k, k') and the experimentally mea-
sured phase shifts. In order to compare the off-
shell behavior of the potentials used in Sec. III
(which, at sufficiently low energy, all have the
same on-shell behavior), it is sufficient to study
the real function E(k, k').

In Fig. 3 the function E(k, k') for the AN spin-1
channel at s=k'j2p, =20 MeV is plotted against k'
fox' each of the potentials YO, YT, YY, LHC, and
LNC. Similar gx'aphs ax'e obtained fox' spin-0 and
other values of e ~40 MeV. Although the YY, YT,
and LHC potentials have the same on-shell ] ma-
trix for 8 ~100 MeV„ their off-shell t-matrix ele-
ments behave quite differently. Qn the basis of
Fig. 3 the qse of the YT potential in Ad scattering
would tend to underrepresent the effect of a local
hard core, while the use of the YY potential might
overrepresent somewhat the effect of a local hard
core. Combining this behavior with the '*not at-
tractive enough'* representation of LNC by YO

noted in Fig. 1, it appears that the differerice be-
tween the use of the LNC rather than the LHC AN
potential in Ad scattering should be mell xepre-
sented by the difference obtained in the use of the
YO rather than the YY AN potential.

Since the singularities of the t matrix are among
its most important properties, these are found
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2 q+tot 3 +tot 3 ~tot '

From Tables IV and V the following conclusions
may be drawn:

(a) The short-range behavior of the AN potential
does have an effect on low-energy Ad scattering.
This is evident from a comparison of 0„,for dif-
ferent core potentials at a given momentum p~.
This result is in agreement with the results ob-
tained by Schick" for quartet Ad scattering, where

a slightly different criterion was used to include
the effect of short-range AN potentials.

(b) The effect of a AN repulsive core is always
to reduce the size of the Ad cross section. This
is evident from a. comparison of the first row (the
"no-core" values) of a given p~, with the second
and third rows (the "with-core" values). This
effect was expected since the AN repulsive core
reduces the AN phase shift. This reduction is
always larger for the YY potential than for the YT
potential (compare rows 2 and 2 for each p~).
This confirms the conclusion of Sec. II that the YY
NLS shape looks more like a hard-core potential
than does the YT potential. From the nature of the
dependence of the momentum-space representa-
tions of the YY and YT potentials on 0' this re-
sult seems reasonable. In other words, even

though the deuteron is a loosely bound system and

the AN interaction is not as strong as the np in-
teraction, the Ad low-energy scatterings do de-
pend on the two-body off-shell t-matrix elements.

(c) From comparison of Tables IV and V, al-
most the entire effect of the AN core appears in

the S-wave Ad cross section. A possible explana-
tion for this behavior is that the short-range AN

repulsion is most effective in reducing the Ad
cross section when it is present at lower energies
as mell as at higher energies, i.e., when the low-
energy off-shell behavior of the AN I; matrix looks
most like that due to a local hard-core potential,
in addition to the on-shell t matrix at higher ener-
gy reproducing the local hard-core potential phase
shift. The Ad scattering with I & 0 would not, of
course, be very sensitive to this low-energy ef-
fect.

(d) The size of the reduction of the Ad cross
section depends upon the Ad center-of-mass ener-
gy E, i.e., upon p~. Over the energy region in-
vestigated (E ~ 25 MeV), the percentage effect of
the AN core is strongest at the highest energy.
There are two competing effects here. First, the
S-wave part of the cross section is proportion-
ately larger at lower energies, and secondly, the
percentage change in the S-wave part of the cross
section is greater at higher energies. The sec-
ond effect evidently dominates the first.

(e) The size of the reduction of the Ad cross
section depends upon the Ad spin state. On a per-
centage basis, the AN core is much less effective
in modifying the Ad doublet cross section than
the Ad quartet cross section. In absolute terms,
the AN core is somewhat less effective in the dou-
blet state than in the quartet state. In Table IV
compare column 3 and 5 with 4 and 6, respectively,
for the no-core versus the with-core case.

To further study this effect for the doublet scat-
tering, different combinations of core and no-core
NLS potentials were inserted in the two-body sin-
glet and triplet, or triplet and singlet, AN poten-
tials, respectively. The results for pz = 200

TABLE IV. S-@rave Ad cross sections (in mb) and corresponding S-matrix elements,

PA
(MeV/c)

100

150

200

250

300

AN

pot.

YO

YT
YY

YO

YT
YY

YO

YT
YY

YO

YT
YY

YO

YT
YY

Oel

1197
1142
1099

418
389
372

174
154
147

79.7
65.6
62.2

39.1
28.5
26.7

1228
1228
1194

440
433
410

185
177
164

86.0
77.8
70.3

42.7
35.1
30.9

1203
1147
1107

452
416
397

203
178
168

101
81.3
76.3

54.0
38.2
35.3

D
+tot

1236
1236
1204

482
474
482

221
211
190

111
102
87.4

59.9
51.0
41.4

1214
1177
1139

462
435
412

209
189
175

104
88.0
80.0

55.9
42.4
37.3

sD
0

-O.986 —i0.021
—0.986+ i0.038
—0.930 + i0.310

—0.742 + i0.385
-0.713 + i0.449
—0.597 + i0.643

-0.418 + i0.605
-0.356 + i0.661
—0.219 + i0.787

—0.117+ i0.693
—0.019 + i0.723
+0.122 + i0.802

+0.133 + i0.696
+0.262 + i0.686
+0.40 1 + i0.732

—0.934 + i0.331
-0.843 + i0.552
-0.778 + i0.607

-0.635+ i0.569
-0.505+ i0.738
—0.437 + i0.794

—0.308+ i 0.723
-0.142 + i0.824
—0.081 + i0.851

—0.017 + i0.753
+0.183 + i0.806
+0.234 + i0.814

+0.218 + i0.722
+0.447 + i0.720
+0.489 + i0.714
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TABLE V. Ad cross sections in mb. TABLE VI. Ad cross sections in mb at pA =200 MeV/e.

pA AN

(MeV/c) pot. o el
D

'Te].
Q

~tot
D

~tot 0'tot

AN AN pot, AN pot.
spin in D in Q

Q g Q D
+el +el +tot +tot +tot

100 YO 1201 1233
YT 1147 1234
YY 1104 1200

1208 1242 1219
1152 1242 1182
1112 1210 1145

YO
194 194 243 247 244

150

200

YO 432
YT 403
YY 387

YO 194
YT 174
YY 168

458
451
428

210
202
190

511
502
471

271
261
240

486
459
436

252
232
218

168 202 207 257 223

194 204 243 264 253

173 206 217 264 233

250

300

YO

YT
YY

YO

YT
. YY

99.9 111 146 168
85.4 102 124 155
82.6 95.8 120 143

56.0 63.5 95.6 111
44.1 54.3 76.0 96.9
42.9 51.0 73.5 89.1

101
83.0
78.7

8. Remarks

In the incident A laboratory momentum range of
100-300 MeV/c, the Ad cross section is sensi-
tive to the short-range behavior of the two-body
AN potentials. The reduction in the cross sec-

MeV/c, with all necessary partial waves included,
are listed in Table VI. Results for g„, and g„
show that putting a core in both singlet and trip-
let AN potentials (Table V), does not produce an
additive effect in the Ad (doublet) cross section.
The result for having a core in both is only a little
more than having a core in the singlet AN poten-
tial alone; i.e., a lot of cancellation -or destruc-
tive interference —must be taking place. Thus,
when two AN interactions are contributing to the
Ad cross section, the effect of inserting a core in
both is about the same as inserting a core in only
one. This is consistent with the result obtained
in the beginning of this section (e), but does not
shed more light on the possible reasons for this
behavior.

(f) For a fixed set of potentials, Son and $g, con-
sidered as vectors in the complex plane, x otate
clockwise as the Ad energy increases; i.e. , both
doublet and quartet bound states exist in all cases,
since'S, =e"~0 and the eloekwise rotation of 5, im-
plies 50 is decreasing from ~ rather than increas-
ing from zero. The doublet bound state is just
the AH' J =-', hypernucleus. The J =-,' ~H' bound
state has not been found experimentally. It has
appeared in theoretical calculations before. In
particular the HT local potentials to which the
MLS potentials used here are fitted predict such a,

bound state with 8A
~ 0.0l MeV.

tion is (13-25)%, being larger for higher energies.
Consider two meson theoretic potentials which
have the same on-shell t-matrix behavior, but
have different short-range behavior; e.g. , one
has a hard core and the other vanishes at short
distances. Low-energy Ad scatterings might mell

be able to distinguish between the two, if experi-
ments can be done within an accuracy of 25%.
Presently, such accurate experiments are out of
the question. However, for reasons mentioned in
Sec. I (i.e. , the cleanliness of the theory, etc.),
low-energy Ad scattering is the most promising
"test" for obtaining this information.

Low-energy Ad-scattering experiments might
be well worth trying if the factors which have been
neglected do not seriously decrease the percent-
age change of the cross sections. These factors
include (a) the existence of the second channel,
and (b) the existence of the higher partial waves
in the two-body potentials. These two factors are
probably the most serious of all the other factors
involved. There does not exist a good way to ap-
proximate the effect of these factors within the
framework of the present calculations. Therefoxe
calculations which include these factors should be
carried out with some care. ' Possible other
flaws, such as the neglect of three-body ANN

forces, are not expected to be serious. The an-
sw'ex' to the question of %'hethex' the experiment ls
worth doing is not known at this time, but is prob-
ably closer to yes, depending on further calcula-
tion and refinements of experimental techniques.
It should be emphasized that much better Ap scat-
tering experiments and better values for the bind-
ing energy of the light hypernuclei, especially the
hypertriton, are a necessity.

Other approximations to a hard-core potential
should be investigated since the results do depend
on the off-shell behavior of the AN amplitudes.
Finally, the use of a method with a more realistic
theoretical base for obtaining the equivalent sepa-
rable t matrices is most desirable.
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