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Nijmegen soft coreYN potential with bound state restrictions

Dean Halderson
Physics Department, Western Michigan University, Kalamazoo, Michigan 49001

~Received 26 April 1999; published 28 October 1999!

An attempt is made to refit two sets of parameters for the Nijmegen soft coreYN potential by including
selected bound state data as well as the customary scattering data. One parameter set corresponds closely to the
original Nijmegen parameters. The second is a more restricted set. It was not possible to obtain the lowx2

values found in fits which omit the bound state restrictions. The primary difficulty is a conflict between the
bound state restrictions and theSN scattering data. As with the original Nijmegen fit, this difficulty can be
traced to theSN-LN tensor interaction. This difficulty should not adversely affect the utility of the derived
potentials in hypernuclear calculations.@S0556-2813~99!03311-7#

PACS number~s!: 13.75.Ev, 12.39.Pn, 21.30.2x, 21.80.1a
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I. INTRODUCTION

The first extension of the Nijmegen soft core from theNN
sector~NSC78! @1# to the strange baryon-nucleon~YN! sec-
tor ~NSC89! @2# employed nine parameters to fit 34 cro
sections and one capture ratio. Five of these parameters
form factor cutoff values whose assignments were based
the YN SU~3! classifications. Reasonable fits were obtain
to the scattering data, and calculations of the hypertri
binding energy were surprisingly in agreement with the
perimental value@3#. However, extension of the NSC89 t
binding energies of heavier systems showed consistent
derbinding and some spin-dependent difficulties@4–7#. Con-
sequently, most hypernuclear calculations continued to
ploy the older hard core Nijmegen potential, model D@8#.

A recent paper@9#, based on the NSC, employed a diffe
ent parameter set. In this work the form factor cutoff para
eters were assigned based on the SU~3! classification of the
mesons, and these parameters were the same as those u
a newNN fit. The parameters remaining in theYN fit were
cutoffs for the three strange mesons, the vector magn
F/(F1D) ratio (aM), the scalar singlet mixing angle (uS),
and three SU~3! symmetry breaking parameters (lS,lP,lV),
based on the3P0 model@10#. With the strange meson cutoff
held at selected values,aM was stepped over a specifie
range and a fit performed at each step, yielding potent
NSC97a–f. This provided a range of parameters with diff
ent spin characteristics. These different potentials could t
be used in hypernuclear calculations and the most appro
ate of the potentials determined.

Some results ofg-matrix elements andL
3H binding energy

calculations were reported in Ref.@9#. At least two of the
NSC97 potentials provided very encouraging results. Ho
ever, the choice of parameters in Ref.@9#, unlike Ref. @2#,
provided predictions for theS522, 23, and24 potentials,
and theS522 results were not consistent with the report
binding energies ofLL

6He, LL
10B, and LL

13B.
An important result in Ref.@9# was the demonstration tha

many parameter sets can fit the scattering data. There
the present paper takes a different approach to the cons
tion of a universalBB potential from the NSC formalism
First of all, it seems quite unfair to expectYN potentials to
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have the same predictive power in bound state calculat
as theNN potentials. Not only are theYN scattering data
poor, butNN fits also include the properties of the deuter
and polarization data. The present paper presents attemp
compensate for these difficulties by incorporating selec
L-hypernuclear binding energy results, theLL contribution
to double lambda hypernuclear binding energies, and
scattering data in one fit. These new data easily distingu
between versions of the NSC which provide similar fits
the scattering data.

Two modifications of the NSC89 potential with differen
numbers of parameters were employed. In addition, sear
were made in the parameter space of the NSC97 poten
No acceptable solutions were found in this latter space.
cause the assignment of cutoff parameters based on the
sons is more in keeping with the underlying Regge p
model, the NSC97 parametrization is very attractive. The
fore, a search continues in this space, and if successfu
sults are found, they will be reported at a later date. Of
solutions obtained with modified NSC89 parameters, no
could provide accurate fits to the scattering data while fitt
the bound state data. The primary difficulty for the para
etrizations in this paper was the inability to fit theSN scat-
tering data while producing a reasonableLL potential. Re-
striction to the regions of parameter space which provid
reasonableLL potential and a fit to the bound state da
produces a conflict between theS1p and theS2p elastic
cross sections and a poor value for the capture ratio at
for stoppedS2. This ratio depends on theS2p-S0n and
S2p-Ln coupling strengths, as do theS2p→S0n and
S2p→Ln cross sections. However, the depths and spr
of the single-particle energy levels ofL hypernuclei also
depend on theS2p-Ln strength. These constraints drive th
calculated capture ratio to approximately 10% below the
perimental value. Attempts to reconcile theSN problem pro-
duced an ill-behavedLL potential.

One cannot say that the NSC formalism does not con
a solution which can fit both the bound and scattering da
Although a number of parameter choices were explored
addition to those reported here, many other possible s
including those which break SU~3! symmetry, exist. Also,
the parameter space, filled with many local minima, is a v
difficult one to search. One has no guarantee that solut
©1999 The American Physical Society01-1
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TABLE I. Potential parameters. Entries with asterisks were held fixed.

Potential aM aE cD MK** uS g8
D aP

NSC89 0.275 1.000* 15.00 307.81* 49.105 0.443722* 0.355
Ia 0.41042 1.000* 0.998 307.81* 46.114 0.443722* 0.355*
Ib 0.41542 1.000* 1.600 307.81* 46.114 0* 0.355*
IIa 0.47541 0.85879 11.483 679.974 42.718 0.443722* 0.355*
IIb 0.51350 0.77683 15.487 669.462 41.971 0.443722* 0.355*
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do not exist, since it is not possible to ensure a global m
mum. However, at this stage of the investigation, with the
parameters, it appears that the condition for a good fit to
scattering data must be relaxed to provide aYNpotential that
can be carried successfully to the bound state sector.
potentials described in the body of this paper should be g
candidates for these bound state calculations.

II. PARAMETERS

The failure of NSC89 to reproduce hypernuclear prop
ties was particularly disconcerting, given that theNN results
seemed so encouraging. The philosophy of NSC78 wa
consider the mesons as members of Regge trajectories
then to isolate the contributions of the lowest occurri
member in the method of Khuri@11# and Chew and Jone
@12,13#. This changes the radial dependence and adds a
factor to the static one-meson exchange potential. Chew@14#
has shown that, to a rough approximation, the form fac
cutoff is proportional to the slope of the Regge trajecto
The NSC78NN potential had only one form factor cutof
This seems amazingly simple and conjures up textbook
ages of parallel lines representing the Regge trajectories.
NSC89 potential was, therefore, disappointing on two
counts: one, the poor hypernuclear results, and two, the
of simplicity due to the use of five cutoff values.

It was because of its simplicity that the NSC potential w
chosen for this investigation. The hope was that the need
few cutoff parameters would mean more predictive pow
for those channels not included in the fit. In an effort
retain some of this simplicity, two calculations were pe
formed: one with parameters corresponding closely to
NSC89 set and one with a more restricted parameter
These are listed in Tables I and II. If a potential paramete
not listed, it assumes the NSC89 value. An explanation
the parameters and their theoretical basis is containe
Refs. @1–3#. Set 1 is identical to the NSC89 parameter s
except for three changes. One, the SU~2! symmetry breaking
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cutoff, L108 is eliminated. Any required SU~2! symmetry
breaking in the cutoff parameters will be considered a fail
of the model. Two, one additional cutoffL1 is allowed in the
S522 sector. Three, the pseudoscalarF/(F1D) ratio aP is
held fixed at a value of 0.355, the value obtained in NSC
One, therefore, has eight parameters, a fit for which yield
potential Ia. For potential Ib, the octet coupling constant
the diffractive mesons,gD

8 , was set equal to zero, th
NSC97 value.

Parameter set 2 was constructed so as to differ little fr
theNN potential. It retains the NSC78NN cutoff value in all
S521 channels, but allows a different cutoff for theS5
22 sector. The pseudoscalarF/(F1D) ratio is again held
fixed at 0.355. The magneticF/(F1D) ratio aM , the scalar
singlet mixing angleuS , the diffractive meson mixing pa
rametercD , the mass of theJ50 component of theK** ,
and the vector electricF/(F1D) ratio aE comprise the re-
maining parameters for a total of 6. Modest variations ofaE
andaM could be accommodated in a refit of theNN data.

III. BOUND STATE DATA

The bound state data included in these fits are the bind
energies of the hypertriton, the 01 and 11 states ofL

4H, the

ground state ofL
5He, the 1

2
1, 3

2
2, and 1

2
2 single particle

energies of L
17O. It would be much too time consuming t

perform Faddeev or variational Monte Carlo calculations
the light systems at each iteration of the fit. However, th
calculations have been completed for the NSC89@3,15#, and
it is necessary only to perform first-order, coupled-baryo
channel, Brueckner calculations. The channel coupling
namics, whose importance was emphasized by other aut
@16,17#, will then be included. Although a first-order Brueck
ner calculation forA53 and 4 systems will not provide ac
curate absolute values, binding energy differences, calcul
between two potentials, will be very nearly those calcula
with accurate techniques. This was shown in early calcu
1
2

TABLE II. Momentum cutoff parameters in MeV. Entries with asterisks were held fixed.

Potential L27 L10 L108 L2718s L10* 18a L r

NSC89 1020.00 1230.00 1270.50 820.00 1270.50
Ia 948.040 1037.122 987.883 1037.122 862.51
Ib 916.165 1246.714 965.383 1049.309 862.04
IIa 964.53* 964.53* 964.53* 964.53* 846.346
IIb 964.53* 964.53* 964.53* 964.53* 856.058
1-2
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NIJMEGEN SOFT COREYN POTENTIAL WITH BOUND . . . PHYSICAL REVIEW C60 064001
tions which compared the Hamada-Johnston potential w
the Reid potentials. The calculations of Refs.@3,15# provide
the necessary benchmarks.

A Q/(v2 1
2 ENL2Tr2Dmc2) approximation to theQTQ

propagator is employed in all Brueckner calculations. H
ENL is a diagonal center of mass kinetic energy,\V(2N
1L13/2), Tr is a diagonal relative kinetic energy operato
and Dmc2 is the mass difference between the two start
and the two intermediate baryons. ForL

3H, L
4H(01), and

L
4 H(11), 0\V calculations are performed. Pauli correctio
are made in a one-dimensional space by

g5gr /@11gr /„v20.75~\V1\VL!…#, ~3.1!

where \VL5(MN /ML)\V. The individual single-particle
energies are given by

e53/2g011/2g113/4\VL1D, ~3.2a!

e53/2~g01g1!13/4\VL1D, ~3.2b!

e51/2g015/2g113/4\VL1D, ~3.2c!

for L
3H, L

4H(01), andL
4H(11), respectively. In these expres

sions gI5^0s(r )0s(R)S5I ug(v)u0s(r )0s(R)S5I &. The
parameters are shown in Table III. No justification is ma
for these parameters, other than they reproduce NSC89 b
ing energies calculated by more accurate means.

More care is given toL
5He. The binding energy is calcu

lated in the method of Ref.@7#, but with a model space lim
ited to 2\V and Pauli corrections performed in the two-bod
relative center of mass system by the average-angle t
nique, whereQ50 for 2n12N1 l 1L<Nm , Nm51. The
1
2

1, 3
2

2, and 1
2

2 single-particle energies ofL
17O were calcu-

lated in a similar fashion withNm52. Again, this procedure

TABLE III. Bound state parameters.

\V ~MeV! v ~MeV! D ~MeV!

L
3H 11.49 22.37 20.06\VL

L
4H 11.61 29.50 0

L
5He 12.51 Self-consistent 0

L
17O(1/21) 12.93 Self-consistent 20.90

L
17O(1/22,3/22) 12.93 Self-consistent 21.93

LL
18 O 12.93 210.00 0
06400
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is fast, but crude, and a term,D, must be added to the stan
dard single-particle expressions:

e5^DuTuL&1(
N

^LNug~v5eL1eN!uLN&1D.

~3.3!

A benchmark calculation for theL
17O energies was provided

in Ref. @7# where translationally invariant, self-consiste
Brueckner calculations were performed in a large mo
space. It should be remarked that the calculations forL

5He in
Refs.@15,7# agree to within the accuracy of the calculation
so one has continuity between the two procedures.

The inclusion of L
3H, L

4H(01), L
4H(11), and L

5He will
provide sensitivity to thes•s and tensor interactions. Th
inclusion of L

17O 1
2

2 and 3
2

2 will provide sensitivity to the
spin-orbit interaction. And, surprisingly, the depth an
spread of theL

17O single-particle energies will be a measu
of the SN-LN coupling strength@7#.

The LL strength is estimated by calculating the1S0, LL
g-matrix element with a Pauli operator corresponding

LL
18O. Again, the model space was restricted to 2\V, and

Pauli corrections performed in the relative center of m
basis. A value of23.0 MeV was sought in the fit. This valu
should be reasonably consistent with 4.0–4.5 MeV of bin
ing in LL

6He, if one assumes mild Pauli corrections. Inclusi
of this matrix element is a much tighter restriction than o
would think. Since it involves solving theLL, SS, andJN
coupled channel problem, it is demanding well-behaved
tentials in all channels. Without this restriction, fits to th
scattering data andL hypernuclei improve significantly.

Taking thisLL g-matrix element to be the contribution o
the LL interaction in thep shell is the worst of the approxi
mations. Many of theLL potentials that are generated
parameter fits are very ill behaved. Therefore, one does
know if the g-matrix element at a particular search point
calculated accurately. Also, even when theLL potential is
reasonably smooth, the convergence of theQ21 corrections
can be very poor for some potentials, and the limited sp
employed in this approximation is not adequate. Howev
the inclusion of thisg-matrix element will eliminate the very
large fraction of the parameter sets which give unreason
values for theLL contribution toLL hypernuclei.

The bound state data are entered as shown in Table
The quantities in curly brackets are not experimental unc
tainties, but are the uncertainty values read into the sea
Ib
TABLE IV. 2BL ~MeV!.

Expt. Potential Ia Potential Ib Potential IIa Potential I

L
3H 20.13 $0.01% 20.18 20.20 20.22 20.17

L
4H(01) 22.20 $0.03% 22.11 22.15 22.17 22.21

L
4H(11) 21.15 $0.03% 21.13 21.15 21.24 21.47

L
5He 23.10 $0.04% 21.65 21.61 21.68 21.85

L
17O(1/21) 213.60 $0.03% 213.84 213.82 213.78 213.74

L
17O(3/22) 22.95 $0.06% 23.10 23.03 23.08 23.11

L
17O(1/22) 22.05 $0.06% 22.19 22.09 22.15 22.14
1-3
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DEAN HALDERSON PHYSICAL REVIEW C 60 064001
code which force a good fit to the bound state data. Ax2,
based on these fictitious uncertainties, would be a measu
the goodness of fit to these data.

IV. RESULTS

Several fits of equal quality were obtained with parame
set II. The results of two of these fits are reported in t
paper as potential IIa and potential IIb. These two fits, p
the potential I fits, span a reasonably large range ofaM . The
x2 values for the cross sections plus capture ratio are sh
in Table V. The total cross sections plus capture ratiox2

should be compared to the values near 16 obtained in R
@2,9#. For potentials I and II approximately one-third to on
half of thex2 comes the capture ratio alone. In Refs.@2, 9#
the contribution of the capture ratio was negligible. The e
perimental value for the capture ratio is 0.46860.010. The
results for potentials Ia, Ib, IIa, and IIb are 0.418, 0.43
0.404, and 0.410, respectively. All fits which included t
bound state restrictions produced a capture ratio which
too small. If a fit was forced to reproduce the capture ra
most of theL hypernuclei became too deeply bound.

The S521 cutoff parameterL1 had the greatest effec
on the overallx2. By allowing it to vary, one obtains man
acceptable fits for both parameter sets I and II. Potentia
exhibited a nice feature in this regard, in that theLL
g-matrix element goes nearly linearly withL1 . The other
parameters have a more modest effect, in that a chosen
rameter can be fixed at some reasonable value and the
parameters adjusted so that the increase in the overallx2 is
not large. In this sense,aE andMK** are as important as th
other parameters in parameter set II. By allowingMK** to
vary, one is providing some flexibility in theS521 ex-
change potential. This can also be accomplished by allow
the cutoff parameter for theK or K* to vary. In fact, adding
K andK* cutoff parameters improves the fit. However, oth
choices for additional cutoffs, such as those of potentia
also improve the fit. Since the rationale behind parameter
II was that it be simple, the number of parameters was h
at 6.

The NSC89 parameter values have been included
Tables I and II for comparison. The NSC89 and potentia
cutoffs do not appear to be correlated. In fact, no accept
solutions were found when the NSC89 parameter val
were allowed to vary by 10%. A significant difference

TABLE V. Scatteringx2 values.

Reaction Potential Ia Potential Ib Potential IIa Potential I

S1p→S1p 0.6 0.3 14.3 16.2
S2p→S2p 2.3 2.1 13.0 9.2
S2p→S0n 9.5 6.9 8.3 7.4
S2p→Ln 9.4 8.1 5.4 5.3
Lp→Lp 4.0 4.2 5.1 7.5
Subtotal 25.8 21.6 46.1 45.6
r C 25.1 11.7 41.0 33.6
Total 50.9 33.3 87.1 79.2
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apparent inaM andcD . All solutions have a preference fo
aM values larger that the NSC89 value of 0.275. The res
of 0.410 42 and 0.415 42 for potentials Ia and Ib are qu
close to the static SU~6! value of 2/5. The value ofcD con-
trols theF/(F1D) ratio aD for the diffractive mesons. The
NSC89 value ofcD515° givesaD50.9984, while the po-
tentials Ia, IIa, and IIb haveaD50.2993, 0.8256, and
1.0221, respectively. TheLNK** coupling constant is given
by

gD
LNK** 52g8

D~112aD!/), ~4.1!

FIG. 1. The dashed line represents theS1p integrated cross
section results for potential Ia. The solid line is for potential I
Data are from Ref.@20#.

FIG. 2. The dashed line represents theS2p integrated cross
section results for potential Ia. The solid line is for potential I
Data are from Ref.@20#.
1-4
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FIG. 3. The dashed line in the first panel represents theS1p differential cross section results for potential Ia atplab5170 MeV/c. The
solid line is for potential IIa. Data are from Ref.@20#. The dashed line in the second panel represents theS2p differential cross section
results for potential Ia atplab5160 MeV/c. The solid line is for potential IIa. Data are from Ref.@20#. The dashed line in the third pane
represents theS2p→Ln cross differential cross section results for potential Ia atplab5160 MeV/c. The solid line is for potential IIa. Data
are from Ref.@21#.
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whereg8
D5gA2NN is the octet coupling constant. Solution

for parameter set II, which allowed variation ofMK** , seek
large values ofaD , which give large values ofgD

LNK** .
Parameter set I, for whichMK** was fixed, sought a sma
value ofaD , which gives a small value ofgD

LNK** . In fact,
in NSC97,g8

D was set equal to zero, and flexibility in th
exchange potential was provided by separate cutoffs foK
andK* . This preference for a smallgD

LNK** was the mo-
tivation for settingg8

D equal to zero for potential Ib, and
significant improvement in the capture ratio was produce

All reasonable fits for potential II result in valuesMK**
which are larger than the 307 MeV used in NSC89. Ty
cally, the values sought are between 550 and 700 MeV. T
may be providing some clue as to the importance of
missing two-meson exchange terms in the potential. T
lightest two-meson exchange in the strangeness exch
06400
.

-
is
e
e
ge

channel would bep plusK. Although with no pole terms the
diffractive meson potentials would not have the correct
dial behavior, they may provide the necessary massagin
the other potentials in the two-meson exchange range. O
comments on the role of possible two-meson exchange c
tributions may be found in Refs.@18,19#.

The cross sections for potential Ia~dashed lines! and IIa
~solid lines! are plotted in Figs. 1–6. The results for pote
tials Ib and IIb are very similar to those of potentials Ia a
IIa. A comparison of Figs. 1 and 2 clearly indicates the co
flict betweenS1p→S1p total cross section and theS2p
→S2p total cross section for potential II. An accurate fit
S2p produces aS1p which is too large. The results in Figs
1 and 2 represent a compromise between the two cross
tions. This conflict was ameliorated in NSC89 by includin
different cutoffs in theT53/2 SN channel forS2p and
open
re
FIG. 4. The dashed lines represent theLp integrated cross section results for potential Ia. The solid lines are for potential IIa. The
diamonds in the first panel are data from Ref.@22# and the solid diamonds are from Ref.@23#. The open diamonds in the second panel a
data from Ref.@24# and the solid diamonds are from Ref.@25#.
1-5
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FIG. 5. The dashed lines represent theS2p→S0n total cross section results for potential Ia. The solid lines are for potential IIa. D
in the first panel are from Ref.@21#. Data in the second panel are from Ref.@26#.
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the
S1p. As mentioned above, SU~2! symmetry breaking in the
cutoff values is not allowed in this work. The angular dist
butions in Fig. 3 show the same effect as the total cr
sections in these channels. One should also note in Fi
that, although potential I fits theS2p and S1p integrated
elastic cross sections, it may be demonstrating some d
culty with the Coulomb-nuclear interference inS1p.

Fits to the other total cross sections are similar for b
potentials I and II, and the fits are generally good. The h
energy data in the second panels of Figs. 4, 5, and 6 were
included in the fit, but are well represented by all potentia
Figure 7 shows the recent data of Ref.@19# for higher energy
S1p→S1p. Although the error bars are large, these d
06400
s
3

fi-

h
h
ot
.

a

may be regarded as another test of the predictions of
potentials. The results of potential Ia~dashed line! are out-
side of the error bars, while those of potential Ib~dot-dashed
line! fall within, but at the top of the error bars, much like th
original NSC89. The results of potentials IIa and IIb a
nearly identical~solid line!, and they provide a better fit to
these data.

A possible exception to the claim of generally good fits
the S2p→Ln cross section at low energies. The calculat
cross sections appear to be rising too fast as the momen
decreases. This would be the most likely source of difficu
with the capture ratio, since the capture ratio is given by
zero-energy cross section ratios
the
FIG. 6. The dashed line represents theS2p→Ln total cross section results for potential Ia. The solid line is for potential IIa. Data in
first panel are from Ref.@21#. The data in the second panel are from Ref.@26#.
1-6



hi
.

.
e
ro
am

o

e
os

to

gni-
ters
or
tials
en-
e

er-
l

po-
by

ture
bles,

the

st,
ne
nt of
be-
nce

en-

ets
of

inu-
one
ere
and
al-
ful
ng
r-
ate
tial
a-

n-
p-
No.

re
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r C5
1

4

ss~S2p→S0n!

ss~S2p→Ln!1ss~S2p→S0n!

1
3

4

s t~S2p→S0n!

s t~S2p→Ln!1s t~S2p→S0n!
. ~4.2!

A large low energy cross section forS2p→Ln produces a
small capture ratio.

The bound state results are shown in Table IV. In t
table one can see thatL

5He is underbound for all potentials
The source of this underbinding is the strongSN-LN tensor
force. This is the inverse of the oldL

5He binding problem,
where a central potential which fits the binding energy ofL

3H
and L

4H will overbind L
5He. This problem with theSN-LN

tensor force relates directly to the capture ratio problem
large fraction of theS2p→Ln cross section is due to th
tensor force. This is the reason one can have a total c
section which is too large at small energies and at the s
time have good fits to the binding energy ofL

3H and L
4H.

Tensor forces generally have less effect on binding than
scattering@15#. The connection between theS2p→Ln cross
and theL

5He binding is evident when a fit is forced to th

L
5He binding energy. Then the capture ratio comes very cl
to the experimental value.

Therefore, potentials I and II, just like NSC89@15#, rely
too heavily on the contribution of this strong tensor force

FIG. 7. The dashed line represents theS1p differential cross
section results for potential Ia atplab5400 MeV/c. The solid line is
for potential IIa. The dot-dashed line is for potential Ib. Data a
from Ref. @27#.
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produce observed binding energies and cross section ma
tudes. It was hoped that a refit of the potential parame
would alleviate this difficulty. However, the NSC, at least f
the parameter sets in this paper, does not produce poten
with the forms necessary to move the strength from the t
sor to central potential and still provide a fit to both th
bound state and scattering data.

V. CONCLUSION

The primary purpose of this paper was to produce a v
sion of the NSC which would be faithful to the origina
model, yet be useful in hypernuclear calculations. Four
tentials, derived from two parameter sets, were developed
fitting to selected bound state data in addition to the cap
and scattering data. The addition of the bound states dou
at best, the scattering plus capture ratiox2. This was due
primarily to the inability to reduce the dependence on
strongSN-LN tensor force.

Two main points emerge from this investigation. Fir
until polarization or analyzing power data are available, o
should consider some bound state data in the developme
a potential. Otherwise, the number of possible solutions
comes too large. In that case it becomes a matter of cha
whether one picks the solution with the correct spin dep
dence or with a reasonable extension into theS522 sector.
In addition, a fit to only scattering data relies on data s
which may well have systematic errors. One is reminded
the discrepancy encountered when comparingS2p→Ln to-
tal cross sections@23# with Lp→S0p @25# via detailed bal-
ance and isospin@28#.

Second, the development of these potentials is a cont
ing process, and the results in this paper represent just
step. The next step, the one for which the potentials w
designed, is to carry them into the bound state sector
investigate their predictions in a number of hypernuclear c
culations. During these calculations, it would be very use
to look for observables which are sensitive to the stro
SN-LN tensor interaction. It will also be useful to dete
mine whether potentials I and II have different bound st
predictions, and hence determine the sensitivity to poten
characteristics. This information will assist in the next iter
tion of the search for a universalBB interaction.
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