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An attempt is made to refit two sets of parameters for the Nijmegen softYféneotential 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 e low
values found in fits which omit the bound state restrictions. The primary difficulty is a conflict between the
bound state restrictions and tReN scattering data. As with the original Nijmegen fit, this difficulty can be
traced to the&X N-AN tensor interaction. This difficulty should not adversely affect the utility of the derived
potentials in hypernuclear calculatiof$0556-28189)03311-7

PACS numbd(s): 13.75.Ev, 12.39.Pn, 21.30x, 21.80:+a

[. INTRODUCTION have the same predictive power in bound state calculations
as theNN potentials. Not only are th&'N scattering data

The first extension of the Nijmegen soft core from tid  poor, butNN fits also include the properties of the deuteron
sector(NSC78 [1] to the strange baryon-nucleg®N) sec- and polarization data. The present paper presents attempts to
tor (NSC89 [2] employed nine parameters to fit 34 crosscompensate for these difficulties by incorporating selected
sections and one capture ratio. Five of these parameters wefehypernuclear binding energy results, thé. contribution
form factor cutoff values whose assignments were based o double lambda hypernuclear binding energies, and the
the YN SU(3) classifications. Reasonable fits were obtainedScattering data in one fit. These new data easily distinguish
to the scattering data, and calculations of the hypertritofp€tween versions of the NSC which provide similar fits to
binding energy were surprisingly in agreement with the ex-ne scattering data. o
perimental valug3]. However, extension of the NSC89 to Two modifications of the NSC89 potential with different

binding energies of heavier systems showed consistent ufiumpers of parameters were employed. In addition, searches
derbinding and some spin-dependent difficulfiés 7]. Con- were made in the parameter space of the NSC97 potential.

sequently, most hypernuclear calculations continued to emNo acceptable solutions were found in this latter space. Be-

ploy the older hard core Nijmegen potential, modefa) cause the assignment of cutoff parameters based on the me-

. sons is more in keeping with the underlying Regge pole
A recent papef9, ba§ed on the NSC, employed a differ- model, the NSC97 parametrization is very attractive. There-
ent parameter set. In this work the form factor cutoff param

) o Tore, a search continues in this space, and if successful re-
eters were assigned based on theBUlassification of the ;15 are found, they will be reported at a later date. Of the

mesons, and these parameters were the same as those usegyfiitions obtained with modified NSC89 parameters, none
a newNN fit. The parameters remaining in the\ fit were  coyld provide accurate fits to the scattering data while fitting
cutoffs for the three strange mesons, the vector magnetighe hound state data. The primary difficulty for the param-
F/(F+D) ratio (@y), the scalar singlet mixing angl&§), etrizations in this paper was the inability to fit theN scat-
and three S(B) symmetry breaking parametersY\",\"),  tering data while producing a reasonaléd potential. Re-
based on théP, model[10]. With the strange meson cutoffs striction to the regions of parameter space which provide a
held at selected valuesy, was stepped over a specified reasonableAA potential and a fit to the bound state data
range and a fit performed at each step, yielding potentialproduces a conflict between te"p and the3 ~p elastic
NSC97a—f. This provided a range of parameters with differcross sections and a poor value for the capture ratio at rest
ent spin characteristics. These different potentials could thefor stoppeds, ~. This ratio depends on thg ~p-3°n and
be used in hypernuclear calculations and the most approprs ~p-An coupling strengths, as do thE p—3°n and
ate of the potentials determined. 3 “p—An cross sections. However, the depths and spread
Some results of-matrix elements angH binding energy  of the single-particle energy levels df hypernuclei also
calculations were reported in RdP]. At least two of the depend on th& ~p-An strength. These constraints drive the
NSC97 potentials provided very encouraging results. Howealculated capture ratio to approximately 10% below the ex-
ever, the choice of parameters in REJ], unlike Ref.[2],  perimental value. Attempts to reconcile th&l problem pro-
provided predictions for th&= —2, —3, and—4 potentials, duced an ill-behaved A potential.
and theS= —2 results were not consistent with the reported  One cannot say that the NSC formalism does not contain
binding energies of, *He, B, and 3B. a solution which can fit both the bound and scattering data.
An important result in Ref.9] was the demonstration that Although a number of parameter choices were explored in
many parameter sets can fit the scattering data. Thereforaddition to those reported here, many other possible sets,
the present paper takes a different approach to the construincluding those which break SB) symmetry, exist. Also,
tion of a universalBB potential from the NSC formalism. the parameter space, filled with many local minima, is a very
First of all, it seems quite unfair to expe¥i potentials to  difficult one to search. One has no guarantee that solutions
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TABLE |. Potential parameters. Entries with asterisks were held fixed.

Potential ay ag o M cxx fs gs® ap

NSC89 0.275 1.000 15.00 307.81 49.105 0.443722 0.355
la 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 o 0.355
lla 0.47541 0.85879 11.483 679.974 42.718 0.443722 0.355
Ib 0.51350 0.77683 15.487 669.462 41.971 0.443722 0.35%

do not exist, since it is not possible to ensure a global minicutoff, A,y is eliminated. Any required S@) symmetry
mum. However, at this stage of the investigation, with theséreaking in the cutoff parameters will be considered a failure
parameters, it appears that the condition for a good fit to thef the model. Two, one additional cutoff; is allowed in the
scattering data must be relaxed to providéNpotential that S= —2 sector. Three, the pseudoscda(F + D) ratio ap is
can be carried successfully to the bound state sector. Theeld fixed at a value of 0.355, the value obtained in NSC89.
potentials described in the body of this paper should be goo®ne, therefore, has eight parameters, a fit for which yielded

candidates for these bound state calculations. potential la. For potential Ib, the octet coupling constant for
the diffractive mesonsgP;, was set equal to zero, the
Il. PARAMETERS NSC97 value.

Parameter set 2 was constructed so as to differ little from

The failure of NSC89 to reproduce hypernuclear properthe NN potential. It retains the NSC78N cutoff value in all
ties was particularly disconcerting, given that tiM results S=—1 channels, but allows a different cutoff for tfge=
seemed so encouraging. The philosophy of NSC78 was te-2 sector. The pseudoscaldf(F + D) ratio is again held
consider the mesons as members of Regge trajectories afiged at 0.355. The magnetie/(F + D) ratio «), , the scalar
then to isolate the contributions of the lowest occurringsinglet mixing angleds, the diffractive meson mixing pa-
member in the method of Khufill] and Chew and Jones rameteryy, the mass of thd=0 component of thé** |
[12,13. This changes the radial dependence and adds a forand the vector electri€/(F+D) ratio «g comprise the re-
factor to the static one-meson exchange potential. Jiéyv = maining parameters for a total of 6. Modest variationsvpf
has shown that, to a rough approximation, the form factoland ay, could be accommodated in a refit of tNe\ data.
cutoff is proportional to the slope of the Regge trajectory.
The NSC78NN potential had only one form factor cutoff.
This seems amazingly simple and conjures up textbook im- Ill. BOUND STATE DATA
ages of parallel lines representing the Regge trajectories. The
NSCB89 potential was, therefore, disappointing on two ac- . )
counts: one, the poor hypernuclear results, and two, the lodd1€rgies of the hypertriton, the"and 1" states OfiH’ the
of simplicity due to the use of five cutoff values. ground state ofiHe, the3*, 37, and 3~ single particle

It was because of its simplicity that the NSC potential wasenergies of{O. It would be much too time consuming to
chosen for this investigation. The hope was that the need fgperform Faddeev or variational Monte Carlo calculations for
few cutoff parameters would mean more predictive powethe light systems at each iteration of the fit. However, these
for those channels not included in the fit. In an effort tocalculations have been completed for the NSCBA25], and
retain some of this simplicity, two calculations were per-it is necessary only to perform first-order, coupled-baryon-
formed: one with parameters corresponding closely to thehannel, Brueckner calculations. The channel coupling dy-
NSC89 set and one with a more restricted parameter setamics, whose importance was emphasized by other authors
These are listed in Tables | and II. If a potential parameter i$16,17], will then be included. Although a first-order Brueck-
not listed, it assumes the NSC89 value. An explanation ofier calculation forA=3 and 4 systems will not provide ac-
the parameters and their theoretical basis is contained iourate absolute values, binding energy differences, calculated
Refs.[1-3]. Set 1 is identical to the NSC89 parameter setbetween two potentials, will be very nearly those calculated
except for three changes. One, the(3symmetry breaking with accurate techniques. This was shown in early calcula-

The bound state data included in these fits are the binding

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

Potential Ay Aqo Ao Aozigs Ao +8a Ay
NSC89 1020.00 1230.00 1270.50 820.00 1270.50

la 948.040 1037.122 987.883 1037.122 862.511
Ib 916.165 1246.714 965.383 1049.309 862.042
lla 964.53 964.53 964.53 964.53 846.346

b 964.53 964.53 964.53 964.53 856.058
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TABLE Ill. Bound state parameters. is fast, but crude, and a term, must be added to the stan-
dard single-particle expressions:
AQ (MeV) o (MeV) A (MeV)

SH 11.49 -2.37 —0.0610) e=(A|T|A)+ D, (AN|g(w= €+ €ey)|AN)+A.
1H 11.61 —-9.50 0 N
°He 12.51 Self-consistent 0 3.3
2 .
17 _ i — . . .
190(1/2+) B 12.93 Se:]‘: consistent —0.90 A benchmark calculation for th& O energies was provided
1go(1/7 3127) 12.93 Self-consistent  —1.93 in Ref. [7] where translationally invariant, self-consistent
e 12.93 ~10.00 0

Brueckner calculations were performed in a large model
space. It should be remarked that the calculations Foe in
ﬁzefs.[ls,‘/] agree to within the accuracy of the calculations,

tions which compared the Hamada-Johnston potential wit

the Reid potentials. The calculations of Refs15 provide ~ SC ON€ has continuity between the two procedures.
the necessary benchmarks. The inclusion of{H, {H(0"), {H(1™), and {He will

A Q/(w—LEN —T,—Amc) approximation to theTQ provide sensitivity to ther- o and tensor interactions. The
. . 17 — — . . ags .
propagator is employed in all Brueckner calculations. Herdnclusion of {O 3~ and 3~ will provide sensitivity to the
En. is a diagonal center of mass kinetic enerdy)(2N  SPin-orbit Interaction. And, surprisingly, the depth and
+L+3/2), T, is a diagonal relative kinetic energy operator, Spread of the{O single-particle energies will be a measure
and Amc? is the mass difference between the two startingof the XN-AN coupling strength7].

and the two intermediate baryons. FH, {H(0"), and The AA strength is estimated by calculating th&y, AA
AH(1%), 0AQ calculations are performed. Pauli corrections9;Matrix element with a Pauli operator corresponding to

Pauli corrections performed in the relative center of mass
9=0,/[1+9,/(w—0.752Q+7Q,))], (3.1)  basis. A value of-3.0 MeV was sought in the fit. This value
should be reasonably consistent with 4.0-4.5 MeV of bind-
where7.Q y=(My/M)2Q. The individual single-particle ingin , *He, if one assumes mild Pauli corrections. Inclusion
energies are given by of this matrix element is a much tighter restriction than one
would think. Since it involves solving thaA, 33, andEN

€=3/290+ 1/29,+ 314 Q) + A, 3.29 coupled channel problem, it is demanding well-behaved po-
tentials in all channels. Without this restriction, fits to the
€=3/2(gotg1) +3/4 0, +A, (32D scattering data and hypernuclei improve significantly.
Taking thisAA g-matrix element to be the contribution of
€=1/29,+5/29; +3/4h Q0 \ +A, (3.20  the AA interaction in thep shell is the worst of the approxi-

- N 4 N ) mations. Many of theAA potentials that are generated in
for 3H, AH(0™), and H(1"), respectively. In these expres- parameter fits are very ill behaved. Therefore, one does not
sions g,;=(0s(r)0s(R)S=1|g(w)|0s(r)0s(R)S=1). The  know if the g-matrix element at a particular search point is
parameters are shown in Table Ill. No justification is madecg|culated accurately. Also, even when th& potential is
for these parameters, other than they reproduce NSC89 bingeasonably smooth, the convergence ofGhel corrections
ing energies calculated by more accurate means. can be very poor for some potentials, and the limited space

More care is given t§He. The binding energy is calcu- employed in this approximation is not adequate. However,
lated in the method of Ref7], but with a model space lim-  the inclusion of thigg-matrix element will eliminate the very
ited to 2() and Pauli corrections performed in the two-body, large fraction of the parameter sets which give unreasonable
relative center of mass system by the average-angle techalues for theAA contribution toAA hypernuclei.
nique, whereQ=0 for 2n+2N+I|+L<N,, N,=1. The The bound state data are entered as shown in Table IV.
1% 2~ andi” single-particle energies &KO were calcu- The quantities in curly brackets are not experimental uncer-
lated in a similar fashion witiN,=2. Again, this procedure tainties, but are the uncertainty values read into the search

TABLE IV. —B, (MeV).

Expt. Potential la Potential 1b Potential lla Potential 11b
3H —-0.13{0.0% -0.18 —-0.20 —-0.22 —-0.17
1H(0™) —2.201{0.03 -2.11 —2.15 -2.17 -2.21
H@EI) —-1.15{0.03 -1.13 -1.15 —-1.24 —1.47
2He —3.10 {0.04 —1.65 —-1.61 —1.68 —-1.85
Yo(1/2%) —13.60{0.03 —13.84 —13.82 —-13.78 —13.74
Y0(3/127) —2.95{0.06 -3.10 —3.03 —3.08 -3.11
Yo(12) —2.05{0.06 -2.19 —2.09 -2.15 —2.14
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TABLE V. Scatteringy? values. R00 T T T T

Reaction Potential la Potential Ib Potential lla Potential Ilb i Tp=Xp
S p—3Fp 0.6 0.3 14.3 16.2 150 — ]
S p—3p 2.3 21 13.0 9.2 L i
3 p—30n 9.5 6.9 8.3 7.4 - 4 1
3 p—An 9.4 8.1 54 5.3 Qo i ]
Ap—Ap 4.0 4.2 5.1 75 Bl - = _
Subtotal 25.8 21.6 46.1 45.6 5 - = — s
re 25.1 11.7 41.0 33.6 i % 1
Total 50.9 33.3 87.1 79.2 i j ]
50 — —

code which force a good fit to the bound state datay?A i 1
based on these fictitious uncertainties, would be a measure of i
the goodness of fit to these data. 0 N SIS B S
: 140 150 160 170 180

Py (MeV/c)
IV. RESULTS
i . . . FIG. 1. The dashed line represents thép integrated cross
Several fits of equal quality were obtained with parametele tion results for potential la. The solid line is for potential Ila.
set Il. The results of two of these fits are reported in thispata are from Ref[20].
paper as potential lla and potential IIb. These two fits, plus
the potential | fits, span a reasonably large range\pf The

x? values for the cross sections plus capture ratio are Showﬁpparent inry andyp . All solutions have a preference for
in Table V. The total cross sections plus capture raffo M values larger that the NSC89 value of 0.275. The results

should be compared to the values near 16 obtained in Refg;c 0'430::12 a[“i.ogé? 42| for ?ozt%mﬁzs la Iand Ib are quite
[2,9]. For potentials | and Il approximately one-third to one- &'°5€ 0 the stalic value of 2/5. The value ofp con-

half of the y2 comes the capture ratio alone. In R, 9] trols theF/(F+D) ratio ap for the diffractive mesons. The

the contribution of the capture ratio was negligible. The ex-\SC89 value ofijp=15° glveSaD=_O.9984, while the po-
perimental value for the capture ratio is 0.468.010. The tenggls la, lla, a;qd IAZ ha;/faD—Ol..2993, 0.8256, and
results for potentials la, Ib, lla, and Ilb are 0.418, 0.434,;'0 1, respectively. TReNK™ coupling constant is given
0.404, and 0.410, respectively. All fits which included the y
bound state restrictions produced a capture ratio which was
too small. If a fit was forped to reproduce the capture ratio, 9° sk = — 9P (1+ 2ap) V3, 4.
most of theA hypernuclei became too deeply bound.

The S=—1 cutoff parameter\; had the greatest effect

on the overally?. By allowing it to vary, one obtains many B0 Fr [T
acceptable fits for both parameter sets | and Il. Potential Il | _ B
exhibited a nice feature in this regard, in that thAe\ 200 L p=Lp

g-matrix element goes nearly linearly with,. The other
parameters have a more modest effect, in that a chosen pa-
rameter can be fixed at some reasonable value and the other
parameters adjusted so that the increase in the ovgfa# o 150
not large. In this sense;e andM g+« are as important as the g
other parameters in parameter set Il. By allowMg.x to
vary, one is providing some flexibility in th&=—-1 ex-
change potential. This can also be accomplished by allowing
the cutoff parameter for thi€ or K* to vary. In fact, adding

K andK* cutoff parameters improves the fit. However, other 50
choices for additional cutoffs, such as those of potential I,

also improve the fit. Since the rationale behind parameter set

I
J

\in_

~—

g

100

Illlllllllllllllllllll

IIII|IIIIIIIII|IIIIIIII

Il was that it be simple, the number of parameters was held 0 TR AN RN B
at 6. 130 140 150 160 170
The NSC89 parameter values have been included in P, (MeV/c)

Tables | and Il for comparison. The NSC89 and potential |

cutoffs do not appear to be correlated. In fact, no acceptable FIG. 2. The dashed line represents thep integrated cross
solutions were found when the NSCB89 parameter valuesection results for potential la. The solid line is for potential lla.
were allowed to vary by 10%. A significant difference is Data are from Ref{20].
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:l T ° T L | T 17T T T 7 I| :I T T 7 | L | L | T 1 1 T il T 7T I L | L T T |:

L + + F - - [ - ]

80 [ X p~=I'p I:— Zp=Xp I 2 p=An 1

= r IE - ]
=t L C
'E 60— | E L
- | - — -
c r I E r

T 40— [ —— X ]

~ r I . -

S C — P C ]

20 20 |- 25 — =

0 _1 | I l | T l | 1 | I I :I 11 | | | | | N | | | I o | —I I | Lt 1 l | I 1 I | I—

-0.5 0 0.5 -0.5 0 0.5 -0.5 0 0.5

cos(@)

FIG. 3. The dashed line in the first panel representSthe differential cross section results for potential lapga},= 170 MeV/c. The
solid line is for potential lla. Data are from Rdf0]. The dashed line in the second panel represent&. the differential cross section
results for potential la gp,,,=160 MeV/c. The solid line is for potential lla. Data are from Rg20]. The dashed line in the third panel
represents th& ~p— An cross differential cross section results for potential Ip,a&= 160 MeV/c. The solid line is for potential lla. Data
are from Ref[21].

whereggD:gAZNN is the octet coupling constant. Solutions channel would ber plusK. Although with no pole terms the
for parameter set I, which allowed variation M« , seek diffractive meson potentials would not have the correct ra-

large values ofap, which give large values off® i+ - dial behavior, they may provide the necessary massaging of
Parameter set |, for whicM ««+ was fixed, sought a small the other potentials in the two-meson exchange range. Other
value ofap , which gives a small value @f° , s+ . In fact,  comments on the role of possible two-meson exchange con-
in NSC97,g5° was set equal to zero, and flexibility in the tributions may be found in Ref$18,19.
exchange potential was provided by separate cutoffsKfor The cross sections for potential (dashed lingsand lla
andK*. This preference for a smaf® , i+« Was the mo- (solid lineg are plotted in Figs. 1-6. The results for poten-
tivation for settinggg® equal to zero for potential Ib, and a tials Ib and Ilb are very similar to those of potentials la and
significant improvement in the capture ratio was produced. lla. A comparison of Figs. 1 and 2 clearly indicates the con-
All reasonable fits for potential Il result in valuds, s« flict betweenX *p—3*p total cross section and tie p
which are larger than the 307 MeV used in NSC89. Typi-—2 " p total cross section for potential Il. An accurate fit to
cally, the values sought are between 550 and 700 MeV. Thi& ~p produces & *p which is too large. The results in Figs.
may be providing some clue as to the importance of thel and 2 represent a compromise between the two cross sec-
missing two-meson exchange terms in the potential. Théions. This conflict was ameliorated in NSC89 by including
lightest two-meson exchange in the strangeness exchangéferent cutoffs in theT=3/2 XN channel forY p and

400 1 T T T T | T T T T | T T T T | T T T T _I T 1 T | 1T 1 T | LU | T 1 1 1 | T 1 T 1 | T T 1 I_
L [ Ap ~=Ap ! ]
300 I 40 L ' ]
- C l ]
—_ C o J ]
RN E ’ ]
200 — L iR _
b L \ I\ -
C 20 RQ -
i I\ ]
100 — C ~ / N syl i ]
: NPT =
[ - 1 ]
0 I} i 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 ] C It f 1 | I I | | 11 | | | N Y | | i1 1 | | I VO | T
4] 100 200 300 400 500 600 700 800 900

Pry (MeV/c)
FIG. 4. The dashed lines represent thp integrated cross section results for potential la. The solid lines are for potential lla. The open

diamonds in the first panel are data from R@R] and the solid diamonds are from RE23]. The open diamonds in the second panel are
data from Ref[24] and the solid diamonds are from REg25].
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500 T L T T T T T | T T T T | T T N T T T L T 17T | 1T 17 | 1T ‘_
T p=In Ff| E
400 r ]
i 100 — ~]
5 300 — - ]
E ¢ — —
S 200 - .
- 50 [— ]
00 =l 4]
O ’_I | L | | | | i ! [ | 1 1 1 | | | —I I | | | | | | | L1 1 I—

120 140 160 200 300 400 500 600

Py (MeV/c)

FIG. 5. The dashed lines represent thep— 3°n total cross section results for potential la. The solid lines are for potential lla. Data
in the first panel are from Ref21]. Data in the second panel are from RgX6].

> *p. As mentioned above, SB) symmetry breaking in the may be regarded as another test of the predictions of the
cutoff values is not allowed in this work. The angular distri- potentials. The results of potential (dashed ling are out-
butions in Fig. 3 show the same effect as the total crosside of the error bars, while those of potentialtiot-dashed
sections in these channels. One should also note in Fig. [the) fall within, but at the top of the error bars, much like the
that, although potential | fits th® “p andX "p integrated original NSC89. The results of potentials Illa and Ilb are
elastic cross sections, it may be demonstrating some diffinearly identical(solid line), and they provide a better fit to
culty with the Coulomb-nuclear interference 3" p. these data.

Fits to the other total cross sections are similar for both A possible exception to the claim of generally good fits is
potentials | and I, and the fits are generally good. The highthe 3~ p— An cross section at low energies. The calculated
energy data in the second panels of Figs. 4, 5, and 6 were notoss sections appear to be rising too fast as the momentum
included in the fit, but are well represented by all potentialsdecreases. This would be the most likely source of difficulty
Figure 7 shows the recent data of Rdf9] for higher energy  with the capture ratio, since the capture ratio is given by the
S p—2"p. Although the error bars are large, these datazero-energy cross section ratios

250

200

50

t
An

I||||IIII|II|IIIIII|IIII|III
1111

| T l (1 1 1 | | I S - | | | | I T |
120 140 160 200 300 400 500 600
1:)lab (MeV/c) '

FIG. 6. The dashed line represents Biep— A n total cross section results for potential la. The solid line is for potential lla. Data in the
first panel are from Ref21]. The data in the second panel are from R26].
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10 T T T produce observed binding energies and cross section magni-

+ . tudes. It was hoped that a refit of the potential parameters
Zp-p would alleviate this difficulty. However, the NSC, at least for
the parameter sets in this paper, does not produce potentials
with the forms necessary to move the strength from the ten-
sor to central potential and still provide a fit to both the
bound state and scattering data.

V. CONCLUSION

do/dQ (mb/sr)

The primary purpose of this paper was to produce a ver-
sion of the NSC which would be faithful to the original
model, yet be useful in hypernuclear calculations. Four po-

ol e L tentials, derived from two parameter sets, were developed by
: 0_1 ~05 0 05 fitting to selected bound state data in addition to the capture
cos(0) and scattering data. The addition of the bound states doubles,

at best, the scattering plus capture ratit This was due

FIG. 7. The dashed line represents thép differential cross  primarily to the inability to reduce the dependence on the
section results for potential la pf,,= 400 MeV/c. The solid line is strongE N-AN tensor force.
for potential Ila. The dot-dashed line is for potential Ib. Data are  Two main points emerge from this investigation. First,

l||l|l|l||||l|||llll
IIIlIIII||IIlI|IIIIlIIII

—_

from Ref. [27]. until polarization or analyzing power data are available, one
should consider some bound state data in the development of
1 o2 p~2n) a potential. Otherwise, the number of possible solutions be-
re=> = = 0 comes too large. In that case it becomes a matter of chance
+ 4 . : .
4 o (3 p—An)+oy (3 p—23°n) whether one picks the solution with the correct spin depen-
3 a(2 p—3%) dence or with a reasonable extension into $¥e— 2 sector.

+ 4 (3 poAn)+ o3 p—3n)’ (4.2 In addition, a fit to only scatte'ring data reIies on d_ata sets
which may well have systematic errors. One is reminded of
the discrepancy encountered when compakng— An to-

A large low energy cross section far” p— An produces a ta| cross sectionf23] with A p—3.%p [25] via detailed bal-
small Capture ratio. ) ) ance and |Sosp|[28]

The bound state results are shown in Table IV. In this gecond, the development of these potentials is a continu-
table one can see thaHe is underbound for all potentials. ing process, and the results in this paper represent just one
The source of this underbinding is the stranly-AN tensor  step. The next step, the one for which the potentials were
force. This is the inverse of the oline binding problem, designed, is to carry them into the bound state sector and
where a central potential which fits the binding energﬁldf investigate their predictions in a number of hypernuclear cal-
and iH will overbind ?\He- This problem with th&N-AN culations. During these calculations, it would be very useful
tensor force relates directly to the capture ratio problem. Ao look for observables which are sensitive to the strong
large fraction of theS, “p—An cross section is due to the 2N-AN tensor interaction. It will also be useful to deter-
tensor force. This is the reason one can have a total croggine whether potentials | and Il have different bound state
section which is too large at small energies and at the sam@redictions, and hence determine the sensitivity to potential
time have good fits to the binding energy df and 4H.  characteristics. This information will assist in the next itera-
Tensor forces generally have less effect on binding than ofion of the search for a universBB interaction.
scatterind 15]. The connection between the p— An cross
and the3He binding is evident when a fit is forced to the

iHe binding energy. Then the capture ratio comes very close Thanks are due to V. G. J. Stoks for providing the poten-
to the experimental value. tial code for the Nijmegen soft core. This work was sup-

Therefore, potentials | and I, just like NSC895], rely  ported by the National Science Foundation under Grant No.
too heavily on the contribution of this strong tensor force toPHY-9732634.
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