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Abstract.  Variational Moute Carlo calculations of the ground state separation energies By of the
s-shell hypernuclei and also of i.Be have been made for an Urbana-type central space-exchange AN
potential consisient with Ap scattering, and also including three-body ANN forces. The s-shell
hypernuclei are treated as A-body systems (4 = baryon number), and ?\Be is analysed as a partially
nine-body problem in the A — 2o model. The reduction of By due to the space-exchange AN
potential has been calculated for the s-shell hypernuclei for a range of interactions: both AN and
AN ++ ANN forces. Fov A = 3,4, 5 the exchange energy is approximately, 0.04, 0.15 and 0.50 MeV,
respectively. For _?\Be a much more limited study gives o 1.3 MeV. These values are much larger
than that for ‘soft’ AN + MN potentials when lhe correlations are weak.
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1. Introduction

The reduction of the A separation energy By of JHe due to the space-exchange AN
poiential was siudied earlier [1,2] and found to be quite small ~ 0.03 MeV. The effect of
exchange potentials for ?\Be in a three-body A — 2o model was also found to be moderate
[2,3] ~ 0.4 MeV. In the light of these results [1-3], later analyses [4~7] did not include
the space-gxchange AN potential. However, with repulsive-core potentials and appro-
priate correlations the AN space-exchange energy may be much larger. In this paper we
study the effects of exchange with the variational Monte Caglo {(VMC) method for
realistic potentials. We have considered the s-shell hypernuclei 1H, $H, $1*, 3He, and
also to a limited extent ?\Be which has a p-shell spinless core. The s-shell hypernuclei are
treated as A-body systems {(A-baryon number), and ?\Be is treated as a partially nine-body
problem within the A - 2o model. The VMC calculation of By for these hypernulei is
described in refs. 6, 7; we have made suitable modifications to include AN exchange. The
potentials and the hamiltonians are discussed in § 2. The wave functions and correlation

f Pretiminary results were presented at the DAE Symp. on ‘Nuclear Physics” Vol. 328 {1989).
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functions are given in §3 and in the appendix. In § 4 the results with 2 space-exchange
potential are discussed. Our results and their implications are summarized in § 5.

2. Potentials

The potentials we use have been extensively used in previous work [3-7]. These
polentials [8-11} are phenomenological but are consistent with general expectations of
meson-exchange models [12].

A AN potential

An Urbana-type central AN poteatial with space-exchange and consistent with Ap

scattering has been used. This potential has a theoretically reasonable attractive tail. Tt has
the form [3-7} _

VAN(rfJ\} = V(?‘ii\)[l — £+ EPr(lA)J = V("-EAJ + V,\'(f'it\): (1)

V_r(riz\) = MEV(i‘U\)[l - PY(IA)J (2)

where Py s the space-exchange operator for the ith nucleon and A particle and Velrin) is

the space-exchange potential with & determining its relative strength. The direct potential is

Vir) = Wo/l1 +exp{{r — R}/a}] — VoTZ(r), (3)

where Wy = 2137MeV, R = 0.5fm, a = 0.2fm. The sirength of the spin-average AN
potential which is consistent with Ap scatlering is Vy = 6.15 4 0.05 MeV. In terms of the
singlet and triplet strengths Vo = (V; 4 3V,}/4. For A = 3,4,4%5 the appropriate spin
averages (o be used in eq. 3 are: Va=Vy+V, /2, Va=Vy+V, /4, Vi=V,—V, /12, Vs=V,
where V, = Vy — V. T,:(r) is the one-pion exchange tensor potential shape modified with
a cui-off:

To(r) = (L4 3/x + 3% (e /x) {1 — e~ )" (4)

with x = 0.7r and ¢ == 2.0fm™2. The exchange parameler £ is quite poorly determined
from the Ap forward-backward asymmetry to be =~ 0.1-0.3%. We also wmade some
calculations for a Gaussian potential without hard core

: 2 ,!?, 3
Vian(ry = —Vee e /{\/‘7;‘1)) (3)
where b is the rangs and V), s strength.
B. Three-body ANN potentials
We use two types of three-body ANN potentials, the details of which are given in earlier

work [9,10]. One is a dispersive ANN potential [4-7]. This is a representation of the
suppression of the two-pion exchange (TPE) AN potential arising from the modification

(‘dispersion’) of the intermediate I, N*, A ... components by the medivm (a ‘2nd
nucleon’). We consider the following dispersive ANN potential
D ggli gl
_VANN - ﬂj'?ﬂ(? IA)TW(’E-’\)' (6)
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A strength W = (.01 MeV gives a repulsive contribution which is consistent with the
suppression of TPE AN potential in a coupled channel reaction—malrix approach [4, 8].
The other type of three-body ANN force arises from TPE, appropriate to a p-wave pion
interaction of the A with two nucleons (1 and 2), and has the form [10]

VAN = — (Cp/6)(zs - 2}{[(61 - o) ¥ (ria) + S1aT(r14)]

% [(aa - o) Y (raa) + SaaT(ra)l} (7
where rja = |r; — ta| with i== 1 and 2, {A B} = AB + BA,
Y(x) = exp(-}(1 — exp(=er))/x,

T(x) is given by eq. 4 with ¢ replaced by & and x = fir. The other symbols in the equation
have their tsval meaning. Theoretical estimates give Cp = 1-2MeV and two values 2 and
3fm~2 were used for cut-off ¢ in ref. [7]. In this work we consider only Cp = 2MeV,
¢=2fm™? and i = 0.7 fm ™'

For the s-shell hypernuclei:

VE{W - Cp{l -+ (3 cOs 6— I)Tq(rm (?’JA)]YTF{I IA) (hA) {8)

C. NN Potential

For the NN potential we use the central Mafliet-Tjon potential [11]
Vi (r} = he[7.39exp{~3.11r) — 2.39exp(—1.55r)| /1. (9)

This gives reasonable ground state energies and 1ms radii for "H and *He with the VMC
approach. For AH[ for which the core nucleus i i3 2H, the coefficient of the attractive part is
3.20 appropriate to § = 1, [ = 0 and gives ECH) = —2.23MeV.

D. «-o potential

Since 3Be is treated as a partially nine-body system in the A + 2o model, we also need
the a-o potential V. The a-o potential of Chien and Brown [13] for relative angular
momentum [ = 0 is used. This potential fits the a-or scattering data up to = 15.0MeV
c.m. energy. Harlter work [6] which considered a range of @-a potentials consistent with
scattering, showed that the results for 3 Be and 1% Be were essentially the same for all the
ae-¢. potentials considered.

3. Hamiltonian

The Hamiltonian for the s-shell hypermuelei is

HY = g +TA+Z oy (iA) - Z Vi (G, (10)
1=i<j
where

A1
Y ZTN 3 V(i) (1)

l=i<j
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is the Hamiltonian for A — 1 nucleons of the core nucleus. Also
Vawy = VENN - VANN (12)

The Hamiltonian for §Be is

HY =g 270 (n0) +

ZVAN ria) + Z Vany ryA)}

i=] l—1<_,l
{Z Van{rin) + Z Vanw (rya) +Z ZVANN(rmm } (13)
““1(] =1 gy =5

The Hamiltonian for the core nucleus *Be is

3
A V= ZTN {ri) + Z VNN{’”U Z VNN(rU)+Vﬂﬂ{rf1“)' (14)

i< jm=d i< j=5

4. Variational Monte Carlo calculations of B,

Our trial function for the s-shell hypernuclei are:

i) {H San(id) HfNN ij HﬁWN (iiA) }X(A) (15a)

i<j i<j

- {H Taw Ij)} : (15b}

1<J

We treat the 3 Be as a partially nine-body problem in the A + 2c model. We thus write its
wave function as:

g
w® {HL’W zA)H)‘NN IJ} inAN (iA) H Juw TJ}

i< =5

x Hfm(fm)falazx”’- (16)
i<y
In (15) and (16) x and 7 are the appropriate spin functions. The two-body correlation
functions fyw, fan and fo,., are assumed to be spin-independent and are obtained with
procedures developed by the Urbana group. Three-body ANN correlations fiyy are
included and were found to be important [7]. Mere details may be found in ref. 7 and in
the appendix.

To sumrmnarize:

A number of variational parameters determine fuy and Jww; m particular syy and may
determine the asymptotic behaviour. A strength parameter s reduces the strength of V, in
determining fan. Reducing s below one was found to have most effect when VP s
preseat. Other variational parametets for fyy and fyy were fixed at the values of ref. [7]
(also given in footnotes to tables 1 and 2), since their variation from these values was
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found to have litfle effect. The three-body ANN correlations fiww = fiaw finy involve
the variational parameters a for ffNN and 3 for ff_,’{w.
The separation energy By is obtained from
(q;{f\)lfI(A)i\p(A)) (WA A=) a-1))

Ba="gm gmy” T ga-n.gn D) (17)
by separately minimizing both terms. The space-exchange energy is calculated by
exchanging the coordinates of the A with each nucleon in turn in the wave function W)
of the hypernucleus:

A1

<\11(A)(r1, T2, ..., Fa-1;T4) Zv(riA)Px(iA}
i=}

Abrs )
g )(rl,rg,...,r,-,...,rA_],rA>

A—1

Z V(rm)

f=1

_ <\II(A)(I'],I'2, v ,I'A—IQI.A)

\II(A)(E;,I'z,...I'A,...,r/\%l;ri)>'

(18)

The multi-dimensional integrations in eq. {17) are performed using the standard Monte
Carlo technique with a random walk. For the s-shell hypernuclei typically 100,000-
150,000 configurations were generated for the integrations involving the optimum
parameter set. Whereas for ?\Be, one million configurations were generated to bring the
statistical error within the reasonable limits.

5. The s-shell hypernuclei and %Be with AN space-exchange

A. Core energies

To obtain By the appropriate core energy is required. As described is §2 these were
obtained for A <5 with Mafliet-Tjon potentials. For *H the optimum parameters
are myy=0.28fm"!, cyuv=2.5fm %, ayy=0.6fm, Ryy=1.3fm giving E=—8.25%
0.1 MeV, {2)"/*=1.66 fm, and for *He: ray =0.304 fm~", cpy = 1.0Fm™", ayy =0.5 fm,
Ryy = LOfm giving E = ~31.20 £ 0.03MeV, (+%)'/*=1.42fm. For 2H, the appro-
priately modified potential gives —2.23 MeV. The ground state of *Be is under bound
by 0.1MeV with respect to break-up into Zes, and its energy is thus 2E(‘He)-
0.1MeVe —62.3 MeV for the Mafliet-Tion potential.

B. s-Shell hypernuclei

The contribution of the space-exchange potential V, (eq. 2) is obtained using eq. (18).
The potential energy dus to exchange is then

A—1
Z V.r(r(‘A)

(Vo) = <\If‘; ‘ ' 1Ir?>'

i=1

= ~E<‘«I’ﬁ
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where \Ifé") is the (normalized) hypernuclear wave functien for £. The total contribution
due to exchange is

E, =%E(e) —"E(0), | (20)

where #£(e) and *E{0} are respectively, the (optimized) energies for ¢ and for £ = 0 (no
space exchange). If the contribution due to V, is small, it may be treated as a perturbation
and W, may be taken as independeat of e; then

Ex & <1}!E|Vtim£) = (\I’s:niVJ‘l’s:o)- (21)
We made the following checks;

1. From eq. (19): (P|V,[¥) =0 if fyuw =1 and fay = fww. since then the A znd
nucleon wave functions are identical. This was confirmed within the statistical errors.
2. (W|VIW) =0 if V{r) is of very short range. This was checked for the Gaussian
potential eq. 5, for a small range & = 0.1 fm.

Results aze shown in tables 1-4. Table 1 (A4 = 3,4) and table 2 (4 = 5) show results for
selected sets of variational parameters, mostly those for the lowest F and with the smallest
statistical error AF. For table 3 (4 = 3,4) and table 4 (A = 3) we have averaged over
nearby variational parameter sets which give comparable values of £ and AE, resulting in
reduced errors. We found that for iHe even with only Vay, the results with V, are
frequently considerably improved if three-body dispersive correlations P are included

Table 1. Variational results for 3H and 1H.

Results for 3 H

Vs W Cp £ KyN RAN Ay [o'¢ ,@ E+ AE (V\)

6.28 0.00 0 0.0 024 0.08 1.00  0.060 0.00 244 £0.01 e

628 0.00 0 03 028 0.08 1.00 0.00 Q.00 241 +£0.01 0.039 - 0.004

6.31  -0.01 0 60 0.26 0.08 1.00 0.00 0.00 2.39 £ 0.0t —_—

6.31 0.01 0 03 026 008 1.00 0.00  0.00 2354001 0.034 £0.003

640  0.02 2 0.0 024 008 100 0.00 0.20 2.594+0.01 —

6.40 0.02 2 0.3 024 008 1.00 0.00 0.20 2.56 £ 0.01 0.028=+£0.002
Results for 4H

6.05 0.00 0 63 031 0100 095 000 000 8.14 £0.02 .12 £0.01

6.20 0.00 0 0.0 031 0120 1.00 0.00 000 10,773 4-0.03 —_

6.20  0.00 0 03 031 0.120 1.00 0.05 0.00 1.6l L£0.62 011 +0.0%

6.15 0.0 0 0.0 031 0120 095 0.15 .00 9.54 £0.03 —

6.15 (.01 0 0.3 031 01153 095 0.15 .00 9.354+0.03 0.16 £ 0.02

6.25 0.01 0. 03 030 0120 1.00 020 0.00 1029 £0.02 2.15+0.02

6.25 0.02 0 0.0 031 0120 095 (115 0.00. 988+£0.03 [

6.25 .02 0 0.3 031 0120 095 0.15 0.00 0.69 4 0.02 0.15£0.02

6.25 .02 1] 0.0 031 0115 095 0.00 0.15 9.65 £0.03 —

6.25 0.062 2 03 031 0115 095 000 015 9.54 +£0.03 .12 £0.01

All regulls are for a cwt-off & = 2 fm™? and with & = &, and for i = ji = 0.7 fm. For 3 H for all cases
cuy = 370", ayy = 5.0fm, Ryy = 3.0fm, cay = 3.0fm !, agy = 3.0fm, Ray = 1.0fm. For
f‘\H for all cases: Ry = 031 fm™Y, ey = 2tm™", ayy = 0.6 fm, Ryny = 1.3 1m, cpy = 2.0fm 2,
agy = 0.83Tm, Ray = 1.0fm. All energies and potential strengths are in MeV.
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Table 2. Variational resulis for 3 He.

# V() W C,D & KAN 5 8} ﬁ E+AE (V‘>

01 600 0000 0 025 0105 100 000 000 34.10+0.03 0.27 £ 0.02
02 615 0000 0 030 0125 095 005 000 36.83£0.10 040-£005
03 620 0000 0 0.00 0132 055 000 000 38424004 —

04 620 0.000 0 030 0125 100 005 000 3817004 0304004
05 620 0.000 0 G060 0105 095 005 000 3706+004 081£0.15
06 620 0000 G 060 0125 095 0.00 000 2741+0.19 0704017
o7 6§20 0006 0 100 0125 100 005 000 37441005 1.03 4 0.40
08 620 0000 0 —030 0125 095 0.00 000 3847018 035+£007
09 6.10 0007 0 030 0105 095 0.10 0.00 3446£0.05 047004
16 616 0010 0 030 ©.125 090 005 000 34694+005 050006
11 620 0020 O 0.00 0125 0.85 -005 000 34124005 e

12 620 0017 0 030 0105 05 005 000 34164004 0530+005
13 620 0020 0O 0.25 0105 090 015 0.00 3383+£0.04 0442004
14 610 0006 2 030 0125 095 010 020 3437£005 040003
13 6.16 0010 2 000 0125 095 0.15 015 3505£0.02 e

16 615 0011 ¢ 060 0145 090 005 0.00 33741008 0994010
17 610 0006 2 030 0125 055 0.15 020 34374005 040x003
18 616 0010 2 025 0145 090 005 {10 34451006 0.38+0.04
19 616 0010 2 060 0.145 095 005 D010 34.04£004 070011
20 620 0013 2 0.00 0105 095 030 020 34921004 —

21 620 0013 2 030 G.125 G50 010 020 3445:+£G.05 0400404

As for table 1 but with sy = 0304fm™!, cpy = 1O
can=2.0fm"!, ayy = 0.8 1m, Rany = 1.01m.

dyy — 0.5 fllﬁ, RNN = I.Ofm,

(c.f. cases 5 and 6 in table 2). This may perhaps paitly aliow for exchange correlations
which are of course not explicitly included ir onr caleulations,

Comparison of {V,} and E, for £ < 0.6 for ?\He {table 4) shows no evidence, within the
errors, of any non-finearity with e. The variational principle implies that for large ¢, the total
exchange contribution F, should increase less rapidly than linearly with e. Comparison of
£ =06 with e = 1 (for Vg = 6.2, Vaaw = 0) indicates perhaps some levelling off of E, for
Jarge £ =2 1. The fluctuations of {V,) become quite large for targer £ (= 0.6 and 1), and the
results for £, which depend on the difference ol two variationally obtained, and not very
different energies may have guite large errors, and will depend critically on the value of
E(e = 0). The values marked with ¥ were taken from ref, [71 or mterpolated from the results
of this reference, and may have faitly large errors. Some improved results for £ =90
(consistent with the earlier cnes) are shown in tables 1 and 2. The values of (V) and E,
for 3 He, scaled to ¢ (for £ < 0.6), show 1o significant depentlence on the interaction (e.g.
on V4 W, Cp) o5 on By, within the errors. Also (V) and E, are consistent with each
other, again within the errors. In fact for A = 5, the interactions Vay -+ Vaw were mostly
chosen to give £ 2 34.7-35.0MeV (8, = 3.5-3.8 MeV), 50 as 10 give the experimental
By = 3.1 MeVusing £, = 0.5 MeV. Alse for A = 3 and 4, for given £, there 5 no apparent
significant dependence op the interaction and on Ba. Thus Vy = 6.05 and 6.20 MeV (with
Vi = 0) Tor & = 0 give respectively By = 1.0 and 2.4 MeV, corresponding to A = 47
(excited § = 1 state) and A = 4 (ground § = 0 state). Both values of Vy give the same
(V,) and E, within the errors, with perhaps slightly larger values preferred for
Vi = 6.05MeV¥. However {V,) and E, depend strongly on A, Thus for € = 0.3 the values
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Table 3. Exchange energies for 1H and §H.

Vs W Cy e 4 AE (v, E,

6.28 0.00 0 0.0 2.440 £ 0.007 - o

6.28 0.00 0 0.3 2.393 4+ (0.008 0.038 -+ 0.002 0.047 £0.010
6.31 0.01 0 0.0 2.390 + 0.006 e —

6.31 0.01 0 0.3 2350 £0.010 (0.036 £ 0.003 0.040 £+ 0.01¢
6.40 .02 2 0.0 2.590 = 0.010 — -

6.40 0.02 2 0.3 2.560 £ 0.010 3.031 £0.020 0,030 = 0.015

Results for §H

6.05 0.0G 0 0.0 9.26 £0.02* —_ —

6.05 0.00 0 0.3 9.15 +£0.01 0.123 £ 0.020 .11 +£0.02
6.20 0.00 0 0.0 13,73 £ 0.03 — —

6.20 0.00 0 0.3 10.60 £ 0.02 0.106 £ 0.003 0.13 £ 0.04
6.15 001 W 0.0 955 +£0.03 — o

6.15 0.01 Q 3.3 935+£0.02 0.100 4 G.010 020 £ 0.04
60.25 0.01 0 0.0 10.44 4 0.05* s _—

6.25 0.01 0 0.3 10.30 £ 0.04 3.130 £ 0.010 .15 £0.15
6.25 0.02 0 0.0 9.88 +-0.03 —_ [

6.25 .02 Q 0.3 9.70 £ 0.02 0.150 £ 0.01¢ 0.18 £0.03
6.25 0.02 2 0.0 9.69+ .04 — e

6.25 0.02 2 0.3 951 4+0.03 0.130 £ 0.010 0.18 +£0.05

The results are averages over runs for neighbouring values of the variational parameters for which
the values of F and AE are closz. The variational p"uamcters given in the footnote to table 1 were
fixed at those values. Bnergies E for & = 0 marked with an * are taken from ref. 7 or obtained by
interpolation of these results, All energies and potentials strengths are in MeV,

of {V,}, E, are £20.03-0.04 MeV for 4 = 3, = 0.1-0.2MeV for A = 4, 4% and 204~
0.5MeV for A = 5. For ¢ < 0.6 the values may be obtained from those for £ = 0.30 by
linear scaling.

We obtained results in the case of f\He for the Gaussian potential, eq. (3), for
b= 104fm and € = 0.6; E= —34.20+ 0.5MeV, (V,) 2 0.27 £ 0.03MeV. Scaled to
g = (.3 this gives (V) =2 0.15 MeV, rather less than half the value Tor our hard-core AN
potentials (with Vyuy = 0). Even these values, obtained with a hard-core Vyy are very
much larger than those previcusly obtained for soft ANV and soft NN potentials for which
there ars only very weak correlations ( fiy =2 fuy =2 1)

C. p-Shell hypernucleus ?\Be

The separation energy of 9Be which has a spinless p-shell core, is analysed as a partially
nine-body problem in A — 2¢v model to a muck more limited extent. We have considered
only the interaction:

Vo =6.16MeV, W =0.01MeV and Cp=20MeV
for e = 0.3. The optimum parameters are as follows:

Ky = 0.260fm ™,

KAy = 0.065fm~",

i

Cyn = 1.0fm™ y RNN - ].Oflﬂ,

Raw = 1.00m,

ayy = 0.5 f_l’l'l1

caw = 2.0fm™, auy = 1.0 fm,
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Tabie 4. Exchange energies for 3 He.

V(} w Cp & E+ AE (Vt) E\
6.00 (1000 0 0.00 34.57 £ 0.07* -— —
6.00 0.000 G 0.25 34.06 4 0.05 0.29 4 0.02 (.51 £0.09
6.15 0.000 0 0.00 34,73 +0.07" — —
6.15 0.00¢ 0 0.30 36.79 £ 6.09 .38 £0.02 0.51 =0.10
6.20 0.000 0 G.00 38.42 4 0.04 — —
6.20 0.000 0 0.10 37.92 £0.07 0.13£0.07 050+ 0.08
6.20 0.000 0 0.30 3797003 0.36 £ 0.04 0.45+£6.06
6.20 0.000 0 0.60 37.22 £ 0.04 0.8240.12 1.20 £0.06
6.20 0.000 G 1.00 3743 £ 0.05 0.99 £0.20 0.99 4+ 007
6.10 0.007 0 0.00 34.80 4 0.05* - —
6.10 0.007 0 0.30 34.29 + (.03 0.49 4 0.03 0.51 £0.0%
6.16 0.010 0 0.00 35.20 £0.10" - —
6.16 0.010 0 .30 34.57 £0.05 0474003 0.63£0.10
a.15 0.0t1 0 0.00 33.90 - 0.09* — -
6.15 0.011 0 0.60 34.74 4 0.03 1.02£0.10 1.16 £ 0.10
6.20 0.017 0 0.00 34.70 4 0.04° — —
6.20 0.017 0 0.30 34.13 £0.04 0.50 £ 6.03 0.57 £ 0.05
6.20 0.020 0 0.00 3312+ 0.05 — —
6.20 0.020 0 0.25 33754+ 0.05 0.45 4+ 0.02 0.37 £ 0.07
6.10 0.006 2 G.00 34 807 — —
6.10 0.006 2 0.30 34.39 £ 0.04 0394002 041+0.10
6.16 0.010 2 0.00 35.05+0.02 — —
6.16 0.010 2. 0.25 3448 £0.05 0.39+0.02 0.57 £0.05
6.16 0.010 2 0.60 34.05 £ 0.05 0.76 4 0.08 1.00£0.03
6.20 0.013 2 0.00 34924 0.04 — —
6.20 0.013 2 .30 34.48 + 0.00 0.38 £ 0.02 0.44 £06.07

As for table 3 but for the fixed variational parameters given in the footnote to table 2.

Foe = 0L400TM ™" Can = 50007, due = 1.5m,  Rue =00,
a=0040, f=00, p=07fm"", c=20fm™

and s = 0.94.

The total energy of the hypernucleus is £{0.3)=—68.90 4 0.04 MeV corresponding o
By = 6.5 % 0.04 MeV which is well within the exper imental value of 6.7 £ 0.1 MeV. We
find {V,) = 1.25 & 0.005 MeV. This is much larger than the values previously obtained
[1-3] with only soft AN 4 NN potentials and is consistent with the large A dependence
obtained for the s-shell. The repulsive three-body ANN contributions (VB ) =207 MeV
and (VP ae = 0-638 MeV are much weaker compared to the values required to lit ABe :
in the earlier analyses [4, 7]

We may remark that the overbinding problem in QBC in the previous < 'mdlyses 4,71
was resolved as a result of strongly repuisive (W = 0 02 MeV} three-body force without

space-exchange AN potential. While in the present work repilsive ANV force of reduced
strength (W = 0.01 MeV) along with space-exchangs (e = 0.3) does help in reducing
overbinding. The combination of AN -+ ANN forces cmployed here, may be said-to be
constituting a better interaction compared to the one used eartier (rel. 4] and [71) because
it explains data over a wide range of mass number as discussed in the next section.
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6. Conclusion

The (repulsive) exchange energies we obtain are much larger than those previouslty obtained
[1-3] for *soft” AN -+ NN potentials. However, we find no significant dependsnce on the
interaction for the family of AN + ANN potentials we have considered. The exchange
energy was found, within the etrors, to scale linearly with the exchange parameter £ for
£ < 0.6. The exchange energy does depend strongly on A: for £ = 0.3 it is = 0.03,0.15 and
0.50MeV for A = 3,4, 5 respectively. Our results for % Be give an exchange contribution
2 1.3 MeV which is again much larger than that cbtained with soft potentials.

The relatively small value for § Be which is not much larger than twice that for AHeisa
result of the two-a structure of *Be which implies a small overlap of the two loosely-
bound «s in §Be. For 0 a VMC calculation {14] gives E, = 8MeV (for £ = 0.3), a
value which is also obtained from a calculation using the local density approximation,
Exchange correlations will be expected to somewhat reduce the repulsive exchange
contribution, especially for large &, according to the variational principle.

Since the effects of exchange are quite small for A = 3 and 4, the modifications for the

interactions arise mainty through 3 He. The exchange contribution of = 0.5 MeV for
¢ 2 0.3 will then reduce somewhat the strength W of Vi tequired to give the experi-
mental By (iHB). In fact for those interactions Vay + Vawy in table 4 which give
E(e = 0) =2 —35MeV, the streagths of VP, were adjusted to achieve just this. The
results of ref. [7] then show that their interaction SD(2) is consistent with ali the s-shell
By as well with Ap scattering.
- More significant perhaps, are the implications for the A single-particle (s.p.) energies
[15] for hypernuclei having mass number A up to =~ 90 which have been analyzed by
using effective interaction within the local density approximation [16] to obtain the A-
nucleus potential and from this the s.p. By. With only a dispersive ANN potential, the
reduction in W required by 3 He due to exchange has the result that Vi gives insuffi- -
cient repulsion for large A to allow a fit to the s.p. data for values of £ 2 0.3-0.34 which
are also needed for a fit. (If the repulsion due to exchange were increased by increasing ¢,
then the resulting small effective masses iy would lead to a very poor fit to the s.p. By
for I > 0). This implies that purely dispersive ANN forces are excluded by the s.p. data.
However suitable combinations of V., + V37, are acceptable since for nuclear matter
(i.e. large A), VE\KW gives a substantial repulsive contribution, in contrast to iHe.
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Appendix A

Our trial wave function is given by eq. (15) and (16). The two-body correlation developed
by the Urbana group, from Schrodinger equations which contain effective potentials
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through which the variational parametefs enter; fiw is aflowed to be different for ¥ (A1)
Thus

o,

- Vo Vay 4 Apy | faw = 0 (A1)

finN
where B = A or N : gy is the reduced mass for the pair 8, N. For the hypernucleus of
mass number A we use Tor calcalating fay

Van = Ve —sVaTy (A2Z)

where V4 is the effective spin-averaged strength of Viy for the mass number A given in
terms of Vg and V,; in § 2. The variational parameter s is mostly used anly when Vayy is
included and is a convenient way of allowing for the effect of ANN forces on the two-
body correlation functions fax; however sometimes it provides convenient additional
flexibility to that provided by the parameters in Apy.

The auxitiary potential Agy is given by

th 2 ZXBN(VBN — ﬁ) VHN(VBN — ﬁ) ‘_,A/cz
Mgy == 2pian Faw r B = (11— e
+ van|l + esp{(r — Ruw)/amn}] (A3}

where kv, civ, Rgy are variational parameters. vpy IS an eigenvalue parameter
determined by matching logarithmic derivatives at some suitable ». The form of Agy is
such that fyy, fuv have the form of asymptotic behaviour required by the full A-body
Schrodinger equation, namely

fan ~ iy exp(—xanT) ' : (Ad)

with the appropriate products of the fs then having the asymplotic behaviour
~ 7~V exp(—xpr) if the vpy are chosen appropriately (A=3: vgn=1/2; A=4 v=1/3;
A=35; wgy=1/4). For reasons of convenience we actuaily used for f\H van =173,
vhy = 1/4 and for 3 He: iy =1/3, vy =1 /4. In fact the results are quite insensitive to
the precise values of the vy if the variational patameters are optimized for any given
choice. The parameter xg is related by the asymptotic behaviour to the xgy (e.g. for *H: in
the ssual way to the separation energy of baryon B from the remaining baryons; xg 15
however not consirained to the empirical values,
For the three-body ANN correlations we use

Faww = T Favows {AS)
Fhoy = 1 = aF (ra)Flran), (A6)
S =1—B(3c05" 4 — D) (ria) ¥ {r2a), (AT)

where fL, is appropriate for VEyy, and fir,y for Vily. ¥(r) are Yukawa fuactions as
defined in the text with the range and cut-off parameters, ji and ¢, respeclively, The fi, ¢
and the correlation strengths o and /3 are variational parameters. In the present work fi, €
ave kept fixed (see tables 1 and 2). The introduction of fi}{w turns out to be essential and

alitqfiver . A~ oy -3 H SR Pty . T 5
qualitatively changes the contribution of Vg, espectally for 3 He.
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