
PH YSIGA L RE VIEW C VOLUME 20,
'I

N UMBER 4 OCTOBER 1979

Binding energy of a A particle in nuclear matter with Nijmegen baryon-baryon interaction
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The binding energy of a A particle in nuclear matter B„ is calculated with the models D and F of the
NIjmegen baryon-baryon interaction. The result BA = 30.6 MeV obtained for model F agrees with semi-

empirical value of B„, and shows that suppression of Ag conversion in nuclear matter solves the
hypernuclear overbinding problem.

NUCLEAR STRUCTURE Binding energy of A particle in nuclear matter, AN interac-
tion with AZ coupling.

The investigation of the binding energy of a A

particle in nuclear matter (NM), 8~, is of consid-
erable interest as it enables us to gain valuable
information on the AN interaction, v». Further-
rnore, the A+NM system, i.e., NM with a A "im-
purity, " is an interesting testing ground for nucle-
ar many-body theories.

The present status of the B~ problem may be
summarized as follows (for a recent review, see
Ref. l}:

(i) The semiempirical value of Ba is slightly
smaller than 30 MeV.

(ii) Purely central AN potentials, fitted to AP

scattering and to A binding in A =3,4 hypernuclei,
with hard cores of radius r, —0.4 fm, and with
suppression in odd-angular-momentum states lead
to overbinding. The value of Bj„calculated with
these potentials, is about 10 MeV larger than the
semiempirical value.

(iii} The expected suppression of AZ conversion
in NM, first suggested by Bodmer, ' appears to be
the most promising solution of the overbinding
problem.

The standard treatment of AZ conversion is
based on the Schrodinger equation appropriate to
the two-channel approach, s with a 2 &2 YN poten-
tial matrix (X=A, Z)

(v(AN-AN) v(ZN-AN) v«v~c
tv(AN- ZN) v(ZN- ZN) vca vcr

The origin of AZ suppression in NM is the follow-
ing: The contribution of v~& to B~ is at least of
second order in v&&, and is reduced by the exclu-
sion principle and the excitation energy of the in-
termediate states in NM higher than in an isolated
AN system. The magnitude of this reduction has
been discussed for a variety of theoretically ex-
pected forms of v by Bodmer and Rote4' who pre-
dict a substantial reduction up to -15 MeV.

In the first attempts to construct a phenomeno-
logical YN interaction, and to calculate B~ with it,

the model of a simple attractive S-state separable
form of v was applied. " The results of these
attempts have shown that indeed a sufficiently
strong AZ suppression in NM may be expected to
solve the overbinding problem. However, the
crudeness of the model and the scarce experiment-
al information on the YN system used in its con-

1

struction did not allow the obtaining of.a reliable
result for B&.

Recently an essential progress in constructing
a realistic form of v has been made by the Nijmeg-
en group. ' The authors apply the OBE model
and assume SU(3} relations for the coupling con-
stants. The short-range behavior of the resulting
local v is represented by phenomenological hard
cores. Free parameters are determined from a
combined analysis of the available NN and NY
scattering data, up to the pion production thresh-
old. Two recent forms of the Nijmegen potentials
are models D and F. ModelD' ' consists of po-
tentials due to exchanges of members of pseudo-
scalar and vector meson nonets and the scalar
meson e taken as a unitary singlet. The breaking
of SU(3) in model D is kinematical and also dy-
namical via different hard cores. Model F' dif-
fers from D by including exchanges of the whole
nonet of scalar mesons, and by having the same
hard cores within the same irreducible represen-
tation. Consequently the breaking of SU(3) in mod-
el F is purely kinematical. Important for hyper-
nuclear physics is the improvement in the values
of the AN scattering lengths, and the fact that the
interaction in I' waves is less attractive in model
F as compared to model D.

In this paper we present results obtained for B~
with models D and F of the Nijmegen potential v.
In both models each of the four components of v is
local with central, tensor, spin-orbit, and quad-
ratic spin-orbit terms. We neglect the small
antisymrnetric spin-orbit terms, and the charge
symmetry breaking terms which would have a
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TABLE I. The calculated values of -Vz and B„(in MeV).

Potential
mbdel 3g +3D

Partial. -wave contributions to -VA
PP P( P2 P( D2 D3 D2 -VA BA

19,6
20.7

7.6 0.4 o.0 5.8
10.2 -0.1 -1.7 2.6

2.9 0.4 0.5 0.5 37.6 32.0
-14 04 04 04 314 267

V~= ~V (4)

where ~ is the ratio of the correlation volume to
the volume per nucleon in NM.

In order to determine KAN we have to solve the
system of two coupled equations for K» and RAE:

I

AN =VAN+ VAN -KAN
eN + Vh -eN -eh

VAE KEA~eN+ VA —4-&N -&E

=VEA+ VEA ~AN
eN + VA -&N -&A

(5)

+ VEN KEA ~~+ VA —&-br

where 4=(M& -M„)c', e&&z is the nucleon (Y hy-
peron) kinetic energy, 8„ is the nucleon single

negligible effect on A binding in symmetric NM.
We apply the Brueckner reaction matrix meth-

od, explained in Ref. 15 in the case of one channel
(AN) with a central potential v~„, and in Ref. 16
in the case of v~„with a tensor component. (The
same method has been also applied by Bodmer and
his collaborators. "' There is only a technical
difference between our and Bodmer's procedures:
we use the integral form of the K matrix equation
whereas Bodmer uses an integro-differential equa-
tion. } In the present case of two channels, the re-
action matrix K for YN interaction in NM is a 2
X2 matrix, with the four components denoted by
KAN, K«, 8 AE, and K.EN, similar to the four com-
ponents of v, Eq. (1). For B~, we have

-BA= VA+ Va

where the single particle potential
ky

V~ =Q(krak~ =0 IK~g lkgk~ =0)

(to simplify the notation, spins and isospins are
suppressed here), and where for the rearrange-
ment potential V~ we have the approximate ex-
pression'9

particle energy in NM for states below the Fermi
surface, and Q is the exclusion principleoperator. .

To solve Eq. (5), we follow (with obvious modi-
fications) the method of Refs. 15 and 16: we intro-
duce wave functions for relative AN and ZN motion
in NM, and obtain for them a system of two coupled
integral equations in configuration space which we
decompose into separate partial waves after re-
placing Q by its angle average (the error of the
angle-average approximation has been estimated
in Ref. 17). The hard core is treated exactly as in
Refs. 15 and 16. Obviously, determining VA in-
volves a self-consistency problem.

In our calculation of BA, for the Fermi momen-
tum of NM we use the value k~ =1.35 fm '. For
e„we use the spectrum (i} of Ref. 15. For ~, we
use the value ~ =0.15, obtained in recent NM cal-
culation with Reid potential. '0 (Our present value
of ~ differs from the value ~ =0.10 used in Ref.
15.)

Our results for Uh and BA are shown in Table
I. Partial waves not indicated in Table I have been
neglected in our calculation. The difference in the
two values of BA is caused by the difference in the
AN interaction in P states in the two models.
Whereas in model D the interaction is attractive
in all P states, in model F the attraction in 'the
'P, state is much weaker, the interaction in the
P 0 Py and 'P, states is pr edom inantly repu 1-
sive, and the total P state contribution to BA is
negative.

The striking feature of our result is the remark-
able agreement of the value of BA =26.7 MeV cal-
culated with the latest model I of the Nijmegen
inter action with the semiempirical value 8A- 27-28
MeV." No doubt there are still problems concern-
ing the accuracy of our low-order Brueckner
method of calculating BA.' Nevertheless, our re-
sult strongly supports the view that a realistic
baryon-baryon interaction with AZ coupling leads
to the correct value of BA.

One of the authors (J.R.) would like to thank
Dr'. M. M. Nagels for his valuable information con-
cerning the details of the Nijmegen potential.
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