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ABSTRACT

Starting from the full Bonn mesen-exchange model for the NN-inter-
action an OBEP is constructed in the framework of the Thampson ver-
sion of the Blankenbecler-Sugar reduction of the Bethe-Salpeter egua-
tion. The pseudo-vector coupling of the pion to the nucleon is
assumed. An excellent quantitative description of the deuteron and
the latest phase-shift analyses of NN-scattering is achieved. This
potential is applied to the system of infinite nuclear matter in the
relativistic Dirac-Brueckner approach. Due to additional strongly
density-dependent relativistic saturation effects, which de not occur
in conventional Brueckner theary, the empirical saturation energy and
density of nuclear matter are reproduced. This potential may serve as
a goad starting point for the evaluation of the optical potential to

be appliéd in nucleon-nucleus scattering.
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I. INTRODUCTION

In this contribution we will present and discuss a relativistic
extension of the Brueckner theory of nuclear matter. We are aware of
alternative relativistic descriptions of nuclear matter, however, as
we assume that they are sufficiently well covered by other authorsl,
we will not discuss them here.

The principal goal of the theory of Brueckner, Bethe and Gold-
stone2 (in short: Brueckner theory) is to understand nuclear struc-
ture in terms of the free nucleon-nucleon (NN) interaction. As we
believe that this is still one of the ultimate aims of theoretical
nuclear physics, we further pursue Brueckner theory in our work and
not one of the alternatives in which the connection to the free NN-
interaction is not clear.

The history of actual calculations in the framework of Brueckner
theory is long beginning as early as 1958 in Los Alamos with a work
by Brueckner and Gammel3 using the Gammel-Thaler potentiala. In
spite of the tremendous amount of work done since then the quéntita-
tive success in explaining the ground state properties of nuclear
matter and closed shell nuclei has been limiteds’s.

Motivated by this fact, the first relativistic extensions of

7,8,9 and

Brueckner theory were suggested and used by the Bonn group
by Lee and TabakinlO in the early 1970's. Hawever, in these calcula-
tions the principal problem of conventional Brueckner theory re-
mained, namely it turned ocut to be impossible to reproduce the empi-
rical saturation energy and density simultaneously.

The relativistic description of nuclear matter was finally sub-
stantially extended by Shakin and co—workersll, and we will call
this extension the Dirac-Brueckner approach. In this work it was
realized that the large scalar and vectar potentials present in the
nuclear medium would change the Dirac spinor representing a nucleon,
a fact which was already known from mean field theoryl. However, in
the actual calculations performed by the Brooklyn College groupll
the new effect is taken into account only in lowest order perturba-
tion theory. Single particle energies and wave functions (Dirac spi-
nors) in the medium are not determined selfconsistently, though this
is a substantial requirement in Brueckner theory. Further, this graoup
(though they did their work around 1980) applied outdated meson-ex-
change potentials from the early 1970's in which - from today's point

of view - partly inappropriate coupling constants and cut-off para-
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meters were used and which were fitted to phase-shift analyses of the
1960's (i.e. from an era before the precision polarization NN-scat-
tering data of the 1970's). The 3-dimensional reduction of the Bethe-
Salpeter equation applied in that work turns out to be unsuitable for
the Dirac-Brueckner approach (see Section II) when used consistently.
The pseudo-vector coupling of the pion to the nucleon is also re-
quired for the Dirac approach; however, the potentials used by the
Brooklyn group were constructed and fitted with the pseudo-scalar
Coupling. For all these reasons the results are not conclusive.

Horowitz and Serot12 have recently and independently from us de-
monstrated how to'perform the Brueckner selfconsistency in the Dirac
approach both correctly and elegantly. As they intend to show rela-
tive effects only, they do not use a quantitative nuclear force in
their calculations.

The work quoted so far leaves open the guestion as to what the
Predictions of the Dirac-Brueckner approach to nuclear matter are
when performed consistently and correctly.

It is the aim of this contribution to answer this question.

1I. THE RELATIVISTIC SCATTERING EQUATION

As results of a Brueckner calculation are only meaningful if a
Quantitative nuclear force is applied, we will first turn ta the
Construction of the meson-exchange interaction and the relativistic
Scattering equation on which we will base our subsequent nuclear
matter calculations.

One possible starting point for NN-scattering® is the 4-dimen-

14

Sional Bethe-Salpeter equation for the scattering amplitude, which

reads in operator notatiaon:

T =V + VGT (1)

here V is the sum af 81l connected two-nucleon irreducible diagrams
and G the relativistie two nucleon propagator.
The solution of Eq.{(1) raises formidable mathematical and numeri-

cal problemsls. Therefore so-called 3-dimensianal relativistic re-

-+
An alternative one is the use of time-ordered perturbation theory9 as in the
full Bonn modell?,
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ductions which can be handled more easily have been suggested. They
are reviewed and discussed in the work of Woloshyn and Jackson16 and
in Ref.17. The basic idea is to replace Eq.{(1) by a set of coupled

eguations:

ot
"

W + WgT {(2a)

&
1]

v o+ v(G-g)u (2b)

where the propagator g is chosen such that Eq.(2a) reduces to a 3-
dimensional integral equation. It is common practice to leave out
the second term on the r.h.s. of Eq.{(2b), assuming that the old and
new propagators are sufficiently close to keep that term small. This
is an obvious desire as the inclusion of the full Eg.(2b) would
spoil the significant simplification which is the whole purpose of
the reduction.

In the present work we will choose the Thompson equation18
dk BV(E'yE} jfi ALLXE) A+<22_K)T(§,E}

2 -
(2w) £ 2Ek ZEQ

T(g',a) = v(qd',q) - [

2 2

with ia(ia') the initial (final) momenta of fhe interaction nucleons
in the c.m. frame, M the nuclear mass, E, = M2+§2, £ =/M +E , and

Aﬁj”(i) the positive energy projection ogerators of the i-th nucleon
with momentum k.

The following arguments are in favour of that equation:

(i) In the model calculations of Ref.lé6 the Thompson results are
the closest to those gained from the full Bethe-Salpeter equation
compared to all other 3-dimensional reductions which can be cast
into the form Eq.(2a) and are discussed in that paper. (Note that
Thompson is in fact case "F" of Ref.l6 and not case "D" as stated in
that work.)

(ii) Using the Thompson equation and the meson-exchange parame-
ters of Tjonla, we almost exactly reproduce the l50 phase shifts
which he obtains by solving the full Bethe-Salpeter equation. (This

is, in fact, also true when the Blankenbecler-Sugar19

equation is
used.)

(iii) Thompson (like Blankenbecler-Sugar) does not include a re-
tardation-like term in the meson propagator, i.e. for the exchange

of a scalar boson the propagator is used:
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1
Ty T x5 (4)
m2 + (E’-q)z

where the notation is explained in Fig.l and m denotes the mass of

7

the exchanged boson. In the former work’ of the group at Bonn, a re-

tardation-like term in the propagator was used:

1
(5)
m e (59?2 - iEq,-£q>2
g -3
(q-q)
q -g

Fig.l. A one-boson-exchange diagram in the
c.m. frame using a static propagator.

However, the correct meson-retardation is best considered in
time-ordered perturbation theory, see Fig.2, in which we have the

following propagator:

1 1
u > > o = > > > > '(6)
/’&2+(E-E’)l (Jﬁz+(q—q')2 + Eq,—Eq) m2+(q-q')2 + (Eq,-Eq) /4;2+(q—q)2

As the intermediate momenta a‘ are prevailingly larger than a, the
retardation term (last term on the right in the propagator £q.(6))
is positive in mpst cases, whereas in E£q.(5) it is always negative
and therefore wrong. It is just an artifact of that particular 3-di-
mensional reduction.

Anticipating some of the nuclear matter formalism which we will
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introduce in Section VY, we want to indicate another fatal feature of
the propagator Eq.(5). In the Diraec-Brueckner approach to nuclear

matter one replaces

E ~E = M2 4 gt
g q
* *7 >, 2
and Eq' + Eq‘ = /M + g (7)

with M° < M.

This replacement blows up the retardation-like term in Eg.(5) and
because of its negative sign enhances the propagator. As a conse-
quence, the (attractive) second order in V is increased and by that
the whale attraction in nuclear matter. However, this is an unphysi-
cal effect which only arises by taking all the details of the propa-
gator Eq.(5) too seriously.

There is a way to estimate the medium effects on the meson propa-
gator correctly. It is again best considered in time-ordered pertur-
bation theory, Fig.2 and Eq.(6). The replacement {7) applied to Eg.
(6) weakens the propagator which finally leads to a net repulsion in

20 we showed the inclusion of

nuclear matter. In a more recent paper
the pion-selfenergy in the propagator more than compensates the propa-
gator effect found in Ref.9. Therefore we will use here a meson propa-

gator without retardation or retardation-like terms.

o
&

Fig.2. A one-boson-exchange in time-ordered perturbation theory. The long dashed
line indicates the states involved in the propagator.
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It should be noted that the arguments (ii) and (iii) given in
this section also apply to the Blankenbecler-Sugar equation, which
means that it could be used equally well. Therefore the final deci-
8ion for Thompson was made on purely esthetic aspects:

When using a normalization of the Dirac spinors, u(a), such that

u(H)T ulq) = 1 , (8)

which is the proper one for nuclear matter, the R-matrix version of

Eq.(3) assumes the simple form:

3 A LT
RUE,E = v, - p gk VIaLE) RUK,G)
(2m) ZEk - ZEq

(9)
where the prime indicates that spinors with the normalization Eqg.{(8)
are used. P denates the principal value., This equation has exactly
the form of the familiar Lippmann-Schwinger equation in which the
fon~-relativistic energies are replaced by relativistic ones,

The phase-shift relation for the partial wave decomposed R-matrix

in an uncoupled case is

tan &, = - 5 q Eq Rg (a,q) (10)

(4m)

III. THE MESON-EXCHANGE NN-INTERACTION

The kernel V of Eq.(3) should contain all irreducible meson-ex-
Change diagrams which are relevant for NN-scattering. In the full
Bonn model13 such a kernel has been developed with all possible con-
Sideration, and it is explicitly used for the evaluation of the data
0f NN-phase-shifts and the deuteron.

As the work presented in this contribution is a first consistent
theck of the Dirac-Brueckner approach to nuclear matter, the use of
the tremendous and expensive computing time, which the full kernel
Wouyld require, is not justified. Therefore we will restrict our-
Selves to a one-boson-exchange kernel first.

However, we construct this one-boson-exchange potential (OBEP) on
the basis of the broad experience gained in developing the full mo-
ﬁEIIB. In particular, we choose the coupling constants and cut-off
Parameters as close as possible to those determined in that compre-

hensive work (see Table 1). The diagrams of 27 and mp-exchange are
replaced by & scalar iso-scalar boson with the mass 550 MeV; in Ref.
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13 it is demonstrated that this is a suitable approximation. The
fit is done to the latest published phase-shift analyses of the
groups of BUQQZl aﬁd Arndtzz. The deuteron and low energy scattering
parameters are described accurately.

The present OBEP is in a certain sense an updating of the work in
Ref.7’8, using modern coupling constants and fitting to new scat-
tering data. However, there are also two more substantial differen-
ces: we now use a different 3-dimensional relativistie equation

(see Section II) and, further, we apply the pseudo-vector (pv)

Table 1

Meson Parameters

Meson- coupling constants and cut-offs
mass, full model® present OBEP
o 2,,_2 2 2,2 2
Meson | {(MeV) gg(t=m)) 9p{t=0); ] A (Ge)t g (t=m ) go(t=0); | A (GeV)
{(f/g) (f/g)
138.03 14.4 14.08 1.3 14.6 14.27 1.3
o] 769 0.75 0.41; 1.5 0.95 0.401; 1.3
(6.1) (6.1)
w 782.6 20 10.6 1.5 20 10.6 1.5
§ 983 2.93 1.69 2.0 4.9973 1.627 1.5
n 548.8 - -- - 3 2.25 1.5
o] 550 - - - 7.8749 6.729 2.0
gi(t) = g, (t m ) [(ﬁ )/(A t)]z which also defines the cut-off
we apply Wlth t = —(q -q) The a9, {t 0) ccupllng constant is con-

sistent with using a cut-off of the form: {A /(A t)]z which is
used e.g. in Ref.15. For heavy mesons (p,w, 5) 9, (t 0) is the physi-
cally relevant coupling strength parameter. Note that for the pre-

sent OBEP the pv-coupling of the pion is used.

2) pef.13
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Coupling for the pion to the nucleon for reasons which will become
apparent in Section V. Note that this coupling differs off-shell
from the pseudo-scalar one.

The explicit expressions for the meson-exchanges can be found in
Part in the review article by Erkelenz7. Note, however, the follow-
ing changes: leave out the meson retardation everywhere; as a con-
Sequence of this, the p-exchange gets an additional term which had
been published already in Ref.8 (Appendix A, Case 2, therein).

The m-exchange is now different from the quoted work and will be
Published shortly taogether with a comprehensive collection of all

other necessary formulae.

IV. CONVENTIONAL BRUECKNER THEORY OF NUCLEAR MATTER

The basic quantity of Brueckner theory is the reaction matrix,
G, satisfying the Brueckner-Bethe-Goldstone integral equation which

Teads in operator notation:

c=v-vig (11)
e

and can be written diagramatically as shown in fig.3. V, again, de-
Notes the NN-potential (or more general: the kernel), Q@ the Pauli
Projection operator in nuclear matter which prevents nucleons from
Scattering into occupied intermediate states; l/e is the two-nu-
Cleon propagator in the medium. Eq.(11) is defined in striect analo-

9y to scattering the only difference being the Pauli-projector and

= jrme——d 4 -+ _——— +ove

;i%T?' Diagramatic representation of the Brueckner integral equation and the G-

02 gt 1 0 LT ) e N\M\M RURINS

® Pauli-blocking 1, the mediyp,
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the change of the nucleon propagator in the nuclear medium.
The goal of Brueckner theory is to evaluate the energy per nu-
cleon in nuclear matter as a function of the density which is in

lowest order in G:

L

<T> + 7N

E/N(kF) = <G> (12)

=\~

where the first term aon the r.h.s. stands for the average kinetic
energy of the nucleons below the Fermi surface defined by the Fermi

momentum, k the second term indicates the average potential ener-

F s
gy due to all effective two nucleon interactions. The density, p,

is related to the Fermi-momentum by:

o= L5k’ (13)
3
The explicit form of Eq.(11) is:
> - > - > - > >
(k3ka|G(kF,w)|klk2> = <k3k4|V|klk2> - , ZE <k3k4|vlkmkn>
m’n
Q(kF’Em’an) > > 3 >
<k k |Glko,w)|k k,> (14)
e(im) + e(in) - w m ”I £ | 172

where spin and isospin indices are suppressed. The single-particle

energy of a nucleon in nuclear matter is defined by:

> > >
e(ky) = T(k,) + u(ky) (15)
i - > > > > > > >
with uk,) = \k.lékr <kikj|c(kF,w=e(ki)+e(kj)mikj-kjki>.<1s)
J

Equation(12) is explicitly:

E _i + >
§ (%) = § !Elik <k |T]R> +
=KF
1 b Gk 1Bk wee (ky )re (ko Ky KoK K. )
+ 5o W= + -
N (%1 Ry sk, 12 1 21 %2725
(17)

where T denotes the kinetic-energy operator.

. 2 Lo : -
In conventional Brueckner theory™ non-relativistic energies are
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used, i.e. T(ti) = iiz/ZM {(in analogy to the non-relativistic Lipp~
mann-Schwinger equation of scattering) and any phenomenclogical NN-
patential (i.e. Reid?’) is suitable to be used for V.

In the first attempts for a relativistic extension of Brueckner
theory {which we will subsequently call: conventional relativistic
Brueckner theory), Eg.(11) was applied with the relativistic kine-
matical factors and energies which occured in the analogous scat-
tering equation (e.g. Blankenbecler-Sugar or Thompson, compare Sec-
tion 11778:10y,
table for this approach , as at least the most popular ones like

Reid23 ar Paris24

Phenomenological potentials are in general unsui-

are defined for the non-relativistic Schrddinger
equation. For reasons of consistency in the relativistic approach,
the relativistic field thearetic process is assumed which creates
the nuclear force, and that is meson-exchange. Therefore OBEPs as
well as more comprehensive meson-exchange models have been used at
this stage. An OBEP consists of the sum of single meson-exchanges
in which the nucleons are naturally represented by faur-component
free Dirac spinors, u(a), as indicated in Fig.4, i.e. the spinors

satisfy the free Dirac equation:
(4-M) u(q) = 0 : (18)

Within the scheme of conventional relativistic Brueckner theory un-
changed free spinors are taken over into the nuclear matter calcu-
lation. Therefore the potential applied to nuclear matter is exact-
ly the same as in NN-scattering and that is why the results are not

substantially different from the non-relativistic Brueckner theory.

agh ai-g"
X, 0, Qlw
ul(g) u(-g)

Fig.a. One-boson-exchange diagrams contributing to NN-scattering with explicit
indication of the free Dirac spinors representing the nucleons in scattering.



470

Figure 5a contains a survey of results obtained in the two
approaches discussed sao far. Only the saturation minima of the sa-
turation curves, E/N(kF), are given. The squares stand for calcula-
tions usinf a free spectrum for nucleons above the Fermi surface
("gap"). The difference in the results is mainly due to a different
strength of the tensar force contained in these potentials. This

strength is best measured by the %-D-state, P in the deuteron

’
which the potentials give rise to. For Hamada?JohnstonZS, it is
6.97% (the highest point in the plot), for Hu2°C we have Pp=4.32%
(the lowest point).

The circles indicate results in which a continuous choice is applied

for the single particle spectrum of the nucleons. These results are

0 1 1
-5 -
DHJ
a1 [=):N}
< -0} OREID -
E; PARIS
= a2z Unm
~ OHM3A
-4 3’AOC
o -5
W = % HM1 R
éz © BG
a4 HM3B
g Dssc
20} g <
DHM2
A i
1.0 1.5 2.0
KF (fm")

Fig.5a. Energy per nucleon in nuclear matter, E/N, as a function of the Fermi mo-
mentum, k., obtained in lowest order Brueckner calculations for various NN poten-
tials and different versions of Brueckner theory. The shaded square represents
the empirical nuclear matter saturation. A brief history of results obtained in
nuclear matter Brueckner theory is given by the small squares, circles and tri-
angles which indicate the saturation minima of different conventional approaches
explained in the text. The abbreviations for the potentials applied are given be-
low: HJ: Hamada-Johnstonzs; Bethe—Johnsonzs; REID: Reid—soft—core—potenti3123;
PARIS: Ref.24; HML: Holinde-Machleidt (1)8; HM3A, HM3B: Ref.27; BG: Bryan-
Gerstenzg; S5C: Sprung-de Tourreil super-soft-core potential Cig; HM2: Holinde-
Machleidt (2)30; Al,2: Ref.3); A3: Ref.32; A4: Ref.33.
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9enerally 4-5 MeV more attractive compared to gap-calculation and
appear to simulate the 3- and 4-body correlationBa. Finally A(1232)-
isobars and their special medium effects are included in results
Symbolized by a small triangle.

It is easily seen that each type of calculation has its own
Coester line (Ref.35). Though improvements with respect to the empi-
rical area can be observed when extensions within the conventional
Scheme are applied (continuous choice, A's), all bands of results
Clearly miss the empirical range. This summarizes a long standing

pProblem in nuclear matter theory.

V. THE DIRAC-BRUECKNER APPROACH TO NUCLEAR MATTER

In this section we will explain and apply a special extension of
Conventional relativistic Brueckner theory, subsequently called the
Dirac-Brueckner approach.

The basic idea of this new approach (first introduced by Shakin
and co-workersll) is that, as in the mean field theoryl, one
Tealizes that the nucleons in nuclear matter are exposed to a
strong common scalar and vectar field and are therefore by na means
free particles. Consequently, free Dirac spinors satisfying the
free Dirac Eq.(18) can not be an adequate representation of a nu-
tlean in nuclear matter. Instead, spinors obtained in a Dirac equa-

tion containing the straong common potentials should be used:
(K-M- D) G(K) = O (19)
with L= A(K) + vOB(K) (20)

the selfenergy operator36
(Qur notation is that aof Ref.37.) A(g) and B(K) represent the scalar
and vector potential in nuclear matter respectively.
As it turns out that the k-dependence of A and B between zero and
. : > +2 2
kF is very weak (namely, when expanding A(k):AO+Al(k /kF } and
B(E)zBO+Bl(K%@F2) one gets: Al/AozBl/BO:—D.US), they can be assumed

to be constant to a good approximation.

With M* =M+ A and E* = M*2+E the Dirac spinor satisfying Eq.
(19) is simply: 1
> >
sk Ik (21)
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where the normalization G+E:1, appropriate for nuclear structure
caleculations, is applied, as throughout this work (compare Eq.(8)).
The selfenergy is given by Eg.(16) with

£(k) = TRHZUR) = Uulk) . (22)

As I depends on the G-matrix (compare £q.(16)) and the G-matrix de-
pends on L via the single particle energies and the Dirac spinors
defined in Eqg.(21), a self-consistency is required.

Formally all formulae of conventional Brueckner theory, Egs.{(14)

-(17), still apply; however, their explicit meaning may be refined:

-, (23)

<K| = u(k)
> >

T = y-k+M (24)

and a term -M should be added to Eq.(17).

e(k) = <klTik> + <&l2lk> =

m k2 "
———fT-x-—;ﬁ-x-B
E E

=t + 8 . (25)

Assuming A and B constant, they can be determined once £(k) has
been evaluated for two different k. (1/2)|<F and kF is an appropri-
ate choice.

Special care has to be taken for the p-exchange potential being

derived from the Lagrangian:

L

As f/4M is a coupling constant which could as well be defined by

- aioM Fo= uv _
NNg = 9UYTUR, + g vol w(3 0 -2 0) . (z28)

f'/4mp, where m, denotes she mass of the p-mesan, the M in Eq.(25)
must not be replaced by M . If that was done incorrectly, there
would be no saturation in nuclear matter, as we will see later.

The results for the Dirac-Brueckner approach are displayed in
Fig.5b by full lines. The label A refers to calculations in which
the DBEP presented in Section III is applied. B and { denote varia-
tions of the OBEP with an increased tensor force {(by cutting off

less the 7NN vertex). The reason why we have performed the calcula-
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tions with three different OBEPs is that the characteristic results
for a certain type of many-body approach is not a point in the ener-
gy versus density plot; it is a band (a Coester band). There is not

the nuclear force, there are several potentials, which describe the

MN data equally well and nevertheless differ, namely, essentially in
the strength of the tensor force. This difference leads to characte-
ristic variations in the nuclear matter results, which always have

a Coester~band structure.

Therefore, the reasonable gquestion to be asked is whether the
band characteristic for one theory is oriented such that it would
pass through the empirical area. Obviously, our new approach provides,
additional strongly density-dependent repulsion such that the empi-
rical result can be met.

Considering the results of the conventional approaches and their
refinements, which were in part summarized in Section IV, it is
clear that this is not a trivial result.

The role of the various mesons in the relativistic saturatian

mechanism is demonstrated in Fig.&. The effect of w,0 and 71 is

[»] T T
- b |
fa]
2 C
S -wor o .
(3]
£
g
w -15 "1
-20 -
D
+ )
10 L5 2.0
kg (fm™)

Fig.5b. Same as Fig.5a, but including the results of the present work. For curves
labelled "A" the OBEP presented in Section III and Table I is applied. Label "B"
and "C" refer to twa variations of that OBEP with an increased tensor force. The
full lines denote Dirac-Brueckner results, the dashed curves stand for calcula-
tions with free spinors ("conventional relativistic Brueckner theory").
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Fig.6. "Potential energy", Epot’
{i.e. second term on r.h.s. of
(Eg.(17)) versus Fermi momentum,
kp, for the present DBEP. Starting
with the conventional result la-
belled "M=M", the single mesons are

S switched successively on to the
= Dirac-Brueckner approach indicated
- by "M=M*". The dotted curve shows the
4 N i result when the M, occuring in the
W -eor \ Lagrangian for the poNN-interaction,
\ Eg.(Z&), is incorrectly replaced by
\ M*. The shart dashed curve is ob-
-70+ \ 4 tained by using the ps-coupling for
\ the pion.
\
\
-80- \ J
\
\
\
\
\
-sor ':;\ps-PION 1
\
\
-100 L "l ) i ; !
L L2 L3 i.4 18 18
KF (fm")

about equally strong, the wacting mainly through its second order
contribution to the 381—state. The p and especially the n and ¢
have very little effect. The consequences of using the wrong treat-
ment of p-exchange and of the ps-coupling of the w are also demon-
strated in Fig.6. Both lead to unphysical results showing no satura-
tion in nuclear matter.

The constant part of the scalar potential, AO, and of the vector
potential, BD, are displayed versus the Fermi-mamentum, kF, in Fig.
7 and 8 respectively. Generally, we find a smoother density-depen-

dence of these guantities compared to other authors.
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=000 b i " P J L b .
1O LS 2.0 Lo LS 2.0

K (fm™) K (fm71)

fig.8. Constant part of the

Fig.7. Conmstant part of the
vector potential, By, versus

scalar potential, Ay, versus
Fermi-momentum, kp. The full Fermi-momentum, kg. The full

line displays the results using line is obtained from the
the present OBEP. The long and present OBEP; the dashed from
short dashed curves.are from the work of Ref,1l using HEA.

Ref.11 {using HEA) and Ref.l
respectively.

VI. SUMMARY; CONCLUSIONS AND OUTLOOK

In this contributiaen we have constructed a one-bosan-exchange
potential on the basis of the latest state of the art of the meson-
theory of the NN-interaction. For NN-scattering we use the three-di-
mensional reduction of the Bethe-Salpeter equation suggested by
Thampson, which has been proven to be a good approximation to the
full four-dimensional equation. The potential has been fitted to
new phase-shift analyses. For the coupling of the pion te the nu-
cleon the pv version is chaosen, and this turns out to be necessa-

Ty for obtaining reasonable results in the many-body system.

This potential is applied to nuclear matter in the Dirac-Brueckner
approach. We avoid the drawbacks of earlier work by other authors, in
which drastic approximations, outdated nuclear foreces and unsuitable
relativistic equations and couplings were used. Especially, we de-
termine the single particle energies and wave functions (Dirac spi-
nors) in nuclear matter fully selfconsistently.

It turns out that such a correctly performed Dirac-Brueckner cal-

culation is indeed able to explain the empirical saturation proper-
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ties of nuclear matter. This result is due to additional (compared
to the conventional theory) strongly density-dependent repulsive
effects to which the 0-, w- and m-exchange make essential contribu-
tions.

The successful nuclear matter results motivate further applica-
tions, e.qg. the derivation of the optical potential from the G-
matrix for use in nucleon-nucleus scattering.

In spite of the encouraging findings in this contribution, there
are serious questions open. We list saome of them:

(i) What are the contributions from the three- and more-body
correlations in this approach?
(ii) How do many-body forces contribute?
(iii) What are the NN-pair corrections?

We will devote future work to some of these questioans.
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