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Dependence of the Landau parameters on the single particle potential
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We investigate the relevance of the single particle potential on the theoretical determination of
the Landau parameters within the Brueckner-Bethe-Goldstone theory of symmetric nuclear matter.
In particular we study the inBuence of the choice of the single particle potential on their overall
trend as well as the fulfilment of the sum rules. At the two-hole level of approximation the single
particle continuous choice and the corresponding effective mass give Landau parameters which best
satisfy the sum rules. However, the spin-isospin parameter Go appear small in comparison with
phenomenology. A good value can be obtained by a slight enhancement of the effective mass, with
respect to the Bruechner value, still keeping the other Landau parameters within the phenomeno-
logical boundaries and fulfilling the sum rules fairly well.

PACS number(s): 21.65.+f, 21.30.+y, 21.6G.Ev

I. INTRODUCTION

The low energy properties of a Fermi liquid, in partic-
ular nuclear matter, can be described in terms of a set of
Landau parameters, which determine the effective inter-
action of two quasiparticles at the Fermi surface. Phe-
nomenology on finite nuclei provides bounds to the values
of these parameters in nuclear matter. Qn the theoret-
ical side, the microscopic derivation of the Landau pa-
rameters is one of the challenging problems in nuclear
physics not yet fully solved [1]. Despite a general the-
oretical kamework being available, their precise values
depend on many-body effects and details of the nucleon-
nucleon interaction, which need to be treated accurately.
Microscopic calculations of the Landau parameters have
been presented in Refs. [2—8), and a review of the field
has been given in Ref. [1]. It is well-known that, if one
adopts the Brueckner G' marix as an effective nucleon-
nucleon interaction, nuclear matter is unstable since the
incompressibility turns out to be negative, namely, the
Landau parameter I'0 is less than —1. This drawback
of the model can be cured by including the so called
"rearrangement term" which comes out naturally &om
the functional derivative definition of the Landau pa-
rameters within the Brueckner approach. This result
indicates that screening effects in the effective interac-
tion are essential for a correct microscopic theory of the
Landau parameters. It was therefore suggested [3,4] to
include the sum to all orders of the RPA (bubble dia-
grams) insertions, as a substitute for the rearrangement
term. This procedure introduces diagrams with an arbi-
trary number of internal hole lines. Furthermore, if one
neglects the momentum dependence of the quasiparticle
interaction, this interaction appears in all vertices, and

therefore a self-consistent nonlinear integral equation for
the interaction is obtained. This approach was already
followed in Refs. [3,4] and further elaborated in Ref. [1].
More general nonlinear self-consistent integral equations
for the full particle-hole interaction can be devised along
the same lines, but keeping the momentum dependence
[6]. The equations were solved by an iterative scheme, as-
suming a parabolic single particle spectrum, with a con-
stant efFective mass, determined self-consistently. How-

ever, dispersion effects on the single particle self-energy
are known [9] to be relevant and to produce a large en-
hancement of the effective mass around the Fermi surface,
in agreement with phenomenology, that favors a value of
the effective mass close to the bare one.

In the present work we follow a simpler approach,
based on the hole-line expansion and the functional
derivative method, along the lines of the work of
Backman [2]. There, the functional derivative of the
Brueckner energy was used to obtain the quasiparticle
interaction, and the single particle spectrum was cal-
culated according to the standard "gap" choice. This
choice produces unphysically large differences between
particle and hole energies, and it is the origin of the vio-
lation of the Pauli sum rule for the Landau parameters.
It appears interesting, therefore, to consider the same
approach within the "continuous choice, " where no dis-
continuity is present between particle and hole energies,
and with more modern bare nucleon-nucleon interactions.
Actually, the relevance of the choice of the single parti-
cle spectrum was already pointed out by Hackman and
Brown [1].

The theoretical framework is described in Sec. II, re-
sults and discussions are presented in Sec. III, and the
conclusions are drawn in Sec. IV.

II. THE MODEL
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According to the Landau theory of a normal Fermi liq-
uid, the excitation energy bE of the system, obtained by
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changing the occupation number n(k) of the quasiparticle
state k by an amount bn(k), can be written

bE= ) e(k)bn(k)+ i) f(k, k')bn(k)bn(k')+
kk'

where the single particle momenta are inside the Fermi
sea, m is the nucleon mass, and the energy parameter ~ =
e(ki) +e(k2) is the sum of the two single particle energies
inside nuclear matter, defined as e(k) = h k /2m+ U(k).
The quantity U is the self-consistent single particle po-
tential, obtained by solving self-consistently the Bethe-
Brueckner-Goldstone equation for the P matrix simulta-
neously with the equation

where e(k) is the quasiparticle energy, the sum over k
includes spin and isospin variables, and the funciton

f(k, k') is the quasiparticle efFective interaction, which,
according to the expansion in Eq. (1), is given by

U(ki) = ) (kik2]g((u) ~kik2)g .

k2kg(kF

(6)

b E
f(k, k') =

bn(k) bn(k')

The spin and isospin dependence of the effective inter-
action, neglecting the tensor and spin-orbit parts of the
interaction, is commonly written as

f(k, k') = F(k, k') + F'(k, k')7 r'+ G(k, k')o o'

+G'(k, k') o o'~ (3)

Equation (3) can be solved for the functions F, F', G, G',
using the trace properties of the Pauli matrices, namely,

F i t (f) i [foo +3fol + 3flo + 9fll]

F' = ,', tr (f~—,.») = —,', [
—f"+ f"—3f"+3f"],

(4)

G = 4', tr (foi o, )
1

[
foo 3fol + flo+3fll]

G' =,44tr (foi o27i .»)
i [foo fol flo+ fll]

where fs+ are the matrix elements of f in the cou-
pled spin and isospin representation, and are in agree-
ment with standard expressions found in the literature
[7]. Since the trace is an invariant quantity, it is un-
affected by use of the particle-particle or particle-hole
scheme. This certainly expresses the fact that the quasi-
particle interaction of Eqs. (2) and (3) is defined only
for momenta at the Fermi surface, and it is the relevant
quantity for low energy and momentum nuclear matter
excitations. The quantities I",I"', G, G' are therefore de-
pendent only on the relative angle between k and k' and
the usual expansion in Legendre polynomials holds. The
Landau parameters I"I., I"I,GL„GL are the coeKcients of
the expansion, for each partial wave I, multiplied by the
density of states 2m'p~/m2h .

The total binding energy per particle in the Brueckner
approximation is given by

k1k2

In Eqs. (5) and (6) the subscript A indicates antisym-
metrization. According to the "continuous choice" the
definition of Eq. (6) is valid in the whole range of single
particle momentum, below and above k~, while accord-
ing to the "standard choice" the definition is restricted
to momenta inside the Fermi surface, and the potential
U is set equal to zero outside.

The energy functional in the Brueckner approximation
is assumed to be an extension of the definition of Eq. (5),
valid for generic single particle occupation numbers n(k),
namely,

h2k2E=) n(k)

+-,' ) n(ki)n(k2)(kik2~g((d) ~kik2)/,
k1kg

and the functional derivative of Eq. (7) with respect to
the occupation numbers, keeping to 6rst order, gives the
Q matrix as the efFective quasiparticle interaction. Going
to second order in the g matrix one gets the contributions
to the effective quasiparticle interaction depicted graph-
ically in Fig. 1. The graphs 1(a) and l(b) represent, at
this order, the screening effect of the particle-hole excita-
tions on the bare Q matrix. They represent the effect of
long range correlations on the Landau parameters, and
are usually referred to as the rearrangement term. Dia-
gram 1(c) contains two internal hole lines, and in agree-
ment with the hole-line expansion was not considered.

It was suggested in other works [3,4] to insert the bub-
ble sumination in graphs l(a) and 1(b), according to the
RPA series, which builds up the so called "induced in-
teraction" [3,4]. However, this summation introduces an
arbitrary number of hole lines. In the present calculation,
for consistency with the hole-line expansion, the Landau
parameters are determined by summing up the direct and
the rearrangement terms. This restriction to lowest or-
der sufBces for the purpose of the present calculation to

(a) (b) (c)
FIG. I. Contributions of the rearrangement term to the

efFective quasiparticle interaction.
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f(k, k') = (k, k'~g~k, k')~
—2 ) (kyk~g~ksk')/ll (ky, k3, 0)

kgA:g

x

(kate'[g
[krak)

~, (8)

where [k~ = ~k'~ = k~ and Il~ol is the free particle-hole
propagator. Few approximations are required in order
to explicitly evaluate the induced interaction of Eq. (8).
In principle, the g matrices appearing in the vertices are
dependent also on the total momentum, which was ap-
proximated by an average over the Fermi sphere. Fur-
thermore, the g matrices are nonlocal, so they depend
on two relative momenta. All these momenta have mod-
ulus of the order of k~. In such a range the matrices
are smooth, and were replaced by diagonal g matrices

I

study the relevance of the single particle spectrum and
of the bare NN interaction.

It was also proposed [1] to include a wider set of dia-
grams by solving a nonlinear integral equation (see Fig.
22 of Ref. [1] where the g matrix in the induced interac-
tion is replaced by the quasiparticle interaction f T. his
procedure is, for realistic forces, quite complex [6], and it
is well known that the solution by iteration of nonlinear
equations requires a large number of iterations.

From the above considerations, the Landau effective
quasiparticle interaction can be written

evaluated at the average of the two relative momenta,

(k]k[g[ksk')/ = (ky —k[g)k3 —k')/

= (ks —k)g)ks —k)~
=—(k, —k'[g [k, —k')„.

In this matrix element we take ~kq~ = kF. Consistently,
the entry energy u was taken at twice the Fermi energy.
This scheme of approximations is equivalent to the one
used in Refs. [1—4].

Expanding in partial waves the direct part fa of the
quasiparticle interaction in the particle-hole representa-
tion, one gets

fq (k, k') = —) (—1)'+'(2t+ 1)W(2~ ~ 2;Tt)
ts

x W(-,'-,'-,'-,'; Sa)

x ) (2J + 1)(lsJq~g'~la Jq), (10)
JL

where q = k' —k is the momentum transer, with modulus

q = 2k~ sin(8r, /2), Hr, is the Landau angle, l, s, J, and t
are the two-particle angular momenta, spin, and isospin,
S and T are the spin and isospin of the particle-hole
pair, and R' is the Wigner 6-j symbol. Similarly, for the
rearrangement part of the interaction f„, one obtains

L/00 L'0 2

f„(k,k') = —) (—1)'+'+ (2t+ 1)(2t'+ 1)W(t't22;T2) W(a'a22;S2) ), a)g~'gr' ' P)(cose) (11)
tt'es' LL'l

with
I

can be made by evaluating sum rules obtained &om Pauli
principle constraints. Following the derivation of Ref. [1],
we consider the two sum rules

k2dk
x II~ l (ks + q, ks, 0)P) (cos vP),

27r 3

(12)

1
x dcos8z, (l Jaq~g ~laJq)

—1

x Pg (cos gr, )

where 0 = (m —Hr, )/2 is the angle between q and k (or
k') and Q is the angle between ks and q. Here the g ma-
trices depend on the Landau angle and were expanded
in Legendre polynomials, while the particle-hole propa-
gator was expanded in multipolarities. An exact calcula-
tion of the &ee particle-hole propagator II~ ~ requires the
knowledge of the single particle spectrum. If a constant
effective mass is assumed, the spectrum is quadratic and
the evaluation can be done analytically. The accuracy
and relevance of this assumption will be discussed in the
next section.

A test of consistency of the various Landau parameters

Fz, FJ.
- ~1+F&(2L+ 1) 1+F&/(2L+ 1)

+ Q~ &'r.

1 + Gr, /(2L + 1) 1+Gi/(2L + 1))
= 0, (13)

Gl
+3 =0. 14(1+Fg/(2L+ 1) 1+ G~/(2L+ 1))

Each term appearing in these sum rules represents an ap-
proximate expression for a scattering matrix in a given
Landau partial wave L. In particular, the irst sum rule
expresses the fact that singlet odd scattering matrices
must vanish at the forward direction. Similary, the van-
ishing of the triplet scattering matrix at the forward di-
rection gives another sum rule which, combined with the
previous one, produces Eq. (14) only dependent on the
Landau parameters Fg and Gg.

III. RESULTS AND DISCUSSION

Self-consistent Brueckner calculations of nuclear mat-
ter properties [10] provide the two-body g matrices to be
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TABLE I. Landau parameters for the Reid and v14 interac-
tions in the gap and continuous choices. The last line contains
Brueckner effective masses, except for the last one.

F2
F3
F4
F5
F6

Gp

G1
G2
G3
G4
yes

Fl
Fl
Go
G1
G2
G3
G4

m'/m

V14

Gap
—0.267
—0.791
—0.466
—0.172
—0.121
—0.068
—0.055
—0.036

0.017
0.212
0.189
0.073
0.048
0.438
0.606
0.247
0.11Q
0.067
1.363
0.442
0.061
0.042
0.018
0.625

Cont.
—0.501
—0.575
—0.324
—0.122
—0.085
—0.048
—0.038
—0.026

0.079
0.281
0.197
0.082
0.052
0.356
0.301
0.108
O.Q48

0.029
1.169
0.273
0.013
0.017
0.005
0.586

Reid
Gap
—0.118
—0.991
—0.392
—0.133
—0.101
—0.054
—0.045
—0.029

0.019
0.262
0.172
0.059
0.042
0.477
0.724
0.199
0.085
0.054
1.335
0.376
0.080
0.051
0.024
0.624

Cont.
—0.482
—0.740
—0.211
—0.072
—0.054
—0.029
—0.024
—0.016

0.076
0.336
0.177
0.071
0.046
0.403
0.351
0.034
0.012
0.009
1.084
0.159
0.019
0.019
0.007
0.564

V14

Cont.
—0.378
—0.625
—0.395
—0 ~ 143
—0.102
—0.057
—0.046
—0.030

0.066
0.324
0.238
0.097
0.062
0.404
0.357
0.130
0.057
0.035
1.467
0.346
0.013
0.021
0.005
0.7

inserted in the evulation of the Landau parameters, ac-
cording to the scheme described in the previous section.
It is well known that the choice of the single particle ref-
erence spectrum is essential for the convergence [11,12]
of the hole-line expansion. In the present work, we com-
pare the results for the Landau parameters obtained with
the standard gap choice and with the continous choice,
which assumes the potential of Eq. (6) valid for the whole
range of single particle momenta, and therefore does not
introduce any discontinuity across the Fermi sphere. In
the applications the potential was truncated at 4 fm
[10]. However, for the single particle spectrum appearing
in the denominators of the free particle-hole propagator
II~ ~, a parabolic form is assumed in both choices, with
the appropriate effective mass. In fact, it was shown [8]
that the presence of an unphysical gap in the particle-hole
spectrum violates badly the sum rules of Eq. (13). The
differences between the two choices appear only through
the g matrices and the corresponding effective masses ob-
tained from the Brueckner self-consistence, and are due
only to the different correlations introduced in the g ma-
trices.

The sensitivity to the bare nucleon-nucleon interaction
is studied considering two realistic NN potentials, the
Reid soft core [13] and the Argonne vi4 [14]. For the
latter all channels up to J = 4 were included. For the
former, the J = 3 and J = 4 channels were provided
by the v&4, since they are missing in the original Reid
potential.

The results are shown in Table I, where the reported ef-
fective masses m*/m are the output of the Brueckner self-

TABLE II. Compression modulus K, symmetry energy P,
and effective masses given from the Landau parameters of
Table I, calculated arith the Reid and v14 potentials in the

gap and continuous choices.

K
/3

M /M

V14

Gap
286.0
31.2
0.736

Cont.
207.7
31.4
0.808

Reid
Gap

344.8
32.1
0.670

Cont.
223.9
33.7
0.?53

V14

Cont.
217.0

27.2
0.792

consistent calculations at the saturation density, taken at
k~ = 1.4 fm, and were the ones used in Eqs. (10) and
(11) and the density of states for the evaluation of the
Landau parameters, except for the last column.

The compressibility parameter Fo turns out to be neg-
ative in all considered cases. As is well known [1—4],
the inclusion of the rearrangement term reestablishes the
stability condition Fo ) —1 which otherwise would be
violated by the direct term alone. The nuclear matter
compression modulus K = 3(g, /m') (1+Fo) is therefore
positive and can be readily calculated, and is reported
in Table II. In the case of the continuous choice for the
Argonne v&4, the value of K is quite close to the one that
can be extracted directly from the saturation curve [10]of
nuclear matter, which is around 200 MeV. This is an in-

dication of the accuracy of the approximations adopted.
It also means that the diagrams with higher numbers of
holes, which have been neglected in performing the func-
tional derivative, give only a small contribution to the
actual value of K. This K value is also close to the em-

pirical one [15]. In the gap choice Fo is substantially
smaller in absolute value and therefore results in a much
larger compression modulus.

The sensitivity of the results to the choice of the sin-

gle potential is a consequence of the large cancellation
between the direct and exchange terms. Also, a modest
modification of the g matrix results in a large modifica-

tion of the final value. For instance, in the case of the
Reid potential, the direct and rearrangement terms for
Fo are (with the effective masses reported in Table I)
—1.97 and 1.85 respectively with the gap choice, but be-
come —1.41 and 0.93 with the continuous choices. Since
the rearrangement term depends qudratically on the g
matrix, it suffers a stronger variation. A similar trend is
found for the Argonne vi4 interaction.

The spin parameter Go is very small in all calcula-
tions, in agreement with phenomenology, since no collec-
tive spin mode has ever been observed.

The symmetry energy parameter parameter Fo is

substantially reduced going from the gap to the con-
tinuous choice. However, the symmetry energy P
(p&2/6m*)(1 + Fo) is around 30 MeV, since the smaller
value of Fo is compensated systematically by a smaller
value of the effective mass. Again this value is very close
to the one extracted directly from Brueckner calculations
for asymmetric nuclear matter with the vi4 and the ern-

pirical value taken from the mass formula [16].
The spin-isospin parameter Go can be determined phe-

nomenologically from the position of the Gamow-Teller
giant resonance, and is expected to be around 1.6. Our
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values are smaller, following the general trend of all mi-

croscopic calcualtions, which have problems in repro-
ducing such a high value. Some improvement [5] can
be expected by iacludiag the coupling to the 6 isobar,
which will contribute an additional repulsion of 0.2. A
slightly higher effective mass can also improve the result,
as the last column of Table I shows. Here the calcula-
tioa was redone with the same g matrices, but with a
modified efFective mass m'/m = 0.7 in the density of
states.

The parameter Fq determines, in principle, the nu-
cleon effective mass M' at the Fermi energy, M'/M =
1+ Fq/3. The value of M'/M extracted &om I"q is
systematically larger than the self-consistent Brueckner
m'/m, as reported ia Table II. In particular, the continu-
ous choice calculation with the eq4 gives M'/M = 0.808,
in coatrast with m'/m = 0.586. This is easily under-
stood, since the calculation of Fq includes correlations
that go beyond the Brueckner approach. In fact, the sin-

gle particle potential, consistent with the graphs of Fig.
1, includes also a rearrangement term, usually referred
to as M2 [9,11]. It has been shown that M2 produces a
substantial enhaacement of the effective mass around the
Fermi energy, due to its energy dependence [9,11]. It is
just this enhancement which we observe in the increase
of the eHective mass. This also indicates that the eKec-
tive mass cannot be considered as a constant across the
Fermi surface. In fully self-consistent calculations of the
Landau parameters [5], the efFective mass is also calcu-
lated self-coasistently, assuming a parabolic single parti-
cle spectrum. According to the preceding discussion, this
procedure appears questionable. In the present work, the
"real" efFective mass is the one calculated &om Fq, i.e.,
M'. The method follows the hole-line expansion, and
the efFective mass appearing in Eq. (8), obtained &om
the functional derivative, Eq. (2), is the Brueckner one
m'. The enhancement of the efFective mass is larger for
the continuous choice, since in the gap choice the efFect of
the long range correlation is suppressed, due to the pres-
ence of a large particle-hole gap, and it is close to the one
observed in actual nuclear matter calculations [11).

The other Landau parameters are not known phe-
nomenologically, and decrease rapidly with the partial
wave L.

A test on the method of calculation is provided by the
sum rules of Eqs. (13) and (14), which will be denoted as

Pz and gz. From Table III it is apparent that the sum
rules are in any case fairly well satisfied, and systemati-
cally better for the continuous choice. As expected, the
use of the Brueckner effective Inass is essential for the
fulfillment of the sum rules. However, in the continuous

choice calculation with the v~4 presented in the last col-
umn, where the effective mass in the density of states
was slightly increase in m'/m = 0.7, the sum rules are
still reasonably well satisfied.

We also found that the series appearing in the sum
rules converge quite slowly. The reason for that is due
to the dependence of the g matrix on the relative mo-
mentum q. If we represent the g matrix in the relevant
moment»m range by a polynomial, we find that the linear
component is large. We have used a cubic polynom. ial.
The linear term is proportional to sin(8z, /2), 8L, being
the Landau angle, and therefore it can be expanded in a
Legeadre polynomial according to the formula [17]

sin(8L, /2) = ) ar, PI, (cos8L,),
L

21'(2s)'(2L + 1)
I'(-', + I.)I'(-,'—L)

It can be readily checked that the coefficients ar, decrease
with L as 1/L, and therefore, if one truacates the series
at a maximum partial wave L, the remainder of the se-
ries decreases as 1/L . The higher powers of q have a
faster rate of convergence. Therefore the contribution to
the sum rules of the direct term, in the calculation of the
Landau parameters, is expected to converge as ~ 1/L
and this should also give the asymptotic behavior of the
whole series for large L . We have therefore calculated
the series apearing in the sum rule up to L = 10, and then
we fitted the behavior of the summation for the largest
values of L with a quadratic polynomial ia 1/L. The ex-
trapolated value for L + oo, namely, the constant term
of the polynomial, is considered the asymptotic value of
the series. The procedure is illustrated in Fig. 2, where

P2 is reported, together with the extrapolating poly-
nomial, for the case of the Argonne vq4 potential in the
continuous choice. All the sum rules reported in Table III
were calculated according to this procedure. We believe
that this procedure is essential for an accurate estimate
of the sum rules.

o.e

Sum rule

0.4-

0.8-

TABLE III. Sum rules P and g of Eqs. (13) and (14),
respectively, calculated with the Reid and v&4 potentials in
the gap and continuous choices.

0.0

—0.8
0 10

I

15

Oy4

Gap
0.662
0.847

Cont.
—0.041

0.012

Reid
Gap
0.664
0.894

Cont.
—0.176
—0.177

&X4

Cont.
0.477
0.538

FIG. 2. Sum g as a function of the largest partial wave L
included, open squares. The full line indicates the polynomial
used to extract the asymptotic value of the series in the sum
rule.
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IV. CONCLUSIONS

We have presented in this work a calculation of the
Landau parameters for nuclear matter based on the
Brueckner theory. The effective quasiparticle interac-
tion was calculated f'rom the functional derivative of the
Brueckner total energy and keeping only the diagrams
with at most one internal hole line. In this approach, the
quasiparticle interaction is the sum of a direct term given
by the Q matrix and a rearrangement term accounting
for the screening of the long range particle-hole corre-
lations. The single particle potential was considered in
the standard gap and continuous choices. For the bare
nucleon-nucleon interaction a modern realistic potential,
the Argonne v~4, was used, as well as the acid soft-core
potential. At variance with the work by Backman [2],
we used a particle-hole spectrum without any gap, since
this unphysical discontinuity leads to a strong violation
[8] of the Pauli principle sum rules. As a consequence,
we found that the sum rules are fairly well satisfied in
all cases, especially for the continuous choice used in the
calculation of the Brueckner g matrix.

This simple approach provides a set of Landau parame-
ters which are in fair agreement with more elaborated ap-
proaches [1,5,6], where the quasiparticle interaction was
obtained in a self-consistent procedure which includes all
orders in the Q matrix and an arbitrary number of in-
ternal hole lines. In Ref. [6], where the Reid potential
was also used, values of Fo and Fo which are difFerent by
about a factor of 2 were obtained. However, it has to be
stressed that the values of most of the Landau parame-
ters are the results of large cancellations between positive
and negative contributions. In particular, in the present
approach there is a systematic cancellation between the
direct and the rearrangement terms. We believe that,
within the Brueckner approach, the scheme of approxi-
mation followed in the present work is fairly accurate, as
can be seen from the above mentioned agreement between
the values of the incompressibility K and symmetry en-

ergy parameter P extracted from the Landau parameters
on one hand, and &om a direct Brueckner calculation

on the other hand. Improvements can be obtained only
going beyond the Brueckner scheme, as the approach of
Ref. [6] surely does. In our opinion, however, it is not
clear if the inclusion of the screening to all orders is the
main missing physical effect, or if other effects are as
important, like a better treatment of the single particle
spectrum, or others.

As in nuclear matter calculations [9,11], we found
an enhancement of the effective mass calculated from
the Landau parameter Fq, with respect to the original
Brueckner one. This enhancement is a consequence of
the dispersion effect in the nucleon self-energy, and raises
questions about the self-consistent procedures where the
nucleon effective mass is considered constant.

The calculated parameters are in close agremeent with
phenomenology. The only exception is Go, which is
slightly smaller than the empirical one extracted kom
the position of the Gamow- Teller giant resonance. A sub-
stantial improvement can be obtained by a slight increase
of the effective mass in the density of states, still keeping
the sum rules satisi6ed with a reasonable accuracy.

Certainly the present approach is not complete; in par-
ticular, the problem of the sharp variation of the efFec-
tive mass around the Fermi surface should be included
in the treatment, in a self-consistent way, by inserting
in the particle-hole propagator an energy and momen-
tum dependent nucleon self-energy, as required in the
functional derivative of the Brueckner total energy. This
would require one to go beyond the standard Brueckner
approach, including in the single particle potential the
Ms contribution [11,12]. We believe this to be a neces-
sary step towards a completely self-consistent calculation
of the Landau parameters. However, this is a difficult
task to achieve.
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