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Landau parameters of nuclear matter in the spin and spin-isospin channels
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The equation of state of spin and isospin polarized nuclear matter is determined in the framework of the
Brueckner theory including three-body forces. The Landau parameters in the spin and spin-isospin sectors are
derived as a function of the baryonic density. The results are compared with the Gamow-Teller collective
modes. The relevance ofG0 andG08 for neutron stars is shortly discussed, including the magnetic susceptibility
and the neutron star cooling.
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The equation of state~EOS! of nuclear matter is a majo
issue of the quantum-mechanical many-body problem.
reliability of any theoretical prediction has been measured
its capability of reproducing the empirical saturation ene
and density, once the convergence of the theory has b
firmly established. This is the case of the Brueckner-Bet
Goldstone theory: the hole-line expansion has been prove
fact to be rapidly converging@1#, and the Brueckner-Hartree
Fock ~BHF! approximation implemented by three-bod
forces ~3BF! can account for the empirical saturation po
@2#. Besides saturation density and energy, additional c
straints have been the compressibility extracted from
monopole energy and the symmetry energy from the bind
energy ofNÞZ nuclei. In the spin-isospin channel, a furth
constraint has been provided by the Gamow-Teller~GT! gi-
ant resonances~see Ref.@3# for a review!. Recently the Lan-
dau parameterG08 has been extracted from the experimen
data with very small uncertainty@4#. So it represents a ver
robust constraint for the EOS of nuclear matter. The theo
ical prediction ofG08 demands for extending the calculatio
of the EOS of nuclear matter to spin-polarized neutrons
protons. Such calculations have been stimulated by
search of a spontaneous transition to a ferromagnetic sta
explain the strong magnetic fields observed in neutron s
@5–7#, but it can have important implication in the physics
atomic nuclei.

We extended the calculation of the EOS to polariz
nuclear matter in the framework of the BHF approximati
with the continuous choice for the auxiliary potential. A
2BF we took the ArgonneAV18 @8# and as 3BF the one from
Ref. @9#. Starting from unpolarized nuclear matter at a giv
densityr ~we only consider symmetric nuclear matter!, we
ran different polarization states of neutrons and protons

dn5
N↑2N↓

N
, dp5

Z↑2Z↓
Z

, r5
N1Z

V
. ~1!

The results are reported in Fig. 1 for two typical densities
nuclear matter with 2BF~left side! and 2BF plus 3BF~right
side!. Since the EOS of isospin-polarized nuclear matter f
fills a quadratic law as a function of isospin-symmetry p
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rameter@11,10#, and the same is true for the EOS of spi
polarized nuclear matter versus the spin-symmetry param
@6,7#, we fit the EOS~data plotted as symbols in Fig. 1! by
the least-square method in the mixed case according
quadratic law

EA~r,dn ,dp!2EA~r,0,0!5(
tt8

Lt,t8~r!dtdt8 , ~2!

wheret5n,p is the isospin quantum number. In symmetr
nuclear matter~SNM!, the coefficientsLtt8 are related to the
zero-order Landau parameters

G05Gnn
0 1Gnp

0 5
4N~0!

r
~Lnn1Lnp!21, ~3!
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FIG. 1. EOS of spin-polarized nuclear matter. The symbols
from microscopic calculations, and the lines are drawn only
guide the eye.
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G085Gnn
0 2Gnp
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4N~0!

r
~Lnn2Lnp!21, ~4!

whereN(0) is the level density at the Fermi surface. In F
2, the two Landau parameters are plotted as a function of
density based on Eqs.~3! and ~4!.

The Landau parameterG08 is the strength of the spin
isospin componentVst5G08(s1•s2)(t1•t2) of the residual
interaction@12#, which governs the GT giant resonance
nuclei @3#. Its value at the saturation point has been de
mined with high precision from the experimental excitati
energy of the GT resonance on90Ni @4#. The value reported
is 1.182,G08,1.188~we have multiplied by a factor of two
according to the definition we adopted!. More recent fits on
112Sn and208Pb within a random phase approximation c
culation with Skyrme forces confirm such a prediction@13#.
Our nuclear-matter prediction ofG08 at the saturation density
which is about 1.22 including 3BF is in a pretty good agre
ment with the previous values. The value without 3BF
about 1.30 is in less agreement. Since the behavior ofG08
around the saturation point is very flat, there is no room
large uncertainties in the comparison. Such an agreem
provides a further support to the important role played by
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FIG. 2. Landau parameters of SNM in the spin and spin-isos
channel. The square~triangle! symbols are from 2BF~2BF and
3BF! calculations and the solid~open! ones are forG0 (G08).
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microscopic 3BF as to reproduce all saturation properties
nuclear matter. Other predictions ofG08 including 3BF are
from phenomenological Skyrme forces, which unfortunat
are scattered in wide range of values lower than the exp
mental one@13#.

So far experimental information onG0 is not enough
since spin resonances have only been observed with
small strength compared to other collective modes@3#.

The prediction ofG0 andG08 for densities other than the
nuclear density, which is reported in Fig. 2, is of great int
est in the study of neutron stars. In connection with t
strong magnetic fields observed in neutron stars, some
thors @5–7,14# studied the magnetic susceptibilityx in neu-
tron matter and found thatx for degenerate neutron gas ge
quenched by the introduction ofG0. This reduction is am-
plified at high density when including 3BF either in Bruec
ner calculations@6# and in Monte Carlo many-body simula
tions @14#.

Spin and spin-isospin excitations of nuclear matter
coupled to the weak interaction governing the neutrino em
sion of URCA processes as well as the neutrino transpor
neutron stars. The high-density increase ofG0 and G08 ,
driven by the 3BF, is expected to have important implic
tions for the neutron star cooling for the sizable enhancem
induced by the nuclear correlations on the neutrino mean
path @15#.

In conclusion, in this note we reported on BHF calcu
tion of the Landau parametersG0 and G08 as a function of
baryonic density. The main scope was to point out the la
effect of 3BF, especially at high densities. At the 2BF lev
there is a wide disagreement with previous Brueckner ca
lations ~see Ref.@16#, and references cited therein! that has
not yet clearly explained, since one can hardly control a
compare the different approximations. On the other hand,
prediction forG08 has been found to be in very good agre
ment with the experimental value extracted from GT re
nance when 3BF is included. The relevance of the spin L
dau parameter for neutron stars has also been discuss
connection with magnetic susceptibility and neutrino me
free path.
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