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The equations for the g-factdr for the two-component ferromagnetic Fermi liquid are
discussed and solved.

1. Introduction

One of the most important parameters in the theory of the interaction of an electron
with magnetic field is the g-factor. It is connected with the Pauli term and has the form

3 NBgab(P)HaO'ba (1.1

where o, is the Pauli spin operator and ug = eh/2mc is the Bohr magneton. In formula
(1,1) thé g-factor has the tensoral form of the p-dependence.

In the free electron theory the g-factor of a free electron is the ratio of the spin magnetic
moment in Bohr units to the spin angular momentum in units of # and it has the value
go = 2.

There are two important corrections to the magnetic moment. One has relativistic
origin and is of the order 1/c?, the other arises from the interaction with the zero-point
vibrations of the radiation field. For a review of the g-factor (theoretical and experimental
results) in a model using a free electron theory see Yafet [1].

However, since the interaction between electrons is not weak, the free electron picture
is not in full adequate and must be modified. The Fermi liquid theory first proposed by
Landau [2] and Silin [3] describes a system of interacting electrons even the Coillomb
force between electrons.
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The purpose of this paper is to discuss the g-factor in the two-component ferromagnetic
Fermi liquid as defined in [4]. We restrict ourselves to the isotropic case and spherical
Fermi surface and we shall discuss the scalar g-factor onmly.

The equation for the electron g-factor in the spirit of the Landau-Silin theory could
be derived very simply if one recognizes that the change in the electron energy in a magnetic
field has two components. The first arises from the fact that the magnetic field interacts
with the magnetic moment of the electron, the second is due to the fact that the change in
distribution function changes the energy of the quasiparticles.

Using the idea mentioned, one can find the integral equation for the electron g-factor [5]

g(p) = 2-Tro Tro'(o0") [ d2 F(p, o, p', o) g ('), (1.2)

where F(p, o, p', 6') is the effective interaction of the quasiparticles.
Equation (1,1} forms the basis for the discussion which we shall give in the next sections,

2. One-component liquid with spin-orbit coupling

If we restrict ourselves to the isotropic case the effective interaction needs [6, 7]
F(p, 0, p', 0') = F(p, p)+F*(p, p') (66")+ A(p, P') (6p) (¢’ P)
+B(p, p) (o) (6'p)+C(p, p') (6—0") (px P), @1

where F5(p, p') and F4(p, p’) are the usnal direct and exchange parts of the effective
interaction, and the new quantities 4, B and C describe the spin-orbit coupling. In our
isotropic case those five functions depend on the (p + p’) only and can be expanded into
a series of the Legendre polynomials with the expansion coefficients £, /i, a;, b, and ¢,

respectively.
Substitution of (2.1) into (1.2) gives
g(p) = 2~ [dQ'W(p - p)g(p), 2.2)
where
W(pp) = [A(pp)+B(p)lp - P +F'(p - p). 23)
The solution of (1.2) can be easily found in terms of the inverse operators as
g(p) = 2[1— [d'W(pp))], 2.4)
while the quantity W(pp’) must fulfil the integral equation
W(pp) = Wpp)+ [dQ " W(pp") Wp'p"). 2.3)

With rotation symmetry, the interaction function at the Fermi surface depends only on the
angle between p and p’. Hence, it can be expanded in a series of Legendre polynomials

W(pp") = 2;,(21 +O)WP(pP), W(pp) = ;(21+1) WP (pp), (2.6)
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where p is a unit vector, p = p/| P|. We obtain the formula

m=1
PGI) = Y o V) Y3
n\pp) = 21 i\ PH D )-
m=—1
Now, we can get the relation between W, and W,
W,
= —, 2.7
= @7
From the first formula in (2.6) we have
. .
W, = | W(cos §)P,(cos 3)d(cos 9), (2.8)
=1

where cos § = p - p'. Using (2, 3) we can write
1 1
W, = [ F4cos §)P(cos $d(cos 9) + | [A(cos 3)+ B(cos 9)]P,(cos 9) cos 9d(cos 9).
-1 =41

If we expand the functions F4(cos 9), A(cos 9), B(cos 9) in a series of Legendre polynomials
we obtain
W, = F{'+ Y (4,+B,) ji P,(cos 9)Py(cos 9) cos 9d(cos ).
We use the formula
(2n+1)xP,(x) = (n+ 1Py, 1(x)+nP,_ ((x).

After simple calculations we obtain

l l
-1 +(Al+1+Bz+1)m for I #0

W, = Fa. (2.9)

W, = F{i+(A;_1+B,~1)

3. Two-component ferromagnetic Fermi liquid

In this section' we intend to discuss the influence of the Fermi liquid effects on the
g-factor in the isotropic model. Our basic assumptions follow from the proceeding work
[4]. Here we give another discussion of the g-factor than that of Section 2. The equations
for the g-factor of the s and d electrons are [4]

1 T
HAp) = a— e Z stp’Gi“’(p, PHul(p)— 2 G (p, ¥, (3.1)
B B

1
Ha(r) = a— G Z j d’p' G (r, PP~ Z G (r, rua(r), (3.2)
8

Br
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where G(p, r) is an interaction function, which describes the interaction between the s
electron'with momentum p and spin o and the d electron with spin f at the point r;
G*&(r, p), respectively, an interaction function between the d electron with spin o at the
point r and the s electron with momentum p and spin f; G¥* = G¥:, G = G3. There is,
of course, G% = GiZ.
Now using the rotation symmetry of interaction functions, we expand in a series of
the Legendre polynomials

H?(P) = IZ: Iu:lrﬁ Ylm(:'))a

GHp,p)=C Zl Gy 21+ 1)P(pp),

Gh(p.r)=C Z G YD), (3.3)
where
v
C = (27'5)3 s
- Po

We can assume that the interaction function G%r, ') depends only on the difference r—r'.
Hence, we have
GHr—r") = [ kG (k)™ ™. (3.4)

We now assume that uj has a space dependence of the form exp (igr). It is possible when
the surface effects are not considered. Thus, we have

Z G (r—v)us(r') = Z G(q)e'™. (3.5)
Using (3.3) and (3.5) we can rewrite (3.1) and (3.2) in the following form
Z (SeiB+ G il + Z Gilimty = %6100 mo,

Z Ggslm:uslm'l' ; (50(,B+GZ'9)‘ug = (36)

Bim

As we see equations (3), (6) can be solved.

In Sect. 2 we have discussed the problem of the g-factor for the one-component
liquid only. Here we have shown the relationship between the suitable g-factors for s and d
electrons.

Afterwards, we shall need solutions of equations (3), (6) for further discussion of the
problems of the two-component ferromagnetic Fermi liquid.
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