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Abstract

The magnetic properties of pure transition-like metals are discussed within the single site approximation, to take into account the
electron correlation. The metal is described by two hybridized bands one of which includes the Coulomb correlation. Our results indicate
that ferromagnetism follows from adequate values of the correlation and hybridization.
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1. Introduction

The coherent potential approximation (CPA) has been
largely used to provide a simple single site description of
disordered alloys [1,2]. Another application of CPA
procedures is the description of pure metals in presence
of electron—clectron correlations [3]. In this formulation,
one describes the correlated electron by a spin and energy
dependent effective self-energy which incorporates the
effects of correlation. This self-energy is self-consistently
determined by imposing the vanishing of the scattering T
matrix associated to a given site which exhibits the full
Coulomb interaction.

In our model, the metal has two non-degenerate bands, a
and b. The first is a Hubbard-like narrow band with in-site
interaction U, hybridized with the second one, b, a broader
band. The Hamiltonian we adopt to describe pure metals
is then

H = Z at ai; + Z llj majg + Z tyb;;bjg
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where n¢. = a} a;,; o denotes spin. t;j denotes the tunneling
amplitudes between neighboring sites 7 and j, in each band;
¢ is the center of the a-band. We follow Roth’s approach
[3] to describe the electron—electron correlation through an
effective Hamiltonian

cff Z 8 amam + Z tl] ma]fi + Z tl] io ]‘7
ij,0 ij,0
+ Z 1, X7 + Unjy,nf, + Z( Vabiajs + h.c.)
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- n,x, )
[

where 29 is the self-energy associated with electron—elec-
tron interaction. We recall that the main spirit of the
method consists in replacing a translationally invariant
problem, as defined by Eq. (1), by the alloy problem,
defined by Eq. (2), where only the origin incorporates the
Coulomb interaction. The effective Hamiltonian (2) still
includes the difficulty of dealing with the Coulomb intra-
atomic term at the origin and we have to resort to some
approximation.

In the Green’s function method [4,5], the equation of
motion of a given Green’s function generates higher order
functions and we thus need a decoupling procedure. After
some algebra [7] we end up with the following Green’s
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functions:
Ori

GY,, =" 3

oY) w—& —2%(w) ®)
the Green’s function of the bare b band,

1

Gg,ka'(w) = rgz > 4)
and the Green’s function of the renormalized b band
GlioW) = G{ 1 eW) + G 1 (W VG L0 VG o (W). (5)
In these equations
N Vay(k)
SZ=8Z+Wi8b, (6)

is the recursion relation of the renormalized a band; & and
92 denote the bare bands. The vanishing of the T-matrix
gives a self-consistent equation for the self-energy:

20 =U(ng_,) + (U —2X)F'(w,29)2°, (7

with

Fa = Z GZk,G" (8)
k

This is equivalent to an alloy analogy approximation,
where the broadening correction [6] has been neglected.

Our self-consistent numerical results can describe a
transition metal of the iron group (then a =d and b =)
or some f electron compounds (¢ = f and b = s,p, d).

In Fig. 1 we present the density of states (DOS) of the a-
band for U =4 and V' = 0.3. In same units, the bare a
band width is W = 2. The Fermi level is at eg = 0.45. This
gives n{ = 0.475 and n{ = 0.390 and thus a ferromagnetic
moment of m, =0.085 is developed. The DOS here
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Fig. 1. Density of states (DOS) of the a-band, up and down, for U =4
and V' = 0.3. The Fermi level is at ep = 0.45. As a result n§ = 0.475 and
nf = 0.390, giving a ferromagnetic moment m = 0.085. The separation of
the centers of the two subbands is U, as expected.
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Fig. 2. Real part of the self-energy for up and down spins for U = 4 and
V' =023.

obtained exhibits a bimodal structure characterizing a
Hubbard strongly correlated regime.

In Fig. 2 the real part of 27 is displayed for U = 4 and
V' =0.3. 2° is a smooth function of energy and for this U
differs considerably from the constant Hartree—Fock
values (1 = 1.56, X% = 1.90).

2. Summary

The traditional view of the origin of ferromagnetism in
metals has been under intense scrutiny recently [8,9].
Conventional mean-field calculations favor ferromagnet-
ism but corrections tend to reduce the range of validity of
that ground state [9]. In this paper, using the single site
approximation, we obtain ferromagnetic solution for a set
of parameters (e.g. U/W =2 and V/W = 0.15). A more
complete study bringing up the interplay between U and V'
will be published elsewhere.

Acknowledgment

CMC and AT acknowledge the support from the
Brazilian agencies CNP, and PCI/MCT.

References

[1] H. Hasegawa, J. Kanamori, J. Phys. Soc. Japan 31 (1971) 382.

[2] H. Shiba, Progr. Theoret. Phys. 46 (1971) 77.

[3] L.M. Roth, in: AIP Conference Proceedings 18 Magnetism and
Magnetic Materials, 1973, p. 668.

[4] D.N. Zubarev, Usp. Fiz. Nauk 71 (1960) 71 (English Transl.: Soviet
Physics.-Usp. 3 (1960) 320).

[5] D.M. Esterling, R.A. Tahir Kheli, in: H. Hooper, A.M. de Graaaf (Eds.),
Amorphous Magmnetism, Plenum Press, New York, 1973, p. 626.

[6] J. Hubbard, Proc. Royal Soc. A 281 (1964) 401.

[71 A.N. Magalhdaes, M.A. Continentino, A. Troper, A.A. Gomes,
C.B.P.F., Notas Cientificas XXIII 8 (1974) 127.

[8] C.D. Batista, et al., Phys. Rev. Lett. 88 (2002) 187203.

[9] D. Vollhardt, et al., Adv. Solid State Phys. 38 (1999) 383.



	On the use of a single site approximation to describe correlation in pure metals
	Introduction
	Summary
	Acknowledgment
	References


