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Functional integral calculation of local magnetic moments at
Ta impurities embedded in XFe, (X = Gd, Yb) compounds:
Temperature dependence
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Abstract

In this work, we study the systematics, at finite temperature, of the formation of local magnetic moments at a Ta
impurity diluted in intermetallic Laves phases compounds XFe, (X = Gd,Yb). We use an extended two-coupled sublattices
Hubbard Hamiltonian, to describe the Laves phases host. The d-d electronic interaction is treated via a functional
integral approach in the quasi-static saddle point approximation. Temperature dependent pressure effects are included
considering induced electron—phonon interaction which renormalizes the pure electron hybridization. The calculated magnetic
hyperfine fields related to the obtained local magnetic moments, are in a quite good agreement with available experimental
data.
© 2007 Published by Elsevier B.V.
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In this work we study, at finite temperature, the rare earth ions [3]. One has
formation of the local magnetic moment and the systema- . .
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tics of the magnetic hyperfine fields at a Ta impurity H = 230 d}ad16+ZTU djpdjo + U anT”u
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compounds XFe; (X = Gd, Yb). Experimental data [1,2] + Z sgedjadja + Z T;FFedjTadj,g + U*te Z njrhjy
show that Ta impurity diluted in the XFe, intermetallic Jjo i'e J
hosts enters in the X site. In order to calculate the magnetic XFe( it i _ d. o
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properties of the XFe, intermetallic hosts, we use a %: o™ ’ v z,: :

two sublattice Hamiltonian, describing a subsystem of ) )
itinerant d-electrons coupled with localized f-spins of  Where all .the symbols have thelr usual meanings. We use
the functional integral technique [4,5] to treat the d—d

— .. o i . electron—electron interaction [3,6]. In this framework of the
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fluctuating charge (v) and spin (¢) fields. These fluctuating
fields which are randomly distributed all over the sites,
define a ‘““disorder problem” in both sublattices. We treat
this intrinsic disorder in the coherent potential approxima-
tion (CPA) and so one defines effective media XF¢ and 2%
to restore the translational invariance of the pure Laves
phase host. The self-energies are self consistently deter-
mined by a CPA equation [6], and thereby the X sublattice
host is completely described at any finite temperature.

We consider that the Ta impurity diluted in the X
sublattice, defines a Wolf—Clogston problem in the effective
medium at the X sublattice. The local d-density of
states per spin direction at the impurity site is given by

Pos(6) = (=1/m)Im Gégfr(z), where Gégi(z) is the local
perturbed Green function given by
G (2) = e @

I = g (el = 25 (2)

and gi¥(z) is the host Green function written in terms
of the self-energy. The energy &1* should be self consis-
tently determined by the Friedel screening condition
AZ:AN%’—i—ANf, where ANY is the change in the
occupation number at the X sublattice calculated by [7]

ANY =~ Lim inf1 — 36T — 2 e G

The electron occupation number at the impurity site (n,) is
obtained by integrating the local density of states up to the
Fermi level, ie., ng, = ffFoo pos(€)f (e)de, f(e) being the
Fermi function. The local d-magnetic moment at the Ta
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Fig. 1. Magnetic hyperfine field at Ta impurity diluted in GdFe,
intermetallic host. The solid line corresponds to the high pressure
calculated total magnetic hyperfine field and the dashed line to the total
calculated hyperfine field at normal pressure. Triangles and circles
represent experimental data collected from Ref. [2].
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Fig. 2. Magnetic hyperfine field at Ta impurity diluted in YbFe,
intermetallic host. The solid line represents the calculated total hyperfine
field and full circles represent experimental data collected from Ref. [11].

impurity is then given by my(0) =) ong,. We also
consider the s—p sublattice band to describe hyperfine
interactions [8]. The local s—p magnetic moment is obtained
by m.(0)=—ym), where m} is the X sublattice d-
magnetization and the parameter y is of order of 0.1 [8].
The total magnetic hyperfine field at the Ta impurity site, is
made up by a conduction electron polarization (CEP)
contribution due to the s—p conduction electrons and by a
core polarization (CP) due to the d conduction electrons.
One has By = A(Zimp)i(0) + ALping(0), where A(Zinp) is
the Fermi—Segré contact coupling parameter and A‘ép is d-
core polarization parameter [9].

In Figs. 1 and 2 we plot as a function of temperature, the
calculated magnetic hyperfine field at a Ta impurity dilute
in GdFe, and YbFe,, respectively. Our theoretical
calculations exhibit a very good agreement with experi-
ments [1,2], which show that the magnetic hyperfine field at
the Ta impurity in GdFe; and YbFe, is antiparallel to the
magnetization of the Fe sublattice being positive in both
cases.

In Fig. 1, we show a semi phenomenological calculation
to include pressure effects [10]. In this case, we assume that
external pressure excites the elastic degrees of freedom of
the host. Therefore one has an electron—phonon interaction
which modifies the pure electronic hybridization-like term
[12,13], VX = ela — Z¥(ep) (see Eq. (3)).

When the electron-phonon interaction is included in
Eq. (3), one has a temperature dependence of Vf . Fig. 1
illustrates such pressure effects. The experimental data
were obtained for a high pressure of 7.7GPa and our
theoretical results are again in a good agreement with the
experimental data reported in Ref. [2].
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