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We discuss the local magnetic moments and magnetic hyperfine fields
on actinide impurities diluted in Fe and Ni hosts. One adopts a Anderson—
Moriya model in which a localized 5 f level is hybridized with a spin polar-
ized and charge perturbed d-conduction band. Our self-consistent numer-
ical calculations for the hyperfine fields on the impurity sites are in good
agreement with the available experimental data.

PACS numbers: 75.10.Lp, 75.20.En, 75.30.Hx

The most part of actinide and rare earth impurities, develop large elec-
tronic magnetic moments, composed of both spin and orbital contributions.
Therefore, it is very important to consider both spin and orbital magnetic
moments in the theoretical calculations on hyperfine fields of these impuri-
ties, similarly to Coqgblin and Blandin treatment used to discuss the stability
of magnetic moments in pure metals [1].

In this work, we want to study the local magnetic moment formation on
actinide impurities diluted in Fe and Ni hosts and to bring out the funda-
mental role played by the orbital contribution. We use an Anderson model
Hamiltonian [2,3] in which the 5f impurity level is coupled to a spin polar-
ized d-band. In what follows we adopt the same approach used to discuss
magnetic hyperfine fields and local moments of the series of lanthanide im-
purities diluted in Fe, Co and Ni hosts [4], where we can find more details
about the model and the theoretical calculation. We start with the following
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Hamiltonian [1]

H = HO + ‘/O(fr + 74 Z tgj (d(];adja + d}adoa)

j¢07a’
+Vf + Vodf Z (d;r)ngma + f(;rmado(T) ) (1)
m,o
where
f f f ﬁr{zm’ f !
V = Z 60 fomngma + Z mg—nmlia + Z T'n/mo.'n,m,o_ .
m m N s s
(mzm)

(2)
Hy is the Hamiltonian for the d-band of the pure ferromagnetic host; Vb‘ff isa
local spin dependent impurity potential which is self-consistently determined
using the Friedel screening condition for the total charge difference [4,5]. 74
is an impurity-dependent parameter which renormalizes the energy hopping
between impurity and host sites with respect to the hopping energy between
one host site and another [4-6]. V/ describes the degenerate impurity ac-
tinide 5f level where m and m' denote f orbital labels. Vbdf describes the
coupling between the degenerate f-level and the d-band. d}g (djs) is the

creation (annihilation) operator at site j with spin o, t?l » 18 the d-electron
energy hopping. Uf;m, is the usual Coulomb interaction, which can be intra

and inter-orbital. In principle Uby, may be different from Uf;m, (m' #m);
U’ ul o —Jf ), m' #m. U}{zm, and Jf;m, are the Coulomb and ex-

mm/ ( mm/ mm/ ; ) ; o
change correlations between different 5f orbitals. In Eq. (2), for simplicity,
we neglect spin-flip terms between actinide ions.

Following the same approach as in Ref. [4], one obtains the d- and f

occupation numbers at the impurity site, with spin o:

~d Z - 5ma> ggg(z)
Nome = Im/ dz, (3)

"’dd
o0 BT 5ma “/0 ‘

"(J;ma = ——Im/ p -~ dz, (4)
—o0 Z_gma ‘Vb ‘ goo )

where er is the Fermi level. The local Green function §dd(z) is calculated
disregarding the 5f level and considering only the charge and spin pertur-
bation due to the 7s6d states of the impurity [4, 5]. el.» is the renormalized
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energy level in the mean field approximation, and is given by

551(7 = E(J)c + Z Ur{zm’ <n1j;’fa> + Z fj?{lm’ <nfn’a> ' (5)

m'#m

The 6d contribution to the magnetic moment at the impurity site is
given by mgq(0) = > (ﬁgT - ﬁ&). The total f magnetic moment at the
impurity site is given by ms(0) = ﬁjcpm(O) + ﬁ?rb(O), where ﬁjcpm(O) =

> (ﬁ(J)cmT _ ﬁgmi) and m(}rb((]) =3, m (ﬁng + ﬁ(J)cm\L) are, respectively,

the spin and orbital contributions. So, the total local magnetization at the
impurity site is given by m(0) = mq(0) + m(0) 4+ m.(0) . We assume that
the s—p local moment m.(0) is antiparallel and proportional to the d-host
magnetization [5], i.e., m.(0) = —ymg = —yY_, o nd, with the proportion-
ality constant -y being of the order of 0.1 [5]. Once the magnetic moments
are determined, the total hyperfine field Bf%' is given by:

B = By + By + Bl = A(Zimp)e(0) + A4 (0) + AZm,(0),  (6)

where A(Zimp) is the impurity dependent Fermi-Segré coupling, Agg and
Ag{: are the core polarization coupling parameters for 6d and 5f electrons,
respectively [7].

In order to obtain numerical results, we considered the parameter Urj;m,
to be independent of the 5f-level, i.e., ul = Uﬂ;m = U’ and we adopted

mm/
U/ = 0.9 (in half bandwidth units). Moreover, we adopted for Uy, = Uy =
0.9U7 (case of Ac impurity, where orbital contribution is absent). For the
other actinide impurities, we considered Un (lm| =0,1,2,3) assuming values
with small variations about U.

In Fig. 1 we plot the calculated magnetic hyperfine fields on actinide
impurities in Fe and Ni hosts. One obtains a good agreement with the avail-
able experimental data. Moreover, in the case of UFe, NpFe and PuFe our
calculations are in excellent agreement with first principles calculations [10].
Some discrepancies with experiments are also observed, e.g., in the cases of
ThFe, PuFe. This is because the experiments were performed at T =~ 300K,
whereas our calculations (as well the ab initio calculation for UFe, NpFe
and PuFe) were performed at T' = 0K [10]. The core polarization contri-
butions, which reflect at T' = 0K, the “accidents” of the d-band as well as
the Moriya f-hump are strongly affected by temperature and a decrease in
the core polarization is expected, whereas the s-p conduction electron con-
tribution remains mainly unaffected by temperature. Therefore, the total
hyperfine field would decrease, and so being in accordance with the available
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Fig.1. Systematics of the magnetic hyperfine fields on the actinide impurities in
Fe host. The solid line corresponds to the total hyperfine field, the dotted line,
dashed line and dash-dotted line correspond to Bf;, B and B;, respectively.
The experimental data for Fe (squares) host have been collected from Refs. [8,9]

and the stars correspond to first principles calculations results [10]. Inset: The
same for Ni host.

experimental data [8,9]. In Fig. 2 we plot the contributions to the magnetic
moments as well as the total local magnetic moments. One sees that the
behaviour is almost the same as in the case of rare earth impurities, a change
in sign of the total moments occurring around the middle of the series [4].
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Fig.2. Systematics of the magnetic moments on the actinide impurities in Fe host.
The solid line corresponds to m$™(0), the dash-dot-dotted line to ﬁf}pin(O), the
dashed line to my4(0) and the dotted line to m.(0). Inset: The total magnetic
moments, m(0), on the actinide impurities in Fe.
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