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HYPERFINE FIELDS ON ACTINIDE IMPURITIESIN FERROMAGNETIC Fe AND Ni HOSTS�A.L. de Oliveiraa, N.A. de Oliveirab and A. Tropera;baCentro Brasileiro de Pesquisas Físi
asRua Dr. Xavier Sigaud, 150, Rio de Janeiro 22290-180, BrazilbInstituto de Físi
a, Universidade do Estado do Rio de JaneiroRua São Fran
is
o Xavier, 524, Rio de Janeiro 20550-013, Brazil(Re
eived July 10, 2002)We dis
uss the lo
al magneti
 moments and magneti
 hyper�ne �eldson a
tinide impurities diluted in Fe and Ni hosts. One adopts a Anderson�Moriya model in whi
h a lo
alized 5f level is hybridized with a spin polar-ized and 
harge perturbed d-
ondu
tion band. Our self-
onsistent numer-i
al 
al
ulations for the hyper�ne �elds on the impurity sites are in goodagreement with the available experimental data.PACS numbers: 75.10.Lp, 75.20.En, 75.30.HxThe most part of a
tinide and rare earth impurities, develop large ele
-troni
 magneti
 moments, 
omposed of both spin and orbital 
ontributions.Therefore, it is very important to 
onsider both spin and orbital magneti
moments in the theoreti
al 
al
ulations on hyper�ne �elds of these impuri-ties, similarly to Coqblin and Blandin treatment used to dis
uss the stabilityof magneti
 moments in pure metals [1℄.In this work, we want to study the lo
al magneti
 moment formation ona
tinide impurities diluted in Fe and Ni hosts and to bring out the funda-mental role played by the orbital 
ontribution. We use an Anderson modelHamiltonian [2,3℄ in whi
h the 5f impurity level is 
oupled to a spin polar-ized d-band. In what follows we adopt the same approa
h used to dis
ussmagneti
 hyper�ne �elds and lo
al moments of the series of lanthanide im-purities diluted in Fe, Co and Ni hosts [4℄, where we 
an �nd more detailsabout the model and the theoreti
al 
al
ulation. We start with the following� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1411)



1412 A.L. de Oliveira, N.A. de Oliveira, A. TroperHamiltonian [1℄H = H0 + V d0� + �d Xj 6=0;� td0j �dy0�dj� + dyj�d0��+V f + V df0 Xm;� �dy0�f0m� + f y0m�d0�� ; (1)whereV f =Xm;� "f0f y0m�f0m� + Xm;m0;� Ufmm02 nfm�nfm0�� + Xm;m0;�(m6=m0) eUfmm02 nfm�nfm0� :(2)H0 is the Hamiltonian for the d-band of the pure ferromagneti
 host; V d0� is alo
al spin dependent impurity potential whi
h is self-
onsistently determinedusing the Friedel s
reening 
ondition for the total 
harge di�eren
e [4,5℄. �dis an impurity-dependent parameter whi
h renormalizes the energy hoppingbetween impurity and host sites with respe
t to the hopping energy betweenone host site and another [4�6℄. V f des
ribes the degenerate impurity a
-tinide 5f level where m and m0 denote f orbital labels. V df0 des
ribes the
oupling between the degenerate f -level and the d-band. dyj� (dj�) is the
reation (annihilation) operator at site j with spin �, tdjl� is the d-ele
tronenergy hopping. Ufmm0 is the usual Coulomb intera
tion, whi
h 
an be intraand inter-orbital. In prin
iple Ufmm may be di�erent from Ufmm0 (m0 6= m);eUfmm0 = ( �Ufmm0 � Jfmm0), m0 6= m. �Ufmm0 and Jfmm0 are the Coulomb and ex-
hange 
orrelations between di�erent 5f orbitals. In Eq. (2), for simpli
ity,we negle
t spin-�ip terms between a
tinide ions.Following the same approa
h as in Ref. [4℄, one obtains the d- and f-o

upation numbers at the impurity site, with spin �:end0m� = � 1� Im "FZ�1 �z � "fm�� egdd00(z)z � "fm� � ���V df0 ���2 egdd00 (z) dz ; (3)enf0m� = � 1� Im "FZ�1 1z � "fm� � ���V df0 ���2 egdd00 (z) dz ; (4)where "F is the Fermi level. The lo
al Green fun
tion egdd00(z) is 
al
ulateddisregarding the 5f level and 
onsidering only the 
harge and spin pertur-bation due to the 7s6d states of the impurity [4,5℄. "fm� is the renormalized
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 . . . 1413energy level in the mean �eld approximation, and is given by"fm� = "f0 +Xm0 Ufmm0 Dnfm0��E+ Xm0 6=m eUfmm0 Dnfm0�E : (5)The 6d 
ontribution to the magneti
 moment at the impurity site isgiven by emd(0) = Pm �end0" � end0#�. The total f magneti
 moment at theimpurity site is given by emf (0) = emspinf (0) + emorbf (0) ; where emspinf (0) =Pm �enf0m" � enf0m#� and emorbf (0) =Pmm�enf0m" + enf0m#� are, respe
tively,the spin and orbital 
ontributions. So, the total lo
al magnetization at theimpurity site is given by em(0) = emd(0) + emf (0) + em
(0) : We assume thatthe s�p lo
al moment em
(0) is antiparallel and proportional to the d-hostmagnetization [5℄, i.e., em
(0) = �
md = �
P� � nd�, with the proportion-ality 
onstant 
 being of the order of 0:1 [5℄. On
e the magneti
 momentsare determined, the total hyper�ne �eld Btothf is given by:Btothf = B
hf +Bdhf +Bfhf = A(Zimp)em
(0) +A6d
p emd(0) +A5f
p emf (0); (6)where A(Zimp) is the impurity dependent Fermi�Segrè 
oupling, A6d
p andA5f
p are the 
ore polarization 
oupling parameters for 6d and 5f ele
trons,respe
tively [7℄.In order to obtain numeri
al results, we 
onsidered the parameter Ufmm0to be independent of the 5f -level, i.e., Ufmm0 = Ufmm = Uf and we adoptedUf = 0:9 (in half bandwidth units). Moreover, we adopted for eUm = eU0 =0:9Uf (
ase of A
 impurity, where orbital 
ontribution is absent). For theother a
tinide impurities, we 
onsidered eUm (jmj = 0; 1; 2; 3) assuming valueswith small variations about eU0.In Fig. 1 we plot the 
al
ulated magneti
 hyper�ne �elds on a
tinideimpurities in Fe and Ni hosts. One obtains a good agreement with the avail-able experimental data. Moreover, in the 
ase of UFe, NpFe and PuFe our
al
ulations are in ex
ellent agreement with �rst prin
iples 
al
ulations [10℄.Some dis
repan
ies with experiments are also observed, e.g., in the 
ases ofThFe, PuFe. This is be
ause the experiments were performed at T � 300K,whereas our 
al
ulations (as well the ab initio 
al
ulation for UFe, NpFeand PuFe) were performed at T = 0K [10℄. The 
ore polarization 
ontri-butions, whi
h re�e
t at T = 0K, the �a

idents� of the d-band as well asthe Moriya f -hump are strongly a�e
ted by temperature and a de
rease inthe 
ore polarization is expe
ted, whereas the s-p 
ondu
tion ele
tron 
on-tribution remains mainly una�e
ted by temperature. Therefore, the totalhyper�ne �eld would de
rease, and so being in a

ordan
e with the available
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Fig. 1. Systemati
s of the magneti
 hyper�ne �elds on the a
tinide impurities inFe host. The solid line 
orresponds to the total hyper�ne �eld, the dotted line,dashed line and dash-dotted line 
orrespond to B
hf , Bdhf and Bfhf , respe
tively.The experimental data for Fe (squares) host have been 
olle
ted from Refs. [8, 9℄and the stars 
orrespond to �rst prin
iples 
al
ulations results [10℄. Inset: Thesame for Ni host.experimental data [8,9℄. In Fig. 2 we plot the 
ontributions to the magneti
moments as well as the total lo
al magneti
 moments. One sees that thebehaviour is almost the same as in the 
ase of rare earth impurities, a 
hangein sign of the total moments o

urring around the middle of the series [4℄.
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Fig. 2. Systemati
s of the magneti
 moments on the a
tinide impurities in Fe host.The solid line 
orresponds to emorbf (0), the dash-dot-dotted line to emspinf (0), thedashed line to emd(0) and the dotted line to em
(0). Inset: The total magneti
moments, em(0), on the a
tinide impurities in Fe.
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