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Electronic correlations, magnetism, and structure of Fe-Al subsystems: An LDA-U study
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The influence of electronic correlations on the intimate relations between magnetism and structure of Fe-Al
subsystems is investigated by the LBAJ method in the two currently used versions, around mean field
(AMF) and fully localized limit(FLL). The calculations were performed with the new Stuttgart spin-polarized
ab initio mixed-basis pseudopotential LDAU code which is able to calculate both total energies and forces
and thus to deal with structural relaxations. Both LBA versions yield coherent results concerning the
energetical hierarchy for kAl i.e., a stabilization of the experimentally stable P&iructure against the L1
structure at moderate values 0f although the details concerning absolute energy shifts, lattice constant, and
magnetism differ. For Fe impurities in Al the AMF result resembles the local-spin-density approximation result
of a vanishing magnetic moment through structural relaxations, whereas with the FLL functional the magnetic
moment remains finite.
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[. INTRODUCTION experimental lattice constant. A breakdown of the ferromag-
netic moment was found for a small range of rather lddge
Former experimental and theoretical investigations revalues? However, in agreement with Ref. 7 we found by our
vealed that there is a very delicate interplay between magn@wn LDA+U calculations performed in the context of the
tism and structural stability in the alloy system Fe-Al. We present work that the magnetic moment survives even for
mention just three examples. First, the magnetic state of heseU values if a volume relaxation to the theoretical lattice
substitutional Fe impurity in a fcc-Al host has been calcu-constant of the LDA-U calculation is performed. Such vol-
lated within the framework of thab initio density-functional ~Ume effects are essential, as an Fe antistructure atom in B2-
theory in local-spin-density approximatiohSDA). Working ~ FeAl carries a large magnetic moment, and it was suggested
at the theoretical LSDA lattice constant of Athich is about  in Ref. 8 that therefore there might be a very large relaxation
1% sma”er than the experimenta| |attice Consta]mag_ Volume of the Fe antistructure atom. Thll’d, f0r3N3LSDA
netic Fe impurity was found if the local atomic relaxations of calculations yield a ferromagnetic D9 ground-state struc-
the Al atoms around the impurity atom were neglectedture [Fig. 1(a)] in agreement with the experiments, but a
When allowing for a full structural relaxation which leads to calculation with the generalized-gradient approximation
a shift of the nearest-neighbor atoms of about 4% of thdGGA) after Perdew, Burke, and EmzerfbtPBE) slightly
interatomic distance towards the impurity site, the local mo-referred a ferromagnetic Liground statéFig. 1(b)]. This
ment Vanishe%_However, when Working at the experimenta| failure was attributed to an overestimation of the magnetic
lattice constant, then unreasonably large local atomic relaxenergy in GGA-PBE. Additionally, also in the LSDA
ations would be necessary to destroy the magnetic mofnengomparisof these two competing structures are nearly ener-
Hence, Spin fluctuations accompanied with a h|gh Kond(getically degenerate at the experimental equilibrium volume
temperature are still not totally unreasonable for this impu0f DOs-F&;Al. Altogether, in all three considered Fe-Al sub-
rity problem, although experiments using different tech-
niques did not find evidence of magnetic behavior of Fe
impurities in Al (see references given in Ref.. Second, for
the ordered compound B2-FeAl the situation is even more

complicated(see Ref. 3 and references thejeifhere is ex- ././1

u\
R

perimental evidence that perfectly ordered FeAl exactly at
the stoichiometric compositiofwhich is very hard to pre-

. o ) o o °
pare experimentallydoes not exhibit a macroscopic mag- ° ° . L1
netic moment, whereas LSDA calculations yield a ferromag—././c‘ ‘/./1 0/0 . y@ 5/)/3
netic ground state when allowing for a collinear spin 5 o [ o
polarization of the atoms. To investigate the influence Olee(I) ®Fall) O A ® Follly O A

electronic correlations beyond LSDA, calculations within the
framework of the LDA+ U method™® were performed atthe  FIG. 1. () DO5s-Fe;Al structure andb) L1,-Fe;Al structure.
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systems(Fe impurity in Al, B2-FeAl, FgAl) there is an in-  paper, the localized subsystem will be identified with tie 3

timate interplay between structure and magnetism. orbitals of the Fe atoms. The energy expression for the whole
Former calculations within the framework of the LSDA electronic system in LDA U reads a%'®

have showt that the systematics of the formation of mag-

netic moments on Fe atoms in various transition-metal hosts

depends very sensitively on the structgespecially on the ELDA+U[{pS}’n]:TS[{pS}]+f d3rvex(1)p(r)

symmetry of the transition-metal hosts. We now concentrate e

Eggf additional influence of electronic correlations beyond +En[{pSH]+ELSPA {pS ]+ Elo¢ ]
The system Fe-Al is a mixture of the main-group element —Egdnl, (D)

Al which contributes delocalized and weakly correlated
andp electrons and the @ transition-metal atom Fe which where pS(r)(s=1,]) are the total electron spin densities
exhibits in addition rather strongly localized and thus rathekyith p=pS+ps, T, is the kinetic energy for noninteracting
strongly correlated @ electrons. It is likely that this mixture _electrons(), is the volume of the unit cell ¢ is the exter-
between weakly and strongly correlated states also contrityg| potential,E,, is the Hartree energy. anB-SPA is the
;Jtes tlo :Ee |nt|mat(ta relation bter':\Ne?n m'agne:[[!smt a?r‘lj S,tr;lméxchange-correlation energy in LSDA. The explicit new con-
ure. In the present paper we therefore investigate the influ-.,, ..~ it

P pap 9 Ytibutions in the LDA+ U method are the quantiti€go®, the

ence of on-site correlations on the Fe atoms by the LDAgjq tron.electron interaction energy of the localized sub-

;U rEEthOdi Bedcausef for B2-FeAl LDALIJ g_alculanons system, andE ., a double-counting correction energy which
ave been already performecbmments, including our own - g0 account for the energy contributions included both in

results, were given aboy®e report only on our calculations Eleoec and the remaining terms. The quantitydescribes the

for Fe;Al and for_ Fe impurities in Al. For the latter su_b— orbital density matrix of the localized subsystem. The ele-

system we describe also the results of our GGA calculations . . . s

because there are no such calculations so far. thents of this matrix are given hy,  , wherea denotes the
The LDA+ U method has been introduced originally for &0m in the unit cell andn,m’ are magnetic quantum num-

the description of systems with very strong electronic correP€rs of thed states. According to a mean-field approximation

lations such as some transition-metal oxides. Our guess R the multiband Hubbard model, a representatio& ff[ ]

that it yields at least the correct trends when being applied t§an be written as

moderately correlated d3 transition metals and their com-

pounds, but quantitative results may be less reliable. In gen-_ 1 s s
eral, the LDA+U method can be understood as the ideal Eee =35 >  Nimym,(Ym,mgmym, = ss'Urmymym,m,) N, -
method in the limit of very strong electronic correlations for afmjss @

insulating, long-range ordered systems. In contrast, the

L (S)DA should become definitively reliable for metallic sys- . . .

tems in the limit of very weak electronic correlations. In the ~ 1he on-site Coulomb matrix elements in E§) can be
limit of very small U the LDA+U method tends to the evaluated as a linear combination of effective Slater integrals
LSDA, and therefore for moderately correlated systems with K

smallU the application of both schemes to such systems can

be justified in similar ways. In the LDAU method the on-

site correlations are described in the framework of a mean- U m,mgm,m, = zk: (Mg, Mz, Mg, mMy)Fy, ©)

field approach, but the effect of quantum fluctuations is ne-

glected. Note, however, that these fluctuations may b

; 12
important. It has been argued by Petukfenal.” that for spherical or cubic harmonics. Fdrstates only the integrals

B2-FeAl the effect of quantum fluctuations may be moreFo, F,, andF, contribute to the sum in Eq3). Via certain

important than the mean-field effect of the correlations. Fur- 4 :
thermore, for the Heusler compound {-Ee,VAI which is sum rules* one can relate the Coulomb matrix elemefas

. ) to averaged valuetl and J and thereby, in the case af
obtained from DG-Fe,Al when replacmg th? Fe) atom by electrons [=2), obtain the following identification:
V a strongly enhanced effective electronic mass has been
observed® which may arise from spin fluctuations. This may
be considered as a further hint for essential quantum fluctua- U=Fq, J=(F+Fy/14. (4)
tions also in FgAl. Therefore, much more work is necessary
to decide whether the mean-field effect of the on-site correFor a complete mapping from effective Slater integrals to

lations or the correlated dynamical fluctuations are more imgeneralized Hubbard parameters one still needs a further re-

Where the a, are the Gaunt coefficientsexpressed via

portant in the Fe-Al system. lation. This is given by the rati&,/F, which is constant to
a good accuracy for @ elements with a value of 0.625ee
Il THEORETICAL APPROACH Ref. 5 and references thergiiThe double-counting terrd

is a crucial par? of the LDA+U method. In the so-called
In the LDA+ U method the electronic system is separatedaround mean fieldAMF) versior'* of LDA + U this term
in a localized and a itinerant subsystéhin the scope of this  takes the following form:
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— 1(U-J) oce 1 -
EﬁcMFzg U”“S”“SJFWES (n9)? ELDA+U:Ei 6i+fﬂ d3rp(r)(EvH(r)Jrsxc(ps,ps,r)
U U+21J . _
=5 2 (s 2 () - JQ d3r(25 PA(Nue" (N +p(Nvi(r) | +Ey.
©)

whereas in the so-called fully localized limitFLL)

. o - Here € is an eigenvalue of the Kohn-Sham particles, is
versiont>*7it is written as €i 9 P A

the Hartree potentialg,. the exchange-correlation energy
per particle of the uniform electron gas, and. the
U J exchange-correlation potential in LSDA. The energy term
Eftt=—> n*n®-—1)— = >, n®(n*-1). (6) Ey is written for the two versions of the LDAU method as

2 4 2%

EGMF:% 2 %S’QMF %Sm _ 2 vrz;s,rﬁMF,m %Sm '
In the AMF version of LDA+U, Eg. is constructed in such amymps 172 T2 ammgs T2 v
a way that the local electron-electron interaction is only (10
taken into account when the occupation of the localized
states deviates from the overall average occupétlarcon- EFLLZE 2 as,FLL has E E ne
trast, in the FLL version it is expected that the full energy of U 2 afgms MMz MM 4 G
the uncoupled localized subsystem for a given integer num-
ber of electrons in this subsystem is satisfyingly described — > pesFllinpas (12)
within LSDA. In the latter mainly the variation of this energy amgmys  1M2 M1my

with respect to the number of electrons is not properly e -
described® i.e., the well-known discontinuity in the The superscript “in” in the Eqs(9)~(11) specifies the cor-

exchange-correlation potential is missing. Hence, this fu”respondlng potentials as input potentials in the respective

energy, expressed by the generalized Hubbard parameters,ﬁ hn-Sham cycle after which the total energy is calculated.

identified askE,.. Therewith one can regain the jump in the ese input potentials, together with the eigenvalue sum,

potential when going through integer occupations of the>tem from the elimination off,. In the case of self-

orbitals!”18 as dictated by the exact exchange-correlatio consisten.cy, of course, this additional sqperscript vanishes.
potential. With this feature, the FLL version is well designedr\/ve have |mplement§d the_LDAU methc_Jd_ In bOt.h the AMF
I ; and the FLL versions into ourab initio mixed-basis
for the limit of strong correlation¥’ doootentid? (MBPP) code. Th bital densit i
For the complete explicit orbital potential in LDAU one pseudopotential ( ) code. The orbital density matrix

gets by deriving the new corresponding Kohn-Sham equ‘,jlt_hereby is computed by projecting the crystal pseudovalence

i S X : .

tions (see, e.g., Ref. 26the following expressions for the qunCt'o_nS‘ﬂkb onto cubic harmonics centered at the sitein

two representations: Y, K is a Bloch vector and the band index. By using the
time-reversal symmetry applied to thg, one can easily
show that the orbital density matrixis always real in this
case.

Ve = > (U mymgmym, — s Umymgmgm,) N, In the MBPP code the basis set consists of plane waves
mamys’ and a few additional localized functions per atom. The latter
U+21J allow for a_smaller_cutoﬁ energlj‘tc_ut_,pW for the plane waves
= Om,m,Un“+ 6mlmzmn“5, (7)  when treating, for instance, transition-metal compounds. Be-
cause these localized functions are nonoverlapping, it is pos-
sible to calculate in addition very elegantly the forces includ-
ing the incomplete-basis-set corrections, following
paSFLL_ E (U —5.uU )nas' essentially the general proced%i‘rapplied to the deriv_ation
MMz e a2 TS MMMy MMy of MBPP-L(S)DA forces?? An essential point thereby is that

the derivative of the orbital density matrix drops d¢atnu-
N s merical evaluation of this derivative would be terribly com-
= Omym,U| N"= 2 + mymyJ| N7 2] (®) plicated. Therefore our LDA-U code is able to calculate
both total energies and forces.

For the LSDA part of the LDA- U functional we used the
with n®*=3 nes andn*=Xn*". LSDA exchange-correlation functional of Perdew and
When expressing Eqs$2), (5), and (6) through Eqs(7)  Wang?® Nonzero values ofJ and J are attached to those
and (8), inserting the result in Eq(1), and eliminating, as atoms with strong on-site correlations. Accordingly, we

usual’® T, via the integrated Kohn-Sham equations, thechoseU=J=0 for the Al atoms with the itinerarg and p
variational energy expressibhfor the electronic system in states. For the Fe atoms thestates are more localized, es-
the LDA+ U method is given by pecially for the Fé) atoms in the D@ structure. This be-
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~ FIG. 2. The local density of states for thg, states(broken FIG. 3. Total energy as a function of the volume of the elemen-
lines) and theey states(full lines) of Fe atoms in various crystal tary unit cell for DO;-FesAl (solid lineg and L1,-Fe;Al (broken
environments. lines) according to the AMKa) and the FLL(b) versions of the

LDA +U method. The dotted vertical line marks the experimental
comes obvious from the GGA locdldensity of states plots lattice constant.
shown in Fig. 2. It is expected that the crystal-field splitting ) | ¢ | h ith btained
of the d states intd,, ande, states is strong for the case of a;grgécs; value of six electrons. Therewith we obtaine
substantial localization, and the figure therefore gives a hinfcutu = 2-20 a.u. for Fd) and Fell) in the DO; structure
that thed states of the H¢) atoms of the D@ structure are and rretla_5 25 a.u. for Fé/ll) in the L1, structure. By
more localized than the states for the R#l) atoms, for the ging rFe;LUl2=2 20 a.u. also for the latter, only marginal

; ; cut, ) o !

pure bec-Fe atoms, and for the Crystallograph|_cally equlva'quantitative differences in the total energy and the magnetic
lent Feil/Il) atoms in the L} structure. Therefore it may well - et resulted. For the Fe impurity in fec-Al we used the
be that LSDA and GGA which are designed for more Itlﬂer-valuerFe,imp=2 10 a.u
ant systems are inadequate in principle to describe this mix- In tﬁ;t'lL\J/IBPF; calc.ulétions for KAl 110 k points for the
ture of localized and itinerart states in D@-Fe;Al, and this : :
calls for an investigation by the LDAU ﬁetﬁod with non- DO, an.d 120k points for _the L} structure were used in the
zeroU andJ for the Fe atoms. For the calculations discussedrredUC'bLeE part szzhg first B””mlm ZdOPQBbZ)t'hAtCUt?ﬁ
below we used the same values fandJ (J fixed td 0.95 energy Ofcutpw= y Was employec for both SrUctures.
eV), respectively, for the Fe atoms in all considered system

S For the treatment of an Fe impurity in fcc-Al, a supercell
oL . of 107 Al atoms with one Fe atom in the center was intro-
In addition, we have performed calculations for the ;D0
structure where we attached nonzéjoand J only to the

duced. For all corresponding MBPP calculationskljioints
; . T ._in the irreducible part of the first BZ were used. The value of
Fe(l) sites. This had no qualitative influence on the questio :

whether the D state or the L3 state of FgAl is more r]Ecutpr for these calcu_lat|ons was set to 16 R_y. Throughout
; all the MBPP calculations a Gaussian smearing of 0.05 eV

stable, but affected the magnetic mome(stse Sec. I\ was used

An additional parameter in the LDAU calculation is the '
Fe

radiusr ., for the extension of the localized states to

which the Hubbard parameters are attached. In the calcula-
tions, we chose the radiu@ﬁ"nU as the radius for which in a Figure 3 shows for the DQstructure(solid lineg and the
MBPP-LSDA calculation thesd states are occupied by the L1, structure(broken linethe total energiegeferred to the

[Il. RESULTS AND DISCUSSION FOR FesAl
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respective total energ¥, spa(D03)] as a function of the
volume of the unit cell for various values &f, both for the
AMF (top) and for the FLL(bottom) versions of the LDA

=== =G —— G ———G———G——-q

“T\\\E\E
\ 1]

1]
n
1]
h

M tot

= N WO = N W OoOMNMMOO = M WO = N W OMN PO O
—H— T T
&

+U method. ForU<3 eV in both versions the total mag- r No———4

netic moment drops by abou for the DO; structure and

about Jug for the L1, structure at). around 290 (a.u®) & o - - _ ’]
L = = = = s

when coming from higher volumes. Still, for theSevalues

all the binding curves are smooth over the inspected volume
range. The important effect of these moderate valuds isf

the consolidated stabilization of the POver the L1 struc-
ture over the whole volume range. It should be recalled that
experimentally also a DOground state is found whereas
GGA-PBE calculationsyield a L1, ground state. Further-

MFe(I)

MFe(II)

- ﬁ
i
i
i1}
1]
o
1 q
/

more, although LSDA calculations reveal the correct ener- [;__ o —— ==

getical hierarchy according to experiment for the theoretical =

equilibrium volume, this hierarchgas already mentioned in L

the Introduction switches right at the experimental equilib-

rium volume in these calculatiofisFor U=3 eV the situa- L )
- = = D“E'_E__f

tion changes for the AMF version. There, a low-spin phase
becomes stable over the whole volume range for both com-
peting structures. In addition to the stable lower magnetic
moment, the L} structure is favored over the RGtructure

for U=3 eV in this LDA+ U method. In all cases, only the
binding curve corresponding to the stable phase for each
structure is depicted in Fig. 3. For the FLL version, no such
low-spin phases appear in the calculations. The St€ucture 2
remains stable using this version also =3 eV. UleV]

In Fig. 3 one can also see qualitative differences in the

predicted theoretical equilibrium volumes forgPé with in-
creasingU between both schemes of the LBAJ method.
Interestingly, whereas in FLL the equilibrium volume of
DO0;-Fe;Al for moderate values ob increases towards the

experimental value, in AMF the notoriously underestimated . o
LSDA value is even further lowered in this regime. This is the F&l) atoms. Although in this scheme the qualitative char-

surprising, as in our test calculations for the strongly corre&Cter of energetic differences between the;@@d the L
lated NiO both LDA+ U versions showed an increase of the Structures is the same, the stabilization of;0€ even more

equilibrium volume from the LSDA to the experimental Pronounced.
value. To summarize, for moderaté both the AMF and the FLL

Figure 4 shows for the DPand the L3, structures the versions of LDA+ U stabilize the correct DQstructure for

magnetic moments at the experimental lattice constant df&Al but they sometimes yield considerably different re-
DO,-Fe;Al as a function of U. Experimentally, the local sults for the equilibrium volume and the magnetic moments.

magnetic moments from neutron-diffraction measureniénts

are Mee()=2.18ug and Meeqi)=1.50ug. For the AMF IV. RESULTS AND DISCUSSION FOR THE FE

version we observe a transition to the low-spin state with IMPURITIES IN AL

increasingU. For the DG structure this transition is accom-

panied by a collapse of the #8 moment. It should be noted To study the behavior of substitutional Fe impurities in
that this collapse and hence the transition to the low-spiricc-Al we constructed supercells containing 107 Al atoms
state takes place at a much higher valudJoaround 6 eV, and one central Fe atom, and we repeated these supercells
when we chos&)=J=0 for the F¢ll) atoms(see Sec. )l  periodically for our LSDA2® GGA*° and LDA+U calcula-
However, this had no influence on the qualitative behavior otions. In those supercells, a maximum of ninth nearest-
the energy differenc&(D03;) —E(L1,) as a function ofU.  neighbor distance between the atoms is included. The LSDA
For the FLL version there is no collapse of the(IFemo-  and GGA data correspond to the respective theoretical lattice
ments for the considered valuesWfand hence no transition constants of fcc-Al obtained by these methd@s519 a.u.

to a low-spin state. Whereas in the AMF version the mag-and 7.626 a.l. In contrast, the LDA-U calculations were
netic Fe moments tend to decrease with increakinm the  performed for the LSDA equilibrium lattice constafthe

FLL version they increase slightly. By choosibig=J=0 for ~ experimental lattice constant of fcc-Al is 7.65 a.and a

the Féll) atoms, the magnetic moments of these Fe atomsjalue ofU=2 eV was inserted to investigate the influence of
as expected, remain rather constant when increddiigr  a moderatdJ value to the problem.

MFe(I)

|

Fe(ll)

o
Y

FIG. 4. The magnetic moments at the experimental lattice con-
stant for DQ-Fe;Al (solid line9 and L1,-Fe;Al (broken line$ ac-
cording to the AMF(a) and FLL (b) versions of the LDA-U
method. All moments inug .
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TABLE |. Magnetic moments, energy gailE"®'®=E{5** In the LDA+ U calculations(performed at the LSDA lat-
—Ejgr®'™, and structural relaxations. The relaxations are given ugtice constantwe obtained similar structural relaxations as in
to the sixth nearest-neighbor distance of the supercell which ranggpe | SDA and the GGA calculations, both for the AMF and
to ninth nearest-neighbor distances. Positive relaxation values d?he FLL versions, but with subtle marginal differences. More
note shifts of the atomig positions towards the Fe atom, and N€9%han the FLL version, the AMF version resembles the quan-
tive values belong to shifts away from the Fe atom. titative relaxation behavior seen in LSDA. In the FLL ver-
LSDA GGA LDA+U LDA+U sion, the nearest-neighbor relaxation lies bet\_/veen the LSDA

PW-92  PBE AMF, FLL, apd GGA-PBE values, although the relaxations of the far

U=2ev U=2ey distant Al atoms resemble more the LSDA relaxations.
Whereas there are only these minor differences in the struc-

a(au.) 7519  7.626 7.519 7.519  tural relaxation behavior, also reflected in the small differ-
Moy '™ (ug) 1.62 2.09 1.60 215 ences between respective energy gains, the description of the
MEL®™ (ug) 163 218 1.63 2.27 magnetic behavior becomes qualitatively different for the
Miet™ (1g) 0.01 1.45 0.07 1.46 two LDA+ U versions. Whereas the AMF version leads to a
ME (ug) 0.01  1.56 0.06 1.63 nearly complete collapse of the magnetic moment for the
E'®'® (meV/atom)  —4.4  -27 4.2 -31 relaxed structure as the LSDA calculation, there remains a
Adggat (%) 4.10 3.22 4.07 3.62 considerable magnetic moment similar to the one of the
AdZRR| (%) —-056 -039 —-0.58 —0.55 GGA calculation when working with the FLL version. When
AdENN (%) 0.80 0.59 0.81 0.78 increasingU to 4 eV, a local moment can be stabilized also
AdESA (%) 0.16 0.12 0.16 0.17 for the AMF version, in line with Anderson’s work.

AN (%) -0.02 —-0.02 —0.02 -0.02

AdENN (%) 0.21 0.11 0.24 0.25

V. CONCLUSIONS

Table | represents our results for the magnetic moment pe|5 E’Ogh our Iptrr(]astenlt LtDA.U CaICTl?.tlonS andbthe one? cl)ff
Fe atom, for the gain in enerds/®'® after structural relax- - ° revearhat eleciionic correlations may be essential for

ation, and for the radial shifts of the surrounding Al atomsthe despription of the iptimgte interplay between structure,
due to the structural relaxation. The respective structure waghergetics, and magne_nsm in some Fe-Al subsystem;. In the
relaxed until the force on each atom in the supercell wa®résent paper we applied the two currently used versions of
lower than 1 mRy/a.u. As in the former calculationthe ~ the LDA+U method, AMF and FLL, to investigate two
LSDA yields a magnetic moment (1.63 at the Fe atom and Fe-Al subsystems, the compound;Aeand the Fe impurity
in total —0.01ug at all the Al atomsif the structural relax-  in fcc-Al. The two versions yield coherent results concerning
ation is neglected. However, this moment vanishes aftethe energetical stabilization of the BGtructure of FeAl
structural relaxation which leads to a radial shift of theagainst the L} structure. For several structural properties,
nearest-neighbor atoms of about 4% of the nearest-neighbbowever, the results are sometimes quite different. Concern-
distance. For the GGA calculation the lattice constant isng the magnetic properties it can be stated that the AMF
larger and now the structural relaxation with similar resultingversion tends to reduce the magnetic moments, at least for
atom shifts as in LSDA reduces the magnetic moment bumoderate values df, as compared to the FLL version. This
does not lead to a total collapse. This is in line with theshould be taken into account when the LBA method is
LSDA calculations of Ref. 2. In the latter calculation, the app“ed to 3 transition metals or their a||0y5 with moderate
corresponding authors have shown that much larger shifts fjectronic correlations.
the surrounding atoms are required for a collapse of the Fe Tq conclude, the present LDAU calculations and those
moment when working at the experimental lattice constangf Ref, 6 have shown that correlation effects beyond the
(which is close to the GGA lattice constanather than at the  horizon of the approximate exchange-correlation functionals
considerably smaller LSDA lattice constant. of LSDA and GGA are probably important for the Fe-Al
In the GGA calculation the structural relaxations aregystem, even on a qualitative level. The LBAJ method
slightly smaller than those obtained in LSDA. For instancewhich was originally designed for insulating systems with
the relaxations of the nearest-neighbor Al atoms towards th@ery strong correlations can be used to figure out the general
central Fe atom are 4.1% of the nearest-neighbor distance jfportance of correlation effects also for metallic systems
the unrelaxed fcc structure in the case of LSDA, whereas thigith moderate correlations such as Fe-Al, but the two cur-
value is reduced to 3.2% in GGA-PBEee Table | rently used versions of this method are certainly not able to
According to Andersor? for magnetic transition-metal yjeld quantitative reliable results in this case.
impurities with on-siteU in a nonmagnetic metallic host
there should be always a local magnetic moment in mean-
field theory whenU exceeds a critical valudJ>U,). Rig- ACKNOWLEDGMENTS
orously, below the Kondo temperatulig such a moment
will be suppressed by spin fluctuations which is, of course, This work was supported by the Deutsche Forschungsge-
beyond the calculations in a static limit. meinschaftDFG) under the Project No. FA196/9-1.
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