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The boron contribution to the total spin moment in the amorphous alloys,Be (x=0.2,0.24) has been
determined using magnetic Compton scattering. The magnitude of the induced boron moment was found to be
~ —0.04ug per formula unit which is a factor 6£ 2 less than that suggested by supercell linearized muffin-tin
orbital electronic structure calculations.
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Metal-metalloid amorphous ferromagnetic alloys in theized photoemission results by Xet al* Their data show a
series Fe_,B, have been extensively studied over the pasdegree of hybridization between the Fd States and the B
two decades, as the alloy series represent the archetyp2p states in the binding energy range 1-5 eV which implies
amorphous ferromagnetic systéni. Recent spin-polarized the existence of a small negative moment on the Ba2-
photoemission experimefitand earlier linearized muffin-tin  bital. The purpose of this paper is to investigate the magni-
orbital (LMTO) calculations® have suggested that boron ac- tude of the induced boron@spin moment in the amorphous
quires a significant spin moment. This investigation useslloys Fg_,B, using magnetic Compton scattering, and
spin-polarized Compton scattering, which can probe the spicompare the experimental result with our own spin-polarized
density directly, and new LMTO calculations, to determineelectronic structure calculations.
the magnitude of the induced spin moment on the boron site, The structural phase diagram of the serieg EB, exhib-
and to demonstrate that the induced boron moment is smallés a sharp eutectic at 25 at. %B, and thus amorphous alloys
than predicted previously. around this composition can be easily produced using the

Fe,_,By alloys exhibit extremely soft ferromagnetism. melt spin technique. Crystalline §® orders in one of two
Earlier studies of the amorphous alloys’ magnetism as @hases, orthorhombiPbnm and body centered tetragonal
function of metalloid concentration have shown that the Fd4/mcm with the latter phase being the more stable. The
site moment does not simply scale linearly with decreasinghort-range order around an iron atom in the amorphous ma-
Fe concentratioh.The magnetic phase has two distinct re-terial is similar to that of the tetragonal materiafhe alloys
gions as a function of composition. At low boron concentra-order ferromagnetically below ~650 K for the range of
tion the ferromagnetism results from a noncolinear arrangecompositions used in this study. Amorphous ribbons
ment of spind randomly canted at40°, which results from  ~5 mmx50 wm of FeyB.o and FegB,, were produced by
competing ferro- and antiferromagnetic exchange interacmelt spinning. In order to achieve an appreciable scattering
tions. As the boron concentration is increased above 30 at. %olume, ten pieces of ribbon were sandwiched to produce a
the local structure changes such thatd-é interactions are sample of 15X 0.5 mm for each composition. A poly-
replaced by nonpolarizable-d interactions and the boron crystalline sample of FgB,s was produced by arc melting
atoms act as a diluent. The alloys exhibit weak ferromagunder an argon atmosphere.
netism, characterized by the large observed magneto-volume The Compton effect is observed when high-energy pho-
effect. Theoretical studies have demonstrated that the Fermons are inelastically scattered by electrons. The scattered
energy lies in a region of high density of states in the majorphoton energy distribution is Doppler broadened, since the
ity band, confirming this. electrons have a finite momentum distribution. If the scatter-

More recently, theoretical calculations by Bratovskey anding event is within the impulse approximati@nthe mea-
Smirnov and Hafneret al® have prompted revived interest sured Compton spectrum is directly proportional to the scat-
in this material. Supercell LMTO calculations have showntering cross sectioh-
that both the amorphous and crystalline systems exhibit a The Compton profile is defined as a one-dimensi¢hB)
small degree of ferrimagnetism induced by the strong covaprojection onto the scattering vector of the electron momen-
lent nature of the coupling between the Feé Grbital states tum distribution,n(p), where the scattering vector is taken
and the B D orbital states. This coupling is stronger in the parallel to thez direction:
minority band and, therefore, is postulated to give rise to a
small antiparallel moment on the boron sites of the order of
0.1 and 0.2%p for the amorphous and crystalline mate-
rial?,u‘rgespectively. This picture is supported by spin polar- J(pz):f f n(p)dp.dp, . (1)
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The integral ofJ(p,) is the total number of electrons per unit fective statistics. The profile areas were normalized onto an
cell. absolute spin moment scale using Fe data taken under the
Magnetic Compton scattering/ICS) is a probe uniquely same conditions.
sensitive to the spin component of a material's magnetiza- Free atom Hartree FodtiF) wave functions have been
tion. If the incident beam has a component of circular polarsuccessfully used to model the data from previous investiga-
ization, the scattering cross section contains a term which igons where magnetic Compton scattering has been used in a
spin dependerif: In order to isolate the spin dependence onesite specific mannéf* However, the HF wave functions do
must either flip the sample’s direction of magnetization parnot correctly reproduce the spin-polarized momentum den-
allel and antiparallel with respect to the scattering vector Okijty of materials at lowp, where solid state effects are mani-
change the “handedness” of the photon helicity. Eitherfested, thus HF profiles are restricted to the study of well
method results in a magnetic Compton profilICP),  |ocalized moments. Here, Compton profiles from LMTO cal-
Jmag(P2), that is dependent upon only the unpaired spin inculations are used.
the sample, and is defined as the 1D projection of the spin- The spin-dependent momentum densities for polycrystal-
polarized electron momentum density: line FeysB,5 were calculated using the LMTO method within
the atomic sphere approximatioASA), including com-
bined correction term¥1° The exchange-correlation part
of the potential was described in the local spin-density
(LSDA) approximatiorf® The self-consistent band structure
Here,n’(p) andn'(p) are the momentum densities of the was solved at 34% points in the irreducible part of the
majority and minority spin bands, respectively. The integralBrillouin zone using a basis set of p, d, andf functions.
of the MCP is normalized to the total spin moment per for-The CyAu structure was used with lattice parameter of
mula unit(FU) in the sample. 4.00 A, chosen to give Fe-Fe and Fe-B distances close to
MCS is an established technique for determining spinthe average distances indB? With these parameters, each
polarized electron densitié3-**Within the impulse approxi- Fe carried a moment of 2.86 while the B was oppositely
mation the method is solely sensitive to spin moméfits. spin polarized, carrying-0.36u5, giving a net moment of
Unlike magnetic x-ray circular dichroism, MCS is equally 2.05u5FU 1, where the formula unitFU) for this composi-
sgns_itive to a!l spin-polarized elgctrons regardless of theifion is Fe-Bo,s. The electronic wave functions were then
binding energies and wave function symmetries. The magysed to generate the electron momentum densities for the
netic Compton profiles of amorphousgh®z, F&eB24, and  gpin-up and spin-down bands separately. A total of 3695
polycrystalline FesB,s were measured at the high-energy reciprocal lattice vectors were used in the calculation of the
beamline ID15A at the ESRF. The experiment was permomentum density(see also Anderséh and Singh and
formed in reflection geometry at=300+1 K. An incident  jariphorg?). To simulate the polycrystal, the electron momen-
beam energy of 250 keV was selected using a Si311 monqym densities were then angularly averaged, before double
chromator. At these photon energies, which are desirable fqptegration to obtain the Compton profiles. The theoretical
optimum resolution and interpretation within the impulse ap-profiles were convoluted with a Gaussian of FWHM 0.4 a.u.
proximation, reversing the helicity of the incident photons isin order to simulate the experimental resolution function and
not practical, the spin-dependent signal was isolated by remys allow a direct comparison with experiment. The theo-
versing the sample’s magnetization vector gsinl TeIec—_ retical MCP for FesB,s was then produced by taking the
tromagnet. Circular polarization was produced by selecting Qifference of the resolution broadened spin-up and spin-
beam 1.97urad below the orbital plane of the gown charge Compton profiles. The result of the calculation
synchrotron’ this value being chosen to maximize the ratio compared with the experimental data is shown in the upper
of magnetic scattering to statistical noise in the charge scaplot in Fig. 1.
tering. A degree of circular polarization 6f45% was ob- It is clear that, although the LMTO calculation produces a
tained. The energy spectrum of the scattered flux was megegative moment on the boron site, as other theoretical in-
sured using a 13 element Ge detector at a mean scatteringstigations have, the overall shape of the MCP differs
angle of 170°. The momentum resolution of the magnetianarkedly from experiment. Furthermore, the LMTO calcula-
Compton spectrometer taken as the full width at half maxition overestimates the spin moment in the material by
mum (FWHM) of the instrument response function was 0.4~0.5ug. The theoretical result implies that the Fe moment
a.u.(where 1 a.u=1.99x10 2* kgms1). has a greater degree of delocalization than is observed in
The total number of counts in the charge Compton pro-experiment. To quantify such differences the LMTO profile
files was 2< 10 with a statistical precision o£2% in the  was split into the MCPs for Fe and B to allow direct com-
resulting MCP, in a bin width of 0.1 a.u. Since the MCP is parison with a MCP for polycrystalline Fe, and with a
the difference between two charge Compton profiles, comspherically-averaged, resolution-broadened full-potential lin-
ponents arising from spin paired electrons and from mosearized augmented-plane-wave methd®@LAPW) Fe
sources of systematic error are effectively cancelled out. Thealculation?>?* The spherical average was taken as the sum
data were corrected for energy-dependent detector efficiencgf 8 appropriately weighted directional Compton profiles.
sample absorption, and the relativistic scattering cross sed-he theoretical Fe data are compared with a polycrystalline
tion. After checking that the resulting spectra were symmetFe measurement taken at beamline BLO8W at SPring8, Ja-
ric aboutp,=0, the profiles were folded to increase the ef- pan, (with identical spectrometer resolutipriThe results of

InadP= | [ (0p)-ni1dpan,. @
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p,[au] FIG. 2. The magnetic Compton profile for polycrystalline
Fe;sB,s (circles compared with a least squares(fiblid line) com-

FIG. 1. Upper plot shows a comparison between the experimengrising experimental Fe MCRdashed lingand LMTO boron D
tal magnetic Compton profiléMCP) (circles and LMTO calcula-  MCP (dotted ling.
tion (solid line) for polycrystalline FesB,s. Lower plot shows a
comparison between the experimental MCP for(&ecles, LMTO ropy that influence the profile gi,=0. Furthermore, the
calculat?on for Fe(solid Ii_ne) and spherically averaged FLAPW short-range order, with respect to a local Fe site in the amor-
calculation for Fe(dotted ling. phous alloy, is similar to that in the crystalline sampknd

. . N therefore the momentum density of the spin-polarized Fe
this comparison are shown as the lower plot in Fig. 1. Th&,acrons can be considered as being the same in both cases,
fundamental differences between the LMTO, FLAPW, andwithin our resolution function of 0.4 a.u. The LMTO B2

experiment demonstrate the failure of the theory to describF/ICP and the Fe data were fitted to the, EgB, experimen-
- . "
correctly the Fe moment localization and the magnitude o}, \icp's using a least squares fit method in the region 0 to

the negatives electron contri'but.ion that occurs neay=0. g5, ‘The results of the fit are presented as the solid lines in
AIt.hough the LMTO Fe profile is taken frqm a g calcu- Figs. 2, 3, and 4 for polycrystalline k8,5, amorphous
|aFIOr_l, th_e effect on the I_:d bant_:l _polanzatlo_n from B sub- Fe/eB,4, and amorphous kgB,,, respectively. The result of
ztlttutlon Into tlk:1e Iat?cel V;’.'” be|m|tn|mal. As W':h thz FLA_‘tPW this analysis demonstrates that a small negatively oriented
ata(a pure Fe calculation electron momentum density is B2p-type moment is present in both the polycrystalline and

shifted from the regiorp,~2 a.u. to the region around; o amorphous samples. The values of the moments obtained

=0. Localized features in real space equate to broad delgy g apjated in Table I. Within statistical error the same
calized features in momentum space, and vice versa, singe,. "o ents were deduced when free atom wave func-

the rea] and momentum space wave functions are.related Vifbns were used, which demonstrates the robustness of the
a Fourier transform. In this case the theory predicts an Fﬁeduced BP moment

moment that is too delocalized in real space. Although the
FLAPW calculation gives a better approximation to the mea-
sured polycrystalline Fe MCP, significant differences re-
main. The most important of these is the failure to predict
correctly the momentum density in the region 2-5 a.u., again
implying that the calculated degree of itinerancy is not cor-
rect. This discrepancy may be partially attributed to the fail-
ure of the LDA in this system, and the calculation may ben-
efit from the inclusion of nonlocal exchange-correlation
terms using the GGARef. 25 or self-interaction corrections
(SI0).%® From Fig. 1 we estimate that a redistribution of
~0.1ug of the spin resolved momentum density from delo-
calized(low momentum statesnto the localized 8 states is
required.

In order to determine the magnitude and orientation of the
induced spin moment on boron, the experimental polycrys-
talline Fe MCP was used in conjunction with a borop 2
MCP calculated using the LMTO method. Experimental FIG. 3. The magnetic Compton profile for amorphousgBe,
polycrystalline Fe data can be used to model the Fe contricircles compared with a least squares @blid line) comprising
bution in both the amorphous and polycrystalline materialsexperimental Fe MCRdashed ling and LMTO boron 2 MCP
since neither material contains long-range structural anisotdotted ling.
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TABLE |. Summary of experimentalexp), modeled(mode)
site and total spin moments for the amorphoAs)(and polycrys-
talline (P.) Fe _,B, alloys. Moments are quoted agFU 1.

MCS moment Fe B Total

exp. model model
P.Fe/sBys 1.41(1) 1.432) —0.04(1) 1.3%)
A.Fe By, 1.401) 1.4312) -0.031(1) 1.4®@)
A.FeyBao 1.431) 1.4602) -—0.032(1) 1.428@)

experiment and theory are thought to lie in the fine balance
between itinerant and localized magnetism in Fe. Compared
to our experiment, the LMTO model yields an Fe moment
that is too delocalized. In turn this delocalization may result
in a larger induced moment on boron than is observed ex-
perimentally. It is quite likely that this is a result of the
limitations of the LDA in describing localized states. The
predicted negative moment on boron arises from to exchange
. . . between the boron2band electrons and the spin-polarized

a ggtohé)t:%htg Ifh(;eg;ttga;|t:r$epic;:y§r?§traelg?oenF§f Mn(]:oi])gﬁltﬂ;ﬁe band elecf[r_ons. Since the the_ory predicts a Fe site moment
>2 a.u. in order to achieve a good fit to the datapat ywth a more itinerant character it follows that the excha_nge

' . . Lt interaction between the two sites may be poorly described,
<2 a.u. a small negatively oriented B2ype contribution

. ; g causing a large spin polarization to appear on the boron site.
is needed. The dashed lines in Figs. 2, 3, and 4 show the Our experimental results demonstrate that a small mo-

result of fitting the Fe profile alone to the data. The differ- o o .
ences observed when fitting the data with the Fe MCP along:celtllséfgu?:io?h;e ta%rtogrselé?cltgldlz Q& 2335(:3{ alfltvcl);'o

are statistically significant in the region gb;<2 a.u. based theory. We ascribe the differences to the failure of the

Clearly the model is improved when a Bdype moment is theoretical models to reproduce the correct localization of

Ln;iLuu(::Z?é dwgenb?)l:rr] rg?;{fgg%;ﬂg?ggd ;Vr::jh tohfr rg‘\)lvn;emﬁwe Fe site moment, and have shown that the theoretical ap-
y ’ ' proximations used do fail in this respect.

LMTO calculations, it is clear that the experimentally deter-
mined induced boron site moment is of the same order of We would like to thank the ESRF and SPring8 for provi-
magnitude but is a factor e£1.5~2 less for all three com- sion of beam time, and the EPSR@K) for financial

FIG. 4. The magnetic Compton profile for amorphougBg,
(circles compared with a least squares (&blid line) comprising
experimental Fe MCRdashed ling and LMTO boron  MCP
(dotted ling.

positions measured. The reasons for the differences betwesnpport.
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