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Spin-polarized electron momentum density distributions in the Invar system FgPt
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The one-dimensional projections of the spin polarized electron momentum distributiongPofiiéee been
measured, using the magnetic Compton scattering technique, in the temperature range 15-500 K, for the 110
and 111 crystallographic directions in the chemically ordered and disordered phases. The experimental data
have been compared with results from electronic structure calculations performed using the linearized muffin-
tin-orbital and full potential linearized augmented plane-wave methods and the single-site Green’s-function
Korringa-Kohn-Rostoker method for the ordered and disordered samples, respectively. The projection of the
spin moment momentum distribution as a function of temperature remains characteristic oflantear@nt
until well aboveT.. No evidence of an indicative change in profile shape is observed that would suggest a
redistribution of charge frong, to t,4 orbitals in the Fe band structure that would, in turn, support the Weiss
two-state model for the Invar effect.
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. INTRODUCTION A Martensitic phase transition has been obsetedh
Fe;Pt, such that the face-centered-cubic lattice transforms to
The alloy series Fe ,Pt, exhibits the Invar effect around a body-centered-tetragon@lct) structure below~100 K. A
the ordered crystallographic phasePe A recent investiga-  softening of the transverse acoustic, 110-phonon mode has
tion by Srajeret al reported a change in the spin-polarized been observed around this temperature, which in other Mar-
electron momentum distribution at high temperature in theensitic materials has been taken as a precursor signal to the
Invar compound FgPt, which may imply a charge transfer Martensitic transition. This then is clear evidence of strong
between theey andt,;, Fe d-band orbitals near the Fermi magnetoelastic coupling in these compounds. It is well
energy. known that the structural order in this series strongly influ-
Much theoretical work has been undertaken on the Invaences the magnetism, such that the differencg.ibetween
problem since the phenomenological two-state model wasrdered and disordered samples is 130 K, with the transition
suggested by WeigsHe suggested that in Invar systems temperatures being 380 and 510 K for the disordered and
there are two nearly degenerate magnetic states: a high-spioxdered phases, respectively.
high-volume state, and a low-spin, low-volume state. The In this paper we report the use of the magnetic Compton
relative populations of these states depends upon the systesvattering technique, to investigate systematically the one-
temperature in such a way as to create a large volume magimensional momentum distribution of the spin moment as a
netostriction that opposes the thermal expansion of the lafunction of temperature, crystallographic direction, and
tice. There has been as yet no experimental evidence thahemical order. Our experimental data are compared with the
conclusively supports the two state model. It would requireresults from three separate electronic structure calculation
some degree of charge transfer between the minoritygpin methods.
and majority-spint,, Fe 3d band orbitals near the Fermi The technique of magnetic Compton scattering samples
energy, in order for the spin state of the Fe sites to changenly the spin moment. After comparison with bulk magneti-
from a high-spin state to a low spin state. Such a chargeation measurements, the orbital moment can be deduced,
transfer has been predicted by a number of band-structusgithout the necessity of theoretical models. Furthermore the
calculations’ magnetic Compton profile is extremely sensitive to the vari-
The experimental work by Srajet al.implies that such a ous interband hybridizations that occur as a result of a local
charge transfer may exist in frét. However, magnetic form moment in a metallic matrix, since it samples the momentum
factor measurements as a function of temperature by Browrgontributions of all spin-polarized electrons from all bands.
Ziebeck, and Neumarthusing the spin-polarized neutron- Thus the total spin moment is sampled directly. It is therefore
scattering technique on NiFe in the Invar composition, showsn ideal technique for determining if the spin interaction is
no evidence of a charge transfer in the material. Photoemisnodeled correctly by theory. The shape of the magnetic
sion data that claimed to show evidence of a high-spin to Compton profile intrinsically carries information about the
low-spin transition in FgPt were quickly refuted.Further-  overall localization of the moment, as the momentum-space
more, a recent theoretical calculatibawhere the nature of wave function is related to the real-space wave function via a
the Invar effect was attributed to non-collinearity in the Fourier transform. The ability to comment upon the localiza-
ground-state magnetic structure of the material, was not oktion of the spin moment is a useful assevhen making
served in experiment; indeed NiFe, in the Invar compositioncomparisons with the theoretical magnetic Compton line
is thought to be a collinear ferromagifet. shapes, as the localization of the moment and its interaction
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with the surrounding conduction electrons, i.e., shgtinter-  Heren'(p) and n!(p) are the momentum densities of the
action, is the mechanism which drives the magnetism. majority- and minority-spin bands. The integral of the MCP
Alloys of the series Fg ,Pt, form a congruent solid so- IS the total spin moment per formula ukitU) in the sample.
lution in the compositional range 15-35- at % Pt below 1100MCS is an established technique for determining spin-
K. A single-crystal sample of R@t was grown using the pola}nzed electron densitié&-*Wwithin the |mp_ulse approxi-
Bridgemann technique from starting materials of at leagt 4 Mation the method has been shown to be insensitive to the
purity. The stoichiometry of the sample was verified using®rPité! m?Zmentl. Unlike magnetic x-ray circular dichroism
the scanning electron microscopy energy-dispersive x-raf"XCD),”” MCS samples all the spin-polarized electrons re-
technique. Two thin disk sampléghickness 1 mmwere cut g{ardless of their binding energies and wave function symme-
from the original boule along the 110 and 111 crystallo-t”es'
graphic directions, and the crystallographic order and struc-
ture was verified as the GAu structure using x-ray Laue
back-reflection photography. The chemically ordered and The magnetic Compton profiles of ordered and disordered
disordered samples were produced by furnace annealing &&;Pt were resolved along two major crystallographic direc-
1000 K for six days followed by a slow cool and a rapid tions as a function of temperature at the high-energy beam-
quench, respectively. The magnetic characteristics were veriine ID15A at the ESRF. The experiment was performed in
fied using vibrating sample magnetome(®iSM) magneti-  reflection geometry as a function of temperature in the range
zation measurements. The ferromagnetic transition tempera5—500 K. The temperature controlled sample environment
tures were measured as 390 and 500 K for the disordered ardnsisted of a closed-cycle He refrigerator fitted with a bi-
ordered samples, respectively. The observed ferromagnetialer wound furnace. An incident beam energy of 220 keV
transition temperatures agree well with those found previwas selected using a Si 311 monochromator in Laue geom-
ously, confirming that the samples used for this investigatioretry. The spin-dependent signal was isolated by reversing the

III. EXPERIMENT AND DATA ANALYSIS

had the correct chemical order. sample’s magnetization vector using a 1T electromagnet. At
high photon energies, as were used for this investigation,
1I. MAGNETIC COMPTON SCATTERING (desirable for Optimum resolution and interpretation within

the impulse approximatignreversing the helicity of the in-
The Compton effect is observed when high-energy phocident photons is not yet practical. Circular polarization was
tons are inelastically scattered by electrons. The scattergstoduced by selecting a beam approximately2ad below
photon energy distribution is Doppler broadened, since theénhe plane of the electron orfit, this value being chosen to
electrons have a finite momentum distribution. If the scattermaximize the ratio of magnetic scattering to statistical noise
ing event is described within the impulse approximalfon in the charge scattering. A degree of circular polarization of
the measured Compton spectrum is proportional to the scaghout 45% was obtained. The energy spectrum of the scat-
tering cross sectiot: tered flux was measured using a 13-element Ge detector at a
The Compton profile is defined as a one-dimensi¢bB)  mean scattering angle of 170°. The momentum resolution of
projection onto the scattering vector of the electron momenthe magnetic Compton spectrometer, taken as the full width
tum distribution,n(p), where the scattering vector is taken at half maximum(FWHM) of the instrument response func-
parallel to thez direction: tion, was 0.40 a.uwhere 1 a.u. of momentum is defined as
1.99x 10" 2*kgm s 1). The resolution of the spectrometer is
I(p ):f f n(p)dpdp ) determined by t_he _de_tector co_llimation, the source diver-
z X2y gence, and the intrinsic resolution of the Ge detector. The
former are easily determined; the latter, and most important
The integral ofJ(p,) is the total number of electrons per is determined by measurement of the FWHM of the principle
formula unit. emission line ofin this casg¢ Eu'®2at 121.78 keV, chosen as
Magnetic Compton scatterind4CS) is a probe which is it coincides in energy with the Compton peak. Thus one has
sensitive to the spin component of a material's magnetization, gjrect measurement of the detector resolution in the region
when the scattering event occurs within the impulse approXipf interest.
mation. If the incident beam has a component of circular The total number of counts in the charge Compton pro-
polarization, the scattering cross section contains a terflles was 2< 10%, corresponding to a statistical precision of
which is spin dependent.in order to isolate the spin depen- 2 in the resulting MCP, in a bin width of 0.1 a.u. Since
dence one must either flip the sample’s direction of magnege MCP is the difference between two charge Compton pro-
tization parallel and antiparallel with respect to the scatteringjies, components arising from spin-paired electrons and
vector or “flip” the direction of the photon helicity by 180°.  from most sources of systematic error are effectively can-
Either method results in a magnetic Compton praffCP)  celed out. The data were corrected for energy-dependent de-
Jmag(P2), that is dependent upon only the unpaired spin intector efficiency, sample absorption, and the relativistic scat-
the sample, the MCP is defined as the 1D projection of thgering cross section. The magnitude of the magnetic multiple

spin-polarized electron momentum density: scattering was determined to be no more than 0.5%. The
profiles were corrected for multipzlle scattering using the tech-

_ Trmy il nigue described by Felsteinet al.=* After checking that the

Ima(P2) f f [n(p)=n"(p)]dp.dpy @ resulting spectra were symmetric abqut=0, the profiles
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were folded to improve the effective statistics. The profile0.364ug per atom. This yields a total spin moment of
areas were normalized to an absolute spin scale using Fe da&el69ug per formula unit for Fg,sP1, 05 The resulting theo-
taken under the same conditions. retical charge Compton profiles were convoluted with a
Gaussian of 0.4-a.u. FWHM to simulate the experimental
resolution function, and thus allow a direct comparison with
experiment. A full discussion of their investigation can be
found in Ref. 27.

The spin-dependent electron momentum distributions for
Fe;Pt were calculated using the LMTO method within the

IV. CALCULATION OF  J,54 USING THE LINEARIZED
MUFFIN-TIN-ORBITAL (LMTO ) METHOD

atomic sphere approximation, including combined correction VI. CALCULATION OF J 1a4(P2) USING
terms?>2py Major et al2* The exchange-correlation part of THE KOHN-KORRINGA-ROSTOCKER KKR METHOD
the potential was described in the local-spin-density approxi- WITHIN THE COHERENT POTENTIAL
mation (LSDA).?®> The self-consistent band structure was APPROXIMATION (KKR-CPA)

solved at 816 points in the irreducible part of the Brillouin

zone (BZ) using a basis set of, p-, d-, andf-type wave . : o0
. : : disordered Fg;8Pt) .5 were calculated by Majagt al.=* using
functions. The CgAu structure was used with a lattice Pa- 4o KKR Green's-function methde-2° within the coherent

rameter of 7.124 a.u. With these parameters, each Fe Cam%otential approximation(CPA) (Refs. 31-33 and using

a mrgmn?ntfog ig 2As V\ilci'rl]e then ljttri't?nh?]? i;p(l)n—p('):le}rllzed muffin-tin potentials. Self-consistency was achieved using an
moment of, 0.48f, giving a net moment of 2.09ugF -, adaptive mesh ok points determined by the required inte-

where the formula uni€ for this composition is taken as gration tolerance¥ The averaging over the disorder is done

F&.787%.25. The electronic wave functions were then used toadequately by the coherent potential approximation. The ap-

e o o e ot v Broah has been (0 calci he momentum dengg and
P Y- ; P integrate directly around a contour in the complex energy
vectors were used in the calculation of the momentum den-

) . plane. The isotropic potentials are placed onto crystal lattice
sity (see also Anderséhand Singh and Jarlbct). Double structure which in turn invokes directional anisotropies in the

integration of the momentum density results in the theoretibalculated wave-functions. The exchange-correlation compo-
cal spin-polarized Compton profiles. The theoretical profilesnent of the potential waé, described in the LSBSAThe
were then convoluted with a Gaussian of 0.4-a.u. FWHM in ethod were described more fully elsewh&@ The mo-
order to simulate the experimental resolution function, an({:entum density is given, in terms of the Gréens function
thus allow a direct comparison with experiment. The theo-G(p 2) by ’

retical magnetic Compton profile for gt was then pro- '

duced by taking the difference of the resolution broadened

The spin-dependent momentum densities of chemically

spin-up and -down charge Compton profiles. A full account dE
of their study can be found in Ref. 24. n(p)=-— f - HE)IMG[(p);E+in], (3
V. CALCULATION OF J,,5 USING THE FULL _ .
POTENTIAL LINEAR AUGMENTED PLANE-WAVE whereE is real andf(E) denotes the Fermi factgour cal-
(FLAPW) METHOD culations are done at a finite temperajure

Double integration of the momentum densitgp) along

A self-consistent potential of ferromagnetic;Péwas de-  the crystallographic direction results in the determination of
termined by the FLAPW and generalized gradient approxithe charge Compton profili{ p,). The solid solution of Pt in
mation method coded imviEN97. The value of the lattice Fe was simulated using a disordered arrangement of atoms
constanta used was 7.086 a.u. The energy values and waven a fcc lattice with spacing 7.124 a.u. foryRePt »5. The
functions were calculated at 2%3points for 1/48 of the BZ.  directional charge Compton profiléscluding contributions
The 253k points make a cube mesh. In order to determinefrom the core and valence electromehaved as expected in
the eigenfunctions, 300 LAPW'’s have been used in the exthe large momentum region of the profile, showing a mono-
pansion of the wave functions outside the muffin-tin spheresonic decrease to zero. A similar calculation was performed
(interstitial region, and the wave functions inside a muffin- for pure Fe, i.e., Rg;F&, -5 on the same fcc lattice for com-
tin sphere whose radiug,, is 2.4 a.u. were expanded up to parison.

=10 for the self-consistent band calculation dre4 for In this regime the Fe spin moment was determined to be
the Compton profiles, wheredenotes the angular momen- 2.737ug per atom. The induced spin moment on the Pt site
tum quantum number. was determined as 0.324 per atom. This yields a total spin

Compton profiles for FgPt single crystals were calculated moment of 2.13g@ per formula unit for Fg,sPt -5 Again
along two major axes 111 and 110, by Wakoh and Tokii, the resulting theoretical charge Compton profiles were con-
using the band structure determined previously, and integratroluted with a Gaussian of 0.4-a.u. FWHM to simulate the
ing n(p) over a series of planes corresponding to differentexperimental resolution function and thus allow a direct
momentap, by a linear tetrahedron meth&@in this regime  comparison with experiment. The theoretical spin-polarized
the Fe spin moment was reported to be 244 Jer atom. electron momentum distribution were calculated in the same
The induced spin moment on the Pt site was determined a®anner as previously described.
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TABLE |. Experimental and calculated spin moments for or-
dered and disordered §&Pt,5. Results are quoted gsg per
formula unit of Fg ;58P »5. The spin moment per Fe atom is shown

in brackets.(For the experimentally determined values we assume

that there is a negligible spin polarized contribution from Pt.

Ordered sample

15 K MCS spin moment  1.85.02(2.46 1.64+.02(2.18
300-K MCS spin moment 1.54.02(2.056 1.47+.02(1.97
300-K VSM total moment 1.612.19
KKR spin moment 2.1362.73
LMTO spin moment 2.0962.62
FLAPW spin moment 2.16%2.77

VIl. RESULTS

The theoretical and measured spin moments are compared

Disordered sample
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FIG. 2. The experimental MCP at 300 Kircles and calcu-

in Table 1. Moments are presented as per formula unityeq | MTO (full line), and FLAPW (dotted for Fe;Pt resolved

(FU™Y) of Fe 7Pl 0s. It is clear that the spin moment is

along the 111 crystallographic direction. For the purposes of com-

ove.restlmated. by all three methods of calculation. The €Xparison the data are normalized to have equal areas.
perimental spin moments and the measured total moments

(measured using a VSMompare well to those expected for
the spin moment and the total moment in @ssuming that
there is negligible Pt spin polarization in the sysjeffhe
low-temperaturg 15 K) spin moments are higher than one

may expect for Fe, that is to say that the spin moment per F

atom is greater that 2.0& . This possibly arises from the
bct distortion in FgPt at 100 K inducing a finite polarization
on the Pt bands.

A. Ordered FezPt

The experimental data are compared with the results from
LMTO and FLAPW calculations in both cases.
First we shall consider the 110 crystallographic direction

Fig 1). The calculated MCP is in good overall agreement

ith that measured experimentally; the high-momentum tails
of the experimental profile@bove 7 a.y.are well matched
by that calculated theoretically in that both the experiment
and the calculated profiles mutually go to zero as expected
(the profiles are truncated to a region of interest of 0 to 9 a.u.
The tails are not shownHowever the FLAPW calculation

The one-dimensional projection of the spin moment mo-produces a more realistic MCP in both crystallographic di-

mentum distribution for ordered ERt resolved along the

rections in the momentum region below 4 a(see Figs. 1

110 and 111 directions at 300 K are shown in Figs. 1 and 2and 2, as one may expect from a full potential code. It is
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FIG. 1. The experimental MCP at 300 Kircles and calcu-
lated, LMTO (full line), and FLAPW (dotted for Fe;Pt resolved

interesting to note that the calculated spin moments from
each calculatiodLMTO and FLAPW) are similar(see Table
).

The LMTO calculation was used to create a Fe-only MCP,
that is to say FgFe (with the same lattice parameter as the
Fe;Pt calculation, which is shown by the dashed line in Fig.
1. From this one may conclude that the amound dand Pt
spin polarization calculated in the Rt calculation is too
great(see Table ), since the Fe only calculation produces a
slightly better line-shape comparison, especially in the re-
gion corresponding to thd-band contribution to the MCP
i.e. from 2 to 4 a.u(see the inset to Fig.)1

The situation is similar when one considers the results for
the 111 crystallographic directidifrig. 2); again the full po-
tential code gives a slightly better MCP line shape, when
compared with the experimental MCP. For the 111 direction
the low-momentum region, i.ep,<2 a.u. of the LMTO-
calculated MCP is too large; thus the calculation overesti-
mates the amount of delocalized spin polarization in this
direction. The full potential code again provides a more re-

along the 110 crystallographic direction. The dashed line indicateglistic comparison with experiment. It is interesting to note
the calculated magnetic profile for pure Fe on a fcc lattice. For thghat the LMTO code systematically underestimates the spin
purposes of comparison data are normalized to have equal areggolarization in the higher-momentum region of the profile
The inset shows the same data in the region of 2—-4.5 a.u. and overestimates the spin polarization in the low-
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TABLE II. Site spin polarizations in Bohr magnetorsgy-like band components, anttlike band com-
ponents from LMTO, FLAPW, and KKR calculations of J&. * Denotes an interstitial moment.

Fe site Pt site Fe-like Fe sp-like Pt d-like Pt sp-like
component component component component
LMTO 2.624 0.489 2.632 —0.0183 0.562 —0.0837
FLAPW 2,771 0.364 —0.182
KKR-CPA 2.798 0.227

momentum region of the profile. One possible reason for thisample. We shall now consider the directional and order/
is the over estimation of the Bitband contribution. A sum- disordered anisotropies. The anisotropy between the ordered
mary of the band and site spin polarizations is given in Tableand disordered K@t resolved along the 110 direction, that is
Il. to say the difference between the two MCP’s i.aJ)
= 30 = Jgsorie e, is shown in the inset to Fig. 5, along
B. Disordered FePt with that predicted by calculation. It is clear from both the

The one-dimensional projections of the spin moment mo/main and inset figures that there is very little observed dif-

mentum distribution for disordered £fet resolved along the ference in the MCP betvyeen the ordered and disordered
110 and 111 directions at 300 K are shown in Figs. 3 and 4samples. The calculated differences are of the same order as

The experimental data are compared with the results fronhqhose which are measured. Thus the measured projection of

KKR-CPA calculations in both cases. The calculated MCP i hg So%neggmaenrg rgggﬁg‘é@ (sj:asr:]nblggo\?vi;ﬁixegjflrn;iijuft(i)(;n
again in good overall agreement with that measured experi- -d samp o .
when resolved along the directions measured. This is an in-

mentally. The KKR-CPA calculation was used to create aterestin result since the bulk properties of the material var
Fe-only MCP, i.e., Fge with the same lattice parameter as 9 prop y
greatly with the order present in the sample, as demonstrated

the FgPt calculation, which is shown as the dashed line inin Fia. 6. which shows the low-field maanetization as a func-
Figs. 3 and 4. The situation with the disordered calculation i 9.5 9
similar to that in the ordered samplgee Sec. VII 4, in that

the d band region of the profile is underestimated, with an
overestimation in the low-momentum region of the profile,

corresponding to the delocalized component.

Yion of temperature. Clearly there is, as expected faPEea
large difference inT. between the ordered and disordered
samples.

D. Directional anisotropy of the 111 and 110 directional

C. Comparison of J,,,4 between ordered and disordered MCP's of FesPt

FesPt The amount of directional anisotropy between the 110 and

It is interesting to note that the experimental MCP data forl11 directions is clearly small. The directional anisotropy
the disordered sample look similar to those for the ordered€tween the 111 and 110 crystallographic directions, i.e.,

0.18

0.16

0.14

0.12

0.1

[arb units]
[arb units]
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=3
=)

o
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FIG. 3. The experimental MCP at 300(ircles and calculated FIG. 4. The experimental MCP at 300(kircles and calculated
KKR (full line) for disordered F¢Pt resolved along the 110 crys- KKR (full line) for disordered FgPt resolved along the 111 crys-
tallographic direction. The dashed line indicates the calculated magallographic direction. The dashed line indicates the calculated mag-
netic profile for pure Fe on a fcc latti¢data are normalized to have netic profile for pure Fe on a fcc lattig¢data are normalized to have
equal areas to aid comparigon equal areas to aid comparigon
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FIG. 5. The experimental MCP for ordered;P¢ (circles and FIG. 7. The experimental MCP for ordered;P¢resolved along

disordered FgPt (triangle) resolved along the 110 crystallographic the 111 direction(triangles and the 110 directioricircles. The
direction. The inset indicates the observed anisotropy between thgset shows the observed directional anisotropy for the 111-110 di-
two profiles compared with that calculated, i.e., the anisotropy berections(circles and the calculated directional anisotropy from the
tween the LMTO and KKR-CPA results along the same direction. LMTO calculation.

AJ=Jpag11— Imagiios iS Shown in the inset to Fig. 7 for the 8 @ function of temperature is shown in Fig. 6 for the or-
ordered sample together with that calculated from the LMTodered and disordered samples; the field was applied parallel
band-structure results. The main figure illustrates that there & the 111(easy direction of the crystal. The measurég of

very little directional anisotropy between these two direc-the ordered and disordered samples are in good agreement
tions in FePt. Again the calculated MCP provide, the correctWith those measured previously.

crystallographic anisotropy when compared with experiment.

The overall magnitude of the anisotropy is small, and cor- E. Temperature dependence of the projection
rectly modeled by the calculations. It is clear from the sys- of the spin moment momentum distribution
tematic comparisons of the MCP that for this material there in ordered and disordered FePt

is little difference in the directional profiles see insets to Fig.  1he MCP resolved along the 110 direction of the disor-

7. From the inset to Fig. 5 it is clear that there is no observediq o sample, measured at four temperatures, is shown in
difference as a functllon of .o.rder in 5. . Fig. 8. It is clear that there is a finite spin moment abdye

The MCP seems insensitive to the degree of order in the, ‘g system, which is commensurate with the presence of
samples. The actual degree of order in the samples weig,,r range order correlations in the sample. The inset to Fig.
confirmed by measurement of the Curie temperatures in _th§ shows the same data normalized such that each profile has
ordered and disordered crystals. The low-field magnetizatiof, o same area. The same result was gained when measuring

the MCP as a function of temperature in the ordered sample
(see Fig. 9, except here the maximum temperature measured
was 500 K. It is clear from this that the spin moment remains
wholly Fe in character with no characteristic changes in the
1D spin-polarized electron momentum distribution, as sug-
gested previously in either the ordered or disordered sample.
The large amount of scatter in the 425-K data set results
from the small net moment that is present abdyet 425 K
caused by the aforementioned short-range order in the
sample.

g FU™

VIIl. DISCUSSION

A number of conclusions can be drawn from our results.
The measured projections of spin moment momentum distri-
A A - - - oo bution are insensitive to the degree of order in the sample,
360 380 400 420 440 4670[K] 480 500 520 540 whereas bulk parameters suchBsare not; that is to say
there is very little difference in the MCP observed between
FIG. 6. Low-field magnetization as a function of temperature forthe ordered and disordered samfdee Fig. % There is very
ordered(dashegl and disorderedsolid) Fe;Pt. little observed anisotropy between the 111 and 110 crystal-
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= T : : : eral a=~10% discrepancy between the measured and calcu-
1 lated spin moments. Some possible reasons for these obser-
vations will now be discussed.

Our data provide no evidence for a charge transfer be-
tween the minority-spire; and majority-spirnt,y Fe d-band
orbitals near the Fermi energy, within the experimental reso-
lution. The magnetic Compton profile is sensitive to all spin-
polarized electrons in the system, and is also sensitive to
their respective localizations. As the real-space and
Mo . | momentum-space wave functions are related by Fourier
‘ transform, spin-polarized electrons that are well localized are
manifest as broad features in the MCP, and vice versa. Since
Tor x xR T e et the g4 electrons contain a greater delocalized character than
rox = = foxx‘“;rv: those in thet,, orbital, the magnetic Compton technique is
Ty s .+ s+ s  sensitive to the respective populations of each orBftal.

P, faul The fact that we observe no change in the MCP line
FIG. 8. The magnetic Compton profile at various temperature shape; I.n ordered and disordered ;amples between 15 and
$00 K is in contrast to the data of Sragtral ! who observed

for disordered FgPt resolved along the 110 direction. The data are i i
offset from zero to aid viewing. The inset shows three 8gglig), & marked change in MCP line-shape for orderegPde-

365 (dotted, and 425 K(dashedl of the profiles with integrated tween 305 and 490 K. However, our data exhibit no changes
areas of one to aid line shape comparison. Clearly the line shape 88 line shape as a function of temperature in the low-
the MCP remains constant. The ordered samplgPFevas also momentum region of the profile that would indicate a change
measured in the temperature range from 15 to 500 K, the data shoim the population of theey orbital. On the contrary, the data
the same trend as illustrated with no change in the MCP line shapghown in Fig. 9, when normalized to the same integrated
area(see the figure insghave the same line shapes within
lographic directions, as predicted by calculation. As a funcexperimental error. For both samples, the statistical accuracy
tion of temperature there is no discernabiéthin our reso-  is sufficient for this to be well established beldly . Just
lution) change in the character of the spin momentapoveT, the magnetization density induced by the 1 T ap-
momentum distribution for either the ordered or disorderedp”ed field appears unchanged in distribution. The same zero
samplegsee Figs. 8 and)9The theoretical models used, not effect is observed in the ordered sample as a function of
only reproduce the MCP line shape reasonably well but alsgemperature up to 500 K. We also note that independent con-
the anisotropic difference profile; however, there is in genfirmation of the validity of our data is provided by the fact
that, the magnetic moments as calculated from our MCP’s
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045 ' - ' ' ' - ' ' (the integrated area under the prdfiegree well with those
oal o 0.25 | measured using a VSM at all temperatures. Hence, despite
' O o ) the apparent contradiction, we are confident in the validity
035k, ° @ Eo. and interpretation of our data.
of% m 8 From our results it is clear that the full potential code
o e ® By g gives a slightly better result that the LMTO and KKR meth-
€ oasp 04 % a ods. The fact that the lattice parameters vary=b¥% will
2 & AM‘;& D”D”D only effect the calculated spin moment and not the profile
T 02p® AE.:%% m””hmnu shape. If the Fe-only profile is examined for the LMTO re-
- sl W, ”“unmnuwu sult, for example, it is clear that the agreement with the ex-
AAAAA N perimental data is somewhat improved. This is an indication
01l N X000, 6 & 0 150K . that the degree of Pt polarization is overestimated. Now if
A V70, X . .
Lo P 00000 06000000000 one examines the site Pt moments for the various calcula-
0.05} s M“A&AMAAA 300K 1 tions (see Table Il the full potential code yields a slightly
512290 0200000061 01000000000009D00ENAGENEOE000 smaller Pt site moment, which may account for the differ-
0 1 2 3 4 5 6 7 8 9 ences in profile shape. The differences between the calcu-
P [au] lated and measured spin and total momésée Table )l has

. . . 38 .
FIG. 9. The magnetic Compton profile at various temperature?een seen before in NRef. 37 and in FgSi.™ The _dlffer-
for ordered FgPt resolved along the 110 direction. The data are€NCe€S between the measured and calculated spin moments

offset from zero to aid viewing. The inset shows three(aslid), are similar in all cases, and an indication that the LSDA is a
300 (dotted, and 495 K(dashedl of the profiles with integrated reasonable approximation to use for the exchange correla-
areas of 1 to aid line shape comparison. Clearly the line shape of téon. It is interesting to note that the FLAPW-GGA
MCP remains constant. The ordered samplgPFavas also mea- calculation is no real improvement on the total measured
sured in the temperature range 15 to 500 K; the data show the sans@in moment, but does improve the calculated momentum
trend, as illustrated by no change in the MCP line shape. distribution of the spin moment.
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IX. SUMMARY disordered phases, although the calculated spin moments de-

i 0,
Our results show that the measured projectigiisl and viate from those measured by10%.

110 of the spin moment momentum distribution remain con-
stant as a function of temperature in ordered and disordered
FePt; this in turn indicates that no charge transfer occurs The authors wish to thank the EPSRE.K.) for funding
between orbitals. This is direct experimental evidence thathis work, the ESRF for provision of beam time, and V.
does not agree with the Weiss two-state model proposed asHonkimaki and T. Buslaps of the high-energy beamline for
possible mechanism behind the Invar effect. The results frontheir help. We would also like to thank S. Dugdale and Zs.
three separate electronic structure calculations have beewiajor for calculation of the LMTO and KKR magnetic
compared with the experimental results. We find good agreeEompton profiles, and S. Wakoh for calculation of the
ment with the profile shape for gt in both the ordered and FLAPW magnetic Compton profiles.
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