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Spin-polarized electron momentum density distributions in the Invar system Fe3Pt
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The one-dimensional projections of the spin polarized electron momentum distributions of Fe3Pt have 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 of a Fe 3d moment
until well aboveTc . No evidence of an indicative change in profile shape is observed that would suggest a
redistribution of charge fromeg to t2g orbitals in the Fe band structure that would, in turn, support the Weiss
two-state model for the Invar effect.
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I. INTRODUCTION

The alloy series Fe12xPtx exhibits the Invar effect around
the ordered crystallographic phase Fe3Pt. A recent investiga-
tion by Srajeret al.1 reported a change in the spin-polariz
electron momentum distribution at high temperature in
Invar compound Fe3Pt, which may imply a charge transfe
between theeg and t2g Fe d-band orbitals near the Ferm
energy.

Much theoretical work has been undertaken on the In
problem since the phenomenological two-state model
suggested by Weiss.2 He suggested that in Invar system
there are two nearly degenerate magnetic states: a high-
high-volume state, and a low-spin, low-volume state. T
relative populations of these states depends upon the sy
temperature in such a way as to create a large volume m
netostriction that opposes the thermal expansion of the
tice. There has been as yet no experimental evidence
conclusively supports the two state model. It would requ
some degree of charge transfer between the minority-spieg
and majority-spint2g Fe 3d band orbitals near the Ferm
energy, in order for the spin state of the Fe sites to cha
from a high-spin state to a low spin state. Such a cha
transfer has been predicted by a number of band-struc
calculations.3

The experimental work by Srajeret al. implies that such a
charge transfer may exist in Fe3Pt. However, magnetic form
factor measurements as a function of temperature by Bro
Ziebeck, and Neumann,4 using the spin-polarized neutron
scattering technique on NiFe in the Invar composition, sho
no evidence of a charge transfer in the material. Photoem
sion data5 that claimed to show evidence of a high-spin
low-spin transition in Fe3Pt were quickly refuted.6 Further-
more, a recent theoretical calculation,7 where the nature o
the Invar effect was attributed to non-collinearity in th
ground-state magnetic structure of the material, was not
served in experiment; indeed NiFe, in the Invar compositi
is thought to be a collinear ferromagnet.8
0163-1829/2002/65~22!/224408~8!/$20.00 65 2244
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A Martensitic phase transition has been observed9,10 in
Fe3Pt, such that the face-centered-cubic lattice transform
a body-centered-tetragonal~bct! structure below'100 K. A
softening of the transverse acoustic, 110-phonon mode
been observed around this temperature, which in other M
tensitic materials has been taken as a precursor signal to
Martensitic transition. This then is clear evidence of stro
magnetoelastic coupling in these compounds. It is w
known that the structural order in this series strongly infl
ences the magnetism, such that the difference inTc between
ordered and disordered samples is 130 K, with the transi
temperatures being 380 and 510 K for the disordered
ordered phases, respectively.

In this paper we report the use of the magnetic Comp
scattering technique, to investigate systematically the o
dimensional momentum distribution of the spin moment a
function of temperature, crystallographic direction, a
chemical order. Our experimental data are compared with
results from three separate electronic structure calcula
methods.

The technique of magnetic Compton scattering samp
only the spin moment. After comparison with bulk magne
zation measurements, the orbital moment can be dedu
without the necessity of theoretical models. Furthermore
magnetic Compton profile is extremely sensitive to the va
ous interband hybridizations that occur as a result of a lo
moment in a metallic matrix, since it samples the moment
contributions of all spin-polarized electrons from all band
Thus the total spin moment is sampled directly. It is theref
an ideal technique for determining if the spin interaction
modeled correctly by theory. The shape of the magne
Compton profile intrinsically carries information about th
overall localization of the moment, as the momentum-sp
wave function is related to the real-space wave function v
Fourier transform. The ability to comment upon the localiz
tion of the spin moment is a useful asset11 when making
comparisons with the theoretical magnetic Compton l
shapes, as the localization of the moment and its interac
©2002 The American Physical Society08-1
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with the surrounding conduction electrons, i.e., thes-d inter-
action, is the mechanism which drives the magnetism.

Alloys of the series Fe12xPtx form a congruent solid so
lution in the compositional range 15–35- at % Pt below 11
K. A single-crystal sample of Fe3Pt was grown using the
Bridgemann technique from starting materials of at leastN
purity. The stoichiometry of the sample was verified usi
the scanning electron microscopy energy-dispersive x
technique. Two thin disk samples~thickness 1 mm! were cut
from the original boule along the 110 and 111 crystal
graphic directions, and the crystallographic order and str
ture was verified as the Cu3Au structure using x-ray Laue
back-reflection photography. The chemically ordered a
disordered samples were produced by furnace annealin
1000 K for six days followed by a slow cool and a rap
quench, respectively. The magnetic characteristics were v
fied using vibrating sample magnetometer~VSM! magneti-
zation measurements. The ferromagnetic transition temp
tures were measured as 390 and 500 K for the disordered
ordered samples, respectively. The observed ferromagn
transition temperatures agree well with those found pre
ously, confirming that the samples used for this investigat
had the correct chemical order.

II. MAGNETIC COMPTON SCATTERING

The Compton effect is observed when high-energy p
tons are inelastically scattered by electrons. The scatt
photon energy distribution is Doppler broadened, since
electrons have a finite momentum distribution. If the scat
ing event is described within the impulse approximatio13

the measured Compton spectrum is proportional to the s
tering cross section:14

The Compton profile is defined as a one-dimensional~1D!
projection onto the scattering vector of the electron mom
tum distribution,n(p), where the scattering vector is take
parallel to thez direction:

J~pz!5E E n~p!dpxdpy . ~1!

The integral ofJ(pz) is the total number of electrons pe
formula unit.

Magnetic Compton scattering~MCS! is a probe which is
sensitive to the spin component of a material’s magnetiza
when the scattering event occurs within the impulse appr
mation. If the incident beam has a component of circu
polarization, the scattering cross section contains a t
which is spin dependent.15 In order to isolate the spin depen
dence one must either flip the sample’s direction of mag
tization parallel and antiparallel with respect to the scatter
vector or ‘‘flip’’ the direction of the photon helicity by 180°
Either method results in a magnetic Compton profile~MCP!
Jmag(pz), that is dependent upon only the unpaired spin
the sample, the MCP is defined as the 1D projection of
spin-polarized electron momentum density:

Jmag~pz!5E E @n↑~p!2n↓~p!#dpxdpy . ~2!
22440
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Here n↑(p) and n↓(p) are the momentum densities of th
majority- and minority-spin bands. The integral of the MC
is the total spin moment per formula unit~FU! in the sample.
MCS is an established technique for determining sp
polarized electron densities.16–18Within the impulse approxi-
mation the method has been shown to be insensitive to
orbital moment.19 Unlike magnetic x-ray circular dichroism
~MXCD!,12 MCS samples all the spin-polarized electrons
gardless of their binding energies and wave function symm
tries.

III. EXPERIMENT AND DATA ANALYSIS

The magnetic Compton profiles of ordered and disorde
Fe3Pt were resolved along two major crystallographic dire
tions as a function of temperature at the high-energy be
line ID15A at the ESRF. The experiment was performed
reflection geometry as a function of temperature in the ra
15–500 K. The temperature controlled sample environm
consisted of a closed-cycle He refrigerator fitted with a
faler wound furnace. An incident beam energy of 220 k
was selected using a Si 311 monochromator in Laue ge
etry. The spin-dependent signal was isolated by reversing
sample’s magnetization vector using a 1T electromagnet
high photon energies, as were used for this investigat
~desirable for optimum resolution and interpretation with
the impulse approximation!, reversing the helicity of the in-
cident photons is not yet practical. Circular polarization w
produced by selecting a beam approximately 2mrad below
the plane of the electron orbit,20 this value being chosen to
maximize the ratio of magnetic scattering to statistical no
in the charge scattering. A degree of circular polarization
about 45% was obtained. The energy spectrum of the s
tered flux was measured using a 13-element Ge detector
mean scattering angle of 170°. The momentum resolution
the magnetic Compton spectrometer, taken as the full w
at half maximum~FWHM! of the instrument response func
tion, was 0.40 a.u.~where 1 a.u. of momentum is defined
1.99310224kg m s21). The resolution of the spectrometer
determined by the detector collimation, the source div
gence, and the intrinsic resolution of the Ge detector. T
former are easily determined; the latter, and most import
is determined by measurement of the FWHM of the princi
emission line of~in this case! Eu152 at 121.78 keV, chosen a
it coincides in energy with the Compton peak. Thus one
a direct measurement of the detector resolution in the reg
of interest.

The total number of counts in the charge Compton p
files was 23108, corresponding to a statistical precision
62% in the resulting MCP, in a bin width of 0.1 a.u. Sinc
the MCP is the difference between two charge Compton p
files, components arising from spin-paired electrons a
from most sources of systematic error are effectively c
celed out. The data were corrected for energy-dependen
tector efficiency, sample absorption, and the relativistic sc
tering cross section. The magnitude of the magnetic mult
scattering was determined to be no more than 0.5%.
profiles were corrected for multiple scattering using the te
nique described by Felsteineret al.21 After checking that the
resulting spectra were symmetric aboutpz50, the profiles
8-2
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were folded to improve the effective statistics. The profi
areas were normalized to an absolute spin scale using Fe
taken under the same conditions.

IV. CALCULATION OF Jmag USING THE LINEARIZED
MUFFIN-TIN-ORBITAL „LMTO … METHOD

The spin-dependent electron momentum distributions
Fe3Pt were calculated using the LMTO method within t
atomic sphere approximation, including combined correct
terms,22,23by Major et al.24 The exchange-correlation part o
the potential was described in the local-spin-density appr
mation ~LSDA!.25 The self-consistent band structure w
solved at 816k points in the irreducible part of the Brillouin
zone ~BZ! using a basis set ofs-, p-, d-, and f-type wave
functions. The Cu3Au structure was used with a lattice p
rameter of 7.124 a.u. With these parameters, each Fe ca
a moment of 2.624mB while the Pt site had a spin-polarize
moment of, 0.489mB , giving a net moment of 2.09mBF21,
where the formula unitF for this composition is taken a
Fe0.75Pt0.25. The electronic wave functions were then used
generate the electron momentum densities for the spin
and down bands separately. A total of 3695 reciprocal-lat
vectors were used in the calculation of the momentum d
sity ~see also Andersen22 and Singh and Jarlborg26!. Double
integration of the momentum density results in the theor
cal spin-polarized Compton profiles. The theoretical profi
were then convoluted with a Gaussian of 0.4-a.u. FWHM
order to simulate the experimental resolution function, a
thus allow a direct comparison with experiment. The the
retical magnetic Compton profile for Fe3Pt was then pro-
duced by taking the difference of the resolution broade
spin-up and -down charge Compton profiles. A full accou
of their study can be found in Ref. 24.

V. CALCULATION OF Jmag USING THE FULL
POTENTIAL LINEAR AUGMENTED PLANE-WAVE

„FLAPW … METHOD.

A self-consistent potential of ferromagnetic Fe3Pt was de-
termined by the FLAPW and generalized gradient appro
mation method coded inWIEN97. The value of the lattice
constanta used was 7.086 a.u. The energy values and w
functions were calculated at 253k points for 1/48 of the BZ.
The 253k points make a cube mesh. In order to determ
the eigenfunctions, 300 LAPW’s have been used in the
pansion of the wave functions outside the muffin-tin sphe
~interstitial region!, and the wave functions inside a muffin
tin sphere whose radiusr mt is 2.4 a.u. were expanded up
l 510 for the self-consistent band calculation andl 54 for
the Compton profiles, wherel denotes the angular momen
tum quantum number.

Compton profiles for Fe3Pt single crystals were calculate
along two major axes 111 and 110, by Wakoh and Toki27

using the band structure determined previously, and integ
ing n(p) over a series of planes corresponding to differ
momentapz by a linear tetrahedron method.27 In this regime
the Fe spin moment was reported to be 2.771mB per atom.
The induced spin moment on the Pt site was determine
22440
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0.364mB per atom. This yields a total spin moment
2.169mB per formula unit for Fe0.75Pt0.25 The resulting theo-
retical charge Compton profiles were convoluted with
Gaussian of 0.4-a.u. FWHM to simulate the experimen
resolution function, and thus allow a direct comparison w
experiment. A full discussion of their investigation can
found in Ref. 27.

VI. CALCULATION OF J mag„Pz… USING
THE KOHN-KORRINGA-ROSTOCKER KKR METHOD

WITHIN THE COHERENT POTENTIAL
APPROXIMATION „KKR-CPA …

The spin-dependent momentum densities of chemic
disordered Fe0.75Pt0.25were calculated by Majoret al.24 using
the KKR Green’s-function method28–30 within the coherent
potential approximation~CPA! ~Refs. 31–33! and using
muffin-tin potentials. Self-consistency was achieved using
adaptive mesh ofk points determined by the required inte
gration tolerances.34 The averaging over the disorder is don
adequately by the coherent potential approximation. The
proach has been to calculate the momentum densityn(p) and
integrate directly around a contour in the complex ene
plane. The isotropic potentials are placed onto crystal lat
structure which in turn invokes directional anisotropies in t
calculated wave-functions. The exchange-correlation com
nent of the potential was described in the LSDA.25 The
method were described more fully elsewhere.24,35 The mo-
mentum density is given, in terms of the Greens funct
G(p,z) by

n~p!52E dE

p
f ~E!Im G@~p!;E1 ih#, ~3!

whereE is real andf (E) denotes the Fermi factor~our cal-
culations are done at a finite temperature!.

Double integration of the momentum densityn(p) along
the crystallographic direction results in the determination
the charge Compton profileJ(pz). The solid solution of Pt in
Fe was simulated using a disordered arrangement of at
on a fcc lattice with spacing 7.124 a.u. for Fe0.75Pt0.25. The
directional charge Compton profiles~including contributions
from the core and valence electrons! behaved as expected i
the large momentum region of the profile, showing a mon
tonic decrease to zero. A similar calculation was perform
for pure Fe, i.e., Fe0.75Fe0.25 on the same fcc lattice for com
parison.

In this regime the Fe spin moment was determined to
2.737mB per atom. The induced spin moment on the Pt s
was determined as 0.324mB per atom. This yields a total spin
moment of 2.136mB per formula unit for Fe0.75Pt0.25 Again
the resulting theoretical charge Compton profiles were c
voluted with a Gaussian of 0.4-a.u. FWHM to simulate t
experimental resolution function and thus allow a dire
comparison with experiment. The theoretical spin-polariz
electron momentum distribution were calculated in the sa
manner as previously described.
8-3
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VII. RESULTS

The theoretical and measured spin moments are comp
in Table I. Moments are presented as per formula u
(FU21) of Fe0.75Pt0.25. It is clear that the spin moment i
overestimated by all three methods of calculation. The
perimental spin moments and the measured total mom
~measured using a VSM! compare well to those expected fo
the spin moment and the total moment in Fe~assuming that
there is negligible Pt spin polarization in the system!. The
low-temperature~15 K! spin moments are higher than on
may expect for Fe, that is to say that the spin moment pe
atom is greater that 2.05mB . This possibly arises from the
bct distortion in Fe3Pt at 100 K inducing a finite polarizatio
on the Pt bands.

A. Ordered Fe3Pt

The one-dimensional projection of the spin moment m
mentum distribution for ordered Fe3Pt resolved along the
110 and 111 directions at 300 K are shown in Figs. 1 and

TABLE I. Experimental and calculated spin moments for o
dered and disordered Fe0.75Pt0.25. Results are quoted asmB per
formula unit of Fe0.75Pt0.25. The spin moment per Fe atom is show
in brackets.~For the experimentally determined values we assu
that there is a negligible spin polarized contribution from Pt.!

Ordered sample Disordered samp

15 K MCS spin moment 1.856.02 ~2.46! 1.646.02 ~2.18!
300-K MCS spin moment 1.546.02 ~2.056! 1.476.02 ~1.97!
300-K VSM total moment 1.61~2.16!
KKR spin moment 2.136~2.73!
LMTO spin moment 2.096~2.62!
FLAPW spin moment 2.169~2.77!

FIG. 1. The experimental MCP at 300 K~circles! and calcu-
lated, LMTO ~full line!, and FLAPW~dotted! for Fe3Pt resolved
along the 110 crystallographic direction. The dashed line indica
the calculated magnetic profile for pure Fe on a fcc lattice. For
purposes of comparison data are normalized to have equal a
The inset shows the same data in the region of 2–4.5 a.u.
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The experimental data are compared with the results fr
LMTO and FLAPW calculations in both cases.

First we shall consider the 110 crystallographic directi
~Fig 1!. The calculated MCP is in good overall agreeme
with that measured experimentally; the high-momentum t
of the experimental profiles~above 7 a.u.! are well matched
by that calculated theoretically in that both the experim
and the calculated profiles mutually go to zero as expec
~the profiles are truncated to a region of interest of 0 to 9 a
The tails are not shown!. However the FLAPW calculation
produces a more realistic MCP in both crystallographic
rections in the momentum region below 4 a.u.~see Figs. 1
and 2!, as one may expect from a full potential code. It
interesting to note that the calculated spin moments fr
each calculation~LMTO and FLAPW! are similar~see Table
I!.

The LMTO calculation was used to create a Fe-only MC
that is to say Fe3Fe ~with the same lattice parameter as t
Fe3Pt calculation!, which is shown by the dashed line in Fig
1. From this one may conclude that the amount ofd band Pt
spin polarization calculated in the Fe3Pt calculation is too
great~see Table II!, since the Fe only calculation produces
slightly better line-shape comparison, especially in the
gion corresponding to thed-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
the 111 crystallographic direction~Fig. 2!; again the full po-
tential code gives a slightly better MCP line shape, wh
compared with the experimental MCP. For the 111 direct
the low-momentum region, i.e.,pz,2 a.u. of the LMTO-
calculated MCP is too large; thus the calculation overe
mates the amount of delocalized spin polarization in t
direction. The full potential code again provides a more
alistic comparison with experiment. It is interesting to no
that the LMTO code systematically underestimates the s
polarization in the higher-momentum region of the profi
and overestimates the spin polarization in the lo

e

s
e
as.

FIG. 2. The experimental MCP at 300 K~circles! and calcu-
lated, LMTO ~full line!, and FLAPW~dotted! for Fe3Pt resolved
along the 111 crystallographic direction. For the purposes of co
parison the data are normalized to have equal areas.
8-4
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TABLE II. Site spin polarizations in Bohr magnetons,sp-like band components, andd-like band com-
ponents from LMTO, FLAPW, and KKR calculations of Fe3Pt. * Denotes an interstitial moment.

Fe site Pt site Fed-like
component

Fe sp-like
component

Pt d-like
component

Pt sp-like
component

LMTO 2.624 0.489 2.632 20.0183 0.562 20.0837
FLAPW 2.771 0.364 20.182*
KKR-CPA 2.798 0.227
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momentum region of the profile. One possible reason for
is the over estimation of the Ptd-band contribution. A sum-
mary of the band and site spin polarizations is given in Ta
II.

B. Disordered Fe3Pt

The one-dimensional projections of the spin moment m
mentum distribution for disordered Fe3Pt resolved along the
110 and 111 directions at 300 K are shown in Figs. 3 and
The experimental data are compared with the results f
KKR-CPA calculations in both cases. The calculated MCP
again in good overall agreement with that measured exp
mentally. The KKR-CPA calculation was used to create
Fe-only MCP, i.e., Fe3Fe with the same lattice parameter
the Fe3Pt calculation, which is shown as the dashed line
Figs. 3 and 4. The situation with the disordered calculatio
similar to that in the ordered sample~see Sec. VII A!, in that
the d band region of the profile is underestimated, with
overestimation in the low-momentum region of the profi
corresponding to the delocalized component.

C. Comparison of Jmag between ordered and disordered
Fe3Pt

It is interesting to note that the experimental MCP data
the disordered sample look similar to those for the orde

FIG. 3. The experimental MCP at 300 K~circles! and calculated
KKR ~full line! for disordered Fe3Pt resolved along the 110 crys
tallographic direction. The dashed line indicates the calculated m
netic profile for pure Fe on a fcc lattice~data are normalized to hav
equal areas to aid comparison!.
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sample. We shall now consider the directional and ord
disordered anisotropies. The anisotropy between the ord
and disordered Fe3Pt resolved along the 110 direction, that
to say the difference between the two MCP’s i.e.,DJ
5Jmag110

ordered2Jmag110
disordered, is shown in the inset to Fig. 5, alon

with that predicted by calculation. It is clear from both th
main and inset figures that there is very little observed d
ference in the MCP between the ordered and disorde
samples. The calculated differences are of the same ord
those which are measured. Thus the measured projectio
the spin moment momentum distribution is very similar f
the ordered and disordered samples within our resolu
when resolved along the directions measured. This is an
teresting result since the bulk properties of the material v
greatly with the order present in the sample, as demonstr
in Fig. 6, which shows the low-field magnetization as a fun
tion of temperature. Clearly there is, as expected for Fe3Pt, a
large difference inTc between the ordered and disorder
samples.

D. Directional anisotropy of the 111 and 110 directional
MCP’s of Fe3Pt

The amount of directional anisotropy between the 110 a
111 directions is clearly small. The directional anisotro
between the 111 and 110 crystallographic directions,

g-

FIG. 4. The experimental MCP at 300 K~circles! and calculated
KKR ~full line! for disordered Fe3Pt resolved along the 111 crys
tallographic direction. The dashed line indicates the calculated m
netic profile for pure Fe on a fcc lattice~data are normalized to hav
equal areas to aid comparison!.
8-5
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DJ5Jmag1112Jmag110, is shown in the inset to Fig. 7 for th
ordered sample together with that calculated from the LM
band-structure results. The main figure illustrates that the
very little directional anisotropy between these two dire
tions in Fe3Pt. Again the calculated MCP provide, the corre
crystallographic anisotropy when compared with experime
The overall magnitude of the anisotropy is small, and c
rectly modeled by the calculations. It is clear from the s
tematic comparisons of the MCP that for this material th
is little difference in the directional profiles see insets to F
7. From the inset to Fig. 5 it is clear that there is no obser
difference as a function of order in Fe3Pt.

The MCP seems insensitive to the degree of order in
samples. The actual degree of order in the samples w
confirmed by measurement of the Curie temperatures in
ordered and disordered crystals. The low-field magnetiza

FIG. 5. The experimental MCP for ordered Fe3Pt ~circles! and
disordered Fe3Pt ~triangle! resolved along the 110 crystallograph
direction. The inset indicates the observed anisotropy between
two profiles compared with that calculated, i.e., the anisotropy
tween the LMTO and KKR-CPA results along the same directio

FIG. 6. Low-field magnetization as a function of temperature
ordered~dashed! and disordered~solid! Fe3Pt.
22440
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as a function of temperature is shown in Fig. 6 for the
dered and disordered samples; the field was applied par
to the 111~easy! direction of the crystal. The measuredTc of
the ordered and disordered samples are in good agree
with those measured previously.

E. Temperature dependence of the projection
of the spin moment momentum distribution

in ordered and disordered Fe3Pt

The MCP resolved along the 110 direction of the dis
dered sample, measured at four temperatures, is show
Fig. 8. It is clear that there is a finite spin moment aboveTc
in this system, which is commensurate with the presence
short range order correlations in the sample. The inset to
8 shows the same data normalized such that each profile
the same area. The same result was gained when meas
the MCP as a function of temperature in the ordered sam
~see Fig. 9!, except here the maximum temperature measu
was 500 K. It is clear from this that the spin moment rema
wholly Fe in character with no characteristic changes in
1D spin-polarized electron momentum distribution, as s
gested previously in either the ordered or disordered sam
The large amount of scatter in the 425-K data set res
from the small net moment that is present aboveTc at 425 K
caused by the aforementioned short-range order in
sample.

VIII. DISCUSSION

A number of conclusions can be drawn from our resu
The measured projections of spin moment momentum dis
bution are insensitive to the degree of order in the sam
whereas bulk parameters such asTc are not; that is to say
there is very little difference in the MCP observed betwe
the ordered and disordered sample~see Fig. 5!. There is very
little observed anisotropy between the 111 and 110 crys

he
-

.

r

FIG. 7. The experimental MCP for ordered Fe3Pt resolved along
the 111 direction~triangles! and the 110 direction~circles!. The
inset shows the observed directional anisotropy for the 111-110
rections~circles! and the calculated directional anisotropy from t
LMTO calculation.
8-6
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lographic directions, as predicted by calculation. As a fu
tion of temperature there is no discernable~within our reso-
lution! change in the character of the spin mome
momentum distribution for either the ordered or disorde
samples~see Figs. 8 and 9!. The theoretical models used, n
only reproduce the MCP line shape reasonably well but a
the anisotropic difference profile; however, there is in ge

FIG. 8. The magnetic Compton profile at various temperatu
for disordered Fe3Pt resolved along the 110 direction. The data a
offset from zero to aid viewing. The inset shows three 300~solid!,
365 ~dotted!, and 425 K~dashed! of the profiles with integrated
areas of one to aid line shape comparison. Clearly the line shap
the MCP remains constant. The ordered sample Fe3Pt was also
measured in the temperature range from 15 to 500 K, the data s
the same trend as illustrated with no change in the MCP line sh

FIG. 9. The magnetic Compton profile at various temperatu
for ordered Fe3Pt resolved along the 110 direction. The data a
offset from zero to aid viewing. The inset shows three 15~solid!,
300 ~dotted!, and 495 K~dashed! of the profiles with integrated
areas of 1 to aid line shape comparison. Clearly the line shape o
MCP remains constant. The ordered sample Fe3Pt was also mea-
sured in the temperature range 15 to 500 K; the data show the s
trend, as illustrated by no change in the MCP line shape.
22440
-

t
d

o
-

eral a'10% discrepancy between the measured and ca
lated spin moments. Some possible reasons for these o
vations will now be discussed.

Our data provide no evidence for a charge transfer
tween the minority-spineg and majority-spint2g Fe d-band
orbitals near the Fermi energy, within the experimental re
lution. The magnetic Compton profile is sensitive to all sp
polarized electrons in the system, and is also sensitive
their respective localizations. As the real-space a
momentum-space wave functions are related by Fou
transform, spin-polarized electrons that are well localized
manifest as broad features in the MCP, and vice versa. S
the eg electrons contain a greater delocalized character t
those in thet2g orbital, the magnetic Compton technique
sensitive to the respective populations of each orbital.36

The fact that we observe no change in the MCP l
shapes in ordered and disordered samples between 15
500 K is in contrast to the data of Srajeret al.1 who observed
a marked change in MCP line-shape for ordered Fe3Pt be-
tween 305 and 490 K. However, our data exhibit no chan
in line shape as a function of temperature in the lo
momentum region of the profile that would indicate a chan
in the population of theeg orbital. On the contrary, the dat
shown in Fig. 9, when normalized to the same integra
area~see the figure inset! have the same line shapes with
experimental error. For both samples, the statistical accu
is sufficient for this to be well established belowTC . Just
aboveTC the magnetization density induced by the 1 T a
plied field appears unchanged in distribution. The same z
effect is observed in the ordered sample as a function
temperature up to 500 K. We also note that independent c
firmation of the validity of our data is provided by the fa
that, the magnetic moments as calculated from our MC
~the integrated area under the profile! agree well with those
measured using a VSM at all temperatures. Hence, des
the apparent contradiction, we are confident in the valid
and interpretation of our data.

From our results it is clear that the full potential cod
gives a slightly better result that the LMTO and KKR met
ods. The fact that the lattice parameters vary by'1% will
only effect the calculated spin moment and not the pro
shape. If the Fe-only profile is examined for the LMTO r
sult, for example, it is clear that the agreement with the
perimental data is somewhat improved. This is an indicat
that the degree of Pt polarization is overestimated. Now
one examines the site Pt moments for the various calc
tions ~see Table II! the full potential code yields a slightly
smaller Pt site moment, which may account for the diff
ences in profile shape. The differences between the ca
lated and measured spin and total moments~see Table I! has
been seen before in Ni~Ref. 37! and in Fe3Si.38 The differ-
ences between the measured and calculated spin mom
are similar in all cases, and an indication that the LSDA i
reasonable approximation to use for the exchange corr
tion. It is interesting to note that the FLAPW-GGA
calculation is no real improvement on the total measu
spin moment, but does improve the calculated momen
distribution of the spin moment.

s

of

ow
e.

s

he

me
8-7



n
er
ur
h
a

ro
e

re
d

s de-

V.
for
s.

c
he

J. W. TAYLOR et al. PHYSICAL REVIEW B 65 224408
IX. SUMMARY

Our results show that the measured projections~111 and
110! of the spin moment momentum distribution remain co
stant as a function of temperature in ordered and disord
Fe3Pt; this in turn indicates that no charge transfer occ
between orbitals. This is direct experimental evidence t
does not agree with the Weiss two-state model proposed
possible mechanism behind the Invar effect. The results f
three separate electronic structure calculations have b
compared with the experimental results. We find good ag
ment with the profile shape for Fe3Pt in both the ordered an
d,

se

s.

.

ur

s.

io

-
u,

e

.

C

.
s.

22440
-
ed
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disordered phases, although the calculated spin moment
viate from those measured by'10%.
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