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Directional Compton profiles of the transition-metal alloys FeAl, CoAl, and NiAl have been measured. Both
a conventional technique~resolution 0.55 a.u. of momentum!, based on a 59.3-keV x-ray source with a solid-
state detector, and a high-resolution spectrometer~0.15 a.u. of momentum! with 50-keV x rays from a syn-
chrotron source have been used. The results are interpreted using a theory based on a full-potential linearized
augmented-plane-wave method. The agreement between the experimental and the theoretical momentum den-
sity anisotropy is very good. It is shown that the anisotropies at low momenta are heavily influenced by the
particular shape of the Fermi surface.

I. INTRODUCTION

The first period transition metals form interesting alloys
with aluminum covering the entire concentration range. The
equiatomic alloys of Fe, Co, and Ni crystallize in a simple
CsCl-type crystal structure.1 A great effort has been made to
study the character of the bonding and the charge transfer in
these alloys. Charge density studies, based on x-ray diffrac-
tion, and both soft x-ray and electron spectroscopy have been
used. Depending on the experimental method and the defini-
tion of the charge transfer the results are quite diffuse and
even conflicting.2

Compton-scattering experiments using polycrystalline
samples have been made by Chaddah and Sahni3 who mea-
sured FeAl and CoAl and by Manninenet al.2 who measured
FeAl, CoAl, and NiAl, using ag-ray source and a solid-state
detector. The analysis was mostly based on the charge trans-
fer and on a rigid band model where the transfer took place
between the valence electron states of aluminum and 3d
states of the transition metal. The general trend turned out to
be a net transfer to the transition metal site. Because poly-
crystalline samples were used, a detailed analysis of the di-
rectional electron momentum distribution itself was not pos-
sible.

Podloucky and Neckel4 calculated the directional Comp-
ton profiles of FeAl using a quasi-self-consistent augmented
plane wave~APW! method. They found a remarkable anisot-
ropy that should easily be seen even in a low-resolution ex-
periment. Unfortunately no single crystals were available at
that time. Later the Vienna group developed their method by
introducing a multipole expansion of the momentum density
to calculate the Compton profile and by including a modern
version of linearized APW.5 They calculated the directional
FeAl profiles and compared those with the first test experi-
ments on single crystals.6 Due to the low resolution, only
some gross features of the anisotropy could be compared.

In this work we present high-resolution data on the direc-
tional Compton profiles of FeAl, CoAl, and NiAl single crys-
tals. Our experiments are made using the focusing scanning
spectrometer at the High Energy Beam line~ID15! at the
European Synchrotron Radiation Facility~ESRF!. The aver-
age resolution in the momentum range of interest is about
0.15 a.u. For comparison and also to check the consistency
of data processing, all crystals have also been measured us-
ing the conventional spectrometer at the University of Hels-
inki, which is based on the use of monochromatic WKa1 x
rays and a solid-state detector.

The theoretical analysis is based on a full potential linear-
ized augmented plane wave~FLAPW! method. Special at-
tention is taken to separate the wave function and the Fermi
surface contributions to the momentum anisotropy. The re-
sults will demonstrate the usefulness of Compton scattering
in the Fermiology of imperfect single crystals at room tem-
perature.

II. THEORY

Within the impulse approximation7,8 the Compton profile
~CP! is the projection of the electron momentum density
~EMD! onto the scattering vector. A practical method for the
calculation of CP’s for cubic systems representing both EMD
and CP’s in terms of multipole expansions was described by
Blaaset al.5 Within this scheme, the EMD coefficients are
obtained by a Gaussian projection from EMD calculated on a
set of special directions. The corresponding CP coefficients
are computed by a one-dimensional integration involving the
EMD coefficients.

The self-consistent charge densities of FeAl, CoAl, and
NiAl at the proper experimental lattice constantsa were de-
termined by means of the all-electron FLAPW method,9

which solves the Kohn-Sham type Schro¨dinger equation
without any shape restrictions of the crystal potential. The
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exchange and the correlation were treated within the local
density approximation~LDA !. The self-consistency itera-
tions have been performed on a 97-point linear tetrahedron
grid within the irreducible wedge of the first Brillouin zone.
About 3000 warping terms in the interstitial region and non-
spherical contributions up tol512 inside the muffin-tin
spheres have been used for the representation of the general
potential and about 200 FLAPW’s for the variational basis
set.

The valence EMD at any given momentum value can be
obtained by a straightforward Fourier inversion of the
FLAPW wave functions and the subsequent squaring. In or-
der to determine the EMD expansion coefficients the EMD
was computed using a momentum interval of 0.01(2p/a)
with a maximum momentum value of 6.5(2p/a) along each
of the 45 special directions10,11 determining the expansion
coefficients up tol548 ~in total 29 250 EMD values!. Be-
yond 6.5(2p/a) only the isotropic part was considered,
which is enough to ensure the correct norms of the valence
EMD ~CP’s!. The relevant parameters for the valence calcu-
lations can be found in Table I. The total CP’s were calcu-
lated by adding an atomiclike core contribution and a Lam-
Platzman term12 that corrects for the electron correlation
effects beyond the noninteracting jellium model limit~isotro-
pic in the case of the LDA!.

III. EXPERIMENT

The single crystals used in this work were grown by the
Bridgman method at the University of Lausanne. Slices, all
with the same thickness of 2 mm and a diameter of at least
20 mm, were cut using the electroerosion technique. The
orientation of each sample was verified using Laue diffrac-
tion so that the Bragg planes were parallel to the crystal
surface. It turned out that the CoAl crystals were not uniform
single crystals but grains big enough for the experiment were
present. In the case of FeAl the Laue spots were slightly
diffused, indicating a small deviation from an ideal single
crystal. However, this mosaicity was less than the angular
resolution of the Compton spectrometer. All orientations
were correct within61°.

Preliminary experiments were done using an x-ray spec-
trometer based on the use of monochromatic WKa1 radia-
tion and a solid state detector.13 The small beam size~0.5
mm horizontal, 10 mm vertical! allowed the use of small
single-crystal volumes of the CoAl samples. The resolution

of this spectrometer was about 0.55 a.u. of momentum fully
dominated by the poor energy resolution of the solid-state
detector. The scattering angle was 160° and altogether about
107 counts were collected for each direction. The data were
corrected for the background, instrumental broadening@be-
cause of the statistical noise, this can be done only partly, the
residual instrument function~RIF! should be known#, and
absorption in the sample and then converted into the momen-
tum scale. The contribution of multiple scattering was calcu-
lated using a Monte Carlo method.14 This was about 11% in
each case. The areas of the experimental profiles were nor-
malized to the number equal to the single1multiple scatter-
ing contribution~the single scattering contribution equals the
number of electrons!. The directional difference profiles
were then compared with the theory, which should be con-
voluted by the RIF. When the difference is taken, most of the
possible small systematic errors cancel out.

The comparison between the experimental and the theo-
retical Compton profile differencesJ100-J111 is shown in Fig.
1 for FeAl. It is clearly seen that the experimental result is
very close to the theoretical one after the convolution but the
details predicted by the theory are totally washed out due to
the low resolution. Similar results were also obtained in the
case of CoAl and NiAl. It will be shown in Sec. IV that these
details are mainly due to the Fermi-surface effects and it is
obvious that better resolution is required in order to find
those experimentally. On the other hand, when insulating
systems~like ionic crystals! are studied this resolution is
good enough to see all the essential gross features in the
momentum anisotropy.15

The high-resolution spectrometer located at the ESRF
beam line BL25~ID15! was used for the final experiment. A
schematic layout of the experimental arrangement is shown
in Fig. 2. Radiation from the multipole asymmetric wiggler
~7 periods, critical energy 43 keV! was monochromatized
using a horizontally focusing Bragg type bent Si~220! crys-
tal. A photon energy of 49.6 keV was chosen and the energy
bandwidth of the focused beam at the sample was about 15
eV. The beam was slitted down to 0.15 mm~horizontal!36
mm~vertical! and the scattering angle was 161°. The scat-

FIG. 1. The Compton profile anisotropy@100#–@111# of FeAl.
The experimental result~solid dots! has been obtained using W
Ka1 radiation and a solid-state detector~resolution about 0.55 a.u.!.
The dotted line corresponds to the FLAPW theory and the solid line
to the theory convoluted with the resolution function.

TABLE I. Parameters for the valence CP calculations.@a 5
lattice constant,pmax 5 maximum momentum value for anisotro-
pies,Pmax 5 maximum momentum value for the isotropic cutoff
correction,N(pmax) 5 norm of the valence EMD inside momenta
<pmax, N(Pmax) 5 norm of the valence EMD inside momenta
<Pmax 5 norm of the valence CP for momenta<Pmax.]

FeAl CoAl NiAl

a ~a.u.! 5.49619 5.40907 5.45450
pmax ~a.u.! 7.43 7.55 7.49
Pmax ~a.u.! 41.15 41.82 41.47
N(pmax) 10.753 11.672 12.523
N(Pmax) 10.999 12.000 12.997
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tered energy spectrum was analyzed using a bent focusing
Ge~440! crystal (80361 mm2, bending radius 6100 mm! in
a scanning mode, followed by a NaI~Tl! scintillation counter
moving simultaneously with the analyzing crystal. With the
synchronous motions, the sample, analyzer, and detector stay
on the focusing circle during the scan. In this type of spec-
trometer, the crucial factor limiting the resolution is the size
of the irradiated sample volume seen by the analyzer crystal.

The resolution function was calculated as a function of
energy. The resolution is affected by the horizontal and the
vertical beam divergences, the absorption effect to the hori-
zontal divergence, the reflectivities of the monochromator
and the analyzing crystals, and the Johann error of the bent
crystal. The resulting resolution function was very close to a
Gaussian with the full width at half maximum of 165 eV at
the elastic line~49.6 keV! and 126 eV, 94 eV and 72 eV at
the high-energy side of the experimental Compton profile
~45.7 keV!, at the peak center~41.7 keV! and at the low-
energy side~38.4 keV!, respectively. In terms of the momen-
tum resolution this corresponds to 0.15 a.u. at the Compton
peak, good enough to see the details predicted by the theory.

To check the resolution function calculation a fluores-
cence spectrum of the Gd sample was measured. TheKa1
fluorescence line~43 keV! is close to the center of the Comp-
ton peak and the absorption of Gd is also similar to the actual
samples, giving roughly the same irradiated volume. Includ-
ing the natural linewidth of the fluorescence line~26 eV! and
the effects that are different for the fluorescence and scat-
tered radiation~the effect of primary energy distribution! the
calculated and the measured resolution functions were iden-
tical within the statistical error.

The experimental procedure for each sample was first to
measure one full spectrum covering the whole energy range
from the elastic line to the low-energy tail of the Compton
profile using a time step of 10 s and an angular step of 0.01°
of the analyzing crystal. The actual Compton profile~from
38.4 to 45.7 keV! was then measured with an angular step of
0.005°, corresponding to an energy step of 24 eV at the

Compton peak. Such a measurement took about 1 h and total
of two full 8-h shifts were used for each crystal direction.
The counting rate was about 1000 counts/s at the Compton
peak and total of 1.53107 counts were collected for each
sample.

A monitor counter, measuring the Compton scattering
from the sample with a Ge detector, was used to correct for
the fluctuations of the primary beam intensity. It also turned
out that there were additional contributions to the measured
spectra due to the Compton scattering of the monochromator
Si~440! harmonic seen by the Ge~660! reflection of the ana-
lyzer crystal and the elastic line seen by the Ge~551! reflec-
tion. This can be seen in Fig. 3, which shows the raw data for
FeAl~111! crystal. Fortunately, this did not overlap with the
interesting part of the spectra.

The measured spectra were first normalized according to
the monitor count rate. The background contribution was
subtracted using a polynomial fit. The energy-dependent cor-
rections to the measured cross section are considerably more
complicated than in the case of conventional energy disper-
sive measurement with a solid-state detector. By assuming a
linear polarization for the white beam from the wiggler, the
polarization factors were properly included in the calcula-
tions for the monochromator, sample, and the analyzing crys-
tal. The measured data were corrected for air and sample
absorption and the geometrical factors due to the vertical and
horizontal opening angles. The reflectivity of the analyzing
crystal was also taken into account. Data points, so far in the
angular scale, were then converted to the momentum scale
including the differential element correction due to the non-
linear transformation. Finally the experimental profiles were
normalized within the range of66 a.u. to the theoretical
values. No correction for the multiple scattering was done.
The major part of this smooth contribution was subtracted
together with the background. The sample thicknesses and
volumes were about the same and when the directional dif-
ferences are taken, there are only residual effects remaining.
It turns out that the multiple scattering contribution is in
general smaller in the synchrotron radiation experiments16

compared with the experiments using an unpolarized source.
Also, the focusing optics naturally limits the multiple-

FIG. 2. A schematic layout of the ESRF spectrometer. The
monochromatized beam (M ) is collimated before the sample (S) by
the aperture slits~ES! and the scattered beam is collimated before
the analyzer (A) by the aperture slits~CS!. The sample, analyzer
crystal, and detector slits~DS! are on the Rowland circle~dashed
line!, which has a constant radius but whose position is moving
during the scan around the sample position. A NaI scintillation
counter was used as a detector (D) and a Ge solid-state detector
~SSD! as a monitor. The translations and rotations of the analyzer
crystal and the detector are indicated by arrows. The monochro-
mator part is scaled down by a factor of 100 and the spectrometer
part is scaled down by a factor of 10.

FIG. 3. The experimental Compton profile~raw data! of FeAl
@111# taken during 1 h. The small extra peak at 39.5 keV corre-
sponds to the elastic line, seen by the Ge~551! reflection of the
analyzer crystal~see text!.
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scattering contribution because the analyzing crystal accepts
photons only from a very small sample volume. In the
present case this means that the multiple-single ratio of about
11% for a conventional x-ray source is now less than 10%
and the major part of it is removed in the subtraction of the
background. The remaining contribution in the directional
Compton profile difference curves is therefore smaller than
the statistical error.

IV. RESULTS AND DISCUSSION

The final experimental Compton profile anisotropies are
given in Fig. 4 for FeAl, CoAl, and NiAl. The average of
both sides of the experimental Compton profile is used ex-
cluding the Bragg reflection region around 39.5 keV~dis-
cussed before and shown in Fig. 3!. Together with the ex-
perimental anisotropies the theoretical results after the
convolution with the experimental resolution function are
also shown. Although the statistical accuracy is somewhat
limited, some general conclusions can be drawn. The gross
features, as seen with lower resolution in Fig. 1 for FeAl are
now replaced by fine structure especially at low momenta. In
the case of CoAl these low momentum details are actually all
that can be clearly separated from the statistical noise. At
high momenta where almost all information comes from the
tightly bound atomiclike electrons, all experimental differ-

ence curves approach zero. This gives confidence that the
remaining uncertainties in the final experimental results
mainly cancel out when the difference is taken.

A main motivation for developing high-resolution Comp-
ton scattering was the prospect to tackle the Fermiology as-
pects of the electronic structure. From the figures above we
conclude that the experimental resolution reached so far is
already good enough to reproduce the fine structures pre-
dicted by theory~compare Figs. 1 and 4!. It is therefore
necessary to get a clear picture of the physics behind the
maxima and minima in the difference Compton profiles
~DCP’s! and to attribute them, if possible, either to wave-
function-related effects or to the topology of the Fermi sur-
face.

Despite their different lattice constants, the band struc-
tures of the three compounds are remarkably similar~see,
e.g., Refs. 17 and 18 and confirmed by the present work!
exhibiting an almost rigid-band-like behavior upon increas-
ing the number of valence electrons in the series FeAl, CoAl,
NiAl. However, the shape of the Fermi surface is different,
since the Fermi level for FeAl is well within thed-band
complex, for CoAl just below the upperd-band edge, and for
NiAl well above thed bands. The contributions to the Fermi
surface come from the fourth, fifth, and sixth bands for FeAl
and from the sixth and seventh bands for both CoAl and
NiAl. Roughly speaking, in FeAl the fourth and fifth bands
cut out holes aroundG andR points, while the sixth band
adds electrons except for tubes alongG-X and regions
aroundR points ~see Fig. 5!. For CoAl and NiAl the sixth
band is almost full, leaving only the holes around theR
points. The seventh band progressively adds electrons around
M points.

In theory it is possible to remove all Fermi-surface-related
features from the present FLAPW EMD by artificially filling
7 bands~14 electrons!, which means that for all three com-
pounds thed bands are filled as well as one plane-wave-like
state below and one above thed-band complex~see, e.g.,
Ref. 18!. Scaling momentum values to units of the lattice
constants (2p/a) one ends up with model EMD’s that are
very similar for all three alloys, thus confirming the rigid-
band-like behavior. The remaining differences between the
individual model EMD’s are small and mainly isotropic, re-
flecting the narrowing of thed bands ~NiAl , CoAl ,
FeAl! whereas the anisotropic parts are almost identical.

In Fig. 6 the theoretical DCP’s involving the main sym-
metry directions are shown both for the real alloys and for
the model alloys with 7 completely filled bands. The model
DCP’s for all three alloys agree with each other extremely
well, whereas the different shapes of the Fermi surfaces in-
troduce characteristic changes. In other words, these changes
are caused by removing the excess momentum density from
regions outside the Fermi surfaces. The most pronounced
effects can be found in the low momenta regions. The
changes are largest for FeAl, especially if the@100# direction
is involved,19 which is hardly surprising since the Fermi sur-
face cuts right through the Fed bands. For NiAl, which
already has an almost filledd band, the Fermi-surface-
induced changes are large only forq,1(2p/a). For larger
momenta the changes are small and the anisotropies are at-
tributed mainly to the wave-function-relatedeg /t2g splitting
of the Ni d bands.

FIG. 4. The experimental and theoretical directional difference
profiles of FeAl ~@100#–@111#!, CoAl ~@110#–@111#!, and NiAl
~@110#–@111#!. The solid line corresponds to the FLAPW theory
convoluted with the experimental resolution function and the solid
circles connected with a thin line are the experimental data points.
The statistical error bars are shown at some points.
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In the following we examine the Fermi-surface-induced
changes for low momenta using the DCP@110#2@111# as an
example. Out of the three alloys NiAl is certainly best suited
for such considerations since its Fermi surface cuts mainly
through the upper plane-wave-like band number 7. In a
simple plane-wave approach, neglecting the almost filled Ni
d bands for the moment, a fully occupied lower and upper

plane-wave-like band~4 electrons! fills 2 simple cubic Bril-
louin zones, i.e., one rhombic dodecahedron, completely.
This rhombic dodecahedron repeated periodically throughout
momentum space~dodecahedra model! describes artificial
NiAl without Fermi surface. In order to represent true NiAl
with a Fermi surface~3 plane-wave-like electrons! the actu-
ally filled fraction of momentum space may be approximated
by a sphere inscribed into each of the rhombic dodecahedra
~spheres model, for the correct Fermi surface of NiAl see
Fig. 5!.20 The implications of the plane-wave approach are
illustrated in Fig. 7. Since the EMD drops off rapidly outside
the central rhombic dodecahedron it is sufficient to concen-
trate on the momentum region inside its circumscribed
sphere of radius 1(2p/a) as indicated in the figure.~Note
that the plane-waved hybridization pushes about 5% of the
plane-wave-like electrons from the central rhombic dodeca-
hedron into adjacent rhombic dodecahedra. For simplicity
we will assume a constant momentum density within each
rhombic dodecahedron.! For the dodecahedra model~NiAl
without Fermi surface! the DCP is proportional to the differ-
ence between the~direction dependent! cross sections of the
rhombic dodecahedra viewed along the two directions. Com-
paring the planes of integration perpendicular to the two di-
rections atq50 we see that the area of the cross section of
the central rhombic dodecahedron viewed along@110# is
larger than that viewed along@111#. As the EMD within the
neighboring rhombic dodecahedra is already much lower,
their contributions are too small to change the trend imposed
by the central rhombic dodecahedron. Consequently, the
DCP @110#2@111# ~Fig. 6! for completely filled bands is
positive atq50. For the spheres model~NiAl with Fermi
surface! we have to look at the cross sections of the Fermi
spheres inscribed into each of the space-filling rhombic
dodecahedra. The cross sections of the Fermi sphere inside
the central rhombic dodecahedron are identical for all direc-
tions. However, viewed along@111# there are contributions
from six Fermi spheres inside adjacent neighboring rhombic
dodecahedra as opposed to only two when viewed along
@110#. Therefore, the DCP@110#2@111# ~Fig. 6! for the
physical alloy is negative atq50. Invoking similar argu-

FIG. 5. Intersections of the Fermi surfaces of FeAl, CoAl, and
NiAl with planes perpendicular to@100# at various distancesq from
the origin. Occupied areas for the sixth band sheet are shaded light
grey, those for the seventh band sheet dark grey~the sixth band has
to be occupied in regions occupied by the seventh band!: ~a! q5 0,
1, 2, 3 (2p/a), . . . , ~b! q5 0.2, 0.8, 1.2, 1.8, 2.2, 2.8, 3.2
(2p/a), . . . , ~c! q5 0.5, 1.5, 2.5 (2p/a), . . . ThelabelsG, R, M ,
X indicate the high-symmetry points of the simple-cubic Brillouin
zone.

FIG. 6. Theoretical difference
Compton profiles @100#2[111#
~upper panel! and @110#2[111#
~lower panel! for FeAl, CoAl, and
NiAl. The solid lines represent the
physical alloys while the dotted
lines are the corresponding sys-
tems with artificially filled 7
bands~see text!. The labelsa, b,
c mark q values for which the
Fermi-surface cross sections in-
volved in the computation of the
Compton profiles along@100# are
shown in Fig. 5.
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ments atq5A2/4(2p/a) andq52/3(2p/a) we are able to
explain the Fermi-surface-induced reversal of sign in the
DCP@110#2@111# ~Fig. 6!. However, it should be noted that
for q.1(2p/a) the plane-wave-like bands no longer con-
tribute to the CP anisotropies significantly and hence any
anisotropy in this region has to be attributed to the transition-
metald bands.

While the Fermi-surface-induced changes for
q,0.8(2p/a) show a similar trend for all three alloys in the
DCP @110#2@111#, the picture changes if the@100# direction
is involved as can be seen in Fig. 6. While NiAl due to the
almost filledd bands shows again the same pattern concern-
ing the deviation from the 7 filled bands model, FeAl shows
a remarkable double-peak structure aroundq51(2p/a),
displaying an additional minimum. Also the anisotropies for
q.1(2p/a) are more pronounced in the DCP’s@100#
2@111#. Therefore, taking a closer look at the@100# valence
CP’s, shown in Fig. 8, is appropriate. Due to the increasing
number of valence electrons one expects that CP~FeAl!
,CP~CoAl!,CP~NiAl ! for all q values. Apparently the
CP’s for CoAl and NiAl are smoother than for FeAl. CoAl
and NiAl have an almost filled sixth band, whereas for FeAl
the sixth band Fermi surface additionally has tubular holes
along G-X ~see Fig. 5!. Using geometrical arguments one
sees that the cross section through the occupied part of the
sixth band in FeAl~Fig. 5! is largest for theq values labeled
~b!, leading to distinct bumps in the CP@100# of FeAl at
theseq values@again labeled~b! in Fig. 8#. The fourth and
fifth band Fermi surfaces of FeAl~not shown in Fig. 5! sup-
port the trend given by the sixth band. The bumps in the CP

@100# of FeAl ~caused by the particular Fermi-surface shape!
have been identified to be responsible for the double-peak
structure in the DCP@100#2@111# of FeAl.19 The seventh
band, unoccupied in FeAl, contributes to the CP@100# for
CoAl and NiAl and the shape of its Fermi surface is again
responsible for the size of the contribution. From Fig. 5 one
sees that forq values labeled~b! the seventh band Fermi
surface cross section is minimal for NiAl and practically
nonexistent for CoAl. Consequently, at theseq values@la-
beled~b! in Fig. 8# the CP’s for the three alloys are closer to
each other than for any other value ofq. At q values labeled
~c! the seventh band is almost completely occupied for NiAl
leading to bumps in the CP@100# at thoseq values. This is in
contrast to CoAl, which has a smaller cross section at thoseq
values, which explains why the differences between the CP’s
of CoAl and NiAl are larger forq values labeled~c! ~corre-
sponding to cuts along the Brillouin zone boundaries! than
for those labeled~a! ~corresponding to cuts through the Bril-
louin zone centers!. These facts together with the analysis
presented above demonstrate that the transition-metal alu-
minides are well suited for studying their Fermiology by
high-resolution Compton scattering since the wave-function-
related differences between these three alloys are small
whereas the Fermi-surface-related differences are large.

V. SUMMARY

Based on the high-resolution Compton scattering experi-
ment combined with the state-of-the-art band-structure
analysis we have shown that the effect of the Fermi surface
can be clearly seen in the directional difference Compton
profiles. Because low temperature and high single crystal
quality are not required we suggest that this type of experi-
ment opens up new possibilities in the Fermiology studies of
even more complex systems. The relatively low statistical
accuracy, limiting the full potential of the analysis at the
moment will not be the problem when the improved version
of the ESRF spectrometer will be in the operational stage.

FIG. 7. Illustration of a simple plane-wave approach for NiAl.
The upper part shows, for selectedq values, the planes of integra-
tion used in computing the Compton profile along@110#, the lower
part those for the Compton profile along@111#. In Fig. 6 theseq
values are marked by arrows. The cross sections of space-filling
rhombic dodecahedra with each plane are indicated by straight lines
~dodecahedra model, NiAl without Fermi surface!. The shaded ar-
eas represent the actually occupied momentum regions for NiAl
with a Fermi surface~spheres model! and the grey level indicates
the magnitude of the electron momentum density. Hence, the con-
tribution from the Fermi sphere centered at the origin is colored
dark grey, those from the nearest neighbors of type^110& medium
grey, and all higher contributions light grey. The inner sphere that
circumscribes the central rhombic dodecahedron has a radius of
1(2p/a) and the outer circle corresponds to a momentum sphere of
radius 2(2p/a).

FIG. 8. Theoretical valence Compton profiles along@100# for
FeAl ~solid!, CoAl ~dashed!, and NiAl ~dotted!. The labelsa, b, c
markq values for which the Fermi-surface cross sections involved
in the computation of the Compton profiles are shown in Fig. 5.
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