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Two-dimensional folding technique for enhancing Fermi surface signatures in the momentum
density: Application to Compton scattering data from an Al-3 at. % Li disordered alloy
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We present a technique for enhancing Fermi surf&S signatures in the two-dimension@D) distribu-
tion obtained after the 3D momentum density in a crystal is projected along a specific direction in momentum
space. These results are useful for investigating fermiology via high-resolution Compton scattering and posi-
tron annihilation spectroscopies. We focus on the particular case ¢f#deprojection in a fcc crystal where
the standard approach based on the use of the Lock-Crisp{{AM&4t) folding theorem fails to give a clear FS
image due to the strong overlap with FS images obtained through projection from higher Brillouin zones. We
show how these superposed FS images can be disentangled by using a selected set of reciprocal lattice vectors
in the folding process. The applicability of our partial folding scheme is illustrated by considering Compton
spectra from an Al-3 at. % Li disordered alloy single crystal. For this purpose, high-resolution Compton
profiles along nine directions in th@10 plane were measured. Corresponding highly accurate theoretical
profiles in Al-3 at. % Li were computed within the local density approximatid»A )—based Korringa-Kohn-
Rostoker coherent potential approximati@¢¢KR-CPA) first-principles framework. A good level of overall
accord between theory and experiment is obtained, some expected discrepancies reflecting electron correlation
effects notwithstanding, and the partial folding scheme is shown to yield a clear FS image1di@helane

in Al-3 at. % Li.
DOI: 10.1103/PhysRevB.64.045121 PACS nuntber71.18+y, 78.70.Ck, 41.60.Ap, 78.70.Bj
[. INTRODUCTION wherep, is taken along the scattering vector of the x rays. In

. ) the independent particle approximation,
Recent advances in synchrotron light sources and detector

technology have rejuvenated interest in high-resolution

Compton scattering as a probe of fermiology and electron Zip.
correFI)ation effectsgin Widg classes of matge);i]eﬂ%“. In a P(p)=;( f Y (r)e” P dr
Compton scattering experiment one measures a directional ’

Compton profile(CP), J(p,), which is related to the twice- i o
integrated ground-state electron momentum densip) by ~ Wheré ¥y (r) is the electron wave function in bariand
statek. The summation in Eq(l.2) extends over all initial
states that are excited in the scattering process. Throughout
this paper this difinition o, , is used. The CP thus con-

2
: (1.2

J(pz)=f fp(p)dpxdpy, (1.1
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tains signatures of the Fermi surfa@eS) breaks and corre- We illustrate the applicability of our folding procedure by
lation effects in the underlying three-dimensioif@D) mo-  considering Compton spectra from an Al-3 at. % Li disor-
mentum density(p). dered alloy(fcc) single crystal specimen. For this purpose,

The determination of FS geometry via the Compton specnine high-resolution CP’s have been measured along a set of
troscopy is complicated by the presence of the double intedirections in the(110) plane, and corresponding highly ac-
gral in Eq.(1.1). As a result, FS breaks ip(p) do not in  curate theoretical profiles have been computed within the
general induce rapid variations d{p,), but only in the first KKR-CPA first-principles framework. Intercomparisons be-
derivative of the profile. Moreover, breaksip) caused by tween theory and experiment, and between results based on
FS crossings are scattered throughout momentum space withe use of a selected and a full set of reciprocal lattice vectors
weights given by the appropriate matrix element. Thereforein the folding process, clearly show the value of our partial
if this matrix element happens to be small in a specificfolding approach in enhancing FS signatures in the data.
case'® then the related FS feature in the CP will be intrinsi- Some comment on our choice of the Al-3 at. % Li disor-
cally weak and difficult to measure. The standard approacklered alloy for this study is appropriate. Al, which possesses
to tackle these problems is to measure CP’s along mangn almost spherical F@n the extended zongis an interest-
different directions, and to invert E¢L.1) to obtainp(p) by  ing base metal for exploring the evolution of fermiology with
using one of the available reconstruction methtid€. The  changes in the electrons/atom ratio via alloying on the one
matrix element effects ip(p) can then be removed in prin- hand, and for investigating electron correlation effects on the
ciple by constructing the occupation number densitypin momentum density in multivalent systems on the other. Met-

spaceN(p), via the so-called Lock-Crisp-WegtCW) fold-  allurgically, Al is quite “exclusive” in that only a few per-
ing proceduré® cent impurities can be dissolved in the solid solutian

phasé* For example, in Al-Li thew phase extends at room
temperature to only about 3 at.% Li concentration. Al-Li
N(D)E%‘z p(p+ G)ZEG; b§l:< S p+G (1.3 alloys, with the possible addition of other elements, are also
’ of great technological interest due to their high strength-to-
where the sum ove® runs over all reciprocal lattice vectors. Weight ratio®® For these fundamental and practical reasons,

The right hand side of Eq1.3) represents the occupation the electronic structure and the nature of bonding in Al-Li
number density in the repeated zone schéfne. alloys have drawn considerable inter&st Insofar as the

In practical applications, an accurate reconstruction ofcOMPpton scattering technique is concerned, relatively little
p(p) along the preceding lines requires the demanding tasRy the way of high-resolution work on disordered alloys is

of making CP measurements along a suitable group of dire@vailable in the literature despite the fact that, unlike tradi-
tions. However, in many cases the 2D projection of the modional spectroscopies which rely on quantum oscillatory phe-

mentum densityp(py,p,) =/ p(p)dp,, and the correspond- nomena, Compton scgttering is n_ot aﬁecteq by shc_)rt elegtron
ing 2D occupation number densit\(p,,p,), along a mean free paths and is thus particularly suited for investigat-
judiciously chosen direction can give most of the importantnd disordered alloys. For reasons outlined in this paragraph,
features of the FS. As shown in Sec. Il it is then sufficient tolN€re iS & strong motivation for undertaking a state-of-the-art
measure a set of CP’s with scattering vectors all lying in thec0mpton scattering study of the Al-Li system as a means of
plane of projection, yielding a significant reduction of mea-92ining insight into the electronic structure of the system and
suring time. The(110 plane in cubic lattices encompasses e pggsyble role of fermiology in destabilizing thephase
many of the high symmetry points and lines in the Brillouin of A'-, o . . )

zone and, therefore, a cross section in this plane captures This article is orgamzeq as follows. Section |l brlefly de-
much of the character of the underlying 3D Fermi surface. Mmea_tes some reconstruction aspects need_ed later. Itis shown
this vein, the(110) projection has been exploited in a number that it suffices to measure a set of CP’s with scattering vec-
of Compton scattering and positron annihilation tors all lying in one plane to obtain the 2D projection of t_he
investigation®-23on bee crystals where tha10) projection ~ Momentum density onto that plane. In Sec. ll, the folding
turns out to be reasonably free of complications of overlap procedure mvglvmg se]ected re_mprocal Igtuce vectors is for-
ping FS images from higher Brillouin zones. In sharp Ccm_mulateq. Sectlon IV gives pertinent detallls of the C_ompton
trast, it has not been possible to use this approach in fcEcattering experiments, while Sec. V briefly describes the

crystals due to overlap problems that often distort the Fg€levant computational details involved in obtaining theoret-
image severely. ical momentum densities and Compton profiles. Section VI

With this motivation, we have examined the question ofPresents and djscusses the theoretical and experimental
how the aforementioned problems of overlap may beCompton scattering results as well as the applicability pf our
avoided in a projected 2D momentum distribution. OurPartial folding procedure to these data. Some concluding re-
analysis reveals that the problem can be solved by using &arks are collected in Sec. V.
selected subset of reciprocal vectors in the folding procedure
of Eq. (1._3). Although we focus i_n this article explicitly on Il RECONSTRUCTION
the specific case of thél10 projection in an fcc crystal,
these ideas are generalized straightforwardly to other projec- The 3D momentum density can be reconstructed by using
tions in cubic lattices. The treatment of projections in generathe Fourier-Bessel method in which a so-cal@g) func-
lattices will be taken up elsewhere. tion is defined by
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] 27T A~ A A 27T A A A
B(r)=fp(p)exp(—|p-r)dp. (2.2 A=?(x+y—z), Bz?(—x+y+z),
It follows from Egs.(1.1) and(2.1) that o
C= a —(X—Yy+2),

8(0,02)= | Jpyexsi—ip2idp, (22 | | |
and the general reciprocal lattice vector is
Thus, from a number of measured CP’s, corresponding B .
B(r)’'s are obtained on radii im space given by the direc- G=hA+kB+IC, hk| areintegers. (3.3
tions of the respective scattering vectors. Next, a fine mesh iBecause we are interested specifically in projecting onto the
set up inr space andB(r) is obtained at every mesh pointby (110) plane, it is convenient to work with new unit vectas
interpolation. This makes it then possible to carry out the andt that lie along and perpendicular fa10]:
inverse Fourier transform 9 Perp

L1 1.
p(p)=(2w)*3f B(r)exp(ip-r)dr 23 =Xty =gy, @4

to obtainp(p). We refer the reader to Ref. 17 for a detailed and thus
discussion of our reconstruction scheme. . R .
Here we briefly show how a 2D projection of the momen- R=Rsst+Rit+ R,z (3.5
tum density along a given direction can be reconstructeg
from Compton scattering measurements in which all the
scattering vectors lie in the perpendicular plane. Without loss

a a
of generality, we takg¢001] to be the projection direction. Ri=——=(2u+v+w), R=—=(—v+w),
From the inverse Fourier transform equati@?3) the pro- 2\2 2\2
jection onto the(001) plane is a
R;=5(v+w), (3.6
p(px,py)=fp(p)dpz=(2w)’3fdpzf f f B(X,Y,z)
while
Xexdi(pyX+pyy+p,2)]dxdydz (2.9 . . .
_ ST e T o G=G S+ Gi+G,2 3.7
The integration with respect fo, produces 2r§(z), yielding i
Wi
, =27r‘2ffo, L0 exdi(px+ dxdy. 2 2
p(Px,Py) =(27) (xy,0)expli(pxx+ pyy)]dxdy. 6= Bh G 2T B~k ),
(2.5 a a
But, as seen from Eq2.2) above,B(x,y,0) can be obtained 20
by interpolation on a fine mesh in thg,{) plane from mea- GZ=?(— h+k+1). (3.9

surements in which all scattering vectors lie in that plane.
Likewise, we have
Ill. FORMULATION OF THE PARTIAL FOLDING R R R R R R
TECHNIQUE pP=pS+ pit+p,z, r=rs+rit+r,z

This section delineates briefly how tkEL0) projection of  The momentum density projected onto {14.0) plane is
the LCW-folded momentum density in E¢L.3) can be di-
vided for an fcc crystal into two identical patterns where one
pattern is shifted by 2/a along the[001] direction with
respect to the other. We consider an fcc lattice with primitive,
translation vectors:

f p(pP)dps=p(pt,P,)- (3.9

Having established the relevant notation, we write the mo-
mentum density Eq(1.2) as

a=g(§<+§/), b:g(§/+2), c=;(2+§<), (3.0 P(P)=p(Ps,Pr.Pz)

wherex, y, z are unit vectors along the Cartesian axes. A :bz J Jcr staldr dr” g (1) 5 (1 )e 1P,
general lattice vector is Y
(3.10

Writing the wave functions in the Bloch form and converting
Similarly, the primitive translation vectors of tlibco) recip-  the integral over in Eq. (1.2) into a sum of integrals over a
rocal lattice are single cell, one obtains

R=ua+vb+wc, u,v,w areintegers. (3.2
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nates of various bcc lattice points generated via the integers
h, k, andl. Different layers perpendicular to th&10] direc-
tion correspond to different values bf It is easily shown
then that the circled sublattice in Fig. 1 involves oerlyen
values of the indeh whereG; and G, [ignoring prefactors
in Egs.(3.8)] are either botlevenor bothodd Similarly, the
crossed sublattice is given lmdd values ofh whereG, and
G, (again, ignoring prefactorgpossess opposite parities.
Bearing these considerations in mind, we divide the sum-
mation in Eq.(3.12 into two sums involving even and odd
values ofh and we use Eq(3.11). This yields

h even

FIG. 1. The bcc reciprocal lattice pointsorresponding to an .
fcc crysta) are shown projected onto ti&10) plane.z denotes the N(pt.pz) = G%z PPt Gi,p Gy
[001] and t the [110] direction. As discussed in the text, open

h odd
circles refer to points with evelnin Eq. (3.8) and crosses to points 2 G G
with odd h. Outlines of the Brillouin zones for the sublattices of +G % p(Pi+ Gy P+ Gy)
circles and crosses are shown by thin and thick solid lines, respec- v
tively. h even
-5 53 [ [ ararunuge
GthZ b,k R,R/ ' ’
— ’ * !
p(pt’pz)_f dpsbzk RZR/ f Jdl’dl’ ub’k(r)ub'k(r ) Xeik~(R+r)e—ik-(R’+r’)e—ipS(Rs—Ré+rs—ré)
x @ik (R+1)g=ik-(R"+1r")g=ip-(R=R")g=ip-(r—r") @ HPr+GY(R=R{ +11= 1) g=i(pz+Go) (R~ Ry +1,-17)

311 + (a similar expression with odd). (3.13
The two-dimensional projection of the occupation number o N
density N(p,,p,) obtained by LCW folding overll pro- e now make use of the following identities:
jected reciprocal lattice vectors is

fdpse—ips(Rsz;H;ré):5R§ng(rs_ré), (3.19
N(P.P)= 2, p(Pi+Gip,+G,) (312

Gt 'GZ
where the sum runs over all set§(,G,). > e GO TIGA ) = 5 1) S(r,— 1)),
The formulation so far leading to Eq3.12 has been Gt.G,
quite general. The nature of the problem as well as its solu- (3.19

tion may be delineated with reference to Fig. 1, which shows

schematically the projection of the bcc reciprocal lattice onto e e

the (110 plane. The lattice points in thel10 plane going ER: ; e PIRelle™PIRe= 5(k,, py+ GF) 8k, o+ GY),
through the origin[for which h=0 in Eq. (3.8)] lie at the C (3.16
positions of the circles. The two neargdtl0) planes [

=+1) lie at a distance oGS:(Zﬂ-/a)\/E in front of and where for the sake of simplicity we ignore forefactors,
behind this central plane and the corresponding lattice pointé(a,b) denotes the Kronecker del ,, and G{,G?) are
project into the crosses. The next pair of planes projects tthe components of an arbitrary reciprocal lattice veG&r*
the circles and then the process repeats itself. The entire béwrthermore,

reciprocal lattice is thus divided into two sublattices related

to the circles and the crosses with associated 2D Brillouin L . 1 foreverh
zones shown by light and dark lines respectiv’él}t is eas- e ICHRTR) IR R, = o @R R)  for oddh.

ily seen now that when the images of the Fermi surface given
by the periodic LCW-folded 3D density are projected along (3.17
[110], the contributions from the circled and crossed sublat-rhe last identity is easily seen by using E¢(&.6) and(3.8)

tices will overlap and get entangled. However, since the,q realizing that +w=(2/a)R, . The final result is
circled and crossed sublattices are related by a simple shift o Z'

27/a along thez axis, if the contribution of one of these h even

sublattices can be suppressed in the folding procedure, the nevenpy ny—c > > (ke pet+ G d(k, ,p,+ GO
projection will no longer suffer from the aforementioned G¢ e bk

complication. (3.18

The preceding strategy may be carried out more formally
as follows. In the §,t,z) space, Eqs(3.8) give the coordi- and
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X scattering cross section were applied. The contribution of
[001] double scattering was simulated via the Monte Carlo pro-
A 7702 U gram of Sakar* The integrated intensity of the double scat-

60.68° tering events was found to be 10% of that of the single scat-
) o tering events. By using Eq2.2), the nine measured profiles
46.06 yield the values oB(z) along nine radial directions all of
[LLTL which lie in the (110 plane in real spaceB(r) was then
21.69° interpolated over an area of 860 a.u?> on a fine square

o mesh of 50X 500r points in the(110) plane. The projection
7.55 p(p:t,p,) of the 3D momentum density was obtained via an
T [110] K inverse 2D Fourier transformation of the interpolai(t).

The p(p;,p,) thus obtained was partially folded following

FIG. 2. The nine directions in th€l10) plane along which the the procedure of Sec. Ill to obtain the 2D occupation number
Compton profiles were measured and computed in this study.  density.

h odd
Nodd( E Oz ) ;( Sk, pet G?) V. COMPUTATIONS
GG, The computation of the electronic structure of Al-3 at. %

Li was carried out within the all-electron charge self-
, (3.19 consistent KKR-CPA framework and is parameter-free. A
lattice constant o= 7.6534 a.u. was assumed. The under-
where the constant collects the irrelevant prefactors lying KKR-CPA methodology is described in Refs. 35-39.
and G© and GX® are the components d with even  The relevant Green's function formulation for treating the
(odd) h.*? momentum density and Compton profile in disordered alloys
The right-hand side of Eq(3.18 is just the projected is given in Refs. 40 and 41. Exchange and correlation effects
two-dimensionalk space occupation Samp”ng function in were incorporated within the von Barth—Hedin local density
the repeated zone scheme for the set of reciprocal latticaPproximatiorf>** In order to obtain the Compton profile
vectors with everh in Eq. (3.3), while the right-hand side of the momentum density(p) was first evaluated over a fine
Eq. (3.19 fulfills the same function for the set with odd ~ mesh of 4&4851x 1777 p points covering momenta up to
Thus, the set of Fermi surface images appearing in EgPmax~5 a.u. Compton profiles with scattering vectors along
(3.18, reappear in Eq(3.19 but shifted by 2r/a along 2. the same directions as the e_xpenmgntal ones were then com-
By carrying out the LCW folding over only one of these two PUted accurately by evaluating the integral of E1). The
sets of reciprocal lattice vectors, the Fermi surfaces corre2ccuracy of the computed profiles is about 1 part ih The
sponding to the other set are removed and thus a picture [iN€ theoretical profiles were convoluted with the experi-
obtained which is not complicated by superposition. mental resollutlon and_ then treatgd in a manner identical to
Since N€¥e" and N°® are identical(apart from the shijt that of the nine experimental profiles.
and their sum yields the occupation functidi{p;,p,), it
follows that N®"®" and N°% each carry half the intensity of VI. APPLICATION TO AL -3 AT.% LI ALLOY
the occupation function. Finally, it is clear that the present i ] ] ]
procedure can be used straightforwardly in the analysis of We briefly compare first the theoretical and experimental

positron annihilation 2D ACAR spectra from an fcc crystal. directional profiles by taking thg100] CP as an example;
results along other directions are similar. After subtraction of

the core contribution the two profiles of Fig. 3 are normal-
ized by area to yield the same number of electrons over the
A single crystal of Al-3 at.% Li was grown from the rangex4 a.u. The theoretical CP is seen to be higher than
melt by the Bridgman-Stockbarger method under a pressuthe experimental one at low momenta with the situation re-
ized argon atmosphere to reduce loss of Li. The compositionersing itself at high momenta. The Fermi cutoff in the first
was determined by both atomic absorption spectrometry anderivative of the CP around 1 a.u. is sharper in the theory;
proton-induced gamma emission and the final specimen, 1this effect is also evident in the second derivative where the
mm in diameter and 1.5 mm thick, was found to contain 3.0corresponding calculated peak is higher and narrower com-
at. % Li. The Compton profiles along nine directions, all ly- pared to the measurements even though the theoretical CP’s
ing in the (110 plane(see Fig. 2, were measured with the and their derivatives include resolution broadening. Similar
KEK-AR spectromete? The incident photon energy was 60 discrepancies between theory and experiment have been ob-
keV, which is high enough so that the impulse approxima-served previously in other systems and can be ascribed to the
tion would be satisfied quite well. The overall momentumfailure of the present LDA-based independent particle model
resolution in the measurements is estimated to be 0.12 a.to properly account for correlations in the electron gds.
The total number of accumulated counts under the profile§hese correlation effects result in the shift of spectral weight
was about K 10°. The necessary energy-dependent correcfrom below to above the Fermi momentumg{ and a re-
tions for absorption, detector, and analyzer efficiency andluction in the size of the brealZ() in the momentum den-

X o

2 o
kzipz+ ?+GZ

IV. EXPERIMENT
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2.5

Experiment Theory

Al-3at%l.i [001]
>  Exp.
Theory

p, (arb. units)
<

b, (arb. units)
<>

p, (arb. units) P, (arb. units)

FIG. 4. Contour maps of the reconstructed experimental and
theoretical momentum densities in ttELO) or (p,,p;) plane. Note
that the results shown represent the 2D-distribution obtained after
the 3D momentum density is integrated along [h&0] direction.

The first Brillouin zone boundary and the high symmetry points in
the (110 plane are indicated.

the (110 plane. We emphasize that an integration along
[110Q] (i.e., py) is implicit here as well as throughout this
article. Therefore, what is shown in all cases is th&0) 2D
projection of the underlying 3D momentum density distribu-
tion. As expected, the data of Fig. 4 display twofold crystal-
. s line symmetry, but it is difficult to ascertain the details of the
0.0 05 1.0 L5 FS, except perhaps that it is roughly spherical in sh@pe
the extended zonewith some bulging along th€110)

30t : directions.

Insight into the nature of our partial folding scheme is
provided by Fig. 5, which considers the case of the free-
electron model where the Fermi sphere corresponds to 2.94
electrons/atom appropriate to the number of conduction elec-
trons in Al-3 at. % Li. Figure &) has been obtained via the
conventional LCW-folding procedure in whicll reciprocal
lattice vectors are used, whereas Fith)5ncludes the con-
tribution of only one of the sublattices as discussed in Sec.
, , Ill. The imprint of the free-electron F$&repeated periodi-

0.0 0.5 1.0 1.5 cally) is obvious in the 2D occupation number density of Fig.
D, (arb. units) 5(b), even though this is far from being the case in Fi@ 5

df(p,)/dp,

2

de

& 1o, )

<o
T

-10F

FIG. 3. Experimental and theoretical directional Compton pro-
files in Al-3 at. % Li and the associated first and second derivatives
are compared along th801] direction. The theoretical results have
been broadened to reflect the experimental resolution.

sity atpg . Concerning fine structure, features around 0.3 a.u.
and 0.6 a.u. in the first derivative of the experimental CP are
reproduced reasonably by theory. These features are quite
similar to those found in Al in the positron annihilati¢hD
angular correlationexperiment¥* as well as in the recent -1
high-resolution Compton scattering measuremé&hts. the -1
case of Al, these have been explained by the fact that the
Fermi surface of Al deviates from a sphdne the extended FIG. 5. Contour maps of the 2D occupation number density
zong and bulges on the hexagonal zone f_ace near th?after projection along110)), N(k,,k;), in the (110 plane for the
W-K-W and W-U-W zone edg_e‘g‘, this mechanism is pre- free_glectron model at the electron concentration of Al—3 at. % Li.
sumably at play in Al-3 at. % Li as well since the addition of () conventional LCW folding using all reciprocal lattice vectors.
3 at. % Li induces relatively little change in the Fermi sur- () present partial LCW folding scheme using selected reciprocal
face of Al. lattice vectors. Experimental resolution broadening is included in
Before discussing the effects of folding, it is helpful to the calculations. The Brillouin zone boundary and the projected
consider Fig. 4, which shows contour maps of the reconfree-electron sphere are showr. signs indicate high-density
structed experimental and theoretical momentum density inegions.

k, (arb. units)
=

k, (arb. units) k, (arb. units)
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a
@
Al-3at%Li T'-L
5 Experiment
™ ~ 4t —— Theory
= )
§ = 3t
. Tl
<
N 1
«" 0
0.0 0.5 1.0 (arb. units) 0.0 0.5 1.0  (arb. units)
2 /4//—\—%\\(%‘ = ponT-L axis pon I'-L axis
-1 0 . . L
k_ (arb. units) k. (arb. units) FIG. 7. Radial sections along thié-L direction through the

experimental and theoreticfl 10]-projected momentum distribu-
plions of Fig. 4 are shown together with the corresponding first de-

FIG. 6. Contour maps of the theoretical and experimental 2 >
rivatives.

occupation number densitiegafter projection along[110]),
N(k,, k), in the (110 plane based on the present partial LCW-
folding scheme in Al-3 at. % Li. Resolution broadening is included MOVes belowpe to an extent which depends on the width of
in the theory. See caption to Fig. 5 for other notational details. ~ the resolution function. Accordingly, by using a free-electron
semicircle of radius 0.919 a.u. and the present experimental
which shows the appearance of four crosslike featureEeSOIUFion Of. 0.12 au., we have determined tha_t the position
around theL symmetry points due to overlapping Fermi sur- _of the inflection pomts in cuts such as those of Fig. 7 must be
faces. Furthermore, complicated structures arise in Rig. 5 ncreased by 4.2% in order to obtain the correct valupgaf
around the zone center. It is striking how the two overlapAPPIYing this correction, theoretical and experimengsl
ping Fermi surfaces in Fig.(8 are disentangled in Fig. Valuesin the110 plane can be mapped out from the data of
5(b).4” These results show clearly the power of the presenF'g' 4. The results of the analysis are given in Fig. 8, and

partial folding approach for analyzing FS images in terms ofshow an excellent level of accord between theory and experi-
the (110 projection in an fcc crystal. ment. Nevertheless, a careful examination of Fig. 8 reveals a

The application to Al-3 at. % Li is considered in Fig. 6, Sight contraction of the experimental F@ompared to
which compares theoretical and experiment&l10)- theory nearU in combination with a slight expansion near

projected, partially folded, 2D occupation densities. On thd$, consistent with our earlier discussion in connection with
whole, the FS contours in Fig. 6 are rather like those in FigFd- & above.

5(b), indicating that the FS of the alloy is more or less

spherical, despite some deviations. Note that the FS contours VIl. SUMMARY AND CONCLUSIONS
in Fig. 6 are not symmetrical with respect to tbeK lines, : . .
even though this is strictly true for the free-electron case in We address the question of how F?”T!' sqrf(a%@) SI9-

Fig. 5(b). This is a consequence of the asphericity of the Fghatures can he enhanced in the 2D distribution ob?alned by
the FS bulges more outside the hexagonal zone face near tﬁéopctlng the 3D momentum density along ﬂ‘:‘ﬂo] direc-
W-K-W zone edgdwhere two hexagonal faces of the first tion In an fCC. crystal. T_he §tandard LCW fold!ng procedure
zone intersegtthan near tha\-U-W zone edgdintersection invoked in this connection involves a summation of the mo-

between a hexagonal and a square face of the first)zon mhgnélljen;tr(jc;nzlgéuovziet:oillanr(;IE(ra?cg(leriigttlc?nvﬁ(gosrssizrgb?ms
This can also be described as a slight flattening of the FS i P Y y ’

the vicinity of U, combined with a small expansion negér _procgdure has been used to produce a reasonably glegr FS
Theory and experiment are in good overall accord in Fig. 6|mprlnt, even when th(allO)-prOJected momentum depsﬂy IS
although the fact that the oblong maximum around the tonsidered, in se_veral studies of bcc crystals, but it has not
point in Fig. &b) is slightly more rotated compared to Fig. been successful in fcc crystals. We show, however, that the

6(a) suggests that the aforementioned asphericity of the FS is

somewhat stronger in the experiment. 0927 8 . T
Finally, we consider radial cuts through the 2D momen- U

tum distribution of Fig. 4; a typical cualongI'-L) is shown

in Fig. 7. It is well known that the value of the Fermi mo- (arb. units)

mentumpg is not given correctly by the inflection point in

the profile of Fig. Ta), or equivalently, the position of the

minimum in the first derivative of Fig.(B).*® The situation 0.00 -
may be simulated by considering the free-electron case. Here

the 2D distribution corresponding to the profile of Figajis FIG. 8. Fermi momentunpe in the (110 plane in the Al—3

a semicircle and the first derivative is negative and divergeg; o, L disordered alloy. Open circles give results deduced from
at pr. When the semicircle is convoluted with the experi- the present Compton profile measurements, while the KKR-CPA-
mental resolution, a tail appears beyopd and the diver-  pased theoretical predictions are given by filled circles. The solid
gence of the first derivative qi- disappears. The inflection circular arc indicates the free-electron momentum of 0.919 a.u. for
point defining the minimum of the first derivative then Al-3 at. % Li.

T K..,
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(110 projection of the LCW-folded momentum density in in the first and the second derivatives. The experimental re-
the fcc lattice can be viewed as a superposition of twosults with regard to the FS are also in accord with KKR-CPA
equivalent FS images that are shifted by/a along the predictions, although there is an indication of a slightly
[001] axis, and that these two images can be disentangled gtronger bulging of the measured Fermi surface outside the
one uses a selected subset of reciprocal lattice vectors in thexagonal zone face along théK-W than along thaV-U-
folding process. Our folding procedure is particularly well W zone edge. Upon adding 3 at. % Li, the FS of Al remains
suited for investigating fermiology-related issues via highessentially free-electron-like, some overall shrinking of its
resolution Compton experiments where a full 3D reconstrucsize due to the reduceala ratio notwithstanding. Large FS
tion of the data is far more demanding than a 2D reconstrucsheets in Al thus show no sign of an anomaly that might
tion using measured directional profiles, all of which involve destabilize thex phase. A Fermi surface—driven mechanism
scattering vectors in thel 10) plane. The technique will also in this connection will therefore need to focus on small fea-
be valuable in analyzing positron annihilatiQaD ACAR) tures in the FS of Alelectron pockets in the third conduction
experiments in fcc lattices. band that can undergo substantial change and may even
An extensive application of the aforementioned partialdisappear with decreasing electron concentration or altered
folding procedure to the case of an fcc disordered alloy islectron lattice interaction upon alloying.
presented. To this end, we have measured nine high-
resollution directional Compton profiles on a single—prystal ACKNOWLEDGMENTS
specimen of Al-3 at.% Li with scattering vectors in the
(110 plane. We have also carried out highly accurate com- The Compton profile measurements were performed with
putations of corresponding theoretical profiles within thethe approval of the Photon Factory Advisory Committee,
self-consistent, parameter-free KKR-CPA framework. Occu-Proposal No. 97G288. This work is supported by the Polish
pation number densities based on theoretical as well as tHeommittee for Scientific Research, Grant No. 2 PO3B 028
experimental profiles obtained via partial folding display 14, the U.S. Department of Energy Contract No. W-31-109-
clear images of the FS. A reasonable level of accord is foun&ENG-38, and benefited from the allocation of supercomputer
between theory and experiment with respect to the overalime at NERSC and the Northeastern University Advanced
shape of the directional profiles as well as the fine structur&cientific Computation CentéASCC).
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