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Directional Compton profile§CP’s) of Li; oo Mg, (0=<x=<40) were measured fqi1)12 directions of the
momentum transfeq with (0.14) 0.16 a.u. (a.u=atomic units:A=e=m=1) momentum space resolution
using synchrotron x rays, monochromatized(&1) 59 keV (values in brackets refer te=0). The total
experimental valence electron CP’s, their second derivatives, and the associated directional differences were
compared with the corresponding Korringa-Kohn-Rostoker—coherent-potential-approximation—local-density-
approximation(KKR—CPA-LDA) computations. Discrepancies between measurements and calculations are
partly traced back to an inadequate treatment of electron correlation effects within the LDA framework. The
three-dimensional3D) valence-electron momentum densipyp), as well as the 3D occupation number den-
sity N(k), were reconstructed from experimental data using the Fourier-Bessel method. The reconstructed
p(p)’s exhibit evidence of higher momentum components due to 110 umklapp processes, whose variations with
x are in reasonable agreement with the KKR-CPA calculations. The experiniéfils provide a direct
measure of the Fermi-surface anisotropy and show the presence of necks on the 110 Brillouin-zone boundaries
for x=13 in good accord with 2D positron annihilation experimefi&163-18209)14833-1

[. INTRODUCTION Recent work* has shown that directional Compton pro-
files (CP’s) with a momentum space resolution of the order
Liq00-xMay alloys form a solid solution of Mg in the bcc of 0.1 a.u. can yield useful information about the electron
Li lattice® over a wide range of composition<x<70; the  momentum density including its higher momentum compo-
average number of valence electrons per atom then variegents arising from umklapp processes. Additionally, quite
continuously from 1 to 1.7, while the lattice constant in- small anisotropies associated with the asphericity of the FS
creases only slightly from 6.633 a.u. (as@tomic units:h can be deduced. This is especially important for testing band
=e=m=1) to 6.648 a.u. with a shallow minimum of 6.603 theory predictions since the conventional FS technique of
a.u. atx=352 Insofar as the Fermi surfacdS) is con-  choice, the de Haas—van Alph&HvA) effect, is not appli-
cerned, we expect the nearly free-electron FS of Li to expandable in this case. The reason is that the bcc Li undergoes a
with increasing Mg content and make contact with themartensitic transition to a mixed bc&%amarium-like phase
Brillouin-zone (BZ) boundary first along the direction of the for T<75K,® so that the low temperatures needed for carry-
shortest reciprocal-lattice vectoG(,, for bco at a certain  ing out dHvVA measurements are not feasible. Notably
critical concentrationx, (48% Mg for the free-electron Randles and Springfotdapproached the problem by artifi-
mode). For these reasons, LiMg alloys have been the subjeatially suppressing the martensitic transition by measuring
of numerous experimental studies to test theoretical modeldHVA in a polycrystalline dispersion of Li spheres of small
of electronic structure of chemically disordered solids. In thissize; the directional information was of course lost in this
vein, we have been motivated to undertake the present studyay. On the other hand, the Compton scatteriamd angular
since the Compton spectra provide a direct measure of theorrelation of positron annihilation radiattotACAR) ex-
ground-state electron momentum density and hence of thgeriments do not require long mean free paths or low tem-
underlying electronic wavefunctions and the FS. peratures and, therefore, are especially suited to study the
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bcc LiMg alloys. Relative to ACAR, the Compton technique tion have been measured as well as computed in order to
possesses the advantage that the interpretation of the spectary out a proper 3D reconstruction of the momentum space
is not complicated by the presence of the positron. In parand occupation number densities. The fact that a Compton
ticular, backfolding of the momentum density into the first experiment involves a 1D projection of the 3D momentum
BZ either by utilizing the Lock-Crisp-West. CW) theoreni ~ density and a concomitant loss of information is ameliorated
or the corresponding Fourier theorem of Skt strictly ~ Via measurements along many dire_ctions in this manner, as
yields the occupation number density only in the case ofas been demonstrated previously in the study of pufe Li.
Compton scattering and not of ACAR spectra. The remainder of this paper is organized as follows: In
It should be noted that in disordered alloys of interest to>€C- |l Some basic relations which connect Compton profiles
this paper, another effect comes into play in inducing finiteboth with the electron momentum space density and the oc-
electronic lifetimes, namely, the disorder scattering of statescUpation number density are outlined in order to clarify the
Consequently, even at low temperatures, the application dfeconstruction of these quantities. Section IIl gives salient
the dHVA and other techniques based on transport phenonfi€tails of the KKR-LDA-CPA computations. Section IV
ena is generally limited to the dilute impurity regime. By 9ives the relevant details of experiments and data processing.
contrast, the Compton and ACAR experiments are applicablé? Sec. V the experimental results in the form (of direc-
to concentrated alloys. In comparing Compton and ACAR tional CP differencesiii) reconstructed electron momentum
we should also keep in mind that the two spectroscopie§Pace densitiesiii) reconstructed occupation number densi-
probe the electronic structure differently. ties and FS anisotropy, an@) second derivatives of the
The positron can show a preferential affinity for a specificCP's are presented and compared with the corresponding
site in a binary alloy, whereas the Compton would sampldheoretical quantities. Finally, Sec. VI outlines the conclu-
the electronic states more uniformly. Indeed, a difference ir$ions of this study.
the positron affinity between Li and Mg sites has been pre-
dicted in LiMg alloys! due to differences in the associated Il. BASIC RELATIONS
pseudopotentials’. Early one-dimensiondlLD) ACAR study
of polycrystalline LiMg samples was reported by Stewart.
Refs. 11 report 1D-ACAR and positron lifetime MEAasUre-.n electron system, as measured in a Compton scattering

ments, also on polycrystals, with focus on the issue of posi- ; ; . i .
tron affinity, but find no indication of preferential annihila- experiment, is proportional to the so-called Compton profile

.23
tion for x<<50. References 14 undertake a combined 1D-‘](p2)'

ACAR and Compton study and discuss their results mainly d20/dw,dQ=C(wy,w5,p,)I(P,), (1)

in terms of blurring of the FS due to disorder scattering; the ] . ]

FS contact with the 110-BZ boundary was estimated to occuthere @, and w, are the frequencies of the incoming and
between 30 and 40 at. % Mg, although FS information coulcscattered beam, respectivefy,, which is the component of
only be obtained indirectly since polycrystalline samplesthe electron momentum in the direction of the momentum
were used. A detailed 2D-ACAR FS study of Li and LiMg transfe_rq, is coqnected with the variables of the Compton
alloys has been carried out by Triffslsret all® and the ~ Scattering experiment by

results analyzed in terms of charge selfconsistent Korringa-
Kohn-Rostoker coherent-potential approximatigkKR—

Under the conditions of the impulse approximatinhe
double differential cross section for inelastic scattering from

P,= mC[Vlwl— V](,!)z_ (V]zwlwzlmcz)

CPA) computations based on the local-density approxima- X (1—cosp) /[ (W2 w2+ h2wi— 2h2w,w, cose) V2],
tion (LDA) by Rajputetall® By utilizing a scheme for
reconstructing the occupation number density via LCW fold- 2

ing, Ref. 16 obtains details of the FS anisotropy f6£X)  \here ¢ is the scattering angle.
<60. KKR-CPA calculations predict FS contact along the  The Compton profilel(p,) contains the desired informa-

110 direction to occur at,=17*4 (where the FS radius is tjon about momentum space density of the scattering system
defined as the position of the peak in the spectral densityjjg

function in the alloy. This result is in reasonable accord with
the value ofx,=20 deduced from thermopower and resistiv-
ity measurement¥, andx,= 24.7 calculated by Vakst al,*® J(p,)= f f p(p)dpdpy, ©)
but in disagreement with Hall voltad®, optical®® and
Knight shifé! experiments, all of which deduce, values
larger than 30x. was difficult to deduce accurately in the
ACAR work of Ref. 16 since the data was taken only for
=28.

Bearing these considerations in mind, it seemed worth-  p(p)=>, > > n,,(k)a*(k+G)a, (k+G)
while to undertake a theory-experiment study of LiMg al- v kG
loys. With the more direct access to the electron momentum _
density and FS’s provided by the high-resolution Compton X o(k+G—plh), “@
scattering technique, we decided to confront highly accuratevheren,,(k) is the occupation number density, whose off-
parameter free KKR—LDA—-CPA computations with the cor-diagonal elements shall be neglected in what follows, an ap-
responding measurements for a range of alloy compositiongroximation, which was shown to be justified for nearly-free-
A fairly large number of directional CP’s for each composi- electron metals by Lundqvist and Lyd&hAccordingly, we

wherep(p) is the electron momentum density which can be
written in terms of one-electron Bloch states, labeled by the
reduced wave vectde and band index, as follows:
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skip the double summatiow,»’ in the following. a,(k
+G) are plane-wave expansion coefficients of the Bloch-
type wave functiony, ,(r), whereG are reciprocal-lattice
vectors:

N(k)= 25 n,(k) (5)
contains the desired information about the Fermi surface,
whereasp(p) reflects the distribution of higher momentum
components viga,(k+G)|?8(k+G—p/h) with G#G,,
whereG,, characterizes theth band in an empty-lattice ex-
tended zone scheme.

The 3D reconstruction gf(p) andN(k) are performed by
utilizing the propertie¥ of the so-called reciprocal form
factor’® defined by

B(f)=J d®p p(p)exp(—ip-T). (6)

In view of Eqg. (3), B(0,0z) can be obtained from the 1D
Fourier transform of the measured Compton profiles:

B(OaOZ): J J(pz)exq_ipzz)dpz- (7)

As shown in Ref. 4, the comple®(r) function and, via a
back transformation thg(p), can be obtained by expanding
B(r) into lattice harmonics and by least-square fitting the
expansion coefficients to the experiment(0,0z) data
from directional CP’s(so-called Fourier-Bessel metHSd
Finally, one can use this complete 3r) function to re-

[111]
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[111]
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FIG. 1. Irreducible orientation triangles of cubic symmetry;

construct the occupation number denshifk) using the measured) directions are represented by points} LiggMg.g, (b)

Fourier serie¥

N(k)=(V0/8773); B(R)exp(—ik-R), (8)

whereV, is the volume of the elementary cell aiRtlis a

Lig7Mg13 and LiMgys.

Li was computed using the occupation number density for
the uniform electron gas; a similar correction for the case of
LiMg alloy was not computed since the procedure for such a
calculation is somewhat unclear in alloys and, in any event,

lattice translation vector. The issue of propagation of statisthese corrections being spherically symmetric induce spuri-

tical error in the reconstructeep) andN(k) is discussed in
detail in Ref. 4.

Ill. KKR —LSD—-CPA CALCULATIONS

ous structure in the CP at the free-electron Fermi radius.
Concerning technical details, the crystal potential in
Liqgo-xMg, for x=0, 13, 28, 40 was obtained by iterating
the KKR-CPA cycles using an elliptical contour with 48
energy points in the complex energy plane. The final Li and

The Compton profile(CP) calculations in Ljgy Mgy
were carried out within the all-electron charge self-consistent
KKR-LSD-CPA framework and are parameter free, the use
of LDA for treating exchange-correlation effects and the
KKR—-CPA for the disorder effects notwithstanding. In this
work, total energies were not minimized to determine the
lattice constant at each concentration, but instead the exper
mental lattice data were used. The result for the limiting caseé
of x=0 are in good agreement with those obtained indepen S
dently in Li via the KKR approach. The electronic structure
and Fermi surface of Ly ,Mg, using the same methodol-
ogy has been reported previously in Ref. 16. The underlying
KKR-LSD-CPA methodology is described in Refs. 27-29;
the relevant Green’s-function formulation for treating the
momentum density and CP’s in disordered alloys is given in
Refs. 30—32. The exchange-correlation effects have been in-
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FIG. 3. A typical valence-electron CP. Results fogMgy, for FIG. 4. Typical orientation differences of directional CP’s. Re-
qi[110] are shown. Points indicate the experiment; solid line indi-Sults for[110-{100] CP’s of Li and LiMg alloys are shown; Points
cates the KKR—CPA calculation. indicate the experiment; a Solid line indicates the resolution-

broadened KKRLi) and KKR—CPA(LiMg alloys) calculations.

Mg charge densities for each alloy composition considered
are self-consistent to an accuracy of about@lectrons/ <10 ® mbar. The Compton spectrometer is described in de-
atom and the Fermi energies to T(Ry. A maximum angu- tail elsewheré® and consists of four independent analyzing
lar momentum cutoff of ,,,,=2 was employed in all cases. systems arranged on the surface of a cone thus providing a
In order to obtain the CP, the 3D momentum denpijy)  Scattering angle of 160°. Each analyzer is equipped with a
was first evaluated in terms of the momentum matrix elementriangular Cauchois-type &22) crystal cylindrically bent to
of the KKR—CPA Green'’s functidii—3' over a fine mesh of a radius of 2.5 m, so that in each analyzing system a com-
48x1785<177 p points covering momenta up tp,.. Plete Compton spectrum was recorded on an image plate
=5a.u. This mesh involves 1785points in the 1/48th irre-  whose total spatial resolution was 2@@n,*” and whose ef-
ducible part of the Brillouin zone with eadh point trans-  ficiency with respect to uniformity and energy dependence
lated into 177p points by adding reciprocal-lattice vectors; was tested® The image plates were read by a helium-neon-
the factor of 48 accounts for the symmetry operations of théaser scanner with a 160100xm? focus. This way four
cubic point group. The CP can then be computed by evaludirectional CP’s which differ with respect to the crystallo-
ating the 2D integrals of Eq3) accurately. The final CP’s graphic orientation of the scattering vectpicould be mea-
have been calculated over a momentum mesh containing 2Glred simultaneously. The total momentum space resolution
p points in the range 0—3 a.u. along each of the 11 measured
directions in Li and 12 directions each for the three alloy
compositions. The accuracy of the present CP’s is about 1

part in 10. B wa\ %
] N. 111
8 \ ----- Lam-Platzman
IV. EXPERIMENT AND DATA PROCESSING £ E A
= T - - N P
The Compton measurements on the LiMg alloys were f;i N LigoMgao
performed at the Compton spectrometer installed at the NE1- " —
beamline of the KEK-accumulation ring operated at 6.4 GeV r"f L Mg
and 35-20 mA. The x-ray source of this beamline is an 2 g e
electromagnetic 41-pole wiggler with a critical photon en- S -—
ergy of 26.5 keV. The double focusing ($11) ﬁ

monochromator consists of 20 independently adjustable Si

crystal rods accepting a 155 mm wide horizontal opening of
the beam over a length of 10 mm. Each of these rods is
cylindrically bent for horizontal focusing, where segmenta-

tion prevents anticlastic bending. The vertical focusing can
then be attained by an appropriate relative rotation of the
rods with respect to an axis in the orbital plane perpendicular FiG. 5. Differences between calculatg#&KR-Li), KKR—CPA

to the beam. This way the beam is focused to a spot of 3LiMg alloys)] and measured directional valence-electron CP’s for
X 8 mn? on the sample, which is mounted in the scatteringdifferent q orientations. The isotropic Lam-Platzman correction is
chamber of the Compton spectrometer, evacuated to 8hown on the Li results.
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FIG. 6. Anisotropic partfAp(p) of the 3D valence-electron momentum densities reconstructed from the experimental CP’s in Li and
LiMg alloys are shown in th€110) plane as level diagrams. Solid lines are the positive valués(f); dotted lines are the negative values
of Ap(p); level-line distances are 0.005 a.tifor Li, 0.01 a.u3 for Lig;Mg;s, and Li;Mg,g 0.02 a.u:® for LiggMg,o; dashed line is the
BZ boundary.

of the Compton spectrometer is calculafetb be 0.11 a.u. and 40 were grown by a modified Bridgman technique, and
and is determined mainly by the 88 eV bandwidth of thecut into plates of 1-3.5 mm thickness perpendiculdfitd].
monochromator at the primary energy of 59.38 keV. How-The samples, which were stored in water-free parafin oil,
ever, the experimental resolution as measured by the widtivere cleaned from parafin by heptan, then etched by a one-
of the quasielastic linésee Fig. 2 varies; the best resolution to-one mixture of methanol and 96% acetic acid and again
is 0.145 a.u. which is found in the 40 at. % Mg alloy speci-cleaned with xylol. This entire chemical treatment was per-
men and the worst resolution is 0.173 a.u., which is found iformed under Ar atmosphere within the scattering chamber,
the 13 at. % alloy specimen. The additional broadening isvhich was then immediately evacuated t& 30 ® mbar.
due to the fact that the final Compton spectrum is the result We have obtained 12 different Compton profiles for each
of adding up a large number of laser traces of the image plateiMg alloy composition by measuring three different sample
by using the quasielastic peak as a guide. The weak quasdrientations in each case. The orientation distribution within
elastic peak inevitably causes an extra broadening in thithe irreducible orientation triangle is shown in Fig. 1. In Fig.
process, which decreases with increasing Mg content. In 012 a typical raw Compton spectrum is presented. For each
der to make comparison of experiment and theory easier weirection, we have collected 610’ events forx=40, 2
use a representative experimental resolution of 0.16 a.u. t& 10’ events forx=28, and 1.& 10’ events forx= 13 in the
convolute the theory. total profile after background subtraction. The sigt@P
The single-crystal Ly Mg, samples withx=13, 28, maximum to background ratio ranged from 20 to 1 fer
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=40 to 3 to 1 forx=13. This large difference is due to the ficiency was experimentally determined along with the ana-
very different effective scattering volumes. Experimental dedyzer crystal reflectivity by measuring the intensity of vari-
tails of Compton measurements on pure Li, which are use@us fluorescence lines in the relevant spectral range using the
as a reference in this work have already been published ifauchois analyzing system in combination with the image
Ref. 6. All these measurement were performed at thélate (energy-dependent efficiencynd using a Ge solid-

Compton beamlif® of HASYLAB (HAmburger State detectomearly 100% efficiency independent on energy
SYnchrotronstrahlungs-LABRr in that spectral range The multiple-scattering contribution

The procedure used for extracting the CB(®,) from  Was calculated by means of a Monte Carlo simulation written
Z

the measured intensity distributid(x), wherex is the linear by Sg"f[a" _Thle relatttlve_ portion é)l;gol;blel__scatéeg;gfcor:;{

position on the detectdimage plates at KEK and Ge 200- E?r?\/lg 0 ;rl]cg);ye i?lCZoec:éjnga;vraeseménto VSi;h Iczrl]culati%n(;r ofe
i i i I 60 40

strip de.tector_at HASYLAR has been described in detail N paatero and Halonéh.The contribution of triple scattering

Ref. 4, including the necessary energy-dependent correctlo%%uld be neglected

(with respect to absorption, scaling, detector efficiency, ana-

lyzer crystal reflectivity, cross section, and multiple scatter- V. RESULTS AND DISCUSSION
ing) and the subtraction of a nonlinear background. The data _ ) _
processing described in Ref. 4 refers to the HASYLAB-data A. Total Compton profiles, difference profiles

(pure Li). The KEK data(LiMg alloys) were processed the Figure 3 shows as an example thg/Mg., valence elec-
same way with one variation: The detectonage platgef-  tron part of the CP fog||[110] obtained by subtracting the
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FIG. 8. Anisotropic partap(p) of the 3D valence-electron momentum densities reconstructed from the theoretical CP(KKR)iand
LiMg alloys (KKR—CPA) are shown in th€110) plane as level diagrams. Solid lines indicate positive valuespgp); dotted lines indicate
negative values ohp(p); level-line distance is 0.02 at¥; dashed line is the BZ boundary.

core contributiof? from the total profile; the data points give More work is, however, needed for developing a practical
the average fop,<0 andp,>0. The relative error ap, scheme of wide applicability for incorporating such effects
=0 is 0.6% and cannot be represented in form of an erroin materials. It has recently been proposed by Dugdale and
bar. The corresponding KKR-LDA-CPA predictions areJarlbord’ to explain the aforementioned discrepancy by a
also plotted after convolution with a suitable Gausgi@i6 temperature effect. But it could be shown by Sternemann
a.u. FWHM to reflect the momentum resolution of the ex- et al*® that in contrast to the predictions of Ref. 45 the
periment. As already mentioned, the Lam-Platzman-typeCompton profile of Li is sharpened with rising temperature
correlation correctiond were not computed for alloys. In mainly due to the decreasing electron density.

any event, the discrepancy in Fig. 3 is far from the experi- Figure 4 shows the differences between {ié0] and
mental error, and is of roughly the same size in Li, where if100] directional CP’s; results for other orientation differ-
has been shovin(see also the discussion of Fig. 5 beJow ences are similar and not shown in the interest of bregite

that this discrepancy is only reduced somewhat by an LDARef. 4 for the case of i Although a reasonable overall
type correlation correctioff. This statement applies to all accord between theory and experiment is evident, the ampli-
LiMg-valence electron CP’s. Interestingly, Kulichas cal-  tude of the oscillations in the experimental spectra is strongly
culated correlation corrections within the GW scheme in Liattenuated compared to the theoretical predictions, especially
and obtained a theoretical CP in substantial accord with then the low Mg concentration regime. Moreover, a number of
measurements. Several other recent attetfiffsto study  discrepancies with respect to zero crossings can be seen. As
correlation effects on the momentum density are noteworthydiscussed in Ref. 4, a part of these discrepancies can be
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traced back to an isotropic smearing of the higher momenthat this correction cannot account completely for the differ-
tum components of the momentum density due to the excience between calculation and experiment.

tation of plasmaron states during the Compton scattering
process. This explanation finds support by plots of the dif-
ference between calculated and experimental CP’s for differ-
ent q orientations in Fig. 5. As shown in Ref. 4, the Using 11 CP’s for Li and 12 CP’s for each of the LiMg
g-orientation dependent oscillating fine structure of thesedlloys, we have reconstructed the 3D momentum density
plots can likewise be attributed to a reduced contribution of(p) via the Fourier-Bessel methBddescribed in detail in
higher momentum components seen in experiment compardgef. 4. The profiles were interpolated on an equidisgant

to the theoretical predictions. Disregarding the aforemenscale @p,=0.025a.u.), andB(z) values up tO Zpy,y
tioned fine structure, the differences between theory and ex=30a.u. were taken into account. The valuezgf, was
periment in Fig. 5 are quite similar for various directional chosen such thaB(z.0|~og, Where og is the standard
profiles. Also, the size and shape of the curves in Fig. 5 isleviation ofB(z). In order to emphasize the physically in-
similar for various Mg concentrations which indicates thatteresting anisotropy of the momentum density, Fig. 6 gives
correlation effects on the CP’s in the LiMg alloys are insen-the anisotropic parAp(p) of p(p) in the’'NPH plane in the
sitive to the electron/atom ratio. In order to demonstrate thdorm of a level diagram, where thAp(p) is obtained by
role of the Lam-Platzman-correctidf,this correction is subtracting the isotropid & 0) part of an expansion gf(p)
plotted in Fig. 5 for the case of pure Li, so that one can seénto cubic harmonics; the corresponding error fhafpAp(p)

B. 3D reconstructed momentum space densities
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FIG. 10. Error map corresponding to Fig. 9. The level-line distance is 0.005%dlLi, Li g;Mg;3, Liz,Mgag); 0.025 a.u:® (LiggMgag).
Dashed line is the BZ boundary.

is plotted in Fig. 7, where in the case of the LiMg alloys, the aforementioned structuré through (iii) in Ap(p) are
beside the statistical error also the nonuniformity of the im-also found, when the 3D reconstruction procedure is applied
age plates was taken into account in the calculétiohthe  to the calculated directional CP(after including the experi-
error of the experimentally reconstructg@). One can eas- mental resolutiopfor the same 1(12) directions used for the

ily verify that the only structures akp(p), which are clearly reconstruction of the experimental data. The structirén
beyond experimental error ar@) those around the 110 Linear theN point can be attributed to the bulge of the FS in
Brillouin-zone boundary near thé point (double-peak struc- the[110] direction on the one han@nalyzed in more detail
ture in the case of Li, which merges into a single peak for thén Sec. V C below, and the strong higher momentum com-
LiMg alloys), (ii) the depression nedr, which is around ponent induced by th&;;¢h component of the crystal po-
theI'H direction in Li and Lj;Mg,3 but shifts to a position tential on the other. Both are separated by a momentum den-
midway betweerd'H andI'P direction in alloys with higher sity gap, so that a double-peak structure occurs. With
Mg concentration(iii ) a broad peak arourju=0.4 a.u. along increasing Mg concentration, the FS makes contact with the
I'H in LiggMgy4q and(iv) a broad peak around=0.4a.u. 110 BZ boundary, causing the double-peaked structure to
alongI"P direction in Lig;Mg,5, associated with a depression flow into a single peak shifted to somewhat higher momenta.
aroundp=0.7 a.u. The strong oscillatory behavior ®6(p)  The structurgiii) of Ap(p) can be traced back to the reduc-
between 0 and 0.4 a.u., especially aldftg, seems to be an tion of the FS radius ifi100] and[111] direction when com-
artifact of the reconstruction procedure since the oscillatiorpared with its mean value; this reduction is larger along the
amplitudes are of the same order as the error in this region ¢fL00] than the[111] direction of Li and Lj;Mg,5 and of
momentum space, indicated in Fig. 7. As shown in Fig. 8nearly equal size for higher Mg concentrations. Finally, fea-
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FIG. 11. Fermi radiukg(«) in the ’NPH plane,« is the angular distance & from the[110] direction for Li and the LiMg alloys,
as indicated in the insets. Screen-processed range: confidence range of the experiment. The long-dashed line is the extrapolated margins o
the experimental confidence range. The bold solid line is the calcUlt€d (Li), KKR-CPA (LiMg alloys)]. The short dashed line is the
range of FS smearing in the calculation due to disorder-induced scattering. The thin solid line is the distance of the 110-Brillouin-zone
boundary from thd" point as a function ofx.

tures (iii) and (iv), which are only somewhat outside the N(k)=const=c, 9
error limits, presumably reflect the effect of redistribution of

momentum density since they do not appear to be correlategihere the constamt must be chosen to obtain the correct FS
to the FS topology. Notably, as seen by comparing Figs. &olume. This may be achieved, for example, in terms of the
and 8 for the 13% alloy, structui@) is visible only in the  free-electron radiu&e,:

experimentalAp(p) but not in the corresponding theoretical
plots.

N(k)=c, f dk= (413 7k3,, (10)

C. 3D reconstruction of the occupation number density,
Fermi-surface anisotropy where

We have performed a 3D reconstruction of the occupation
number densityN(k) in the repeated zone scheme via E). kro=(37ng) M3 (12)
by using the interpolated values &(R) obtained in the
course of they(p) reconstruction. The results are presented inandn, is the valence-electron density.
Fig. 9 for the'NPH plane. Figure 10 gives the correspond-  The trace of the FS in thENPH plane of the repeated
ing error map. Assuming a single-sheeted FS, one reasonzone scheme, determined by the preceding procedure is
able approactiis to define the FS as the surface of constanimarked in Fig. 9 by bold lines. The FS radilks| can then
N(k), i.e., be measured along an arbitrary direction in the BZ, this ra-
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dius must however be corrected as detailed in Ref. 6 by 0.5
subtracting the FS anisotropy which appears even when the

N(k) reconstruction is performed using identical profiles.

Figure 11 gives a plot of the FS radiks(«) wherea is the 0.4
angle betweerkg and the[110] direction in the'NPH

plane. Thin solid lines give the corresponding distance from

LilOO—ngx L.

I" to the 110-BZ boundary. The shaded region indicates the o .3
confidence range of the experimerita(«) values. The mar- =

. : . (@]
gins of this confidence range have been extended by long <
dashed lines to obtain an estimate of the FS neck radius on .& ¢.2
the 110-BZ boundary. The FS radii(«) in a disordered Y

alloy may be defined via the positions of the peak in the

spectral density functioA(k,E) along various directions in 0.1
the BZ atE=Eg. These spectral peaks will in general pos-

sess finite widtha ke («) reflecting the disorder scattering of

states. In this sense, the alloy FS may be viewed as being N
“smeared” or “broadened.”® The KKR—CPA results for 20 40
Ke(a) = Akp (@) are shown by the short-dashed lines to in- X

dicate the effective “width” of the alloy FS. Figure 11 _ )

shows that the FS in Li is less anisotropic than predicted by "'G- 12 Fermi-surface neck diameter on the 110-BZ boundary
the present LDA based calculatiorie.g., the calculated in units of t.he reciprocal-lattice vect@,,,as a function of the Mg
change between thEL10] and [100] radii is substantially concentration. Open squares are the present Compton experiment.

Triangl he 2D-ACAR i f. 1. Fill ircl
larger than the measurementi the 13 at. % Mg alloy one rangles are the CAR experimeiRef. 10. Filled circles

bett d the shaded . tal . fa@onnected by an interpolating line are the KKR—CPA calculation.
Sees a better accord as the shaded experimental region ashed lines mark the range of smearing of the theoretical neck

ywthm the s_hort dashed .Ilnes giving the width of the theoret-yi; meter due to disorder-induced scattering.
ical FS. This trend continues for the 28 at. % Mg alloy, but
for the 40 at. % Mg alloy the computed radii appear to be . 5 5 . )
systematically larger than the measurement. peaks in d<J(p,)/dp;. In analyzing structure in
The KKR—CPA size of the 110 nedkull circles connected d2J(p,)/dpZ, it is important, however, to bear in mind the
by an interpolating curyeis compared with the present complex interplay of effects of experimental resolution, elec-
Compton(open squarésas well as the earliét 2D-ACAR  tron correlation, lattice potential, and in the case of an alloy,
experiments(filled triangles in Fig. 12; the dashed lines of disorder scattering of states. Note first that for noninter-
again represent the disorder-induced FS width. The Comptoacting free electrons,d?J(p,)/dp2 will consist of a
experiment exhibits a contact with the 110-BZ boundarydé-function-like peak which sits on top of a step function,
even in the 13 at. % Mg alloy contrary to the KKR—CPA both located akg ; the inclusion of experimental resolution
computation, where only the upper limit of the disorder in-will then yield an asymmetric peak. Disorder in alloys will
duced FS smearing produces a contact. But it can be seen @ause further broadening whose shape is Lorentzian at least
Fig. 12 that, also for higher Mg concentrations, both the neckor weakly scattering cases. Electron correlation not only re-
diameter of our Compton measurements as well as the neaduces the size of the FS breaks and thus the weight of the
diameter of the 2D-ACAR results are always nearer to theassociated function ind2J(p,)/dp2,%* but also rounds mo-
upper limit of the theoretical disorder-induced smearing ofmentum density in the vicinity ofs . This rounding may be
the neck diameter. Therefore, the present results suggest thalughly thought as a rather broad componewdth of the
the LiMg alloy starts to develop a Fermi-surface neck at theorder of the Fermi momentumto the FS peak in
110-Brillouin-zone boundary already for Mg concentrationsd2J(p,)/d pﬁ; note that this additional structure is not reso-
somewhat smaller than 13 at. %, slightly lower than the criti-Jution limited as in the case for the peak arising from the FS
cal Mg concentrationx.=19—-20 found by both 1D-ACAR  discontinuity. Finally, the effect of the periodic lattice poten-
measurementd and  thermopower and  resistivity tial is somewhat similar to that of correlation in that the FS
measurementjg,and in total disagreement with the results of breaks are reduced, and the momentum density is rounded,
other experiments**listed in the Introduction, which all  ajthough additional breaks in this case will generally appear
deducex. larger than 30. Unfortunately, no 2D-ACAR at Umklapp momenta. One should bear these remarks in
resulté6 for x<<28 were presented. Nevertheless, the gooq'nind for proper ana|ysis of the Structuredﬁ\](pz)/d pg
agreement between the Compton and the 2D-ACAR results |n discussing Fig. 13, it is helpful to focus first on the
for higher Mg concentration is striking and seems to indicatgheoretical spectra. The position of all FS peaks are seen to
that the KKR—CPA underestimates the neck width of themove to higher momenta with increasing Mg concentration
LiMg alloys. as the FS grows in size consistent with the results of Fig. 11.
This is true of the(110) peak position as well, except that in
this case the contact with the BZ boundary occurs around
approximately 18%see Fig. 12 the (110 peak is thus es-
FS-induced discontinuities in the momentum density carsentially pinned to the zone boundary for greater Mg concen-
be highlighted via the second derivatid@J(p,)/d p§ of the trations although some shifts in tli&10) peak position still
CP since such discontinuities will, in general, appear asontinue to take place due to subtle spectral weight changes

o
o

ol b e e lbiry bl e

D. Second derivative of the Compton profiles
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FIG. 13. Second derivative of theoretidihes) and experimentalpoints directional CP’s of Li and LiMg alloys. The relation of line
and point styles to thg directions is given in the insets. Note that {90 directional CP for LigMg,, was not measuregee Fig. 1

in the underlying momentum density. All peaks in the alloysonly 11%. Recall from Fig. 5 that the overall shape and
are of course broadened compared to Li due to the effect cddimplitude of the difference between the compute®A
disorder smearing. basedl and measured CP’s is quite the same in all alloys. If
An examination of Fig. 13 indicates that the positions ofone makes the reasonable assumption that the discrepancy of
the FS peaks in the experimental spectra move to highdfig. 5 originates in the electron correlation effects beyond
momenta with increasing Mg concentration in much thethe LDA missing in the computations, it follows that such
same way as the corresponding theoretical predictions. Howeffects are fairly insensitive to Mg concentration, contrary to
ever, the experimentdll10) peak position shows a substan- the results of Fig. 13 where the discrepancy is quite large in
tially larger movement in going from Li to the 13% Mg Li but not in LiggMg4q. In fact, the order of magnitude of the
alloy. This is to be expected since, as already noted aboveliscrepancy for the 40% Mg alloy in Fig. 13 could be ex-
the KKR—CPA predicts the appearance of (&0 neck at  plained straightforwardly via Lam-Platzman-type correction
a higher Mg critical concentration than the present measurewithin the LDA framework(not included in the present com-
ments. putations in alloys It is important to establish whether Li or
We emphasize that although the heights of the theoreticdlig Mg, in Fig. 13 is more representative of the behavior of
FS peaks in Fig. 13 decrease systematically with increasinthe momentum density around FS breaks in metals. Further
Mg content due to disorder smearing, the experimental peaivestigation of this issue should prove worthwhile.
heights are more or less independent of the alloy composi-
tion. In the 40% Mg alloy, theory and experiment seem to be
in reasonable accord in this respect even though in Li this is
far from being the case. This is surprising because we do not (1) As in the case of pure 37 the values of all measured
expect electron correlation effects to change muchras total valence CP’s of LiMg alloys are smaller gi=0, and
changes from 3.26 in Li to 2.91 in the 40% Mg alloy, i.e., by larger values ap~ kg compared to the corresponding KKR—

VI. CONCLUSIONS
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CPA-LDA predictions. The inclusion of the so-called Lam- d?J(p,)/dpZ of the CP’s move much as expected to higher
Platzman correctiofi to the theoretical CP’s within the LDA  momenta with increasing Mg content reflecting the growth
framework is expected only to reduce the size of this discrepof the FS dimensions. The KKR—CPA predicts the heights of
ancy somewhat but not eliminate it. Much like the earlierthe FS peaks mﬂzJ(pz)/d pg to decrease as Mg concentra-
study of Li;! these results indicate the importance of plasmation increase due to disorder scattering effects. The corre-
ron states in the Compton scattering process, and suggesponding measured peaks however are nearly unchanged in
that the FS break in LiMg alloys is strongly reduced com-hejght so that theory and experiment are curiously in reason-
pared to the jellium computatiori.Moreover, the ampli-  aple accord for the 40 at. % Mg alloy even though this is far
tudes of oscillations in the measured directional differencegrom being the case in Li. This puzzling result bears further
are smaller than the corresponding computations in alloygvestigation since it hints that the behavior of momentum

investigated, indicating that the contributions of umklappgensity in Li may be idiosynchratic and not representative of
FS's to the CP’s is smaller than KKR—-CPA predictions, es-metals more generally.

pecially in the low Mg concentration regime.

(2) An analysis of the anisotropic part of the reconstructed
3D-momentum density in Li and LiMg alloys gives strong
evidence for the presence of a FS ngafound thg110) BZ
boundary whose size grows with increasing Mg concentra- We acknowledge important conversations with Bernardo
tion. Barbiellini and Peter Mijnarends. The CP measurements

(3) The reconstructed 3D occupation number density of Liwere performed with the approval of the Photon Factory Ad-
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aforementioned110 FS necks. The experimental neck radii work was funded by the German Federal Ministry of re-
are found to be systematically higher than the KKR—CPAsearch and Technology under Contract No. 05 5PEAXB 6.
results, but in accord with the corresponding ACAR The work at Northeastern University is supported under the
measurementS:'® The present Compton data indicates theU.S. Department of Energy Contract No. W-31-109-ENG-
presence of the neck even in the 13 at. % Mg alloy, wherea88, and benefitted from the allocation of supercomputer time
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