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Influence of alloying on the electron momentum density in the Cu-Ni system
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We report on the measurement of the three-dimensional electron momentum dEMIY of a 22 nm
Cu/22 nm Ni sandwich foil and of a GuNig 50 alloy film with the same thickness, which was obtained from
an identical sandwich by interdiffusion. The EMD’s were measured by coincident detection of a Compton
scattered photon with its recoil electron. The experiments were performed at the High-Energy beamline of the
European Synchrotron Radiation Facility. The experimentally observed small change of the EMD due to
alloying is reproduced by the Korringa-Kohn-Rostoker coherent-potential approximation s¢Bemedek
et al, Phys. Rev. B32, 7650(1985]. [S0163-182699)08143-§

[. INTRODUCTION phase disordered fcc alloys. The lattice parameter changes
between Cu and Ni by 2% only and the density by 0.3%.
For quite a long time Compton scattering has been used tdhus, a change of the electronic structure will not be ob-
characterize the electron momentum deng$iED) of va-  scured by geometrical effects. Substantial improvement has
lence electrons in solidsThe double-differential cross sec- been achieved in the theoretical understanding of the elec-
tion describing the energy and angular distribution of inelastronic structure of disordered alloys using a general multiple-
tically scattered hard x-rays is proportional to the so-calledscattering formalism. Three principal approximations have
Compton profile(CP), which is defined as a twofold integra- been investigated:(i) the virtual-crystal approximation
tion over the EMD. This integration results from the lack of (VCA), where the effective potential of the alloy is the av-
information about the momentum distribution of the recoil- erage of that of the pure constituen() an averagé-matrix
ing electrons. Since integration averages over large volumeapproximation; andiii) the coherent-potential approxima-
in momentum space, detailed information about solid-statéion (CPA), where a self-consistency requirement is intro-
effects like the influence of alloying in compound systemsduced to obtain the single-sitematrix®° It is this property
might become difficult to obtain. It is therefore desirable toof the CPA that makes it preferable to apply, especially for
measure the EMD directly by fixing the scattering kinemat-alloys of high concentrations. The underlying Green’s-
ics: if the momentum of the recoiling electron is measuredfunction technique of the multiple-scattering problem is
simultaneously with that of the scattered x-ray photon, thesimilar to that of the Korringa-Kohn-RostoketKKR)
momentum of the electron in its initial state can be recontheory!®!!In a series of papers Bansil and co-worRérs’
structed in a uniqgue way. The corresponding triple-have extensively investigated the Cu-Ni system theoretically.
differential cross section is proportional to the EMD itseff.  In addition, Temmerman, Gyorffy, and Stotksave used
The main difficulty of such ay,evy) coincidence experiment KKR-CPA for a detailed study of the Bloch spectral function
originates from the strong incoherent elastic scattering of th&n these alloys. On the experimental side poly-crystalline
recoiling electron within the target, which disturbs the deter-Cu,Ni, _, alloys have been investigated by conventional
mination of the recoil momentum by multiple scattering. Compton scattering’ and the CP’s were compared with
Since the mean free path for elastic scattering of electronthose from KKR-CPA calculations. Qualitative agreement
with an energy of 50 keV in Cu is only about 12 frargets ~ was found, though at small momenta the influence of alloy-
as thin as possible are required. ing was predicted by theory to be stronger than revealed by
In this paper we will report on the influence of alloying by experiment. Differences of GMNi;_, directional Compton
comparing the EMD of CyksNigso With those of its pure  profiles provided by investigations of single crystileave
constituents. The electronic structure of this transition-metabeen compared with relativistic KKR-CPA calculations.
solid-solution alloy has received extensive attention. ThéNhereas the calculations cited above hold for paramagnetic
Cu-Ni system is completely soluble over the whole concenalloys only, this new computation includes the ferromagnetic
tration range, i.e., there is no miscibility gap yielding single behavior of Ni-rich alloys. Especially at momenta below 0.5
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a.u., the experimental anisotropies are not well described by

theory.

A method that also measures EMD’s is angular correla- K’
tion of annihilation radiatiotACAR), though, strictly speak- Ge v
ing, it measures the electron-positron pair density, i.e., the /
electron momentum space wave function weighted by the /]:
positron wave function within the solfd. Until now only /

long-slit experiments, i.e., 1D-ACARRef. 22 or investiga-
tions with the crossed-slit geomeffy;*°*have been reported  FiG. 1. Experimental setup: Ge, Ge diode; T, target; PSD, po-
for the Cu-Ni SyStem, but no Complete 2D-ACAR eXperi- sition sensitive electron detector.
ment. The main topic of these early investigations was the
reduction of the Fermi surfacdS) extension with increas- eriods and strong po]es of 1.8 T was used with a critical
ing Ni concentrations, especially the decrease of the necknergy of 44.1 keV. The white beam was monochromatized
radius at the point of the Brillouin zone. The change of the py a (220) bent Si crystal in Laue geometry. The photon
FS by alloying in the Cu-Ni system is fairly well described energy waso=146 keV withAw=0.71 keV full width at
by KKR-CPA theory?":® half maximum (FWHM). The photon beam entered an
evacuated target chamber (fOPa) with an externally

Il. METHOD mounted intrinsic Ge-diodgenergy resolution 0.4 keV
FWHM at 100 keV at a scattering anglé=140°. Thus, the
. scattered photon energy was about 97 keV and the electron
an electron with bar)d energy>0 and, mome”‘“m’* th_e recoil energy 49 keV. The electrons were measured by a
final _photon energy and,momentunk IS co/nngcted With  tyo-dimensional position sensitive detector, which consisted
the final electron energf _and momentunp’ via energy of 16X 16 individual photodiode¢Fig. 1). The center of the
and momentum conservation array was placed in the direction of the momentum-transfer

If a photon with energyo and momentunk is scattered at

e(p)=w—w —E' 2.13 vector gp=k—k{, wherekg is the momentum of photons
' ' scattered at electrons at rest. Since both the energy resolution
p=k'+p'—k. (2.1 of the photon and electron detector are large compared to the

binding energye of the valence electrons, which dominate
Thus, ifk, k', andp’ are known experimentally, the initial the EMD, the latter has been neglected in E2139. De-
momentump can be reconstructed in a unique way. Thistailed Monte CarldMC) simulations of the momentum reso-
demands the coincident detection of both the scattered phdution included the correlated scattering due to the cross sec-
ton (w',k’) and the recoil electrorH’,p’). The coincidence tion of Eq.(2.2), solid angle and energy resolution of the Ge
count rate will be proportional to the triple-differential cross diode, energy broadening of the primary beam, and exten-
section, which can be written within the so-called impulsesion of the beam spot at the target. The variance vector for
approximation: the momentum uncertainties in the three Cartesian directions
of momentum space obtained by these MC calculations was
d3o 0 0,=0.14,0.38,0.19 a.u. Hen, is parallel toqy, py lies in
m:;p (E p(p), (2.2) the (k,k’) scattering plane, ang, is perpendicular to it.
yoUre KN Emission patterns of the recoiling electrons were recorded by
where @o/dQ)yy is the Klein-Nishina cross section for lin- the 2D electron detector with a granularity of about 0.14 a.u.
early polarized photons ang(p) is the EMD. Since our in py and 0.28 a.u. imp, direction. Thus, the variance ipy
experiment cannot distinguish between different valenceénd p, direction extended over approximately 1 pixel. The
bands,p(p) is the total EMD, i.e., summed over all elec- time resolution of the coincidence circuit was about 200 ns,
tronic states. The basic idea of the experiment is the followconsiderably larger than the bunch distance of 3 ns in the
ing: first, a double layer(sandwich consisting of equal so-called 2/3 fill mode of the ESRF. Time correlation spectra
amounts of pure Cu and Ni is investigated, yielding the av-showed very little chance coincidences, which nevertheless
erage EMD p=(pc,+pni)/2. The sample then is heated were taken into account. The overall coincidence rate due to
such that complete interdiffusion takes place. Since thé primary beam of about210* photons/s was about 2 Hz.
Cu-Ni system has no miscibility gap, a homogeneous alloy i\ total of 1.4x 10° coincidence events for each experiment
formed that again is measured in order to obtain the EMD ofvas accumulated.
the alloy. The influence of alloying is studied by taking the  Since self-supporting Cu or Ni foils with diameters of 8
difference of both experiments. Due to the multiple-mm and thicknesses of 20 nm cannot be prepared, we have
scattering problem, very thin foils have to be used, and thereevaporated 22 nm Cu followed by 22 nm Ni on a 30 nm thin
fore interdiffusion occurs within moderate times at not tooC-foil acting as a backing. The backing was made by con-
high temperatures. densation of evaporated carbon atoms on a thin betaine film
that had a fine crystalline-like structure that acted as a replica
for the carbon backing and guaranteed a high mechanical
stability. Finally, the betaine substrate was dissolved in wa-
The experiment was performed at the High-Energy X-Rayter, and the carbon film was mounted on a frame. Both Cu
Scattering beamline ID15A of the European Synchrotron Raand Ni were evaporated on the free-standing carbon backing
diation Facility ESRF® An asymmetric wiggler with seven with a rate of about 0.5 nm/s, and the films condensated at

IIl. EXPERIMENT
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room temperature. In order not to lose beam time by the 10° F
heating procedure, we decided to prepare two sandwich foils
simultaneously where the second was heated at about 500°C
for 2 h and then furnace cooled. The data of Almazouzi 102 | N
etal® vyield a diffusion coefficient of aboutD=2
X 1071 m?/s giving for a heating time of=7x10° s a
diffusion lengthx=2Dt=80 nm. This is four times the
Cu (or Ni) thickness. Since the diffusion coefficient holds for
single crystals, we believe that this diffusion length is a
lower limit only. It is well known that especially at rather
low temperatures (500°C) pipe diffusion along grain bound- 107 ¢
aries or dislocations can be orders of magnitude faster than
volume diffusion®! Experimental details of this type of dif-
fusion in the Cu-Ni system can be found in Refs. 32-34. 10
Since we expect that our sandwich foils contain quite a lot of
defects like grain boundaries and dislocations, diffusion
short circuits starting from these defects within the foils will  FIG. 2. Elemental composition of the sandwich target from
occur and thus shorten the effective diffusion time for com-ERDA. Elements are indicated. Cu and Ni are not resolved.
plete interdiffusion substantially. The data of Almazouzi
et al® refer to the diffusion of Ni into a Cu single crystal. specific energy los\E of the ions within the ionization
Although the diffusion coefficient of Cu into a Ni matrix is chamber AE~Z?). Since the cross section for ejectile emis-
about three orders of magnitude smaller than that of Ni intasion is the well-known Rutherford cross section, the analysis
Cu at 500 °C(Ref. 35, we expect no void formation due to of low-Z contaminants can be made quantitatively. Figure 2
the Kirkendall effect® at the backing-alloy interface. This is shows a spectrum of ejectile ions from our foils. In addition
supported by our experience that also after heating the allogo strong peaks from the C backing and the nonresolved Cu
film did not lose its good mechanical contact with the carborand Ni ions, the essential contaminants are oxygen and ni-
substrate. But it cannot be excluded that vacancy precipitatrogen. Quantitative analysis yields concentrations of about 5
tion takes place inside the alloy. The diffusion coefficientsat. % nitrogen and 7 at. % oxygen, which are slightly reduced
cited above are so-called impurity diffusion coefficients inupon heating, presumably due to desorption. Again, the rela-
contrast to chemical diffusion coefficients, which hold for tive difference of elemental composition of both foils—
the interdiffusion in inhomogeneous binary allé§Brunel,  which is important for the later investigation of the alloy
Cizeron and LacombBé measured the chemical diffusion influence, where the difference of the EMD’s from both tar-
constant over the whole concentration range of the Cu-Ngets is taken—was in the 1% region.
system for temperatures between 700°C and 1070°C. Ex- SIMS analysis aimed at determining the sample composi-
trapolating their data to 500 °C yields diffusion coefficientstion as a function of distance from either the Ni or the C
in the range of 10*® m?/s changing by a factor of 5 over surface side of the foils. The depth profiling measurenfnts
the concentration range. These findings agree ViNi on the free-standing foils were performed in a quadrupole
tracer diffusion in a Cgl,d\ig »; alloy investigated by Butry- based ion microprobe using a normally incident, raster
mowicz, Manning and Redtlyielding a diffusion coefficient scanned 2 keV © primary ion beam for sputter erosion
of the same order of magnitude. and secondary ion yield enhancenfént(scan width
Both foils, the sandwich and the alloy, have been characi40 um, electronically gated area typically 4@m). Ras-
terized by x-ray fluorescence analy$X¥RF), elastic recoil ter scanning ion imagiffg in parallel with data acquisition
detection analysi$ERDA), and secondary ion mass spec- during depth profiling provided qualitative information about
troscopy (SIMS). In XRF the ratioR=Nc,/Ny; could be the lateral uniformity in composition. Moreover, lateral dif-
determined wher&lc, andNy; are the atomic number den- ferences in thickness could be assessed from the local differ-
sities of both elements. Thea lines of Cu and Ni, excited ences in time required for complete removal of the sample
by the 146 keV primary photon beam, are well resolved by(“breakthrough”).
the Ge dioddexcept that thé& « line of Cu is slightly con- Figure 3a) shows examples of depth profiles of Ni
taminated by the NKg line, an effect which is easily ac- (dashed lingand Cu(solid line) measured from the Ni side
counted foy. Correcting the line intensities for the ratio of of the sandwich. For ease of comparison, the profiles are
the photoelectric cross sections and the fluorescence yielggesented in normalized form, ignoring surface effects. As
the ratioR was close to unity within 2% for both foils, indi- the erosion rate could not be determined independently, the
cating that in fact equal amounts of Cu and Ni had beerprofiles are shown as a function of sputtering time. The Ni
deposited on the backing. Since the foils are extremely thinand Cu layers of the sandwich are clearly separated, but the
the probability that CiK B radiation can excite NK fluores- interface is not sharp. This is attributed to the lateral nonuni-
cence is negligible. ERDA reveals the contamination of theformity of the carbon backing, presumably related to the
targets with lowZ material. In short, 150 MeV Au ions from roughness of the betaine spacer. The nonuniformity also
the Munich heavy-ion accelerator have been directed on thgave rise to differences in breakthrough time by about 10%.
target foils, and the recaoil ions ejected from the target havé&Vithin this margin, profiles measured at different spots on
been analyzed by an ionization chamfeAnalysis of the the sample were found to be reproducible. The effect of an-
nuclear chargeZ of the recoil ions was achieved via the nealing on the sample composition is illustrated in Fidp)3

Cu/Ni

500 1000 1500
channels
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FIG. 3. Cu(solid line) and Ni(dashed ling concentration as a

. h \ ' : FIG. 4. The calculated EMD(p) of Cu (broken ling, Ni (dot-
function of depth(a) sandwich foil,(b) heated sandwich foil.

ted ling, and Cy sNig s (solid line) (a) and the differencé\p as
defined in Eq(4.1) (b). From Ref. 19.

It is evident that, within experimental accuracy, the depth . _ o
profiles of Ni(dashed lineand Cu(solid line) are identical. neutron-scattering experiments that the effect of clustering is
This result supports the idea that the heat treatment of théMall and can be neglected.

sandwich resulted in the formation of a uniform alloy. The

same observation has been made byl Bod Reil*® for the IV. EXPERIMENTAL RESULTS AND DISCUSSION
interdiffusion of Cu-Ni multilayers(the thickness of each

Iaye.r was 45 nmafter a.nnegllling at 450 °C for SQ min and.by EMD’s of CuysNigsoand the pure element$ Whereas the
Suni, Nicolet, and Menpd® for 150-nm-thick Cu-Ni  constituents have rather sharp discontinuities at the Fermi
couples heated at 550 °C for 15 min. Identical distributionspreaks—the radii of 0.76 a.u. for Cu and 0.60 a.u. for para-
of Ni and Cu were also observed in depth profiling from themagnetic Ni correspond roughly to the bellies of the rather
carbon side of the sample. The SIMS measurements revealg@herical FS of the sixth band for both c£8€8—the break
some contamination with Fe, in accordance with Fig. 2. Furof the alloy is rounded off. It is well known that the eigen-
thermore, carbon was found to be present in the alloy ayaluese(p) of the band structure are real in a perfect crystal,
concentrations of about 3%. but they become complex numbers in the alloy due to
Some attention has been devoted to the problem of shorttisorder-induced smearing of stafe$his is in contrast of
ranged clustering in GWi; , alloys. Warren-Cowley short-  the behavior obrderedalloys, which can be treated by more
range-order parameters have been measured by diffuse nesonventional band-structure calculatichdhe smearing im-
tron scatterind®>“*® The measurements indicated that there isplies that the alloy FS is not sharply defined but possesses a
a fairly small tendency for Cu and Ni atoms in an alloy to total width 2Ap(eg), which amounts in the 50-50 alloy to
prefer nearest neighbors of the same atomic species, but bg:04 a.u>? It is also seen from Fig.(4) that the EMD’s for
yond the nearest-neighbor shell, the atomic arrangement i§i and the alloy are remarkably more intense than that for
essentially random. Specifically, for=0.5 the probability Cu for momenta above the FS, indicating the stronger influ-
that the nearest neighbor of an atom is of the same speciesdgice of the more diffusd electrons in Ni and the alloy. Or,
0.56 instead of 0.50. This number holds for 550t first in other words, going from Ni to Cu, the Fermi surface ex-
glance short-range clustering seems to contradict the absengands and becomes more pronounced, reflecting the increase
of a miscibility gap since it is widely accepted that clusteringof the s-p character of the associated states. In Fib) e
will always precede or accompany spinodal decompositionhave plotted the difference
In fact, several authors have predicted a miscibility gap with
a critical temperature below 450 °*€;*8but since chemical Ap=(pcut Pni)2= pey, iy o (4.)
diffusion constants are extremely low at these temperatures, C
atomic motion is essentially frozen out and prohibits thermo- Ap should be identical with the experimental accessible
dynamic equilibrium. We therefore conclude from the differencep(sandwich)-p(heated sandwich) and shows the

Figure 4a) shows the spherically averaged theoretical
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FIG. 5. The experimental EMD for the sandwitdtarg and the
alloy (open circlegat p, =0.5 as a function op, . FIG. 6. The coincident CP differenc&J (filled circles, the
noncoincident differencépen circleg andc(p,)/4 from the KKR-
influence of alloying on the EMD. It is evident that the stron- CPA calculation(solid line) (Ref. 19. For comparison the rigid-
gest effect is near the Fermi breaks, i.e., for momenta besand modelbroken ling and the integration of the solid curve in
tween 0.5 and 1 a.u. Fig. 7 (dash-dotted line, not convoluted with experimental resolu-
In Fig. 5 both the EMD’s of the sandwidlstarg and the  tion) are also shown.
alloy, i.e., the heated sandwickopen circle at p,

=\pxtpy=05a.u., are plotted as a functionmf. For this  where Z; are the nuclear charges amgl are the relative
case differences should be observable near0, i.e., at  atomic concentrations of the main elements that constitute
large count rates. The experimental points of Fig. 5 havehe target foil. While electron multiple scattering has some
been normalized to the total number of coincidence events ifhfluence ONZ, a change of the shape df,;,. due to this
each measurement, which are orders of magnitude larg@ssect is negligible. This is also true if in the MC simulation
than those which yield Fig. 5. Itis readily seen that no dif-ihe jndividual thicknesses of C, Cu, and Ni are increased by
ference within the error bars can be observed. Although OUE(os, (we know the absolute value of the thicknesses within

targets are isotropic, it is unfortunately not possible to in'lO% only. But in addition, only the difference of the coin-

crease statistics by adding up the coincidgnce events for &dent Compton profiles of the sandwich and the alloy will
constant momenturp since both the experimental resolu- be discussed in the following, and therefore influences of

tions in the three Cartesian directionsptre different(see : . :
o ( multiple scattering should cancel, at least to first order.

Sec. lll), and electron multiple-scattering influences the ! . - A
Px,Py components stronger tham,. But, nevertheless, to Figure 6 shows the differenceJ=Jeoind Sandwich)

improve statistics, we have summed up all events for a con- Jcond@lloy) as a function ofp, (filled circles. Due to
stantp, to obtain what is called a coincident Compton profile IMProved statistics, now an alloying effect is clearly observ-
Jeone. DUE to the limited range of our experiment ablg. Atpzzq it amounts to about 2% of the totallc0|.n0|dent
(<1.6 a.u.) and, (<2.5 a.u.),Jeincis Not identical with profile, i.e., it is a rather small effect. These findings are
the noncoincident CP. But in addition to the increase of thesupported by x-ray photoemissfdnand x-ray absorption
number of events, it has two other important advantagesspectroscopy; which show that the density of states of
Due to the limited p,,p,) range, the contribution of core Cu-Ni alloys can, to a very good approximation, be made up
states is strongly reduced and the trigger condition provideBy superimposing those of Ni and Cu. This means that there
photon spectra free of any background radiatidn;,c has is indeed only a very limited sharing of electrons by the two
been evaluated in absolute units by normalizing it to theconstituents. Though thep{,p,) range is limited, it extends
effective numbeiZ. of electrons that contribute to it. This over the major part of the valence EMD. We therefore com-
number has been obtained by a Monte Carlo procedure th@@re in Fig. 6 also with the experimental noncoincident CP
simulates the whole experiment including electron multipledifferencé® AJ=(Jcy+ Ini)/2— Iy, i, DeSPite the oscil-
scattering and the detailed geometry of both the photon anktions, the general trend of the experimental poifagen
electron detector. The EMD’s of Fig.(@ and that of circles agrees nicely with our results. The oscillatory behav-
graphité® have been used as input data. Due to the finitdor might be an artifact introduced by the numerical proce-
extension and the granularity of the electron detector, only @ure of data processing.Neither data processing like a de-
fraction f; of all recoil electrons, generated by photons scat-convolution procedure accompanied by frequency filtering
tered at the element=C, Cu, or Ni and detected by the  nor background subtraction has been applied to our data.
detector, are measured. Having obtainedrom the MC  This might be viewed in light of a remark made by Bansil

calculation we have set et al?° that in their noncoincident Compton scattering ex-
periments on Cu-Ni single crystals absolute values of experi-
ZeﬁZZ ficz;, 4.2) mental CP’s are difficult to interpret due to the presence of a
1

background contribution of uncertain origin. The data of
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0.15 ; ; evident that the intensity spikes at about 0.7 a.u. have a dif-
ferent sequence for both calculations. Integration of this
01} f: . function from a lower limitp, yields the Compton profile
g difference
0.05}

S B AJ(p,) =2 | |pApdp. (4.6)
Pz

p-Aplau?
[=]
q
4

Whereas the Compton profile difference of the rigid-band
0.1} N : model is determined by the EMD difference around 0.7 a.u.,
in KKR-CPA the corresponding contribution is small since
. . the spikes at these momenta nearly cancel each other. In
0 1 2 3 contrast, the KKR-CPA Compton profile differencép,)/4
plau] in Fig. 6 is dominated by the negative feature around 2 a.u.
FIG. 7. pAp for the rigid-band mode{broken line; multiplied ~ (Fig. 7). This is demonstrated by the Compton profile differ-
by 0.5 and the KKR-CPA(solid line) as a function of momentum €nceAJ obtained from the solid curve of Fig.(dash-dotted
p. curve in Fig. 6. It first reveals a reasonable agreement of the
KKR-CPA Compton profile difference with the fitted curve
Benedeket al!® for five CuNi,_, alloys and the two pure C(p,)/4. Second, it demonstrates the compensation of the

elements have been fitted by these authors to a common Cspikes by its strong extremum at about 0.7 a.u. If the lower
integration limitp, has passed the first spike, the second one

Ji=a(p,) +b(p,)(x—0.5+c(p,)(x—0.52. (4.3 is no longer compensated yielding the strong minimum.
Passing the second spike aldql is nearly at the same value

as before showing that the whole effect is dominated by the
feature at about 2 a.u. in Fig. 7. It results from the behavior

With our notation one obtainAJ=c(p,)/4. In the work of
Benedeket al!® also KKR-CPA theory has been param-

etrized in the fim; Of. Eq(ﬁ.?;)]. The ITOI'd Imfe h'n Ff'fg' 6 of the Fermi breaks near th#,1,2 reciprocal-lattice vector,
representEieon/4. In view of the smallness of the e ect, @ \hich apparently survives the spherical averaging. Benedek
very reasonable agreement between theory and experiment s - 19 employed the special direction metfddnd espe-
obT:erved. litati derstandi f the all f tciaIIy discussed its influence on the EMD near the Fermi
r?r a mlore quey ative unc ersl an '_ggbome a Ody I‘f-,sec 'breaks. In Ni rather stron¥-centered hole ellipsoids in the
Wﬁ. havr? asbo used. a verydsgnphe_rlglh- al ')§g1§ﬁe ’d fourth Brillouin zone dominate the Fermi surface, yielding a
which has been discussed both in photoemissioh an strong reduction of the EMD. On the contrary, for the 50-50
Compton profile studie¥’ Assuming that the Fermi momen- alloy and Cu, the Fermi energy lies above theands at this

o _ 3 —(2-2]O\3 (-
tlim IS g||ven by pr=aZ Wthelrle ?h—(Bw /QIZ tgﬁ' | point, resulting in a less pronounced bréak® Altogether,
atomic volum¢ remains essentially the same for the e € this leads to a negative contribution Afp at about 2 a.u.

ments and the alloy, the only changing parameter is the Vaince this feature dominates), it may happen that due to
lenceZ. For the RB model one has the limited range of our detector jm, direction our experi-
(4.4) mental points of Fig. 6 reflect a too small alloy effect. Nev-
ertheless, we find it very remarkable that Umklapp contribu-
which implies tions as discussed above are accessible to experimental

5 5 s observation.
pi(alloy) =xpE(Cu)+(1—Xx)pE(Ni). (4.5

Inserting the experimental belly radii of the pure constitu-
ents, one arrives fax=0.5 atpg(alloy)=0.69 a.u., a value
which is identical with that found experimentally by the We have measured the influence of alloying in a
measurement of ferromagnetic exchange coupling acrosSu, sJNig spalloy that has been produced by interdiffusion of
Cu,Ni,_, layers®®®°(Classical techniques like the de Haas— 22-nm thin Cu and Ni films. Both the sandwich and the alloy
van Alphen effect or magnetoacoustic resonance are not apave been characterized by XRF, ERDA, and SIMS. Coin-
plicable in concentrated alloys due to electron scattering ineident Compton profiles reveal a small difference between a
troduced by alloy disordé) Starting with the EMD for free  simple mixing of the EMD's of the elements and that of the
electronsp(p) = Q/(473) 6(pe—p), whered(p) is the step  alloy. The effect can be explained by KKR-CPA calcula-
function, we have calculated the Compton profile differencetions. Especially the use of ultrathin target foils opens the
AJ and convoluted it with ouip, resolution. The broken possibility to study a large class of random binary alloys that
curve of Fig. 6 shows that this simple model is—at least forare produced far from thermodynamic equilibrium. Instead
small momenta—in qualitative agreement with the experi-of producing the alloy by interdiffusion, they could be made
mental data. But it seems that this agreement is fortuitous. Ieither by simultaneous evaporation and condens#tifrthe

Fig. 7 we have plotted the functiopAp for both the RB  constituents or by cosputtering. In this way arbitrary alloy
model (broken curve; for better comparison we have multi-compositions are achieved that would otherwise be impos-
plied by 0.5 and the EMD difference from KKR-CPA. Itis sible to get from the melt. On the other hand, KKR-CPA

Zajioy=XZcyt (L=X)Zyi,

V. SUMMARY AND PERSPECTIVES
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