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'D. W. Ross, unpublished calculation (cf. Ref. 3, Ap-
pendix C). The important point is that the resonant con-
tribution to the growth or damping rate contains the
average along a field line of @ cos (mw ,,f dl/v ) which is
small because of the oscillating cosine factor.

SHere, m is the closest integer to lg¢"). The mode is
not assumed to be of the form ¢™? but instead slowly
varying along the field line at each radius.

R. Z. Sagdeev and A. A. Galeev, Dokl. Akad. Nauk
SSSR 180, 839 (1968) [Sov. Phys. Dokl. 13, 562 (1968)].
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X-ray photoemission spectroscopy has been used to measure the valence band of CuNi
alloys. The results are in good agreement with theoretical predictions based on the co-

herent-potential approximation.

The nature of the electronic state of transition
metals and alloys remains a subject of discus-
sion.! There are mainly two quite distinct ap-
proaches to this problem: The first is the rigid-
band model which makes no distinction between
the different constituents of the alloy and attri-
butes a common band to all electrons. The sec-
ond is the virtual-bound-state model (preferred
for dilute impurities) which assumes screening
of the host electrons at the site of the impurity.
Neither of these two limiting models can fully
describe the actual situation. Though many ex-
perimental facts favor the virtual-bound- state
model, its application is difficult in the case of
concentrated alloys, especially when the mag-
netic electrons have much itinerant character
as, for example, in CuNi alloys.? Soven® and
Velicky, Kirkpatrick, and Ehrenreich? have
therefore used the coherent-potential approxima-
tion (CPA) to describe the electronic properties
of binary alloys. The results of these calcula-
tions are very promising, and invite comparison
with experimental results.

The CuNi system may be regarded as one of the
test cases for theoretical descriptions of magnet-
ic alloys.®? This system had long been considered
the prototype alloy whose magnetic properties
are explained by the rigid-band model. Yet sim-
ple theoretical considerations®: 7 and much re-
cent experimental evidence®’ ®*'2 gshow the inade-
quacy of that model for the CuNi system. Ehren-
reich and co-workers®* 8713 find that an approach
based on the CPA (which they call the minimum
polarity model) does indeed account much more
satisfactorily for the experimental observations.
Recently Stocks, Williams, and Faulkner!* have
re-examined the CuNi problem using the CPA,
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following the work of Kirkpatrick, Velicky, and
Ehrenreich.®* We report here x-ray photoemis-
sion spectroscopy (XPS) data for the density of
states of NiCu alloys and compare them with the
theoretical predictions and with other measure-
ments. These include (1) the specific-heat mea-
surements of Gupta, Cheng, and Beck,® which
strongly favor a CPA description; (2) the very
extensive uv-photoemission data of Seib and Spi-
cer® '® which were originally interpreted in
terms of the virtual-bound-state model, but can
indeed be very well interpreted®'!* in the CPA;
and (3) the extensive x-ray—emission investiga-
tion of Clift, Curry, and Thompson, ! who found
that the sharing of electrons between Cu and Ni
is small but were unable to determine the form
of the density of states.

Experiments using uv photoemission spectros-
copy (UPS) and XPS measure similar properties,
but with some important differences. Their rela-
tion can be described as follows: The systematic
studies of Eastman'® have made it apparent that
for photon energies below =30 eV the photoemis-
sion “joint densities of states” show strong de-
pendence of both peak heights and positions on
exciting energy; for energies >30 eV, peak posi-
tions and relative heights show only little change
with exciting energy and are indeed very similar
to those obtained in XPS experiments as can be
seen in valence spectra of Au, Fe, Cu, and Ni.!5:16
Thus it can be assumed that for E > 30 eV the
density of final states contributes no structure
and that UPS and XPS experiments measure ap-
proximately the valence-band density of states.
To get the “true” density of states, two correc-
tions have to be applied to these data. The tran-
sition probabilities are a function of the energy
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of the initial state, varying by about ~10% over
the width of the d band in Ni.!” It is at present
impossible to correct for this effect. Secondly,
the transition probabilities are quite different for
d, p, and s electrons. However, since we are
here only interested in the d-electron density of
states, this effect does not concern us. The
photoemission data of Seib and Spicer,®’ '° which
were taken with excitation energies E<11.6 eV,
have to be considered in the light of these facts.
These measurements nevertheless show unam-
biguously that the rigid-band model cannot be
used to describe the CuNi system.

We have taken XPS spectra of CuNi alloys with
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FIG. 1. XPS valence-band spectra for NiCu alloys.
The Fermi energy was determined, with a Au sample,
as the position where the 6s band is down to half its
height.

a Varian model IEE 15 spectrometer using Mg Ko
radiation. The surfaces of the samples were
cleaned before the measurements by argon ion
sputtering to remove oxygen and carbon impuri-
ties from the surface. The spectra in Fig. 1
clearly show that the positions of the Cu and Ni

d states remain the same to ~+0.2 eV in the whole
alloy series. At all concentrations, except in
pure Cu, there is still a considerable density of
states at the Fermi energy. The density relative
to that of pure Ni is shown in Fig. 2. These re-
sults have a fairly large uncertainty because of
the limited resolution of the instrument (1.2 eV)
and because the density of states has a steep
slope at the Fermi energy. This is especially
serious for the point at the highest Cu concentra-
tion.

Figure 1 shows clearly that the density of states
of CuNi alloys can, to a very good approximation,
be made up by superimposing those of Ni and Cu.
This means that there is indeed only a very limit-
ed sharing of electrons by the two constituents.
Thus the basic assumption underlying the mini-
mum polarity model® is very well substantiated
by the experimental facts. The density of states
at the Fermi level, which in the simplest formu-
lation of the model should decrease linearly with
increasing Cu concentration,®' 7 also follows these
predictions. With the present experimental ac-
curacy one cannot distinguish between the results
of the improved calculations®''* and those of the
most simple formulation of the model,%* 7 Fig. 2.
The present results are in agreement with the
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FIG. 2. Density of states (in arbitrary units) at the
Fermi energy deduced from spectra in Fig. 1 for Cu, -
Niy., alloys. Also shown are the theoretical predictions
of Lang and Ehrenreich, Ref. 6 [LE; N(eg,x) =(1—x)

XN (€f, 0)] and Stocks, Williams, and Faulkner, Ref. 14
(SWF).
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soft—-x~ray emission experiments.!! These mea-
surements could not reveal the form of the den-

sity of states but did show convincingly that there
is very little sharing of electrons in these alloys.

It is more difficult to comment on the UPS work.%:1°

Stocks, Williams, and Faulkner'? find that the
optical density of states reflects quite well cer-
tain features of the theoretical density of states,
-especially two main peaks in the optical density
of states (one associated with the Ni d states and
the other associated with the edge of the Cud
band) which show no shift with concentration. As
for other features of these data it has to be kept
in mind that UPS results taken at low exciting
energy yield only a joint density of states includ-
ing effects of the final density of states of the ex-
cited electrons. The XPS technique so far has in-
sufficient resolution to show the details of the
structure present in the UPS spectra and in the
calculations. More detailed information about the
structure in the density-of-states curves and
their theoretical interpretation can come only out
of UPS experiments at higher energy or XPS ex-
periments at higher reselution.

We thank D. N. E. Buchanan and K. W. West for
technical assistance and Dr. G. M. Stocks for a
preprint of his article.
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Anisotropic Behavior of Dilute Au:Dy Alloys: Observation
of the I'; (Quartet) Resonance*
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We report the first observation of a I'y (quartet) resonance in a metal (Au:Dy). The
field for resonance determines the relative magnitude and sign of the crystal-field param-
eters, By/B¢=1300=30, to be compared with that found for Ag:Dy alloys, <340. The line-
width yields an exchange-coupling parameter J;;=0.14+0.05 eV, slightly larger than for
Au:Gd and Au:Er alloys, and slightly smaller than for silver-based alloys.

We report the first observation of a I'y (quartet)
resonance of a localized moment in a metal.
Electron-paramagnetic-resonance experiments
were carried out on single crystals of Au:Dy al-
loys. The field for resonance was anisotropic,
obeying the usual symmetry rules appropriate to
a I'y quartet. Fitting with the predictions of crys-
tal-field theory yields a precise value for the
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magnitude of the ratio (and relative sign) of the
fourth- to sixth-order crystal-field coefficients.
A formula is presented for the linewidth of the
T’y resonance caused by exchange relaxation to
the conduction electrons, yielding a value for the
localized conduction-electron exchange coupling.
Comparisons of the exchange coupling and the
crystalline-field parameters are made with sil-



