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The Al L2 3 spectrum for dilute alloys of Al in Mg, and the Mg L satellite spectrum produced
by transitions in atoms with doubly ionized 2p core levels have been measured. The two spectra
contain similar features associated with screening of the extra core hole, but are otherwise dissimi-
lar, which suggests that the equivalent-core approximation is not valid. The threshold peak is
broadened in both spectra. The Al-impurity spectrum is found to be about 1 eV wider than that
of the Mg host. The L3-L, intercore transition in doubly ionized Mg is observed. Finally, a
second, weak, high-energy satellite of Mg is observed that may be produced by transitions from
the 'So state of the doubly ionized core levels. These results provide important new data for com-
parison with theories of the electronic states of impurity atoms in metals.

INTRODUCTION

Soft-x-ray emission (SXE) spectroscopy provides a de-
tailed map of the filled electronic states of alloys and
provides a rigorous check of alloy theories, particularly
those treating effects occurring in the region near the
constituent atoms, where theories based on average po-
tentials are least reliable. In this paper, we present SXE
emission spectra from dilute Al in Mg alloys and from
doubly core-ionized (2p ) Mg atoms, both of which can
be viewed as isolated impurity atoms with a single excess
charge in a Mg host lattice. The data provide a clear
measure of the changes in local density of states which
result from static screening of the excess charge.

SXE spectra from alloys are produced by radiative
transitions from conduction-band states, characteristic of
the solid, to empty atomic core states of one constituent
of the alloy. The empty core states may be produced by
either energetic electrons or photons. Since the final
states are localized on a single atom, and the transitions
obey the dkl =+1 angular momentum selection rule, the
SXE spectra provide a measure of the partial density of
states (PDOS) in a region localized near a selected con-
stituent of the alloy. In these studies of Al-Mg alloys,
the AI(Mg) Lz s spectrum results from transitions to the

2p core state so that the spectrum provides a measure of
the (s+d) PDOS in a region near the Al (Mg) atom.
The Mg L, satellite spectrum results from transitions to
doubly ionized 2p core levels, and provides PDOS infor-
mation for an atom with an excess core hole in the final
state of the SXE transition.

Two-electron spectroscopies also provide information
about the Nled band states of the alloy. Photoemission
spectroscopy (PES) provides a measure of the total DOS,
without chemical, spatial, or angular momentum selec-
tivity, but with greater sensitivity to surface states, and
with the possibility of obtaining additional band-
structure information from angle-resolved measure-
ments. Auger electron spectroscopy (AES), in which
both electrons originate in the band states (KVV or LVV
spectra), is used for the chemical analysis of alloys, but
DOS information is diScult to extract from the spectra
which are produced by a convolution over the band
states of both electrons. ' Auger spectra, in which one
electron makes an L to E intercore transition and a
second is excited from the valence band (ELV spectra),
give information similar to SXE spectra. They provide
DOS information for electron states localized on one
chemical species, have some PDOS selectivity, and have
an excess core hole in the final state of the transition.
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The Kl. I V spectrum samp1es s and p states with approxi-
mately equal probability and thus provides a measure of
the (s+p) PDOS. Our SXE spectra from dilute Al in
Mg alloys wiB be compared with previous SXE spectra
on richer alloys ' and with the EI., V Auger spectra. '

Theories of the electronic states of aBoys are intract-
able because of the mathematical diSculties imposed by
disorder, though substantial progress has been made in
recent years through the use of band-structure calcula-
tions employing the coherent-potential approxima-
tion. The study of dilute alloys is of particular in-
terest because it permits comparison of experimental
data on the dilute component with calculations made for
single impurities in a host lattice. For metals, this prob-
lem has been discussed extensively using many-body
theory, static screening within the one-electron approxi-
mation, " and in terms of localized excitations. ' ' Al
in Mg has additional interest because it is an example of
the Z+1 problem in which an impurity (Al) with one
excess core charge is placed in a host lattice (Mg) with
Z =2 charges per ion. Several authors have previously
published SXE studies on another Z + 1 system, Mg in
Li. ' ' In this paper we extend earlier studies of the
Al-Mg system to the impurity limit, presenting data on
0.5-, 1-, and 2-at. %%uoalloys.

An important assumption, usually called the final-state
rule (FSR}, is confirmed by both theory and experiment,
and greatly simplifies the interpretation of SXE spectra
derived from s and p electrons in light metals and semi-
conductors. Many-body theory indicates that the transi-
tion matrix elements may be calculated using the one-
electron band states appropriate to the final-state
configuration of the system. ' ' For SXE spectra, the
6nal state of the transition is just the ground state of the
system so that ordinary ground-state band-structure
wave functions may be used. A large body of experi-
mental SXE data also supports the FSR assumption. In
simple metals, the spectra calculated using the FSR are
modi5ed by a prominent peak at the Fermi edge, usually
referred to as the Mahan-Nozieres-de Domiaicis
(MND) anomaly, associated with the dynamic screening
of the core hole. ' ' The original theoretical derivations
of the FSR and the threshold peak in metals from
many-body theory involved detai1ed numerical calcula-
tions, but more recently both e8'ects have been derived
using the FSR approximation applied to orthogonalized
6nal-state wave functions. '

Another assumption, the equivalent-care approxima-
tion (ECA}, has sometimes been made in the interpreta-
tion of core spectra from various spectroscopies. The
ECA asserts that impurity iona carrying the same core
charge should produce similar spectra. This idea is
relevant in the present context because the Al-impurity
spectrum, the Mg satellite spectrum, and the Mg EL& V
Auger spectra all provide a measure of an s-like PDOS
for systems with a single excess charge in the 6nal state,
and thus are equivalent within the ECA. In this paper
we compare our SXE spectra of dilute Al in Mg and our
Mg satellite spectrum with the KL& V Auger spectra
published by others and show that the spectra have sub-
stantial difkrences. Thus the ECA does not provide a

useful common description for the three spectra.
Experiment ' ' and theory ' " indicate that

when a Z + 1 impurity is placed in a nearly-free-electron
Inetal, the bandwidth will be that of the host metal, but
that there is a greatly enhanced s-PDOS near the bottom
of the band associated with the static screening of the
extra charge. %e confirm this general characteristic for
both the Al spectrum and the Mg satellite spectrum, but
find substantial differences in the detailed forms of the
spectra.

Several other characteristic features of SXE spectros-
copy are relevant. Because radiative yields are low,
emission spectra are weak, especially for the minor com-
ponent of dilute aBoys. The data presented here were
taken with a new spectrometer whose greatly improved
eSciency makes the measurement of 1% alloys and of
satellite spectra routine. The SXE spectra of metals
have a low-energy tail, resulting from the presence of
multielectron shakeup effects which make it difficult to
determine an accurate lower edge of the DOS. Addi-
tional tailing may result from plasmon satellites and
clustering effects in alloys. ' Finally, the hole excita-
tion and escape depths for SXE spectroscopy are usually
such that it is primarily a bulk rather than a surface
probe.

Though our new high-eSciency spectrometer allows
us to acquire data for very weak spectra, great care is
still required to extract accurate data on very dilute sys-
tems. Long integrations of weak spectra integrate not
only the wanted signal but also the background, consist-
ing of bremsstrahlung and scattered light, which must be
subtracted from the spectra. SmaB errors in the calibra-
tion of the detector system, which have negligible e8'ect

on strong spectra, may appear as spurious structure in

weak spectra. Self-absorption e8'ects must be carefuBy
considered. In the present case, the SXE spectra of Al
lies in the absorption band of the host metal Mg. In the
present system also, there is some overlap in the Al im-
purity spectra and the Mg satellite spectra, so that care-
ful consideration has been given to separation of the
two. Consequently, these subtraction procedures are de-
scribed in the fo11owing section.

EXPERIMENTAL EQUIPMKNT AND PROCEDURES

The SXE spectrometer used in these studies is a 5 m
Rowland circle design with large toroidal gratings and a
microchannel-plate enhanced charge-coupled-device
(CCD) Si-diode array readout. Using a 600 line/mm
grating and 100-pm slits, the theoretical resolution is
better than 0.2 eV to photon energies of 90 eV. The in-
strument is used as a display-type instrument with about
10 A of the spectrum being imaged by the CCD readout
at each position of the detector. Spectra covering a wide
range, such as those reported here, are assembled from

0
spectral slices taken at 10-A intervals. A detailed
description of the instrument has been given elsewhere.

Measurements were made in an ion-pumped ultrahigh
vacuum (UHV} chamber at a pressure of about 1)&10
torr. Spectra were excited with a 0.2-mA beam of 2-kV
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electrons imaged in a 1-mm spot on a sample placed 3 or
4 mm away from the entrance slit of the spectrometer.

For the measurements reported here, Sve samples (Al,
Mg, and 0.5-, 1-, 2-at. %%uoA 1 inMg )wer emounte dand
measured at the same time under identical conditions.
The samples were prepared at the National Bureau of
Standards (NBS) in the Metallurgy Division by melting
together the components of the a11oy, annealing for 24 h
just below the melting point, and quenching in water.
Wafers approximately 1 mm thick by 1 cm in diameter
were sawn from the rod. Excitation and emission angles
were 4S' and 30' from the sample normal, respectively.
The use of identical excitation conditions greatly facili-
tated the subtraction of background effects and the sepa-
ration of the weak Al and Mg satellite spectra, as de-
scribed below.

In the experiments reported here, the total spectrum
from 155 to 325 A was taken in 17 min in 17 segments.
The partial spectrum in ihe impurity region from 165
to 195 A was then recorded in three segments with six
5-min exposures of each segment (30 min per segment,
90 min total exposure). For each spectrum, a back-
ground consisting of detector and readout noise was sub-
tracted before the raw data was multiplied by a
transmission factor to account for nonhnearities in the
detector system.

For these measurements, no correction has been made
for the grating eSciency as a function of wavelength.
As a result, quantitative comparisons of spectral intensi-
ties at widely separated wavelengths cannot be accurate-
ly made.

Spectra are recorded on a detector surface oriented
tangentially (or within a few degrees of the tangent) to
the Rowland circle. When corrected for a "plate fac-
tor" similar to that required in the photographic record-
ing of data, 2 the recorded spectra provide a direct mea-
sure of the wavelength-dependent spectral intensity l(k).
These spectra may be converted to energy-dependent in-
tensity spectra I(E) by dividing the spectra by E2. All
spectra in this paper are presented as a function of pho-
ton energy and have been divided by E2.

In Fig. 1, the spectrum of a 1 at. % Al in Mg alloy is
plotted. The L23 spectrum from the Mg host is visible
below 50 eV. The inset shows the L, 2 3 spectrum from 1

at. %%uoA 1 an d th eM gsatellit espectru mafte r a30 times
longer integration of signal on the detector. The satellite
spectrum extends to 64 eV and the Al impurity spectrum
to about 73 eV. As we shall see below, there is some
overlap between the Al spectrum and the Mg satellite
spectrum so that they must be separated in order to get
an accurate measurement of either.

For intense spectra which greatly exceed the back-
ground, backgrounds may often be subtracted using a
straight-line fit to the baseline on either side of the spec-
trum. More careful procedures must be used in the
present case, where structures comparable in magnitude
to the background signal must be analyzed. Figure 2
shows the Al impurity spectra and the Mg I. satellite for
pure Mg and the three alloy samples with Al content of
0.5 at. %, 1 at. %, and 2 at. %. The spectra were taken
under conditions of excitation and orientation that were

as nearly identical as possible. The spectra are normal-
ized to the peak height of the primary Mg spectrum to
account for minor differences in sample position and ex-
citation current. Assuming that the background contri-
bution from the Mg in the dilute alloys was the same as
for the pure Mg, the background and satellite spectrum
of the pure Mg was subtracted from the alloy samples
after appropriate normalization of the satellite to the
primary spectra.

After subtraction, the spectra of 0.5 at. %, 1.0 at. %%uo,

and 2.0 at. % Al in Mg were obtained as shown in Fig.
3. The intensity increases linearly with impurity concen-
tration as expected. A low-energy tail, which we believe
to be real, that extends below the Mg satellite spectrum
is observed. An increase in residual background with Al
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FIG. 2. The Mg I. satellite and Al 1.& 3 spectra for Mg met-

al and Al in Mg alloys. The spectra are labeled ~ith the Al
content in atomic percent.

55 55 65 75
PHOTON EVERGV (eV)

FIG. l. The SXE spectrum of 1 at. % Al in Mg alloy. Ma-
jor features are the Mg I.& 3 spectrum (42-50 eV), the Mg I.
double-ionization satellite spectrum (56-64 eV), and the Al
L2 3 impurity spectrum (64-73 eV).
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FIG. 3. The Al Lq3 impurity spectra for Al in Mg alloys

after subtraction of the Mg satellite spectrum. The spectra are
labeled with Al content in atomic percent.

RESULTS AND DISCUSSIGN

The I.2 3 spectrum of a 1-at. % alloy is shown in Fig.
1. The primary and satellite Mg spectra of the other

content, in excess of that obtained with pure Mg, is also
observed that may be attributed to the Al component of
the alloy.

Since both the Mg satellite and the Al spectrum lie in
the Mg 1.23 absorption band, the spectral intensity
should be corrected for self-absorption by Mg. A simple
one-dimensional model may be used for this correction
in which the measured spectrum I is related to the inter-
nal spectrum Io by the expression

I(A, )= f Io(A, ) exp[ —p(A, )x/cos80]

XF,„,(x /cos8;, E)dx,

where E,„,(x /cos8, ,E) is the probability of excitation of
an atom at a depth x below the surface by an electron
incident with energy E and angle 8;, and p, (A, ) is the ab-
sorption coefficient for x rays exiting at an angle 8O. The
path lengths of the exciting electrons and exiting x rays
at a depth x below the surface are denoted by x/cos8,
and x / cos80. In the present case where the Mg satellite
and Al spectra lie in a spectral region of strong Mg ab-
sorption, the escape depth for soft x rays, which may be
calculated from the absorption coefficient for Mg, is
substantially smaller than the excitation depth for 2-kV
incident electrons, which may be calculated from the
stopping power of electrons in Mg and the inverse mean
path for the excitation of 2p core holes. ' The excita-
tion probability with depth is approximately constant
until the incident electron's energy is reduced to a few
hundred eV at a depth of about 900 A. Under these
conditions, which do not apply to the primary Mg spec-
trum, for which the absorption is small, the internal
spectrum may be determined from the measured spec-
trum using the simple relation Io(A, ) =@I(A, ). This
correction has been made to the impurity spectra in Fig.
3 using absorption coeScient p for Mg taken from the
literature.

samples studied (pure Mg, and 0.5-at. % and 2-at. %%uoal-
loys) are not measurably different from those shown
here. The primary Mg spectrum has been discussed by
several earlier authors. ' The threshold peak is a mix-
ture of band-structure effects and the threshold anomaly
of the MND many-body theory characterized by a
threshold exponent o;. ' ' The lower peak in the pri-
mary spectrum centered at 47.5 eV is a feature of the s
PDOS of Mg. BeIow 45 eV, the intensity of the primary
spectrum decreases rapidly, consistent with the theoreti-
cal bandwidth of 7.1 eV for Mg. 3

The spectra of the Mg satellite for pure Mg and for
the alloy samples are shown in Fig. 2. The edge thresh-
old is located at 63.5+0.1 eV and lies 14.0+0.1 eV above
the parent band edge at 49.5 eV. This may be compared
with the previous separation of 13.6 eV cited by Hanson
and Arakawa using lower-resolution data. 3 The ap-
parent small differences in shape for the satellite spectra
as a function of Al impurity content are beheved to be
due to the tails of the Al spectra which extend below the
satellites. These tails are clearly seen in Fig. 3 after the
satellite spectrum is subtracted.

Three major peaks are resolved in the satellite spec-
trum: a threshold peak at 63.2 eV; a broad central peak
at 61.6 eV; and a low-energy peak at 58.8 eV. Some of
the smaller features in the spectra seem to be repro-
duced, but we believe that they result from noise and/or
small calibration errors rather than from real features of
the density of states. The central peak in the satellite
spectrum was not resolved in earlier studies.

In Fig. 4, the satellite and primary peaks are com-
pared by aligning their thresholds. The spectra were
shifted by 13.99 eV to bring their edges into coincidence.
Clearly the threshold peak and central peak of the satel-
lite coincide with the threshold peak and secondary
maximum visible in the parent spectrum. The low-

energy peak of the satellite has no counterpart in the
parent spectrum and is a structure that can be unambi-
guously identified with the presence of a hole in the final
state of the system. We interpret this to be simply the
screening enhancement expected for an additional core
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FIG. 4. The Mg satellite spectrum compared with the pri-
mary Mg I.z 3 spectrum. . . . , primary spectrum;, satel-
lite spectrum.
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hole.
It is also clear from Fig. 4 that the threshold peak of

the satellite spectrum is not as sharp as that of the pri-
mary spectrum. This may constitute support for the cal-
culations of von Barth and Grossman which suggest that
the exponent for the MND threshold anomaly should be
smaller in the satellite than in the primary spectrum.
The determination of the threshold anomaly exponent is
difficult because of the presence of the band-structure
peak at the threshold. Neddermeyer, from data virtually
identical to ours, determined a value for the primary
peak of o;=0.320.07, ' %e estimate the threshold
anomaly exponent for the satellite to be a=0. 16+0.08,
assuming a similar contribution of the DOS to both the
primary and satellite spectra.

In Fig. 2, a very weak spectral feature extends from
about 67 to 74 eV in the pure Mg sample. Its intensity
is about 10% of that of the main Mg satellite. The satel-
lite is believed to represent decay from a state with two
holes in the core (2p ). This configuration contains
three LS-coupling con6guration terms P2 & o D2 and
ISo. Even though quantum weighting arguments would
suggest that the 'D2 state is produced with —,

' the proba-
bility of the P states in the excitation process, this state
is believed to decay nonradiatively to the P prior to ra-
diative decay. Thus the main satellite is believed to re-
sult from the decay of the P state. The weaker high-
energy structure that we observe may result from the ra-
diative decay of the previously unobserved 'So state. Its
energy separation from the I'2 satellite is consistent
with calculations of the separation of these states in free
ions, and its relative magnitude is consistent with the
relative degeneracies of the P and 'S states.

We report for the first time observation of the L3-1.,
intercore transition for the satellite spectrum at 54.5+0.1

eV. A careful comparison of the shape of this peak to
the L $ L 3 intercore transition of the primary spectrum
at 39 eV shows some apparent differences in shape, but
noise in the data makes further analysis impractical.
There is a clear difFerence in the energy separation be-
tween the Fermi edge of the primary spectrum and its
associated intercore transition (10.7 eV) from the energy
separation of the Fermi edge of the satellite and its inter-
core transition (9.0 eV). This difference may be of value
for testing calculations of chemical shifts of electronic
core states in alloys.

The impurity spectra for Al are shown in Fig. 3. The
spectra increase linearly in intensity with the Al content„
as do the sloping low-energy tails of the spectra and the
scattering background. The scattering background has
been subtracted in Fig. 3. As with the sateHite spec-
trum, the small features in these spectra are thought to
result from noise or calibration errors and probably do
not represent real structure in the density of states.

In Fig. 5, the Al impurity spectrum is compared with
the spectra of pure Al and Mg metals, with the spectra
being aligned at their Fermi edges. It can be seen from
Fig. 5 that the the sloping tails of the alloy spectra ex-
tend to the full width of the pure Al spectrum. In addi-
tion to the processes producing tailing in all metal spec-
tra, the effects of clustering may enhance the tails for
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FIG. 5. The Al-impurity spectrum for the 1 at. % alloy
compared wtih the I.z 3 spectra of pure Al and Mg. , Al
metal„— ——,Mg metal;, Al impurity.

these alloy spectra. Except for the tails, a comparison of
the spectra shown in Fig. 5 qualitatively con6rms the
idea that a Z+1 impurity in a free-electron metal will

have a local DOS that is enhanced near the bottom of
the band and that has a width equal to that of the host.
Except for the tails, the Al impurity spectrum is
enhanced at low energies and is narrowed toward the
width of the Mg Lz 3 spectrum. The observed width is
approximately 8.0 eV, but remains about 1 V wider than
the primary Mg L spectrum.

%e observe no change in the width of the Al spectra
for the 0.5-2-at. % alloys (see Fig. 3). The failure to ob-
serve any change in spectral width with concentration
suggests that the observed width is characteristic of the
impurity limit, that the approximately 1 V difference in
the widths of the Mg metal and Al impurity spectra is
real, and that the source of the difFerence must be sought
in the theoretical description of the SXE process.

The spectra may also be compared with the spectra
obtained by Neddermeyer on richer alloys, who reports
data on Al-Mg alloys with Al concentrations from 5

at. % to 67 at. %%uo . Th ewidt hobserve d for th e5-at. %
alloy is probably comparable to that of our alloys, but a
much more prominent low-energy tail is observed that
presumably results from his somewhat poorer resolution
and the failure to resolve and subtract the satellite spec-
trum. For richer alloys, the spectra clearly widen and
approach the 12-eV width of the pure Al spectrum.

A threshold peak is visible in the Al-impurity spectra.
In Fig. 6, the impurity spectrum in the threshold region
is compared with the spectra of both pure Al and pure
Mg. The Al spectra are plotted with the zero of the
photon energy scale at 72.57 eV and the Mg spectrum
has been shifted by 23.02 eV so that its high-energy edge
is aligned with those of the Al alloy spectra. Both the
edge width and threshold peak are slightly broader in
the impurity spectrum than in the pure Al spectrum and
much broader than in the Mg spectrum. The added
width may be the result of added disorder near the Al
site. The edge shape, though slightly broader, is clearly
a better match to the Al than to the Mg edge. Since the
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FIG. 6. The threshold region of the Al-impurity spectrum
compared vuth pure Al and Mg. The zero of the energy scale
is at 72.57 eV. The Mg spectrum has been shifted by 23.02 eV.

~ ~, Al metal; ———,Mg metal;, Al impurity.

threshold peaks are believed to be associated with the
MND many-body threshold anomaly, this is an impor-
tant result that must be accounted for by theory.

Figure 6 also shows a 0.18-eV shift of the Fermi edge
of the alloy spectrum from pure Al. This shift may be
attributed to a "chemical" shift of the core level due to
the change of the charge environment at the Al ion core.

In Fig. 7, the Al-impurity spectrum, the Mg satellite
spectrum, and the Mg EL, V Auger spectrum from
Lasser and Fuggle are compared. Each of these spectra
is believed to be derived primarily from the s PDOS of
an ion core in Mg with an excess positive charge in the
final state. %ithin the equivalent-core approximation,
they would each be expected to have the saine shape.
Each is observed to have a prominent low-energy peak
associated with the screening charge. The physical ori-
gin of these screening peaks has been properly identified
by many earlier workers. ' ' ' ' Otherwise the spectra
show substantial differences. The Al-impurity spectrum

o
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FIG. 7. The Mg I satellite, the 1 at. % Al Lz3, and the
KI.

&
V Auger spectra compared. . . . , Al impurity; ———,

KI.
&

V Auger„', Mg satellite. The Auger spectrum was
taken from Ref. 5.

and the Auger spectrum are about 1 eV wider than the
satellite spectrum, though in the case of the Auger spec-
trum this may be partly due to lower resolution in the
measurement. The central peak in the Mg satellite spec-
trum coincides with structure in the Auger spectrum,
but has no counterpart in the Al-impurity spectrum.
We have previously shown in Fig. 4 that it corresponds
to a band-structure feature in Mg.

Clearly, a more sophisticated approach than the ECA
is required for the interpretation of SXE and other
core-level spectra. On theoretical grounds, this con-
clusion is perhaps not unexpected, since a probable phys-
ical origin for the diff'erences may be readily identified.
The s-like valence orbitals penetrate inside the core-level
sphere, and thus are subject to diferent potentials for
the Al impurity and for Mg atoms with an extra 2p core
hole. The ECA has been, however, an attractive qualita-
tive idea that has frequently been used in the interpreta-
tion of various core-level spectra. ' ' The present re-
sults suggest that it is not a useful approximation in the
present case.

%e will summarize here the major conclusions of this
paper. Several of these results are new and others
confirm previous results as noted in the preceding text.

(I) The Mg L satellite spectrum and the L2 3 spectrum
of dilute Al in Mg have been observed with unprecedent-
ed resolution.

(2) The width of the Al-impurity spectrum is about I
V wider than that of the Mg 1.2 3 spectrum of the host.
The excess width is independent of the Al concentration
and thus is believed to be characteristic of the true im-

purity spectrum.
(3) Both the Mg satellite and Al-impurity spectra ex-

hibit a low-energy peak in the s PDOS that is associated
with the screening of an extra charge in the ion core.

(4) Except for the low-energy "screening" peak, the
spectra of the Mg satellite and of dilute Al in Mg show
dissimilar structures associated with local densities of
states specific to each. Hence the ECA does not give an
adequate description of the data.

(5) The threshold peak in the Al-impurity spectrum
resembles that of the pure Al spectrum rather than that
of the Mg host, though both the edge and peak show
some additional broadening. Other features of the Mg L,

spectrum are also not observed in the Al-impurity spec-
trum.

(6) The threshold peak in the Mg satellite spectrum is
not as sharp as in the primary Mg spectrum, a result of
possible interest to MND theory.

(7) A "chemical" shift of the core levels can be seen in

the displacement of the Al Fermi threshold by 0.18 eV
from pure Al to dilute Al in Mg.

(8) The L i L3 intercore -transition associated with

doubly ionized Mg 2p levels has been observed for the
first time. Its 9.0-eV separation from the Fermi edge of
the Mg satellite spectrum is observed to be substantially
smaller than the 10.7-eV separation observed for the pri-
mary Mg spectrum.

(9) A very weak, second satellite peak has been ob-
served that may result from radiative transitions from a
'So state of the doubly ionized core.
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