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Generally, at excitation energies well above inner-shell ionization thresholds, Auger spectra are in-

dependent of the method of excitation. A notable exception to this has been found for the Ar L2 3MM
Auger spectra where different results are obtained via electron-impact ionization at 2 and 4.5 keV and
photoionization below the K edge at 3.17 and 2.2 keV. The differences are explained by the variation of
the contribution of L

&
to L2 3 vacancy transfers with the mode of excitation. Calculations using a simple

vacancy transfer model explain the observed spectra.

PACS number(s): 32.80.Hd

I. INTRODUCTION

The L23MM Auger spectrum of argon has been the
subject of a number of experimental and theoretical in-
vestigations over the past several decades [1]. The "nor-
mal" Auger spectrum, which arises from the decay of a
single L2 or L3 vacancy, is known to consist in principle
of 20 lines: 10 corresponding to decay of a 2p (J=—,', —', )

vacancy to final states with two 3p vacancies with LS
designations of Pi, o, 'Dz, and 'So; 8 to states with 3s3p
vacancies ( P2, o and 'Po); and 2 to states with two 3s

t

vacancies ( So). However, experimental measurements
of the Auger spectrum show a much more complicated
structure, and most of the work to date has attempted to
elucidate the reasons for the additional structure. Basi-
cally these are the following.

(a) Initial state correla-tion The phys. ical picture of the
"normal" Auger spectrum described above assumes that
only single vacancies occur in the initial excitation pro-
cess. When initial-state correlation is included, multiple
vacancy states will always be present in any excitation
process and will lead to additional Auger transitions.

(b) Final-state core correlation. The final states of the
LMM Auger process listed above are pure states only in
an independent-particle model. When final-state core
correlation is included, Auger transitions are possible to
states with an additional 3s or 3p vacancy, with the excit-
ed electron either in a discrete (shakeup) or continuum
(shakeofI) state. Of course, similar states may also be
present due to initial-state correlation. In general, a
multiconfiguration description of both initial and final ion
states is necessary to represent accurately the observed
spectra [2].

(c) Final state continuum -interactions When a L2 s .va-
cancy decays, electrons of difFerent energies are ejected,
corresponding to the energetically available final core
states of the doubly charged ion. Interchannel coupling
can occur between these various continuum channels and
affect the observed Auger spectrum [3].

(d) Vacancy cascades. The correlation effects listed

above can produce "satellite peaks" in both photoelec-
tron and Auger spectra. In the case of Auger spectra,
however, an additional mechanism is possible. When an
inner electron is removed, vacancies can be transferred to
outer subshells either by radiation or Auger processes. In
the present case, provided the excitation energy is below
the K excitation threshold [4], the only possible efFects on
the L2 & Auger spectrum will be the transfer of L, vacan-
cies. Transfers via radiation to L23 and Mz 3 will not
produce any new spectral lines or modify the relative in-
tensities observed in the spectra. However, Coster-
Kronig processes can transfer a vacancy from L, to Li 3

and produce additional M, and Mz 3 vacancies. Such va-

cancy transfers will result in satellite peaks in the ob-
served Auger spectrum which could also be produced by
electron shakeofF in either the initial ionization process or
the Auger decay process.

Although there have been several measurements of the
argon Lz 3 Auger spectrum using photon [5—7] and ion

[8] impact to produce the initial 2p vacancies, the most
definitive work has been done by electron impact [9—11].
Detailed studies [12,13] have been made of the
L2 3M2 3M2 3 spectrum between 200 and 210 eV, and
good agreement with theoretical calculations was ob-
tained. However, the spectrum at lower electron ener-
gies, corresponding to L2,M, M~, and L2 3M, M, transi-
tions, is more complicated, since the intensity of satellite
lines is comparable to that of the "normal" Auger transi-
tions.

There have been a few definitive theoretical studies of
the L2 &MM spectrum. McGuire [14] analyzed the
L2 3MM spectrum of Ref. [11] and was able to explain
most of the observed lines as due to Auger transitions
with an additional vacancy in the M shell due either to
shakeoff or transfer of L, vacancies via L,L2 3M Coster-
Kronig processes. His results are consistent with a ratio
of 5% for the relative probability of forming 2s or 2p va-
cancies. Dyall and Larkins [15] have analyzed the spec-
trum assuming the dominant effect is final ionic state
configuration interaction [(b) above]. Recently, Tulkki

1050-2947/94/50(1)/405(7)/$06. 00 50 405 1994 The American Physical Society



COOPER, SOUTHWORTH, MacDONALD, AND LeBRUN 50

et al. [16] have investigated the effects of final-state
correlation [(b) and (c) above) on the L2Mz 3M2 3 transi-
tion rates, and Tulkki and Mantykentta [17]have studied
relaxation effects.

It would be useful to separate vacancy transfer effects
from those of configuration interaction. In principle, this
could be done for the argon L2 3MM spectrum by using
excitation energies just below the L, ionization potential
but above the L2 3 ionization potentials, as in Refs. [6]
and [16], so that vacancy transfer is energetically not al-
lowed. An alternative, which will be described here, is to
increase the relative probability of forming 2s vacancies,
which will provide an enhancement of the satellite spec-
tra formed by the vacancy transfer process. This can be
done by exciting L vacancies via photon impact at ener-
gies far above the L, ionization potential but below the E
ionization potential. The satellite spectra in this case are
enhanced principally due to the fact. that the relative
probability of forming 2s or 2p vacancies strongly in-
creases with photon energy.

The outline of the remainder of the paper is as follows:
Section II contains a brief discussion of the experimental
procedure. Basically, this consists of observation of the
L23MM Auger spectrum with photon excitation at in-
cident energies of 3174 and 2200 eV and with electron-
impact excitation at 2 and 4.5 keV. Section III contains a
discussion of the various excitation and vacancy transfer
processes and estimates of the rates for these processes.
In Sec. IV the experimental results are compared with the
theoretical calculations and with previous work. Finally,
Sec. V is devoted to a summary of the results and sugges-
tions for future work.

II. EXPERIMENT

Measurements were made using a double-pass cylindri-
cal mirror analyzer (CMA) [18] on x-ray beamline X-24A
[19] at the National Synchrotron Light Source. The x-

ray beam passed through an effusive beam of Ar gas posi-
tioned at the source point of the CMA, and the CMA
was positioned with its symmetry axis parallel to the po-
larization direction of the x-ray beam. The CMA was
operated in retarding mode at 20 eV pass energy using 4-
mm-diam internal apertures. Argon LMM Auger elec-
tron spectra were recorded over the kinetic-energy range
150—220 eV using 0.1-eV steps at an observed resolution
of 0.7 eV full width at half maximum (FWHM). The in-
tensities of the electron spectra varied linearly with Ar
gas pressure, indicating an absence of gas-scattering
effects. The electron spectra measured at beamline X-
24A were recorded at a background pressure of 13 mPa.

The electron count rate in the kinetic-energy region of
the Ar LMM Auger spectrum was observed to increase
strongly as the x-ray energy was scanned from below to
above the E edge, due to E-shell to L-shell vacancy cas-
cade processes [4]. This effect was used to record excita-
tion spectra of the electron count rate vs x-ray energy
which appear similar to photoabsorption spectra of the
Ar K edge [20—22]. The x-ray energy scale was refer-
enced to the distinct 1s to 4p resonance located 2.72 eV
below the 1s ionization edge [20,22]. Breinig et al. [20]
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FIG. 1. The argon L2 3MM Auger spectrum recorded under
different excitation conditions: (a) using 3174-eV x rays, (b) us-

ing 2200-eV x rays, and (c) using 2000-eV electron beam excita-
tion.

have measured the argon K ionization energy to be
3206.3+0.3 eV.

The Ar LMM Auger electron spectra shown in Figs.
1(a) and 1(b) were recorded using 3174 and 2200 eV x-ray
energies. Si(111) crystals were used in the beamline's
double-crystal monochromator, and we estimate that the
energy bandwidths (FWHM) were =0.5 eV at 2200 eV
x-ray energy and =0.8 eV at 3174 eV.

The CMA's internal electron gun [18] was also used to
record Ar LMM Auger electron spectra using the same
pass energy and step size as were used for the x-ray gen-
erated spectra. In the spectrum shown in Fig. 1(c) the
electron gun was operated at 2000 eV beam energy and
18 iMA beam current. A smaller Ar gas density (1.9 mPa
background pressure) was used to prevent saturation of
the electron counting circuit and to reduce the back-
ground due to gas scattering of the electron beam. An
essentially identical Ar LMM spectrum (not shown) was
recorded with the electron gun operated at 4SOO eV beam
energy and 16 pA beam current. This result indicates
that relatively little E-shell excitation occurs via electron
impact.

The Ar LMM electron spectra were placed on an abso-
lute kinetic-energy scale by positioning the strong dia-
gram line L3M2 3M' 3('D2) at 203.5 eV. This kinetic en-

ergy is consistent with the energy reported by Werme,
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Bergmark, and Siegbahn [11]and with the tabulated en-

ergies of the upper and lower levels involved in the Auger
transition, that is, Ar+ 2p '( P»2) [23] and Ar +

3p ('D2) [24].

III. VACANCY TRANSFER PATHS
AND DECAY RATES

With excitation energies below the E ionization thresh-
old, multiple vacancies can arise either by correlation
effects [(a), (b), and (c) above] or as a result of initial for-
mation of an L

&
vacancy and transfer of this vacancy via

an L,L2 3M Coster-Kronig process. In order to predict
the observed spectra, estimates must be made of the prob-
abilities of initial formation of L &, L2, and L3 vacancies,
both by photon and electron impact, and also of the
probability of additional vacancies being formed in the
excitation process. Simple shakeoff theory [25] predicts
that when an L2 3 vacancy is formed, the probability of
simultaneously forming an Mz 3 vacancy will be 13% and
that of forming an M, vacancy will be less than 2%. For
the electron-impact spectra of Werme, Bergmark, and
Siegbahn [11], taken at 3—5 keV incident energy,
McGuire [14] concluded that this estimate was too high
and attempted to explain the observed L2 3MMM spectra
as due to vacancy transfer via L,L23M Coster-Kronig
transitions. Here, essentially the same procedure will be
followed, since in our data taken with monoenergetic
photons, this appears to be the dominant mechanism for
the formation of satellite Auger lines. The reason for this
appears to be that at photon energies well above the L,
threshold but below the K ionization threshold, L

&
pho-

toionization is a considerable fraction of the total L cross
section, as illustrated in Table I. This is in marked con-
trast to the case of electron impact, where the calculated
ratio [26] is about 15% and the actual ratio is probably
less than the calculated value. Table I shows that 2s ion-
ization is actually more likely than 2p ionization at in-
cident photon energies above 3 keV.

1000
2000
3000

(K threshold)

0.43
0.86
1.29
1.36

The various decay processes for an L, vacancy and
their relative rates are compared with Auger rates for
Lp 3 vacancies in Table II. From the table it is apparent
that the major decay path for an L& vacancy is via
Coster-Kronig transitions, which will create Lz 3 vacan-
cies with an additional M-shell vacancy. Radiative decay
is negligible, and formation of two M-shell vacancies
occurs only 5% of the time.

Based on the above estimates, we have used the follow-
ing simple model to explain the spectra produced by pho-
ton and electron impact: It is assumed that the relative
populations of the initially formed L „L2,and L3 vacan-
cies are given by the calculated cross sections for subshell
ionization of Refs. [26] and [27]. Radiative decay pro-
cesses and shakeoff in the initial vacancy formation pro-
cess are ignored. The relative population of L

&
vacancies

is reduced by 5% to account for L,MM Auger decay.
Two spectra are then computed, i.e., the "normal" Auger
spectrum for a single L2 3 vacancy and the satellite spec-
trum which arises from decay of an L2 3 vacancy with an
additional M vacancy produced via vacancy transfer
from an original L, vacancy.

In order to produce model spectra, the energies of the
initial and final hole states must be estimated as well as
the decay rate for each Auger transition. Initial esti-
mates of the energies of the states involved, as well as the
transition rates for each transition, were obtained by the

TABLE I. Ratios of the 2s cross section to 2p cross section at
various energies from Ref. [27].

Photon energy
(eV)

TABLE II. Vacancy transfer rates for L &, L2, and L3 vacancies in argon (in units of 10 a.u. ) from
Refs. [27] and [28].

Decay process

Radiative and Coster-Kronig
Final
state

Rate
10 a.u. Decay process

"Normal" L& 3 processes
Final
state

Rate
10 a.u.

Radiative

Coster-Kronig

L,MM

M2
M3
L I L2M'
LIL2M2
LIL2M3
L I L3M'
LIL3M2
LIL3M3
LIMIMI
L I Ml M2
L I MIM3
LIM2M2
LIM2M3
LIM3M3

0.26
0.51

163
67
76

326
76

190
9.1

17.6
28.4
0.3
0.1

0.7

L2MM

L3MM

L2MiMi
L2M)M2
L2MI M3
L2M2M2
L2MqM3
L2M3M3
L3MI MI
L3MI M2
L3MI M3
L3MqM2
L3MPM3
L3M3M3

0.8
11.9
0.9

10.1
36.7

1.0
0.8
0.5

12.4
0.2

19.1
28.7
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relativistic version of Cowan's atomic structure program
[29]. For most of the Auger transitions, more accurate
energies of the initial and final states could be obtained
from experimental data [23,24]. These experimental en-
ergies were used whenever possible, but the decay rates
were estimated either from the Hartree-Fock structure
calculations or from McGuire's Hartree-Fock-Slater re-
sults [14].
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A. The "normal" L2 3MM spectrum

The L2 3MM spectrum has been measured many times
[5—13] and, with one exception, can be considered com-
pletely characterized. The L23M23M2 3 spectrum, in
particular, has been studied in detail, and although all of
the expected lines are not resolved, the positions and in-
tensities of the observed lines are well known.

The L2 3M&M2 3 and L2 3M, M& spectra have also been
measured several times. Since the L2 3 binding energies
are well known [23] and the final-state energies corre-
sponding to L2 3M, M2 3 transitions are also known [24],
accurate predictions can be made of the energies of these
transitions. These are shown in Table III along with the
results of earlier measurements and our results from the
electron-impact spectrum [Fig. 1(c)].

The final-state energies corresponding to L23M, M,
transitions are not known, and it is uncertain whether or
not these transitions have been observed in the Auger
spectrum. These two transitions were first reported in
Ref. [10] to be at 179.93 and 177.79 eV. The later work
of Ref. [11]placed them at 180.06 and 177.91 eV. How-
ever, McGuire [14] pointed out that the intensity of these
transitions were much larger than that calculated, and on
that basis reassigned these two transitions to those ob-
served in Ref. [11] at 176.32 and 174.22 eV. Dyall and
Larkins [15] concurred with this assignment. Their cal-
culations predicted a shift of the position of the So state
with two 3s vacancies relative to the 'So state with two 3p
vacancies of approximately 10 eV and a loss in intensity
for the L2 3M, M& transitions due to the interaction be-
tween the two configurations. However, even with
configuration interaction included, there is a relative un-
certainty of about 1-2 eV in the calculations of the posi-

FIG. 2. The normal L2 3MM model spectrum. Each spectral
line has been convoluted with a Lorentzian of 0.34 eV FWHM.

tions of the levels. In view of this, it would appear im-
possible to definitely assign these transitions to any of the
number of lines observed in this energy range in the
high-resolution work of Ref. [11].

Figure 2 shows a model L2 3MM spectrum obtained in
the following manner: The calculated Hartree-Fock in-
tensities were used for each transition, but the energies of
each transition were taken from the spectroscopic values
of Table III, with the exception of the L2 3M, M, transi-
tions, which were taken to be at 176.32 and 174.22 eV.
The line spectrum was then convoluted with a Lorentzian
of 0.34 eV FWHM. Note that this width is smaller than
the measured widths of the experimental spectra in Fig.
1, and was chosen since a Lorentzian profile was used to
model both the natural width of the lines (0.13 eV) and
the experimental resolution.

Figure 2 indicates two things. First, the relative inten-
sities of the Lz 3M2 3M2 3 transitions differ from experi-
ment. The major difference is that the calculations pre-
dict that the P components are the largest, whereas all
experiments show that the 'D components are the largest.
This accounts for the reversal of the relative intensities of
peaks B and C in the experimental spectra of Fig. 1 com-
pared with the calculated spectrum in Fig. 2. The calcu-
lated relative intensities agree rather well with those of
McGuire [14] and of Dyall and Larkins [15], although
the former calculation is based on a simpler model and
the latter includes some final-state configuration interac-
tion. Second, Fig. 2 shows that the intensity of the

TABLE III. Energies (in eV) of the L2 3M&M2 3 spectrum from various sources. Uncertainties in the
present measurements are estimated to be +0.3 eV.

Level

L3- Pll

L3- P03

L3- Pl
L3- P23

L2- Pll

L2- Po3

3

3

Atomic spectra
(Ref. [24])

187.20
190.76
190.83
190.95
189.06
192.97
192.99
193.11

Ref. [10]

187.16

190.76
190.91
189.30
192.84
192.90

Ref. [11]

187.33

191.13
189.49
193.02
193.13

This paper

187.5

191.2
189.6

193.2
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TABLE IV. Upper and lower limits of the energies (in eV) for the transfer Auger spectra.

Final configuration

Initial configuration

2p 3$3p
2p 3$ 3p

3$ 3p

190.1-200.9

3$3p

189.4—198.7
172.4—186.3

3$ 3p

177.0—178.8
160.3—166.8

L2 3M, M, transitions is so low that they may be masked
by transitions due to other processes.

Q, The L&-L2 3 &ansfeg Ipgg~m

If an L& vacancy is created, Coster-Kronig transitions
can leave a doubly charged ion in 2p 3s3p or 2p 3s 3p
configurations, which can subsequently decay into the tri-
ply ionized configurations 3s 3p, 3s3p, and 3s 3p .
Thus, there will be a number of satellite Auger transitions
in the same energy range as the normal L2 3MM spec-
trum. There will be ten states in the configuration
2p 3s~3ps and four for 2p 3s3p which will be the initial
states of the transfer Auger spectrum. The 2p53s 3p5
states can decay to 3s 3p (five states), 3s3p (eight
states), or 3s 3p (two states), and 2p 3s3p can decay to
3s3p or 3s 3p . The final-state energies of the 3s23p
and 3s3p configurations are known from spectroscopic
data [24] in relation to the ground state of atomic argon.
The energies of the initial-state configurations are not
known as precisely. However, it is possible to make good
estimates. Mehlhorn [30] has made a careful analysis of
the Coster-Kronig spectrum between 25 and 50 eV and
could assign energies to the transitions from the initial L i
vacancy state, with an uncertainty of approximately 0.5
eV. The 2s binding energy has recently been measured as
326.25+0.05 eV [31]. Using this value and Mehlhorn's
data, the energies of the final states of the Coster-Kronig
transitions can be estimated, and, with the data from Ref.
[24], the energies of most of the transfer Auger transi-
tions can be determined. The range of values of expected
Auger lines obtained by this procedure is given in Table
IV. As is the case with the normal Auger spectrum, the
only values that cannot be obtained by this procedure are
the energies corresponding to final states of the
configuration 3s 3p, since no information from atomic
spectroscopy is available for these two states. In Table
IV, the estimate of the range of energies corresponding to
these final states is made by assuming, as was done in
Ref. [14], that their center of gravity lies 12.5 eV above
the 3s3p4 2S term.

In order to estimate the transfer Auger spectrum, the
branching ratios for the L,L2 3M Coster-Kronig transi-
tions must be known, as well as the relative intensities for
the subsequent Auger transitions. These values were ob-
tained from the calculated rates for each transition. Fig-
ure 3 shows the calculated transfer Auger spectrum in
the energy range between 150 and 210 eV. The spectrum
was obtained by estimating the energy and relative inten-
sity of each transition and convoluting the spectrum with
a Lorentzian whose FWHM was set equal to the calculat-
ed decay width of the initial state plus 0.2 eV to approxi-

The transfer Auger spec trurn
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FIG. 3. The transfer Auger L2 3MM model spectrum arising
from an initial Ll vacancy. Each spectral line has been convo-
luted with a Lorentzian of FWHM equal to 0.2 eV plus the nat-
ural width of the line.

mate the experimental resolution. Figure 3 shows that
the transfer spectrum has most of its intensity in the en-
ergy ranges 174-181 and 189—200 eV, with some intensi-
ty in the 159—162-eV range, which is due to
2p 3s 3p -3s 3p5 transitions. Note that at the resolution
used to construct the spectrum, it is impossible to assign
peaks to individual transitions, since the spacing of the
various transitions is in many cases smaller than the sum
of the natural linewidth, which varies from 0.05 to 0.25
eV, and the 0.2 eV used to account for experimental reso-
lution. In view of the complexity of the transfer Auger
spectrum and the fact that the experimental spectra were
obtained at moderate resolution, no attempt will be made
here to assign peaks to specific transitions.

The observed spectra will contain components of the
normal spectrum and of the transfer spectrum in addition
to components from direct two-electron excitation pro-
cesses. The relative weight of the normal and transfer
components will depend on the relative probability of
forming a 2s or 2p vacancy. If K is the ratio of the 2s and
2p cross sections as shown in Table I, the weights for the
"normal" and "transfer" spectra will be 1/(1+K) and
E/(1+K), respectively. Figures 4—6 show composite
spectra corresponding to E=0.2, 0.8, and 1.2, which are
to be compared with the experimental spectra in Fig. 1.
In Figs. 4—6 the portion of the spectrum due to the nor-
mal Auger spectrum is shown as a dotted line. Figure 4
(X=0.2), which should be comparable to the electron-
impact spectrum in Fig. 1(c), shows how vacancy transfer
affects the spectrum. There is, of course, no effect on the
major part of the spectrum above 201 eV. However, new
peaks of comparable intensity to those of the "normal"
spectrum appear in the 185-200-eV range, and the ap-
parent intensity of the four normal spectral peaks is
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FIG. 4. Com. Composite spectrum corresponding to a ratio of 2s to
2p initial vacancies of 0.2. The solid line is the composite spec-
trum and the dotted line is the contribution of the normal
Auger spectrum.

FIG. 6.. Composite spectrum corresponding to a ratio of 2s to
2p vacancies of 1.2.

modified. The "normal" spectrum peaks near 175 eV are
still present but are less intense than structure due to the
transfer spectrum. Structure also appears in the
160-163-eV range.

Comparison of this model spectrum (Fig. 4) with Fig.
1(c) indicates the inadequacies of the model. As is the
case for the "normal" spectrum in the 200-210-eV range,
the calculation does not give correct intensities. Howev-
er, in the range 185-200 eV, all of the peaks identified in

Fig. 1(c) are accounted for and have approximately the
same relative intensities in both figures. The calculation
does not reproduce the four peaks shown in Fig. 1(c) in
the 178-182- Ve — 82-eV range. This is reasonable, since transi-
tions in this energy range have been identified as "shake-
up" satellites, with one 3p electron being promoted to a
3d or 4s orbital [ll]. Figures 5 and 6, which should be
comparable to the x-ray generated spectra obtained at
2200 and 3174 eV, respectively, clearly indicate that the
principal reason for the change in intensity in the energy
range below 200 eV is due to the transfer Auger spec-
trum. For E values greater than 1, i.e., more 2s than 2p
vacancies formed, the transfer spectrum in the 185-200-
eV range will be of comparable intensity to the normal

1(a).
spectrum in the 200-210-eV range as is obser d

' F'serve in ig.

The variation of intensity with excitation energy can be

used to sort out which peaks in the observed spectra are
ue to the initial excitation process and which are the re-

sult of the transfer of vacancies from one subshell to
another. In the present case, an example of how this can
be done is given in Table V, which lists the 12 highest en-

ergy peaks indicated in Fig. 1(c) and compares the p ke pea
eig ts with those of Fig. 1(a}. In this comparison, the

peak height ratio for the strongest line (peak C} at 203.5
eV is normalized to 1.0. With this normalization, the ra-
tio of the peak heights for peaks A-D, i.e., the
L2 3M»M» spectrum, is approximately 1, indicating
that there is no contribution from the transfer spectrum
to these peaks. The four peaks which correspond to dia-
gram transitions to sp5 final states (H, J, K, and L) also
have low values, with the exception of peak H. These
values are consistent with the results shown in Fig. 6,
which shows that peak L has almost no contribution
from the transfer spectrum, whereas there are contribu-
tions to the other peaks. The remaining peaks (E, F, 6,
and I), with large peak height ratios, must then be due to
the transfer Auger spectrum.

TABLE V. The highest energy peaks observed in the
electron-impact spectrum [Fig. 1(c)] and the ratios of the peak
heights of corresponding peaks in the 3174-eV x-ray data [Fig.
1(a)] to those of the electron-impact data and normalized to 1.0
for peak C. Uncertainties in the energies and peak height ratios
are estimated to be +0.3 eV and +10/o, respectively.
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FIG. 5. Com. Composite spectrum corresponding to a ratio of 2s to
2p vacancies of 0.8.

Peak

A
B
C
D
E
F
G
H
I
J
K
L

Energy
(eV)

207.2
205.2
203.5
201.2
198.1
196.6
194.7
193.2
192.2
191.2
189.6
187.5

Ratio

0.8
1.0
1.0
1.0
2.1

3.1

3.2
2.1

2.9
1.4
1.4
1.0
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V. SUMMARY AND SUGGESTIONS
FOR FUTURE WORK

Although the argon L2 3MM Auger spectrum has been
studied extensively, it is still not completely understood.
The key result of this paper is the realization that cascade
processes can produce major excitation-dependent
modifications in the observed spectra. This invalidates
the assumption that any transitions observed in addition
to the diagram lines must be due to multiple excitations.
Studies of the transfer Auger spectrum offer the advan-
tage that it can be characterized by its dependence on ex-
citation conditions. There seem to be two promising
directions for future work in this area. In order to com-
pletely characterize the "normal" Auger spectrum and its
associated satellites, excitation energies below the 2s exci-
tation threshold should be used, as in Refs. [6] and [16].
Spectra taken at high resolution under these conditions
would be completely free of cascade effects and thus
would reflect correlation effects in the initial vacancy

creation process or in the final states. As a followup to
the present work, it would be useful to repeat the photon
measurements at higher electron-energy resolution and at
several excitation energies. This would provide more in-
formation on the transfer Auger spectrum to possibly
separate out those effects due to transfer from those due
to multielectron excitation.
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