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X-ray emission studies in Ar and KC1 due to formation of an L 23 vacancy reveal a low-
energy satellite below the main emission peak. Comparison with other data on related
processes indicates that this satellite is due to two-electron effects (configuration inter-
action) in the final state of the emission process.

In this Letter we wish to report direct evidence
of a two-electron process in I.» emission which
corresponds to simultaneous filling of an inner-
shell hole and excitation of a valence-shell elec-
tron with emission of a single photon. This pro-
cess, which would produce a low-energy satellite
approximately 10 eV below the main L23 M$
emission peak, has been observed previously' '
in K and Cl spectra. While processes of this
type have been postulated earlier, 4' it has been
impossible to demonstrate conclusively that they
are in fact occurring in experiments of this
type. ' ' The use of argon gas in our experiment
makes it possible to rule out double vacancies in
the initial state as an explanation of the observed
low-energy spectral feature. It also makes pos-
sible a definitive interpretation of the emission
results in terms of the known spectroscopic lev-
els of Ar II. Evidence for a similar process in
E-shell emission of Al, Si, and S involving two-
electron processes in the L» subshell has recent-
ly been reported. ' However, the intensities of
these E-shell emission features' represented
only a small fraction (&1%) of the parent line,
whereas in the L» emission reported here the
effects are considerably larger (of the order of
10% of the parent line).

Emission spectra were obtained using a single-
crystal Bragg spectrometer with a Langmuir-
Blodgett type lead myristate analyzer. Resolu-
tion of the analyzing crystal (-2 eV) is unknown.
The resolution as limited by 0.4' Soller slits
varied with wavelength from about 1.25 eV (at
potassium L») to about 0.21 eV (at Cl L»). Radi-
ation was detected with a flowing-gas proportion-
al counter followed by conventional electronic da-
ta logging, while step-scanning. Excitation was

provided via a Pierce-type electron gun operat-
ing at 10 kV with a current of 100 mA in the case
of argon and 0.05 mA for KCl spectra. ' For the
argon measurements the target atoms consisted
of a continuous gas flow through the system.
The KCl L» spectra were obtained from a single
crystal of KCl attached to a nickel strip with sil-
ver conducting epoxy. Ni Lo.» radiation in third
through fifth orders and C Ke from graphite
were used to calibrate the energy scale. Further
experimental details will be presented elsewhere.

Emission spectra corresponding to Cl, Ar,
and K are shown in Figs. 1(a), 1(b), and 1(c) re-
spectively. The potassium L» emission spectra
in Fig. 1(c) is located on the tail of the carbon
Eo. emission which comes from pump oil deposit-
ed on the specimen. Figure 1 shows, in addition
to an unresolved 1.» doublet (the large peak), an
additional structure lying approximately 6, 11,
and 14 eV below the main peak in Cl, Ar, and K,
respectively. The separation of the low-energy
peak from the main peak in KC1 is in agreement
with previous measurements. "

The interpretation of the low-energy peaks in
Fig. 1 as a "semi-Auger" process requires that
all other possibilities be ruled out. Alternative
possibilities include the following: (1) Excita-
tion of L, rather than L» may occur followed by
an L$ LI23 M Coster- Kronig proc ess leading to
L23 and I vac ancies in ions of higher charge.
(2) Two-electron excitations may occur in the
excitation process, i.e., the formation of L,3
single vacancies may be accompanied by a frac-
tion of ions in excited or doubly ionized states
due to electron "shakeoff. "'

Both of these possibilities can be ruled out in
the case of argon by energetic considerations.
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states in a singly ionized excited ion will have ap-
proximately the sRQle energy dlffex'ence R8 dou-
bly ionized states. ID addition, the probability of
shakeoff in 1.» excitation of argon, appx'oximate-
ly 1-2%, calculated in sudden approximation, '4

is too low to Recount fox' the relatively lax'ge in-
tensity (-10%) of the low-energy satellite shown
ln Fig. 1.

The above analysis, in addition to eliminating
double excitation as a process contributing to
e011881on of the low-energy satellite, a.iso 8ug-
gests why tile I 23 doublet 18 Dot readily x'esolved.
Processes 1 and 2 are about as hkely to occur at
the bombarding energies used hexe as single 1.»
vRcRncy formationq Rs hRs lecently been x'epolt-
ed." Theoretical estimates of process 2 are al-
so large. '6 Therefore, a large part of the inten-
sity of the main L» emission is probably due to
double vacancy formation. This is suggested in
the early measurements on CI by Biegbahn. '

Me presence of low-energy satellites in I»
emission can be attributed to strong mixing of
the final state configuration Ss3P"S with states
in which one 3p' electron is removed and another
excited. The even levels which will mix Rx e
Ss'Sp'ns'S and Ss'Sp4nd'S. Analysis of the Ar II
spectra" indicates that 3sSp"S mixes strongly
with 3s'Sp nd 'S, but weakly with Ss23p'ns 'S. Ad-
ditional experimental evidence fox this effect is
obtained from the long lifetimes of radiative de-
cays from the 3s3P"S state. " Qualitative esti-
mates of the Strengths of these interactions have
been made by confi~ration-interaction calcula-
tions in ArII."

The above optical data appear to indicate that
the main intensity of the low-enexgy satellites
shown in Fig. 1 is due to the strong mixing of
3s3pe'S and Ss'Sp'nd'S configurations. In Figs.
1(b) and 1(c) we have plotted the positions of all
known 8 levels in ArII and KIIl relative to
SsSp"S. From the positions of these levels it ap-
pears that both Ss'3p'Sd'S and 3s3p'4d'8 states
contribute to the satellite intensity whex'eas in
Kill the major contribution is for Ss'3p'3d'S.
This is not surprising Since when strong config-
uration mixing occurs the intensity sharing of ra-
diative processes depends on the details of the
mixing.

The corresponding enex'gy levels for Cl I are
not known so that the same type of analysis for
the I.» emission from the valence band of KCl
cannot be made. However, the small energy sep-
aration between the main emission band and the
satellite (6 eV) makes it appear probable that the

same type of axgument mill apply to the Cl L,»
en11881on 8tx'Ucture.

The physical plctu1e that emerges fx'GDl the
above analysis is that the L,» hole can be filled
either by a single-electron process, 2P'Ss'SP'
'P„,

~„,-2p'Ss3p"S, or by a double-electron pro-
cess in which one I» electron fills the L» va-
cancy and another electron is excited in order to
conserve angular momentum. 2' The similar
spectra obtained for L,» emission in both the K
and Cl emission in KCl indicate that this effect
18 Rlso 1D1portant 1D L» emission 1Dvolvlng sol-
ids. Its relative importance fax elements of high-
er ox lower Z Rnd for different states of chemi-
cal combination remains to be investigated.

Finally, it is possible that the final states of
the radiative px ocess xnay involve configurations
1Q which RQ M~ vRcRQcy 18 formed and a M2~ elec-
tron excited. Since spectroscopic evidence of
these states is not available we have calculated
the energy of the center of gravity" of the config-
uration SsSp'4p'S in Ar II which lies 19 eV above
the energy of Ss3p"S. This result indicates that
the extreme low-energy tail of the satellite in
Fig. 1 may in fact be due to such states. From a
coQflgurRt1oQ- iQteractlon stRQdpolnt this 18 UQde1-
standable. Configurations such as SsSp'np'S will
mix to a certain extent with SsSp"S and Ss'Sp'nd
~S, but in gener. al will lie highex' in enex'gy.

A more detailed study of this effect requires
further experiments with highex resolution in
order to separate, if possible, "the vaxious com-
ponents of the emitted radiation, and more so-
phisticated theoretical calculations of the eonfig-
urat1on m1x1ng 1n the f1nal states 1n order to pre-
dict the x'elative 1Qtensltle8 of the vRx'ious spec-
trRl components.
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The electronic density of states of a one-dimensional AB model alloy with long-range
order is calculated in the coherent potential approximation. Impurity states are found
inside the energy gap and the energy gap disappears long before the alloy becomes com-
pletely disordered. The temperature-dependent long-range order exhibits a first-order
order-disorder phase transition which causes a discontinuity in the electronic density
of states at the middle of the energy gap at the critical temperature T, .

Disordered systems and, more specially, dis-
ordered alloys constitute a central problem in
modern statistical physics. While the electronic
density of states (EDS)' ' and the atomic correla-
tion function (ACF)a'~ of alloys have been inten-
sively studied in recent years by many authors,
their relationship has received relatively little
attention. The EDS has been calculated only
where the ACF vanishes (completely disordered
alloys). ' ' Attempts to include a finite pair
correlation have been so far unsatisfactory. ' It
is known, however, that the interatomic potential
which determines the ACF depends on the over-
lap of electron distributions from the various
sites and the EDS also depends on its environ-
ment (ACF). Since the ACF and the EDS are
correlated, they should be determined in a self-
consistent manner. In this paper, we use the

powerful coherent potential approximation (CPA)
of Soven' to calculate the EDS from a known
ACF. Then the value of the ACF is so adjusted
that the free energy of the alloys is a minimum,
and the EDS and ACF are determined as func-
tions of temperature T. For an alloy with a half-
filled band, the EDS at the Fermi surface in-
creases with T and has a discontinuity at a criti-
cal temperature T, .

Soven's single-site CPA is modified for a par-
tially ordered alloy with long-range order (LRO)

The CPA is developed in the framework of
multiple-scattering theory introduced by Lax. '
In this approximation, the electron is regarded
as propagating in an effective medium. The ef-
fective Hamiltonian retains the fu11 crystal sym-
metry and has a coherent potential (CP) at each
site. Here the CP is a complex quantity describ-
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