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An extension of projectile-electron spectroscopy to keV-energy alkali-metal beams has
permitted the first observations of the energies of a number of optically forbidden core-ex-
cited autoionizing states of the alkali metals. For example, we have located the (1s2s5%)2S
and the (1s2p%)%D states of Li which lie at 56.31+0.03 eV and 61.04+0.03 eV, respectively,
above the ground state. Energies for theoretically less-well-established doublet and quartet

states in Na, Mg+, and K are also presented.

I. INTRODUCTION

Atoms and ions may frequently be excited to
states which in turn spontaneously decay by elec-
tron rather than photon emission. Such a radi-
ationless transition is called autoionization. For
this process to be energetically possible, the
excited state must be degenerate in energy with a
state in some ionization continuum, i.e., the ex-
citation energy of the state must be greater than
the energy required to liberate a single outer-
shell electron. The simultaneous excitation of
two loosely bound outer-shell electrons or the ex-
citation of a more tightly bound inner-shell elec-
tron to a higher orbital will satisfy this energy
requirement. It is the latter process, which is
known as core excitation, that has been studied
in the present experiment. In general, there
exist two types of autoionizing states: those which
decay rapidly via the interelectronic electrostatic
(Coulomb) interaction and those which are meta-
stable against this allowed process but which
autoionize at a slower rate via the weaker mag-
netic interactions. In all cases, the autoionization
rate is determined by the magnitude of the matrix
element connecting the core-excited state to the
adjacent continuum. The discrete energy elec-
tron emitted in the process has a kinetic energy
equal to the difference in binding energies of the
initial core-excited state and that of the final
state of the residual ion of the next higher charge
state.

The literature concerning photoelectron, elec-
tron-impact, and ion-impact spectroscopy of
autoionizing states of the permanent gases is ex-
tensive.! Similar results on the equally funda-
mental alkali metals are comparatively rare and
usually of lesser accuracy, especially in the case
of optically forbidden states. Presumably, one
reason for this-eircumstance arises from the
destructive attack of hot alkali-metal vapors on
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critical spectrometer components, especially
narrow, precisely machined spectrometer defin-
ing slits. We report here the first data on a num-
ber of optically forbidden core-excited states of
Li, Na, Mg*, and K, and we present pertinent
details of a method (projectile electron spectro-
scopy) which allows ready access to large num-
bers of such levels in many alkali and alkalilike
systems and which in addition solves the hot-
vapor-target problem. Preliminary results for
Li and Na have been published.?

Earlier studies of core excitation in the alkali
metals were made by Beutler and co-workers?®
in the 1930’s. Anomalous photoabsorption lines
were observed in the ultraviolet continuum of
several heavier alkali metals. The broadened
lines suggested that the upper levels of the transi-
tions involved, which lie far above the ionization
limits of these atoms, autoionized rapidly. Re-
cently, similar photoabsorption methods involving
more sophisticated background sources have been
used to obtain accurate binding energies of optical
ly allowed core-excited states of most of the al-
kalis. Photoexcitation from the ground state of
the alkali metals (involving a single photon) is,
however, restricted to the excitation of optically
allowed states, i.e., states optically connected
by the E£1 selection rules to the ®S,,, alkali ground
states. Collisional excitation processes, such as
those used in the present work, can serve to
complement the photoabsorption studies, since
they are not subjected to the same restrictions.
Many optically forbidden states have been excited
in the present work, along with optically allowed
states; the precise energies of the latter, as
measured by photoabsorption techniques, serve
to establish an accurate absolute energy scale in
the present experiments. Studies of metastable
autoionizing states in the alkali metals were first
reported by Feldman and Novick.* Later, work
at the Moscow State University® and the Oak Ridge
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National Laboratory® extended the investigations
to the more highly stripped members of the alkali
isoelectronic sequences.

The binding energies of a number of core-ex-
cited states of several alkali systems have been
the subject of calculations by Weiss,” Holdien and
Geltman,® Garcia and Mack,® Martin ef al.,*°
Junker,!! Junker and Bardsley,'? Nicolaides,'® and
Gabriel.” Most of these calculations, particularly
those involving the heavier alkali metals, have
uncertainties on the order of + 0.1 eV, which are
comparable to or exceed the presented estimated
experimental uncertainties. Hence our data should
be interpretable at theoretically useful levels of
accuracy. Theoretical difficulties arise from
the strong state mixing due to the spin-orbit inter-
action associated with the p vacancy in the noble-
gas cores of the heavier alkali metals.

The role of direct inner-shell ionization and the

- excitation of inner-shell electrons (to autoionizing
states) in the over-all ionization of sodiumlike
ions by electron impact has been recently con-
sidered by both Bely!® and Moores and Nuss-
baumer.'® These calculations show that both
of the aforementioned processes should produce
significant contributions to the over-all ionization
cross section vs electron impact energy, although
there appears to be a disagreement as to the
amount. It is evident that a better knowledge of
the excitation thresholds of the autoionizing states
would aid in such estimations. The present re-
sults for the energies of core-excited autoionizing
states associated with the 2p°3s3p configuration of
Mg"* are somewhat lower than the theoretical
estimates of these quantities by Moores and
Nussbaumer,® for example. Goldberg et al.'”
have pointed out that the autionization process
should be taken into account in the calculation
of ionization rates involved in the physics of
stellar atmospheres.

Another area of research in which a knowledge
of the excitation energies of core-excited states
is useful is in the study of the so-called satellite
lines that are produced in laboratory and astro-
physical plasmas. Such lines, when associated
with lithiumlike ions, for example, lie on the
long-wavelength side of the resonance lines of
heliumlike ions, and are the result of radiative
transitions from core-excited states to the ground
state or to the normal excited states of the lithium-
like system which involve the excitation of the
valence electron. This decay channel becomes
relatively more probable for highly stripped mem-
bers of the lithium sequence since the rate for
such a process scales ~(Z - 0)*, whereas the rate
for the allowed autoionization process is relative-
ly independent of Z. Gabriel has pointed out that

in plasmas the contribution to the production of
core-excited states through the process of di-
electronic recombination can be important. Since
this recombination process is sensitively depen-
dent upon electron temperatures and densities,
the study of satellite-line intensities is often use-
ful as an effective probe of plasma temperature
and density conditions.

Recently, Nikolaev ef al.’® have shown that the
autoionization process is responsible for a large
apparent decrease in the measured capture cross
sections for beams of heliumlike ions passing
through thin gas targets when the incident beams
have enriched metastable heliumlike-ion popu-
lations. The mechanism that the authors propose
is that electrons are often captured into the states
with # > 2 of the resultant lithiumlike ions, many
of which have vacancies in the K shell. These
core-excited states in turn rapidly autoionize,
leaving a residual heliumlike ion in the ground
state before a charge-state measurement can be
made.

II. METHOD

The method of projectile electron spectroscopy
has been used in the present work. In this tech-
nique spectroscopic measurements are made on
the electrons emitted during the autoionizing de-
cay in flight of collisionally excited atoms or ions
which form a fast unidirectional beam. A schem-
atic of the essential apparatus is shown in Fig. 1.
Well-collimated and intense (~10 pA) singly
charged alkali-ion beams were obtained from the
UNISOR facility (Universities Isotope Separator
at Oak Ridge). This accelerator has a variable
terminal voltage up to a maximum of 80 kV. The
beams were passed at ~70 keV through a dif-
ferentially pumped gaseous target cell, which
served to both neutralize (if necessary) and col-
lisionally excite the beam. Several different tar-
get gases and pressures were tried in the experi-
ment, but it was found that He targets produced
the best signal-to-background ratio in the electron
spectra from the projectiles. Electrons emitted
at a mean polar angle of 42.3° from a small sec-
tion (length 0.15 mm, diameter 1.5 mm) of the
excited beam were collected and energy analyzed
by means of a cylindrical-mirror electrostatic
analyzer. The dimensions of the inner and outer
cylinders of this analyzer are 5.7 and 12.2 cm,
respectively, and the dispersion of the instru-
ment is ~32 cm. The analyzer has been described
in greater detail in a recent article by Sellin.'®
The spread in the polar angle of acceptance of the
analyzer due to the finite size and spacing of the
entrance slits was restricted in this instrument
to 1.2 mrad in order to reduce spectral peak-
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broadening resolution loss due to kinematic ef-
fects, the most important source of resolution
degradation. The severe collimation in the polar
angle spread is partially compensated for having
an azimuthal angle of acceptance of 120°. The
spectra were scanned by applying a linear voltage
ramp signal simultaneously to the outer electrode
of the analyzer and to a divider chain linked to

the linear input of a multichannel analyzer through
a linear gate. The gate is opened by the signal
pulses from an electron-multiplier detector lo-
cated behind the spectrometer exit slit. More
recently, we have found it preferable to replace
the linear ramp generator with a 12-bit digital-to-
analog converter system which simultaneously
addresses the multiscaling input of a multichannel

analyzer and the input of a high-loop-gain well-
regulated operational power supply which pro-
vides the analyzer voltage. Channel advance is
controlled by a pulse from a beam-current digi-
tizer. Fringe-field correction rings are spaced
at logarithmic radial intervals between the inner
and outer cylinders of the analyzer. A triple
layer of annealed conetic magnetic shielding
(thickness 1.27 mm) reduces the ambient magnetic
field inside the spectrometer to a peak value of
less than 10 mG and an average value under 3 mG.
The entire spectrometer is housed in a vacuum
chamber maintained at a residual pressure of
~10"® mTorr.

The analyzer constant and the instrumental
resolution were obtained by using the well-estab-
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FIG. 3. Spectrum of electrons emitted by a beam of
70-keV lithium atoms undergoing autoionizing decay in
flight following collisional excitation in a He-gas target.
Electron energies are expressed with respect to the rest
frame of the emitting atom. Corresponding excitation
energies of the autoionizing states are obtained by add-
ing the ionization potential of lithium (5.392 eV) to the
electron peak energies.

TABLE I. Autoionizing states in lithium.

Excitation energy (eV)

Present expt.  Other expt.  Theory Assignment
56.31 e 56.432  (1s2s5%)%S
58.91 58.910° 58.96 ¢ 1s(2s2p °P)%P°
60.40 60.396 P 60.60¢  1s(2s2p 'P)%P°
61.04 e 62.09  (1s2p%%D
61.8 cee “coe
62.0
62.42 62.419° 62.46 ¢ (1s2s°S)3p 2P°
62.5 e ce
62_9 Y oo
63.0 e DY
63.2 e
63.3 63.356 P 63.36 ¢ (1s2s3S)4p2p°
63.4 cen oo
63.6 e
63.7 cee
63.8 63.753 (1s2s 3S)5p *P°
64.0
64.1
64.3

¢ Reference 7.
dReference 13.

2 Reference 11,
b Reference 20.

lished energies of electron-impact-excited Auger
lines from the inert gases. Figure 2 shows a
typical spectrum of LMM transitions in argon.
Such target lines are, of course, far less
broadened by kinematic effects than projectile
lines, and in the case of the present data the
analyzer was operated at a resolution of ~0.2%.
One consequence of the small source volume
determined by the stringent collimation conditions
in the polar-angle spread is that the instrument
is more sensitive to the observation of fast decay-
ing states than states with lifetimes corresponding
to decay lengths much larger than the entrance-
slit window. The window attenuation factor Ax/vT,
where Ax is the length of excited beam that is
observed, v is the beam velocity, and 7 is the
lifetime of the state, is a measure of the probabil-
ity of decay within the viewing region defined by
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FIG. 4. Partial energy-level diagram of lithium indi-
cating some core-excited states. Black dots shown on the
expanded scale at the right indicate the present experi-
mental measurements. Horizontal lines to the right and
left of this expanded scale show the results of either cal-
culations or photoabsorption experiments. All results
are tabulated in Table I.
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the entrance-slit system of the analyzer. This
attenuation is apparent in the absence of the
longer-lived metastable quartet states in our
spectra of lithium, in contrast to our earlier ob-
servations® of many lithiumlike quartet states in
faster-decaying more highly stripped ions. The
sensitivity of the apparatus to longer-lived states
can of course be increased by increasing the
length of beam observed, but only at the expense
of loss of resolution. The beam velocity for a
given experiment is chosen to produce a substan-
tial component of the charge state of interest in
the collision cell. In the present experiment, the
states studied have lifetimes in the range 10~13—
107%® sec and consequently are formed and decay
within the viewing region.

III. RESULTS

A. Lithium

Figure 3 shows a typical spectrum of electrons
emitted by a 70-keV lithium beam undergoing
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FIG. 5. Comparison of electron spectra obtained for
70-keV lithium ions incident upon equivalent (20 mTorr)
He (top) and H, (bottom) gaseous targets. Changes in

the relative intensities of some of the features are shown.

autoionizing decay in flight following collisional
excitation in a He-gas target cell maintained at a
pressure ~20 mTorr. The spectral features are
associated with the allowed autoionizing decay of
doublet states involving core-excited configura-
tions of the type 1s2snl (r=>2) and 1s2pnl (n=>2)
in which a hole exists in the K shell.

The lowest energy feature of the lithium spec-
trum arises from the autoionizing decay of the
optically forbidden doublet (1s2s?)2S. The excita~-
tion energy of this state is measured to be 56.31
+0.03 eV, in agreement with a subsequent calcu-
lation of Junker!! of 56.43 eV. The observed en-
ergies of the optically allowed 1s(2s2p3P)2P°,
1s(2s2p 'P)?*p°, and (1s2s3S)3p2P° are in good
agreement with the accurate photoabsorption re-
sults of Ederer ef al.,?° and such states have been
used to establish an accurate absolute energy
scale in the present work. The rather intense
line in the spectrum corresponding to an excita-
tion energy of 61.04+0.03 eV appears to be as-
sociated with the decay of the optically forbidden
(1s2p?)°D state. Since this line was not reported
by Ederer ef al.,?® it is expected to be the result
of an optically forbidden transition (i.e., an upper
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FIG. 6. Spectrum of electron emitted by a 70-keV
sodium beam undergoing autoionizing decay in flight fol-
lowing collisional excitation in a He-gas target. Electron
energies are expressed in the rest frame of the emitting
atom. Corresponding excitation energies of the autoion-
izing states are obtained by adding the ionization poten-
tial of sodium (5.139 eV) to the electron peak energies.
The inset shows a calibration spectrum of krypton Auger
lines excited by electron impact.
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TABLE II. Autoionizing states in sodium.

Excitation energy (eV)

Present expt. Other expt. 2 T‘heoryb A ssignment
30.77 30.768 30.88 2p°3s%)%P3,,)
31.0 30.934 31.35 2p°3s%)2PY
32.67 32.72 (2p°3s3p)'S
32.8
33.08 33.09 2p°3s3p)'D
33.2
33.38 33.32 (2p°3s3p)*P
33.9
34.1 2p%(3s3p13P)D, P, S
34.4
34.79
35.6 35.566 35.59 (2p°3s°P)4s ‘P
35.8 35.768 35.79 (2p°3s°P)4s %P
35.99 35.985 35.97 (2p°3s°P)3d°P
36.1 36.129 36.17 (2p°3s1P)4s %P or (2p°3s%P)3d
36.46 36.394 36.40 (2p°3s%P)4p or (2p°3s3P)3d
36.82 (2p°3s%P)4p or (2p°3s°P)5s
37.0 37.070 36.99 2p°3s°P)4d or (2p°3p%)*P
37.3 37.292 37.21 (2p°3s°P)5d or (2p°3p%)'D
37.5 37.497 37.50 29°3p%%s
37.8 37.800
38.1

2 Reference 22.

state of even parity). The lowest-lying optically
forbidden doublets above the (152s2)?S state should
be three doublets associated with the 1s2p2 con-
figuration. The relative ordering of these states
is 2D, %P, %S, a result which has been confirmed
experimentally' in studies of satellite spectra
from more highly stripped members of the lithium
sequence. The excitation energy of the (1s2p®)?P
state can be found from the beam-foil spectral
data of Buchet ef al.?! and is estimated to be

61.60 eV, implying that the state at 61.04 eV is
probably the (1s2p?)°D state. The (1s2s3s)*S state
energy calculation of Holdien and Geltman,® which
provides a lower limit for the two doublet S states
associated with this configuration, yields an ex-
citation energy of 61.69 eV. Table I summarizes
the results of the present measurements for
lithium along with the photoabsorption data of
Ederer ef al.?° and theoretical calculations of
Weiss,” Nicolaides, 3 and Junker.’ The estimated
accuracy of the present measurements are + 0.03

b Reference 7.

eV for the intense and well-resolved lines, and
+0.1 eV for the other features. There also ap-
pears to be a well-defined drop-off in intensity at
an energy corresponding to the (1s2s)3S state of
Li*, indicating that many of the states observed
do converge to this limit. Many of the unidentified
lines are probably associated with optically for-
bidden core-excited configurations of the type
(1s2s53S)3s, (1s2s1S)3s, (1s2535)3d, (1525 15)3d,
(1s2p?)%S, etc., whose energies have not as yet
been calculated. Figure 4 shows a partial energy-
level diagram of the lithium system in which the
present measurements are indicated by the black
dots on the expanded scale on the right side of

the figure. Other experimental results and theo-
retical estimates are shown as horizontal lines to
the right (doublets) and left (quartets) of the ex-
panded scale, respectively.

Figure 5 demonstrates the change in the relative

intensities of some of the spectral features re-
sulting from a change in the nature but not of the
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FIG. 7. Partial energy-level diagram of sodium show-
ing some core-excited states. Black dots shown on the
expanded energy scale at the right represent the present
measurements. Results of calculations or photoabsorp-
tion studies are indicated by horizontal lines alongside
the expanded energy scale. All results are tabulated
in Table II.

pressures of the target gas. It is rather interest-
ing to note the large relative change in the inten-
sities of lines associated with the decay of the
(1s2p®)°D and 1s(2s2p 3P)*P° peaks, a phenomenon

currently lacking a plausible explanation. No
quantitative study of how the relative intensities

of the spectral lines depended upon the nature and
pressure of the target gas was made at the present
experiment, although future investigations of this
intensity variation are planned.

B. Sodium

Figure 6 shows a spectrum of electrons emitted
in the autoionizing decay in flight of a 70-keV
sodium beam following collisional excitation in:
a differentially pumped He-gas target cell (p~20
mTorr). The spectral features are associated
with the decay of states formed from core-excited
configurations of the type 2p°3snl (r=>3) or
2p°3pnl (n=3), in which a vacancy exists in the
L shell. Accurate photoabsorption results of
Wolff et al.?? for the energies of optically allowed
states such as (2p°3s%)2P° and (2p°3s3P)3d have
been used to establish the energy scale for this
spectrum. The major new feature in the sodium
spectrum appears to be the presence of a group
of optically forbidden states associated with the
core-excited configuration 2p°3s3p. The present
measurements agree quite well with the super-
position-of-configurations (SOC) calculation of
Weiss” for the energies of the S, *D, and *P
states of the 2p°3s3p configuration. In addition
to these assignments, it appears that we observe
the decay of the six doublets arising from the
2p°3s3p configuration for which theoretical
estimates are not presently available. The compu-
tational difficulties which arise in calculations
of the energies of core-excited states in the alkali
metals heavier than lithium stem from the rather
strong spin-orbit interaction associated with the
vacancy in the p subshell of these atoms, a situ-
ation which can imply considerable state mixing
and an eventual breakdown of the LS coupling

ELECTRON COUNTS (arbitrary scale)
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FIG. 8. Spectrum of electrons emitted by 70-keV magnesium atoms and ions undergoing autoionizing decay in flight
following collisional excitation in a He-gas target. Electron energies are expressed in the rest frame of the emitting
atoms or ions. Corresponding excitation energies of autoionizing states in singly ionized magnesium are obtained by
adding the Mg* ionization potential (15.035 eV) to the energies of the electron peaks shown.
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TABLE III. Autoionizing states of singly ionized magnesium.

Excitation energy (eV)

Present expt. Other expt. ? Theory ® Assignment
49.90 49,898 50.24 (2p°%3sH)%P;
50.1 50.166 e (2p°3s2)%Py 5
53.2 53.25 (2p°3s3p)s
53.9 53.95 ‘D
54.3 54.38 ‘p
54.5 54.55 2p°%(3s3p °F)?D
54.7 54.74 p
55.2 55.34 ’s
56.8 57.03 2p5(3s3p 1P)2D
57.1 57.19 p
57.3 57.39 ’s
57.8
59.3 59.30 (2p°3s%P)4s 2P
59.5 (2p°3s%P)3d °P
59.8 (2p°3s1P)4s or (2p33s°P)3d
60.9 60.92 (2p%3s%P)3d
61.4 61.38 (2p°3s'P)3d
61.5 2p%3s4p or (2p°3s°P)5s

2 Reference 24.

scheme for some configurations. However,
Connerade et al.?® have pointed out that it appears
for their photoabsorption data that the LS coupling
scheme may still be substantially valid for many
core-excited configurations of the sodium atom.
The effect of this strong spin-orbit interaction
can be seen in the spectra in the partially resolved
structures caused by the comparatively large fine
structure [~0.16 eV for the splitting of the levels
arising from the (2p°3s%)?6° term] and in the
presence of quite strong lines arising from the
decay of states which are at least partially quartet
in character. These “quartet” states are meta-
stable against autoionization in the LS coupling
approximation but become much shorter lived in
these systems, because of mixing with fast
decaying doublets of the same parity and total
angular momentum as well as increases in the
rates for forbidden autoionization processes
brought about by the magnetic interactions. Table
II summarizes the present results for sodium
along with the photoabsorption measurements of
Wolff et al.?? and the theoretical predictions of
Weiss.” The estimated accuracy of the present
measurements is £ 0.1 eV for most of the lines.
Again, there appears to be a rather well-defined

b Reference 7.

drop in activity at an energy corresponding to the
expected series limit of (2p°3s)®P. The results
are also shown in Fig. 7, which shows a partial
energy diagram for sodium. The black dots on

the expanded scale to the right indicate the present
measurements, and the horizontal lines to the
right and left of this scale are the results of either
photoabsorption data or theoretical estimates.

C. Singly ionized magnesium

Figure 8 shows a typical spectrum of electrons
emitted in the autoionizing decay in flight of core-
excited states associated with atoms and ions in
a 70-KeV collisionally excited magnesium beam.
Most of the features are due to the decay of core-
excited states associated with the sodiumlike frac-
tion of the beam, i.e., singly ionized magnesium
which forms a large component of the excited
beam. A few features at higher electron energies
can be associated with analogous states in neutral
magnesium. Basically, the spectrum should be
similar to that of sodium, with further increases
in the size of the fine-structure splittings and
state mixing effects. The photoabsorption mea-
surements on optically allowed transitions by
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Esteva and Mehlmann®* determine the energy
scale used in the present work. There is good
agreement in most instances between the present
results for the energies of the three quartets and
six doublets associated with the optically forbidden
2p53s3p configuration and the SOC calculations of
Weiss.” The present results are tabulated in
Table OI along with Weiss’s calculations and the
photoabsorption data of Esteva and Mehlmann.?*
The estimated accuracy of the present results is
+0.1 eV. Figure 9 shows a partial energy dia-
gram for neutral and singly ionized magnesium.
Again, the black dots indicate the present mea-
surements, and the horizontal lines to the left
(Mg) and right (Mg*) of the expanded scale rep-
resent either photoabsorption or theoretical re-
sults. The spectrum in Fig. 8 is richer than that
of neutral sodium owing to the presence of lines
due to the autoionizing decay of core-excited
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FIG. 9. Partial energy-level diagram of magnesium
and singly ionized magnesium showing some core-ex-
cited states. Black dots on the expanded energy scale
on the right represent the present measurements. Cal-
culations and photoabsorption results for Mg and Mg*
are shown as horizontal lines to the left and right of the
expanded scale, respectively. All results are tabulated
in Table IIIL

states of neutral magnesium of the type 2p®3s2nl
(n=3). Whereas the final state of the residual
ion after decay in the case of singly ionized mag-
nesium can only be the ground state of double
ionized magnesium, i.e., (2p°)'S, there can be a
number of final states of the residual Mg* ion
following the autoionizing decay of a core-excited
state in neutral magnesium.

D. Potassium

The spectrum of the autoionizing decay of core-
excited states of potassium following the passage
of a 70-keV K* beam through a He-gas target
cell is shown in Fig. 10. It can be seen that the
spectrum is exceedingly rich in lines, most of
them incompletely resolved from one another.
The lines present in the spectrum represent the
autoionizing decay of states formed from core-
excited configurations of the type 3p®4snl (n= 3),
3p°3dnl (n=3), 3p°4pnl (n=3), etc. Since there
has been little work, either experimentally or
theoretically, on the core-excited states of po-
tassium, it is difficult to assign an accurate en-
ergy scale. The energy scale shown in the figure
is based upon the likely supposition that the two
peaks indicated are associated with the J=3 and
$ levels of the optically allowed term (3p54s?)2FP°,
which have been observed in earlier photoabsorp-
tion work by Beutler ef al.® and more recently by
Hudson and Carter.*® The fine-structure splitting
between these two levels in our spectrum is in
good agreement with the photoabsorption data.
Martin ef al.*® attempted to calculate the energies

K*+He
70 keV

(3p°452) 2P0 J

W, ]
WA
W

12 14 16 18 20 22 24
ELECTRON c.m. ENERGY (eV)

ELECTRON COUNTS (arbitrary units)

FIG. 10. Spectrum of electrons emitted by a 70-keV
beam of potassium atoms undergoing autoionizing decay
in flight following collisional excitation in a He-gas tar-
get. Electron energies are expressed in the rest frame
of the emitting atom. Corresponding excitation energies
of autoionizing states are obtained by adding the ioniza~
tion potential of potassium (4.341 eV) to the peak ener-
gies.
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of states associated with the 3p°4s3d configuration.
This work indicates the very strong departures
from the LS coupling scheme involved in this type
of configuration in potassium. The authors also
predict that configurations such as 3p®4p®, 3p°34?2,
3pS4snl (n=4), 3p°3dnl (n=>4), and 3p°4pnl (n=>4)
either overlap or fall slightly above the higher
levels of the 3p°4s3d configuration, and, in ad-
dition, that configuration interaction would con-
siderably enrich the spectrum. Of the core-ex-
cited systems whose energy levels have been dis-
cussed in this paper, the spectrum of potassium
levels is by far the most in need of theoretical
interpretation.

IV. SUMMARY

We have measured the energies of optically in-
accessible and fundamentally important core-
excited states in neutral and near-neutral alkali
systems. Such work complements accurate photo-
absorption studies on optically allowed states.

The method used in the experiments, projectile
electron spectroscopy, avoids the problems as-
sociated with the use of a hot alkali-vapor target
in the vicinity of the spectrometer. The present
resolution level permits some state energy mea-
surements that are better by a factor of 3 than
corresponding energy calculations. A need for
further calculations on Li and Na is evident, since
the origin of a number of spectral features is still
unknown. A similar but greater inbalance exists
in the data on Mg* and K. In view of surprisingly
large relative peak intensity variations, it is
probable that interesting collision-mechanism
information will emerge from more systematic
variations of the nature and pressure of the target
gas.

Note added in proof. Since submitting this manu-
script, it has come to our attention that P. Ziem,
U. Leithaiiser, and N. Stolterfoht have performed
overlapping experiments on Li core-excited states
excited by H' and He" impact. An account of this
work may be found in Ref. 26.
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