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Ejected-electron spectra of Yb and Ba are presented. In both spectra, structure was seen which is
attributable to autoionization to ground and excited states of M * (M = Ba or Yb), and to Auger decay of
highly excited M** states to the ground state of M **. In Yb, Auger decay was also observed to populate
excited states of M >*. Both spectra are strongly affected by a collective resonance in the excitation of a 5p
electron. For energies above the 5p ionization threshold, two-step autoionization to M ** was found to be

dominant.

I. INTRODUCTION

Excitation of an atomic electron other than the
most loosely bound one, or the simultaneous ex-
citation of two or more electrons, can yield a set
of energetically discrete excited states embedded
in a continuum. Electron correlation may mix the
discrete state with the continuum, leading to eigen-
states with sufficient continuum character to pro-
duce spontaneous’ ionization or autoionzation.
Spontaneous ionization can also occur following
inner-shell ionization, as a result of interactions
between singly and doubly charged hole states;
autoionization in this case is usually referred to
as the Auger effect.! Either autoionization or
Auger electron spectra contain unique information
about electron correlation effects analogous to
satellite peaks in photoelectron spectra.?®

Autoionization or ejected-electron spectra can
be excited and investigated in a number of ways,
including photo-impact,* electron-impact,* ion-
impact,® and beam-foil spectroscopy.® Because
of differences in the modes of excitation and var-
iation of the selection rules, the different types
of spectroscopy provide complementary informa-
tion. A great deal of work has been done on the
autoionization of rare gases, but relatively little
on atoms of nonvolatile elements, such as metal
vapors, in part because of the technical complex-
ities.” Recently, we have found that the uv lamp
in our photoelectron spectrometer can be used as
an electron source. By using it in conjunction with
an oven, we can thus readily study the autoioniza-
tion electron spectra of high-temperature vapors.’
In this paper we report measurements of the ejec-
ted-electron spectra of Yb and Ba following the
excitation or ionization of one of the outermost
5p% electrons.

The ejected-electron spectra of the alkaline-
earth metals Mg, Ca, and Sr have recently been
analyzed.®*' In addition, Aleksakhin et al. and
Melhorn et al.*? have communicated preliminary
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results on the electron spectrum of Ba. To our
knowledge the results given below are the first
reported measurements of the ejected-electron
spectrum of Yb.

To ascertain the relevant levels which contribute
‘to the autoionization or Auger decay, it is neces-
sary to determine the energies of these levels.
For Yb, the primary source of this information
comes from the YbI absorption work of Tracy.'?
These studies show the energies of the optically
allowed transitions of the type

Yb(5p%4f4652) ~ Yo*(5p%4f Mnln 1" 17") ., .

Since all these levels lie in the continuum of Yb1i,
they may autoionize. The series limits of these
lines [Yb*(5p°4f*nl) ;_y,12] 1ie in the continuum of
YbIrr and hence may Auger decay.

The situation in Ba is much more complicated.
Recent photoabsorption studies by Connerade et
al }* show the positions of numerous levels of the
type Ba*(5p®nln’i'n’"1""),.,. all of which may auto-
ionize. Roig!® has recently reported the uv-ab-
sorption spectrum of Ba 11, which gives the posi-
tions of many levels of the type Ba*[5p%uin’l’],
which may Auger decay; some of these levels
serve as series limits in the work of Connerade
et al* 1In addition to these photon-impact studies,
there have been electron-impact-mass-spectro-
scopic experiments'® performed on Ba and Ba';
these investigations yield complementary results
to the photoabsorption work, although they are in-
herently less sensitive.

Thus, even though Yb has f electrons and there-
fore more possible final states, the ejected-elec-
tron spectrum is much simpler than that of Ba.
This simplicity is a manifestation of the dominance
of the so-called “giant resonance” for 5p excita-
tion. This resonance (nominally 5p°6s25d*P,) was
first predicted by Wendin'” and later observed by
Tracy" in the 5p absorption spectrum of the lan-
thanides. As discussed by Connerade and Tracy,'®
the near degeneracy of the 6s and 5d shells in Ba
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and La effectively “shatters” this resonance, and
the oscillator strength is spread over many levels.

This paper deals with the various decay channels
that may contribute to the observed spectra. Per-
tinent experimental details are given in Sec. II and
results in Sec. II. The results are interpreted for
each spectrum in Sec. IV. This interpretation is
discussed in Sec. V. Conclusions are given in
Sec. VI.

II. EXPERIMENTAL

The electron spectra were recorded using a
Perkin-Elmer PS-18 photoelectron spectrometer
modified for digital counting and high-temperature
studies.'® The experimental procedures were sim-
ilar to those employed in photoelectron spectros-
copy3“” except that the electron source was pro-
vided by the uv lamp operated in the electron mode.
The operation and characteristics of a capillary
discharge lamp as an electron source have been
discussed by Lee ef al.”

The electron spectra were measured with the
lamp adjusted to give an optimum compromise of
resolution, signal intensity, and signal-to-back-
ground ratio.” Under these conditions the pressure’
in the lamp was held between 50 and 100 mTorr
and that in the main vacuum chamber was in the
low 107° Torr range. To ascertain that the spectra
were independent of the ions present in the lamp,
each metal vapor was studied with both He and Ne
lamps. The spectra thus obtained were found to be
identical except for slight variations in relative
peak intensities, which were attributed to lamp
fluctuations and variations of the analyzer trans-
mission. The contribution to the spectra due to
ionization by (He* or Ne*) ion impact was thus
estimated to be negligible. This is further sub-
stantiated by the fact that few ions impinged upon
the anode of the lamp and subsequently made their
way into the ionization chamber to cause ioni-
zation.” Calibration of the spectra was accom-
plished by referencing to the photoelectron lines
of the metals, Xe, and/or N, with the lamp oper-
ated simultaneously in both photon and electron
modes.”

»

III. RESULTS

The ejected-electron spectra of Yb and Ba are
shown in Figs. 1 and 2, respectively. These
spectra represent raw data with no smoothing,
background subtraction, etc., and were recorded
with an energy resolution of (1-2)%. The non-
linear background is a result of the characteris-
tics of the electron source.” Due to the complex-
ity of the spectra, only the electron lines with
appreciable intensities, i.e., larger than 1% of the
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FIG. 1. Ejected-electron spectrum of Yb following
excitation or ionization of a 5p electron.

most intense line, are identified and numbered in
the figures. In many instances, as can be seen in
the spectra, the width and profile of an individual
line suggests it actually consists of several lines.
The energies and relative intensities of the elec-
tron lines are collected in Tables I and II. The
intensities have been corrected for energy depen-
dence only, and thus carry large uncertainties.
They are included primarily for qualitative dis-
cussion.

IV. INTERPRETATION

Following the electron-impact excitation of one.
of the outermost corelike electrons in Ba or Yb,
there are three possible ways to produce ejected
electrons with discrete energies. They are des-
ignated ¢,, e,, and ¢; in Fig. 3 and correspond to
the following autoionization processes:

M*(5p°nln'l'n'"1*") — M*(5p°6s or 5pnl)+ e,
M*(5p5nln’l'n""1"") — M ™ (5pSnln'l’) + ey,
M* (5p%nin’l’) — M?*(5p° or 5p%4f13nl(YDb))+e, .

Electrons e,, ¢,, and ¢, lie in different energy
regions and can thereby ususlly be distingushed
from one another. Generally speaking, e,-type
electrons are of extremely low energy, and the
centers of electron groups e, and e, separated
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FIG. 2. Ejected-electron spectrum of Ba following
excitation or ionization of a 5p electron.
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by the binding energy of M*. Due to poor trans-
mission of the analyzer at low energies we were
unable to detect e, electrons. v

This section deals with the possible decay chan-
nels which account for the observed spectra. In
both spectra, structure was observed which may
be attributed to autoionization and Auger decay.

LEE, AND D. A. SHIRLEY
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Since the Yb spectrum lends itself relatively eas-

ily to interpretation, it will be discussed first.
A. Yb (5pb4f146s2)
1. Autoionization ( e, electrons, Fig. 3)

The 5p absorption spectrum of YbI below the

(5p°65%)%P,,, threshold is dominated by two intense

TABLE I. Energies, intensities, and state assignments of peaks seen in the ejected elec-

tron spectrum of Yb.

No. of Kinetic Relative
peak  energy(eV)? intensity® Assignment®
1 3.26 26 Yb1t Py ;) — 4FBCFy,)6P3 3] s, 5 (3.23)
2 4.03 21 Yb11 (*Pyq) — 4 3(F 1 ;9) 6Py /5] 1.3 (4.00)
3 4,79 12
4 5.90 13
5 6.30 37 Yb1r (*Py,9) = AFP(Fs,9)5d5, 5 o, 32l ret or 1 (6.27)
6 6.57 21 Yhit (*Py,y) — 4f13(CF5,5)5d5 5] ;. (6.53)
7 7.33 53 Yb 11 (®Py,5) —~ 4f3(CF5,0)6s42)5.2.3
or [4f3%(F5,3)5ds5,5] zoo (7.33)
.8 7.56 23 Yb1r %Py ) = [4f3(*Fq9)5d5 2] 23,4, 5 (7.58)
9 7.97 44 Yb1r 2Py, ) = BF13(*Fq,9)5d5) 5] o1, 2, 6 (7.99)
10 8.57 100 Yb 11 (*Py9) — 413 (%F1,9)5d3 ;2] 1.5, 4 (8.59)
11 9.26 5
12 10.8 5
13 12.92 93 Yb 1 %P3 ,q) ~ 4£ 1418, (12.91)
14 13.47 27 Yb11 (*Py ) — (43 CFq,9)5d3 2] 500, 3
or [4f3(F5,3)5ds 5] -9 (13.50)
15 14.00 11
16 14.73 7 Yb15p°(*Pg,5)6s27d[1/21y— 5p ¥7d 2Dy y3,3 /2 (14.81)
17 15,98 3 Yb15p%(P;,5) 65264 [1/2],— 5p %6d 2D /3,3 /5 (16.00)
18 16.34 3
19 17.39 29 Yb 15p%( Py ,5)6525d[1/2); — 5p%4f 12 652 (PF ¢ ,5) (17.47)
20 18.09 13 Yb15p3(*Py 5)65%5d [1/2]y— 5p *4f 1% 6s2(*F55) (18.07)
21 18.61 38 Yb 15p5(2P; ,) 6525 [3/2]; — 5p%6p (%P4 5) (18.62)
22 19.32 16 Yb15p%( Py ,5)65°5d[3/2]; — 5p°4f 13 652 (*Fy,5) (19.32)
23 21.30 16 Yb15p°( Py ,5)6525d [1/2]; — 5p%6s (21.38)
24 21.96 15 Yb15p°(Py ) 6s%5d[3/2]; — 5p%6s (21.98)
25 22.97 1
26 24,26 3 Yb15p°(*Py,9)6s%7d[1/2]; — 5p%6s %Sy ;5 (24.31)
27 27.33 3 Yb15p3(*Py,5)65%5d[3/2)— 5p%6s (27.04)

2 Absolute energy uncertainty of +0.04 eV.

b Corrected for 1/E transmission dependence of analyzer—Peak 10=100.

¢ Based on the energy levels given in Refs. 13 and 20. The value in parentheses is the op-
tical value from these sources; where more than one final state is indicated, the average
value has been given. In addition to the states listed, states of configuration 5p64f‘3635d

could also contribute to peaks 19-22,
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TABLE II. Energies, intensities, and assignments of peaks seen in the ejected-electron

spectrum of Ba.

No. of Kinetic energy? Relative Observations ©
peak (eV) intensity ® assignments ¢
1 5.80 R
2 5.85} 28 }Cm
3 5.93
. e 20 2
6 6.31 4 R
7 6.43 30 R,C,
8 6.57 6 R
g o) wo
11 6.95 6 R } c
12 7.06 40 RS
13 7.29 4
14 7.48 78 R,C,
15 7.58 95 R,Cq
16 8.31 53 R,C,
17 8.41 13 R
i e T
229 14 .
22 9.55 100 R,C,
23 9.88} " R
24 9.99 R,5p%6s%5d°P; — 5p%6p 2Py 5 (9.9)
p o wo o,
26 12 15 .
29 12.00 6 5p6s5d°Py — 5p°5d° D5/ (11.96)
30 12,10 7 R ,5p%6s25d°P; — 5p°5d 2Dy /5 (12.06)
31 12.71 58 R,5p%s%3P; — 5p%6s (12.66)
32 13.00 3 R
33 13.25 7 R
34 13.54 5 R
35 13.31} 8 R
36 13.96 R
37 14,12 28 R
38 14.39 3 R
39 14,73 10 R
40 14,91 26 R
41 15,27 22 R
42 15,53 1 R
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TABLE II. (Continued)

No. of Kinetic energy? Relative Observations ©
peak (eV) intensity ® assignments 9
43 15.72 3 R
44 16,14 18 R

2 Absolute energy uncertainty of +0.09 eV,

b Corrected for 1/E transmission of analyzer. Peak 22=100.

°R indicates a Bair energy level observed by Roig (Ref. 15) that is capable of producing an
Auger electron of this energy. Cg indicates series limits observed by Connerade et al.
(Ref. 14) which could also result in the same Auger decay; the s subscript indicates the ser-

ies in Ref. 14.

4 Assignments based on the optical values from Refs. 14 and 33; optical value is in paren-

theses.

peaks at excitation energies (E,) of 27.63 and 28.23
eV. Tracy has assigned these peaks to the 5p°
(P,,)41*6525d(1/2), and 5p°(%P,,)4f *65s25d(3/2),
levels of YbI.'* Autoionization of these two states
to the ground state of Yb II (5p%4/1*6s7S,,) will give
riseto two electron peaks at energies E, of E, — E,
(6s), where E, (6s) is the binding energy of a 6s
electron (6.25 eV).2°" These energies correspond
to peaks 23 and 24 in Fig. 1. In addition, it is
possible for these levels to autoionize to excited
states of Yb II. such as 5p%4f1%6s%2F,, ., 5p°4f'bd
2Dy jy, 5 and 5p®4f*46p 2P, ,, 1. Such transitions
account for the observed intensity between 17 and
20 eV in Fig. 1. It is also possible to identify some
of the less intense peaks in Fig. 1 with weaker
features observed in the absorption spectrum.
These assignments are summarized in Table I.

In the region between the 5p°2P, ,, and 2P, thres-
hold lies the so-called “giant resonance” 5p°(*P,,)
6s25d(3/2), (33.29 eV, 1.4-eV FWHM).!* Decay

Autoionization
5p5nln’l’n”ﬂ@1(‘

5pnln’l!

Excitation

Energy

5p8 652
" Wt wtt

FIG. 3. Energy-level diagram depicting the various
excitation and decay channels discussed in the text,
M=Yb (5p%47r1465% or Ba (5p°6s?).

of this state to the ground state of Ybir should
yield an e, electron of energy 27.04 eV. Since

the resonance is so broad, it is possible that the
weak feature (peak 27) at 27.33 eV is a result of
this decay. Since the absorption peak is so intense,
it seems surprising that the corresponding elec-
tron is so weak. However, other experimental ev-
idence suggests the reason for this is that the
“giant resonance” decays primarily to the YbII
(5p°65%2P,,,) state, with release of an e, electron.
This state then Auger decays to ground and exci-
ted states of YbIII.. The reasoning for this will
become clearer in Sec. IVA2.

2. Augerdecay (e, electrons, Fig. 3)

Decay of the YbII 5p%4f*46s22P,, (31.350 eV)
state to the ground state of YbIIl 5p°4f141s (18.44
eV)® yields an electron of 12.91 eV kinetic energy.
This corresponds to the intense peak (13) in the
electron spectrum. It is also possible to identify
decay to excited configurations of YbIII, such as
4f136s, 4f'35d, and 4f'%6p. Using the YbIII energy
levels given by Martin ef al.,?° we have assigned
most of the lower-energy features to this process.
This information is summarized in Table I.

We note the absence of a peak corresponding to
the transition

5p54f14682 2})1 n— 5p64f14 130 R

which should appear at 19.08 eV. Peak 14 at 13.47
eV may be assigned to the 5p°4/'*6s*2P,, state de-
caying to the 5p°47**6s level.2° However, the in-
tensities of these peaks are much smaller than one
would expect if the 5p°6s%2P,, and 2P,, levels were
populated statistically. Statistical behavior would
be expected, in the absence of relativistic effects,
if direct ionization (path B, Fig. 3) were the dom-
inant mechanism by which the 2P,, and P, states
were populated. Since the spin-orbit splitting in
Yb is large, one cannot neglect relativistic effects.
However, it seems unlikely that such a mechanism
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could account for the total lack of structure attrib-
utable to 5p°4f**6s* 2P, ,, decay. Consequently, ex-
citation (path A, Fig. 3) followed by autoionization
with ejection of e, electrons appears to be the
dominant path.

The behavior has been observed to a lesser ex-
tent in the lighter alkaline earth metals Sr and Ca
[np®(n+1)s?] and is due to the collapse (or near
degeneracy) of the nd into the (n+1)s shell as a
result of np excitation or ionization. We note that
the corresponding arguments do not apply to Mg,
where 3s and 3d shells are involved. However, the
proposed two-step mechanism could explain the
total absence of autoionization structure observed -
by Pejcev et al 2®’ corresponding to the intense
213.50- A transition (25%2p°3s% - 2522p53p23d) in
MgI® This state lies above both the 2p°2P,, and
2P, limits. Thus, it appears that this state pre-
ferentially populates the 2P3/2, 10 levels, which sub-
sequently decay to the ground state of Mg III. This
explanation is consistent with both the statistical
population of the ®P,, and 2P, levels and the lack
of autoionization structure. In Ca the collapsed nd
levels begin to provide states in between the 2P,
and ?P,, limits that make indirect population of the
2P3,2 level more probable. As one proceeds from
Mg to Ba, the effect becomes more pronounced, -2
and at Yb there is little. if any direct population of
the 5p°6s22p,, state.

Such behavior is reasonable in light of the huge
oscillator strength observed by Tracy for the
giant resonance in YbI.'* It was noted above that
the branching ratio for autoionization of this state
to the ground state of YbII was almost negligible.
The only other nonradiative decay channel of this
level is autoionization to the 5p°4f**6s22P,, level.
Auger decay of this state leads to most of the ob-
served low-energy peaks in the spectrum.

Tracy commented on this aspect of the giant res-
onance in Yb.!* Hansen?? and Connerade et al .
invoked a similar two-step autoionization process
to explain the double ionization anomaly in Bal
when excited with He I radiation.* Analogous be-
havior has been noted in the ejected-electron spec-
trum of Na, where the Na* [2p°3s(*P)nl] levels
appear to decay preferentially to the Na* [2p°3s
(3P)]+e, continuum rather than Na* (2p°1S)+e¢, 2

B. Ba (5p66s2)

1. Autoionization

As mentioned previously, the Bal 5p absorption
spectrum is immensely complex. In order to as-
sign this spectrum, Connerade et al.'* grouped the
lines into 12 series. The series limits were found
from levels observed in the 5p absorption spectrum
of Ball.!’®> The lowest of these autoionizing levels,

and one of the most intense, lies at 17.87 eV above
the ground state. Autoionization of this state to the
ground state of Ball yields an e, electron with
12.66 eV Kkinetic energy, coinciding with peak 31
in Fig. 2. It is also possible to identify peaks
corresponding to decay of this level to. specific
excited states of Ball; i.e., 5p°d 2D, ., and

5p°6p 2P, 1. The 5p°6p 2P, , state is not identified
in our spectrum; however, it does appear clearly
in the work of Aleksaksin ef al.2® The relative in-
tensities of these satellites is in qualitative agree-
ment with recent photoemission work on Ba1.2”

We also believe that the intense peaks at higher
energies than peak 31 are due to autoionization to
the ground state of Ball. According to the absorp-
tion data of Roig,'? it is also possible to identify
most of these lines with Auger transitions (see
Table II). The assignment of these peaks to auto-
jonization is supported by the fact that peaks 22-30
are of relatively low intensity and thus are prob-
ably due to some second-order process (such as
the satellite lines mentioned earlier). The abrupt
rise in intensity at peak 31 implies that a new
channel has opened. Since peak 31 has been ident-
ified as a primary autoionizing transition, the
implication is that the other strong higher-energy
peaks occur via this mechanism. This type of
“two-region” behavior was seen earlier in the
spectrum of Yb and has also been observed in Ca
(Ref. 9) and Sr (Ref. 10). Aleksakhin et al ! in-
voked similar reasoning in their discussion of Ba.
Unfortunately, the relatively poor electron-energy
resolution and the large density of autoionizing
states in this region!* (19 <hv<22 eV) preludes as-
signment of the lines in the corresponding elec-
tron spectrum (14 <E< 17 eV) to individual auto-
ionizing transitions.

2, Augerdecay

Based on energy considerations, it seems likely
that most of the peaks 1-22 are due to Auger tran-
sitions. All of these peaks are also seen in the
electron-impact work of Melhorn et al.'? who
used 2-keV electrons for excitation. They reported
binding energies for the 5p°6s*%P, , and ®P,, states
of 22.75(5) and 24.76(2) eV, in good agreement with
our values based on the positions of peaks 15 and
22 [22.79(9) and 24.76(9) eV]. As mentioned ear-
lier, the assignment of these states is nominal
since the near degeneracy of the 5d levels effect-
ively “smears out” these states as is indicated by
the large number of peaks (states) in this region.

Peaks 1-3 appeaied as very intense structure in
the Hel photoelectron spectrum of Ba.?® At that
time it was postulated that path A (Fig. 3) was the
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primary mechanism by which the 5p°nin’l’ states
were populated. These states lie at ~15.8 eV above
the ground state of Ball. This is the same energy
as the first autoionizing threshold observed by
Peart et al *®’ in electron-impact—mass-spectro-
scopic studies of Ba*. Multiconfigurational
Hartree-Fock calculations by Hansen®® assigned
these levels to the 5p°5d(®P)6s 2P configuration,
and they are the lowest-lying autoionizing levels
for Ball. This conclusion is supported by multi-
configurational Dirac-Fock calculations of Con-
nerade et al.?® Roig observed weak structure as
low as 14.7 eV, but his spectrum was complicated
by excitation from the metastable 5p°5d2Dy, .,
levels.!®

Thus, the first peaks in the ejected-electron
spectrum come at energies corresponding to the
first possible Auger states in Ball. Most of the
other peaks, 4-22, are due to Auger decay of
higher-lying levels. In order for these states to
be populated via autoionization of Bal (step A,
Fig. 3), autoionizing levels with E,>21.0 eV are
required. Decay of these levels to the ground
state of Ball. would yield electrons with E >15.8
eV. It is interesting to note that the ejected-
electron spectrum shows very little intensity after
this threshold. This implies, as noted earlier in
Yb, that once the Auger channel becomes energet-
ically possible, the Bal 5p°nin’l’n’’l’" levels pre-
ferentially populate these Ball. 5p5nln’l’ states
(e, electrons) at the expense of the BaIl 5p%!
states (e, electrons).

This explanation is also consistent with the rel-
atively large ratio (R) of Ba' to Ba* ions induced
by HeI radiation (21.2 eV); R=2.4(6),* as com-
pared to that induced by Nel radiation (16.8 V),

R =0.25(5),> as well as the ratio induced by He
metastables,® 235 (19.8 eV), R=0.010(5), and
215 (20.6 eV), R=0.018(6). The Hel radiation
coincides with an autoionizing level above the
first (5p)7 threshold, while the NeI radiation is
both off resonance and below this threshold.
While there are a number of strong autoionizing
states capable of being populated by the He me-
tastables, they all lie below the first (5p)™ thres-
hold.

Because the e, electrons populating the Ball
5p°nln’l’ are very low in energy, it is possible
that some of the Auger decay is influenced by
postcollisional interaction effects.® It is not
possible to assess the magnitude of the effect in
the spectra presented here; it may be responsi-
ble for shifting some of the Auger peaks in energy
and causing them to be asymmetric.
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V. DISCUSSION

In this section we present qualitative reasons
why the two-step mechanism becomes preferred
when energetically possible. The matrix element
governing the decay rate of an autoionizing state,
¢, is given by (¢,|1/7,,| ¢;,€l) (Ref. 32), where
¢, represents the wave function of the ionic state
and €l that of the continuum electron of energy €
and angular momentum /. Let us consider decay
of the giant resonance in Yb. In this case ¢,=5p°
(2P, ,,)655d(3/2), (suppressing the filled f shell).
The first step in the two-step ionization process
involves decay to ¢;=5p%?P,,)6s* which then de-
decays to the doubly charged ion. For single ioni-
zation, ¢,=5p%l. Upon examination of the matrix
element, it seems evident that the greatest over-
lap will occur for ¢, =5p%%P,,)6s%, Therefore, any
autoionizing levels lying above the first (5p) level
should preferentially decay in a two-step manner.

V1. CONCLUSIONS

Ejected-electron spectra of Ba and Yb have
been presented. These are the first such spectra
of Yb. Analysis of the spectra shows autoioniza-
tion to both ground and excited states of M* (5p%nl),
Auger decay to the ground state of M* (5p%), and
for Yb, Auger decay to excited states of M?* (5p°
4f13,l). The evidence indicates that autoionization

_to the ground and excited states of M* (5p°ul) is

only appreciable below the first (5p)-* ionization
threshold. Above this level, autoionization pro-
ceeds primarily in a two-step manner: first, to
the highly excited M* 5puln’l’ states and then
Auger decay to the ground state(s) of M?*.

If this hypothesis is correct, then mass-spectro-
scopic studies done at some of the stronger Bal
autoionizing resonances above the first (5p)*
threshold should yield an even larger ratio of
M? to M* than the value of 2.4(6) observed by
Brehm and Bucher using Hel radiation® (this is a
relatively weak resonance in the absorption spec.
trum). This effect should be especially dramatic
at the energy of the giant resonance in Yb1.}* In
order to characterize this process further, studies
using variable energy electrons and photons are
required. We have recently begun such work on
Ba, using synchrotron radiation.
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