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The post-collision interaction (PCI) shift of lines has been observed for the first time
in the ejected-electron spectra of the (1s2s%)’S, (1s2s2p)*P, 1s(2s2p’P)’P and
1s(2s2p'P)*P autoionizing states in lithium atoms. The comparison of data is made
with classical and semi-classical models of the PCIL. The influence of the negative-
ion resonances at the excitation threshold of autoionizing states is analyzed.

The near-threshold study of the electron
impact excitation of autoionizing states is
complicated by the effect, which is now
known as “post-collision interaction” (PCI).
It causes the lines in the ejected-electron
spectrum to shift in position and to obtain
broadened non-Gaussian shapes [1]. In the
classical description of this effect, it is a re-
sult of the final-state Coulomb interaction of
two outgoing particles — the low-energy
scattered electron and the “fast” autoionizing
electron- with the residual positive ion.
During the last three decades the numerous
investigations of the phenomena have been
performed mainly for rare gases (e.g. [2,3]
and references therein). For these gases the
influence of the negative-ion resonances on
the PCI has also been revealed (see [4] and
references therein). To our knowledge, no
works are known at all on the PCI effect in
electron-impact excitation of autoionizing
states in lithium and other alkali atoms.

In the present work we report on the pre-
liminary results on the first observation of
the PCI effect in the ejected-electron spectra
of the (1s2s)°S, (1s2s2p)*P 1s(2s2p°P)’P
and 1s(2s2p'P)’P autoionizing states in lith-
ium atoms. The measuring and data proc-
essing procedures were described earlier [5,
6]. Briefly, to reveal a shift and broadening
of lines the ejected-electron spectra were
precisely measured at an observation angle 0
= 54.7° with an experimental resolution AE <
0.2 eV. The incident electron energy £, was

varied from the excitation thresholds of lev-
els up to 6 eV above. Note that special atten-
tion has been paid to the possible drift of the
ejected-electron and incident electron energy
scales.

Figure 1 shows the examples of spectra
measured for the different values of £, in the
ejected-electron energy region of the
(1s2s%)%S, (1s2s2p)’P, 1s(2s2p°P)’P  and
IS(ZSZpIP)ZP autoionizing levels. As one can
see, at the impact energy values close to the
excitation threshold of levels all spectral
lines are shifted in position relatively to their
spectroscopic energies. However, it is im-
portant to note, that only the line arising
from the electron decay of the ( 13252)28 state
is shifted to the higher ejected-electron ener-
gies as it is predicted by the known classical
and semiclassical models of PCI for the
electron impact autoionization. For all other
lines the shift has a negative sign - at thresh-
old impact energies these lines are shifted to
smaller energies than their spectroscopic
values. Above 62 eV the shift of all lines be-
comes of the order of the uncertainty of the
experimental energy scale (£ 0.05 eV). One
should note, that the measured shift of the
line maximum A4eg is caused not only by the
shift of the line itself, but also by an apparent
shift due to the limited energy resolution of
the electron spectrometer [7]. This apparent
shift is a result of the convolution of the
asymmetric PCI line shape with the symmet-
ric spectrometer function. We have estimated
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the influence of this effect in present meas-
urements by the convolution of our spec-
trometer function (the Gaussian with FWHM
= 0.2 eV) with the PCI line shape of the
width £7=50; 100 and 150 meV. Even for the
maximum width value of 150 meV the ap-
parent shift amounts in the order of 30 meV
and is smaller than the experimental uncer-
tainty of the line shift estimation of £50 meV
(for the excess energies F;<0.5 eV) and
much smaller than the maximum shift value
observed in spectra (see below).
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Fig. 1. Ejected-slectron spectra of lithium atoms
measured at different values of the incident electron
energy, [Dashed lines mark the spectroscopic position
of the ejected-electron lines.

Figure 2 shows the shift de as a function
of the excess energy E; = Eije — Epe, Where
E.. is the incident electron energy, E,.. is the
excitation energy of the autoionizing level.
As can be seen, the maximum shift value lies
in the range of 0.2+0.3 eV. One should note
the sharp increase of the sh1ﬂ (at least by
factor of two) for the (ls2s ) S state at the
excess energy of 0.6 eV,
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Fig. 2. A plot of the line shift A& against the excess
energy E;: dots — as determined in present measure-
ments; dotted line - fit by formula (1) with ane fitting
parameter »; solid line - fit by formula (1} with two
fitting parameters I, »; dashed line — fit by formula
{2} with one fitting parameter I".

We have compared our experimental re-
sults both with the classical [8] and semi-
classical [9] models of the PCI. In the classi-
cal description, the most probable value of
the line shift Az is given simply by [10]:

Ae=a(Ep—Eer'=aki” (1)
where o is the constant proportional to the
width 7 of the autoionizing state. In general
case, the constant g perhaps depends also on
other properties of the state (e.g. polarizabil-
ity or Stark shifting). In the original simple
model of Barker and Berry [8] the exponent
71 has the value of —0.5, while in subsequent
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investigations on helium and neon atoms
[11] the best least-squares fit for 4¢ has been
achieved with » varied between —1.0 and —
1.22 depending on the state considered. In
our case the least-square fitting results by
using formula (1) with » as a fitting
parameter are shown by a dotted line in
Fig.2 for the (1s2s%’S, 1s(2s2p’P)’P and
15(2s2p'P)’P levels. For a we have used the
widths of these levels of 50 meV, 2.6 meV
and 8.8 meV known from previous works
[12-14]. As can be seen, for the 23 state the
best fit was obtained at the exponent value of
-0.94. For the (°P)*P- and (‘P)°P states it was
impossible to achieve a similar result by
using the known width values for these
levels. That was a reason to perform the fit
of data for these and the (1s2s2p)*P levels by
using the width 7" as an additional fitting
parameter. These results are shown in Fig. 2
by a solid line. It can be seen that in this case
the fitting curves are much closer to the
experimental points. However, for the
(CPY’P) and (('P)’P) levels the resulting
width I~ of 54 meV and 22 meV,
respectively, are essentially higher than their
spectroscopic  values. The /7~ ~ 50 meV
obtained for the *P level is too large, if the
quartet character of this level is taken into

account.
In the semi-classical model [9] devel-

oped for describing the interaction of two
outgoing electrons at low excess energies £,
the relation between the shift d¢ and E; is
given (in a.u.) by the formula

rf2E +49]" -
—4As(E)+ A5 —AE =0 (2)

By using the width I as a fitting parame-
ter we have fitted our experimental results by
formula (2) (see the dashed line in Fig. 2).

The best fits were achieved at the /" val-
ues of 15 meV, 27 meV, 31 and 47 meV for
the (1s2s%)S, (1s2s2p)*P, 15(2s2p°P)*P and
ls(252plP)2P levels, respectively. These data
are remarkably lower than those obtained by
formula (1).

As also can be seen, for the excess ener-
gies of E; > 1 eV all theories are in a good
agreement with the experiment. However,

for E; < 0.6+0.7 eV a remarkable difference
exists between the theory and experimental
points. In order to find the possible explana-
tion of it as well as of the negative sign of
the PCI shift observed for the levels from the
1s2s2p configuration we have analyzed the
near-threshold electron-impact excitation of
the lowest autoionizing levels in lithium.
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Fig. 3. The near-threshold part of ejected-electron
excitation functions for the autoionizing states in
lithium. Arrows mark the near-threshold resonances.

Figure 3 shows the near-threshold parts
of the ejected-electron excitation functions
measured in the same experiments and re-
ported earlier [5]. As one can see, the main
feature of these data is the presence of the
strong negative-ion resonances just at the
excitation threshold of levels (see arrows).
Such correlation of both data, to our opinion,
points out the strong influence of these reso-
nances on the PCI process in the near-
threshold impact energy region. If a nega-
tive-ion resonance is present at the excitation
threshold of the autoionizing state, the PCI
process in this case will be caused not only
by the Coulomb interaction of the scattered
electron (described as a spherical wave) and
the autoionizing electron, but of two
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autoionizing electrons arising from the fol-
lowing two-step decay process:

Li**(1s2snl,el) — Li**(1s2snl) + &' —
SLiT(As)+elg+el . (3)

As a result, both ejected electrons will
have the fixed orbital moments /; and /; and
their interaction, to the large extent, will be
strongly correlated at the threshold impact
energies. At present it is difficult to give
some details of such physical model and we
hope that the results presented in this work
will act as a stimulant for the first theoretical
studies of the PCI effect in lithium atoms.

The authors thank Dr S. Ricz (ATOMK],
Hungary) and Dr E. Remeta for fruitful dis-
cussions and suggestions.
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3mimeyHsa Jgigii  BHAcHiZOK  B3aeMomil

micns  3itkAeHHs  (BII3) Bmepe

CIOCTEPIrajgocs B CNEKTPAX €XKEKTOBAHMX EJIEKTPOHIB AJIs (15232)25, (]sZsZp)“P,
15(2s2p°P)’P i 1s(252p'P)’P aBroiomisaniliuux cTamis atoma mitito. [IpoBomuThes
MOPIBHAHHA JaHHX 3 KJIACHYHOIO | HariBKJIaCHYHOO Moaeaamu BIT3. AHanizyerses
BIUTHB PE30HAHCIB HETATHBHOIO {OHA Y NOP03i 30YMKSHHA aBTOIOHI3aUiMHIX CTaHIB.
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