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The effect of post-collision interaction (PCI) in inner-shell ionization processes has been investigated observing the

xenon N4, -0„02,Auger spectrum following ionization or excitation by photons with energies above (42 eV), close
to (5.05, 0.85, 0.55, and 0.20 eV), and even below ( —O.OS eV) the 4d „,ionization threshold. A detailed quantitative

analysis of the experimental spectra is given which takes into account the PCI energy shift and energy distribution as

calculated in the semiclassical model of Niehaus. Good agreement between the experimental data and the theoretical

predictions is achieved.

I. INTRODUCTION

When the transferred energy in the collision be-
tween s, particle (electron, ion, photon) and an
atom ox molecule is close to the threshold for
ejection of an inner-shell electron, the subse-
quent Auger decay may be influenced by the pres-
ence of the slow ejected electron (and possibly
also by the slow scattered particle). This is a
manifestation of the so-called post-collision in-
teraction (PCI), an effect first studied in the de-
cay of outer-shell autoionizing states following
excitation by sl,ow ion impact" or electron im-
pact. ' For further information about these PCI
processes the reader is referred to the review
artic1.es by Bead' and ¹iehaus. ' Here we want to
concentrate on PCI in inner-shell. ionization pro-
cesses which have found great interest in the last
years experimentally (electron impact' ', photon
or guasiphoton impact" ")as well as theoretical-
ly."" These PCI phenomena can be interpreted
as a relaxation process (the slow electron from
the ionization process suddenly moves in a changed
potential when the fast Auger electron is ejected)
or as a shielding effect (the slow electron partially
screens the ionic field and therefore the ejected
faster Auger electron sees a smaller attractive
potential), i.e., PCI is a final-state correlation
effect. It leads to an energy loss for the slow
electron from the ionization process balanced by
an equal gain in energy for the fast Auger electron.
Experimentally, this is seen as a shift and broad-
ening of the corresponding lines in the electron
spectrum. An important quantity for PCI is the
excess energy 8,', which is the difference between
the energy of the incident particle or photon and
the ionization energy of the atom. When the inner-
shell ionization is caused by electron impact then
there are two slow continuum electrons (energies
E' and E") with which the Auger electron can in-

teract. Therefore the net PCI effect will depend
also on the probability distribution of sharing the
total excess energy Eo =E'+E"between the two slow
electrons (see, for example, Ref. 26). This com-
plieates a theoretical prediction of the PCI effect
in electron-impact ionization considerably. A
more direct case for the investigation of PCI in
inner-shell ionization is given when the ioniza-
tion is caused by photon impact since only one
slow and one fast electron (photoelectron and Au-
ger electron, respectively) can be subject to PCI.
In this paper we report on PCI in the photoexcited
xenon N4, ,-0, ,0, , Auger process. With respect
to our earlier experimental investigations"'"
our new electron spectra are of considerably im-
proved quality (better statistics, smaller mono-
chromator bandpass, spectra above and below the
ionization threshold). This allows us to obtain
more precise results and a more quantitative
discussion of these results.

II. THEORETICAL CONSIDERATIONS

Before going into a detailed discussion of the
PCI effect in the xenon N, ,-Q,',0, , Auger spec-
trum, let us first consider from a more general
point of view how the electron spectrum is in-
fluenced when the photon energy is lowered
towards and below the ionization threshold (com-
pare Ref. 23); This is demonstrated schematical-
ly in Fig. 1 using the excess energy E', as a pa-
rameter. At high photon energy (E', » 0) the 4d,
5s, and 5p photoelectron peaks with their satel-
lite lines" "are well separated from the Auger
lines (only one Auger line is shown in the figure
for simplicity). For photon energies just above
the 4d ionization threshold (E,'~ 0) PCI occurs and
it shows up in energy gains e for the Auger elec-
tron and energy losses -~ for the photoelectron.
When e exceeds 8'„ i.e., 8', -e &0 then the pho-
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FIG. 1. Schematical representation of the electron
spectrum following photoionization in xenon. The
photoelectron spectrum (Gs, Gp, and 4d photopeaks are
symbolized) is shown pointing downwards and the
spectrum of Auger electrons (only one line is shown
for simplicity) following the ionization of a 4d electron
is shown pointing upwards. Ef is the excess energy
(photon energy minus threshold energy). For further
explanation see text.

toelectxon is "shaken down"" to a Rydberg or-
bital (E„&0) causing a discrete structure at higher
kinetic energy with respect to the former Auger
peak. These discrete 1.ines can correspond to
the same final-state configuration as the satellite
lines resulting from ionization and simultaneous
excitation of electrons from the n= 5 shel1. . The
processes leading to these final states are un-
distinguishable and therefore interference effects
are possible. For E', & 0 but still close to the
threshold, 4d ionization is not possible and the
former Auger peak has disappeared. However,
excitation of a 4d electron to accessible high Ryd-
berg states and subsequent autoionizing decay wi1.1

produce final ionic states in the neighborhood of
the former Auger peak which again interfere with
the outer-shell satellite lines. The sudden trans-
formation of the 4d hole into two outer-shell holes
during the autoionizing decay can also be consid-
ered as a relaxation process. This mechanism
and the dense series of high Rydberg states make
the smooth shape of the Auger line intensity (see
dotted line in Fig. l with E,' around zero) observed
for photon energies just around the inner-shell

ionization threshold understandable. When the
photon energy is lowered further, 4d excitation can
occur only to wel. l isolated resonance states"'"
whose decay produces the spectrum of autoionized
el.ectrons. "" Interference with photoelectron
lines of outer-shell ionization processes is pos-
sible again and can show a drastic change of in-
tensity in the outer-shell photoelectron spectrum
when the photon energy is scanned across the in-
ner-shell resonance (this has also been observed
in a similar investigation on barium" ). Finally,
when no resonance excitation is possible (E,'«0)
the undisturbed photoelectron spectrum of outer-
shell ionization processes is observed.

In'this work, we want to concentrate on those
processes with E', positive or slightly negative,
i.e., processes above aqd just below threshold.
The corresponding theory fox inner-shell pho-
toionization processes with subsequent Auger
emission has been developed first by Niehaus. "
It is a semiclassical description for PCI based on
the Born-Qppenheimer separation of the motion
of the slow electron from the motion of the other
electrons. When. only one initial and one final
state is considered for simp1. icity, the results
of the theory by Niehaus are equivalent to those
of the classical model of Barker and Berry' taking
into account the differences in the potentials for
the slowly receding photoelectron, and they are
also equivalent to those of the shake-down model
of King et al."transforming the transition am-
plitude of the Niehaus model from the time scale
to that of the distance r of the photoelectron from
its origin. Assuming for the potential energy
curves of the singly and doubly ionized atom a
Coulomb curve with Z = —1 or Z = —2, respective. -
ly,"the model of Niehaus provides an analytic
expression for the energy distribution P(s) of the
energy gain s of the Auger electron (energy loss
sfor the-photoelectron). This distribution de-

pends on the excess energy E', and the lifetime
r (alternatively level width I') of the inner-shell
hole. This means that for a known value E', the
PCI energy distribution should depend on only one
parameter, namel. y I'. From this energy distribu-
tion, the most probable energy shift e~ can be de-
termined as the position of the maximum, and the
shake-down probability P, as the ratio of the area
with ~ &Z', with respect to the total area of the
d st b t o c e. C trary to the case of two
slow electrons in the continuum (see, for example,
Ref. 40) little is known about the angular cor-
relation between the sl,ow photoelectron and fast
Auger electron and about the threshold behavior
of the cross section. ~ There are theories" "~"
more refined than the model of Niehaus. How-
ever, these more appropriate formulations do not
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provide for a simple analytic expression for the
PCI energy distribution P(e) .They reluire more
elaborate calculations which are not yet avail. able
for the case under consideration. Therefore, in
order to make a quantitative analysis of the PCI
effect in our xenon N, ,,-O, ,O, , Auger spectrum,
the model of Niehaus shall be applied. In this
case, some remarks shall be made.

(i) For Z', -~ the theoretical expression for the
energy distribution P(c) does not converge to a
I.orentzian shape 1,(e) for the Auger electrons
and photoelectrons, respectively, i.e.„ the energy
distribution P(e} is valid only in that region close
at threshold where e ~ I'/2. " In our xenon 1V, ,-
0 2 30 2 3 Auger spectra close to threshold this con-
dition is fulfilled. Furthermore, small modifica-
tions in P(e) will not show after convolution with

the spectrometer function which in our case has a
full. width at half maximum (FWHM) of about 270
meV compared to a level width I' of about 100
meV.

(ii) As has been demonstrated"'"'" " inter-
ference structures due to PCI can occur in the
electron spectrum. Necessary conditions for one
kind of interference are coherent excitation of
the initial states (compare also the PCI Stark
mixing of the initial states" ) and the same energy
(due to PCI} of Auger electrons originating from
different initial but same final ionic state of the
Auger process. In the xenon N4, ,-0, ,0, , Auger
spectrum the same final states of the Auger pro-
cess are separated by 2 eV because of the spin-
orbit splitting in the N4, shell, i.e., interference
effects are not possibl, e for ~ ~ 2 eV. Because
nearl. y all possible energy shifts are smaller than
this value these interference effects are neglected.
Of course, the type of interference effects be-
tween Auger transitions with shakedown due to
PCI and direct photoionization of satellite lines
discussed above and with a background amplitude
are still possible.

(iii) In the models cited above the energy dis-
tribution P(c) depends (for given excess energy
E,') only on the half-width I' or lifetime 7 of the
inner-shell hole. This lifetime has been taken to
be constant thus neglecting the possible influence
from the presence of the slow photoelectron. ""
One way to correct for this influence is to con-
sider the lifetime as a free parameter in the cal-
culation of P(e)."

(iv) The energy distribution P(e) in the model
of Niehaus has been derived with the assumption
of pure Coulomb character of the ionic potentials
before and after the Auger transition. This is a
good approximation for the xenon Ny 0 302 3

Auger spectra with E', - 0.2 eV because there the
Auger transition occurs when the photoelectron is

far away from the ion; however, for Z,'= —0.05 eV
deviations might occur.

(v) For large values of e (dominant shakedown
processes and excitation of high Rydberg states)
a quantum-mechanical description of the PCI ef-
fect according to the more refined theories cited
above should be applied. However, the results
of the classical theory are expected to be still
qualitatively correct. "

IH. EXPERIMENTAL DETAILS AND DATA ANALYSIS

The experiments were carried out using the
synchrotron radiation from the Anneau de Colli-
sions d' Orsay (ACO) storage ring. Two differ-
ent types of monochromators were employed,
one based on a Howland circle mounting (HCM)"
and one based on a holographic toroidal grating
mounting (TQM)."" The first investigations
on PCI in inner-shell photoionization included

investigation of disturbances due to second-order
and stray light, the structure of the outer-shell
photoelectron spectrum including the satellites,
the resolution and contact. potential of the electron
analyzer, and the stability against instrumental
energy shifts; these data have been obtained using
the RCM. The use of the TGM brought much

higher photon flux over a long period of time
which is due mainly to the ultrahigh-vacuum con-
dition (10 '-Torr range) that this monochromator
is operating with (further details in Ref. 48). This
enabled us to work with considerably reduced
monochromator bandpass (about 6 times smaller)
and, at the same time, to gain about two orders
of magnitude in the counting rate. In this work,
spectra have been taken at the following photon

energies (uncertainty +50 meV) with bandpass
(BP): 110 eV, BP=0 77 eV; 72.6 eV, BP=0.15

eV; 68.4 eV, BP =0.13 eV; 68.1 eV, BP =0.13 eV;
67.75 eV, BP=0.13 eV; 67.5 eV, BP=0.13 eV.
For comparison, the binding energy of a 4d, &, or
4d, &, electron in xenon is 67.548 or 69.537 eV,
respectively. "

Xenon was used as the target gas at a pressure
of about 1x10 ~ Torr. Electrons ejected at a
mean angle of 54 44' with respect to the photon
beam direction were accepted and analyzed by a
cylindrical mirror spectrometer"' " with an
instrumental resolution of 0.9/p. From the iV, —

0 2 30 2 3 So Auger peak in the spectrum at 110-eV
photon energy, the spectrometer function at 29.93-
eV kinetic energy has been deduced fitting to the
experimental data the result from an estimated
spectrometer function folded with a I orentzian
distribution with 1"= 100 meV. "'2 This spec-
trometer function then has been used as a stand-
ard for other kinetic energies Z„~ taking into
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account the change of half-width AF. based on the
relation AE = 0.009E„- .

In order to probe instrumental shifts possibly
disturbing the true PCI energy distributions of the
threshold Auger spectra, the same procedure as
in our former work"' was used: the xenon Auger
spectra were framed by measurements of the de-
cay electrons of the 2s2p 'P, autoionizing state in,
helium using zero-order light from the mono-
chromator. This investigation (with improved
channel width) gave a reproducibility of better
than *18 meV. Second-order light from the mono-
chromator and stray light disturb the Auger spec-

, trum close to threshold in the same way. Below
the N, threshold their net effect can be seen in the
presence of the N, -O, ,O, , 'S, Auger peak which
makes the correction for this disturbance pos-
sible.

In order to obtain quantitative information on
the PCI effect from the experimental spectra the
following fitting procedure has been applied to the
raw data. For the Auger spectrum at 110-eV
photon energy the shape of one peak has been
taken as the convolution of a Lorentzian distribu-
tion with the spectrometer function. The line
positions were taken from the latest updated val-
ues available in the literature. ""'"However, the
line intensities given in Ref. 53 do not agree very
well with the line intensities in our experimental
spectrum, and therefore we have treated them
as a free parameter in the fitting procedure. The
result is shown as the solid line (including a
straight-line background) in the corresponding
part of Fig. 2, and Table I gives a compilation of

Transition E„,.„(eV)

Relative
intensity (%)
(a) (b)

Ns-02, 302 3 Soi

N4-02 302 3 Sp

NSW2 302 3 D2
Ns-02 302 3 Pg
N5-02 302 3 Pp
N4-02 302 3 D2
Nz-02 302 3 P~
N4-02 302 3 Pg
N4-02~30213 P2

29.93
31.91
32.29
33.19
33.41
34.27
34.41
35.19
36.40

73
102
97
37
44
71
99
46
14

73
100

97
39
48

104
86
43
15

the data and a comparison with the relative line
intensities found by Werme et al."for electron
impact in the 4-keV energy range. The ratio of
N, -O, ,O, , to N4-0, ,0, , Auger lines at 110-eV
photon energy gives 1.50 in agreement with the
branching ratio of the 4d, ~,. 4d, ~, photolines at
this energy. ' " At 72.6-eV photon energy and

below, PCI effects occur in the Auger spectrum
and the outer-shell photoelectron spectrum with

its satellites and its double-ionization continuum
moves into the region of the Auger spectrum.
Furthermore, there is a contribution from stray

TABLE I. Kinetic energies and relative line intensi-
ties for the xenon N4 5-02 302 3 Auger lines. Line iden-

tification is according to Hansen and Persson (Ref. 36),
kinetic energies are from Werme et al. (Ref. 53), cor-
rected by +0.2 eV according to Ohtani et aE. (Ref. 6),
relative intensity (a) is the present work for 110-eV pho-
ton energy, and relative intensity (b) is for 4-keV elec-
tron impact (Werme et al.).
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FIG. 2. Electron spectra of xenon following ionization by photons of distinct energies as given in the figure. Bars
experimental data, and solid line = total fit as described in the text.
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light and higher orders diffracted from the grat-
ing and a constant background. Neglecting pos-
sible interference effects (compare above) the

fitting procedure was applied assuming indepen-
dent individual contributions. The Auger spectrum
itself has been calculated folding the PCI energy
distribution P(e} as given by Niehaus" with the
spectrometer function determined before. The
resulting distributions P, (e) have been adapted in

their relative intensities according to the values
of Table I. At 72.6-eV photon energy a change
between the N, - and N, -group intensity was al-
lowed giving the branching ratio 2.45 which is in
agreement with our former determination"; be-
low 69.5-eV photon energy no N4-0, ,0~, Auger
spectrum is possible. Furthermore, the result-
ing distributions P, (e) have been shifted in energy
in accord with the prediction of the PCI model.
Hereby the PCI effect at 110-eV photon energy has
been taken into account. In these calculations
some properties of the convoluted PCI distribu-
tion P, (e) turned out to be important.

(i) P„(e) is very insensitive to the value chosen
for E, in the theory of Niehaus. Z, in a.u. is the
reciprocal. value of the radius of that atomic shell
from which the photoelectron is ejected. Here
a value E,=1/0. 87 a.u. has been used. "

(ii) The shape of P,(-) changes only little with

the value of I' (about 100 meV) when I' is varied
within less than +2K/p, but the maximum position
of P, (e) naturally depends on I'.

(iii) The descending branch (e ~ e') of P, (e) was
found to be always too high. This discrepancy is
decreased by multiplying P(c) with a factor f de-
fined as f= 1 —0.1(e —e~)le~ when f~ 0, otherwise
it is set f= 0.

(iv) Because of the very asymmetric shape of
the PCI energy distribution the most probable
energy shift e~ of the function P(e) does not neces-
sarily agree with that of P, (e}, e,', which takes
into account the influence of the spectrometer
function.

The contribution of stray light and higher orders
from the monochromator has been extracted from
the raw experimental data themselves using the

Ã4-0, ,02 3 S{)Auger peak in the spectra below the
. N4-ionization threshold as representative for these
processes. The same correction weighted only
with the measuring time has been applied to all
spectra. The outer-shell photoelectron spectrum
with its satellites and its double-ionization con-
tinuum has been determined in the region of the
Auger lines by adapting the spectrum known at
higher energies to those satellite lines which are
still separated from the Auger lines (the slight
change in the monochromatpr bandpass is negligi-
ble, but the influence of the spectrometer resolu-
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FIG. 3. Electron spectrum of xenon from the
N~-02 302 3 So Auger to the Gs photoelectron peak taken
at 67.75 eV photon energy. a =experimental data (bars)
and total fit {solid line); 5 =PCI Auger spectrum from
4d~p ionization with individual contributions; c = con-
tribution from higher orders and stray light through the
monochromator; d = contribution from Gs photo ionization
with satellites and double ionization; e =background.

Comparing the experimental data with the total
fit of individual contributions to the electron spec-
trum between the N, -g, Sp, 3 $, Auger peak and

the 5s photoelectron peak (see Fig. 2}, one notices
a generally good agreement, except at 68.4-eV
photon energy. This deviation can be explained
as follows: At 68.4-eV photon energy the band-
pass of 0.13 eV allows excitation of the
4d'5s'5P'('D», )7p'P, resonance at 68.84 eV which

tion has been taken into account}. A straight-line
background is also present in all spectra. Figure
3 shows, for example, the experimental spectrum
from the N, -o, ,p, , 'S, Auger peak to the 5s
photoelectron peak at 67.75-eV photon energy to-
gether with the total fit and the individual fit con-
tributions. Figure 2 gives the compilation of the

experimental spectra and of the total fit. It
should be noted that the total fit is based on the

available information about the individual contri-
butions which are handled equally for all experi-
mental spectra and not on a possible best fit to
each individual experimental spectrum.

IV. RESULTS AND DISCUSSION
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the ionization of a 4d5@ electron (Ez = 67.548 eV) by
photons of distinct energy as indicated in the figure.
Bars = experimental data; —= total fit; ——= Auger
spectrum with PCI; —— = background; ---=contri-
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FIG. 4. Decay channels of 4d excitation resonances
in xenon shown as function of the energy 8 of the final
ionic state. Upper part (experimental data Ref. 35)]:
4d 58 5p ( D5~)6p Pi resonance decay (with contributions8 2 62 i

from direct ionization); lower part (difference spectrum,
thiswork; formoredetails, seetext): 4d 5s Sp (D3~2)7p
iPi resonance decay.

has a half-width I „=0.11 eV.~~ Vfhen the 0.05-eV
uncertainty in our photon energy is included the
resonance can be covered nearly completely by
the energy distribution of the monochromatized
photons. The decay of this resonance then gives
rise to additional lines in the electron spectrum
(compare the case "E,'& 0, at resonance" of Fig.
1). In principle, these lines can interfere with
those following direct ionization in the outer shell.
However, in a first approximation, one can ne-
glect this possibility of interference effects and

obtain a qualitative indication on the possible de-
cay channels of this resonance from the differ-
ence between the experimental spectrum and the
result of the fitting procedure as explained in the
previous paragraph (i.e., accounting for all possi-
ble contributions except for the resonance decays).
The result is shown in the lower part of Fig. 4.
The assignment of these decay channels makes
use of the analogy to the decay of the
4d'5s'5p~('D, &,)6p'P, resonance at 65.11 eV (Ref.
35; compare also Ref. 34). The decay channels
of this resonance (together with the contribution

from direct ionization) are shown in the upper
part of Fig. 4, plotted for the same energies E&
of the final ionic state as in the lower part. The
labeling is based on the rectified identification
given in Ref. 36. The point of relevance here is
that, in addition to the spectator transitions to
5p'('s"L )6p, shake-up transitions to 5p'p "L~)7p
also occur with remarkable intensity. In analogy
to this result we can identify the spectator transi-
tions of the 4d'5s'5p'('D, ~,)7p'P, resonance to the
5p'('s+'L~)7p states and suggest the attribution of
the remaining, unidentified lines to shake-up
transitions to 8p states, as indicated in the figure.
Three remarks should be made concerning the
decay of the 4d 5s'5p'('

D& ) 27'p~Presonance.
(i) The shake-up transitions to gp seem to be

even more intense than the spectator transitions;
the reason for that is not yet understood.

(ii) The decay channels to 5s5pj28 and possibly
other satellite lines of the outer-shell photoelec-
tron spectrum are also possible but they do not
show up in the difference spectrum plotted in the
lower part of Fig. 4 because this region of the
spectrum has been fitted to the experimental data.

(iii) This resonance decay could not be seen in
the PCI experiment on xenon at 68.3-eV photon
energy quoted in Ref. 14 because there the broad
bandpass (BP =1.6 eV) made the intensity of the
resonance decay channels small with respect to
that of the direct ionization process and therefore
also to that of the subsequent Auger transitions.
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TABLE II. Positions ~ of the xenon &5-02 302 3 Sp
Auger peak as function of the excess energy E&.
follows from the distribution P(&) of the Niehaus (Ref.
18) model using I'=110 meU, &~ follows from the con-
voluted distribution Pc(e), and i~& relates ec& to the shift
at 110-eV photon energy. The experimental values of
Zc& have an error of +30 meV.

Excess energy (eV)
@0

1

Peak positions (meV)
Theoretical Experimental

gP
C C C

42.45
5.05
0.85
0.55
0.20

-0.05

31
89

190
216
262
305

63 0
153 90
254 191
280 217
326 263
369 306

0
100
194
222
264
294

Even though the total fit to the experimental data
is not perfect, one can conclude that the main fea-
tures of the experimental spectra obtained for all
photon energies used in this work are understood
on the basis of individual-fit contributions. This
implies that the PCI effect in the xenon N, ,-
O»O» Auger spectrum i.s described reasonably
well by the semiclassical model of Niehaus
slightly modified by the correction factor given
above. In particular, it proves that the PCI en-
ergy distribution (shape of the former Auger
peak) does indeed cross the threshold of inner-
shell photoionization smoothly as was predicted by
Niehaus and observed experimentally here for the
first time. For a quantitative analysis of the ef-
fect of PCI we will now concentrate on the N, -
Op 302 3 Sp peak, as it is well separated from the
rest of the spectrum and thus simplifies the dis-
cussion. Figure 5 therefore shows this peak on an
enlarged scale together with the total-fit curve of
Fig. 2 (solid line) and the individual contributions
as discussed in Fig. 3. It shows the generally
good agreement between the theoretical model and
the experimental results. The small deviations
between theory and experiment visible on this en-
larged (and thus very sensitive) scale demon-
strate the limits of the fitting procedure and ul-
timately of the theoretical model. However, a
PCI quantity much simpler and easier to extract
than the whole line shape is the position of the
peak. This is presented in Table II for the in-
vestigated values of the excess energy 8,'. Here,
c~ refers to the observed shift of the peak maxi-
mum with respect to the peak position at 110-eV
photon energy. Figure 6 shows a plot of ~~ as a
function of the excess energy E', together with
our earlier experimental data"'" and compares
them to theoretical predictions. The earlier ex-
perimental data provide less information because
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FIG. 6. Energy shift e, of the N~ —02 302 3 Sp Auger
peak (relative to its position at 110-eV photon energy)
as function of the excess energy Ef ~ =pres. ent work,
&= Schmidt et al. (Ref. 13),o =Schmidt et al. (Ref. 14);—and .""=calculation according to Niehaus (Ref. 18)
with I'=110 and 82 meV, respectively; ——=cal-
culation according to Barker and Berry (Ref. 2) with
I =110 meV.

of the much broader bandpass and stray-light
problems (not considered in Ref. 13, probably
underestimated in Ref. 14). Best agreement be-
tween experimental and theoretical values of K~

based on the PCI model of Niehaus is given for
I' = 110 meV (solid line). Using a value I' = 82

meV (Ref. 59) gives the dotted curve. The theo-
retical model which uses the half-width I of the
inner-shell hole as the only adjustable parameter
describes the energy shift very well over the en-
ergy region of this work. The value I'=110 meV

is compatible with the lifetimes of 4d excited
states as quoted by Ederer and Manalis" but

lower than the value of (129 s 8) meV as suggested

by King et al." Whether this half-width I is equal
to the half-width I „undisturbed by PCI, cannot

be answered by this experiment. But it seems
that the difference is smaller than in the investiga-
tion of the PCI effect in the argon L, ,3-V, ,3M, 3

Auger spectrum (Hanashiro et al."use I' = 0.1V

eV, whereas Krause and Oliver" give I', =0.127
eV). For a fixed value of I', the model of Nie-
haus predicts at higher excess energies E', the
same energy shift as the model of Barker and
Berry' which assumes a constant velocity of the
slow electron which is not fulfilled for PCI ia in-
ner-shell ionization processes. The deviation
starts towards lower values of 8', where the most
probable energy shift in the model of Barker and
Berry goes to infinity at threshold (dash-dotted
line in Fig. 6). This is altered in the theory ade-
quate to inner-shell photoionization processes;
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here C~ crosses the ionization threshold smoothly
in accordance with our experimental results.
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