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Post-collision interaction {PCI) 'is a particular
ion in he finalmanifestation of electron correlati ' th

state: a "slow" electron receding from the atom
and a "fast" es electron emitted in the decay of that
atom. PCI has been studied widely in electron
or ion scattering experiments. ' In t
is, PCI occurring in inner-shell ionizat'

esses h d
ion proe-

ad made progress only recentl ~ 0
of the mmost nearly ideal cases for studying PCI in
inner shells is the ejection of an Auger electron
following photoionization with photon energies
close to the threshold. In this Letter f ther, or e
irs time, we will present results of PCI in such

an experiment. These results a dre in goo agree-
ment with the model of Barker and Berry' modi-
fied by Niehaus "

In this work tthe synchrotron radiation emitted
by the Orsay colliding-beam storage rin was

e . e continuum radiation was monochrom-
atized b means fy of a I-m grazing-incidence mon-
ochromator" {one grating with 576 lines/mm .
The photon beam was limited to a diameter of
about 4 mm and monitored by measuring the cur-
rent of photoelectrons emitted from a gold foil.
Xenon was used as target gas at a pressure of
about 1 x10 4 Torr. Electrons ejected at a mean
angle of 54'44' with respect to the photon beam
direction were accepted by th l t
analyzer (cylindrical mirror type) and ener
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FIG. ~. N -O, O A4 ~ 5 Q 3 2 3 Uger spectrum of Xe followirg
the ionization by photons of 93 eV.

Auger electrons of xenon. Figure 1 shows the

%45-0230/3 part of the whole Auger spectrum tak-
en at 93 eV photon energy with a bandpass of + 1

eV; background subtraction and dispersion cor-
rect&on have been applied (for a complete elec-
ron spectrum with kinetic energies between 0

and 90 eV see Wuilleumier et al. z7). The solid
o owing manner:curve has been obtained in the f ll

The absolute energies and relative intensities of
uger lines have been taken from thorn e experiment-

al data of Qhtani et al."and of Wn o erme, Berg-
mark, and Siegbahn, " respectively. For each in-
dividual Auger line a Voigt profile was used, cor-

to r
responding to a natural linewidth I = 100 VmeV due

o preliminary results of Breuckmann eI; al. '';
the theoretical calculation by M G

'c uire gives 82
meV. The solid line has then been fitted to the
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FIG. 3. Spectrum of electrons ejected in the decay
of the 2s2P '& autoionizing state in He excited by the
synchrotron light in zero order of the monochromator.
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FIG. 2. W -O~ ~ g p, Pp 3 ~p Auger peak of Xe following the
ionization by photons of different energies kv v ith band-
pass Mv. Further explanation is given in the text.

maximum of the line at 34.2 eV. Figure 1 shows
that the solid line agrees well with the intensity
distribution.

Because of the low counting rates, for the in-
vestigation of PCI in the Xe Auger spectrum the
interest was concentrated on the single Auger
transition %,-0~30» 'So at 29.91 eV, the b d'

energy of an electron in the N, (4d», ) shell being
7.5 eV." Figure 2 shows this Auger peak for

several energies of the ionizing photons. In order
to detect the small shifts of the energetic position
of this Auger peak, it must be insured that no in-
strumental influences disturb the true effect.
Therefore each individual experiment (which was
carried out on different days) with the Xe target
was framed by measurements of the decay elec-
trons of the 2s2p 'P autoionizing state in He,
which have a fixed and well-known ener of
35.34 eeV (Fig. 3). For these additional experi-

nergy o

ments, the Xe target was replaced by He and the
position of the monochromator grating was changed
to zero-order diffraction in the He experiment.
For the Xe runs at different photon energies equal

target-gas pressures have been used. The Xe
x-o

p 30$, S, Auger eleetrons have be en calibrat-
ed relative to the position of the resonance elec-
trons from the decay of 2s2p'P in He. As refer-
ence energy we used the crossing of the extrapo-
lated "background" (dashed curve in Fig. 3) with
the high-energy side of the resonance profile.
This calibration allows us to determine the posi-
tion of the Xe Auger peak with an accuracy of
about +0.5 channels which corresponds to about
+25 me&.

In Fig. 2 the dotted curve represents the un-
shifted peak position where the shape is equal to
the Voigt profile used in the predicted spectrum
of Fig. 1. At a photon energy of 107 eV the theo-
retical curve fits the experimental data very well

7

and at 89.5-eV photon energy the experimental
points are still compatible with this shape. At

72.5-eV photon energy (bandpass +0.6 eV), i.e.,
5.0 eV above threshold, the solid line through
the experimental points indicates a shift of the
maximum position of 55+ 25 meV relative to that
taken at 197-eV photon energy and a slightly
asymmetric shape. In spite of the low counting
rates, i.e., the large statistical error, this ten-
dency becomes even more pronounced at a mean
photon energy of 68.3 eV (bandpass +O. V eV),
i.e., about 0.8 eV above threshold. Here the sol-
id curve represents the PCI Auger line; its maxi-
mum is shifted by 135+40 meV relative to the
maximum found for 107-eV photon energy. In or-

64



VOLUME )8, NUMBER 2 PHYSICAL REVIEW LETTERS 10 JANUARY i/77

TABLE I. Experimental and theoretical energy shifts of the N5 02 302 3 Sp Auger
peak of xenon.

Photon energy
+ bandpass

(eV)

Mean photoelectron
energy ~

(eV)
Experiment

Energy shift ez
(meV)

Theory
(I'=100 meV) (I =82 meV)

72.5+ 0.6
68.3+ 0.7

5.0
0.8

55+ 25
135+ 40

82
178

68
149

'See Ref. 13.

der to get this solid curve, the experimental data
had to be corrected for the contribution of photons
with 136.6 eV energy which passed the monochro-
mator in second order of diffraction, These pho-
tons produce Auger electrons with energies and
peak shape as given by the Auger peak at 107-eV
photon energy in Fig. 2. The amount of these non-
PCI Auger electrons has been determined to be
about 35% of the total Auger peak by measuring
the intensity of 4d photoelectrons at 136.6 —E(4d)
=68.3 eV and using the intensity ratios between
the N, -O„023'S, Auger peak and the 4d„, and

4d3/2 photoe le ctron peaks measured at 93-eV pho-
ton energy. At 72.5-eV photon energy the contri-
bution of second-order diffracted photons is much
smaller; the corresponding 4d photopeak has not
been found.

Our experimental data clearly demonstrate a
PCI effect in the N, -O, 3023 Sp Auger peak, name-
ly, an asymmetric peak profile with more elec-
trons at higher energies and a shift of the maxi-
mum position. For a comparison of our data with
theoretical models one must take into account
that in the case of PCI in Auger decay the reced-
ing slow electron (photoelectron) is under the in-
fluence of the Coulomb field resulting from the
ionization process. Therefore, the velocity of
the slow ejected photoelectron changes according
to this Coulomb potential. With this change of
velocity included in the classical model of Barker
and Berry, ' the shift of the peak position, e~,
has been calculated by Niehaus" and is given by
(all quantities are in atomic units)

experimental values; the agreement is good, es-
peically for I'=82 meV.

The shift of the maximum position of the N, -
O~,O»'S, Auger line observed by Ohtani et al."
in their electron-impact experiment (at an im-
pact energy of 78 eV, i.e., 10.5 eV above thresh-
old) was 170 meV. This value is somewhat larg-
er than that found in our experiment for photons
with mean energy of 0.8 eV above threshold. This
difference can be attributed to the fact that in the
case of electron impact with energies close to
the threshold two electrons, the scattered and
the ejected inner-shell electron, recede from the
atom. If both electrons have equal energy, AE,
= AF.,= 5.25 eV, this gives a lower limit for the
shift: e „=2m~(b, E= 5.25 eV) =132 meV (I'=82
meV) or 166 meV (I' = 100 meV). The upper limit
e,„ is reached when one electron has energy ~E
=0 and the other DE=10.5 eV and is approximate-
ly given by e,„=a~(DE=0)+e~(DE=10.5 eV)
= 292 meV (1 = 82 meV) or 336 meV (I'= 100 meV).
The observed shift of 170 meV is compatible with
the limits.

Further work with improved experimental con-
ditions (reduction fo second-order diffraction,
improved photon flux through the monochromator,
and better signal-to-noise ratio) is planned.

The authors gratefully acknowledge the contri-
bution of Dr. P. Dhez to this experiment by set-
ting the monochromator. They also thank Dr. P.
Jaegle for his constant support and the members
of the Laboratoire de l'Accelerateur Lineaire for
their help in operating the storage ring.

where AE= hv —I is the energy of the photoelec-
tron without PCI at infinite separation from the
ion and 7. = I/I' is the lifetime of the inner-shell
vacancy. For e~«AE Eq. (1) reduces to the
Barker-Berry formula, e~=(2w) '(2b, E) ' . In
our case this occurs already for AE g 2 eV. Tab-
le I shows the results of Eq. (1) together with our
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