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In recent years, coincidence spectroscopy of photo and Auger electrons helped to investigate the de-
excitation of atoms, molecules and solids. These techniques are, for example, used at synchrotrons to an-
alyze the emission of multiple electrons due to Auger processes that follow the excitation or ionization of
inner-shell electrons. The total kinetic energy of the emitted electrons allows to obtain information about
the spectrum and population of the final states, while the individual electron energies reveal details about
the intermediate states, and therefore the decay pathways of an Auger cascade.
To analyze such Auger cascade processes, we have extended the RATIP program [1], tomodel themultiple

emission of electrons a�er creation of an inner-shell hole. Our studies reveal that many Auger cascades are
strongly a�ected by shake-up (or down) transitions, in which the two-electron Auger process is accompa-
nied by an additional (de-)excitation of a valence electron. For example, in the de-excitation of resonantly
excited negative oxygen ions [2], complex electron correlation e�ects lead to a strong contribution of shake
transitions to the total decay width. Furthermore, the population of higher lying intermediate states also
enables the occurrence of three-step Auger cascade decays that are otherwise not possible due to energetic
reasons.
The same e�ect was also observed in the two-step cascade that follows upon the photo ionization of a

4s or 4p electron of atomic cadmium [3]. Figure 1 displays the computed and experimental final-state spec-
trum of Cd3+. In the lower part of the figure, the full spectrum is shown, while it’s computed and measured
population is shown in the upper panel.
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Figure 1: Computed and experimental final-state
spectrumof triply-ionized cadmium. We consider
a two-step Auger cascade that follows a�er photo
ionization of a 4s or 4p electron in atomic cad-
mium. Shake-up transitions of a valence 5s elec-
tron are needed to explain the observed spec-
trum.

When thecascade formation is restricted to two-electronAugerprocesses, noshake-up transitionsemerge
and the yellow spectrum arises, where a significant portion of the observed population is missing. Taking
shake-up transitionsof thevalence5selectrons intoaccount yields thedotted line, that is in verygoodagree-
ment with experimental findings.
We will discuss the e�ects of shake-up transitions on Auger cascades of di�erent elements and the theo-

retical models that are needed to account for the underlying electron correlation e�ects.
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