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Data acquisition and treatment
In case of Cu hν = 1400eV photon energy was used in the presented experiment. One spectrometer was tuned to detect the L2,3VV
Auger electron region. The other spectrometer was set up for photoelectron detection. In order to improve the energy resolution of
the Auger electrons, the sample was biased with approximately 300V in order to slow down the electrons. This comes at the cost
of a smaller energy window. Therefore, two measurements were done, one for the L2,3VV Auger electrons in coincidence with the
L3 photoelectrons and one for the L2,3VV Auger electrons in coincidence with the L2 photoelectrons. Both maps and the resulting
coincidence photoelectron spectra are shown in Fig. 1a. The kinetic or binding energy scales are always corrected such, that the peaks
match literature values1.
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Fig. 1 L3 and L2 photoelectron L2,3VV Auger electron coincidence maps of Cu (a) and Co (b) together with the coincident photoelectron spectrum
acquired by the integration of the maps along the Auger electron kinetic energy. The regions chosen for closer analysis are marked as solid color lines
in the binding energy sum spectra (green, red and blue).

For later analysis Auger electrons, which were measured in coincidence with photoelectrons marked as a solid colored line in the
binding energy spectra were used (green, red and blue). The resulting Auger spectra are shown in the upper panel of Fig. 2a. In blue
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the L3VV spectrum is shown measured in coincidence with L3 photoelectrons. The L2VV CK spectrum measured in coincidence with
L2 photoelectrons is shown in green . In order to prepare the analysis, the spectra have to be corrected for back scattered electrons.
First of all, the background originating in the back scattered L3 photoelectrons has to be considered, which contributes to the L2VV
CK Auger electron spectrum. This can be done by taking an Auger coincidence spectrum into account in coincidence with a region in
between of the L3 and L2 photoelectrons. This region in shown in red in Fig. 2a and resembles the L3VV Auger spectrum, since the only
difference is that the photoelectrons lost some of their kinetic energy by inelastic scattering. Normalizing the data to the event number
in the selected areas we can now subtract the background spectrum from the L2VV CK spectrum. In the second step we also have to
consider the back scattered electrons originating in the Auger main peaks and contributing to a electron tail in this spectra. This can be
taken into account in a Shirley background manner. Thus, we calculated the Shirley background (dashed lines) and subtracted it from
the Auger spectra. The lowest panel shows the corrected Auger spectra used for the analysis shown in the main text.
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Fig. 2 L2,3VV Auger electron spectra of Au (a) and Co (b) in coincidence with different photoelectrons, L3 in blue L2 in green and background region
in red. As a dashed line the Shirley background is shown. The lowest panel shows the background corrected data.

For Co the photon energy was set to hν = 1150eV. The same technique was used for the data acquisition. Fig 1b shows the resulting
coincidence maps for the L2,3VV region measured in coincidence with the L3 and the L2 edge. The lowest panel shows the resulting
photoelectron spectra. The coincidence Auger spectra corresponding to the marked as a solid line photoelectron region are shown in
Fig. 2b Here we directly see that the spectra are very similar.

Thus, subtracting the L3 back scattered spectrum as was done for Co would only lead to the increase of the noise and was not done.
The Shirley background however has to be subtracted (dashed line in Fig. 2b). The resulting L3VV and the L2VV CK coincidence Auger
spectra and the corresponding fit using the valence band (explained in detail in the main text) are shown in the lower panel. As one
can see the fits have only minor differences, which are within the error bars.

In the case of Ni the data was acquired in one measurement using hν = 1250eV excitation energy. The data analysis of Ni is very
complex and was explained in detail and published elsewhere2.
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