Properties of hollow molecules containing a double core hole,
probed by single-photon double ionization
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Although hollow atoms were known and observed for a long time, it is only
very recently that experimental observation of hollow molecules (N2) was possible thanks to sequential inner-shell ionization using x-ray free electron laser [1].
We have demonstrated [2] that such double core hole states can also be studied in
detail by single photon double core ionization using synchrotron radiation, even if
the associated double photoionization cross section is extremely weak.
The experiments were performed on BL-16A beamline at Photon Factory (Japan) and on TEMPO beamline at SOLEIL (France) using a magnetic bottle timeof-flight spectrometer.
We studied N2, O2, CO and CO2 molecules. The formation and decay process
is the following:
h + M → M2+ (K-2) + 2 e-Photoelectron
(1a)
→ M3+ (K-1v-2) + e-Auger Hypersatellite (1b)
→ M4+ (v-4) + e- Auger Satellite, (1c)
where v designates a valence shell, and the emitted Auger electrons are called
‘hypersatellite’ or simply satellite, depending on whether the K-shell is filled in
the presence of a second K hole or of valence holes. The hypersatellite Auger
electron line has higher energy than the main Auger line associated with single
K-shell ionization, and is characteristic of double K-shell ionization. By detecting
in coincidence all four electrons released in the process (1), we have been able to
characterized double core-hole states with two K-shell vacancies on the same atom and their satellites. We deduced in this way the binding energy of N22+ (K-2)
states (and their satellites), their respective Auger decay paths and their relative
intensity with respect to N2+ (K-1) states. Single photon double ionization in the Kshell (K-2) represents a small fraction (10-4 to 10-3) of single K-shell ionization for N2,
O2, CO and CO2 molecules. In N2, we could set an upper limit of 1.2% for the 2-site
double K-shell ionization (K-1K-1) on neighbor atoms compared to 1-site (K-2).
These results raise important questions for the theoretical description of the formation,
spectroscopy and decay mechanism of the highly excited species involved. We will also
present at the conference our most recent results on 1-photon double K-shell ionization.
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