
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICPEAC2019

Journal of Physics: Conference Series 1412 (2020) 152024

IOP Publishing

doi:10.1088/1742-6596/1412/15/152024

1

Photoionization of low-charged silicon ions

T Buhr1 ∗, S O Stock2,3, A Perry-Sassmannshausen1, S Reinwardt4, M Martins4,
S Ricz5, A Müller6, S Fritzsche2,3 and S Schippers1

1I. Physikalisches Institut, Justus-Liebig-Universität Gießen, 35392 Giessen, Germany
2Helmholtz-Institut Jena, 07743 Jena, Germany

3Theoretisch-Physikalisches Institut, Friedrich-Schiller-Universität Jena, 07743 Jena, Germany
4Institut für Experimentalphysik, Universität Hamburg, 22761 Hamburg, Germany

5Institute for Nuclear Research, Hungarian Academy of Sciences (MTA Atomki), 4001 Debrecen, Hungary
6Institut für Atom- und Molekülphysik, Justus-Liebig-Universität Gießen, 35392 Giessen, Germany

Synopsis Single and multiple photoionization of Si1+, Si2+, and Si3+ ions have been investigated near the

silicon K-edge using the PIPE setup at beamline P04 of the synchrotron light source PETRA III operated by

DESY in Hamburg, Germany. Pronounced resonance structures are observed for all ions which are associated

with excitation or ionization of a K-shell electron. The experimental cross sections are compared with results

from theoretical calculations.

Since silicon is one of the most abundant
heavy elements in the Universe, the detailed
study of the electronic structure of the silicon
atom and silicon ions in various charge states
is of fundamental astrophysical interest. Single
and multiple photoionization of Siq+ (q = 1, 2, 3)
ions have been experimentally investigated in
the photon energy range 1830 eV to 2100 eV.
The measurements were carried out at the PIPE
setup [1] at beamline P04 of the third generation
synchrotron light source PETRA III at DESY
(Hamburg, Germany) employing the photon-ion
merged-beams technique [2]. This facility en-
ables us to record excitation functions and to
determine absolute photoionization as well as
photoexcitation cross sections. Several reac-
tion channels were investigated. Distinct reso-
nance structures are observed for all ions. The
strongest resonances are associated with the pho-
toexcitation of a 1s electron to an atomic np
subshell (n=3,4,5,...) and the final ionic charge
states are created by subsequent multiple au-
toionization of the associated 1s hole. As an
example, figure 1 shows the measured cross sec-
tions for triple photoionization of Si2+ ions. Res-
onances with principal quantum numbers n rang-
ing from 3 to 5 can be clearly seen. Further-
more the experimental cross sections are com-
pared with theoretical values obtained from mul-
ticonfiguration Dirac-Fock calculations (MCDF).
This theoretical description takes into account
the initial excitation or ionization and the subse-

quent cascade of Auger processes.
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Figure 1. Experimental cross sections for triple

photoionization of Si2+ ions as a function of the

photon energy. Resonances are labelled by the np

subshell to where the 1s electron is excited.
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