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Synopsis In my talk, I will summarize recent experimental work on inner-shell (multiple) photoionization of

atomic ions that has been carried out by employing the photon-ion merged-bemas technique at the PIPE end-

station of beamline P04 of the PETRA III synchrotron light source operated by DESY in Hamburg, Germany.

Photoabsorption cross sections of ions of as-
trophysically elements are relevant for the deriva-
tion of opacities and also serve for inferring
the elemental abundances, e.g., in the interstel-
lar medium from astrophysical x-ray absorption
spectra [1]. In particular, accurate resonance en-
ergies are required for being able to discriminate
between, on the one hand, the various ion charge
states in the gas phase and, on the other hand,
atoms that are bound in the minerals that make
up the interstellar dust.

The experimental method of choice is the
photon-ion merged beam technique [2], which al-
lows one to measure photoionization and pho-
toabsorption cross sections on an absolute scale.
Using this technique, we have performed a num-
ber of benchmark studies on K-shell photoioniza-
tion of C+ [4, 5], C2+ [6], C4+ [7], O− [8], F− [9],
Ne+ [10], Si− [11], Si+, Si2+, Si3+ [12] and on
L-shell ionization of Fe+ [13, Fig. 1], Fe2+ [14],
Fe3+ [15], Ar+ [16].

The author gratefully acknowledges the fruit-
ful collaboration with S Bari, R Beerwerth,
A Borovik, T Buhr, S Fritzsche, A Hamann,
J Hellhund, P-M Hillenbrand, K Holste, P In-
delicato, A L D Kilcoyne�, S Klumpp, E Lin-
droth, M Martins, A Müller, R A Phaneuf †

S Reinwardt, S Ricz †, D W Savin, A Perry-
Sassmannshausen, K Schubert, S O Stock,
F Trinter, J Viefhaus, and P Wilhelm. Further-
more, the author acknowleges DESY (Hamburg,
Germany), a member of the Helmholtz Asso-
ciation HGF, for the provision of experimen-
tal facilities, and thanks K Bagschik, F Scholz,
J Seltmann, and M Hoesch for assistance in us-
ing beamline P04. Funding for this research was
provided by BMBF (grants nos. 05K16RG1 and
05K19RG3) and by DFG (grant no. 389115454).

7 0 0 7 5 0 8 0 0 8 5 0 9 0 0

1 0 - 2 2

1 0 - 2 1

1 0 - 2 0

1 0 - 1 9

1 0 - 1 8

Cr
os

s s
ec

tio
n (

cm
2 )

P h o t o n  e n e r g y  ( e V )

 m = 4
 m = 5
 m = 6

 m = 1
 m = 2
 m = 3

Figure 1. Experimental cross sections for m-fold

photoionization of Fe+ ions [13] measured at the

photon-ion end-station PIPE at the PETRA III

synchrotron light source. Note the large dynamic

range of the PIPE setup.

References

[1] Schippers S and Müller A 2020 Atoms 8 45
[2] Schippers S et al 2016 Comtemp. Phys. 849 5
[3] Perry-Sassmannshausen A et al 2020 Phys. Rev.

Lett. 124 083203
[4] Müller A et al 2015 Phys. Rev. Lett. 114 013002
[5] Müller A et al 2018 Phys. Rev. A 97 013409
[6] Müller A et al 2023 Phys. Rev. A 107 032806
[7] Müller A et al 2018 Phys. Rev. A 98 033416
[8] Schippers S et al 2022 Phys. Rev. A 106 013114
[9] Müller A et al 2018 Phys. Rev. Lett. 120 133202
[10] Müller A et al 2017 Astrophys. J 836 166
[11] Perry-Sassmannshausen A et al 2021 Phys. Rev.

A 104 053107
[12] Schippers S et al 2022 Astrophys. J. 931 100
[13] Schippers S et al 2017 Astrophys. J. 849 5
[14] Beerwerth R et al 2019 Astrophys. J. 887 189
[15] Schippers S et al 2021 Astrophys. J. 908 52
[16] Müller A et al 2018 Phys. Rev. A 104 033105

*E-mail: stefan.schippers@physik.uni-giessen.de
�deceased

https://doi.org/10.3390/atoms8030045
https://doi.org/10.1080/00107514.2015.1109771
https://doi.org/10.1103/PhysRevLett.124.083203
https://doi.org/10.1103/PhysRevLett.114.013002
https://doi.org/10.1103/PhysRevA.97.013409
https://doi.org/10.1103/PhysRevA.107.032806
https://doi.org/10.1103/PhysRevA.98.033416
https://doi.org10.1103/PhysRevA.106.013114
https://doi.org/10.1103/PhysRevLett.120.133202
https://doi.org/10.3847/1538-4357/836/2/166
https://doi.org/10.1103/PhysRevA.104.053107
https://doi.org/10.3847/1538-4357/ac6874
https://doi.org/10.3847/1538-4357/aa8fcc
https://doi.org/10.3847/1538-4357/ab5118
https://doi.org/10.3847/1538-4357/abcc64
https://doi.org/10.1103/PhysRevA.104.033105
mailto:stefan.schippers@physik.uni-giessen.de

