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Photoionization Studies of Singly and Multiply Charged Ions Using Synchrotron Radiation for
Atomic Physics and Astrophysics Research
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LHarima Institute, RIKEN (The Institute of Physical and Chemical Research)
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Abstract
We review photoionization studies of singly and multiply charged atomic ions from the viewpoints of not only atomic
physics but also astrophysics since photoionization of atomic ions happens commonly in space plasmas. Recent results ob-
tained using a merged-beam apparatus at the SPring-8 are shown as examples of laboratory experiments. Examples of ob-
servations of the space plasma by the ASCA and Chandra x-ray satellites are also presented. The importance of ex-
perimental data of highly charged ions obtained in a laboratory for the understanding of space plasma is emphasized.
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Figure 1. Why merged beam? Comparison between crossed beam
and merged beam methods.
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Figure 2. The X-ray Image of Cygnus Loop obtained by ASCA/
GIS. The angular diameter of the Cygnus Loop is roughly 3 deg.
The color means the X-ray intensity in the energy range 0.7-5.0
keVse),
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Figure 3. The X-ray energy spectra of Cyg X-3. The upper panel

shows two spectral data obtained by the CCD camera onboard
ASCA. Two spectra corresponds to the data obtained by two CCD
cameras, respectively. The model histograms constructed by a con-
tinuum and Gaussian lines are also plotted. The identifications of the
lines are indicated. The lower panel shows the residuals normalized

by the errors?.
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Figure 4. High quality energy spectra of Cyg X-3 obtained by

Chandra. Upper panel shows the data obtained by HEG (High
energy grating spectrometer) and the lower panel shows that ob-
tained by MEG (Medium energy grating spectrometer). Three dot-
ted lines correspond to the wavelength of the absorption edges of H-
like Si, S, and He-like Si. The recombination edges are clearly ob-
served as well as many emission lines’®.
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Schematic diagram of the photon-ion merged-beam apparatus3+3% . The apparatus mainly consists of an ECR

ion source, a selector magnet, an interaction region and an electrostatic analyzer. This was installed on the SPring-8 un-

dulator beamline BL23SUS61:62),
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Figure 7. Calculated oscillator strength and convoluted spectrum

with the system resolution. Statistical weights are multiplied for the
calculated oscillator strength36-38),
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Figure 8. (a) Relative photoion yield from O* to O%*. (b) Calcu-

lated oscillator strength and convoluted spectrum with the system
resolution3?.
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