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Fig. 9.— (a) Artist’s illustration of binary system GRO J1655-40 taken from the NASA website. The
insert shows an x-ray line absorption spectrum of this binary system recorded by the HETGS instrument on
Chandra [59]. (b) Typical K↵ spectrum from Fe element from the supermassive black hole in galaxy MCG
6-30-15 observed with Suzaku and XMM-Newton [60].

because the ionizing source spectrum, its propagation into the plasma, the photoionization kinetics and
relevant atomic physics, and finally the emergent intensity as x-rays propagate out of the plasma towards the
observer, all have to be included in the model. Ultimately, what we learn from accretion-powered objects is
impeded by the absence of radiation-driven plasma models benchmarked against accurate laboratory data.

Furthermore, the x-ray spectra are collected at great cost by space telescopes such as Chandra, XMM-
Newton, or Suzaku. Without laboratory-based experiments with the ability validate the emission models, the
interpretation of the astrophysical observations mostly relies on untested complex physical models.

The goal of this investigation is to create in the laboratory a photoionized plasma at conditions rel-
evant to the astrophysical accretion-powered objects and probe its radiative properties. We will address
the following fundamental questions: i) Can models predict accurate ionization levels and temperature in
a radiation-dominated plasma? ii) Are radiation transport models able to predict emergent spectra from
accretion-powered objects? and in particular, iii) is the hypothesized Resonant Auger Destruction (RAD)
process the origin of missing lines in black hole accretion disks?

2.4.1 Scientific Motivation

The plasmas we propose to study apply to the objects described above and are said to be photoionized.
On the microphysical scale ionization and heating are dominated by the x-ray photoionization process due
to the relatively low density and the large x-ray fluxes bathing them. Since the recombination process is
proportional to particle number density, x-ray photoionized plasmas are characterized through the ratio of
photons per particle, i.e., the photoionization parameter ⇠ = 4⇡F/ne, where F is the radiation flux and ne is
the plasma number density. Ionization parameters in the range 10–1000 erg cm/s are relevant to x-ray line
formation in accretion-powered sources. For this range of ⇠, typical electron temperatures are 10–100 eV
[61], which is much cooler than a collision-driven plasma at a comparable level of ionization. The plasma
densities in the laboratory ⇠ 1017–1019 particles/cm3 are generally higher by several orders of magnitude
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