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ABSTRACT

A guide to the laboratory astrophysics papers published by the NIST-SAO
EBIT team is presented.

1. Introduction

The Electron Beam Ion Trap (EBIT) at the National Institute of Standards and Tech-
nology (NIST) began operating in 1993 and has served a variety of research communities,
including those associated with fusion diagnostics, extreme ultraviolet lithography, labo-
ratory astrophysics, and fundamental science (tests of quantum electrodynamics, etc.). A
complete list of the associated publications, currently totaling 88, can be found online by
searching the Web for the phrase “NIST EBIT bibliography”. Below, we provide a guide to
the subset of these papers that are relevant to laboratory astrophysics.

2. X-ray microcalorimetry.

In 1999, just before the launch of the Chandra and XMM-Newton space telescopes, the
NIST EBIT team and the Smithsonian Astrophysical Observatory (SAO) microcalorimeter
team began a collaborative laboratory astrophysics research effort which led to the following
publications.

N, O, Ar, and Ne. Our first paper from this collaboration, Silver et al. (2000a),
presented spectra from N VI, N VII, O VII, and O VIII in the 0.4 keV to 0.8 keV photon
energy range, and Ar XV, Ar XVI, Ar XVII, and Ar XVIII in the 0.25 keV to 3.8 keV photon
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energy range. Our second paper, Silver et al. (2000b), added new data for Ne VII, Ne VIII,
Ne IX, and Ne X in the 0.8 keV to 1.2 keV photon energy range, and provided fits and line
ratios for density diagnostics for both these and our previous data. A later paper, Matranga
et al. (2003), presented Ne spectra at 3.56 keV electron beam energy and 0.890 keV to 1.25
keV photon energies, and analyzed this and similar data recorded for a variety of electron
beam currents. Line ratios were interpreted in terms of electron density using the HULLAC
suite of codes to model the plasma. Tan et al (2005) presents some similar Ar, N, and Ne
spectra, sometimes extending to higher photon energies or plotted in higher resolution.

Kr. Kink et al., (2001a) presented a detailed analysis of highly charged Kr ions in the
1.5 keV to 2.4 keV photon energy range. Several pages of tables cataloged and interpreted
the spectral lines measured from B-like, C-like, N-like, O-like, F-like, Ne-like, Na-like, Mg-
like, and Al-like Kr. Collisional-radiative modeling based on the HULLAC suite of codes
was detailed. Predicted density dependences of line ratios were graphed, and charge state
distributions were tabulated and compared to fits to the experimental data.

Fe and Ni. Our initial results on the Fe XVII lines in the 0.70 keV to 0.85 keV photon
energy range, Laming et al. (2000), are followed by recent results, Gillaspy et al. (2010),
which establish consistency between laboratory experiments from two independent groups
and theory. With the possible exception of the line at 0.80 keV, which is much weaker
than the others, we believe that the Fe XVII lines in this spectral range are now ready for
trustworthy application in astrophysical diagnostics. Spectra from higher charge states of Fe
(up to XXV) were reported in Takacs et al. (2003), and compared to simulated astrophysical
spectra. Higher up the isoelectronic sequence of Ne-like ions, our measurements on Ni XIX,
Chen et al., (2006), showed good consistency with measurements from the Livermore EBIT
group and with our ab initio large-scale relativistic close-coupling calculations.

Xe and W. As a spin-off from our laboratory astrophysics work, the microcalorimeter
was also used to obtain spectra of several high-Z elements, including Ni-like Xe, and neigh-
boring charge states, at 1.48 keV and 1.75 keV nominal beam energies, Kink et al. (2001b);
this paper also shows an Fe spectrum recorded at 2 keV electron beam energy, not shown
in earlier papers, as well as spectra of Ar and Kr in slightly more detail and/or expanded
spectral ranges than shown in earlier papers. The microcalorimeter was also used to bench-
mark collisional-radiative simulations of the x-ray spectra of highly charged tungsten for
applications to fusion energy diagnostics, Ralchenko et al. (2006).
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3. Photoionization.

We have taken a portable EBIT to the Advanced Photon Source at the Argonne National
Laboratory and directed an intense beam of 18 keV photons through a cloud of trapped
Ne-like Kr ions (Kr264), while looking for K-shell x-rays from electrons falling into the
photoionized core, Silver et al. (2010). We expect to improve the signal-to-noise ratio in
the future by increasing both the ion and photon densities. Earlier related work was done
independently by others using lower energy photons (< 1 keV) and extracted ions (see the
paper by P. Beiersdorfer in this volume for references). One of us (JDG) also collaborated
on absolute cross section measurements using an ECR ion source at the Advanced Photon
Source at Berkeley with photon energies around 0.1 keV, Aguilar, et al. (2006).

4. Cometary x-rays (charge exchange).

Beams of highly charged ions were extracted from EBIT and impinged on various gas
targets to charge exchange while we recorded the emitted x-ray spectrum. We studied the
dependence of the spectra on a variety of factors, such as (1) target gas species having
ionization energies that range from 12 eV to 21 eV, using Kr27+ projectiles, Takacs et al.
(2007), (2) ion nuclear charge (Z=36, 18, and 10), using fully stripped Kr, Ar, and Ne,
Tawara et al. (2006), and (3) a variety of ion charges (q=27 to q=36) for fixed nuclear
charge (Z2=36), Tawara et al. (2003). Gillaspy et al., (2004) also contains some modeling
results not presented elsewhere.

5. Jon-surface interactions.

Recently, researchers in lunar and planetary physics have called for more data on the in-
teraction of highly charged ions with surfaces to facilitate understanding lunar and planetary
exospheres (see Killen et al. (2010) and references therein). An ion-surface program was ini-
tiated at the NIST EBIT facility in 1994, and has focused on quantifying surface response to
highly charged ions using x-ray spectroscopy, Silver et al. (2001), atomic probe microscopy,
and electrical measurements (see NIST EBIT online bibliography for more references).

We thank our coauthors on the papers cited above, and NASA (currently supporting
us under grant NNX08AK33G).
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