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Abstract. We present a preliminary report from the laboratory astrophysics experiments to create
macroscopic (~ 19 cm?) hydrogen-plasmas with white dwarf (WD) photospheric conditions (i.e.,
temperature, electron density). These experiments, performed at the Z Pulsed Power Facility at
Sandia National Laboratories, will serve as benchmarks for fundamental atomic line profile mea-
surements in emission and absorption; they are targeted to address the discrepancy between theory
and observation of WD photospheres — cooler photospheres in particular.
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PACS: 97.20.Rp, 52.72.+v, 52.50.-b

1. MOTIVATION

The most important tool for determining physical properties of white dwarfs (WDs)
and assembling them in large numbers is the spectroscopic fitting of absorption lines
from observed spectra with those of synthetic spectra from atmosphere models. This
technique [e.g., 1] yields surface gravities, effective temperatures, atmospheric compo-
sitions, magnetic field strengths and other quantities that provide constraints for astero-
seismological studies [e.g., 2] and form the basis for higher level investigations, such as
those used for initial-final mass relation studies [e.g., 3] and cosmochronology [4].

Put another way, the conclusions of numerous investigations depend upon the accu-
racy of spectroscopic fitting. It is well known in the field, however, that the spectroscopic
technique is highly problematic for cool (7og < 12,000K) DA WDs [5, 6], for which it
gives systematically higher mass determinations. Photometric [7, 8] and gravitational
redshift [9] studies show this mass increase to be unphysical.

DBs suffer from a similar apparent mass increase at Tor < 16,000K [7] as well
as a highly uncertain location of the DBV instability strip [10, 11]. For the study of
hot DQs [e.g., 12], spectroscopy is utterly uncalibrated and cannot provide reliable
determinations of atmospheric conditions. The same is true for cool DQs, whose C;
Swan bands are not adequately reproduced by models [13].

Meanwhile, outside the WD community and even outside a large portion of the astro-
physical community, Sandia National Laboratories has developed the Z Pulsed Power
Facility [14] — a machine capable of performing high energy density science experi-
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ments at plasma conditions relevant to all the aforementioned astrophysical problems.

We are currently running experiments at the Z facility to create WD photospheres
in the laboratory. By observing these plasmas spectroscopically and using independent
diagnostics to ascertain the plasma conditions (i.e., temperature, electron density), we
aim to provide measurements of line profiles that will (1) serve as benchmarks for
fundamental atomic physics, and (2) be used to calibrate WD atmosphere models and
hence the spectroscopic technique for WD astronomy.

2. EXPERIMENTAL PLATFORM

Our experiment uses the X-ray beam line from the opacity experiments of Bailey et al.
[15] to uniformly heat a macroscopic (~ 19 cm?) cell filled with H, gas. Bailey et al.
[15] reach electron temperatures above 150eV and electron densities near 10%2¢m—3
in iron-plasmas with the goal of testing the physics of opacity models used for solar
interior radiation transport (see also Bailey et al. [16]). The photospheres of DAs do not
require such extreme conditions. By placing our gas cell ~ 35 cm away from the central
experiment, the X-ray flux radially diffuses to a density suitable for our purposes (see
Sanford [17] for a description of the radiation environment). It should be noted that ours
is not the only astrophysics experiment making use of an X-ray beam line. Hall et al.
[18] are investigating the atomic-kinetic and radiative characteristics of photoionized
plasmas relevant to such environments as active galactic nuclei and X-ray binaries. All
these experiments — Bailey et al. [15], Hall et al. [ 18] and ours — are utilizing the unique
capabilities of the Z facility and are being performed simultaneously!

The gas cell is 6¢cm long and 2cm in diameter. A 1.5 um Mylar window that is
stretched across the length of the cell faces the X-ray source. After transmitting through
the Mylar, the incident X-ray photons are in the ~ 100 — 1000 eV range. This volume of
Hj gas is transparent to these X-rays at room temperature, so the inner walls of the cell
are lined with gold, which is relatively efficient at absorbing photons of this energy. The
gold re-emits lower energy photons, which heat the H, gas to ~ 1 eV, dissociating and
partially ionizing it.

We use a streaked spectrometer system to measure the emission from the hydrogen-
plasma along the line of sight that runs the length of the cell (Figure 1). A fused silica
step index multimode fiber with a core diameter of 200 um collects and delivers light
from the gas cell to a 1 m focal length Czerny-Turner spectrometer (S.I. McPherson,
Inc.) housed in a room isolated from the Z machine. The spectrometer uses a 300 1/mm
grating which gives ~few A spectral resolution. A streak camera with micro-channel
plate intensifier placed at the exit of the spectrometer outputs to Kodak TMAX 400 film.

3. PLASMA CONDITIONS

The ultimate goal of our experiments is to measure line shapes observed in the spectra
of plasmas with independently determined conditions. In the preliminary stages of our
project, however, we use the spectra to estimate the plasma conditions for the purpose
of confirming proof-of-concept for the experimental setup.
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FIGURE 1. Streaked spectrum of H-plasma showing the HB and Hy emission lines. Notice the plasma
reaches equilibrium quickly (~ 50 ns) and remains stable for ~ 200 ns.

The gas fill pressure inside the cell is ~ 15.0 Torr (total atom density of ~ 10'8 cm™3).
By comparing the observed Hf line shape (not shown) to that of Wiese et al. [19], we
estimate an electron density of ~ 8 x 10'® cm™3, which implies an ionization fraction of
~ 0.08. Assuming LTE, the temperature can be calculated from the Saha equation [e.g.,
20] which yields ~ 1 eV (or ~ 12,000K).

4. OUTLOOK

We continue to make improvements to the gas cell and experimental design. Modifi-
cations have already resulted in significant decreases (or elimination) of scattered light
within the gas cell as well as an increased lifetime of the plasma in its stable phase.

We are currently working to implement absolute intensity calibrations and indepen-
dent diagnostics for the plasma conditions.
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