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Stellar evolution and the age of the universe can be I
2 constrained using White Dwarf (WD) stars

• Applying WD to astrophysical problems requires accurate stellar masses

• The main mass determination methods have deficiencies
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• Z-machine experiments enable scrutiny of constituent atomic physics in
WD mass determination methods
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Z-machine data have highlighted deficiencies in the atomic data

used for WD mass determination methods.
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3 WDs are the endpoint of stellar evolution
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4 WDs are the endpoint of stellar evolution
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Hydrogen WDs are the most common endpoint of stellar I
5 evolution

Hydrogen atmosphere WD 

inert H
Typical hydrogen WD parameters:

Surface temperature (Teff): 10,000 K (-1 eV)

Surface gravity (log g) : 108 cm/s2(ne —1017 cm-3)

Radius: rearth

Mass:

inert He

-2/3 m.

WDs are earth-sized objects with masses comparable to the sun.
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I Hydrogen WD masses are critical for determining the age6 of the universe
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• Theoretical luminosity functions
depend on WD masses



I Hydrogen WD masses are critical for determining the age
7 I of the universe
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• Theoretical luminosity functions
depend on WD masses

• WDs constrain the age of Galaxy to:
• 11.5 0.7 Gyr



Most hydrogen WD masses are obtained by fitting
8 emission-validated models to stellar absorption spectra
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• Fits of model atmosphere (red) to an
observed hydrogen WD spectrum
(black).

• The line widths are sensitive to
atmospheric ne values, which are
directly related to the stellar log g and
therefore also the stellar mass.



Most hydrogen WD masses are obtained by fitting
9 emission-validated models to stellar absorption spectra
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Emission-validated line-shapes
are crucial ingredients for spectroscopic models



I Masses inferred from different Balmer series members i
10 disagree
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Higher principal quantum number Balmer series members result in lower stellar masses.

Since the line-shape models are verified in emission, does this imply that these

models are inaccurate in absorption?
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I The White Dwarf Photosphere Experiment on the Z-11 machine
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• The White Dwarf Photosphere
Experiment platform is —324 mm
away from the Z-pinch

• We observe the resulting spectrum
using the absorption (red), emission
(blue) and continuum line-of-sight
(green). This experimental setup
allows us to re-create WD
absorption observations.
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I Analysis of the WDPE absorption spectra reveal trends12 similar to those observed in stellar spectra

Schaeuble et al. (2019), ApJ (accepted)
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Line fits to absorption spectra.
These are used to extract ne values.

0 10

Schaeuble et al. (2019), ApJ (accepted)

20 30 40
Experiment time [ns]

50 60

H3 and Hy ne values differ by —40%.



Experimental line-shapes are difficult to extract and their i
accuracy depends on many different parameters

We investigated the following effects:

• Extraction procedure of hydrogen line shapes from experimental data

• Influence of plasma gradients on Hp and Hy line-shapes
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Data extraction and plasma physics effects are most i
likely not responsible for the observed 11 e differences

We investigated the following effects:

• Extraction proccdurc of hydrogcn linc shapcs from cxperimcntal data

• Influcncc of plasma gradicnts on H3 and Hy line-shapcs

The experimentally determined Hp-Hy ne disagreement, if real, could
have significant implications for all of plasma and astrophysics!
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Stellar evolution and the age of the universe can be
1 5 I constrained using White Dwarf (WD) stars

• Applying WD to astrophysical problems requires accurate stellar masses

• The main mass determination methods have deficiencies
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• Z-machine experiments enable scrutiny of constituent atomic physics in
WD mass determination methods
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Z-machine data have highlighted deficiencies in the atomic data

used for WD mass determination methods.
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