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Overview
• What do white dwarf spectra tell us?
• Mass, Temperature, Atmospheric Composition

• How do white dwarfs help answer broader astrophysical questions?
• Ages of stellar populations, exoplanets, cosmology

• Why do we think there are problems with spectroscopic mass determinations?
• Independent mass estimates disagree

• What developments are underway with the white dwarf photosphere 
experiment?
• Achieving higher densities in hydrogen
• Developing independent electron density diagnostic (PDV)
• Measuring Stark broadening of He I 5015 & 5876 lines
• Theory update: screening, continuum lowering/occupation probability, H2

quasi-molecular features



The Importance of White Dwarf Spectra

resolution over a wavelength range of 3900–68008. The spectra
were reduced with standard IRAF packages and fluxed using the
spectrophotometric standard stars G191-B2B and Feige 66. Ex-
posure times ranged between 20 and 45 minutes per star.

In addition to our five targets, we observed the well-studied,
hot, pulsating DBV star GD 358 with the intent of testing our
modeling. We find, however, that this star is sufficiently close

to the peak strengths of the He i lines (near 25,000 K) that its tem-
perature fits are unstable in a manner that is not expected to extend
to higher temperatures. When we fit GD 358 with autofit over the
full spectral range, we obtain a temperature of 27,700 K, but when
we restrict to blueward of 5400 8 (where most but not all of the
strong lines are), the derived temperature is 23,900 K. Making a
similar restriction on our primary stars typically changes our fits by

Fig. 1.—Spectra from theMMToverlaid with the best-fit model. The model has been refluxed with six polynomials to match the observed spectrum. The spikes are a
few surviving cosmic rays. [See the electronic edition of the Journal for a color version of this figure.]
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Z Measurements focused on 3 main types
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Semi-Empirical IFMR (3-Piece Fit)
Choi+ (2016) Theoretical IFMR

Initial-Final Mass Relation allows us to infer 
progenitor mass from white dwarf mass
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Host Mass of Confirmed Exoplanets  (NASA Exoplanet Archive)

“There is plenty of room at the top.”

Planetary detection on the main sequence is particularly 
hard at high mass.



Host Mass of Confirmed Exoplanets  (NASA Exoplanet Archive)

“There is plenty of room at the top.”

White Dwarfs allow us to probe this regime much more easily.



Host Mass of Confirmed Exoplanets  (NASA Exoplanet Archive)

“There is plenty of room at the top.”

The Initial Final Mass relation lets us translate knowledge 
of white dwarf planetary systems to previous stages of 
stellar evolution.



Host Mass of Confirmed Exoplanets  (NASA Exoplanet Archive)

Semi-Empirical IFMR (3-Piece Fit)
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The Initial Final Mass relation lets us translate knowledge 
of white dwarf planetary systems to previous stages of 
stellar evolution.



White Dwarfs Reveal 
Planetary Interiors

Farihi2016

They Crush Exoplanetary 
Rocky Debris & Accrete It

Spectra Give Abundances

Accurate log g Necessary to 
Infer Composition

For more on planetary material in white dwarf 
atmospheres, see the breakout session talk by 

Simon Blouin this afternoon.



Evidence of Inaccurate Mass 
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Determinations
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Why are some of these brighter than others?

fEarth ∝ Fstar 𝗑 (Radius/Dist)2



If we measure all of these, we can determine radius

fEarth ∝ Fstar 𝗑 (Radius/Dist)2

Temperature



fE ∝ F* (Teff) 𝗑 (R/D)2

Mass & Teff from Broadband Photometry + Gaia Distances
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Fits to white dwarf spectral lines look pretty 
good, but…

High S/N spectroscopy of 129 DAs in and 
around the DAV pulsational instability strip 
(Fuchs et al. in prep)



Individual Balmer lines give different results
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324 mm from pinch
Falcon et al. ApJ (2015)

Across a range of ne during each experiment.

The White Dwarf Photosphere Experiment
Measures



Hydrogen data at higher densities can more easily test 
theories of line shapes and occupation probability

Falcon et al. 2017

Previous data at higher densities 
showed larger disagreement 
among theories.



Hydrogen data at higher densities can more easily test 
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showed larger disagreement 
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Differences in “pseudo-continuum” opacity should 
be more pronounced at higher ne



Previous attempts at higher ne had to move closer to 
the back wall

Previous data at higher densities 
showed larger disagreement 
among theories.

Higher fill pressure did not result 
in higher ne at the 10 mm LOS.



Polyimide window

10 mm

5 mm

Previous data at higher densities 
showed larger disagreement 
among theories.

Higher fill pressure did not result 
in higher ne at the 10 mm LOS.

Data had to be taken at the 5 mm 
line of  sight, where gradients 
across the beam are larger.

Previous attempts at higher ne had to move closer to 
the back wall



Achieved higher ne in H at 10 mm line of sight
Increased pressure (from 10 Torr to 25 Torr) and

Decreased window thickness (from 1.4 μm to 0.7 μm)

HβHγ Hγ Hβ



Fits to Hβ suggest ne > 1018 cm-3

Hitting upper bounds of our current model grid.
Cf. our typical ne ~ 5 x 1016 – 3 x 1017.

20
0 

ns

Hγ Hβ



An independent ne diagnostic is important

• We don’t want to have to rely on theoretical Hβ lineshapes
• This is especially important at higher densities
• We don’t always have Hβ
• Carbon and C/O experiments
• Pure He experiments
• Wavelength range



Photonic Doppler Velocimetry (PDV) provides 
an independent measure of ne

Replaced baffle with 
rigid shelf to mount 
reflective tape.

PDV is sensitive to changes in the index of refraction.
The index of refraction changes as ne changes.

PDV PDV SVS

SVS

SVS



Acquired first PDV results last week (z3721)
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Thank you:
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Tom Avila
Kyle Swanson
Georges Jaar

Dan Dolan



Helium Results



Helium atmosphere (DB) white dwarfs also show 
problems with spectroscopic mass



Measuring Helium lines with the WDPE on Z



Measuring Helium lines with the WDPE on Z



Fits to He I 5015 give ne in agreement with Hβ



Fits to He I 5875 give ne in agreement with Hβ



Theoretical 
Developments



Screening matters



Screening matters



Frontiers in Astronomy & Space Science, 17 February 2022

A non-interacting simulation can be parameterized 
to mimic a fully interacting simulation



Occupation probability prescription matters



H2 quasi-molecular features

See poster by Jackson White!



Platform Development
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Pinch light successfully fielded as backlight for absorption spectrum
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Pinch light successfully fielded as backlight for absorption spectrum
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Extra Slides



Converting surface gravity to 
mass via mass-radius relationship

g ∝ M/R2

log g
Teff

Mass

M-R
Relation

Provencal et al. 2002
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Mass & Teff from Broadband Photometry + Gaia Distances

fE ∝ (R/D)2 𝗑 F* (logg, Teff)
Constrained by shape
of  the broadband 
photometry.



fE ∝ (R/D)2 𝗑 F* (logg, Teff)
Constrained by 
absolute flux level

Depends on 
angular size of  the 
star on the sky

Mass & Teff from Broadband Photometry + Gaia Distances



fE ∝ (R/D)2 𝗑 F* (logg, Teff)

Dist. determined 
from parallax 

Mass & Teff from Broadband Photometry + Gaia Distances



Analysis of the WDPE absorption spectra reveal 
trends similar to those observed in stellar spectra

73
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Line fits to absorption spectra.
These are used to extract ne values.

Hβ and Hɣ ne values differ by ~30%.



Analysis of the WDPE absorption spectra reveal 
trends similar to those observed in stellar spectra

74Schaeuble et al. (2019)

Hβ and Hɣ ne values differ by 
~30%.

This difference is consistent across 
multiple shots.



Hydrogen data at higher densities can more easily test 
theories of line shapes and occupation probability

Previous data at higher densities 
showed larger disagreement 
among theories.

Data had to be taken at the 5 mm 
line of  sight, where gradients 
across the beam are larger.

Continuum data not collected 
simultaneously, which limits the 
ability to test theories of  
occupation probability.



Achieved higher ne in H at 10 mm line of sight
• Fill pressure = 18 Torr.
• More contamination visible.
• Cell sensor indicated increase in pressure after lockup; gas cabinet 

sensor did not show increase.



Achieved higher ne in H at 10 mm line of sight
• Fill pressure = 35 Torr



He I 5015 line widths compared to theory



He I 5875 line widths compared to theory



Effect of neutral density



Effect of neutral density
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Pinch light successfully fielded as backlight for absorption spectrum
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Hydrogen absorption measured with backlight 
from z pinch
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Pinch as backlight enables several possibilities

• It should increase signal-to-noise and remove self-emission uncertainty
• Allows absorption measurement at late time when our standard 

backlighting wedge has cooled off
• Allows the possibility of high S/N absorption measurements along other 

lines of sight (e.g., downward lines of sight with short plasma lengths)
• With more shielding or distance, we should be able to capture peak 

brightness for a significant gain in S/N.
• Capturing the peak would also allow for a brief backlighting pulse, which 

could allow absorption and emission on the same system and LOS.



Naïve application shows attenuated spectrum 
brighter than backlight spectrum



Spectral lines from lens are removed ~ well in 
resulting transmission spectrum



Spectra can be scaled based on early-time data


