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Motivation Model Dependent Mass Determinations Incorporating New Line Shape Calculations

In White Dwarf Model Atmospheres

The spectroscopic and photometric methods are the two most commonly used mass
determination techniques for White Dwarfs; both rely on model atmospheres. In
spectral fitting, the widths of the lines in the observed spectra are fit to a grid of
modeled spectra. In the photometric method, the observed brightness of the star in a
particular frequency range (bandpass) is compared to that of the modeled spectrum.

EVOLUTION OF STARS

-  White dwarfs are the
evolutionary end points of
98% of all stars.

- They provide essential
clues on a wide spectrum of

We use the Leviathan and Xenomorph line shape codes to generate a
grid of line profiles. We input these profiles into TLUSTY, a stellar
model atmosphere code and generate a grid of model atmospheres
and associated stellar spectra.
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Significant Differences in Mean Mass

e Tt o 5 We notice differences in the wings of the profiles which affect the final
White Dwarf Neutron Star Black Hole i Wy ¥

Coar o oo e S oo Gy S R _ emergent stellar spectrum more than we anticipated. Additionally,
White Dwarf Stars inM4 — HST - WFPC2 There is an unresolved set of discrepancies in mean mass determinations made whereas previous theories performed their calculations in wavelength
using ditferent techniques. | space, we perform ours in frequency which properly introduces an
1. Spectroscopic and GR mean mass measurements differ by almost 117%. asymmetry in the profiles. The differences in the line profiles manifest

2. Photometric mean mass measurements using two different sets of photometric _ y y P ' _ _ p
Problem observations differ by over 5%. In the emergent stellar spectrum, which will modify fundamental

parameter determinations.
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3 White Dwarf Model Construction S e " Necessary modifications are currently being made.

- Poor fits to data using the new models suggest additional pieces of
missing physics in the line shape calculations. We are currently
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3. Radiative transfer equations states

1) solved for each distinct layer of atmosphere

. . . . . . - The accuracy of spectroscopic fits performed using individual lines decreases
ii) requires line profiles for each atomic transition at T and N_ uracy or sp PICTHS P using individual |i

with increasing principle quantum number. Stark effect energy level perturbations

spanned by atmosphere | increase with higher n suggesting Stark broadening may be inaccurately treated. R f rence
L s : - Recently, Stark broadening in line shape calculations has been refined by ererences
1o} 20000750 : including higher order multipole moments in the Coulomb interaction and
[ —— 20000.8.00 g g ] p ] .
e LOp - 20000850 electron exchange which have previously been neglected. The changes in the
80000 F —— |og g: 7.0 7 L . . . . . . . . . . o
— lon 61750 {10 ol line profiles become larger with increasing density in a regime relevant to WDs. Falcon, R. E., Winget, D. E., Montgomery, M. H., Williams, K. A. 2010, ApJ, 712, 585
700001 — 109 6: 800 //// {11 oF Falcon, R. E., Rochau, G. A., Bailey, J. E., Gomez, T. A., Montgomery, M. H., Winget, D. E., and
o000 | —— 199.9:9.00 // 10 i 2‘2‘ Tremblay et al. (2009) Gomez et al. (2017) Nagayama, T. (2015b). Laboratory Measurements of White Dwarf Photospheric Spectral Lines:
2 | - ool SEdama T o o - 0.18 ‘ . , . . H[3. Astrophys. J., 806, 214
B s ) jroe 2 T g T T T a— - 0.16 . Genest-Beaulieu, C. Bergeron, P. 2019, ApJ, 871, 169
2 o000 e DeneS 110t 8 s Bamerlinesip-e _ = = i Gomez, T. A., Nagayama, T., Kilcrease, D. P., Montgomery, M. H., Winget, D.E. 2016, PhRVA,
E i emperatures < 6; —— 20000.7.00 1 (] T B A TS IS e 3 S 94(2)022501
o o st 20000800 ] E < Gomez T A., Nagayama, T., Kilcrease, D. P., Montgomery, M. H., Winget, D.E. 2018, PhRVA
[ : [ + el ! “ 00f g §o.1 , . AL . , U. I, , VL. M., , U.E. , ,
20000;— =élo13 4 o igggg:gf’,g-; = ::: @ g ~I~“' 008 | S ] 98(1 )01 2505
Looool = 100 3t == z = 0.06 -,,7" p4Dio T Tremblay, P. E., Cukanovaite E. ,Gentile Fusillo, N. P., Cunningham, T. & Hollands, M. A. 2019, MNRAS,
T T T T T R T R e T | 004 g Dl Gt — 482, 5222
column density fofem] E o 002? i ch ot 2000+ - Vidal, C. R., Cooper, J., & Smith, E. W. 1970, Journal of Quantitative Spectroscopy and Radiative
1 - WD 0205+250 3 Halenka 1988
| | S PP s il o e Transfer, 10, 1011
2000 4200 4400 4600 4800 5000 : T B) ’ ! ¢ § " "

Sandia The University of Texas at Austin
National / Department of Astronomy

Laboratories College of Natural Sciences

Sandia National Laboratoriesis a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, awholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.



