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Effects of Crystallization on Oscillation Modes of White

Dwarfs

ZHAO Chenghui'-?, LI Hongbo?, SHAO Lijing>?

(1. Department of Astronomy, School of Physics, Peking University, Beijing 100871, China; 2. Kavli Institute for Astronomy and Astrophysics,
Peking University, Beijing 100871, China; 3. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China)

Abstract: Oscillation modes of white dwarfs are significantly influenced by their physical states and
internal structures. By analyzing oscillation spectra, we can probe the physical properties of white
dwarfs, thereby providing insights into stellar evolution, Galactic disk age estimation, and Type la
supernova progenitors. As white dwarfs gradually cool, first-order phase transitions occur in their
ionic interiors, leading to crystallization. This crystallization process not only modulates the cooling
evolution but also alters oscillation modes and associated observational signatures. In this work we
begin with an overview of the scientific significance of white dwarfs in physics and astronomy, fol-
lowed by an introduction to the research background of white dwarf asteroseismology. Furthermore,
we analyze the mass-radius relations based on diverse equations of state for white dwarfs. Finally, a
detailed investigation is conducted on their spheroidal and torsional oscillation modes. The results

demonstrate that crystallization induces novel spheroidal oscillation modes—specifically, interface
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modes (i modes) and shear modes (s modes)—while elevating the frequencies of fundamental modes
(f modes). For torsional oscillations, crystallization establishes a pronounced correlation between os-
cillation frequencies and the core radius and mass of white dwarfs. Additionally, the study reveals the
relationship between oscillation eigenfunctions and core radius, strengthening the physical interpre-
tation of white dwarf oscillations. These results deepen our comprehension of the interplay between
crystallized cores and oscillation dynamics in white dwarfs.

Key words: white dwarf; crystallization; equation of state; asteroseismology; oscillation mode
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