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ABSTRACT

A systematic search for multicomponent crystal structures is carried out for five different ternary systems of nuclei
in a polarizable background of electrons, representative of accreted neutron star crusts and some white dwarfs.
Candidate structures are “bred” by a genetic algorithm and optimized at constant pressure under the assumption of
linear response (Thomas—Fermi) charge screening. Subsequent phase equilibria calculations reveal eight distinct
crystal structures in the T = 0 bulk phase diagrams, five of which are complicated multinary structures not
previously preditietthaddtie context of compact obgtatsastrophysics. Frequent instances of geometrically similar but
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small compared to the other macroscopic physical scales in the
problem. Therefore, for example, the rank-four elastic tensor is
averaged and smoothed to produce a scalar shear modulus
relating the strain response to an applied stress (one popular
averaging procedure is described by Ogata & Ichimaru 1990).
The possibility of multiple, complicated lattice structures and
preferential alignment with, e.g., the local magnetic field would
necessitate computing the full elastic tensor. Anisotropies, soft
phonon modes, and elastic instabilities such as the incipient
ones described in Engstrom et al. (2015) could have significant
effects on elasticity-related astrophysical observables such as
magnetar flares (Perna & Pons 2011), related quasi-periodic
oscillations (lIsrael et al. 2005), and possibly some pulsar
glitches (Chamel & Haensel 2008). It could also significantly
affect the future observability of gravitational-wave emission,
in the context of both magnetar flares and continuous waves
(Johnson-McDaniel & Owen 2013). Grain/phase domain
boundaries would lead to preferred stress-failure locations and
on large scales might affect dissipation of modes involving the
crust such as torsion or shear modes



In performing structural optimizations, one converges the
energy by working with a unit cell of volume V. and N — 1
periodic copies thereof. If R is a unit cell translation vector and
p, g index the basis (i.e., the specific arrangement of nuclei
within the unit cell), the total energy per cell is written as
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structure prediction software XtalOpt r8.0 (Lonie &
Zurek 2011) together with GULP optimization.® XtalOpt first
generates a pool of random structures all having the desired
stoichiometry. Each of these zeroth-generation structures is
optimized to its local free energy minimum (as described in the
previous section)






assumed by some ionic compounds under low-pressure
conditions, which may reflect the fact that ionic solids have a
simple close-shell electronic structure (ionic solids also have
strong +/— Coulomb interactions that are missing here). When
a pair of Zs are not too dissimilar, they usually form
the cesium-chloride structure, e.g., OC, NeO, SeFe, SeAs,
and AsFe. When they are more dissimilar, they tend to form
magnesium-diboride structure, e.g., OHe,, FeC,, and SeO..

Magnesium diboride is our first encounter with sub-cubic
symmetry, which could give rise to transport anisotropy, elastic
anisotropy, and other effects such as a magnetic field coupling
to the structure orientation. A quite prevalent but more
complicated orthorhombic structure occurs at chemical com-
positions O4He4, C4He,, Fe,04, FesCy, and Se,04, where these



compositions C4He, and Fe O,; this is the second-highest
density structure in the C-O-Fe system and could potentially
drive oxygen to greater depths than it would otherwise go. The
C-O-Fe system also features two ternary structures FeOC, and
FeO3C,



hydrostatic equilibrium (the usual stellar structure equations) to
update the P; no information about the microscopic energy
scale would carry over. In other words, we could multiply all



species is X



species: 6-O4He,4 and v-OHe, are hosts for settling oxygen, and
0-Ne,C, is a host for settling neon. The phase-settling diagram
for the He-O-C star is fairly nontrivial, with as many as
seven distinct strata near iyi,/N. > 0.25. A minimum in the
stellar radius appears around this point (as it also does in the O—
C-Ne settling calculation), indicating that the lowest-enthalpy
star is not the most compact star. This result hints at the
prospects for new phenomena that are enabled by composi-
tional and structural heterogeneity that takes advantage of
the additional “chemical” degrees of freedom afforded by
multinary phases.

8. FINITE TEMPERATURE

Here we give a brief, qualitative discussion of some effects
that will become important at finite temperatures; a detailed
analysis is a subject for future work. At finite 7, the chemical
potentials 4, (T, B) must be modified to account for phonons,
smearing of the Fermi surface, associated smearing of the
electron capture layers that will give an adjustment in
composition, and if « denotes an alloy or solution phase,
mixing entropy. Since the entropic part of these contributions
does not enter into the enthalpy, it is not possible to self-
consistently include thermal effects in our equilibrium phase-
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