#GAEP 0131 0206

REPRFE BL

AN




Dust supply to close binary systems

Francesco Marzari' @ and Gennaro D’ Angelo?

ABSTRACT

Context. Binary systems can be born surrounded by circumbinary discs. The gaseous discs surrounding either of the two stellar
companions can have their life extended by the supply of mass arriving from the circumbinary disc.

Aims. The objective of this study is to investigate the gravitational interactions exerted by a compact and eccentric binary system on
the circumbinary and circumprimary discs, and the resulting transport of gas and solids between the disc components.

Methods. We assume that the gas in the system behaves as a fluid and model its evolution by means of high-resolution hydrodynamical
simulations. Dust grains are modeled as Lagrangian particles that interact with the gas and the stars.

Results. Models indicate that significant fluxes of gas and dust proceed from the circumbinary disc toward the circumprimary disc.
For the applied system parameters, grains of certain sizes are segregated outside the tidal gap generated by the stars. Consequently,
the size distribution of the transported dust is not continuous but it presents a gap in the ~mm size range. In close binaries, the lifetime
of an isolated circumprimary disc is found to be short, ~ 10° years, because of its small mass. However, because of the influx of gas
from beyond the tidal gap, the disc around the primary star can survive much longer, ~ 10° years, as long as gas accretion from the
circumbinary disc continues. The supply of solids and the extended lifetime of a circumbinary disc also aids in the possible formation
of giant planets. Compared to close binary systems without a circumbinary disc, we expect a higher frequency of single- or multiple-
planet systems. Additionally, a planetesimal or debris belt can form in proximity of the truncation radius of the circumprimary disc

and/or around the location of the exterior edge of the tidal gap.
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Environmental effects on nearby debris discs

A. M. Heras!, C. Eiroa?, C. del Burg03*4, J. P Marshallﬁ, and B. Montesinos®

Aims. We investigate the influence of the interstellar medium (ISM) on debris discs using a statistical approach. We probe the effect
of the ISM on debris disc occurrence rates and on the morphologies of the discs.

Methods. We used results from the Herschel Space Observatory DUNES and DEBRIS surveys of 295 nearby FGK dwart stars imaged
at 100 gm and 160 ym. Most of the 48 debris discs in this sample have small optical depths, making them more likely to be affected by
the ISM compared to optically thick discs. Since the stars in our sample are located within the Local Interstellar Cloud, we can infer
that their debris discs encounter similar conditions. This allows us to use the stellar space velocity, in particular the U component, as
a single indicator of the forces that can act on the debris disc dust grains when they interact with the ISM. Because older stars show a
larger dispersion of space velocity values, we investigated the impact of the debris disc ages on our results.

Results. The observed debris disc occurrence rates seem to depend on the stellar space velocities, as expected under the hypothesis
that stars with higher space velocities have a higher probability of losing their circumstellar dust. The percentage of sources with debris
discs in our sample reaches a maximum of = 25% for stars with low space velocity component values, |U .|, relative to the local ISM,
and decreases monotonically for larger |U,| values down to the 10% level. A decrease in the average disc fractional luminosity as a
function of |U,| 1s also observed. These dependences do not disappear after accounting for the reported higher dispersion of U values
with age. In extended discs, the impact of the ISM could also explain the links observed between the stellar space velocities and the
debris disc’s projected ellipticities, position angles, and radii. The fractional luminosities of the debris discs appear to be correlated
with their position angles, suggesting that the effect of the ISM on the dust content depends on the disc orientation. Although these
indications may not be fully conclusive on their own, they collectively reinforce the hypothesis that the ISM influences the occurrence
rates and morphologies of debris discs, thereby motivating additional research on the impact of the environment.
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Polydisperse Formation of Planetesimals

The dust size distribution in clumps

1 1

Jip Matthijsse®!, Hossam Aly®!, and Sijme-Jan Paardekooper
Aims. To form km-sized planetesimals, the streaming instability is an efficient method for overcoming the barriers to planet formation
in protoplanetary discs. The streaming instability has been extensively modelled by hydrodynamic simulations of gas and a single
dust size. However, more recent studies considering a more realistic case of a particle size distribution show that this will significantly
decrease the growth rate of the instability. We follow up on these studies by evaluating the polydisperse streaming instability in the
nonlinear regime to see if clumping can occur in the same manner as the monodisperse streaming instability and determine the size
distribution in the densest dust structures.

Methods. We employ 2D hydrodynamic simulations in an unstratified shearing box with multiple dust species representing an un-
derlying continuous dust size spectrum using FARGO3D. We use the Gauss-Legendre quadrature in dust size space to calculate the
drag force on the gas due to a continuous dust size distribution. These simulations are compared to previous analytical results of the
polydisperse streaming instability in the linear phase. We then look at the saturated non-linear phase of the instability at the highest
density regions and investigate the dust size distribution in the densest dust structures.

Results. When sampling the size distribution, the error in the growth rate converges significantly faster with the number of dust sizes
using the Gauss-Legendre quadrature method than the usual uniform sampling method. In the non-linear regime, the maximum dust
density reached in the polydisperse case is reduced compared to the monodisperse case. Larger dust particles are most abundant in the
densest dust structure because they are less coupled to the gas and, therefore, can clump together more than the smaller dust grains.
Contrary to expectations based solely on dust-gas coupling, our results reveal a distinct peak in the size distribution that arises from
the size-dependent spatial segregation of the highest-density regions, where particles with the largest Stokes numbers are located just
outside the densest areas of the combined dust species.

Conclusions. The 2D, unstratified polydisperse streaming instability is less efficient than its monodisperse counterpart in generating
dense clumps that may collapse into planetesimals, and in the densest regions, the distinct dust size distribution could relate to the
size distribution that ends up in the planetesimal and can mimic the size distribution of dust growth.
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