Porous dust grains in circumstellar disks
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1. Introduction — 5. Polarization maps

We investigate the impact of porous dust grains on the structure and observable appearance in
circumstellar disks. Our study is motivated by observations and laboratory studies which indicate
that particles in various astrophysical environments are porous. In addition, the modeling of the
spatial structure and grain size distribution of debris disks reveals that under the assumption of
spherical compact grains the resulting minimum grain size is often significantly larger than the
blowout size, which might be a hint for porosity. Since the structure and observable appearance
of the disks depend on the optical properties of the dust grains, we determine the scattering and

absorption parameters of porous particles as a function of porosity, wavelength and grain size
(radiative transfer: MC3D; Wolf et al. 1999, Wolf 2003).

2. Disk and dust grain model
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Figure 5: Wavelength-dependent polarization maps, Left: Polarization pattern rotationally symmetric as usual
for large wavelengths (A > 0.6 um), Right: Polarization vector rotated by 90° for decreasing A

Wavelength, at which the polar. direction is reversed
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e Basic particle shape: Spherical (radius a);

Porosity P = V:/acuum/v:cotal

e Chemical composition:
Astronomical silicate (Draine 2003a,b)

e Polarization reversal may set an obser-
vational test for porous dust grains in

Figure 1: Slice through the midplane circumstellar disks

of particles with porosities P = 0.1 to
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Figure 2: SED of a disk with compact (debris disk)
(P = 0.0) or porous (P = 0.6) dust grains; 4 _ _ T = 7200K
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Figure 3: Significantly different scattered light images of a disk with compact (left) and porous (P = 0.6, disk, where gra)in_s are o_nly heated by di- oy
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Figure 4: Absolute temperature dif-
ferences Tp—go — Tp—o;

Tp_oo > Tp_pg in the optically thin
disk region and in the optically thick,
Innermost regions;

Tp_oo < Tp—_pg only in the region
near the central star and at the opti-
cally thin/ thick transition region;
Impact of different porosities on loca-
tion of this transition region is low
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