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Introduction

Debris disks are the dusty circumstellar disks that
have been observed orbiting several nearby stars.
These dust disks are transient and must also be re-

Diagnosing Circumstellar Debris Disks

IS the orbital period at the planetesimal disk’s outer
edge r,,;. This coupled system of equations is easily
solved for the streamline populations N;(¢), which in
turn provides the debris disk’s optical depth t(r) ver-
sus distance r from the star; see Figs. 2-3.

Isotropic (g = 0) or moderately asymmetric (g = 0.35),
the surface brightness B(x) interior to the planetesimal
disk’s outer radius r,, Is flat at x < r,,,. However, the
surface brightness of many edge-on debris disks in-
stead show a knee-bend at x ~ r,,; (see Figs. 1 and
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at optical wavelengths. Figure 8 compares models to
observations, which shows that the  Pic dust must
be very asymmetric light scatters, with g ~ 0.67. The
model also indicates that the planetesimal disk that is
the source of this dust is rather broad, with the disk’s
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sionless size parameter B = 3L, /16tGM,pRc, which is
the ratio of radiation pressure to stellar gravity. Al
symbols have their usual meaning, so grains with
smaller radii R have larger 3. A dust grain is produced
by a collision among planetesimals, and a small grain
created this way is immediately injected into a wide
eccentric orbit due to radiation pressure. The grain’s
semimajor axis a and eccentricity e are simple func-
tions of the size parameter B (Burns et al 1979):

1P B
a(B) = I—ZBr e(P) —q (1)
where r 1S the collision’s distance from the central star.
Also note that a dust grain’s longitude of periapse @ is

the longitude where the grain formed.

and

Dust collisions

Collisions among dust grains also depletes the debris
disk. To account for collisions in a simple and fast al-
gorithm, we quantize the problem, and assume that
the planetesimal disk is the source of numerous dis-
creet dusty streamlines (or orbits) in the disk, each
characterized by a grain size 3 and orbits a, ¢, and ®
(see Egn. 1). This quantization allows one to avoid
slow Monte Carlo simulations and even slower Nbody
simulations, and also replaces tedious 3D integrals
over the disk’s volume with simple sums. The code
then inspects all sites where streamlines cross, and
calculates a collision probability density o;;, which is
the probability per time that a dust grain in streamline
i collides with one in in streamline j. The abundance
N;(t) of dust in streamline i then evolves according to
a rate equation dN;/dtr = dust production - collisional
destruction rates, or

dN; N;

o = Pi TOWXJ_:OCUNJ' (2)
where the dust production rate p; is assumed to be a
power law in the grain radiii R; as p;(R;) < R; ¢, and T,

Collisional equilibrium

The system achieves collisional equilibrium when the
rates of dust production and collisional destruction in
Egn. (2) balance, which takes about ¢ ~ 10° yrs. (Fig.
2). Figure 3 shows that, once the system has settled
into equilibrium, the debris disk’s optical depth varies
as T M)/* where M, is the rate at which the plan-

is steeper than the canonical t(r) o« r—3/ curve, and
a surface brightness profile also steeper than B(x) o<
x~ /2. Note that the surface brightness of the outer
parts of the AU Mic and B Pic disks do tend to fall off
faster than B(x) o« x~7/2 (Krist et al 2005, Golimowski
et al 2006), which suggests that dust production in
these disks may have only started or increased re-
cently, relative to the r ~ 107 yr ages of these systems.

curve is if dust production only re-
cently turned on at time ¢ = 0.2
Myrs ago.
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shows how the inner disk’s surface brightness varies
depends on the dust grains’ scattering asymmetry fac-
tor g. Note that when the scattering of starlight is

The debris disk model developed here is applied to
Hubble Space Telescope observations of this edge-
on disk that were acquired by Golimowski et al (2006)

Findings thus far

¢ A rate equation for the abundance of dust of various
sizes and orbits a debris disk is derived (Egns. 2)
and solved numerically (Fig. 2). Disk optical depths
t(r) and surface bright profiles B(x) for a variety of
disk conditions are then calculated (Figs. 2-7).

e Comparison of models to observations of B Pic
shows that the unseen planetesimal disk that is the
source of the observed dust is broad, with r;,, <
0.5r,.; where r,,;, ~ 130 AU. The dust grains are
asymmetric light scatterers, with ¢ ~ 0.67. An im-
proved model will also yield this system’s dust pro-
duction rate M,. The observed disk’s surface bright-
ness B(x) are steeper than the canonical x~7/2 curve,
suggesting that the 3 Pictoris disk might be young,
t ~ 0.2 Myrs, or that dust production there increased
In recent times (Fig. 8).
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Preprint and software requests

A paper on the results is in preparation, and the disk-
model software will be made public, once it is vali-
dated and documented. If interested, please leave an
email address here.



