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Abstract

We conducted a parameter study based on simu-
lated annealing to construct a self-consistent model
of HH30’s circumstellar disk using all available ob-
servations in the wavelength domainλ∼1µm . . . 3mm.
Recently made high-resolution observations of contin-
uum visibilities atλ = 1.3mm with the Plateau de
Bure Interferometer [1] and the spectral energy dis-
tribution (SED) in the mid infrared with IRS on the
Spitzer Space Telescope (SST) [2] significantly in-
creased constraints on our modeling attempt.

We present models of the edge-on disk featuring an
inner depletion zone with∼100AU diameter explain-
ing subsets of the available data and conclude the pres-
ence of dust growth and settling.

1. Introduction
HH30 is a young stellar object located in the dark
cloud L1551 at a distance of∼140pc in Taurus. The
accreting protostar features an indirectly illuminated
edge-on flared disk, appearing in the optical and near
infrared (NIR) as a nebulosity separated by an obscur-
ing belt with wavelength-dependent thickness [3, 4].
Observed variability of HH30 shows periodicity on the
scale of a few days and seems to be due to either a
light-house effect, periodic shadowing, or a close com-
panion [5]. The impressive bipolar jet features an un-
dulating morphology and ballistic motion suggesting
a precession of the source due to interaction with a
partner [6]. Interferometric imaging in the continuum
at λ = 1.3mm shows a region of reduced brightness
at the center of the system suggesting a hole in the
dust distribution of∼40AU radius probably induced
by tidal clearing of an unresolved binary [1]. The jet
induces a conical molecular outflow featuring an open-
ing angle of∼30◦ [7], consistent with a close binary
[8]. Interferometric observations of13CO (J = 2-1)
show a gaseous disk in Keplerian rotation around an

Figure 1: The continuum brightness map of HH30 at
λ = 1.3mm exhibits a central dip consistent with a
depleted inner zone [1].

enclosed mass of(0.45 ± 0.04)M⊙ that corresponds
to a typical T Tauri star with spectral class M0±1 [7].

2. Methods

The standard model for an accreting disk assumes
cylindrical symmetry and describes the dust distribu-
tion as product of a radial power law and a gaussian
distribution in height [9]

ρdust(R, z) ∼ R−α exp
[
− z2

2h2

]
. (1)

This parametrization allows flaring by varying the
scaling height according to
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h(R) = h100

(
R

100AU

)β

(2)

with the scaling heighth100 at 100AU and the flaring
exponentβ. We modified the density distribution by
multiplication with the step function

θ(R) =

 η : Rin ≤ R ≤ Ratt

1 : Ratt < R ≤ Rout

0 : else
(3)

introducing theattenuation η ∈ [0, 1] to add warm
dust near the central source while retaining the ob-
served brightness dip atλ = 1.3mm, see Fig. 1.

We used the codeMC3D to solve the radiation trans-
fer problem self-consistently with the Monte-Carlo
method [10] and implementedsimulated annealing
to search for the best fit [11]. The method creates
a Markov chain through parameter space by com-
paring predictions generated by the radiation transfer
code with observations and has advantages for high-
dimensional optimization as no gradients must be cal-
culated and local minima are overcome intrinsically.
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Figure 2: Direct comparison of the observed SED with
our best-fit model. Observations made with IRS/SST
in the mid infrared [2] put stringent constraints on
emissions from the depleted zone while the low spec-
tral indexβmm∼0.4 [7] requires grains withamax >
1mm.

Figure 3: Brightness map of our best-fit model for the
continuum visibilities atλ = 1.3mm convolved with
a gaussian PSF with FWHM of0.32” × 0.59” as de-
scribed in [1].

3. Summary and Conclusions

We found incongruent models explaining the appear-
ance of HH30 in scattered NIR and forλ > 5µm re-
spectively. The models have a comparable geometry
featuring a depleted zone with∼50AU radius, but ex-
hibit different dust grain size distributions. The pres-
ence of larger grains is necessary to explain observa-
tions at longer wavelengths. Our inability to find a uni-
fied model suggests dust settling and hence the need to
extend future models by introducing dust species with
individual spatial distribution.

Modification of the density by an attenuated zone
was selected for its simplicity and many configura-
tions compatible with the observed flux are conceiv-
able. The findings of our parameter study verify and
extend results of previous works. This is not self-
evident as our study was not biased by fixing parame-
tersa priori and the standard ansatz was modified thus
introducing new degeneracies. By combining different
classes of observations degeneracies could be reduced
using a newstaggered MCMC method that does not
weigh individualχ2

i during optimization.
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