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Abstract. We present radiative transfer modelling of the dust around U Ant, a well-studied
detached-shell source. U Ant is among the >400 sources targeted by the Nearby Evolved Stars
Survey (NESS; PI: P. Scicluna), and the procedure used to model this source will be applied to
the rest of the AGB sample in NESS.
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1. Background

The Nearby Evolved Stars Survey (NESS; Scicluna et al. in prep.) is a large collab-
oration targeting a volume-limited (d < 2 kpc) sample of evolved stars in both CO line
emission as well as continuum using multiple sub-mm facilities. The large sample size
(over 400 objects) will allow NESS to derive robust estimates of the stellar gas and dust
return to the Galactic interstellar medium. A pilot study for NESS imaged 14 AGB stars
and one RSG with the SCUBA-2 instrument on the James Clerk Maxwell Telescope
(JCMT) at 450 and 850 µm. Dust density profiles derived from these data showed a
non-constant mass loss in all cases (Dharmawardena et al. 2018). In addition, multiple
sources showed detached shells and asymmetric dust distributions. A systematic analysis
of the NESS data requires us to develop a general framework for the radiative transfer
(RT) modelling. We begin by modelling dust around the C-rich AGB star U Ant, a well-
known detached shell source (e.g., González Delgado et al. 2003; Kerschbaum et al. 2010;
Maercker et al. 2010; Arimatsu et al. 2011; Maercker et al. 2018).

2. Analysis

The U Ant observations analysed here were obtained as part of the NESS project (see
Dharmawardena et al. in prep. for details). Surface brightness profiles were derived using
the methods described in Dharmawardena et al. (2018). The PSF-subtracted 850 µm
residual profile is dominated by a broad peak in the 20′′ − 40′′ range. We fit these data
with synthetic intensity profiles generated from radiative transfer models for the U Ant
detached shell. Following a procedure similar to that of Kerschbaum et al. (2010) and
Maercker et al. (2018), we first constrain the properties of the central star and the recent
mass loss (the “attached” shell). For this purpose, we fit the spectral energy distribution
(SED) with models from the GRAMS carbon-star grid (Srinivasan et al. 2011). We then
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Figure 1. Left : best-fit models (black and grey curves) to the observed U Ant intensity
profile (circles) at 850 µm. Right : the same models overlaid on the observed SED (circles).

construct a grid of models for the detached shell, exploring three parameters – the inner
and outer radii Rin and Rout of the detached shell, and the density enhancement at Rin

compared to the attached shell.

3. Results and discussion

Figure 1 shows the best-fit model along with the top 100 acceptable fits, which are
used to estimate the parameter errors. These models also fit the overall SED (Figure 1).
We find a dust-production rate of (3.6± 0.5)× 10−9 M� yr−1 for the detached shell,
corresponding to a dust mass of (1.5± 0.2)× 10−5 M�. Assuming a gas:dust ratio of
200, we obtain a gas mass-loss rate of (7.2± 1.1)× 10−7 M� yr−1. These estimates are
consistent with those of Kerschbaum et al. (2010) and Maercker et al. (2018). While the
modelled intensity profile and SED show good overall agreement with those derived from
the data, our models seem to predict a lower 850 µm flux than observed (Figure 1).
This could be due to the fact that we have ignored the complex geometry of the dust
shell in our model, or possibly due to a variation in the dust properties in the shell.
We will explore more free parameters in future modelling to address these issues, by
combining our data with interferometric observations to constrain the properties in the
inner (R< 12′′) regions of the shell.
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