Evolved stars in nearby galaxies : sources of dust
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Asymptotic giant branch (AGB) stars are thought to be one of the main contributors of dust in our galaxy. Studies of local group galaxies suggested that extreme AGB
stars with very high mass loss rates (≥ 10-4 MO yr-1) are one of the major dust contributors. Other sources are supernova ejecta and dust formation in the ISM.
With JWST-MIRI (Rieke et al., 2015), we will be able to explore evolved stars in galaxies up to a few Mpc using the imager (MIRIM). To differenatiate between silicate
dust formed in O-rich circumstellar shell and amorphous carbon/ SiC formed in C-stars, the medium resolution spectrometer (MRS) offers capability to detect dust and
molecular absorption bands in these stars for nearby galaxies (< 1Mpc). By observing galaxies with different metallicities, we can determine their influence on dust
formation as grains depends strongly on the heavy elements. Galaxies with very low metallicities can be used as proxies for galaxies formed in the early universe when
the metal content is presumably very low.
It has been known that high red-shift galaxies can produce a large amount of dust (e.g., Bertoldi et al., 2003). The ages of these galaxies imply that dust producing agents
must have a similar or shorter timescale. Supernovae are one of the possibilities, especially in view of the large dust mass produce in SN1987A (Matsuura et al., 2015).
However, dust formed in the ejecta can also be destroyed by strong shocks within the supernova itself (Lakícevíc et al., 2015). On the other hand, intermediate-mass stars
(up to ~ 8 MO) contribute dust in non-explosive manner which can survive in the interstellar medium.
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Fig. 2 Normalised expected fluxes from MIRIM for stars with low (M = 10-6 MO yr-1 : blue), intermediate
(M = 10-5 MO yr-1: green) and high (M = 10-4 MO yr-1: red) mass loss rates.
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Fig. 1 Spectra of extreme AGB stars overliad with integrated MIRIM band passes for
all nine filters. The expected fluxes are indicate for each band. The upper panel shows
a galactic extreme OH/IR stars OH26.5+0.6 and the bottom shows the extreme C-star
AFGL 3068 scaled to a distance of 1 Mpc.

Both the MIRIM and the MRS can be used to observe dusty objects between
5-28μm (e.g., Fig. 1). The molecular bands in this range will be crucial to
distinguish between different types of objects, AGB stars versus embedded
young stellar objects and post-AGB stars and planetary nebulae as well as
different types of dust formed in the immediate environment.

Using the sensitivity published by Glasse et al. (2015), we estimate that for a 5-minute
integration time per imaging band, we should be able to detect AGB stars with a S/N of 10
out to a distance of 1 Mpc. As can be seen from Fig. 2, the relative fluxes of these bands
can be used to distingished between stars with low and high mass loss rates. Of importance
to the dust budget are the extreme AGB stars (red curves) which are bright in the
long-wavelength bands. The fluxes in F1000W and F1800W filters can be used to
distinguish between O-rich and C-rich stars due to the deep absorption of the silicate dust
in these bands in stars with very high mass loss rates.
Local group galaxies within ~1 Mpc contains a number of dwarf galaxies which have a
range of metallicities lower than our galaxy, as well as M31 where metallicity is similar to
our own. A similar study to the SAGE legacy program with Spitzer (Meixner et al., 2006)
to observe the LMC and DUSTiNGS (Boyer et al., 2015) can yield better dust content of
the local group using MIRIM due to the suite of filters offered.

There are also a number of nearby active galaxies (up to 5 Mpc) which can be used as proxies for dusty high redshift galaxies that can be observed in a reasonable time.
To study earliest galaxies, we can use galaxies with an extremely low metallicity. Observing galaxies with different metallicities will lead to understanding dust
formation under different physical conditions. Example of galaxies of different metallicities are shown below which can be observed with MIRIM.

M82 (HST image) starburst galaxy has solar
metallicity (Förster Schrieber et al., 2001) and is
located at 3.5 Mpc (Tully et al., 2009).
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Sextens A (Subaru image) dwarf irregular has
[O/H] = 4.0E-5 (Magrini et al., 2005) and a
distance of 1.3 Mpc (Dolphin et al., 2003).
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I Zw18 (HST image) is a galaxy with the lowest
metallicity, [O/H] = 1.5E-5 (Izotov & Thuan,
1999) and is 18 Mpc away (Aloisi et al., 2007).

