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Spitzer's View of the Extended
Dust Shells around Evolved Stars

Toshiya Ueta (University of Denver, USA)
+ the MIRIAD and Spitzer-MLHES collaborations
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1. R Hya: the Discovery

The first discovery of the wind-ISM

interaction around an AGB star,

| revealed by the characteristic bow

1 shock seen in the far-IR (Ueta et al.
2006).

| [Top Left] Spitzer 70pum, [Top Middle]

Left] ISO 60pm, [Bottom Middle| ZRAS

100um, [Bottom Right]| Spiizer PSESERES
The shape of the bow shock is theoretically well-fixed g
Therefore, the spatially-resolved images can be useg to UCHVCH,
parameters of the bow shock and ISM. At 165 pc, RiEya’s spacel
is 50 km/s into the direction of the bow head. With the fate of mSEHOES
at 3x10"" M@/yr and the wind velocity of 10 km/s, the aniBient
in the ISM local to R Hya is 0.4 cm and the total mass of thebow |
18 1.3x10* M@, given the measured chmenéi‘?ns of the bow shock.
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Currently, we are analyzing Spitzer IRS/.
MIPS-SED data to diagnose the shock
physics in such a low-temperature, low-
velocity wind interaction to understand
how a dusty molecular wind from AGB
stars eventually dispersed into the ISM.

[Right] IRS/MIPS-SED slit placement with
respect to the bow (Stencel et al. 2008).

3. R Cas: Spitzer meets AKARI

The far-IR capabilities of Spitzer are complementary with
respect to those of AKAR/ Infrared Astronomy Satellite,
especially with the MLHES mission program (Izumiura et al.
2008) 1n terms of the science scope of our Spitzer studies.

R Cas 1s an AGB star with a far-IR elliptical shell, in whichithe
star 1s shifted slightly off-center towards the direction offits
space motion (Ueta et al. 2008). This is probably the case of'an
infant state of the wind-ISM interaction, in which the wind-ISIvVl
interface is still intact at the downstream side.
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[Left] AKARI maps at 60um (N60) and 90pm (WIDE-S), [Middle] Spitzer map at
70pm (cleaned and PRF-subtracted), [Bottom] the dust temperature and optical depth
maps derived from the combination of Spitzer and AKARI maps (Ueta et al. 2008).

The dust temperature and optical depth maps indicate that the shell 1s rather hollow and
the wind material i1s concentrated near the periphery of the shell.

This work 1s based in part on observations made with the Spitzer Space Telescope,
which 1s operated by the Jet Propulsion Laboratory, California Institute of Technology
under a contract with NASA. Support for this work was provided in part by NASA
through an award 1ssued by JPL/Caltech.
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2. Mira: the “Astrosphere” Revealed

i

Milj:i’:-‘. bow shock tail in the tar-UV (Martin et al. 2'0[]?].-

Spitzer observed the bow-shock head
of Mira's wind-ISM interaction in
the 160pum band (Ueta 2008).

e+ |[Left] saturation-corrected, [Middle] leak-
A corrected and [Right] PRF-subtracted maps.
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Shogts#conditions suggest that Mira’s WIliWEEL
m/s colliding with the ISM flow of IS

s generates theffermination shock of 2
l{lhfﬂ, which nee 0,000 yr to form thé
shﬂék ring structlire Seen in the Spitzer map.
Thistific scale is consistent with the shogld
re-establishment time since Mira entefCURiIE
[focal’Bubble (Wareing et al. 20058}

4. Spitzer-M1HES Survey

Spatial correlation of the
160pum map with [Top]
UMV and [Bottom Left]

Zlcm, with [Bottom Right]

a schematic representation

of the astrosphere.

The Sprizer-NVilBEE SPlopratmopamed 70um maps of the
including MIRTATORIGEECAREOME 20 evolved stars.) Here are
some examples ol thiSgEEh survey data set, from which we will
procure more msightSHiow dusty winds from these evolved stars
form the circumstellar dust shells and how the winds interact with

the surrounding ISM.

Surface Brightness {Mly sr™°)
n "

Surface Brightness {Mly sr™°)

Surface Brightness {Mly sr™°)
5 ul

[Left] These
shells exhibit
1evidence for
episodic mass
{loss. From left,
Y CVn, X TrA
and T Mic.

[Right] These
shells show
signs of the
wind-ISM
interaction as
Mira. From
left, RT Vir, 8
RS Cnc and X [l
Pav.
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