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Figure 1: The life cycle of the interstellar medium and its relationship to planets and solar systems,
as traced by molecular material.

Ziurys et al. 2010, Astro2010 Science White Paper
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Decin et al., 2010, Nature, 467, 64
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SMA Papers on Evolved Stars published since Oct. 2007
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Dinh-V-Trung, Bujarrabal V,, et al., 2008, Ap), 673, 934
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*Shape modeling

oStar left AGB ~1500 yrs ago
*Mass loss duration ~3000 yrs
eExpanding Torus 8 km s-!

*No Jet: outflow may follow later

-2
RA offset (arcsec)

Offset (arcsec)
(=)

Radial velocity (km s') Radial velocity (km s1)

NGC 7027

SMA 6C _
Q T L B I L B L B
archival % 2.9 7.3 q4F 117 iF 16.1
B St 1= Pk S AF = %a*
E of e .~ I e i @ "o ]
e = Q 1t =
8. o - - 1c O -
a Tr ar b 1 i ]

DECL ottset (arcsec
(0]
ey |
) ]
i jo . ]
1L ’ 1] ]
e . . ool L
T &
n

. 206 . 25.0 | ‘ 20.4 ‘ S| ~ L s
RPN [ RIPR=T s B ]
o 18 i TS
€ |
SR > &l Y hld i @ 1
) 38.‘2 = : 426 : : ‘EEL;;‘(‘)HH‘HH‘:H’:5:1:;:::‘::::‘::: oShape modeling

i s L L * «Ellipsoidal shell model |

4 N P e 1 < ] ipsoidal shell model - systemic

g N I T B velocity

(] 5| S 1t i < ] . . .

Z -5 el *Residual: high-velocity features
10 A ofiset aresee) *Trail of a jet, PA=-53d, 145d
s - *Torus with polar regions cleared by

o s 0 s 10 s SMA Advisory Committee Meeting 12 &13 October 2010, CfA

high velocity outflow

RA offset (arcsec)
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TRC+10420 *co(2—1)

IRC+10420 SMA 8C

IRC+10420 1.3 mm

11°21'20"

11°21'10"

19"26™48%  48%0 4775

*Clumpy, asymmetric expanding envelope with a
weak bipolar outflow

*Envelope has two concentric shells: 1”’-2” and 3”-6"
Low isotopic ratio '2C/'3C=6: strong mixing of
processed material from stellar interior to the
surface of the star

Dec. Offset (arcsec.)

R.A. Offset (arcsec.)

Trung, D-V, Muller, S., Lim, J., Kwok, S., Muthu, C., 2009, Ap), 692, 409
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Brightness temperature (K)

Dec. Offset (arcsec.)

W Hya Muller, S., Trung, D-V, He,]., Lim,]., 2009, Ap), 692,409

SMA 8VEX
SMA 6VEX TABLE 1: MODEL PARAMETERS
STAR
| o o o Distance D =78 pc (1)
300 - 8 Systemic velocity (LSR) Vsys = 40.4 km s~1! (2)
I ] Effective temperature Tefr » = 2500 K (3)
I Stellar radius R, = 2.73 x 103 cm (4)
200 - ENVELOPE
Inner radius Rin = 1 x 10'* cm
- Outer radius Rout = 3 X 10% cm
o Mass-loss rate M=5x10"7 Mg yr—1
Temperature profile T(r) = 650 K (r/Rin) ~*
o [l BTl AN N, Launching velocity Vo=2kms™! (5)
S VFYS T Terminal velocity Voo = 7 km s71 (4)
20 40 60 Velocity law (r < Rout) V(r) = (\I’Oo;;?fl%)llgg;&(/rf/{iin) + Vo
LSR Velocity (km/s) Abundance of HCN [HCN]/[Hg] = 106
Local turbulent velocity o¢yep = 1 km s—1
REFERENCES. — (1) Knapp et al. (2003); (2) Cernicharo et al.

Miyoshi et al. (1994).
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(1997); (3) Haniff et al. (1995); (4) Justtanont et al. (2005); (5)



Nearest and brightest Carbon-rich AGB star (distance: ~150 pc)

IRC+10216 (CW Leo)

Msun/yr
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Mass loss rate = several x 10
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Number of lines

180

160

140

120

100

80

60

40

20

New population of narrow lines

0 2 4 6 8 10 12 14 16 18 20

Vexp (km/s)




Distribution of expansion velocities of U-lines

(most U-lines are narrow)
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Expansion velocity (km/s)
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Expansion velocity profile
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Flux density (Jy) Flux density (Jy)

Flux density (Jy)

Flux density (Jy)
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* Images and calibrated visibility data-sets of full survey will be

made publicly available on acceptance of ApJSS paper.

. RecentFy completed SMA line-surveys: VY CMa, IK Tau (O-rich

AGB stars; Pl: Ken Young)
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Line surveys of VY CMa and IK Tau

Flux density (Jy)

Young et al.2010
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Detection of narrow lines in IRC+10216
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First astronomical detection of
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Detection of CO emission in Galactic bulge AGB stars:

Winnberg et al. (2009)
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