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Asymptotic Giant Branch (AGB)Asymptotic Giant Branch (AGB)

The final stage before The final stage before 
planetary nebula for planetary nebula for 
~solar mass stars~solar mass stars
Mira is the bestMira is the best--known known 
exampleexample
AGBsAGBs undergo largeundergo large--
scale mass lossscale mass loss
This lost mass forms a This lost mass forms a 
circumstellarcircumstellar envelopeenvelope
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Circumstellar envelopes represent 
a precursor to planetary nebulae 
and seed the interstellar medium 

with heavy elements
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CircumstellarCircumstellar EnvelopesEnvelopes

Have previously been detected in CO, Have previously been detected in CO, SiOSiO, H, H22O, O, 
silicate dust, and other tracerssilicate dust, and other tracers
H I is difficult to detectH I is difficult to detect——sources very faint, sources very faint, ~10~10--4040
mJymJy——this has become possible only recentlythis has become possible only recently
Previous H I (21Previous H I (21--cm line) studies (from the cm line) studies (from the NanNanççayay
Radio Telescope) were comparatively lowRadio Telescope) were comparatively low--resolution resolution 
((GGéérardrard & Le & Le BertreBertre 2006)2006)
6 stars previously observed with VLA (Matthews & 6 stars previously observed with VLA (Matthews & 
Reid 2007; Matthews et al. 2008)Reid 2007; Matthews et al. 2008)



These stars exhibited either These stars exhibited either ““cometcomet””-- or or 
shellshell--like morphologieslike morphologies
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X X HerculisHerculis

Previous singlePrevious single--dish H I observations (dish H I observations (GardanGardan
et al. 2006) suggested an asymmetric outflow to et al. 2006) suggested an asymmetric outflow to 
the northeastthe northeast
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R R PegasiPegasi: VLA Total Intensity Map: VLA Total Intensity Map

0.2 parsecs

Mass: ~5.8x10-3 solar masses



Y Y UrsaeUrsae MajorisMajoris: VLA Total Intensity Map: VLA Total Intensity Map

0.2 parsecs

Mass: ~4.8x10-3 solar masses



Infrared Space Observatory 60 Infrared Space Observatory 60 μμm Datam Data

Archival ISO data: 
Kessler et al. 1996



Envelope morphologies are more complex and Envelope morphologies are more complex and 
varied than previously expected!varied than previously expected!



Conclusions and Future WorkConclusions and Future Work

The complex morphologies seen in planetary nebulae The complex morphologies seen in planetary nebulae 
seem to arise during the AGB stageseem to arise during the AGB stage
This work seems to raise more questions than it This work seems to raise more questions than it 
answers (thatanswers (that’’s science!)s science!)
Observations of more Observations of more circumstellarcircumstellar envelopes are envelopes are 
needed to gain more insight into physical mechanismsneeded to gain more insight into physical mechanisms
Clearly H I observations are a powerful tool for Clearly H I observations are a powerful tool for 
probing probing circumstellarcircumstellar envelopes and their interactions envelopes and their interactions 
with their environmentswith their environments
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