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PNe are ejected 
shells of gas 
ionized by a very
hot central star.

Red Giants               Planetary Nebulae              White Dwarfs

PNe galactic
distribution and 
kinematics are 
similar to those of
late-type stars 
(Curtis 1918; Shklovsky 
1956; Abell & Goldreich 
1966).



When When a a star leaves the main star leaves the main 
sequence it starts sequence it starts out out on on a a 
long long path through the path through the HR HR 
diagramdiagram..

Stars with M<8 MSun,, reach 
a phase called the 
Asymptotic Giant Branch or 
AGB. 

L~3000 Lsun, Teff<4000 K, 
and Mdot~10-7 – 10-4 Msun/yr.

_ _ _Planetary Nebulae Phase_ _ 
_

The AGB star expel matter at high rate, but at low velocity 
(~10 km/s) creating an obscuring ``circumstellar envelope´´
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Chapman & Cohen 1986, MNRAS, 220, 513

VXSgr
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Mira TX Cam
(D=0.39 kpc)

VLBA image of SiO
masers.

Radial proper
motions→ 5-10 km/s

(Diamond & Kemball 2003)
500 µas at 7 mm (43 GHz)

SiO masers arise from a region
close to the stellar photosphere
inside the dust formation point  
(Elitzur 1980).
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http://www.space.com/scienceastronomy/astronomy/star_movie_000814.html

Radius~1014 cm
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(Lewis 1989; Gómez, Moran & Rodríguez 1990)



OH

H2O

Gómez & Rodríguez 2001

SiO

Sánchez-Contreras et al. 2000

Proto-PN OH 231.8+4.2 



Payne et al. 1988 Planetary Nebula                
NGC 6302

OH
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Animation of the Helix Nebula
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(Miranda et al. 2000, MNRAS, 311, 748)
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Very Large Array (VLA), USA..



K 3-35     

Radio continuum 3.6 cm

2″



(Miranda, Gómez, Anglada & Torrelles 2001, Nature, 414, 284)
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IRAS 17347-3139
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H2O masers toward IRAS 17347-3139

(De Gregorio-Monsalvo et al. 2004, ApJ, 601, 921)

Toroidal ring-like 
structure (radius=0.12″) 
separated ~0.15″ from 
the continuum peak.

Assuming D=0.8 kpc, 
V=2.4 km/s and 
Keplerian rotation →
M*~0.6 MSun

Propose possible nature of IRAS 173473139:  a 
binary system with radio continuum arising 
from a young PN and H2O masers coming from 
a companion AGB star.
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IRAS 17347-3139
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IRAS 17347-3139

However, all these differences can be due to different frames 
of reference in the radio, IR and optical.
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K 3-35

Green: [NII]6583 
emission (~5´´)

Colors: 3.5 cm 
continuum 
emission (~2´´)



K 3-35
The jets can be traced 
up to 17,000 AU 
from the center using
the [NII] (Miranda et al. 
2000).

Assuming a jet 
velocity of ~100 
km/s, their dynamical 
age is ~800 yrs, much
older than the
photoionized region.

Collimation and
shock emission were 
present in the AGB 
phase of K3-35!

Water maser
velocity ~24 km/s

30 km/s





IRC +10011 (CIT 3)

( Vincovic et al. 2004)

λ = 1.24 µm

Jet age  < 200 yrs 

OH maser emission (Elitzur et al. 1976)

(Distance ~600 pc)

Prototype of spherically 
symmetric AGB wind

Hofmann et al. (2001) discovered 
asymmetries in the envelope in NIR 
J-band.
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OH37.1 (Gómez et al. 1999) IRAS 16342-3814  (Sahai et al. 1999)

OH 1612 MHz
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