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Overview 

• Introduction to Asymptotic Giant Branch 
(AGB) and post-AGB stars 

• OH 1612 MHz maser surveys 

• OH 1612 MHz maser emission from AGB 
stars 

• Post-AGB stars and water fountains 



Late stages of stellar evolution 



IRAS two-colour diagram 

OH/IR 

Miras 

Post-AGB 

Van der Veen & Habing 1988 



The inner circumstellar envope of an AGB star 
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Masers in AGB stars 

For AGB stars, SiO, H2O and OH masers are detected at 
different radii in the circumstellar envelopes. 
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OH 1612 MHz survey of IRAS sources 

Observed 2703 IRAS sources at 1612 MHz 
738 detections of OH 1612 MHz maser emission 
Of these about 95% showed a doubled-peaked spectrum 



ATCA/VLA OH 1612 MHz survey  
of the Galactic Plane 

OH 1612 MHz ‘Blind’ survey of the 
Galactic plane 

 
|b| < 3 degrees 

 
|l| <45 degrees 

 
|v| < 350 km/s 

 
 

Number of fields searched = 2414 

Sevenster, Chapman, van Langevelde, Killeen, Habing: 1997 - 2001 
 



Survey results: 766 detections 

661/766 detections had double-peaked spectra 



Maser emission from AGB stars 
•  Strongest maser emission from the OH 1612 MHz transition. 
•  About 2/3 of ~ 1600 detections from Parkes and ATCA 
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OH 1612 MHz – the outer circumstellar shell 

OH 1612 MHz masers: 
 
Located at  > 100 R* 
 
Spherically symmetric 
 
Little/no acceleration 
 
Little/no polarization 
 
Saturated 



•   85 evolved stars selected from the ATCA/
VLA OH 1612 MHz survey. 

With:  
 
•   IRAS and MSX colours associated with likely 
post-AGB stars 

To study the OH, H2O maser properties of post-
AGB stars, including polarisation. 
 

Maser emission from post-AGB stars 
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Planetary nebulae morphologies 

About 50% of planetary nebulae are non-spherical: Why? 



OH 1612 MHz spectral profiles for post-AGB 
stars (Parkes data) 

Deacon, Chapman  
& Green 2003 

57 

11 5 

8 1 

4 

Deacon sample:  
 
2/3 of the stars 
In this sample have 
standard double-
peaked OH 1612 
MHz profiles. 



Bipolar outflows: a 2-wind model 

i) Remnant AGB wind: 
Vexp = constant 
Rshell = constant 
 
 
ii) Faster bipolar outflow: 
V ∝ R 

V 

R 



OH 231.8+4.2 
Calabash nebula 

AGB wind: Vexp ~ 35 km/s 

Bipolar outflow: Vobs < 55 km/s 

Zijlstra, Chapman, et al. 2001 



Zijlstra, Chapman et al. 2001 

OH 231.8+4.2 

Hα emission 

OH 1667 MHz masers 
and central Hα emission 

blue-shifted 

red-shifted 



•  21 H2O maser detections 
 
Two distinct types of sources: 
 
1) Massive AGB stars with 
‘regular’ water maser profiles 
(15 sources) 

 

2) More evolved stars with high 
velocity water maser emission (5 
sources) 

H2O maser observations 
of Deacon sample 



Two examples: d168 (IRAS 17004-4119)  
and v154 (IRAS 18327-0715) 

D168: OH 1612 
V154: OH 1612 

D168: H2O V154: H2O 

OH and water maser emission from massive AGB stars 



Water fountains: Post-AGB stars 
with high velocity water emission: 

•   ΔV (H2O) > ΔV (OH 1612)  
 
•   5/85 dections for full  
    sample 

•   4/55 detections excluding  
    the LI sources 

•   2 previously known  

•   3 new detections 

V270 (IRAS 18596+0315) 

H2O 

OH 



V223 (W43A: Water fountain source) 

Deacon et al.  
2007 

Imai et al.  
2002 

Imai et al. 2005 



B292 (IRAS 18043-2116)  
A young post-AGB star  

 
ΔV (H2O) > 200 km s-1, ΔV (OH) ~ 33 km s-1 

 
OH 1720 MHz emission previously detected 
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peak 

4/5 of high-velocity 
water sources are 
stronger on the red-
shifted side. 
 

B292 : Inner spectrum 



IRAS 15445-5449 (D46) 
 

An evolved post-AGB star with a one-sided water jet 
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Water masers in IRAS 15445-5449 (d46) 

Linear polarisation 
indicates a magnetic 
field direction along 
outflow axis. 

Perez-Sanchez,Vlemmings & Chapman 2011 



Water masers, mid-infrared and radio continuum from d46 

Mid IR: Lagadec et al. 2011 
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Bipolar outflows from evolved stars 

•  Bipolar outflows are associated with post-AGB stars. 
 
•  For the ‘water fountain sources’, collimated maser ‘jets’ extend 

beyond the OH masing region. 
 
•   For bipolar sources the OH and H2O masers are polarised and 

are likely’ to be magnetically collimated. 

•  Synchroton radio continuum emission detected in some cases. 

•  H2O and continuum from shocked wind-wind interactions. 

•  Bipolarity is (largely) driven by magnetic fields. 



Thank you! 



IRAS colours for H2O detections 
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OH 1612 MHz light curves: saturated masers 
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MSX: High-velocity sources 

Deacon survey 

Other high-velocity  
Sources (in lit) 


