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HR diagram of stellar evolution 

Herwig  2005

Reflection nebulae 
(no ionization)

Emission nebulae 
(ionization has 
started)

Thermal  
pulses



W43A, Vlemmings et al 2006

W43A, Amiri et al 2010

W43A, Imai et al 2002

Water fountain sources

XKCD:  Fountain
http://xkcd.com/1038/

http://xkcd.com/1038/


~10 km/s

H2O masers 
22GHz, T ~ 400K 
321GHz?

AGB CSE

Accretion disk

T~10-20 K 
H H2 CO etc.

Probably a binary system
stellar or planetary (Jupiter-class) 
common envelope binaries?

e.g. Bujarrabal et al 2001 (observations), Frank & Blackman 2003, De Marco 2009, Blackman & Lucchini 2014 (models)

Magnetic field

Cavity

V ~100 km/s M ~0.1 M⨀

Jet 

very high momentum and energy 
episodic event? 

fast molecular outflow



from a 2014 talk by Olga Suarez

IRAS 18043–2116 
IRAS 18113–2503 
IRAS 15445–5449

IRAS 15103–5754

K3–35

IRAS19296



All known and confirmed water fountains

Tidbinbilla 70m single-dish monitoring project (T215)

as of March, 2016

Today’s detective story: the mystery of IRAS 18043…



22 GHz H2O

22 GHz H2O

321 GHz H2O

IRAS 18043–2116
a HOT water fountain?

APEX

Tafoya et al 2014
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unresolved continuum emission at 22 GHz
(shock-induced synchrotron dampened by free-free)

22 GHz water masers

Perez-Sanchez et al 2016



AGB CSE
Cavity

Jet 1
22 GHz 

H2O

. 100 km s�1

⇠ 100 km s�1
T ⇠ 400K

from Daniel Tafoya

~10 km/s

but too little water

high temperature high-enough 
temperature

enough water

enough water
but too cold

Elitzur et al. 1989

Tafoya et al 2014



AGB CSE

from Daniel Tafoya

~10 km/s

Elitzur et al. 1989

Cavity

22 & 321 GHz 
H2O

⇠ 100 km s�1
. 100 km s�1

T & 1000K Jet 2

Jet 1⇠ 100 km s�1

>T

Tafoya et al 2014
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μexp ~ 1 mas/yr
Tkin ~ 30 years

(at 10 kpc)   Vexp,3D ~ 200 km/s
i ~ 75 deg

VLBA

ATCA

mas-scale

maser
feature



Ballistic bow shock model
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(a) transverse motion

Jet-driven protostellar outflow shells: 
Ostriker et al 2001 (model), Lee et al 2001 (simulation)

wind

wind

jet
jet



Tkin ~ 30 years     Vexp,3D ~ 200 km/s
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22 GHz water masers

Tkin ~ 130 years     Vexp,3D ~ 20 km/s
22 GHz water masers

SFR or Water Fountain?

Burns et al. 2016



Precessing	Jet	Model
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Main jet

The other jet

Observed 
data in ep 6

We should explore 
other possibilities!

Velocity	Distribution �0�.
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Cavity model

Observed 
data in ep 6

Precessing jet model

from Selina’s PhD

Water fountains outflows

Two possible scenarios
Cavity model 

vs 
precessing jet model

Chong et al. 2015

Geometry

Wall of 
Cavity
eQª� High density outflow

�(0;�R

Shocked 
surface (wall)
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Episodic event?



collimated outflow?      definitely 

shocked surface?          definitely 

episodic outflows?        maybe 

ALMA will help: mapping the 321 GHz H2O masers 

(Grade “C” proposal, PI: A. Perez-Sanchez) 

Now some marketing and community notice…

So is IRAS 18113 a hot water fountain?


