Water as tracer of the
stormy stages of star
formation




WISH

- Water In Star-forming regions with Herschel
- HIFI Guaranteed time key programme,

Pl: E.F. van Dishoeck (Leiden Observatory, NL)
- 425h being observed (HIFl and PACYS)
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Energetic input
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Energetic input
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First Herschel H2O map
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@ 557 GHz
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Kristensen et al. in prep.; van Kempen, Kristensen et al. (2010)



Modelling strategy

=< bow shock

Step |:
Split YSO into different
components

Step 2:
Model each component using
state-of-the-art models

20000 AU
Status:

Working for CO

(Yildiz et al. 2010, Visser et al. in prep.)
Goal: ,
Do this for H,O | o coviy wals




Decomposing CO

E /k_[K]

® [hree mechanisms: B 500 1000 2000 3000 4000
® Passively heated Iop1eo_16
® UV-heated cavity wall}s
® Shocks

® Free parameters:

® UV-luminosity
(0.1-1.0 Lo)

® Vshock (20 km/S)

Seen in all YSOs!

van Kempen, Kristensen et al. (2010)



H>O ¢ rof le safari
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If it moves, it
emits H,O!

Kristensen et al.
(2010);

Kristensen et al. in
prep.



H>O abundance

H,0/CO ~ I-10,i.e.,
x(H20) ~ 105 - 104

Consistent with, e.g.,
Orion (Franklin et al. 2008)

Fraction of outflow gas
where O + H; -> H,O:
~ 10%
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Take-home messages

o H>O:

® Detected in all (low-mass) YSOs

® |f it moves, it emits water




Origin of H,O emission

- HIFl: shocks ™
NGCI333 IMS4B

Spitzer: hot H,O
(Watson et al. 2007)

Orlgln disk, shocks, other ?

H,'80 at 203 GHz: disk

(Jorgensen & van Dishoeck

500 1000 1500 2000 2500 3000
E, / k, (K)




