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WISH
What?
- Water In Star-forming regions with Herschel
- HIFI Guaranteed time key programme, 
PI: E.F. van Dishoeck (Leiden Observatory, NL)
- 425h being observed (HIFI and PACS)

Goal:
- Use H2O to trace physical and chemical conditions

Why H2O ?
- Dynamical probe: outflow, infall, quiescent...
- Main reservoir of O
- Important for life on Earth van Dishoeck et al. (in prep.)



Water

Target lines with different Eup to probe different T
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Low-mass YSO - NGC1333

Higher 
spatial 
resolution 
and 
sensitivity 
than previous 
instruments

(Di Francesco et al. 2008)



Low-mass YSO - NGC1333

H2O in NGC1333
Kristensen et al. 2010 
(A&A HIFI)



H2O line profiles

- Complex line 
profiles !

- Broad, 
v > 50 km/s

- Inverse P-
Cygni profile: 
infall in the 
envelope

- Saturated 
absorption



H2O decomposition

Gaussian decomposition 
in 3 parts:
Broad (> 25 km/s)
Medium-broad (>5 km/s)
Narrow (< 5 km/s)



CO line profiles

Not as complex line profiles as H2O

Medium + broad components detected
(Yildiz et al. 2010)



C18O line profiles

C18O narrow - origin in envelope

Exception: C18O 5-4 in IRAS4A, medium comp.



Low-mass YSO - NGC1333

H218O broad - origin in shocks 

H2O sputtering and O + H2 -> H2O at high T

Observed in conjunction with CH



Origin of shocks

Several possibilities:

- Jet

- Internal working surfaces

- Jet bow shock

- Shells along the outflow 
cavity induced by wide-
angle wind



Origin of shocks - medium

Fig. 5—Continued

491

750 AU

Jørgensen et al. (2007)
Kristensen et al. (2010)

IRAS 2A, for example, shows hints of both a prominent north-
south cone-shaped outflow and amore collimated east-west jet (see
also discussion in Jørgensen et al. 2004a, 2004b). For L1448, IRAS
2A, and L1157, the CO emission is seen to delineate the edges of
the outflow cavities.

It should be emphasized that some of the differences between
outflows in this sample could be due to inclination effects. A highly
collimated outflow directed in the plane of the sky will have small
relative CO velocities over the extent of the outflow, and its CO
emission will bemore susceptible to resolving out as it merges with

the surrounding cloudmaterial. L1527 shows a ‘‘butterfly’’shape in
lower JCO andHCO+ lines (Tamura et al. 1996; Hogerheijde et al.
1997), suggesting that inclination is significant there. Likewise, an
outflowwith a large opening angle viewed at an inclination close
to the opening of the outflow cones will show both red- and blue-
shifted emission overlapping in both lobes, which has been shown
to be the case for B335 (Cabrit et al. 1988).

Recently, Arce & Sargent (2006) imaged a sample of nine
Class 0, I, and II young stellar objects in the 12CO 1Y0 line ob-
served with the Owens Valley Radio Observatory Millimeter

Fig. 4.—Spectra toward the center position of each source.
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H2O - IRAS4B

H218O detected in one source

Narrow (~1 km/s)

Jørgensen & van Dishoeck (2010)

See also poster by 
Jørgensen et al. (P17)



H2O - IRAS4B

Spitzer detection of excited H2O

Origin: accretion shock ? 
Not in agreement with narrow 

H218O linewidth !

PA
C

S



Origin of shocks - broad

Broad component in NGC1333 = IHV in IRAS04161
(Santiago-Garcia et al. 2009)

7500 AU



Origin of shocks

Possible interpretation:

Broad component:
Shocks along cavity walls; 
> 1000 AU

Medium-broad component:
Small-scale shocks close to 
the source; < 1000 AU



H2O abundance - shocks

H2O/CO ~ 1-10, i.e., 
x(H2O) ~ 10-5 - 10-4

Fraction of outflow gas where 
O + H2 -> H2O = ~ 10%

RADEX slab
(const. n) C
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H2O abundance - envelope

No clear envelope signs in 
H218O 110 - 101 profile

Strategy: 
- absorption in H2O 111-000 
for xin(H2O)
- upper limit on H218O 202-111 
for xout(H2O)

x(H2O)

Jump-abundance profile



H2O abundance - envelope

x(H2O)(T < 100 K) ~ 10-8

Well constrained

H2O 111-000

1113 GHz
xin(H2O) = 10-5

xout(H2O) = 10-7

xout(H2O) = 10-8

xout(H2O) = 10-9

Liu et al. subm.
Visser et al. in prep.



H2O abundance - envelope

Modeling in progress !
(Visser et al. in prep.; next talk)x(H2O)(T > 100 K) < 10-5

Only upper limit

H218O 202-111

995 GHz
xout(H2O) = 10-8

xin(H2O) = 10-4

xin(H2O) = 10-5

xin(H2O) = 10-6



Outlook

WISH:

Sample of 29 low-mass 
Class 0/I sources

18/29 sources observed 
in 557 GHz line

Data coming in... (No. 
18 reduced today)



Outlook
Class 0 Class I

Kristensen
et al. in prep. 200 km/s



Outlook

Next steps:

- Model line profiles

- Evolutionary trends ?

- Abundance variations ?

- Comparison with intermediate- 
and high-mass SF regions

200 km/s



Conclusions

•HIFI is delivering spectacular data!

•H2O data reveal many surprises: 
• If it moves, it emits H2O
• H2O abundances in shocks constrained
• Hot core is hard to see (even in H218O)

•Further (detailed) modeling in progress (see 
next talk)


