Hot water in disks:
inner hot disk, or wind!?




H,O: why?

® Main O reservoir in molecular gas

® |inking gas/grain chemistry and interactions

® |mportant interstellar coolant




SMA & H20

® |83 and 321 GHz

lines available (plus
others toward AGB stars)

® Detected as masers
toward galaxies, AGB
stars, high- and low-
mass protostars L] * 'l/ll

31,3-22,0,

e.g., Humphreys et al. 2005, = 183 GHz
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WISH observations: Caselli et al. (201 2), Kristensen et al. (2012), Hogerheijde et al. (201 1)



Hot H,O: PACS

ADec (arcsec)

® Herschel-PACS
observations at 4.5”
resolution

® Hot H,O emission offset
from “disk” by > 1000 AU

® Origin: outflow (windljet)
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PACS hot water in disks

® Observed the H,O 63 pm
line

63.18 um [O]]
63.32 pm H,O

® EmiSSiOn Correla‘tes With 62.963.0 63.1 63.2 63.3 63.4 63.5
the known jet-tracer [O]] M
also at 63 pm

1028

® Compact emission (< 9.4”)
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® Origin: disk or wind?

Riviere-Marichalar et al. 201 2



SMA observations

® Test interpretation: warm
inner disk, or outflow/wind?

® Target: HL Tau, one of the
brightest hot H,O emitters

® Observed: Dec 18 201 3,
COM (2” beam ~ 300 AU
@EVANECI gV




Data
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® Reduced with CASA 4.2

® H>O detected at 8O

® Matches disk position, Aa (arcsec)

tentative (3-40) 0.10
extended emission

® Profile: blue-shifted and
broad!
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Kristensen et al. in prep. Velocity (km s™1)



Vibrational CO: wind

Herczeg et al. 201 |

® 4./ mu rovibrational emission
from CO supports wind
hypothesis

® |dentical line profiles
(within uncertainty)
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® CO emission unresolved at
0.2” resolution (30 AU)

Velocity (km s~ 1)



Excitation condltlons
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® Use 321 GHz and 63 pm

lines to estimate

excitation conditions, n,
T, N(H,0)
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® Highly degenerate

oo

e N(H20) ~ 10'” cm™?,
n(H2) ~ 10%-10'2 cm?3,
T ~ 500-1500 K,
r(H20) ~ 2 AU
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Assumes same
emitting region!
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® Model calculations show molecules
survive launching in MHD winds

® Physical conditions in wind close to what

is inferred from radiative transfer ' eylinical radius 7 (AU)
Panoglou et al. 2012




Implications / conclusions

® Hot PACS H,O toward HL Tau originates in wind,
not inner disk: a unique SMA result

® HL Tau is Class I/ll, uncertain what implications for
ass l/lll sources are: needs to be tested




