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» Gas-phase H,O can be
abundant.
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Complex physics with simple molecules




Outline

> Extragalactic H,O at low and high z
> Radiatively excited H,O as a probe

> Spatially resolved H,O emission at high z
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Low-z H,O: M82 vs. Mrk231

> At D =3.9 Mpc, one of the closest > At z=0.042, one of the closest QSOs
starburst galaxies (D;=192 Mpc)

> With Lz=310"L,, a very moderate =~ » With Lz=4-10"?Ly , the most
starburst luminous ULIRG in the IRAS Revised
bright Galaxy Sample
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H,O lines in M82
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(Weifd et al., 2010) . . . (Panuzzo et al., 2010)
» Faint lines, complex profiles

>
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H,O lines in Mrk231
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Radiative excitation of H,O lines
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Key diagnostic H,O lines
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Outline

> Extragalactic H,O at low and high z
> Radiatively excited H,O as a probe

> Spatially resolved H,O emission at high z

H20 in ULIRGs at low and high z




High-z connection: H,O at z=3.9
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Van der Werf et al., 2011
» Line ratios similar to Mrk231

» FIR pumping dominates, implies 100 um-opaque disk
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Model result
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H,O as a tracer of what?

sta@sts
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(see poster by Saskia van den Broek)
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([CI]+[OI])/FIR
high in starbursts

OH* and H,O* do
not prefer AGNs

H,O/FIR correlates
with L & has some

preference for
AGNs




Water £y il prObe _[

Radiative pumping of H,O lines:
derive local FIR flux

Combine with T: implies

=> Infrared-opaque (T, =1) central
regions

from the strong IR
radiation field:
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& - Y Can be dominant pressure term and
Herschel image of (part of) the Rosetta Molecular C N source Of local turbulence
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Outflow tracers

I I 1 T 1

T
Mrk231 HQO(IU 000) Mrk231 OH+(]_1 —()1) Al’p220 H2O+(]1U 000)

1020 1040 1060 1080 1100 1120 960 980 1000 1020 1040 1080 1100 1120 1140 1160

Frequency (GHz)

(see poster by Saskia van den Broek)

>
» OH* and CO(9-8) in one ALMA subband — direct velocity comparison
> H,O in Mrk231: outflow velocity of =500 + 100 km s™
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Mrk231 outflow in CO
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(Feruglio et al., 2010)
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Outline

> Extragalactic H,O at low and high z
> Radiatively excited H,O as a probe

> Spatially resolved H,O emission at high z
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Spatially resolved H,O in
the Cloverleat quasar (z=2.56)

Continuum Band 7
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Spatially resolved H,O in
the Cloverleaf quasar (z=2.56)
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Cloverleat: implications
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>
» Increasingly hot radiation field near nucleus
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Outflow tracers
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Can we use OH" and CO(9-8) to trace high-z outflows?
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Summary

Luminous H,O emission correlates with strong local IR radiation field, without
caring too much whether an AGN is present or not.

Lines of different levels of excitation can be distributed differently, depending
on local IR field intensity and colour.

High-excitation H,O lines probe a hot IR radiation field, which may be AGN-
dominated.

OH" is a very promising tracer of outflows at high z
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