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Water absorption in the Milky Way

* The importance of water
— Reservoir of oxygen
— Important coolant of dense gas, strongly affects star formation

e The detection of water
— Water masers (knowles et al. 1969)

— Water emission & absorption in the Galaxy with SWAS (Harwit et al. 1998,
Neufeld et al. 2002,Plume et al. 2004)

— Water in emission'at z=3.9 (van der Werf et al 2011)

* Formation of water molecules (O chemical reactions network)
— Low temperature: O = OH* =» H,0" =» H,0* = H,0
— High temperature: O = OH = H,0O
— Dust grain: O, = H,0,. = H,0
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Water absorption in the Milky Way

* Ortho- and para-water
No radiative transition allowed

Conversion through collisions, dependant on temperature & density

Ortho-to-para ratio of 3 for temperature above ~ 50K and below 3 at
lower temperature

XHF Fs0

Tracing water formation temperature
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* PRISMAS
Herschel Guaranteed Time Key Program
PRobing InterStellar Molecules with Absorption line Studies
P.I. Maryvonne Gérin (ENS Paris)
128 hours, mostly HIFI
25 molecules

8 Galactic lines of sight toward strong dust continuum sources (W51,
WA49N, W33A, W31C, W28A, G34.2+0.1, DR21(OH), Sgr B2(M))

e Goals (for water)

— Constrain column density, abundance and ortho-to-para ratio of water
in interstellar clouds
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~ abundance (H,®0/H,*0 ~ 500)

/.' Contaminations (absorption) at 1655 GHz,
(emission) at 547 GHz
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* Ortho-to-para ratio € column density € optical depth

— Importance of constraining the continuum (true dust continuum +

water lines)
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— Method #2:
multi gaussian fit
(orange) using para-
meters from excited
transitions for emission
lines
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Water column density

* For interstellar clouds N(H,O)

between a few 102 and a few
1013 cm2

N(H,) from CH and HF
observations (Godard et al. 2012)

o
o

N(H,0) / 10" cm™2

Water abundance not varying

significantly from cloud to o

N(H,) / 10%° cm™2

cloud at =5x108
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Water column density

* Discrepancy between the two ortho ground state transitions
— “High” excitation temperature affects differently estimates of N,
— More water emission at 556 than 1669 GHz

— Different filling factor (beam size of 14” at 1669 GHz vs 41” at 556 GHz)
because of clumps in interstellar clouds

e Comparison with SWAS observations (beam of 3'x4’) reveals
that absorption features from within the source are diluted
(=small) while interstellarfeatures are the same

* Fractional abundance of water in ground states > 90%
— Excitation temperature of ~10K (upper limit)
— H, density of 106 cm3 (upper limit)
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Conclusions

First time observations of all the ground states levels + first
few excited transitions of water with Herschel

Evident contamination of the interstellar absorption features
by the emission from the “continuum” source

Nonetheless:

— Column density of water =10%3 em in interstellar clouds
— Abundance of =5x107® that of H,
— OPR mostly in agreement with the high temperature limit value

Needed:

— Better modeling of the water emission

— Analysis of subtle effects (e.g. variations in the wings of the absorption
features)
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