
Water	
  Absorp,on	
  in	
  the	
  Milky	
  Way:	
  
Herschel/HIFI	
  Insights	
  on	
  the	
  History	
  of	
  the	
  Gas	
  

Nicolas	
  Flagey	
  (Jet	
  Propulsion	
  Laboratory)	
  

Paul	
  Goldsmith	
  (Jet	
  Propulsion	
  Laboratory)	
  

Darek	
  Lis	
  (Caltech)	
  
Maryvonne	
  Gérin	
  (ENS	
  Paris)	
  

David	
  Neufeld	
  (John	
  Hopkins	
  University)	
  
Paule	
  Sonnentrucker	
  (John	
  Hopkins	
  University)	
  

&	
  The	
  PRISMAS	
  Team	
  



Water	
  absorp,on	
  in	
  the	
  Milky	
  Way	
  

•  The	
  importance	
  of	
  water	
  
–  Reservoir	
  of	
  oxygen	
  
–  Important	
  coolant	
  of	
  dense	
  gas,	
  strongly	
  affects	
  star	
  forma,on	
  

•  The	
  detec,on	
  of	
  water	
  
–  Water	
  masers	
  (Knowles	
  et	
  al.	
  1969)	
  
–  Water	
  emission	
  &	
  absorp,on	
  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)	
  

•  Forma,on	
  of	
  water	
  molecules	
  (O	
  chemical	
  reac,ons	
  network)	
  
–  Low	
  temperature:	
  O	
  	
  OH+	
  	
  H2O+	
  	
  H3O+	
  	
  H2O	
  
–  High	
  temperature:	
  O	
  	
  OH	
  	
  H2O	
  
–  Dust	
  grain:	
  Ogr	
  	
  H2Ogr	
  	
  H2O	
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  and	
  para-­‐water	
  
–  No	
  radia,ve	
  transi,on	
  allowed	
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  through	
  collisions,	
  dependant	
  on	
  temperature	
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  density	
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  for	
  temperature	
  above	
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  50K	
  and	
  below	
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  at	
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  temperature	
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  temperature	
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Fig. 1.— Position of the sources in the Milky Way ...

bers and temperatures are listed in Table ??. Figure 2
shows the water diagram with the transitions observed
with HIFI. The data were obtained between ... and ...
using the dual beam switch observing mode. We use the
HIFI wide band spectrometer (WBS) which provides a
spectral resolution of 1.1 MHz (0.6 km s−1 at 557 GHz
and 0.2 km s−1 at 1669 GHz) over a 4 GHz IF band-
width. Each H2O and H18

2 O line has been observed with
three different local oscillator frequency (LOF) and two
different polarizations (H and V). All the observations
have been reduced using HIPE (Ott 2010) with pipeline
version 6.
For a given H2O or H18

2 O line, three different LOFs are
not enough to deconvolve and isolate a single sideband
(SSB) spectrum. Therefore, the H2O and H18

2 O lines are
contaminated by features from the other sideband. In
some cases, these contaminating lines fall near the H2O
and H18

2 O lines.We do not combine the two polarizations
immediately, as they target positions a few arcseconds
away from each other, and as the receivers and detec-
tors are different, which may be sufficient to introduce
systematics.

3. RESULTS

Figures 6 to 16 show the dual side band spectra of the
eight water lines for the six PRISMAS sources. We first
discuss the general properties of the spectra in terms of
absorption and emission features. Then we describe the
method we used to measure the optical depth and infer
the water ortho-to-para ratio.

3.1. General comments

All the spectra we present in this paper show some
similar properties. Slight differences between the two
polarizations are only visible on a few spectra (e.g. W51
at 752 GHz, W49N at 547 GHz, G34.3+0.1 at 987 GHz).
We first summarize the detection of absorption and emis-
sion features. Then we discuss each transition from the
most excited to the ground states. Finally we relate

1669.9 GHz

556.9 GHz
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752.0 GHz

1113.3 GHz

1655.9 GHz

547.7 GHz
1101.7 GHz

1661.0 GHz

Fig. 2.— Water excitation diagram. The transition observed
with Herschel/HIFI are highlighted and their frequency, for both
H2O and H18

2
O, are given.

each emission and absorption components to the Galactic
structure.

3.1.1. Absorption and emission features

The six PRISMAS sources we present show H2O and
H18

2 O in emission at 752, 987, 556, and 547 GHz.
Some of them also show H2O in emission at 1661 GHz
(DR21(OH), W28A, W33A), 1669 GHz (DR21(OH),
W28A, W33A) and at 1113 GHz (DR21(OH), W28A,
W33A, W49N) and H18

2 O in emission at 1655 GHz
(W28A) and at 1101 GHz (W28A, W33A). Absorption
in the ground state transitions of H2O and H18

2 O is de-
tected towards all sources though it is sometimes faint
or difficult to claim at 547 GHz (e.g. towards W51).
Absorption in the excited transition of H2O is detected
towards all sources at 1661 GHz and possibly detected
at 987 GHz.

3.1.2. Excited p-H2O transition at 752 GHz

The only water line that do not show any indication of
water absorption is that of p-H2O at 752 GHz. Indeed,
it is the highest excitation line of water observed with
PRISMAS with a lower level at 101 K. Therefore, the
water molecules in clouds along the line of sight, which
are believed to be at much lower temperature, do not ab-
sorb photons at this frequency. Asymetry of the emission
profile indicates the presence of multiple emission com-
ponents. The position of the emission’s peak informs us
on the velocity of the source. We report this velocity in
Table 1 for each source.

3.1.3. Excited p-H2O transition at 987 GHz

The next highest excitation line, that of p-H2O at
987 GHz, resembles that of p-H2O at 752 GHz except
that it shows some sign of absorption. The absorption
from the p-H2O line at 987 GHz is more significant to-
wards DR21(OH) and to a lesser extent G34.3 and W49N
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  Time	
  Key	
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–  PRobing	
  InterStellar	
  Molecules	
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  Paris)	
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Fig. 1.— Position of the sources in the Milky Way ...

bers and temperatures are listed in Table ??. Figure 2
shows the water diagram with the transitions observed
with HIFI. The data were obtained between ... and ...
using the dual beam switch observing mode. We use the
HIFI wide band spectrometer (WBS) which provides a
spectral resolution of 1.1 MHz (0.6 km s−1 at 557 GHz
and 0.2 km s−1 at 1669 GHz) over a 4 GHz IF band-
width. Each H2O and H18

2 O line has been observed with
three different local oscillator frequency (LOF) and two
different polarizations (H and V). All the observations
have been reduced using HIPE (Ott 2010) with pipeline
version 6.
For a given H2O or H18

2 O line, three different LOFs are
not enough to deconvolve and isolate a single sideband
(SSB) spectrum. Therefore, the H2O and H18

2 O lines are
contaminated by features from the other sideband. In
some cases, these contaminating lines fall near the H2O
and H18

2 O lines.We do not combine the two polarizations
immediately, as they target positions a few arcseconds
away from each other, and as the receivers and detec-
tors are different, which may be sufficient to introduce
systematics.

3. RESULTS

Figures 6 to 16 show the dual side band spectra of the
eight water lines for the six PRISMAS sources. We first
discuss the general properties of the spectra in terms of
absorption and emission features. Then we describe the
method we used to measure the optical depth and infer
the water ortho-to-para ratio.

3.1. General comments

All the spectra we present in this paper show some
similar properties. Slight differences between the two
polarizations are only visible on a few spectra (e.g. W51
at 752 GHz, W49N at 547 GHz, G34.3+0.1 at 987 GHz).
We first summarize the detection of absorption and emis-
sion features. Then we discuss each transition from the
most excited to the ground states. Finally we relate
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Fig. 2.— Water excitation diagram. The transition observed
with Herschel/HIFI are highlighted and their frequency, for both
H2O and H18

2
O, are given.

each emission and absorption components to the Galactic
structure.

3.1.1. Absorption and emission features

The six PRISMAS sources we present show H2O and
H18

2 O in emission at 752, 987, 556, and 547 GHz.
Some of them also show H2O in emission at 1661 GHz
(DR21(OH), W28A, W33A), 1669 GHz (DR21(OH),
W28A, W33A) and at 1113 GHz (DR21(OH), W28A,
W33A, W49N) and H18

2 O in emission at 1655 GHz
(W28A) and at 1101 GHz (W28A, W33A). Absorption
in the ground state transitions of H2O and H18

2 O is de-
tected towards all sources though it is sometimes faint
or difficult to claim at 547 GHz (e.g. towards W51).
Absorption in the excited transition of H2O is detected
towards all sources at 1661 GHz and possibly detected
at 987 GHz.

3.1.2. Excited p-H2O transition at 752 GHz

The only water line that do not show any indication of
water absorption is that of p-H2O at 752 GHz. Indeed,
it is the highest excitation line of water observed with
PRISMAS with a lower level at 101 K. Therefore, the
water molecules in clouds along the line of sight, which
are believed to be at much lower temperature, do not ab-
sorb photons at this frequency. Asymetry of the emission
profile indicates the presence of multiple emission com-
ponents. The position of the emission’s peak informs us
on the velocity of the source. We report this velocity in
Table 1 for each source.

3.1.3. Excited p-H2O transition at 987 GHz

The next highest excitation line, that of p-H2O at
987 GHz, resembles that of p-H2O at 752 GHz except
that it shows some sign of absorption. The absorption
from the p-H2O line at 987 GHz is more significant to-
wards DR21(OH) and to a lesser extent G34.3 and W49N
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Fig. 1.— Position of the sources in the Milky Way ...

bers and temperatures are listed in Table ??. Figure 2
shows the water diagram with the transitions observed
with HIFI. The data were obtained between ... and ...
using the dual beam switch observing mode. We use the
HIFI wide band spectrometer (WBS) which provides a
spectral resolution of 1.1 MHz (0.6 km s−1 at 557 GHz
and 0.2 km s−1 at 1669 GHz) over a 4 GHz IF band-
width. Each H2O and H18

2 O line has been observed with
three different local oscillator frequency (LOF) and two
different polarizations (H and V). All the observations
have been reduced using HIPE (Ott 2010) with pipeline
version 6.
For a given H2O or H18

2 O line, three different LOFs are
not enough to deconvolve and isolate a single sideband
(SSB) spectrum. Therefore, the H2O and H18

2 O lines are
contaminated by features from the other sideband. In
some cases, these contaminating lines fall near the H2O
and H18

2 O lines.We do not combine the two polarizations
immediately, as they target positions a few arcseconds
away from each other, and as the receivers and detec-
tors are different, which may be sufficient to introduce
systematics.

3. RESULTS

Figures 6 to 16 show the dual side band spectra of the
eight water lines for the six PRISMAS sources. We first
discuss the general properties of the spectra in terms of
absorption and emission features. Then we describe the
method we used to measure the optical depth and infer
the water ortho-to-para ratio.

3.1. General comments

All the spectra we present in this paper show some
similar properties. Slight differences between the two
polarizations are only visible on a few spectra (e.g. W51
at 752 GHz, W49N at 547 GHz, G34.3+0.1 at 987 GHz).
We first summarize the detection of absorption and emis-
sion features. Then we discuss each transition from the
most excited to the ground states. Finally we relate
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Fig. 2.— Water excitation diagram. The transition observed
with Herschel/HIFI are highlighted and their frequency, for both
H2O and H18

2
O, are given.

each emission and absorption components to the Galactic
structure.

3.1.1. Absorption and emission features

The six PRISMAS sources we present show H2O and
H18

2 O in emission at 752, 987, 556, and 547 GHz.
Some of them also show H2O in emission at 1661 GHz
(DR21(OH), W28A, W33A), 1669 GHz (DR21(OH),
W28A, W33A) and at 1113 GHz (DR21(OH), W28A,
W33A, W49N) and H18

2 O in emission at 1655 GHz
(W28A) and at 1101 GHz (W28A, W33A). Absorption
in the ground state transitions of H2O and H18

2 O is de-
tected towards all sources though it is sometimes faint
or difficult to claim at 547 GHz (e.g. towards W51).
Absorption in the excited transition of H2O is detected
towards all sources at 1661 GHz and possibly detected
at 987 GHz.

3.1.2. Excited p-H2O transition at 752 GHz

The only water line that do not show any indication of
water absorption is that of p-H2O at 752 GHz. Indeed,
it is the highest excitation line of water observed with
PRISMAS with a lower level at 101 K. Therefore, the
water molecules in clouds along the line of sight, which
are believed to be at much lower temperature, do not ab-
sorb photons at this frequency. Asymetry of the emission
profile indicates the presence of multiple emission com-
ponents. The position of the emission’s peak informs us
on the velocity of the source. We report this velocity in
Table 1 for each source.

3.1.3. Excited p-H2O transition at 987 GHz

The next highest excitation line, that of p-H2O at
987 GHz, resembles that of p-H2O at 752 GHz except
that it shows some sign of absorption. The absorption
from the p-H2O line at 987 GHz is more significant to-
wards DR21(OH) and to a lesser extent G34.3 and W49N
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Fig. 1.— Position of the sources in the Milky Way ...

bers and temperatures are listed in Table ??. Figure 2
shows the water diagram with the transitions observed
with HIFI. The data were obtained between ... and ...
using the dual beam switch observing mode. We use the
HIFI wide band spectrometer (WBS) which provides a
spectral resolution of 1.1 MHz (0.6 km s−1 at 557 GHz
and 0.2 km s−1 at 1669 GHz) over a 4 GHz IF band-
width. Each H2O and H18

2 O line has been observed with
three different local oscillator frequency (LOF) and two
different polarizations (H and V). All the observations
have been reduced using HIPE (Ott 2010) with pipeline
version 6.
For a given H2O or H18

2 O line, three different LOFs are
not enough to deconvolve and isolate a single sideband
(SSB) spectrum. Therefore, the H2O and H18

2 O lines are
contaminated by features from the other sideband. In
some cases, these contaminating lines fall near the H2O
and H18

2 O lines.We do not combine the two polarizations
immediately, as they target positions a few arcseconds
away from each other, and as the receivers and detec-
tors are different, which may be sufficient to introduce
systematics.

3. RESULTS

Figures 6 to 16 show the dual side band spectra of the
eight water lines for the six PRISMAS sources. We first
discuss the general properties of the spectra in terms of
absorption and emission features. Then we describe the
method we used to measure the optical depth and infer
the water ortho-to-para ratio.

3.1. General comments

All the spectra we present in this paper show some
similar properties. Slight differences between the two
polarizations are only visible on a few spectra (e.g. W51
at 752 GHz, W49N at 547 GHz, G34.3+0.1 at 987 GHz).
We first summarize the detection of absorption and emis-
sion features. Then we discuss each transition from the
most excited to the ground states. Finally we relate
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Fig. 2.— Water excitation diagram. The transition observed
with Herschel/HIFI are highlighted and their frequency, for both
H2O and H18

2
O, are given.

each emission and absorption components to the Galactic
structure.

3.1.1. Absorption and emission features

The six PRISMAS sources we present show H2O and
H18

2 O in emission at 752, 987, 556, and 547 GHz.
Some of them also show H2O in emission at 1661 GHz
(DR21(OH), W28A, W33A), 1669 GHz (DR21(OH),
W28A, W33A) and at 1113 GHz (DR21(OH), W28A,
W33A, W49N) and H18

2 O in emission at 1655 GHz
(W28A) and at 1101 GHz (W28A, W33A). Absorption
in the ground state transitions of H2O and H18

2 O is de-
tected towards all sources though it is sometimes faint
or difficult to claim at 547 GHz (e.g. towards W51).
Absorption in the excited transition of H2O is detected
towards all sources at 1661 GHz and possibly detected
at 987 GHz.

3.1.2. Excited p-H2O transition at 752 GHz

The only water line that do not show any indication of
water absorption is that of p-H2O at 752 GHz. Indeed,
it is the highest excitation line of water observed with
PRISMAS with a lower level at 101 K. Therefore, the
water molecules in clouds along the line of sight, which
are believed to be at much lower temperature, do not ab-
sorb photons at this frequency. Asymetry of the emission
profile indicates the presence of multiple emission com-
ponents. The position of the emission’s peak informs us
on the velocity of the source. We report this velocity in
Table 1 for each source.

3.1.3. Excited p-H2O transition at 987 GHz

The next highest excitation line, that of p-H2O at
987 GHz, resembles that of p-H2O at 752 GHz except
that it shows some sign of absorption. The absorption
from the p-H2O line at 987 GHz is more significant to-
wards DR21(OH) and to a lesser extent G34.3 and W49N
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Water absorption in the Milky Way 9

Fig. 4.— Optical depth towards W51 on a 0.5 km/s velocity grid. The solid black line is the column density inferred with the best-fit
continuum, the solid blue line is that inferred with the interpolated continuum.

Fig. 5.— Column density towards W51 on a 0.5 km/s velocity grid. The solid black line is the column density inferred with the best-fit
continuum while the solid blue line is that inferred with the interpolated continuum.

optical depth curves into column density curves where
∆v is the velocity bin size.
In Table ??, we give the water column density in the

lower level of each transition for each gaussian absorp-
tion component. We infer the uncertainty on the column
density from the uncertainty on the gaussian parame-
ters (width and intensity) and that on the continuum.
The absorption features due to the envelope or outflow of
the source are always optically thick for the H2O ground
state transitions. Therefore the optical depth and H2O
column density derived for the ortho and para ground

states levels is unreliable. Hereafter we treat the col-
umn density of the ground state levels for the optically
thick features as lower-limits. On the opposite, the ex-
cited transitions of H2O and the ground state transitions
of H18

2 O show only the absorption features associated to
the source. The optical depth infered from these spec-
tra is thus reasonable and the column density of their
lower level reliable. However, the absorption features
associated with the interstellar clouds are not detected
in those transitions. Hereafter, we assume the column
density in the corresponding lower levels is always signif-

8 Flagey et al.

TABLE 3
Best-fit gaussian parameters for the absorption features towards W51.

Transition v0 FWHM τ0 Nl(H2O) Notes
(GHz) (km/s) (km/s) (×1012 cm−2)
0987 GHz 57.8 7.68 0.32 23.0 ± 4.2 (src)

67.9 6.72 0.14 8.66 ± 5.0 (src)
1661 GHz 37.1 6.31 0.27 23.5 ± 3.1 CH

48.6 7.16 0.24 24.3 ± 9.7 CH
58.7 6.71 0.75 69.4 ± 19. (src)
68.0 11.5 0.24 37.9 ± 84. (src)

1113 GHz 6.18 2.78 0.83 5.40 ± 0.23
6.50 0.491 0.31 0.359 ± 0.12
45.6 0.964 2.03 4.55 ± 0.20
48.5 2.65 0.36 2.21 ± 0.35
56.3 4.53 2.50 26.5 ± 1.6 (src, sat)
65.1 6.20 14.93 216. ± 9.7 (src, sat)

0556 GHz 6.18 2.59 1.13 13.6 ± 0.93
6.78 0.587 0.07 0.139 ± 0.48
45.7 1.19 1.78 9.89 ± 0.52
48.4 2.04 0.37 3.54 ± 0.61
57.3 6.00 1.67 46.8 ± 2.1 (src, sat)
65.9 7.16 5.38 179. ± 7.0 (src, sat)

1669 GHz 6.40 2.73 1.45 18.4 ± 0.51
6.45 0.225 0.57 0.955 ± 0.43
11.7 4.15 0.09 1.75 ± 0.32 (osb)
45.8 1.08 2.43 12.3 ± 0.51
48.8 3.23 0.67 10.0 ± 0.63
56.2 4.79 2.95 65.8 ± 4.1 (src, sat)
64.8 6.71 18.87 590. ± 48. (src, sat)

1101 GHz 58.2 6.82 0.23 3.70 ± 6.7 (src)
66.9 6.52 0.09 1.33 ± 2.1 (src)

0547 GHz 57.7 7.26 0.32 10.7 ± 16. (src)
66.3 12.0 0.14 8.00 ± 10. (src)

1655 GHz 40.6 6.48 0.10 3.12 ± 0.44 (osb)
58.5 8.81 0.34 14.1 ± 2.1 (src)
68.5 7.50 0.21 7.24 ± 0.92 (src)

Note. — The uncertainty on the gaussian parameters account for the two polarizations.
(src) absorption feature associated to the source
(sat) surely saturated
(CH) feature associated to the CH transition at 1661 GHz
(osb) feature associated to the other side band

these extreme values is significant as they correspond to
optical thick features . Indeed, for optical depths larger
than about 3, the observed intensity is about 5% of the
continuum value, which is comparable to the standard
deviation on a given spectrum. The optical depth curves
obtained with both estimates of the continuum are very
similar in shape and intensity.

3.3. Column density

We then compute the column density Nl of H2O and
H18

2 O at a given lower energy level using:

Nl = 8π ×
gl
gu

×
ν3

c3
×

τ∆v

Aul
×

1

1− exp( −hν
kTex

)
(1)

where gl/gu is the ratio of the degeneracy factors of the
lower and upper levels, ν is the water line rest frequency,
Aul is the spontaneous emission rate of the transition,
Tex is the gas temperature, and ∆v is the width of the
feature. These values are given in Table 2. If we assume
Tex # hν/k, then the column density is given by:

Nl = 2.51×
gl
gu

×
ν3

c3
×

τ

Aul
×∆v (2)

with ∆v in km/s andNl in (cm−2). The corresponding
expressions for the column densities of each H2O tran-
sitions, in 1012 cm−2, and the associated conditions on
the excitation temperature therefore are:

N000 = 2.33× τ(1113 GHz)×∆v for Tex << 53 K

N101 = 4.66× τ(556 GHz)×∆v for Tex << 27 K

N101 = 4.66× τ(1669 GHz)×∆v for Tex << 80 K

N111 = 9.23× τ(987 GHz)×∆v for Tex << 47 K

N202 = 5.63× τ(752 GHz)×∆v for Tex << 36 K

N212 = 13.9× τ(1661 GHz)×∆v for Tex << 79 K

Similarly, for the H18
2 O transitions, we have:

N000 = 2.33× τ(1101 GHz)×∆v for Tex << 53 K

N101 = 4.66× τ(547 GHz)×∆v for Tex << 26 K

N101 = 4.66× τ(1655 GHz)×∆v for Tex << 79 K

We can thus infer the column density of water for each
absorption feature using the gaussian parameters (τ0 and
FWHM) from the best fit and we can also convert the



Water	
  column	
  density	
  

•  For	
  interstellar	
  clouds	
  N(H2O)	
  
between	
  a	
  few	
  1012	
  and	
  a	
  few	
  
1013	
  cm-­‐2	
  

•  N(H2)	
  from	
  CH	
  and	
  HF	
  
observa,ons	
  (Godard	
  et	
  al.	
  2012)	
  

•  Water	
  abundance	
  not	
  varying	
  
significantly	
  from	
  cloud	
  to	
  
cloud	
  at	
  ≈5x10-­‐8	
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Water	
  column	
  density	
  

•  Discrepancy	
  between	
  the	
  two	
  ortho	
  ground	
  state	
  transi,ons	
  
–  “High”	
  excita,on	
  temperature	
  affects	
  differently	
  es,mates	
  of	
  N101	
  

–  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	
  

•  Comparison	
  with	
  SWAS	
  observa,ons	
  (beam	
  of	
  3’x4’)	
  reveals	
  
that	
  absorp,on	
  features	
  from	
  within	
  the	
  source	
  are	
  diluted	
  
(≈small)	
  while	
  interstellar	
  features	
  are	
  the	
  same	
  

•  Frac,onal	
  abundance	
  of	
  water	
  in	
  ground	
  states	
  >	
  90%	
  
–  Excita,on	
  temperature	
  of	
  ~10K	
  (upper	
  limit)	
  

–  H2	
  density	
  of	
  106	
  cm-­‐3	
  (upper	
  limit)	
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Ortho-­‐to-­‐para	
  ra,o	
  

•  Most	
  filaments	
  in	
  agreement	
  
(within	
  a	
  few	
  sigma)	
  with	
  
OPR	
  value	
  of	
  3	
  

•  Several	
  filaments	
  significantly	
  
below	
  3	
  tracing	
  cold	
  event	
  in	
  
the	
  history	
  of	
  water	
  
molecules	
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Conclusions	
  

•  First	
  ,me	
  observa,ons	
  of	
  all	
  the	
  ground	
  states	
  levels	
  +	
  first	
  
few	
  excited	
  transi,ons	
  of	
  water	
  with	
  Herschel	
  

•  Evident	
  contamina,on	
  of	
  the	
  interstellar	
  absorp,on	
  features	
  
by	
  the	
  emission	
  from	
  the	
  “con,nuum”	
  source	
  

•  Nonetheless:	
  
–  Column	
  density	
  of	
  water	
  ≈1013	
  cm-­‐2	
  in	
  interstellar	
  clouds	
  
–  Abundance	
  of	
  ≈5x10-­‐8	
  that	
  of	
  H2	
  

–  OPR	
  mostly	
  in	
  agreement	
  with	
  the	
  high	
  temperature	
  limit	
  value	
  

•  Needed:	
  
–  Berer	
  modeling	
  of	
  the	
  water	
  emission	
  

–  Analysis	
  of	
  subtle	
  effects	
  (e.g.	
  varia,ons	
  in	
  the	
  wings	
  of	
  the	
  absorp,on	
  
features)	
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