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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



3

Column density 
- varies between a few 1012 

and about 1014 cm-2

- well correlated with NH:

N(H2O)/NH ≈ 10-8

Even better correlation 
with N(H2) over about 1 
order of magnitude
N(H2O)/N(H2) ≈ 5 x 10-8

Abundance of water
Flagey et al. 2013

CH and HF
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Variations of the abundance:

Scatter seems more important with NH than N(H2)
N(H2O)/NH increases with f(H2) while N(H2O)/N(H2) keeps constant
=> N(H2O) tracer of N(H2) rather than of NH

18 Flagey et al.

Table 6
Abundance of water relative to molecular hydrogen and to

hydrogen nuclei.

Cloud N(H2O)/N(H2) N(H2O)/NH

DR21(OH) (4 to 18 km s−1) 4.7+0.8
0.4 <0.77

G34.3+0.1 (8 to 16 km s−1) 7.7+2.7
1.1 1.2+0.3

0.1

G34.3+0.1 (22 to 34 km s−1) 4.2+2.2
0.6 0.41+0.17

0.02

G34.3+0.1 (42 to 55 km s−1) <10.4 -

W33(A) (21 to 26 km s−1) 4+2
1 0.38+0.16

0.03

W33(A) (26 to 31.5 km s−1) 4.8+2.3
0.8 1.2+0.4

0.1

W49(N) (26 to 48 km s−1) 5+2
1 0.8+0.2

0.1

W49(N) (48 to 73 km s−1) 4.3+0.9
0.7 1.0+0.1

0.1

W51 (3 to 15 km s−1) 6+3
2 0.94+0.1

0.01

W51 (44 to 51 km s−1) 12+15
4 <1.1

Note. — N(H2O) are in units of 1012 cm−2. N(H2) and NH

are in units of 1020 cm−2. Abundances are in units of 10−8.

at a depth between AV ∼ 0.1 and AV ∼ 1 mag, the
abundance of water relative to hydrogen nuclei was al-
most constant at ∼ 1× 10−8. To obtain this abundance,
Hollenbach et al. (2012) used an average incident diffuse
interstellar radiation field (χ = 1) and a very high cosmic
ray ionization rate of 2 × 10−16 s−1. Our measurements
of the water abundance relative to hydrogen nuclei are
in very good agreement with their results.
We then explore possible variations of the water abun-

dance, whose values are indicated in Table 6 for each
cloud. First, we show in Figures 10(a) and 10(b) the vari-
ations of the water abundance, relative to molecular hy-
dogen, or hydrogen nuclei, as a function ofN(H2), orNH .
Neither plot show any sign of a correlation. The average
value for N(H2O)/N(H2), taking into account the only
uncertainty of each data point due to the ground state
column densities, is (4.8±0.3)×10−8. If we add to the un-
certainty the upper limits inferred for the excited transi-
tions, the average is (4.7±0.5)×10−8. The average value
for N(H2O)/NH is (0.8±0.1)×10−8 whatever uncertain-
ties we use. Then, we show in Figures 11(a) and 11(b) the
abundance of water relative to molecular hydrogen, or
hydrogen nuclei, as a function of the molecular fraction of
hydrogen (f(H2) = 2N(H2)/NH). If N(H2O) was dire-
clty proportional to NH , then we should see a correlation
between N(H2O)/N(H2) and f(H2) = (NH/2N(H2))−1.
Instead, we see that N(H2O)/N(H2) does not exhiti
any trend as a function of f(H2). On the other hand,
N(H2O)/NH increases as f(H2) = 2N(H2)/NH in-
creases, which confirms that water is a better tracer of
H2 than it is of hydrogen. The water abundance relative
to hydrogen nuclei increases from less than 0.5 × 10−8

to about 1.5× 10−8 as f(H2), which is the range of val-
ues predicted by Hollenbach et al. (2012) as the visual
extinction, therefore the molecular fraction of hydrogen,
increases from less than 0.1 mag to about 1 mag. This
confirms that N(H2O) is a good tracer of N(H2) in the
translucent section of clouds.
We finally explore the possiblity of a variation of the

water abundance with Galactocentric distance as the
oxygen abundance in the Galaxy has been shown to
decrease a few 0.01 dex/kpc with Galactocentric dis-
tance over significantly larger range (e.g. Balser et al.
2011; Henry et al. 2011). Therefore, we associate each
cloud with its Galactocentric distance, inferred from the

kinematic distance method, to determine whether the
abundance of water also follows a gradient through the
Galaxy. We use the whole range of velocity covered by
each absorption feature to determine its Galactocentric
distance and estimate the uncertainty on this distance.
We find that the nine translucent clouds for which we
measure a water abundance are located between 5.5 and
8.5 kpc. Figure 12(a) shows that neither the H2O abun-
dance relative to molecular hydroge or that relative to
hydrogen nuclei varies significantly with the distance to
the Galactic center. Only additional measurements over
a wider range of Galactocentric distances might help bet-
ter constrain a trend, if any.

4.4. The OPR as a tracer of the gas history

Figure 13 shows the OPR for each interstellar gaussian
absorption feature in the PRISMAS spectra as a function
of the H2O column density. No obvious trend can be de-
tected and a linear fit to the data leads to a slope of less
than 10−2. The weighted average of the OPR is about
2.8±0.1. Most features are in close or very close agree-
ment with the high temperature limiting value of 3. In-
deed, for 34 out of 41 interstellar absorption components,
the observed OPR is within 3-σ of a value of 3.0. Only
a few gaussian components are either significantly below
or above 3. Among them, the most extreme values corre-
spond to the features at 55 km s−1 towards W49N, and
at 29 km s−1 towards W33A. These two features have in
common that they are blended with other stronger ab-
sorption features, including features associated with the
background source. As a result, the column density and
OPR of water derived for those absorption components
might only be correct when summed over a larger veloc-
ity range that includes all the blended features.
We then analyse the OPR derived from the column

density curves. Hereafter, we use OPRg as the estima-
tor of the OPR, rather than OPR+, since we expect the
water column density in the excited levels to be negligi-
ble, assuming Tex # 5 K. In total, we measure the water
OPR for 13 translucent clouds. For these 13 clouds, the
average OPR is 2.9±0.1, in very close agreement with
the high temperature limiting value of 3. Out of the
13 clouds, 10 have an OPR less than 3-σ away from a
value of 3. One of the three other clouds has an OPR
value above 3 and correspond to the narrow absorption
component at ∼ 44 km s−1 towards W33(A). The OPR
inferred for the remaining two clouds is 2.3±0.1, 2.4±0.2.
These are the clouds towards W49N at ∼ 40 km s−1 and
∼ 60 km s−1.
We compare the OPR derived from the gaussian com-

ponents to that obtained for each cloud, combining the
gaussian components accordingly. We find there is al-
most a perfect agreement between the result from the two
methods (see Figure 14). Some discrepancy is notable for
a couple of clouds where the gaussians give a lower than
3 OPR while the column density curves leads to an OPR
in agreement with a value of 3. The two clouds towards
W49N are the only ones that have an OPR significantly
lower than 3 for both methods. This statistical analysis
on 13 clouds confirms and extends the results from Lis
et al. (2010) who analyzed two PRISMAS sightlines and
found some values of the water OPR in agreement with
the high temperature limiting value of 3 and some values

Note. — N(H2O) are in units of 1012 cm−2. N(H2) and NH are in units of 1020 cm−2. 
Abundances are in units of 10−8.

Abundance of water
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Value of 3 expected at high temperature 
(above ≈ 40K)

Herschel allows for the first time to 
actually measure the OPR rather than 
assuming a value of 3

Temperature in the observed translucent 
clouds is expected to be 50-100 K 
(lower in most dense clouds)
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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

Ortho to para ratio
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Out of 13 clouds, 10 have an OPR less than 3-σ away from a value of 3.0

(1 cloud has an OPR above 3.0)

Lowest OPR values are in two clouds with the highest column density. Expected temperature 
lower than 50K. In their densest parts, water could be stuck on grains. Cold water released 
from ice. Longer thermalisation time in translucent (107 years) than opaque regions (105 years) 
because of lower density.

Ortho to para ratio
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 Most complete set of observations of water in Galactic translucent 
clouds
 Column density of water (1012-1014 cm-2) very well correlated with that 
of molecular hydrogen:
X(H2O) = 5 x 10-8

 Ortho ground state transitions allow constrain of excitation 
temperature (< 5K) and fractional abundance in excited levels (<< 1%)
 OPR in agreement with value of 3 except in two clouds with high column 
density which relates to cold event in the history of the water molecules

Water in the Galaxy
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1 IRAS05358+3543

• The inner abundance was constrained with the 1096, 1102 and 1662 GHz linesLuis Chavarria: W33A, DR21(OH)
Density profiles and source size were estimated using SCUBA 
data. Mass and luminosity estimations are from the SED fitting.


