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Abstract. The HDO 1¢; — Ogy ground-state line at 464 GHz
has been detected toward the high-mass star-forming clumps
W 3(0OH) and W 3(H,0), together with the higher-lying 2;; —
212 and 31, — 25 lines at 241 and 225 GHz, respectively. A de-
tailed analysis of the HDO excitation shows that the higher levels
are most likely populated by intense far-infrared radiation due
to warm dust. The data allow constraints on the dust temperature
(Tiust > 100 K), total column of dust (E(B — V) > 500 mag)
and HDO column density. Combined with H1O data recently
obtained by Gensheimer et al. (1996), the deuteration of water is
found to be lower than that of other species, [HDO}/[H,0]=(2-
6) 10™*, but comparable to that found for other “hot cores”.

Key words: ISM: molecules — ISM: clouds — ISM: individual:
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1. Introduction

Unlike water itself, HDO possesses a number of low excitation
lines which can be observed from Earth and are not masing.
Although HDO was discovered already in 1975 through obser-
vations of the 19 — 1;; transition at 80.6 GHz (F, = 47 K)
(Turner et al. 1975), most recent work has focussed on the
higher-lying 211 — 212 (E =95 K), 312 — 221 (Eu = 168 K)
and 45 — 43 (B, = 319 K) lines at 241, 225 and 143 GHz,
respectively (Jacq et al. 1988, 1990; Gensheimer et al. 1996).
However, observations of the latter lines are biased toward high-
temperature, high-density regions. In order to better constrain
the HDO excitation and its abundance in the bulk of the gas,
information on lower-lying lines in small beams is needed. Re-
cent improvements in submillimeter receivers have allowed the
detection of the ground-state 1g; — Ogg HDO line at 464 GHz at
high angular resolution in Orion-KL, but searches for this line
in other sources have so far proved elusive (Schulz et al. 1991).
‘We report here the second detection of the 464 GHz line in two
other high-mass star-forming clumps: W 3(OH) and W 3(H,0).
Together with data on the 225 and 241 GHz lines in a similarly
small beam, this allows a detailed determination of the HDO
excitation and abundance.
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The HDO analysis is not only important by itself, but also
permits constraints on the amount of deuterium fractionation of
water, especially when combined with recent observations of the
HI30 313 — 2 line at 203 GHz (E,=194 K; Gensheimer et al.
1996). It is well known that the deuterated forms of species such
as HCN (Mangum, Plambeck & Wootten 1991; Schilke et al.
1992), NH3 (Walmsley et al. 1987) and CH;0H (Mauersberger
et al. 1988a; Schulz et al. 1991; Jacq et al. 1993) have much
higher abundances in “hot core” type regions than expected on
the basis of the cosmic [D]/[H] ratio of ~ 1.6 - 10~3. This has
been interpreted in terms of evaporation of icy grain mantles in
massive star-forming regions, where the deuterium fractiona-
tion results from a previous colder phase and from grain surface
reactions (Tielens 1989, Brown & Millar 1989). An analysis of
the type presented here will allow a more accurate determina-
tion of the HDO/H,O ratio. A particularly interesting question
is whether this ratio depends on the evolutionary state of the ob-
ject, since it is expected to decline as soon as high-temperature
gas-phase reactions become effective. For this reason, we have
selected the W 3 region for observations, since it contains sev-
eral high-mass star-forming clumps at different evolutionary
phases for which detailed complementary information is avail-
able (Helmich et al. 1994; Wilson et al. 1991, Helmich & van
Dishoeck 1996). Also, accurate HDO/H,O abundance ratios
have recently been determined for a number of other high-mass
star-forming clumps by Gensheimer et al. (1996) for compari-
son.

2. Observations and results

The observations were made with the 15 m James Clerk
Maxwell Telescope! (JCMT) on Mauna Kea, Hawaii. The mea-
surements of the HDO 225, 241 and 464 GHz lines were taken
between August 1992 and October 1995 as part of the line sur-
vey project of three sources in W 3: W 3 IRS4, W 3 IRS5 and
W 3(H,0). Because of their special interest, these lines were

' The James Clerk Maxwell Telescope is operated by the Observato-

ries on behalf of the Particle Physics and Astronomy Research Council
of the United Kingdom, the Netherlands Organisation for Scientific
Research, and the National Research Council of Canada.
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also observed toward W 3(OH), located ~ 7" E of W 3(H,0).
All data were taken with the facility receivers A2 and C2, re-
spectively. See Matthews (1995) and references therein for tech-
nical details. Typical system temperatures were 500-700 K at
230 GHz and ~ 3000 K (June 1994) to ~ 1000 K (Decem-
ber 1994) at 460 GHz. The main beam-efficiency at 230 GHz
as measured on planets was only 0.5 in August 1992, but in-
creased to 0.63 in July 1993. At 460 GHz, it was 0.45 in June
1994 and 0.5 in December 1994. The 225 and 241 GHz lines
toward W 3(H,O) and W 3(OH) were re-observed in October
1995 under excellent weather conditions, resulting in system
temperatures of about 400 K. The beam-efficiency was 0.68.
The integrated intensities of these lines agree within 20% with
those obtained in earlier runs.

All data were taken in double side-band mode; for receiver
A2, the lines were placed in the lower side band with the upper
side band 3 GHz apart. For receiver C2, the 464 GHz line was
placed in the upper side band, with the lower side band shifted
by 7.88 GHz. As the backend, the 2048 channel acousto-optical
spectrometer (AOSC) was used in August 1992, and the digital
autocorrelation spectrometer (DAS) with different frequency
resolutions in later runs (Matthews 1995). Line identification
was performed with help of the JPL and Lovas catalogues (see
Groesbeck 1994 for references). The image side bands were
checked for possible blends, but no obvious candidates were
found. Especially at464 GHz, several possible overlapping lines
of CH30OH and SO, occur; different local oscillator settings were
performed to assure that the line is not blended with lines from
the image side-band. The 225 GHz line is slightly blended with
aline of CH3OCHO in the signal side band, but the contribution
of methylformate to the integrated line intensity is found to be
less than 20% from other components of this line seen in the
same setting.

All observations were done in beam-switch mode with a
throw of +180” in azimuth. The pointing was checked on
W 3(OH) every half hour at 460 GHz and every hour at
230 GHz, and was well within 3”. The beam of the JCMT is
10.5" at 460 GHz and 20.8" at 230 GHz. The calibration was
done in the standard way using the chopper-wheel method (see
Kutner & Ulich 1981). The absolute calibration is estimated to
be accurate to ~30%, consistent with the variations found for
the 225 and 241 GHz data between different runs.

Fig. 1 shows the observed spectra at 464 GHz toward
W 3(OH) and W 3(H,0) with the 1p; — 0gp HDO line indi-
cated; the continuum emission of ~0.8 K has been removed.
Fig. 2 illustrates the 225 and 241 GHz spectra for these two
sources from the October 1995 run.

Table 1 lists the results of Gaussian fits to the observed HDO
lines. No HDO lines were detected at a convincing level toward
W 3 IRS4 and IRSS, but the observing conditions toward the
latter source at 464 GHz were not as good as toward the other
two sources, so that the 2o limit of < 0.5 K is less meaningful.
The JCMT intensities for the 225 GHz lines toward W 3(H,0)
and W 3(OH) are a factor of ~ 2 lower than those of Jacq et al.
(1990) obtained in a 12" beam with the IRAM 30m telescope,
suggesting that the emission originates from a small source.
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Fig. 1. Observed spectra toward W 3(H,O) and W 3(OH), show-
ing the detection of the HDO 1¢; — Og 464 GHz line. The CH3;0H
11, — 11; AT line originates in the upper (image) side band, whereas
the other CH3OH and the HDO lines are in the lower side band. The
positions of two 350, lines (292,28 — 291,20 and 1037 — 10p,10) are
indicated by tick marks. Due to different atmospheric corrections, the
intensity of the 11, — 11 A* line toward W 3(H,0) should be multi-
plied by 1.4. The two observations were done at slightly different LO
settings, the lower side-band is centered at Visg = —47 km s,

However, the 241 GHz line toward W 3(OH) is in good agree-
ment with their measurements, although the data for this line
are more noisy. Within the errors of both the IRAM and the
JCMT calibration, the data could still be consistent with ex-
tended emission at this position. We will consider both options
in the analysis. Jacq et al. (1990) also made a map of the 225 GHz
line, which indicates that the emission peaks on W 3(H,O); the
contrast in the map is apparently small, however. Fits to lines
of other species detected in the 225 and 241 GHz spectra are
given in Helmich & van Dishoeck (1996).

The 1g; — Ogo line profile toward W 3(OH) is well fit by
a single Gaussian, but that toward W 3(H,0) shows evidence
for two components: a broad component and a much weaker,
narrower component. It is also interesting that both in our work
and that of Jacq et al. the HDO lines toward W 3(OH) do not
occur at the velocity Visg = —44.5 km s™! characterizing the
absorbing lines of NH3, CH3OH and OH toward this source, but
at —47 to —49 km s~!. This is the same velocity as that of most
molecular lines found toward W 3(H,0). Although the JCMT
beam at 230 GHz is large enough to pick up some contaminating
emission from this source, the 464 GHz beam and the IRAM
230 GHz beam of ~ 12" should be able to largely separate the
two sources.

3. Analysis
3.1. Rotation diagram

Fig. 3 presents the rotation diagrams for W 3(H,O) and
W 3(OH) respectively. Two cases are included for each source.
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Fig. 2. Observed spectra toward W 3(H,O) (upper panels) and W 3(OH) (lower panels), showing the HDO 312 — 251 (left) and the 211 — 242 line
(right). The spectra are double side-band, centered on the HDO lines in the lower side band (at 47 km s~1). Lines from the upper side-band

are indicated by dotted tick marks.

The first result refers to the JCMT data only without correction
for different beam sizes of the 460 and 230 GHz data, con-
sistent with extended emission over ~20" scales (solid line).
The inferred Ty is 93 £+ 20 K for W 3 (H,0) and 167 =50 K
for W 3(OH), with HDO column densities of ~ 210'* cm~2 in
both sources. The second case is obtained by combining the 464
GHz JCMT line with the 225 GHz line measured by IRAM, and
refers to a 12" beam (dashed line). This plot also includes the
upper limit at 143 GHz measured by Gensheimer et al. (1996).
The resulting T3 are increased to 160 + 60 K for W 3(H,0)
and ~800 K for W 3(OH), with column densities of ~ 5104
and ~ 10" cm~2, respectively. Although the rotational temper-
atures are uncertain, especially for W 3(OH), it is clear that the
HDO is highly excited in both sources.

3.2. Excitation model

In order to better determine the beam-averaged HDO column
densities and the physical parameters of the gas in which it
resides, statistical equilibrium calculations of the HDO excita-
tion were performed. The calculations take the collisional and
radiative (de-)excitation processes into account, and separate
the level populations from the radiative transfer by means of
an escape probability formulation. For a detailed description,
see Jansen et al. (1994) and Jansen (1995). The HDO-He rate
coefficients of Green (1989) were adopted. .
In the case of W 3(H,0), detailed knowledge about the
physical and chemical conditions averaged over a 15" beam is
available from the analysis of the excitation of other molecules

observed in the line survey (see Helmich et al. 1994; Helmich
& van Dishoeck 1996). These data indicate Tk, = 220 K and
n(Hy) = 210° cm™3 on these scales. Interferometer observa-
tions of molecular and continuum emission by Turner & Welch
(1984), Wink et al. (1994) and Wilner et al. (1995), however,
indicate the presence of more compact clumps with sizes < 1"
to 5" embedded in this core. The central unresolved clump seen
in the continuum contains a young stellar object of spectral
type B (Turner & Welch 1984; Wilner et al. 1995). Information
on W 3(OH) can be found from data of Wilson et al. (1991)
and Mauersberger et al. (1988b). This line of sight also sam-
ples the warm core with 100 K (Mauersberger et al. 1988b) and
n(Hy)= 0.1 — 110% cm~3 (Wilson et al. 1991). Dense (~ 10’
cm™3) embedded clumps of size 2-3" are probably responsible
for the OH maser emission at this position. The total beam-
averaged (H;) column densities are somewhat uncertain, but
Helmich & van Dishoeck (1996) find ~ 10%3 cm~2 in a 15”
beam toward W 3(H,0) from C!70O 3-2 observations using
CO/H; = 3 x 10~* measured by Lacy et al. (1994) for dense,
warm clouds. C'0 2-1 data by Wilson et al. (1991) suggest
a value of (1 — 3)10% cm™2 in a 12" beam toward W 3(OH),
depending on the adopted CO/H, abundance. These values re-
fer primarily to the core. The column densities for the compact
clumps range from ~ 10?* to 10%> cm~2. Unfortunately, it is dif-
ficult to derive reliable column densities from (sub-)millimeter
continuum data, because the dust emission is still overwhelmed
by the free-free emission up to high frequencies, and most single
dish data do not separate the two sources.
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Fig. 3. Rotation diagrams for HDO toward W 3(H,O) and W 3(OH).
- The open squares are the IRAM-data from Jacq et al. (1990) and Gen-
sheimer et al. (1996). The solid triangles are the JCMT-data from this
paper. The dashed line represents the fit of the JCMT 464 GHz line
together with the IRAM data. The solid line represents the fit to the
JCMT data only.

The excitation calculations have been performed for a range
of densities and temperatures using initially only the cosmic
background radiation field with Tcgr = 2.73 K. The resulting
1ot — 0go/211 — 212 and 1g; — Ogo/312 — 251 line ratios are il-
lustrated in Fig. 4a,c for the optically thin case. It is clear none
of these calculations can reproduce the observed line ratios of
< 10 for both sources: the differences are 2-3 orders of mag-
nitude for n(Hy)< 108 cm™3. Only for very high densities of
n(H,) ~ 10° cm™3 can the observed values be reproduced. It is,
however, well known that light hydrides such as HDO are easily
pumped by far-infrared radiation through their rotational lines
(e.g., Churchwell et al. 1986; Moore et al. 1986, Jacq et al. 1990,
Schulz et al. 1991). Since the W 3(OH)/(H,O) region contains
large amounts of warm dust and thus emits copious photons in
the far-infrared (see e.g. Keto et al. 1992), this process is likely
to be significant.

The far-infrared radiation field seen by the molecules is rep-
resented in our model by I8 = B, (Tcer) + NaBy(Taust)(1 —
exp(—74)), where By (Tyyst) is the Planck function at the dust
temperature Ty, 74 is the dust optical depth and 774 a geomet-
rical dilution factor, which is taken to be 1. The dust opacity
74 is computed by specifying a total column of dust in terms of
E(B — V) and using an opacity law of the form 7, o # at
A > 40 pm which joins smoothly with the average interstellar
extinction curve of Becklin et al. (1978) at shorter wavelengths.
Theoretical models suggest 3 to be between 1 and 2. Measure-
ments by Chini et al. (1986) indicate 5 to be 2.0 & 0.4 for this
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Table 1. HDO Line fitting parameters

Line v Tvs Wisr AV f TuedV
(GHz) (K) (km/s) (km/s) (K km/s)
W 3(H,0)
31— 25 225.8967 0.14 -49.8 8.2 1.2
211 — 212 241.5616 0.13 -48.4 8.8 1.2
lot — Ogp  464.9245  0.97 -48.6 8.1 8.4
W 3(OH)
312 — 221 225.8967 0.10 -492  11.0 12
21— 212 241.5616 0.10 -49.1 11.3 1.2
loi — Oy 464.9245 0.48 472 7.0 35
W 3 IRS5
32— 25 225.8967 <0.12%3 - - -
21— 212 241.5616  <0.080° - - -
lot — Oy 464.9245  0.46° -39.3 4.1 2.0
W 3 IRS4
32— 22 225.8967 <0.060° - - -
21— 21, 2415616 <0.074° - - -

Coordinates (B1950.0): W 3(H,0) 02" 23™ 173 +61°38'58";
W 3(0OH) 02" 23™ 16345 +61°38'57/2; IRS5 02" 21™ 531
+61°52/20"; IRS4 02" 21™ 435 +61°52/49” .

UIf two components are fitted separately: Tyg = 0.55 K and
AV =10 km s™'; and Tz = 0.46 Kand AV =2.0 km s™'.
2 Unidentified line 2 MHz away.

3 Upper limits are the rms noise in a 0.5 MHz channiel.

4 20 detection.

region, a value which is consistent with the (uncertain) deter-
mination by Wilner et al. (1995) for W 3(H,O). Because lower
values of (3 cannot be excluded a priori, 8 = 1.5 is used in this
work unless stated otherwise. The total beam-averaged column-
density N(H,) is related to the extinction E(B — V') through
N(H,) = 2.4 - 102! E(B — V) cm™2, assuming the amount of
atomic hydrogen is negligible (Bohlin et al. 1983).

Toward W 3(OH), the free-free radiation from the H 11 re-
gion can also affect the excitation. This contribution was taken
into account using 7¢; = 8400 K and an emission measure of
6.75 108 cm~Spc (Baudry et al. 1993). Its influence turns out
to be negligible for small (< 200) line ratios, however.

The resulting line ratios for a range of Ty, and E(B — V)
with # = 1.5 are presented in Fig. 4b,d, using Ti;, = 220 K and
n(H,) = 2 10® cm™3. Note that the results are not sensitive to
the adopted kinetic temperature and density but differ by factors
of afew if § =2 or § = 1 is taken, the shape of the contours
remaining the same. It is clear that both line ratios are smaller
by 2-3 orders of magnitude if the far-infrared radiation is in-
cluded and are within the range of observed values. Thus, these
calculations can in principle be used to constrain both Ty, and
E(B — V). However, several other factors affect the interpre-
tation, the most important of which are the adopted source size
and source structure.
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3.3. Results As mentioned in Sect. 2, comparison of the JCMT and

Consider first the case that the emission from W 3(OH) fills both
the 230 and 460 GHz JCMT beam. Then the 101 - 000/211 — 212
and 1g; — Ogo/312 — 221 line ratios are ~ 3. This implies
Tast > 100K and E(B — V) > 1000. The line ratio ex-
cludes Tyue < 50 K, but an upper limit on the dust temper-
ature cannot be derived from these data. Because the inferred
gas temperatures are 100-250 K, a dust temperature in this
range is reasonable at these high densities. For Ty = 150 K,
E(B V) = 1000 —2000 magnitudes is found, or equivalently
N(H,) = (2 — 5)10** cm™2, assuming diffuse cloud values for
the relation between extinction and total column density. The
beam-averaged column density N(HDO)= 4.3 10 cm~2, and
the corresponding HDO/H, abundance 8 10~!!. This value must
be regarded as a lower limit, however, since the total column
density of the extended core is more likely that derived from
C!80 of ~ 2 102 cm~2 givinga HDO abundance of 2 10~° (see
Sect. 4). Using 8 = 2 resultsin E(B—V) = 3000, T4y = 200 K
and N(HDO) = 3.2 10'* cm~2. The excitation temperatures of
the observed HDO lines range from 70 to 190 K in the model, in-
dicating that the assumption of LTE used in the rotation diagram
method is not quite valid.

For W 3(H,0), the observed 1g; — 0go/211 — 212 and 1g; —
000/312 — 221 ratios are ~ 8, which indicates Ty, ~ 100 K
and E(B — V) =~ 500 magnitudes. This would imply a total H,
column density of ~ 10?* cm~2. From the absolute strengths of
the lines a beam-averaged HDO column density of 2 10'* cm~2
is obtained. For 3 = 1 or 2, the HDO column density is not
changed, but the dust parameters vary by a factor of three.

IRAM 225 GHz data suggests that for both sources, but in partic-
ular W 3(H,0), the source size is small, only a few arcseconds.
This would be consistent with interferometer observations of
other “hot core” molecular species like HCN and CH3CN to-
ward W 3(H,0), which show a typical source size of < 1.2"
(Wink et al. 1994; Turner & Welch 1984). If we take the 225
GHz values for W 3(H,0) from both telescopes at face value,
the difference implies a source size of 3.5”, comparable to the 5"/
clump found from HCO* and C!80 by Wink et al. (1994). The
single-dish measurements are not sensitive to emission com-
ing from the smallest scales (~ 1”), but can easily pick up
emission from the intermediate (5”) scales. Moreover, the dust
continuum from the compact (<1”) source is optically thick at
wavelengths shorter than 1 mm, so that the 464 GHz line must
originate from a larger region. Therefore 5" was adopted as the
source size for the HDO emission. This implies that the line ra-
tios decrease from ~8 to ~2, so that the inferred E(B — V') and
Taust for W 3(H,0) increase, and become similar to those found
for W 3(OH). The absolute strengths of the lines corrected for
beam-dilution give N(HDO) = 5 10'5 cm™2. The optical depth
in the ground state line is ~0.1, and the 230 GHz lines are opti-
cally thin. The optical depth for the 464 GHz line is much lower
than that found for Orion by Schulz et al. (1991), but it depends
strongly on the source size. If the source of HDO emission is
less than ~ 5", the ground state 464 GHz line will rapidly get
optically thick. This has the effect of shifting the curves in Fig. 4
to lower E(B — V).

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1996A%26A...313..657H&amp;db_key=AST

FTIOBARA 3132 T657HD

662

If 6 =1 or 2 is used, the same HDO column density is ob-
tained, but the dust parameters vary a factor three at most. Thus,
in spite of the uncertainties in the data and models, the column
density of HDO can be determined fairly well, the major uncer-
tainty being the source size. The inferred dust column density
and its associated temperature are more uncertain, since only
the total radiative excitation rates (i.e., the number of pumping
photons) in the 0.8—-3 THz range are constrained by the observed
line ratios. Different choices of 3 therefore necessitate different
values of Ty and F(B — V') within the adopted model.

The above analysis assumes that all of the HDO emission
arises from a single component. As discussed in Sect. 2, the
1o; — Ogo line profile toward W 3(H,0O) shows some evidence
for two components. The narrower component probably arises
in the core surrounding also W 3(OH), which fills a significant
part of the beam. The broader, dominating, component would
then originate in the 5” clump seen in the interferometer in
other species. Higher spatial resolution and higher signal-to-
noise data are needed to do a proper decomposition, and to
determine the relative amount of HDO in these components.

Some high-mass star-forming cores such as SgrB2 are
known to have cold, low density envelopes surrounding them.
In these cases, the ground state lines of hydrides such as NH,
(van Dishoeck et al. 1993), HCI and H,'80 (Zmuidzinas et al.
1995, 1996) are readily seen in absorption rather than emission.
Could the strength of the 464 GHz emission be affected by such
absorption? In the case of the W 3(OH)/W 3(H,O) region, there
is no evidence for a massive cold envelope from observations of
other lines. Absorption lines of NH3, CH3OH and other species
are seen at longer wavelengths against the free-free continuum
of W 3(OH), but this gas is warm. Also, the absorption velocity
of 44.5 km s~ is well separated from the —49 km s~! emission
observed in this work. Moreover, the presence of alower density
envelope containing HDO should not affect the 464 GHz emis-
sion if the density is below the critical density in the envelope.
In this case the envelope acts as a “diffuse scatterer” rather than
a true absorber, so that the total number of photons is conserved
(Zmuidzinas et al. 1996).

For W 3 IRS5, n(H,) = 110° cm™3 and T, = 100 K
(Helmich et al. 1994) has been found. Because the 225 and 241
GHz lines are not detected, no useful constraints on the dust pa-
rameters can be obtained from the HDO line ratios. The upper
limits imply E(B — V') <1000 mag. For Ty, = 65 K (Gordon
1987), E(B — V) = 300 mag, the 20 detection of the 464 GHz
ground state line then implies N(HDO) = 2 103 cm~2, which
is uncertain by a factor of a few. Combined with an estimated
H, column density from C'70 3-2 of 10 cm~2, this implies
an HDO abundance of 210~!°, No useful HDO limits can be
obtained toward W 3 IRS4.

4. Discussion

The HDO molecule is not only of chemical interest, but it also
offers a fascinating excitation puzzle. From Sect. 3, it is clear
that if the excitation is caused by far-infrared radiation, the HDO
molecules are exposed to radiation from a very large column
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(E(B — V) = 1000 mag) of warm dust (T4, > 100 K). This
calculation assumes, however, that the HDO molecules and the
dust are well mixed. The large inferred (beam-averaged) column
densities of > 10?* cm~2 are consistent with the high values
found for the more compact clumps toward W 3(H,0) (Wink et
al. 1994; Wilner et al. 1995), but are an order of magnitude larger
than those derived for the core on 12" scales. Since the data in-
dicate that at least some HDO is present in the core, it is likely
that these molecules are excited primarily by the continuum ra-
diation from the compact clumps, albeit with some geometrical
dilution. More detailed modeling requires information on the
HDO and dust distribution at arcsec resolution.

The detection of vibrationally excited CS and HCN toward
W 3(H,0) (Helmich & van Dishoeck 1996) strengthens the ar-
gument for a large column of warm dust at high temperature,
emitting enough photons to pump even the vibrational lines of
these species at 8 and 13 um, respectively. Approximately 10%
of the dust column necessary for the HDO excitation must be at
a temperature of more than 500 K to explain the vibrationally
excited CS emission. Thus, this emission must originate very
close to the young stellar object.

Toward W 3(OH), the very low 1o; —0go/211 —212 and 1p; —
000/312 — 221 line ratios and the large inferred E(B — V') remain
puzzling. The corresponding high excitation temperatures of
~800 K may indicate that some shock excitation, for example
in the dense clumps also responsible for the OH masers, plays
a role as well. The broader line profiles of ~11 km s~! would
be consistent with this interpretation. Deeper searches for even
higher excitation HDO lines at this position will be valuable,
but difficult with current instrumentation.

The recent H:¥O measurements toward W3 made by Gen-
sheimer et al. (1996) allow the deuteration of water to be deter-
mined. If we assume that the HDO is well mixed with the H,O,
we can apply the same physical conditions (with 8 = 1.5) as
found for HDO to determine the column densities of H}¥O. The
H, 0O column densities are then calculated using an ortho/parara-
tio of 3:1 and an [H,O)/[H}¥O] ratio of 500. Due to the different
assumptions, our H,O column densities differ by ~20% from
those of Gensheimer et al. (1996). For W 3(OH) 2.2 10'8 cm—2
is found and for W 3(H,0) 1.4 10'® cm~2 in the beam-filling
case, or 8.610'® cm~2 if the emission comes from a 5" re-
gion. The [HDO]/[H,0] ratio is then 2 10~* for W 3(OH) and
(2 — 6) 10~ for W 3(H,0). Unfortunately, no similar data are
available for W 3 IRSS to determine its [HDO]/[H,O] ratio,
even though H,O is definitely present in that source as well
(Cernicharo et al. 1990; Phillips et al. 1992).

Despite the uncertainties in observations, assumptions and
models, the derived [HDOJ/[H,O] ratios are a robust and strik-
ing result. The values are very similar to the [HDO]/[H, O] ratios
found for other “hot cores” by Gensheimer et al. (1996), but are
lower than the deuteration ratios of other species. For exam-
ple, for W 3(H,0) Helmich & van Dishoeck (1996) find the
deuteration for HCO*, HCN and HNC tobe 4 103, 8 1073 and
41073 respectively. Compared with these values, H,O is only
moderately deuterated, even if the emission stems from the 5”
region.
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Current scenarios (see e.g. Tielens 1989; Millar et al. 1989;
Brown & Millar 1989) suggest that the high deuteration orig-
inates in the chemistry at very low temperatures earlier in the
history of the cloud. The molecules will subsequently stick on
the dust grains, forming icy dust-mantles, in which the high
deuteration is preserved and enhanced through grain surface
reactions with atomic deuterium. After evaporation of these
ice-mantles in a warmer phase, the gas-phase is enriched with
high abundances of deuterated species. In the subsequent (high-
temperature) chemistry the deuteration is gradually removed.
One might thus have expected to see a difference in the amount
of deuteration for the two sources studied here: the deuteration
should have been higher toward the young source W 3(H,0)
than toward the older W 3(OH), whereas the W 3 IRSS ratio
should have been even higher. The lack of evidence, and the
remarkably narrow range of observed [HDO]J/[H,O] in other
regions, suggest that other factors play a role as well. If gas-
phase processes are dominant, the deuterium fractionation of
H,O results mostly from reactions with H,D*, whereas that
of HCN and HNC stems from the CH,D* route (Millar et al.
1989). The former route is particularly enhanced at low temper-
atures, <30 K, whereas the second route is still effective up to
~70 K. Thus, one possible explanation for the observed differ-
ence in fractionation between H,O and HCN is that the cloud
stayed warm (>50 K) during its entire evolution and never went
through a very cold phase. Other explanations include the pos-
sibility that HDO and H,O are currently located in a different,
warmer region from other deuterated species such as DCN and
CH;30D, and/or that the HDO/H,O ratio is returned faster to
a steady-state situation than the other deuteration ratios due to
some as yet unidentified reaction.

5. Conclusions

Observations of the HDO 464 GHz ground state line have been
made toward the W 3(OH)/(H,0) region. Together with compli-
mentary information from higher energy lines, the total column
of dust, the dust temperature and the beam-averaged HDO col-
umn density can be constrained. The HDO is likely present in
both the extended core surrounding the W 3(OH)/H, O region,
and in the dense, compact clumps. The intense far-infrared ra-
diation field from the clumps can excite the HDO, also in the
core. The inferred HDO column densities are well determined,
but the abundances are more uncertain. Together with the data
of Gensheimer et al. 1996 on H}#0, the [HDOJ/[H,O] ratio is
determined to be (2 — 6)10~*, similar to that found in other
“hot cores”. This suggests that the [HDO]/[H,O] ratio is not a
sensitive indicator of evolutionary stage of the object.
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