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ABSTRACT 
We present VLA observations of the (/, K) = (3,3) inversion line of NH3 toward the distant H n 

region complex in W51. Three small ( ~ 0.1 pc), warm ( -100 K) NH3 condensations are found 
coincident with every one of the H20 and OH maser sources in the region. This positional 
coincidence, as well as the observed large line widths ( > 10 km s_ ]), suggests that the localized NH3 

emission arises from dense molecular condensations which are interacting with the mass outflows 
from young stars in these regions. These observations also represent the first direct detection of such 
high gas temperatures outside the Orion-KL region. Gas heating could be due to the radiation from 
the exciting sources of the compact H n regions and masers or from the input of mechanical energy 
due to the outflows. These warm condensations are embedded in a cooler and more extended 
envelope which dominates lower angular resolution studies. 

Subject headings: interstellar: molecules — nebulae: H n regions — nebulae: individual 

I. INTRODUCTION 

Single-dish studies in the past decade of the À «1.3 
cm transitions of NH3 have demonstrated the usefulness 
of this molecule in determining the line opacity, temper- 
ature, density, mass, and the relative importance of 
collisional and radiative excitation of interstellar matter. 
With the completion of the Very Large Array (VLA), 
the highest angular resolution available for molecular 
line studies will be achieved with the NH3 Unes via 
aperture synthesis techniques. In particular, distant re- 
gions ( > 10 kpc) can now be studied with a linear 
resolution of better than 0.1 pc. 

Continuum observations in the radio and infrared of 
the W51 region indicate the presence of young, massive 
O stars, while line observations in H2, H20, and SiO 
suggest the presence of energetic mass outflows, as have 
been seen in the solar neighborhood (cf. Genzel and 
Downes 1982). We have chosen the (/, K) = (3,3) Une 
of NH3 in order to maximize our sensitivity to relatively 
dense and warm (Tk> 50-100 K) gas and to examine 
the detailed structure of the molecular cloud in the 
immediate vicinities of these distant OB stars. 

II. OBSERVATIONS AND RESULTS 

a) Experimental Parameters 

Aperture synthesis maps of W51 in the (/, K) = (3,3) 
line of NH3 were made with the Very Large Array of 

‘Miller Fellow 1980-1982. 

the National Radio Astronomy Observatory2 in the C 
configuration during 1981 November and 1982 January. 
A total of 18 antennas were used with a maximum 
baseline of 2.8 km. A K-band maser preamplifier was 
available during 1982 January on the innermost antenna 
of the east arm, improving the system temperature at 
A ~ 1.3 cm by a factor of 8 ( -100 K versus - 800 K) 
for that particular antenna. Spectral resolution was 
provided by 32 independent channels of 390.6 kHz 
(4.91 km s-1) in width. The center of our spectral 
window was at 23870.129 MHz. The phase center of the 
array was at R.A. (1950) = 19h21m24s, deck (1950) = 
M^'OO". 

Our primary flux calibrator was 3C 286 (we assumed 
2.41 Jy at K band). We monitored every 20 minutes one 
of two phase cdibrators, 2005+403 (R.A. [1950] = 
20h05m59s.56, deck [1950] = 40°21,01780, +0705) and 
2134+004 (R.A. [1950] = 21h34m05s.205, deck [1950] = 
00°28/25708, +0702). The derived fluxes for the two 
calibrators were 3.8 Jy and 4.6 Jy, respectively, in 1981 
November, and 3.3 Jy for 2005+403 in 1982 January. 
Passband calibrations were made by observing 3C 84 
during 1981 November and by using the autocorrelation 
functions for each IF (Clark and van Gorkom 1981) 
during 1982 January. After independently calibrating 
the two sessions with the closure solutions from the 

2 The National Radio Astronomy Observatory is operated by 
Associated Universities, Inc., under contract to the National Sci- 
ence Foundation. 
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597 WARM NH3 IN W51 

calibrators, the data bases were combined. We estimate 
conservatively that absolute flux densities are accurate 
to - 20% in the line maps, which are dominated by 
system noise. Uncertainties in phase measurements for 
the calibrators were ±20°. For our final maps at 3" 
resolution, uncertainties in absolute positions are there- 
fore ±073. 

The visibility data for each spectral channel were 
convolved with a Gaussian taper of 50 kA (0.63 km; 
half-width at 30%), resulting in a beam of 276 X 275 with 
P.A. of 39° E of N. Fourier transformation of the 
visibility data produced dirty maps, which were then 
CLEANed with the algorithm devised by Clark (1980). 
The CLEAN components were then used as the input 
model for self-calibration (Schwab 1980). Since the con- 
tinuum emission from the H n regions dominates the 
observed flux densities in each spectral channel, the 
dynamic range of our maps is improved by a factor of 
- 2 by using self-calibration. 

b) Maps 

Figure 1 (top} shows a continuum map of the W51 
region constructed from an average of the “off-line” 
spectral channels covering the velocity ranges —6-28 
km s~1 and 92-126 km \ Single-dish observations by 
Matsakis et al. (1980) show that there is no emission at 
these velocities, and the outer quadrupole satellite hy- 
perfine components for the (J,K) = (3,3) line at ±2.3 
MHz ( ± 29 km s - ]) are down in intensity by a factor of 
- 30 in the optically thin limit. A subtraction of the two 
maps, each covering one of these velocity ranges, shows 
the flux densities to be equal at the 2 a noise level of 30 
mJy. The various compact and ultracompact H n re- 
gions as reported by Scott (1978) and Genzel et al. 
( 1982 a ) are present in our map. 

Figure 1 (bottom) shows the average over the velocity 
range 53-67 km s-1 after subtracting the continuum 
contribution (i.e., Fig. 1, top). We have clearly detected 
NH3 emission in three small condensations associated 
with the most compact H n regions. At a distance of 7 
kpc, the deconvolved sizes of 3/,-4" for these emission 
knots correspond to 0.10-0.14 pc. The NH3 emission 
appears centered at ~ 60 km s-1, the velocity of the 
densest molecular cloud associated with W51 (Mufson 
and Liszt 1979). In each case the NH3 emission is 
displaced with respect to the H n regions. Table 1 lists 
the positions, fluxes, and size scales of the various 
objects detected. 

c) Temperatures 

Derived beam-averaged brightness temperatures TB 

(BEAM) are listed in Table 1. Higher resolution maps 
with 100 kX taper (178 beam) show somewhat higher 
values: Tß(BEAM) = 66±7 K for the NH3-1 cloud, 
and 7^(BEAM) = 40±7 K for the NH3-2 and NH3-3 

clouds. This is consistent with Gaussian brightness 
temperature distributions and the deconvolved size 
scales deduced from the maps. The peak temperatures 
7^ (PEAK), corrected for the finite resolution of the 
beam, can then be calculated and are also listed in Table 
1. Because of the irregular shape of NH3-3, the peak 
value of Tb is probably higher and more consistent with 
the temperatures of the other two condensations. 

We estimate that for NH3-1 and NH3-2, with a 
source size 0S~3" and 7^ (PEAK) ~ 100 K (Table 1), 
rß(BEAM) for a 40" beam would be ~ 1 K. This is 
roughly 60% of the value observed by Matsakis et al. 
(1980). Considering the coarser spectral resolution of 
our results, we find that the warm NH3 condensations 
detected with the VLA constitute the bulk of the emis- 
sion detected with a 40" beam. Some extended emission 
with lower surface brightness ( < 40 K) is probably also 
present. This is suggested by observations with an even 
coarser angular resolution ( ~ 2'; Matsakis et al. 1980) 
which yielded higher antenna temperatures than ex- 
pected from observations with a 40" beam. Note that 
with the same arguments as above, the warm gas de- 
tected in NH3 would contribute a minute fraction of 
single-dish CO spectra. 

d) Optical Depths 

With 100 kX taper, we also detected NH3 in absorp- 
tion at the 5 a level directly against W51-e2. The absorp- 
tion region is immediately west of the NH3-2 emission 
region and is probably part of the same cloud, which 
happens to lie in front of the H n region. This is 
consistent with the arclike appearance of NH3-2 at 50 
kX taper (Fig. 1, bottom). The apparent beam-averaged 
optical depth is 0.17 ±0.07. Correcting for the tempera- 
ture of the absorbing gas (100-150 K), the optical depth 
becomes 0.3-0.5. The actual optical depth could be 
higher if there are structures substantially smaller than 
0.1 pc so that the gas temperature exceeds TB, or if the 
NH3 cloud happens to lie in front of only part of the 
H II region. The latter opinion is supported by the maps 
since, for NH3-1 and NH3-2, the observed NH3 emis- 
sion lines are displaced with respect to the H n regions. 
In the case of W51 1RS 2 the absence of absorption at a 
level of 20 mJy against the peak flux of 600 mJy (at 100 
kX taper) suggests an apparent optical depth of < 0.03. 
Hence, if any NH3 is in front of the H n region, it must 
be optically thin. If optically thick gas is behind the H n 
region, it must be colder than 10-20 K. 

e) Line Profiles 

We have made additional maps at 50 kX taper cover- 
ing other velocity ranges. The observed peak flux densi- 
ties as a function of velocity for the three NH3 

condensations are summarized in Figure 2. The absorp- 
tion feature toward W51-e2 is consistent with a flux 
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R. A. (1950) 

Fig. 1.—{top) X = 1.3 cm continuum map of the W51 region constructed from the “off-line” channels of our spectral line observations. 
The velocity ranges of this map correspond to -6-28 and 92-126 km s“1. The contouMevels are - 10%, —5%, 5%, 10%, 20%, 40%, 60%, 
80%, and 100% of the peak flux density of 1.0 Jy per beam. The synthesized beamwidth is 2,.,6 x2,.'5; the peak brightness temperature is 350 
K averaged over the beam, {bottom) Observed (/, K) = (3,3) NH3 emission covering the velocity range 53-67 km s_ l, after subtraction of 
the continuum contribution. The contour levels are —20%, 20%, 40%, 60%, 80%, and 100% of the peak flux density of 150 mJy per beam. For 
the synthesized beam of 2,.'6x2,.,5, the peak brightness temperature is 50 K averaged over the beam. 
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599 WARM NH3 IN W51 

TABLE 1 
Compact H ii Regions and NH3 Clouds in W51 

A. Continuum 

■S',, ( BEAM)a eFWHMb rs(BEAM)a (TOTAL)3 

Source R.A. (1950) Decl. (1950) (Jy) (") (K) (Jy) 

W51-el  19h21m26)13±0)01 14024'33'.T+0'.'2 0.11+0.03 2.0 + 0.1 36 + 7 0.18 + 0.03 
W51-e2....... 19 21 26.26 + 0.01 14 2441.6 + 0.2 0.21+0.03 2.3 + 0.1 70 + 7 0.38 + 0.04 
W51IRS2... 19 21 22.26 + 0.01 14 25 15.8 + 0.2 1.05 + 0.03 3.3 + 0.1 350 + 7 2.81+0.10 

B. Line 

S), (BEAM)3 0FWHMb Tb(BEAM)3 Tfi(PEAK)3 

Source R.A. (1950) Decl. (1950) (Jy) (") (K) (K) 

NH3-I  19h21m26.25 + 0*01 14'>24'35'.T ±0'.'2 0.15 + 0.03 3.0 + 0.3 49 + 6 83 + 14 
NH3-2c  19 21 26.37 + 0.01 14 2440.8 + 0.2 0.09 + 0.03 1.6 + 0.3 30 + 6 100 + 30 
NH3-3  19 21 22.37 + 0.01 14 25 12.7 + 0.2 0.09 + 0.03 3.9 + 0.3 30 + 6 42+10 

^„(BEAM) and Tß(BEAM) are the peak values, averaged over the beam; (TOTAL) is the total over the map; T5(PEAK) is the 
peak value assuming a Gaussian source distribution with the given #fwhm- 

b^FWHM ^ equivalent deconvolved source size. The synthesized beamwidth is 2'/6x2'.'5. cBoth the source size and flux density are underestimated for this source because of absorption against the compact H n region 
W51-e2. 

density of ~ 40 mJy across the entire band, and we have 
omitted it in Figure 2. Superposed on the observed 
fluxes for NH3-1 is a single-dish spectrum (40// beam) 
toward W51 1RS 1 from Matsakis etal. (1980), which 
illustrates that the VLA spectrum is consistent with the 
line shape obtained with coarser angular resolution. The 
detection of NH3 emission at the VLA in the velocity 
ranges 38-53 km s-1 and 67-82 km s-1 for NH3-1 
implies an intrinsic line width of 18 ±8 km s_1 if the 
profile is Gaussian. Figure 2 also shows that we have 
detected significant emission at blueshifted velocities 
(33-43 km s-1) toward W51 1RS 2. This detection is 
better than an 8 a result because the emission is, in fact, 
extended ( ~ 5"). The emission probably does not arise 
from hyperfine structures (expected at ±22 and ±29 
km s-1) because of the absence of comparable emission 
at redshifted velocities. This blueshifted emission ap- 
pears at the same velocities as the strong blueshifted 
H20 maser emission in W51 NORTH and may be part 
of the same outflowing gas in 1RS 2. 

FiG; 2.—Observed spectral distributions for the three NH3 
condensations from our synthesis maps. The horizontal error bar 
indicates the velocity range over which we averaged for a particular 
map. The vertical error bar gives ± 1 a uncertainty in the flux 
density. Indicated fluxes are the peak flux densities per beam. Note 
the blueshifted emission (33-43 km s_1) detected for NH3-3. 
This detection is well out of the noise, and similar emission at this 
velocity range is not detected in the other sources. A single-dish 
spectrum from Matsakis etal (1980) is superposed on our spec- 
trum for NH3-1. 
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R.A. (1950) 

Fig. 3b 

Figs. Schematics showing the distribution of NH3 
(solid contours), H20 masers (filled circles), OH masers (crosses), 
and compact H H regions (shaded circles and dashed contours', 
half-ppwer sizes). We used the higher angular resolution con- 
tinuum maps from Genzel etal. (1982a) and Scott (1978). The 
synthesized beams are indicated. We also plot the position of an 8 
fim source which probably drives the H20 masers in W51 NORTH. 
Note the good correlation between the H20 masers and the NH3 
emission. 

III. DISCUSSION 

a) Interactions with the Outflows 

As mentioned earlier, observations of H20 masers 
(Schneps etal 1982), quadrupole lines of H2 (Beckwith 
and Zuckerman 1982), and high-velocity line wings in 
the t> = 0,/=2-l line of SiO (Downes etal 1982) 
suggest the presence of energetic outflows in this region. 
In Figure 3, we show schematically the distributions of 
NH3, H20 and OH masers, and the compact H n 
regions. The most striking feature of Figure 3 is clearly 
the direct association of the H20 masers with the emis- 
sion peak of each of the warm NH3 condensations. Even 
the cluster of weak H20 masers 10" southwest of W51 
SOUTH lies within the first positive contour ( - 2 a). 
The compact H 11 regions are displaced with respect to 
the NH3 emission and are probably not embedded. The 
NH3 condensations may therefore be adjacent density 
inhomogeneities as in the “blister” model (Israel 1978). 
Proper motion studies of the H20 masers in W51 (Genzel 
etal. 1981; Schneps etal 1981) show that the high- 
velocity dispersions are probably caused by mass out- 
flow from young stars close to the maser sources. 
Although the observed NH3 Une widths are also signifi- 
cantly larger than expected for quiescent molecular cloud 
matter, they are smaller than the velocity dispersion of 
the H20 masers. It is likely that the NH3 gas represents 
turbulent material excited by and in interaction with the 
outflowing material. 

The deduced values of T5(PEAK) represent the first 
direct detection of such high gas temperatures ( ~ 100 
K) outside the Orion-KL region. In the case of NH3-3, 
there is a compact infrared source, 1RS 2 EAST (Genzel 
etal 1982a), within 1" of the NH3 peak. This infrared 
source, rather than the H 11 region W51 1RS 2, may be 
the source of heating and outflow. For NH3-1 and 
NH3-2 (W51 MAIN/SOUTH), compact infrared ob- 
jects have not been detected. Hence, it is possible that 
the outflows in these cases are driven by the nearby 
compact H 11 regions el and e2, so that the molecular 
condensations are heated externally. However, it re- 
mains possible that exciting sources are embedded within 
the NH 3 clouds, which have escaped detection because 
of heavy extinction. 

We note that the morphology of an NH3 emission 
region displaced from a nearby source undergoing mass 
loss is reminiscent of the mass outflow in Cepheus A 
(Rodríguez, Ho, and Moran 1980; Ho, Moran, and 
Rodriguez 1982). An anisotropic density distribution in 
the vicinity of a source ejecting mass can give rise to an 
outflow that is anisotropic in appearance. The mostly 
redshifted H20 maser emission in W51 MAIN (Genzel 
etal 1981) and the mostly blueshifted emission in W51 
NORTH (Schneps etal. 1981) may therefore be indica- 
tors of their positions relative to dense ambient matter. 
In fact, placing the H20 masers in W51 NORTH on the 
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far side of NH3-3 may explain the apparently low 
luminosity of the H2 Unes (Beckwith and Zuckerman 
1982). 

b) Comparison with the Orion-KL Region 

We find that the physical state of the dense molecular 
cloud matter adjacent to the compact H 11 regions in 
W51 is similar to that in the Orion-KL region. In both 
cases, highly excited phenomena such as high-velocity 
H20 maser emission, vibrationally excited H2, and 
high-velocity wings in molecular Unes suggest energetic 
mass outflow. The present study shows that ambient 
cloud matter has moderately high velocity dispersions 
and is heated to a fairly high temperature, suggesting 

direct interaction with the outflows. A component of 
warm and dense molecular material, showing the same 
evidences of interaction with an outflow, has also been 
observed in Orion (see Plambeck etal. 1982; Bieging 
etal 1982; Genzel etal 1982&). The size scale of the 
warm NH3 gas in W51 is roughly three times larger than 
in Orion. This may be due to the fact that the observed 
phenomena in W51 are more energetic as compared 
with Orion. 

P. T. P. H. acknowledges support from NSF grant 
AST-78-21037 to the Radio Astronomy Laboratory. 
R. G. and A. D. acknowledge support from NSF grant 
AST-78-24453. 
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