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ABSTRACT

We present observations of the (J, K) = (2, 2) and (J, K) = (3, 3) inversion transitions of ammonia, made at
3” resolution with the VLA, in the direction of the warm molecular cloud associated with the compact H 11
region G34.3+0.2. The main hyperfine (HF) line of the (2, 2) transition is detected in absorption toward the
west and in emission toward the east of the warm cloud. The main HF line of the (3, 3) transition is detected
in emission across the whole source. The satellite HF lines of the (2, 2) and (3, 3) lines are observed only in
emission. Our data reveal the presence of three distinct regions, with the temperature and density of the gas
increasing as the size of the region decreases.

The absorption feature arises in a low-density, n(H,) ~ 10* cm ™3, low-temperature, T, ~ 18 K, gas in front
of the brightest H 11 region within the complex. We suggest that this gas is part of the extended molecular
material, mapped by Heaton and colleagues in 1985, that surrounds the compact H 11 regions. The (3, 3) main-
line emission, which samples warm gas, arises in a molecular disklike structure ~773 x 2'8 in size, elon-
gated in a direction oriented ~ 55° west of north. The emission in the satellite HF lines of the (2, 2) and (3, 3)
transitions arises from an ultracompact region, of ~ 176 in size, located at the center of the warm cloud and
displaced ~2” to the east of the head of the bright cometary H 1 region. The rotational temperature of the
ammonia emission rises from ~70 K at the edge of the disklike structure to about 185 K at the central
position. The molecular hydrogen density in the ultracompact core, of ~7 x 107 cm ™3, is ~100 times higher
than the density in the warm halo.

We suggest that the warm cloud corresponds to a disk of molecular gas that was formed from the collapse
of a massive, rotating fragment embedded in an extended molecular cloud. Most of the mass at the center of
this disk collapsed to form a massive star that ionizes the dense gas around it, producing a bright thermal
radio source. The dense molecular gas near the recently formed star, heated and compressed by the associated

compact H 11 region, gives rise to the molecular emission from the hot ultracompact core.

Subject headings: interstellar: molecules — nebulae: H 11 regions — nebulae: individual (G34.3+0.2) —
radio sources: lines — stars: formation

I. INTRODUCTION

G34.3+0.2is an H 11 region complex at a distance of 3.8 kpc
projected ~40’ from the supernova remnant W44. Radio con-
tinuum observations made with angular resolution of ~10”
show four components spread over a region ~60” in size
(Turner et al. 1974; Garay, Reid, and Moran 1985). Interfero-
metric radio continuum observations, with arcsecond angular
resolution, show that the most compact of these components
has a cometary shape, with a head approximately 4” in size and
a 20" tail trailing to the west, and that, in addition to the four
components, there are two weak and small H 1 regions (Reid
and Ho 1985; Garay, Rodriguez, and van Gorkom 1986).
These results indicate that a cluster of OB stars, which excite
the H 1 regions, was recently formed toward G34.3+0.2.
Several other signs of active star formation, such as H,O and
OH maser emission, are also present toward this region
(Genzel and Downes 1977; Garay, Reid, and Moran 1985;
Gaume and Mutel 1987).

Molecular line observations of the (1, 1) and (2, 2) inversion
transition of ammonia toward G34.3 + 0.2, with a resolution of
40", show the presence of a molecular cloud core, of ~90” in
diameter (1.7 pc at the distance of 3.8 kpc) having a molecular
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hydrogen density of 4 x 10* cm™* and an excitation tem-
perature of 18 K, which is embedded in a low-density, extended
envelope (Heaton et al. 1985). Andersson and Garay (1986),
observing the (3, 3) inversion transition of ammonia with the
VLA, detected, near the center of the core, a dense and warm
molecular clump, also referred to as the compact core, which is
closely associated with the brightest compact H 1 region
within the complex. The size of the compact core is ~0.1 pc,
and the excitation temperature of the (3, 3) line is ~60 K.
Dense molecular cores around ultracompact H 11 regions are
thought to be remnants of the gas from which the OB stars
formed, and therefore they are useful objects for studying the
physical parameters and dynamics of the gas in the earliest
stages of star formation.

In a multilevel study of the molecular gas associated with
G34.3+0.2, with an angular resolution of ~40”, Henkel,
Wilson, and Mauersberger (1987) detected emission from
several highly excited NH; inversion transitions and con-
cluded that it arises from molecular gas that has an NH,
column density of 3 x 10*® cm ™2 and a kinetic temperature of
~225 K. In addition, they conclude that the structure of this
gas, which is most likely part of the compact core, should be
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complex, exhibiting small scale clumping. Keto, Ho, and Reid
(1987, hereafter KHR) observed with the VLA the NH; (1, 1)
transition toward the compact core in G34.3+0.2. The spec-
trum shows a weak emission component and a strong absorp-
tion feature, which they suggest arises from molecular gas that
is gravitationally collapsing onto the compact H 11 region.

We report here observations of the (2, 2) and (3, 3) inversion
transitions of NH; made with angular resolution of ~3". The
purpose of these observations is twofold. First, they permit a
determination of the spatial structure of the compact molecu-
lar core. Second, they permit a more accurate estimation of the
physical parameters of the 'molecular gas associated with
G34.3+0.2. After this paper was submitted for publication we
became aware of a paper by Heaton, Little, and Bishop (1989)
reporting VLA observations of the (3, 3) transition of ammonia
from G34.3+0.2, made with an angular resolution of ~1”.
Their results are in good agreement with ours.

II. OBSERVATIONS

The observations were made with the Very Large Array of
the National Radio Astronomical Observatory.! The array
was in the D configuration, which provides a shortest spacing
of 40 m and a longest spacing of 1000 m. The phase center of
the array was set at a(1950) = 18"50™46°17 and §(1950) =
1°11'1276.

We observed the (J, K) = (2, 2) and (J, K) = (3, 3) inversion
transitions of ammonia toward G34.3+0.2 on 1986 January
23. We assumed rest frequencies of 23722.633 and 23870.129
MHz for the (2, 2) and (3, 3) transitions, respectively. The syn-
thesized beams were 3”0 x 2”9 P.A. —52° and 372 x 370 P.A.
—53° at the frequencies of the (2, 2) and (3, 3) lines, respec-
tively. We used a bandpass of 12.5 MHz, centered at an LSR
velocity of 55 km s~ !, and 31 spectral channels 195.3 KHz
wide each (about 2.5 km s ! at the observing frequencies). The
integration time on source was ~ 160 and 110 minutes for the
(2, 2) and (3, 3) transitions, respectively, with 25 antennas.
Each 12 minute scan on-source was paired with a 3 minute
calibration scan on 1749 +096. The data were edited and cali-
brated by applying the complex gain solution from the cali-
bration source. The flux density scale was determined by
observing 3C 286 for which we assumed a flux density of 2.4 Jy
at 1.3 cm. The spectral data were further calibrated by applying
the solution obtained from a self-calibration on the continuum
channel, which contains the average of the central 75% of the
bandpass, using the algorithm of Schwab (1980). The rms noise
level in a single spectral line channel was 15 and 17 mJy per
beam solid angle for the (2, 2) and (3, 3) observations, respec-
tively. To convert to brightness temperature, the fluxes in mJy
per beam should be multiplied by 0.244 and 0.226 for the (2, 2)
and (3, 3) observations, respectively.

III. RESULTS

a) Continuum Map

Figure 1 shows the radio continuum map in the direction of
G34.3+0.2 made using the continuum channel of the (2, 2)
NH, line observations. The bright cometary-like H 11 region
and the two weaker compact sources toward the east of it, as
observed by Reid and Ho (1985) at 1.6 GHz with an angular

! The National Radio Astronomy Observatory is operated by Associated
Universities Inc., under cooperative agreement with the National Science
Foundation.

Vol. 362

1° 11" 30" —

3 (1950)
15
T I
| 1

() ]

1°10' 50" —

| | | | | |
18"50™47%s 46°s 45%5

a(1950)

FiG. 1.—VLA continuum map of the compact H u region G34.3+0.2 at
23.7 GHz with 3” resolution. Contour levels are —0.5, 0.5, 1, 2, 5, 10, 20, 30, 40,
50, 60, 70, 80, and 90% of the peak brightness of 3.09 Jy beam 1.

resolution of 174 and by Garay, Rodriguez, and van Gorkom
(1986) at 14.7 GHz with an angular resolution of 074, are
clearly detected in this map. However, they appear blended
due to the larger beam size of our observations. We also see
some of the weak emission toward the SE reported by Reid
and Ho (1985). The total integrated flux densities contained in
the 23.7 and 23.9 GHz maps are the same, 5.3 + 0.1 Jy. There-
fore, errors in the ratio of intensities of the (2, 2) and (3, 3) lines
due to uncertainties in the flux calibration are negligible. The
uncertainty in the absolute flux density scale is difficult to
estimate. Andersson and Garay (1986) measured a total flux
density at 23.9 GHz of 5.4 + 0.4 Jy, whereas Heaton et al.
(1989) measured a flux of 5.2 Jy. The good agreement between
measurements suggests that the flux densities are probably
accurate to 5%.

b) Line Profiles

The (2, 2) and (3, 3) inversion lines of NH; are split, due to
the hyperfine interaction of the electric quadrupole moment of
the N nucleus with the electric field of the electrons, into five
components consisting of a central main line and two pairs of
satellite lines symmetrically placed about the main line. In the
absence of non-LTE effects and in the optically thin limit, the
satellite lines should have an intensity of ~5% and ~3% of
the main line for the (2, 2) and (3, 3) transitions, respectively.

Figure 2 shows the line profiles of the (2, 2) and (3, 3) inver-
sion lines of NH; over an 11” x 10” region covering the
ammonia emission. The pixel size is 0”8. The profiles of the
(2, 2) and (3, 3) lines are strikingly different. The main and
satellite HF lines of the (3, 3) transition are detected in emis-
sion throughout the whole source. The strong intensity of the
satellite lines, at +21.5 km s~ ! and +28.9 km s~ ! from the
main line, indicate that these lines have significant optical
depth. In the case of the (2, 2) inversion transition, the main
HF line is detected in emission toward the east and in absorp-
tion toward the west, while the satellite HF lines, at +16.6 km
s”'and +25.8km s~ !, are detected only in emission.
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FIG. 2.—(a) Beam-averaged profiles of the (2, 2) line of ammonia. The velocity scale increases from 18.0 to 92.0 km s ~*, right to left. (b) Beam-averaged profiles of
the (3, 3) line of ammonia. The velocity scale increases from 18.2 to 91.8 km s ™, right to left.

¢) Line Maps

velocity range from 92.0 km s~ ! to 18.0 km s~ !; the channel
width is 2.47 km s~ !. The main results that can be extracted

The line maps presented below were made from the individ-
ual channel maps by subtracting a continuum map made from
the average of off-line channel maps. Figure 3 shows the indi-
vidual line maps of the (2, 2) inversion transition of NH; in the

from these maps are the following. First, the central line maps
(velocities 55.0 to 64.9), which cover the range of velocities
expected for the main HF line, exhibit two distinct regions: an
eastern region, which shows NH, in emission, and a western
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FiG. 3—Channel maps of the (2, 2) line of ammonia. The LSR velocity is indicated at the bottom. Contour levels are — 160, — 140, — 120, — 100, — 80, — 60, —40,
40, 60, 80, 100, and 120 mJy beam~!. Negative contours are dashed. The rms noise in the maps is 15 mJy beam™'. The locations of the satellite hyperfine
components, assuming a LSR velocity of 59.0 km s ~* for the main component, are indicated at the top by their F' — F values. Crosses mark the peak of the emission

in the satellite lines.

region, which shows NH; in absorption. Second, the emission
in the outer channel maps, which sample the emission from the
HF satellite lines, arises from a region of small size that lies
roughly in between the absorbing and emitting regions out-
lined by the main HF line. The position of the peak in the flux
density of the satellite lines is shown with a cross in the maps of
Figure 3.

Figure 4 shows the individual line maps of the (3, 3) inver-
sion transition of NH in the velocity range from 91.8 km s !
to 18.2 km s~ !; the channel width is 2.45 km s~ !. The main HF
line is detected in emission across the whole source. The satel-
lite HF lines are also detected in emission but arising from a
small central region; the peak in its flux density coincides with
that of the (2, 2) HF satellite lines. This position is marked with
a cross in the maps of Figure 4.

IV. ANALYSIS

The spectra of the NH ; emission toward G34.3 +0.2 have an
exceptional shape: the (2, 2) inversion transition exhibits the

main line either in absorption or emission and the satellite lines
only in emission, while the (3, 3) inversion transition exhibits
only emission features. This spectral appearance can be most
simply explained if there is a blend, within a synthesized beam,
of an emitting region of hot molecular gas and an absorbing
region of cold gas in front of a continuum source. The lack of
absorption in the (3, 3) inversion lines suggests that the absorb-
ing gas has small opacities in the high-excitation (J > 3) inver-
sion transitions of ammonia. The emission lines, principally
those in the satellite HF lines, reflect the conditions of the hot
gas, while the absorption line reflects the conditions of the cold
gas.

In a simple model of two uniform components of molecular
gas having constant excitation conditions, the observed bright-
ness temperature at each position in the line maps and at the
radial velocity v, T (v), is given by the equation

Ty (v) = (Tyfy — To Xon) x {1 — exp [—14(v)]}
+ (Tefe — To Xoc) x {1 —exp [—1c0)]}, (1)
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F1G. 4—Same as Fig. 2, for the (3, 3) line of ammonia. Contour levels are — 60, — 40, 40, 60, 80, 100, 120, 140, 160, 180, and 200 mJy beam ~ . The rms noise in the

maps is 17 mJy beam ~ 1.

where Ty and T, fy and f;, and 74(v) and t(v) are the excita- spectrum, we will divide the ammonia source toward
tion temperatures, the beam-filling factors, and the optical G34.340.2 into three lines of sight (see Fig. 8): A, to the west,
depths of the hot and cold molecular gas, respectively; Ty is the which shows the (2, 2) main HF line in absorption but the (3, 3)

beam-averaged continuum brightness temperature; and X,y main HF line in emission; B, whose center is shown with a
and X, are the fraction of the continuum covered by the hot cross in Figures 3 and 4, which exhibits strong emission in the
and cold gas, respectively. In particular for G34.3 4 0.2, the hot satellite HF lines of the (2, 2) and (3, 3) inversion transitions
(emitting) cloud lies beside or behind the adjacent H 11 region but weak or absent emission in the (2, 2) main HF line; and C,
(Andersson and Garay 1986); thus, throughout the remainder to the east, which exhibits both the (2, 2) and (3, 3) inversion
of this paper, we will assume that X, = 0. Figure 5 shows lines in emission. From the observations of the main and satel-
model spectra of the (2, 2) and (3, 3) lines of ammonia com- lite HF lines of an inversion transition of NH;, we first deter-
puted from the simple model, assuming Ty, = 185 K, T, = 18 mine its optical depth. Then, from the optical depths of two
K, T, =710 K, f; =0.25, fo = 1.0, Xo5 =0, and X ¢ = 0.35. inversion transitions, we determine a rotational temperature
The total optical depth of the (3, 3) inversion transition was between the molecular levels involved.

taken to be 39 and 0.06 for the hot and cold gas, respectively
(see § IVa[i] and IVbB[i]). These spectra closely reproduce

those observed toward the western region of G34.3+0.2, @) Line of Sight A (Bright H 11 Region)

showing that this simple model can accurately explain the The line of sight A passes through the head of the bright,
observations. cometary-shaped, compact H 11 region. Toward this region, the
In the following analysis, in which we aim to determine main HF line of the (2, 2) inversion transition, as well as the

physical parameters of the molecular gas from their observed main HF line of the (1, 1) transition (KHR ; Churchwell 1988),
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L A R A L A optical depths by the equation (see Reid, Myers, and Bieging
L NHz(2,2) 4 1986)
or ) Tr(2,2; 1, 1)
I 9T, (2, 2)u(1, 1)0. ; -1
! | _ _41‘5{111 = (2, 2v(1, 1)0.5001(2, 2; m) K, 0
| 20T,,(1, 1)v(2, 2)0.7967(1, 1; m)
“ol 4 where T (N, N) and v(N, N) are the excitation temperature
| | and frequency of the (N, N) transition. Assuming equal excita-
tion temperatures and using the previously determined value
-20} ]

Brightness temperature (K)
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Channel number
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FI1G. 5—Model profiles of the (2, 2) and (3, 3) lines of ammonia. The model
assumes the presence, within a beam, of a hot component of molecular gas, a
bright radio continuum source and an extended and cold component of molec-
ular gas. (See text for the adopted values of the temperatures and beam-filling
factors.)

are detected in absorption. The (3, 3) main HF line is, however,
present in emission.

i) Absorbing Gas

Our observations of the (2, 2) main HF component and
those of the (1, 1) main HF component can be combined to
derive physical parameters of the absorbing gas. Assuming that
the most important contribution to the observed line bright-
ness temperature in these transitions arises from the absorp-
tion of the bright continuum source by the cold gas, equation
(1) gives

TN, N;m) = —T, Xoc{l —exp [—1dN, N;m)]}, (2)

where N indicates the inversion transition (N = 1 or 2), and m
denotes its main HF component. Using the values observed for
the (2, 2) main HF component [T;(2, 2; m) = —62 + 4 K and
T, = 751 + 4 in a 3”0 beam (this paper)], the values observed
for the (1, 1) main HF component [Ti(1, 1; m) = —90 K in a
3”8 beam (Churchwell 1988) and T, = 541 in a 37 beam
(KHR)], and equation (2), we obtain

{1 —exp [—1(1, 1; m]}/{1 —exp [—7c(2, 2; m)]} =2.1.

From this expression, using the value of t(1, 1; m) derived by
KHR from the ratio of strengths of the HF lines of the (1, 1)
transition, of 1.05, we obtain (2, 2; m) = 0.37 + 0.04. The
filling factor for the cold gas in front of the bright H 11 region,
Xoc,is then ~0.3.

The rotational temperature between the (1, 1) and (2, 2)
levels can be expressed in terms of the (1, 1; m) and (2, 2; m)

of the opacities, we derive a rotational temperature for the
absorbing gas, TS, of 18 + 3 K.

The opacity of the cold gas in the (3, 3; m) HF line can be
estimated using the previously derived values of the opacity in
the (2,2; m) HF line and of the rotational temperature.
Assuming T$(3, 3; 2, 2) = TS(2, 2; 1, 1), we find that 743, 3;
m) ~ 0.05. We conclude that the absorbing gas has moderate
and negligible opacities at the frequencies of the main HF line
of the (2, 2) and (3, 3) inversion transitions, respectively.

The average velocity of the absorbing gas, determined by
fitting a Gaussian profile to the spectrum of the (2, 2; m) line
obtained by integration of the flux density in the line maps
over the angular extent of absorption feature, is 61.7 + 0.3 km
s~ !, This value is in good agreement with the velocity of the
absorption feature determined from the observations of the
(1, 1) line, of ~61.2km s~ ! (KHR).

ii) Emitting Gas

Since the opacities of the cold gas in the lines of the (3, 3)
inversion transition are much less than 1, the absorption of the
continuum source by the cold gas, at those frequencies, is not
the dominant term in expression (1). In this case, the line
brightness temperature can be written as

T3, 3; k) = Tyfy x {1 —exp [—14(3, 3; k)1}
+ (Tefe — To Xoc) X 13, 3;6), (4

where k = m or s. At the position of the strongest absorption in
the (2, 2; m) line, we measured a flux density in the (3, 3; m)
line of 110 + 17 mJy beam ™!, implying T;(3, 3; m) ~ 25 + 4
K. The positive value indicates that the contribution to the line
brightness temperature from the hot gas, lying beside or
behind the H 1 region, is larger than the absorption by the
cold gas. Replacing the values of X o = 0.27, T, = 751 K, and
13, 3; m) = 0.048, previously derived, and the observed value
of Ty(3, 3; m) in equation (4), we derive a lower limit to the
excitation temperature of the hot gas of ~40 K. The actual
value cannot be determined since the filling factor and opacity
of the gas toward A are unknown.

In the line of sight A the (2, 2) satellite lines are either weakly
detected in emission or undetectable. The lack of absorption in
these lines gives further support to our suggestion that the
absorption observed in the main line of the (2, 2) transition
arises in a cold gas of low optical depth. The optical depth of
the cold gas in the (2, 2) satellite components, 12, 2; s),
expected from the opacity in the main component assuming
LTE conditions, is ~0.02. Thus, absorption by the cold gas at
the frequencies of the (2, 2) satellite lines should be negligible,
in agreement with the observations that do not show absorp-
tion in the satellite lines.

b) Line of Sight B (Ultracompact NH; Core)

The line of sight B exhibits the strongest emission in the HF
satellite lines of the (2, 2) and (3, 3) inversion transitions over
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FiG. 6.—Contour maps of the emission and optical depth of the NH, (3, 3)
inversion transition toward G34.3+0.2. The resolution, indicated by the
shaded ellipse, is 3'2 x 3”0, P.A. = —53°. Top: Main line emission. Contour
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emission. Contour levels are —20, 20, 40, 60, and 80 mJy beam~!. Bottom:
Main line optical depth. Contour levels are 10, 15, 20, 25, 30, and 35.

the whole source, implying that this is the region of the
compact molecular core with the largest optical depth. Figure
6 shows a map of the integrated emission in the satellite lines of
the (3, 3) inversion transition. Most of the HF satellite emis-
sion arises from an ultracompact core with a deconvolved size
of 176. The position of the peak emission in the satellite lines is
displaced about 2” to the east from the peak position of the
continuum emission. The average radial velocity of the gas in
the ultracompact core, determined by simultaneously fitting
four Gaussian profiles, with fixed velocity separations, to the
integrated flux density in the satellite HF lines, is 58.9 km s~ .
i) Opacities

All the HF components of the (3, 3) inversion transition are
detected in emission, which allows a direct estimate of their
optical depths. Figure 6 (bottom panel) shows a map of the
opacity of the (3, 3) main line, computed from the ratio of the
line maps of the main and satellite components, assuming
equal beam-filling factors and equal values of the excitation
temperature. We have neglected absorption in the (3, 3) line by
the cold gas. At the position of maximum flux density in the
satellite lines, we find 74(3, 3; m) ~ 37; hence, 14(3, 3; s) ~ 1.1.
We notice, however, that these values may correspond to
upper limits if T;(3, 3; m) is affected from absorption by cold
foreground gas. In the following analysis we will assume, to be
conservative, that in the line of sight B the value of t4(3, 3; m)
is within the range between 30 and 35; hence, t4(3, 3; s) is in
the range from 0.91 to 1.06.

Our observations show that the (2, 2) main HF line in the
line of sight B is absent or weakly absorbed, which is probably
due to a near cancellation of the contributions to the line
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brightness temperature from the hot emitting gas and from the
absorption of the continuum emission by the cold gas. On the
other hand, the (2, 2) satellite HF lines show strong emission
that suggests that the cold absorbing gas has small opacities at
the frequencies of these lines. The absence of the (2, 2; m) line
prevents us from computing the optical depth of the (2, 2)
inversion components directly from their line intensity ratios.
The optical depth of the (2, 2) satellite lines can be determined,
using the observed ratio of line brightness temperature of the
(3, 3) and (2, 2) HF satellite lines and the value of the optical
depth of the (3, 3; s) lines previously derived, from the equa-
tion

TL(2a 25 S)
TL(39 39 S)

x {1 —exp [—74(3, 3; S)]}]I )

which assumes equal beam-filling factors and equal excitation
temperatures for the (2, 2) and (3, 3) lines and that the absorp-
tion by the cold gas is negligible, an approximation quite accu-
rate for the satellite lines. At the position of maximum flux
density in the satellite lines Ty (2, 2;s) =21.5+ 1.6 K and
T,(3, 3; 5) =240 + 1.5 K, values which correspond to the
average of the observed peak brightness temperatures in each
of the four HF satellite components. The 1 ¢ errors are thus
smaller (typically by a factor of 2) than the rms noise in a single
line channel. For 14(3, 3; s) in the range of 0.91 to 1.06, we then
find that t4(2, 2; s) is in the range of 0.77-0.98.

ii) Rotational Temperature

Using the optical depth of the satellite transitions, the rota-
tional temperature can be derived from the expression

Tx(3, 3;2,2)

o 20T,,(3, 3)0.052v(2, 2)e(3,3; 5) || ~*
= 59‘6{1“[6”“(2, 2)0.027%(3, 3)‘:(2,2;s):|} K. ©

Assuming equal excitation temperatures for the (2, 2) and (3, 3)
levels and using the values of the optical depths of the satellite
lines derived above, we determine that the rotational tem-
perature of the ultracompact molecular structure associated
with G34.3+0.2is 18573 K.

¢) Line of Sight C

The line of sight C passes through one of the weak ultracom-
pact H 11 regions associated with the compact molecular core.
The ammonia spectrum from this region shows moderate emis-
sion in the main lines of the (2, 2) and (3, 3) inversion tran-
sitions and weak emission in the HF satellites. The lack of
absorption suggests that the H 11 region is either in front of the
molecular gas or that its beam-averaged continuum brightness
temperature is very small. Neglecting the absorption by the
weak continuum source and the emission by the cold gas,
equation (1) can be written as

TUN,N; k) = Ty fu{l —exp [—t4(N, N; K]}, ()

where k = mors.

T2, 2;8) = — ln[{l

i) Opacities
The optical depths of the (2, 2) and (3, 3) inversion tran-
sitions can be derived directly from the intensity ratio of their
HF components using equation (7). From the observed flux
densities per beam in the main and satellite lines of the (2, 2)
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inversion transition, of 106 + 13 and 30 + 8 mJy beam™!,
respectively, we derive t4(2, 2; m) ~ 5.1 4+ 1.2. Similarly from
the observed flux densities per beam in the main and satellite
lines of the (3, 3) transition of 120 + 17 and 25 + 9 mly
beam ™!, respectively, we obtain t4(3, 3; m) ~ 7.7 + 2.3. The
opacities in the satellite lines, derived from the opacities in the
main lines, assuming LTE conditions, are t4(2, 2; s) ~ 0.33
+ 0.08 and 74(3, 3; s) ~ 0.23 &+ 0.07. An independent estimate
of the opacity of the (2, 2; s) lines can be obtained using equa-
tion (5). Replacing in this equation the observed value of the
ratio Ty(2, 2; s)/Ti(3, 3; s), of ~1.20, and the value of the
opacity in the (3, 3; s) line derived above, we find (2, 2; s)
=0.28 + 0.08, in good agreement with the value derived
directly from the line intensity ratio.
ii) Rotational Temperature

Assuming equal excitation temperature for the (2, 2) and
(3, 3) transition and using the opacities derived above, equa-
tion (6) gives a rotational temperature for the emitting gas in
the line of sight C of ~70 + 25 K.

V. DISCUSSION

In this section, we discuss the characteristics and physical
conditions of the emitting and absorbing gas as a whole and
propose a simple scenario to explain the cloud dynamics.
Observed and derived parameters of the ammonia gas in the
different regions of G34.3 +0.2 defined in § IV are summarized
in Table 1.

a) Emitting Gas
i) Morphology

The appearance of the warm ammonia cloud toward
G34.3+0.2 is best delineated by the emission in the main line
of the (3, 3) transition, which is not affected by absorption from
the cold foreground gas. The shape of the source is roughly
that of an ellipse with a deconvolved major axis of ~7"3,
oriented in a direction ~55° west from north, and a decon-
volved minor axis of ~3”. This source, also referred to as the
compact core (see Henkel, Wilson, and Mauersberger 1987), is
at the center of the extended, less dense molecular core mapped
by Heaton et al. (1985). The position of the peak in the line
emission from the (3,3) main HF component, a=
18"50™46°%23, & = 1°11'1279, is displaced approximately 2" to
the east of the peak in the continuum emission, as already
found by Andersson and Garay (1986). The peak flux density,
in a 3”2 x 3”0 beam, is 0.19 + 0.01 Jy beam ™!, and the total
flux density is 0.64 + 0.04 Jy.

The warm molecular cloud itself exhibits a core-halo struc-
ture. The emission from the HF satellite lines of the (3, 3)
inversion transition, which presumably samples a hotter and
denser molecular component, arises from a region, of ~176 in
size, near the center of the warm cloud. The position of
maximum emission in the HF satellite lines is at o=
18"50™46523, 6 = 1°11'1276. The emission from the highly
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excited lines of ammonia observed by Henkel, Wilson, and
Mauersberger (1987) most likely arises from this ultracompact
molecular core.

ii) Kinetic Temperature

In general, the rotational temperature of the NH; emission
sets a lower limit to the kinetic temperature of the gas. The
rotational temperature at the center of the compact molecular
core, derived from the line flux densities of the (2, 2) and (3, 3)
satellite lines, is 185%]2 K. Henkel, Wilson, and Mauersberger
(1987), from a multilevel study of highly excited lines of
ammonia, determined an average value for the rotational tem-
perature of 225 K, in good agreement with our determination
for the temperature of the ultracompact core. We suggest that
the hot emission arises in a layer of gas heated and compressed
by the associated bright compact H 11 region.

Several observations show that the average temperature of
the warm ammonia cloud is about two to three times smaller
than that in its ultracompact core. From CH;CN observa-
tions, Andersson (1985) determined a kinetic temperature of 90
K, while Andersson and Garay (1986) determined an excitation
temperature of ~60 K from NH; observations. We derive a
rotational temperature of ~70 + 25 K at the southeast edge of
the cloud, in agreement with previous determinations.

iii) Column Densities and Densities

Assuming an LTE population for all ammonia levels, we can
estimate the total column density of NH; from the optical
depth of an inversion transition, t(J, K), and the rotational
temperature, Ty, using the expression

1.65 x 10'*  JUJ +1)
VGHz gx K?(2J + 1)

N(NH,) =

E

x AVt(J, K)QT,, exp (kTR> , (8)
where Q is the partition function, g, is the statistical weight of
the ortho ladders, E is the energy of the (J, K) level above the
ground state, AV is the line width in km s~ 1. If the metastable
and nonmetastable levels of NH; are populated and T > 20
K, as is probably the case for the warm and hot molecular gas
toward G34.340.2, Q = 41(Tg/100 K)*? (Genzel et al. 1982).
The column densities of ammonia toward the core and the
halo of the warm molecular cloud, obtained from equation (8)
using the values of the total optical depth in the (3, 3) tran-
sition, the rotational temperatures derived in § IV, and T, =
Tg,are ~6 x 10'® and 2 x 10'7 cm ™2, respectively.

The ammonia densities (col. [6] of Table 1) are derived from
the column densities assuming that the emitting gas has a
spherical geometry, with angular sizes of 176 for the ultracom-
pact core and of 2”8 for the SE region of the warm molecular
structure. Assuming a n(NH;)/n(H,) fractional abundance for
the hot gas of 10~% (Henkel, Wilson, and Mauersberger 1987)
yields a molecular hydrogen density for the ultracompact core

TABLE 1
PARAMETERS OF AMMONIA GAS TOWARD G34.3+0.2

Av Tx N(NH,) n(NHg)

Line of Sight (kms™!) (3, 3) (K) (cm™?) (cm™3)
(1) ()] @ ®) ©6)

A (absorption) .............. 24407 0054001 18+3 2 x 10'3 ~1073
B oo 75412 34-39 185*13  (6-7) x 10'*  ~70
C o 34+ 14 86 +26 70 + 25 2 x 107 ~1
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of ~7 x 107 cm™3. Support for the presence of such large
density toward G34.3+0.2 is given by the detection of several
nonmetastable lines of ammonia (Henkel, Wilson, and
Mauersberger 1987), which require densities on the order
108-40° cm 3 to be collisionally populated.

iv) Overall Cloud Structure

There is considerable evidence for the presence of density
and temperature gradients, from scales ranging from a few
parsecs to a few hundredths of parsecs, within the molecular
gas associated with G34.3+0.2. Table 2 lists physical param-
eters of a hierarchical arrangement of ammonia structures. The
temperatures and densities as a function of distance can
be reasonably described with power-law expressions of the
form (T/K)=~21(d/pc)”%°%%! and [nH,)/cm %) ~55

x 10%(d/pc)~1-7%%4, These fits are shown in Figure 7.

The density gradients observed in the molecular gas of
G34.3+0.2 are most likely due to the gravitational collapse of
an extended, inhomogeneous, low density molecular cloud. We
suggest the following scenario to explain the observations of
the central region of this cloud. The warm compact molecular
clump corresponds to a molecular disk structure that was
formed from the collapse of a massive, rotating fragment
embedded within the extended molecular cloud. Evidence for
rotational motions of the emitting gas has been presented by
KHR who measured, in the (1, 1) main HF line, a velocity
gradient of 15 + 6 km s™* pc~! over a 0.3 pc region, and by
Heaton et al. (1989) who observed a similar shift in the position
of the peak (3, 3) main HF line brightness temperature with
velocity. This velocity shift is also present in our (3, 3) main HF
line observations with the emission at v g = 550 km s~!
peaking to the south of the emission at 64.8 km s~ ! (see Fig. 4).
The elongated molecular structure detected in the J = 1-0
transition of HCO* by Carral, Welch, and Wright (1987) is
more extended and shows different orientation than the warm
ammonia core, but also has its southern parts blueshifted with
respect to its northern ones. In contrast, the ionized gas
(Garay, Rodriguez, and van Gorkom 1986) shows a velocity
gradient with opposite sense than that of the molecular one,
that is, the southern parts are redshifted with respect to the
northern ones. The origin of this peculiar kinematic behavior is
unknown.

Most of the molecular mass at the center of this disk, which
perhaps had the lowest angular momentum, further collapsed
to form massive stars that are presently exciting the cometary
ultracompact H 11 region. The hot and dense ultracompact
core observed at the center of the disk corresponds to a dense
layer of molecular gas that is near and around the recently
formed star and that is heated and further compressed by the
adjacent ultracompact H 1 region. Figure 8 shows a schematic

TABLE 2

PHYSICAL PARAMETERS OF DIFFERENT AMMONIA STRUCTURES
TOWARD G34.3+0.2

L T, n(H,)

Component (pc) (K) (cm™3) Reference
Extended envelope ............ 3.7 9 5 x 10° 1
Molecular core ................ 1.7 18 4 x 10* 1
Warm compact core .......... 0.1 60 6 x 10° 2
Hot ultracompact core ....... 0.03 185 7 x 107 3

REFERENCES.—(1) Heaton et al. 1985; (2) Andersson and Garay 1986; (3)
this paper.
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representation of the morphology of the molecular and ionized
gas toward G34.3+0.2, as proposed by us.

b) Absorbing Gas

The absorption feature seen in the main line of the (2, 2)
transition, but absent in the main line of the (3, 3) transition,
arises in a cold gas of moderate opacity in front of the brightest
continuum source toward G34.3+0.2. The optical depths of
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FiG. 8.—Schematic representation of the morphology of the molecular and
ionized gas toward G34.3+0.2.
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the absorbing gas in the main HF lines of the (1, 1) and (2, 2)
transitions, derived from our data and that reported by KHR,
are ~1.0 and 0.37, respectively. The rotational temperature,
between those two states, is 18 K. The expected optical depth
in the (3, 3) main HF line is negligible (tc ~ 0.05); thus, the
cold gas does not affect the emission from the warm and dense
gas from the molecular core. The column density of the
ammonia gas in the absorbing cloud, determined from equa-
tion (8) using Q = 8(T/100 K) (Genzel et al. 1982) and T,, =
Tr, is 2.1 x 10'3 cm ™2, Since the path length of the absorbing
gas is not known, the density of ammonia cannot be derived in
a straightforward manner from the column density. Assuming
that the length of the absorbing cloud is about one-half the
diameter of the 18 K cloud as measured by Heaton et al. (1985)
gives n(NH;) ~ 8 x 10~* cm 3. Further, assuming that in the
cold gas [NH;]/[H,] ~ 1077, as obtained for interstellar dark
clouds (Ungerechts, Walmsley, and Winnewisser 1980; Benson
and Myers 1983), we derive a molecular density for the absorb-
ing gas of ~10*cm 3,

The absorbing gas, at a velocity of 61.7 km s, is redshifted
with respect to the velocity of the warm molecular cloud by
~3kms™ . KHR, from a study of the (1, 1) line, suggested that
the absorbing material might be part of the remnant gas that is
still gravitationally collapsing onto the recently formed central
star (or stars). The low temperature and low densities of the
absorbing gas, derived in this paper, do not support models in
which the absorption feature arises in gas immediately around
and accreting onto the H 11 region since such gas is expected to
be hotter and denser than the gas in the warm molecular cloud.
We attribute the absorption feature to a foreground cloud, of
n(H,) ~ 10* cm 3 and T, ~ 18 K, which is moving toward the
core of the cloud (see also Matthews et al. 1987). The absorbing
gas is most likely part of the extended molecular core mapped
by Heaton et al. (1985).

VI. CONCLUSIONS

We mapped, with the VLA, the ammonia emission, in the
lines of the (J, K) = (2, 2) and (J, K) = (3, 3) inversion tran-
sitions, toward the warm molecular cloud associated with the
compact H 11 region G34.3 +0.2. The main results and conclu-
sions presented in this paper are summarized below.

1. The main HF line of the (2, 2) inversion transition is
detected in absorption in the western half of the source and in
emission in the eastern half. The main HF line of the (3, 3)
inversion transition is detected in emission over the whole
source. The HF satellite lines of the (2, 2) and (3, 3) inversion
transitions are detected only in emission. The appearance of
the spectra in the western region of the source, exhibiting emis-
sion and absorption features, is interpreted as due to a blend,
within a synthesized beam, of two components of molecular
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material: a warm, optically thick, cloud of gas and cold com-
ponent of gas of moderate optical depths in front of a contin-
uum radio source.

2. The warm molecular cloud exhibits a core-halo structure.
The emission in the main HF component of the (3, 3) tran-
sition, which samples the whole warm cloud, arises from a
disklike structure of ~73 x 2’8 in size, elongated in a direc-
tion oriented ~ 55° west of north. The emission from the HF
satellite lines of the (2, 2) and (3, 3) inversion transitions, which
presumably sample denser and hotter molecular gas, arise from
an ultracompact region, of ~ 176 in size, near the center of the
warm molecular cloud. The ultracompact core is displaced
~2" to the east of the bright cometary H 11 region within the
complex.

3. The rotational temperature increases from about 70 K
near the edges of the warm molecular core to ~185 K at the
position of the ultracompact molecular core. The column
density of ammonia increases from ~2 x 107 cm ™2, at the SE
position, to ~6 x 10'8 cm ™2 at the position of the hot ultra-
compact core; the ammonia densities are ~1 cm™3 and 70
cm 3, respectively.

4. The hydrogen molecular density in the ultracompact
core, assuming n(NH;)/n(H,) = 107, is ~7 x 10”7 cm 3. This
H, density, one of the largest so far derived in regions associ-
ated with star formation, is of the order of the critical densities
required to populate the nonmetastable levels of ammonia (of
~108-10° ¢cm~3). The emission from the nonmetastable, and
the highly excited metastable, inversion transitions observed
by Henkel, Wilson, and Mauersberger (1987) most likely arises
from the ultracompact core.

5. The absorption line, at 61.7 km s, arises from a gas of
low optical depth in front of the brightest H 11 region within the
complex. The rotational temperature of this gas is 18 K. We
suggest that this gas is part of the extended, low-density molec-
ular core, mapped by Heaton et al. (1985), that surrounds the
H 1 regions.

6. The following scenario is suggested to explain the charac-
teristics of the gas at the center of the G34.3+0.2 cloud. The
warm disklike molecular clump may be the result of the gravi-
tational collapse of a rotating and massive fragment that was
embedded in a low density molecular cloud. A central massive
star was formed at the center of this disk, producing a compact
H 11 region. The molecular material around the ionized gas is
heated and further compressed, producing a hot ultracompact
molecular core.
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