
KINEMATICS AND CHEMISTRY OF THE HOT MOLECULAR CORE
IN G34.26+0.15 AT HIGH RESOLUTION

B. Mookerjea, E. Casper, and L. G. Mundy

Department of Astronomy, University of Maryland, College Park, MD 20742

and

L. W. Looney

Astronomy Department, University of Illinois, Urbana, IL 61801

Received 2006 September 29; accepted 2006 December 21

ABSTRACT

We present high angular resolution (�100) multitracer spectral line observations toward the hot molecular core
(HMC) associatedwith G34.26+0.15 between 87 and 109 GHz.We havemapped emission from (1) complex nitrogen-
and oxygen-rich molecules such as CH3OH, HC3N, CH3CH2CN, NH2CHO, CH3OCH3, and HCOOCH3; (2) sulfur-
bearing molecules such as OCS, SO, and SO2; and (3) the recombination line H53�. At this high resolution (0.018 pc)
we find no evidence for the HMC being internally heated. The continuum peak detected at k ¼ 2:8 mm is consistent
with the free-free emission from component C of the ultracompact H ii region, which primarily energizes the HMC.
Emissions from the N- and O-bearing molecules peak at different positions within the core; none is coincident with the
continuum peak. Lack of high-resolution complementary data sets makes it difficult to decipher whether the different
peaks correspond to separate hot cores not resolved by the present data, or whether they are manifestations of the
temperature and density structure within a single core. Using brightness temperatures of the optically thick lines in our
sample, we estimate the kinetic temperature of the inner regions of the HMC to be 160 � 30 K. Observed abundances
of the different chemical species are not consistently reproduced by the existing hot-coremodels. There are uncertainties
due to (1) unavailability of temperature and density distribution within the hot core, (2) the assumption of a centrally
peaked temperature distribution by the chemical models, which is not applicable to externally heated hot cores such as
G34.26+0.15, and (3) inadequate knowledge about the formation mechanism of many of the complex molecules.

Subject headinggs: ISM: abundances — ISM: individual (G34.26+0.15) — ISM: molecules —
radio continuum: ISM — radio lines: ISM — stars: formation

Online material: color figure

1. INTRODUCTION

Hot cores are compact (0.1 pc), warm (�100Y300 K), dense
(107 H nuclei cm�3) clouds of gas and dust near or around sites
of recent star formation (see, e.g., Kurtz et al. 2000; Cesaroni
2005; van der Tak 2005). The hot-core phase is thought to last
about 105 yr (van Dishoeck & Blake 1998) to 106 yr (Garrod &
Herbst 2006) and represents the most chemically rich phase of
the interstellar medium, characterized by complexmolecules such
as CH3OH, CH3CN, HCOOCH3, CH3OCH3, and CH3CH2CN.
The complex chemical and physical processes occurring in the
hot cores are not fully understood. Until recently hot cores were
thought to be associated with high-mass protostars (M � 8M�)
only and to represent an important phase in their evolution to-
ward ultracompact (UC) and compact H ii regions. The central
energizing source for a number of hot cores has been identified
using high angular resolutionmid-infrared (MIR) andmillimeter
continuum observations (e.g., De Buizer et al. 2003; Beltrán et al.
2004). These detections strengthen the idea of hotmolecular cores
(HMCs) as representing a stage in the evolutionary sequence of
massive protostars. However, there are nonnegligible examples of
hot cores that are in the vicinities of UC H ii regions and appear to
be only externally heated. For these sources it may well be argued
that the hot cores can also arise as chemical manifestations of the
effect of the UC H ii regions on their environments, rather than
being only the precursors of UC H ii regions.

The chemical models are still far from providing a unique
interpretation of the hot-core chemistry and would benefit from
high angular resolution continuum and spectroscopic observa-

tions suitable for understanding the temperature and density distri-
butions of the cores. In particular, the strong sensitivity of surface
and gas-phase chemistry to dust temperature and gas density high-
lights the importance of the study of the abundances of complex
molecules in different regions with varied physical characteristics.
Furthermore, all the existing chemical models assume the hot
cores to be internally heated and have radially varying density and
temperature profiles (Millar et al. 1997; Nomura & Millar 2004;
Garrod & Herbst 2006; Doty et al. 2006); the models do not yet
provide a consistent treatment of the externally heated hot cores.

We present high angular resolution (100) interferometric obser-
vationswith theBerkeley-Illinois-MarylandAssociation (BIMA)1

array of the well-studied hot core associated with the UC H ii

region G34.26+0.15 located at a distance of 3.7 kpc (Kuchar &
Bania 1994). The H ii region is a prototypical example of come-
tary morphology, which may be due to the bow shock interaction
between an ambient molecular cloud and the wind from an en-
ergetic young starmoving supersonically through the cloud (Wood
& Churchwell 1989; van Buren et al. 1990). NH3 observations
with the VLA (Heaton et al. 1989) show that the highly compact
molecular cloud appears to be wrapped around the head of the
cometary H ii structure, with the ionization front advancing into
the cloud.

A

1 The BIMA array was operated by the Berkeley-Illinois-Maryland Associ-
ation under funding from the National Science Foundation. BIMAhas since been
combined with the Owens Valley Radio Observatory millimeter interferometer
and moved to a higher site, and was recommissioned as the Combined Array for
Research in Millimeter Astronomy (CARMA) in 2006.
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G34.26+0.15 has been extensively studied in radio continuum
(Turner et al. 1974; Reid&Ho 1985;Wood&Churchwell 1989)
and radio recombination lines (Garay et al. 1985, 1986; Gaume
et al. 1994; Sewilo et al. 2004). At radio continuum frequencies,
it exhibits several components: twoUCH ii regions calledA andB,
a more evolved H ii region with a cometary shape named compo-
nent C, and an extended ringlike H ii region with a diameter of 10

called component D (Reid & Ho 1985). Molecular gas has been
mapped inNH3, HCO

+, SO, CH3CN, andCO (Henkel et al. 1987;
Heaton et al. 1989, 1993; Carral & Welch 1992; Akeson &
Carlstrom 1996; Watt & Mundy 1999).

The hot core associated with G34.26+0.16 has been the target
of chemical surveys using single-dish telescopes (MacDonald et al.
1996; Hatchell et al. 1998) in which complex molecules char-
acteristic of hot cores were detected.Molecular line observations
suggest that the hot core does not coincide with the H ii region
component C; it is offset to the east by at least 200 and shows no
sign of being internally heated (Heaton et al. 1989; MacDonald
et al. 1995;Watt &Mundy 1999). Based on narrowbandMIR im-
aging of the complex, Campbell et al. (2000) concluded that the
same star is responsible for the ionization of the H ii component C
and heating the dust but is not interacting with the hot core seen in
molecular emission. At a resolution of 1200, Hunter et al. (1998)
also found the peak of the 350 �m emission to be coincident with
component C of the UC H ii region.

In this paper we use the BIMA observations to study the ener-
getics, chemistry, and kinematics of the molecular gas contrib-
uting to the hot-core emission associated with G34.26+0.15.

2. OBSERVATIONS

Observations of the source G34.26+0.15 were acquired with
the 10 element BIMA interferometer between 1999 December and
2000March at three frequency bands centered approximately at 87,
107, and 109 GHz using the A and B configurations of the array.
Due to technical difficulties only nine antennas could be used for the
observations at 87 GHz. Table 1 presents a log of the observations,
including the typical system temperatures in the different configu-
rations presented here. The primary FWHMof the array is between
13200 and 10600 at frequencies between 87 and 109 GHz. The corre-
lator was configured to split each frequency into four windows per
sideband, two of which had bandwidths of 100MHz and 64 chan-
nels each and the remaining two had bandwidths of 50 MHz and
128 channels each.

The sources Uranus, 1830+063, and 1771+096 were observed
as the primary flux calibrator, the phase calibrator, and the second-
ary calibrator, respectively. However, owing to the consistently
poor quality of the 1830+063 observations and the sparsity of
theUranus observations, we have used1771+096 as both the phase
and primary flux calibrator. The flux of 1771+096was determined
from each of the six data sets, using the MIRIAD task bootflux
with Uranus as the primary calibrator. The average final flux for

1771+096 is 2.3 Jy; we estimate the absolute flux calibration error
to be 10%. The pointing and phase center used for mapping the
region around G34.26+0.15 is � = 18h53m18.55s, � = 1�14058.200

(J2000.0) and the Vlsr ¼ 58 km s�1.
The data were reduced using the MIRIAD (Sault et al. 1995)

software package. Continuum maps were constructed by aver-
aging over spectral windows that did not contain line emission.
In order to achieve better phases the continuum maps were itera-
tively self-calibrated. The spectral line maps within a particular
spectral windowweremade by first fitting a low-order polynomial
to the visibilities in the channels not contaminated by any line emis-
sion and then subtracting the fit to the continuum from the indi-
vidual channels.

3. RESULTS

3.1. Spectral Lines

The observed spectral lines were identified using the spectral
line catalog by Lovas et al. (1979). We have detected multiple
transitions of methanol (CH3OH), two transitions of ethyl cy-
anide (CH3CH2CN), and single transitions of methyl formate
(HCOOCH3), dimethyl ether (CH3OCH3), formamide (NH2CHO),
HC3N, OCS (and its 34S, 13C isotopomers), SO, SO2, and the hy-
drogen recombination line H53�. Table 2 presents spectroscopic
details of the molecular lines that were detected in the present
data set.
Table 3 summarizes the basic results of theBIMAobservations—

the synthesized beam sizes, peak intensity, peak brightness tem-
perature, central velocity (vcen), velocitywidth (vfwhm), and achieved
rms per channel of the interferometric maps—for each of the ob-
served spectral lines. The vcen and vfwhm were determined from
Gaussian fits to the line profiles. In addition to the 10% error in
absolute calibration, we estimate the statistical errors in inten-
sities to be �10%.

3.2. Continuum at k ¼ 2:8 mm

Figure 1 shows an overlay of the k ¼ 2:8 mm continuum im-
age with the k ¼ 2 cm continuum emission observed by Sewilo
et al. (2004). The 2.8 mm continuum is peaked at the nominal

TABLE 1

Details of BIMA Observations of G34.26+0.15

Frequency

(GHz) Configuration Date

Tsys
(K)

87.......................... A 1999 Dec 23 180

B 2000 Feb 26 450

107........................ A 2000 Jan 29 200

B 2000 Mar 10 350

109........................ A 2000 Feb 6 250

B 2000 Mar 13 300

TABLE 2

Spectroscopic Parameters of Molecular Transitions Detected

by 1
00
Resolution BIMA Observations of G34.26+0.15

Species Transition

Frequency

(GHz)

Eu /kT

(K) Sij

CH3OH................. 72Y63 A
� 86.6155080 102.7 0.644

72Y63 A
+ 86.9030180 102.7 0.644

31Y40 A
+ 107.0138500 28.36 1.43

15�2Y151 E2 107.15992 305 1.24

HCOOCH3 ........... 82,6Y72,5 E 103.46659 24.66 19.992

CH3OCH3............. 131,12Y130,13 EA + AE 105.7683438 86.02 5.405

NH2CHO.............. 52,4Y42,3 105.972601 27.2 4.2

OC34S................... 9Y8 106.7873889 25.7 9.0

O13CS................... 9-8 109.1108477 26.2 9.0

OCS...................... 9Y8 109.4630630 26.28 9.0

CH3CH2CN.......... 122,11Y112,10 107.0435270 37.91 11.662

121,11Y111,10 109.6502630 35.42 11.906

SO2 ....................... 273,25Y264,22 107.0602085 369.5 3.102

HC3N.................... 12Y11 109.1736340 34.07 12.0

SO ........................ 32Y21 109.2522200 21.05 1.510

Notes.—The frequency and energy of CH3OH(15�2Y151 E2) are taken from
Sutton et al. (2004). All other data frequencies and energies are taken from the
JPL Molecular Spectroscopy Catalog (http://spec.jpl.nasa.gov). The CH3OCH3

line is assumed to be in the AE state.
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map center (� = 18h53m18.55s, � = 1�14058.200 [J2000.0]) and
coincides with cometary component C of the G34.26+0.15 UC
H ii region complex (Heaton et al. 1989; Gaume et al. 1994;
Sewilo et al. 2004). As will be discussed in x 3.3, the contin-
uum peak detected at 2.8 mm does not coincide with the emission
peaks of the lines originating in the hot molecular gas. Although
continuum at 2.8 mm shows a single peak, most of the radio con-
tinuum maps at centimeter wavelengths show that component C

consists of the two emission peaks C1 and C2, separated by�1.400.
However, Sewilo et al. (2004) suggest that C1 and C2 are not two
separate continuum components, but that they correspond to two
regions of maximum emission in the nebula. Recently Avalos et al.
(2006)mapped theG34.26+0.15 region at 43GHz usingVLA, and
they find a single peak similar to the millimeter maps.

Based on the radio continuum spectrum, the flux density due
to the free-free emission from components A and B is expected
to be�100 mJy at 100 GHz (Avalos et al. 2006). This is consis-
tent with our observations wherein we do detect some emission
from the UC components A and B, although these components
are not resolved in our maps. At 107GHz (k ¼ 2:8mm)wemea-
sure a peak flux density of 2.9 Jy beam�1 and an integrated in-
tensity of 6:7 � 0:4 Jy estimated by fitting a Gaussian of 1:600 ;
1:400 to the central source. In addition to the given statistical error
for the continuum flux density, there is a 0.7 Jy error correspond-
ing to the uncertainty in the absolute flux calibration. The 2.8mm
continuum flux density measured here is consistent with previ-
ous observations at similar resolutions (Akeson&Carlstrom1996).
Heaton et al. (1989) measured an integrated radio continuum flux
of 5 Jy at 1.3 cm (24 GHz) for component C, which when com-
bined with the 2.8 mm flux indicates a spectral index of 0.2. This
spectral index is significantly flatter than the index of 0.45 de-
rived byWatt & Mundy (1999) for the combined emission of all
three components of the UCH ii region. At a resolution of 100, the
2.8 mm emission is clearly dominated by the free-free emission
from component C of the UC H ii region and does not arise from
an embedded source that could be energizing the HMC internally.
Dust emission may be responsible for the eastern extension of the
emission at the 10% level.

3.3. Integrated Intensity Maps

Figure 2 shows the integrated intensity maps of the different
spectral line emission detected in the region around G34.26+0.15
overlaid with the continuum emission at k ¼ 2:8 mm and the po-
sitions of the H2O and OHmasers detected in the region (Forster
& Caswell 1989). The emission from none of the molecular spe-
cies coincides with the positions of the H2O and OH masers.

At a resolution of 100 the integrated intensity distribution for
the different chemical species primarily show three kinds of

TABLE 3

Basic Observational Results of the Chemical Survey toward G34.26+0.15

Line

Beam

(arcsec)

Fpeak

(Jy beam�1)

TB,peak
(K)

vcen
(km s�1)

vfwhm
(km s�1)

rms

(mJy beam�1)

H53� ............................................ 1.48 ; 1.25 0.454 42 56.0 � 1.8 45.2 � 4.7 66.3

CH3OH(72Y63 A
�)....................... 1.48 ; 1.25 0.934 82 59.1 � 0.3 6.2 � 1.0 69.1

CH3OH(72Y63 A
+) ....................... 1.48 ; 1.25 0.952 83 59.3 � 0.3 7.0 � 0.5 69.6

HCOOCH3(82,6Y72,5 E ) .............. 1.02 ; 0.85 0.240 31 56.3 � 2.0 4.7 � 1.0 35.6

CH3OCH3(131,12Y130,13) ............. 1.02 ; 0.85 0.218 26 49.3a . . . 55.1

NH2CHO(52,4Y42,3) ..................... 1.02 ; 0.85 0.383 46 55.9 � 0.3 7.3 � 07 106.0

OC34S(9Y8).................................. 1.02 ; 0.85 0.394 50 56.0 � 0.3 4.0 � 0.7 86.1

CH3OH(31Y40 A
+) ....................... 1.02 ; 0.85 1.48 187 58.4 � 0.2 6.0 � 0.3 44.9

CH3CH2CN(122,11Y112,10) ........... 1.02 ; 0.85 0.365 46 55.9 � 0.1 4.4 � 0.5 45.3

SO2(273,25Y264,22)........................ 1.02 ; 0.85 0.198 25 56.6 � 1.0 6.3 � 1.5 45.3

CH3OH(15�2Y151 E2)................. 1.02 ; 0.85 0.643 81 60.0 � 0.1 6.3 � 0.3 94.9

O13CS(9Y8).................................. 0.99 ; 0.89 0.165 20 55.6a . . . 67.5

HC3N(12Y11) .............................. 0.99 ; 0.89 1.23 143 56.5 � 0.1 6.4 � 0.1 64.3

SO(32Y21) .................................... 0.99 ; 0.89 1.27 147 58.0 � 0.1 4.6 � 0.3 123.1

OCS(9Y8) .................................... 0.99 ; 0.89 1.44 167 58.4 � 0.2 5.2 � 0.4 127.0

CH3CH2CN(121,11Y111,10) ........... 0.99 ; 0.89 0.360 42 58.5 � 0.6 5.0 � 1.3 65.2

Note.—Synthesized beam sizes at 87, 107, and 109 GHz are 1:4800 ; 1:2500, 1:0200 ; 0:8500, and 0:9900 ; 0:8900, respectively.
a No Gaussian fit was possible to the spectrum; vcen corresponds to the velocity at which the peak intensity is observed.

Fig. 1.—Overlay of the contours (black) of the 2.8 mm continuum emission
detected with BIMAwith the contours (gray) of the 2 cm free-free continuum emis-
sion observed by Sewilo et al. (2004). For the k ¼ 2:8 mm continuum image the
contour levels are�3, 3, 10, 20, 30, 40, 50, 70, 90, 100, 120, and 140 of the noise
level of 20 mJy beam�1. For the k ¼ 2 cm continuum image the contour levels are
at�3, 3, 5, 10, 20, 30, 40, 80, 120, 180, 250, 350, 450, 600, 800, and 850 times the
noise level of 0.3 mJy beam�1. The synthesized beams are shown in the lower right
corner of the plot. The synthesized beam at k ¼ 2:8 mm is 1:0000 ; 0:8500 with
P.A. = 35

�
and the beam at k ¼ 2 cm is 0:4800 ; 0:4100 with P.A. = 21

�
.
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morphological structures: single-peaked, double-peaked, and
irregular. Figure 3 shows the positions of the absolute maxima
of the integrated intensities for the different species overlaid with
the k ¼ 2:8mm continuummap of G34.26+0.15. The absolute po-
sitional accuracy is estimated to be 0.100. We note that it is possible
to identify primarily two regions where the maxima due to the tran-
sitions of the different species are localized: the first lying slightly

to the southeast of the continuum peak and the second lying to the
northeast of the 2.8 mm continuum peak.

1. Single-peaked.—The spectral lines of CH3OH (with the ex-
ception of the 15�2Y151E2 transition), HC3N, NH2CHO, SO, and
OCS, as well as the H53� recombination line, show well-defined
single-peaked structures. HCOOCH3 also shows a single-peaked

Fig. 2.—Integrated intensity maps of the spectral lines detected in G34.26+0.15. The species are marked within the individual panels. In case of multiple transitions
of the same species, the nominal frequency band is also noted. Details of the lines are presented in Table 2. The noise levels (in Jy beam�1 km s�1) are (a) 0.58, (b) 0.40,
(c) 0.26, (d ) 0.45, (e) 0.61, ( f ) 0.58, (g) 0.30, (h) 0.48, (i) 30, ( j ) 0.24, (k) 0.50, (l ) 0.35, (m) 0.58, (n) 0.22, (o) 0.46, and ( p) 0.32. The contour levels in panels a, f,g, h, i, j,m,
n, and o are in steps of the noise level, starting from twice the noise level. The contour levels in the remaining panels are in steps of twice the noise level, starting from twice the
noise level. The negative contours are not shown to simplify the image. The synthesized beams are shown in the lower left corner of each panel. The filled triangles mark the
positions of componentsA,B, andC (Heaton et al. 1989) of theUCH ii regionG34.3+0.2. The squares and diamonds signify positions of theH2O andOHmasers, respectively
(Forster & Caswell 1989).
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structure, although it is somewhat poorly defined as compared to
the rest. Of these spectral lines only the peaks of the H53� and
the HCOOCH3 emission coincide with the peak of the continuum
at k ¼ 2:8 mm, while the peaks due to CH3OH and OCS occur to
the northeast of the continuum peak. The peak due to SO lies 100 to
the southeast of the 2.8 mm continuum peak. The peaks of HC3N
and NH2CHO lie close enough (�0.400 southeast) to, but not ex-
actly at the position of, the 2.8 mm continuum peak. At first
glance, it appears that the more abundant species with higher
optical depths tend to show a single-peaked structure. We revisit
the question of optical thickness of the lines in x 6.

2. Double-peaked.—The spectral lines of CH3CH2CN and
CH3OCH3 show rather well-defined double-peaked structure.
Figure 3 suggests that the peaks corresponding to the two tran-

sitions of CH3CH2CN occur at rather different positions. In fact,
they correspond to the two peaks that appear in both transitions,
with essentially reversed ratios of relative intensities. The double
peaks of CH3OCH3 are also not alignedwith those of CH3CH2CN,
as CH3OCH3 emission as a whole is somewhat shifted to the north
of the continuum peak and extends more along the east-west di-
rection in contrast to the CH3CH2CN emission.

3. Irregular.—The integrated intensity distributions of O13CS,
OC34S, and SO2 appear to be irregularly shaped and do not have a
high enough signal-to-noise ratio to showwell-defined peaks. The
positions shown in Figure 3 correspond to the absolute maxima
within the emitting region and represent the approximate location
of the enhancement in emission. These should not be taken too
literally as peaks having significance comparable to the peaks for
the single-peaked species.

Figure 3 shows that almost all peak positions to the northeast
of the continuum peak correspond to single-peaked emission struc-
ture. Among the tracers peaking to the southeast, only HC3N and
SO are single-peaked and CH3CH2CN is double-peaked. The re-
maining tracers have irregular intensity distributions with ab-
solute maxima at the indicated positions.

These two primary locations of the peaks of the spectral lines
(Fig. 3) may either correspond to different emitting clumps or be
manifestations of the differences in temperature and density that
lead to variation of the chemical abundances within the same
clump. We revisit both these concepts in x 9. In x 7 we derive the
chemical abundances of the different chemical species at the two
nominal peak positions identified by the CH3OH(72Y63A

+) peak
to the northeast and the HC3N(12Y11) peak to the southeast of
the continuum peak.

3.4. Velocity Gradients

Figure 4 shows the centroid velocity distribution of some of
the selected species for which the signal-to-noise ratio was suf-
ficient over large enough areas to generate the maps. With the
exception of the hydrogen recombination line and the limited-
sensitivity CH3CH2CN line, the center velocity of all molecular

Fig. 3.—Peak positions for the different spectral lines detected in G34.26+
0.15 overlaid with the k ¼ 2:8 mm continuum. The symbols with circles around
them indicate that they correspond to single-peaked intensity distributions. The
error bars in the lower left corner show the positional uncertainty.

Fig. 4.—Centroid velocity maps of selected species observed in G34.26+0.15. The color scale extending between 52 and 64 km s�1 is shown to the right of the figure.
The straight lines show the direction perpendicular to the velocity gradients, approximately. The plus signs mark the positions of components A, B, and C (Heaton et al.
1989) of the UC H ii region G34.3+0.2. [See the electronic edition of the Journal for a color version of this figure.]
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lines changes from 56 km s�1 in the southwest to 62 km s�1 in the
northeast over a spatial scale of 0.08 pc in a direction approximately
with a position angle of 40� � 10�. The direction andmagnitude of
the velocity gradient match well other measurements of molecular
gas velocity gradients toward G34.26+0.15. Using observations at
angular resolutions similar to the present data set, Heaton et al.
(1989) derived a velocity gradient of �50 km s�1 pc�1, while
Carral & Welch (1992) and Heaton et al. (1993) observed a ve-
locity gradient of 6 � 1 km s�1 on 0.3Y0.75 pc scales. Akeson&
Carlstrom (1996) derived a velocity gradient of 15 � 5 km s�1

on 0.2Y0.3 pc scales. Watt &Mundy (1999) observed velocity gra-
dients similar to the oneswe find, using onlyCH3CN. SiO emission
primarily tracing outflow activity was not detected at the position of
the hot core; rather, it appears to surround the hot core (Hatchell
et al. 2001). This implies that shocks do not play an important
role in regulating the hot-core chemistry in G34.26+0.15.

The ionized andmolecular gas inG34.26+0.15 show rather dif-
ferent velocity gradients, both in direction and magnitude. The
hot molecular gas consistently shows this southwest-northeast
velocity gradient, while the ionized gas has a total gradient of
�35 km s�1 in a direction perpendicular to the symmetry axis of
the cometary UC H ii region (Gaume et al. 1994). A smaller ve-
locity gradient is detected in the ionized gas parallel to the sym-
metry axis, i.e., along the east-west direction. In addition, the
ionized gas shows typical velocity widths of �50 km s�1 (Garay
et al. 1986; Gaume et al. 1994; Sewilo et al. 2004). The hydrogen
recombination line H53� shows an emission peak exactly co-
incident with the continuum peak at k ¼ 2:8 mm and a velocity
gradient similar to the minor component of the velocity gradient
as identified in the ionized gas. Similar to all the other recombi-
nation lines detected in the region, the H53� line has a line width
much larger than all the othermolecular species. These largewidths
of the recombination lines show conclusively that the ionized gas is
driven primarily by the H ii region dynamics.

Comparison of Figures 2 and 4 shows that the observed ve-
locity gradient in the hot molecular gas is along the minor axis of
the source emission for all species. This is also consistent with
the results of Watt & Mundy (1999). For a core with significant
rotation, the velocity gradient is expected to be along the major
axis of the source. This argues strongly against the velocity gra-
dients arising due to the gravitationally bound rotation of a circum-
stellar slab or disk, as was proposed by Garay et al. (1986). Several
authors have interpreted the observed velocity distribution of the
UC H ii region G34.26+0.2C in terms of mainly two models: the
moving star bow shock model and the champagne outflow model.
However,Gaume et al. (1994) point out that neither of thesemodels
satisfactorily explains the observed velocities in the region. These
authors proposed a model in which the velocities in the region are
governed by the stellar winds from components A and B. Further,
the ionized gas that is photoevaporated directly from the hot, dense
UC molecular core by the exciting star of the cometary H ii region
G34.26+0.2C flows from the molecular core toward a region of
lower density to the west. In this model, it is further proposed that
the molecular core and components A and B are at a slightly larger
distance from the Earth than G34.3+0.2C. The velocity pattern de-
rived from the various species observed here is consistent with
the ‘‘wind and photoevaporation’’ model proposed by Gaume
et al. (1994), and this further strengthens the conclusions of Watt
& Mundy (1999) that were derived only on the basis of the ve-
locity patterns of CH3CN.

4. ENERGETICS OF THE HOT CORE IN G34.26+0.15

Hot cores are typically proposed to be precursors of high-
mass stars (e.g., Cesaroni 2005). The center of the hot core is

identified with a collapsing and rapidly accreting high-mass pro-
tostar. High angular resolution MIR observations have success-
fully detected the energizing sources for several hot cores such as
G11.94�0.62, G45.07+0.13, and G29.96�0.2 (De Buizer et al.
2002, 2003). Using subarcsecond resolution centimeter and mil-
limeter molecular line and continuum observations, the existence
of multiple deeply embedded UC and hypercompact H ii regions
contributing to the formation of the HMCs G10.47+0.03 and
G31.41+0.31 has been substantiated (Beltrán et al. 2004, 2005).
Most of the HMCs thus represent a stage in the evolutionary
sequence of massive protostars.
However, in the case of the hot molecular gas in G34.26+0.15

the existing continuum observations in the mid-infrared, far-
infrared, submillimeter, andmillimeter have consistently shown the
peak of the dust emission to be coincident with the UC H ii region
component C and not at the position of the hot core (Hunter et al.
1998; Campbell et al. 2000, 2004). In particular, using MIR ob-
servations with 100Y200 resolution De Buizer et al. (2003) have
reported the nondetection of anyMIR source associated with the
HMC in G34.26+0.15. Thus G34.26+0.15, similar to the Orion
Compact Ridge andW3(OH) (Wyrowski et al. 1999), represents
an alternative scenario for hot cores in which the cores are ex-
ternally heated, and viewed asmanifestations of gas shocked and
heated by the expanding ionization front and stellar winds aris-
ing from H ii regions. Medium angular resolution MIR and FIR
observations further suggest that the HMC is isolated from com-
ponent C of the H ii region and is heated by stellar photons from
components A and B, and not shocks (Campbell et al. 2000, 2004).
Watt & Mundy (1999) compared the CH3CN and C18O peaks
with the NH3 peaks seen in arcsecond resolution observations by
Heaton et al. (1989) and found that none of the peaks coincide
with either component C of theH ii region orwith each other. These
suggest that the hot molecular gas detected in G34.26+0.15 traces
a layer of the core that is being externally heated by shocks and
stellar photons. However, the nondetection of SiO emission from
the position of the hot core rules out any significant role played
by shocks in determining the hot-core chemistry (Hatchell et al.
2001).
The arcsecond resolution continuum and molecular line obser-

vations presented in this paper provide further evidence for this
proposed model of the hot core in G34.26+0.15 as being exter-
nally heated. The continuum map at 2.8 mm shows a single peak
coincident with the radio continuum peak, and it is offset from the
peaks of all molecular lines. The molecular line maps extend-
ing over a region of 900 ; 1200 (� ; � ) show that (1) the emissions
from different species are not centrally peaked, (2) the molecu-
lar peaks are not cospatial, (3) none of themolecular line emission
peaks at the continuum peak, and (4) none of the molecular line
peaks coincide with the H2O and OH masers (which trace loca-
tions of shocks due to the propagation of the ionization front from
the UC H ii regions) detected in the region (Forster & Caswell
1989).

The relative offsets between the peaks in the different molecu-
lar line emissions further bring out the possibility of there being
multiple HMCs within the beam. We note that the northeast and
the southeast peaks detected in the G34.26+0.15 region are sep-
arated along the north-south direction by 0.800, which at a dis-
tance of 3.7 kpc translates to 0.014 pc. For comparison, the Hot
Core and the Compact Ridge regions in the Orion KL cloud at a
distance of 450 pc are separated by 0.018 pc. We consider the
angular resolution of the present observations to be insufficient
to either clearly resolve or rule out the possibility of the two peaks
being two different cores. These results differ substantially from
the single-dish observations that have so far suggested that the
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emissions from the different molecular species originate from
within a single bound core.

The observations of G34.26+0.15 presented here, with the
highest angular resolution to date, suggest multiple externally
heatedHMCs, a hypothesis that is amatter of further study. In the
absence of observations of multiple transitions of molecular
species at 100 resolution, it is not possible to derive the density and
temperature distributions appropriate to decipher factors contri-
buting to the relative offsets of the different emission peaks. The
availability of such temperature and density profiles is also cru-
cial for deriving accurate estimates of the abundance profiles for
the detected complex molecular species.

5. AVAILABLE CHEMICAL MODELS
FOR HOT CORES AND G34.26+0.15

Existing and recent high angular resolution observations of
the HMC associated with G34.26+0.15 strongly favor the source
being externally heated. However, there are no observations
available that constrain (1) the geometry of the hot-core material
with respect to the external heating source; (2) the density structure
of the core material, e.g., whether it shows a simple gradient in a
particular direction or is clumpy or a uniform-density swept up
region; or (3) the geometry and multiplicity of the core along
the line of sight. We propose the present data set as a building
block for future observations that would help clarify some of
the outstanding issues.

The rather ‘‘unconventional’’ and complicated geometry of the
HMC associated with G34.26+0.15 poses a further challenge to
deriving a consistent chemical model for the source. All existing
chemical models for HMCs, including those constructed specifi-
cally for G34.26+0.15 (e.g., Millar et al. 1997; Nomura & Millar
2004), explicitly consider a centrally energized spherical cloud
forming a massive protostar in two stages involving collapse to
high densities (�107 cm�3) followed by a warm-up phase result-
ing in the rich chemistry of the hot cores. Themodels for theHMC
in G34.26+0.15 are primarily based on single-dish observations
and assume that the source consists of a hot ultracompact core
(UCC)with a radius less than 0.025 pc andn(H2) ¼ 2 ; 107 cm�3,
a compact core with a radius of about 0.1 pc and a density of
106 cm�3, and a surroundingmassive halo extending out to 3.5 pc
with an H2 density that falls off as r

�2 (e.g., Millar et al. 1997 and
references therein). The latest chemical model for G34.26+0.15
by Nomura & Millar (2004) is more sophisticated in terms of
using the density and temperature profiles derived from the dust
continuum observations. These density and temperature profiles
are subsequently used as inputs for the chemical model. However,
the density and temperature distributions are primarily constrained
by single-dish continuum observations and the model considers a
centrally peaked spherically symmetric structure that is isothermal
up to a radius of 0.05 pc (�300). Further, it assumes the core of the
region to be collapsing to form a massive protostar. Most of these
assumptions do not conform to the results of high angular resolu-
tion molecular line observations presented in this paper and also by
Watt &Mundy (1999) and Heaton et al. (1989). Similar arguments
may be invoked to show the inappropriateness of the radiative
transfer models developed by Hatchell & van der Tak (2003) for
the HMC in G34.26+0.15.

6. ESTIMATE OF KINETIC TEMPERATURE

In the absence of high-resolution multiline spectroscopic ob-
servations suitable for deriving the temperature and density
distributions, we have adopted a simplistic approach to derive an
estimate of the kinetic temperature from the observed brightness
temperatures.

Using the brightness temperatures of OC34S(9Y8) (50 K) and
OCS(9Y8) (96 K) at the position of the intensity peak of OC34CS
(Table 3), and the relative abundance of the isotopomers 32S/34S�
22 (Wilson & Rood 1994), we derive �34 ¼ 0:7 and �32 ¼ 15:4.
Hence OCS(9Y8) is optically thick and its peak brightness tem-
perature (167 K) is a reasonably good estimate of the gas kinetic
temperature. We further note that the peak brightness temperature
of CH3OH(31Y40 A

+), the brightest and the most optically thick
of the methanol lines observed here, is 187 K; the peak brightness
temperatures of SO and HC3N are 147 and 143 K, respectively.
Thus beyond the calculated high opacity values of OCS(9Y8), the
rather high peak brightness temperatures of CH3OH(31Y40 A

+),
SO, and HC3N suggest that all these lines are optically thick, and
their peak brightness temperatures provide a firm lower limit to
the true kinetic temperature of the UCC of G34.26+0.15. Based
on these, we estimate the kinetic temperature to be 160 � 30 K
and use 160 K for the subsequent analysis.

Most of the available estimates of kinetic temperature of the
hot-core region G34.26+0.15 are rotation temperatures derived
using a variety of molecules. Based on anLVGanalysis of CH3CN,
Watt & Mundy (1999) derived a gas temperature between 80 and
175 K, while using the K-ladder of the same molecule Akeson &
Carlstrom (1996) estimated a kinetic temperature of 250 � 100 K.
Millar et al. (1995) derived a rotation temperature of 125 K from
C2H5OHobservations, whileHenkel et al. (1987) derived a rotation
temperature of 225 � 75 K from ammonia observations.

The error bars in the kinetic temperatures available from litera-
ture are rather large and they are all consistent with our derived
value of 160 � 30 K. The higher angular resolution of our ob-
servations better probe the small clumps in contrast to the other
observations.We note that the molecules of which rotational tran-
sitions were used to derive the kinetic temperatures have similar
dipolemoments.However, comparisonwith temperatures derived
from single-dish observations with the present results is uncertain
due to multiple issues: beam dilution, contamination from large-
scale emission, etc.

7. COLUMN DENSITIES OF DIFFERENT SPECIES

We have derived the column densities of the different observed
species assuming local thermal equilibrium (LTE), a kinetic tem-
perature of 160K, and optically thin observed transitions [with the
exception of OCS(9Y8)]. The assumption of a single temperature
instead of a temperature profile leads to inaccuracies in our esti-
mates of abundances. However, given the non-centrally-peaked
geometry of the hot molecular gas as detected in our observations
and the lack of dust continuumdata, aswell as observations of mul-
tiple spectral lines constraining the density and temperature profiles,
resolving these uncertainties is beyond the scope of this paper.
We propose the use of these abundances in combination with
upcoming high angular resolution complementary observations in
order to provide constraints for future chemical models.

Based on the peak brightness temperatures presented in Table 3
we conclude that in all likelihood the HC3N, SO, and CH3OH
A+ 31Y40 transitions are also optically thick. In the absence of
observations of rarer species, we use the estimated column den-
sities as lower limits and/or guidelines. For both CH3OH and
CH3CH2CNwe adopt the largest among the column densities de-
rived from the different observed transitions. The CH3OH(72Y63 A

�)
transition gives the highest column density and it has a peak bright-
ness temperature of 82 K, which suggests that it is still optically
thin. The column density of OCS(9Y8) is derived by using the
OC34S column densities and assuming a relative Galactic abun-
dance of 32S/34S � 22. Table 4 presents the observed column
densities and abundances of the different species at the positions
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of the northeastern (NE) and southeastern (SE) peaks, abundances
of NH3 (Heaton et al. 1989) and CH3CN (Watt &Mundy 1999),
and abundances of different species in other ‘‘prototypical’’ hot
cores.

The present data set does not provide an independent estimate
of the total molecular hydrogen column density NH2

in the UCC
(Heaton et al. 1993) of G34.26+0.15. Estimates of NH2

in the core,
mostly based on a number of single-dish and interferometric ob-
servations of different chemical species, vary by almost an order
of magnitude. Using a peak NH3 abundance of 2 ; 10�5 (Millar
et al. 1997) and an observed NH3 column density of 7 ; 1018 cm�2

(Heaton et al. 1989), Watt & Mundy (1999) estimated NH2
to be

4 ; 1023 cm�2. In contrast, based on NH3 (Heaton et al. 1989)
and CH3CN (Akeson&Carlstrom 1996) observations, theNH2

is
estimated to be (3Y7) ; 1024 cm�2. The lower H2 column den-
sities deduced byWatt &Mundy (1999) are, however, consistent
with the nondetection of C18O at the center of the core. Follow-
ing Watt & Mundy (1999), here we adopt the NH2

of the UCC
within G34.26+0.15 as 4 ; 1023 cm�2 in order to calculate the ob-
served abundances of the observed chemical species relative to
molecular hydrogen (Table 4). TheCH3CNandNH3 observations
that have angular resolution comparable to our observations jus-
tify the adopted value of NH2

.
The derived column densities of complex molecules such as

CH3OH, HCOOCH3, CH3CH2CN, and CH3OCH3 agree reason-
ably well with previous observations (at 1300 ; 800 resolution) by
Mehringer & Snyder (1996). Following Table 4 we find that at
the two rather clearly segregated peak positions within the inner
regions of theHMC inG34.26+0.15, the abundances of CH3OCH3,
CH3CH2CN, HC3N, NH2CHO, and SO2 differ by factors of <3.

8. HOT-CORE CHEMISTRY IN G34.26+0.15

We have detected several of the N-, O-, and S-bearing parent
and daughter molecules in the G34.26+0.15 hot-core region. Here
we discuss the relative abundances of the different species in light

of the abundances observed in a fewwell-known hot-core regions
(Table 4).We also compare the abundances relative to a few well-
known chemical models for hot cores; these include chemical
models for G34.26+0.15 by Millar et al. (1997) and Nomura &
Millar (2004), both at tcore ¼ 104 yr after the grain mantle evap-
oration, and the model for the Orion Compact Ridge at tcore ¼
3:3 ; 104 yr by Caselli et al. (1993). The model by Caselli et al.
(1993), although not fine-tuned for G34.26+0.15, is relevant
because previous chemical study byMehringer & Snyder (1996)
suggested that the observed abundances can be explained rea-
sonably well by this model at tcore ¼ 104 yr.
The chemical model for G34.26+0.15 presented by Nomura

& Millar (2004) is essentially an improvement of the model by
Millar et al. (1997) in terms of using latest collision rates and
chemistry. However, for the model by Nomura & Millar (2004)
column densities are available only for the entire source, rather
than explicitly for the UCC or the inner regions of the HMC in
G34.26+0.15. Since the enhanced angular resolutions of the pres-
ent BIMA observations enable us to probe the inner regions of the
HMC directly, the column density calculations for the UCC by
Millar et al. (1997) are still relevant for our work. Further, we note
the column densities of the entire source (core+halo) as estimated
by these two models agree reasonably well.
Figure 5 compares the abundances of the different species rel-

ative to the molecular hydrogen abundance as observed at the
northeast peak of G34.26+0.15 with abundances predicted by
the different chemical models. In the following sections we dis-
cuss the abundances of the O-, N-, and S-bearing molecular spe-
cies separately and compare them with abundances seen in other
hot cores.

8.1. Oxygenated Species

Wehave detectedCH3OH,CH3OCH3, andHCOOCH3. Figure 5
shows that there is a huge discrepancy between the abundances
of CH3OH as predicted by Caselli et al. (1993) and Millar et al.

TABLE 4

Chemical Abundances of the Species Observed toward G34.26+0.15

OMCa

Species

NNE

(cm�2) XNE

NSE

(cm�2) XSE Hot Core Compact Ridge Sgr B2Nb G327.3�0.6c

CH3OH................................. 3.4E17 8.5E�7 2.6E17 6.4E�7 1.4E�7 4.0E�7 2.0E�7 2.0E�5

HCOOCH3 ........................... 2.9E16 7.3E�8 2.7E16 6.8E�8 1.4E�8 3.0E�8 1.0E�9 2.0E�6

CH3OCH3............................. 5.7E16 1.4E�7 3.4E16 8.5E�8 8.0E�9 1.9E�8 3.0E�9 3.4E�7

NH3
d..................................... 7.0E18 1.8E�5 . . . . . . 6.7E�8 5.7E�7 . . . . . .

CH3CN
d ............................... 1.3E16 3.3E�8 . . . . . . 4.0E�9 5.0E�9 3.0E�8 7.0E�7

CH3CH2CN.......................... 1.3E15 3.2E�9 2.7E15 6.8E�9 3.0E�9 5.0E�9 6.0E�10 4.0E�7

HC3N.................................... 5.1E13 1.3E�10 1.3E14 3.3E�10 1.8E�9 6.0E�9 5.0E�9 3.0E�11

NH2CHO.............................. . . . . . . 2.5E15 6.2E�9 1.4E�10 3.0E�10 2.0E�10 2.0E�8

SO2 ....................................... 5.8E15 1.4E�8 1.5E16 3.7E�8 1.2E�7 1.6E�7 3.0E�8 2.0E�7

OC34S................................... 1.8E15 4.4E�9 2.2E15 5.6E�9 . . . . . . 3.0E�10 1.0E�9

O13CS................................... 2.0E15 5.1E�9 1.4E15 3.5E�9 . . . . . . 7.0E�10 7.0E�10

OCS...................................... 3.9E16 9.7E�8 4.9E16 1.2E�7 1.1E�8 3.0E�8 >2.0E�9 >2E�9

SO ........................................ 4.4E16 1.1E�7 5.3E16 1.3E�7 1.9E�7 3.0E�7 2.0E�8 >3E�9

Notes.—Assumed Tkin ¼ 160 K. Here N and X refer to column densities and abundances relative to molecular hydrogen, respectively. NE and SE refer to the
northeastern and southeastern peaks, respectively. Column densities of optically thick lines of OCS(9Y8) have been derived from OC34S assuming 32S/34S = 22. The
relative abundances for the compact core have been calculated usingNH2

¼ 4 ; 1023 cm�2 (Watt &Mundy 1999). Considering the errors in absolute calibration, statistical
errors, errors due to the assumption of a single Tkin, and the error in NH2

, we conservatively estimate an error of 50% in the calculated abundances.
a Sutton et al. (1995), Caselli et al. (1993).
b Nummelin et al. (2000), Liu & Snyder (1999).
c Gibb et al. (2000).
d Column densities for the entire hot core from Watt & Mundy (1999) (CH3CN) and Heaton et al. (1989) (NH3).
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(1997), with the latter model reproducing the observed abun-
dances in G34.26+0.15 exactly. All the chemical models predict
the relative abundance HCOOCH3 /CH3OH to be between 10�3

and 10�2 and do not reproduce the high abundance ratio of 0.1 as
observed in most hot cores (Table 4). On the other hand a relative
abundance of CH3OCH3/CH3OH � 10�3 is predicted by all the
models, which is more or less consistent with the observed range
of values in the other hot cores. Most of the chemical models for
hot cores, including those considered in this paper, rely solely on
gas-phase chemistry to account for the formation of the large
O-bearing complexmolecules. However, Horn et al. (2004) have
shown that the gas-phase processes are highly inefficient in pro-
ducing HCOOCH3 and can never reproduce the observed abun-
dances. Recently Garrod&Herbst (2006) have proposed a slower
warm-up phase of the hot core and a combination of grain-surface
and gas-phase chemistry in the hot cores that better reproduce the
observed abundances of HCOOCH3.

8.2. Nitrogenated Species

Table 4 suggests that the abundances of the N-bearing species—
NH3, CH3CN, CH3CH2CN, HC3N, and NH2CHO—in G34.26+
0.15 lie within the range of values seen in other hot cores.

Discovery of NH3 ice has lead to the conclusion that NH3 is
indeed a parent species evaporated from the grain mantle. The
presence or absence of NH3 in the grain mantle plays an impor-
tant role in determining the abundances of the different daughter
species (Rodgers & Charnley 2001). Figure 5 suggests that while
Caselli et al. (1993) reproduce theNH3 abundance seen inG34.26+
0.15, both Millar et al. (1997) and Nomura &Millar (2004) fall
short by a factor of �10 ormore, with the lattermodel beingmuch
worse.

CH3CN, a symmetric top molecule, is likely to form via radia-
tive association of CHþ

3 withHCNorCNwith CH3 (Charnley et al.
1992; Millar et al. 1997). The chemical models for the UCC of

G34.26+0.15 (Millar et al. 1997) and the Orion Compact Ridge
(Caselli et al. 1993) predict CH3CN abundances 30Y50 times lower
than the observed value in G34.26, while the core+halo model of
Nomura & Millar (2004) predicts an even lower CH3CN abun-
dance (Fig. 5).

The high abundances of nitrile molecules such as CH3CH2CN
found in many hot cores cannot be reproduced by gas-phase re-
actions alone. Hydrogenation of accreted HC3N and CH3CN to
produce CH3CH2CN that then evaporates is proposed as being a
more viable path for CH3CH2CN formation in hot cores (Charnley
et al. 1992; Caselli et al. 1993). The chemical model for the Orion
Compact Ridge by Caselli et al. (1993) predicts an abundance that
is 10 times lower than observed in G34.26. No predictions for the
abundance of CH3CH2CN are available from the other two
chemical models considered here.

HC3N is thought of as a cold-cloud tracer but should also be
formed efficiently in hot gas if C2H2 is evaporated from grain
mantles (Millar et al. 1997). Figure 5 shows that all the chemical
models predict an HC3N abundance larger by more than a factor
of 100 than the value observed in G34.26. This is consistent with
our estimate that HC3N is optically thick (x 6) in G34.26+0.15.

NH2CHO is most likely formed by atom addition to HCO on
grain mantles and then evaporate (Tielens & Charnley 1997).
Bernstein et al. (1995) found NH2CHO to be formed upon
UV photolysis and warm-up of an H2O:CH3OH:CO:NH3 =
100:50:10:110 mixture. However, most of the chemical models
so far do not consider either CH3CH2CNorNH2CHOas parent spe-
cies and there are no predictions of abundances available so far.

8.3. Sulphuretted Species

Based on single-dish observations of G34.26+0.15 and sub-
sequent chemical modeling, Hatchell et al. (1998) inferred that
the OCS emission, which requires rather high excitation energy,
cannot be produced in the extended halo, that the rotation tem-
perature derived from SO2 warrants a core origin, and that the
SO lines are more likely to arise from the halo. We estimate both
OCS and SO to be optically thick and to have peak brightness
temperatures characteristic of the inner regions. Table 4 shows
that abundance of OCS as observed in G34.26+0.15 is larger
than those observed in many hot cores. The abundance of SO
in G34.26+0.15 is similar to that in Orion, while Sgr B2N and
G327.6�0.3 show much lower abundances. Note that the SO
abundance derived here is likely a lower limit due to the optically
thick SO line. The SO2 abundance in G34.26+0.15 is similar to
the abundance seen in Sgr B2N, and both are lower by a factor of
10 than the values seen in Orion and G327.3�0.6. It was initially
pointed out by Charnley (1997) andHatchell et al. (1998) that the
relative abundance ratios of SO, SO2, and H2S could be used to
estimate the age of the hot cores of massive protostars. How-
ever,Wakelam et al. (2004) have reconsidered this issue and con-
clude that none of these ratios can be used by itself to estimate the
age, since the ratios depend at least as strongly on the physical
conditions and on the adopted grain mantle composition as on
time.

Figure 5 shows that all the chemical models under consideration
here predict very similar OCS abundances, although somewhat less
than that observed in G34.26+0.15. The model by Caselli et al.
(1993) reproduces the observed SO abundance in G34.26+0.15
reasonably well, while the other two models predict abundances
lower by factors of 5Y10. Since we estimate SO in G34.26+0.15
to be optically thick, it is hard to reconcile to the higher abun-
dance derived observationally. Themodel by Caselli et al. (1993)
reproduces the observed abundances of SO2 for G34.26+0.15,
while the models by Millar et al. (1997) and Nomura & Millar

Fig. 5.—Comparison of column densities observed at the northeastern peak of
G34.26+0.15 with different chemical models. The observed relative abundances
are derived by assumingNH2

¼ 4 ; 1023 cm�2. The error bars correspond to 50%
errors in abundance estimates. Caselli et al. (1993) corresponds to the chemical
model for the Orion Compact Ridge at tcore ¼ 3:3 ; 104 yr. Millar et al. (1997) cor-
responds to the chemical model for the UCC, for which NH2

¼ 2:7 ; 1023 cm�2 at
tcore ¼ 104 yr. Nomura & Millar (2004) corresponds to a chemical model for the
entire source G34.26+0.15, for a line of sight through the center of the core at
tcore ¼ 104 yr, with NH2

¼ 3:6 ; 1024.
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(2004) respectively overestimate and underestimate the ob-
served values.

8.4. Summary of Comparison with Chemical Models

None of the chemical models considered here reproduce the
abundances of all the observed species satisfactorily. These mod-
els, like all the other chemical and radiative transfer models for
HMCs, assume the energizing source to be at the center and have
centrally peaked temperature and density profiles. In addition,
there are reasonable arguments in favor of, as well as against, the
complex molecule formation mechanisms (grain-mantle evapo-
ration, grain-surface chemistry, gas-phase chemistry). Thus, from
the physical point of view all these models are not directly appli-
cable to G34.26+0.15, which as our observations show is ex-
ternally heated and additionally might be harboring multiple
unresolved HMCs.

There are two main uncertainties in our estimates of the col-
umn densities of the different species: (1) we have assumed a sin-
gle kinetic temperature rather than a temperature profile, the value
of which may be off by 50 K for some of the species, and (2) the
NH2

estimate is also not accurate. Both of these uncertainties can
only be addressed with complementary observations at compa-
rable angular resolutions. The error bars drawn at the 50% level
in Figure 5 attempt to quantify these uncertainties in addition to
the statistical errors and the errors in absolute calibration. Since
the difference in abundances between the northeast and southeast
peaks of G34.26+0.15 never exceeds a factor of 3 and the dis-
crepancy between the observed and predicted abundances is on
the order of a factor of 10 or more, our conclusions would not have
been significantly different had we compared the observed abun-
dances at the southeast peakwith themodel predictions. Further,we
have shown that the abundances observed in G34.26+0.15 are not
atypical compared to other Galactic hot cores. Thus, discrepancies
by factors of 10Y100 between the abundances observed inG34.26+
0.15 and the predictions of the chemical models cannot be ex-
plained by the estimated errors in abundance calculations. Given
the inappropriateness of the existing chemical models and un-
certainties in the derived relative abundances, we consider any
age/timescale related discussion for the HMC in G34.26+0.15
beyond the scope of this paper.

9. DISCUSSION

Despite the present consensus on the contemporaneous existence
of NH3- and CH3OH-bearing grain mantles, chemical differen-
tiation in hot-core regions is also well-established from obser-
vations. Such chemical differentiation was prominently noticed
in the two clumps in the Orion KL cloud core very close to the lu-
minous and massive young stellar object IRc2: the Hot Core and
the Compact Ridge.While thewarmer and denserHotCore shows
unusually high abundances of H-rich complex N-bearing mole-
cules such as CH2CHCN and CH3CH2CN, the Compact Ridge is
characterized by high abundances of large oxygen-bearing mole-
cules such asCH3OH,HCOOCH3, andCH3OCH3.However, later
observations of the Orion KL hot cores by Sutton et al. (1995)
suggest that the chemical differentiation is probably not as drastic
as it was first thought to be. Similar chemical differentiation is ob-
served between the two hot cores W3(H2O) and W3(OH) in the
W3 region (Wyrowski et al. 1997, 1999). These sources are spa-
tially offset by about 0.06 pc and yet they exhibit clear signs of
N/O differentiation. Both sources show emission from CH3OH,
H2CO, CH3OCH3, and HCOOCH3, but only the maser source
shows significant emission from CH3CH2CN, HC3N, and SO2
(Wyrowski et al. 1997, 1999), as well as from HCN (Turner &
Welch 1984) and CH3CN (Wilson et al. 1993).

Several chemicalmodels have partially explained the chemistry
of both the Hot Core and Compact Ridge (Caselli et al. 1993;
Charnley et al. 1992) in Orion. Rodgers & Charnley (2001) have
shown that the evaporation of NH3-rich grain mantles inhibits
high abundances of O-bearing large molecules, although the al-
ready injected alcohols remain abundant for much longer. This
leads to the formation of N-rich hot cores. Rodgers & Charnley
(2003) further showed that in collapsing cores both N-rich and
O-rich species tend to coexist. However, it might be possible to
derive the age of the cores based on the relative abundance of the
two types of species because CH3OCH3 is found to bemore abun-
dant at earlier times whereas HCN and CH3CN form later on
(Rodgers & Charnley 2003). Observational detection of a large
number of daughter species in hot cores suggests that the chemical
timescale needs to be shorter than the dynamical timescale, i.e.,
that the cores need to be gravitationally supported up to 104 yr
(Rodgers & Charnley 2003).
Within the inner regions of G34.26+0.15 we find that the

N-bearing species tend to peak to the southeast, while the peaks of
the O-bearing species are concentrated to the northeast of the con-
tinuum peak. The northeast and the southeast peaks are primarily
separated along the north-south direction by 0.800, which at a dis-
tance of 3.7 kpc translates to 0.014 pc. For comparison, the Hot
Core and the Compact Ridge regions in the Orion KL cloud at a
distance of 450 pc are separated by 0.018 pc. Thus, given the larger
distance to the source and the angular resolution of the present ob-
servations, the possibility of the two emission peaks actually
belonging to two different cores, one being N-rich and the other
beingO-rich, cannot be ruled out. Although the two peak positions
in G34.26 do not show a large difference in CH3OH abundance,
differences in the abundances of CH3OCH3, CH3CH2CN, HC3N,
and NH2CHO show contrasts quite similar to what is seen in
Orion KL (Sutton et al. 1995). Additional high angular resolution
observations of molecular lines are required to derive a better esti-
mate of the temperature distribution, in order to improve the de-
rived abundances at the two peak positions seen within the inner
regions of the HMC in G34.26+0.15.

10. SUMMARY

We have presented high angular resolution mapping obser-
vations of the HMC in G34.26+0.15 tracing different chemical
species characteristic of hot cores. The higher angular resolution
enables us to probe the inner regions of the hot molecular gas. The
observations presented here are only a first step and need to be
augmented by observations of standard temperature- and density-
sensitive molecular transitions to constrain the physical attributes
of the region,which can then be used as constraints for future chem-
ical models.
We do not detect any evidence for an energizing source at the

center of the hot core; the continuum peak at 2.8 mm is consistent
with free-free radio continuum emission from component C of the
UC H ii region. The intensity distributions of the various molec-
ular tracers do not peak at the same position; the peaks of none of
the distributions are located either at the position of the continuum
peak or at the positions of theH2O andOHmasers. The temperature
and density distributions of the inner regions of the hot cores cannot
be determined from the present observations. Based on intensity and
velocity distribution, only component C, the most evolved of the
H ii regions associated with G34.26+0.15, appears to influence
the energetics of the hotmolecular gas. The kinematics of the hot
core as derived from the velocity distribution of the molecular
tracers are not strongly influenced by the H ii region dynamics.
Within the inner regions of the hot core in G34.26+0.15 we

find that the nitrogen- and oxygen-bearing species tend to show a
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dichotomy and peak at different positions, separated by 0.800, the
spatial separation being similar to the two hot/warm cores identi-
fied inOrion.Wepropose that as inOrion and inW3(OH), (1) these
peak positionsmay indeed be separate regions of chemical enrich-
ment, resolution of whichwould require even higher angular res-
olution observations, and (2) they may arise due to the external
influence of the neighboring H ii regions. We have estimated the
abundances of the observedmolecular species at the two peak po-
sitions assuming a single kinetic temperature of 160 K under con-
ditions of LTE.

The high angular resolution observations presented here pro-
vide overwhelming evidence in favor of the hot molecular gas at
spatial scales of 0.018 pc being externally heated. This, together
with the clumpiness of the region and possible existence of mul-
tiple HMCs in the region, implies geometries more complicated
than those considered by the state-of-art chemical models. For
the sake of completeness, we follow Wyrowski et al. (1999) to
derive a crude upper limit for the luminosity of the internal
energizing source, if any, using the kinetic temperature derived
in this paper and the Stefan-Boltzmann law. The luminosity of
the hypothetical and so far undetected internal source is estimated
to be 8:9 ; 104 L�, and this corresponds to a O7.5 ZAMS star
(Panagia 1973).

Comparison of the abundances observed in G34.26+0.15
with currently available somewhat inappropriate chemical mod-
els for hot cores by Caselli et al. (1993), Millar et al. (1997), and
Nomura & Millar (2004) suggests that the nitrogen richness of
the region can only be explained by the evaporation of ammonia-
rich ice mantles. However, this implies that the abundances of
the oxygenated daughter species be suppressed in the presence of
ammonia, which is not the case in G34.26+0.15. This can mean

any of the following: (1) the oxygenated species in question are
also formed on grain mantles, (2) the two regions are actually
separate from each other, or (3) there may be additional gas-phase
processes that can progress efficiently even in the presence of
ammonia to create high abundances of oxygenated daughter spe-
cies, which the chemical models do not yet consider. Compari-
son of abundances observed in a few hot cores (in addition to
G34.26+0.15) with the chemical models shows that the chemical
models do not yet consistently explain the abundances of all spe-
cies in any of the hot cores. The complicated geometry of G34.26+
0.15makes direct comparison of the observed abundances with the
chemical models even more difficult.

One of the major caveats of the estimates of the abundances
presented here in the hot molecular gas is the assumption of a
single kinetic temperature characterizing the emissions of the dif-
ferent species. This is a consequence of the lack of complemen-
tary observations of molecular species at high angular resolutions
for studying the temperature and physical structure of the hot mo-
lecular gas. In order to understand the true nature of the different
peak positions in G34.26+0.15 as identified in the BIMAdata and
to provide proper physical constraints for the chemical models of
the region, subarcsecond resolution observations are necessary.
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