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ABSTRACT

We present a high-resolution, multi-wavelength study @& thassive protostellar cluster
NGC 6334 I(N) that combines new spectral line data from thenSlimeter Array (SMA) and
VLA with a reanalysis of archival VLA continuum data, 2MASB&EJitzer images. As shown
previously, the brightest 1.3 mm source SMAL1 contains subgitre at subarcsecond resolution,
and we report the first detection of SMAlb at 3.6 cm along witless spatial component at
7 mm (SMA1d). We find SMAL1 (aggregate of sources a, b, ¢, andd5MA4 to be comprised
of free-free and dust components, while SMA6 shows only dosission. Our 15 resolution
1.3 mm molecular line images reveal substantial hot-core dimission toward SMAL and to a
lesser degree SMA2. We find GBH rotation temperatures of 1659 K and 145+ 12 K for
SMAL and SMA2, respectively. We estimate a diameter of 1400féx the SMA1 hot core
emission, encompassing both SMAlb and SMA1d, and spedhlatehese sources comprise
a = 800 AU separation binary that may explain the previousiggasted precession of the
outflow emanating from the SMA1 region. Compact line emissitom SMA4 is weak, and
none is seen toward SMA6. The LSR velocities of SMA1, SMAZ] &VA4 all differ by
1-2 km s1. Outflow activity from SMA1, SMA2, SMA4, and SMAG is observéu several
molecules including SiO(5—4) and IRACX:m emission; 24,m emission from SMA4 is also
detected. Eleven water maser groups are detected, eigliticti woincide with SMA1, SMA2,
SMA4, and SMAG, while two others are associated with the 8kf#8000) source SM2. We
also detect a total of 83 Class | GBH 44 GHz maser spots which likely result from the
combined activity of many outflows. Our observations pahet portrait of multiple young hot
cores in a protocluster prior to the stage where its memlesre visible in the near-infrared.

Subject headings. stars: formation — infrared: stars — ISM: individual (NGC3BI(N)) —
masers — techniques: interferometric
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1. INTRODUCTION

The formation process of massive stars is an important bolypoinderstood phenomenon. Because
most regions that are forming massive stars lie at distaotesveral kiloparsecs, and most massive stars
form in clusters, the identification of high mass protostaguires both good sensitivity and high an-
gular resolution to resolve the continuum and line emissidthin young protoclusters. The advent of
(sub)millimeter interferometers allows the study of dgepinbedded thermal gas emission at arcsecond an-
gular resolution, a realm that has historically been adbksenly via maser and crk continuum emission.
Research that combines observations of dust, thermal ghmaser gas offers a more complete picture of
the star formation process, as these phenomena poterttédly objects at different evolutionary stages.

NGC 6334 is a luminousx 1(° L) and relatively nearby (1.7 kpc; Neckel 1978) region of mass
star formation containing sites at various stages of eimiuiStraw & Hyland 1989). Matthews et al. (2008)
have recently completed a comprehensive single dish stiithe submillimeter dust properties of the whole
complex with~ 14" resolution and find a total dust mass-ofl.7 x 10* M. Recent work by Persi & Tapia
(2008) suggests that the distance to NGC 6334 may be as ddsé kpc, though we adopt 1.7 kpc for ease
of comparison with earlier work. The dust core “I(N)” was fidetected at 1 mm by Cheung et al. (1978)
and later at 40:m by Gezari (1982) toward the northern end of the complex.

In the past decade, direct evidence of protostars in therglpn were found in the form of Class | and
Il methanol masers (Kogan & Slysh 1998; Walsh et al. 1998)dfatht 3.6 cm source (Carral et al. 2002). In
a previous paper, we presented the first millimeter interfegtric observations of I(N) with- 1’5 resolution
which revealed a cluster of compact dust continuum coresylifo be a protocluster (Hunter et al. 2006,
see also Figure 1). Subsequent subarcsecond resolution @omimuum observations by Rodriguez et al.
(2007) resolved the principal source SMAL into several congmts, and detected possible counterparts to
SMA4 and SMAG (also see Carral et al. 2002). Our recent obsiens of the ammonia inversion transitions
up to (6,6) demonstrated the presence of compact clumpd tidéronal gas within this protocluster (Beuther
et al. 2007). Although water masers are excellent tracelnsgbf mass star formation, previous observations
of this region have been limited to single dish data (Moran &dRyuez 1980). Likewise, most of the
millimeter line studies of this region have been performéithsingle-dish telescopes. For example, Pirogov
et al. (2003) imaged the M* (1-0) line with a beamsize of 4Gnd found significantly stronger emission
toward I(N) than toward the more luminous massive protdelugsource 1) that lies- 1’ south of I(N). In
addition, the SiO (2—1) and (5-4) transitions show stronggnémission from-50 to +40 km §' when
observed with beamsizes of’58nd 23, respectively (Megeath & Tieftrunk 1999).

Recently, we reported 3 mm interferometric imaging of I[(Which revealed compact GEN (5-4)
emission toward SMAL along with a bipolar outflow seen in HCNY) (Beuther et al. 2008). In this paper,
we present the details of our 1.3 mm Submillimeter AH&@MA) spectral line dataset, along with new

1The Submillimeter Array (SMA) is a collaborative projecttiveen the Smithsonian Astrophysical Observatory and the
Academia Sinica Institute of Astronomy & Astrophysics ofWan.
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NRAO Very Large Array (VLA) H,0 maser and 44 GHz Class | GBH maser data. We have also re-
analyzed archival VLA continuum data from 3.6 cm to 7 mm, 2MASear-IR anditzer mid-IR IRAC
and MIPS images. Together these data confirm the identditati NGC 6334 I(N) as an actively forming
massive protostellar cluster.

2. OBSERVATIONS
2.1. Submillimeter Array (SMA)

Our SMA observations were made with six antennas — in May 200#he compact configuration,
and in May 2005 in the extended configuration. In both tratks, pointings were observed: source | at
17'20M53.44, -35°4702.2" and source I(N) at 120"54.63, -35°45085" (J2000). Only the data for
source I(N) are presented in this paper. The SMA receiveaglauble sideband SIS mixers with 2 GHz
bandwidth (Blundell et al. 1998). The local oscillator waséd to provide 216.6-218.6 GHz in LSB and
226.6-228.6 GHz in USB, yielding a FWHP primary beam size-d@d5’. The correlator was configured
for 3072 channels per sideband with a uniform spectral ol of 0.8125 MHz. The correlator sideband
separation was about 18 dB at the time of these observatibypical system temperatures were 200 K.
The projected baseline lengths ranged from 10 to 180 m. Aimamtn image produced from these data
was presented in Hunter et al. (2006), however in order toecofor a half-channel error in SMA velocity
labeling discovered in November 2007, the data have beempletety re-reduced.

The gain calibrators were the quasars NRAO 530 @8tant) and J192492 (27 distant). Bandpass
calibration was performed with observations of Uranus @68ta) and 3C279 (2005 data). Flux calibration
is based on observations of Jovian satellites and regulak 8idnitoring of the quasar flux densities. The
data were calibrated in Miriad, then exported to AIPS forging; the two sidebands were reduced indepen-
dently. The AIPS task UVLSF was used to separate the line antintium emission. Self-calibration was
derived from the continuum, and solutions were transfetoeithe spectral line data. After self-calibration,
the continuum data from both sidebands were combined angeidhaith both natural and uniform weight-
ing in order to achieve the best surface brightness seitgi{the former) and best angular resolution (the
latter). The naturally weighted image has an angular réisolwf 22 x 1”3 at P.A.+15° and the uniformly
weighted image has an angular resolution 68 ¥ 0”9 at P.A.+8°. The rms noise levels are 8.4 and 6.4
mJy bearii* for the natural and uniform weighted images, respectivehe peak signal-to-noise of the nat-
urally weighted continuum image has increased to 126 coeaptar 114 for the image presented in Hunter
et al. (2006). The spectral line data were resampled to arspeesolution of 1.1 kmg and imaged with
natural weighting; the rms noise per channel is 180 mJy béafie absolute position uncertainty of these
data is estimated to bée'8.

2The National Radio Astronomy Observatory is a facility of tHational Science Foundation operated under agreemeheby t
Associated Universities, Inc.



—4-

2.2. Very Large Array (VLA)
2.2.1. Water Maser Observations

The 1.3 cm (22.235 GHz) #D maser data were taken with the VLA on 2006 July 03 (projecBAH)
with online Hanning smoothing and one polarization (RR)e Thll bandwidth of the data is 3.125 MHz
(40 km st usable) and the channel separation and resolution is 24z4&33 km s1). The absolute flux
scale was set assuming a 22.235 GHz flux density of 2.54 JyO888. Fast-switching was employed using
J1717-337 and a cycle time of 2 minutes. The calibrator JZ®4was used for bandpass calibration. The
pointing model was updated once per hour during the obdervatifter flagging periods of poor phase
coherence (due to weather), the on-source time is approgiyn@0 minutes. The FWHM primary beam of
these data is 120and the synthesized beam 7@ x 025 at P.A.=+7.

It was necessary to remove the remarkably strong masersteétmward NGC 6334 | in the sidelobes
(112’ from the phase center of I(N)) in order to achieve high dymarange on the target masers in source
I(N); source | masers were detected with peak intensitissdrrected for primary beam attenuation) as high
as 112 Jy beam despite their location near the first null. The removal wamawplished by self-calibrating
the data on the strongest source | channel, applying thisratibn to the full line dataset, imaging both
fields, subtracting the clean components from source | jonlthe u-v plane (UVSUB), inverting the
calibration (CLINV), re-self-calibrating on the strongd&@\N) maser channel, applying these new corrections
and making the final I(N) line cube (this process is oftenethlipeeling”). This procedure improved the
dynamic range in the I(N) channels at the same velocitieb@sttong source | masers by a factoro8.
The rms noise in a single channel is 6 mJy beaniThe absolute position uncertainty is approximately
0”01. Flux density measurements were made on an image catrectprimary beam attenuation.

2.2.2. 44 GHz Methanol Maser Observations

The 7 mm (44.06941 GHz) Class | GBH (757 —616) A" maser transition was observed on 2008
February 18 with the VLA in CnB-configuration (project cod€804). Correlator mode 2AB was used with
a velocity channel width of 0.17 kms NGC6334I(N) was observed for 7.5 minutes (on-source) &eakc
source for a larger survey of massive protostellar cand&l@fyganowski et al. 2009). The gain, bandpass,
and flux calibrators were J1717-337, J2253+161, and 3C28pectively. Fast switching was employed
with a cycle time of 2 minutes. The absolute positions areeetgal to be better thari’@. The synthesized
beam is 30 x 0740 at P.A. =44°, and the velocity resolution is 0.33 km'safter Hanning smoothing.
Due to the snapshot nature of these data, and consequenti pgaroverage, the noise is dynamic range
limited in channels with strong maser emission. Channeth valatively weak maser emission have rms
noise levels of- 100 mJy beant, while it is up to 5¢< poorer in channels with strong maser emission (i.e.
peak> 50 Jy).
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2.2.3. Archival 7 mm, 1.3 cm, and 3.6 cm Continuum Observations

We have re-reduced the archival VLA 7 mm and 1.3 cm continubservations originally presented
by Rodriguez et al. (2007, project codes AZ159 and AZ152h&urdetails of these observations can be
found in that paper). We achieved a significantly better roisain the 7 mm image (21@)y beam?) than
those authors report (32@y bearm?). This improvement is likely due to the fact that we simuéiansly
imaged a field toward source | which contains a strong ultrgmact Hii region (2 south of I(N), see for
example Hunter et al. 2006); images made without cleaniisg-th region show significant sidelobes at the
location of I(N). We also used the AIPS task VLANT to retriesed apply post-observation antenna position
corrections to the data, and used a model for the brightnisggbdtion of the flux calibrator 3C286. The
flux densities derived for the phase calibrator (J1720-388)within 2% of those reported by Rodriguez
et al. (2007). The angular resolution of the 7 mm data’i85x 0”44, P.A.=25°. The 1.3 cm data were
reduced in a similar manner and the rms noise is:8% beam?, similar to that obtained by Rodriguez
et al. (2007); the angular resolution i$38x 0727, P.A.=19°. The 1.3 cm and 7 mm data show remarkable
position agreement given that they were observed on diffetays — a testament to the accuracy of the VLA
when reference pointing and fast switching are employedegtienate that the absolute position accuracies
for these two datasets are better thd0®

We have also re-reduced the archival VLA 3.6 cm continuumenlagions originally presented by
Carral et al. (2002, project code AM495, further details e bbserving parameters can be found in that
paper). The pointing center for these data is locat&d sbuth of source I(N) (the 3.6 cm FWHP i$45.
These data were re-reduced as described above for the 7 minZoch data. In particular, a model for the
brightness distribution of the flux calibrator (3C286) waspoyed — a method not available at the time of
the original Carral et al. (2002) reduction. The average flarsities (between the two IFs) derived for the
two phase calibrators, J1733-130 and J1751-253 .&7&#60.03 and 0267+ 0.001, respectively. In contrast
Carral et al. (2002) obtained.&+ 0.2 for J1733-130, 14% higher than our more accurate resultufa fl
density for J1751-253 was not reported by these authordgr Aglf-calibration, the final image was made
with baselines longer than 108ko minimize artifacts from the nearby (withirf)2extended Hi regions
"I and "E”, which fall within the VLA 3.6 cm FWHP primary beamThe resolution of the final 3.6 cm
image of the I(N) region is (61 x 0720, P.A.=1° and the rms noise is 4l1Jy beam' after primary beam
correction (Carral et al. 2002, report an rms noise of8§ beam® but it is unclear whether they applied
primary beam correction). The 3.6 cm data did not employregfee pointing or fast switching, and we
estimate an absolute position accuracy for these datd3f\e note that there is a consistetif®ffset (to
the SE) between the 3.6 cm data and the 1.3 cm and 7 mm datayer@diashifted the images to match.

2.3. Archival Australia Telescope Compact Array (ATCA) 3.4mm Observations

We have re-imaged the 3.4 mm ATCA continuum data reported éythger et al. (2008). The rms
noise is 3.3 mJy bearh (after primary beam correction) and the resolution 182 1”8, P.A.=83. Due
to the small primary beam of the ATCA at this wavelength (FWB8?), primary beam correction for this
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image is critical. This accounts for the apparent increasens noise compared to that reported by Beuther
et al. (2008, 2.6 mJy beam our rms noise is 2.2 mJy beatbefore primary beam correction); the peak
signal-to-noise has increased by a factor of 1.3. We estimatabsolute position accuracy for these data of
0”3.

2.4. Archival Infrared Data

For near-infrared photometry, we analyzed archival 2MASGrvey images (Skrutskie et al. 2006).
We have also examined all of tigpitzer archival data for the I(N) region. Of the available IRAC défazio
et al. 2004), the data obtained in project 46 on 2004, Auglst Rl Fazio are by far the deepest (666 s). In
this paper we use the PBCD images produced by pipeline velgid Hunter et al. (a different version of
these data were also presented in 2006). Since saturattbe I(N) region was not an issue, only the long
integration (10.4 s) data are used. Unfortunately, of ttzlavle MIPS data, only the 24m data are usable
—the 70 and 16@:m data show tremendous striping and other artifacts. Ingaper we utilize the 24m
data from the MIPSGAL Legacy survey (Carey et al. 2009).

We performed aperture photometry on all infrared imagesddinthg irregular polygonal shapes (the
“source” shape) surrounding each extended knot of emisgmsumed to be shock fronts from one or
more outflows, not point sources). A background is taken esrtbde of pixel values in an scaled annulus,
between 1.5 and 2 times radially expanded from the centrbithed source shape. These polygons are
translated to each infrared image by their locations on kyeso sample the identical regions even though
the images have different pixel sizes and world coordingstesns. Fluxes were converted to Jy using the
photometric information for each observatory.

2.5. Caltech Submillimeter Observatory (CSO)

Our CSd observations were obtained on 13 April 1993 using the tgc8#45 GHz SIS receiver with
lead junctions (Ellison et al. 1989) and a 500 MHz AOS backe®elveral on-the-fly maps of the CO 3-2
line were obtained on a Y@yrid, providing near-Nyquist sampling of the’2Beam of the telescope at this
frequency. At the end of each row, a designated off positidig4™56.06, —36°21/40.1” J2000) relatively
free of CO emission was observed to provide the spectralibaséfter combining the maps, the total area
covered was 4x 4’ (25x 25 grid), with 30 seconds of on-source integration per pininhe central portion
containing source | and I(N), and 15 seconds per point onehipigery. The DSB receiver temperature was
measured to be 320 K using the y-factor method, and the tyBBR system temperature was 1800 K at an

3Two Micron All Sky Survey, a joint project of the Universityf dassachusetts and the Infrared Processing and Analysis
Center/California Institute of Technology, funded by thatidnal Aeronautics and Space Administration and the Mati§cience
Foundation

“The Caltech Submillimeter Observatory 10.4 m is operate@#igech under a contract from the National Science Fououati
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elevation of 30. The spectra have been corrected to the main beam brighteregerature scale using an
efficiency of 68% as measured on Jupiter on the same night.

3. RESULTS

Our multiwavelength images reveal several sites of stam&tion activity within the I(N) region. In the
following sections, we describe the variety of observednoimeena. In the following sections linear offsets
are given with the> symbol to indicate that the measured values are lower lismitse only the projected
separation is available (a distance of 1.7 kpc is assumed).

3.1. SMA 1.3 mm Continuum

The naturally weighted 1.3 mm SMA continuum image of I(N) isgented in Figure 1 (center). This
image is qualitatively similar to that presented in Huntieale (2006), but the calibration has been refined
for improved signal-to-noise. These data resolve the pasef at least seven 1.3 mm “cores” in I(N).
As pointed out in Hunter et al. (2006), this region has théniaiks of a “protocluster”, i.e. a region that
will form a cluster of intermediate to massive stars. Thegnated flux density within thes3contour (30
mJy bearit!, see Fig. 1) of the naturally weighted 1.3 mm continuum imisg@é4 + 0.8 Jy (this is 1.6
times higher than reported in Hunter et al. 2006); this est@includes both statistical and 10% calibration
uncertainties. Sandell (2000) find a 1.3 mm single dish flinsidg of 142+ 0.2 Jy, implying that we have
recovered about 50% of the total flux with the SMA.

We have used the uniformly weighted image corrected for @annbeam attenuation to fit the seven
peaks identified in Figure 1 with a single 2-D Gaussian (usibgrIT in AIPS). The fitted positions and
flux densities of the 1.3 mm cores are listed in Table 1. SMAUAS, and SMAG in particular, are not
well-fit by a single Gaussian component, and instead appe@ave a compact (unresolved, FWH1")
region of emission, embedded in a more extended thougtcstiipact (FWHM< 3”) region. However,
attempts to uniquely disentangle these two (or more) compsnwith the current resolution and sensitivity
were not successful. The JMFIT sizes listed in Table 1 aneesemtative of the more extended (though still
compact on the scale of the I(N) protocluster) componert,the integrated intensities and other quantities
calculated from it T, and mass) are likely to be underestimates. These sizes gitke significant from a
signal-to-noise perspective should be viewed as uppetslimi

3.2. ATCA 3.4 mm Continuum

As first discussed by Beuther et al. (2008), the 3.4 mm coantimemission toward I(N) (not shown)
is qualitatively similar to that at 1.3 mm. With our new imagiof the original Beuther et al. (2008) data,
we have been able to increase the signal-to-noise and lyetiabect SMA4 at this wavelength. The fitted
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(JMFIT) parameters of the compact 3 mm continuum emissiergaen in Table 1.

3.3. VLA Water Masers and Continuum Emission

The association of water masers with molecular outflows ntlagemn a good tracer of protostellar ac-
tivity (Tofani et al. 1995; Hofner & Churchwell 1996). We fimtkong 22 GHz HO maser emission toward
11 distinct regions in NGC 6334 I(N), listed in Table 2 in ardéincreasing declination. Masers that lie in
close proximity to each othek(1”) are collectively called by “group” names C1, C2...C11. Titensity
weighted positions of these groups are listed in Table 2 aaglwtted on the 1.3 mm continuum image
in Figure 1, along with average spectra for each group (tretipa of each distinct O maser and its
velocity are presented in Table 3, available in its enti@tjine). Eight of the groups lie within”2of the
1.3 mm sources SMA1, SMA2, SMA4, and SMAG, whose positioediated in Table 1. Two of the maser
groups (C1 and C2) lie near the SW edge of the SMA primary be@hese masers are coincident with
the single-dish millimeter continuum source SM2, idendifie JCMT submillimeter continuum images by
Sandell (2000). Maser group C4 appears in a region with ngoaatmillimeter continuum emission at the
present sensitivity. Instead it lies at the southern edgbe#5 m nebula that extends to the southwest
from SMA4 (Hunter et al. 2006, also see §3.6). More detaileenomenology for the SMA 1.3 mm cores
(except SMA5 and SMA7 which are weak and fairly diffuse) akeeg below.

3.3.1. SMAL SMA2, and SVIA3 Regions

Figure 2a shows a close-up view of the region from SMA1 thro&MAS3 in both 1.3 and 7 mm
continuum. This region also contains,;® maser groups C6 through C11. Following Rodriguez et al.
(2007) we call lower frequency continuum emission that appé¢o be associated with a particular SMA
source by the “SMA name”. If more than one source is assatiatth a 1.3 mm source, the SMA name is
appended by a,b,c etc. Lower frequency continuum emiskaind not clearly associated with any particular
SMA source is called “VLA’ followed by the number of the clateSMA source. From the improvement
in the 7 mm image quality over that shown in Rodriguez et 0{2, several new features are present:
(1) The 7 mm source SMA1b is resolved into two distinct sosireeparated by 045 (> 800 AU, also
see Figure 2a), we shall refer to the eastern component asl8MR) SMA1la is elongated NE/SW and
appears to point toward SMA1b; (3) Two new 7 mm features atectled to the north of SMA2 and SMAS,
the stronger of the two is closest to SMAS ( north), and is thus called VLA3, while the other is barely
above the 3 level and is not discussed further. The flux densities andipos of all of the continuum
sources from 1.3 mm to 3.6 cm are provided in Table 1.

Figure 2b further zooms in on the continuum emission from SMAnd SMA1d and the maser groups
C8, C9, and C10. From this figure it is clear that SMALd is alstirct from SMA1b at 1.3 cm. From
our reanalysis of the 3.6 cm data originally reported by Glagt al. (2002) we also detect SMA1b at this
frequency. As mentioned in §2.2 there appears to be a systeif@ position offset of the 3.6 cm data
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which if removed would cause it to match the 1.3 cm and 7 mmtiposfor SMA1b. Maser group C8,
located~ 0”3 south of SMAL1b, contains the brightes® maser in the whole region and is resolved into
a linear north/south structurg 800 AU in length. The velocity structure of this linear groapmasers

is broad and complex, although the northern part is mostheditifted while the southern part is mostly
redshifted with respect to the -3 km s systemic velocity of SMA1 (see §3.5 for discussion of system
velocities). These characteristics are similar to thehiggt HO maser component (C6) in the protocluster
AFGL 5142 (Hunter et al. 1999) but on a somewhat larger playsicale. A 44 GHz maser with a velocity
of ~ -0.9 km s is also coincident with this linear 40 maser feature.

The redshifted and kinetically narronbB® maser group C9 is coincident with SMA1d and contains the
second brightest maser feature in I(N). A weak blueshiftedig of masers (C10) lieg 1200 AU southeast
of SMA1b. Back on the larger scale of Fig. 2a, group C11 is lagoblueshifted narrow feature that lies
2 1300 AU northwest of SMAlc. Group C6 B 400 AU northwest of SMA2 and is blueshifted with
respect to the systemic velocity of SMA2 5 km s*; see §3.5). Group C7 is a narrow but fairly strong
componeng 1500 AU northwest of SMA2, and is near the systemic velocity.

3.3.2. SMA4 Region

Looking further south toward SMAA4, the spatial/velocityusture of water maser group C5, as well as
the 1.3 mm and 1.3 and 3.6 cm continuum emission in this reigi@shown in Figure 3a. There are three
distinct spatial clusters of #D masers within the C5 group, corresponding to the threermdifft velocity
components. These three clusters of masers are orientgtilyonorth/south (P.A.=17 with blueshifted
emission to the north, and redshifted emission to the solitle C5 group lies within 04 (= 700 AU) of
the 1.3 mm to 3.6 cm continuum emission peaks, just withincttrabined astronomical uncertainties of
the data. The C5 group is also coincident with a cluster 06€186.7 GHz CHOH masers (Walsh et al.
1998; Caswell 2009) which have a similar velocity gradidrite 1.3 and 3.6 cm emission has been reported
previously by Rodriguez et al. (2007) and Carral et al. (20@3pectively. We report the detection of SMA4
at 7 mm (not shown, see Table 1). As mentioned in §2.2 thereaapyto be a systematic offset df2of the
3.6 cm data which if removed would cause it to match the 1.3 mdn7amm position. It is currently unclear
if the maser and 1.3 mm offsets are significant (or simply dusisolute position uncertainties).

3.3.3. SMA6 Region

A zoomed in view of the SMAG region is shown in Figure 3b. The @8up of water masers is
coincident with SMA6 and also has three distinct velocitystérs (see Fig. 3b). The kinematics of C3 are
curious, with the three clusters lying along a roughly nestiuth line with systemic velocity to the south,
then redshifted in the middle, and then blueshifted emistidhe north. The 7 mm continuum peak toward
SMAG lies 2 700 AU north of the 1.3 mm peak, coincident with the northelmebhifted cluster of C3
masers. SMAG6 is not detected at wavelengths longer than 7 m.1.3 mm morphology of SMAG is
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suggestive of unresolved substructure in the north-sou#ttibn, and as mentioned in 83.1 is not well fit
by a single Gaussian. Interestingly, although the 7 mm dasaskgnificantly better spatial resolution than
the 1.3 mm data, both images show a similar morphology.

3.4. VLA 44 GHz Methanol masers

Strong 44 GHz CHOH maser emission from NGC 6334 I(N) was first detected in thgle dish
survey of Haschick et al. (46beam; 1990). Kogan & Slysh (1998) resolved this emission #& spots
using ten antennas of the VLA, but they were unable to deteraccurate absolute positions. Our new
observations with the full VLA provide a deeper more acceirgew of the maser emission. By examining
and comparing the details of the emission in each channefrandchannel to channel, we have identified
83 individual maser spots. These are listed in Table 4, aviilin its entirety online. The values ®feax
refer to the center velocity of the channel in which the peakssion occurs. The tabulated positions are the
fitted position in the peak channel for each component. Tlaé peghtness temperatures of these masers
(see Table 4) lie far above the energy level of this transitie5 K, 43.7 crmi), with values as high as
Tb = 3.6 x 10° K with the current spatial resolution. While we have detedte more spots of emission, the
spatial and velocity distribution of the Kogan & Slysh (198gots are quite consistent with our data if one
shifts the Kogan & Slysh (1998) positions by 718 the south-southwest. At the current level of sensitjvity
no thermal emission was detected.

The maser positions are shown as velocity color-coded esassFigure 4. The peak maser velocities
are in the range-8.49 to—0.35 km s?, close to the systemic velocity of the region. Figure 4 alsons
a 450 yum JCMT continuum image with”8resolution from Sandell (2000). The masers are distributed
over much of the area of dust emission, as delineated by thesko450um contour. The masers can be
divided into two main concentrations: the general area efdbmpact SMA continuum sources, and the
area around the single-dish source SM2 (Sandell 2000). dineeir concentration contains a more diverse
range of velocities, though no obvious trends in kinemat@sus position are seen. It is notable that while
these masers are clustered around I(N) 1.3 mm continuuncesusnly one is positionally coincident with
a compact SMA source (SMAL, see Fig. 2). The latter conctmtraowards the single dish continuum
source SM2 is not associated with any 1.3 mm SMA continuunssion but this region lies outside the
half-power point of the SMA data, significantly reducing gensitivity in this region. Two 25 GHz Class
I CH30H masers were also detected toward I(N) by Beuther et ad5R@&nd both of these are coincident
with 44 GHz maser emission and have comparable velocitish@sn in Fig. 4.

The position of the X-ray sources recently reported for tieigion (Feigelson et al. 2009) are also
shown in Figure 4. The median photon energy of many of thesay>sources is relatively hard (E > 4 keV),
suggesting deeply embedded sources. These authors headyafroted the possible association of X-ray
source 1454 with SMA7, and 1447 with SMAG (although the fagdess likely given that its median photon
energy is only 1 keV). With our new data, we note four addiigmossible associations: X-ray source 1470
is within 18 of the water maser component C2; and X-ray sources 1463, 4dd 1487 each reside within
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a few arcseconds of a cluster of methanol masers. SourcelB463SE of SMAL, just beyond the lowest
millimeter contour. Source 1477 aligns with the shoulde#60 um emission northeast of SM2, while
source 1487 lies just east of the lowest 480 contour

3.5. SMA 1.3 Millimeter Molecular Line Data

A total of 79 lines from 19 molecular species are detectedatdwSMAL (Table 5) along with 14
unidentified features within the 4 GHz of total bandwidth etved by the SMA. The spectra toward the
SMAL1 1.3 mm continuum peak are shown in Figure 5. The lineswstentified using the CDMS (Mdiller
et al. 2001), JPL (Pickett et al. 1998), and Splatald@pectral line databases. The large number of organic
transitions detected, coupled with modest line brightriessperatures of 30 K suggests that this source
harbors a moderate “hot core” (van Dishoeck & Blake 1998).nMaf the stronger lines detected toward
SMAL are also detected toward SMA2, though most are wealiggesting that this source also harbors a
weak hot core. Other sources observed with similar linesoltgion with this SMA setup have yielded both
less diverse (S255N, Cyganowski et al. 2007), as well as miabhr hot core spectra (NGC6334l, Brogan
et al., in prep). The broadband SEST single-dish molecirardurvey toward NGC 63341 and I(N) also
shows that while source I(N) exhibits significant hot corassmon, source | shows a much richer array of
molecular line species along with stronger emission (Thvet al. 2003).

3.5.1. Extended Molecular Line Emission

Many of the lines from low excitation statef (< 70 cmi!) show emission extending to the NE
and SW of the SMA continuum emission (see Figure 6). This gioisis clearly tracing one or more
outflows emanating from the protocluster. Interpretatiérihe extended emission is complicated by the
fact that the SMA data are not sensitive to smooth emissiosizescales> 20’ (due to spatial filtering
by the interferomter). Generally, the emission to the remsit is red-shifted, while that to the southwest
is blueshifted, but the kinematics become very confusedénsbuthern part of I(N) with both red and
blueshifted emission present. SiO in particular shows i&isyy bipolar appearance centered on SMAL.
Channel maps of SiO (Figure 7a) reveal the complex veloadlyl fof the extended emission. A lobe of
molecular material also extends westward from SMA4 at law,Hlueshifted velocities in SiO and several
other species shown in Fig. 6 §80, CHOH, and BS for example).

A more compact SiO velocity gradient also appears to be oeshten SMA6. CSO CO(3-2) spec-
tra with 20’ resolution show that the broad line wings toward SMAG6 areinfilar magnitude to those
seen toward SMAL (see Fig. 7b), suggesting both objectsohantflows. The integrated red and blue-
shifted emission around SMAG is shown in detail in Figureafu] is more or less centered on the CN and
H,CO (E = 7 cnit) absorption velocity of- -4 km s (see §3.5.2). This figure also shows that the sense

Shttp://www.cv.nrao.edu/php/aremijan/splat_beta/
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of the SiO gradient is reflected in the position and velocitfhe 44 GHz methanol masers surrounding
SMAG. However, on smaller scales the C3 group of water masersented in a more north-south direction
(Fig. 3b). Itis unclear how the curious kinematics of the G8ev masers (from south to north: systemic,
then red, then blueshifted features) fits in with the compHetSW outflow.

3.5.2. Compact Molecular Line Emission and Absorption

As seen in Figure 8, emission from the higher excitationdifi® > 70 cni?) is concentrated toward
SMAL. In several species, a secondary peak of emission eppmeard SMA2. Indeed, the SMA2 peak
in methyl formate and the lower lying transitions of methlaisoalmost equal to that of SMAL. A few
vibrational states of CKDH and HGN are detected exclusively toward SMA1, suggesting thatwarmer
and/or denser than SMA2. Several species also show weakiemtsward SMA4 and to the north and west
of SMAG. Figure 9 shows the first moment maps for several sr@tive species detected in emission,
along with the CN molecule which is detected in absorptiorcddise of the possibility of confusion with
outflowing or infalling gas, it is difficult to conclusivelyedermine the systemic velocities of all of the
1.3 mm cores. Both SMA1 and SMA2 show enough consistencyanger of species with compact emission
to estimate thaVjs (SMA1) =-2.8+ 0.5 km s andVig (SMA2) =-4.54+ 0.5 km s. Compact emission
from SMA4 is weak and shows a peak emission velocit}giiSMA4) =-5+1 km s*. No emission
centered on SMAG was detected.

The CN(2-1) lines are seen in absorption against most oftthager compact continuum sources,
while most of its extended emission is resolved out by therfatometer. None of the 1.3 mm continuum
brightness temperature$,j are high enough at the current angular resolution to detedE, = 40 cnit
H,CO transition in absorption (negative) against it, thouglfrabsorption is seen toward SMA1 and SMA2.
Only SMAL1 has a continuur, (~ 15 K at current resolution) high enough to detect th€B E, = 7 cnit
transition in (negative) absorption. Figure 10a and b shpecsa of HCOOCH (E; = 77 cn?), H,CO at
E, =7 and 40 critt, and CN E = 3.8 cmit) toward the SMA1 and SMA2 1.3 mm continuum peaks. The
absorption velocity of CN toward SMA1 is in good agreemerthWwis (SMA1) =-2.84+ 0.5 km s1. The
absorption seen in theJd@O (€ = 7 cni?) line is slightly redshifted by~ 0.5 km s compared to CN and
theVig. Interestingly, theE; = 40 cmit H,CO line shows a self-absorption dip redshifted byl km s?
relative to CN and th#¥g (see Fig. 10a).

SMA2 shows CN absorption redshifted by4 km st from the Vig(SMA2) = -4.5+ 0.5 km s?,
suggesting strong infall is present towards this source Fg. 10b). In contrast, thE = 40 cnt* H,CO
emission peak is slightly blueshifted- (0.5 km s*) compared to other emission lines (see for example
HCOOCH; in Fig.10b), while theE; = 7 cnit H,CO transition’s peak is blueshifted by 2 kiits Neither
H,>CO line is Gaussian in shape, with the redshifted side of tratisitions cutting off very sharply as might
be expected from very strong, red-shifted self-absorptiveak blueshifted«5 to-15 km s1) H,O masers
were also detected toward SMA2 so these masers aDHould be tracing a pole-on outflow, with the
Vg emission missing due to self-absorption and the redshiftgdO outflow emission obscured by the
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continuum.

No compact molecular line emission is detected toward SMA& & unclear if the CN absorption
toward this core with a velocity of =2 km s is also tracing infall or th&/s. Toward SMA4, CN shows
absorption at~ -5 km s in good agreement with the weak emission lines detectedrtbtids source
including E; = 40 cnm! H,CO (Vig (SMA4) =-5+1 km s?1). TheE =7 cnit H,CO transition toward
SMA4 is difficult to interpret as it is non-Gaussian in shagtha peak at- 2.5 km s and a significant
blue-shifted shoulder. The CN absorption toward SMA6 halacity of -4.04+ 0.5 km s?, in good
agreement with the velocity of a self-absorption dip seeff in 7 cnit H>CO. Since no compact emission
is detected towards this source it is unclear how this alisorpelocity compares to thédy of SMAG.

Also of interest is the barely resolved SE-NW (or sometimesa-W) velocity gradient across SMA1
evident in a number of compact species (see for example HGQ@8d CHOH in Fig. 9). The full width
of the velocity gradient is about 5 km s (from inspecting the line cubes), in reasonable agreeméht w
the gradient inferred by Beuther et al. (2007) for §616) based on a double peaked profile. This gradient
is discussed further in 84.5.

3.6. Mid-infrared Emission

Figure 11 shows a three color mid-IR image of the I(N) regiathvmethanol maser positions and
integrated SiO and 1.3 mm continuum contours superpose@ eXtended 4..xm emission to the SW
of the I(N) continuum has been reported previously by Hueteal. (2006). In addition, a weak region
of predominantly 4.5:m emission is also visible between the SMA6 continuum peaktha arc of 44
GHz CH;OH masers 5to the SW; this region is coincident with the blueshiftedesid the SMA6 outflow
(Fig. 7c). Clumpy knots of extended 4;6n emission are also present to the NE of SMAL, and in the
vicinity of SMA7. We also present for the first time, an undesd source of 24:m emission located- 2
SW of SMA4. This figure demonstrates that with the exceptibextended 4.5:m emission, and a single
source of 24um emission, NGC 6334 I(N) is relatively dim in the mid-IR. betl, SMA4 appears to be
the only millimeter continuum source directly associatéthva mid-IR source. In contrast, the bright haze
of red emission in the SW corner of Fig. 11 emanates from thiplpery of the saturated mid-IR bright
protocluster NGC 6334 |. The nature of the mid-IR emissiotissussed in detail in §4.1 and §4.2.

4. DISCUSSION
4.1. Presence of Multiple Outflows

Due to the ubiquity of bipolar outflows from protostars, oneuld expect to find multiple outflows in
a protostellar cluster. As discussed in Cyganowski et 8082 (and references therein), the 415 IRAC
passband can be dominated by molecular line emission freamnid vibrationally-excited CO in regions of
strong shocks such as those found in massive molecular wstfldo the NE of SMAL, the extended 4.5
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um emission appears to be an extension of the large-scaleWBSIA1 outflow traced by SiO and other
tracers of the extended emission (see Figs. 6,7a,11). Botita where the outflows from SMA1 and SMA4
(westward flow) overlap, it is unclear which outflow the 4u® emission is arising from. Interestingly, the
4.5 um emission extends further than the SiO does to the west andAS\described in 83.5, SMA2 may
harbor a more or less pole-on outflow as traced by blueshift€dl masers and possibly,B0O. As described
in 83.6 and 8§3.7, a smaller scale NE-SW outflow also appeastmate from SMAG, with blueshifted SiO
and 44 GHz CHOH maser emission located to the south coincident withu#nsemission (Figs. 7¢,11).

The ATCA molecular line data reported by Beuther et al. (20008) (HCN(1-0) and Nkifor ex-
ample) show good overall morphological agreement with #igdscale emission emanating from SMAL
observed with the SMA (see for example Figs. 6,7,11). Ini@algr, the complex kinematics of the ex-
tended emission were also noted by Beuther et al. and addiljgossible precession. This idea is in good
agreement with the discovery of a possible tight binary inAaM and SMA1d (separated by 800 AU)
if these two sources do in fact represent two different @t (see for example Chandler et al. 2005;
Anglada et al. 2007; Cunningham et al. 2009). Although Fégga,b,c,11 show SiO and other molecules in
the vicinity of SMAG, Beuther et al. (2007, 2008) did not detany significant molecular emission in this
region. However, SMA6 was near the edge of the ATCA primargnbe

It is notable that the orientation of the NE-SW outflow inégirto originate from SMAL is different
from the largescale SE-NW outflow direction inferred fromge-dish SiO(5—4) data with 23esolution
presented by Megeath & Tieftrunk (1999). In their singlehditata, blueshifted emission is located to the
SE of I(N) in the vicinity of SM2 (Fig. 4), while blueshiftechd redshifted emission overlap in the vicinity
of I(N). Toward I(N), the P-V diagram presented by Megeath i&fffunk (1999) shows good agreement
with the velocity range observed in the SMA SiO(5-4) data((to +17 km $?, Fig. 7a,b), and indeed
the SEST data did not have sufficient spatial resolution solve the SMA sizescale flow from SMAL.
Moreover, Megeath & Tieftrunk (1999) also observe a clumgludcked 2.2:m H, emission coincident
with the northeastern lobe of the SMAL outflow and extendé&d4n emission. Thus, it seems likely that
the single outflow reported by Megeath & Tieftrunk (1999)inisact at least two outflows — one consistent
with the NE-SW flow detected by the SMA and a second in the ijciof SM2 and the C1 and C2 water
masers. This second outflow would also explain the widespddaGHz CHOH maser emission observed
in this region. While this seems the most probable integhi@t of the data, it is also possible that spatial
filtering of the SMA data on sizescalgs20’ have played a role in the apparent discrepancy. Unfortiypate
the SM2 area is beyond the primary beam of the SMA obsentiem additional data will be required to
explore this region of activity further.

4.2. Nature of Mid-infrared Emission

To assess the nature of the mid-IR emission in more detailnayzed the 1-§:m flux densities of
several knots in the vicinity of I(N) that morphologicallpear to be dominated by shock line emission. We
included data from th&pitzer IRAC bands (see for example Ybarra & Lada 2009), but also-imdeared
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J, H, andKs fluxes (see for example Smith 1995). To derive the physicatltimns, we have implemented
a set of shock models similar to that of Ybarra & Lada (200@e(also Neufeld & Yuan 2008; Smith &
Rosen 2005; Smith et al. 2006). We calculate the equilibraxtitation of molecular hydrogen gilin a
grid of temperatures (1000-5000 K) and densities{10° cm™) using the escape probability code Radex
(van der Tak et al. 2007, since the optical depths are loweslsape probability formalism is not critical, but
the code was still very useful to read the extensive tablenalécular data). We use excitation rates from
collisions with B and He from Le Bourlot et al. (1999, 2002) including reactialisions as prescribed
therein, and from collisions with H from Wrathmall et al. 0. Quadrupole transition probabilities are
from Wolniewicz et al. (1998). We convolve the line intefesitwith Spitzer (Reach et al. 2005) and 2MA&S
filter transmission profiles to calculate band-average 8wa® specified in appendix A of Robitaille et al.
(2007).

The analysis of the shocked emission is complicated by sbffaAH emission, especially in the 5.8
and 8.0um images. We performed several different background sciitras to attempt to isolate the,H
emission, with the assumption that most of the emissiorbgtrh.is Hy (there are no PAH emission features
in that band). Naturally this decomposition is subject t@arntainty, so the precision of shock physical
parameters is limted by this observational fact. We find thatnear and mid-IR broadband flux ratios
are most consistent with the hottest post-shock tempest4000K), indicating that these are strong
shocks as would be expected from a powerful massive stalidiior. The density in the shock cooling
zone is harder to constrain because density changes thdhama flux ratios less than does temperature
(see Fig. 2 in Ybarra & Lada 2009), and because foregroundatixtn can mimic a decrease in emitting
material density. The fluxes here are broadly consistertt dénsities of 181 cm™3. Once we have
constrained the physical parameters in theehitting zone, we can translate mid-infrared fluxes intaltot
shock luminosity. For shock recombination zones=dDOOK) our models indicate that 6% of the totgl H
line emission comes out in the IRAC 4uBn band. The NGC6334I(N) outflow emits 3 Jy over 108-20
square arcseconds (sum of both lobes). At a distance of &.,7tkpt corresponds to 236300 L total
luminosity in shocked molecular hydrogen, with an averagieron density of 3.5:0.5x10?'cm™, for a
total of 0.1 M, of hot shocked material (that which is emitting at the highesperatures — a much larger
mass of cooler and entrained material is present in the sutl® well, simply not emitting in the near
infrared).

SMA4 is the only source in I(N) associated with 6.7 GHz {CHH masers (see 83.3.2), and in 83.6
we report the detection of a 24m source 2 to the SW of the 1.3 mm continuum peak. Class Il 6.7 GHz
CH3OH masers are thought to be radiatively pumped by warm dusk,age found almost exclusively in
regions of massive star formation (Cragg et al. 2002, 200Bjaviet al. 2003), providing strong evidence
that SMA4 is a massive protostar. Two scenarios exist fomiduaire of the 24um emission: (1) it may
trace emission from hot dust near a central protostar arftei24m counterpart to SMA4 or (2) it traces
emission from hot dust in the walls of the cavity formed by thaflow traced by extended 4/am and
molecular line emission, as well as 44 GHz methanol mase&M@f SMA4. Recent work by De Buizer

Shttp://www.ipac.caltech.edu/2mass/releases/allsig/c3_1b1.html
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et al. (2005); De Buizer (2007) favor the latter interprigiat Higher-resolution mid-infrared data would
help to distinguish between these possibilities for SMAle P4um flux is 0.45:0.04 Jy, or A (just in
the 24m band). Protostars emit roughly 5% of their luminosity ie @4 um band over a relatively large
range of evolutionary state, so if this source represenigréficant fraction of the luminosity of the driving
protostar, the latter would have an approximate luminogitgnly about 40L. This low luminosity lends
support to the interpretation that the 2éh emission is coming from hot dust away from the central seurc
such as on an outflow cavity, and that the driving sourcefitsedtill highly embedded and extinguished
even at 24um.

4.3. What are the 44 GHz Methanol Masers Tracing?

The 44 GHz Class | CkOH maser line is often found in regions of high-mass star &arom (Haschick
et al. 1990; Slysh et al. 1994; Kurtz et al. 2004; Val'Tts & iomov 2007; Pratap et al. 2008). Like other
Class | masers (Plambeck & Menten 1990), it is often foundus#pd from compact H regions and in
many cases appears to be associated with shocked gas digdigmblar outflows (e.g. Kurtz et al. 2004,
Sandell et al. 2005). While this maser has been found witthieramillimeter protoclusters such as S255N
and G31.41+0.31 (Cyganowski et al. 2007; Araya et al. 208 number and spatial distribution of maser
spots is particularly large in NGC 6334 I(N). In all of thesadies including the current one, the 44 GHz
CH3OH masers tend to lie within a few kmi'sof the systemic velocity even though they typically trace
powerful outflows. This dichotomy is likely due to the facattan enhanced column of G&H gas with
sufficient velocity coherence along the line-of-sight issinlikely to be found where a shock is moving
perpendicular to the line-of-sight (i.e. a shock viewedeedg). The same effect is believed to give rise to
the narrow NH (3,3) maser emission located near the ends of the protasjetifrom IRAS 20126+4104
(Zhang et al. 1999).

As described in 84.1, it is possible that the 44 GHz maseiatédakin the SE portion of the observed
field of view are associated with an outflow originating frame relatively unexplored region of continuum
emission SM2. The discovery of an X-ray source near SM2 atdi that additional cluster members may
be present in this area. A more general conclusion can bendfiamn the relatively widespread extent
(45" ~ 1.2 x 10'® cm) of 44 GHz maser emission, an extent that is shared by amanfbrl) and (2,2)
line and 450um continuum emission (see Fig. ). For a single dominant YS@antain this region at a
conservative minimum temperature of 30 K (the ammonia teatpee from Kuiper et al. (1995) and average
dust temperature from Sandell (2000)) would require a edfmiminosity of 5x 10° L, (e.g. Scoville &
Kwan 1976) which is 30 times higher than the valug 1 10* L) inferred from the far-infrared spectral
energy distribution for this region (Sandell 2000). Thiede phenomena must be driven by the collective
activity of a number of cluster members.
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4.4. Temperatures of the Hot Core Sources SMA1 and SMA2

When several transitions of the same molecule spanningge r@irenergies are observed, temperatures
can be inferred from the rotation diagram method (see fomgta Goldsmith & Langer 1999), using the

relations N 3 1
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and
log(Nu/9u) = l0g(Neot /Q(Trot)) —0.434Fy /KTrat, (2)

where k is Boltzmann’s constant, is the frequencyg, andgg are the degeneracies associated with the
nuclear spin and k quantum number respectivef/js the square of the dipole matrix elemestjs the
statistical line strength/ S,dv is the observed integrated intensity of the transitigg; is the total column
density,Q(Tq) is the partition function evaluated at the rotation terapereT,, andE, is the upper state
energy of the transition. There are seven transitions of@t detected toward SMAL and six toward
SMA2 (including both A and E type transitions) that can beduf® this purpose. Thg S,dv for each
transition was calculated from Gaussian fits to the line simis at the 1.3 mm continuum peaks. The
rotation temperature resulting from a weighted least ssgiéit to the data is 182 19 K for SMA1 and
154+ 14 K for SMA2.

However, as demonstrated by Goldsmith & Langer (1999) ahdret line optical depth can artificially
increase the derived rotation temperature if not correfidedn general the line optical depth in LTE can be
calculated from

873 N,
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whereh is Planck’s constant),/g, is the column density of the ground state divided by the guostate
degeneracyJ« is the excitation temperature, adv is the FWHM line width. Then the left hand side of
Eg. 2 is modified to lod¢,Ny/gu) whereC. =7/(1-€"). Since we do not know the ground state column
density, this equation cannot be used directly to calcutdia each transition. Unfortunately, in the I(N)
SMA dataset we do not have a suitable isotopologue that carsée to infer the CkOH optical depth
either (see for example Brogan et al. 2007). Instead, we hexatively solved for the optical depth and
Trot that produces the begsf fit to the data (i.e. minimizes the scatter). Using this tégha we find the
best fit occurs for 8,,:=165+ 9 K for SMAL andT,;=145+ 12 K for SMA2 (see Figure 12a), and modest
optical depths of 1.75 for SMA1 and 0.5 for SMA2 for the obsshtransition that would have the highest
optical depth (CHOH-E (422 —3+12)) at 218.4400 GHz). While not dramatically different frohefT,
derived without optical depth correction, these corre¢ezdperatures are clearly more accurate. We do not
have enough transitions to do a more sophisticated non-lielysis or to compare the results farand

E transitions independently (see for example Sutton et &l420However, we note that for the GBH-E
(5+1,4 —4+2)2) transition (at 216.9456 GHz) which we have in common with&utton et al. (2004) methanol
survey of the hot core source W3(OH) with comparable speggdlution, the derived opacity is similar for
the two sources (0.45 for SMAL in I(N) compared to 0.65 for YWB()). Indeed the derived temperatures
for SMA1 and SMAZ2 are also very similar to that of W3(OH)4 = 140410 K, Sutton et al. 2004).



— 18 —

The optical depth implied by the brightness temperaturéhefdtrongest methanol transition,£4 —
3+12, 24 K) toward SMAL is only 0.16 assuming thR{n=T;¢+=165 K and the emitting region is the size
of the LSB synthesized beam!(@9 x 1”55). An optical depth of 1.75 for this transition implies thihe
emitting region is actually only/(8 in size (1400 AU). This size is in good agreement with theditsize
(079 x 0”7, PA=162) of the integrated intensity measured from the compact,skilitstrong CHOH-
A*(16116—15; 13) transition € = 2198 cmit)at 227.8147 GHz. This size implies that the hot core region
encompasses both SMA1b and SMA1d (see Fig. 2b).

The column densities of G3OH for SMA1 and SMA2 are (D+0.4) x 10" cm™ and (56 + 0.6) x
106 cmi?, respectively, an order of magnitude less than Sutton ¢2@04) find for W3(OH). Sutton et al.
(2004) find a CHOH abundance of 2 x 107 for W3(OH). Using single dish observations of infrared dark
clouds (IRDCs), Leurini et al. (2007) find abundances anmoflenagnitude smaller for the IRDC cores.
Using this range of abundance and assuming that the hot mess1400 AU, we estimate that the,H
column density is (B-5) x 10?2 cm™ and the H density is (02-2) x 10’ cm2 for SMA1 and about a
factor of two smaller for SMA2.

Using the ATCA, Beuther et al. (2008) observed £CHN(5¢—4«) up to K=4 toward SMA1 and SMA2
and derived a rotation temperature Bf;= 170+ 50 K for SMA2 in good agreement with our Gi30OH
measurement (145 12 K). The optical depth in SMA1 was too high to obtain a{ONl T, for SMAL
in good agreement with our finding that this source has a higbleimn density than SMA2. Also using
the ATCA, Beuther et al. (2007) detected Blb,5), and (6,6) emission toward both SMA1 and SMA2
confirming thatTy is greater than 100 K, though it was not possible to deriveenagcurate estimates from
those data.

4.5. The Nature of the 1.3 mm Sources
45.1. Spectral Energy Distributions

Because no higher frequency arcsecond-resolution dasa @xithis region, the determination of the
nature of the 1.3 mm sources hinges entirely upon accurassumements of their spectral index toward
longer wavelengths (thus motivating our careful re-reuncof the available data). The comparatively poor
angular resolution of the current 1.3 and 3.4 mm data condparthe 7 mm, 1.3 cm, and 3.6 cm data makes
it challenging to disentangle the free-free versus dustritarions to these sources. Figure 13 shows the
spectral energy distributions (SEDs) of SMA1, SMA4, and SM#ased on the flux densities provided in
Table 1. The different resolutions of the different dataset definitely a concern. However, in many cases
the emission does not appear to be resolved even in the higrsdution observations of SMA4, and to
some degree SMAG. In that case, as long as no significant iemissresolved out, the data will still be
comparable despite the differing resolutions. Caveatsa fleiv sources are described in detail below.

For SMAL, which contains at least four components at the donvgavelengths, we show both the
integrated emission over the whole SMA1 region, and SMAL1litdsif at wavelengths longer than 7 mm
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for comparison. The integrated emission from SMA1 showdawe for both a free-free and an optically
thin dust component. The integrated dust spectral index@f = 3.8+ 0.1 (S, & v*) was determined by a
linear least-squares fit to the three flux densities from 7 mh 3 mm (for SMAL at 7 mm this is the sum
of emission from SMAla,b,c, and d; the free-free contrifautis an order of magnitude smaller and hence
negligible in the dust fit). On smaller scales, we also find the 7 mm emission from SMA1b is dominated
by dust, while the 3.6 cm emission is consistent with opljetilin free-free emission with a spectral index
of v™%1, such as that from an H region with an electron density ofs310* cm2, temperature of 10000 K
and a diameter of.8” (510 AU). At the intermediate wavelength of 1.3 cm, these éwdssion mechanisms
are comparable for SMA1b, witlkr 30% of the emission arising from dust. This is a notable tesinte
1.3 cm data are typically assumed to be free of dust.

The emission from SMAla may all be due to dust since it is neéaed longward of 7 mm; thes3
1.3 cm upper limit of~ 0.18 mJy implies that the spectral index mustb&.4. In contrast, both SMAlc and
SMALd are detected at 1.3 cm and have a 1.3 cm to 7 mm spedaed ofsim2. This spectral index could
be due to optically thick dust emission which seems venkehfiat these wavelengths, optically thick free-
free emission such as one might observe around a very depsecaynpact Hi region, or a combination
of optically thin free-free and dust emission. If we take tbil observed flux density of SMAL at 1.3 cm
(2.07 mJy, i.e. the sum of SMAla upper limit and SMA1b,c,ardetections) and subtract the total dust
model (0.50 mJy) and the SMA1b free-free emission model5(@3y), we find that 0.22 mJy remains,
suggesting that the integrated dust model cannot accoual faf the SMA1c+SMALd emission. Thus, one
or both of SMA1c and SMA1d must have a weak free-free compipael since these objects have 1.3 cm
flux densities of 0.27 and 0.30 mJy, respectively (greaten tthe residual), both must also have a dust
component. Ifall of the free-free residual (0.22 mJy) belonged to either SBIALSMALd, the 3 3.6 cm
upper limit of ~ 0.12 mJy implies a free-free spectral index0.6, consistent with a thermal jet, stellar
wind, or hypercompact H region. If instead the residual free-free emission is alequially split between
SMA1c and SMA1d both could harbor small optically thiniHegions in addition to a dust component.

Understanding the nature of SMA4 is complicated by the lackasitional agreement between the
1.3 - 3.4 mm data compared to the longer wavelength data (8,&.@ cm, and 7 mm offset 0”4 to the
NW; Fig. 3). From the spectral break in the SMA4 SED around 7 sliown in Fig. 13 it is clear that both
dust and free-free emission is present in this region. Tleetsal index of the SMA4 emission between 1.3
and 3.4 mm isyq.g = 4.4+ 0.3, while the spectral index between 3.6 cm and 7 mmsis= 0.63+ 0.25
suggesting either a hypercompactiHegion with a turnover around 7 mm (see for example the review
by Lizano 2008), or a thermal jet/stellar wind (Reynolds @8P80verall, the data are consistent with the
following three possibilities: (1) the emission all arigesm thesame source which contains both dust and
a hypercompact H region (i.e. the position offsets are just within the conglgiposition uncertainties); (2)
Two sources are present: one is a compact dust source witbtaotdble free-free emission (1.3 - 3.4 mm
emission) and the other (7 mm - 3.6 cm emission) is a hypereetripii region & 700 AU away); or (3)
the free-free emission arises from a one-sided thermatijatm by the dust source of case (2). If we assume
case (1) and fit the centimeter wavelength emission from Skffet extrapolating and subtracting the dust
spectrum, we find that a free-free component with a constansity, temperature, and size a2k 10°
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cm 3, 8000 K, and 53 AU best approximates the 3.6 and 1.3 cm datdasp@ee Hunter et al. 2008, for
the details of the free-free emission model). However, thaglel overpredicts the 7 mm flux density by
a significant margin. More sophisticated free-free emissimdels, such as those with a density gradient
and/or a shell geometry, may provide a better match to the 7diauian (see for example Avalos et al. 2006).
However, the present data are insufficient in angular réisolland number of spectral measurements to
meaningfully constrain a more detailed model. For casei{2,even more difficult to fit the 7 mm data
with a hypercompact H region model because the spectrum from 3.6 cm to 7 mm is sarlinad yet not
steep enough to still be optically thick (i.e. spectral md€2). Thus, case (3) seems to best fit the current
data (see Fig. 13, with the 3.6 cm to 7 mm data having a typétalrjstellar wind spectral index¢; = 0.6
Reynolds 1986), and no dust component. We note that in ti@gepretation for the cmkemission (case 3)
the ~ 0”4 offset of the cmA to the west is in good agreement with the fact that a westwatftbav appears

to emanate from SMA4.

Although there is an offset 0”3 to the north between the 7 mm and 1.3 mm emission toward SMAG,
the fact that the shape of the continuum contours at thesevwelengths is similar, and most of the apparent
offset is along the long axis of the 1.3 mm beam makes it quétesible that they are in fact coincident (also
note that the offset is not in the same direction as that of 8MMdeed, the emission from SMA6 can be
explained completely by optically-thin dust emission (& turrent level of sensitivity). The dust spectral
index from a linear fit to the three flux densities from 7 mm t8 ihm isa = 4.0+ 0.2. If we assume all
the 1.3 mm emission arises from a region with the size medduen the higher resolution 7 mm image,
(079 x 07), the brightness temperatureTis= 25 K setting a lower limit on the dust temperature. There
is a hint of a break towards a flatter spectral index at 1.3 mnsfdAG6, as would be expected if the dust
emission were becoming optically thick, but higher frequedata are required to confirm this trend.

SMA2 and SMA3 are the only strong, compact millimeter sosimet to be detected at wavelengths
longward of 3.4 mm. Between 1.3 and 3.4 mm the spectral indesMA2 is o = 4.0+ 0.3, and that of
SMA3 is a = 4.3+ 0.3, consistent with optically thin dust emission. Extrapiolg these spectral indices
to 7 mm, we would have expected to detect SMA2 and SMA3 at theadd 0.9 mJy level, respectively
(amounting to é and 450) if the emission were unresolved at 7 mm. The sizes derived for SMA2 and
SMA3 at 1.3 mm are 2l x 1”3 and 2’5 x 19. If these are the true sizes of the emitting regions, th& pea
7 mm intensity would be diminished by a factorf10 over that predicted here, plausibly explaining the
non-detections. The emission denoted VLA3 is only deteatétdmm, and thus its nature is very uncertain.
The non-detection of VLA3 at 1.3 cm implies that its spedimdex is> 2, and we estimate a 1.3 mm upper
limit of ~ 150 mJy suggesting that its spectral index must also behesst 3. These limits suggest that
VLAZ3 is predominately due to dust emission, but contribatfoom a hypercompact H region cannot be
excluded.

In summary, of the nine compact sources detected in |(Np@dkear to have a dust component. Four
of these sources (SMA1b, SMAlc, SMAld, and SMA4) also shodemce for free-free emission at our
current level of sensitivity. Three sources (SMA1b, SMAAdd SMA2) and possibly a fourth (SMA4) show
modest hot core molecular line emission, also suggestiagtbsence of a central powering source. One
source with neither free-free nor hot core emission doegapip be powering an outflow (SMAG). From
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this circumstantial evidence it appears that at least sthk@compact sources may harbor a central source.
However, as described by Zinnecker & Yorke (2007), in deegiybedded regions it is extraordinarily
difficult to determine whether a massive protostar or zem @mgin sequence star (ZAMS) has formed, as
this designation is dependent upon detecting the sourteindar-IR (a wavelength regime in which I(N) is
still obscured). In principle, the detection of free-fremigsion is often taken as indicative of at least an early
B-type star. However, even the presence of free-free earigsiambiguous since the accretion luminosity
itself can be sufficient to ionize the gas around a protodtaus, while it is clear that a number of massive
to intermediate stars are forming in I(N), the exact numimer @volutionary state is uncertain.

A few comments on the previously published flux measuremfenthese sources are in order. When
the more accurate absolute flux calibration presented loeréné original Carral et al. (2002) 3.6 cm data
is taken into account, the agreement for SMA4 is quite goodweVer, it is unclear why the detection of
SMA1b was not reported by these authors, since it is 1.6 tionighter than SMA4. We obtain 7 mm flux
densities between 2.2 (SMAG6) to 8 (SMA1a) timsesaller than those reported by Rodriguez et al. (2007),
though our 1.3 cm flux densities are comparable. This diserep comes in spite of the fact that the flux
densities derived for the phase calibrators at both 7 andrh.are within 2% for our reduction compared
to that reported in Rodriguez et al. (2007). As described2r2.8, continuum emission from the strong
ultracompact Hi region in source | causes significant contamination of thg tégion if not included in
the cleaning; however our detailed tests suggest that at itnosuld erroneously increase the integrated
fluxes by a factor of- 2, and thus cannot account for the large discrepancy. Irtiaddthe integrated flux
densities reported in Rodriguez et al. (2007) do not appaasistent with the contour levels plotted in their
Figures 2 and 3, indeed the peak values are reasonably mwmsigth those reported here so the problem
may have occurred in their integrated Gaussian fits. Finallyre-imaging of the 3.4 mm data from Beuther
et al. (2008) has increased the peak flux densities by a faftabout 1.5 due to our self-calibration and
correction for the primary beam attenuation.

45.2. Mass estimates from the dust emission

In Table 6 we give estimates for the gas ma&gs, molecular hydrogen column densilyy,, and
molecular hydrogen densityy, for all seven 1.3 mm dust sources. It should be noted that rbsogtar
or zero age main sequence star has already formed, the stidlindata is only sensitive to thercum-
(proto)stellar material. The gas masses were calculated from

_ 3.24x 10°3S,(Jy)D?(kpc)RC

M o | 4
g2 30 Tau) 3 (THZ)r, &l “)

whereS, is the integrated flux density from Tableb,is the distance (assumed to be 1.7 kitls the gas
to dust ratio (assumed to be 100§y, T) = 1/(expbv/TausK) —1), andCqyug is the correction factor for the
dust opacityC,, , = Tdus/(1—€ ). We have used13 mm=1 cr? g which is the average of the dust
opacities derived by Ossenkopf & Henning (1994) for the aasthin ice mantles and densities between
10° to 1¢° cm™ at 1.3 mm. We have estimated a range of dust temperatured bashe observed spectral
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line properties of each source: we use the deriligdvalues calculated in 84.4 for SMA1 and SMA2, and a
lower temperature range for SMA3 to SMA7 based on the noeddiein of hot core spectral lines towards
these sources. The column densities were estimated from

_ 2.4 x 10°°S,(JY)RC,, o o2

T 3, T ATHDL Y02y
whered; and 6, are the fitted sizes from Table 1. Ting, was calculated by dividindNy, by the geo-
metric mean of the fitted size, assuming a distance of 1.7 Hipe estimated dust masses are similar to
those reported in Hunter et al. (2006) when the differenoegbisolute flux calibration and assumed dust
temperatures are taken into account. As with all such estsngheMgas, N1, N4, reported in Table 6 are
uncertain to at least a factor of 2. The total mass estimatethé compact emission of I(N) is between 89
and 232 M,. These dust emission based masses do not include the mass miotostars or ZAMSs that
may already have formed within the compact cores. It is atsabie that Matthews et al. (2008) estimate
that the mass of the whole I(N) core4s2780 M, so there is still a considerable reservoir of material that
has not yet collapsed.

(5)

The values for SMAL1 are particularly uncertain because threeat 1.3 mm resolution is insufficient
to distinguish between the four dust sources detected at 78NAla, SMAlb, SMAlc, and SMA1d).
This unresolved structure makes the apparent size of thisceauite large — significantly affecting all
derived quantities. For example, if we assume that the ntyjof dust emission comes from a region
half the size (in both directions) of the current fit’@x 1’9), the mass increases only a little (due to
increase irC., ), but Ny, andny, both increase by about an order of magnitude. An additiooaice of
uncertainty is th€fgug. As described in 84.3, the hot core line emission appearsge tom a 08 region
encompassing only SMA1b and SMA1d. Thus, Thgs range derived from the C4#DH rotation diagram
may not be appropriate for SMAla or SMALlc. UsiRgmm= 0.05 cn? g* (obtained by scaling 3 mm= 1
by (7 mm/1.3 mm)° with § = agug —2 Whereagug = 3.8 from Fig. 13), andlqug = 155-175 K we find
that the sum of the masses derived for SMAla,b,c, and d at 7a2®4 18 M, in good agreement with the
1.3 mm estimate for SMA1 (16 - 14 M). Indeed, the agreement is nearly perfect if we assumetibatust
emission at 1.3 mm arises from an area Smaller than the current size estimate (i.e. Table 1), wtdch
certainly plausible. Higher resolution 1.3 mm observatiane required to better constrain the temperatures
of SMAla and SMA1c, as well as the sizes of all four SMAL sosirce

4.6. Evidence for Accretion and Infall Around SMA1?

As described in §3.4, a SE-NW velocity gradient-os km s? is observed toward SMA1 in some
(but not all) of the species with compact emission (a singladient was inferred from a double peaked
NH3(6,6) profile by Beuther et al. 2007). Since the gradient ielyaspatially resolved with the current
SMA resolution, the nature of this gradient is unclear. lirgction is more or less perpendicular to the
large scale NE-SW outflow suggestive of a possible disk pnggation, but it also has the same orientation
as a line joining the SMA1lb and SMA1d sources, and thus coufplg represent unresolved emission
from these two sources if they have different systemic viésc(as was found for CephA-East in a similar
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situation by Brogan et al. 2007). We note that this velocrydient was not observed in the @EN(5¢—4«)
transitions observed by Beuther et al. (2008) with the ATE#gher spatial resolution data will be needed
to further explore this velocity gradient.

As described in 83.5.2, there is a trend of increasingly gl absorption with increasing line exci-
tation temperature toward SMA1, using CE £3.8 cnit), H,CO(E =7 cnmt), and HCO (E;=40 cni?) as
tracers (see Fig. 10a). In 84.3 we find that the hot core of SMad a temperature of 1659 K, demon-
strating that this source is definitely centrally heatedigasting higher excitation lines will be found closer
to the center. We suggest that the observed redshift/textysertrend is tracing infall that is accelerating
with depth into the core. It would be very interesting to datup this tentative result with higher angular
and spectral resolution. In particular if the continuum sson were resolved, one could be assured that
all emission/absorption originates from only the frontesaf the source, removing any ambiguities (see for
example Chandler et al. 2005).

4.7. The Location of the Protocluster

Finally, it is interesting to note that the massive protstdu appears to be forming near the northwestern
edge of the parent cloud rather than toward the center. Tfsstds apparent in both the JCMT 45%0n
continuum image (Fig. 4) and in the ammonia (1,1) and (2,3ges (Beuther et al. 2005). It is notable
that the archival SCUBA 450m images recently produced by Di Francesco et al. (2008) stieoywgood
positional agreement (to withirf’ Bwith the earlier images produced by Sandell (2000) (andvshin Fig. 4).
The ridge of dust emission between the protocluster and the&emn associated with the SM2 continuum
source coincides with a dark area in tBgtzer 3-color image (Fig. 11), i.e. an infrared dark cloud (IRDC;
see for example Egan et al. 1998). Clearly this region iscajiji-thick in the mid-infrared, and contains
a significant amount of potential star-forming material.tUfe observations with broader bandwidth and
greater sensitivity with the EVLA and ALMA may reveal whethtis area is truly quiescent or contains
embedded, pre-protostellar cores.

5. CONCLUSIONS

Our multiwavelength radio through near-infrared inveatign of the massive protocluster NGC6334I(N)
provides new morphological and quantitative detail on tlhae frmation activity of the individual massive
cores. We show that I(N) is undergoing copious massive standtion with many of the dominant sources
detected only at millimeter wavelengths. The principalrseuSMAL is resolved into four components of
dust and/or free-free emission (SMA1la, b, ¢, and d). Detewhy centimeter continuum and water masers,
SMA1b and SMA1d form a close central pag 800 AU) which powers a hot corél:=165+9 K) of
molecular line emission and likely drives the dominant éasgale bipolar outflow which exhibits evidence
of precession. We find a spatially unresolved km s velocity gradient across SMA1 (encompassing all
4 subarcsecond components). The origin of this velocitgligra (rotation, or cluster kinematics) requires
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higher resolution millimeter wavelength follow-up. We @ldetect possible infall that is accelerating with
depth into the SMAL core; higher angular resolution is almguired to confirm this finding. The mass of
gas around SMAL as traced bympact emission is estimated to be15 My, but if this core is still actively
accreting, this may grow significantly larger in the future.

A weaker hot core T,:=145+ 12 K) is found toward SMA2 which also exhibits redshifted Ci¢ a
sorption along with with highly blueshifted water masergygesting simultaneous infall and outflow in this
source. SMA4 consists of a dust core with a probable cenginjet, water maser emission, and blueshifted
SiO emanating to the west suggesting an outflow which ter@éna a reflection nebula traced by the 24
um source. Mostly lacking in molecular lines, SMAG6 exhibitsemtimeter-millimeter SED consistent with
pure dust emission and drives an outflow traced by SiO, CO 4ar@Hz methanol masers. Overall, the nar-
row velocity range and spatial arrangement of the 44 GHz amethmasers with respect to the protocluster
members are consistent with their origin in low-velocitysgapacted by outflows from these objects.

The presence of multiple outflows in the region suggestsrtfaaty protostars are forming simultane-
ously. Atthe same time, the variety of phenomena assocwitbdhe individual cluster members suggests a
spread in either age or total luminosity. Also of intereshis spread in systemic velocities observed between
the cluster members, this spread is at least 2.5®rarsd may provide an important clue about the dynamics
of cluster formation. A more quantitative assessment afeéhey properties will require broader wavelength
coverage to better constrain the SEDs, and more sensitiviinaom and line observations enabled by the
EVLA and ALMA in the near future. At the same time, a deeperlergiion of the mostly featureless,
infrared-dark region between the protocluster and SM2 nrayefruitful in the study of pre-protostellar
cores.

We thank Goran Sandell for providing us with the calibrat&€MT 450 xm image. This research
has made use of the NASA's Astrophysics Data System Bildiolgic Services, the Cologne Database for
Molecular Spectroscopy, Splatalogue, and the JPL lindamata
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Fig. 1.— Composite image showing the naturally weighted SM2 mm continuum emission from I(N)
with surrounding insets showing the VLA (22.235 GHz) maser spectra. The 1.3 mm continuum image
has a resolution of’2 x 1”3 (P.A.=+15) and the contour levels are 30.%3), 60, 120, 180, 240, 320, 400,
640, 800, 960 mJy bearh The blue crosses show the intensity weighted centroidipasi of the water
maser groups listed in Table 2 (derived from Table 3). Theewataser spectra show the average emission
from each group. The dashed arc indicates the SMA primarynbead the dashed arc indicates the VLA
primary beam at 22 GHz. The 1.3 mm image has not been corremtpdmary beam attenuation.
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Fig. 2.— Zoomed multiwavelength images of I(N). (a) Zoomwhdthe SMA1, SMA2, and SMA3 regions
with thick contours showing the uniformly weighted SMA 1.3mtontinuum image with contour levels of
170, 250, 330, 490, and 650 mJy beamThin contours and greyscale show the VLA 7 mm continuum
emission (contour levels are -0.6, 0.6, 0.8, 1.0, 1.2 mJynb¥a The water maser positions are shown as
colored crosses with a corresponding color coded veloeigghd; note that the color scale was set using
an assumed3 km s systemic velocity for SMAL. (b) Zoom of the SMA1 region at 3@ (dashed
contours), 1.3 cm (greyscale),and 7 mm (solid contoursle 36 cm contour levels are 0.12, 0.20, 0.28,
and 0.36 mJy bear, and the 7 mm contour levels are same as in (a). The water rpasiions are also
indicated with the same velocity color coding as (a). Thetmwsof the 44 GHz CHOH maser is indicated
by the yellow ellipse and it has a velocity 80.9 km s. For both types of maser symbol size indicates
position uncertainty.
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Fig. 3.— (a) Zoom of the SMA4 region with the grayscale ancheédscontours showing the 1.3 cm con-
tinuum emission, dotted contours showing 3.6 cm, and thd sohtours showing the uniformly weighted
1.3 mm continuum. The 3.6 cm contours are 0.12, 0.16, and ®.R0beari, the 1.3 cm contour lev-
els are 0.19, 0.25, 0.31, and 0.37 mJy be&gnand the 1.3 mm contour levels are 100, 120, 140, and
160 mJy beart. (b) Zoom of the SMAG region with the greyscale and dashedctwa showing 7 mm
continuum emission and the solid contours showing the 1.3amminuum. The 7 mm contour levels are
0.6, 0.8, 1.0, and 1.2 mJy beamand the uniformly weighted 1.3 mm contour levels are 10@, 140,
220, and 260 mJy bearh The cross symbols show the C5 (a) and C3 (b) water maseiquesitith S/N
ratio > 7, color-coded by velocity. The filled square symbols in (@ve the location of 6.7 GHz C4OH
masers from Walsh et al. (1998), with same velocity codingl &3 masers.
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Fig. 4.— SMA 1.3 mm continuum contours of I(N) (thin black ¢owrs) with thick black contours showing
SCUBA 450um emission (G. Sandell, private communication). The 1.3 rontinuum image and contour
levels are the same as Fig. 1. The SCUBA 4858 resolution is 8 and the contour levels are 60, 80,
100, 120, 160 Jy bearh The tip of the arrow for SM2 is the position reported by Sdah(®000). The
colored crosses show the locations of 44 GHz Class | methraasérs from this work. The locations of the
water maser groups (also see Fig. 1) are showBIsymbols and the 25 GHz GBH masers reported by
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Fig. 6.— In each panel, the colorscale is the 1.3 mm continameh the contours show the integrated
intensity of the indicated spectral lines. The dashedeiiclthe FWHP of the SMA primary beam; these
images have not been corrected for primary beam attenuafibe contour levels are 2O (33— 29)):
4.35, 7.25, 10.15, 13.05 Jy km's DCN: 1.77, 2.95, 4.13 Jy kni's SiO: 6, 10, 14, 18, 22 Jy kni'§
CH30H-E (422-3+12): 4.8, 8, 11.2, 14.4, 17.6 Jy km’s H,CO (32-2;1): 3.24, 5.4, 7.56 Jy km'$;
H,S: 2.55, 4.25, 5.95, 9.35 Jy krii's The number below each molecular name isERger of the transition

in units of cnT™.
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also shown. The solid black ellipse is the SMA synthesizexhbe
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Table 1. Observed Properties of Compact Continuum Sources

Centroid positioA Peak Integrated Estimated
Source RA (J2000)  Dec (J2000) Intensity Flux Density Size
a® ™9 s(¢ " (mJy bearit!) (mJy) (' x" [P.A.°])
1.3 Millimeter
SMA1 17 2055.188 -354503.92 826 (6) 2550(50) .821.9[23]
SMA2 172054.890 -354506.71 324 (6) 980 (25) .121.3[137]
SMA3 17 2054.990 -35 45 07.29 258 (6) 1060 (31) .521.9[9]
SMA4 17 2054.667 -35 45 08.38 141 (6) 770 (40) .08 1.5[41]
SMAS5 17 2055.054 -35 45 01.49 140 (6) 440 (100) <20
SMA6 17 2054.563 -354517.71 282 (9) 600 (29) .2R0.9[38]
SMA7 172054.931 -354457.79 60 (6) 360 (40) .2323[47]
3.4 Millimeter®
SMA1 17 2055.194 -354503.79 55 (5) 90 (10) <30
SMA2 17 20 54.86 -354506.5 24 (5) e <16
SMA3 17 20 54.99 -354507.0 20 (5) <16
SMA4Y  172054.69 -354507.5 13 (3) <16
SMAS5* 17 20 55.04 -354501.3 15 (3) <16
SMA6 17 2054.588 -354517.86 31(3) <16
7 Millimeter
SMAla 172055.150 -354505.28 0.9 (0.2) 1.7 (0.3) <1
SMAlb 17 2055.194 -354503.50 1.3(0.2) 2.5(0.4) .600.4[130]
SMAl1c 17 2055.275 -354502.46 0.9 (0.2) <04
SMA1ld 172055.229 -3545 03.68 1.0(0.2) <04
VLA3Y  172054.999 -3545 06.48 1.0 (0.2) 1.8 (0.3) <1
SMA4Y  172054.624 -354508.24 0.7 (0.2) <04
SMA6 17 2054.585 -35 45 16.97 1.3(0.2) 1.7(0.3) .990.7[15]
1.3 Centimeter
SMAla - < 0.18 (0.06)
SMA1lb 17 2055.191 -354503.53 0.50 (0.07) <03
SMAlc 17 2055.270 -354502.45 0.27 (0.06) <04
SMAld" 172055.229 -3545 03.68 0.30 (0.06) <03
SMA4 17 2054.623 -354508.25 0.47 (0.07) <03
SMA6 < 0.18 (0.06)
3.6 Centimetéer
SMAla - < 0.12 (0.04)
SMA1HR 17 2055.202 -354503.74 0.39 (0.04) <03
SMAlc < 0.12 (0.04)
SMA1ld .- < 0.12 (0.04)
SMA4 17 2054.623 -354508.25 0.25 (0.04) <03
SMA6 < 0.12 (0.04)

#Relative uncertainties are indicated by the number of fiigant figures shown. Absolute

uncertainties are at least an order of magnitude larger.
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®Because the data have different resolutions, the peaksityeralues should only be compared
for cases where the source is unresolved (indicated-by symbols in Integrated Flux Density
column).Estimated statistical uncertainties indicatedarenthesis.

°Fits based on uniformly weighted image. SMA1, SMA4, and SMagpear to also have a
more compact core so the fitted peaks are underestimated.

9New detection based on archival data.

®Primary beam correction makes a significant difference liesé images; the original papers
do not appear to have performed this correction based omtezghfiux densities.

fExtra uncertainty for the peak and integrated fluxes for SNl SMAS, as well as SMA2
and SMA3 were added because these source pairs were baelyee from each other.
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Table 2: 22.235 GHz Water Maser Groups in NGC 6334 I(N)

Centroid positiof Associated Peak Peak Velocity

# RA (J2000)  Dec (J2000) mm source Intensity Velocity Range
a®™ ™9 s (offset) (Jy beart)  (kms?) (kms?)

1 172056.058 -354532.59 SM24.50") 383 -6.0 +5.2t0-16.2
2 172055650 -354532.48 SNMZ21.78") 9.2 -9.0 +7.2t0-156
3 172054.600 -354517.27 SMAG6 (067 8.8 -2.2 +10.4 to-12.6
4 172054.152 -354513.66 - 2D =27 -0.7to-4.4
5 172054.618 -354508.65 SMA4 (211 17.7 +0.2 +124t0-12.9°
6 172054.870 -354506.32 SMA2 (055 2.7 -133 -4.7t0-156
7 172054.819 -354506.18 SMA2 (1)1 5.3 -0.7 +0.2to-1.7
8 172055.192 -354503.77 SMALlb (024 781 -6.3 +13.1 to-26.8
9 172055.228 -354503.66 SMALd (092 75.7 +3.9 +5.2t0+2.2
10 172055.147 -354503.78 SMAL1 (053 34 -8.6 -7.7t0-9.6
11 172055.215 -354502.02 SMAL1(1'96 55 -4.4 -3.7t0-6.3

%Intensity weighted positions for masers listed under eaohgname in Table 3.

bSee Sandell (2000).

“Emission extends beyond the positive velocity extent obdnedpass.
YEmission extends beyond the negative velocity extent obémelpass.
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Table 3. 22.235 GHz Water Masers Detected in NGC 6334 I(N)

Velocity Centroid position Peak
(kms?1)  R.A.(J2000) Dec (J2000) Intensity
a®™9 5" (ybeam?)
Group C1
+5.2 17 2056.0583  -3545 32.4934 0.384
+4.9 17 2056.0599 -354532.5678 0.548
+4.5 17 2056.0585 -354532.5920 0.586
+4.2 17 2056.0578  -3545 32.5805 0.893
+3.9 17 2056.0581 -354532.5797 1.373
+3.5 17 20 56.0586  -3545 32.5776 1.764
+3.2 17 2056.0579  -354532.6134 1.675
+2.9 17 2056.0580  -3545 32.5594 1.534
+2.5 17 2056.0581  -35 45 32.5946 1.185
+2.2 17 2056.0584  -35 45 32.5566 0.934
+1.9 17 2056.0584  -3545 32.5619 0.639
+1.6 17 2056.0614  -3545 32.4557 0.508
+1.2 17 2056.0617  -35 45 32.4066 0.381
+0.9 17 20 56.0555  -3545 32.5404 0.535
+0.6 17 2056.0579  -3545 32.5826 0.504
+0.2 17 2056.0590 -354532.5242 0.497
-0.1 17 2056.0607 -3545 32.4663 0.422
-0.4 172056.0584 -354532.5610 0.400
-0.7 17 2056.0597  -3545 32.5347 0.558
-1.1 17 2056.0566  -35 45 32.6202 0.652
-1.4 17 2056.0588  -3545 32.5413 0.578
-1.7 17 2056.0581 -354532.6271 0.749
-2.1 17 2056.0587  -3545 32.5695 1.507
-2.4 17 2056.0582 -354532.5774 3.357
-2.7 17 2056.0580 -3545 32.5891 6.453
-3.0 17 2056.0581  -3545 32.5907 11.608
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

-3.4
3.7
-4.0
4.4
4.7
5.0
5.4
5.7
6.0
-6.3
6.7
7.0
7.3
7.7
-8.0
-8.3
-8.6
-9.0
9.3
9.6

-10.0

-15.6

-15.9

-16.2

-21.5
+5.2
+4.9

17 20 56.0579
17 20 56.0579
17 20 56.0579
17 20 56.0579
17 20 56.0577
17 20 56.0578
17 20 56.0578
17 20 56.0579
17 20 56.0578
17 20 56.0578
17 20 56.0577
17 20 56.0578
17 20 56.0578
17 20 56.0577
17 20 56.0579
17 20 56.0579
17 20 56.0580
17 20 56.0582
17 20 56.0582
17 20 56.0582
17 20 56.0600
17 20 56.0558
17 20 56.0566
17 20 56.0558
17 20 56.0600
17 20 56.0585
17 20 56.0597

-35 45 32.5977
-35 45 32.5953
-35 45 32.5929
-35 45 32.5925
-35 45 32.5900
-35 45 32.5893
-3545 32.5910
-35 45 32.5903
-3545 32.5935
-35 45 32.5900
-35 45 32.5910
-3545 32.5912
-35 45 32.5952
-35 45 32.5945
-3545 32.5918
-35 45 32.5943
-35 45 32.5908
-35 45 32.5926
-35 45 32.5850
-3545 32.5758
-3545 32.6461
-35 45 32.4942
-3545 32.5314
-3545 32.5633
-35 45 32.3669
-3545 32.4918
-35 45 32.5667

16.950
13.072
10.177
13.265
16.513
20.479
28.570
38.006
38.297
28.243
19.718
22.008
31.096
35.008
28.781
18.181
10.865
7.395
4.048
1.460
0.521
0.536
0.608
0.515
0.375
0.432
0.562
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

+4.5
+4.2
+3.9
+3.5
+3.2
+2.9
+2.5
+2.2
+1.9
+1.6
+0.9
+0.6
+0.2
-0.1
-0.4
-0.7
-1.1
-1.4
-1.7
2.1
-2.4
-2.7
-3.0
-3.4
-3.7
-4.0
-4.4

17 20 56.0587
17 20 56.0579
17 20 56.0582
17 20 56.0586
17 20 56.0579
17 20 56.0580
17 20 56.0581
17 20 56.0584
17 20 56.0583
17 20 56.0613
17 20 56.0556
17 20 56.0580
17 20 56.0595
17 20 56.0603
17 20 56.0583
17 20 56.0600
17 20 56.0565
17 20 56.0588
17 20 56.0581
17 20 56.0587
17 20 56.0582
17 20 56.0580
17 20 56.0581
17 20 56.0579
17 20 56.0579
17 20 56.0579
17 20 56.0579

-35 45 32.5882
-35 45 32.5851
-35 45 32.5809
-3545 32.5788
-354532.6131
-35 45 32.5580
-35 45 32.5956
-3545 32.5573
-35 45 32.5609
-35 45 32.4586
-35 45 32.5405
-35 45 32.5863
-35 45 32.5222
-3545 32.4752
-35 45 32.5707
-3545 32.5378
-3545 32.6301
-35 45 32.5398
-354532.6371
-354532.5701
-354532.5774
-35 45 32.5890
-35 45 32.5906
-3545 32.5976
-35 45 32.5952
-35 45 32.5929
-35 45 32.5924

0.681
1.028
1.426
1.805
1.706
1.577
1.228
0.963
0.652
0.509
0.566
0.547
0.460
0.459
0.450
0.579
0.636
0.573
0.745
1.514
3.370
6.416
11.555
16.873
13.029
10.164
13.184
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

-4.7
-5.0
-5.4
-5.7
-6.0
-6.3
-6.7
-7.0
-7.3
-1.7
-8.0
-8.3
-8.6
-9.0
-9.3
-9.6
-10.0
-15.6
-15.9
-16.2

+7.2
+6.8
+3.5
+3.2
+2.9
+2.5

17 20 56.0577
17 20 56.0578
17 20 56.0578
17 20 56.0579
17 20 56.0578
17 20 56.0578
17 20 56.0577
17 20 56.0578
17 20 56.0578
17 20 56.0577
17 20 56.0579
17 20 56.0579
17 20 56.0580
17 20 56.0582
17 20 56.0582
17 20 56.0582
17 20 56.0601
17 20 56.0561
17 20 56.0568
17 20 56.0559

-35 45 32.5899
-35 45 32.5893
-35 45 32.5909
-35 45 32.5903
-3545 32.5935
-35 45 32.5899
-3545 32.5910
-3545 32.5912
-35 45 32.5952
-35 45 32.5945
-3545 32.5918
-35 45 32.5942
-35 45 32.5905
-35 45 32.5924
-35 45 32.5845
-35 45 32.5756
-35 45 32.6682
-35 45 32.4888
-3545 32.5344
-3545 32.5610

Group C2

17 20 55.6493
17 20 55.6472
17 20 55.6427
17 20 55.6433
17 20 55.6431
17 20 55.6431

-3545 32.3938
-35 45 32.4863
-3545 32.5464
-3545 32.5315
-35 45 32.5330
-35 45 32.5417

16.471
20.463
28.475
37.967
38.098
28.084
19.678
22.025
31.077
34.860
28.709
18.050
10.632
7.253
3.913
1.456
0.427
0.532
0.641
0.525

0.492
0.457
1.094
4.374
6.952
4.822
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

+2.2
+1.9
-4.4
-4.7
-8.3
-8.6
-9.0
-9.3
-9.6
-10.0
-10.3
-10.6
-11.0
-11.3
-11.6
-11.9
-14.9
-15.2
-15.6

+10.4

+10.1
+9.8
+9.5
-1.7
-2.1
-2.4

17 20 55.6431
17 20 55.6432
17 20 55.6459
17 20 55.6441
17 20 55.6546
17 20 55.6550
17 20 55.6551
17 20 55.6551
17 20 55.6546
17 20 55.6545
17 20 55.6523
17 20 55.6482
17 20 55.6459
17 20 55.6437
17 20 55.6458
17 20 55.6450
17 20 55.6440
17 20 55.6451
17 20 55.6436

-35 45 32.5434
-3545 32.5221
-3545 32.4432
-3545 32.5102
-354532.4731
-3545 32.4425
-3545 32.4383
-3545 32.4329
-3545 32.4394
-35 45 32.4422
-35 45 32.4669
-35 45 32.5098
-35 45 32.5250
-35 45 32.5237
-35 45 32.4930
-3545 32.5199
-35 45 32.5229
-3545 32.4784
-3545 32.5214

Group C3

17 20 54.6005
17 20 54.5980
17 20 54.5976
17 20 54.5983
17 20 54.6008
17 20 54.6024
17 20 54.6021

-3545 17.2406
-3545 17.2058
-3545 17.2063
-3545 17.1966
-35 45 17.4507
-3545 17.4397
-35 45 17.4564

2.022
0.675
0.545
0.683
3.048
7.213
9.175
7.673
5.907
4.096
1.958
0.999
0.701
0.784
0.754
0.638
0.790
0.854
0.476

0.399
3.031
5.251
1.719
0.855
3.840
8.732
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

2.7
-3.0
9.3
9.6

-10.0

-10.3

-10.6

-11.0

+10.4

+10.1
+9.8
+9.5
1.7
2.1
2.4
2.7
-3.0
9.3
9.6

-10.0

-10.3

-10.6

-11.0

-12.6

-0.7
-1.1

17 20 54.6025
17 20 54.6003
17 20 54.5985
17 20 54.5987
17 20 54.5982
17 20 54.5986
17 20 54.5976
17 20 54.5980
17 20 54.6008
17 20 54.5980
17 20 54.5976
17 20 54.5982
17 20 54.6007
17 20 54.6024
17 20 54.6021
17 20 54.6025
17 20 54.5982
17 20 54.5985
17 20 54.5987
17 20 54.5982
17 20 54.5986
17 20 54.5976
17 20 54.5978
17 20 54.5957

-3545 17.4485
-354517.4098
-35 45 16.9099
-3545 16.8621
-3545 16.9016
-354516.9311
-3545 16.8737
-3545 16.8495
-354517.2373
-3545 17.2058
-35 45 17.2064
-354517.1969
-354517.4528
-3545 17.4397
-35 45 17.4564
-3545 17.4485
-354517.4122
-35 45 16.9085
-3545 16.8620
-354516.9021
-3545 16.9327
-354516.8730
-3545 16.8534
-3545 16.9127

Group 4

17 20 54.1519
17 20 54.1526

-35 45 13.6356
-35 45 13.6565

4.544
0.653
0.865
0.834
0.765
0.881
0.774
0.493
0.450
3.101
5.347
1.771
0.841
3.854
8.787
4.480
0.540
0.885
0.833
0.757
0.906
0.751
0.499
0.486

0.443
1.487
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

-1.4
-1.7
-2.1
-2.4
-2.7
-3.0
-3.4
-3.7
-4.0
-4.4

+12.4
+12.1
+11.8
+11.4
+11.1
+10.8
+10.4
+10.1
+9.8
+9.5
+9.1
+8.8
+8.5
+8.1
+7.8
+7.5

17 20 54.1522
17 20 54.1519
17 20 54.1523
17 20 54.1520
17 20 54.1521
17 20 54.1522
17 20 54.1522
17 20 54.1524
17 20 54.1525
17 20 54.1534

-35 45 13.6502
-354513.6713
-3545 13.6613
-3545 13.6625
-354513.6614
-3545 13.6595
-3545 13.6622
-354513.6671
-3545 13.6757
-3545 13.6654

Group C5

17 20 54.6167
17 20 54.6147
17 20 54.6156
17 20 54.6157
17 20 54.6158
17 20 54.6157
17 20 54.6157
17 20 54.6153
17 20 54.6151
17 20 54.6156
17 20 54.6157
17 20 54.6155
17 20 54.6147
17 20 54.6157
17 20 54.6175
17 20 54.6146

-35 45 08.6918
-354508.7214
-35 45 08.7082
-35 45 08.7105
-35 45 08.7065
-35 45 08.7107
-3545 08.7023
-354508.7110
-35 45 08.6967
-3545 08.7093
-354508.7130
-35 45 08.6989
-354508.7116
-3545 08.7595
-35 45 08.6477
-35 45 08.6738

2.202
2.687
6.767
18.031
29.025
28.199
17.975
9.020
3.567
1.005

0.338
1.340
4.033
8.967
13.269
10.566
4.252
1.658
1.425
3.465
4.332
1.695
0.531
0.395
0.487
0.351
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

+3.2
+2.9
+2.5
+2.2
+1.9
+1.6
+1.2
+0.9
+0.6
+0.2
-0.1
-0.4
-0.7
-1.1
-1.4
-1.7
-4.4
-4.7
-5.4
-5.7
-6.0
-9.0
-9.3
-9.6
-10.0
-10.3
-10.6

17 20 54.6190
17 20 54.6185
17 20 54.6185
17 20 54.6184
17 20 54.6184
17 20 54.6188
17 20 54.6192
17 20 54.6193
17 20 54.6187
17 20 54.6185
17 20 54.6185
17 20 54.6184
17 20 54.6184
17 20 54.6183
17 20 54.6185
17 20 54.6191
17 20 54.6272
17 20 54.6230
17 20 54.6159
17 20 54.6198
17 20 54.6201
17 20 54.6214
17 20 54.6204
17 20 54.6202
17 20 54.6206
17 20 54.6210
17 20 54.6190

-35 45 08.6127
-35 45 08.6493
-35 45 08.6554
-35 45 08.6586
-35 45 08.6540
-35 45 08.6520
-35 45 08.6552
-35 45 08.6480
-3545 08.6574
-35 45 08.6585
-35 45 08.6545
-35 45 08.6601
-3545 08.6571
-35 45 08.6541
-35 45 08.6568
-35 45 08.5802
-35 45 08.3544
-35 45 08.5517
-354508.7635
-35 45 08.6503
-3545 08.6755
-3545 08.4841
-354508.5182
-35 45 08.5223
-35 45 08.5225
-35 45 08.5548
-3545 08.5728

1.603
4.546
7.838
12.628
16.060
10.792
8.127
12.375
15.588
17.735
15.340
8.512
4.007
2.817
1.573
0.444
0.444
0.481
0.472
0.718
0.629
1.125
2.909
4.261
2.696
0.889
0.897
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

-11.0
-11.3
-11.6
-11.9
-12.3
-12.6
-12.9

-4.7
-5.0
-5.4
-5.7
-6.0
-6.3
-6.7
-9.3
-9.6
-10.0
-10.3
-10.6
-11.0
-11.3
-11.6
-12.6
-12.9
-13.3
-13.6

17 20 54.6193
17 20 54.6195
17 20 54.6196
17 20 54.6195
17 20 54.6193
17 20 54.6194
17 20 54.6197

-35 45 08.5426
-35 45 08.5426
-35 45 08.5391
-35 45 08.5532
-35 45 08.5529
-35 45 08.5359
-35 45 08.5228

Group C6

17 20 54.8707
17 20 54.8711
17 20 54.8708
17 20 54.8701
17 20 54.8710
17 20 54.8711
17 20 54.8719
17 20 54.8706
17 20 54.8699
17 20 54.8704
17 20 54.8721
17 20 54.8717
17 20 54.8709
17 20 54.8728
17 20 54.8712
17 20 54.8695
17 20 54.8702
17 20 54.8706
17 20 54.8700

-3545 06.2958
-3545 06.3301
-35 45 06.3243
-35 45 06.3103
-354506.3411
-35 45 06.3146
-35 45 06.3697
-354506.4191
-35 45 06.3908
-35 45 06.3552
-3545 06.3812
-3545 06.3420
-354506.3195
-3545 06.2861
-35 45 06.3566
-35 45 06.3256
-3545 06.3279
-35 45 06.3372
-35 45 06.3435

3.239
7.580
7.289
3.543
2.313
1.537
0.657

0.422
1.437
2.054
1.200
1.289
1.332
0.873
0.588
0.826
0.745
0.921
0.905
0.870
0.994
0.638
0.612
1.445
2.679
2.571
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

-13.9
-14.2
-14.6
-14.9
-15.2
-15.6

+0.2
-0.1
-0.4
-0.7
-1.1
-1.4
-1.7

+13.1
+12.8
+12.4
+12.1
+11.8
+11.4
+11.1
+10.8
+10.4
+10.1
+9.8
+9.5

17 20 54.8711
17 20 54.8713
17 20 54.8713
17 20 54.8726
17 20 54.8715
17 20 54.8691

-35 45 06.3392
-35 45 06.3218
-35 45 06.3419
-35 45 06.3400
-354506.3181
-3545 06.3873

Group C7

17 20 54.8194
17 20 54.8185
17 20 54.8186
17 20 54.8186
17 20 54.8185
17 20 54.8194
17 20 54.8197

-3545 06.1839
-354506.1763
-354506.1898
-35 45 06.1865
-354506.1769
-35 45 06.1844
-35 45 06.2083

Group C8

17 20 55.1917
17 20 55.1924
17 20 55.1915
17 20 55.1910
17 20 55.1902
17 20 55.1906
17 20 55.1904
17 20 55.1909
17 20 55.1916
17 20 55.1919
17 20 55.1921
17 20 55.1919

-35 45 03.9750
-35 45 03.9824
-35 45 04.0071
-35 45 04.0080
-3545 04.0175
-35 45 03.9988
-354503.9124
-3545 03.8332
-3545 03.8332
-3545 03.8792
-35 45 03.9153
-35 45 03.8692

1.449
1.047
0.527
0.620
0.747
0.504

1.050
3.217
5.107
5.317
3.830
1.766
0.639

1.794
1.054
1.229
2.023
2.637
2.325
2.139
3.507
4.087
3.133
2.291
2.191
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

+9.1
+8.8
+8.5
+8.1
+7.8
+7.5
+7.2
+6.8
+6.5
+6.2
+5.8
+13.1
+12.8
+12.4
+12.1
+11.8
+11.4
+11.1
+10.8
+10.4
+10.1
+9.8
+9.5
+9.1
+8.8
+8.5
+8.1

17 20 55.1919
17 20 55.1914
17 20 55.1917
17 20 55.1933
17 20 55.1921
17 20 55.1925
17 20 55.1925
17 20 55.1925
17 2055.1911
17 20 55.1923
17 20 55.1929
17 20 55.1917
17 20 55.1924
17 20 55.1915
17 20 55.1910
17 20 55.1902
17 20 55.1906
17 20 55.1904
17 20 55.1909
17 20 55.1916
17 20 55.1919
17 20 55.1921
17 20 55.1919
17 20 55.1919
17 20 55.1914
17 20 55.1917
17 20 55.1933

-35 45 03.8214
-35 45 03.8482
-35 45 03.8784
-3545 03.9278
-3545 03.9726
-3545 03.9627
-35 45 03.9406
-35 45 03.8447
-3545 03.7066
-354503.7210
-35 45 03.8972
-35 45 03.9750
-35 45 03.9824
-35 45 04.0071
-35 45 04.0080
-35 45 04.0175
-35 45 03.9988
-3545 03.9124
-3545 03.8332
-35 45 03.8332
-3545 03.8792
-3545 03.9153
-35 45 03.8692
-3545 03.8214
-3545 03.8482
-35 45 03.8784
-35 45 03.9278

2.536
2.113
1.497
1.653
2.156
1.673
1.079
0.933
1.481
1.139
0.628
1.794
1.054
1.229
2.023
2.637
2.325
2.139
3.507
4.087
3.133
2.291
2.191
2.536
2.113
1.497
1.653
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

+7.8
+7.5
+7.2
+6.8
+6.5
+6.2
+5.8
+2.9
+2.5
+2.2
+1.9
+1.6
+1.2
+0.9
+0.6
+0.2
-0.1
-0.4
-0.7
11
1.4
1.7
2.1
2.4
2.7
-3.0
-3.4

17 20 55.1921
17 20 55.1925
17 20 55.1925
17 20 55.1925
17 2055.1911
17 20 55.1923
17 20 55.1929
17 20 55.1879
17 20 55.1868
17 20 55.1902
17 20 55.1906
17 20 55.1895
17 20 55.1895
17 20 55.1898
17 20 55.1902
17 20 55.1907
17 20 55.1899
17 20 55.1896
17 20 55.1904
17 20 55.1917
17 20 55.1929
17 20 55.1933
17 20 55.1926
17 20 55.1901
17 20 55.1899
17 20 55.1904
17 20 55.1897

-35 45 03.9726
-35 45 03.9627
-35 45 03.9406
-35 45 03.8447
-35 45 03.7066
-354503.7210
-3545 03.8972
-354503.9111
-3545 03.8148
-3545 03.8415
-35 45 03.8025
-35 45 03.7526
-35 45 03.7069
-354503.7138
-35 45 03.8094
-3545 03.7977
-354503.7710
-35 45 03.7864
-35 45 03.8088
-354503.8732
-3545 03.9320
-354503.9473
-35 45 03.9406
-35 45 03.9437
-35 45 03.9648
-35 45 03.9530
-35 45 03.9070

2.156
1.673
1.079
0.933
1.481
1.139
0.628
7.802
9.693
12.735
18.090
22.575
24.907
16.233
7.740
6.720
7.543
9.031
11.988
13.519
17.916
16.399
7.498
5.003
4.951
3.646
2.848
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

3.7
-4.0
-4.4
4.7
5.0
5.4
5.7
6.0
-6.3
6.7
7.0
7.3
7.7
-8.0
-8.3
-8.6
-9.0
9.3
9.6

-10.0

-10.3

-10.6

-11.0

-11.3

-11.6

-11.9

-12.3

17 20 55.1906
17 20 55.1912
17 20 55.1909
17 20 55.1914
17 20 55.1909
17 20 55.1894
17 20 55.1889
17 20 55.1888
17 20 55.1886
17 20 55.1887
17 20 55.1896
17 20 55.1903
17 20 55.1906
17 20 55.1905
17 20 55.1900
17 20 55.1900
17 20 55.1904
17 20 55.1904
17 20 55.1903
17 20 55.1907
17 20 55.1912
17 20 55.1909
17 20 55.1901
17 20 55.1896
17 20 55.1894
17 20 55.1896
17 20 55.1897

-35 45 03.8096
-35 45 03.6872
-35 45 03.7404
-3545 03.8146
-35 45 03.7907
-354503.7472
-3545 03.7349
-354503.7344
-354503.7251
-354503.7191
-35 45 03.7044
-35 45 03.7147
-35 45 03.7250
-354503.7176
-354503.7093
-3545 03.6913
-354503.6811
-35 45 03.6656
-354503.6716
-354503.6974
-354503.7294
-354503.7398
-3545 03.7236
-35 45 03.7096
-35 45 03.6996
-3545 03.7001
-354503.7151

2.187
1.939
2.241
4.136
9.369
25.136
53.891
75.067
78.148
47.466
28.648
38.029
56.377
53.954
43.538
40.949
35.198
24.791
18.717
17.582
19.375
23.868
35.739
54.072
60.958
56.060
49.063
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

-12.6
-12.9
-13.3
-13.6
-13.9
-14.2
-14.6
-14.9
-15.2
-15.6
-15.9
-16.2
-16.5
-16.9
-17.2
-17.5
-17.9
-18.2
-18.5
-18.9
-19.2
-19.5
-19.8
-20.2
-20.5
-20.8
-21.2

17 20 55.1897
17 20 55.1902
17 20 55.1917
17 20 55.1935
17 20 55.1951
17 20 55.1961
17 20 55.1957
17 20 55.1947
17 20 55.1937
17 20 55.1941
17 20 55.1946
17 20 55.1944
17 20 55.1939
17 20 55.1937
17 20 55.1945
17 20 55.1943
17 20 55.1931
17 20 55.1929
17 20 55.1927
17 20 55.1927
17 20 55.1931
17 20 55.1931
17 20 55.1935
17 20 55.1937
17 20 55.1942
17 20 55.1943
17 20 55.1944

-35 45 03.7203
-354503.7192
-354503.7315
-354503.7775
-354503.7924
-3545 03.7852
-3545 03.7856
-354503.7788
-354503.7819
-3545 03.7893
-35 45 03.8037
-35 45 03.8229
-35 45 03.8483
-35 45 03.8592
-35 45 03.8557
-35 45 03.8889
-3545 03.9351
-35 45 03.9393
-35 45 03.9447
-3545 03.9142
-354503.8412
-354503.8174
-354503.8128
-3545 03.8166
-35 45 03.8205
-35 45 03.8267
-35 45 03.8372

42.350
31.009
20.392
20.630
21.565
28.003
39.724
48.197
45.933
30.484
19.581
11.492
5.953
4.037
4.049
4.885
5.400
8.133
12.453
10.795
10.113
14.345
15.384
15.221
21.661
29.474
26.080
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m S)

Dec (J2000)
6(0 / H)

Peak

Intensity

(Jy bearn?)

215
-21.8
221
225
228
231
235
238
241
-24.4
-24.8
-25.1
-25.4
-25.8
-26.1
-26.4
-26.8

+5.2
+4.9
+4.5
+4.2
+3.9
+3.5
+3.2
+2.9
+2.5

17 20 55.1943
17 20 55.1943
17 20 55.1946
17 20 55.1948
17 20 55.1954
17 20 55.1960
17 20 55.1962
17 20 55.1962
17 20 55.1961
17 20 55.1961
17 20 55.1963
17 20 55.1965
17 20 55.1967
17 20 55.1967
17 20 55.1966
17 20 55.1963
17 20 55.1965

-35 45 03.8502
-35 45 03.8580
-35 45 03.8462
-3545 03.8333
-354503.8195
-3545 03.8100
-35 45 03.8062
-3545 03.8127
-35 45 03.8147
-3545 03.8109
-35 45 03.8060
-35 45 03.8017
-35 45 03.7930
-354503.7911
-354503.7881
-35 45 03.8018
-3545 03.7979

Group C9

17 20 55.2287
17 20 55.2285
17 20 55.2285
17 20 55.2286
17 20 55.2285
17 20 55.2286
17 20 55.2285
17 20 55.2287
17 20 55.2287

-3545 03.6925
-3545 03.6727
-35 45 03.6666
-3545 03.6675
-35 45 03.6665
-35 45 03.6643
-35 45 03.6668
-35 45 03.6640
-35 45 03.6588

17.125
13.898
10.798
9.661
12.385
19.850
26.292
26.225
22.945
20.757
20.093
19.849
20.821
18.421
14.058
13.170
16.190

1.390
6.600
21.816
50.615
75.742
68.601
38.300
14.519
3.474
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Table 3—Continued

Velocity

(km s

Centroid position

R.A. (J2000)
a(h m 5)

Dec (J2000)
6(0 ! H)

Peak
Intensity

(Jy beari?)

+2.2

-1.7
-8.0
-8.3
-8.6
-9.0
-9.3
-9.6

3.7
-4.0
4.4
4.7
5.0
5.4
5.7
6.0
-6.3

17 20 55.2241

-35 45 03.6685

Group C10

17 20 55.1563
17 20 55.1459
17 20 55.1431
17 20 55.1424
17 20 55.1429
17 20 55.1431
17 20 55.1436

-354503.8775
-354503.7494
-35 45 03.6847
-3545 03.7049
-354503.7173
-354503.7141
-354503.7531

Group C11

17 20 55.2142
17 20 55.2147
17 20 55.2145
17 20 55.2145
17 20 55.2148
17 20 55.2159
17 20 55.2189
17 20 55.2219
17 20 55.2246

-35 45 01.9928
-354501.9789
-354501.9851
-354501.9814
-35 45 01.9944
-354502.0419
-354501.9821
-35 45 02.0605
-3545 02.0941

0.883

1.546
2.538
2.936
3.390
2.884
1.793
0.872

1.058
3.470
5.465
4.159
2.024
1.174
0.851
0.936
0.611




— 61—

Table 4. 44 GHz Class | Methanol masers detected in NGC 6384 I(

Spot Peak position Peak intensity Tgrightness Velocity (km s1)
Number R.A. Dec (Jy bearh) (K) Vpeak  Vmin  Vmax

1 172053.351 -354519.31 ¥B+0.22 16340 -3.17 -3.67 -2.67

2 172053484 -35451490 .1®+0.20 6290 -550 -5.83 -5.17

3 172053.600 -354518.28 .69+0.20 3260 -4.17 -434 -384

4 172053.789 -354513.42 B2+0.18 15540 -1.68 -2.18 +1.14

5 172054.052 -354515.56 .82+0.17 990 -2.18 -2.84 -1.84

6 172054.055 -354520.38 .BL+0.18 3650 -450 -5.17 -4.17

7 172054.274 -354512.11 1D+ 0.16 1330 -7.16 -7.66 -6.49

8 172054.333 -354522.19 m+0.17 12980 -6.83 -7.82 -6.16

9 172054.405 -35452257 .39+0.17 5320 -8.49 -9.98 -7.99
10 172054.419 -354515.50 95+0.16 1200 -832 -9.32 -8.16
11 172054.457 -354522.57 28+0.17 100900 -7.16 -8.16 -6.16
12 172054.474 -354514.56 83+0.15 640 -151 -1.84 -0.85
13 172054.478 -354506.64 .82+0.15 750 -1.35 -1.84 -1.01
14 172054552 -354522.46 A5+0.17 6620 -6.16 -7.66 -5.17
15 172054.662 -354543.52 1D+0.37 6180 -4.83 -5.17 -3.67
16 172054.838 -354537.31 .63+0.26 8040 -4.83 -533 -4.67
17 172054.725 -354514.22  B83+0.15 22820 -5.33 -6.00 -3.67
18 172054.781 -354509.67 .81+0.15 980 -2.01 -3.01 -1.68
19 172054.821 -354514.43 4D+ 0.15 1700 -4.67 -4.83 -4.34
20 172054.848 -354536.84 .18+ 0.25 7410 -4.34 -467 -3.84
21 172054.881 -354511.65 .@+0.14 900 -1.68 -2.01 -1.35
22 172054921 -354513.88 32+0.15 40140 -3.34 -3.84 -2.84
23 172054.928 -354513.60 12+ 0.15 14770 -5.17 -6.49 -4.83
24 172054936 -354508.27 .89+0.14 4710 -4.67 -5.00 -4.34
25 172054960 -354513.94 B3+0.15 95300 -4.34 -467 -4.00
26 172054984 -354513.08 95+0.14 1200 -5.17 -5.66 -4.83
27 172054991 -354528.87 .62+0.19 3200 -450 -483 -4.17
28 172055.009 -354514.06 39+0.15 42900 -2.67 -3.67 -1.84



— 62 —

Table 4—Continued

Spot Peak position Peak intensity Tarightness Velocity (km s1)
Number R.A. Dec (Jy bearh) (K) Vpeak  Vimin Vimax
29 172055.090 -354515.54 .0A+0.15 4860 -2.18 -3.17 -1.51
30 172055.095 -354536.28 16+0.24 1410 -0.35 -0.68 -0.02
31 172055.109 -354536.88 .86+0.25 2250 -7.16 -7.49 -6.66
32 172055.165 -354537.53 .05+0.26 7330 -3.67 -4.00 -2.84
33 172055.195 -354503.81 .0R+0.15 1240 -0.85 -2.01 -0.02
34 172055.208 -354537.58  .34+0.26 1620 -2.01 -2.34 -1.68
35 172055.264 -354536.84 .7+0.25 5810 -3.84 -434 -2.67
36 172055.251 -354530.18 BF+0.19 22260 -0.68 -1.51 -0.35
37 172055.300 -354530.15 4B+ 0.19 1730 -1.18 -1.68 -1.01
38 172055.328 -354501.76 4P+ 0.15 1720 -1.84 -2.18 -1.18
39 172055.329 -354505.55 .80+ 0.15 730 -1.18 -1.51 -0.85
40 172055.367 -354505.61 3r+0.15 1660 -3.34 -4.00 -2.84
41 172055.392 -354505.16 .Qr+0.15 1240 -1.01 -1.51 -0.68
42 172055.440 -354509.78 19+0.14 13560 -4.67 -5.33 -4.50
43 172055.466 -354506.62 .88+0.15 3430 -1.35 -2.01 -0.85
44 172055471 -354500.86 .61+0.15 1950 +2.64 +1.64 +4.80
45 172055513 -354506.25 .3B+£0.15 1670 -4.50 -4.83 -4.34
46 172055515 -354507.64 .9D+0.15 2300 -5.00 -5.50 -4.67
47 17 2055.538 -354500.62 .6B+£0.15 1980 -4.17 -4.34 -3.84
48 172055540 -354509.05 .@+0.14 900 -5.33 -5.50 -5.17
49 172055558 -354526.72 .3+0.18 4020 -3.34 -3.67 -3.01
50 172055581 -354502.53 .96+0.15 1200 -2.01 -3.01 -0.68
51 172055.610 -354529.45 .3H+0.19 6480 -2.84 -3.17 -2.51
52 172055.651 -354531.23 48+0.21 5430 -4.34 -4.50 -4.17
53 172055.652 -354501.68 .6B+0.15 2040 -1.18 -2.18 -0.02
54 17 2055.656 -354510.62 .86+ 0.15 3470 -5.83 -6.49 -4.67
55 172055.677 -354500.39 28@+0.16 359260 -2.67 -3.17 -1.51
56 172055.683 -354502.88 .Qr+0.15 1240 -7.16 -7.66 -6.66
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Table 4—Continued

Spot Peak position Peak intensity Tgrightness Velocity (km s2)
Number R.A. Dec (Jy bearh) (K) Vpeak  Vmin  Vimax
57 172055.708 -354511.17 4P+ 0.15 1720 -351 -3.67 -3.17
58 172055.771 -354527.75 268+0.19 325980 -450 -5.17 -3.84
59 172055.810 -354531.07 .12+0.21 2570 -5.00 -5.66 -4.83
60 172055.859 -354531.74  45+0.21 4180 -5.33 -6.00 -4.83
61 172055.859 -354528.27 12+0.19 8629 -3.84 -434 -351
62 172056.004 -354533.04 58+0.23 5490 -3.84 -450 -3.17
63 172056.004 -354523.42 .9B+0.18 2400 -3.34 -3.67 -3.17
64 172056.095 -354522.41 12+0.17 4990 -4.67 -5.00 -4.00
65 172056.128 -354523.50 28+ 0.18 34520 -5.00 -5.66 -4.50
66 172056.164 -354522.80 .23+0.18 6340 -7.66 -8.65 -7.32
67 172056.185 -354523.85 10+0.18 12330 -7.82 -8.82 -6.49
68 172056.196 -354532.22 A%5+0.23 11450 -4.17 -450 -3.67
69 172055.264 -354536.84 .80+0.25 5820 -5.33 -5.66 -5.00
70 172056.285 -354519.20 Ja+0.17 2590 -3.51 -434 -317
71 172056.296 -354529.73  £6+0.22 52430 -5.00 -5.83 -4.50
72 172056.342 -354520.41 .74+0.18 2110 -351 -4.17 -3.17
73 172056.307 -354526.75 .90+0.20 1100 -2.18 -251 -2.01
74 172056.341 -354530.68 28+0.23 34110 -4.00 -450 -3.17
75 172056.414 -354531.72 12¥+0.24 207820 -3.34 -3.67 -3.01
76 172056.423 -354529.69 D+0.23 12000 -4.00 -6.00 -3.67
77 172056.488 -354530.49 IWm+0.24 6520 -2.51 -3.67 -2.01
78 172056.708 -354532.61 B3+0.28 16170 -2.51 -3.01 -1.18
79 172057.028 -354535.92 .2+0.37 2450 -533 -566 -4.34
80 172056.903 -354524.93 .05+0.24 2500 -351 -3.84 -3.17
81 172057.070 -354526.27 A2+ 0.26 2990 -3.67 -417 -3.17
82 172056.859 -354528.03 59+0.25 4350 -5.33 -5.66 -4.83
83 172057.004 -354523.18 .@+024 2510 -5.17 -5.33 -3.67
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Table 5. 1.3 millimeter spectral lines detected toward SMAL
Species Transition Frequency Ejower (cmi 1)@ TBrighmesg(K)b
H,S 20-211 216.710435 51.1 13
HCOOCH;-E 181517414  216.830112 66.2 6.2
HCOOCH;-A 181617215  216.838846 66.2 4.8
C,H3CN 2322-22521  216.936717 85.9 0.8
CH3OH-E 54422 216.945600 31.6 11
HCOOCH;-E 20120-19%119  216.964789 70.3 10
HCOOCH;-A 20120— 19119 216.965991 70.3
HCOOCH;-E 2010~ 1% 19 216.966247 70.3 } 13
HCOOCH;-A 200,20~ 1%,19 216.967334 70.3 11
Unidentified 217.020 23
Sio 5-4 217.104980 14.5 2.8
CH30CH; 360361361351 217.168120 436.6 1.2
CH3OCHs 224102-22%202 217.189667 168.9
CHsOCHs 224103-22%203 217.189667 168.9 } 2.9
CH3OCHs 22101-22%201 217.191424 168.9 4.8
CH3OCHs 224100-22%200 217.193170 168.9 3.6
DCN 3-2¢ 217.238630 7.2 5.7
CH3OH-A" (v = 1) 615— 726 217.299202 252.6 8.4
Unidentified 217.312 22
13CH30H-A" 10,8937 217.399550 105.6 2.4
Unidentified 217.418 1.9
CH3OH-A* (v = 1) 1%10-16511 217.642859 511.0 3.3
CH3;0OH-E 20.1190-20:020 217.886390 346.1 5.0
Unidentified 217.959 1.9
oct3s 18-17 218.198998 61.9 37
H,CO 23-202 218.222192 7.3 8.4
HCOOCH;-E 1716-16115  218.280835 62.0 4.4
HCOOCH;-A 17314-16313  218.297831 62.0 4.9
HC3N 24-23 218.324723 83.8 21
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Table 5—Continued

Species Transition Frequency Ejper (cm 1)@ TBrighmeS{K)b
C,HsCN 24591-23%,0  218.389970 90.0 7.7
CH3OH-E 422-342 218.440040 24.3 23
C,H3CN 2319-2213  218.451298 117.7 2.7
C,H3CN 2318-2217  218.452357 117.7 25
NH,CHO 109-918 218.459653 35.0 3.4
H,CO %2-221 218.475632 40.4 7.7
CH30CH; 23321123201 218.492412 176.1 4.7
CoH3CN 2%120-2219 218.573646 104.2 17
CoH3CN 23321-223 20 218.585072 93.7 1.6
CN 2023~ 1012 226.659558 3.8 -34
CN 2021~ 1011 226.663693 3.8 -0.9
CN 2022- 1011 226.679311 3.8 -4.9
HCOOCH;-E 2018—1% 18 226.713060 76.0 5.8
HCOOCH-A  20,19-1%1s  226.718688 76.0 5.3
HCOOCH-E  20318-19%337  226.773130 76.0 5.2
HCOOCH-A  20519-1915  226.778707 76.0 6.0
CN 233-1022 226.874191 3.8
CN 234-1023 226.874781 3.8 } 6.9
CN 232-1021 226.875896 3.8 6.1
CN 2032- 1022 226.887420 3.8 -2.2
CN 2033~ 1023 226.892128 3.8 -1.5
HCOOCH;-E 1% 16-18415 227.019490 73.5 4.8
HCOOCH;-A 1917-18 16 227.028070 73.4 5.0
CH30OH-E 2L120-2L021  227.094601 379.6 6.9
Unidentified e 227.126 e 22
Unidentified e 227.170 e 2.0
Unidentified e 227.221 - 1.8
CH3OH-E 12115-1Lpg  227.229600 122.0 2.2

g-CHsOH  13101-12301  227.294752 95.7 1.8



— 66 —

Table 5—Continued

Species Transition Frequency Ejower (cmi 1)@ TB,ighmeS{K)b
13c34g 5-4 227.300506 15.16 3.9
HC3N 25-241 227.418905 91.03 17
HCOOCH-E 21321-20120  227.560955 775 12
HCOOCH-E 2520-2019  227.561753 775
HCOOCH;-A  2131-2010  227.561944 775 } 12
HCOOCH;-A  2151-20h20  227.562740 775 10
t-CoHsOH 18132184142  227.606079 114.3 15
NH,CHO 1%11-10p10  227.606176 38.5
CH30CHg 265010-264220 227.647849 239.7
CH30CHg 265011-264221 227.647984 239.7 } 4.5
CH30CHg 265212-264222 227.648120 239.7
CH30CHg 243027 -24 235  227.654386 190.9
CH30CHs 243923-24 233 227.654386 190.9 } 4.6
CH30CHg 243921-24 31 227.657025 190.9 4.9
CH30CHg 24320024230 227.659664 190.9 2.0
C,HsCN 25302-24321  227.780972 97.3 6.1
CH30H-A* 161161513  227.814650 219.8 9.5
g-CoHsOH 131121-121111 227.891911 89.7 0.9
CoH3CN 24519-23%13  227.906683 141.5
CoH3CN 24518-23%17  227.906709 141.5 } 16
Unidentified e 227.942 ‘e 1.9
CoH3CN 24550-2319  227.966032 125.0 1.8
CoH3CN 24519-2313  227.967589 125.0 1.8
HC3N (v7=1e) 25-24 227.977277 314.3 3.4
Unidentified e 228.015 e 2.4
g-CoHsOH 13%100-12390 228.029050 92.4 1.2
C,H3CN 243922371  228.090537 101.0 1.2
C,H3CN 2449123420  228.104614 111.5 1.3

Unidentified e 228.152 e 4.2
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Table 5—Continued

Species Transition Frequency Ejyer (cmi 1)@ TBrighmeS{K)b
C,H3CN 24420-23419 228.160305 111.5 2.6
Unidentified e 228.210 - 34
Unidentified e 228.223 - -1.4
HC3N (v7=1f) 25-24 228.303174 314.4 5.6
CyHsCN 2593-247, 228.483136 94.3 8.8
Unidentified . 228.533 e 1.9
Unidentified . 228.555 e 22

aTo convert toE, (K) multiply by 1.438 K*cm.
bReferred to the beamsize of 27 x 1742 in USB, and 240 x 1//56 in LSB
¢Comprised of five components

dComprised of three components

Table 6. Derived 1.3 millimeter Continuum Properties

Source Taus Mgas N, x 107 ny, x 107

(K) Me) (cm™) (em™®)

SMA1 155-165 16-14 7.7-6.8 13-1.2
SMA2  135-155 7-6 6.4-5.7 16-1.4

SMA3 20-50 74 -23 40-12 7-2
SMA4 20-50 52-16 30-9 6-2
SMA5 20-50 28-9 18-6 4-1
SMAG6 25-50 32-13 58 - 17 16-5

SMA7 20-50 22-7 8-3 1-04




