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Abstract

Previous continuum observations from the MUSTANG camera on the Green Bank Telescope (GBT) of the nearby
star-forming filament OMC 2/3 found elevated emission at 3.3 mm relative to shorter-wavelength data. As a
consequence, the inferred dust emissivity index obtained from modified blackbody dust spectra was considerably
lower than what is typically measured on ~0.1 pc scales in nearby molecular clouds. Here we present new
observations of OMC 2/3 collected with the MUSTANG-2 camera on the GBT that confirm this elevated
emission. We also present for the first time sensitive 1 cm observations made with the Ka-band receiver on the
GBT, which also show higher than expected emission. We use these observations—along with Herschel, JCMT,
Mambo, and GISMO data—to assemble spectral energy distributions (SEDs) of a variety of structures in OMC 2/3
spanning the range 160 ym to 1 cm. The data at 2 mm and shorter are generally consistent with a modified
blackbody spectrum and a single value of 3 ~ 1.6. The 3 mm and 1 cm data, however, lie well above such an SED.
The spectrum of the long-wavelength excess is inconsistent with both free—free emission and standard “Spinning
Dust” models for Anomalous Microwave Emission (AME). The 3 mm and 1 cm data could be explained by a
flatter dust emissivity at wavelengths shorter than 2 mm, potentially in concert with AME in some regions.

Unified Astronomy Thesaurus concepts: Dust continuum emission (412); Interstellar dust (836); Molecular clouds
(1072); Dense interstellar clouds (371); Interstellar filaments (842); Star formation (1569); Protostars (1302)
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1. Introduction

OMC 2/3 is the richest known star-forming filament within
500 pc and has been studied extensively at millimeter,
submillimeter, and infrared wavelengths (e.g., Johnstone &
Bally 1999; Peterson 2005; Nutter & Ward-Thompson 2007;
Davis et al. 2009; Sadavoy et al. 2010; Salji et al. 2015; Stutz &
Kainulainen 2015; Megeath et al. 2016). These studies
generally aim to map the distribution of star formation within
OMC 2/3 to determine how the dense core or young star
populations relate to the dynamics of the filament, or to
determine the characteristics of the filament itself. Thermal dust
emission is particularly useful as a tracer of mass in filaments
and star-forming regions more generally. Dust is typically
assumed to emit thermal radiation with a modified blackbody
(MBB) spectrum:
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Here Ty is the dust grain temperature and the dust emissivity index
[ is determined by physical properties of the dust such as
composition and grain size distribution. This model is generally
seen to be an excellent description of dust emission at millimeter
and submillimeter wavelengths, with typical values 1.5 < < 2.5
on filament to molecular cloud scales (e.g., Goldsmith et al. 1997;
Sadavoy et al. 2013). Observations of diffuse thermal dust
emission at long millimeter wavelengths can be challenging due to
the relative faintness of the emission, but are appealing because
mass determinations from them are less affected by optical depth

considerations than those obtained from shorter-wavelength data.
In addition, their greater spectral leverage gives greater sensitivity
to the physical properties of dust grains, potentially revealing new
physical information. These long-wavelength observations have
become readily feasible with advances in instrumentation, such as
ALMA, and focal plane arrays on large single-dish telescopes.

With this in mind Schnee et al. (2014) combined observations
of OMC 2/3 at A = 3.3 mm with MUSTANG on the Robert C.
Byrd Green Bank Telescope (GBT) with observations at
A =12mm from MAMBO at the IRAM 30m telescope to
study the dust emissivity index in the filament on <0.1 pc scales.
Schnee et al. (2014, hereafter S14) found surprisingly high 3 mm
emission toward regions dominated by thermal dust emission at
shorter wavelengths. S14 tentatively attributed this to grain
growth in the filaments resulting in a lower value of § =~ 0.9.
Subsequent analysis (Sadavoy et al. 2016) used Herschel
submillimeter telescope data at 160-500 um, as well as 2 mm
data from GISMO on the IRAM 30 m. Sadavoy et al. (2016,
hereafter S16) measured § values of ~1.7 on 0.1 pc scales.
These values are more consistent with the typical indices found
with Planck (Planck Collaboration et al. 2015) for molecular
clouds, and suggest that the dust grains on OMC 2/3 are not
unusually large. S16 showed that the § values in S14 may have
been low due to a break in the dust SED at A > 2 mm, such that
the 3 mm emission appeared to be elevated.

In the course of commissioning the new 3.3 mm MUS-
TANG-2 camera on the GBT we obtained a 60 minute
observation of OMC 2/3. The results of these observations, as
well as new 1 cm continuum data from the GBT, are presented
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here. MUSTANG-2 is more sensitive than the original
MUSTANG camera. Of particular significance to the inter-
pretation of these data is the fact that it has a much larger field
of view (FOV; 4/25 versus 42"). The larger FOV enables much
more straightforward reconstruction of extended, diffuse
signals and thus provides a valuable cross-check on the results
of S14, the achievement of which required a sophisticated,
iterative reconstruction algorithm. As a point of comparison
MUSTANG-2 readily measures spatial scales six times larger
than can currently be measured by ALMA in the continuum at
these wavelengths.

The structure of this paper is as follows. Section 2 presents
our new 3.3 mm and 1 cm observations of OMC 2 /3. Section 3
describes the analysis leading to multi-wavelength SEDs for a
variety of structures in the region, and Section 4 considers
several possible physical interpretations of them. Finally,
Section 5 reviews and presents our conclusions. Except when
stated, all error bars indicate 1o (68% confidence) uncertainties
on the quantity of interest.

2. Observations
2.1. MUSTANG-2

MUSTANG-2 is a 215 pixel feedhorn coupled Transition
Edge Sensor (TES) bolometer array with a bandpass of
75-105 GHz, corresponding to A ~ 3.3 mm. The receiver is
cooled with a pulse tube and closed cycle Helium 4 /Helium 3
refrigerator, which cools the array to 300 mK. More informa-
tion on the MUSTANG-2 receiver can be found in Dicker et al.
(2014) and Stanchfield et al. (2016).

Observations of OMC 2/3 were acquired in two observing
sessions in 2016 December. The data comprise eight individual
scans, each approximately 8 minutes in duration, centered on
five pointing centers chosen to cover the “integral-shaped
filament” in OMC 2/3. Each scan covers a circular area
approximately 6’5 in diameter. The data were calibrated and
imaged by a suite of software tools developed by the
instrument team in IDL. The time-ordered data were visually
inspected for data quality and a small fraction of detectors
manually flagged, supplementing automatic detector flags
inferred and applied by the calibration software. Local pointing
corrections were derived and applied at the map-making stage
using bracketing observations of the nearby pointing source
JO530+135. Flux density calibration was performed using an
observation of 3C84, one of the sources that ALMA regularly
monitors (Fomalont et al. 2014; van Kempen et al. 2014).
While 3C84 shows significant long-term time variability, the
ALMA 3 mm data show it is stable to within ~5% (peak to
peak) in the two months leading up to and encompassing our
MUSTANG-2 observations. We assume an interpolated flux
density of 23.8Jy at 3.3 mm based on the ALMA 91.5 GHz
measurements.

The telescope beam was mapped using both 3C84 and the
secondary calibration source, J0530+135. The main beam has
an FWHM between 971 and 976, varying with time depending
on the thermal state of the antenna. Beam size variations larger
than this are removed by periodic “Out of Focus Holography”
measurements (Nikolic et al. 2007). An error beam is evident
with a peak normalization ~4% of the main beam and a
FWHM ~30”. The ratio of main beam area to error beam area
is seen to be 2.42 in the stacked beam maps from 05304135,
and 2.35 in the beam maps using 3C84. The characteristics of
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Figure 1. The 3.3 mm MUSTANG-2 map at full angular resolution. The H II
region M43 can be seen toward the lower edge of the map. The 9”
MUSTANG-2 beam is depicted in gray in the lower left corner.

the beam determined from individual, quick maps of these
sources are consistent with the beam characteristics determined
from stacked measurements, indicating that telescope pointing
has been well corrected in the maps.

Figure 1 shows the MUSTANG-2 map of OMC 2/3. The
shape and intensity of the features seen in this map correspond
very well with those in the MUSTANG-1 map presented in S14.
Despite being made in a much shorter time (40 minutes on
source versus 14 hr on source) the new map has slightly lower
noise than the old map (0.8 mJybm ' versus 1.0 mJy bm~1).
Due to the larger FOV (4!25 versus 42”), MUSTANG-2 data
allow the large-scale features to be reconstructed more easily,
whereas S14 needed to use a more complex, iterative imaging
algorithm to do so. This comes about because an important step
in imaging ground-based, millimeter continuum cameras is
removing atmospheric emission. Generally, this has the effect of
filtering out spatial scales larger than the camera’s instantaneous
FOV. S14 present details on the approach used to reconstruct
larger scales from the original MUSTANG observation, and
Romero et al. (2019) present a quantitative evaluation of the
transfer function of the IDL analysis pipeline used in this work.
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We performed a quantitative comparison between the maps
by gridding them on the same set of pixels, and placed them on
a common surface brightness scale by correcting for the modest
difference in beam size between the images, which arises from
the differing aperture illumination patterns of MUSTANG and
MUSTANG-2. Selecting all (3557) pixels that are above 3¢ in
both maps, we find a median ratio of old to new pixel values of
0.95 and a mean ratio of 1.0. A least-squares fit for the slope
old pixel values as a function of new pixel values yields a slope
of 1.03. The 3 mm maps of OMC 2/3 are thus robustly in
agreement in spite of having been made with a different
instrument, as well as different calibrations and image
reconstruction techniques.

An HII region is visible at the southern edge of the
MUSTANG-2 map. This HII region, M43, is generated by the
early B-star HD 37061 /Nu Ori (Simén-Diaz et al. 2011). It is
also evident in the GISMO (2.1 mm) map (S16) and as a cavity
at 850 um from SCUBA-2 (Salji et al. 2015). Inspection of
these maps along with the 21 cm continuum image (NVSS,
Condon et al. 1998) reveals that the 3 and 2 mm maps, while
probably dominated by free—free emission toward the HII
region, have features that are not seen at 21 cm. This suggests
some amount of dust contamination, a conclusion supported by
measurements in the far-IR (Smith et al. 1987). These features
are particularly noticable at the outer edge of M43.

The MUSTANG-2 map of OMC-2/3 is publicly available
on the Harvard Dataverse (doi:10.7910/DVN/EWN4RK).

2.2. GBT 1 c¢cm Observations

After confirming the enhanced 3 mm emission originally
seen with MUSTANG, the MUSTANG-2 team obtained
Director’s Discretionary Time on the GBT at the Ka band
(program code AGBT18A-446). The observations used the
Caltech Continuum Backend to perform sensitive, wide-band
continuum beam switching, and the data were calibrated and
reduced using the standard procedures described in Mason
et al. (2009). These observations, unlike the others reported
here, consist of single-pointing photometric measurements
targeting selected regions. Each measurement also has two
“off” or reference positions offset in azimuth that are generated
by the combination of electronic beam switching and telescope
nodding, as described in Mason et al. (2009). Photometric data
were collected targeting the location with the highest 3 mm
brightness in each of the 24 regions or “slices” studied in detail
(see Section 3.1) on 2018 March 5. The data were calibrated
with respect to 3C138, using VLA Ka-band data obtained on
2018 February 26 as part of VLA polarization calibration
(service mode) observations. The VLA observations of 3C138,
calibrated relative to 3C286 using the standard VLA calibration
scale, indicate a flux density of 0.86Jy for 3C138. While the
GBT Ka-band receiver provides four separate, 3.5 GHz
channels covering the 26-40 GHz receiver band, the four
channels have been averaged for the purposes of this analysis
in order to avoid overweighting the 1 cm spectral information.

Astronomical signal in the reference positions will generate a
negative offset in the photometric measurement. Only one
measurement—that of Slice 2—was clearly affected by
contamination in the reference position. While we cannot rule
out low-level contamination in other positions, the reference
positions were separated from the on-source positions primarily
in R.A., i.e., off the filament. Furthermore, the 78" separation
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Table 1
Positions, Flux Densities, and Free—Free Corrections (ff.orr), if applicable, for
the GBT 1 cm Measurements of 24 Regions in OMC 2/3

Slice R.A. Decl. 831 [eorr
(J2000) (J2000) (mJy bm ™) (mJy bm ™"

1 05"35™m30° —04°58/49" 132 £0.12

2 05"35™m28° —04°59'44" —0.64 £ 0.11

3 05"35™m14° —04°59/32" 131 £ 0.12
4 05"35™18° —05°00122" 3.01 + 0.12 0.10
5 05"35™19° —05°00/43" 2.56 + 0.12
6/7 05"35™m23¢ —05°0133" 6.11 £ 0.12 0.12
8 05"35™m25° —05°02/31" 1.25 £ 0.12

9 05"35™26° —05°03/07" 0.38 £ 0.12
10 05"35M26° —05°03/55" 2.02 £ 0.12 0.5
11 05"35™19° —05°05'11" 2.11 £ 0.12
12 05"35™26° —05°05'43" 145 +0.12 0.7
13 05"35™17° —05°06/03" 121 £0.12
14 05"35m24° —05°07'01" 1.91 £ 0.12 1.0
15 05"35m25° —05°0756" 2.70 £ 0.12 0.24
16 05"35M35° —05°08/21” 0.52 + 0.12
17 05"35m26° —05°09'02" 1.27 £ 0.16
18 05"35m27° —05°09'33" 5.00 £ 0.16 1.7
19 05"35m27° —05°09'56" 534 £ 0.16 0.7
20 05"35M26° —05°1057" 0.66 + 0.16
21 05"35m26° —05°11/32" 134 £ 0.16

22 05"35™m23¢ —05°12/07" 3.28 +0.16

23 05"35m23¢ —05°12/38" 1.46 £ 0.16

24 05"35™20° —05°13'19” 1.70 £ 0.16

Note. Note that Slice 2 was not used in the analysis and interpretation due to
contamination in one of the beamswitch reference positions.

between the main position and each of the reference positions is
comparable to the typical 1’~1/5 half-lengths of the slices used
to extract photometry at shorter wavelengths (Section 3.1),
such that all the points in a given SED should have comparable
reference levels. Significant emission was clearly detected in all
but one of the 24 pointing positions. The exception is the
previously mentioned Slice 2, which has been excluded from
all further analysis.

There are a number of very young stellar systems in OMC 2/
3 that can give rise to thermal bremmstrahlung emission.
Reipurth et al. (1999, hereafter R99) mapped this region at 8”
resolution using the VLA at 8.3 GHz and detected 14 sources.
We have used this source list, converted into a map, assuming
an optically thin free—free spectrum (o< "), and smoothing to
the 24” GBT 1 cm resolution, to correct the GBT data for free—
free emission. Eight regions had non-zero corrections. Of these,
the corrections to the measured flux densities of four regions
were >15%: slice 10 (25%), slice 12 (48%), slice 14 (52%),
and slice 18 (34%). The Ka-band measurements and their free—
free corrections are summarized in Table 1.

2.3. Archival Data

In order to interpret these data we bring to bear the 1.2 mm
MAMBO map presented in S14 along with the multi-
wavelength data set presented by S16: 2 mm data from GISMO
on the IRAM 30 m; 450 and 850 ym SCUBA-2 maps from the
JCMT Gould Belt Survey (Mairs et al. 2016); and Herschel
160 pm—350 pm maps (Stutz & Kainulainen 2015). These data
sets, convolved to a 25" (FWHM) common resolution, are
shown in Figure 2. Herschel 500 ym data were not used
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Figure 2. MUSTANG-2, GISMO, MAMBO, SCUBA-2, and Herschel maps used in this analysis. All maps have been smoothed to 25”, which is the native resolution

of the Herschel 350 pum map.

because they were very close in wavelength to the SCUBA-2
450 pm data but had worse angular resolution.

OMC 2/3 has also been observed by ALMA at a similar
frequency range to the observations we report here under the
auspices of project 2013.1.00662.S (PI: D. Mardones).
These data covered OMC-2 and OMC-3 over a narrow
(91.2-91.7 GHz) frequency range at a spectral resolution of
~35kHz with the ALMA Compact Array (ACA). The ACA

data have similar angular resolution as the MUSTANG-2 data
we present here, but the nature of interferometry limits the scales
recovered to <90” for the given projected antenna spacing in the
7m array (the so-called “missing flux problem”). This is
sufficient to compare the flux densities of the more or less
discrete sources seen in the 3 mm continuum maps, and to search
for line contamination of the MUSTANG-2 data (Section 4.1).
The continuum fluxes are consistent to within a few percent.
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2.4. Instrumental Bandpasses

With the exception of the Herschel data, all of the data
products used in this analysis are calibrated such that the flux
densities represent response-weighted average values (S) across
the instrument bandpass,

~ [dvS@)RWw)

(5) f dv R(v)

where S(v) is the flux density of the target as a function of
frequency and R(v) is the spectral response of the instrument.
The quantity (S) is proportional to integrated power, and it is
effectively the quantity that results from calibrating the data
into units of power.

To facilitate modeling and interpretation, a spectral response
curve R(v) was downloaded for each instrument and its
corresponding response-weighted center frequency was calcu-
lated

7 de v R(v)

=<4 7 2
fdu R(@) @

Yo

To calculate the GBT telescope efficiency as a function of
frequency a 240 um (rms) surface was assumed (Hunter et al.
2011; Frayer et al. 2019). These response-weighted frequen-
cies, shown in Table 2, are used in evaluating spectral models
(Section 3.2). Compared to using nominal bandpass centers as
representative frequencies, adopting these response-weighted
frequencies will minimize differences between monochromatic
flux densities and band-averaged flux densities. Section 3.2.3
presents a quantitative evaluation of the remaining effect.
Table 2 also presents the effective bandwidth for each
instrument, which we define as

Al/eff = (3)

Herschel data are pipeline-calibrated to equivalent mono-
chromatic flux densities assuming a fiducial v~ spectrum. We
convert these standard monochromatic flux densities S, (v,)
into band-averaged flux densities (S) using the relationship
provided in the Herschel documentation®

J dv /v)RW)

S) = S (s
() (o) x deR(V)

“)

where v is a chosen reference frequency, not in general equal
to the response-weighted frequency given by Equation (2). For
Herschel the reference frequencies are those which correspond
to A = 350, 250, and 160 um. These ~1% corrections were
applied, resulting in band-averaged flux densities.

8 The SPIRE Handbook (HERSCHEL-HSC-DOC-0798, version 3.2, 2018

December 19) and the PACS Explanatory Supplement (HERSCHEL-HSC-
DOC-2101, version 4.0.1, 2019 April 30).
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Table 2
Response-weighted Average Frequencies and Effective Bandwidths for Each
Instrument in This Analysis

Instrument v, (GHz) Alegy
GBT (lcm) 33.0 14
GBT (MUSTANG-2) 87.7 28
GISMO 150.6 29
MAMBO 254.9 132
SCUBA-2 (850 pm) 354.0 45
SCUBA-2 (450 pm) 668.1 67
Herschel (350 pm) 871.9 296
Herschel (250 pm) 1221.8 420
Herschel (160 pm) 1910.7 975

3. Analysis
3.1. SED Extraction

We used the matched 25" resolution, multi-wavelength
maps shown in Figure 2 to construct SEDs for a set of regions
along the OMC 2/3 filament. Accurately extracting informa-
tion from astronomical images made at different wavelengths,
and with different telescopes and different data reduction
algorithms, can be difficult due to the different systematics in
the images. In order to cleanly focus on the spectrum of
specific structures in the maps, and to better account for
variable local backgrounds and zero levels in the maps, we
have undertaken an analysis in which we define a set of 24
lines or “slices” across structures of interest in the maps. The
locations of these slices are shown in Figure 3; these slices
were also used to define the pointings for the 31 GHz
photometry described in Section 2.2. In addition this figure
shows the locations of protostars, starless cores, and free—free
emission from young stellar objects (Reipurth et al. 1999;
Sadavoy et al. 2010). The surface brightness profile of each
map along each slice is extracted, and we remove a mean and
slope from each profile at each wavelength. The mean and
slope are measured from the first and last 2% of pixels along
the slice. When we follow this procedure we find that the
resulting profiles, when renormalized to the peak intensity,
track each other remarkably well: the rms of the individual-
wavelength profiles about the mean normalized profile is 9%
on average, with a highest dispersion of 15% (Slice 10) and a
lowest dispersion of 5% (Slice 6). This 9% rms scatter
between the individual-wavelength profiles about their
average is indicative of the maximum extent to which
differences in the spatial filtering implicit in the maps is
affecting the SEDs of the structures we are examining; it is an
upper limit because astrophysical variations will also give rise
to variations between the slice profiles at different wave-
lengths. We take the peak value of the sky brightness across a
slice to be the value of the SEDs at that wavelength; in this
manner the SED of the filament or object at the center of each
slice is assembled, from 3 mm (MUSTANG-2) to 160 um
(Herschel). The 1cm SED points are determined from the
pointed GBT nod observations, renormalized to the same
surface brightness units. Calibration uncertainties dominate
the spectral analysis: we assume a 10% calibration uncertainty
associated with each SED point. For the 1cm data the
measurement error is added in quadrature.

The SEDs for the 24 regions of OMC 2/3 studied here are
shown in Figure 4-7. In general, and as discussed in
Section 3.2, the A > 2mm data are seen to be higher than
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Figure 3. MUSTANG-2 map, with the 24 “slices” developed for detailed SED
analysis shown in cyan. Green circles mark the locations of known starless
cores in the field (Sadavoy et al. 2010); yellow diamonds mark the locations
where likely free—free emission has been identified from 8.3 GHz VLA

observations of R99; and white X’s mark the locations of protostellar cores
(Sadavoy et al. 2010).

expected based on extrapolations from shorter wavelengths.
Salient characteristics of some of the individual regions are as
follows.

1. Slice 2: GBT data rejected due to contamination in the
reference beam.

2. Slice 6 and 7: redundant measurements of the brightest
object in the 3 mm map, MMS6. The peak brightness at
3 mm was 90 mJy per 10” beam.

3. Slices 11 and 13: the 1 mm data point was anomalously
high. Since these are isolated anomalies, and since the
I mm map is clearly discrepant with the morphologies
evident at other wavelengths in this region, the 1 mm data
points were excluded from analysis.

Mason et al.

3.2. Modeling

The MBB is the spectrum generated by optically thin
thermal radiation from dust grains at a temperature 74 and
having a power-law opacity proportional to v’

yG+5)

V) x —8M8M8 .
exp(hv/k1)) — 1

)

Given the elevated long-wavelength emission we seek to
quantify, we have studied two different selections of our data
with two different variants of the MBB. The four cases are as
follows:

1. MBB2mm: we fit the A < 2 mm data to a standard MBB.

2. MBB2mm_ext: uses the models resulting from
MBB2mm, but evaluating goodness of fit with respect
to the entire SED, i.e., the fits are extrapolated to longer
wavelength.

3. MBBall: all SED points for a given target are jointly fit to
a single MBB.

4. MBBall_2beta: same as MBBall, but a spectral break is
introduced at 120 GHz with an independent emissivity
index (' to model long-wavelength emission.

The x> per degree of freedom and number of degrees of
freedom n for each of these analyses are given in Table 3, and
each analysis is discussed in more detail in the following
sections. For the purposes of fitting and evaluating x?, the
MBB is evaluated at each instrument’s response-weighted
frequency 1y (Section 2.4). The effect of residual band-
averaging effects (or color corrections) on the model predic-
tions is quantified in Section 3.2.3.

3.2.1. Fitting X\ < 2 mm (MBB2mm, MBB2mm_ext)

We first attempt a standard MBB fit, as done before for very
similar data in S16. This is the analysis we call MBB2mm, and
we find it gives reasonable fits to the 2mm and shorter-
wavelength data, with a median over the 24 “slices” of
X: = x*/n = 1.65 for n = 4 degrees of freedom, a minimum
Xi = 0.11 and a maximum Xi =09.11L

When we extrapolate these fits to the entire measured SED,
however, we find considerably poorer consistency. This is the
case we call MBB2mm_ext. It has a median Xi of 9.48 for

n =6 degrees of freedom, a minimum Xi =3.09 and a

maximum Xi = 22.26. The poor fits are due to the 3 mm and
1 cm data points systematically lying above the extrapolated
fits to the short-wavelength data: 23 of 24 3 mm SED points lie
above the short-wavelength MBB fit, with a median excess of
5.00; 22 of these 23 have a 3¢ or greater excess. Similarly, 22
of 23 of the 1 cm data points lie above the extrapolated MBB,
also with a typical magnitude of 5.00, and the single point
below the fit is not statistically significant (0.10). The average
residual brightness is (1.96 4 0.35) x 107 Jy arcsec™? at
lecm and (328 £ 0.64) x 1073 Jy arcsec™> at 3.3mm. In
fractional terms the 1cm data points themselves are
5.19 £ 1.03 times as bright as the extrapolated MBB, and
the 3.3 mm data are 2.01 £ 0.15 times as bright as the model
extrapolation.
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Figure 4. SED for slices 1-6. The solid line is the broken modified blackbody fit to the data; the dashed line is a standard modified blackbody fit to the data; and the
dashed—dashed—dotted line is a standard modified blackbody fit to the A < 2 mm data only.

3.2.2. Fitting All the Data (MBBall, MBBall_2beta)

Including the long-wavelength points in the MBB fit still
yields poor x> values, with a median Xi = 5.23 (mini-
mum = 2.76, maximum = 17.44) for n = 6 and the long-
wavelength data systematically above the model. This is the
case we call MBBall. In this case 19 of 23 1 cm SED points lie
above the fit (typical SNR = 1.90) and 23 of 24 3 mm SED
points lie above the fit (typical SNR 2.70).

To better accommodate the long-wavelength data we allow
a different power-law 3’ at v < 120 GHz (A > 2.5 mm; we
refer to this case as MBBall_2beta. The break frequency was
chosen to lie midway between the GISMO and MUSTANG-2

bandpass centers. For a discussion of a physical motivation of
this generalization, see Section 4.4. We find a considerably
improved fit, with a median Xi =298 for n =15 (mini-
mum = 0.84, maximum = 7.79). The residuals to the
MBBall_2beta fit still show systematic trends, with 22 of
the 23 1 cm SED points falling below the fit and 23 of the 24
3 mm SED points still falling above it. This suggests that the
spectral shape at A > 2 mm may not be well-represented by a
pure, single power law. This fact is also reflected in the lower
Xi for the single blackbody fit to the short-wavelength data
(MBB2mm: 1.65) compared to the double-beta blackbody fit
to all the data (MBBall_2beta: 2.98). The limited spectral
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Figure 5. SED for slices 7-12. Lines are the same as those in Figure 4.

coverage of our data set in this regime, however, would
not support introducing more parameters into the analysis, and
no single, plausible physical model provides a better
description of the long-wavelength residuals (Section 4).
Nevertheless, of the models we considered the double-beta
MBB model clearly provides the best description of the data
set as a whole.

Table 3 shows X,Zl and n values for all four of the modeling
approaches described above. The Xﬁ of MBBall_2beta is lower
than that in the MBBall analysis for 19 of 24 regions. The
statistical significance of the reduction in y? achieved by
allowing an extra parameter (J') to be free in the model fit can

be evaluated by the F-test. The F statistic is computed as

2
F= 28X (©)

Xn,u

where Ax? is the change in %, which has resulted from adding
the additional parameter(s), and xﬁ,u is the reduced XZ for the
“unrestricted”” model fit, in this case, the one which also allows
G to be a free parameter. For eight individual regions the
reduction in Xi is significant at the 95% level by this test; these
regions are indicated by bold entries in Table 3. The physical

environments of these eight regions are varied: three are
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Figure 6. SED for slices 13—18. Lines are the same as those in Figure 4.

starless cores, two are protostellar cores, one has a known
free—free source, and two sample filamentary dust emission.
In no case is the simple MBB significantly preferred over
MBBall_2beta.

Table 4 shows the fitted parameter values from the
MBBall_2beta analysis for each region studied, and Table 5
summarizes the typical parameters for each of the types of
objects we studied. The values of (3 and T, obtained are
generally consistent with those obtained in this region by
measurements of ammonia transitions (Friesen et al. 2017), as
well as by the similar millimeter/submillimeter continuum
study of this region by S16. The dust temperatures are coldest

(15.2 £ 0.5K) in the filament, and progressively warmer in
starless cores, cores with protostars, and finally warmest in
regions with detected free—free sources (20.4 £ 0.6 K). The
long-wavelength ' averages 0.74 + 0.03, though it is strik-
ingly flatter for starless cores than in other regions
(0" = 0.21 £ 0.06).

3.2.3. Effect of Color Corrections

The models described in the previous sections are evaluated
at the response-weighted center frequency of each instrument’s
bandpass, as described in Section 2.4. This is equivalent to
approximating the spectrum as a mean plus a slope across the
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Figure 7. SED for slices 19-24.

bandpass. To test the validity of this approximation we
computed multiplicative corrections to the model spectrum
values:

(M;(v));

B M; (v )

ij

where M; is the MBBall_2beta best-fit model for region i, vg
are the response-weighted frequencies for the band in question,
and the averages are over the j bandpasses. For the spectral
average the applicable instrument bandpass is used. In effect
these corrections convert the (approximate) monochromatic
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model predictions into bandpass-averaged model predictions, a
conversion that is exact if the spectrum assumed to calculate
C;; is correct. The largest corrections are for MAMBO (mean
and rms over regions: 1.08 £0.02), HERSCHEL-PACS
160 pm (0.97 +0.02), and GBT 1cm (1.03 +0.02). These
three instruments have the largest fractional bandwidths in our
analysis, with Avyg /vy ~ 40%-50%. The MBBall_2beta fit
was then repeated with the color-correction factors applied to
the model predictions. The typical (median over regions)
impact of the color correction on (3 is 0.30 while for @ it is
0.10, with the largest differences being 1.0 and 0.7¢,
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Table 3
Xi =2 / n for the Four Fits Described in the Text (Section 3): The Short-
wavelength MBB fit (MBB2mm); the Short-wavelength MBB Fit Evaluated
Relative to All Data (MBB2mm_ext); the MBB Fit to All Data (MBBall); and
a “Broken Modified Blackbody” Fit to All Data (MBBall_2beta)

X2/n (m)
MBB2mm MBB2mm_ext MBBall MBBall_2beta
(All

Slice (A <2mm) (All Data, extrap.) Data, fit) (All Data)
1 1.12 4) 6.24 (6) 2.76 (6) 2.27 (5)
2 1.50 4) 5.53 (5) 3.84 (5) 1.50 4)
3 3.90 4) 9.48 (6) 9.44 (6) 7.20 (5)
4 2.89 (4) 12.80 (6) 8.22 (6) 2.39 (5)
5 248 4) 14.97 (6) 10.29 (6) 2.39 (5)
6 4.20 (4) 4.68 (6) 4.25 (6) 4.94 (5)
7 242 4) 3.09 (6) 2.91 (6) 3.28 (5)
8 251 4 12.99 (6) 10.26 (6) 2.31 (5)
9 1.68 (4) 8.93 (6) 7.33 (6) 4.20 (5)
10 1.61 4) 10.41 (6) 5.23 (6) 4.00 (5)
11 0.11 (3) 22.26 (5) 17.44 (5) 298 (4)
12 1.13 @) 5.98 (6) 4.08 (6) 4.79 (5)
13 1.52 (3) 16.64 (5) 13.89 (5) 1.31 (4)
14 0.50 (4) 7.15 (6) 3.85 (6) 2.23 (5)
15 0.81 (4) 8.19 (6) 3.21 (6) 3.20 (5)
16 9.11 &) 10.44 (6) 9.25 (6) 7.79 (5)
17 1.03 4) 6.75 (6) 4.60 (6) 0.84 (5)
18 1.10 @) 8.69 (6) 3.66 (6) 2.09 (5)
19 1.46 4) 10.22 (6) 4.35 (6) 2.53 (5)
20 1.72 @) 6.57 (6) 4.59 (6) 2.73 (5)
21 3.65 4) 16.54 (6) 14.63 (6) 641 (5)
22 141 4 16.09 (6) 10.75 (6) 2.76 (5)
23 1.65 (4) 7.68 (6) 4.43 (6) 4.48 (5)
24 3.81 4) 10.39 (6) 6.58 (6) 7.15 (5)
Median 1.65 9.48 5.23 2.98
Min. 0.11 3.09 2.76 0.84
Max. 9.11 22.26 17.44 7.79

Note. The number of degrees of freedom n is given for each in parentheses.
The eight regions for which the broken blackbody fit (MBBall_2beta) has a Xi
lower than the all-data MBB X,zz at 95% confidence are indicated by bold values
in the last column.

respectively. There is a modest shift in the median Ty of —0.30,
with the largest shift for an individual region being —0.80.

4. Interpretation

Our results indicate that a single MBB SED provides a
considerably better description of the 2 mm to 350 um SED
than it does when the GBT 3.3 mm and 1 cm data are included
(xi =1.65 for A <2mm versus xi = 5.23 when-long-
wavelength data are included). Similar results were obtained
by S16. Structures at 3mm and lcm are seen to be
significantly brighter than what would be expected by
extrapolating the short-wavelength MBB SED; and the overall
SEDs are better described by a “broken” blackbody with a
different dust opacity index (' at v < 120 GHz, than they are a
standard single-3 MBB (typical Xi = 2.98 versus 5.23). The
long-wavelength residuals to a standard MBB fit to the
A < 3mm data are shown in Figure 8. As noted in S14, the
morphological similarity of the MUSTANG-2 maps with
images at shorter wavelengths is a strong indication the 3 mm
emission we see is dominated by dust, or by something closely
associated with dust in the ISM. In the next three subsections
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we consider several possible explanations for the observed
spectrum of dust-associated emission.

4.1. Spectral Line Contamination

Molecular line emission could in principle contaminate the
broadband continuum SEDs we have measured. Transitions of
the brightest molecular species in the millimeter regime, CO,
lie outside the MUSTANG-2 and GISMO bandpasses.
Although CO(2-1) is within the MAMBO bandpass, S14 argue
that it is unlikely to significantly contaminate the 1mm
continuum measurements. To the extent it does it would tend
to steepen 1-3 mm spectra rather than flatten them, and would
not contribute to the 1 cm and 3 mm flattening we report.

It is possible that weaker lines could contribute to the
measured 3 mm continuum level. Because MUSTANG and
MUSTANG-2 have different bandpasses (80-99 GHz versus
75-105 GHz), the excellent agreement between the original
MUSTANG maps of S14 and those presented here suggests
that that is not the case. To further check this possibility of line
contamination we used high spectral-resolution ALMA Com-
pact Array (ACA) data from project 2013.1.00662.5
(Section 2.3) to search for line contamination. These data
covered OMC-2 and OMC-3 over a narrow (91.2-91.7 GHz)
frequency range at a spectral resolution of ~35kHz. While
several spectral lines are evident (e.g., CH; CN), their excision
changes the integrated continuum fluxes by <2%. Furthermore,
the ACA-observed source fluxes agree with the MUSTANG-2
source fluxes within a few percent. We conclude that
contamination by spectral lines is unlikely to account for any
significant portion of the elevated 3 mm emission we report.

4.2. Free—Free and Synchrotron Emission

Thermal Bremsstrahlung (“free—free”) emission is typically
the dominant emission mechanism in galaxies in the “trough”
between synchrotron and thermal dust emission, 10 GHz to
100 GHz or so. In regions of high-mass star formation, such as
OMC 1, thermal free—free is even more prevalent. OMC 2/3
itself does not harbor massive stars or star clusters as does
OMC 1, although as previously noted there is an H1I region
(M43) created by an O/B star immediately to the southeast.
Young protostars can give rise to free—free emission, and in
fact the 8.3 GHz VLA maps of R99 reveal 14 sources in OMC
2/3 with flux densities between 0.15 mJy and 2.84 mJy. The 8"
beam of these observations is well matched to the scales being
studied here, so these data provide a good handle on the
contribution of free—free emission to the SEDs of the regions
under study. As discussed in Section 2.2, the 31 GHz (1 cm)
data reported here have been corrected for free—free using
the R99 measurements under the assumption that each source is
optically thin at 8.3 GHz. The contribution of optically thin
free—free to the 3.3 mm (90 GHz) points is negligible in all
regions except one, Slice 14, where it explains ~25% of the
peak 3.3 mm surface brightness at the location in question.

While optically thin free—free sources cannot explain any
significant portion of the long-wavelength spectral residuals, it is
possible that free—free, which is optically thick over at least part of
the frequency range measured, could contribute to the observed
spectral signal. Such a signal would be spatially unresolved at the
resolutions achieved in our data, and have a flux density
increasing as v~ up to a turnover frequency somewhere between
8.3 GHz (the frequency of the VLA maps in R99) and 100 GHz
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Table 4
Fitted Parameter Values
Slice Number Description 8 o4 T4
1 Starless Core 1.52 £ 0.10 1.09 £+ 0.12 19.44 + 1.44
2 Protostellar Core 1.67 £ 0.12 —0.32 £ 045 18.33 + 1.39
3 Protostellar Core 243 £ 0.10 0.39 £ 0.16 14.04 + 0.74
4 Protostellar Core 1.89 £ 0.10 0.78 £ 0.11 15.67 £ 0.91
5 Filament 2.03 £ 0.10 0.71 £ 0.11 15.16 + 0.86
6 Protostellar Core, Free—Free Emission 0.94 + 0.10 1.09 + 0.10 28.25 + 3.31
7 Protostellar Core, Free-Free Emission 0.97 £ 0.10 1.15 £ 0.10 27.09 £ 3.00
8 Starless Core 2.10 £ 0.10 0.47 £ 0.12 14.01 £ 0.71
9 Filament 227 £0.10 0.86 + 0.19 13.34 + 0.65
10 Protostellar Core, Free—Free Emission 1.44 + 0.10 0.83 = 0.11 25.88 + 2.75
11 Protostellar Core 1.68 + 0.10 —0.09 £ 0.11 21.54 + 1.83
12 Protostellar Core, Free—Free Emission 1.57 &+ 0.10 143 +0.14 19.19 £+ 1.42
13 Starless Core 1.32 £ 0.10 —-091 £0.13 50.34 + 12.78
14 Free—Free Emission 1.80 £ 0.10 1.10 £ 0.13 17.02 + 1.10
15 Protostellar Core, Free—Free Emission 1.35 £ 0.10 1.02 £ 0.10 21.31 £ 1.79
16 Starless Core 0.74 £ 0.11 —0.30 £ 0.2
17 Filament 1.82 £ 0.10 0.62 + 0.14 19.76 + 1.53
18 Free—Free Emission 1.47 £ 0.10 0.89 £+ 0.10 34.36 + 5.31
19 Protostellar Core, Free-Free Emission 1.64 + 0.10 1.02 £ 0.10 24.78 + 2.50
20 Filament 1.75 £ 0.10 0.78 £ 0.18 21.59 + 1.87
21 Starless Core 1.95 £ 0.10 0.17 £ 0.12 19.08 + 1.43
22 Free—Free Emission 1.65 £ 0.10 0.35 £ 0.10 21.76 + 1.88
23 Protostellar Core 1.65 £ 0.10 1.27 £ 0.12 19.34 + 1.44
24 Filament 0.97 £ 0.10 0.61 £ 0.12 39.05 + 7.18
Note. The dust temperature 7, in region 16 was not usefully constrained.
Table 5 10*F T T T T T RARE
Weighted Average Parameter Values by Physical Characteristics of Target F ¥ ]
Region; Slice 16 Was Excluded as a Poorly Constrained Outlier L § @ ]
Marker Type B Iod T (K) & H T -
N o
Filament (N = 5) 1.77 £ 0.04 0.69 + 0.06 152 £ 0.5 § 105F B T § .
Starless Core (N = 5) 1.55 £ 0.04 0.21 £ 0.06 15.8 £ 0.6 s F o, T x 7
Protostellar Core (N = 10) 1.62 + 0.03 0.86 + 0.04 174 + 0.4 % b ]
Free—Free (N = 8) 1.48 £ 0.04 0.93 £ 0.04 20.4 £+ 0.6 3 [ 1
All Regions (N = 24) 1.65 £ 0.02 0.74 £ 0.02 16.5 £ 0.3 03
8

or so. In order to account for any significant fraction of the
90 GHz spectral excess the turnover frequency would have to be
above 31 GHz in most cases. To test the potential relevance of this
mechanism we examined the flux density ratios between 8.3, 31,
and 90 GHz for the six regions that have 8.3 GHz free—free
sources closely associated with 90 GHz emission. Optically thick
free—free with a turnover well above 31 GHz would give
S31/Ss3 = (31/8.3)> = 13.8. Five of the six sources with
8.3 GHz detections have S3;/Sg3 lower than this by a factor of
2-7. The remaining region, slice 15, has S3;/Sg3 = 11.25 + 0.19,
thus the 90 and 31 GHz measurements could be explained by
free—free emission with a turnover between 8.3 and 31 GHz. Were
this to be the case, the optically thick free—free still does not
contribute significantly to the observed 3 mm spectral residual,
since the turnover frequency is too low for it to do so.
Synchrotron radiation does not typically track dust spatially.
Dust is prevalent in regions where the ISM is cold, dense, and
heavily shielded from ionizing radiation. Synchrotron radiation
requires a source of relativistic electrons such as an active
galactic nucleus or supernova. If the 31 and 90 GHz signals

12

Freq. [GHz]

Figure 8. Long-wavelength residuals to the short-wavelength fit (MBB2mm).
Square points show the average and error in the mean, with an overall 10%
calibration uncertainty added in quadrature. x’s slightly offset in frequency are
individual slice residuals. Three representative spinning dust spectra are shown
for comparison. The solid line is the “Dark Cloud” model; the dashed line is the
“Molecular Cloud” model; and the dotted line is the Dark Cloud model with
density and temperature values appropriate for OMC 2/3 specifically. The
dashed—dotted line shows the spectrum of the 7y = 17 K model of Paradis
et al. (2011) for dust grain emission including two-level system noise.

reported here were generated by diffuse synchrotron or free—
free radiation, these structures would be clearly visible in the
8.3 GHz maps of Reipurth et al. (1999) and even more so in the
NVSS. This not being the case, synchrotron is clearly not a
significant contributor to the SED measurements we report. We
can place an upper limit on the surface brightness of
synchrotron or free—free radiation using the NVSS, which has
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a 45" (FWHM) beam and a typical sensitivity of 0.45 mJy/bm,
or a surface brightness sensitivity of 2.0 x 1077 Jy arcsec™2.
For an optically thin free—free spectrum, this would give a
95% upper limit of 2.8 x 1077 Jy arcsec™> at 31 GHz and
2.6 x 1077 Jy arcsec™> at 90 GHz. The corresponding limits
on synchrotron are 4.4 x 1078 Jy arcsec™> (31 GHz) and
2.2 x 1078 Jy arcsec™? (90 GHz). The limits from Reipurth
et al. (1999) are weaker by a factor of ~3 (free—free) to 8
(synchrotron) due to its lower surface brightness sensitivity and
closer proximity in frequency.

4.3. Anomalous Microwave Emission (AME)

High-surface-brightness sensitivity observations in the
microwave regime over the past two decades have revealed
the widespread presence of dust-associated emission which is
not well described by thermal dust emission, thermal
bremstrahlung (free—free), or synchrotron radiation (Kogut
et al. 1996; de Oliveira-Costa et al. 1997; Leitch et al. 1997).
This so-called “AME” is best explained as electric dipole
emission from small, charged spinning dust grains (Draine &
Lazarian 1998), although there are other plausible models such
as magnetic dipole emissions from large, ferrous dust grains
(Draine & Lazarian 1999) or spinning nano-silicates (Hoang
et al. 2016), and recent observational evidence suggests that
nano-diamonds could be relevant in some environments
(Greaves et al. 2018). Although most studies of AME target
our own Galaxy, it has also been detected in other, nearby
galaxies (Murphy et al. 2010, 2018). For a recent review of
AME observations and theory see Dickinson et al. (2018).

AME spectra are generally seen to peak in the 20-60 GHz
range, with the peak frequency and detailed spectral shape
depending on the local physical conditions, including the
grain size distribution, the intensity of the radiation field,
the dipole moment of the emitting grains, the number density of
grains, and the ionization fractions of hydrogen and carbon
(Finkbeiner et al. 2004; Planck Collaboration et al. 2011,
2015). We used the SPDUST?2 code (Ali-Haimoud et al. 2009;
Silsbee et al. 2011) to compute representative AME spectra.
Figure 8 shows spectra for diffuse molecular cloud (MC) and
dark cloud (DC) environments, with parameters as in Ali-
Haimoud et al. (2009), as well as the spectrum for a DC
environment with density and temperature set to values closer
to those observed in the OMC 2/3 filament (ny = 10° cm™3
and T4 = 16 K). For comparison the residuals to the short-
wavelength MBB fit (MBB2mm) of the SEDs the 24 individual
regions are also shown. The AME models do not match the
data well.

It is interesting to note that, as illustrated by Figure 5 of
Ysard et al. (2011), standard AME spectra can peak at
frequencies as high as 100 GHz or even higher when the
interstellar radiation field is strong, G, 2 5. While there are
several significant sources of ionizing photons nearby—
particularly Nu Ori, as well as the Trapezium cluster slightly
farther afield—the abundant dust in this very dense MC
environment will attenuate these photons over a relatively short
distance (although see Jgrgensen et al. 2006). When Ysard
et al. (2011) compute line-of-sight integrated SEDs for dense
molecular cloud structures using radiative transfer with
physically plausible density and temperature distributions for
the MC material, AME spectra with peaks at v < 50 GHz are
obtained.
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4.4. Dust Emission

An alternate explanation for the higher emissivity we see at
3mm and 1cm is that the dust itself has intrinsically higher
emissivity at long wavelengths compared to what would be
expected based on the MBB extrapolation from shorter-
wavelength data. An attractive feature of this model is that it
naturally explains the excellent correspondence seen between
the morphology of the 3 mm map and the shorter-wavelength
maps. It also explains the presence of enhanced emissivity in
the full range of environments studied here—optically thick
free—free, for instance, cannot explain the long-wavelength
excess that is observed in the filament itself.

Intriguingly, the Planck data shown in Figure 3 of S14 hint
at a flattening spectrum at A > 4 mm similar to that seen here.
The evidence is inconclusive owing to Planck’s very different
spatial frequency filtering and low angular resolution compared
to the scale of the structures being studied: 10-33/, for Planck
measurements between 100 GHz and 31 GHz, respectively, as
opposed to the 25”-3’ scales studied here. The effects of beam
dilution on the SED derived from Planck data will also vary
considerably with frequency over the range of interest. The
Planck collaboration (Planck Collaboration et al. 2014) do find
that a single § MBB fit from 353 to 3000 GHz, extrapolated
down to 100 GHz, also underpredicts the observed Planck dust
emission. Meisner & Finkbeiner (2015) fit this data to a two-
component graybody model and are able to accurately predict
the 100 GHz emission. The measurements reported here
suggest that this flattened spectrum continues to a wavelength
of 1 cm.

Detailed models of emission from amorphous dust grains
based on laboratory measurements predict a flattened spectrum
(higher emissivity) at long wavelengths (Meny et al. 2007,
Coupeaud et al. 2011; Paradis et al. 2011), mainly due to two-
level system fluctuations in the dust grains. Figure 8 shows that
while this model could help explain the 3 mm data points, it
underpredicts the 1 cm emissivity. Thus, multiple factors could
be relevant to the data we present here.

5. Conclusions

We have presented sensitive, new 3 mm and 1 cm continuum
measurements of the “integral-shaped filament”, OMC 2/3.
These measurements confirm the enhanced 3 mm brightness of
OMC 2/3 first reported in Schnee et al. (2014), and support
similar findings at lower resolution throughout the Galaxy as a
whole (e.g., Planck Collaboration et al. 2014; Meisner &
Finkbeiner 2015). Our data indicate that this finding extends to
very dense MC environments and potentially to frequencies as
low as 30 GHz. Consistent with Sadavoy et al. (2016), we find
that the data from 2mm to 160 yum are in contrast well
described by a simple MBB with 3 ~ 1.6. This supports the
suggestion advanced by S16 that there may be a deviation from
a simple MBB SED at long wavelengths. If the long-
wavelength data are empirically modeled by allowing a break
in the spectrum at 120GHz, the 1cm-3mm spectrum
corresponds to 3 ~ 0.7. The long-wavelength emissivity
index (' is generally consistent in most of the regions studied
(filament, protostellar core, and regions with a known free—free
source), but significantly flatter in the five starless cores studied
here, with 3’ = 0.20 =+ 0.06.
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Some models of radiation from amorphous dust grains do
predict enhanced long-wavelength brightness (Meny et al. 2007;
Coupeaud et al. 2011; Paradis et al. 2011). This explanation
would naturally explain the excellent correspondence of the 3 mm
continuum maps with the morphology seen at shorter wave-
lengths. While this model may explain much of the observed
3mm brightness, it appears to underpredict the 1cm signal.
Canonical AME models do not provide a good fit to the observed
long-wavelength spectrum, but could account for the 1 cm signal.
In some of our target regions, particularly those with known
protostars, we cannot rule out a contribution from thermal
Bremsstrahlung that is optically thick up to a turnover frequency
at v > 31 GHz. The spectra of known free—free regions in OMC
2/3, however, provides no evidence for such a scenario. Free—free
cannot account for the observed long-wavelength SED in the
filament itself, and is unlikely to do so in starless cores.

In spite of the relative faintness of dust emission at 3 mm,
interferometric surveys of known star-forming regions are
common at this wavelength (e.g., Carpenter 2002; Eisner &
Carpenter 2006; Dunham et al. 2016; Kainulainen et al. 2017;
Kirk et al. 2017). In part this is due to the relatively large fields
of view and higher instrumental sensitivity that interferometers
provide at these lower wavelengths. The data from such
surveys are also less affected by optical depth considerations
than shorter-wavelength data. Our findings could have
substantial implications on the interpretation of data from
3mm core surveys, suggesting that masses and densities of
cores determined from them could be overestimated by a factor
of 2-3. Such an overestimate would correspondingly impact
dynamical stability estimates of the cores made from 3 mm
measurements. In order to interpret these surveys reliably, and
to conclusively understand the physical conditions in this
region and regions like it, high-quality observations at
intermediate and lower frequencies will be needed as well as
more detailed modeling of the dust and ISM conditions.
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