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Abstract

We present results from Karl G. Jansky Very Large Array radio-continuum observations of 12 intermediate-mass
(IM) protostars, as part of the SOFIA Massive Star Formation Survey. Using these observations, we studied their
morphology, multiplicity, and radio spectral energy distributions (SEDs). Across our target regions, we resolve
multiple compact sources and report eight new detections, four of which are entirely new and four that have
counterparts at other wavelengths, but are detected here for the first time at radio frequencies. Based on radio
morphologies and spectral indices, we assess the nature of the detected sources, highlighting seven that display
jetlike structures and spectral indices consistent with ionized jets. Combining our results with the SOMA Radio I
and II results, we expand the overall sample to 29 protostars, covering a bolometric luminosity range from
Lbol ∼ 102 to 106 L⊙. These sources help define a potential evolutionary sequence in the radio versus bolometric
luminosity diagram. IM protostars have radio luminosities that are lower than expected from a simple power-law
extrapolation from low-mass protostars. However, this result is consistent with theoretical expectations from
protostellar evolution models, which show low levels of photoionization and reduced shock ionization emission
due to expanded stellar radii during this phase. Overall our expanded SOMA Radio sample provides new
constraints on theoretical models of massive protostellar evolution, especially the connection to ionized gas
structures.

Unified Astronomy Thesaurus concepts: Interstellar medium (847); Radio jets (1347); Stellar jets (1607); Stellar
astronomy (1583); Star formation (1569); Interferometers (805)

1. Introduction

Intermediate-mass (IM) protostars are classified as those
with masses in the range 2 < m*/M⊙ < 8, i.e., linking the low-
and high-mass regimes. IM stars produce more UV photons
and are thought to form in more densely clustered environ-
ments, compared to the low-mass protostars (e.g.,
M. T. Beltrán 2015). These IM star-forming regions are
generally closer and less extincted than massive star-forming
regions, making them easier to study.

Both massive and IM protostars form in dusty environments
where they are typically deeply embedded within their natal
clouds. High-sensitivity centimeter-continuum observations
provide valuable insights into the earliest and most obscured
stages of IM and high-mass star formation. Moreover, free–
free radio emission at centimeter wavelengths has long been a
well-established method for estimating important physical

properties of young stellar object (YSO) jets, as high-
resolution observations can help characterize proper motions,
variability, and outflow rotation. In addition, the radio
luminosity of these jets is well correlated with both the
bolometric luminosity and the outflow momentum rate,
making radio-continuum observations a powerful tracer of
protostellar activity (G. Anglada et al. 2018).
In particular, radio-continuum emission plays a crucial role

in constraining the ionizing luminosity of protostars and
probing their surrounding environments. V. Rosero et al.
(2016, 2019b) showed that many centimeter-continuum
sources exhibit morphologies and properties characteristic of
ionized jets, consistent with the free–free emission models of
massive protostars developed by K. E. I. Tanaka et al. (2016).
These results highlight the importance of radio-continuum
observations for testing theoretical models and refining our
understanding of the evolutionary sequence of star formation
across the mass spectrum.
The SOFIA Massive (SOMA) Star Formation Survey

(PI: J. Tan) aims to characterize a sample of �50 high-mass
and IM protostars over a range of evolutionary stages,
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environments, and core masses, using SOFIA/FORCAST
∼10-40 μm data. In Paper I of the survey (J. M. De Buizer
et al. 2017, hereafter SOMA I), the first eight sources were
presented, consisting primarily of massive protostars. In Paper
II (M. Liu et al. 2019, hereafter SOMA II), seven high-
luminosity sources were presented, which are among the most
massive protostars in the survey. In Paper III (M. Liu et al.
2020, hereafter SOMA III), 14 IM sources were presented. In
Paper IV (R. Fedriani et al. 2023), 11 isolated sources, based
on the 37 μm imaging, were presented. In Paper V (Z. Telk-
amp et al. 2025, hereafter SOMA V), seven regions of
relatively clustered massive star formation were studied.

Fitting IR-only radiative transfer (RT) models of massive
protostars (e.g., Y. Zhang & J. C. Tan 2018, hereafter ZT18)
typically leads to significant degeneracies in key parameters.
However, incorporating centimeter-continuum data, along
with models for free–free emission such as the K. E. I. Tanaka
et al. (2016, hereafter TTZ16) models, is expected to help
break these degeneracies and thus provide tighter constraints
on massive protostellar properties.

This study is the third in a series of centimeter-continuum
follow-ups to the SOMA papers. V. Rosero et al. (2019a,
hereafter SOMA Radio I) presented and analyzed the first
eight sources from SOMA I. Subsequently, F. Sequeira-
Murillo et al. (2026, hereafter SOMA Radio II) presented and
analyzed nine sources from SOMA II, including two IM
protostars G305.20+0.21 A and IRAS 16562−3959 N
from SOMA III. Here, we present high-sensitivity Karl G.
Jansky Very Large Array (VLA) observations at 1.3 and 6 cm
for seven regions containing a total of 12 sources, all of which
were analyzed in SOMA III.

Our approach follows the general methodology described
in SOMA Radio I and SOMA Radio II to analyze the data and
construct the radio spectral energy distributions (SEDs). This
includes reducing the centimeter-continuum observations,

measuring flux densities from the images, and analyzing the
morphology and multiplicity of each source. These steps
ensure that all protostars are analyzed in a uniform and
systematic manner. In addition, we present an analysis of the
source properties across the SOMA sample, which comprises
29 sources studied in SOMA I, SOMA II, and SOMA III, as
well as in their corresponding centimeter-continuum follow-
ups (SOMA Radio I; SOMA Radio II; this work).
Building on the methods outlined in SOMA Radio II, we

incorporate the updated SED-fitting methods from SOMA V,
which introduced several improvements to the general SOMA
analysis framework. Accordingly, we adopt the aperture sizes,
as well as the IR data and results (bolometric luminosities,
fluxes, and models), from SOMA V in place of those
from SOMA III.
Our paper is organized as follows: Methodology and

information regarding the observations are presented in
Section 2. The observational results for each source are
presented in Section 3, while the analysis and discussion of the
sample are presented in Section 4. The summary and
conclusions are presented in Section 5.

2. Methods

The SOMA Star Formation Survey sample was constructed
from SOFIA/FORCAST observations (i.e., from ∼10 to
40 μm). The sample analyzed in this paper is presented
in SOMA III, except for sources G305.20+0.21 A and
IRAS 16562−3959 N that were presented in SOMA Radio
II. Thus, a total of 12 protostars in seven target regions will be
analyzed: S235, IRAS 22198+6336, NGC 2071, Cepheus E
(Cep E), L1206 (A and B), IRAS 22172+5549 (MIR 1, MIR 2,
and MIR 3), and IRAS 21391+5802 (BIMA 2, BIMA 3, and
MIR 48).
The data analyzed in this study are summarized in Table 1.

The first column presents the region names, while columns (2),

Table 1
SOMA Sources: Radio-continuum Data

Region
Frequency

Band R.A. (J2000) Decl. (J2000) Beam Size rms Da Lbol,iso
b Lbol

b

(GHz)
(HH MM
SS.SS)

(DD MM
SS.S) (arcsec × arcsec, deg)

(μJy
beam−1) (kpc) (L⊙) (L⊙)

S235 4.0−8.0 05 40 52.40 +35 41 30.0 0.30 × 0.28, +80.8 4.9 1.8 ×+2.2 101.1
2.3 3 ×+2.6 101.9

6.9 4

18.0−26.0 ⋯ ⋯ 0.39 × 0.24, +77.1 9.7 ⋯ ⋯ ⋯
IRAS 22198+6336 4.0−8.0 22 21 26.68 +63 51 38.2 0.59 × 0.28, −71.6 4.2 0.764 ×+3.9 103.2

17.8 2 ×+8.0 105.7
20.2 2

18.0−26.0 ⋯ ⋯ 0.42 × 0.24, −87.6 8.9 ⋯ ⋯ ⋯
NGC 2071 4.0−8.0 05 47 04.74 +00 21 42.9 0.29 × 0.27, −59.6 7.6 0.43 ×+3.6 102.6

9.1 2 ×+6.9 104.4
12.0 2

18.0−26.0 ⋯ ⋯ 0.31 × 0.25, +16.2 13.7 ⋯ ⋯ ⋯
Cep E 4.0−8.0 23 03 12.8 +61 42 26.0 0.33 × 0.28, +8.05 3.5 0.73 ×+3.3 102.5

10.1 2 ×+7.4 104.9
14.3 2

18.0−26.0 ⋯ ⋯ 0.63 × 0.30, −73.9 9.7 ⋯ ⋯ ⋯
L1206 4.0–8.0 22 28 51.41 +64 13 41.1 0.39 × 0.37, +48.1 4.5 0.776 ×+1.7 100.5

0.7 3 ×+3.7 101.7
3.3 3

18.0−26.0 ⋯ ⋯ 0.55 × 0.30, −85.7 8.2 ⋯ ⋯ ⋯
IRAS 22172+5549 4.0−8.0 22 19 09.48 +56 05 00.4 0.41 × 0.32, −75.6 6.6 2.4 ×+1.5 100.8

1.9 3 ×+6.2 105.0
26.1 4

18.0−26.0 ⋯ ⋯ 0.46 × 0.24, −78.2 8.7 ⋯ ⋯ ⋯
IRAS 21391+5802 4.0−8.0 21 40 41.90 +58 16 12.3 0.66 × 0.28, −67.1 4.0 0.75 ×+9.9 104.9

9.8 1 ×+5.6 103.1
7.0 2

18.0−26.0 ⋯ ⋯ 0.41 × 0.24, −84.7 9.1 ⋯ ⋯ ⋯

Notes. The source positions are the field centers for the radio observations and come from SOMA III.
a References cited in SOMA III, except for NGC 2071, where we use the values from J. J. Tobin et al. (2020) with Gaia observations.
b Average and dispersion of the bolometric luminosities of the good models from SOMA V; these values and other intrinsic properties are reported in their Table C1.
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(3), and (4) provide the band frequency, R.A., and decl.,
respectively. Synthesized beam size and position angle (PA),
along with the rms of the resulting images, are detailed in
columns (5) and (6). The distance to every region, as adopted
by SOMA III, as well as the isotropic bolometric luminosities
and the bolometric luminosities evaluated by SOMA V, are
shown in columns (7), (8), and (9), respectively. Furthermore,
Table 2 provides a list of phase calibrators utilized in the
observations at 6 and 1.3 cm.

2.1. VLA Data

2.1.1. The 6 cm Data

The 6 cm (C band) observations were made in the A
configuration, providing angular resolutions of ∼0.3–0.6. The
data for regions S235, IRAS 22198+6336, NGC 2071, Cep E,
and IRAS 21391+5802 consist of two ∼2 GHz wide base-
bands (3 bit samplers) centered at 5.03 and 6.98 GHz. The data
were recorded in 30 unique spectral windows (SPWs), each
comprised of 64 channels and each channel being 2 MHz wide,
resulting in a total bandwidth of 3842 MHz (before
“flagging”). Source 3C48 was used as flux density and
bandpass calibrator for regions S235, NGC 2071, and Cep E,
and 3C286 was used as flux density and bandpass calibrator
for regions IRAS 22198+6336 and IRAS 21391+5802.
Meanwhile, the data for regions L1206 and IRAS 22172
+5549 consist of two 1 GHz wide basebands (8 bit samplers)
centered at 5.3 and 6.3 GHz. The data were recorded in 16
unique SPWs, each comprised of 64 channels and each
channel being 2 MHz wide, resulting in a total bandwidth of
2048 MHz (before “flagging”). Source 3C48 was used as a flux
density and bandpass calibrator.

Table 3 shows approximations of the observation times for
each source at both 1.3 and 6 cm bands. All the observations
were made by alternating between the target source and the
phase calibrator. Column (3) shows the project code of the
observations, columns (4) and (5) show these alternating times,
and column (6) shows the total integration time for each
observation.

Data reduction was carried out in a manner similar to the
VLA observations from the SOMA Radio II. We used
calibrated data from the 41154 (Pipeline-CASA51-P2-B)

version of the VLA Calibration Pipeline14 for regions
IRAS 22198+6336, Cep E, and IRAS 21391+5802. For
region NGC 2071, we used the VLA Calibration Pipeline
version 2021.2.0.128, and for region S235, we used the VLA
Calibration Pipeline version 42536 (Pipeline-CASA54-P3-B-
SRDP). The differences in the data reduction pipelines arise
from the year of the observations and the version of the VLA
Calibration Pipeline available at that time (see column (3) in
Table 3). The images were made in CASA (CASA Team et al.
2022) using the tclean task and a Briggs robust= 0.5
weighting (D. S. Briggs 1995).
For regions S235, IRAS 22198+6336, NGC 2071, Cep E,

and IRAS 21391+5802, we made two images, each of an
∼2 GHz baseband composed of 15 SPWs, and also a
combined image using data from both basebands with a total
of 30 SPWs. For regions L1206 and IRAS 22172+5549, we
made two images, each of an ∼1 GHz baseband composed of
eight SPWs, and also a combined image using data from both
basebands with a total of 16 SPWs. All maps were primary
beam corrected. Columns (5) and (6) of Table 1 show the
synthesized beam (size and PA) and the rms of the combined
images.

2.1.2. The 1.3 cm Data

The 1.3 cm (K band) observations were made in the B
configuration, providing angular resolutions of ∼0.3–0.6. The
data consist of two ∼4 GHz wide basebands (3 bit samplers)
centered at 20.4 and 24.4 GHz, except for regions S235 and
NGC 2071, which are centered at 20.5 and 24.5 GHz. The data
were recorded in 60 (62 for source L1206) unique SPWs,
comprised of 64 channels and each channel being 2MHz wide,
resulting in a total bandwidth of 7680MHz (7936MHz for
source L1206), before “flagging.” Source 3C286 was used as a
flux density and bandpass calibrator for all the regions except
for NGC 2071, where source 3C48 was used as a flux density
and bandpass calibrator. Additional information about the
observations can be found in Table 3.
The data reduction was done in the same manner as that for

the C-band observations and using the VLA Calibration
Pipeline version 2021.2.0.128 for regions S235 and
NGC 2071, and the VLA Calibration Pipeline version 42270
(Pipeline-CASA54-P2-B) for the other regions. The images
were made using the tclean task and a Briggs
robust= 0.5 weighting. We made two images, each of an
∼4 GHz baseband composed of 30 SPWs, and also a
combined image using data from both basebands with a total
of 60 SPWs for all sources except L1206, which has a total of
62 SPWs. All maps were primary beam corrected. Columns
(5) and (6) of Table 1 show the synthesized beam (size and
PA) and the rms of the combined images.

3. Results

We follow the methodology described in SOMA Radio I
and SOMA Radio II (see Section 4 of SOMA Radio I for
further details). In brief, a radio detection is defined when the
peak intensity Iν is �5 times the image rms (σ) in either of the
baseband-combined images at a given band (i.e., C band or K
band). For nondetections in one of the combined images, we
report a 3σ upper limit for the flux density at the corresponding

Table 2
VLA Calibrators

Calibrator Astrometry Precisiona Source Calibrated Band

J0555+3948 A S235 C, K
J2230+6946 A IRAS 22198+6336 C
J2148+6107 C IRAS 22198+6336 K
J0541-0541 A NGC 2071 C, K
J2230+6946 A Cep E C
J2148+6107 C Cep E K
J2230+6946 A L1206 C
J2148+6107 C L1206 K
J2202+4216 A IRAS 22172+5549 C
J2148+6107 C IRAS 22172+5549 K
J2022+6136 B IRAS 21391+5802 C
J2148+6107 C IRAS 21391+5802 K

Note.
a Astrometric precisions of A, B, and C correspond to positional accuracies of
<0.002, 0. 002–0.01, and 0.01–0.15, respectively.

14 science.nrao.edu/facilities/vla/data-processing/pipeline
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frequency. Figure 1 shows VLA contour plots of the combined
images at C band (6 cm; red) and K band (1.3 cm; cyan) for all
the radio sources, overlaid on SOFIA/FORCAST 37 μm
images. The IR data from SOMA III (including SOFIA,
Herschel Space Observatory, and Spitzer Space Telescope
observations) and the VLA data presented here have astro-
metric accuracies better than 1 .5 and 0 .1 (see Table 2),
respectively.

The spatial scales and the procedures used to measure flux
densities and their uncertainties follow those in SOMA Radio I
and SOMA Radio II. For the SOMA and intermediate scales
(see below for definitions), we used the CASA task imstat
with the aperture sizes listed in Table 4. For the inner scale,
flux densities were obtained with the CASA task imfit, and
we report the image component size (deconvolved from the
beam). In cases where we are unable to deconvolved the beam,
we report the size (major and minor axes) of the ellipse used to
measure the source’s flux density. A detailed discussion of the
uncertainty calculations is provided in Section 4 of SOMA
Radio I.

Table 5 lists the radio parameters for each of the 12
protostars studied in this paper. These parameters are
measured at three spatial scales, defined as follows. The
SOMA scale corresponds to the aperture radius used in SOMA
V to measure the IR fluxes. The intermediate scale is based on
the morphology of the radio source, specifically whether the
detections exhibit jetlike structures. In the sample analyzed
here, only NGC 2071 display such morphology. The inner
scale corresponds to the size of the central radio emission that
is most likely associated with the driving protostar.

Columns (1) and (2) of Table 5 list the region and spatial
scale. For each scale, columns (3) and (4) give the R.A. and
decl. coordinates. For the SOMA scale, these values
correspond to the SOFIA/FORCAST pointing centers
reported in SOMA III (Table 1). For the intermediate scale,
they represent the midpoint of the jetlike detection, while for
the inner scale, they correspond to the peak intensity position
of the central detected object. The subsequent columns list the

flux densities (Sν) at various frequencies, with the corresp-
onding uncertainties given in parentheses. The final column in
Table 5 reports the spectral indices and their uncertainties for
each scale (see Section 3.2).

3.1. Morphology and Multiplicity

All target regions presented in this paper have been
observed in the centimeter continuum; we describe their
morphology as “compact” if the detection shows no structure
on the scale of a few synthesized beams, or “extended”
otherwise. Next, we describe the centimeter wavelength
detections toward each target. For a detailed background on
each of these regions, see SOMA II and SOMA III.

3.1.1. S235

S235 A and S235 B are regions located at a distance of
1.8 kpc (M. Nakano & S. Yoshida 1986; L. K. Dewangan
et al. 2016) and form part of the extended star-forming region
S235 within the giant molecular cloud G174+2.5 in the
Perseus spiral arm (M. H. Heyer et al. 1996). For our analysis,
we focus on S235 B, classified by P. A. Boley et al. (2009) as
an early-type (B1 V) Herbig Be star based on low- and
medium-resolution spectra, whose spectral type, emission
lines, nebulosity, and environment meet the criteria for
Herbig Be stars defined by G. H. Herbig (1960).
In our observations, we detect a single compact source at

both 1.3 and 6 cm. This detection is consistent with the results
of M. Felli et al. (2006), who also observed the source at these
wavelengths, naming it VLA 2 and reporting a flux density of
0.47 mJy with a resolution of 1″ at 1.3 cm. At 6 cm, they
reported an upper limit of 0.27 mJy with a resolution of 3″.
The flux density measured in our 6 cm observations is within
this upper limit.
M. Felli et al. (2006) reported an observed spectral index

smaller than 0.6 for VLA 2. In our observations, we report an
estimated value of the spectral index of α ∼ 0.9. This result
may indicate that the source is a point source associated with
thermal emission. This interpretation is consistent with the

Table 3
Observations Times for Each Source

Source Band Project Codea Target Sourceb Phase Calibratorb Total Integration
(min) (min) (min)

S235 C 19A-216 9.3 0.5 37.2
K 21B-229 2.4 0.6 21.8

IRAS 22198+6336 C 18A-294 8.4 0.5 42.1
K 19A-216 1.3 0.5 23.3

NGC 2071 C 22A-125 7.9 0.5 39.5
K 21B-229 2.3 0.5 20.9

Cep E C 18A-294 8.2 0.4 40.9
K 19A-216 2.2 0.4 19.6

L1206 C 12B-140c 6.4 0.6 31.8
K 19A-216 1.2 0.5 21.8

IRAS 22172+5549 C 12B-140c 6.4 0.6 31.8
K 19A-216 1.3 0.6 22.6

IRAS 21391+5802 C 18A-294 8.2 0.4 40.8
K 19A-216 1.4 0.6 24.4

Notes.
a Project code from the VLA observations. The first two numbers in the project code denote the year in which the observations were made, e.g., 19A corresponds to
observations taken in 2019.
b Alternating time from source to calibrator.
c Observations with project code 12B-140 were Jansky VLA public archival data (PI: M. Hoare), the rest of the observations were our own (PI: V. Rosero).
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observed morphology, which appears compact and not
elongated in any direction.

Our results, showing a compact morphology and a spectral
index consistent with thermal emission, reinforce the Herbig Be
star classification proposed by P. A. Boley et al. (2009) and
support the conclusion regarding the nature of S235 B.

3.1.2. IRAS 22198+6336

IRAS 22198+6336 is an IM protostar located at
764 ± 27 pc (T. Hirota et al. 2008). Due to the presence of a
strong and compact submillimeter dust condensation (T. Jenn-
ess et al. 1995) and no near-IR (NIR) observation, Á. Sánchez-
Monge et al. (2008) proposed that IRAS 22198+6336 is a
deeply embedded IM YSO, classified as an early-type B

protostar in an evolutionary stage similar to Class 0 source in
the low-mass regime. CO(1–0) and CO(2–1) maps from Á.
Sánchez-Monge et al. (2010) reveal an outflow with a
quadrupolar morphology clearly centered on the position of
the dust condensation.
In our observations, we detected a single source at both 1.3

and 6 cm, slightly elongated along the NW–SE direction. This
source, previously reported as VLA 2 by Á. Sánchez-Monge
et al. (2008), was observed at 0.7, 1.3, and 3.6 cm with angular
resolutions of ∼1.7, ∼3.2, and ∼9.6, respectively. Their
spectral index of ∼0.5 agrees with our results and is typical of
ionized jets associated with YSOs (e.g., S. P. Reynolds 1986;
G. Anglada et al. 1998; TTZ16). Furthermore, the source’s
elongated morphology and likely alignment with a larger-scale
NW–SE molecular outflow support this interpretation.
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Figure 1. Images are SOFIA/FORCAST 37 μm with VLA contours—red: C band (6 cm) and cyan: K band (1.3 cm)—of the combined radio maps overlaid. The
blue dashed squares correspond to the area and the location of the inset image showing a zoom-in of the central region, and the synthesized beams are shown in the
lower corners of these insets. The cyan crosses in NGC 2071 denotes the positions of detections only at K band (cyan contours). The black “×” denotes the position
of the millimeter core in the regions with millimeter observations; references as follows: IRAS 22198+6336: Á. Sánchez-Monge et al. (2010); NGC 2071: Y. Cheng
et al. (2022); Cep E: J. Ospina-Zamudio et al. (2018); L1206 A: M. T. Beltrán et al. (2006); and IRAS 21391+5802 BIMA 2 and BIMA 3: R. Neri et al. (2007). The
blue circles are the SOMA apertures used by SOMA V and reported in their Table C1. The blue and red arrows represent the direction of a molecular outflow
detected toward the region, only for regions with know association with molecular outflows (references are given in Section 3.1). A scale bar in astronomical units is
shown in the upper left of the figures.
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3.1.3. NGC 2071

NGC 2071 is an IM star-forming region in the L1630
molecular cloud of Orion B, located at a distance of 430 pc
(J. J. Tobin et al. 2020). A bipolar molecular outflow has been
observed toward NGC 2071, oriented in the NE–SW direction,
extending ∼15 in length and reaching velocities of
∼120 km s−1. This outflow has been studied in CO
(J. Bally 1982), H I (J. Bally & A. A. Stark 1983), OH (A. Ruiz
et al. 1992), as well as SiO and CH3OH (G. Garay et al. 2000).

In our observations, we detected seven sources at both 1.3
and 6 cm, and an additional detection only at 1.3 cm. Several
of these sources were previously detected using VLA
observations, such as the studies of M. A. Trinidad et al.
(2009) at 1.3 cm (K band) with an angular resolution of ∼0.1
and a sensitivity of 160 μJy beam−1, and C. Carrasco-Gonzá-
lez et al. (2012) at 2 cm (Ku), 3.6 cm (X), 6 cm (C), and 20 cm
(L), with resolutions of ∼0.18, ∼0.35, ∼0.71 and ∼1.44,
respectively. In Table 6 we present more information about the
multiplicity toward NGC 2071, including the R.A. and decl.
positions, the estimated spectral index, association with other
wavelengths, and whether each source is a new radio detection

or not. We present below an individual discussion of each
detected source.
IRS 1. From our results, we find this source to have an

extended morphology elongated in the E–W direction,
consistent with previous reports by M. A. Trinidad et al.
(2009) and C. Carrasco-González et al. (2012). Using higher-
resolution 1.3 cm observations (∼0.1, which is ∼3 times
higher than our observations), M. A. Trinidad et al. (2009)
resolved the source into three continuum peaks, IRS 1C,
IRS 1W, and IRS 1E, and proposed that IRS 1W and IRS 1E
are condensations ejected by IRS 1C, the latter being an
ionized jet associated with a YSO. All three sources are
associated with water masers, consistent with the jet scenario.
In addition, M. A. Trinidad et al. (2009) detected an ionized
source, IRS 1Wb, located ∼1.8 SW of IRS 1C, which is not
associated with water masers. Interestingly, we do not detect
this source despite our observations being ∼10 times more
sensitive.
Given its complex morphology and spectral index

(α ∼ 0.45) between 1.3 and 20 cm, C. Carrasco-González
et al. (2012) suggested that the emission from IRS 1 is arising
from the superposition of two jets due to a binary system. Our
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Figure 1. (Continued.)
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estimated spectral index for the inner scale of IRS 1 is slightly
flatter (see Table 6) than their reported one, but it is still
consistent with thermal emission.

IRS 1Eb.We detected this source at both C and K bands, and
to the best of our knowledge it has not been previously
reported. However, a point source at a close position is visible
in Figure 1 of C. Carrasco-González et al. (2012), which shows
3.6 cm VLA data at comparable resolution, but was not
discussed by the authors. Figure 2 shows the VLA 3.6 cm
continuum map from C. Carrasco-González et al. (2012) with
VLA contours overlaid from our observations at both C and K
bands, of sources IRS 1 and IRS 1Eb. From this figure we can
see the compact source and how it is close to the position of
the contours from our observations. This may indicate that the
point source from C. Carrasco-González et al. (2012) is related
to source IRS 1Eb.

Moreover, no millimeter or IR counterpart is found in the
literature. The source shows two peaks, slightly elongated in
the NE–SW direction, and lies ∼4″ E of IRS 1C, roughly
aligned with the centimeter emission from IRS 1. Its spectral
index of α ∼ 0.1 is consistent with thermal emission. Given
these characteristics, we speculate that IRS 1Eb may trace
ejected material from IRS 1C.

IRS 3. In our data, this source appears slightly elongated in
the N–S direction, displaying a jetlike morphology and a
spectral index consistent with previous studies (J. M. Torrelles
et al. 1998; M. A. Trinidad et al. 2009; C. Carrasco-González
et al. 2012). M. A. Trinidad et al. (2009) resolved it into three
components, IRS 3C, IRS 3N, and IRS 3S. However, we do
not resolve these three components at the lower resolution of
our data.

Our results are consistent with previous studies that describe
this source as an ionized jet. Furthermore, it is thought to be
part of a jet–disk system, with the disklike structure traced by
3 mm continuum emission and water masers distributed along
the disk plane (C. Carrasco-González et al. 2012).
Figure 3 shows the VLA 3.6 cm continuum map from

C. Carrasco-González et al. (2012) with VLA contours
overlaid from our observations at both 1.3 cm (K band) and
6 cm (C band), of source IRS 3. C. Carrasco-González et al.
(2012) presented several epochs of 3.6 cm continuum maps
toward this source between 1998 and 1999 in Figure 5 of their
paper. They interpret the difference in the size of the source
due to an ejection of ionized material together with the
precession of the jet. We see an increase in the size of the
emission from IRS 3 when comparing the 1.3 and 6 cm
contours with the 3.6 cm contours from C. Carrasco-González
et al. (2012).
VLA 1. From our observations, we detect a compact source

previously reported as VLA 1 by M. A. Trinidad et al. (2009)
and C. Carrasco-González et al. (2012). Our estimated spectral
index, along with the overall morphology of the system,
suggests that this source is likely an ionized jet. Moreover,
M. A. Trinidad et al. (2009) and C. Carrasco-González et al.
(2012) proposed that VLA 1 is a younger and more deeply
embedded YSO compared to other sources in the region, as it
is associated with millimeter and X-ray emission, but remains
undetected at IR wavelengths.
VLA 1 B1 and VLA 1 B2.We detect two new point sources at

both 1.3 and 6 cm, labeled VLA 1 B1 and VLA 1 B2, which, to
the best of our knowledge, have not been previously reported
(see Figure 4). These sources are separated by ∼0.5 and

Table 4
SOMA, Intermediate, and Inner Scales

Region Frequency Band SOMA R Intermediate (w × h) Inner (a × b)
(arcsec) (arcsec × arcsec) (arcsec × arcsec)

S235 C 7.0 ⋯ 0.19 × 0.09
K ⋯ 0.09 × 0.04

IRAS 22198+6336 C 6.25 ⋯ 0.41 × 0.20
K ⋯ 0.28 × 0.25

NGC 2071 C 11.5 2.83 × 1.65 1.34 × 0.75∗

K
Cep E C 7.5 ⋯ ⋯

K ⋯ 0.48 × 0.11
L1206 A C 6.5 ⋯ 1.41 × 0.46

K ⋯ 0.23 × 0.14
L1206 B C 8.0 ⋯ 0.50 × 0.25

K ⋯ 0.39 × 0.11
IRAS 22172+5549 MIR 1 C 8.0 ⋯ ⋯

K ⋯ ⋯
IRAS 22172+5549 MIR 2 C 3.8 ⋯ ⋯

K ⋯ ⋯
IRAS 22172+5549 MIR 3 C 7.75 ⋯ ⋯

K ⋯ ⋯
IRAS 21391+5802 BIMA 2 C 7.0 ⋯ 0.32 × 0.25∗

K ⋯
IRAS 21391+5802 BIMA 3 C 7.75 ⋯ 0.53 × 0.33

K ⋯ 0.31 × 0.09
IRAS 21391+5802 MIR 48 C 7.75 ⋯ ⋯

K ⋯ ⋯

Note. The reported values correspond to a circle of radius R for the SOMA scale and a box of height h and width w for the intermediate scale. The inner scale
corresponds to image component (deconvolved with beam) size from the task imfit, of major axis a and minor axis b. For cases with an *, the scale corresponds to
an ellipse of major axis a and minor axis b. In the cases that the inner scale between the C and K images are different, we report both values.
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located ∼1″ and ∼1.5 SW of VLA 1, respectively. Both are
aligned with the centimeter emission from VLA 1 and appear
slightly extended, with an additional peak N of VLA 1 B1.
Their estimated spectral indices of ∼0.1 are consistent with
optically thin free–free emission. Neither source appears to be
associated with 3 mm emission based on Figure 1 of
C. Carrasco-González et al. (2012).

It is noteworthy that VLA 1 B1, the brighter of the two
sources, with peak intensities of 380 and 320 μJy at 1.3 and
6 cm, respectively, should have been detectable in previous
studies. Based on the reported sensitivities of 40 μJy beam−1

at 6 cm (C. Carrasco-González et al. 2012) and 70 μJy beam−1

at 1.3 cm (M. A. Trinidad et al. 2009), VLA 1 B1 would
correspond to an ∼8σ and ∼5σ detection, respectively.
However, it was not detected in those studies, nor was it
detected at 3.6 cm (X band) in C. Carrasco-González et al.
(2012), which had a sensitivity of 19 μJy beam−1.

While the nature of these sources remains uncertain, their
spectral indices, alignment with the jet axis, and lack of

millimeter counterparts suggest they may be ionized ejecta
from VLA 1.
IRS 8 cm and HOPS-361-E-cm. We report two newly

detected weak, compact centimeter sources, HOPS-361-E-cm
and IRS 8 cm, both identified only at 1.3 cm with 5σ
significance. HOPS-361-E-cm shows a marginal 4σ detection
at 6 cm (see Figure 5), while IRS 8 cm is undetected at this
frequency, with its position marked by an “×” in Figure 1.
Both sources are spatially associated with 1.3 mm continuum
emission from Y. Cheng et al. (2022). Due to their
nondetection at 6 cm, we estimate upper limits on their
spectral indices: α ≲ 1.1 for HOPS-361-E-cm and α ≲ 0.7 for
IRS 8 cm. Given their spectral properties and millimeter
associations, we suggest these are likely individual YSOs
within the NGC 2071 cluster.

3.1.4. Cep E

Cep E is a molecular cloud at a distance of 730 pc
(A. I. Sargent 1977) whose central source, the isolated IM

Table 5
Parameters from Radio Continuum

Region Scale R.A. (J2000) Decl. (J2000) S5.0 GHz S7.0 GHz S20.6 GHz S24.5 GHz Spectral Index
(HH:MM:
SS.SS) (DD:MM:SS.SS) (mJy) (mJy) (mJy) (mJy)

SOMA 05:40:52.40 +35:41:30.00 1.33(0.24) 0.31(0.28) 0.46(0.42) <1.76 <−0.3
S235 Intermediate ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯

Inner 05:40:52.37 +35:41:29.39 0.11(0.01) 0.12(0.02) 0.32(0.03) 0.42(0.05) 0.9(0.1)
SOMA 22:21:26.68 +63:51:38.20 0.47(0.12) 0.45(0.20) 0.68(0.33) 0.86(0.45) 0.3(0.5)

IRAS 22198+6336 Intermediate ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯
Inner 22:21:26.75 +63:51:37.92 0.24(0.09) 0.53(0.06) 0.78(0.09) 0.80(0.13) 0.5(0.1)
SOMA 05:47:04.74 +00:21:42.96 8.21(1.15) 7.01(0.98) 10.47(1.41) 10.87(1.90) 0.3(0.1)

NGC 2071a Intermediate 05:47:04.70 +00:21:45.41 1.76(0.20) 1.29(0.15) 2.39(0.26) 2.65(0.31) 0.4(0.1)
Inner 05:47:04.79 +00:21:42.96 4.88(0.49) 4.51(0.45) 6.11(0.61) 6.81(0.68) 0.2(0.1)
SOMA 23:03:12.80 +61:42:26.00 0.02(0.17) <0.80 0.03(0.39) <1.48 <0.9

Cep E Intermediate ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯
Inner 23:03:12:80 +61:42:26.04 <0.01 <0.01 0.19(0.03) 0.27(0.04) >2.1
SOMA 22:28:51.41 +64:13:41.10 0.04(0.18) 0.23(0.21) 1.36(0.29) 1.60(0.41) 1.7(1.2)

L1206 A Intermediate ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯
Inner 22:28:51.43 +64:13:41.00 0.15(0.03) 0.08(0.03) 0.43(0.05) 0.24(0.09) 0.9(0.2)
SOMA 22:28:51.41 +64:13:41.10 0.05(0.21) <0.80 0.56(0.41) 0.22(0.64) >1.2

L1206 B Intermediate ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯
Inner 22:28:51.43 +64:13:41.00 0.05(0.01) 0.03(0.01) 0.16(0.02) 0.17(0.04) 1.1(0.1)
SOMA 22:19:08.33 +56:05:10.52 0.17(0.31) <1.23 <1.25 <1.63 <0.7

IRAS 22172+5549 MIR 1 Intermediate ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯
Inner ⋯ ⋯ <0.03 <0.03 <0.03 <0.04 <0.2
SOMA 22:19:09.48 +56:05:00.37 <0.44 0.38(0.21) <0.68 <0.90 <0.5

IRAS 22172+5549 MIR 2 Intermediate ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯
Inner ⋯ ⋯ <0.03 <0.03 <0.04 <0.04 <0.3
SOMA 22:19:09.43 +56:04:45.58 0.05(0.31) 0.05(0.44) 0.03(0.50) 0.09(0.59) 0.1(2.7)

IRAS 22172+5549 MIR 3 Intermediate ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯
Inner ⋯ ⋯ <0.03 <0.03 <0.04 <0.04 <0.3
SOMA 21:40:41.90 +58:16:12.30 0.27(0.13) 0.36(0.18) 0.52(0.41) 0.73(0.51) 0.5(0.8)

IRAS 21391+5802 BIMA 2b Intermediate ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯
Inner 21:40:41.86 +58:16:11.93 0.23(0.03) 0.26(0.03) 0.64(0.07) 0.58(0.07) 0.7(0.1)
SOMA 21:40:42.77 +58:16:01.28 0.14(0.16) 0.22(0.20) 0.26(0.44) 0.42(0.57) 0.5(1.7)

IRAS 21391+5802 BIMA 3 Intermediate ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯
Inner 21:40:42.85 +58:16:01.46 0.01(0.02) 0.18(0.03) 0.30(0.04) 0.20(0.07) 0.9(0.2)
SOMA 21:40:41.43 +58:16:38.09 0.07(0.16) <0.61 <1.43 <1.93 <1.3

IRAS 21391+5802 MIR 48 Intermediate ⋯ ⋯ ⋯ ⋯ ⋯ ⋯ ⋯
Inner ⋯ ⋯ <0.02 <0.02 <0.04 <0.04 <0.6

Notes.
a Inner scale detection corresponds to the location of source IRS 1 (more details in Section 3.1.3).
b Inner scale detection corresponds to the location of source VLA 2A (more details in Section 3.1.7).
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Class 0 protostar Cep E-mm (B. Lefloch et al. 1996;
A. Moro-Martín et al. 2001), drives a molecular outflow and
jet, as revealed by CO(2–1) and CO(3–2) maps (B. Lefloch
et al. 2011, 2015). The southern jet terminates at the bright
Herbig–Haro object HH 377 (S. Ayala et al. 2000; A. Gusdorf
et al. 2017). J. Ospina-Zamudio et al. (2018) detected a hot
corino in Cep E-mm and resolved it into a binary system
(Cep E-A and Cep E-B), using NOEMA observations at 1.3
and 3.3 mm with resolutions of ∼1.4 and ∼2.4, respectably.
With their millimeter data, J. Ospina-Zamudio et al. (2018)
concluded that both millimeter components drive high-velocity
molecular jets, with Cep E-A powering the jet associated with
HH 377, and Cep E-B powering another jet almost perpend-
icular to the Cep E-A jet. J. Ospina-Zamudio et al. (2019)
identified several molecular species in the Cep E-A jet,
including SO, SiO, H2CO, CS, HCO

+, and HCN.
From our observations, we detect a compact source at K band

(1.3 cm) and only a 3σ detection at C band, representing, to our
knowledge, the first reported centimeter detection toward this
source. The emission is coincident with Cep E-mm, previously
detected in the IR and millimeter (B. Lefloch et al. 1996, 2015;
A. Moro-Martín et al. 2001), but at our resolution the binary
components are not resolved and it appears we are only resolving
Cep E-A. We estimate a lower limit to the spectral index
of α > 2.1.

This source exhibits several star formation tracers, such as a
millimeter counterpart, molecular outflows, and a rich variety
of molecular species associated with the jet powered by Cep E-
A. Since this source is detected only at K band and we report a
lower limit for its spectral index, the current evidence is
insufficient to draw a firm conclusion about its nature. Further
observations are needed to determine it with more certainty.

3.1.5. L1206

L1206, also known as IRAS 22272+6358, is a region
located at a distance of 776 pc (K. L. J. Rygl et al. 2010).
In SOMA III, two mid-IR (MIR) sources are presented in the
field of view separated at distance of about 40″. Consequently,
our analysis focuses on the L1206 A and L1206 B regions,
where we present 6 and 1.3 cm observations.
L1206 A. Region L1206 A presents a CO molecular outflow

at the position of the source OVRO 2 (IRAS 22272+6358A,

Figure 2. For region NGC 2071. VLA 3.6 cm continuum map and contours
(white) from Figure 1 in C. Carrasco-González et al. (2012, see more details in
their paper regarding the radio maps), of the radio sources IRS 1 and IRS 1Eb
in the NGC 2071 region with VLA contours overlaid (1.3 cm in cyan,
3.6 cm in white, and 6 cm in red). The contour levels are at
[−3, 3, 5, 10, 50, 100] × 13.7 μJy beam−1 for 1.3 cm (K band), at [−3, 3,
5, 7, 10, 15, 20, 40, 60] × 30 μJy beam−1 for 3.6 cm, and at [−3, 3,
5, 15, 60, 120] × 7.6 μJy beam−1 for 6 cm (C band). The beam sizes are
indicated in the lower left-hand corner.

Figure 3. For region NGC 2071. VLA 3.6 cm continuum map and contours
(white) from Figure 1 in C. Carrasco-González et al. (2012, see more details in
their paper regarding the radio maps), of the radio source IRS 3 in the
NGC 2071 region with VLA contours overlaid (1.3 cm in cyan, 3.6 cm
in white, and 6 cm in red). The contour levels are at
[−3, 3, 5, 10, 50, 100] × 13.7 μJy beam−1 for 1.3 cm (K band), at
[−3, 3, 5, 7, 10, 15, 20, 40, 60] × 30 μJy beam−1 for 3.6 cm, and at
[−3, 3, 5, 15, 60, 120] × 7.6 μJy beam−1 for 6 cm (C band). The beam sizes
are indicated in the lower left-hand corner.

Table 6
Multiplicity in NGC 2071

Detection R.A. (J2000) Decl. (J2000) Spectral Index Association New Detection?
(HH:MM:SS.SS) (DD:MM:SS.SS)

IRS 1 05:47:04.78 +00:21:42.93 0.2 (0.08) IR, millimeter No
IRS 1Eb 05:47:05.04 +00:21:42.82 0.1 (0.5) ⋯ Yesa

VLA 1 05:47:04.75 +00:21:45.43 0.4 (0.11) X-ray, millimeter No
VLA 1 B1 05:47:04.68 +00:21:45.07 0.1 (0.10) ⋯ Yesa

VLA 1 B2 05:47:04.65 +00:21:45.20 0.1 (0.19) ⋯ Yesa

HOPS-361-E-cm 05:47:04.31 +00:21:38.05 <1.1 millimeter Yesb

IRS 8 cm 05:47:04.62 +00:21:41.32 <0.7 IR, millimeter Yesb

IRS 3 05:47:04.63 +00:21:47.84 0.4 (0.10) IR, millimeter No

Note.
a These sources have been observed but not detected.
b These sources have been previously detected at different wavelengths but not in radio continuum.
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hereafter referred to as L1206 A; M. T. Beltrán et al. 2006;
D.-J. Liu et al. 2021). Moreover, G. Surcis et al. (2013) with
very long baseline interferometry observations, detected 26
6.7 GHz methanol (CH3OH) masers features toward L1206 A
and aligned in the direction of the molecular outflow.

The source L1206 A, has no optical counterpart, but has
been observed at IR, millimeter (2 and 2.7 mm), and radio-
continuum wavelengths in the Q (0.7 cm) and C bands
(K. Sugitani et al. 2000; M. T. Beltrán et al. 2006;
S. J. D. Purser et al. 2021). M. T. Beltrán et al. (2006)
suggested that the IM protostar L1206 A is in a transition
between a Class 0 and I object, giving the dust emission
morphology and properties of OVRO 2. Meanwhile,
S. J. D. Purser et al. (2021) suggested that L1206 A traces
an ionized jet (candidate) at 6 cm (C band), but is dominated
by disk emission at Q band.

In our 1.6 and 6 cm observations, we report a single
detection that is coincident with the source A and OVRO 2
reported by S. J. D. Purser et al. (2021) and M. T. Beltrán et al.
(2006), respectively. This source presents an interesting
morphology. At 6 cm (C band), it shows an elongation in the
N–S direction, but at higher sigma levels and at 1.3 cm (K
band), it displays a compact morphology. We report an
estimate spectral index of α ∼ 0.9, which is similar to the
value reported by S. J. D. Purser et al. (2021) of α ∼ 1.05.
Given the morphology of the source, the weak centimeter
emission, and a spectral index of α ∼ 1, we are in accordance
with S. J. D. Purser et al. (2021) and conclude that L1206 A
appears to be ionized jet. We also report that source L1206 A
presents a 6.7 GHz methanol (CH3OH) maser within the
synthesized beam, with a flux density around 2.88 mJy.

L1206 B. Source IRAS 22272+6358 B (also referred to as
L1206 B) is a less luminous object that lies 40″ to the E of

L1206 A and is clearly visible at NIR wavelengths.
M. E. Ressler & M. Shure (1991) suggested that L1206 B is
a late Class I object or an early Class II object.
For source L1206 B, we present the first radio observations

(to the knowledge of the authors) of this region and we report a
single compact detection with an estimated spectral index of
α ∼ 1.1, which may indicate free–free emission from an
ionized jet or an optically thick hypercompact (HC) H II region
(V. Rosero et al. 2019b), although higher-resolution observa-
tions are needed to confirm either scenario.

3.1.6. IRAS 22172+5549

IRAS 22172+5549 is located at 2.4 kpc (S. Molinari et al.
2002) and hosts a range of YSOs, from IM to high-mass
protostars deeply embedded in massive dense cores (A. Palau
et al. 2013). Our analysis focuses on the MIR 1, MIR 2, and
MIR 3 regions identified by S. Molinari et al. (2002).
F. Fontani et al. (2004) reported a CO(1–0) bipolar outflow
centered on MIR 2 (also known as IRS 1), whose parameters
suggest a relatively massive protostar. SOMA III also detected
extended emission along the blueshifted lobe of this outflow
using SOFIA observations. For MIR 1 and MIR 3, no

Figure 4. For region NGC 2071. VLA 3.6 cm continuum map and contours
(white) from Figure 1 in C. Carrasco-González et al. (2012, see more details in
their paper regarding the radio maps), of the radio source VLA 1 in the
NGC 2071 region with VLA contours overlaid (1.3 cm in cyan, 3.6 cm in
white, and 6 cm in red). The contour levels are at
[−3, 3, 5, 10, 50, 100] × 13.7 μJy beam−1 for 1.3 cm (K band), at
[−3, 3, 5, 7, 10, 15, 20, 40, 60] × 30 μJy beam−1 for 3.6 cm, and at
[−3, 3, 5, 15, 60, 120] × 7.6 μJy beam−1 for 6 cm (C band). The beam sizes
are indicated in the lower left-hand corner.

Figure 5. For region NGC 2071. VLA continuum maps of the radio sources:
HOPS-361-E-cm (top) and IRS 8 cm (bottom) in the NGC 2071 region
observed at 1.3 cm (cyan) and 6 cm (red). The contour levels are at
[−3, 3, 4, 5] × 7.6 μJy beam−1 for 1.3 cm (K band), and at
[−3, 3, 4, 5, 7] × 13.7 μJy beam−1 for 6 cm (C band). The beam sizes are
indicated in the lower left-hand corner.
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millimeter emission or molecular outflows have been reported
(F. Fontani et al. 2004; A. Palau et al. 2013).

In our VLA observations, none of the MIR sources from
S. Molinari et al. (2002) are detected, consistent with
S. J. D. Purser et al. (2021), whose similar-resolution and
-sensitivity data revealed only one C-band (6 cm) source, but
which was not coincident with any MIR positions, and no Q-
band (0.7 cm) detections.

3.1.7. IRAS 21391+5802

IRAS 21391+5802 is a young, IM object deeply embedded
in the bright-rimmed globule IC 1396N at a distance of 750 pc
(H. I. Matthews 1979). This source shows strong submilli-
meter and millimeter continuum dust emission (B. Wilking
et al. 1993), high-density gas (C. Codella et al. 2001), and
water maser emission (R. Valdettaro et al. 2005).

M. T. Beltrán et al. (2002) resolved the source into three
millimeter cores—BIMA 1, BIMA 2, and BIMA 3—associated
with centimeter sources VLA 1, VLA 2, and VLA 3, respectively,
detected using 3.6 cm observations. BIMA 2 is an IM protostar
surrounded by the less massive BIMA 1 and BIMA 3, and it
drives a strong E–W molecular outflow. R. Choudhury et al.
(2010) identified ∼45 YSOs in IC 1396N from NIR observations,
with MIR 50 andMIR 54 corresponding to BIMA 2 and BIMA 3,
and MIR 48 located ∼45″ N of BIMA 2.

Our analysis focuses on BIMA 2, BIMA 3, and MIR 48. We
detect multiple radio sources toward BIMA 2 and BIMA 3, but
no emission toward MIR 48. The latter result is consistent with
the results shown by M. T. Beltrán et al. (2002), who did not
detect any source around MIR 48 at 3.6 cm with a resolution of
17.9 and a sensitivity of 32 μJy. Table 7 summarizes the
multiplicity in BIMA 2 and BIMA 3, including the R.A. and
decl. positions, estimated spectral indices, associations at other
wavelengths, whether each source represents a new radio
detection, and the estimated spectral type (more details about
this are presented in Section 4.1).

IRAS 21391+5802 BIMA 2. To our knowledge, this is the
first time source VLA 2 has been resolved into three
components. We detect emission at both C and K bands,
labeling the components VLA 2A, VLA 2B, and VLA 2C.
These ionized sources are associated with the millimeter cores
IRAM 2A, 47.73+14.3, and 47.73 + 12.8 reported by R. Neri
et al. (2007) using 1.3 and 3.3 mm observations with
resolutions of ∼1.0 and ∼0.45, respectably. Their association
supports the interpretation that each source is ionized by an
independent protostellar object.

The central source, VLA 2A, is relatively compact, as its
N–S elongation aligns with the beam direction. Sources

VLA 2B and VLA 2C appear as point sources. The reported
positive spectral indices, consistent with thermal emission,
together with their spectral types (see Table 7) and association
with millimeter emission, provide further evidence that these
three sources are independent protostellar objects.
IRAS 21391+5802 BIMA 3. We detect two sources at both

1.3 and 6 cm. The first, VLA 3, was previously reported by
M. T. Beltrán et al. (2002), who classified it as an evolved low-
mass object based on its compact morphology and small dust
emissivity index. In our data, VLA 3 appears slightly
elongated in the NE–SW direction.
We also identify a second compact source, located E of

VLA 3 at around 10″ and labeled VLA 3B, which, to our
knowledge, has not been previously reported. This source has
no known counterparts at other wavelengths.
We report an estimated spectral index of α ∼ 0.9 for VLA 3,

which denotes the presence of thermal emission and is in the
range of expected spectral indices for ionized jets
(0.2� α � 1.2; G. Anglada 1995; V. Rosero et al. 2019b).
For source VLA 3B we report a flat spectral index of α ∼ 0.0.
Given the slightly extended morphology, the millimeter

counterpart, and the estimated spectral index of VLA 3, we
suggest that the nature of this source is an ionized jet;
however, more information and additional observations are
needed to confirm this assessment. Another possibility is that
this source could be a protostellar object with a B3 spectral
type, as shown in Table 7.
Meanwhile, source VLA 3B is too far from VLA 3 to be

considered associated with it. Furthermore, there is no
millimeter counterpart in the high-resolution 1.3 and 3.3 mm
observations reported by R. Neri et al. (2007). Considering all
this and given the compact morphology of this source, its
nature could be extragalactic, but more information and
observations are still required to confirm this assessment.

3.2. Radio Spectral Energy Distributions

In Figure 6 we present the extended SEDs (E-SEDs; i.e.,
radio + IR SEDs, for our 12 sources. The dashed lines
correspond to the best fit to the data using a power law of
the form Sν ∝ ν α, where α is the spectral index at the different
scales: SOMA, intermediate, and inner, as described above.
The spectral index was calculated using the flux density at the
central frequencies of the images, so α is calculated over a
wide frequency range (∼20 GHz). The uncertainty in the
spectral index was calculated with a Monte Carlo simulation
that bootstrapped the flux density uncertainties. We estimated
an upper limit in the spectral index for nondetections at higher
frequencies using a value of Sν of 3σ.

Table 7
Multiplicity in IRAS 21391 BIMA 2 and BIMA 3

Region Source R.A (J2000) Decl. (J2000) Spectral Index Association New Detection? Spectral Type
(HH:MM:SS.SS) (DD:MM:SS.SS)

BIMA 2 VLA 2A 21:40:41.86 +58:16:11.95 0.7 (0.09) millimeter Yesa B3
VLA 2B 21:40:41.73 +58:16:12.81 0.9 (0.66) millimeter Yesa B3
VLA 2C 21:40:41.73 +58:16:14.34 1.2 (0.18) millimeter Yesa B4

BIMA 3 VLA 3 21:40:42.84 +58:16:01.36 0.9 (0.16) IR, millimeter No B3
VLA 3B 21:40:43.46 +58:15:59.49 0.0 (0.20) ⋯ Yesb B4

Notes.
a These sources have been previously detected in radio continuum but we are resolving into multiple detections.
b These sources have been observed but not detected.
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4. Analysis and Discussion

To better understand the nature of the sources from radio
observations, we analyze the morphology, multiplicity, and
spectral indices of the SOMA III sample. Unlike the sources
in SOMA Radio I and SOMA Radio II, our targets are mostly
located within 1 kpc, except for S235 and IRAS 22172+5549,
and generally exhibit low radio flux densities. Among the 12
sources studied, only NGC 2071 shows flux densities
above 3 mJy.

Following the approach of Section 4.2 in SOMA Radio II,
we use VLA observations to assess the nature of each source
based on morphology, spectral index, and their association
with any tracers of star formation. For objects with previous
studies, we draw on earlier characterizations, comparing them
with our measurements (see Section 3.1 for individual
analyses). This comparison refines our understanding of the
underlying radio emission mechanisms in each case.

4.1. Multiplicity and Source Characterization

Across the 12 regions analyzed, we detected 18 sources in
total. Multiplicity is present in only three cases: NGC 2071
(eight sources), IRAS 21391+5802 BIMA 2 (three sources),
and IRAS 21391+5802 BIMA 3 (two sources). Compared
to SOMA Radio I and SOMA Radio II, the sample of IM
protostars analyzed in this work shows a significantly lower
multiplicity, with only 3 of 12 regions (25%) showing multiple

sources, while the earlier studies reported multiple detections
in 14 of 17 regions (∼82%).
Of the 18 detections, four are entirely new, with no

counterparts at any wavelength, and four are new radio
detections of sources previously identified at other wave-
lengths. We also resolve IRAS 21391+5802 BIMA 2 into
three distinct components, each with a millimeter counterpart,
which we consider new radio detections.
We identify four regions—IRAS 22172+5549 MIR 1,

MIR 2, and MIR 3, and IRAS 21391+5802 MIR 48, where
no sources are detected at the 5σ level. Following the
methodology of SOMA Radio II, and in order to determine
if we are missing any ultracompact (UC) H II regions, we
estimate the physical properties implied by the 5 GHz
sensitivity limit (rms) using Equations (1) and (3) from
S. Kurtz et al. (1994) and Equation (A.2.3) from N. Panagia &
C. M. Walmsley (1978).
These calculations assume spherical symmetry and optically

thin emission from a uniform-density plasma with Te = 104 K.
The results are presented in Table 8, where column (1) lists the
region name, column (2) gives the logarithm of the Lyman
continuum flux ( Nlog Ly) required for ionization, and column
(3) shows the corresponding spectral type from Table II of
N. Panagia (1973), assuming a single zero-age main-sequence
(ZAMS) star is responsible for the ionization. For cases where
we obtain B4 spectral types, we use an extrapolation from the
values in Table II of N. Panagia (1973), since the minimum

Figure 6. E-SEDs of SOMA protostars, consisting of radio and IR SEDs. The circles correspond to the flux density as a function of the frequency at each scale
(magenta: SOMA; blue: intermediate; and cyan: inner). Error bars are explained in Section 3.2. The solid lines show the five best fits (see legend) to the IR data SED
from the ZT18 models as fit by SOMA V (see Table C1 in the appendix in SOMA V), and the dashed lines are the best fit of the radio data using a power law of the
form Sν ∝ ν α.
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value of the logarithm of the Lyman continuum flux ( Nlog Ly)
in that table is 43.69 (for a B3 spectral type). The distances
used in these calculations are taken from Table 1. Column (4)
lists the stellar mass associated with each spectral type, from
M. J. Pecaut & E. E. Mamajek (2013).

From Table 8 we can derive an estimation of the lowest-
mass ZAMS star that we can detect with the sensitivity of our
observations. Therefore, we use this estimate as a complete-
ness parameter on the multiplicity at the different regions,
especially for the regions where we do not report any
detection.

4.2. Nature of the Radio Emission

By leveraging previous studies on the sources in this
sample, as well as the results from our radio observations, we
have assessed the nature of each individual source (see
Section 3.1 for more details). From the 18 sources we report in
this paper, it is important to highlight that six are radio jets
given their morphology and the estimated spectral index.
IRAS 22198+6336 and the sources IRS 1 and IRS 3 in
NGC 2071 are examples of previously studied ionized jets.
All three exhibit a jetlike morphology and a spectral index in
the range for typical ionized jets associated with YSOs
(S. P. Reynolds 1986; G. Anglada et al. 1998; TTZ16).
Additionally, we suggest that sources L1206 A, L1206 B, and
IRAS 21391+5802 BIMA 3 VLA 3 could be ionized jets given
their morphology, weak centimeter emission, and spectral
index values consisted with ionized jets associated with YSOs.
However, further studies are needed for a definitive inter-
pretation of their nature.

Similarly, we have NGC 2071 VLA 1, which was previously
classified as a younger and more embedded YSO than the
other sources associated in the region. From our results, and
based on previous studies, we agree with the scenario that this
source has a radio jet given the jetlike morphology, the spectral
index, and two thermal components (VLA 1 B1 and

Figure 6. (Continued.)

Table 8
Parameters from Radio Continuum at the Sensitivity Limit at 5 GHz

Region Nlog Ly
a Sp.b Mc

(M⊙)

S235 42.93 B3 5.4
IRAS 22198+6336 42.14 B4 5.1
NGC 2071 41.99 B4 5.1
Cep E 42.04 B4 5.1
L1206 A 42.25 B4 5.1
L1206 B 42.23 B4 5.1
IRAS 22172+5549 MIR 1 43.34 B3 5.4
IRAS 22172+5549 MIR 2 43.33 B3 5.4
IRAS 22172+5549 MIR 3 43.37 B3 5.4
IRAS 21391+5802 BIMA 2 42.14 B4 5.1
IRAS 21391+5802 BIMA 3 42.20 B4 5.1
IRAS 21391+5802 MIR 48 42.22 B4 5.1

Notes.
a Values calculated using equations from S. Kurtz et al. (1994) and N. Panagia
& C. M. Walmsley (1978).
b Spectral type estimation made from extrapolating the values in Table II in
N. Panagia (1973).
c The estimate of the mass was taken from M. J. Pecaut & E. E. Mama-
jek (2013).
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VLA 1 B2) that are aligned in the direction of the jet. More
observations are needed to fully resolve the sources and
confirm the nature of this proposed radio jet.

Regarding the remaining sources in NGC 2071, IRS 1Eb
exhibits a relatively flat spectral index, indicating thermal
emission. Its proximity to the radio jet IRS 1 suggests that this
source might be part of the jet emission. The two new radio
detections, HOPS-361-E-cm and IRS 8 cm, have millimeter
counterparts, and their compact morphology and positive
spectral indices suggest that they are likely individual YSOs
within the NGC 2071 cluster. Similarly, the three sources
toward IRAS 21391+5802 BIMA 2 (VLA 1, VLA 2, and
VLA 3) show evidence of being individual YSOs. In this case,
the most likely scenario is that source VLA 2 is the most
massive and is driving the molecular outflow. Source S235
was classified as a Herbig Be star by P. A. Boley et al. (2009).
Our results, which show a compact morphology and a spectral
index consistent with thermal emission, support this conclu-
sion regarding the nature of the source. Table 9 summarizes
the detections and the corresponding assessments of the nature
of each source already discussed in the individual subsections
on Section 3.1.

In SOMA Radio I and SOMA Radio II, we reported
different evolutionary stages and nature of the sample, which
included radio jets, UC H II regions, and variable stars. In
general, nine of the 17 regions previously analyzed presented
characteristics that indicated a radio jet scenario. In this work,
we present a slightly lower distribution with only four
(IRAS 22198+6336, NGC 2071, L1206 A, and L1206 B) of
the 12 regions exhibiting characteristics consistent with radio
jets, since three (NGC 2071: IRS 1, IRS 3, and VLA 1) of the
six radio jet scenarios that we report are from sources
associated with region NGC 2071. Given our sensitivity limit,
we also identify four regions where we do not report a 5σ
detection (IRAS 22172+5549: MIR 1, MIR 2, and MIR 3, and

IRAS 21391+5802 MIR 48), in contrast to the first 17 regions
analyzed, where only one, IRAS 16562-3959 N from SOMA
Radio II, was a nondetection.

4.3. Radio Bolometric Luminosity of Intermediate-mass
Protostars

Following the results from SOMA Radio II, in Figure 7 we
present the radio luminosity at 5 GHz from the inner (left panel)
and SOMA (right panel) scales versus the bolometric luminosity.
For the bolometric luminosity of SOMA sources (detections
from SOMA I and SOMA II samples are magenta and blue
squares, respectively) we report the average of the “good” models
from Table C1 of SOMA V and the error bars for the SOMA III
sources correspond to the dispersion of these good models. We
also show data for lower-mass YSOs associated with ionized jets
from G. Anglada (1995, small yellow dots). We scaled their
fluxes from 3.6 cm, using a factor of 0.74, assuming that these
sources have a spectral index α = 0.6, which is the expected
value of ionized jets. A power-law fit to these data of
( [ ]) ( )/ /= ×S d L LmJy kpc 8 102 2 3

bol
0.6 is shown with a

dashed line. UC and HC H II regions from S. Kurtz et al. (1994)
are represented with “×” symbols. Note, the bolometric
luminosities of the low-mass YSOs and the UC and HC H II
regions are not measured in exactly the same way as the SED-
fitting method of the SOMA sources, for which we are reporting
intrinsic bolometric luminosities of the fitted SED models.
Similar to SOMA Radio II, a plot showing the results based on
isotropic bolometric luminosities is presented in Appendix B.
Several theoretical models for the radio luminosity of

massive protostars are plotted in Figure 7. The black dotted
line is the radio emission expected from an optically thin H II
region, given the Lyman continuum luminosity of a
single ZAMS star at a given bolometric luminosity
(R. I. Thompson 1984). The light blue lines correspond to
the models from TTZ16, of the expected radio emission that
arises from photoionization of a massive protostar-forming via
TCA, also for optically thin conditions at 5 GHz. These
models have an initial core mass of Mc = 60M⊙ and the three
cases correspond to clump environment mass surface densities
of Σcl = 0.316, 1, and 3.16 g cm−2. The lower-mass surface
densities correspond to lower accretion rates, for which
protostellar contraction toward the ZAMS occurs sooner, i.e.,
at lower masses and lower values of Lbol. Note, these models
do not include any contribution from shock ionization. Similar
plots with an additional sets of theoretical models based on
optically thin radio emission from the ionizing photon output
of the TCA protostellar evolution models of ZT18 are shown
in Appendix C.
E. C. Gardiner et al. (2024) developed a model for

estimating the radio emission from free–free emission from
ionized gas produced by collisional ionization in shocks for a
massive protostar-forming from a 60M⊙ core in a 1 g cm−2

clump environment. This radio emission is also shown in
Figure 7 with dark blue lines. We note that the contribution
from shock ionization is quite spatially extended, with the
emission from a 25,000 au radius aperture (more closely
matching the SOMA scale) being about a factor of 10 higher
than that from a 1000 au aperture (more closely matching the
inner scale).
As in SOMA Radio II, it is important to note that, at the

SOMA scale, we may miss radio flux due to interferometric
filtering. The SOMA scale (right plot) captures all the emission

Table 9
Summary of the Nature of the Sources Reported in the SOMA III Sample

Region Source Nature

S235 VLA 2 Herbig Be star
IRAS 22198+6336 VLA 2 Ionized Jet
NGC 2071 IRS 1 Jet Candidate
NGC 2071 VLA 1 Jet Candidate
NGC 2071 VLA 1 B1 Jet Knot (Candidate)
NGC 2071 VLA 1 B2 Jet Knot (Candidate)
NGC 2071 IRS 1Eb Jet Knot (Candidate)
NGC 2071 IRS 8 cm YSO
NGC 2071 HOPS-361-E-cm YSO
NGC 2071 IRS 3 Jet Candidate
Cep E VLA 1 Undetermined
L1206 A A Jet Candidate
L1206 B B Jet Candidate or HC H II

Region
IRAS 21391+5802

BIMA 2
VLA 2A YSO

IRAS 21391+5802
BIMA 2

VLA 2B YSO

IRAS 21391+5802
BIMA 2

VLA 2C YSO

IRAS 21391+5802
BIMA 3

VLA 3 Jet Candidate or YSO

IRAS 21391+5802
BIMA 3

VLA 3B Undetermined
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in the region, including contaminating contributions from jet
knots and other nearby sources, further enhancing the radio
luminosity. The artificial flux added by these sources, along
with the differing spatial scales relative to the inner scale,
makes the SOMA scale less reliable for assessing the intrinsic
nature of individual sources. However, the SOMA scale still
holds importance since it allows direct comparison with
theoretical models with bigger scales that take into account jet
knots and other multiple stellar sources in protoclusters.

The differences between the results shown in the two plots
of Figure 7 (as well as Figures B1, C1, and C2), particularly
for the sources we classified as having jetlike morphologies
(IRAS 22198+6336, NGC 2071, L1206 A, and L1206 B),
arise from the different scales used to determine the radio
luminosity (Ü. Kavak et al. 2021).

With the addition of the SOMA III sample, which is
composed of IM protostars, we now present a total of 29
SOMA protostars that expand the range of the radio versus
bolometric luminosity relation. Our data points now cover
values from Lbol ∼ 102 to 106 L⊙. This large range of
observations is important for studying the relationship between
protostellar models and the observations.

Comparing the distribution of the SOMA III radio sources
with the models, we find that our sample is considerably less
luminous than the SOMA I and SOMA II sources. As
expected, the sources analyzed in this work (IM protostars) are
positioned between the lower-mass YSOs from G. Anglada
(1995) and the more massive sources from our current sample,
except for S235, which is closer to the massive sources but is
still at the lower end of the high-mass stars in our sample. For
a more in-depth analysis of the SOMA I and SOMA II sources,
please refer to Sections 6 and 4 of SOMA Radio I and SOMA

Radio II, respectively. It is important to note that most of our
IM protostars have lower radio luminosities than would be
expected from an extrapolation of the power-law relation
defined by the low-mass protostars reported by G. Anglada
et al. (2015), i.e., most of our points fall below the dashed line
at both the inner and the SOMA scales.
By expanding the SOMA protostar sample to lower-

luminosity sources, we see that the behavior described
in SOMA Radio II still holds, namely that the sources exhibit
relatively faint radio luminosities compared to the predictions
of ZAMS models and of the power-law extrapolation of radio
luminosity from low-mass protostars. However, they overlap
with the parameter space covered by TCA protostellar models.
In particular, the radio faintness of IM protostars is consistent
with predictions of protostellar evolution models with
Σcl ≲ 1 g cm−2: in the range of luminosities from ∼3 × 102 to
∼104 L⊙ the protostars produce very little photoionization
since they are in an expanded, relatively cool state.
Additionally, we see that the shock ionization model of
E. C. Gardiner et al. (2024), which falls below the extrapolated
lower-mass YSO relation, is generally consistent with most of
the sources in the SOMA III sample. Thus shock ionization is
still expected to dominate in this regime, but the models of
E. C. Gardiner et al. (2024) indicate this emission may be
relatively weak, likely because outflow speeds are also reduced
given the expanded protostellar radii.
The addition of the IM protostars strengthens the suggestion

that the rise in ionizing luminosity may occur only at relatively
higher protostellar masses and luminosities. Moreover, we find
that the radio luminosity measured on the SOMA scale rises
steeply, by about 3 dex, as the bolometric luminosity increases
by 1 dex. This rise is smaller than that found in the more

Figure 7. Radio luminosity at 5 GHz for the inner scale (left) and for the SOMA scale (right) as a function of the bolometric luminosity of for 29 SOMA sources
from SOMA Radio I and SOMA Radio II (squares) and SOMA III (circles; see legend). In each panel we also show lower-mass YSOs from G. Anglada (1995, small
yellow circles). The dashed line shows a power-law fit to these lower-mass YSOs (G. Anglada et al. 2015): ( [ ]) ( )/ /= ×S d L LmJy kpc 8 102 2 3

bol
0.6. The “×”

symbols are HC and UC H II regions from S. Kurtz et al. (1994). The black solid line shows the radio emission expected from optically thin H II regions powered by
ZAMS stars (R. I. Thompson 1984). The light blue lines show models for HII regions powered by turbulent core accretion (TCA) model protostars (TTZ16) (with
Mc = 60M⊙ and Σcl = 0.316, 1, and 3.16 g cm−2, as labeled). Note that these models, which do account for RT effects of the free–free emission, assume that all of
the ionizing photons are reprocessed by the H II region, i.e., with zero escape fraction. The dark blue lines show radio emission from shock ionization in simulations
of a fiducial TCA protostar, i.e., forming from a 60 M⊙ core in a 1 g cm−2 clump environment (E. C. Gardiner et al. 2024), with the solid and dotted–dashed lines
showing emission from within 1000 and 25,000 au of the protostar, respectively.
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massive protostars (SOMA II), but is still considered a steep
increase, consistent with the basic expectations of TCA
massive protostar models for the onset of Kelvin–Helmholz
contraction to the ZAMS. However, more detailed testing of
the TCA models via the SOMA Radio data will require
independent estimates of other protostellar properties, such as
protostellar masses and accretion rates.

5. Summary and Conclusions

Following the work done in SOMA Radio I and SOMA
Radio II, we present results from radio-continuum VLA
follow-up observations of the SOMA III sample, which is
primarily composed of IM protostars. These observations
allow us to precisely locate the protostars, investigate multi-
plicity, and identify ionized gas emission. The latter provides
insight into outflow morphology, particularly through the
orientation of radio jet axes, and serves as a potential
evolutionary indicator for massive protostars, especially as
they approach the ZAMS, when photoionization is expected to
play an increasingly dominant role. With the addition of the 12
sources in the seven target region, our SOMA Radio sample
now is composed of 29 sources, covering values from
Lbol ∼ 102 to 106 L⊙. Below, we summarize our main findings.

1. We detected 18 sources in the 12 regions that are part of
the SOMA III sample, but we find multiplicity (e.g., two
or more detections 5σ within the SOMA scale) in only
three of these 12 regions (NGC 2071, IRAS 21391
+5802 BIMA 2, and IRAS 21391+5802 BIMA 3).
Moreover, we present four regions where we do not
report a detection above our 5σ threshold (IRAS 22172
+5549: MIR 1, MIR 2, and MIR 3, and IRAS 21391
+5802MIR 48).

2. Similar to SOMA Radio I and SOMA Radio II, we report
a variety of nature and evolutionary stages for the
sources in the sample, with seven out of the 18 sources
being classified as ionized jet candidates given their
morphologies and spectral indices.

3. We find the SOMA III sample to be considerably less
luminous than the SOMA I and SOMA II sources, and,
as expected, these IM protostars are positioned between
the lower-mass YSOs from G. Anglada (1995) and the
more massive sources from the SOMA I and SOMA II
samples.

4. The IM protostars present lower radio luminosities than
would be expected from a power-law extrapolation from

the low-mass protostars reported by G. Anglada et al.
(2015), which is consistent with the theoretically
expected low photoionization rate. The shock ionization
model of E. C. Gardiner et al. (2024), which also falls
below the extrapolated lower-mass YSO relation, is
generally consistent with most of the sources in
the SOMA III sample.

5. The broad range of observations enables us to directly
connect protostellar models with observations, providing
new constraints on theories of massive protostar ioniz-
ation and offering deeper insight into how ionization is
tied to protostellar structure and evolutionary stage.
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Appendix A
Full Radio-continuum Parameters of the Sources with

Multiplicity

Table A1 presents additional parameters related to the radio-
continuum detections listed in Tables 6 and 7. We report the
source sizes, as well as the flux densities and their associated
uncertainties at each frequency.
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Appendix B
Radio Luminosity versus Isotropic Bolometric Luminosity

Figure B1 shows a similar plot to Figure 7, but in this case
we used the average of the good models of the isotropic

bolometric luminosity (Table C.1 of SOMA V). Everything
else is the same as Figure 7.

Table A1
Parameters from Radio Continuum of the Sources with Multiplicity in NGC 2071, and IRAS 21391 BIMA 2 and BIMA 3

Source Detection Scale (a × b) R.A. (J2000) Decl. (J2000) S5.0 GHz S7.0 GHz S20.6 GHz S24.5 GHz Spectral

(arcsec × arcsec)
(HH:MM:
SS.SS) (DD:MM:SS.SS) (mJy) (mJy) (mJy) (mJy) Index

NGC 2071 IRS 1 1.34 × 0.75∗ 05:47:04.78 +00:21:42.93 4.88 (0.49) 4.51 (0.45) 6.11 (0.61) 6.81 (0.68) 0.2 (0.08)
IRS 1Eb 1.91 × 0.63 05:47:05.04 +00:21:42.82 0.30 (0.13) 0.19 (0.07) 0.27 (0.12) 0.26 (0.11) 0.1 (0.5)
VLA 1 0.21 × 0.16 05:47:04.75 +00:21:45.43 0.52 (0.07) 0.44 (0.05) 0.82 (0.13) 0.82 (0.12) 0.4 (0.11)

VLA 1 B1 0.22 × 0.14 05:47:04.68 +00:21:45.07 0.48 (0.05) 0.31 (0.04) 0.44 (0.05) 0.51 (0.06) 0.1 (0.10)
VLA 1 B2 0.65 × 0.37 05:47:04.65 +00:21:45.20 0.45 (0.05) 0.11 (0.03) 0.29 (0.04) 0.26 (0.06) 0.1 (0.19)

HOPS-361-E-cm 0.22 × 0.16 05:47:04.31 +00:21:38.05 <0.04 <0.03 0.08 (0.01) 0.14 (0.02) <1.1
IRS 8 cm 0.15 × 0.14 05:47:04.62 +00:21:41.32 <0.04 <0.03 0.03 (0.02) 0.14 (0.03) <0.7
IRS 3 0.50 × 0.12 05:47:04.63 +00:21:47.84 1.28 (0.13) 1.24 (0.16) 2.02 (0.45) 2.44 (0.25) 0.4 (0.10)

BIMA 2 VLA 2A 0.32 × 0.25∗ 21:40:41.86 +58:16:11.95 0.23 (0.03) 0.26 (0.03) 0.64 (0.07) 0.58 (0.07) 0.7 (0.09)
VLA 2B 0.35 × 0.22 21:40:41.73 +58:16:12.81 <0.02 0.02 (0.01) 0.04 (0.01) 0.09 (0.01) 0.9 (0.66)
VLA 2C 0.29 × 0.19∗ 21:40:41.73 +58:16:14.34 0.02 (0.01) 0.03 (0.01) 0.11 (0.01) 0.11 (0.02) 1.2 (0.18)

BIMA 3 VLA 3 0.53 × 0.33 21:40:42.84 +58:16:01.36 0.01 (0.02) 0.18 (0.03) 0.30 (0.04) 0.20 (0.07) 0.9 (0.16)
VLA 3B 0.41 × 0.13 21:40:43.46 +58:15:59.49 0.04 (0.02) 0.05 (0.01) 0.04 (0.01) 0.07 (0.02) 0.0 (0.20)

Note. The scale corresponds to image component (deconvolved with beam) size from the task imfit, of major axis a and minor axis b. For cases with an *, the scale
corresponds to an ellipse of major axis a and minor axis b.

Figure B1. As Figure 7, but now plotting Lbol,iso for the SOMA sources (left: inner scale, right: SOMA scale).
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Appendix C
Evolutionary Tracks from Radio Luminosities

Figure C1 makes a comparison of the SOMA Radio data at
the inner (top) and SOMA (bottom) scales, with the full set of
protostellar evolutionary tracks from ZT18, i.e., with Mc = 10,
30, 60, 120, 240, and 480M⊙ with Σcl = 0.316 g cm−2 (left),

1 g cm−2 (center), and 3.16 g cm−2 (right). In these models the
radio luminosities are not set from RT like the tracks from
(TTZ16), but instead assumes a simple spherical H II region.
Meanwhile, Figure C2 shows the same information but with
the average of the good models of the isotropic bolometric
luminosity (Table C.1 of SOMA V).

Figure C1. As Figure 7, but now showing protostellar evolutionary tracks from ZT18, under the assumption of optically thin radio emission. These models are for
Mc = 10, 30, 60, 120, 240, and 480M⊙ with Σcl = 0.316 g cm−2 (left), 1 g cm−2 (center), and 3.16 g cm−2 (right). Top plots are with the radio luminosity at the
inner scale and bottom plots are with the radio luminosity at the SOMA scale.
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