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ABSTRACT

Context. Very low luminosity objects (VeLLOs) in nearby star-forming regions have been identified as promising proto-brown dwarf
candidates, and studying their multiplicity can shed light on the dominant formation mechanism of substellar objects.

Aims. Our aim is to study the multiplicity of the VeLLO IRAM 04191+1522.

Methods. We obtained 0.89 mm ALMA observations with a very extended configuration that achieved an angular resolution of ~0”04
(6 au at 140 pc). We complemented these data with new VLA observations and ALMA archival data at 1.3 mm.

Results. We resolved IRAMO04191+1522 into a close binary candidate for the first time. The binary is detected in the ALMA con-
tinuum data with a projected separation of ~80mas (or 11 au at a distance of 140 pc). The two sources are oriented in the east-west
direction, with the eastern component being brighter and more extended than the western one, which is marginally resolved. Analysis
of C'80 (2-1) archival data revealed gaseous material in rotation around the binary, presumably from a circumbinary disk with ~27 au
of radius centered on the faintest ALMA component. A fit of the position-velocity diagram allowed us to estimate a total dynamical
mass for the system of 50 +40 Mj,,. Therefore, we classify IRAMO04191 as a tight proto-brown dwarf binary candidate. The VLA
data revealed the detection of a single object closer to the western ALMA source with a spectral index consistent with a radio jet.
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1. Introduction

Very low luminosity objects (VeLLOs), discovered by the Spitzer
space telescope, are defined as embedded objects with internal
luminosities (Liy) below 0.1 Lg (di Francesco et al. 2007). They
have been identified as promising proto-brown dwarf (proto-BD)
candidates, that is, BDs at the earliest stages of their evolution
when they are still embedded in their parental clouds (see review
by Palau et al. 2024). The multiplicity of proto-BDs is an impor-
tant outcome of substellar formation theories, and its study can
help shed light on their dominant formation mechanism (e.g.
Bate 2012; Offner et al. 2016).

We designed a pilot project to study the multiplic-
ity of VeLLOs with ALMA that obtained observations for
IRAM 04191+1522 (IRAMO04191, hereafter). IRAMO04191 is a
Class 0 object located in the southern part of the Taurus molec-
ular cloud displaying a collimated CO(2-1) bipolar outflow and
an ionized jet (André et al. 1999). It was detected by the Spitzer
telescope at wavelengths shorter than 60 pm and classified as

* Based on observations obtained at the ALMA Observatory under
programs 2017.1.00551.S and 2016.1.00039.S.
** Corresponding author: nhuelamo@cab.inta-csic.es

a VeLLO based on its Lj of 0.08+0.04L, (Dunham et al.
2006). In this letter, we present unprecedented angular resolu-
tion ALMA observations of IRAMO04191 at 0.89 mm that have
allowed us to resolve the object into a tight binary candidate.
We complement these data with new Very Large Array (VLA)
observations and ALMA Band 6 (1.3 mm) archival data.

2. Observations and data reduction
2.1. Band 7 ALMA observations

As part of the ALMA Cycle 5 program 2017.1.00551.S (PI
Huélamo), IRAMO04191 was observed with the ALMA 12m-
array on November 24, 2017. The data were obtained with
49 antennas in single field dual polarization mode. Band 7
(334.9 GHz, 0.89 mm) was used, with two basebands centered
at 335.9 and 334.0 GHz, respectively, both with a width of
1.875 GHz and a channel spacing of 31 MHz. We also placed
two spectral windows respectively centered at the frequency that
contains the CO(3-2) and H'*CO+(4-3) transitions to obtain
serendipitous detections of gas emission associated with outflow
and disk phenomena. The observations were performed with
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Fig. 1. ALMA and VLA observations of IRAMO04191. Left: ALMA 0.89 mm observations. The contours represent values of 5, 7, 8, 9, 10, 10.70
(rms=6.6e-05 Jy/beam) and are drawn from the image smoothed with a Gaussian whose full width at half maximum corresponds to approximately
one synthesized beam. Middle: ALMA 1.3 mm observations (robust of 0.5). The contours represent values of 4, 7, 10, 13, and 190, with rms=
2.4e-05 Jy/beam. Right: VLA KKaQ image. The contours correspond to 3, 4, 6, 9, 12, 15, 18 times the rms (5 pJy/beam). The synthesized beams
are displayed in the bottom-left corner of each image. The white crosses represent the positions of the two detected sources at 1.3 mm.

an average precipitable water-vapor column of ~0.6 mm. The
antenna baselines ranged from 92 m to 8.5 km, providing a max-
imum recoverable scale of 0”76. The objects QSO J0237+2848
and QSO J0440+1437 were respectively used as a bandpass cal-
ibrator and a phase calibrator. The former was used to scale
the flux density. The science time on-source was 16 minutes.
We used the automatic self-calibration pipeline auto_selfcal'
to self-calibrate the visibilities and perform continuum imaging
(Tobin et al. 2025), changing the minsnr_to_proceed parame-
ter to be 1.5 instead of 2.95. The pipeline was executed using the
Common Astronomy Software Applications package (CASA;
McMullin et al. 2007) version 6.6.4. The data self-calibrated
successfully, with the phase-only self-calibration converging
down to the scan-length solution interval. We analyzed data with
different imaging options (see Appendix B), selecting the image
with a robust —0.25 and a cut in uv range of >200kA as our fidu-
cial image showing a synthesized beam size of 33 X 25 mas and
position angle (PA) of 42°.

2.2. VLA observations

We observed IRAMO04191 with the VLA of the National Radio
Astronomy Observatory (NRAO) in its A configuration at the
K, Ka, and Q bands (project 24B-250). All observations were
performed during the second semester of 2024: October 22 for
the Q band and December 4 and 5 for Ka and K, respectively.
At all bands, we used the standard continuum observing setup
that allows one to use a total of 8 GHz in bandwidth for each
band. For all bands, 3C147 was used as a flux calibrator, while
3C84 was used as the bandpass calibrator, and J0409+1217 was
used as a complex gain calibrator. At each band, we used cycles
between the target and complex gain calibrator as recommended
for the A configuration by the NRAO. Data were calibrated by
the NRAO staff using CASA v6.6.1 and the VLA pipeline. We
tried self-calibration of the data, but it did not work due to the
faintness of the source. Images were made using tclean from
the calibrated data and exploring different visibility weightings
(natural, uniform, and briggs). We produced a single image com-

! https://github.com/jjtobin/auto_selfcal
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bining all three bands (KKaQ) and using multi-frequency syn-
thesis. We worked with the image with a robust parameter of
one, showing a synthesized beam size of 0”708 X 0”707 and a PA
of —33°.

2.3. Band 6 ALMA archival observations

We complemented our 0.89 mm data with public ALMA archival
data obtained in Band 6 (220.6 GHz, 1.3 mm) under projects
2016.1.00039.S (P.I. Dunham) and 2016.1.01284.S (P.I. Maury).
We note that the former was observed with an angular resolution
comparable to our 0.89 mm data. The description of these obser-
vations and the data reduction are included in Appendix A.

3. Main results
3.1. ALMA continuum data: Most extended configurations

The 0.89 mm image of IRAMO04191 is displayed in Figure 1
(left panel). The continuum emission is extended in the east-
west direction, showing two bright sources separated by ~54 mas
(~8au at 140 pc). The strongest emission comes from the east-
ernmost source (IRAMO04191E, hereafter). The two sources are
surrounded by extended emission.

The 1.3 mm continuum data (project 2016.1.00039.S) is dis-
played in the middle panel of Fig. 1. It shows two emission peaks
separated by ~80mas (11 au at 140 pc). Similar to the 0.89 mm
data, the brightest source is IRAMO4191E, which is spatially
resolved, while the western one (IRAM04191W) is point-like
(see Table C.1). The 1.3 mm image also reveals extended emis-
sion connecting and surrounding the two sources.

The positions and fluxes for the two detected sources in
the two bands are included in Table C.1. We note that in the
case of the 0.89 mm data, we derived these parameters in both
the self-calibrated (Fig. 1) and non-self-calibrated images (see
Appendix B for details).

The analysis of the ALMA data suggests that IRAM 04191
could be part of a tight binary system. This is consistent with the
fact that two ALMA sources separated by ~80 mas were detected
as compact sources in the two bands after a cut in the uv range
of >1100 kA was applied (see Figure B.2).


https://github.com/jjtobin/auto_selfcal

Huélamo, N, et al.: A&A, 709, L3 (2026)

+ ALMA B6: IRAM04191 E & W

15°29'46.4" 8
_ 46.2" 7
) 0

o

S £
S 2
@) 46.0" &3
w o
a g

45.8" >

4

4h21M56.925 56.90°

RA (J2000)

56.88°

Fig. 2. First-order moment of the C'®0(2-1) line. We selected the
channels that show emission closer to the central binary (see text), as
they reveal the presence of rotating emission resembling a circumbi-
nary disk. The synthesized beam is displayed at the bottom right (pink).
The black plus signs indicate the positions of the sources detected at
1.3 mm, as reported in Table B1.
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Fig. 3. Position-velocity diagram built along the major axis of the C'*0
emission. The contours represent values of 3, 6, and 90-. We include the
extracted velocities from the edge (pink and cyan) and ridge (blue and
red) methods within SLAM, assuming a Keplerian rotation pattern.

We estimated the masses (gas plus dust) of the detected
sources following the procedure described in Appendix D. Both
show very low values: between 1.8 and 0.4 Mj,,at 1.3 mm and
below 1My, at 0.89mm (see Table C.1). The mass of the
whole emission (binary plus extended emission) is estimated to
be 4-5 My, at 0.89 mm and 4.1 My,, at 1.3 mm (see details in
Appendix D).

3.2. VLA observations

The combined KKaQ-band image is displayed in the right panel
of Figure 1. We detected a single source at the position of
IRAMO04191 in the three observed bands (the three individual
images are displayed in Figure E.1). The properties of this radio
source are included in Table E.1. The image shows extended
emission with an elongation toward the northeast in the direc-
tion of the reported outflow (André et al. 1999). Using the fluxes
at 33 and 22 GHz, we derived a spectral index of 0.24 +0.23,
consistent with free-free emission from a radio jet.

The bulk of the VLA emission seems to be associated with
IRAMO04191W, but the moderate angular resolution and sensi-
tivity of the VLA data do not allow us to discern if the east-
ern component also contributes to the centimeter emission. The
position of the VLA source is offset by ~30 mas southeast from
IRAMO04191W, which corresponds to the direction of the proper
motion of the Taurus members (e.g. Galli et al. 2019), although it
is smaller than that reported for the neighboring moving groups
(e.g., L1551, L1558), considering the time span of 7 years
between the ALMA and VLA data. However, the different beam
sizes and source morphologies in the ALMA and VLA data pre-
vent a reliable determination of the proper motion. Dedicated
observations are therefore required to characterize the nature of
this positional offset and the proper motion of IRAMO04191.

3.3. Molecular emission from C'80 (2-1)

Maury (2020) already suggested the presence of a small disk
around IRAMO04191, so we reanalyzed C'80(2-1) observations
to shed light on the system architecture. The moment 1 is dis-
played in Fig. 2, where we selected the velocity channels that
show emission close to the ALMA detections: 3.5-5.5 km/s and
7.9-9.4km/s. The velocity gradient in C'®Qis consistent with
material in rotation around the ALMA binary, confirming that
it may be surrounded by a circumbinary disk whose geometri-
cal center lies closer to the faintest source (IRAM04191W). The
deconvolved size of the moment 0 of the C'#0 (2-1) emission
is 0739 + 0705 x 0”7 17 £ 0704 (PA of 88 + 8°), which translates
into a disk radius of ~27 au and an inclination? of 64 + 7°, which
is in good agreement with the values of 50—60° derived in previ-
ous works (e.g. André et al. 1999).

We used the moment 1 of the C'#0 emission to generate a
position-velocity (pv) diagram along its major axis. As shown in
Fig. 3, the diagram shows a Keplerian-like pattern. We fit the pv
diagram using the SLAM code (Sai 2023) and adopted both the
edge and ridge methods. We assumed an rms noise of 2.45 mJy,
an S/N threshold of five, and Gaussian weighting. The ridge
method provides more robust tracing of the emission, yielding a
break radius of ~11 au and a dynamical mass of 0.05 + 0.04 M.

4. Discussion

The ALMA data presented here allowed us for the first time to
(i) resolve IRAMO04191 into a tight Class O substellar binary
candidate with ~11 au of projected separation surrounded by a
circumbinary disk centered on the faintest ALMA continuum
source (IRAMO04191W) and to (ii) estimate a dynamical mass
of ~50 + 40 My, for the whole system. In the context of Class 0
binary systems, IRAMO04191 would represent one of the tightest
binaries detected in continuum emission to date, only compara-
ble to L1157 MMS (a 16 au Class 0 binary; Tobin et al. 2022).

A two-peak morphology in the continuum emission of a
young object can also be interpreted as a high-inclined disk with
a large inner cavity. However, such a large cavity would be hard
to reconcile with the strong molecular outflow reported in this
source and the presence of a radio jet, which is normally asso-
ciated with very young objects. Moreover, in an edge-on disk
scenario, the VLA centimeter detection presented here would be
expected to lie between the two ALMA peaks, and this is not the
case.

2 The inclination was estimated using the size ratio between major and
minor disk axes following the expression cos™! (Ormin/Ormaj)-
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Fig. 4. Dynamical mass (Myy,) vs. Liydiagram adopted from
Palau et al. (2024). Blue symbols represent protostars, VeLLOs, and
proto-BD candidates with L;,, and My, measurements, while the solid
line represents the fit to the data. The shaded area corresponds to two
(dark) and five times (light) the uncertainty of the fit. The dashed green
lines at the bottom left delimit the region consistent with proto-BDs.
We represent IRAM 04191 with Mgy, derived in this work, and Li, from
Pérez-Garcia et al. (2025).

Considering that IRAMO04191W seems to be associated with
the VLA detection and its location at the center of the circumbi-
nary disk, it is reasonable to suggest that this source may be
the primary (and hence most massive) component of the binary,
despite being the fainter emitter in the ALMA data. A com-
parable configuration was observed in the protostellar binary
[BHB2007] 11 (Alves et al. 2019), although in that case both
components were detected in the VLA data. Nevertheless, this
hypothesis needs further confirmation through future dedicated
ALMA and VLA observations.

Palau et al. (2024) presented a correlation between the
dynamical mass (Mgy,) of protostars and VeLLOs with their Liy.
Using the dynamical mass derived in this work, we included
IRAMO04191 in their Mgy,-Liy diagram and found it to be con-
sistent with the reported correlation, strongly supporting its sub-
stellar nature (Fig. 4). If confirmed as a binary, the value of each
parameter should be divided between components taking into
account the binary mass ratio, which is currently unknown.

The reported values of M.,, for IRAMO04191 vary between
0.05 M, (using Herschel/SPIRE data at 250 wm, Kim et al. 2016)
and 0.5 M, (using 1.3 mm data, André et al. 1999). The discrep-
ancy between the values is mainly related to the methodology
used to estimate the mass, which use a different radius (24"
vs. 60”, respectively) to integrate the flux. We reanalyzed the
SPIRE/250 um data of IRAMO04191 and estimated a M.,, of
~0.2 M, by integrating the flux within a 40~ contour around the
source and assuming 74,5 and opacity as in Kim et al. (2016). By
adopting a star formation efficiency of 30% (see, e.g., Palau et al.
2024), we can infer a mass reservoir of ~60 My, available to
be accreted by the binary over its evolution. Assuming a very
conservative mass of 45 My, for each of the binary components
and that each accretes half of the mass reservoir, the system
might end up as a substellar pair. We note, however, that differ-
ent works have reported episodic accretion onto the source (Lee
2007; Anderl et al. 2020). This combined with the occurrence
of mass-loss episodes (e.g., molecular outflow, radio jet) implies
that the fate of the binary cannot be definitively established.
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Early in the stellar formation process, turbulent fragmenta-
tion produced binaries with initial separations wider (>500 au)
than those formed by disk fragmentation, although dynamical
evolution can quickly change these separations into lower values
in ~0.1 Myr (Offner et al. 2016). In that respect, core fragmen-
tation models by Bate (2009, 2012) can produce very low mass
binaries with small separations (<40 au), although the modelled
cloud properties do not resemble those of Taurus. An observa-
tional test that could shed light on the formation mechanism
of IRAMO04191 would involve studying the misalignment of the
outflows and/or disks of the two components with more sensitive
ALMA observations in the future (Offner et al. 2016). Interest-
ingly, most BD binaries observed in the field and star-forming
regions are tight systems (sep <10-20au) with a mass ratio
close to one (e.g. Duchéne & Kraus 2013). The confirmation of
IRAMO04191 as a compact binary candidate at such an early evo-
lutionary stage would raise the question of whether the separa-
tion distribution observed in more evolved systems is already set
at very early stages of BD binary formation.
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Appendix A: ALMA archival data reduction

The 1.3mm data from project 2016.1.00039.S (P.I. Dunham)
were obtained on November 1, 2017, only about three weeks
before our 0.89 mm observations. The data were obtained with
49 antennas of the 12-array in single field dual-polarization
mode, dedicating one spectral window of 1.875 GHz bandwidth
to observe continuum and five more spectral windows to observe
spectra line emission, comprising an aggregate bandwidth of
2.262 GHz. The average precipitable water-vapor column of the
observations was ~0.5 mm. The baselines ranged from 113 m
to 13.9km. The maximum recoverable scale was 0”5. Band-
pass and flux calibrations were made using QSO J0510+1800,
while QSOJ0431+1731 was used as a phase calibrator. The
science time on-source was 31 minutes. Data were calibrated
using the CASA pipeline, version 5.1.1. Continuum imaging
was performed using the task tclean in multi-frequency syn-
thesis mode and a multi-scale clean deconvolution algorithm
with scales of 0, 0704, and 0”71. A cellsize of 0’7004 was used,
with Briggs weighting and a robust parameter = 0.5, providing
a synthesized beam of 0”704x0”703 and PA of -36°. We tried the
self-calibration of the data, but it did not work due to the faint-
ness of the source. The uvrange of the data spans from 53 to
9200kA.

We have also analyzed data from project 2016.1.01284.S
(P.I. Maury), which were obtained in two executions on October
15, 2016, and July 21, 2017. Observations were taken with 41
and 46 antennas of the 12-array respectively, in single field dual-
polarization mode. Three spectral windows of 1.875 GHz band-
width each were set up to observe continuum, and four more
spectral windows of 58.594 MHz bandwidth were selected to
observe spectra line emission, comprising an aggregate band-
width of 5.859 GHz. The average precipitable water-vapor col-
umn of the observations was ~0.64 mm. The baselines ranged
from 16.7 m to 3.7 km. The maximum recoverable scale was 179.
Bandpass calibration were made using QSO J0425+1755 and
J0237+2848. QSO J0425+1755 and J0423-0120 were used for
flux calibration, and QSO J0433+0521 and J0449+1121 were
used as phase calibrators respectively. The total time on the sci-
ence source was 1.1 hr. Data were calibrated using version 4.7.2
of the CASA pipeline. For this paper, we have only analyzed the
spectral window that covered the emission at C'%0 (2-1), with
61.035 kHz spectral resolution, equivalent to 0.08 km/s veloc-
ity resolution. We note that this dataset was already discussed
in Maury (2020), who already suggested the presence of a small
disk around the source. We have reprocessed the data to isolate
the disk emission in order to (i) study its location with respect to
the binary components, and (ii) to estimate a dynamical mass for
the whole system. C'30(2-1) imaging was performed using the
task tclean using hogbom cleaning deconvolution algorithm. A
cell size of 0702 was used, with Briggs weighting and a robust
parameter = 1.5, providing a synthesized beam of 0”/3x0"/2, and
PA of -57.8°. CASA version 6.5.6 was used for imaging pur-
poses.

Appendix B: ALMA Band 7 data

To further investigate the presence of two compact sources in
the ALMA data, we compared images generated using different
robust and a cut in uvrange >200 k4. We have explored robust
of 0.5, 0.3, -0.25, -0.5 and -1, and we display the images with -
0.25 and 0.5 in Figs. 1 and B.1, respectively. The left panel of
Fig. B.1 shows the 0.89 mm image with robust 0.5, in which
we detect a central source resolved into two bright peaks sep-

arated by 0704, and an additional extended emission toward the
northwest, in the direction where we detect the secondary com-
ponent in the 1.3 mm data. As the robust is decreased, giving
more weight to the longest baselines, the two central peaks set
apart, and show a separation of ~0”/054 for a robust of -0.25, as
shown in Section 2.1. Although this particular robust allows us
to resolve the binary, it has the disadvantage of increasing the
image noise (rms 6.6e-5 Jy/beam) in comparison with the robust
of 0.5 (4.9¢-5 Jy/beam).

For comparison, the panel on the right of Fig. B.1 shows
the non-self-calibrated 0.89 mm image obtained using a robust
of 0.5. For this data, the calibration was done with CASA
version 5.1.1. To produce the continuum image shown in the
figure, we used a more recent version of CASA (6.5.6). The
task tclean was used in multifrequency synthesis mode, with
multiscale clean deconvolution algorithm comprising scales of
0, 0702, and 071. We used a cellsize of 07004, with Briggs
weighting and robust parameter of 0.5, providing the best
trade-off between spatial resolution and sensitivity. The result-
ing synthesized beam is 07050703, and position angle of
40.4°. This image allows us to recover the two components
of the binary system more easily because the extended emis-
sion is decorrelated and artificially spread along the northeast-
southwest direction, revealing more clearly the central emis-
sion. The resulting image shows an rms of 4.5e-5 Jy/beam, bet-
ter than the value obtained in the self-calibrated image with
robust -0.25. Hence, we have also used this image to derive
the physical parameters of the binary components included in
Table C.1.

Due to the fact that a negative robust enhances artificial
clumpy emission, we have also generated a 0.89 mm self-
calibrated image with robust of 0.5 and a cut in uv range of
>1100 kA, giving more weight to the most extended baselines.
The result is displayed in Fig. B.2 (left panel). The image with
the uv cut shows a strong source to the east plus an additional
well-separated source to the west at a separation of ~80 mas. The
two bright emissions are connected by a stream of material. For
comparison, we have also applied a cut in uv range of >1100 kA
to the 1.3 mm image (B.2, right panel), recovering the reported
binary with the detection of two compact sources at a separation
of ~80 mas.

Appendix C: ALMA parameters of the sources
detected at 0.89 mm and 1.3 mm continuum
images

Table C.1 includes the coordinates, peak intensities, fluxes, and
deconvolved sizes of the two sources detected in the 0.89 mm
and 1.3 mm ALMA images. Note that, for the reasons explained
above, the 0.89 mm measurements have been performed both
in the self-calibrated image shown in Figure 1, and in the non
self-calibrated image displayed in the right panel of Figure
B.1. The ALMA flux calibration accuracy is ~10% in the
two bands (see, e.g., 10.5281/zenod0.4511522). Positions and
peak intensities of the two sources have been derived using
imstat. A double Gaussian has been fit to the most com-
pact emission of the data to estimate the flux density and the
deconvolved size of the two binary components in the two
bands.
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Fig. B.1. ALMA 0.89 mm observations of IRAM04191 with a robust of 0.5. Left: Self-calibrated image. The contours represent 5, 9,13, 17, 21,
22,23, 25, 27 times the rms (4.9e-5 Jy/beam). Right: Non-self-calibrated image. The contours represent 4, 7, 10, 12, 15, 18, 21 times the rms
(4.5e-5 Jy/beam). The white crosses represent the position of the two sources detected in the 1.3 mm data.
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Fig. B.2. Observations of IRAM04191 with uv range >1100kA. The images are smoothed with a Gaussian whose full width at half maximum is
approximately equal to the synthesized beam. The contours in the two images represent 3, 3.5, 4, 4.5, 5, 6, 7, 8 times the rms. Left panel: ALMA
0.89 mm data (rms 5.4e-5 Jy/beam). Right panel: ALMA 1.3 mm data (rms = 2.8e-5 Jy/beam). The white crosses represent the position of the two
sources detected in the ALMA 1.3 mm data with full uv range displayed in Fig. 1.

Appendix D: Estimation of masses from ALMA
continuum data

We have estimated the mass of the ALMA sources assuming
optically thin and isothermal dust emission, and following the
expression:

Moo~ F,d?
dust — kav(Td)’

where F, is the flux density at the given frequency, d is the
distance to the source, k, is the dust mass opacity, and B,(T) is
the Planck function at the dust temperature 7,;. We have assumed
a dust temperature of 12.5 K (André et al. 1999), opacities of

D.1)
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1.68 and 0.89 cm?/g for 890 #m and 1.3 mm (for thin ice mantles
and density of 107® cm?), respectively (Ossenkopf & Henning
1994), and a gas-to-dust mass ratio of 100. The masses are
included in the last column of Table C.1. We have also esti-
mated the mass of the whole integrated emission (binary plus
extended emission) in both bands. To do so, we have first inte-
grated the whole emission within a 30 contour in the images,
resulting in density fluxes of 14.3+0.4 (self-calibrated, Fig. 1)
and 17.4+0.2mlJy (non self-calibrated, right panel of Fig. B.1)
in the 0.89 mm images, and 4.4+0.1 mJy at 1.3 mm. Using equa-
tion D.1, we derive masses of ~4 My,, and ~5 My, for the
self- and non-self-calibrated images at 0.89 mm, and ~4 My, at
1.3 mm.
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Table C.1. Properties of the ALMA detected emissions toward IRAM04191.

Source RAJ2000) DECJ2000) Peak! Flux? Deconvolved? Mass
Intensity Density size
(hh:mm:ss) (dd:mm:ss)  (mJy/beam) (mly) (mas, °) (Myup)

Band 7 (2017.1.00551.S) — self-calibrated image

IRAMO4191E  04:21:56.9044  15.29.46.035 0.91+0.07 1.63+0.19 37.8+0.2x15.7+0.4, PA=49+7 0.45
IRAMO4191W  04:21:56.9007 15.29.46.041  0.81+£0.07 1.16x0.15 point-like 0.32
Band 7 (2017.1.00551.S) — non self-calibrated image
IRAMO4191E  04:21:56.9046  15:29:46.034  1.07+£0.04  1.98+0.10 58.43+0.08 x 24.5+0.2, PA=43+3  0.54
IRAMO04191W  04:21:56.9001  15:29:46.042  0.97+0.04  1.28+0.08 37.4+0.8 x 8.2+6.0, PA=14+5 0.35
Band 6 (2016.1.00039.S)

IRAMO4191E  04:21:56.9043  15:29:46.034  0.52+0.02  1.89+0.06 64.5+0.2 x 41.4+0.3, PA=54+10 1.75
IRAMO4191W  04:21:56.8990 15:29:46.054  0.38+0.02  0.48+0.04 point-like 0.45

Notes. ! The reported error is the rms of the map; 2 Flux density inferred from a double Gaussian fitting to the most compact emission of the data;
3 Estimated from a double Gaussian fitting to the data. We provide the size and the PA.

Ka Band -- 9 mm
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RA (J2000) RA (J2000) RA (J2000)

4h21M56.92°  56.91% 56.89° 56.88°

Fig. E.1. VLA images of IRAMO04191 in the three observed bands: 1.4 cm (left), 9 mm (middle), and 7 mm (right). The first panel shows contours
at4,6,9, 13, 17, 21, 24 X the rms (4 uJy/beam) and the second panel 4, 6, 9, 12, 15, 18 X rms (5 uJy/beam). The 7 mm image displays contours
representing 3, 4, 5, and 5.5 X rms (15 pJy/beam). Natural weighting is used in all three images; the 7 mm image includes a 2000 kA taper.

Table E.1. Properties of the VLA detected source.

Band v A  RA@J2000) DECJ2000) Peak Flux Deconvolved Beam
Intensity Density Size! Size!
(GHz) (cm) (hh:mm:ss) (dd:mm:ss) (uJy/beam) (uJy) (mas, °) (mas, °)

K 22 140 04:21:56.900 15:29:46.026  98+3 118+6 60x40+10, PA=144+30 113x92, PA=-27.9
Ka 33 090 04:21:56.900 15:29:46.030  93+5 130+10 44x42+20, PA=144+30 80x68, PA=-40.7
Q 44 0.68 04:21:56.900 15:29:46.020  93+7 180+20 90x50+20, PA=70+20 85x70, PA=-55.0

Notes. For K and Ka, the measurements were obtained on the images with natural weighting, while for Q they were measured on the images with
natural weighting and a taper of 2000 k1. ! We provide the size in milliarcseconds and the PA in degrees, with their associated uncertainties. > We
provide the beam size and its PA in each band.

Appendix E: VLA observations of IRAM04191

We have detected a single source in the VLA observations pre-
sented in Section 3.2. Figure E.1 shows the individual images in
the K, Ka, and Q bands, while Table E.1 summarizes the proper-
ties of the detected source in the three bands. Note that the flux
calibration uncertainties in K, Ka and Q-bands are of 10-12%".

3 https://science.nrao.edu/facilities/vla/docs/manuals/oss/performance/fdscale
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