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Abstract

We present H-band (1.65 zm) and SOFIA HAWC+- 154 pum polarization observations of the low-mass core L483.
Our H-band observations reveal a magnetic field that is overwhelmingly in the E-W direction, which is
approximately parallel to the bipolar outflow that is observed in scattered IR light and in single-dish '*CO
observations. From our 154 ym data, we infer a ~45° twist in the magnetic field within the inner 5” (1000 au) of
L483. We compare these new observations with published single-dish 350 um polarimetry and find that the
10,000 au scale H-band data match the smaller-scale 350 um data, indicating that the collapse of L483 is
magnetically regulated on these larger scales. We also present high-resolution 1.3 mm Atacama Large Millimeter/
submillimeter Array data of L483 that reveals it is a close binary star with a separation of 34 au. The plane of the
binary of L483 is observed to be approximately parallel to the twisted field in the inner 1000 au. Comparing this
result to the ~1000 au protostellar envelope, we find that the envelope is roughly perpendicular to the 1000 au
HAWC+ field. Using the data presented, we speculate that 1483 initially formed as a wide binary and the
companion star migrated to its current position, causing an extreme shift in angular momentum thereby producing
the twisted magnetic field morphology observed. More observations are needed to further test this scenario.

Unified Astronomy Thesaurus concepts: Star formation (1569); Protostars (1302); Magnetic fields (994)

1. Introduction

Star formation begins in molecular clouds and ends in a
stellar system, which spans over 10 orders of magnitude in
spatial scale and in density. These clouds can be quite crowded
(McKee & Ostriker 2007), which can obfuscate which
dynamics are important. To mitigate this confusion, we can
observe Bok globules (Bok & Reilly 1947), which are low-
mass, star-forming cores, isolated from the larger molecular
cloud and relatively simple in their structure (e.g., Launhardt
et al. 2013). The isolated core Lynds 483 (Lynds 1962),
commonly known as 1483, is a well-studied globule located at
a distance of ~200 pc (Dame & Thaddeus 1985). L483 was
associated with the Aquila Rift region (distance recently
revised to 436 £ 9 pc; Ortiz-Leén et al. 2018), but Gaia Data
Release 2 astrometry indicates L483 is indeed located at ~200
pc (Jacobsen et al. 2019), making it a truly isolated region.

Original content from this work may be used under the terms

BY of the Creative Commons Attribution 4.0 licence. Any further
distribution of this work must maintain attribution to the author(s) and the title
of the work, journal citation and DOI.

The core of L1483 hosts the Class 0 protostar IRAS 18148-
0440 (Parker 1988; Fuller et al. 1995), though there is some
evidence from near-infrared (near-IR) observations that this
object might be transitioning into Class I (Tafalla et al. 2000).
Jgrgensen (2004) found evidence of a 1 M, central object
using velocity gradients of molecular lines, while Oya et al.
(2017) found the central mass to be 0.1-0.2 M. using a
ballistic model. Shirley et al. (2000) used SCUBA submilli-
meter observations to show that L483 has an extended structure
perpendicular to its outflow axis on core size (~10,000 au),
differing from other low-mass protostars. Molecular line
observations of HCN, CS, and N,H" at 1000au show a
chemically rich infalling envelope surrounding the protostar
(Jgrgensen 2004). At ~10,000 au scales, Tobin et al. (2010)
found a complex 8 um extinction morphology surrounding
L483 and having an irregular shape. Subsequent submillimeter
observations (Leung et al. 2016) have found a flattened
envelope down to ~800 au. Leung et al. (2016) also used
CS(6-7) observations to model the infalling material of L483.
Oya et al. (2017) used CS observations from Atacama Large
Millimeter/submillimeter Array (ALMA) to characterize the
infall envelope, and determined that the ~800 au structure is
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rotating. Additionally, the authors found L483 hosts a hot
corino (Oya et al. 2017). Multiple studies have searched for a
disk in this source but have yet to find one down to ~20 au
resolution (e.g., Oya et al. 2017; Jacobsen et al. 2019).

Magnetic fields can affect star formation on all spatial scales.
In the classical picture of magnetized star formation, the
alignment of the angular momentum axis with the magnetic
field of the core is expected to be parallel if the field is strong
(Mouschovias & Paleologou 1979). Conversely, magneto-
hydrodynamic (MHD) simulations with a misaligned field have
shown the collapse process to be more efficient at removing the
angular momentum from infalling material thereby allowing
disk formation (e.g., Joos et al. 2012). To further study this
outflow-field alignment, Chen & Ostriker (2018) examined
~100 cores formed in MHD simulations and found that
systems where the magnetic field dominated, or those with low
turbulence, were more often aligned to the angular momentum
axis of the system than those systems where turbulence was
dominant.

Dust polarization observations are the most common way to
infer the magnetic field morphology in star-forming regions. In
the presence of a magnetic field, elongated dust grains are
aligned with the field via radiative alignment torques (e.g.,
Lazarian 2007; Andersson et al. 2015) and can be used to map
the morphology of the magnetic field. In star-forming regions,
near-IR polarimetry traces polarization by dichroic extinction
of background stars (see, e.g., Alves et al. 2014). In this case
the linearly polarized light observed is parallel to the magnetic
field. This is in contrast to the thermal dust emission at longer
wavelengths that directly probes the collapsing region. In this
case, the linearly polarized emission from aligned dust grains is
perpendicular to the field lines.

To test whether star formation is magnetically regulated,
polarization observations at varying scales have aimed to
measure the angle between the magnetic field and outflow (e.g.,
Davidson et al. 2011; Stephens et al. 2013; Hull et al. 2014;
Cox et al. 2018; Galametz et al. 2018, 2020; Sadavoy et al.
2018a, 2018b). Work done by Hull et al. (2014) found that on
~1000 au scales the alignment between the field and outflow
axis (a proxy for angular momentum direction; Pudritz &
Norman 1983) is essentially random. Follow-up work by Hull
& Zhang (2019) compiled known interferometric polarization
observations of this outflow-field alignment and found the
same result, indicating that on 1000 au scales the field is less
important. On these envelope-size scales, other dynamical
processes, such as outflows, can distort the field morphology
(e.g., Lietal. 2014b; Hull et al. 2017). To mitigate these small-
scale dynamical distortions, Yen et al. (2021) used the James
Clerk Maxwell Telescope (JCMT) to measure the outflow-field
alignment of 62 cores at ~0.05-0.5pc. These authors found a
mean 3D outflow-field alignment angle of 50°, thus showing
magnetic regulation does not work in all clouds. Conversely,
however, the work done by Davidson et al. (2011) and
Chapman et al. (2013) showed some evidence of preferential
outflow-field alignment in cores that are isolated (see also
Mignon-Risse et al. 2021).

A difference in the outflow-field alignment between isolated
cores and nonisolated will have implications for how the natal
environment contributes to how easily cores can fragment, if
alignment can be linked to the strength of the field (Chen &
Ostriker 2018). Hennebelle et al. (2011) found that a stronger
magnetic field can hinder fragmentation on envelope scales.
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Conversely, others (e.g., Boss 2000) have found fragmentation
can increase with a stronger field. Observational work done by
Galametz et al. (2018, 2020) used polarization data from 20
protostars using the Submillimeter Array (SMA) and found that
magnetic fields in envelopes were either aligned in low angular
momentum sources or misaligned in sources with high angular
momentum. Additionally, Hull et al. (2020) used ALMA
polarization to search for hints of how the outflow-field
alignment in the binary BHR 71 affected its formation and
found an hourglass morphology in one star but evidence of
compression of the magnetic field along the outflow of the
other star. While these results show hints at how the magnetic
field affects protostellar collapse, currently there is not a
consensus. Observational studies aimed at understanding the
role of magnetic fields and core fragmentation reveal a complex
relationship and more work is necessary to link them with
theoretical predictions.

In this paper, we present core-scale magnetic field observa-
tions of the isolated core L483 using near-IR and far-infrared
(far-IR) observations. HAWC+ (Harper et al. 2018) is a
polarimeter installed on the Stratospheric Observatory for
Infrared Astronomy (SOFIA). It operates in four discrete bands
between 50 and 240 pm. In this paper, we use 154 ym dust
polarization observations from SOFIA/HAWC+ to infer the
magnetic field of L483 on envelope scales. We compare the
morphology seen in these data with the morphology seen on
larger core scales from the Pico dos Dias Observatory using H-
band polarimetry. We also compare these data to the CSO-
Sharp 350 um polarization maps (Chapman et al. 2013).
Additionally, we use Herschel'® data to investigate the column
density and temperature of the environment surrounding 1483.
We also use high-resolution ALMA data to determine the
binarity of the protostellar system.

This paper is organized as follows. In Section 2, we discuss
our observations and data reduction methods. In Section 3, we
show our results including polarization maps, and the high-
resolution ALMA observations. We discuss the implications of
our findings in Section 4. We summarize all of this in
Section 5.

2. Observations and Data Reduction
2.1. HAWC+ Data

Observations of 1483 were taken using the HAWC+H
instrument on SOFIA in Band D (154 ym) and Band E
(214 um) as part of the project 07_0184 (PI: Sarah Sadavoy).
Band E observations were taken on 2019 July 22 and 2019
September 7 for a total exposure time of 1.116 hours with an
FWHM of ~18.2”. The data from the first flight were flagged
as off-nominal, and are not included in this analysis.
Additionally, the Band E data from the second flight did not
show a meaningful polarization signal (see the x> discussion
below), so we show the continuum data only (see Appendix B).
Band D observations were taken on 2019 September 23 and
2019 July 24 for a total of 1.015 hours and with an FWHM of
~13.6". Both Band D and Band E data were taken using the
standard matched chop—nod procedure as outlined by Hildeb-
rand et al. (2000). The observations used a chopping frequency
of 10.2 Hz, a chop angle of 10° (from N increasing E), and a

!5 Herschel is an ESA space observatory with science instruments provided by
European-led Principal Investigator consortia and with important participation
from NASA.
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chop amplitude of 250" in order to avoid including extended
emission in the off-positions. These specific chop values were
chosen to reduce the low-level source flux in our reference
beam. The observations used a dither pattern, essentially
pointing the telescope at four independent locations in a square
with an offset of 20” in Band D and an offset of 27" in Band E.

We reduced the HAWC+ data manually using the data
reduction pipeline as described in Santos et al. (2019). Briefly,
the data are first demodulated, and any flagged or bad data are
thrown out. This step also accounts for the chopping nature of
the observations. The data are then flat fielded to calibrate
variations in gain between pixels and to remove data from dead
or noisy pixels. The signals reflected and transmitted from the
polarizer are then differenced and summed to create Stokes I,
Q, and U maps at each half-wave plate position. These maps
are then flux corrected by combining the fluxes from various
nod positions. We then apply atmospheric corrections to these
maps using standard models. Finally, the individual observa-
tions are combined into a final I, Q, and U map.

We utilize a x* analysis on our data to check for internal
consistency in our I, Q, and U maps. Briefly, we divide the data
into bins and compute I, Q, and U, as well as their
corresponding uncertainties, for each bin. We then compare
these maps with each other to ensure each is within the claimed
errors, i.e., by checking to see if the value of x>~ 1 where,
X2 = [(actual scatter)/(expected scatter)]z. If the value of
x*>> 1, then we inflate the error bars by the square root of
the reduced X2 (for more details see, e.g., Novak 2011;
Chapman et al. 2013). For the L483 data set, we implemented a
more robust version of this inflation by parameterizing our y°.
We sort the pixels according to intensity and then fit the
corresponding x° values to an expression giving x> as a
function of intensity. We then inflate each pixel’s errors
according to that pixel’s intensity. This in-depth correction was
necessary for our data set due to the low overall total flux
of L483.

To address a pointing drift found in the Band D observa-
tions, we used a 2D Gaussian fit to the center of emission in
each scan and found the instrument pixel corresponding to the
peak. This was done prior to the coordinate shift between
instrumental and equatorial coordinates. We then manually
changed the SIBS value of each scan to reflect the fitted value.
The total drift in the pointing was estimated to be ~1/3 of the
beam (~4") and did not significantly change the peak flux
measured, or the shape of the source.

Polarization vectors are calculated using the polarized
intensity (P), shown in Equation (1) and the polarized angle,
shown in Equation (2):

P= 0%+ U? - o3, (1)
0= larcmn(g). )
2 0

The polarization data are debiased using the most probable
estimator in Equation (1) (e.g., Wardle & Kronberg 1974).
Since a negative value of Q or U yields a different
measurement of polarization angle, we take the correct
quadrant into account when computing 6. The vectors shown
are all above a 3¢ threshold in polarized intensity, where the
median op is ~0.4 mly arcsec 2. The Nyquist sampled
polarization map yields eight detections of polarization for the
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Band D data and zero detections for the Band E data. The
percent polarization is calculated using p =P/I, where I is the
total intensity.

2.2. ALMA Data

The 1.3 mm (Band 6) ALMA observations of 1.483 were
taken on 2017 August 20 as part of the 2016.1.00085 program
(PI: Michael Dunham). The ALMA data have a resolution of
~0”09 and are centered around 225 GHz. The total amount of
time on source was ~10 minutes. We used the Common
Astronomy Software Applications (CASA; McMullin et al.
2007) to image the calibrated data from the archive. Figure 4
was produced using the CASA task TCLEAN with a uniform
weighting parameter. Since we used the ALMA data to
determine the binarity of L483, we chose a uniform weighting
over a natural weighting to prioritize resolution over sensitivity.
The final synthesized beam is 0.117” x 0.079” at a position
angle of —84°. We performed one round of self-calibration on
this data using a solution interval equal to the scan time. In
Appendix C, we show these data using Briggs weighting.

2.3. H-band Data

The H-band (1.65 pm) polarimetry data presented here were
collected at the Pico dos Dias Observatory'® in 2014 June using
the IAGPOL polarimeter (Magalhaes et al. 1996) in combina-
tion with a HAWAII 1024 x 1024—Cam IV imaging detector.
The instantaneous field of view was 4’ x 4/, which with modest
dithering enabled us to cover a 4!7 x 47 field approximately
centered on the position of the young stellar object (YSO). The
polarimeter consists of a half-wave plate followed by a Savart
analyzer and a spectral filter. The effect of the analyzer is to
produce two orthogonally polarized beams that are imaged side
by side on the detector. Data were collected at eight half-wave
plate positions spaced at 22.5°, with each single exposure
having a duration of 10 s. We completed 60 full cycles through
each of the eight half-wave plate positions for a total
integration time of approximately 4800 s.

We obtained the stellar polarization fractions py and
E-vector angles 0y via a series of data reduction procedures
that included bias and flat-field corrections, sky subtraction,
point-source identification, flux measurement, astrometric
correction, least-squares fits to a polarization modulation
function, and final calibration using polarimetric standard stars.
Detailed descriptions of this procedure and the calibration data
used have been presented in earlier work (Santos et al.
2012, 2014, 2016, 2017). Final uncertainties on the measured
polarization fractions were obtained via a quadrature addition
of statistical and systematic errors, where the latter were
conservatively set equal to 0.1% based on upper limits for the
instrumental polarization calibration error reported by Santos
et al. (2012). Finally, the measured polarization fractions were
debiased in the usual way (Wardle & Kronberg 1974; Santos
et al. 2017) and then measurements not satisfying py > 30,
were rejected. Detections of H-band polarization were obtained
for 93 stars.

'® The Pico dos Dias Observatory is operated by the Brazilian National
Laboratory for Astrophysics (LNA), a research institute of the Ministry of
Science, Technology and Innovation (MCTI).
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Figure 1. Left: H-band inferred magnetic field shown in magenta vectors. Background image is 2MASS H band. Black contours are Herschel 500 ym intensity shown

at 100, 200, 300, 400, and 500 MJy sr ', '

CO outflow from IRAM shown in red and cyan contours (Tafalla et al. 2000) separated by 2.1 K km s .

Right: polarization fraction py vs. column density Ny, for H-band stellar polarization measurements. Column density is obtained from graybody fits to Herschel maps
(see Appendix A). The black dashed line shows a power-law fit to the data. The fitted equation is py = p, x (Nu,)* where Ny, is the column density divided by

10*2 cm 2. The best-fit parameters are py = (1.38 4 0.15)% and a = 1.37 £ 0.11.

2.4. Herschel Data

To better understand our new data from L483 we also used
Herschel 250, 350, and 500 ym SPIRE data'’ (Spectral and
Photometric Imaging Receiver) and 160 um PACS data'®
(Photodetector Array Camera) in our analysis. These data were
obtained from the Herschel archive.'” We used these data to
give us valuable information on the column density, temper-
ature, and optical depth of L483 (see Section 3.1). The SPIRE
data were zero-point corrected as described in Sadavoy et al.
(2018c). These corrected maps were used to create synthetic
HAWC+ Band D maps, as described in Appendix A. We also
use these data to zero-point correct the PACS data using the
procedure described in Appendix A.

3. Results
3.1. Polarization Results

In Figure 1 (left panel) we show the corresponding vectors
for all 93 H-band polarization detections, drawn parallel to 6y
in order to illustrate the inferred magnetic field angle. (Recall
that for polarization by absorption, the inferred magnetic field
direction is parallel to the measured E-vector; e.g., Draine &
Weingartner 1997.) The background image in this figure is
2MASS H band, and we also superpose the contours of
Herschel 500 pm dust emission (black), as well a single-dish
IRAM map of the red- and blueshifted CO outflow lobes
(Tafalla et al. 2000).

Given the relatively small distance to the target (~200 pc;
see Section 1) and the relatively small sky area mapped ( < 0.1
pc? at 200 pe), we expect very few if any foreground stars. We
investigated the distances to our H-band stars using the Gaia
EDR3 database (Gaia Collaboration et al. 2016, 2021;

!7 SPIRE observing labels 1342229186.
'8 pACS observing labels are 1342228397, 1342228398.
19 http:/ /archives.esac.esa.int/hsa/whsa/

Lindegren et al. 2021) and found that most stars in our sample
are too obscured by the globule to be accurately measured by
Gaia. Out of our 93 H-band stars, 13 have Gaia parallax
measurements, and only 2 out of that sample have robust (i.e.,
>30) parallax detections. We calculate the distances to these
two stars using the procedure outlined in Bailer-Jones et al.
(2021) and find distances of 880 pc and 1060 pc. Both of these
stars are at the edge of the cloud, not toward the center of L483.
Due to the dusty nature of the globule obscuring the central
stars to Gaia observations, we must use a different metric to
determine if our H-band data are tracing the magnetic field
of LA483.

To test the extent to which the measured H-band polarization
is due to dust in the globule, rather than being caused by distant
material far behind the globule, we used estimates of molecular
hydrogen column density Ny, obtained from our fits to the
Herschel data (see Appendix A and Figure 6) to carry out a
study of the dependence of py on Ny, The right panel of
Figure 1 plots these two quantities for all 92 polarization
detections for which estimates of Ny, are available. (One of the
93 stars having H-band polarization detections was located at
positions just off the western edge of our Ny, map.) Despite the
presence at low Ny, of a small minority of outliers having pg
near or above 10%, we can see an overall tendency for py to
increase with Ng,. To quantify this trend, we carried out a
weighted least-squares power-law fit to the data.

The fitted equation was py = p, X (Nu,/10%? cm~2). The
weight of each of the 92 data points used in the fit was set equal
to the inverse square of the estimated error in py for that point.
The best-fit power law is shown in Figure 1 (right panel) using
a black dashed line. From this fit we find po= (1.38 £ 0.15)%
and the power-law exponent is o = 1.37 & 0.11. This fit result
suggests that the H-band polarization measurements toward
higher column densities are indeed tracing the magnetic field in
the globule itself (e.g., Goodman et al. 1995; Chapman et al.
2011). We conclude that the magnetic field in the outer regions
of the globule, where the dust extinction is small enough to see
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Figure 2. Left: SOFIA Band D (154 pm) observations of L483. The 154 pm total intensity emission is shown in gray scale and contours. The black contours are
shown at 30, 50, 100, and 200, where o = 1.9 mJy arcsec 2. Scaled magnetic field vectors in orange with the polarization percentage scale bar shown on the bottom
right. The inner vectors have a polarization 1%, while the two outer vectors are 7% and 20.4%. The resolution of the observations is ~13”6 and is shown on the
bottom left. Right: a subset of the H-band vectors (magenta) shown on the Spitzer 4.5 pm background image. SHARP 350 pm (Chapman et al. 2013) vectors are
shown in green and HAWC+ 154 pum vectors are shown in orange. Note that the HAWC+ vectors are Nyquist sampled, while the SHARP vectors correspond to
independent beams. All vectors shown are inferred magnetic field orientation. Both panels show the location of the ALMA protostar as a yellow star.

through at the H band, appears to have an E-W orientation—
approximately parallel to the orientation of the CO outflow
(e.g., Fuller et al. 1995; Tafalla et al. 2000; Velusamy et al.
2014).

To determine whether our HAWC+ 154 pym polarization
results for L483 are due to emission or absorption, we calculate
the optical depth (7) at different points in the cloud using our
fitted values for column density and temperature obtained from
the Herschel data (see Appendix A). At the central pixel, i.e.,
the flux peak, and at 23”9 resolution, we find a value of
Tis4um = 0.037 using the 160 um data. This value of 7js4,m
shows that the far-IR emission of 1.483 is optically thin, even at
the peak. Therefore, our HAWC+- polarization observations are
tracing the magnetic field morphology from emission, instead
of absorption, as we are seeing in the near-IR, H-band
observations. Zielinski et al. (2021) also found their HAWC
+ polarization data to be due to emission in the Bok
Globule B335.

Figure 2 shows the inferred magnetic field revealed by
SOFIA Band D observations, as well as the recorded dust
polarization percentages. The vectors shown have been rotated
by 90° since they are tracing polarized emission (e.g.,
Lazarian 2007; Andersson et al. 2015). This is shown
superimposed on the 154 pm total intensity. The peak intensity
at 154 ym is 262 mJy arcsecfz, and the contours show the
source shape starting at 30, where o is the sensitivity of the
image, which is ~1.9 mJy arcsec 2. We note that the use of
debiased vectors compared to non-debiased does not change
the morphology of the field nor the number of vectors detected,
and has only a minor effect on the polarization fraction of the
vectors (the polarization fractions for debiased vectors are
95%-97% of those for corresponding non-debiased vectors).
These observations show an E-W field orientation in the outer
regions of the core, and a ~45° counterclockwise twist (relative
to the E-W field) toward the central source. This figure shows
that the inferred field in this compact region remains organized.

The right panel of Figure 2 shows the inferred magnetic field
using H-band data (magenta vectors), CSO/SHARP 350 ym
data (green; Chapman et al. 2013), and SOFIA 154 ym data
(orange vectors). The vectors are superimposed on a Spitzer
4.5 ym map of L483 (Velusamy et al. 2014). The H-band
vectors show a clear E-W magnetic field direction, which is
approximately parallel to the outflow seen in the Spitzer map
(see also CO outflow lobes in Figure 1). Since the H-band
polarimetry corresponds to stars behind the cloud, each H-band
vector is seen on top of an individual star. The 350 ym vectors
are also seen to have a mostly E-W direction. The 154 ym
magnetic field vectors are shown in orange in this figure to
compare with the larger field, which are at a significantly
different position angle. We discuss these three data sets,
including the overall E-W field direction and the counter-
clockwise twist, in Section 4.1. An important feature to note is
that while the 154 um data show Nyquist sampled vectors (four
vectors per resolution element), the 350 um data show one
vector per resolution element, which is how Chapman et al.
(2013) reported the data.

3.2. Total Intensity Results

We show our zero-point-corrected (zpc) PACS 160 pm map
of L483 in Figure 3. The peak intensity measured in this map is
429 mly arcsec 2, and the source is elongated in the E-W
direction. This elongation is in the same direction as the
observed outflow (e.g., Tafalla et al. 2000; Velusamy et al.
2014). The 160 ym data do not show as much extended
emission of L483 as the SPIRE maps do (Sadavoy et al.
2018c). The PACS maps exhibit a surface brightness that is low
compared to that of the galaxy, suggesting the temperature of
L483 is cold and therefore should have less emission at
160 pm.

In Figure 4 we show the 0709 resolution ALMA 1.3 mm
observations of 1.483. These observations reveal, for the first
time, that 1483 is a binary system. The brighter, southern
source has a peak flux of ~8 mJy beam ', while the dimmer
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Figure 3. Left: HAWC+ 154 um total intensity shown in the color scale and contours. The solid black contours shown correspond to 6, 12, and 25 mJy arcsec 2. The
~13"6 beam is shown in the bottom left. Right: PACS 160 p:m 1483 data shown in the color scale and contours. The PACS ~1174 beam is shown in the bottom left.
We show dashed black contours corresponding to 2.5 and 4 mJy arcsec™ 2, and solid black contours at 6, 12, and 25 mlJy arcsec” 2. To compare the source shape
between the two telescopes we plot the same contours on the HAWC+ data (6, 12, and 25 mJy arcsec™2), excluding the two levels that are lower than the sensitivity of
the HAWC+ data. The shape of L483 is elongated in the N-S direction in the 154 ym data compared to the 160 pm data. This is expected due to the nature of chop—
nod observations. In both images we show the location of the ALMA protostar with a yellow star.
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Figure 4. Band 6 ALMA data of 1483 revealing that 1483 hosts a binary star
system. This image prioritized resolution over sensitivity using uniform
weighting in the cleaning process. We show black contours at 5o, 100, 200,
250, and 300, where o = 0.15 mJy beam™'. The ALMA beam is shown in the
bottom left, and a scale bar of 25 au is shown in the bottom center.

source in the N-W direction has a peak flux of ~5 mly
beam ', Each star looks like a point source, suggesting they
harbor a small disk. This may indicate that magnetic braking is
an important effect in this system. At a distance of 200 pc, the
binary has a separation of ~34 au. Galametz et al. (2020) argue
that L483 is a binary with a wider (~400 au) separation based
on a 5¢ detection at ~0.65 mJy beam ™' (Oya et al. 2017) at a
resolution of 0”4. The high-resolution observations reported in
this paper filter out this structure, and we posit that this was an
observation of fluffy envelope material surrounding L483.
Table 1 summarizes results of total intensity maps from
PACS (160 ym), HAWC+ (154 ym), and ALMA (1.3 mm).

For each map, we list coordinates of intensity peaks, peak
intensity values, peak fluxes, as well as map angular resolution
and map sensitivity. The HAWC+ 154 um reported peak flux
is ~87% of the Herschel PACS 160 um reported peak flux.
From the HAWCH observers guidebook and Gordon et al.
(2018), we expect our calibration to be within 10% of the true
value. There are a few reasons that could be contributing to this
continuum flux discrepancy. First, this could be explained if
there is a slight error in the total calibration. Additionally, the
difference between the two peak flux values may be explained
by the difference in beam size used for a source that is quite
peaked in its emission. Finally, it is possible this discrepancy
can be accounted for due to the slight difference in wavelength
between the two data sets. We also note that since the HAWC+H-
observations are taken using chop-nod, L1483 appears to be
smeared out in the direction of the chop® (the 154 um
continuum emission in the left panel of Figure 3 is more
rounded than the 160 pym emission in the right panel of
Figure 3). This smearing of L483 in the N-S direction is likely
due to the large chop amplitude of the secondary mirror, which
was necessary to get a clean atmospheric background
subtraction. It is also possible that the smearing is due to a
slightly larger beam size due to the pointing drift described in
Section 2. Nevertheless, we do not expect the polarization
results to be affected by any calibration discrepancies due to
our X analysis.

4. Discussion
4.1. Magnetic Field Morphology of 1483

Measuring the magnetic field morphology across spatial
scales can inform our study of magnetically regulated collapse

20 This beam smearing is likely due to the lack of bright guide stars near the
target combined with a 250” chop amplitude, the maximum value allowed for
HAWC+ observing.
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Table 1
Positions and Fluxes of Intensity Peaks in L483
R.A. (J2000) Decl. (J2000) Intensity Peak Flux Beam (arcsec) Sensitivity

HAWC+ 154 ym 18:17:29.89 —4:39:39.78 262 mJy arcsec > 54.68 Jy beam ' 13.6 1.9 mJy arcsec >
PACS 160 ym 18:17:29.93 —4:39:39.45 429 mJy arcsec 2 62.97 Jy beam ! 114 0.61 mly arcsec 2
ALMA 1.3 mm

IRAS 18148-0440A 18:17:29.9428 —4:39:39.599 8.3 mJy beam ' 0.09 0.15 mJy beam '
IRAS 18148-0440B 18:17:29.9365 —4:39:39.483 5.3 mJy beam ' 0.09 0.15 mJy beam '

Note. Position, intensity, peak flux, beam size, and sensitivity of L483 for various observations. Beam area is calculated using 1.13*(FWHM)2.

in star formation. The Planck®' all-sky survey mapped the
L483 region. Using the Planck Legacy Archive, we obtained
the 850 um Stokes I, Q, and U parameters at the location of
1483 at 5’ resolution. We find that the debiased polarization
percentage is 0.71% with an uncertainty of 0.55%, indicating
that there was not a robust detection of polarization at 5’. The
inferred magnetic field angle measurement from these observa-
tions is 70° with an uncertainty of ~17°, which would indicate
that on these large scales the magnetic field of 1483 has an
E-W orientation. Due to the lack of a robust detection from
these observations, we merely acknowledge that the field
morphology on ~0.3 pc scales may be in roughly the same
direction as our H-band data (see Section 2.3 and Figure 1).

Our H-band data reveal a mostly E-W magnetic field
direction in L483. The field probed by these observations is
larger than the core structure of 1483 traced by the Herschel
500 pym emission. Toward the central near-IR emission, some
of these data start to look as though they may be pinched
toward the protostar, yet they still mostly persist in the E-W
direction. In the right panel of Figure 2, we show the CSO/
SHARP 350 ym inferred magnetic field in green (Chapman
et al. 2013). These SHARP observations probe down to
~2000 au and are, on average, in the same E-W direction as
the H-band vectors. This consistency of parallelism with the
outflow across these spatial scales suggests the core of L483 is
likely an example of magnetically regulated collapse, as seen in
B335 (Maury et al. 2018) and L1448N (Kwon et al. 2019). This
result is amplified by the high degree of order in the H-band
vectors, which can indicate a strong magnetic field (Mocz et al.
2017). Thus, if the magnetic field on core scales is strong, and we
see this degree of alignment with the outflow, we do not expect
large-scale turbulence to dominate the dynamical processes of
LA483. This is in line with the isolation of this cloud.

Our 154 pm data reveal a twist in the inferred magnetic field
direction in the central emission of 483 (note the six vectors
closest to the protostar in Figure 2). The outer two vectors are
in the E-W direction and agree well with the H-band data and
the SHARP data. This twist is ~45° counterclockwise with
respect to the larger-scale field. The twist in the central inferred
magnetic field may be due to small-scale dynamics changing
the direction of the field, such as rotation or binary interaction.
Previous studies have compared field morphology across
scales, with some evidence for abrupt changes in field
orientation (e.g., Hull et al. 2017; Pattle et al. 2021). Some

2! Based on observations obtained with Planck (http: //www.esa.int/Planck),
an ESA science mission with instruments and contributions directly funded by
ESA Member States, NASA, and Canada.

models also show similar evidence of such an abrupt change
(e.g., Myers et al. 2020).

Although the resolution of the HAWC+ data is ~2700 au, it
is possible the central, twisted vectors are probing a hot, small
central source. Dust models used in Jacobsen et al. (2019, see
their Figure 9) show that the dust emission at 154 um is likely
centrally concentrated—confined to a 5” region, corresponding
to 1000 au. Therefore, we suggest that our central HAWC+
vectors are from dust emission also on this small-size scale. If
the polarized emission is, in fact, from the central 1000 au, then
this may resolve the apparent discrepancy between the SHARP
350 um vectors, which has a resolution of ~2000 au, and the
154 pum vectors (see the right panel Figure 2).

4.2. How the Field Is Affecting the Formation of L483

Using MHD simulations, Chen & Ostriker (2018) analyzed
100 protostellar cores and found that the degree of misalign-
ment between the angular momentum axis of the core with
respect to the magnetic field direction increases when
turbulence increases, or when the magnetic field is weak.
Thus, a system with its field aligned with its angular
momentum could be dominated by magnetic field energy. To
determine the angular momentum direction of L483, we use its
outflow (Pudritz & Norman 1983). As shown in Figure 1, the
large-scale CO outflow, which was observed using the 30 m
single-dish IRAM (Tafalla et al. 2000), aligns approximately
parallel to the E-W direction and extends approximately
~10,000 au in either direction of the central source. The field
lines extend further in the E-W direction in the core of L483
than the outflow, as well as N and S of the outflow. This
outflow extends to approximately the outer contour of the
Herschel 500 pm emission.

In the classical picture of magnetized star formation, a
dominant magnetic field is aligned with the angular momentum
of the system (Mouschovias & Paleologou 1979). In this
scenario, the infalling material efficiently loses angular
momentum via magnetic braking. This effect, however, was
shown to be too efficient in that it suppressed disk growth in
most systems, and nonideal MHD effects were proposed as a
means to reduce the efficiency (e.g., Li et al. 2011). More
recent results have shown magnetic braking is less efficient
when the axes are misaligned (e.g., Joos et al. 2012), thus
allowing disks to grow (e.g., Li et al. 2014a). The ALMA data
presented in Section 3.2 do not seem to exhibit large disks—the
stars are unresolved so the disks appear to be less than 18 au.
Such a small disk size may indicate that magnetic braking has
been important in the formation of L483.
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Surveys such as TADPOL (Hull et al. 2014) have searched
for observational confirmation of this outflow-field (mis)
alignment, and found that at ~1000 au scales the alignment
is random. A recent result from the BISTRO survey (Yen et al.
2021) showed that in 62 cores the mean 3D magnetic field is
~50° misaligned with respect to the outflows. We note that this
survey did find the projected outflow-field alignment to be
within 15°-30°. Nevertheless, these large surveys show that
there is no strong preference in outflow-field alignment. The
results of Chapman et al. (2013) disagree with these other
surveys as they found evidence of aligned fields in seven
isolated cores. Therefore, it is possible that the degree of
isolation of the target could dictate how well aligned it is.

The core-scale field is approximately parallel to the outflow
seen in L483. Though it is possible for the outflow to have
affected the field direction on small scales, it is unlikely for it to
have been able to affect this field direction we see on such a
large scale since the outflow energy becomes low compared to
the gravitational energy density of the cloud. Therefore, we
posit our data are showing that the magnetic field influenced
the formation of this outflow. We do note that, when
considering the results of, e.g., Hull et al. (2014), Hull &
Zhang (2019), and Yen et al. (2021), it is possible that the
alignment of the magnetic field of L483 and its outflow axis is
by chance.

As material collapses from the cloud down to the central
protostar, it tends to be directed by the field direction (Allen
et al. 2003). This is seen in clouds using an Histogram of
Relative Orientation analysis (see, e.g., Soler et al. 2013; Lee
et al. 2021), and is thought to continue down to smaller scales.
While the change in morphology from large to small scales can
indicate a change in the small-scale dynamics, it is possible that
the field is still controlling the flow of the material. If that is the
case, then our observations are in line with MHD simulations
(e.g., Allen et al. 2003) predicting magnetically regulated
collapse of the protostar. This means the infalling material of
L483 is flowing along the field lines and accumulating onto the
observed flattened envelope. This has been seen in polarization
observations using JCMT in the Ophiuchus cloud (Pattle et al.
2021). On the other hand, with the inclusion of more nonideal
MHD effects in simulations, it has been shown that the
magnetic field might play an important, yet more subtle role in
the collapse due to these effects impeding the field’s ability to
control gas kinematics (e.g., Zhao et al. 2018).

It is possible that at some point during the protostellar
collapse the magnetic field will be shaped by dynamical
processes such as outflows and winds (Davidson et al. 2011;
Hull et al. 2017). Furthermore, for sufficiently high densities
charged dust grains may disappear causing the field to decouple
from the collapsing material (Zhao et al. 2018). With the
154 ym results shown in this paper, we see evidence of
continuity in the outer two vectors, but it is unclear if the
twisted field is continuous with the larger-scale field, or if,
alternatively, the structure has somehow been ripped apart.
Since the process of accretion can be sporadic, it is plausible
that nonisotropic accretion could have some sort of torque on
the inner structure, thus rotating the observed field. Oya et al.
(2018) report an asymmetry in the observed molecular
emission in the envelope of L1483, which may be further
evidence of such an event.
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Figure 5. Flattened infall envelope of L483 shown in black contours from
870 ym SMA observations (Leung et al. 2016). The beam of the SMA data
(~2"'35) is shown in the bottom left corner. Contours are shown at 30, 5a, 70,
and 100, where o is 3.4 mly beam~'. The outflow at 4” resolution in '>CO
(1-0) from OVRO is seen in the red and blue contours (Velusamy et al. 2014).
The red and blue contours are spaced 0.4 Jy beam™~'. The unweighted mean of
six measurements of field direction at 154 ym is shown in the orange vector.

4.3. L483 Flattened Infall Envelope and Binarity

Leung et al. (2016) found evidence for a flattened envelope
of ~1000 au size using SMA 850 pym data as seen in Figure 5.
This SMA map suggests that this structure is rotated with
respect to the the large-scale outflow by ~30°. This is
reminiscent of our observation that the field here is also
rotated with respect to the outflow, which may be a
coincidence. Taking the outflow orientation to be 100° (see
below) and relying on the estimate of 30° from Leung et al.
(2016), we obtain a smaller counterclockwise rotation of just
20°. Nevertheless, it is interesting that this structure is
approximately perpendicular to the magnetic field traced by
HAWC+-. If the collapse of L483 is magnetically regulated on
these scales, then we expect to observe a flattened structure
perpendicular to the field lines (e.g., Allen et al. 2003). Though
the field probed at these scales has shifted from the large scale,
it remains organized in its morphology.

The envelope magnetic field morphology of L[483 is
reminiscent of the Planck results for the highest densities
probed in 10 molecular clouds, in that the field is seen to be
perpendicular to the elongated structure (Planck Collaboration
et al. 2016). Others have explored the relationship between
elongated /filamentary structures and magnetic fields at den-
sities higher than Planck can probe and have found a variety of
results. Monsch et al. (2018), Sadavoy et al. (2018b), and Pillai
et al. (2020) have all found evidence for parallel fields in dense
filaments. However, in all three cases the parallel fields were
not found at the main central concentration of mass. In fact,
Pillai et al. (2020) found the field to be mostly perpendicular to
the elongation at the main concentration of mass, similar to our
L483 results. This is consistent with perpendicular fields
observed by Chapman et al. (2013) in other flattened envelopes
seen with perpendicular fields (see also Allen et al. 2003).

The collapse of the protostar and the fragmentation of the core
are intimately related to the outflow of the system, and current
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outflow observations in 1483 appear to show a consistent
direction. Using HCO™ observations, Park et al. (2000) found
the outflow in L483 has a position angle (PA) of 95°. The large-
scale '2CO (2-1) observations (Tafalla et al. 2000) and the
outer lobes of the smaller-scale '2CO (1-0) observations
(Velusamy et al. 2014) nicely trace the scattered light 4.5 ym
outflow (see Figure 2) with a PA of 105°. In Figure 5, we show
the average direction of the 154 zm magnetic field with the '*CO
(1-0) observations from Velusamy et al. (2014) and the SMA
850 um infall envelope (Leung et al. 2016). While we cannot
rule out the possibility that the magnetic field we are observing is
being compressed along the outflow cavity (as was seen by, e.g.,
Davidson et al. 2011; Hull et al. 2017), we do not find
convincing evidence that this is what the data are showing.

At 1000 au scales, the infalling envelope complicates the
kinematics, and the line emission no longer shows a strong
preference for ~100° (see Figure 5). In fact, observations of
CS(7-6) in L483 are modeled as infalling material along the
outflow walls (Leung et al. 2016). Combined with high-
resolution molecular observations (e.g., Oya et al. 2017;
Jacobsen et al. 2019), it is plausible that these dynamical
processes have a role in the observed twist in the magnetic field
at 1000 au. While the large-scale magnetic field of L483
appears to be consistent with being strongly magnetized (i.e.,
the magnetic energy is larger than the turbulent energy), the
complexity of the small-scale outflow indicates the magnetic
field may not be dominant in the formation of its protostar. A
change in angular momentum or gas infall direction on small
scales could be causing the twist in the field seen in the infall
envelope.

The ALMA data shown here reveal that there are at least two
stars forming in L483 (Figure 4). The projected binary separation
is ~30 au. Interestingly, this separation of the binary is parallel
to the inner magnetic field traced at 154 um. It is unclear from
our observation alone whether this is a random alignment or if
the symmetry axis of where the binary forms with respect to the
field direction is important in its formation. We note that while
the shape of the ALMA beam is elliptical, it is not elongated in
the direction of the binary star and therefore we do not expect
this discovery to be a result of beam smearing.

The close binary of 1483 brings up questions regarding its
formation. Its natal magnetic field on 10,000 au scales is well
ordered and likely quite strong, which should dampen
fragmentation on envelope scales (Zhao et al. 2018). However,
it is possible that the companion star initially formed at a larger
distance and migrated inward via the accretion of material that
has undergone strong magnetic braking (Zhao & Li 2013). This
is in line with simulations by Offner et al. (2016), who find an
offset between the orbital plane of some close binaries and their
outflows. While this is not uncommon in observations (Tobin
et al. 2016), Offner et al. (2016) argue that these systems may
have formed via turbulent fragmentation followed by migration
to small separations, as opposed to gravitational instabilities in
a disk. This formation scenario might be why the magnetic field
of L483 at 1000 au is misaligned with its outflow, which was
also seen by Galametz et al. (2020) using SMA 870 um
polarimetry data. Our observed field morphology differs by
~45° from that of the SMA; however, those observations are
lacking in sensitivity and only produced one magnetic field
vector. What is clear from these observations is that there is a
dynamical process affecting the magnetic field morphology at
the ~1000 au scale.

Cox et al.

4.4. Comparison to L1157

In this section we compare the morphology we observe in
1483 to that observed in another well-studied, low-mass
protostar, L1157. L1157 is located in the Cepheus flare at a
distance of ~340 pc (Sharma et al. 2020) and, like L483, shows
evidence of a flattened structure from ~10,000 au (Looney
et al. 2007) down to ~1000 au scales (Kwon et al. 2019).
Shirley et al. (2000) observed both L483 and L1157 at 850 um
with SCUBA and found at 15" (~few thousand au) scales the
two differed in their extended structures such that 1483’s
intensity distribution is oriented perpendicular to its outflow,
while L1157’s is extended parallel to its outflow. The large-
scale magnetic field of L1157 is seen to be parallel to its
outflow (Chapman et al. 2013), similar to what we see in L483.
On smaller scales, the field direction in L1157 remains
continuous in this direction (Stephens et al. 2013; Hull et al.
2014), in contrast to the twist seen in L483. L1157 exhibits an
hourglass field morphology on envelope scales (Stephens et al.
2013; Hull et al. 2014), while L483 does not. Both L1157 and
L483 do not show signs of a Keplerian disk down to 10-20 au
scales (Tobin et al. 2013; Jacobsen et al. 2019). Like 1483,
L1157 is a close (~16 au) binary (Tobin et al. 2022); however,
the plane of its binary is perpendicular to the direction of the
field. The plane of the binary in L483 is parallel to the direction
of the 1000 au scale magnetic field. We suggest that in both
sources the magnetic field controlled the large-scale collapse,
and in L1157 the field is still strong enough to regulate the
collapse on small scales. However, in L.483 the geometry of the
field compared to the plane of its binary suggests that this
change in angular momentum due to the possible migration
process was strong enough to influence the magnetic field
morphology. More studies of inner envelope-scale magnetic
fields in close binaries are necessary to determine if this
configuration of field direction and binary plane is common
and, if so, the reason for the alignment.

5. Summary

In this paper, we present new far-IR (154 pum) polarization
results from SOFIA/HAWC+ in the Bok globule L483. We
also show new H-band polarization observations of this region.
Additionally, we present new ALMA 1.3 mm total intensity
observations of L483. Our main results are:

1. We find organized dust polarization around L483. We
also find the direction of polarization changes close to the
central protostar. The HAWCH 154 ym inferred field
shows a twist approximately 45° counterclockwise to the
larger-scale field. This morphology differs from the
typical hourglass shape thought to be seen in gravitational
collapse (e.g., Girart et al. 2006; Rao et al. 2009;
Stephens et al. 2013), yet remains organized. This may be
indicative of an event that altered the field, such as the
formation of another star.

2. We show H-band polarization data that reveal a magnetic
field in the core of 1483 having an E-W orientation. This
ordered field can be traced to larger distances than the
outflow seen in Tafalla et al. (2000), indicating that the
magnetic field likely was important in the initial collapse
of L483. Chen & Ostriker (2018) show that an outflow
parallel to the magnetic field can be indicative of a
strongly magnetized cloud. From our H-band data, we
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argue that the magnetic field is likely dynamically
important in the collapse of the core.

3. The change in direction may also indicate that the field is
not as strong on small scales. The field appears to be
almost orthogonal to the 1000 au envelope structure
found by Leung et al. (2016), and may be funneling
material onto this structure as seen in Pattle et al. (2021).
Such an occurrence might imply that while the field is not
strong enough to resist the change of direction between
the scales probed by near-IR and HAWC+ it remains
dynamically significant on the 1000 au scale.

4. Using 1.3 mm ALMA observations, we show for the first
time that 1.483 is forming at least two stars. The observed
binary has a projected separation of ~30au. We show
that the plane of the binary appears to be parallel to the
magnetic field at 1000 au scales, differing from the
situation found in another close binary, L1157. This hints
that the formation of the binary, and thus a change in
angular momentum, in L483 is responsible for the twist
observed in the magnetic field, though more observations
are needed to know if this is a common occurrence.

The observations shown in this paper highlight the benefits
of using multiwavelength and multiscale data to gain insight
into the collapse of a protostar. L483 is often regarded as a
simple source; yet with high-resolution observations, we reveal
it has at least two stars forming. Further theoretical invest-
igation into the magnetic field on these scales is needed to
understand how it interacts with gravitational collapse, rotation,
and binary formation.

Data cubes containing the CO outflow observations for L483
(Tafalla et al. 2000; Velusamy et al. 2014) and the SMA
850 um continuum observations (Leung et al. 2016) were
kindly provided by Mario Tafalla, Thangasamy Velusamy, and
Gigi Leung. This work was based [in part] on observations
made with the NASA/DLR Stratospheric Observatory for
Infrared Astronomy (SOFIA). SOFIA is jointly operated by the
Universities Space Research Association, Inc. (USRA), under
NASA contract NNA17BF53C, and the Deutsches SOFIA
Institut (DSI) under DLR contract 50 OK 2002 to the
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Appendix A
Zero-point Correction and NT Fitting

In this appendix, we first derive zero-point corrections to the
HAWC+ 154 ym and PACS 160 um intensity maps. Then, we
use the zero-point-corrected 160 um map together with the
zero-point-corrected SPIRE maps from the literature to derive
optical depth, column density, and temperature information for
1483 at 23”9 resolution.

Due to the chop—nod nature of the SOFIA observations
(Section 2), areas of low-level emission can become artificially
low when the reference position flux is subtracted. To account
for this effect, we applied a zero-point correction to our total
intensity data. We created a synthetic HAWC+ Band D map
by modeling the column density and temperature to the three
SPIRE bands (as described below) and then computing from
this the 154 ym flux. The SPIRE maps are quite a bit larger
than the HAWC+ maps and cover the HAWCH reference
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beam locations. We found the average reference beam flux in
the synthetic 154 ;ym maps and added this overall flux back to
our HAWC+ data, thereby creating a zero-point-corrected
154 pym map.

The reference beam positions were located approximately N
and S of L483. Because of this, each position in the synthetic
map has a gradient of flux corresponding to which side it is on.
This flux ranges within 1.74 to 2.63 mly arcsec . An average
of the flux in the two reference beam positions essentially
erases any gradient seen, and we add the mean value of 2.16
mJy arcsec ~ to the 154 um data. The overall value added back
into the HAWC+ data accounts for ~1% of the peak flux of
the source, and therefore does not significantly change any
results using that value.

SPIRE observations were able to be zero-point corrected
using the all-sky Planck observations (see Sadavoy et al. 2018c
for more details), but the PACS observations were not well fit
by their methods due to the small field of view compared to the
Planck beam. To account for this, we used a bootstrapping
method to find the zero-point correction for our 160 pm maps.
We remapped the 160 um data onto the same pixel size as the
zero-point-corrected HAWCH 154 pm data. Ignoring the 6 ym
difference in wavelength, we then found the average difference
in flux, off of the source, between the two observations and
added it back to the PACS data. The added value was 19.2 Mly
st or 0.452 mly arcsec 2, and accounted for ~0.1% of the
peak flux of the source at 160 pm.

To assess whether the HAWCH 154 ym polarization data
are due to emission or absorption, we used a fitting procedure
to determine the dust temperature (T) and optical depth (7) of
L483. For our fit, we used the zero-point-corrected SPIRE 250
and 350 ym (Sadavoy et al. 2018c) maps and the zero-point-
corrected PACS 160 ym map. We prioritized the 160 ym over
our 154 ym map due to its larger field of view. We first
Gaussian-convolved and regridded the 160 yum and 250 ym
maps to the same angular resolution as the 350 ym maps
(23.9"). Using a fixed dust opacity spectral index (6= 1.62;
Planck Collaboration et al. 2014), we then implemented a
pixel-by-pixel spectral energy distribution (SED) fit using a
modified blackbody function,

F, = B,(T)(1 — e, (AL)

where F, is the flux in the pixel, B, is the Planck equation, 7, is
the optical depth, and (2 is the solid angle of the observations.
At far-IR wavelengths, the optical depth can be assumed to
follow a power law, T, xv”. For ease, we convert
Equation (A1) to wavelength and ultimately fit
2 B
F = ()\—)B,\(T)(l — e (¥))q (A2)
c

Using Equation (A2), we determined the dust temperature
and optical depth 7y at a chosen reference wavelength (i.e.,
Ao = 154 pm). To convert from optical depth to column density
(Nu2), we use the relationship Tysq = KisqptmpNgn, Where
p=2.8 is the mean molecular weight, my is the mass of a
hydrogen atom, and x;s4 is the emissivity of a dust grain at
154 pym. Using the convention for emissivity in Hildebrand
(1983), we find k154 = 0.22 cngfl. We account for calibration
and statistical uncertainties following the method described in
Sadavoy et al. (2013). In brief, for calibration uncertainty, we
created 500 sets of random Gaussian distributions using a mean
of 1 and a standard deviation of 0.084926 (corresponding to a
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Figure 6. Column density (N) fits using PACS 160 ym and SPIRE 250 and
350 pm data shown in a log stretch to emphasis the features near the protostar.
The fitting routine used a fixed = 1.62 value (Planck Collaboration
et al. 2014) and fit for temperature and optical depth. For ease, we assumed
one temperature per sight line. To convert from optical depth (7) to N, we used
an emissivity value (x) of 0.22 cm?g~", a mean molecular weight (;2) of 2.8,
and the mass of a hydrogen atom in grams. The location of the ALMA
protostar is shown as a blue star in the middle of the image.
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Temperature (K)

18"17m50°
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Figure 7. Temperature fits using PACS 160 um and SPIRE 250 and 350 pm
data shown in a linear stretch. The fitting routine used a fixed § = 1.62 value
(Planck Collaboration et al. 2014) and fit for temperature and optical depth. The
temperature of L483 exhibits a peaked morphology and drops quickly off of the
peak of the source. The location of the ALMA protostar is shown as a blue star
in the middle of the image.

half-width at half-maximum of 0.1) for both PACS and SPIRE
observations. To account for our statistical uncertainties, at
each wavelength we generated 500 sets of random Gaussian
distributions using a mean of zero and the median error
associated with each band as the standard deviation. Since we
use our fitted maps to determine the polarization mechanism at
154 pm and only need approximate values, we do not account
for the color correction factors. Through the central pixel, we
find a column density of ~5.2 x 10** cm™ 2 and a temperature
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of ~22 K (see Figures 6 and 7). A caveat to these results is that
to truly constrain the temperature we need 850 pm data, but are
unable to use Planck results for this because its resolution (57)
is too large.

The N-T fitting done by Sadavoy et al. (2018c) in L483 used
both SPIRE and PACS data, but their results included the
500 pym band and are thus at a lower resolution. We show our
N-T fits using 160, 250, and 350 pm observations in Figures 6
and 7. The peak temperature from Sadavoy et al. (2018c¢) is
~18 K, which is lower than the peak temperature we find.
Since the emission of L483 is more pointlike than extended, we
expect that this discrepancy is due to our fitting routine using
higher-resolution data. One trend that we do not recover in our
fits is that Sadavoy et al. (2018c) find the temperature of L483
decreases farther from the center and then increases slightly. In
our column density map, we note a depletion of dust close in to
the central source, in the N-W direction. This depletion was
not seen in Sadavoy et al. (2018c), possibly due to the
difference in angular resolution. While we cannot be sure that
there are no image artifacts causing this discrepancy in
morphology, we did not detect any obvious ones before or
after the regridding process.

Appendix B
Band E Data

Here we show the Band E (214 um) data of 1483 in
Figure 8. The peak intensity value is 118 mJy arcsec 2, and the
sensitivity in the image is 1.4 mJy arcsec™ ~. These data were
zero-point corrected in the same way as Band D, using a
synthetic 214 yum map. The correction amount was
2.1 mJy arcsec™ -, which is <2% of the peak value. As noted in
Section 2, we were unable to use the polarization observations
and thus only show the total intensity. The Band E data show a
similar morphology to the Band D data, with a smearing of the
source in approximately the N—S direction. As with the Band D
data, we suggest this is due to the chop in the observations.
While there was no significant detection of polarized emission
in Band E, we report a median sensitivity of op ~ 0.089 mJy
arcsec > .
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Figure 8. Total intensity of 214 ym emission of L483. Contours at 30, 5o,
100, and 200, where o = 1.4 mly arcsec 2. The Band E beam (18.2 arcsec) is
shown in the bottom left. The position of the ALMA protostar is shown as a
yellow star.
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Figure 9. ALMA image of L483 using robust = 0.5 weighting. Black contours
at 60, 100, 250, 500, 700, and 1000, where o =33 ply beam™'. White
contours show 150c and 1750.

Appendix C
ALMA Data

In this appendix, we show the ALMA data using Briggs
weighting with a robust parameter of 0.5 in Figure 9. This
weighting is roughly between natural (more sensitivity) and
uniform (higher resolution). We performed self-calibration on
this data with a solution interval of the scan time. The restoring
beam of these observations is 07137 x 07096. The peak flux is
9 mJy beam ' and 6 mJy beam ' for the A and B protostars,
respectively. Less of the material surrounding the protostars is
filtered out using this image weighting, and we still easily
detect the binary companion.
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