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Abstract

The magnetic field of a molecular cloud core may play a role in the formation of circumstellar disks in the core. We
present magnetic field morphologies in protostellar cores of 16 targets in the Atacama Large Millimeter/
submillimeter Array large program “Early Planet Formation in Embedded Disks (eDisk),” which resolved their
disks with 7 au resolutions. The 0.1 pc scale magnetic field morphologies were inferred from the James Clerk
Maxwell Telescope POL-2 observations. The mean orientations and angular dispersions of the magnetic fields in
the dense cores are measured and compared with the radii of the 1.3 mm continuum disks and the dynamically
determined protostellar masses from the eDisk program. We observe a significant correlation between the disk radii
and the stellar masses. We do not find any statistically significant dependence of the disk radii on the projected
misalignment angles between the rotational axes of the disks and the magnetic fields in the dense cores, nor on the
angular dispersions of the magnetic fields within these cores. However, when considering the projection effect, we
cannot rule out a positive correlation between disk radii and misalignment angles in three-dimensional space. Our
results suggest that the morphologies of magnetic fields in dense cores do not play a dominant role in the disk
formation process. Instead, the sizes of protostellar disks may be more strongly affected by the amount of mass that
has been accreted onto star+disk systems, and possibly other parameters, for example, magnetic field strength,
core rotation, and magnetic diffusivity.

Unified Astronomy Thesaurus concepts: Star formation (1569); Interstellar magnetic fields (845); Star forming
regions (1565); Protostars (1302); Circumstellar disks (235)

1. Introduction

Protostellar disks around Class 0 and I protostars can be
more massive than protoplanetary disks around pre-main-
sequence stars (Tychoniec et al. 2020; Sheehan et al. 2022),
making them potential sites for planet formation (Manara et al.
2018). Based on hydrodynamics (HD), protostellar disks form
and grow rapidly due to the conservation of angular momentum
during the collapse of dense cores (Terebey et al. 1984).
However, when considering magnetohydrodynamics (MHD),
magnetic fields can suppress disk formation and growth (Li

et al. 2014; Tsukamoto et al. 2023). The efficiency of magnetic
braking depends on turbulence and magnetic field orientation,
diffusivity, and strength in dense cores (Hirano et al. 2020; Lee
et al. 2021). While these physical parameters have been
theoretically studied, their impacts on disk formation and
evolution have not yet been conclusively quantified observa-
tionally with the previous attempts (Galametz et al. 2020; Yen
et al. 2021b; Gupta et al. 2022).
The Atacama Large Millimeter/submillimeter Array

(ALMA) large program, “Early Planet Formation in Embedded
Disks (eDisk),” systematically surveys 19 Class 0 and I
protostars at an angular resolution of 0 04 (∼7 au) in the
continuum and molecular lines at 1.3 mm, and provides a large
uniform sample of resolved protostellar disks to study their disk
structures and kinematics (Ohashi et al. 2023). To investigate
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the influence of the magnetic fields in the dense cores on their
protostellar disks, we observed submillimeter polarized dust
emission in the eDisk targets with the James Clerk Maxwell
Telescope (JCMT) using its polarimeter POL-2 and bolometer
camera SCUBA-2 (Holland et al. 2013). The magnetic field
structures on a 0.1 pc scale observed with JCMT can be a proxy
of the initial configuration of the magnetic fields in the dense
cores to compare with MHD simulations. In the simulations,
the initial orientation and structures of the magnetic fields,
which can be subsequently dragged and twisted in the inner
dynamically collapsing region, have a profound impact on the
formation and evolution of protostellar disks (Hennebelle &
Ciardi 2009; Joos et al. 2012; Li et al. 2013; Hirano
et al. 2020).

Here we present the JCMT POL-2 850 μm data of the eDisk
targets (Section 2), and measure the mean orientations and
angular dispersions of the magnetic fields in the dense cores on
a 0.1 pc scale (Section 3). We then compare the disk radii and
stellar masses measured from the eDisk program with the
inferred magnetic field structures from the JCMT data
(Section 4). By examining the correlations between the disk
radii, stellar masses, and orientations and angular dispersions of
the magnetic fields, we discuss the dependences of the disk
radii on these parameters and their relative importance in the
formation and evolution of protostellar disks (Section 5).

2. Observations

Of the 19 eDisk targets, we retrieved the POL-2 850 μm data
of 6 targets from the archive and conducted new observations
toward 10 targets between 2020 September 26 and 2023
January 15 (Tables 1 and 2). Three eDisk targets are too far
south to be observed by JCMT. These POL-2 observations
were conducted in Band 1 and 2 weather conditions (225 GHz
opacity < 0.08) with the daisy observing mode at a scanning
speed of 8″ s−1. The effective field of view of the POL-2
observations is 3′ where the exposure time exceeds 80% of the
total on-source time, and the entire field extends to 16′ in
diameter with the exposure time decreasing outwards.18 The
angular resolution is 14 6. The absolute flux uncertainty is
approximately 10% (Mairs et al. 2021).

All our POL-2 data were reduced using the software Starlink
version 2021A (Currie et al. 2014) and its task pol2map,
following the standard procedures,19 with the default pixel size
of 4 . The instrumental polarization was corrected in the
procedures. The noise levels in the resulting Stokes I maps
range from 3 to 9 mJy Beam−1

(Table 2). Then, the Stokes IQU
maps were binned to have a pixel size of 12″, approximately
matching the angular resolution, to extract polarization
detections. The polarized intensity (PI) was debiased as

s= + -PI Q U Q U
2 2

,
2 , where σQ,U is the weighted mean

of the variances on Q and U. The detection criteria for
polarized emission were set at a signal-to-noise ratio (S/N) of
Stokes I above 5, S/N of PI above 2, and polarization
percentage below 30%. Thus, the uncertainty of the

polarization orientations (~ s1

2 PI

Q U,
) for individual detections is

smaller than 14°. Finally, the magnetic field orientations were

inferred by rotating the polarization orientations by 90°,
assuming that the shorter axes of dust grains are aligned with
the magnetic field.

3. Results

Figures 1 and 2 present the 850 μm continuum maps with a
pixel size of 4″ and inferred magnetic field orientations from
the JCMT POL-2 data. The dense cores of L1489 IRS,
GSS30 IRS3, R CrA IRS7B and IRS5N, and Oph IRS43 are
embedded in large-scale clumps. For these dense cores, we
used the dendrogram algorithm and adopted the leaf structures
to define their areas with the Python package astrodendro,
which identifies dense cores by analyzing the hierarchy of the
structures (Rosolowsky et al. 2008). The other dense cores are
isolated in the JCMT maps. We computed the mean Stokes Q
and U of the polarization detections in the areas of the dense
cores. For the isolated dense cores, we included all the
polarization detections within a radius of 1′ from the protostars
to compute the mean Stokes Q and U. Then the mean magnetic
field orientations in the dense cores were derived from their
mean Stokes Q and U. The derived orientations are insensitive
to the exact core areas. The uncertainties of the mean
orientations were estimated by the error propagation from all
the included polarization detections (Table 2).
To estimate the angular dispersions of the magnetic fields in

the dense cores, we first applied unsharp masking (e.g., Pattle
et al. 2017). We smoothed the observed magnetic field
orientations over 3 by 3 pixels (36″× 36″) and subtracted the
smoothed field orientations from the original field orientations
to remove large-scale magnetic field curvatures. Then the
angular dispersions (δBθ) were calculated as the standard
deviations (δBθ,ob) of the residual angles after the subtraction,
and were corrected for the uncertainties in the polarization
orientations (σθ; Table 2) as,

d d s= -q q qB B . 1,ob
2 2 ( )

Uncertainties in δBθ were estimated from error propagation. We

note that changing the smoothing scale for unsharp masking

would change the resultant angular dispersions, but it does not

significantly affect the relative difference among the sample

sources. Thus, the choice of the smoothing scale does not affect

our study on the correlations. We have tested it, and our

conclusions remain the same if we adopt a smoothing scale of 5

by 5 pixels (60″× 60″) for unsharp masking. In IRAS16253

−2429, the limited number of polarization detections prevented

us from measuring the angular dispersion. For L1489 IRS and

Oph IRS43, we found δBθ,ob< σθ, so we adopted σθ as the

upper limit of the angular dispersions (Table 2).

4. Analysis

We compared the above measurements with the sizes of the
protostellar disks in our targets. The disk sizes and orientations
were estimated from the eDisk 1.3 mm continuum results,
using 2D Gaussian fitting to the continuum emission (Ohashi
et al. 2023). The orientation of the disk minor axis was adopted
as the disk rotational axis projected on the plane of the sky,
which can represent the projected direction of the net angular
momentum of the material that has been accreted onto the star
+disk system from the dense core. The disk radius was defined
as the 2σ width of the major axis of the fitted deconvolved 2D

18
https://www.eaobservatory.org/jcmt/instrumentation/continuum/scuba-

2/pol-2/
19

https://www.eaobservatory.org/jcmt/science/reductionanalysis-tutorials/
pol-2-dr-tutorial-1/
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Gaussian function, which is equivalent to the radius enclosing
90% of the total flux with the curve-of-growth method for disks
with a Gaussian intensity distribution (Ansdell et al. 2018). The
errors from the Gaussian fitting are <1%–5%, except for those
compact disks around secondary companions, so they are
negligible compared to the uncertainties of other parameters.

In Class II disks, the sizes in the millimeter continuum tend
to be smaller than those in the CO emission due to dust
evolution or differences in optical depths between the
continuum and CO emission (Ansdell et al. 2018). The
discrepancy between dust and gas disk radii can be a factor
of 2 or larger. In the case of Class 0 and I protostars, where the
disk radii have been measured from the radial profiles of
rotational velocities (e.g., L1527 IRS and TMC-1A), their disk
radii measured in the continuum are 30%–70% of those from
gas rotation (Aso et al. 2015, 2017; van’t Hoff et al. 2023).
Synthetic images from MHD simulations of disk formation in
dense cores suggest that the disk radius determined by gas
rotation is typically 2 to 3 times larger than the half-width at
half-maximum of the fitted Gaussian function to the continuum
emission (Aso & Machida 2020), and thus would be
comparable to our defined disk radius, the 2σ Gaussian width.
The impact of this possible underestimate of the disk sizes on
correlations is discussed in Section 5.

Figure 3(a) compares the disk radii with the misalignment
angles, which are the angles between the disk rotational axes
and the magnetic fields in the dense cores projected on the
plane of the sky. Blue and red data points represent isolated
disks and disks in binaries with separations smaller than 1500
au, respectively. The disks in binaries can be affected by tidal
truncation and become smaller (Manara et al. 2019), so they are
included in the plot for comparison but not further discussed
regarding a possible correlation. Figure 3(a) shows a tendency
that the dense cores with larger misalignment angles harbor
larger disks. The Spearman’s rank correlation coefficient is
0.42 with a p-value of 0.16, suggesting a tentative correlation
between disk radii and misalignment angles, but it is not
statistically significant. A power-law fit yields an index
of -

+0.9 0.4
0.3.

Figure 3(b) compares the disk radii and the angular
dispersions of the magnetic fields in the dense cores. The
larger disks tend to be associated with the magnetic fields
having smaller angular dispersions. The Spearman correlation
coefficient is calculated to be −0.36 with a p-value of 0.26,
which is even less statistically significant than the tentative
correlation with the misalignment angles. A power-law fit
yields an index of - -

+0.8 0.3
0.2.

A significant correlation is found between the radii of the
isolated disks and the stellar masses having a Spearman

Table 1

Sample Sources and Their Properties

Source Name ICRS R.A. ICRS Decl. Class Distance Tbol Lbol M
å

Rdisk θrot References
(pc) (K) (L☉) (M☉) (au) (deg)

L1489 IRS 04:04:43.080 +26:18:56.12 I 146 213 3.4 1.7 ± 0.2 485 156 (1, 2)

IRAS 04166+2706 04:19:42.505 +27:13:35.83 0 156 61 0.40 0.27 ± 0.12 18 32 (1, 3)

IRAS 04169+2702 04:19:58.477 +27:09:56.82 I 156 163 1.5 1.4 ± 0.7 29 49 (1, 4)

IRAS 04302+2247 04:33:16.499 +22:53:20.23 I 160 88 0.43 1.6 ± 0.4 292 85 (1, 5)

L1527 IRS 04:39:53.878 +26:03:09.43 0 140 41 1.3 0.4 ± 0.1 53 92 (1, 6)

Ced110 IRS4Aa 11:06:46.369 −77:22:32.88 0 189 68 1.0 1.33 ± 0.12 60 14 (1, 7)

Ced110 IRS4Ba 11:06:46.772 −77:22:32.76 0 189 68 10 0.04 ± 0.02 22 175 (1, 7)

BHR71 IRS2a 12:01:34.008 −65:08:48.08 0 176 39 1.1 0.25 7 158 (1, 8)

BHR71 IRS1a 12:01:36.476 −65:08:49.37 0 176 66 10 0.4 42 8 (1, 8)

IRAS 15398−3359 15:43:02.232 −34:09:06.96 0 155 50 1.4 0.06 ± 0.04 4 27 (1, 9)

GSS30 IRS3 16:26:21.715 −24:22:51.09 0 138 50 1.7 0.46 ± 0.14 64 19 (1, 10)

Oph IRS43 VLA1 16:27:26.906 −24:40:50.81 I 137 193 4.1 1.0 ± 0.3 10 46 (1, 11)

Oph IRS43 VLA2 16:27:26.911 −24:40:51.40 I 137 193 4.1 1.0 ± 0.3 2 41 (1, 11)

IRAS 16253−2429 16:28:21.615 −24:36:24.33 0 139 42 0.16 0.15 ± 0.02 13 23 (1, 12)

Oph IRS63 16:31:35.654 −24:01:30.08 I 132 348 1.3 0.5 ± 0.2 48 59 (1, 13)

IRAS 16544−1604 16:57:19.643 −16:09:24.02 0 151 50 0.89 0.14 27 135 (1, 14)

R CrA IRS5N 19:01:48.480 −36:57:15.39 0 147 59 1.4 0.29 ± 0.11 47 171 (1, 15)

R CrA IRS7B-a 19:01:56.420 −36:57:28.66 I 152 88 5.1 2.65 ± 0.55 60 25 (1)

R CrA IRS7B-b 19:01:56.385 −36:57:28.11 I 152 88 5.1 L 24 25 (1)

R CrA IRAS 32A 19:02:58.722 −37:07:37.39 0 150 64 1.6 0.71 ± 0.2 27 45 (1, 16)

R CrA IRAS 32B 19:02:58.642 −37:07:36.39 0 150 64 1.6 0.4 ± 0.08 23 42 (1, 16)

TMC-1A 04:39:35.202 +25:41:44.22 I 137 183 2.3 0.56 ± 0.05 30 166 (1, 17)

B335 19:37:00.900 +07:34:09.81 0 165 41 1.4 0.15 ± 0.1 8 73 (1, 18, 19)

Notes. Coordinates, Class, distances, bolometric temperatures (Tbol), bolometric luminosities (Lbol), disk radii (Rdisk), position angles of the disk rotational axes (θrot),

and dynamically determined stellar masses (M
å
) are from the eDisk publications and forthcoming papers, except for M

å
of TMC-1A and B335. In the eDisk program,

M
å
is estimated by fitting Keplerian rotation to the velocity profile extracted from the position–velocity diagram along the disk major axis observed in the emission

lines, while the disk mass is negligible in this analysis, which is found to be smaller than 5%–10% of M
å
with the 1.3 mm continuum emission. In the binaries,

Ced110 IRS4, Oph IRS43, R CrA IRS7B, and R CrA IRAS 32, the Class, Tbol, and Lbol can only be determined for the entire system but not for individual

companions, so the same values are listed for both primary and secondary sources.
a
Not observable with JCMT.

References: (1) Ohashi et al. (2023); (2) Yamato et al. (2023); (3) N. T. Phuong et al. (in preparation); (4) I. Han et al. (in preparation); (5) Lin et al. (2023); (6) van’t

Hoff et al. (2023); (7) Sai et al. (2023); (8) Gavino et al. (2023); (9) Thieme et al. (2023); (10) A. Santamaría-Miranda et al. (in preparation); (11) Narayanan et al.

(2023); (12) Aso et al. (2023); (13) Flores et al. (2023); (14) Kido et al. (2023); (15) Sharma et al. (2023); (16) Encalada et al. (2024); (17) Aso et al. (2015); (18) Yen

et al. (2010); (19) Evans et al. (2023).
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correlation coefficient of 0.81 and a p-value of 0.0003
(Figure 4(a)). The power-law fit gives an index of 1.1± 0.1.
Figure 4(a) additionally shows that the disks in the binaries
indeed tend to be smaller than the isolated disks with similar
stellar masses.

We also find that in this eDisk sample, the most massive
protostars are associated with large misalignment angles and
small angular dispersions, and the lowest mass protostars with
small misalignment angles and large angular dispersions
(Figures 3(c) and (d)). This tendency probably drives the
tentative correlations seen in Figures 3(a) and (b), although the
misalignment angles and the angular dispersions are not
statistically significantly correlated with the stellar mass,
having Spearman correlation coefficients of 0.42 and −0.22
and p-values of 0.15 and 0.48, respectively.

To exclude any possible dependence of the magnetic field
structures on the stellar masses, we compare the disk radii,
angular dispersions, and misalignment angles in a subsample
with similar stellar masses in the range of 0.1–0.6M☉ in
Figures 4(b) and (c) (blue data points). In this mass range, there
is no apparent dependence of the misalignment angles and
angular dispersions on the stellar masses (Figures 3(c) and (d)).
In Figures 4(b) and (c), magenta and red data points represent
the isolated disks with the highest (>0.6M☉) and lowest
(<0.1M☉) stellar masses excluded from this comparison,
respectively. This comparison of the isolated disks with similar
stellar masses shows that their disk radii have no correlation
with the misalignment angles and angular dispersions. Both
have a p-value of 0.7 for Spearman’s rank correlation, and the
fitted power-law indices are -

+0.1 0.1
0.2 and- -

+0.3 0.1
0.2, close to zero.

We note that the misalignment angles in Figure 4(c) are
those projected on the plane of the sky and the projection effect
may smooth out a correlation (if any) in Figure 4(c). To

examine this possibility, we assume a perfect power-law
correlation between disk radii and 3D misalignment angles,
generate a mock sample, and randomly project their 3D
misalignment angles on the 2D plane. This power-law
relationship between disk radii and 3D misalignment angles
is an arbitrary choice. We vary the power-law index and
coefficient to minimize the difference between the observed
and mock probability distributions. Figure 4(d) illustrates a
correlation between disk radii and 3D misalignment angles,
resulting in a similar probability distribution to the observa-
tions. In Figure 4(c), the contours represent the probability
distribution from this correlation after projection, while the
gray data points show the mock data.

5. Discussion

The rarity of large protostellar disks (>100 au) and the
presence of very small disks (10 au) around young protostars
have often been interpreted as signs of magnetic fields
suppressing disk growth via magnetic braking (Yen et al.
2015; Maury et al. 2019; Tobin et al. 2020). On the other hand,
it is also suggested that magnetic braking needs to be alleviated
in collapsing dense cores in order to form sizable disks of tens
of astronomical units, which are often observed around young
protostars, and several mechanisms have been proposed
(Tsukamoto et al. 2023). Our results reveal a significant
correlation between the disk radii and the stellar masses around
Class 0 and I protostars in the magnetized dense cores
(Figure 4(a)). Despite the disk radii being measured in the
1.3 mm continuum and potentially underestimating the actual
disk sizes by a factor of 2, this correlation remains valid. We
have conducted a power-law fit considering the continuum disk
radii as lower limits and the fitting result remains unchanged.
Our results provide further constraints on the disk growth

Table 2

JCMT Observations and Results

Source Name qB̄ δBθ θmis σθ Ipeak Irms JCMT
(deg) (deg) (deg) (deg) (Jy Beam−1

) (mJy Beam−1
) Program IDa

L1489 IRS 65 ± 5 <10 89 ± 4 10 0.32 4 (1, 2, 3)

IRAS 04166+2706b 45 ± 3 10 ± 3 13 ± 3 9 0.45 3 (4)

IRAS 04169+2702b 111 ± 18 13 ± 4 62 ± 18 9 0.44 3 (4)

IRAS 04302+2247 25 ± 5 18 ± 5 60 ± 5 10 0.4 3 (2, 5, 6)

L1527 IRSb 28 ± 7 19 ± 6 64 ± 7 9 0.93 7 (7, 8, 9)

IRAS 15398−3359 1 ± 2 22 ± 3 26 ± 2 8 0.97 5 (3, 6, 10)

GSS30 IRS3b 82 ± 1 8 ± 2 63 ± 1 3 0.59 6 (4)

Oph IRS43 VLA1 95 ± 2 <4 49 ± 2 4 0.35 7 (2, 5, 11)

Oph IRS43 VLA2 95 ± 2 <4 54 ± 2 4 0.35 7 (2, 5, 11)

IRAS 16253−2429b 138 ± 16 L 65 ± 16 13 0.21 4 (12, 13)

Oph IRS63 45 ± 13 32 ± 5 14 ± 13 11 0.74 8 (5)

IRAS 16544−1604 73 ± 3 10 ± 3 62 ± 3 9 0.43 4 (5, 6, 10)

R CrA IRS5N 131 ± 2 6 ± 2 40 ± 2 5 0.73 9 (2, 5)

R CrA IRS7B-a 100 ± 2 14 ± 1 75 ± 2 6 2.31 9 (2, 5)

R CrA IRS7B-b 100 ± 2 14 ± 1 75 ± 2 6 2.31 9 (2, 5)

R CrA IRAS 32A 165 ± 3 24 ± 4 60 ± 3 8 0.66 4 (6, 11)

R CrA IRAS 32B 165 ± 3 24 ± 4 57 ± 3 8 0.66 4 (6, 11)

TMC-1A 89 ± 4 14 ± 4 77 ± 4 9 0.63 4 (1, 2)

B335b 112 ± 3 26 ± 9 39 ± 3 6 1.56 5 (14)

Notes. qB̄ and δBθ are the mean orientation and angular dispersion of the magnetic fields in the dense cores, and θmis is the misalignment angle between the magnetic

field and the disk rotational axis. σθ is the median uncertainty of the magnetic field orientations in the dense cores. Ipeak is the 850 μm peak intensity of the dense core.

Irms is the noise level estimated in the 850 μm Stokes I maps.
a
Program ID: (1) M20BP007; (2) M21BH20A; (3) M22AP025; (4) M16AL004; (5) M22AH29C; (6) M22BP056; (7) M17AP073; (8) M17BP058; (9) M21BP074;

(10) M21AP016; (11) M21AH20A; (12) M19BP030; (13) M20AP052; and (14) M17AP067.
b
Archival data. Except for IRAS 16253−2429, the data have been presented in Kwon et al. (2018), Yen et al. (2019, 2020, 2021a), and Eswaraiah et al. (2021).
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process in the presence of magnetic fields, assuming that our
sample sources having a variety of stellar masses represent an
evolutionary sequence.

The correlation between disk radii and stellar masses is
theoretically expected from both HD and nonideal MHD
(Terebey et al. 1984; Basu 1998; Hennebelle et al. 2016; Lee
et al. 2021, 2024). From HD, there is no magnetic braking, and
the angular momentum is conserved in collapsing dense cores.

This correlation is anticipated to be steep, with a power-law
index � 1, because more angular momentum is transported to
and accumulated in the disk-forming region with the
proceeding collapse, particularly for dense cores having
increasing specific angular momentum with increasing radius
initially. From nonideal MHD, magnetic braking can become
inefficient due to imperfect coupling between magnetic fields
and matter, and the disk growth is only partially suppressed by

Figure 1. JCMT 850 μm Stokes I intensity maps of the eDisk targets. Crosses denote the protostellar positions measured with the eDisk program (Ohashi et al. 2023).
Orange segments present the magnetic field orientations inferred from the JCMT POL-2 data with polarization detections above 2σ, and the uncertainties in their
orientations are all smaller than 14°. Blue filled circles show the angular resolution of 14 6. Red and blue arrows denote the directions of the known blueshifted and
redshifted outflows. Contour levels start from 2.5% of the peak intensity (Table 2) and increase in steps of a factor of 2. For L1489 IRS, GSS30 IRS3, and
R CrA IRS7B and IRS5N, the cyan contours outline the core areas identified with dendrogram. The maps are arranged from top to bottom and from left to right in
descending order of the disk sizes.
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magnetic fields. Thus, this correlation is also expected, but it
would be shallower, with a power-law index �0.5, compared
to that from HD. In addition, in both scenarios, HD or nonideal
MHD, disks can be small at the early stage of the gravitational
collapse because the majority of the dense core has not
collapsed and only limited amount of angular momentum has
been transported inward with the collapse. This picture is
similar to our observed correlation showing smaller disks
around protostars with lower masses. Thus, our finding of a
steep correlation with a power-law index of 1.1± 0.1 in our
targets may suggest inefficient magnetic braking within

collapsing dense cores that enables rapid disk growth with
the proceeding collapse and formation of sizable disks of tens
of astronomical units or larger. Further studies including
magnetic field strength and diffusivity are required to fully
determine the dependence of disk growth.
Our results also show that the disk radii are tentatively

correlated with the projected misalignment angles between the
disk rotational axes and the magnetic fields in the dense cores
and with the angular dispersions of the magnetic fields
(Figures 3(a) and (b)). However, when considering a
subsample with similar stellar masses to exclude the

Figure 2. Continuation of Figure 1. The contour levels in the map of IRAS 16253−2429 start from 5% of the peak intensity. For Oph IRS43, the cyan contour
outlines the core area identified with dendrogram.
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dependence of the disk radii on the stellar masses, no clear
dependence is observed (Figures 4(b) and (c)). These results
suggest that the magnetic field orientations and structures on
the scale of dense cores have a limited influence on the disk
sizes. The scattering of disk radii in the subsample could be
caused by factors such as angular momentum, magnetic
diffusivity, and magnetic field strength in the dense cores
(Lee et al. 2021). Nonetheless, when accounting for the
projection effect, the possibility of a positive correlation
between the disk radii and misalignment angles in 3D space
cannot be ruled out (Figure 4(c) and (d)), which agrees with
theoretical expectations (Hennebelle & Ciardi 2009; Joos et al.
2012; Li et al. 2013; Hirano et al. 2020).

In the 13 single protostars in our sample, the misalignment
angles range from 10° to 90°, and 11 of them have disks larger
than 10 au (Figure 3(a)). The cumulative distribution of their
misalignment angles is consistent with the expectation from
random 3D orientations of disk rotational axes and magnetic
fields and is distinct from a scenario where all sources have
misalignment angles larger than 85° (Figure 4(e)). Thus, our
results show that sizable protostellar disks can form without
largely misaligned rotational axes and magnetic fields. In ideal

MHD simulations with a typical mass-to-flux ratio of 2–3 in
dense cores (Crutcher 2012), sizable Keplerian disks typically
form when the misalignment angle is almost 90°. If the
magnetic field and rotation axis are only slightly misaligned, a
weak magnetic field with a mass-to-flux ratio greater than 5–10
would be required to form a sizable Keplerian disk in the ideal
MHD limit (Hennebelle & Ciardi 2009; Joos et al. 2012; Li
et al. 2013). Consequently, even though misalignment between
the magnetic field and rotational axis in a dense core may
facilitate disk growth, given the potential correlation between
3D misalignment angles and disk sizes in our sample
(Figures 4(c) and (d)), our results could suggest that the
misalignment is not the primary mechanism driving the
formation of sizable Keplerian disks (also see Kwon et al.
2019; Yen et al. 2021b, 2021a), unless the magnetic field is
much weaker than generally assumed in theoretical studies.
Instead, the disk size is more sensitive to the amount of mass
that has been accreted onto the star+disk system (Figure 4(a)),
possibly related to magnetic decoupling from the gas (Tu et al.
2024). Estimating the magnetic field strengths and diffusivities
in the dense cores is needed to further investigate the origin of
this dependence.

Figure 3. Comparisons of the radii of the 1.3 mm continuum disks with (a) the misalignment angles between the disk rotational axes and the magnetic fields in the
dense cores and (b) with the angular dispersions of the magnetic fields. Blue and red data points represent the isolated disks and the disks in the binaries, respectively.
Triangles indicate the upper limits of the angular dispersions. Solid curves represent fitted power-law functions to the blue data points. Panels (c) and (d) compare the
misalignment angles and angular dispersions with the stellar masses. Dashed lines label the mass range of 0.1–0.6 M☉. The values of ρ and p presented in these panels
represent the Spearman correlation coefficient and its corresponding p-value between the parameter pairs displayed in each panel, respectively.
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Figure 4. Comparison of the radii of the 1.3 mm continuum disks with (a) the stellar masses, (b) the angular dispersions, and (c) the misalignment angles. In panel (a),
blue and red data points represent the isolated disks and the disks in the binaries, respectively, and the solid curve represents the fitted power-law function to the blue
data points. In panels (b) and (c), only the isolated disks are plotted. Blue data points represent the disks with similar stellar masses of 0.1–0.6M☉, while magenta and
red data points are the disks with the largest (>0.6 M☉) and smallest (<0.1 M☉) stellar masses, respectively. Triangles indicate the upper limits of the angular
dispersions. The values of ρ and p presented in panels (a), (b), and (c) represent the Spearman correlation coefficient and its corresponding p-value between the
parameter pairs displayed in each panel, respectively. Panel (d) shows a correlation between disk radii and 3D misalignment angles that can match the observations.
The gray data points in panel (c) are mock data drawn from this correlation, and the green contours show the probability distribution of the mock sample at levels of
68% and 90%. (e) Cumulative distribution of the observed misalignment angles in our sample of single protostars (black line) with gray shaded area denoting the
associated uncertainty. Red solid and dashed lines illustrate anticipated distributions assuming random orientations of disk rotational axes and magnetic fields, and all
misalignment angles exceeding 85° in 3D, respectively.

8

The Astrophysical Journal, 969:125 (10pp), 2024 July 10 Yen et al.



Besides, although the two largest disks in our sample,
L1489 IRS and IRAS 04302+2247, are indeed associated with
larger misalignment angles (>60°), the presence of these large
disks may not be solely attributed to their larger misalignment.
Their stellar masses, which are also highest in our sample, are a
factor of 5 higher than the current masses of their dense cores
(0.03–0.04M☉; Motte & André 2001). Therefore, they are at
the later evolutionary stage, where the dense cores have been
mostly consumed or dissipated. In this phase, the magnetic
field’s impact on protostellar disks is expected to be minimal,
and magnetic braking on the disks becomes inefficient
(Machida et al. 2011). As a result, these disks could grow in
size more rapidly. Furthermore, in these sources, the
dynamically collapsing region can extend to a 0.1 pc scale
(Shu 1977; Sai et al. 2022). It is possible that the observed
magnetic fields in these dense cores even on a 0.1 pc scale have
been dragged around by the gas motions, which could result in
the large misalignment angles, and may not represent the initial
misalignment. Thus, these cases also support that the amount of
the accreted mass is a more important factor in the disk growth.

6. Summary

To investigate the disk formation and growth in the presence
of magnetic fields, we utilized the JCMT POL-2 data at 850 μm
and studied the magnetic field structures on a 0.1 pc scale in
protostellar dense cores harboring the targets in the ALMA
eDisk program, where the disk sizes have been measured in the
1.3 mm continuum emission and the protostellar masses from
Keplerian disk rotation in the line emission. We compared the
magnetic field orientations with respect to the disk rotational
axes and the magnetic field angular dispersions in the dense
cores with the disk sizes and protostellar masses among 15
Class 0 and I single protostars.

In this sample, we observe a significant correlation between
the disk radii and the stellar masses with a power-law index of
1.1± 0.1 within the stellar mass range of 0.05–2 Me, and the
disks can grow to >100 au in radius when the central protostars
exceed 1 Me. We do not find any statistically significant
dependence of the disk radii on the projected misalignment
angles between the rotational axes of the disks and the
magnetic fields in the dense cores, nor on the angular
dispersions of the magnetic fields within these cores. Besides,
we find that the observed distribution of the projected
misalignment angles in this sample is consistent with the
random orientations of the magnetic fields with respect to the
disk rotational axes in 3D space.

These results suggest that the amount of mass that has been
accreted onto star+disk systems is a more dominant factor
affecting the sizes of protostellar disks, while the orientations
and structures of magnetic fields in dense cores have a limited
impact on the disk formation process. In addition, protostellar
disks of various sizes form regardless of the orientations of the
magnetic fields with respect to the disk rotational axes.

The observed correlation between the disk radii and the
stellar masses could imply that magnetic braking is alleviated
within collapsing dense cores, and thus disks can grow in size
with the proceeding collapse, as expected from nonideal MHD
calculations. Nonetheless, when considering the projection
effect, we cannot rule out a positive correlation between disk
radii and misalignment angles in 3D space. Thus, a larger
misalignment between the magnetic field and rotational axis in
a dense core may facilitate disk growth, even though the

misalignment is not a primary mechanism driving the
formation of sizable disks.
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