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The High-resolution Accretion Disks of Embedded protoStars
(HADES) simulations. |. Impact of Protostellar Magnetic Fields on
the Accretion Modes

Brandt A. L. Gaches'*, Jonathan C. Tan!?, Anna L. Rosen®*4, and Rolf Kuiper’
ABSTRACT

How embedded, actively accreting low-mass protostars accrete their mass 1s still greatly debated. Observations are now piecing
together the puzzle of embedded protostellar accretion, in particular with new facilities in the near-infrared. However, high-resolution
theoretical models are still lacking, with a stark paucity of detailed simulations of these early phases. Here we present high-resolution
non-ideal magneto-hydrodynamic simulations of a Solar mass protostar accreting at rates exceeding 10-°M yr~!. We show the results
of the accretion flow for four different protostellar magnetic fields, 10 G, 500 G, 1 kG, and 2 kG, combined with a disk magnetic
field. For weaker (10 G and 500 G) protostar magnetic fields, accretion occurs via a turbulent boundary layer mode, with disk material
impacting across the protostellar surface. In the 500 G model, the presence of a magnetically dominated outflow focuses the accretion
towards the equator, slightly enhancing and ordering the accretion. For kG magnetic fields, the disk becomes truncated due to the
protostellar dipole and exhibits magnetospheric accretion, with the 2 kG model having accretion bursts induced by the interchange
instability. We present bolometric light curves for the models and find that they reproduce observations of Class I protostars from
YSOVAR, with high bursts followed by an exponential decay possibly being a signature of instability-driven accretion. Finally,
we present the filling fractions of accretion and find that 90% of the mass 1s accreted in a surface area fraction of 10-20%. These
simulations will be extended in future work for a broader parameter space, with their high resolution and high temporal spacing able
to explore a wide range of interesting protostellar physics.
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- Boundary layer accretion (Kley & Lin 1996)
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- Magneto-spheric accretion (e.g., Koenigl 191, Matt & Pudritz 2005, Rosen et al. 2012)
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- Funnel flows along the outflow cavity wall and through failed wings (Takasao et al. 2018)
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- Instability-driven accretion (LU —74 5 —AFELE
2008, Zhu et al. 2024)
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PLUTO MHD simulation code (w/ Ohmic resistivity,

the Hall effect, shear viscosity, and an external
gravitational potential)
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The induéed electric field, E, is
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1 77 ld&purely infalling envelope (Ulrich 1976)

myisk [ms = 0.175 for the whole disk (out to Ry, = 40 AU) and
Meore/ M. = 0.1 (out to 0.1 pc).

The 1nitial temperature 1s assumed to vary with cylindrical
radius as
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QAR5 (B =105, ~200 G at the pole)

Both the protostar and the disk are magnetized. We define an
initial disk magnetic field similar to Zanni & Ferreira (2009),
such that the magnetic field is vertical in the outer disk and
transitions to an hourglass morphology in the inner disk. The
magneltic field 1s mitalized by the vector potential, A, where
B = V X A. Given the axisymmetry, we only need to initialize
the ¢-component:
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where B, = +/2p;/B1, pi is the pressure at 1 AU, R, = 1 AU,
and 81 = p1/P1.mag 18 plasma beta, the ratio of thermal pressure
to magnetic pressure, calculated at 1 AU. We use @ = 1 as the
simplest initial case. This produces an initial poloidal magnetic
field which has an hourglass morphology in the inner regions
and transitions to a vertical field by R ~ 0.5 AU. We use 8 =
10°, which leads to a magnetic field at the pole of ~ 200 G. The
protostellar magnetic field i1s included as a background dipole
magneltic field, derived by the magnetic vector potential
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Fig. 6: Distribution of the total accretion rate over ~ 5-day blocks for the 10 G (left) 500 G (middle left) and 1000 Gauss (middle
right) and 2000 Gauss (right)protostars. The black points are the logarithmic average of the accretion rate and the diamonds are the
time-averaged, €.g. {#. ) = Mace/ T window, Where m,.. 18 the accretion mass during that block. Annotated is the block number (also
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Table 1: Filling fraction (percent) of the accretion flow onto the A NN ("f =3 AN

protostar according to the top X% of the mass accretion. 0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175™ 0.200
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10G 0.4 1.0 25 66 159 Fig. 16: The ratio of the poloidal ram pressure pluﬁ&%@i ées-
500G | 06 15 42 102 197 sure to the poloidal magnetic pressure within the inner 0.2 AU of
1000G | 05 12 31 68 121 the disk. The black arrows indicate the direction of the poloidal
2000G | 04 08 19 40 74 component of the magnetic field. The ratio is averaged over 1

day starting from day 50. The panels are in ascending order of
protostar magnetic field, annotated on the top, of 10 G, 500 G, 1
kG, and 2 kG from top to bottom.



The ALMA-QUARKS Survey: Fibers’ role in star formation unveiled in an intermediate-mass protocluster region of
the Vela D cloud
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ABSTRACT

In this paper, we present a detailed analysis of the IRS 17 filament within the intermediate-mass pro-
tocluster IRAS 08448-4343 (of ~ 10° L), using ALMA data from the ATOMS 3-mm and QUARKS
1.3-mm surveys. The IRS17 filament, which spans ~54000au (0.26 pc) in length and ~4000 au
(0.02 pc) in width, exhibits a complex, multi-component velocity field, and harbours hierarchical sub-
structures. These substructures include three bundles of seven velocity-coherent fibers, and 29 dense
(n ~ 10% em™3) condensations. The fibers have a median length of ~ 4500 au and a median width
of ~ 1400au. Among these fibers, four are identified as “fertile”, each hosting at least three dense
condensations, which are regarded as the “seeds” of star formation. While the detected cores are ran-
domly spaced within the IRS 17 filament based on the 3-mm dust continuum image, periodic spacing
(~ 1600 au) of condensations is observed in the fertile fibers according to the 1.3-mm dust map, consis-
tent with the predictions of linear isothermal cylinder fragmentation models. These findings underscore
the crucial role of fibers in star formation and suggest a hierarchical fragmentation process that extends
from the filament to the fibers, and ultimately, to the smallest-scale condensations.
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Figure 1.  Spitzer three-colour composite image using

8 pm (red), 4.5 pm (green) and 3.6 pm (blue) of the IRS17
region. The Herschel 250 pum and 1.28 GHz MeerKAT emis-
sion (Padmanabh et al. 2023) are shown as the green and
red contours, respectively. The white and yellow dashed cir-
cle represent the field of views (FoV) of the ATOMS and
QUARKS data, respectively (see Fig.2 ). The purple star
symbol shows the location of IRS 17 source. The resolutions
of 8 um and 250 um are shown at the bottom right and bot-
tom left corners, respectively.
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Super-Jeans fragmentation in massive star-forming regions revealed by triangulation analysis

GUANG-XING L19»* MENGKE Zuao @ *" anD Xing Lu &7

! South- Western Institute For Astronomy Research, Yunnan University, Kunming 650600, China
2School of Astronomy and Space Science, Nanjing University, 163 Xianlin Avenue, Nanjing 210023, People’s Republic of China

3 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai, People’s Republic of China

ABSTRACT

Understanding the fragmentation of the gas cloud and the formation of massive stars remains one
of the most challenging questions of modern astrophysical research. Either the gas fragmentation in
a Jeans-like fashion, after which the fragments grow through accretion, or the fragmentation length is
larger than the Jeans length from the start. Despite significant observational efforts, a consensus has not
been reached. The key is to infer the initial density distribution upon which gravitational fragmentation
occurs. Since cores are the products of the fragmentation process, the distances between adjacent
cores serve as a scale indicator. Based on this observation, we propose a Delaunay triangulation-based
approach to infer the density structure before the fragmentation and establish the link between density
distribution and gas fragmentation length. We find that at low density, the fragmenting is Jeans-like,
and at high densities, the core separations are larger than the prediction of the Jeans fragmentation.
This super-Jeans fragmentation, which often occurs in groups, is responsible for the clustered formation
of massive stars.
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fitting result, y = max( (x -17.2+ 0.04 ) * (0.3%+ 0.01),0))
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Figure 3. Jeans fraction fj.... = lragmentation/lleans @8 a function of gas density. The line describes the proposed

correlation where fyeane x p'/*.



