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Search for Alignment of Disk Orientations in Nearby Star-Forming Regions: Lupus,
Taurus, Upper Scorpius, p Ophiuchi, and Orion

Masataka Aizawa':?, Yasushi Suto'?, Yoko Oya'®, Shiro Ikeda**:®, and Takeshi Nakazato®
! Department of Physics, The University of Tokyo, Tokyo 113-0033, Japan; ? College of Science, Ibaraki University,

Spatial correlations among proto-planetary disk orientations carry unique information on physics of multiple star
formation processes. We select five nearby star-forming regions that comprise a number of proto-planetary disks with
spatially-resolved images with ALMA and HST, and search for the mutual alignment of the disk axes. Specifically, we
apply the Kuiper test to examine the statistical uniformity of the position angle (PA: the angle of the major axis of the
projected disk ellipse measured counter-clockwise from the north) distribution. The disks located in the star-forming
regions, except the Lupus clouds, do not show any signature of the alignment, supporting the random orientation.
Rotational axes of 16 disks with spectroscopic measurement of PA in the Lupus III cloud, a sub-region of the Lupus
field, however, exhibit a weak and possible departure from the random distribution at a 2o level, and the inclination
angles of the 16 disks are not uniform as well. Furthermore, the mean direction of the disk PAs in the Lupus III cloud
is parallel to the direction of its filament structure, and approximately perpendicular to the magnetic field direction.
We also confirm the robustness of the estimated PAs in the Lupus clouds by comparing the different observations and
estimators based on three different methods including sparse modeling. The absence of the significant alignment of
the disk orientation is consistent with the turbulent origin of the disk angular momentum. Further observations are
required to confirm/falsify the possible disk alignment in the Lupus III cloud.
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Five SF Regions & Summary
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Figure 1. Map of the five star-forming regions analyzed in this paper overlaid on the thermal dust emission at 353 GHz (Planck Collaboratio:

Table 1
Summary of Star-forming Regions along with Analyses of Alignment

Field # Disk Field Size/Resolution Wavelength p (Kuiper’s Test) Mean(PA) £ o(PA) Reference
Lupus 37 7°/0"3 Radio/ALMA 0.29 3198 + 114°4* (1)

- Lupus III 16/37 0°5/0"3 Radio/ALMA 0.037 77°3 £+ 69°9* (1)

- Outside Lupus III cloud 21/37 7°/0”3 Radio/ALMA 0.30 298°6 + 943" (1)
Taurus 50 15°/0"4-1" Radio” 0.69 17866 + 57°4 27
Upper Scorpius 16 8°/0"37 Radio/ALMA 0.16 1426 + 3929 8)
Ophiuchus 49 3°/072 Radio/ALMA 0.68 165°5 + 59°1 ©9), (10)

- L1688 31/49 0°5/0"2 Radio/ALMA 0.95 156°4 + 59°4 9), (10)
ONC 31 6'/0"1 Optical /HST 047 2173 4+ 5599 (11
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Super-resolution Imaging of the Protoplanetary Disk HD 142527 Using Sparse Modeling

Masayuki Yamaguchi'*®, Kazunori Akiyama>**'%® Takashi Tsukagoshi>(, Takayuki Muto®, Akimasa Kataoka™’ ),

. .2 . . 2 . 2 . 2
Fumie Tazaki’, Shiro Tkeda®” (0, Misato Fukagawa"‘, Mareki Honma'>’ @, and Ryohei Kawabe' >’
: Department of Astronomy, Graduate School of Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
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7. Birth of convective low-mass to high-mass second Larson cores

Asmita Bhandare', Rolf Kuiper?!, Thomas Henning', Christian Fendt', Mario Flock' and Gabriel-
Dominique Marleau®*!

! Max-Planck-Institut fiir Astronomie, Kénigstuhl 17, D-69117 Heidelberg, Germany; 2 Institut fiir Astronomie und

Stars form as an end product of the gravitational collapse of cold, dense gas in magnetized molecular clouds. This
fundamentally multi-scale scenario occurs via the formation of two quasi-hydrostatic Larson cores and involves complex
physical processes, which require a robust, self-consistent numerical treatment. The primary aim of this study is to
understand the formation and evolution of the second hydrostatic Larson core and the dependence of its properties
on the initial cloud core mass. We used the PLUTO code to perform high-resolution, one- and two-dimensional
radiation hydrodynamic (RHD) core collapse simulations. We include self-gravity and use a grey flux-limited diffusion
approximation for the radiative transfer. Additionally, we use for the gas equation of state density- and temperature-
dependent thermodynamic quantities (heat capacity, mean molecular weight, etc.) to account for effects such as
dissociation of molecular hydrogen, ionisation of atomic hydrogen and helium, and molecular vibrations and rotations.
Properties of the second core are investigated using one-dimensional studies spanning a wide range of initial cloud core
masses from 0.5 M to 100 M. Furthermore, we expand to two-dimensional (2D) collapse simulations for a selected
few cases of 1 My, 5 Mg, 10 Mg, and 20 M. We follow the evolution of the second core for > 100 years after its
formation, for each of these non-rotating cases. Our results indicate a dependence of several second core properties on
the initial cloud core mass. Molecular cloud cores with a higher initial mass collapse faster to form bigger and more
massive second cores. The high-mass second cores can accrete at a much faster rate of ~ 10~?M, yr~' compared to
the low-mass second cores, which have accretion rates as low as 107> M, yr—'. For the first time, owing to a resolution
that has not been achieved before, our 2D non-rotating collapse studies indicate that convection is generated in the
outer layers of the second core, which is formed due to the gravitational collapse of a 1 M, cloud core. Additionally,
we find large-scale oscillations of the second accretion shock front triggered by the standing accretion shock instability
(SASI), which has not been seen before in early evolutionary stages of stars. We predict that the physics within the
second core would not be significantly influenced by the effects of magnetic fields or an initial cloud rotation. In our
2D RHD simulations, we find convection being driven from the accretion shock towards the interior of the second
Larson core. This supports an interesting possibility that dynamo-driven magnetic fields may be generated during the
very early phases of low-mass star formation.
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Numerical Method

Initial Setup

- stable BE sphere-like density profile
104 - 3000 au

1D Setup: 0.5-100 M
2D setup

sun®

- Eulerian grid (axial & mid-

plane symmetry)

- 1445 log-spaced cells

- 102 - 3000 au

- polar(0-90deg.): 180 cells

Boundary conditions (BD)

- reflective BD at inner edge
(FARETE) & no EESTflux

- “Dirichlet” BD at outer edge
(constant radiation temperature)

- 2D: axisymmetric BDs at the pole
and mirror-symmetric BDs at the
equator

C?' _ GMO
7 In(14.1) Reioud

. \2
_(118¢y
Po = M, G3/2

pc = 14.1 p,,

Table 1. Initial cloud core properties.

My (Ms) Reows (au) To (K) Tge (K) Mge/My p (gem™)

0.5 3000 10.0 9.49 1.05e-00 1.16e-17
1.0 3000 10,0 1898 5.27e-01 2.33e-17
2.0 3000 10.0 3796 2.64e-01 4.66e—-17
5.0 3000 10,0 9491 1.05e-01 1.17e-16
8.0 3000 10.0 151.85 6.58e-02 1.87e-16
10.0 3000 10.0 189.81 5.27e-02 2.33e-16
12.0 3000 10.0 22778 4.39e-02 2.80e-16
14.0 3000 10.0  265.74 3.76e-02 3.26e-16
15.0 3000 10.0 28472 3.51e-02 3.50e-16
16.0 3000 10.0  303.70 3.29e-02 3.73e—-16
18.0 3000 10.0  341.66 2.93e-02 4.20e-16
20.0 3000 10.0 379.63 2.63e-02 4.66e-16
30.0 3000 10,0 569.44 1.76e-02 6.99e-16
40.0 3000 10.0  759.25 1.32e-02 9.33e-16
60.0 3000 10.0 1138.88 8.78e-03 1.40e-15
80.0 3000 10.0 1518.50 6.58¢-03 1.87e-15
100.0 3000 10.0 1898.13 5.27e-03 2.33e-15

Notes. List of the cloud core properties for runs with different ini-
tial cloud core mass My (M), outer radius Rjug (au), temperature Ty
(K), temperature T'gi: (K) of a stable Bonnor-Ebert cloud core, stability
parameter Mg/ M), and central density p. (gcm™).



1D Results
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Properties of the second core estimated at the final simulation snapshot 75,,, when central density p, g, reaches ~0.5-0.8
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initial cloud core masses My with a fixed outer radius Rjoea = 3000 au and an initial temperature 7o = 10 K.

Mo (Mo)  pesina (@CM™)  thnat ) Rc (a0) Mye (Mg)  Toe (K) My (Moyr')  Lyee (Lo)
0.5 0.854 38039.76  0.203  3.36e-02 2.07e+03 3.23e-05 7.78e—01
1.0 0.851 18635.00 0.253  4.40e-02 1.79e+03 6.52e—-05 1.65e+00
2.0 0.853 11543.76  0.329  6.58e-02 1.67e+03 1.52e-04 4.43e+00
5.0 0.849 6860.80 0.405 1.65e-01 1.54e+03 5.53e-04 3.27e+01
8.0 0.848 5433.00 0.613  3.62e-01 1.50e+03 1.18e—03 1.01e+02
10.0 0.853 4909.00 0.876  5.73e-01 1.56e+03 1.71e-03 1.64e+02
12.0 0.849 4530.70 0.987 8.31e-03 8.62e+03 2.32e-03 2.85e+02
14.0 0.848 4251.80 1.290  1.17e+00 8.89e+03 3.01e-03 3.97e+02
15.0 0.835 4138.62 1.359  1.36e+00 8.77e+03 3.26e—-03 4.77e+02
16.0 0.825 4015.29 1.455  1.50e+00 8.77e+03 3.61e-03 5.41e+02
18.0 0.792 3799.47 1.656  1.77e+00 8.77e+03 4.34e-03 6.75e+02
20.0 0.761 3610.66 1.914  2.01e+00 8.99e+03 5.17e-03 7.93e+02
30.0 0.662 2996.06 2.829  3.57e+00 8.97e+03 9.64e—-03 1.77e+03
40.0 0.596 2623.36 3.803  5.25e+00 8.96e+03 1.50e—02 3.02e+03
60.0 0.519 2160.45 5.605 8.48e+00 1.04e+04 2.77e-02 6.11e+03
80.0 0.474 1859.02 5.486  1.08e+01 1.11e+04 4.20e—-02 1.21e+04
100.0 0.448 1655.55 5.206 1.31e+01 1.16e+04 5.78e—02 2.12e+04

1e properties listed are the second core radius R, mass M., temperature T, accretion rate M., and accretion luminosity Ly
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2D Results

1 Msun case: t=312 yrs
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Standing Accretion Shock Instability(SASI)
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Comparison(1D, 1 M
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