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Sulfur oxides tracing streamers and shocks at low mass
protostellar disk-envelope interfaces

X.-C. Liu GXJYJI[JIHL3, E. F. van Dishoeck!, M. R. Hogerheijdel*z, M. L. van Gelder!, Y. Chen!, T. Liu®, M. van’t
Hoff*, M. N. Drﬂzdovskaya5, E. Artur de la Villarmois®, X.-F. Mai’?, and L. Tychc-niec'

ABSTRACT
Accretion shocks are thought to play a crucial role in the early stages of star and planet formation, but their direct observational

accretion shocks by observing the emission of SO and SO, using ALMA in Band 6 towards nearby Class I protostars. We analyze
the SO and SO, emission from Oph IRS 63, DK Cha, and L1527, which have different disk inclination angles, ranging from nearly
face-on to edge-on. SO emission 1s found to be concentrated in rings at the centrifugal barriers of the infalling envelopes. These rings
are projected onto the plane of the sky as ellipses or parallel slabs, depending on the inclination angles. Spiral-like streamers with
SO emission are also common, with warm (T, > 50 K) and even hot (T, = 100 K) spots or segments of SO, observed near the
centrifugal barriers. Inspired by these findings, we present a model that consistently explains the accretion shock traced by SO and
S0O,, where the shock occurs primarily in two regions: (1) the centrifugal barriers, and (2) the surface of the disk-like inner envelope
outside the centrifugal barrier. The outer envelope gains angular momentum through outflows, causing it to fall onto the midplane at
or outside the centrifugal barrier, leading to a disk-like inner envelope that is pressure-confined by the accretion shock and moves in
a rotating-and-infalling motion. We classify the streamers into two types—those in the midplane and those off the midplane. These
streamers interact with the inner envelopes in different ways, resulting in different patterns of shocked regions. We suggest that the
shock-related chemistry at the surfaces of the disk and the disk-like inner envelope warrants further special attention.
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On the Interpretation of Velocity Residuals in Protoplanetary Disks
MASATAKA A1ZAWA' AND RYUTA ORIHARA®

L College of Science, Ibaraki University, 2-1-1 Bunkyo, Mito, 310-8512, Ibaraki, Japan
2 Department of Astronomy, Graduate School of Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

ABSTRACT

We present a first-order analytical model for line-of-sight velocity residuals, defined as the differ-
ence between observed velocities and those predicted by a fiducial model, assuming a flared, nearly
axisymmetric disk with the perturbations in disk surface height dh(r), inclination d§i(r), and position
angle 0PA(r). Introducing projection-deprojection mapping between sky-plane and disk-frame coor-
dinates, we demonstrate that the normalized velocity residuals exhibit Fourier components up to the
third harmonic (sin3¢ and cos3¢). Moreover, we show that the radial profiles of dh(r), di(r), and
OPA(r) can be uniquely recovered from the data by solving a linear inverse problem. For comparison,
we highlight factors that are not considered in previous models. We also outline how our framework
can be extended beyond the first-order residuals and applied to additional observables, such as line
intensities and widths.

Keywords: Protoplanetary disks (1300)
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2.3. True and approximate models
To interpret the observed velocity residuals, we introduce two disk-geometry models:

Model 0 (approximate): The fiducial geometry used to fit the data,
{!‘*u("')-ﬂf‘:u:PAu}-
Model 1 (true): The actual disk geometry,
{h(r),i(s r)} = {J’:[]{ + dh(r),ip + 6i(r), PAg + 0PA(r)}.
Unless otherwise stated, in the majority of expressions we drop the (r) argument and denote

(8h(r), di(r), SPA(r)) — (8h, di, 6PA).

The measured velocity field follows Model 1, whereas Model 0 represents the best-fit geometry. We define

Vias,0(1 @) = Vies (7, ¢lho(r), PAg, ig)
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projection-deprojection

P{] = P}LU( ) ’f{).PA(]?

Pé Phu )+dh,ig+6i,PAg+SPA >

(m,4) = Priry.ipalr, @) (projection onto the sky plane),

(r,0) = 'P}?[:_].LPA[;I?, y) (deprojection onto the disk plane).
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Probing Turbulence, Gravity, Supernovae, and Magnetic Field Effects with the 6D Kinematics of
Young Stars in Milky Way Star-Forming Regions

:NJAMIN N. VELcUTH."* Yuan Li.b? Trung HaM? Yue Hu,* * Marina KounKEL.* Styao Xu,” ROBERT GUTERMUTH,
BENJAMIN N. VELGUTH,'
Hur L1.Y AND MARTIN D. WEINBERG'

ABSTRACT

The dynamics of star forming gas can be affected by many physical processes, such as turbulence,
gravity, supernova explosions, and magnetic fields. In this paper, we investigate several nearby star
forming regions (Orion, Upper Sco, Taurus, and Perseus) for kinematic imprints of these influences
on the newly formed stars. Using Gaia DR3 astrometry and APOGEE DRI17 radial velocities, we
compute first-order velocity structure functions (VSFs) of young stars in galactic Cartesian coordinates
in both 6D (3D positions and 3D wvelocities) and 4D (3D positions and each 1D velocity) to identify
signatures of turbulence and anisotropic motion. We also construct 3D and 1D radial velocity profiles
to identify coherent expansion trends, and compare stellar proper motions to plane-of-sky magnetic
field orientations in Taurus and Perseus. We find that the VSFs are mildly anisotropic, with slightly
different amplitudes, slopes, or features in different directions in several groups, but in general, they are
all consistent with Larson’s Relation at intermediate length scales, especially in less compact groups.
In several cases, the VSFs exhibit features suggestive of local energy injection from supernovae. Radial
velocity profiles reveal clear anisotropic expansion in multiple groups, with the most extreme cases
corresponding to those with the most anisotropic VSFs. In Perseus, we find that the motions of young
stars are preferentially perpendicular to the local magnetic field. We find multiple, overlapping causes
in each group for the observed kinematics. Our findings support that young stars remember more than
just the turbulent state of their natal clouds.
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