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48. A High-Mass Young Star-forming Core Escaping from Its Parental Filament

Zhiyuan Ren, Xi Chen, Tie Liu, Emma Mannfors, Leonardo Bronfman, Fengwei Xu, Siyi Feng, Hongli Liu,
Fanyi Meng, Amelia. M. Stutz, Shanghuo Li, Chang Won Lee, Ke Wang, Jianwen Zhou, Di Li, Chen Wang,
Chakali Eswaraiah, Anandmayee Tej, Long-Fei Chen, Hui Shi % We studied the unique kinematic properties in
massive filament G352.63-1.07 at 10°-AU spatial scale with the dense molecular tracers observed with the Atacama Large
Millimeter /submillimeter Array (ALMA). We find the central massive core M1 (12 M) being separated from the surrounding
filament with a velocity difference of v — vsys = —2 km/s and a transverse separation within 3 arcsec. Meanwhile, as shown in
multiple dense-gas tracers, M1 has a spatial extension closely aligned with the main filament and is connected to the filament
towards its both ends. M1 thus represents a very beginning state for a massive young star-forming core escaping from the
parental filament, within a time scale of ~ 4000 years. Based on its kinetic energy (3.5 x 10** erg), the core escape is unlikely
solely due to the original filament motion or magnetic field, but requires more energetic events such as a rapid intense anisotropic
collapse. The released energy also seems to noticeably increase the environmental turbulence. This may help the filament to
become stabilized again.
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Table 1. The physical properties of the cores.
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(M/l)obs < (M/l)crit

Parameters M1 M2 M3 M4 M5
(Observed)
e (HBCOT) (kms™!)  -2.5 -0.8 +0.1 +1.0 +1.3
Tex (HCO™) (K) 37 22 22 22 20
T, (H13CO™) (K) 4.0 3.0 2.1 3.7 2.6
Av (kms™1) 2.5 2.3 2.2 1.8 1.7
Radius (arcsec)® 5 4 5 4 4
(Derived)
Niot (1023 cm=2) ® 26+03 22+02 23+03 24+02 22402 2.24+0.2
Otot (kms™1) 1.1 0.9 1.0 0.7 0.7
Mass (M) 1242 6+ 2 11 +2 8+ 2 (== 7T+2
Merit (Mo) 15 13 12 11 11
a. Average radius deconvolved with the beam size. 25 5 0 75 100 Kkm/s
b. Niot is derived from H¥COT intensity using Equation A4. For M4 and M5, tt ' | ™ ) 40 (¢) HCo'
H'3CO™ emissions are noticeably dissipated by the outflows. We assumed them t (a) '
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Figure 1. (a) The velocity-integrated intensity of the H*CO™ (1-0) line (false-color) and 3 mm continuum.
The contour levels are 40,y (1.6 mJybeam™!) to 840.ms (peak) in step of 160.ms. (b) The HI3CO™ and
CH3OH emission regions around the main filament, overlaid on the IRAC-RGB image (3.6, 4.5, and 8.0
pm bands). The H3CO™ contours are 15% to 90% in 15%-step of the peak intensity (8.5 K kms™!). The
CH3O0H contours are 10% to 90% in 20%-step of the peak intensity (18.7 K kms™!). The dashed circles
labels the area of each core. (c) The spectra at the selected core centers. The blue and red-shaded areas
indicate the velocity ranges of the two velocity components, respectively. The vertical dashed line denotes
the division between the blue and main-filament components.
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onto the filament. (b) PV plot and intensity profile along the major axis of the main filament. The sampling  _ .|
direction is labelled in dashed line in panel (a). The vertical dashed lines denote the projected offset of | > e 0 )
the three dense cores on the sampling direction. The horizontal dotted line represents the average systemic T T RA offeot (arceee) Velocity (km/s)
velocity of the filament.

Figure 3. Left column: The emission regions of the blue- (contours) and redshifted (false-color) components
in CCS and H'3CN (1-0) lines. The contour levels are 20% to 90% of the peak intensity. Right column: The
PV diagrams of the two molecular lines. the H'3CN emission at vjg = 2 to 4 kms™! is from anther HFC of
F =1—1. The HFCs of H3CN are separated for 6-7 kms~! and would not blend with each other. The
CCH (1-0) emission shows an additional small blueshift wings around M3, which should correspond to the
transfer flow onto the filament (Chen21). This feature is not seen in other lines probably because of their
lower optical depths.
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Figure 5. (a) The ridge lines of the two velocity components, blue component in blue line and dots, red-
center component (main filament) in yellow line and dots. The dot size is proportional to the integrated
intensity. The arrows denote the projected moving direction of each component expected on the sky-plane.
(b) The transverse offset and velocity difference between the ridge lines of the two components along the
filament axis. In the lower panel, the blue and red dots represent the peak radial velocity profile of the two
components, respectively. The gray dots represent |vpue — Vred|- (€) A schematic view of the gas motion on
the filament and cores.
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41.

Sandwiched planet formation: restricting the mass of a middle planet

Matthew Pritchard, Farzana Meru, Sahl Rowther, David Armstrong, Kaleb Randall % We conduct gas and dust
hydrodynamical simulations of protoplanetary discs with one and two embedded planets to determine the impact that a second
planet located further out in the disc has on the potential for subsequent planet formation in the region locally exterior to
the inner planet. We show how the presence of a second planet has a strong influence on the collection of solid material near
the inner planet, particularly when the outer planet is massive enough to generate a maximum in the disc’s pressure profile.
This effect in general acts to reduce the amount of material that can collect in a pressure bump generated by the inner planet.
When viewing the inner pressure bump as a location for potential subsequent planet formation of a third planet, we therefore
expect that the mass of such a planet will be smaller than it would be in the case without the outer planet, resulting in a
small planet being sandwiched between its neighbours - this is in contrast to the expected trend of increasing planet mass with
radial distance from the host star. We show that several planetary systems have been observed that do not show this trend but
instead have a smaller planet sandwiched in between two more massive planets. We present the idea that such an architecture
could be the result of the subsequent formation of a middle planet after its two neighbours formed at some earlier stage.
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Figure 1. Schematic illustration of disc pressure profiles in the four cases we explore in our main suite of simulations. "Small" and "Big" refer to low and high
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mass planets, which cause the pressure profile exterior to the planet to form a point of inflection and a pressure maximum, respectively.
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Figure 2. Azimuthally averaged profiles of the four simulations presented in Table 1 with two planets that cause two points of inflections (Small-Small; left), an
inner pressure maximum and an outer point of inflection (Big-Small; second column), an inner point of inflection and an outer pressure maximum (Small-Big;
third column) and two pressure maxima (Big-Big; right). The location of the two planets are represented by the vertical dotted lines. The simulations with only
a single planet (located at R = 1) are shown in a red line for comparison. From top to bottom we present the gas surface density, the dust surface density for

Wi ki p e d i a St = 0.002, St = 0.02 and St = 0.2 and finally the pressure gradient through the quantity dInP /dInR, all in code units. In cases with a small outer planet

St =

(columns 1 and 2) little difference is seen in the interplanetary density profiles (rows 1-4) between the one- and two-planet cases, whereas the difference is
substantial for a large outer planet. In particular, for the case where there are two planets present that are massive enough to create two pressure maxima (right
column) the amount of dust in the pressure maximum in between the two planets is reduced.
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Figure 3. 2D plot of the St = 0.2 dust density for the single 20Mg and the
two-planet 20M g &35M g (i.e. Big-Big) simulations showing only the inner
part of the discs simulated. The inner planet’s position is indicated with a
white circle, its orbit by the white dotted line. The high density ring exterior
to the inner planet’s orbit is a potential location for planet formation. In the
two-planet case the density in this ring is notably reduced, limiting the mass
of any compact bodies that may form here.
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Figure 6. Azimuthally averaged dust surface density profiles for the three
simulated dust species and compared to the gas surface density (where the
dust is rescaled by our assumed dust-to-gas ratio of 0.01), for the 20M, and
35M (Big-Big) system. The small dust tends to mostly follow the gas, whilst
the larger dust experiences radial drift and dust trapping, resulting in large
scale dust depletion in the interplanetary region and the inner disc.
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Protoplanetary and debris disks in the n Chamaeleontis Association: A sub-millimeter

survey obtained with APEX/LABOCA

V. Roccatagliata, A. Sicilia-Aguilar, M. Kim, J. Campbell-White, M. Fang, S. J. Murphy, S. Wolf, W. A.
Lawson, Th. Henning, J. Bouwman % Nearby associations are ideal regions to study coeval samples of protoplanetary and
debris disks down to late M-type stars. Those aged 5-10,Myrs, where most of the disk should have already dissipated forming
planets, are of particular interest. We present the first complete study of both protoplanetary and debris disks in a young
region, using the n Chamaeleontis association as a test bench to study the cold disk content. We obtained sub-millimeter data
for the entire core population down to late M-type stars, plus a few halo members. We performed a continuum sub-millimeter
survey with APEX/LABOCA of all the core populations of n Cha association. Disk properties have been derived by modeling
protoplanetary and debris disks using RADMC 2D and DMS, respectively. We find that protoplanetary disks in  Cha typically
have holes with radii of the order of 0.01 to 0.03 AU, while ring-like emission from the debris disks is located between 20 au
and 650 au from the central star. The parallaxes and Gaia eDR3 photometry, in combination with the PARSEC and COLIBRI
isochrones, enable us to confirm an age of n Cha between 7 and 9 Myrs. In general, the disk mass seems insufficient to support
accretion over a long time, even for the lowest mass accretors, a clear difference compared with other regions and also a sign
that the mass budget is further underestimated. We do not find a correlation between the stellar masses, accretion rates, and
disk masses, although this could be due to sample issues. We confirm that the presence of inner holes is not enough to stop
accretion unless accompanied by dramatic changes to the total disk mass content. Comparing n Cha with other regions at
different ages, we find that the physical processes responsible for debris disks (e.g., dust growth, dust trapping) efficiently act
in less than 5 Myrs.
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Roccatagliata V. et al.: APEX/LABOCA observations of the 7 Chamaeleontis Association
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Fig. 2. SED models for the protoplanetary disks. For all cases, the photometry data is marked by blue circles (empty symbols for marginal
detections). Spitzer/IRS spectra are plotted in black. The MARCS model stellar photospheres are marked by dotted grey lines, and the various
disk models are represented by colored lines and labeled according to their main characteristics (see Table 2). RECX-5: A large-scale gap is not
needed to reproduce the long wavelengths, which also means that SED alone cannot constrain among many diverse but equally plausible SED
structures. RECX-9: A change in vertical scale height at 10-15 au is needed, which could be caused by a gap, wall, warp, or any other structure
affecting the density and the scale height probably created by the existing companion at 20 au. RECX-11: Best fit with relatively massive and
flattened disks. A more puffed innermost disk (either a puffed-up rim or a more extended ~0.6 au region) is required, with the disk becoming
increasingly flattened and settled at larger radii. JO801 and JO820 appear to be examples of relatively massive transition disks with large, strongly
mass-depleted inner holes. ECHA J0841: Very flattened SED. ECHA J0843: Small gap or hole required. For ECHA J0844: Gap and/or change in
the vertical scale height needed to explain the far-IR flux.
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Fig.4. Left: SED models for the debris disks. The photometry data are marked by red circles and triangles (the upper limits). Stellar photospheric,
disk, and total emission (stellar photospheric + disk models) are represented by grey dotted lines, and red and blue continuous lines, respectively
(see Table 2 for details on individual models). The blue dots in the SED of RX J1005.3-7749 show the detection from Murphy et al. (2010). Right:
Results of the SED modeling of the debris disks showing the mass of the disk as a function of the location of the narrow dust ring.

at between 17 and 20 au from the central star.
It is very interesting to highlight that both approaches led to a
large gap of about 15 au and a very massive disk compared to

with an optically thin dust emission. With the same approxima-
tion as in the other debris systems, we find that ECHA J0841 is
the only source with a massive narrow ring of 1.6-1.7 x 107°Mg,

10 100

Sketch of the basic idea of the model used to interpret the
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Fig. 6. Top: Accretion rate vs spectral type. Note the lack of significant
correlations between these quantities. Bottom: Circumstellar dust mass
derived according to Eqn. [1/vs. accretion rate. For comparison, the
objects in the list from Manara et al. (2023) are shown in grey. Note
that the total disk mass would depend on the gas-to-dust ratio. APEX
flux and mass upper limits are marked by inverted triangles. The red line
corresponds to the model fitted by Manara et al. (2016). The accretion
rates are taken from the literature (see Table E). For each object, we
show the individual measurements (small symbols) together with the
average rate (large symbols). A further color ring is added to specify
the type of disk according to the classical SED classification.
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