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Table 1. Derived Parameters of Gas-YSO Association for entire Orion A
Age bin (yrs) <105 10° to 1065 1065 t0 1070 1070 to 1075 > 1075
Detected Av (km/s) 0.28 0.78 -0.16 -0.12 -0.52
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Fig. 9. Top: The simulated ‘Av vs. age’ of non-colliding GMC (left) and
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Figure 1. ALMA 1.3 mm continuum emission
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of the four clouds is shown as color scale displayed on a logarithmic scale in
and outer yellow dashed loops show the ALMA primary-beam responses at 50% and 30%,

respectively. Black contours show the SMA 1.3 mm continuum emission with an angular resolution of 5”x3" (Lu et al. 2019a),
starting from 5¢ in steps of 200 where 10=3 mJy beam ™. Crosses show the positions of HoO masers, among which the magenta
ones are known AGB stars (Lu et al. 2019a). Diagonal dashed lines denote Galactic coordinates.
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Table 1. Observed core properties.

Cloud  Number of Flux (mJy) Mass (M) Radius (AU) Density (107 cm™?)
cores Range Mean Median Range Mean Median Range Mean Median Range Mean Median
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Figure 2. Blue crosses show peak positions of the cores identified by the dendrogram (Section 3.1), and black segments show
the MSTs (Section 4.1). Color scale is the same as in Figure 1. Zoomed-in views of clustered cores in the green boxes are in

Appendix A.
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Core Mass Functions
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Figure 3. CMFs of the three individual clouds and the three clouds together. The red sticks are the actual data points. The
vertical blue line marks the 50 mass sensitivity (0.3 M) provided a dust temperature of 20 K. The magenta dashed line is
not a fit to the histograms, but represents the result of MLE plus an arbitrary normalization factor. The vertical magenta line

denotes the lower bound given by the MLE method.
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Figure 4. Distributions of deprojected spatial separations between the cores. In each panel, the red sticks, the gray bars, and
the black curves are the actual data points, the histogram, and the kernel density estimate (KDE) of the same distribution.
Labels on the left-side vertical axis mark numbers of data points in the histogram bins, while those on the right-side mark values
of the probability density function for the KDE, with the probability of a certain range of separations being the area under the
curve in that range. The vertical blue dashed line marks the spatial resolution (0”25~2000 AU) divided by the projection factor
2/m.
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ABSTRACT

Instruments achieve sharper and finer observations of micron-in-size dust grains in the top lay-
ers of young stellar discs. To provide accurate models, we revisit the theory of dust settling for
small grains, when gas stratification, dust inertia and finite correlation times for the turbulence
should be handled simultaneously. We start from a balance of forces and derive distributions
at steady-state. Asymptotic expansions require caution since limits do not commute. In par-
ticular, non-physical bumpy distributions appear when turbulence is purely diffusive. This
excludes very short correlation times for real discs, as predicted by numerical simulations.

Key words: Planets and satellites: formation, Diffusion, Turbulence, Methods: analytical,
Methods: numerical.
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A Cold and Diffuse Giant Molecular Filament in the Region of
[ =41°b= —1°
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Abstract Data of 2CO/'3CO/C'®0 J = 1 — 0 emission toward the Galactic plane
region of [ = 35° to 45° and b = —5° to +5° are available with the Milky Way Imaging
Scroll Painting (MWISP) project. Using the data, we found a giant molecular filament
(GMF) around [ ~ 38 ~ 42°, b ~ —3.5 ~ 0° Vysp ~ 27 ~ 40 km s—!, named
the GMF MWISP G041-01. At a distance of 1.7 kpc, the GMF is about 160 pc long.
With a median excitation temperature about 7.5 K and a median column density about
102! em~—2, this GMF is very cold and very diffuse compared to known GMFs. Using
the morphology in the data cube, the GMF is divided into four components among which
three show filamentary structure. Masses of the components are 10% ~ 10*M, with a
total mass for the whole filament being about 7 x 10*M, from the LTE method. 13CO
cores inside each component are searched. Virial parameters are about 2.5 for these cores
and have a power-law index of -0.34 against the mass. The mass fraction of dense cores
traced by 'CO to the diffuse clouds traced by 2CO are about 7% for all components of

the GME We found signatures of possible large scale filament-filament collision in the
GME

ERATE D EEE#L.7 kpcl 2T LK E160pc, M~7x10*M, T, ~7.5KDIEFE|

L7-.
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Fig. 2: Integrated intensity map of the 2CO/'3CO/C'80 lines in the velocity range between 25 and
40 km s~! with 2CO in blue, *CO in green and C'®0 in red. C'®0 line emission is weak and is
concentrated in a few pixels. Boxes show boundaries of each component of the GMF, with F1, F2, F3
and SWP being outlined in blue, green, red and white, respectively.
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ABSTRACT

We conduct a pebble-driven planet population synthesis study to investigate the formation of planets around very low-mass stars and
brown dwarfs, in the (sub)stellar mass range between 0.01 M, and 0.1 M. Based on the extrapolation of numerical simulations
of planetesimal formation by the streaming instability, we obtain the characterisitic mass of the planetesimals and the initial masses
of the protoplanets (largest bodies from the planetesimal size distributions), in either the early self-gravitating phase or the later non-
self-gravitating phase of the protoplanetary disk evolution. We find that the initial protoplanets form with masses that increase with
host mass, orbital distance and decrease with age. Around late M-dwarfs of 0.1 M, these protoplanets can grow up to Earth-mass
planets by pebble accretion. However, around brown dwarfs of 0.01 M, planets do not grow larger than Mars mass when the initial
protoplanets are born early in self-gravitating disks, and their growth stalls at around 0.01 Earth-mass when they are born late in
non-self-gravitating disks. Around these low mass stars and brown dwarfs we find no channel for gas giant planet formation, because
the solid cores remain too small. When the initial protoplanets form only at the water-ice line, the final planets typically have >15%
water mass fraction. Alternatively, when the initial protoplanets form log-uniformly distributed over the entire protoplanetary disk,
the final planets are either very water-rich (water mass fraction 215%) or entirely rocky (water mass fraction <5%).

M = 0.1 M, ®DM-dwarf D FY TILRIEDLE [Lpebble accretion[ k> THIIR~ KREFTHRETHENTES,
LML, M=0.01 My Dbrown dwarf@ B Y TIL. BIZHIRIERENBCENHBO D THHICERSNT=ELT
LREFNEBEDOEELYKREHETELLY, ﬁ‘Z,.,\E%_'*{’F%ﬁ‘—V./*)Wﬁ\?EL\
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ABSTRACT

A determination of the mass function (MF) of stellar clusters can be quite dependent on the range of
measured masses, the fitting technique, and the analytic function that is being fit to the data. Here, we
use Hubble Space Telescope/WFPC2 data of NGC 1711, a stellar cluster in the Large Magellanic Cloud,
as a test case to explore a range of possible determinations of the MF from a single dataset. We employ
the analytic modified lognormal power-law (MLP) distribution, a hybrid function that has a peaked
lognormal-like body and a power-law tail at intermediate and high masses. A fit with the MLP has the
advantage that the resulting best-fit function can be either a hybrid function, a pure lognormal, or a
pure power law, in different limits of the function. The completeness limit for the observations means
that the data contains masses above ~ 0.90 M. In this case, the MLP fits yield essentially a pure
power-law MF. We demonstrate that the nonlinear regression/least-squares approach is not justified
since the underlying assumptions are not satisfied. By using maximume-likelihood estimation, which is
independent of binning, we find a best-fit functional form dN/dInm o m™%, where a = 1.72 £ 0.05
or 1.75 4+ 0.05 for two different theoretical isochrone models, respectively. Furthermore, we explore
the possibility of systematic errors in the determination of the power-law index due to the depth of
the observations. When we combine the observational data with artificially generated data from the
lognormal Chabrier initial MF for masses below 0.90 M, the best-fit MLP is a hybrid function but
with a steeper asymptotic slope i.e., a = 2.04 £ 0.07. This illustrates the systematic uncertainties in
commonly used MF parameters that can depend on the range of data that is fitted.

IMFIZhigh mass{ill Cldpower-lawf=h\/N& & Tldlognormali74: 53 1 T&h 5, Basu & Jones (2004)IZ&kY . MF&E
lognormal + power-law (modified lognormal power-law LL#£MLP) Tfits3 S ZEMNIREINTLVS, §[E, HSTIZL S
BT IILERL=MLP fitting®D T ARZE4TLY, power-law tail DA X Hllow massH U TILDRFR(RE)Z&KH>TED
5l &%FRLT=,

14



SFN 329 #35

THE EVOLUTION OF THE INNER REGIONS OF PROTOPLANETARY DISKS

EZEQUIEL MANZO-MARTINEZ,! NURIA CALVET,? JESUS HERNANDEZ,® SUSANA LizANO,! RAMIRO FRANCO HERNANDEZ,!
CHRISTOPHER J. MILLER,? KARINA MaUCG,>% CESAR BRICENO,” AND PAOLA D’ALESSIO!

Instituto de Radioastronomia y Astrofisica, Universidad Nacional Auténoma de México, Apartado Postal 3-72, C.P. 58089 Morelia,
Michoacdn, México
2 Department of Astronomy, University of Michigan, 323 West Hall, 1085 South University Avenue, Ann Arbor, MI /8109, USA
3 Instituto de Astronomia, Universidad Nacional Auténoma de México, Ensenada, Mézrico
4Instituto de Astronomia y Meteorologia, Universidad de Guadalajara, Mézico
5Niicleo Milenio Formacion Planetaria - NPF, Universidad de Valparaiso, Av. Gran Bretatia 1111, Valparaiso, Chile
6 Instituto de Fisica y Astronomia, Facultad de Ciencias, Universidad de Valparaiso, Av. Gran Bretaiia 1111, 5030 Casilla, Valparaiso,
Chile
7Cerro Tololo Inter-American Observatory, Casilla 603, La Serena 1700000, Chile

(Received — —, —; Revised — —, —; Accepted — —, —)
Submitted to ApJ

ABSTRACT

We present a study of the evolution of the inner few au of protoplanetary disks around low-mass
stars. We consider nearby stellar groups with ages spanning from 1 to 11 Myr, distributed into four age
bins. Combining PANSTARSS photometry with spectral types we derive the reddening consistently
for each star, which we use (1) to measure the excess emission above the photosphere with a new
indicator of IR excess and (2) to estimate the mass accretion rate (M) from the equivalent width
of the Ha line. Using the observed decay of M as a constrain to fix the initial conditions and the
viscosity parameter of viscous evolutionary models, we use approximate Bayesian modeling to infer
the dust properties that produce the observed decrease of the IR excess with age, in the range between
4.5 pm and 24 pm. We calculate an extensive grid of irradiated disk models with a two-layered wall to
emulate a curved dust inner edge and obtain the vertical structure consistent with the surface density
predicted by viscous evolution. We find that the median dust depletion in the disk upper layers is
€ ~ 3x 1073 at 1.5 Myr, consistent with previous studies, and it decreases to € ~ 3 x 10~4 by 7.5 Myr.
We include photoevaporation in a simple model of the disk evolution and find that a photoevaporative
wind mass-loss rate of ~ 1 —3 x 10~ Myyr—! agrees with the decrease of the disk fraction with age
reasonably well. The models show the inward evolution of the HoO and CO snowlines.

[FIAE RABDOAEILETARD=DIZ. LNDOHDT Tauri stars JL—TF [ZE LY TIRAC, MIPS 24 photometry&
PANSTARRS [g - /] colorsT—AMBL RN BB(ZF AN PEE) LEERERE CEHITLETHAN .
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H> 7 JL(1~11Myrs, d <500pc)

Table 1. Stellar Groups

Group Mean distance Age Disk fraction References Initial Disk-bearing Accretors Age
pc Myr % sample stars sample bin
ONC 400 1-3 73%5.9 4,74 508 305 228 1
Taurus 130-200 1-2 63.7L£5.1 8,9.* 137 87 16 1
I1C348 320 2-3 471£12 10,11 163 59 S 2
o Ori 400 3 36+4 11,2,2 185 73 40 2
A Ori 400 4-6 18.5+4 12,3,3 142 24 S 3
Ori OB1b 400 5 13-17 4,64 278 45 59 3
Upper Sco. 146 5-11 2540.02 13,149 59 19 3
7 Vel 345 7.5 5-7 15,16,5 125 14 cee 4
Ori OBla 350-360 9-14 6-10 4,4,6 189 13 77 4
-~ 0w —I—
& . 32 (1)
Hab\b HL-BEERERDEL
-l T I 1T ] 1T I L I T I—
-85 -
st ] B E2FEEE L TEEEREITH D
n\‘;’ - B — —
= LF ] COEIE T RAIFEMSEE
= ]
o0 o 4
9 L i
-9.95 - —
L 11 1 l 11 1 l 11 1 [ 11 1 I 11 l-
0 2 4 6 8 10

Age(Myr)

Figure 9. Median of the mass accretion rates for the dif-
ferent age bins. The blue bars are the quartiles, which show
where 50% of the data of each age bin lie.
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Figure 7. Evolution of the median disk excess for: a)J —
[4.5] (upper left), b) J —[5.8] (upper right), ¢) J —[8.0] (lower
left) and d) J — [24] (lower right). The blue pentagons cor-
respond to the median of each distribution for each age bin
and the bars are the quartiles, which indicate the range where
50% of the stars with excess are located.

T (a= O 01, initial mass = 0.07Mg),

characteristic radius R; = 10au) D ELEFBELLZE LB Do T=,

D’Alessio irradiated accretion disk model® degree of dust settling % .
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(¢~ 3x1073 at 1.5Myr, £~ 3x10* at 7.5Myr)
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