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ATOMS: ALMA three-millimeter observations of massive star-forming

regions - |I. Compact objects in ACA observations and star formation
scaling relations

Show affiliations = Show all authors

Liu, Tie; Evans, Neal J.; Kim, Kee-Tae; Goldsmith, Paul F.; Liu, Sheng-Yuan; Zhang, Qizhou;

Tatematsu, Ken'ichi; Wang, Ke; Juvela, Mika; Bronfman, Leonardo; Cunningham, Maria R.; Garay, Guido;
Hirota, Tomoya; Lee, Jeong-Eun; Kang, Sung-Ju; Li, Di; Li, Pak-Shing; Mardones, Diego; Qin, Sheng-Li;
Ristorcelli, Isabelle : ...

We report studies of the relationships between the total bolometric luminosity (Lyo or LTir) and the molecular line
luminosities of J = 1 - 0 transitions of H'>*CN, H'*CO*, HCN, and HCO* with data obtained from ACA
observations in the 'ATOMS' survey of 146 active Galactic star-forming regions. The correlations between Ly
and molecular line luminosities Lﬂml of the four transitions all appear to be approximately linear. Line emission
of isotopologues shows as large scatters in Ly L:ml relations as their main line emission. The log(Lpo/ Lim] )
for different molecular line tracers have similar distributions. The Ly -to- L;ml ratios do not change with
galactocentric distances (Rgc) and clump masses (Mgjymp)- The molecular line luminosity ratios (HCN-to-HCO™,
H'3CN-to-H"3CO*, HCN-to-H'3CN, and HCO*-to-H'3CO") all appear constant against L, dust temperature
(Tg), Mgump. @and Rge. Our studies suggest that both the main lines and isotopologue lines are good tracers of
the total masses of dense gas in Galactic molecular clumps. The large optical depths of main lines do not affect
the interpretation of the slopes in star formation relations. We find that the mean star formation efficiency (SFE)
of massive Galactic clumps in the 'ATOMS' survey is reasonably consistent with other measures of the SFE for

dense gas, even those using very different tracers or examining very different spatial scales.

https://ui.adsabs.harvard.edu/abs/2020MNRAS.496.2821L/abstract
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#41 SFR & SFE
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The Dynamic Proto-atmospheres around Low-mass Planets with FLEREOERDAS L
: : s —RT I

Eccentric Orbits BEEEXEDORBAR
| Show affiliations | Ezﬁiﬁﬂgs‘/ =L —
Mai, Chuhong; Desch, Steven J.; Kuiper, Rolf, Marleau, Gabriel-Dominique; Dullemond, Cornelis =

Protoplanets are able to accrete primordial atmospheres when embedded in the gaseous protoplanetary disk. l\'j*) 3w 7 = J: %i'J
The formation and structure of the proto-atmosphere are subject to the planet-disk environment and orbital E‘fﬁ?tb %‘- :E) Fa'ﬁih 5 -;a-

| S 3
effects. In particular, when planets are on eccentric orbits, their velocities relative to the gas can exceed the J J\é 7’3: ﬁ&lﬁj{ﬁ %1%1%
sound speed. The planets generate atmosphere-stripping bow shocks. We investigate the proto-atmospheres on T=3
0]

low-mass planets with eccentric orbits with radiation-hydrodynamics simulations. A 2D radiative model of the
proto-atmosphere is established with tabulated opacities for the gas and dust. The solutions reveal large-scale
gas recycling inside a bow shock structure. The atmospheres on eccentric planets are typically three to four
orders of magnitude less massive than those on planets with circular orbits. Overall, however, a supersonic
environment is favorable for planets to keep an early stable atmosphere, rather than harmful, due to the steady
gas supply through the recycling flow. We also quantitatively explore how such atmospheres are affected by the
planet's velocity relative to the gas, the planet mass, and the background gas density. Our time-dependent
simulations track the orbital evolution of the proto-atmosphere with the planet-disk parameters changing
throughout the orbit. Atmospheric properties show oscillatory patterns as the planet travels on an eccentric orbit,
with a lag in phase. To sum up, low-mass eccentric planets can retain small proto-atmospheres despite the
stripping effects of bow shocks. The atmospheres are always connected to and interacting with the disk gas.
These findings provide important insights into the impacts of migration and scattering on planetary proto-
atmospheres.

https://ui.adsabs.harvard.edu/abs/2020Ap)...899...54M/abstract y
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Table 1

List of Hydrodynamic Simulations

“Snapshot™ Simulations

v (km M,

Name s~/ M (Mz) p.(gem™) Comments

Canonical 4.8/3.93 1.0 10~ The canonical case

VEL3.?2 3.2/2.64 1.0 107" Sensitivity study on
Mach number/
relative velocity

VEL3.7 3.7/3.02 1.0 10~

VEL4 .2 4.2/3.47 1.0 10~

VEL5. 3 5.3/4.38 1.0 10~

VEL5.9 5.9/4.84 1.0 10~

VELG. 4 6.4/5.29 1.0 10~

VEL7.0 7.0/5.75 1.0 10~

VEL7.5 7.5/6.2 1.0 10~

PMO .1 4.8/3.93 0.1 10~ Sensitivity study on
planet mass

PMO . 3 4.8/3.93 0.3 10~

PMO .5 4.8/3.93 0.5 10~

PMO . 7 4.8/3.93 0.7 10~

PM2 . 0 4.8/3.93 2.0 10~

PM3.0 4.8/3.93 3.0 10~

DEN-T 4.8/3.93 1.0 107 Sensitivity study on
gas density

DEN-8 4.8/3.03 1.0 107"

DEN-10 4.8/3.93 1.0 10~

Orbit-dependent Simulation
Name My (Mg ) (1 e Comments
(au)
ORB 1.0 1.0 0.2 Time-dependent

simulation to track

orbital evolution

“Snapshot” simulations
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#42 Canonical case
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#4272 Canonical case 11
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Figure 4. The movements of gas in the proto-atmosphere tracked with a tracer (initial value = 2) after the simulation reaches a quasi-steady state reveal the recycling
of disk gas behind the planet. We set the initial dyed region to be the part of the atmosphere enclosed by the 10752 g cm ™ density contour (one of the definitions of
proto-atmospheres, see Section 3.1.2). The outermost layer of gas outside the “egg-shape™ region directly flows out the computational domain, while the majority of

gas circulates in vortices behind and around the planet. A portion of the gas stays bound around the planet, but the rest would flow out of the “egg-shape™ region and
be replaced by new incoming disk gas.
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Figure 5. The three definitions of proto-atmospheres on eccentric planets. The
white dashed line is the 1075 g cm ™ density contour, the yellow dashed line
denotes the boundary of the *“egg-shape™ region, and the red dashed line
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#42 Snapshot simulations
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#42 Snapshot simulations (parameter study)
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#42 Snapshot simulations (parameter study)
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t42 Orbit-dependent simulation (time-evolution)
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Implementation of stellar heating feedback in simulations of star cluster
formation: effects on the initial mass function

Show affiliations

Mathew, Sajay Sunny; Federrath, Christoph

Explaining the initial mass function (IMF) of stars is a long-standing problem in astrophysics. The number of
complex mechanisms involved in the process of star cluster formation, such as turbulence, magnetic fields, and
stellar feedback, make understanding and modelling the IMF a challenging task. In this paper, we aim to assert
the importance of stellar heating feedback in the star cluster formation process and its effect on the shape of the
IMF. We use an analytical sub-grid model to implement the radiative feedback in fully three-dimensional
magnetohydrodynamical (MHD) simulations of star cluster formation, with the ultimate objective of obtaining
numerical convergence on the IMF. We compare a set of MHD adaptive mesh refinement simulations with three
different implementations of the heating of the gas: (1) a polytropic equation of state, (2) a spherically symmetric
stellar heating feedback, and (3) our newly developed polar heating model that takes into account the geometry
of the accretion disc and the resulting shielding of stellar radiation by dust. For each of the three heating models,
we analyse the distribution of stellar masses formed in 10 molecular cloud simulations with different realizations
of the turbulence to obtain a statistically representative IMF. We conclude that stellar heating feedback has a

simulations with the polar heating model achieve the best convergence on the observed IMF.

https://ui.adsabs.harvard.edu/abs/2020MNRAS.496.5201M/abstract
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Ejection of close-in super-Earths around low-mass stars in the giant
impact stage

Hide affiliations

Matsumoto, Yuji (-); Gu, Pin-Gao (-); Kokubo, Eiichiro (-); Oshino, Shoichi (-); Omiya, Masashi (-)

Earth-sized planets were observed in close-in orbits around M dwarfs. While more and more planets are
expected to be uncovered around M dwarfs, theories of their formation and dynamical evolution are still in their
Infancy. We investigate the giant impact growth of protoplanets, which includes strong scattering around low-
mass stars. The aim is to clarify whether strong scattering around low-mass stars affects the orbital and mass
distributions of the planets. We perform [NV-body simulation of protoplanets by systematically surveying the
parameter space of the stellar mass and surface density of protoplanets. We find that protoplanets are often
ejected after twice or three times close-scattering around late M dwarfs. The ejection sets the upper limit of the
largest planet mass. Adopting the surface density scaling linearly with the stellar mass, we find that as the stellar
mass decreases less massive planets are formed in orbits with higher eccentricities and inclinations. Under this
scaling, we also find that a few close-in protoplanets are generally ejected. The ejection of protoplanets plays an
important role in the mass distribution of super-Earths around late M dwarfs. The mass relation of observed
close-in super-Earths and their central star mass is well reproduced by ejection.

https://ui.adsabs.harvard.edu/abs/2020arXiv200714039M/abstract
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Magnetohydrodynamic Accretion-Ejection: Jets Launched by a
Nonisotropic Accretion-disk Dynamo. |. Validation and Application of
Selected Dynamo Tensorial Components

*, &

Show affiliations

e

Mattia, Giancarlo; Fendt, Christian

Astrophysical jets are launched from strongly magnetized systems that host an accretion disk surrounding a
central object. The origin of the jet-launching magnetic field is one of the open questions for modeling the
accretion-ejection process. Here we address the question of how the accretion-disk magnetization and field
structure required for jet launching are generated. Applying the PLUTO code, we present the first resistive
magnetohydronamic simulations of jet launching including a nonscalar accretion-disk mean-field a*Q dynamo in
the context of large-scale disk-jet simulations. Essentially, we find the a,-dynamo component determining the
amplification of the poloidal magnetic field, which is strictly related to the disk magnetization (and, as a
consequence, to the jet speed, mass, and collimation), while the ar- and ag-dynamo components trigger the
formation of multiple, antialigned magnetic loops in the disk, with strong consequences for the stability and
dynamics of the disk-jet system. In particular, such loops trigger the formation of dynamo-inefficient zones, which
are characterized by a weak magnetic field and therefore a lower value of the magnetic diffusivity. The jet mass,
speed, and collimation are strongly affected by the formation of the dynamo-inefficient zones. Moreover, the 8
component of the a dynamo plays a key role when the dynamo interacts with a nonradial component of the seed
magnetic field. We also present correlations between the strength of the disk toy dynamo coefficients and the
dynamical parameters of the jet that is launched.

https://ui.adsabs.harvard.edu/abs/2020Ap]...900...59M/abstract
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Magnetohydrodynamic Accretion-Ejection: Jets Launched by a
Nonisotropic Accretion-disk Dynamo. |l. A Dynamo Tensor Defined by
the Disk Coriolis Number

Show affiliations

Mattia, Giancarlo; Fendt, Christian

Astrophysical jets are launched from strongly magnetized systems that host an accretion disk surrounding a
central object. Here we address the question of how accretion-disk magnetization and the field structure

required for jet launching are generated. We continue our work from Mattia & Fendt (Paper |) by considering a
nonscalar accretion-disk mean-field &agr:2Q dynamo in the context of large-scale disk-jet simulations. We now
iInvestigate a disk dynamo that follows analytical solutions of the mean-field dynamo theory, essentially based
only on a single parameter, the Coriolis number. We thereby confirm the anisotropy of the dynamo tensor acting
In accretion disks, allowing both the resistivity and mean-field dynamo to be related to the disk turbulence. Our
new model recovers previous simulations by applying a purely radial initial field while allowing for a more stable
evolution for seed fields with a vertical component. We also present correlations between the strength of the disk
dynamo coefficients and the dynamical parameters of the jet that is launched, and discuss their implications for

observed jet quantities.

https://ui.adsabs.harvard.edu/abs/2020ApJ...900...60M/abstract
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The magnetic obliquity of accreting T Tauri stars

Show affiliations

McGinnis, Pauline; Bouvier, Jerdbme: Gallet, Florian

Classical T Tauri stars (CTTSs) accrete material from their discs through their magnetospheres. The geometry of
the accretion flow strongly depends on the magnetic obliquity, i.e. the angle between the rotational and magnetic
axes. We aim at deriving the distribution of magnetic obliquities in a sample of 10 CTTSs. For this, we monitored
the radial velocity variations of the He | A5876 A line in these stars' spectra along their rotational cycle. He | is
produced in the accretion shock, close to the magnetic pole. When the magnetic and rotational axes are not
aligned, the radial velocity of this line is modulated by stellar rotation. The amplitude of modulation is related to
the star's projected rotational velocity, vsin i, and the latitude of the hotspot. By deriving vsin i and He | A5876
radial velocity curves from our spectra, we thus obtain an estimate of the magnetic obliquities. We find an
average obliquity in our sample of 11.4° with an rms dispersion of 5.4°. The magnetic axis thus seems nearly,
but not exactly aligned with the rotational axis in these accreting T Tauri stars, somewhat in disagreement with
studies of spectropolarimetry, which have found a significant misalignment (=20°) for several CTTSs. This could
simply be an effect of low number statistics, or it may be due to a selection bias of our sample. We discuss
possible biases that our sample may be subject to. We also find tentative evidence that the magnetic obliquity
may vary according to the stellar interior and that there may be a significant difference between fully convective
and partly radiative stars.

https://ui.adsabs.harvard.edu/abs/2020MNRAS.497.2142M/abstract

22

SHENTX T ENDF
%w@%%ﬁxﬁhm
CHBOBEFRDABE(=
S EFEHICIKTFET %,

HHENTZ D) 210
> T DS EFR T
ZEAIK DR 7=,

14 0 = 11.4°45.4°

_ NIt AIE (e
(>20°)CEERT/NE LY,




