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Filament fragmentation: density gradients suppress end-dominated
collapse

Elena Hoemann “,'** Stefan Heigl '!* and Andreas Burkert'*-
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Filament fragmentation: density gradients suppress end-dominated

collapse

Elena Hoemann

ertttﬂ:
5dl/R7‘éﬁ1uE’JL_‘R&> 710

y Lpc]

dI/R

,12* Stefan Heigl '} and Andreas Burkert'->?

@D

1

H.

Y

fo

=

AMRO—F RAMSES—C%/M/}IL1Z|S/\ al—> 3> %z L/TEEDIL,\O

REIOI7 EimdD AT EE 5HEL HY%@?‘%?’J‘

R=0.1 pc, |=3 pc,
f=0.5, dl/R=6, €=0.09
> INHE I T T R

ﬁ#JﬁLX%OD u/ucrit

RCERDNDEREEH 0 TlI4
<ppfR BV (f<0.4) 710 5
X hTigZzEfH<DICEDK

S R E,

DA ERIFERRA TIZRINTULARL,

fpert

1.6 4

1.4

1.2 4

1.0

0.8

0.6

f=0.5 B dI/R=10

¢ dI/R=6

2 di/R=2

] ¢
[ ] L]
.I ¢
10 12 14 16 18
—Lﬁ'ﬁ d) IJ./ Merit ™

Barnard 51&

FWHM~0.03 pc&k O £UL~0.05 pcD AECEIH D & B B\
T4 T X D=1 D TERIASE TR S 70,



y (au)

Triple Spiral Arms of a Triple Protostar System Imaged in Molecular Lines

Jeong-Eun Lee!? , Tomoaki Matsumoto® , Hyun-Jeong Kim* , Seokho Lee? , Daniel Harsono® , Jachan Bae®
Neal J. Evans 1’ , Shu-ichiro Inutsuka® , Minho Ch0i4, Ken’ichi Tatematsu’ , Jae-Joon Lee* , and Daniel Jaffe’
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Initial conditions of star formation at <2000 au: physical structure
and NH; depletion of three early-stage cores

Y. Lin!, S. Spezzano', J. E. Pineda', J. Harju?, A. Schmiedeke?, S. Jiao*, H. B. Liu’, and P. Caselli'
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Initial conditions of star formation at <2000 au: physical structure
and NH; depletion of three early-stage cores
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Brightness and mass accretion rate evolution during the 2022
burst of EX Lupi*

F. Cruz-Sdenz de Miera'-2:3, A. Késpal'-2#>, P. Abraham!-2# R. A. B. Claes®, C. F. Manara®, J. Wendeborn’,
E. Fiorellino®, T. Giannini®, B. Nisini®, A. Sicilia-Aguilar'?, J. Campbell-White®, J. M. Alcal4®, A. Banzatti'!,
7Zs. M. Szabo!-212.13 F Lykoul’z, S. Antoniucci’, J. Vargal’z, M. Siwak!-2, S. Park!-2, Zs. Nagyl’z, and M. Kun'-2

ABSTRACT

Context. EX Lupi is the prototype by which EXor-type outbursts were defined. It has experienced multiple accretion-related bursts
and outbursts throughout the last decades, whose study have greatly extended our knowledge about the effects of these types of events.
This star experienced a new burst in 2022.

Aims. We aim to investigate whether this recent brightening was caused by temporarily increased accretion or by a brief decrease in
the extinction, and to study the evolution of the EX Lupi system throughout this event.

Methods. We used multi-band photometry to create color-color and color-magnitude diagrams to exclude the possibility that the
brightening could be explained by a decrease in extinction. We obtained spectra using the X-shooter instrument of the Very Large
Telescope (VLT) to determine the L,.. and M, during the peak of the burst and after its return to quiescence using two different
methods: empirical relationships between line luminosity and L,., and a slab model of the whole spectrum. We examined the 130
year light curve of EX Lupi to provide statistics on the number of outbursts experienced during this period of time.

Results. Our analysis of the data taken during the 2022 burst confirmed that a change in extinction is not responsible for the brighten-
ing. Our two approaches in calculating the M,.. were in agreement, and resulted in values that are two orders of magnitude above what
had previously been estimated for EX Lupi using only a couple of individual emission lines, thus suggesting that EX Lupi is a strong
accretor even when in quiescence. We determined that in 2022 March the M, increased by a factor of 7 with respect to the quiescent
level. We also found hints that even though the M, had returned to almost its pre-outburst levels, certain physical properties of the
gas (i.e. temperature and density) had not returned to the quiescent values.

Conclusions. We found that the mass accreted during this three month event was 0.8 lunar masses, which is approximately half of
what is accreted during a year of quiescence. We calculated that if EX Lupi remains as active as it has been for the past 130 years,
during which it has experienced at least 3 outbursts and 10 bursts, then it will deplete the mass of its circumstellar material in less
than 160 000 yr.
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Forming rocky exoplanets around K-dwarf stars
P. Hatalova!-2®, R. Brasser>*, E. Mamonova!->®, and S. C. Werner'?

ABSTRACT

Context. New space telescopes, such as the upcoming PLATO mission, aim to detect and study thousands of exoplanets, especially
terrestrial planets around main-sequence stars. This motivates us to study how these planets formed. How multiple close-in super-
Earths form around stars with masses lower than that of the Sun is still an open issue. Several recent modeling studies have focused on
planet formation around M-dwarf stars, but so far no studies have focused specifically on K dwarfs, which are of particular interest in
the search for extraterrestrial life.

Aims. We aim to reproduce the currently known population of close-in super-Earths observed around K-dwarf stars and their system
characteristics. Additionally, we investigate whether the planetary systems that we form allow us to decide which initial conditions are
the most favorable.

Methods. We performed 48 high-resolution N-body simulations of planet formation via planetesimal accretion using the existing
GENGA software running on GPUs. In the simulations we varied the initial protoplanetary disk mass and the solid and gas surface
density profiles. Each simulation began with 12 000 bodies with radii of between 200 and 2000 km around two different stars, with
masses of 0.6 and 0.8 M. Most simulations ran for 20 Myr, with several simulations extended to 40 or 100 Myr.

Results. The mass distributions for the planets with masses between 2 and 12 Mg show a strong preference for planets with masses
M, < 6 Mg and a lesser preference for planets with larger masses, whereas the mass distribution for the observed sample increases
almost linearly. However, we managed to reproduce the main characteristics and architectures of the known planetary systems and
produce mostly long-term angular-momentum-deficit-stable, nonresonant systems, but we require an initial disk mass of 15 Mg or
higher and a gas surface density value at 1 AU of 1500 gcm™ or higher. Our simulations also produce many low-mass planets with
M < 2 Mg, which are not yet found in the observed population, probably due to the observational biases. Earth-mass planets form
quickly (usually within a few million years), mostly before the gas disk dispersal. The final systems contain only a small number of
planets with masses M, > 10 Mg, which could possibly accrete substantial amounts of gas, and these formed after the gas had mostly
dissipated.

Conclusions. We mostly manage to reproduce observed K-dwarf exoplanetary systems from our GPU simulations.
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The VLT MUSE NFM v1ew of outflows and externally photoevaporating
discs near the orion bar”

Thomas J. Haworth *','*+ Megan Reiter ©,> C. Robert O’Dell,? Peter Zeidler,* Olivier Berne,’
Carlo F. Manara *,° Giulia Ballabio ,’ Jinyoung S. Kim,® John Bally,’ Javier R. Goicoechea,'’
Mari-Liis Aru,® Aashish Gupta® and Anna Miotello®

ABSTRACT

We present Very Large Telescope/Multi-Unit Spectroscopic Explorer Narrow Field Mode observations of a pair of disc-bearing
young stellar objects towards the Orion Bar: 203-504 and 203-506. Both of these discs are subject to external photoevaporation,
where winds are launched from their outer regions due to environmental irradiation. Intriguingly, despite having projected
separation from one another of only 1.65 arcsec(660 au at 400 pc), 203—504 has a classic teardrop shaped ‘proplyd’” morphology
pointing towards 6% Ori A (indicating irradiation by the EUV of that star, rather than ' Ori C) but 203—506 has no ionization
front, indicating it is not irradiated by stellar EUV at all. However, 203-506 does show [C 1] 8727 A and [O1] 6300 A in emission,
indicating irradiation by stellar FUV. This explicitly demonstrates the importance of FUV irradiation in driving mass loss from
discs. We conclude that shielding of 203—-506 from EUV is most likely due to its position on the observers side of an ionized layer
lying in the foreground of the Huygens Region. We demonstrate that the outflow HH 519, previously thought to be emanating
from 203-504 is actually an irradiated cloud edge and identify a new compact outflow from that object approximately along our
line of sight with a velocity ~130kms~!.
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Twenty-Five Years of Accretion onto the Classical T Tauri Star TW Hya

Gregory J. Herczeg (L&), > Yuguang Chen (P E.)t:),* Jean-Francois Donati,” Andrea K. Dupree,® Frederick M. Walter,’
Lynne A. Hillenbrand,® Christopher M. Johns-Krull,” Carlo F. Manara,'® Hans Moritz Giinther,"' Min Fang (%’Efkﬂl),lz’ 13
P. Christian Schneider,'* Jeff A. Valenti," Silvia H.P. Alencar,'® Laura Venuti,'” Juan Manuel Alcald,'® Antonio Frasca,'

Nicole Arulanantham," Jeffrey L. Linsky,” Jerome Bouvier,”' Nancy S. Brickhouse,® Nuria Calvet,”” Catherine C. Espaillat,®
Justyn Campbell-White,'® John M. Carpenter,”* Seok-Jun Chang,” Kelle L. Cruz,”*?"? S.E. Dahm,” Jochen Eisloffel,*® Suzan Edwards,*
William J. Fischer,'> Zhen Guo (385%),%% %343 Thomas Henning,36 Tao Ji (403%),12 Jessy Jose,*” Joel H. Kastner,?® Ralf Launhardt,*
David A. Principe,“ Connor E. Robinson,* Javier Serna,*® Michat Siwak,*"*** Michael F. Sterzik,'® and Shinsuke Takasao®

Abstract

Accretion plays a central role in the physics that governs the evolution and dispersal of protoplanetary disks.
The primary goal of this paper is to analyze the stability over time of the mass accretion rate onto TW Hya, the
nearest accreting solar-mass young star. We measure veiling across the optical spectrum in 1169 archival high-
resolution spectra of TW Hya, obtained from 1998-2022. The veiling is then converted to accretion rate using
26 flux-calibrated spectra that cover the Balmer jump. The accretion rate measured from the excess continuum
has an average of 2.51 x 10~? My, yr~! and a Gaussian distribution with a FWHM of 0.22 dex. This accretion
rate may be underestimated by a factor of up to 1.5 because of uncertainty in the bolometric correction and
another factor of 1.7 because of excluding the fraction of accretion energy that escapes in lines, especially Lya.
The accretion luminosities are well correlated with He line luminosities but poorly correlated with Ha and HS
luminosity. The accretion rate is always flickering over hours but on longer timescales has been stable over 25
years. This level of variability is consistent with previous measurements for most, but not all, accreting young
stars.
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N-body simulation of planetary formation
through pebble accretion in a radially structured
protoplanetary disk

Tenri JINNO,"* Takayuki R. SAITOH,! Yota ISHIGAKI,?> and Junichiro MAKINO'
Abstract

In the conventional theory of planet formation, it is assumed that protoplanetary disks
are axisymmetric and have a smooth radial profile. However, recent radio observations
of protoplanetary disks have revealed that many of them have complex radial structures.
In this study, we perform a series of N-body simulations to investigate how planets are
formed in protoplanetary disks with radial structures. For this purpose, we consider the
effect of continuous pebble accretion onto the discontinuity boundary within the terres-
trial planet-forming region (~0.6 au). We find that protoplanets grow efficiently at the
discontinuity boundary, reaching the Earth mass within ~10* yr. We confirm that giant
collisions of protoplanets occur universally in our model. Moreover, we find that multiple
planet-sized bodies form at regular intervals in the vicinity of the discontinuity boundary.
These results indicate the possibility of the formation of solar system-like planetary
systems in radially structured protoplanetary disks.

COMRIF. RADERT —XTHRAINILDIC, EHLFEBEZH ORBREAREZHEKRI B L
ICE 2T EROREFLHIERICHKELL TWLWE T NIE> I a2l —2 3 > EMIREENDRIBRE DR
R R Z AN Do, HIKBERER BN (~0.6 au) DFEFIR R TOEGHN R/ NEDRFEEZRTL XL
feo ZDRER. RIGRE 35910,000F THIEKE S ICEMICKERL T 7. RRXREFOBEXRERITE B
THOH. NEHIRFOS CTEMNICERADRET M XOXENMEHREINE T, TNHDFERIF. DL
BHFEBEZFH ODRBREAB TABRICUICRERDNMCR NS AIEEZTEL TVET,



Measuring the numerical viscosity in simulations of protoplanetary
disks in Cartesian grids

The viscously spreading ring revisited

Jibin Josephl’ 3 Alexandros Ziamprasl’ 2 Lucas Jordan', George A. Turpinz, Richard P. Nelson?

ABSTRACT

Context. Hydrodynamical simulations solve the governing equations on a discrete grid of space and time. This discretization causes
numerical diffusion similar to a physical viscous diffusion, whose magnitude is often unknown or poorly constrained. With the current
trend of simulating accretion disks with no or very low prescribed physical viscosity, it becomes essential to understand and quantify
this inherent numerical diffusion, in the form of a numerical viscosity.

Aims. We study the behavior of the viscous spreading ring and the spiral instability that develops in it. We then use this setup to
quantify the numerical viscosity in Cartesian grids and study its properties.

Methods. We simulate the viscous spreading ring and the related instability on a two-dimensional polar grid using PLUTO as well as
FARGO, and ensure the convergence of our results with a resolution study. We then repeat our models on a Cartesian grid and measure
the numerical viscosity by comparing results to the known analytical solution, using PLUTO and Athena++.

Results. We find that the numerical viscosity in a Cartesian grid scales with resolution as approximately vy, o« Ax? and is equivalent
to an effective @ ~ 10~ for a common numerical setup. We also show that the spiral instability manifests as a single leading spiral
throughout the whole domain on polar grids. This is contrary to previous results and indicates that sufficient resolution is necessary
in order to correctly resolve the instability.

Conclusions. Our results are relevant in the context of models where the origin should be included in the computational domain,
or when polar grids cannot be used. Examples of such cases include models of disk accretion onto a central binary and inherently
Cartesian codes.
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Kinematic signatures of a low-mass planet with
a moderately inclined orbit in a protoplanetary

disk

Kazuhiro D. KANAGAWA,"* Tomohiro ONO,? and Munetake MOMOSE'

Abstract

A planet embedded in a protoplanetary disk produces a gap by disk—planet interaction.
It also generates velocity perturbation of gas, which can also be observed as deviations
from the Keplerian rotation in the channel map of molecular line emission, called kine-
matic planetary features. These observed signatures provide clues to determine the mass
of the planet. We investigated the features induced by a planet with an inclined orbit
through three-dimensional hydrodynamic simulations. We found that a smaller planet,
with an inclination of ~10°-20°, can produce kinematic features as prominent as those
induced by a massive coplanar planet. Despite the kinematic features being similar, the
gap is shallower and narrower compared with the case in which the kinematic features
are formed by a coplanar planet. We also found that the kinematic features induced by an
inclined planet were fainter for rarer CO isotopologues because the velocity perturbation
is weaker at the position closer to the midplane, which was different in the case with a
coplanar massive planet. This dependence on the isotopologues is distinguished if the
planet has an inclined orbit. We discussed two observed kinematic features in the disk of
HD 163296. We concluded that the kink observed at 220 au can be induced by an inclined
planet, while the kink at 67 au is consistent to that induced by a coplanar planet.
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Modelling star cluster formation: Gas accretion

Jeremy Karam “* and Alison Sills

ABSTRACT

The formation of star clusters involves the growth of smaller, gas-rich subclusters through accretion of gas from the giant
molecular cloud (GMC) within which the subclusters are embedded. The two main accretion mechanisms responsible for this
are accretion of gas from dense filaments and from the ambient background of the cloud. We perform simulations of both of these
accretion processes onto gas-rich star clusters using coupled smoothed particle hydrodynamics to model the gas and N-body
dynamics to model the stars. We find that, for both accretion processes, the accreting star cluster loses some of its original mass
while gaining mass from either the ambient background or the dense filament. The amount of mass lost from both of these
processes is small compared to the total mass of the cluster. However, in the case of accretion from a background medium, the
net effect can be a decrease in the total mass of the cluster if it is travelling fast enough through the ambient medium (>4 kms™1).
We find that the amount of mass lost from the cluster through filamentary accretion is independent of the density, width, or
number of filaments funnelling gas into the cluster and i1s always such that the mass of the cluster is constantly increasing with
time. We compare our results to idealized prescriptions used to model star cluster formation in larger scale GMC simulations
and find that such prescriptions act as an upper limit when describing the mass of the star cluster they represent.

ZDHXIE. BEADFE (GMC) o DAHRMEEEZBUL-EFDOEREKEZFHAEL TVWET, 2D

DEELHBANZILDAREIN. EFDOTOBEEN LT MBI IBRNMESNFT LT, 5F5FE

IAREE, BEESHNSOMHGEIC. EEH4 km/s%}Ei%i% Eld) REEHED T B EEEMED

HBDETT, 1275l 70 XY MEEZENL T, CBRE<. EHOE=ZIZ

—EL’CH#FEEJKK%LJEQHDLETO 2O T a2l — /3/Lﬁﬁﬁ*héﬂuﬂz*ht%T}Mi
EHBEDLEZFR L TUVWET,




Unveiling the Dynamics of Dense Cores in Cluster-forming Clumps: A 3D
Magnetohydrodynamics Simulation Study of Angular Momentum and Magnetic Field
Properties

Shinichi. W. Kinoshita'>® and Fumitaka Nakamura'>

Abstract

We conducted isothermal magnetohydrodynamics simulations with self-gravity to investigate the properties of
dense cores in cluster-forming clumps. Two different setups were explored: a single rotating clump and colliding
clumps. We focused on determining the extent to which the rotation and magnetic field of the parental clump are
inherited by the formed dense cores. Our statistical analysis revealed that the alignment between the angular
momentum of dense cores, L., and the rotational axis of the clump is influenced by the strength of turbulence
and the simulation setup. In single rotating clumps, we found that L. tends to align with the clump’s rotational
axis if the initial turbulence is weak. In colliding clumps, however, this alignment does not occur, regardless of the
initial turbulence strength. This misalignment in colliding clumps is due to the induced turbulence from the
collision and the isotropic gas inflow into dense cores. Our analysis of colliding clumps also revealed that the
magnetic field globally bends along the shock-compressed layer, and the mean magnetic field of dense cores, B,
aligns with it. Both in single rotating clumps and colliding clumps, we found that the angle between By and L.
1s generally random, regardless of the clump properties. We also analyzed the dynamical states of the formed cores
and found a higher proportion of unbound cores in colliding clumps. In addition, the contribution of rotational
energy was only approximately 5% of the gravitational energy, regardless of the model parameters for both single
and colliding cases.
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Complex Organic Molecules in a Very Young Hot Corino, HOPS 373SW

Jeong-Eun Lee'? , Giseon Baek ! , Seokho Lee? , Jae-Hong Jeong1 , Chul-Hwan Kim' , Yuri Aikawa’ ,
Gregory J. Hercze:g6‘7 , Doug Johnstone®’®, and John J. Tobin'’

Abstract

We present the spectra of complex organic molecules (COMs) detected in HOPS 373SW with the Atacama Large
Millimeter /submillimeter Array (ALMA). HOPS 373SW, which is a component of a protostellar binary with a
separation of 1500au, has been discovered as a variable protostar by the JCMT transient monitoring survey with a
modest (~30%) brightness increase at submillimeter wavelengths. Our ALMA target-of-opportunity observation at
~345 GHz for HOPS 373SW revealed extremely young chemical characteristics with strong deuteration of
methanol. The dust continuum opacity is very high toward the source center, obscuring line emission from within
0”03. The other binary component, HOPS 373NE, was detected only in C'’O in our observation, implying a cold
and quiescent environment. We compare the COM abundances relative to CH3;0H in HOPS 373SW with those of
V883 Ori, which is an eruptive disk object, as well as other hot corinos, to demonstrate the chemical evolution
from envelope to disk. High abundances of singly, doubly, and triply deuterated methanol (CH,DOH, CHD,OH,
and CD;0OH) and a low CH3CN abundance in HOPS 373SW compared to other hot corinos suggest a very early
evolutionary stage of HOPS 373SW in the hot corino phase. Since the COMs detected in HOPS 373SW would
have been sublimated very recently from grain surfaces, HOPS 373SW is a promising place to study the surface
chemistry of COMs in the cold prestellar phase before sublimation.
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The dusty Rossby wave instability (DRWI): linear analysis and
simulations of turbulent dust-trapping rings in protoplanetary discs

Hanpu Liu “** and Xue-Ning Bai “3**

ABSTRACT

Recent numerical simulations have revealed that dust clumping and planetesimal formation likely proceed in ring-like disc
substructures, where dust gets trapped in weakly turbulent pressure maxima. The streaming instability has difficulty operating in
such rings with external turbulence and no pressure gradient. To explore potential paths to planetesimal formation in this context,
we analyse the stability of turbulent dust-trapping ring under the shearing sheet framework. We self-consistently establish the
pressure maximum and the dust ring in equilibrium, the former via a balance of external forcing versus viscosity and the latter
via dust drift versus turbulent diffusion. We find two types of = H-scale instabilities (H being the pressure scale height), which
we term the dusty Rossby wave instability (DRWI). Type I is generalized from the standard Rossby wave instability (RWI, which
is stationary at the pressure maximum and dominates in relatively sharp pressure bumps. Type II is a newly identified travelling
mode that requires the presence of dust. It can operate in relatively mild bumps, including many that are stable to the standard
RWI, and its growth rate is largely determined by the equilibrium gas and dust density gradients. We further conduct two-fluid
simulations that verify the two types of the DRWI. While Type I leads strong to dust concentration into a large gas vortex
similar to the standard RWI, the dust ring is preserved in Type II, and meanwhile exhibiting additional clumping within the ring.
The DRWI suggests a promising path towards formation of planetesimals/planetary embryos and azimuthally asymmetric dust
structure from turbulent dust-trapping rings.
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