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Late encounter-events as a source of disks and spiral structures

Forming second generation disks
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21 HCN/HNC intensity ratio: a new chemical thermometer for the molecular ISM
A. Hacar!, A. Bosman! and E. F. van Dishoeck!
I Leiden Observatory, Leiden University, P.O. Box 9513, 2300-RA Leiden, The Netherlands
E-mail contact: hacar at strw.leidenuniv.nl

Context. The gas kinetic temperature (T k) determines the physical and chemical evolution of the Interestellar Medium
(ISM). However, obtaining reliable T'x estimates usually requires expensive observations including the combination of
multi-line analysis and dedicated radiative transfer calculations.

Aims. This work explores the use of HCN and HNC observations, and particularly its [(HCN)/I(HNC) intensity ratio
of their J=1-0 lines, as direct probe of the gas kinetic temperature in the molecular ISM.

Methods. We obtained a new set of large-scale observations of both HCN and HNC (1-0) lines along the Integral
Shape Filament (ISF) in Orion. In combination with ancillary gas and dust temperature measurements, we find
a systematic temperature dependence of the observed I(HCN)/I(HNC) intensity ratio across our maps. Additional
comparisons with chemical models demonstrate that these observed I[(HCN)/I(HNC) variations are driven by the
effective destruction and isomerization mechanisms of HNC under low energy barriers.

Results. The observed variations of I(HCN)/I(HNC) with Ty can be described with a two-part linear function.
This empirical calibration is then used to create a temperature map of the entire ISF. Comparisons with similar dust
temperature measurements in this cloud, as well as in other regions and galactic surveys, validate this simple technique
to obtain direct estimates of the gas kinetic temperature in a wide range of physical conditions and scales with an
optimal working range between 15 K < Ty < 40 K.

Conclusions. Both observations and models demonstrate the strong sensitivity of the I[(HCN)/I(HNC) ratio to the
gas kinetic temper- ature. Since these lines are easily obtained in observations of local and extragalactic sources, our
results highlight the potential use of this observable as new chemical thermometer for the ISM.

Accepted by Astronomy and Astrophysics
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AVIATOR: Morphological object reconstruction in 3D. An application to dense cores

Birgit Hasenberger' and Joao Alves!:?

! Department for Astrophysics, University of Vienna, Tiirkenschanzstrafie 17, 1180 Vienna, Austria; 2 Radcliffe Insti-
tute for Advanced Study, Harvard University, 10 Garden Street, Cambridge, MA 02138, USA

E-mail contact: birgit.hasenberger at univie.ac.at

Reconstructing 3D distributions from their 2D projections is a ubiquitous problem in various scientific fields, par-
ticularly so in observational astronomy. In this work, we present a new approach to solving this problem: a Vienna
inverse-Abel-transform based object reconstruction algorithm AVIATOR. The reconstruction that it performs is based
on the assumption that the distribution along the line of sight is similar to the distribution in the plane of projec-
tion, which requires a morphological analysis of the structures in the projected image. The output of the AVIATOR
algorithm is an estimate of the 3D distribution in the form of a reconstruction volume that is calculated without the
problematic requirements that commonly occur in other reconstruction methods such as symmetry in the plane of
projection or modelling of radial profiles. We demonstrate the robustness of the technique to different geometries,

density profiles, and noise by applying the AVIATOR algorithm to several model objects. In addition, the algorithm
is applied to real data: We reconstruct the density and temperature distributions of two dense molecular cloud cores
and find that they are in excellent agreement with profiles reported in the literature. The AVIATOR algorithm is thus
capable of reconstructing 3D distributions of physical quantities consistently using an intuitive set of assumptions.

Accepted by Astronomy & Astrophysics
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Multiple nitrogen reservoirs in a protoplanetary disk at the epoch of comet and giant
planet formation

P. Hily-Blant!, V. Magalhaes de Souza?, J. Kastner®, and T. Forveille!
I Univ. Grenoble Alpes, CNRS, IPAG, 38000 Grenoble, France; 2 IRAM, 300 rue de la Piscine, Grenoble, France; 3

Chester F. Carlson Center for Imaging Science, School of Physics & Astronomy, and Laboratory for Multiwavelength
Astrophysics, Rochester Institute of Technology, 54 Lomb Memorial Drive, Rochester NY 14623 USA

E-mail contact: pierre.hily-blant af univ-grenoble-alpes.fr

The isotopic ratio of nitrogen measured in primitive Solar System bodies shows a broad range of values, the origin of
which remains unknown. One key question is whether these isotopic reservoirs of nitrogen predate the comet formation
stage or are posterior to it. Another central question is elucidating the processes that can produce the observed
variations in the N /!N isotopic ratio. Disks that orbit pre-main-sequence stars provide unique opportunities for
observing the chemical content of analogs of the protosolar nebula and therefore for building a comprehensive scenario
for the origin of nitrogen in the Solar System and in planet-forming disks. We present spectrally and spatially resolved
observations of the hyperfine structure of the 4-3 rotational transition of HCN and its main isotopologs H'*CN and
HC'N in the disk orbiting the 8 Myr old T Tauri star TW Hya. The spatially averaged HCN/H¥CN and HCN/HC**N
abundance ratios are 86+4 and 223421, respectively. The latter value is significantly lower than the CN:C'N ratio
323430 in this disk and thus provides the first evidence that two isotopic reservoirs of nitrogen are present in a disk at
the stage of giant planet and comet formation. Furthermore, we find clear evidence for an increase in the ratio of HCN
to HC'®N with radius. The ratio in the outer disk is 339428, in excellent agreement with direct measurements in the
local interstellar medium, and with the bulk nitrogen isotopic ratio predicted from galactic evolution calculations. In
the comet formation region at » = 20 au, the ratio is a factor ~3 lower, 1214+11. This radial increase qualitatively
agrees with the scenario in which selective photodissociation of N5 is the dominant fractionation process. However,
our isotopic ratios and kinetic temperature of the HCN-emitting layers quantitatively disagree with models of nitrogen
chemistry in disks.

Accepted by A&A



24 First Resolved Scattered-Light Images of Four Debris Disks in Scorpius-Centaurus with
the Gemini Planet Imager

Justin Hom!, Jennifer Patience!, Thomas M. Esposito?, Gaspard Duchéne??, Kadin Worthen!' et al.

! School of Earth and Space Exploration, Arizona State University, Tempe, AZ 85281, USA; 2 Astronomy Department,
University of California, Berkeley, CA 94720, USA; ? Université Grenoble Alpes / CNRS, Institut de Planétologie et
d’Astrophysique de Grenoble, 38000 Grenoble, France

E-mail contact: jrhom at asu.edu

We present the first spatially resolved scattered-light images of four debris disks around members of the Scorpius-
Centaurus (Sco-Cen) OB Association with high-contrast imaging and polarimetry using the Gemini Planet Imager
(GPI). All four disks are resolved for the first time in polarized light and one disk is also detected in total intensity. The
three disks imaged around HD 111161, HD 143675, and HD 145560 are symmetric in both morphology and brightness
distribution. The three systems span a range of inclinations and radial extents. The disk imaged around HD 98363
shows indications of asymmetries in morphology and brightness distribution, with some structural similarities to the
HD 106906 planet-disk system. Uniquely, HD 98363 has a wide co-moving stellar companion Wray 15-788 with a

recently resolved disk with very different morphological properties. HD 98363 A/B is the first binary debris disk
system with two spatially resolved disks. All four targets have been observed with ALMA, and their continuum fluxes

range from one non-detection to one of the brightest disks in the region. With the new results, a total of 15 A /F-stars
in Sco-Cen have resolved scattered light debris disks, and approximately half of these systems exhibit some form of
asymmetry. Combining the GPI disk structure results with information from the literature on millimeter fluxes and
imaged planets reveals a diversity of disk properties in this young population. Overall, the four newly resolved disks
contribute to the census of disk structures measured around A /F-stars at this important stage in the development of
planetary systems.

Accepted by AlJ
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The Formation and Evolution of Wide-orbit Stellar Multiples in Magnetized Clouds
Aaron Y. Lee!, Stella S. R. Offner?, Kaitlin M. Kratter®, Rachel A. Smullen® and Pak Shing Li*

1 St. Mary’s College of California, Moraga, CA 94575; 2 University of Texas Austin, Austin, TX, 78712; ? University
of Arizona, Tucson, AZ 85721; 4 University of California Berkeley, Berkeley, CA 94720

E-mail contact: atl8 atf stmarys-ca.edu

Stars rarely form in isolation. Nearly half of the stars in the Milky Way have a companion, and this fraction increases
in star- forming regions. However, why some dense cores and filaments form bound pairs while others form single
stars remains unclear. We present a set of three-dimensional, gravo-magnetohyvdrodynamic simulations of turbulent
star-forming clouds, aimed at understanding the formation and evolution of multiple-star systems formed through
large scale (10 AU) turbulent fragmentation. We investigate three global magnetic field strengths, with global mass-
to-flux ratios of gy = 2, 8, and 32. The initial separations of protostars in multiples depends on the global magnetic
field strength, with stronger magnetic fields (e.g., py = 2) suppressing fragmentation on smaller scales. The overall
multiplicity fraction (MF') is between 0.4 - 0.6 for our strong and intermediate magnetic field strengths, which is in
agreement with observations. The weak field case has a lower fraction. The MF is relatively constant throughout

the simulations, even though stellar densities increase as collapse continues. While the MF rarely exceeds 60% in all
three simulations, over 80% of all protostars are part of a binary system at some point. We additionally find that the
distribution of binary spin mis-alignment angles is consistent with a randomized distribution. In all three simulations,
several binaries originate with wide separations and dynamically evolve to ~ 10> AU separations. We show that a
simple model of mass accretion and dynamical friction with the gas can explain this orbital evolution.

Accepted by AplJ
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Numerical Simulation and Completeness Survey of Bubbles in the Taurus and Perseus
Molecular Clouds

Mengting Liu'?, Di Li%?%, Marko Kréo!, Luis C. Ho*", Duo Xu® and Huixian Li!

1 CAS Key Laboratory of FAST, National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101,
People’s Republic of China; ? University of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China;
3 NAOC-UKZN Computational Astrophysics Centre, University of KwaZulu-Natal, Durban 4000, South Africa; *
Kavli Institute for Astronomy and Astrophysics, Peking University, Beijing 100871, People’s Republic of China;
® Department of Astronomy, School of Physics, Peking University, Beijing 100871, People’s Republic of China; ©
Department of Astronomy, The University of Texas at Austin, Austin, TX 78712, USA

E-mail contact: liumengting at nao.cas.cn

Previous studies have analyzed the energy injection into the interstellar matter due to molecular bubbles. They found
that the total kinetic energies of bubbles are comparable to, or even larger than, those of outflows but still less than
the gravitational potential and turbulence energies of the hosting clouds. We examined the possibility that previous
studies underestimated the energy injection due to being unable to detect dim or incomplete bubbles. We simulated
typical molecular bubbles and inserted them into the *CO Five College Radio Astronomical Observatory maps of
the Taurus and Perseus Molecular Clouds. We determined bubble identification completeness by applying the same
procedures to both simulated and real data sets. We proposed a detectability function for both the Taurus and Perseus
molecular clouds based on a multivariate approach. In Taurus, bubbles with kinetic energy less than ~1 x 10** erg
are likely to be missed. We found that the total missing kinetic energy in Taurus is less than a couple of 10** erg,
which only accounts for around 0.2% of the total kinetic energy of identified bubbles. In Perseus, bubbles with kinetic

energy less than ~2 x 10** erg are likely to be missed. We found that the total missing kinetic energy in Perseus
is less than 10*° erg, which only accounts for around 1% of the total kinetic energy of identified bubbles. We thus
conclude that previous manual bubble identification routines used in Taurus and Perseus can be considered to be
energetically complete. Therefore, we confirm that energy injection from dynamic structures, namely outflows and
bubbles, produced by star formation feedback are sufficient to sustain turbulence at a spatial scale from~0.1 to ~2.8
pc.

Accepted by ApJ
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Aggregate Growth and Internal structures of Chondrite Parent Bodies Forming from
Dense Clumps

Yuji Matsumoto!, Shigeru Wakita??4, Yasuhiro Hasegawa® & Shoichi Oshino®”’

! Institute of Astronomy and Astrophysics, Academia Sinica, Taipei 10617, Taiwan; ? Earth-Life Science Institute,
Tokyo Institute of Technology, Ookayama, Meguro-ku, Tokyo, 152-8550, Japan; * Department of Earth, Environmental
and Planetary Sciences, Brown University, Providence, RI 02912, USA; * Department of Earth, Atmospheric, and
Planetary Sciences, Purdue University, West Lafayette, IN 47907, USA; ® Jet Propulsion Laboratory, California
Institute of Technology, Pasadena, CA 91109, USA; ® Center for Computational Astrophysics, National Astronomical
Observatory of Japan, Osawa, Mitaka, Tokyo, 181-8588, Japan; * Institute for Cosmic Ray Research, University of
Tokyo, Hida, Gifu 506-1205, Japan

E-mail contact: ymatsumoto at asiaa.sinica.edu.tw

Major components of chondrites are chondrules and matrix. Measurements of the volatile abundance in Semarkona
chondrules suggest that chondrules formed in a dense clump that had a higher solid density than the gas density in the
solar nebula. We investigate collisions between chondrules and matrix in the surface region of dense clumps using fluffy
ageregate growth models. Our simulations show that the collisional growth of aggregates composed of chondrules and
matrix takes place in the clumps well before they experience gravitational collapse. The internal structure of chondrite
parent bodies (CPBs) can be thereby determined by aggregate growth. We find that the aggregate growth generates
two scales within CPBs. The first scale is involved with the small scale distribution of chondrules and determined by
the early growth stage, where chondrules accrete aggregates composed of matrix grains. This accretion can reproduce
the thickness of the matrix laver around chondrules found in chondrites. The other scale is related to the large scale
distribution of chondrules. Its properties (e.g., the abundance of chondrules and the overall size) depend on the gas
motion within the clump, which is parameterized in this work. Our work thus suggests that the internal structure of
CPBs may provide important clues about their formation conditions and mechanisms.

Accepted by ApJ
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NaCo polarimetric observations of Sz 91 transitional disk: a remarkable case of dust
filtering

Karina Maucé'?, Johan Olofsson?!, Hector Canovas®, Matthias R. Schreiber?!, Valentin Christiaens?,
Amelia Bayo®!, Alice Zurlo®, Claudio Caceres®!, Christophe Pinte?, Eva Villaver’, Julien H. Girard®,
Lucas Cieza® and Matias Montesinos! >’

I Nucleo Milenio Formacion Planetaria - NPF, Universidad de Valparaiso, Av. Gran Bretafia 1111, Valparaiso, Chile;
2 Instituto de Fisica y Astronomia, Facultad de Ciencias, Universidad de Valparaiso, Av. Gran Bretafia 1111, 5030
Casilla, Valparaiso, Chile; ® European Space Astronomy Centre (ESA /ESAC), Operations Department, Villanueva de
la Cafiada (Madrid), Spain; * School of Physics and Astronomy, Monash University, Clayton Victoria, 3168, Australia;
® Nucleo de Astronomia, Facultad de Ingenieria y Ciencias, Universidad Diego Portales, Av. Ejercito 441, Santiago,
Chile; ¢ Departamento de Ciencias Fisicas, Facultad de Ciencias Exactas, Universidad Andres Bello, Av. Fernandez
Concha 700, Las Condes, Santiago, Chile; ™ Departamento de Fisica Teérica, Universidad Auténoma de Madrid,
Cantoblanco, 28049, Madrid, Spain; ® Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218,
USA; ? Chinese Academy of Sciences South America Center for Astronomy, National Astronomical Observatories, CAS,

Beijing 100012, China
E-mail contact: karina.mauco at uv.cl

We present polarized light observations of the transitional disk around Sz 91 acquired with VLT /NaCo at H (1.7um)
and K, (2.2pm) bands. We resolve the disk and detect polarized emission up to ~0."5 (~80 au) along with a central
cavity at both bands. We computed a radiative transfer model that accounts for the main characteristics of the
polarized observations. We found that the emission is best explained by small, porous grains distributed in a disk
with a ~45 au cavity. Previous ALMA observations have revealed a large sub-mm cavity (~83 au) and extended gas
emission from the innermost (<16 au) regions up to almost 400 au from the star. Dynamical clearing by multiple
low-mass planets arises as the most probable mechanism for the origin of Sz 91’s peculiar structure. Using new L’
band ADI observations we can rule out companions more massive than M, > 8 Mj,, beyond 45 au assuming hot-start
models. The disk is clearly asymmetric in polarized light along the minor axis, with the north side brighter than the
south side. Differences in position angle between the disk observed at sub-mm wavelengths with ALMA and our NaCo
observations were found. This suggests that the disk around Sz 91 could be highly structured. Higher signal-to-noise
near-IR and sub-mm observations are needed to confirm the existence of such structures and to improve the current
understanding in the origin of transitional disks.

Accepted by Monthly Notices of the Royal Astronomical Society (MNRAS)



