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Dynamical evolution of fractal structures in star-forming regions
Emma C. Daffern-Powell', Richard J. Parker'
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The Q-parameter is used extensively to quantify the spatial distributions of stars and gas in star-forming regions as
well as older clusters and associations. It quantifies the amount of structure using the ratio of the average length of a
minimum spanning tree, 7, to the average length within the complete graph, 5. The interpretation of the Q-parameter
often relies on comparing observed values of @, m and 5 to idealised synthetic geometries, where there is little or no
match between the observed star-forming regions and the synthetic regions. We measure @, m and 5 over 10 Myr
in A-body simulations which are compared to IC 348, NGC 1333, and the ONC. For cach star-forming rcgion we
sct up simulations that approximatc their initial conditions for a combination of diffcrent virial rations and fractal
dimensions. We find that dynamical evolution of idealised fractal geometries can account for the observed Q. m and s
values in nearby star-forming regions. In general, an initially fractal star-forming region will tend to evolve to become
more smooth and centrally concentrated. However. we show that initial conditions, as well as where the edge of the
region is defined, can cause significant differences in the path that a star-forming region takes across the m 3 plot as it
evolves. We caution that the observed (-parameter should not be directly compared to idealised geometries. Instead,
it should be used to determine the degree to which a star-forming region is either spatially substructured or smooth
and centrally concentrated.

http://arxiv.org/pdf/2002.11140
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Table 1. Ages and initial conditions used for each set of simu-
lations. Columns 2 and 3 contain the current observed ages and
number of stars for [C 348 (Luhman et al. 2016), NGC 1333 (Luh-
maxn et al. 2016), and the ONC (Hillenbrand 1997; Hillenbrand &
Hartmann 1998; Reggiani et al. 2011). Column 4 gives the initial
radii, R, as inferred from simulations (Allison et al. 2010; Allison
& Goodwin 2011). Columns 5 and 6 show the combinations of

B P

fractal dimension, D, and virial ratio, c, used here.

Name Age/Myr N, Rfpc D o
IC 348 ~3 459 1.5 1.6 0.3
1.6 1.5
20 0.3
20 1.5
3.0 0.3
NGC 1333 ~1 162 0.5 1.6 0.3
1.6 1.5
2.0 0.3
3.0 0.3
ONC ~1-4 929 1 1.6 0.3
1.6 1.5
2.0 0 3
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The origin of s-process isotope heterogeneity in the solar protoplanetary disk
Mattias Ek!?, Alison C. Hunt!, Maria Lugaro®*, Maria Schénbé#chler!

! Institute for Geochemistry and Petrology, ETH Ziirich, Clausiusstrasse 25, 8092 Ziirich, Switzerland; ? Bristol
Isotope Group, School of Earth Sciences, University of Bristol, Wills Memorial Building, Queen’s Road, Bristol BS8
1R.J, United Kingdom; 3 Konkoly Observatory, Rescarch Centre for Astronomy and Earth Sciences, MTA Centre for
Excellence, 11-1121 Budapest. Mungary; 7 Monash Centre for Astraphysics, Schoal of Physics and Astronomy, Maonash
University, VIC 3800, Australia

E-mail contact: mattias.ek at bristol.ac.uk

Rocky asteroids and planets display nucleosynthetic isotope variations that are attributed to the heterogeneous dis-
tribution of stardust from different stellar sources in the solar protoplanctary disk. Here we report new high precision
palladium isotope data f[or six iron meteorite groups, which display smaller nucleosyvnthetic isotope variations than
the more refractory neighbouring clements. Based on this observation we present a new model in which thermal de-
struction of interstellar medium dust results in an enrichment of s-process dominated stardust in regions closer to the
Sun. We propose that stardust is depleted in volatile elements due to incomplete condensation of these elements into
dust around asymptotic giant branch (AGB) stars. This led to the smaller nucleosynthetic variations for Pd reported
here and the lack of such variations for more volatile elements. The smaller magnitude variations measured in heavier
refractory clements suggest that material from high-metallicity AGB stars dominated stardust in the Solar System.
These stars praduce less heavy s-process clements compared to the bulk Solar Svstem composition.

http://arxiv.org/pdf/2002.02155
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Energy Optimization in Extrasolar Planetary Systems:
The Transition from Peas-in-a-Pod to Runaway Growth

Fred C Adams', Konstantin Batygin®, Anthony M Bloch® and Gregory Laughlin®

I Physics Department, University of Michigan, Ann Arbor, MI 48109: ? Division of Geological and Planetary Sciences,
California Institute of Technology, Pasadena, CA 91125: 2 Math Department, University of Michigan, Ann Arbor, MI
48109; ¢ Astronomy Department, Yale University, New Haven, CT 06511

E-mnail contact: fea of umich.edn

Motivated by the trends found in the observed sample of extrasolar plancts, this paper determines tidal equilibrinm
states for forming planctary systems — subject to conservation of angular momentum, constant total mass, and fixed
orbital spacing. In the low-mass limit, valid for superearth-class planets with masses of order m, ~ 100, previous
work showed that energy optimization leads to nearly equal mass planets, with circular orbits confined to a plane.
The present treatinent generalizes previous results by including the self-gravity of the planetary bodies. For systemns
with sufficiently large total mass ey in planets, the optimized energy state switches over from the case of nearly equal
mass planets to a configuration where one planct contains most. of the material. This transition accurs for a critical
mass threshold of approximately my =2 m¢ ~ 40M;; {where the value depends on the semimajor axes of the planetary
orbits, the stellar mass, and other svstem properties]. These considerations of energy optimization apply over a wide
range of mass scales, from binary stars to planetary systems to the collection of moons orbiting the giant planets in
our solar system.

http://arxiv.org/pdf/2002.10661
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Lithium-rotation connection in the newly discovered young stellar stream Psc-Eri (Mein-
gast 1)

J. Arancibia-Silval'%, J. Bouvier?, A. Bayol*, P.A.B. Galli‘, W. Brandner®, H. Bouy? and D. Barrado®

* Instituto de Fisica v Astrononiia, Universidad de Valparaiso, Chile; ? Nacleo Milenio Formacion Planetaria - NPF,
Universidad de Valparaiso, Av. Gran Bretana 1111, Valparaiso, Chile; 3 IPAG, Univ. Grenoble Alpes, 38000 Grenoble,
France; * Laboratoire d’Astrophysique de Bordeaux, Univ. Bordeaux, CNRS, B18N. Allée Geoffroy Saint-Hilaire,
33615, Pessac, France; ° Max Planck Institute for Astronomy, IHeidelberg, Germany; ¢ Depto. Astrofisica, Centra de
Astrobiologia (INTA-CSIC), ESAC Campus, Camino Bajo del Castillo s/n, 28692, Villanueva de la Cafada, Spain
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Contert. As a fragile element, lithium is a sensitive probe of physical processes occurring in stellar interiors. Aims.
We aim to investigate the relationship between lithium abundance and rotation rate in low-mass members of the newly
discovered 125 Myr-old Psce-Iiri stellar stream. Melhods. We obtained high-resolution optical spectra and measured
the equivalent width of the 607.8 nm Lil linc for 40 members of the Psc-Iori strcam. whose rotational periods have
been derived by Curtis et al. 2019. Results. We show that a tight correlation exists between lithium content and
rotation rate among the late-G to early-K-tyvpe stars of the Psc-Eri streanm. Fast rotators are systematically Li rich,
while slow rotators are Li depleted. This trend mimics that previously reported for the similar age Pleiades cluster.
Conclustons. The lithium-rotation connection thus scems to be universal over a restricted effective temperature range
for low-mass stars at or close to the zero-age main sequence, and does not depend on environmental conditions.

http://arxiv.org/pdf/2002.10556
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Dynamics of Planetary Systems Within Star Clusters: Aspects of the Solar System’s
Early Evolution

Konstantin Batygin!, Fred C. Adams??, Yuri K. Batygin* and Erik A. Petigura®

' Division of Geological and Planetary Sciences California Institute of Technology, Pasadena, CA 91125, USA; ? Physics
Department, University of Michigan, Ann Arbor, MI 48109, USA; * Astronomy Department, University of Michigan,
Ann Arbor, MI 48109, USA: * Los Alamos National Laboratory, Los Alamos, NM 87345, USA; ® Department of
Physics and Astronomy, University of California, Los Angeles, CA 90095, USA

E-mail contact: kbatygin uf gps.caltechi.edu

Most planctary systems — including our own — arc born within stellar clusters, where interactions with neighboring
stars can help shape the svstem architecture. This paper develops an orbit-averaged formalism to characterize the
cluster’s mean-field effects as well as the physics of long-period stellar encounters. Qur secular approach allows for an
analytic description of the dynamical consequences of the cluster environment on its constituent planetary systems. We
analyze special cases of the resulting Hamiltonian, corresponding to eccentricity evolution driven by planar encounters,
as well as hyperbolic perturbations upon dissipative disks. We subsequently apply our results to the carly evolution
of our solar system, where the cluster’s collective potential perturbs the solar system’s plance, and stellar encounters
act to increase the velocity dispersion of the Kuiper belt. Qur results are two-fold: first, we find that cluster effects
can alter the mean plane of the solar system by $1°, and are thus insufficient to explain the +» ~ 6° obliquity of the
sun. Second, we delineate the extent to which stellar flvbys excite the orbital dispersion of the cold classical Kuiper
belt, and show that while stellar Aybys mayv grow the cold belt’s inclination by the observed amount, the resulting
distribution is incompatible with the data. Correspondingly, our calculations place an upper limit. on the product of

the stellar number density and residence time of the sun in its birth cluster, nr < 2 x 10% Myr pe=4.

http://arxiv.org/pdf/2002.05656
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Magnetorotational Instability in Diamagnetic, Misaligned Protostellar Discs
Ebru Devlen®, Ayse Ulubay®?® and E. Rennan Pekiinlii?
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In the present study, we addressed the question of how the growth rate of the magnetorotational instability is modified
when the radial component of the stellar dipole magnetic feld is taken into account in addition to the vertical
compaonent. Considering a fiducial radius in the disc where diamagnetic currents are pronounced, we carried out a
lincar stability analysis to obtain the growth rates of the magnctorotational instability for various paramecters such as
the ratio of the radial-to-vertical component and the gradient of the magnetic field, the Alfvenic Mach number and the
diamagnetization parameter. Qur results show that the interaction hetween the diamagnetic current and the radial
component of the magnetic field increases the growth rate of the magnetorotational instability and generates a force
perpendicular to the disc plane which may induce a torque. It is also shown that considering the radial component of
the magnetic field and taking into account a radial gradient in the vertical component of the magnetic field canses an
increase in the magnitudes of the growth rates of both the axisyounetric (rm = 0) and the non-axisymmetric (m = 1)
modes.

http://arxiv.org/pdf/2002.02254
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