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Nucleation and growth of iron pebbles explains the formation of iron-rich planets akin
to Mercury

Anders Johansen, Caroline Dorn % The pathway to forming the iron-rich planet Mercury remains mysterious. Mercury’s
core makes up 70% of the planetary mass, which implies a significant enrichment of iron relative to silicates, while its mantle
is strongly depleted in oxidized iron. The high core mass fraction is traditionally ascribed to evaporative loss of silicates, e.g.
following a giant impact, but the high abundance of moderately volatile elements in the mantle of Mercury is inconsistent with
reaching temperatures much above 1,000 K during its formation. Here we explore the nucleation of solid particles from a gas
of solar composition that cools down in the hot inner regions of the protoplanetary disc. The high surface tension of iron
causes iron particles to nucleate homogeneously (i.e., not on a more refractory substrate) under very high supersaturation. The
low nucleation rates lead to depositional growth of large iron pebbles on a sparse population of nucleated iron nano-particles.
Silicates in the form of iron-free MgSiOs nucleate at similar temperatures but obtain smaller sizes due to the much higher
number of nucleated particles. This results in a chemical separation of large iron particles from silicate particles with ten
times lower Stokes numbers. We propose that such conditions lead to the formation of iron-rich planetesimals by the streaming
instability. In this view, Mercury formed by accretion of iron-rich planetesimals with a sub-solar abundance of highly reduced
silicate material. Our results imply that the iron-rich planets known to orbit the Sun and other stars are not required to have
experienced mantle-stripping impacts. Instead their formation could be a direct consequence of temperature fluctuations in
protoplanetary discs and chemical separation of distinct crystal species through the ensuing nucleation process.
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Influence of the magnetic field on the formation of protostellar disks

N. S. Kargaltseva, S. A. Khaibrakhmanov, A. E. Dudorov, S. N. Zamozdra, A. G. Zhilkin %« We numerically
model the collapse of magnetic rotating protostellar clouds with mass of 10 Msu». The simulations are carried out with the help
of 2D MHD code Enlil. The structure of the cloud at the isothermal stage of the collapse is investigated for the cases of weak,
moderate, and strong initial magnetic field. Simulations reveal the universal hierarchical structure of collapsing protostellar
clouds, consisting of flattened envelope with the qausi-magnetostatc disk inside and the first core in its center. The size of the
primary disk increases with the initial magnetic energy of the cloud. The magnetic braking efficiently transports the angular
momentum from the primary disk into the envelope in the case, when initial magnetic energy of the cloud is more than 20%
of its gravitational energy. Intensity of the outflows launched from the region near the boundary of the first core increases
with initial magnetic energy. The ‘dead’ zone with small ionization fraction, = < 107!, forms inside the first hydrostatic core
and at the base of the outflow. Ohmic dissipation and ambipolar diffusion determine conditions for further formation of the
protostellar disk in this region.
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No. 30 A Gaia view on the star formation in the Monoceros OB1 and R1 associations

Beomdu Lim, Yael Naze, Jongsuk Hong, Sung-yong Yoon, Jinhee Lee, Narae Hwang, Byeong-Gon Park, Jeong-
Eun Lee % Stellar kinematics provides the key to understanding star formation process. In this respect, we present a kinematic
study of the Monoceros OB1 (Mon OB1) and R1 (Mon R1) associations using the recent Gaia data and radial velocities of
stars derived from high-resolution spectroscopy and the literature. A total of 728 members are selected using the criteria based
on the intrinsic properties of young stars, parallaxes, and proper motions. The spatial distribution and kinematic properties of
members show that these associations have distinct substructures. In Mon OB1, we find one northern group and two southern
groups. Mon R1 is composed of three small stellar groups that are spatially and kinematically distinct. Some stars are found in
a halo around these two associations. We detect patterns of expansion for most stellar groups in the associations. In addition,
two stellar groups in Mon OB1 show the signature of rotation, which provides an important constraint on cluster formation.
The star formation history of Mon OB1 is slightly revised. Star formation first occurred in the southern region and subsequently
in the northern region. Recent star-forming events ignited deeper into the southern region, while some stars are escaping from
Mon OBI1, forming a halo. Mon R1 might have formed at the same epoch as the formation of the northern group in Mon OB1.

Given that star formation is taking place on different scales along a large arc-like structure, Mon OB1 and Mon R1 may be the
results of hierarchical star formation.
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Correlation between the gas-phase metallicity and ionization parameter in extragalactic
HII regions

Xihan Ji, Renbin Yan % The variations of the metallicity and ionization parameter in HII regions are usually thought to be
the dominant factors that produce the variations we see in the observed emission line spectra. There is an increasing amount
of evidence that these two quantities are physically correlated, although the exact form of this correlation is debatable in the
literature. Simulated emission line spectra from photoionized clouds provide important clues about the physical conditions of
HII regions and are frequently used for deriving metallicities and ionization parameters. Through a systematic investigation on
the assumptions and methodology used in applying photoionization models, we find that the derived correlation has a strong
dependence on the choice of model parameters. On the one hand, models that give consistent predictions over multiple emission-
line ratios yield a positive correlation between the metallicity and ionization parameter for the general population of HII regions.
On the other hand, models that are inconsistent with the data locus in the line-ratio space yield discrepant correlations when
different subsets of line ratios are used in the derivation. The correlation between the metallicity and ionization parameter
has a secondary dependence on the SFR surface density, with the higher SFR regions showing higher ionization parameter but
weaker correlations. The existence of the positive correlation contradicts the wind-driven bubble model for HII regions. We
explore assumptions in the models and conclude that there is a potential bias associated with the geometry. However, this is still
insufficient to explain the correlation. Mechanisms that suppress the dynamical influence of stellar winds in realistic HII regions
might be the key to solving this puzzle, though more sophisticated combinations of dynamical models and photoionization
models to test are required.
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No. 27 Precursors of fatty alcohols in the ISM: Discovery of n-propanol

0. Izaskun Jimenez-Serra, Lucas F. Rodriguez-Almeida, Jesus Martin-Pintado, Victor M. Rivilla, Mattia Melosso,
Shaoshan Zeng, Laura Colzi, Yoshiyuki Kawashima, Eizi Hirota, Cristina Puzzarini, Belen Tercero, Pablo de
Vicente, Fernando Rico-Villas, Miguel A. Requena-Torres, Sergio Martin % Theories on the origins of life propose
that early cell membranes were synthesized from amphiphilic molecules simpler than phospholipids such as fatty alcohols. The
discovery in the interstellar medium (ISM) of ethanolamine, the simplest phospholipid head group, raises the question whether
simple amphiphilic molecules are also synthesized in space. We investigate whether precursors of fatty alcohols are present in
the ISM. For this, we have carried out a spectral survey at 7, 3, 2 and 1 mm toward the Giant Molecular Cloud G+0.693-
0.027 located in the Galactic Center using the IRAM 30m and Yebes 40m telescopes. Here, we report the detection in the
ISM of the primary alcohol n-propanol (in both conformers Ga-n-C3H7OH and Aa-n-C3H7OH), a precursor of fatty alcohols.
The derived column densities of n-propanol are (5.540.4)x10"*ecm™2 for the Ga conformer and (3.4+-0.3)x 10" cm™? for the
Aa conformer, which imply molecular abundances of (4.14-0.3)x10710 for Ga-n-C3H70OH and of (2.5+-0.2)x107'° for Aa-n-
C3H7OH. We also searched for the AGa conformer of n-butanol (AGa-n-C4H90OH) without success yielding an upper limit to
its abundance of <4.1x10™!!. The inferred CH30H:C2H50H:C3H7OH:C4H9OH abundance ratios go as 1:0.04:0.006:< 0.0004
toward G+0.693-0.027, i.e. they decrease roughly by one order of magnitude for increasing complexity. We also report the
detection of both syn and anti conformers of vinyl alcohol, with column densities of (1.11+4-0.08)x10"* cm ™2 and (1.340.4)x10"
em ™2, and abundances of (8.24-0.6)x107'° and (9.643.0)x10™"!, respectively. The detection of n-propanol, together with the
recent discovery of ethanolamine in the ISM, opens the possibility that precursors of lipids according to theories of the origin
of life, could have been brought to Earth from outer space.
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No. 28
Nearby Young Stars and Young Moving Groups

Joel H. Kastner, David A. Principe % The past two decades have seen dramatic progress in our knowledge of the population
of stars of age <150 Myr that lie within ~100 pc of the Sun. Most such stars are found in loose kinematic groups ("nearby young
moving groups"; NYMGs). The proximity of NYMGs and their members facilitates studies of the X-ray properties of coeval
groups of pre-main sequence (pre-MS) stars as well as of individual pre-MS systems. In this review, we focus on how NYMG
X-ray studies provide unique insight into the early evolution of stellar magnetic activity, the X-ray signatures of accretion, and
the irradiation and dissipation of protoplanetary disks by high-energy photons originating with their host pre-MS stars. We
discuss the likely impacts of the next generation of X-ray observing facilities on these aspects of the study of NYMGs and their
members.
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