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A millimeter-multiwavelength continuum study of VLA 1623 West
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Depletion of Gaseous CO in Protoplanetary Disks by Surface Energy
Regulated Ice Formation

Authors: Diana Powell'**, Peter Gao®, Ruth Murray-Clay*, Xi Zhang’

Empirical constraints of fundamental properties of
protoplanetary disks are essential for understanding planet
formation and planetary propertiesl, 2. Carbon monoxide
(CO) gas is often used to constrain disk properties3.
However, estimates show that the CO gas abundance in disks
is depleted relative to expected values4-7, and models of
various disk processes impacting the CO abundance could
not explain this depletion on observed ~1 Myr timescales8§-
14. Here we demonstrate that surface energy effects on
particles in disks, such as the Kelvin effect, that arise when
ice heterogeneously nucleates onto an existing particle, can
efficiently trap CO in its ice phase. In previous ice formation
models, CO gas was released when small ice-coated particle
where lofted to warmed disk layers. Our model can
reproduce the observed abundance, distribution, and time
evolution of gaseous CO in the four most studied
protoplanetary disks7. We constrain the solid and gaseous
CO inventory at the midplane and disk diffusivities and
resolve inconsistencies in estimates of the disk mass—three
crucial parameters that control planetary formation.

Nature Astronomy
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Depletion of Gaseous CO in Protoplanetary Disks by Surface Energy
Regulated Ice Formation
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Depletion of Gaseous CO in Protoplanetary Disks by Surface Energy
Regulated Ice Formation
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Jet from the enigmatic high-latitude star BP Psc and evolutionary
status of its driving source.

Ilya S. Potravnov!-?*, M.Yu. Khovritchev 3, S.A. Artemenko*, D.N. Shakhovskoy*

Unstitute of Solar-Terrestrial Physics, Siberian branch of the Russian Academy of Sciences, Lermontov Str. 126A, 664033, Irkutsk, Russia

2 Institute of Astronomy of the Russian Academy of Sciences, Pyatnitskaya str. 48, 119017, Moscow, Russia

3 Central (Pulkovo) Astronomical Observatory of the Russian Academy of Sciences, Pulkovskoye Chausse 65/1, 196140, St.Petersburg, Russia
4 Crimean Astrophysical Observatory of the Russian Academy of Sciences, p/o Nauchny, 298409, Republic of Crimea

ABSTRACT

BP Psc is an active late-type (sp:G9) star with unclear evolutionary status lying at high galactic
latitude b = —57°. It is also the source of the well collimated bipolar jet. We present results
of the proper motion and radial velocity study of BP Psc outflow based on the archival Ha
imaging with the GMOS camera at 8.1-m Gemini-North telescope as well as recent imaging
and long-slit spectroscopy with the SCORPIO multi-mode focal reducer at 6-m BTA telescope
of SAO RAS. The 3D kinematics of the jet revealed the full spatial velocity up to ~140 km-s~!
and allows us to estimate the distance to BP Psc system as D = 135 + 40 pc. This distance
leads to an estimation of the central source luminosity L. ~ 1.2L, indicating that it is the
~1.3My T Tauri star with an age t+ < 7 Myr. We measured the electron density of order
N, ~ 10> cm™ and mean ionization fraction f ~ 0.04 within the jet knots and estimated
upper limit of the mass-loss rate in NE lobe as M,,,; ~ 1.2 - 1078 M, - yr~1. The physical
characteristics of the outflow are typical for the low-excitation YSO jets and consistent with the
magnetocentrifugal mechanism of its launching and collimation. Prominent wiggling pattern
revealed in Ha images allowed us to suppose the existence of a secondary substellar companion
in a non-coplanar orbit and estimate its most plausible mass as M, ~ 30M,,,. We conclude
that BP Psc is one of the closest to the Sun young jet-driving systems and its origin is possibly
related to the episode of star formation triggered by expanding supershells in Second Galactic
quadrant.
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