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ABSTRACT

While it has been suggested that there is a connection between the magnetic properties and the
internal structure of young stars, there have not been enough magnetic measurements to firmly es-
tablish such a correlation at the earliest ages. Here, we contribute to this endeavor by presenting
stellar parameters and magnetic field strength measurements of BP Tau and V347 Aur, both stars
observed with the near-infrared spectrograph iISHELL. We first test the accuracy of our method by
fitting synthetic stellar spectra to a sample of nine main and post-main-sequence stars. We report
uncertainties of o.g = 91 K in temperature and gy,4(;) = 0.14 in gravity. 'We then apply the modeling
technique to BP Tau and measure a surface magnetic field strength of (B) = 2.550-1% kG, confirming
literature results. For this star, however, we obtain a much lower temperature value than previous op-
tical studies (AT ~ 400 K) and interpret this significant temperature difference as due to the relatively
higher impact of starspots at near-infrared wavelengths than at optical wavelengths. We further apply
this technique to the class I protostellar source V347 Aur and measure for the first time its magnetic
field strength (B) = 1.36700¢ kG and its surface gravity log(g) = 3.2570:14. Lastly, we combine our
measurements with pre-main-sequence stellar evolutionary models and illustrate the effects produced
by starspots on the retrieved masses and ages of young stars.
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ABSTRACT

Phosphorus nitride (PN) is the P-bearing species with the highest number of detections
in star-forming regions. Multi-line studies of the molecule have shown that the excita-
tion temperature of PN is usually lower than the gas kinetic temperature, suggesting
that PN is likely in conditions of sub-thermal excitation. We present an analysis of PN
which takes the possible sub-thermal excitation conditions into account in a sample of
24 massive star-forming regions. We observed PN (2-1), (3-2), (4-3), and (6-5) with
the IRAM-30m and APEX telescopes and detected PN lines in 15 of them. Together
with 9 similar sources detected in PN in previous works, we have analysed the largest
sample of star-forming regions to date, made of 33 sources with 24 detections in to-
tal (among which 13 are new detections). Hence, we have increased the number of
star-forming regions detected in PN by more than a factor 2. Our analysis indicates
that the PN lines are indeed sub-thermally excited, but well described by a single
excitation temperature. We have compared line profiles and fractional abundances of
PN and SiO, a typical shock tracer, and found that almost all objects detected in PN
have high-velocity SiO wings. Moreover, the SiO and PN abundances with respect to
H, are correlated over several orders of magnitude, and uncorrelated with gas temper-
ature. This clearly shows that the production of PN is strongly linked to the presence
of shocked gas, and rules out alternative scenarios based on thermal evaporation from
iced grain mantles.

Key words: Stars: formation — ISM: clouds — ISM: molecules — Radio lines: ISM
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ABSTRACT

We investigate the evolution of the ortho-to-para ratio of overall (gas + ice) Hy via the nuclear
spin conversion on grain surfaces coated with water ice under physical conditions that are relevant
to star- and planet-forming regions. We utilize the rate equation model that considers adsorption of
gaseous Hy on grain surfaces, which have a variety of binding sites with a different potential energy
depth, thermal hopping, desorption, and the nuclear spin conversion of adsorbed H,. It is found
that the spin conversion efficiency depends on the Hy gas density and the surface temperature. As
a general trend, enhanced Hs gas density reduces the efficiency, while the temperature dependence is
not monotonic; there is a critical surface temperature at which the efficiency is the maximum. At low
temperatures, the exchange of gaseous and icy Hj is inefficient (i.e., adsorbed Hy does not desorb and
hinders another gaseous H; to be adsorbed), while at warm temperatures, the residence time of Hy on
surfaces is too short for the spin conversion. Additionally, the spin conversion becomes more efficient
with lowering the activation barriers for thermal hopping. We discuss whether the spin conversion
on surfaces can dominate over that in the gas-phase in star- and planet-forming regions. Finally, we
establish a simple, but accurate way to implement the Hs spin conversion on grain surfaces in existing
gas-ice astrochemical models.
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ABSTRACT

Context. If planetesimal formation is an efficient process, as suggested by several models involving gravitational collapse of pebble
clouds, then, before long, a significant part of the primordial dust mass should be absorbed in many km sized objects. A good under-
standing of the total amount of solids in the disk around a young star is crucial for planet formation theory. But as the mass of particles
above the mm size cannot be assessed observationally, one must ask how much mass is hidden in bigger objects.

Aims. We perform 0-d local simulations to study how the planetesimal to dust and pebble ratio is evolving in time and to develop an
understanding of the potentially existing mass in planetesimals for a certain amount of dust and pebbles at a given disk age.
Methods. We perform a parameter study based on a model considering dust growth, planetesimal formation and collisional fragmen-
tation of planetesimals, while neglecting radial transport processes.

Results. While at early times, dust is the dominant solid particle species, there is a phase during which planetesimals make up a
significant portion of the total mass starting at approximately 10* — 10° yr. The time of this phase and the maximal total planetesimal
mass strongly depend on the distance to the star R, the initial disk mass, and the efficiency of planetesimal formation e. Planetesimal
collisions are more significant in more massive disks, leading to lower relative planetesimal fractions compared to less massive disks.
After approximately 10° yr, our model predicts planetesimal collisions to dominate, which resupplies small particles.

Conclusions. In our model, planetesimals form fast and everywhere in the disk. For a given €, we were able to relate the dust content
and mass of a given disk to its planetesimal content, providing us with some helpful basic intuition about mass distribution of solids
and its dependence on underlying physical processes.

Key words. accretion, accretion disks — protoplanetary disks — stars: circumstellar matter — planets and satellites: formation
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ABSTRACT

Chondrules are silicate spheroids found in meteorites, serving as important fossil records of the early
solar system. In order to form chondrules, chondrule precursors must be heated to temperatures much
higher than the typical conditions in the current asteroid belt. One proposed mechanism for chondrule
heating is the passage through bow shocks of highly eccentric planetesimals in the protoplanetary disk
in the early solar system. However, it is difficult for planetesimals to gain and maintain such high
eccentricities. In this paper, we present a new scenario in which planetesimals in the asteroid belt
region are excited to high eccentricities by the Jovian sweeping secular resonance in a depleting disk,
leading to efficient formation of chondrules. We study the orbital evolution of planetesimals in the disk
using semi-analytic models and numerical simulations. We investigate the dependence of eccentricity
excitation on the planetesimal’s size as well as the physical environment, and calculate the probability
for chondrule formation. We find that 50 — 2000 km planetesimals can obtain eccentricities larger
than 0.6 and cause effective chondrule heating. Most chondrules form in high velocity shocks, in low
density gas, and in the inner disk. The fraction of chondrule precursors which become chondrules is
about 4—9% between 1.5—3 AU. Our model implies that the disk depletion timescale is 740, ~ 1 Myr,
comparable to the age spread of chondrules; and that Jupiter formed before chondrules, no more than
0.7 Myr after the formation of the CAls.
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ABSTRACT

Aims. The origin of close-in Jovian planets is still elusive. We examine the in-situ gas accretion scenario as a formation mechanism
of these planets.

Methods. We reconstruct natal disk properties from the occurrence rate distribution of close-in giant planets, under the assumption
that the occurrence rate may reflect the gas accretion efficiency onto cores of these planets.

Results. We find that the resulting gas surface density profile becomes an increasing function of the distance from the central star
with some structure at r ~ 0.1 au. This profile is quite different from the standard minimum-mass solar nebula model, while our
profile leads to better reproduction of the population of observed close-in super-Earths based on previous studies. We compute the
resulting magnetic field profiles and find that our profiles can be fitted by stellar dipole fields (cc 7—) in the vicinity of the central star
and large-scale fields (cc 7~2) at the inner disk regions, either if the isothermal assumption breaks down or if nonideal MHD effects
become important. For both cases, the transition between these two profiles occurs at r =~ 0.1 au, which corresponds to the period
valley of giant exoplanets.

Conclusions. Our work provides an opportunity to test the in-situ gas accretion scenario against disk quantities, which may constrain
the gas distribution of the minimum-mass extrasolar nebula.
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ABSTRACT

We have analysed the Herschel and SCUBA-2 dust continuum observations of the
main filament in the Taurus L1495 star forming region, using the Bayesian fitting
procedure PPMAP. (i) If we construct an average profile along the whole length of the
filament, it has FWHM =~ 0.087 + 0.003 pc; , but the closeness to previous estimates
is coincidental. (ii) If we analyse small local sections of the filament, the column-
density profile approximates well to the form predicted for hydrostatic equilibrium
of an isothermal cylinder. (iii) The ability of PPMAP to distinguish dust emitting at
different temperatures, and thereby to discriminate between the warm outer layers of
the filament and the cold inner layers near the spine, leads to a significant reduction in
the surface-density, 2, and hence in the line-density, p. If we adopt the canonical value
for the critical line-density at a gas-kinetic temperature of 10K, g =~ 16 M_ pc™!,
the filament is on average trans-critical, with f ~ p;: local sections where pu > pgrr
tend to lie close to pre-stellar cores. (iv) The ability of PPMAP to distinguish different
types of dust, i.e. dust characterised by different values of the emissivity index, g,
reveals that the dust in the filament has a lower emissivity index, #<1.5, than the
dust outside the filament, 8> 1.7, implying that the physical conditions in the filament

have effected a change in the properties of the dust.
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