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Table 2. Division of molecules into OhotO and OcoldO from the interferometric observations of IRAS16293 (this study) and high-mass
(Bisschop et al. 2007), an indication of whether or not the species are detected in the single-dish study of IRAS16293 (Jaber et al. 201
binding energies of each species (from the tabulation by Garrod 2013).

Species IRAS16293 High-mass hot cores Binding erfergy
Interferometric  Single-dish [K]

Formaldehyde KCO Cold + Cold/ Hot 2050
Ketene CHCO Cold + Cold 2200
Acetaldehyde CBCHO Cold + Cold 2775
Dimethyl ether CHOCH; Cold + Cold/ Hot" 3675
Methyl formate CHOCHO Hot + Hot 5200
Methanol CHOH Hot + Hot 5530
Formamide NHCHO Hot + Hot 5560
Formic acid HCOOH Hot - Cold 5570
Ethanol GHsOH Hot - Hot 6260
Glycolaldehyde CBHOHCHO Hot - - 6680
Ethylene glycol (CHOH), Hot - - 10200

Notes:2The listed binding energies for pure ices (Garrod 204&hough, dimethyl ether is classiPed as hot in Bisschop et &
(2007), temperatures of 80130 K are found toward SgrB2(N) (Belloche et al. 2013) and!@B@& [Esschop et al. 2013), i.e.,
relatively OcoldO compared to other species.

Table 3.Inferred abundances and deuterium fractionation (from interferometric and single-dish data, respectivélgyéort drganic molecule
For the deuterium fractionation, the numbers refer to the inherattr&lio (i.e., taking into account the statistical ratios for the functional gr«
with multiple H-atoms) for the singly deuterated species. As noted in the text the uncertainties on the relative abundandesratigs, rom
the ALMA data are about 30%; 0.6 or 1.5 percentage points for ratios of 2 or 5%, respectively.

[D/H] ratios

Species X/CH30H] Single-dish  Interferometric Model (Taquet et al. 2014)

(" 1000 AU) (* 50 AU) 1.1# 10 yr 20# 10 yr
Formaldehyde KCO 19% 7.5% 3% 2.1% 0.21%
Methanol CHOH N 1.8D5.9%9 29 3.5D1.8% 0.28D0.17%
Ethanol CHCH,OH 2.3% . 5% 0.63D9.79% 0.090%D0.12%
Dimethyl ether CHOCH; 2.4% 3% AP 3.7% 0.10%
Glycolaldehyde CHOHCHO 0.34% . 5% 6.5D13% 0.22D0.38%
Methyl formate CHOCHO 2.6% 6% 6% 7D9% 0.25D0.22%
Acetaldenyde @~ CHCHO 1.2% .. 89 9.2% 0.068%
Ketene CHCO 0.48% . 2% 0.25% 0.015%
Formic acid HCOOH 0.56% .. 2% 2.3D1.0% 0.58P0.66%
Isocyanic acid  HNCO 0.27% .. 1941
Formamide NHCHO 0.10% .. 2% . .
Water HO . 0.25% 0.0469%6 1.2% 0.33%
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black model curve shows the 2D projection (mass-weighted sum in
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profile "(r) ! r' 93 and the best fit ki =" 0.201. In this case,
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Table 4

Dynamical properties of C1-S

Core property C1-S inner C1-S outer
R¢ (0.01 pc) 2.67 4.48
I n,p+ (kms' 1) 0.302+ 0.0267 0.279 0.0231
' er.mm (O cm’ 2) 0.798%:§'21 0'33688%3
Mcmm tot (M=) 25.533-2 58.855%
Mcmm (M+) 17'12?9; 48'8%319-20
| cvir . mm tot (kms' 1) 0.8325- 33, 0.8267- 2%,
| cvir . mm (kms' 1) 0.7528- 2% 0.7883- 224

! NoD* /] c,Vvir ,mm ,tot

! NoD* /! c,vir ,mm

0.363§;§§§
0.40 311

0.337§;§2§

— SAMNTKkHIEEBEZFEOEY ZIVEHER CHIF I NS EED
— NoD+CHRIESNTEENR : EEX DIV

NH . ¢, mm ,tot (1050m! 3)
NH,c,mm (1050m! 3)

93.0%226
62.297 4

45.1%;3
83.9

lc 1 tot (105yr)a
e (105yr)a

0.143)- 122
0.1759-43%

0.2069 748

0.2260-328

" c,tot ' 5' |%|2D+ Rcl (GM c,mm ,tot )b 01108(%227 006838(])-2%6
c! 5% o+ Re/(GMc,mm )P 0.1653-3%8, 0.08243-213,

0.865 523,

0,555 158

Bc (MG) (ma =1) 0.708 § %3g 0.5069- £92
#B,vir  tot 41'71:73:5 50'8223%:3

#B vir 31.9%- 44.893-2

M A vir ,tot 0-19382291411 0-17481%8

M A vir 0.2219- 322 0.1860: 392

Bevir tot (MG) 4.49 828 3.197-33
Bevie (MG) 3.193% 2.727 3
Bccrit tot (MG) 3.243 3¢ 2.647 28
Becit (MG) 2.17 g:%% 2'19%:%%

The superscripts (low temperature) and subscripts (high tem-

perature) indicate the variations resulting from dust temperature
uncertainties (7 to 13 K for core; 10 to 20 K for clump).

% Core free-fall time, tc, =

105(nH,C,mm / 105 le 3)! /2 yr

[31/(32G" )Y 2

b Virial parameter (Bertoldi & McKee 1992).

= 1.38 !

2 NoD*t,nX C1-S wDynamical sQiwrs¢ VE£elaeZcrss?

tot UmMoM”wx| envelope wsubtraction s !

tot UmMoMsMwx envelope wsubtraction K*
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26. Transport of CO In Protoplanetary Disks: Consequences

of Pebble Formation, Settling, and Radial Drift
S. Krijt et al. (ApJ,in press)!
https://arxiv.org/pdf/1808.01840.pdf
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Figure 1. Bulk gas density and temperature for our stan-
dard disk model (see Sec. 2.1). The black contour de-
notes the tyy = 1 surface (Eq. 7, and dashed lines show
zIH ={1,2,3,4}.
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Figure 4. lllustration of the pebble formation framework (Sect. 3.5) for the disk model of Sect. 2.1 and using sy = 0.1 um,

fw =0.5,and ! =0.4. (a): The three stages of local dust growth (see Sect. 3.5.1) and their end-products at three di ! erent
midplane locations. Numbers correspond to log,,(s/ cm) and log,,(St) (in brackets). (b): Stokes numbers of pebbles (solid black

curve) formed in the midplane as a function of heliocentric distance. The red dashed curves depict a constant fragmentation

threshold v; (Birnstiel et al. 2012, Eq. 3) of 1 and 5 m/ s, and the blue dashed curve shows the maximum Stokes number in the
drift-limited scenario ( Birnstiel et al. 2012, Eq. 17) for a dust-to-gas ratio of 10' ?. (c): Timescale for pebble formation in the

midplane from Eq. 25 (green curve) compared to the vertical mixing timescale ", ! (#")' ! and the viscous timescalet, for
#=10"°.

(Sect. 3.1). Pebbles, on the other hand, are described us-
Ing Lagrangian tracer particles, whose motions through the
disk are simulated using a Monte Carlo approach (Sect. 3.5).
Arrows represent various interactions between different com-
ponents, all of which are described in more detall in the text.
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Figure 5. Time evolution (top-to-bottom) of the gas-phase CO number density in models M0Oa, MOb, and M1 (left-to-right).
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at t = 0, with blue representing an enhancement and red a depletion in gas-phase CO density. Contours for yy = 1
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Constraining the gap size in the disk around HD 100546 in the mi d-infrared

Narges Jamialahmadi !, Thorsten Ratzka 2, Olja Panie 3, Hassan Fathivavsari ', Roy van Boekel 4, Se-

bastien Flement °, Thomas Henning 4, Walter Ja ! e®, and Gijs D. Mulders
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Institute for Physics / IGAM, NAWI Graz, Karl-Franzens-Universitat, Universitatsplatz 5/II, 8010 Graz, Austria; 3
School of Physics and Astronomy, University of Leeds, Woodhouse Lance, LS29JT Leeds, United Kingdorfi;Max
Planck-Institut far Astronomie, Kenigstuhl 17, D-69117 Heidelberg, Germany;> Laboratoire J.-L. Lagrange, UMR
7293, University of Nice Sophia-Antipolis, CNRS, Observatoire de la Cote DAzur, Boulevard de IObservatoire - CS
34229 - F 06304 NICE Cedex 4, France® Sterrewacht Leiden, Niels Bohrweg 2, 2333 CA Leiden, The Netherlands’
Lunar and Planetary Laboratory, The University of Arizona, Tucson, AZ 85721, USA Earths in Other Solar Systems
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We rebPne the gap size measurements of the disk surrounding the Herbig Ae star HD 100546 in the N band. Our ne
mid-infrared interferometric (MIDI) data have been taken with the UT baselines and span the full range of orientations.

The correlated 3uxes show a wavy pattern in which the minima separation links to a geometrical structure in the
disk. We bt each correlated RBux measurement with a spline function, deriving the corresponding spatial scale, whil
assuming that the pattern arises interferometrically due to the bright emission from the inner disk and the opposing
sides of the wall of the outer disk. We then Pt an ellipse to the derived separations at their corresponding positiol
angles, thereby using the observations to constrain the disk inclination toi = 47 £ 1 degree and the disk position

angle to PA = 135.0+ 2.5 degree East of North, both of which are consistent with the estimated values

IN previous

studies. We also derive the radius of the ellipse to 15#0.8 au. To conbPrm that the minima separations translate

to a geometrical structure in the disk, we model the disk of HD 100546 using a semi-analytical approac
account the temperature and optical depth gradients. Using this model, we simultaneously reproduce t
the minima of the correlated 3uxes and constrain the gap size of the disk for each observation. The va

N taking Intc
ne level an

ues obtaine

for the projected gap size in diI erent orientations are consistent wth the separation found by the geometrical model.

Accepted by ApJ
http://arxiv.org/pdf/1808.05052
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The dependence of stellar properties on initial cloud densit Yy
Michael O. Jones ! and Matthew. R. Bate !

1 School of Physics and Astronomy, University of Exeter, Stocker Road, Exeter EX4 4QL, United Kingdom
E-mail contact. mbate at astro.ex.ac.uk

We investigate the dependence of stellar properties on the initial mean density of the molecular cloud in which stell
clusters form using radiation hydrodynamical simulations that resolve the opacity limit for fragmentation. We have
simulated the formation of three star clusters from the gravitational collapse of molecular clouds whose densities va
by a factor of a hundred. As with previous calculations including radiative feedback, we Pnd that the dependenc
of the characteristic stellar mass,M., on the initial mean density of the cloud, !, is weaker than the dependence c
the thermal Jeans mass. However, unlike previous calculations, which found no statistically signibPcant variation |
the median mass with density, we bnd a weak dependence approximately of the formM.! !' >, The distributions

of properties of multiple systems do not vary signibcantly between the calculations. We compare our results to tr
result of observational surveys of star-forming regions, and suggest that the similarities between the properties of o
lowest density calculation and the nearby Taurus-Auriga region indicate that the apparent excess of solar-type stal
observed may be due to the regionOs low density.

Accepted by MNRAS
https://arxiv.org/pdf/1806.01033
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Sink particle radiative feedback In smoothed particle hydro dynamics models of star
formation

Michael O. Jones ! and Matthew R. Bate 1
1 School of Physics and Astronomy, University of Exeter, Stocker Road, Exeter EX4 4QL, United Kingdom
E-malil contact. mbate at astro.ex.ac.uk

We present a new method for including radiative feedback from sink particles in smoothed particle hydrodynamic:
simulations of low-mass star formation, and investigate its ¢ ects on the formation of small stellar groups. We Pnd
that including radiative feedback from sink particles suppresses fragmentation even further than calculations thal
only Include radiative transfer within the gas. This reduces the star-formation rate following the formation of the
Initial protostars, leading to fewer objects being produced and a lower total stellar mass. The luminosities of sinl
particles vary due to changes in the accretion rate driven by the dynamics of the cluster gas, leading to derent
luminosities for protostars of similar mass. Including feedback from sinks also raises the median stellar mass. TI
median masses of the groups are higher than typically observed values. This may be due to the lack of dynamic
Interactions and ejections in small groups of protostars compared to those that occur in richer groups. We also Pnd th
the temperature distributions in our calculations are in qualitative agreement with recent observations of protostellar
heating in Galactic star-forming regions.

Accepted by MNRAS
https://arxiv.org/pdf/1807.09849



22

Distortion of Magnetic Fields in a Starless Core IV: Magnetic Field Scaling on Density
and Mass-to-[3ux Ratio Distribution in FeSt 1-457

Ryo Kandori ', Kohji Tomisaka 2, Motohide Tamura %23, Masao Saito %, Nobuhiko Kusakabe !, Yasushi
Nakajima #, Jungmi Kwon °, Takahiro Nagayama ©, Tetsuya Nagata ’ and KenOichi Tatematsu 2

1 Astrobiology Center of NINS, 2-21-1, Osawa, Mitaka, Tokyo 181-8588, Japar? National Astronomical Observatory
of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japar?, Department of Astronomy, The University of Tokyo, 7-3-1,
Hongo, Bunkyo-ku, Tokyo, 113-0033, Japan? Hitotsubashi University, 2-1 Naka, Kunitachi, Tokyo 186-8601, Japan;
> Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency, 3-1-1 Yoshinodai, Chuo-ku
Sagamihara, Kanagawa 252-5210, Japarf; Kagoshima University, 1-21-35 Korimoto, Kagoshima 890-0065, Japan’
Kyoto University, Kitashirakawa-Oiwake-cho, Sakyo-ku, Kyoto 606-8502, Japan

E-mail contact: r.kandori at nao.ac.|p

In the present study, the magnetic Peld scaling on density|]B|! !, was revealed in a single starless core for the br
time. The " index of 0.78+ 0.10 was obtained toward the starless dense core FeSt 1-457 based on the analysis of
radial distribution of the polarization angle dispersion of background stars measured at the near-infrared wavelength:
The result prefers” = 2/ 3 for the case of isotropic contraction, and the di erence of the observed value fromt =1/ 2 s
2.8 sigma. The distribution of the ratio of mass to magnetic 3ux was evaluated. FeSt 1-457 was found to be magnetica
supercritical near the center # " 2), whereas nearly critical or slightly subcritical at the core boundary # " 0.98).
Ambipolar-di! usion-regulated star formation models for the case of moderate magnetic Peld strength may expla
the physical status of FeSt 1-457. The mass-to-f3ux ratio distribution for typical dense cores (critical BonnorbEbel
sphere with central # = 2 and " = 1/2Db<2 3) was calculated and found to be magnetically critical/subcritical at the
core edge, which indicates that typical dense cores are embedded in and evolve from magnetically critical/subcritic

di! use surrounding medium.

Accepted by ApJ
https://arxiv.org/pdf/1808.05327
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The JCMT Gould Belt Survey: SCUBA-2 Data-Reduction Methods a nd Gaussian
Source Recovery Analysis

Helen Kirk 12, Jennifer Hatchell 3, Doug Johnstone %2, David Berry #, Tim Jenness >°, Jane Buckle 8,
Steve Mairs #, Erik Rosolowsky 9, James Di Francesco 2, Sarah Sadavoy 1°, Malcolm Curry !, Hannah
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vatory, 660 N. Aohoku Place, University Park, Hilo, Hawaii 96720, USA;> Joint Astronomy Centre, 660 N. Aohoku
Place, University Park, Hilo, Hawaii 96720, USA; ® LSST Project O" ce, 933 N. Cherry Ave, Tucson, AZ 85719
USA; ’ Astrophysics Group, Cavendish Laboratory, J J Thomson Avenue, Cambridge, CB3 OHE, UK:® Kavli Insti-

tute for Cosmology, Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge, CB3 OHA, UK;
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The JCMT Gould Belt Survey was one of the brst Legacy Surveys with the James Clerk Maxwell Telescope in Hawa
mapping 47 square degrees of nearby<( 500 pc) molecular clouds in both dust continuum emission at 85um and
450 um, as well as a more-limited area in lines of various CO isotopologues. While molecular clouds and the mater
that forms stars have structures on many size scales, their larger-scale structures are'dtult to observe reliably in the
submillimetre regime using ground-based facilities. In this paper, we guantify the extent to which three subsequer
data-reduction methods employed by the JCMT GBS accurately recover emission structures of various size scal
In particular, dense cores which are the focus of many GBS science goals. With our current best data-reducti
procedure, we expect to recover 100% of structures with Gaussian sigma sizes#30' and intensity peaks of at least
pve times the local noise for isolated peaks of emission. The measured sizes and peak Ruxes of these compact struc
are reliable (within 15% of the input values), but source recovery and reliability both decrease signibcantly for large
emission structures and for fainter peaks. Additional factors such as source crowding have not been tested in ¢
analysis. The most recent JCMT GBS data release includes pointing corrections, and we demonstrate that these tel
to decrease the sizes and increase the peak intensities of compact sources in our dataset, mostly at a low level (se\
percent), but occasionally with notable improvement.

Accepted by ApJS
https://arxiv.org/pdf/1808.07952
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Dust segregation in Hall-dominated turbulent protoplaneta ry disks
3

Leonardo Krapp *, Oliver Gressel 2, Pablo Ben&tes Llambay !, Turlough P. Downes 3,
Gopakumar Mohandas %2 and Martin E. Pessah *

1 Niels Bohr International Academy, The Niels Bohr Institute, Blegdamsvej 17, DK-2100, Copenhagen ~, Denmark
2 Kavli Institute for Theoretical Physics, University of California, Santa Barbara 93106, USA
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Imaging of dust continuum emitted from disks around nearby protostars reveals diverse substructure. In recent years,
theoretical e! orts have been intensibed to investigate in how far the intrinsic dynamics of protoplanetary disks (PPDs)
can lead to such features. Turbulence in the realm of non-ideal magnetohydrodynamics (MHD) is one candidate for
explaining the generation of zonal 3ows which can lead to local dust enhancements. Adopting a radially-varying
cylindrical disk model, and considering combinations of vertical and azimuthal initial net 3ux, we perform 3D non-
ideal MHD simulations aimed at studying self-organization induced by the Hall é ect in turbulent PPDs. To this end,
new modules have been incorporated into theNirvana-iii  and fargo3d codes. We moreover include dust grains,
treated In the Buid approximation, in order to study their evolution subject to the emerging zonal [3ows. In the regime
of a dominant Hall e! ect, we robustly obtain large-scale organized concentrations in the vertical magnetic peld that
remain stable for hundreds of orbits. For disks with vertical initial net Bux alone, we conbPrm the presence of zonal
[3ows and vortices that introduce regions of super-Keplerian gas 3ow. Including a moderately strong net-azimuthal
magnetic [3ux can signibcantly alter the dynamics, partially preventing the self-organization of zonal 3ows. For plasma
beta-parameters< 50, large-scale near-axisymmetric structures develop in the vertical magnetic [3ux. In all cases, we
demonstrate that the emerging features are capable of accumulating dust grains for a range of Stokes numbers.

Accepted by ApJ.
http://arxiv.org/pdf/1808.07660
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5

We want to investigate how planet formation is imprinted on stellar surface composition using up-to-date stellar
evolution models. We simulate the evolution of pre-main-sequence stars as a function of thé eiency of heat injection
during accretion, the deuterium mass fraction, and the stellar mass. For simplicity, we assume that planet formation
leads to the late accretion of zero-metallicity gas, diluting the surface stellar composition as a function of the mass
of the stellar outer convective zone. We adopt 150, (M,/ M- )(Z/Z- ) as an uncertain but plausible estimate of the
mass of heavy elements that is not accreted by stars with giant planets, including our Sun. By combining our stellar
evolution models to these estimates, we evaluate the consequences of planet formation on stellar surface compositio
We show that after the brst! 0.1 Myr, the evolution of the convective zone follows classical evolutionary tracks within
a factor of two In age. We bnd that planet formation should lead to a scatter in stellar surface composition that is
larger for high-mass stars than for low-mass stars. We predict a spread in [Fe/H] of approximately 0.02 dex for stars
with Te ! 5500 K, marginally compatible with di" erences in metallicities observed in some binary stars with planets.
Stars with T # 7000 K may show much larger [Fe/H] debcits, by 0.6 dex or more, compatible with the existence of
refractory-poor ! Boo stars. We also bnd that planet formation may explain the lack of refractory elements seen iIn
the Sun as compared to solar twins, but only if the ice-to-rock ratio in the solar-system planets is less thafi 0.4 and
planet formation began less than$ 1.3 Myr after the beginning of the formation of the Sun.

Accepted by A&A
http://arxiv.org/pdf/1808.07396



