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44. Dust Polarization Toward Embedded Protostars in Ophiuchus with ALMA. |. VLA

'R

1623, Sarah |. Sadavoy et al.
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1. Magnetic field in a circumbinary disk around a Class | YSO,
F.O. Alves et al.
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5. Fragmentation and disk formation during high-mass star formation: The IRAM

NOEMA (Northern Extended Millimeter Array) large program CORE, H. Beuther et

em al.
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« cluster TMDhigh-mass star formation/c 2L\ TEID 7= L)
« fragmentation, disk formation, outflow, chemical process, and etc.
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mass vs column denisty
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45. Spitzer Light Curves of the Young, Planetary-Mass TW Hya Members

2MASS J11193254-1137466AB and WISEA J114724.10-204021.3,
Adam C. Schneider et al.

ABSTRACT

We present Spitzer Space Telescope time-series photometry at 3.6 and 4.5 um of 2MASS
J11193254 1137466AB and WISEA J114724.1D0 204021.3, two planetary-mass, late-type'( L7) brown
dwarf members of the” 10 Myr old TW Hya Association. These observations were taken in order to
investigate whether or not a tentative trend of increasing variability amplitude with decreasing surface
gravity seen for L3-L5.5 dwarfs extends to later-L spectral types and to explore the angular momen-
tum evolution of low-mass objects. We examine each light curve for variability and Pnd a rotation
period of 19.3953% hours and semi-amplitudes of 0.798)03:% at 3.6 um and 1.1087093% at 4.5
um for WISEA J114724.10 204021.3. For 2MASS J1119325%41137466AB, we Pnd a single period of
3.02"9-93 hours with semi-amplitudes of 0.230°5-035% at 3.6 um and 0.453+ 0.037% at 4.5um, which
we Pnd is possibly due to the rotation of one component of the binary. Combining our results with 12
other late-type L dwarfs observed with Spitzer from the literature, we Pnd no signibcant diferences
between the 3.6um amplitudes of low surface gravity and beld gravity late-type L brown dwarfs at
Spitzer wavelengths, and bnd tentative evidence (75% conbdence) of higher amplitude variability at
4.5 um for young, late-type Ls. We also Pnd a median rotation period of young brown dwarfs (10D30C
Myr) of " 10 hr, more than twice the value of the median rotation period of beld age brown dwarfs
(" 4 hr), a clear signature of brown dwarf rotational evolution.

+  Spitzer(C & 522 Dbrown dwarfDlight curve’z sE8E
o BHHSEERFAHEEHEGWNZKDT
. MD120DL dwarfDERRI S &6 THESE



46. A universal spin-mass relation for brown dwarfs and planets,

Aleks Scholz et al.
ABSTRACT

While brown dwarfs show similarities with stars in their early life, their spin evo-
lution is much more akin to that of planets. We have used lightcurves from the K2
mission to measure new rotation periods for 18 young brown dwarfs in the Taurus
star-forming region. Our sample spans masses from 0.02 to 0.08 M; and has been
characterised extensively in the past. To search for periods, we utilize three different
methods (autocorrelation, periodogram, Gaussian Processes). The median period for
brown dwarfs with disks is twice as long as for those without (3.1 vs. 1.6d), a sig-
nature of rotational braking by the disk, albeit with small numbers. With an overall
median period of 1.9d, brown dwarfs in Taurus rotate slower than their counterparts
in somewhat older (3-10Myr) star-forming regions, consistent with spin-up of the
latter due to contraction and angular momentum conservation, a clear sign that disk
braking overall is inefficient and/or temporary in this mass domain. We confirm the
presence of a linear increase of the typical rotation period as a function of mass in the
sub-stellar regime. The rotational velocities, when calculated forward to the age of
the solar system assuming angular momentum conservation, fit the known spin-mass
relation for solar system planets and extra-solar planetary-mass objects. This spin-

mass trend holds over six orders of magnitude in mass, including objects from several
different formation paths. Our result implies that brown dwarfs by and large retain

their primordial angular momentum through the first few Myr of their evolution.
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47. Extended Millimeter Emission in the HD 141569 Circumstellar Disk Detected with ALMA,
Jacob Aaron White and A.C. Boley

We present archival ALMA observations of the HD 141569 circumstellar disk at 345,
230, and 100 GHz. These data detect extended millimeter emission that is exterior
to the inner disk. We find through simultaneous visibility modeling of all three data
sets that the system’s morphology is described well by a two-component disk model.
The inner disk ranges from approximately 16 to 45 au with a spectral index of 1.81
(¢ = 2.95) and the outer disk ranges from 95 to 300 au with a spectral index of 2.28
(¢ = 3.21). Azimuthally averaged radial emission profiles derived from the continuum
images at each frequency show potential emission that is consistent with the visibility
modeling. The analysis presented here shows that at ~ 5 Myr HD 141569’s grain size
distribution is steeper, and therefore more evolved, in the outer disk than in the inner

disk.
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48. New member candidates of Upper Scorpius from Gaia DR1,
S. Wilkinson, B. Merin, and P. Riviere-Marichalar

Context. Selecting a cluster in proper motion space is an established method for identifying members of a star forming region, The
first data release from Gaia (DR 1) provides an extremely large and precise stellar catalogue, which when combined with the Tycho-2
catalogue gives the 2.5 million parallaxes and proper motions contained within the Tycho-Gaia Astrometric Solution (TGAS).

Aims. We aim to identify new member candidates of the nearby Upper Scorpius subgroup of the Scorpius-Centaurus Complex within
the TGAS catalogue. In doing so, we also aim to validate the use of the DBSCAN clustering algorithm on spatial and kinematic data
as a robust member selection method.

Methods. We constructed a method for member selection using a density-based clustering algorithm (DBSCAN) applied over proper
motion and distance. We then applied this method to Upper Scorpius, and evaluated the results and performance of the method.
Resuilts. We identified 167 member candidates of Upper Scorpius, of which 78 are new, distributed within a 10° radius from its core.
These member candidates have a mean distance of 145.6 + 7.5 pc, and a mean proper motion of (-11.4, -23.5) = (0.7, 0.4) mas/yr.
These values are consistent with measured distances and proper motions of previously identified bona-fide members of the Upper
Scorpius association.

Key words. Stars: formation, protoplanetary disks, methods: data analysis.

*  Gaia (DR1) O 7 —% h 5Upper Sco subgroupDFr L WA > /N—%$RT
- EBEEE), EREDIEIRICT ST TE Bclustering algorithmZz FBW &

« 167®member candidate (78ldnew) %=[EE



2. Planet-driven spiral arms in protoplanetary disks: |. Formation mechanism,
Jaehan Bae and Zhaouhuan Zhu

ABSTRACT

Protoplanetary disk simulations show that a single planet can excite more than one spiral arm, possibly
explaining recent observations of multiple spiral arms in some systems. In this paper, we explain the
mechanism by which a planet excites multiple spiral arms in a protoplanetary disk. Contrary to
previous speculations, the formation of both primary and additional arms can be understood as a
linear process when the planet mass is sufficiently small. A planet resonantly interacts with epicyclic
oscillations in the disk, launching spiral wave modes around the Lindblad resonances. When a set of
wave modes is in phase, they can constructively interfere with each other and create a spiral arm.
More than one spiral arm can form because such constructive interference can occur for different sets
of wave modes, with the exact number and launching position of spiral arms dependent on the planet
mass as well as the disk temperature profile. Non-linear effects become increasingly important as the
planet mass increases, resulting in spiral arms with stronger shocks and thus larger pitch angles. This
is found in common for both primary and additional arms. When a planet has a sufficiently large
mass (2 3 thermal masses for (h/r), = 0.1), only two spiral arms form interior to its orbit. The
wave modes that would form a tertiary arm for smaller mass planets merge with the primary arm.
Improvements in our understanding of the formation of spiral arms can provide crucial insights into
the origin of observed spiral arms in protoplanetary disks.

Keywords: hydrodynamics, planet-disk interaction, waves

+ planetlc & &diskDspiral’z> 2L —> 3>



3. Planet-driven spiral arms in protoplanetary disks: Il.Implications,
Jaehan Bae and Zhaouhuan Zhu

ABSTRACT

We examine whether various characteristics of planet-driven spiral arms can be used to constrain
the masses of unseen planets and their positions within their disks. By carrying out two-dimensional
hydrodynamic simulations varying planet mass and disk gas temperature, we find that a larger number
of spiral arms form with a smaller planet mass and a lower disk temperature. A planet excites two
or more spiral arms interior to its orbit for a range of disk temperature characterized by the disk
aspect ratio 0.04 < (h/r), < 0.15, whereas exterior to a planet’s orbit multiple spiral arms can form
only in cold disks with (h/r), < 0.06. Constraining the planet mass with the pitch angle of spiral
arms requires accurate disk temperature measurements that might be challenging even with ALMA.
However, the property that the pitch angle of planet-driven spiral arms decreases away from the planet
can be a powerful diagnostic to determine whether the planet is located interior or exterior to the
observed spirals. The arm-to-arm separations increase as a function of planet mass, consistent with
previous studies; however, the exact slope depends on disk temperature as well as the radial location
where the arm-to-arm separations are measured. We apply these diagnostics to the spiral arms seen
in MWC 758 and Elias 2-27. As shown in Bae et al. (2017), planet-driven spiral arms can create
concentric rings and gaps, which can produce more dominant observable signature than spiral arms
under certain circumstances. We discuss the observability of planet-driven spiral arms versus rings
and gaps.

Keywords: hydrodynamics, planet-disk interaction, stars: individual (Elias 2-27, MWC 758), waves
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4. The Galactic Census of High- and Medium-mass Protostars. V. Molecular Clump

Radiative Transfer, Mass Distributions, Kinematics, and Dynamical Evolution,
Peter J. Barnes et al.

ABSTRACT

We present 2CO, ¥CO, & C'™0 data as the next major release for the CHaMP project, an unbiased
sample of Galactic molecular clouds in [ = 280°-300°. From a radiative transfer analysis, we self-
consistently compute 3D cubes of optical depth, excitation temperature, and column density for ~300
massive clumps, and update the Iaco-dependent CO-+H; conversion law of Barnes et al. (2015). For
N x I?, we find p = 1.9240.05 for the velocity-resolved conversion law aggn‘gawd over all clumps.
A practical, integrated conversion law is Nugo = (4.0£0.3)x10""m "2 2007992 confirming an
overall 2x higher total molecular mass for Milky Way clouds, compared to the standard X factor.

We use these laws to compare the kinematics of clump interiors with their foreground “CO en-
velopes, and find evidence that most clumps are not dynamically uniform: irregular portions seem
to be either slowly accreting onto the interiors, or dispersing from them. We compute the spatially-
resolved mass accretion/dispersal rate across all clumps, and map the local flow timescale. While
these flows are not clearly correlated with clump structures, the inferred accretion rate is a statisti-
cally strong function of the local mass surface density X, suggesting near-exponential growth or loss of
mass over effective timescales ~30-50 Myr. At high enough X, accretion dominates, suggesting gravity
plays an important role in both processes. If confirmed by numerical simulations, this sedimentation
picture would support arguments for long clump lifetimes mediated by pressure confinement, with a
terminal crescendo of star formation, suggesting a resolution to the 40-yr-old puzzle of the dynamical
state of molecular clouds and their low star formation efficiency.

Subject headings: ISM: kinematics and dynamics — ISM: molecules — radio lines: ISM — stars:
formation — astrochemistry

 Galactic Census of High- and Medium-mass Protostars (CHaMP) project
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