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16. Robo-AO Discovery and Basic Characterization of Wide
Multiple Star Systems in the Pleiades, Praesepe, and NGC

2264 Clusters

L. Hillenbrand et al. (AJ, 155, 51)
http://ads.nao.ac.jp/abs/2018AJ....155...51H
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Figure 1. Shown here are the stacked image cutout (left), the PSF image assembled from images surrounding the leftmost image in time (center), and the PSF-
subtracted remainder image (right) that isolates the secondary star for AK IV-314, a binary system having separation 1”70. North is up and east is to the right.
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Figure 5. Contrast curves for three stars of varying image quality; raw contrast is on the left and PSF-subtracted contrast on the right. The stars illustrated are: AK IV-
314, which was one of the most well-imaged stars, but is a binary system with separation of 1”703; the secondary has been subtracted before generating the contrast

curves (resulting in the artifact discontinuity around 176). HCG-156 is represen

tative of the mean performance, and is a single star. HHJ-407 is about one standard

deviation away from the mean performance. As illustrated in the right panel, PSF subtraction improves the contrast by several magnitudes, though companion
detection is still not possible below ~0”2 (roughly 2 x A/D). The broad bump for AK IV-314 is the residual of the seeing halo of the subtracted companion.
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18. A search for pre- and proto-brown dwarfs in the dark

cloud Barnard 30 with ALMA

S. K. Huélamo et al., A&A 597, A17
http://ads.nao.ac.jp/abs/2017A%26A...597A..17H
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Fig. 2. The five sources detected at 880 um with ALMA in B30. North is up and east to the left. The ALMA beam size is displayed at the bottom

right corner of each image. The white dashed circles represent the ALMA beam (18" diameter), and are centered at the pointing coordinates (phase
centers) for each source.

Table 1. ALMA 880 um detections in the B30 region.

ALMA detection coordinates  Separation from Mass Mass Missing Tentative
RA(J2000)  Dec(J2000) phase center LABOCA &S, rms (ALMA)**  (LABOCA)»*  flux¢ A4 nature

[hms] [°7 7] [arcsec] source? [mJy] [mly/beam] [Mjyp] [Myyp] [%] [mag ]

05:31:22.97 +12:11:34.7 8.7 B30-LB08 5.70 0.26 9 106 87 2.5 VeLLO/pre-BD
05:31:09.29  +12:11:08.8 6.8 B30-LB10 2.20 0.23 3 46 93 1.2 pre-BD
05:31:19.46  +12:09:15.1 4.5 B30-LB14* 44.0 0.25 67 51 0 2.0 YSO
05:31:27.81  +12:05:30.9 4.2 B30-LB19*  10.7 0.20 16 182 86 2.8 YSO
05:31:15.32 +12:03:38.2 0.6 B30-LB31 0.60 0.13 0.9 82 99 2.4 pre-BD

Notes. @ LABOCA designation number (see BGH16);  From BGH16; © Percentage of missing flux between ALMA and LABOCA data;
@ From the 2MASS extinction map; * Sources with gas emission detected with ALMA; ** Derived for a dust temperature of 15 K.
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Fig. 4. Infrared (CAHA/O2000 and Spitzer/IRAC and MIPS) images centered on the ALMA detection coordinates. North is up and east to the
left. We have included in all the J-band images (left panels) the position of the ALMA detections (green crosses), and the possible infrared
counterparts to the APEX/LABOCA detections identified by BGH16 (green labels). The cyan diamonds represent the APEX/LABOCA peak
intensity coordinates (ALMA phase center coordinates). We have also plotted the APEX/LABOCA beam of 13.8” radius (cyan dashed circle),
the ALMA FOV of ~18” diameter (yellow dashed circle), and the ALMA beam at the bottom left corner (yellow solid ellipse).
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Fig. 8. Spitzer IRAC 3.6 um finding charts with the APEX/SABOCA detections, except for SB14 (IRAC 8 um image). North is up and east to
the left. The green crosses represent the coordinates of the peak emission of the APEX/SABOCA detections. The white contours represent the
APEX/SABOCA emission at 2.5, 3, 4 and 50 level. The infrared counterparts within a radius of 5”3 (half of the APEX/SABOCA beam) are
represented by yellow crosses. If previously discussed by BGHI16, they are named with the APEX/LABOCA designation. If not, they are named
with low-case letters. The magenta circles represent WISE detections, the cyan diamonds represent the position of the APEX/LABOCA cores
peak intensity, and the blue circles indicate AKARI detections. The orange square represents a Planck detection (see text).
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19. The ALMA-PILS survey: 3D modeling of the envelope,

disks and dust filament of IRAS 16293-2422

S. K. Jacobsen et al. (A&A, in press)
http://ads.nao.ac.jp/abs/2017arXiv171206984J
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e 1: RADMC-3D model parameters

ETIVINGAX—5 —

Disk constraints

F peak, A

F peak, B
Disk A aspect ratio

Ny,.B

Peak flux density toward source A
Peak flux density toward source B

Disk B column density

1.0 Jy beam ™!

2.0Jy beam ™!
1.64

> 1.2x 10> cm™

PP-disk models

Parameter Description Value
Grid

¥ out Envelope radius 8x10° AU
i Grid start radius 5 AU
Folat Radius of the density plateau 600 AU
ng Number of grid cells in the polar range 131

ng, Number of grid cells in the azimuthal range 131
Temperature analysis

Ny out Number of grid cells in the outer radial region (r > 600 AU) 88

Ny in Number of grid cells in the inner radial region (r < 600 AU) 110
Mohotons Number of photons used in thermal Monte Carlo process 5%10’
Ly Luminosity of source A 3-20L,
One radiation source

Foct Octree refinement radius around source 400 AU
Roctree levels Octree refinement number 1

Two radiation sources

Foct Octree refinement radius around each source 250 AU
Roctree levels Octree refinement number 2

IRAS 16293 model

Ny out Grid cells in the outer radial region (r > 600 AU) 22

Ny in Grid cells 1n the inner radial region (r < 600 AU) 110

£0, env Envelope reference density at ry o, 2.5%107" g cm™
10, env Envelope reference radius 1 AU
Peny Envelope density power-law exponent 1.7

My Source A stellar mass 1 Mg

My Source B stellar mass 0.1 Mg
TTeff Star surface temperature 5000 K
Ly Source A luminosity 3-20L,
10, disk PP-disk reference radius 10 AU
Finner disk Disk inner radius 1 AU
Fdisk.A Disk A radius 150 AU

Y disk.B Disk B radius 50 AU

™:* 1

PN Parameter space for reference surface density of PP-disk A at 10 AU 0.1-50¢g cm™>
23 Parameter space for reference surface density of PP-disk B at 10 AU 1.0-120¢g cm™>
v Parameter space of the PP-disks flaring constants 0-0.25

p Parameter space of the PP-disks dust density radial power-law exponents 0.5 — 1.5

Hy a Parameter space of PP-disk A scale-height at 10 AU 0.85-2.0 AU
Hyg Parameter space of PP-disk B scale-height at 10 AU 0.85-3.0 AU

i Parameter space of PP-disk A inclination, 90° is edge-on 30 - 90°

My, disk Octree refinement level of entire disk 2

Miey. in disk Octree refinement level in innermost region 4

Mohotons Number of photons used in thermal Monte Carlo process 10’

Rotating toroid models

e A Parameter space of the centrifugal radius of rotating toroid A 50 - 100 AU

Te B Parameter space of the centrifugal radius of rotating toroid A 5-40 AU

M, Parameter space of the mass accretion rate into source A 1.0x107% —5.5x107° M, ylr_1
Mg Parameter space of the mass accretion rate into source B 1.0x107° = 5.5x107° \Y I ylr_1
ey, disk Octree refinement level of entire disk 2

Miey. in disk Octree refinement level in innermost region 2

Mohotons Number of photons used in thermal Monte Carlo process 10°

Dust arc

Po Reference density 2.5x107"7 g cm™>
r Filament radius from filament center 130 AU

out
Filament semi-minor axis

Filament semi-major axis

170 AU
300 AU

Notes. Model parameters for each setup. Ly 1s always defined as Ly =21.0 L - L,. "The radiation spectra of both source A and B are treatc
blackbodies with a temperature of 5000 K, following Schoier et al. (2002).
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ALMA obs. RTM,; (La = 18 Ly)  RTMz (La = 10.5 Lo)

(i) Dust WRET YV T 1S B
*Ma = 1.0Me, Me<0.1Me (BEDREZDETHNS) | road A <@
diskAViN—%> bk, 2DDFANEBEETIL (FZFIF150au, 50auTEE)
- B2k B & ¢EEh S B PPDisk=DM, Bldface onfkE, ADIEZA (L R
free parameter, 1 X—YICIMASEDHHFE LTES PIANST L e

RTMs (La = 20 Lo)

DEC offset []

- [O]#5 k O+ KE 7 )L rotating toroid model” = RTM (Hartmann 20009: \
JtidHartmann, Calvet, Boss 1996) : BEBERE TE T I 2D HEIR ~ |
EHT, V— NURTEROEHRE D EEEFIL Z ol
o
1/2 8 2
. 0\~ -1
(r.6) M (1 + ccg)sseo) ( cosf N 200526’0) A 4} o .
p r, — , _ . . | ] ] ] ] | |
A \/GM*F3 cost, r/r, lc. Centl‘lfugal radius DMj (La = 10.5 L) RTM4 (La = 7 Lg) 110~
— 41 B ~
CarcEEIC D WTIHEE—FOH TANS DMIc 6T < o} : :
RTMIZERIEA M IC = 0} L y
N N = O I -
[LHD, F™EENDoptical 5 -2 :
Table 2: Example dust model parameters. deptht)‘{lj\é < 73: D ] dUSti.[IE]]JE_I%— L) . -le 2' OI _'2 _'4' _le 5 0 9 4 le : 0' 9 =
PP-disk model La[Lo]l Ly[Lol Zoalgem™]  Zoplgem™]  Hyn [AU]  Hyp [AU] iy [°] RA offset |”] RA offset [”] RA offset |"]
DM 1 18.0 3.0 1.0 3.0 1.25 1.5 55
DM 2 14.0 7.0 1.0 0.05 0.85 2.0 50
DM 3 10.5 10.5 1.0 0.05 1.25 2.0 60
Rotating toroid model Ly [Lg] Ly [Lg]l My [Mgyr™'l Mg [Myyr'1  roo [AU] 1. [AU]
RTM 1 18.0 3.0 3.75%107° 2.75 % 107° 75 20
RTM 2 105 105  21x10°  2.1x10° 50 20 2DODHARNE—VDEZEHLESZLIF
RTM 3 20.0 1.0 3.8x107° 4.6x107° 75 20 . N ~ e
RTM 4 7.0 140  3.0x107° 2.0 % 107 75 20 EDETILTH HSIEEREE

RTM 5 3.0 18.0 3.0x107° 2.0x%107° 75 20

Jy beam™!
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Obs. **CO Obs. C'*0 Obs. C'70

- LIMEZ{#->TEt&E, g/d=100&9 %

- non-LTE, R UARXEE=Y A NEEIFRE

- DMOZ & 72 —[OEs, RTMOIGZE IE[EERE B T (Tereby, Shu, Cassen 1984)
- CO isotopologues 7/\> % > Xtk &k > =Bl Happendixici&dp D

Table 3: LIME model parameters

Parameter Description Value Z 4
Grid outer radius 2% 10° AU o

Grid start radius . 30 AU ¥

N0 des Number of grid nodes in the LIME calculations 7 x 10* &E]
CO/H, Standard ISM abundance of CO 107 @)
Bco/H, Standard ISM abundance of *CO 1.30x107°

Cc'®0oyH, Standard ISM abundance of C'*0 1.79%1077 O
c'"o/H, Standard ISM abundance of C'’O 5.58x107° m
Freeze out factor 0.01 D

Gas-to-dust-mass ratio

Used for all conversions from dust to gas mass 100

CO isotopologues abundances of all models

Xnco *CO abundance 2.6x1077

X5 C'®0 abundance 3.58x107°

Xeg C"0 abundance 1.12x107® S

=5
S,
2
Parameter Description Value %
Rotating toroid model O
L, Luminosity of source A 18 L, E
Ly Luminosity of source B 3L,
M, Mass accretion rate 3.75%x 107° M, yr_1 RTM
Mg Mass accretion rate 2.75x 10° M yr™!
TeA Centrifugal radius 75 AU ,
reB Centrifugal radius 20 AU =
% -

PP-disk model %
Ly Luminosity of source A 14 L, &g
Ly Luminosity of source B 7L, S
20.A Dust surface density at 10 AU 0.6 g cm° DM £a
208 Dust surface density at 10 AU 5.0gcm™” — S
Hj 5 Scale-height at 10 AU 1.5 AU \\ ,
Hoy s Scale-height at 10 AU 2040 | HhVhvEWE 4 2 42024 420
iA Disk A inclination 60° RA offset ["] RA offset ["] RA offset ["]

RINLT &




RTM (YANE—27ZBIR93) DFETLuminositytlbZ2Z 2 121550
Cl70¥=alb—¥3>, Laz 18Le BHE

Table 5: LIME model parameters of Fig. 6. Obs. C*7O RTM GO (La = 3 Lo) RTM C'7O (La =7 Lo)

Model M, Mg yr 'l Mg [M, yr'] _
Ly,=3L, 9.0x107° 1.3%107 =
Ly=7L, 5.5%107° 1.4x107° Nz
L,=105L,  4.6x107° 1.6x107° °
L,=14L, 4.2x10°¢ 1.85x10°¢ =
L,=18L, 3.75%107° 2.75%107° -
L,=20L, 3.8x107° 4.6x107°

Notes. All models are rotating toroids, using r. , =75 AU and r. g = 20
AU.
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Fig. 6: Observed and modeled C'0 zeroth moment maps, contour levels are divided logarithmically from 0.5 to 7.3
Jy beam™' km s™'. All models are rotating toroid models matching the dust continuum peak flux densities for disk A and B.
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History of Globulettes in the Milky Way
Tiia Grenman', Erik Elfgren! and Hans Weber"

I Lulea University of Technology, Sweden
E-mail contact: tila.grenman at ltu.se

Globulettes are small (radii < 10 kAU) dark dust clouds, seen against the background of bright nebulae. A majority
of the objects have planetary mass. These objects may be a source of brown dwarfs and free floating planetary mass
objects in the galaxy. In this paper we investigate how many globulettes could have formed in the Milky Way and
how they could contribute to the total population of free floating planets. In order to do that we examine H-alpha
images of 27 H II regions. In these images, we find 778 globulettes.

We find that a conservative value of the number of globulettes formed is 5.7 x 101°. If 10 % of the globulettes form free
floating planets then they have contributed with 5.7 x 10? free floating planets in the Milky Way. A less conservative
number of globulettes would mean that the globulettes could contribute 2.0 x 10" free floating planets. Thus the
globulettes could represent a non-negligible source of free floating planets in the Milky Way.

Accepted by Astrophysics and Space Science
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Detection of a centrifugal magnetosphere in one of the most massive stars in the p Oph
star-forming cloud

S. Hubrig!, M. Schoéller?, S. P. Jarvinen'!, M. Kiiker!, A. F. Kholtygin® and P. Steinbrunner*
L'ATP, Germany, 2 ESO, Germany, ° Saint-Petersburg State University, Russia, * FU Berlin, Germany

E-mail contact: shubrig at aip.de

Recent XMM-Newton observations of the B2 type star p Oph A indicated a periodicity of 1.205d, which was ascribed
to rotational modulation. Since variability of X-ray emission in massive stars is frequently the signature of a magnetic
field, we investigated whether the presence of a magnetic field can indeed be invoked to explain the observed X-
ray peculiarity. Two FORS 2 spectropolarimetric observations in different rotation phases revealed the presence of
a negative ((B;),,; = —419 £ 101G) and positive ((B;),;; = 538 £ 69G) longitudinal magnetic field, respectively.
We estimate a lower limit for the dipole strength as By = 1.9 & 0.2kG. Our calculations of the Kepler and Alfvén
radii imply the presence of a centrifugally supported, magnetically confined plasma around p Oph A. The study of the
spectral variability indicates a behaviour similar to that observed in typical magnetic early-type Bp stars.

Accepted by AN
https://arxiv.org/pdf/1712.05939
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First Results from the Herschel and ALMA Spectroscopic Surveys of the SMC:
The Relationship Between |[C11|-bright Gas and CO-bright Gas at Low Metallicity

Katherine E. Jameson'?, Alberto D. Bolatto!, Mark Wolfire!, Steven R. Warren?, Rodrigo Herrera-
Camus?, Kevin Croxall®%, Eric Pellegrini’, John-David Smith®, Monica Rubio’, Remy Indebetouw!’:!!,
Frank P. Israel'?, Margaret Meixner'?, Julia Roman-Duval'?, Jacco Th. van Loon'*, Erik Muller!®
Celia Verdugo'®, Hans Zinnecker'” and Yoko Okada'®

The Small Magellanic Cloud (SMC) provides the only laboratory to study the structure of molecular gas at high
resolution and low metallicity. We present results from the Herschel Spectroscopic Survey of the SMC (HS?), which
mapped the key far-IR cooling lines [C11], [O1], [N11], and [O111] in five star-forming regions, and new ALMA 7m-
array maps of 12CO and *CO (2 — 1) with coverage overlapping four of the five HS® regions. We detect [C11] and
'O 1] throughout all of the regions mapped. The data allow us to compare the structure of the molecular clouds and
surrounding photodissociation regions using 2CO, 12CO, [C11], and [O 1] emission at <10 arcsec (< 3 pc) scales. We
estimate Ay using far-IR thermal continuum emission from dust and find the CO/CII ratios reach the Milky Way value
at high Ay in the centers of the clouds and fall to ~ 1/5 — 1/10x the Milky Way value in the outskirts, indicating the
presence of translucent molecular gas not traced by bright 2CO emission. We estimate the amount of molecular gas
traced by bright [C 11| emission at low Ay and bright 1CO emission at high Ay. We find that most of the molecular
gas is at low Ay and traced by bright [C11] emission, but that faint 'CO emission appears to extend to where we
estimate the Ho-to-HI transition occurs. By converting our Hy gas estimates to a CO-to-Hy conversion factor (Xco),
we show that X o is primarily a function of Ay, consistent with simulations and models of low metallicity molecular
clouds.

Accepted by AplJ Low-metalIRIE THSSMCICEENTVWSERMMYE (9FERD) ZXRIC
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Dynamics of magnetic flux tubes and IR-variability of Young Stellar Objects

Sergey Khaibrakhmanov!?, Alexander Dudorov?, Andrey Sobolev!

I Kourovka astronomical observatory, Ural Federal University,

Ekaterinburg 620000, Russia

2 Theoretical physics department, Chelyabinsk state university, Chelyabinsk 454001, Russia

E-mail contact: khaibrakhmanov at csu.ru

We simulate the dynamics of slender magnetic flux tubes (MFT

equations of our model take into account the aerodynamic and turbulent drag forces, and t]

rqy rj

s) in the accretion disks of T

l'auri stars.
ne radiative heat exchange

The dynamical

between the MFT and ambient gas. The structure of the disk is calculated with the help of our MHD model of the
accretion disks. We consider the MFT's formed at the distances 0.027-0.8 au from the star with various initial radii and
plasma betas §y. The simulations show that the MFT with weak magnetic field (89 = 10) rise slowly with speeds less
than the sound speed. The MFTs with 5y = 1 form outflowing magnetized corona of the disk. Strongly magnetized
MFTs (8p = 0.1) can cause the outflows with velocities 20-50 km s~!. The tubes rise periodically over times from
several days to several months according to our simulations. We propose that periodically rising MFEFTs can absorb
stellar radiation and contribute to the IR-variability of Young Stellar Objects.

Accepted by RAA
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