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=
? P=24.84H | Orbital parameters Value
. ] P, (days) 24.84 + 0.03
N ¢« o s e * o .o m; (Mo) 0.9
masini (M) 19.25 + 1.96
: K (kms™) 1.529 +0.16
' e 0.34 + 0.06
: w (deg) 94.14+ 7.67
s N P—24780 | Semi-major axis (AU) 0.162 + 0.04
L * ] Vys -10.25 £ 0.07
. e o s . e o e sz'ed 1.07
¢ | O-C(ms™) 734

Table 2. Orbital parameters for the substellar companion.
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T 7_— ) b%%—%% 20 93% a-Silp.—7% cel1000 (K = 0.28) / 73% optEC,,-27%cell1000  313.9
21 93% olmgd0-7% cel 1000 (K = 0.19) / 73% celd00-27% cell 1000 90.1
Three-layered spheres
22 10% Fe-10% vac*-80% olmg50 (K. = 0.77) / cell1000 164.3
23  10% vac-10% Fe-80% olmg50 (K = 0.18) / cell1000 68.5
24 98.99% olmg50-1% vac®-0.01% Fe (K = 0.09) / cell1000 89.5
25 90% olmgh0- 5% vac® 5% FesO4 (K = 0.91) / cell1000 6.7
26 90% olmgb0-5% vac* 5% Fe203 (K = 0.47) / cell1000 31.7
27 90% olmg50-5% vac"-5% FeO (K = 0.48) / cell1000 36.2
28  90% olmgb0-5% vac* 5% FeS (K = 0.16) / cell1000 94.3
29  90% pyrmgd0-5% vac* 5% Fez Q4 (K = 0.72) / cell1000 75.7
Two-cloud model
30 model 20 + model 25 (see Sect. 3.4) 84.9
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Figure 2. Same as Fig. | but for the models with mix-
tures of the three-layered silicate particles and homogeneous
carbonaceous particles. Three-layered particles consist of
olivine, iron and vacuum. Fe is located in the particle core
(model 22), intermediate layer (model 23) or outer layer
(model 24).
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Figure 3. Same as Fig. 2 but for three-layered particles con-
sisting of olivine (core), very porous intermediate layer and
iron oxide or sulfide (outer layer). The outer layer is from
FesQ4 (model 25), Fe; O3 (model 26), FeO (model 27) or FeS
(model 28).

FesOaDIANEICH DETIL(2D)NED

0.240 3.48 10.0 3.44 Fig. 1
0.391 299 98 3.35

0231 306 98 341 Fig
0280 529 96 068 Fig
1213 483 82 149 Fig
0696 322 98 345 Fig
0332 356 98 239 Fig
0319 351 98 221 Fig
0319 442 98 061 Fig
0781 291 91 322

b

WL W

0.468 332 99 3.41 Fig. 4

\ 1 ' L] J UL I
SN
100 = cdservations —
-l SN o Frita,+ (2011) .
- \\ n Nishivama,+ 2009) o
-t B N % Chiar, Tielens (2006) n
" N ) @ Chepman,s (2039) ]|
b
<l
.\r
i}
o
0 -
o8 -
os
0s -
0 ) —
=odels ®
02 |- foreground cloud I
- background cloud
----- total |
0.1 1 L L L Ll 1.l
1 2 3 5 10 20
Figure 4. Comparison of the normalized IR extinction

observed towards the Galactic Center (filled circles and
squares) with that predicted by the model 20 with processed
core-mantle particles in the foreground cloud and model
25 with fresh silicate 3-layered particles in the background
clond. Dashed brown line shows the total extinction pro-
duced in the foreground and background clouds as caleu-
lated from Equation (2). Crossed circles present the average
wavelength dependence of the interstellar extinction for three
molecular clouds in the local ISM (Chapman et al. 2009).
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AN ALMA AND MagAO STUDY OF THE SUBSTELLAR COMPANION GQ LUP B*
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Table 1
GQ Lup DZNETlchh>TWHEE

Table 2
gl S NCABOYIEE

Parameter

Model A

Model B

Dust Mass (Mg)
Total Mass' (Mg)
Inner Radius (AU)
Radius (AU)

Inclination (°)

PA (°)

5.9 = 1.0
77.2 = 8.4
1.5 = 0.8

23.8 = 1.6
0.084 + 0.065
0.10 = 0.22
1.26 + 0.19
56.2 + 4.8

348.8 + 4.8

5.0 = 0.8
76.8 + 8.3
1.7 = 1.1
195 = 14
0.075 + 0.039
-0.21 + 0.20
1.45 £+ 0.25
55.3 + 6.0
348.6 + 5.0

Parameter GQ Lup A GQ Lup B References
Distance (pc) ~150 ~150 1,2
Separation (") . 0.721 £ 0003 3
PA (°) . 2776 £ 04 3
Age (Myr) 2-5 2-5 1
SpT K7eV L1+1 5,6
Ay (mag) 04402 ces 7
log(L /L) 0.0 + 0.1 2474028 4,6
Tog (K) 4300 &£ 50 2400 £ 100 4.6
Radius 1.7+ 0.2 Re 3411 Ryyp 4,8
Mass 1.05 £ 0.07 M ~10-40 M;,, 4,6,9,10, 11,12
log M (Mg yr™1) 9to -7 12 to -9 3,4,13, 14, 15
log g 3.7+£0.2 4.0 % 0.5 1,6
Inclination (°) 2745 v 16
v sin(i) (km s™1) ox1 5..’5'? :: 4, 17
Rotation Period (d) 8.45 + 0.20 . 16
Al
ALMAEE},E\IJ ﬁ’%% mJy/beam
0 0.5 1 1.5 2 2.5
—— |

07/1~15 AU

Figure 1. ALMA 1.3 mm continuum map showing GQ Lup A’'s
accretion disk. We did not detect B's disk (dashed circle). The
0’054 x (/031 beam (8.1 AU x 4.7 AU at a distance of 150 pc) is
shown as a yellow oval. North is up and east is left.

I Total mass is calculated by adding our dust mass to the gas mass
of 71.3 + 8.3 Mg measured by MacGregor et al. (2017).
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Figure 10. Mass of disk versus mass of companion for two forma-
tion pathways. Figure adapted from Stamatellos & Herczeg (2015).
Turquoise arca represents the best fits to the Taurus star-forming
region in Andrews et al. (2013), without including the 0.7 dex of
standard deviation. Yellow and salmon swaths are the ®lo inter-
vals for 1 to 10 Myr objects formed by disk fragmentation. Disk
masscs for substellar companions are adopted from Kraus et al.
(2015), Bowler et al. (2015), and MacGregor et al. (2017). CQ
Lup B seems to be more consistent with the formation via prestel-
lar core collapse,



MOLECULAR OUTFLOWS: EXPLOSIVE VERSUS PROTOSTELLAR
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TABLE 1
PHYSICAL PARAMETERS OF THE EXPLOSIVE AND ProtosTeLLax OuTrLows

Nadand Dymamical  Mechanical
-5°2100 Mass Mean Velocity  Momentum Enecrgy Age Luminosity
- Name IM,] [kms '] M, kms-')  [10¥ erg) [years) L)
)
:;" —— Explosive Outflows (One single filament)
= Orion KL* z012 0 84 59 ~ 500 ~93
8 DR21* =051 40 205 82 ~10* ~65
s
) 5 = Protostellar Low-mass Outflows
X HH 2117 (blue lobe) = 00015 20 0.03 0.006 3x10’ 001
DG Tau B/ 20,0025 20 0,08 0.01 700 0.1
= Protostellar Massive Owiflows
IRAS 18162-2048-NW* 0.74 12.1 9 15 sx10° 2
IRAS 183600537 (blue lobe) 27 15 405 55 8x10° 63
P '
Righl Ascession (J2000) Noms, — The physical parameters of all these outflows have been obtained with an (sub)millimeter interferometer.

a). Parameters obtained from this wock. The dynamical age is obtained from Zapata et al. (2009). b). Parameters obtained from this work.
The dynamical age is obtained from Zapata et al, (2013a), ¢). Parameters obtained from Femdndez-Lépez et al. (2013). d). Parameters
obtained from Qiu etal. (2012). ¢). Parameters obtained from this work. The dynamical age is obtained from Palau et al. (2006). f).
Parameters obtained from Zapata et al. (2015).
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Angular Momentum in Disk Wind Revealed in the Young Star
MWC349A
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