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ALMA Detection of Bipolar Outflows: Evidence
for Low Mass Star Formation within 1 pc of Sgr A*

F. Yusef-Zadeh1, M. Wardle2, D. Kunneriath3, M. Royster, A. Wootten3, D.A. Robertsd
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Table 2

Physical Parameters of Molecular Outflows with Entries Giving the Source Name, the Mass and Hydrogen Number Density of Individual Lobes, the Total Mass of the

Lobes, the Jet Length, and the Outflow Force

Source Red Lobe Blue Lobe Total

Mass nyg Mass nyg Mass Jet Length Force

X (sin i) X (cos? i/ sin i)

M, cm’ M, cm ™’ M 10" cm L /c
BP1 0.19 2.6e+05 0.12 2.1e+05 0.32 0.87 5.7e402
BP2 1.0 9.8e+05 0.41 1.0e+4-06 1.4 0.77 1.1e4+04
BP3 0.007 2.5e404 0.0093 5.3e4+04 0.016 0.44 1.4e+01
BP4 0.049 1.7e+05 0.10
BP5 0.057 2.2e4+05 0.10 3.4e+05 0.16 0.25 4.1e+03
BP6 2.2 8.9e+05 1.1 6.1e+05 33 0.60 5.4e+04
BP7 0.020 2.6e+04 1.1
BP8y , 0.0056 2.8e+04 0.0046 2.6e+04 0.01 0.48 1.4e404
BP9 0.14 1.8e+05 0.46 9.9e¢+4-05 0.60 2.0 4.8e+02
BP10 0.15 7.7e+05 0.15 7.6e+05 0.31 0.26 4.1e+03
BP11 0.039 1.4e405 0.04 1.7e+05 0.079 0.23 1.3e+02
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GMC Collisions as Triggers of Star
Formation. VI. Collision-Induced Turbulence

Benjamin Wu, Jonathan C. Tan, Fumitaka Nakamura, Duncan Christie, Qi Li
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HST Scattered Light Imaging ana

Modeling of the Edge-on
Protoplanetary Disk ESO-Ha 569

Schuyler G. Wolff, Marshall D. Perrin, Karl Stapelfeldt, Gaspard Duchene, Francois
Menard,Deborah Padgett, Christophe Pinte, Laurent Pueyo, William J. Fischer
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Figure 1. HST images of the protoplanetary disk ESO-
Hab69. Top: F814W. Bottom: F606W. Both images show
the dark dust lane and asymmetries between the top and
bottom of the disk, while only F606W establishes the pres-
ence of an outflow jet. The 100 au scale bar corresponds to
an angular scale of 0.625".
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Figure 3. An image of the jet created by subtracting

the F814W image from the F606W image. Contours are
drawn from 0.01 to 0.19 mJy/arcsec’ in intervals of 0.03

mJy /arcsec’. The 100 au scale bar corresponds to an angu-
lar scale of 0.625".
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Figure 4. Spectral energy distribution for ESO-Ha 569 with
upper limits indicated by triangles. The SED exhibits the
double peaked structure typical of an optically thick, edge-
on disk. The values were compiled from the literature with
more information given in Table 1. The stellar spectrum for
an M2.5 star with T,y = 3500 K is overplotted.



Table 3. MCMC Best fit Paramters

Parameters Best-fit Values
Inclination (°) 83.07%%
Scale Height (au) 16.215°¢
Dust Mass (Mg)  0.0005710 00054
Surface Density « —1.7779%%
Flaring 1.1970 08

NOTE—Best fit values for the covari-
ance likelihood estimation mode of the

MCMC.
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Figure 13. We show the evolution of the shape of the image and SED for different dust masses. Our best fit model is shown
in blue. The other models use the same parameter values except for the mass, which is some fraction of the best fit dust mass
as indicated in the legend. For a fixed inclination, decreasing the dust mass moves photons from the thermal peak in the SED
to the scattered light peak. Decreasing the mass by a factor of 10 generates a flat SED without the double peaked structure.
Likewise, if the dust mass is one tenth the best fit value, the double nebula shape begins to disappear in the scattered light

image, and is not seen at all in the 1.9 x 10™° Mg model.
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