Imaging the water snowline in a protostellar envelope with H'3CO**
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Table 1. Overview of the molecular line observations toward IRAS2A.

Transition Frequency E,,/k  Beam Avt

£ 4 : NOrthern Extended Millimeter Array (NOEMA) @ ~0.9” 2 #%EE
H]3CO+ J:3_2 @ 260255 GHZ H3CO*J=3-2 2(6C(})I;ZS)5 (ZKS) 0.93(;2).68 (kg.l()s;)

H;SO 313 =220 203.408 204 0.87x0.72  0.115
DCO*J=2-1 144.068 10 2.1x1.7 4.06

H2CO* (m)y beam~! km s~1)
Notes. @ Velocity resolution.
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Fig. 2. Integrated intensity map for the H*CO* J = 3 — 2 transition
(color scale) toward IRAS2A, with the 1.2 mm continuum overlaid in
white contours (fop panel) and the H}*O 3,3 — 2, transition in blue
contours (middle panel). The continuum contours are 1.8 (107) X [3, 10,
25,50, 75] mJy beam™, and the H*O contours are 9.8 (10) x [3, 8, 15,
25, 35] mJy beam™' km s~!. The beams are depicted in the lower left
corners. The position of the continuum peak is marked by a black cross
(the close binary is unresolved in these data) and the outflow axes by
red and blue arrows. The integrated intensities along the dashed white
line are shown in the bottom panel, normalized to their maximum value.
The zero flux level and source position are marked by dotted lines.
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Fig. 5. Different H3CO™ abundance profiles (left panels) and the result- 'ft ? :E' 7__“) [/ 0) % E/E\IJ t _Eﬁ

ing simulated integrated emission along the northeastern part of the ra-

dial cut shown in Fig. 2 (right panels). The observed emission is shown — . N

in purple. The location of the abundance jumps (in Kelvin and AU) is (7J< z / — 7 /]/ \/ 75\2 2 5AU 1TJ- ]ﬁ' ( ‘\\

indicated in the top right corners. Bottom panel: Temperature (gray) and

density (blue) profiles for the IRAS2A envelope from Kristensen et al. o - -~

(2012) used in the top two models. The location of the H,O and CO '—'7|j_ H 1 3CO+O) a bu nda nce t _ 7 ci 36OAU 73\ b é b LL— ] 3 5AU ﬂ{EU)
snowlines (at 100 K and 20 K, resp.) are marked by the dotted red and N
blue lines, respectively. The temperature profile increased by a factor

of 2.2, used in the bottom two models, is shown in black. The resulting J{ R 4/ S Li L'—‘ 7’3\ n

H,O snowline is indicated by the dashed red line while the CO snowline 7 Z / 7 / 2 2 5A U (& E % (o]
now falls outside the adopted radial range. For IRAS2A, 1” corresponds

to ~250 AU.
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The Near-Infrared Outflow and Cavity of the proto-Brown Dwarf

Candidate ISO-Oph 200*
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Fig. 2. Continuum subtracted spectro-images of the ISO-Oph
200 outflow in the H, 1-0 S(1) and [Fe II] 1.257 um lines.
Velocities have been corrected for the systemic velocity of the
source. Top panels: Here the emission in a mainly blue-shifted
velocity range is shown to highlight the blue-shifted jet emission
only. Black contours begin at 30~ and increase in multiples of 1.5.
lo=4.5x 107" erg cm™2 s~! um™". The blue contours show the
continuum emission and they correspond to 50%, 75% and 95%
of the peak flux of the continuum. The black stars marks the po-
sition of the emission peaks and the emission PA is delineated
by the dashed line). Bottom panels: Here the emission in the
velocity ranges -80 km s~ to 128 km s™! (H,) and -96 km s to
114 km s~! ([Fe IT]) is shown. This range was chosen to show si-
multaneously the extended blue and red-shifted low velocity H
emission which it is argued traces the cavity. The chosen range
also shows that there is no red-shifted counterpart to the blue-
shifted jet emission and that the cavity emission is not seen in
[Fell]. Contours start at 30~ and increase in multiples of 1.5. 1o
=5x 107" ergcm™2 s~! um™'. The continuum emission is plot-
ted in the same way as for the top panels.
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Outflow Vs Offset  PA
Feature (kms™') (") Q)

H, Jet -35+2 0’7 230
FellJet -51+5 0’5 215
Fl 4+3 470 67
F2 10£3 276 80
F3 -14+5 574 248

Table 1. Outflow emission features and corresponding proper-
ties. Offsets are with respect to the source position and along the
given PA. PAs are measured E of N. It is argued that F1, F2 and
F3 form part of a cavity around the jet.
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Source®i@EX=: Av=18 mag+- 1 mag
OutflowDiFX¥E : Av =9 mag +- 0.4 mag

H2 outflowD:EE : 1422 K +- 255 K
[Fe l|OBEFEZE : ~10000 cm3

mass outflow rate :
For H2, M= 3.8 x 10710 Msun/yr
For Fe”, M = ]O X 10_8 MSUn/yr

PaB &Bry #®Luminosity.

EDEB= (0.06-0.1 Msun)

FZE (09-05Raun) ZHWT :
Macec ~ (3-10) x 108 Msun/yr

with color-color diagram (Davis+11)
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Fig. 3. Colour map of the full H, 1-0 S(1) emission. The colours
are shown to highlight the difference intensity between the H;
jet emission along a PA of 230° (dashed line) and the extended
emission which likely delineates a cavity. A cavity with open-
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Gravity drives the evolution of infrared dark hubs:
JVLA observations of SDC13

G. M. Williams!, N. Peretto!, A. Avison?3, A. Duarte-Cabral!, and G. A. Fuller?
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Fig. 5. Left: Spitzer 8 flux density i its of MJy/sr, laid with IRAM 30m MAMBO 1.2 d ti t i
stlegps of SemJy/pbleif;, fﬁlorrr;l 31111?1 yg::s;n}; tlcr)l ;Srltiliy(;beam}f gro(;:g; ?llenc‘;fls the position;nof identified l.gnnrlnm Itl/lsxili/?]r;(l;l lcl(l)lﬁp(:zrtl s(:)]'llrrscstz <= Pe rett0+ -I 4 0) j] "?‘I‘ E/\J 9 /r -[A Z 7— _) l/
(white for starless and blue for protostellar, Peretto et al. 2014) and two 1.3mm SMA continuum sources (in black crosses, McGuire
et al. 2016). Middle: H, column density map in units of 10?2 cm~2, derived from the NHj integrated intensity. Overlaid contours are t cons | S-t e n-t

placed in 1 x10?% cm™2 steps, from 2 x10?2 cm™2 to 12 x10?? cm™2. Right: Plot showing the extracted cores (black crosses, numbered
according to Table 2) and filaments (labelled coloured lines). The extraction of these structures are discussed in Section 4. Extra
cores at the outskirts of the North-East and South-East arms are in the more diffuse regions of the cloud where the spines did not
extend through. Spine colours match those in subsequent figures.
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Fig. 8. Profiles along the spines, where each column denotes a different filament (North-West in red, North-East in blue, North in
green and South-East in grey). The origin of each spine was centred at the hub region. The first row plots the column density of H,
calculated from the fitted NH3 integrated intensity. The second row plots the FWHM velocity width, while the third row plots the
absolute centroid line-of-sight velocity (offset from the cloud systemic velocity of 37 km s!), both also from the hyperfine structure
fitting. The fourth row plots the absolute velocity gradient evaluated over the mean core size of ~0.1 pc. The fifth row plots the
rotational temperature derived from the NH3 emission (see Appendix B.2) which has a standard deviation of 1.8 K. The drops of
temperature below 8 K are artificial and due to missing NH3(2,2) detections at these particular locations. The vertical shaded regions
in each panel correspond to the peak N(H,) positions of the cores along the spine, and are ~0.1 pc wide.
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Fig. 19. Observed virial ratio plotted against the energy conver-
sion efficiency of gravitational energy into kinetic energy for the
combined JVLA/GBT data (in blue), and the JVLA-only data
(in orange). Only starless along the filaments are plotted, as pro-
tostellar or hub centre cores are subject to extra energy source
that will effect the estimate of €. Errors were propagated using a
Monte Carlo error propagation method.
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Fig. 20. Map of gravitational acceleration in SDC13 in units of
1x 1072 kms~2. Mass was calculated from the H, column den-
sity map in the middle panel of Figure 5. Contours are of the Hy
column density in Figure 5, plotted in 1 x10?2 cm~2 steps, from
2x10%2 em™ to 1210 cm™2.



