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Alignment Between Protostellar Outflows and Filamentary Structure

Ian W. Stephens!, Michael M. Dunham?!, Philip C. Myers!, Riwaj Pokhrel!3, Sarah I. Sadavoy',
Eduard I. Vorobyov*>:®, John J. Tobin”%, Jaime E. Pineda’, Stella S.R. Offner?, Katherine I. Leel,
Lars E. Kristensen'?, Jes K. Jgrgensen'!, Alyssa A. Goodman', Tyler L. Bourke!?, Héctor G. Arce'3,
Adele L. Plunkett!4
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Figure 10. Cumulative distribution function of the projected an-
gles between outflows and filaments, v, with the red step curve
showing the empirical distribution, ;. Black dashed lines show
different mixes of projected outflow-filament angles that are 3-
dimensionally parallel and perpendicular in increments of 10% (i.e.,
the top line is 100% parallel and 0% perpendicular, the next line
is 90% parallel and 10% perpendicular, and so on). Parallel angles
are defined as 3-dimensional angles drawn from a distribution be-
tween 0° and 20°, while perpendicular angles are defined as angles
drawn from a distribution between 70° and 90° (see Appendix A
for details). The blue line shows a random distribution of projected
angles, while the magenta line shows the best bimodal fit to the
data of 22% parallel and 78% perpendicular.

Multiplicity

1.0F°

Cumulative Distribution Function

Single Protostar
Multiple Protostars

0.0}

0 15 30 45 60 75
Projected angle between outflow and filament, v (deg)

90

Cumulative Distribution Function

TRk, otk BAlDN SN o7 U RTO—/T7 4 XY NEDA

=

iR 3DEVTAIINOYI 2L —Y 3 rE2DIcERE. FiT%0-
20°, FEEZ70-90°EEHEHLU T,

iR 0-90° o VAYLICFEELTWS &=,

T D3 lEmultiplicity (), JRE(F), opacity(fa)\ DK F & Z FH X
726 D, multiplicityld10,000auldRICEIDIRBENH B HE S
Mo BE Eopacitylc DWTIdE, B& D EFNT DM T BIEE
HY50K &£0.0167E - Tz,

1.0F°

0.8¢

0.6

o
>

e
[N)

0.0 &

T345 GHz

1.0F

0-20°

0.8}

0.6}

0.4r

0.2+

Tho < 50K Tag5 g, < 0.016
T > 50 K - T35 i, > 0.016

0.0}«

Cumulative Distribution Function

15 30 45 60 75 90 0 15 30 45 60 75 90
Projected angle between outflow and filament, v (deg) Projected angle between outflow and filament, v (deg)

Figure 13. CDFs of v, binning data based on multiplicity (left), bolometric temperature (middle, an indicator of age), and optical depth
(right). All CDFs use filament measurements from the FILFINDER algorithm.
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I3C isotopic fractionation of HC3;N in two starless cores: L1521B and L134N (L183)

Kotomi Taniguchi!, Hiroyuki Ozeki’ and Masao Saito!’

Table 1. Spectral line parameters of HC3N and its three '*C isotopologues in L1521B and L134N

L1521B L134N
Species Frequency?® N Av J TXdv VisrP rms® T\ Av [ TxXdv Visr rms®©
(GHz) (mK) (kms ') (Kkms™') (kms™!') (mK) (mK) (kms ') (Kkms™ ') (kms™!) (mK)
HC3N 45.49031 2456 (82) 0.73 (3)  1.89 (10) 6.3 7.9 990 (26)  0.71 (2) 0.75 (3) 2.7 3.4
H3CCCN  44.08416 68 (7) 0.67 (6)  0.049 (7) 6.3 6.5 21 (2)  0.67 (7) 0.015(2) 2.0 2.3
HCSCCON  45.20733 61 (6) 0.78 (8)  0.051 (7) 6.3 7.5 12 (2)  0.78 (17)  0.010 (3) 2.6 3.0
HCC!CN  45.30171 102 (8)  0.71 (5)  0.077 (8) 6.3 8.5 27 (4)  0.71 (9)  0.020 (4) 2.6 4.0

NoTE—Numbers in parentheses represent the standard deviation in the Gaussian fit, expressed in units of the last significant digits.

@ Taken from the Cologne Database for Molecular Spectroscopy (CDMS) (Miiller et al. 2005).
Table 2. Column densities of HC3N and its three '*>C isotopologues

b The errors are approximately 0.2 km s™', which correspond to the velocity resolution. and the 120/130 ratios in L1521B and L134N
€ The rms noises in emission-free regions.
dThe errors are 0.5 km s~2 at most due to smoothing in the velocity direction. L1521B 1L,134N
Species Column density '2C/'3C Column density '2C/'3C
(x10' cm™?) ratio (x10' cm™?) ratio
HCsN (5.5 £0.3)x100 — (8.6 £0.3)x10 —
H!'3CCCN 4.7+ 0.6 117 £ 16 1.440.2 61 +9
= R g — e N IJ-I = HC™CCN 4.74+0.7 115 + 16 0.940.2 94 + 26
o EOBV2DDEEERI Y EBHNIL4SMDAEGHZET
HCC'CN 7.2+ 0.8 76 + 6 1.9+0.3 46 £+ 9

AL, HCSND3D D BCRMAELAEDLLEZRZ FH/NTo Nor Brrors represent the standard deviation
e L1521BTIX[H13CCCN]:[HC13CCN]:[HCC'CN] = 0.98(+0.14):1.00:1.52(x0.16) T > fco
e ZHIFHCINMEICCoH2ECND RIS TR E NS Z &ZRLTWS,
e —J7. L134NTIX[HBCCCN]:[HCBCCN]:[HCC3CN] = 1.5(+0.2):1.0:2.1(x0.4) T3 - fco
CHNIFHNCECCHD RIG TR ENS Z EZRLTWS,
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Physical properties of dusty protoplanetary disks in Lupus: evidence for viscous evolu-

tion?

M. Tazzari''?3, L. Testi®34, A. Natta*®, M. Ansdell®, J. Carpenter’, G. Guidi*®, M. Hogerheijde®, C.F.
Manara®, A. Miotello®, N. van der Marel®, E.F. van Dishoeck®'°, J.P. Wllllams
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Fig. 8. Mass-averaged midplane temperature as a function of stellar
mass (left) and luminosity (right) for the disks for which we derive a
reliable disk structure. Error bars on the y-axis reflect the distribution
of models obtained from the fits. In more than half disks we find a disk
temperature smaller than 74 = 20 K used by Ansdell et al. (2016).
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Fig. 11. 890um integrated flux (normalized to a common distance of
150 pc) as a function of exponential cut-off radius, constrained by fit-
ting spatially resolved observations with angular resolution better than
0.75”. For some disks, the 890um flux was extrapolated from the mea-
sured 1.3 mm flux assuming an average spectral index @ = 3.0. Yel-
low elements are Taurus-Auriga/Ophiuchus disks from the Andrews
(2015) compilation; blue elements are Lupus disks analyzed in this pa-
per. Gray lines represent the correlations found by the Bayesian linear
regression for the Taurus-Auriga/Ophiuchus disks (dash-dotted), for the
Lupus disks (dashed), and for both the samples taken together (solid).
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Dust properties of the cometary globule Barnard 207 (LDIN 1489)
Aditya Togi'?, A.N. Witt!, Demi St.John>*
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Fig. 2. Overlay of our rectangular cut region on the core of B207 on
a SPIRE-Herschel dust emission map at 500 um. The rectangular box
towards the lower right in the image measures the background intensity.

Table 1. Measured FIR intensities of B207 and derived physical properties

(L) Class | [RIGE TH 5B207 = ZRREVAIU e,

(ETH) EE.4-11.1K. D7 BE5.6x105cm3, 7 EE5.6Msunld
R 7Rglobule & BRI T W e,

(BETH) YA KDT7ILRKIF0.54U/N> )M 50.84(1/\ RYE TER
EHICEMUTED., ISMEDKELBT A NDEFEENTEEINS,

NIR, MIR, FIRDERHIN 5 KZR45 X kHiglobule2KIC AT LTWS
< tb bb\') 7Lc_o

7 TR ENTERERTANDERICED VAR TR LIcEE
Z5NdH. ZOGFEHRDORIREEIFRATEEN > T,

Region 160um 250um 350um  500um T N(H) MM H) Taper Nape(H)
Mly/st  Mly/st  Mly/st  Mly/ss K 10®'ecm™2 M, K 10! cm™
1(south) 1.75 2.66 1.97 1.01 - - -
2 0.30 3.28 2.21 1.36 - - - Table 4. Dust characteristics
3 9.21 15.3 9.54 500 14.1 2.46 0.04 11.6 4.01
4 287 456 313 151 136  8.13 015 111 13.7 Filter ISRF 7 8 Tws  Ipoisy SBuax LX) a
5 47.8 79.5 57.6 28.9 13.0 17.3 032 10.6 29.9 U 477 0721 0.625 0.135 1.338 0.259 0.273 0.54+0.05
6 63.8 121 101 49.1 120 35.9 0.66 10.1 58.5 B 555 0.624 0.648 0.110 1.497 0.839 0.361 0.65+0.05
7 69.8 151 136 78.2 11.1 71.6 1.31 940 117 A" 6.41 0485 0.671 0.080 1.528 1.811 0.468 0.74+0.05
8(core) 117 201 170 89.4 117 69.6 1.27  10.1 107 R 6.80 0402 0.676 0.065 1425 2.361 0.511 0.77+0.03
9 115 182 135 639 129 38.5 0.70 10.6 66.0 I 6.37 0259 0.656 0.045 0911 3.272 0.625 0.84+0.03
10 585 998 740 344 130 20.6 038 111 31.2 a. The values of ISRF, DGL, and SB,,, are in units of 10~3erg/s/cm?/A/sr. The ISRF for different wavelengths are from
11 441 78.1 54.8 25.6 134 14.1 0.26 11.6 20.5 Porter & Strong (2005).
12 27.4 57.3 39.9 18.9 13.3 10.6 0.19 127 12.0 b. 7 and a are the extinction optical depth and albedo of the dust in the sky adjacent to B207 assuming Ry = 3.1. The albedo
13 20.3 41.5 27.6 13.3 13.7 7.01 0.13 133 7.50 values are from Draine (2003a).
14 13.4 32.7 21.1 10.1 13.8 520 0.09 - - C. Taps 18 the average absorption optical depth of photons after their first scattering, 7,,s = 0.5(1 — @)t
15(north)  11.7 28.2 18.2 8.48  13.8 4.35 0.08 - -

d. Ipgr sky is the diffuse galactic light adjacent to B207, derived by using aljsgrp(1 — e ")e "

Temperature, column density and mass for regions 1 and 2 were not estimated since they

are outside of the globule in the diffuse sky region.

The column density, N(H), and mass, M(H), are calculated for each region using the
AMM and AMMI dust mass opacity at 500 um from Kohler et al. (2015).

The temperature, Tpp,;, and column density, Nyp.(H), are the temperature and the
corresponding column density, respectively, estimated from the Abel inversion method.

e. S Buax 18 the peak intensity of the globule after subtracting the nearby background sky intensity.

f. The quantity (0.78xDGL+SB,,,,x)/ISRF is the ratio of the maximum intensity at the rim of the globule to the intensity of the
illuminating interstellar radiation field.

g. The albedo of the cloud, a,, evaluated from the corresponding ratio (0.78XIpgr+SB;4,)/ISRF assuming the forward scattering
asymmetry parameter, 0.6 < g < 0.9 from Fig. 6, Witt & Stephens (1974).
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Fig. 9. Core+DGL (red circles) and rim+fpg; (blue squares) intensities
of B207 as a function of wavelength. The solid and dashed lines in the
near-to-MIR and FIR are the scattering and emission spectra of dust, re-
spectively. Different line colours (black, green, red, and blue) represent
CM, CMM, CMM+AMM, and CMM+AMMI grains, respectively.
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Fig. 10. Our derived rim dust albedos (black circles) are calculated
using the ratio (0.78XIps. + SB,..)/ISRF and plotted along with the
THEMIS model values for the full size distribution of CM, CMM,
AMM, and AMMI grains. The grey circles are dust albedos estimated
assuming no reduction in DGL (using the ratio (Ipg. + SB,.4:)/ISRF).
A reduction of 13% and 7% in albedo values are seen in U and B bands,
respectively, with insignificant changes at higher wavelengths for a 22%
reduction in DGL intensity.

(FE) SEDEEFILE/BET 2L, AT FRR)EY L

(FR)OAAICEWVWT, CMM+AMMI, CMM+AMM%
XI\:Ej—_“}l/t_géﬁzL/fCo

DED. globule2RTY XA MADY > NLEZEHE
=TW5B,

CM (core mantle): iR UTWHEWSMY X M ET )L,

CMM (core mantle mantle): ? FEDIRICTFEET D K

SR, 2 H DH-rich carbon mantlez=#&2>4% X N EFT
JLo

CMM+AMM (+aggregates): 7337 DAMENC 3 B K
57, CMMR[FHEX>TFITIUTA N 2T %
T ),

CMM+AMMI (with ice): E@ZFE 7 EIRICH D KD
e CMM+AMM®D 77 )4 A NTKT Y NULDSFERL
énfC:Ei_“}l/o

(TH) FARNDTZIRKDEREEFEEZRETH., D&
EBISMDT A MCM)IEBRA TN TWS,




Constraining accretion signatures of exoplanets in the TW Hya transitional disk

Taichi Uyama'!, Takayuki Tanigawa?, Jun Hashimoto®, Motohide Tamura'3*, Yuhiko Aoyama®, Timo-
thy D.Brandt®, and Masato Ishizuka!
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Figure 1. FOV arrangement for observations. Each rectangle

represents a separate FOV. The red circle indicates the central star.

The vertical and horizontal axes

with an inner square of 0.5"" x0.5”, which allows sufficient exposure

time without saturation.

represent the angular distance

from the central star. These settings avoid the central star together
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Figure 2. Paf image of the first FOV. The image is aligned with
that in Figure 1. The black square near the upper-right vertex is

a badpixel cluster.

Figure 3. SDI-reduced image of the first FOV. The alignment is

the same as in Figure 2.
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