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Wide-angle protostellar outflows driven by narrow jets in stratified cores

M. Rabenanahary, S. Cabrit, Z. Meliani, G. Pineau des Foréts % Most simulations of outflow feedback on star
formation are based on the assumption that outflows are driven by a wide angle "X-wind," rather than a narrow jet. However,
the arguments initially raised against pure jet-driven flows were based on steady ejection in a uniform medium, a notion that
is no longer supported based on recent observations. We aim to determine whether a pulsed narrow jet launched in a density-
stratified, self-gravitating core could reproduce typical molecular outflow properties, without the help of a wide-angle wind
component. We performed axisymmetric hydrodynamic simulations using the MPI-AMRVAC code with optically thin radiative
cooling on timescales up to 10000 yrs. Then we computed and compared the predicted properties with observational data.
First, the jet-driven shell expands faster and wider through a core with steeply decreasing density than through an uniform
core. Second, when blown into the same singular flattened core, a jet-driven shell has a similar width as a wide-angle wind-
driven shell in the first few hundred years, but a decelerating expansion on long timescales. The flow adopts a conical shape
and a base opening angle reaching up to 90 deg. Third, after ~ 10000 yrs, a pulsed jet-driven shell shows fitting features and
a qualitative resemblance with recent observations of protostellar outflows with the Atacama Large Millimeter Array (ALMA),
such as HH46-47 and CARMA-7. In particular, similarities are seen in the shell widths, opening angles, position-velocity
diagrams, and mass-velocity distribution, with some showing a closer resemblance than in simulations based on a wide-angle
"X-wind" model. Therefore, a realistic ambient density stratification in addition to millenia-long integration times are equally
essential to reliably predict the properties of outflows driven by a pulsed jet and to confront them with the observations.
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UX Ori Stars Eclipses by Large-Scale Disc Perturbations

S. G. Shulman, V. P. Grinin % We simulate the polarized radiative transfer in vicinities of the UX Ori type stars during their
minima. Our model of an eclipse by an extended disc perturbation generalizes the compact gas-dust cloud eclipse model. We
apply the radiative transfer method based on enumeration using the directions grid to model the influence of the perturbation
extensions along azimuth and radius on the eclipse depth and parameters of the linear polarization. We investigate eclipses
both for the flared disc and for the disc with a puffing-up in the dust sublimation zone. The puffing-up is obtained by adding
a disc wind to the model. Comparison with a compact cloud eclipse model reveals that the eclipse by a large-scale azimuthally
extended perturbation may be significantly deeper and show a greater linear polarization degree. We also demonstrate that
the perturbation extension together with the disc puffing-up can strongly affect the degree of polarization and colour index of
the star during the eclipse. The position angle of the linear polarization may also change markedly during and after an eclipse
by a large scale perturbation for the model with a puffed-up inner rim. Also, in this model, the maximum degree of the linear
polarization can be achieved not at the brightness minimum but closer to the end of the eclipse. We discuss the modelling
results in the context of the photopolarimetric observations of UX Ori stars.
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On the accuracy of HI observations in molecular clouds — More cold HI than thought?
D. Seifried, H. Beuther, S. Walch, J. Syed, J. D. Soler, P. Girichidis, R. Wunsch % We present a study of the cold
atomic hydrogen (HI) content of molecular clouds simulated within the SILCC-Zoom project. We produce synthetic observations
of HI at 21 cm including HI self-absorption (HISA) and observational effects. We find that HI column densities, Ny, of =102
cm ™2 are frequently reached in molecular clouds with HI temperatures as low as ~10 K. Hence, HISA observations assuming
a fixed HI temperature tend to underestimate the amount of cold HI in molecular clouds by a factor of 3 - 10 and produce
an artificial upper limit of Nur around 10! em™2. We thus argue that the cold HI mass in clouds could be a factor of a
few higher than previously estimated. Also Nur-PDFs obtained from HISA observations might be subject to observational
biases and should be considered with caution. The underestimation of cold HI in HISA observations is due to both the large
HI temperature variations and the effect of noise in regions of high optical depth. We find optical depths of cold HI around
1 - 10 making optical depth corrections essential. We show that the high HI column densities (2>10?2 cm~?2) can in parts
be attributed to the occurrence of up to 10 individual HI-H, transitions along the line of sight. This is also reflected in the
spectra, necessitating Gaussian decomposition algorithms for their analysis. However, also for a single HI-Hs transition, Ny
frequently exceeds 10?! em ™2, challenging 1D, semi-analytical models. This is due to non-equilibrium chemistry effects and
the fact that HI-H2 transition regions usually do not possess a 1-dimensional geometry. Finally, we show that the HI gas is
moderately supersonic with Mach numbers of a few. The corresponding non-thermal velocity dispersion can be determined via
HISA observations within a factor of ~2.
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Gas and Dust Shadows in the TW Hydrae Disk

Richard Teague, Jachan Bae, Myriam Benisty, Sean M. Andrews, Stefano Facchini, Jane Huang, David Wilner
# We present new observations of CO J=2-1 emission from the protoplanetary disk around TW Hya. Emission is detected
out to 240 au (4") and found to exhibit azimuthal variations up to 20% beyond 180 au (3"), with the west side of the disk
brighter than the east. This asymmetry is interpreted as tracing the shadow previously seen in scattered light. A reanalysis of
the multi-epoch observations of the dust shadow in scattered light from Debes et al. (2017) suggests that an oscillatory motion
would provide a better model of the temporal evolution of the dust shadow rather than orbital motion. Both models predict
an angular offset between the dust shadow and the gas shadow of up to 100 deg. We attribute this offset to the finite rate
at which dust grains and gas molecules can exchange heat, dominated by the collisional rate between gas molecules and dust
grains, t.o1. The angular offsets derived are equivalent to collisional timescales that range from the near instantaneous up to
teon 10 years, depending on whether a straight or a curved dust shadow, as suggested by HST observations reported by Debes
et al. (2017), is adopted. The inferred range of t.on are consistent with those predictions based on representative gas densities,

temperatures, gas-to-dust ratios and grain sizes. These results represent the first time empirical constraints can be placed on
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Vibrationally-excited Lines of HC3NN Associated with the Molecular Disk around the
(G24.78+0.08 A1 Hyper-compact Hj; Region

Kotomi Taniguchi, Kei E. I. Tanaka, Yichen Zhang, Rubén Fedriani, Jonathan C. Tan, Shigehisa Takakuwa,
Fumitaka Nakamura, Masao Saito, Liton Majumdar, Eric Herbst % We have analyzed Atacama Large Millime-
ter /submillimeter Array Band 6 data of the hyper-compact Hi1 region G24.78+0.08 A1 (G24 HC Hi1) and report the detection
of vibrationally-excited lines of HC3N (vy = 2, J = 24 — 23). The spatial distribution and kinematics of a vibrationally-excited
line of HC3N (v7 = 2, J = 24 — 23, | = 2e) are found to be similar to the CH3CN vibrationally-excited line (vg = 1), which
indicates that the HC3sN emission is tracing the disk around the G24 HC Hj; region previously identified by the CH3CN lines.
We derive the "*CH3CN/HC'"3*CCN abundance ratios around G24 and compare them to the CH3CN/HC3N abundance ratios
in disks around Herbig Ae and T Tauri stars. The *CH3CN/HC!?CCN ratios around G24 (~ 3.0 — 3.5) are higher than the
CH3CN/HC3N ratios in the other disks (~ 0.03 —0.11) by more than one order of magnitude. The higher CH3CN/HC3N ratios
around G24 suggest that the thermal desorption of CH3CN in the hot dense gas and efficient destruction of HC3N in the region
irradiated by the strong UV radiation are occurring. Our results indicate that the vibrationally-excited HC3N lines can be
used as a disk tracer of massive protostars at the HC Hir region stage, and the combination of these nitrile species will provide
information of not only chemistry but also physical conditions of the disk structures.
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Massive compact dust disk with a gap around CW Tau revealed by ALMA multi-band
observations

Takahiro Ueda, Akimasa Kataoka, Takashi Tsukagoshi % Compact protoplanetary disks with a radius of < 50 au are
common around young low-mass stars. We report high resolution ALMA dust continuum observations toward a compact disk
around CW Tau at Band 4 (A = 2.2 mm), 6 (1.3 mm), 7 (0.89 mm) and 8 (0.75 mm). The SED shows the spectral slope of
2.04+0.24 between 0.75 and 1.3 mm, while it is 3.740.29 between 2.17 and 3.56 mm. The steep slope between 2.17 and 3.56 mm
is consistent with that of optically thin emission from small grains (< 350 pm). We perform parametric fitting of the ALMA
data to characterize the dust disk. Interestingly, if the dust-to-gas mass ratio is 0.01, the Toomre’s () parameter reaches ~ 1-3,
suggesting that the CW Tau disk might be marginally gravitationally unstable. The total dust mass is estimated as ~ 250Mg
for the maximum dust size of 140 pm that is inferred from the previous Band 7 polarimetric observation and at least 80Mg,
even for larger grain sizes. This result shows that the CW Tau disk is quite massive in spite of its smallness. Furthermore,
we clearly identify a gap structure located at ~ 20 au, which might be induced by a giant planet. In spite of these interesting
characteristics, the CW Tau disk has normal disk luminosity, size and spectral index at ALMA Band 6, which could be a clue
to the mass budget problem in Class II disks.
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