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o8 ?élemical and Physical Characterization of the Isolated Protostellar Source CB68: FAUST.

Muneaki Imai, Yoko Oya, Brian Svoboda, FAUST members
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23. A detailed temperature map of the archetypal protostellar shocks in L1157

S. Feng, H. B. Liu, P. Caselli, A. Burkhardt, F. Du, R. Bachiller, C. Codella, C. Ceccarelli % We present sensitive
NH3 (1,1)—(7,7) line images from the Karl G. Jansky Very Large Array toward successive shocks, which are associated with
the blueshifted outflow lobe driven by the compact protobinary system L1157. Within a projection distance of 0.1 pc, our
observations not only trace the quiescent and cold gas in the flattened envelope but also illustrate the complex physical and
chemical processes that take place where the high-velocity jet impinges on its surrounding medium. Specifically, the NHs
ortho-to-para ratio is enhanced by a factor of 2-2.5 along the jet path, where the velocity offset between the line peak and the
blueshifted wing reaches values as high as 10kms™'; it also shows a strong spatial correlation with the NH3 column density,
which is enhanced to > 10'® cm™2 toward the shock cavities. At a linear resolution of 1500 au, our refined temperature map
from the seven NHg3 lines shows a gradient from the warm B0 eastern cavity wall (> 120 K) to the cool cavity B1 and the earlier
shock B2 (< 80K), indicating shock heating.



24.

Diffusion activation energy and desorption activation energy for astrochemically relevant
species on water ice show no clear relation

Kenji Furuya, Tetsuya Hama, Yasuhiro Oba, Akira Kouchi, Naoki Watanabe, Yuri Aikawa % The activation energy
for desorption (Edes) and that for surface diffusion (Esd) of adsorbed molecules on dust grains are two of the most important
parameters for the chemistry in the interstellar medium. Although Edes is often measured by laboratory experiments, the
measurement of Esd is sparse. Due to the lack of data, astrochemical models usually assume a simple scaling relation, Esd =
fEdes, where f is a constant, irrespective of adsorbed species. Here, we experimentally measure Esd for CH4, H2S, OCS, CH30OH,
and CH3CN on water-ice surfaces using an ultra-high-vacuum transmission electron microscope (UHV-TEM). Compiling the
measured Esd values and Edes values from the literature, we find that the value of f ranges from 0.2 to 0.7, depending on the
species. Unless f (or Esd) for the majority of species is available, a natural alternative approach for astrochemical models is
running multiple simulations, varying f for each species randomly. In this approach, ranges of molecular abundances predicted
by multiple simulations, rather than abundances predicted by each simulation, are important. We here run 10,000 simulations
of astrochemical models of molecular clouds and protostellar envelopes, randomly assigning a value of f for each species. In the
former case, we identify several key species whose Esd most strongly affects the uncertainties of the model predictions; Esd for
those species should be investigated in future laboratory and quantum chemical studies. In the latter case, uncertainties in the
Esd of many species contribute to the uncertainties in the model predictions.
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Discovery of CH2CCHC4H and a rigorous detection of CH2CCHC3N in TMC-1 with
the QUIJOTE line survey

R. Fuentetaja, C. Cabezas, M. Agundez, B. Tercero, N. Marcelino, J. R. Pardo, P. de Vicente, J. Cernicharo
¥ Using the QUIJOTE line survey in the 32.0-50.4 GHz range, we report the discovery of the molecule CH2CCHC4H towards
the prestellar cold core TMC-1 in the Taurus region. We also present a rigorous detection of CH2CCHC3N, along with its

detailed analysis. We identified a total of twenty rotational transitions for each one of these molecules. The rotational quantum
numbers range from Ju=17 up to 24 and Ka<=3. The column density for CH2CCHC4H is N=(2.2+/-0.2)x 1E12 cm-2, while

for CH2CCHC3N, we derived N=(1.2+/-0.15) x 1E11 cm-2. The rotational temperature is 9.0+ /-0.5 K for both species. The
abundance ratio between CH2CCHC4H and CH2CCHCS3N is 18+ /-4. We also compared the column densities of these species
with those of their isomers CH3C6H and CH3C5N, derived from their J=20-19 up to J=30-29 rotational transitions observed
with the QUIJOTE line survey. The observed abundances for all these species are reasonably well explained by state-of-the-art
chemical models of TMC-1. The observed astronomical frequencies were merged with laboratory frequencies from the literature
to derive improved spectroscopic parameters.
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Cosmic rays probed by H, rovibrational lines: Is chemical modeling important to un-
derstand JYWET H, observations?

Brandt A. L. Gaches, Shmuel Bialy, Thomas G. Bisbas, Marco Padovani, Daniel Seifried, Stefanie Walch %
Context: It has been proposed that Hanear-infrared lines may be excited by cosmic rays and allow for a determination of the
cosmic-ray ionization rate in dense gas. One-dimensional models show that measuring both the Hagas column density and Hzline
intensity enables a constraint on the cosmic-ray ionization rate as well as the spectral slope of low-energy cosmic-ray protons
in the interstellar medium (ISM). Aims: We aim to investigate the impact of certain assumptions regarding the Hachemical
models and ISM density distributions on the emission of cosmic-ray induced Hoemission lines. This is of particular importance
for utilizing observations of these lines with the James Webb Space Telescope to constrain the cosmic-ray ionization rate. Meth-
ods: We compare the predicted emission from cosmic-ray induced, ro-vibrationally excited H2emission lines for different one-
and three-dimensional models with varying assumptions on the gas chemistry and density distribution. Results: We find that
the model predictions of the Hzline intensities for the (1-0)S(0), (1-0)Q(2), (1-0)O(2) and (1-0)O(4) transitions at 2.22, 2.41,
2.63 and 3.00 pm, respectively, are relatively independent of the astro-chemical model and the gas density distribution when
compared against the Hacolumn density, making them robust tracer of the cosmic-ray ionization rate. Conclusions: We recom-
mend the use of ro-vibrational Haline emission in combination with estimation of the cloud’s Hacolumn density, to constrain
the ionization rate and the spectrum of low energy cosmic-rays.
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Formation of Dust Rings and Gaps in Non-ideal MHD Disks Through Meridional Gas

Flows

Xiao Hu, Zhi-Yun Li, Zhaohuan Zhu, Chao-Chin Yang % Rings and gaps are commonly observed in the dust continuum
emission of young stellar disks. Previous studies have shown that substructures naturally develop in the weakly ionized gas of
magnetized, non-ideal MHD disks. The gas rings are expected to trap large mm /cm-sized grains through pressure gradient-
induced radial dust-gas drift. Using 2D (axisymmetric) MHD simulations that include ambipolar diffusion and dust grains of
three representative sizes (1 mm, 3.3 mm, and 1 cm), we show that the grains indeed tend to drift radially relative to the gas
towards the centers of the gas rings, at speeds much higher than in a smooth disk because of steeper pressure gradients. However,
their spatial distribution is primarily controlled by meridional gas motions, which are typically much faster than the dust-gas
drift. In particular, the grains that have settled near the midplane are carried rapidly inwards by a fast accretion stream to the
inner edges of the gas rings, where they are lifted up by the gas flows diverted away from the midplane by a strong poloidal
magnetic field. The flow pattern in our simulation provides an attractive explanation for the meridional flows recently inferred
in HD 163296 and other disks, including both "collapsing" regions where the gas near the disk surface converges towards the
midplane and a disk wind. Our study highlights the prevalence of the potentially observable meridional flows associated with
the gas substructure formation in non-ideal MHD disks and their crucial role in generating rings and gaps in dust.



