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24. Stellar Rotation of T Tauri stars in the Orion Star-Forming Complex

Javier Serna, Jesus Herndndez, Marina Kounkel, Ezequiel Manzo-Martinez, Alexandre Roman-Lopes,
Carlos G. Roman-Zuniga, Maria Gracia Batista, Giovanni Pinzon, Nuria Calvet, Cesar Briceno,
Mauricio Tapia, Genaro Suarez, Karla Pefia Ramirez, Keivan G. Stassun, Kevin Covey, Jaime Vargas-
Gonzalez, José€ Gregorio Fernandez-Trincado

We present a large-scale study of stellar rotation for T Tauri stars in the Orion Star-Forming Complex.
We use the projected rotational velocity (v sin(i)) estimations reported by the APOGEE-2 collaboration
as well as individual masses and ages derived from the position of the stars in the HR diagram,
considering Gaia-EDR3 parallaxes and photometry plus diverse evolutionary models. We find an
empirical trend for v sin(i1) decreasing with age for low-mass stars (0.4Mo < Mx < 1.2M©®). Our

results support the existence of a mechanism linking vsin(i) to the presence of accreting protoplanetary
disks, responsible for regulating stellar rotation in timescales of about 6 Myr, which 1s the timescale 1n
which most of the T Tauri stars lose their inner disk. Our results provide important constraints to
models of rotation in the early phases of evolution of young stars and their disks.
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27. Probing the chemical complexity of amines in the ISM: detection of vinylamine

(C2H3NH2) and tentative detection of ethylamine (C2H5NH2)

Shaoshan Zeng, Izaskun Jiménez-Serra, Victor M. Rivilla, Jesus Martin-Pintado, Lucas F. Rodriguez-
Almeida, Belén Tercero, Pablo de Vicente, Fernando Rico-Villas, Laura Colzi, Sergio Martin, Miguel
A. Requena-Torres

Amines, in particular primary amines (R-NH?2) are closely related to the primordial synthesis of amino
acids since they share the same structural backbone. However, only limited number of amines has been
identified in the ISM which prevents us from studying their chemistry as well as their relation to pre-
biotic species that could lead to the emergence of life. In this letter, we report the first interstellar
detection of vinylamine (C2H3NH?2) and tentative detection of ethylamine (C2H5NH?2) towards the

Galactic Centre cloud G+0.693-0.027. The derived abundance with respect to H2 1s (3.3+0 4)x10—-10

and (1.9+0.5)x10—10, respectively. The inferred abundance ratios of C2H3NH2 and C2H5NH?2 with
respect to methylamine (CH3NH2) are ~0.02 and ~0.008 respectively. The derived abundance of
C2H3NH2, C2H5NH?2 and several other NH2-bearing species are compared to those obtained towards

high-mass and low-mass star-forming regions. Based on recent chemical and laboratory studies,
possible chemical routes for the interstellar synthesis of C2H3NH?2 and C2H5NH?2 are discussed.
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25. A Revised Description of the Cosmic Ray-Induced Desorption of Interstellar Ices

O. Sipild, K. Silsbee, P. Caselli

Non-thermal desorption of ices on interstellar grains is required to explain observations of molecules
that are not synthesized efficiently in the gas phase in cold dense clouds. Perhaps the most important
non-thermal desorption mechanism is one induced by cosmic rays (CRs), which, when passing through
a grain, heat it transiently to a high temperature - the grain cools back to its original equilibrium
temperature via the (partial) sublimation of the ice. Current cosmic-ray-induced desorption (CRD)
models assume a fixed grain cooling time. In this work we present a revised description of CRD in
which the desorption efficiency depends dynamically on the ice content. We apply the revised
desorption scheme to two-phase and three-phase chemical models i1n physical conditions
corresponding to starless and prestellar cores, and to molecular cloud envelopes. We find that inside
starless and prestellar cores, introducing dynamic CRD can decrease gas-phase abundances by up to an
order of magnitude in two-phase chemical models. In three-phase chemical models our model
produces very similar results to the static cooling scheme - when only one monolayer of ice is
considered active. Ice abundances are generally insensitive to variations in the grain cooling time.
Further improved CRD models need to take into account additional effects in the transient heating of
the grains, introduced for example by the adoption of a spectrum of CR energies.
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26. VLA Observations of 9 Extended Green Objects in the Milky Way: Ubiquitous
Weak, Compact Continuum Emission, and Multi-Epoch Emission from CH3OH,

H20, and NH3 Masers
A.P. M. Towner, C. L. Brogan, T. R. Hunter, C. J. Cyganowski

We have observed a sample of 9 Extended Green Objects (EGOs) at 1.3 and 5 cm with the VLA with
sub-arcsecond resolution and 7-14 ulJy/beam sensitivities in order to characterize centimeter continuum
emission as it first appears in these massive protoclusters. We find EGO-associated continuum
emission - within 1 arcsec of the extended 4.5 um emission - in every field, which is typically faint

(order 101-102 uJy) and compact (unresolved at 0.3-0.5 arcsec). The derived spectral indices of our 36
total detections are consistent with a wide array of physical processes, including both non-thermal
(19% of detections) and thermal free-free processes (e.g. ionized jets and compact HII regions, 78% of
sample), and warm dust (1 source). We also find EGO-associated 6.7 GHz CH30H and 22 GHz H20
maser emission in 100% of the sample, and NH3 (3,3) masers in 45%; we do not detect any NH3 (6,6)
masers at 5.6 mJy/beam sensitivity. We find statistically-significant correlations between radio-distance
and bolometric luminosities at two physical scales and three frequencies, consistent with thermal
emission from 1onized jets, but no correlation between water-maser and radio-distance luminosities for
our sample. From these data, we conclude that EGOs likely host multiple different centimeter
continuum-producing processes simultaneously. Additionally, at our 1000 au resolution, we find that
all EGOs except G18.89-0.47 contain 1 to 2 massive sources based on the presence of methanol maser
groups, which 1s consistent with our previous work suggesting that these are typical massive
protoclusters in which only one to a few of the YSOs are massive.
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28. On the Three-Dimensional Structure of Local Molecular Clouds

Catherine Zucker, Alyssa Goodman, Joao Alves, Shmuel Bialy, Eric W. Koch, Joshua S. Speagle,
Michael M. Foley, Douglas Finkbeiner, Reimar Leike, Torsten EnBlin, Joshua E. G. Peek, Gordian
Edenhofer

We leverage the 1 pc spatial resolution of the Leike et al. 2020 3D dust map to characterize the three-
dimensional structure of nearby molecular clouds (d <~ 400 pc). We start by "skeletonizing" the clouds
in 3D volume density space to determine their "spines," which we project on the sky to constrain cloud
distances with = 1% uncertainty. For each cloud, we determine an average radial volume density
profile around its 3D spine and fit the profiles using Gaussian and Plummer functions. The radial
volume density profiles are well-described by a two-component Gaussian function, consistent with
clouds having broad, lower-density outer envelopes and narrow, higher-density inner layers. The ratio
of the outer to inner envelope widths 1s = 3 : 1. We hypothesize that these two components may be
tracing a transition between atomic and diffuse molecular gas or between the unstable and cold neutral
medium. Plummer-like models can also provide a good fit, with molecular clouds exhibiting shallow

power-law wings with density, n, falling off like n—2 at large radii. Using Bayesian model selection,
we find that parameterizing the clouds’ profiles using a single Gaussian 1s distfavored. We compare our
results with 2D dust extinction maps, finding that the 3D dust recovers the total cloud mass from
integrated approaches with fidelity, deviating only at higher levels of extinction (AV <~ 2—-3 mag). The
3D cloud structure described here will enable comparisons with synthetic clouds generated in
simulations, offering unprecedented insight into the origins and fates of molecular clouds in the
interstellar medium.



