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Discovery of a coherent, wave-like velocity pattern for the Radcliffe Wave

Guang-Xing Li, Bing-Qi
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Gamma-ray observation towards the young massive star cluster NGC 6618 in the M17
region

Bing Liu, Rui-zhi Yang, Zhiwei Chen % Young massive clusters have been established as a new population of gamma-ray
sources and potential cosmic ray (CR) accelerators. In this paper, we report the detection of gamma-ray emissions near the
yvoung star cluster NGC 6618, which is one of the youngest star clusters in our Galaxy. The detected gamma-ray emissions can
be divided into two components. One component is point-like and reveals harder spectrum, while the other is extended and
with softer spectrum. Such spectral features are significantly different from other young massive clusters and may be due to
the propagation effects of CRs accelerated in NGC 6618.
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CO Line Emission Surfaces and Vertical Structure in Mid-Inclination Protoplanetary
Disks

Charles J. Law, Sage Crystian, Richard Teague, Karin I. Oberg, Evan A. Rich, Sean M. Andrews, Jachan Bae,
Kevin Flaherty, Viviana V. Guzman, Jane Huang, John D. Ilee, Joel H. Kastner, Ryan A. Loomis, Feng Long,
Laura M. Pérez, Sebastian Pérez, Chunhua Qi, Giovanni P. Rosotti, Dary Ruiz-Rodriguez, Takashi Tsukagoshi,
David J. Wilner # High spatial resolution CO observations of mid-inclination (30-75 degrees) protoplanetary disks offer an
opportunity to study the vertical distribution of CO emission and temperature. The asymmetry of line emission relative to the
disk major axis allows for a direct mapping of the emission height above the midplane, and for optically-thick, spatially-resolved
emission in LTE, the intensity is a measure of the local gas temperature. Our analysis of ALMA archival data yields CO
emission surfaces, dynamically-constrained stellar host masses, and disk atmosphere gas temperatures for the disks around:
HD 142666, MY Lup, V4046 Sgr, HD 100546, GW Lup, WaOph 6, DoAr 25, Sz 91, CI Tau, and DM Tau. These sources
span a wide range in stellar masses (0.50-2.10 M}, ages (~*'0.3-23 Myr), and CO gas radial emission extents (/=200-1000 au).
This sample nearly triples the number of disks with mapped emission surfaces and confirms the wide diversity in line emitting
heights (z/r =~ 0.1 to 20.5) hinted at in previous studies. We compute radial and vertical CO gas temperature distributions for
each disk. A few disks show local temperature dips or enhancements, some of which correspond to dust substructures or the
proposed locations of embedded planets. Several emission surfaces also show vertical substructures, which all align with rings
and gaps in the millimeter dust. Combining our sample with literature sources, we find that CO line emitting heights weakly
decline with stellar mass and gas temperature, which, despite large scatter, is consistent with simple scaling relations. We also
observe a correlation between CO emission height and disk size, which is due to the flared structure of disks. Overall, CO
emission surfaces trace ~2-5x gas pressure scale heights (H,) and could potentially be calibrated as empirical tracers of H,.
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Density Exponent Analysis: Gravity-driven steepening of the density profiles of star-
forming regions

Guang-Xing Li, Ji-Xuan Zhou # The evolution of molecular interstellar clouds is a complex, multi-scale process. The power-
law density exponent describes the steepness of density profiles, and it has been used to characterize the density structures of
the clouds yet its usage is usually limited to spherically symmetric systems. Importing the Level-Set Method, we develop a new
formalism that generates robust maps of a generalized density exponent k, at every location for complex density distributions.
By applying it to high fidelity, high dynamical range map of the Perseus molecular cloud constructed using data from the Herschel
and Planck satellites, we find that the density exponent exhibits a surprisingly wide range of variation (=3.5 < k, < —0.5).
Regions at later stages of gravitational collapse are associated with steeper density profiles. Inside a region, gas located in
the vicinities of dense structures has very steep density profiles with k, &~ —3, which forms because of depletion. This density
exponent analysis reveals diverse density structures, forming a coherent picture that gravitational collapse leads to a continued
steepening of the density profile. We expect our method to be effective in studying other power-law-like density structures,
including granular materials and the Large-Scale Structure of the Universe.
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Polarimetric investigation of selected cloud compositions in exoplanetary atmospheres
Moritz Lietzow, Sebastian Wolf & We investigated the impact of selected cloud condensates in exoplanetary atmospheres
on the polarization of scattered stellar radiation. We considered a selection of 25 cloud condensates that are expected to be
present in extrasolar planetary atmospheres. Using the three-dimensional Monte Carlo radiative transfer code POLARIS and
assuming Mie scattering theory, we calculated and studied the net polarization of scattered radiation as a function of planetary
phase angle at optical to near-infrared wavelengths. In addition to the well-known characteristics in the state of polarization,
such as the rainbow determined by the real part of the refractive index, the behavior of the underlying imaginary part of
the refractive index causes an increase or decrease in the degree of polarization and a change of sign in the polarization at a
characteristic wavelength. In contrast to Al,O45 and MgFeSiO,, clouds composed of SiO, MnS, NasS, or ZnS produce a rapidly
decreasing degree of polarization with increasing wavelength in the context of an exoplanetary atmosphere. Furthermore, the
sign of the polarization changes at a wavelength of about 0.5 pm to 0.6 pm, depending on the specific cloud condensate. The
resulting net polarization is mainly positive for cloud compositions with large imaginary parts of the refractive index, such as
Fe, FeS, and FeO. In addition, for Fe and FeS clouds, the maximum degree of polarization at long wavelengths is shifted to
larger phase angles than for FeO. We found that most of these cloud condensates are distinguishable from each other due to
their unique wavelength-dependent complex refractive index. In particular, an increase or decrease of the net polarization as a
function of wavelength and a change of sign in the polarization at specific wavelengths are important features for characterizing
cloud compositions in exoplanetary atmospheres.



Trends in Silicates in the 5 Pictoris Disk

Cicero X. Lu, Christine H. Chen, B. A. Sargent, Dan M. Watson, Carey M. Lisse, Joel D. Green, Michael
L. Sitko, Tushar Mittal, V. Lebouteiller, G. C. Sloan, Isabel Rebollido, Dean C. Hines, Julien H. Girard,
Michael W. Werner, Karl R. Stapelfeldt, Winston Wu, Kadin Worthen % While beta Pic is known to host silicates
in ring-like structures, whether the properties of these silicate dust vary with stellocentric distance remains an open question.
We re-analyze the beta Pictoris debris disk spectrum from the Spitzer Infrared Spectrograph (IRS) and a new IRTF/SpeX
spectrum to investigate trends in Fe/Mg ratio, shape, and crystallinity in grains as a function of wavelength, a proxy for
stellocentric distance. By analyzing a re-calibrated and re-extracted spectrum, we identify a new 18 micron forsterite emission
feature and recover a 23 micron forsterite emission feature with a substantially larger line-to-continuum ratio than previously
reported. We find that these prominent spectral features are primarily produced by small submicron-sized grains, which
are continuously generated and replenished from planetesimal collisions in the disk and can elucidate their parent bodies’
composition. We discover three trends about these small grains: as stellocentric distance increases, (1) small silicate grains
become more crystalline (less amorphous), (2) they become more irregular in shape, and (3) for crystalline silicate grains, the
Fe/Mg ratio decreases. Applying these trends to beta Pic’s planetary architecture, we find that the dust population exterior to
the orbits of beta Pic b and c¢ differs substantially in crystallinity and shape. We also find a tentative 3-5 micron dust excess due
to spatially unresolved hot dust emission close to the star. From our findings, we infer that the surfaces of large planetesimals
are more Fe-rich and collisionally-processed closer to the star but more Fe-poor and primordial farther from the star.
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Multi-line observations of CH;OH, c-C;H, and HNCO towards L1544: Dissecting the
core structure with chemical differentiation

Yuxin Lin, Silvia Spezzano, Olli Sipila, Anton Vasyunin, Paola Caselli % Pre-stellar cores are the basic unit for the
formation of stars and stellar systems. The anatomy of the physical and chemical structures of pre-stellar cores is critical for
understanding the star formation process. L1544 is a prototypical pre-stellar core, which shows significant chemical differenti-
ation surrounding the dust peak. We aim to constrain the physical conditions at the different molecular emission peaks. This
study allows us to compare the abundance profiles predicted from chemical models together with the classical density structure
of Bonnor-Ebert (BE) sphere. We conducted multi-transition pointed observations of CH3OH, ¢-C3Hs and HNCO with the
IRAM 30m telescope, towards the dust peak and the respective molecular peaks of L1544. With non-LTE radiative transfer
calculations and a 1-dimensional model, we revisit the physical structure of L1544, and benchmark with the abundance profiles
from current chemical models. We find that the HNCO, ¢-C3H,; and CH30H lines in L1544 are tracing progressively higher
density gas, from ~10* to several times 10° cm™>. Particularly, we find that to produce the observed intensities and ratios of
the CH3OH lines, a local gas density enhancement upon the BE sphere is required. This suggests that the physical structure of
an early-stage core may not necessarily follow a smooth decrease of gas density profile locally, but can be intercepted by clumpy
substructures surrounding the gravitational center. Multiple transitions of molecular lines from different molecular species can
provide a tomographic view of the density structure of pre-stellar cores. The local gas density enhancement deviating from
the BE sphere may reflect the impact of accretion flows that appear asymmetric and are enhanced at the meeting point of
large-scale cloud structures.
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