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ABSTRACT

Context. Debris disks embrace the formation and evolution histories of planetary systems. Recent detections of gas in these disks have
received considerable attention, as its origin ties up ongoing disk evolution and the present composition of planet-forming materials.
Aims. Observations of the CO gas alone, however, cannot reliably differentiate between two leading, competing hypotheses: (1) the
observed gas is the leftover of protoplanetary disk gas, and (2) the gas is the outcome of collisions between icy bodies. We propose
that such differentiation may become possible by observing cold water vapor.

Methods. Order-of-magnitude analyses and comparison with existing observations are performed.

Results. We show that different hypotheses lead to different masses of water vapor. This occurs because, for both hypotheses, the
presence of cold water vapor is attributed to photodesorption from dust particles by attenuated interstellar UV radiation. Cold water
vapor cannot be observed by current astronomical facilities as most of its emission lines fall in the far-IR (FIR) range.

Conclusions. This work highlights the need for a future FIR space observatory to reveal the origin of gas in debris disks and the
evolution of planet-forming disks in general.
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Fig. 1. A schematic diagram of time-evolution of planet-forming disks. The host star is denoted by the star symbol, planet-forming
materials are represented by the brown and blue dots, and disk gas by the green ovals. Hypothesis 1 considers that observed gas is the
leftover of primordial gas, while Hypothesis 2 considers that the gas is produced by collisions among icy bodies.
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Revisiting rotationally excited CH at radio wavelengths: A case
study towards W51

Arshia M. Jacob!-2, Meera Nandakumar, Nirupam R0y3, Karl M. Menten?, David A. Neufeld!, Alexandre Faure®,
Maitraiyee Tiwari?, Thushara G. S. Pillai’-®, Timothy Robishaw’, and Carlos A. Durdn®

ABSTRACT

Context. Ever since they were first detected in the interstellar medium, the radio wavelength (3.3 GHz) hyperfine-structure splitting
transitions in the rotational ground state of CH have been observed to show anomalous excitation. Astonishingly, this behaviour has
been uniformly observed towards a variety of different sources probing a wide range of physical conditions. While the observed
level inversion can be explained globally by a pumping scheme involving collisions, a description of the extent of ‘over-excitation’
observed in individual sources requires the inclusion of radiative processes, involving transitions at higher rotational levels. Therefore,
a complete description of the excitation mechanism in the CH ground state, observed towards individual sources entails observational
constraints from the rotationally excited levels of CH and in particular that of its first rotationally excited state (31'13',2, N=1,J=3/2).
Aims. Given the limited detections of these lines, the objective of this work is to characterise the physical and excitation properties
of the rotationally excited lines of CH between the A-doublet levels of its *IT5,,, N = 1,J = 3/2 state near 700 MHz, and investigate
their influence on the pumping mechanisms of the ground-state lines of CH.

Methods. This work presents the first interferometric search for the rotationally excited lines of CH between the A-doublet levels
of its 2132, N = 1,J = 3/2 state near 700 MHz carried out using the upgraded Giant Metrewave Radio Telescope (uGMRT) array
towards six star-forming regions, W51 E, Sgr B2 (M), M8, M17, W43 and DR21 Main.

Results. We detect the two main hyperfine structure lines within the first rotationally excited state of CH, in absorption towards
W51E. To jointly model the physical and excitation conditions traced by lines from both the ground and first rotationally excited
states of CH, we performed non-local thermodynamic equilibrium (LTE) radiative transfer calculations using the code MOLPOP-
CEP. These models account for the effects of line overlap and are aided by column density constraints from the far-infrared (FIR)
wavelength rotational transitions of CH that connect to the ground state and use collisional rate coefficients for collisions of CH with
H, H; and electrons (the latter are computed in this work using cross-sections estimated within the Born approximation).
Conclusions. The non-LTE analysis revealed that physical properties typical of diffuse and translucent clouds best reproduce the
higher rates of level inversion seen in the ground-state lines at 3.3 GHz, observed at velocities near 66 km s™' along the sightline
towards W51 E. In contrast, the excited lines near 700 MHz were only excited in much denser environments with ny ~ 10° cm™
towards which the anomalous excitation in two of the three ground state lines is quenched, but not in the 3.264 GHz line. This
is in alignment with our observations and suggests that while FIR pumping and line overlap effects are essential for exciting and
producing line inversion in the ground state, excitation to the first rotational level is dominated by collisional excitation from the
ground state. For the rotationally excited state of CH, the models indicate low excitation temperatures and column densities of
2 x 10" e¢m™. Furthermore, modelling these lines helps us understand the complexities of the spectral features observed in the
532/536 GHz rotational transitions of CH. These transitions, connecting sub-levels of the first rotationally excited state to the ground
state, play a crucial role in trapping FIR radiation and enhancing the degree of inversion seen in the ground state lines. Based on the
physical conditions constrained, we predict the potential of detecting hyperfine-splitting transitions arising from higher rotationally
excited transitions of CH in the context of their current non-detections.
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ALMA Survey of Orion Planck Galactic Cold Clumps (ALMASOP):
Nested Morphological and Kinematic Structures of Outflows Revealed in SiO and CO Emission
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The Atacama Large Millimeter /submillimeter Array Survey of Orion Planck Galactic Cold Clumps
(ALMASOP) reveals complex nested morphological and kinematic features of molecular outflows
through the CO (J = 2—1) and SiO (J = 5—4) emission. We characterize the jet and outflow kinemat-
ics of the ALMASOP sample in four representative sources (HOPS 10, 315, 358, and G203.21-11.20W2)
through channel maps and position—velocity diagrams (PVDs) parallel and transverse to the outflow
axes. The combined CO and SiO emission exhibits the coexistence of the conventional extremely—
high-velocity (EHV) jets and shell-like low-velocity (LV) cavity walls and new features. More complex,
nested bubble-like and filamentary structures in the images and channel maps, triangle-shaped regions
near the base of the parallel PVDs, and regions composed of rhombus/oval shapes in the transverse
PVDs, are also evident. Such features find natural explanations within the bubble structure of the
unified model of jet, wind, and ambient medium. The reverse shock cavity is revealed on the PVD base
regions, and other features naturally arise within the dynamic postshock region of magnetic interac-
tion. The finer nested shells observed within the compressed wind region reveal previously unnoticed
shocked emission between the jet and the conventional large cavity walls. These pseudopulse-produced
filamentary features connect to the jet-like knotty blobs, creating an impression of episodicity in mass

ejection. SiO emission is enhanced downstream of the reverse shock boundary, with jet-like excitation
conditions. Combined, these observed features reveal the extended structures induced by the magnetic
interplay between a jet-bearing magnetized wide-angle wind and its ambient magnetized surrounding

medium.
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G205.46-14.5651_A 358 05h46m07.26s -00d13m30.23s 163.4 89° 10+ 2 0
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