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Stability of Dusty Rings in Protoplanetary Discs
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ABSTRACT

Dust rings in protoplanetary discs are often observed in thermal dust emission
and could be favourable environments for planet formation. While dust rings

readily form 1n gas pressure maxima, their long-term stability 1s key to both - OXRE—"D T— 7Z:§/ZHE (RWI) ODEXENSEF
their observability and potential to assist in planet formation. We investigate the — » S = P

\ yA \A S
stability of the dust ring generated by interactions of a protoplanetary disc with IEOWT, TAMZRET € E2RODEHRHN
a Neptune sized planet and consider its possible long term evolution using the fcXalb—3riEX
FARGO3D Multifluid code. We look at the onset of the Rossby Wave . FEER (4
Instability (RWI) and compare how the addition of dust in a disc can alter the "H \ \
stability of the gas phase. We find that with the addition of dust, the rings - SIOEMNKEZEWVNVE XDRWIDNRE LRI LY
generated by planet disc interactions are more prone to RWI and can cause the . FE = Fol—BoEE | oLy
gas phase to become unstable. The instability 1s shown to occur more easily for Dust / Gas HELETARIcZE LR
higher Stokes number dust, as i1t accumulates into a more narrow ring which . XEO
triggers the RWI, while the initial dust fraction plays a more minor role in the o S, = s s . o
stability properties. We show that the dusty RWI generates vortices that collect AADHZ I alb—=2avicleN, YA
dust in their cores, which could be sites for further planetesimal formation. We ZWNBDEXDALEICIEDNPTLLIRED
conclude that the addition of dust can cause a ring in a protoplanetary disc to O f% £ =

S \ X 7 =it H \

become more prone to instability leading to a different long term evolution <, glenTy 6 IEZHAT N
compared to gas only simulations of the RWI. BFahsd, REBOZEMEILFANIZES

Key words: protoplanetary discs - hydrodynamics - method: numerical - NEEX%5,
planet-disc interactions
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0x
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where X denotes the surface density and u the 2D velocity, with
subscripts g and d referring to the gas and dust. The momentum
equations are solved,

0(Zgug)
ot

0(Zqug)
ot

+V - (Zqugug) = —K(ug —ug) + ZgVO +V - Ty,  (4)
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Figure 1. Density plots for a gaseous disc with a Neptune sized planet embedded at 17y, after + = 100 orbits. The kinematic viscosity is varied, v €
[107>, 1075, 10~7] from left to right. RWI has developed in the rightmost plot with the lowest kinematic viscosity at the inner and outer rings and has caused
vortices to emerge, destabilising the gas rings and gap edges (r = 0.9, 1.1rp).
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Figure 2. Radial profile of the azimuthally averaged key functions for v €
[107>,107%, 1077]. The lower viscosity setups have a larger peak at the
location of the gap edges (r = 0.9rp, 1.1rp) which lead to development of
the RWI.
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Figure 2. Radial profile of the azimuthally averaged key functions for v €
[107,107°, 1077]. The lower viscosity setups have a larger peak at the
location of the gap edges (r = 0.9rp, 1.1r,) which lead to development of
the RWIL.
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Figure 3. Key function plot for a gaseous disc with Neptune sized planet
embedded at 17y, after £ = 60, 80 orbits. The kinematic viscosity is, v = 1077
and the gap edges interior (r = 0.97p) and exterior (r = 1.1rp) to the
planet has triggered the RWI generating a number of vortices which are more
pronounced exterior to the planet.
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Figure 5. Radial profile of the azimuthally averaged "mixed" key function -
(top) for dust and gas (solid orange) and radial profile of gas only key function 5 2 - ;\Zim;;'th @ 2
(dotted blue). 2D key function plot (bottom) for the dust and gas disc with .

Neptune sized planet embedded at 11}, after # = 80 orbits. The dust fraction is

Figure 6. 2D density plots for the dust (top), gas (middle), and total (bottom)
of a Neptune planet embedded disc at # = 90 orbits. The dust fraction is set to

setto fy = 0.01, Stokes number, St = 0.01 and kinematic viscosity, v = 1077, fa = 0.01, Stokes number, St = 0.01 and kinematic viscosity, v = 107", We
. L. . . . . . see that the dust from the outer ring is accumulated quickly into the vortices
With the addition of dust the gap edges interior and exterior still trigger the generated by the gap edge triggering the RWL.

RWI which generates vortices but has little differences compared to the gas
only case.
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Figure 8. Radial profile of the azimuthally averaged "mixed" key functions
for a dust and gas disc with dust fractions of fy = 0.1, 0.2 and Stokes number,
St = 0.01. The kinematic viscosity is set to v = 5 x 10~/ and the evolution
of the disc has reached ¢ = 100 orbits. We see that large peaks have formed at
the location of the gap edges showing the growth of the "mixed" key function
compared to initial.
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Figure 9. "Mixed" key function plot for dust and gas disc with dust fractions,
fa = 0.1 (top) and 0.2 (bottom) with Stokes number, St = 0.01 for both cases.
The evolution of the disc has reached ¢ = 100 orbits. The gap edges interior
and exterior to the planet remain generally stable during its evolution with
the dusty rings being largely undisrupted.
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Figure 12. Radial profile of the azimuthally averaged surface densities for
the dust (orange) and gas (blue) after # = 70 orbits. The dust evolution shows
a sharp peak building at the outer pressure bump before the instability is
triggered at around ¢ = 78.
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Figure 10. Density plots for dust (top left), gas (top right) and total (bottom) of
the Neptune planet embedded disc with dust fraction, fj = 0.01 and Stokes
number, St = 0.2. The evolution of the disc is at ¢ = 60 orbits. We see a
smooth thin dust ring has accumulated exterior to the planet and the features
are currently stable.
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Figure 11. Density plots for dust (top left), gas (top right) and total (bottom)
of the Neptune planet embedded disc with dust fraction, fj = 0.01 and Stokes
number, St = 0.2. The evolution of the disc is at # = 100 orbits. The dust ring
has triggered the RWI at the rings location and generated vortices which also
affect the gas phase and not at the gap edge as previous cases.
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Figure 13. Radial profile of the azimuthally averaged "mixed" key function
of a dust and gas disc (blue line) compared to gas key function for a gas only
disc (dashed orange line) (top plot) and 2D key function plot (bottom) for a
dust and gas disc with Neptune sized planet embedded at 17, after ¢ = 70
orbits. The dust fraction is set to fg = 0.01, Stokes number, St = 0.2 and
kinematic viscosity, v = 5 x 107 The radial profile shows a sharp minimum
at the dust ring’s location and indicates that the width of the extremum is an
important factor which indicates location of regions prone to the RWI.
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Figure 15. Time evolution of the Fourier amplitudes of modes, m = 0 to
5, for the dust in a Neptune planet embedded dusty disc with dust fraction
fa = 0.01, Stokes number, St = 0.2 and v = 5 x 10~7. The growth of the
Fourier amplitudes at r/r, = 1.2 dominates where the location of the thin
dusty ring is formed and triggers the RWI.
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Figure 16. Time evolution of the Fourier amplitudes of modes, m = 0 to 5, for
the gas in a Neptune planet embedded dusty disc with dust fraction fz = 0.01,
St=0.2and v = 5 x 1077 . The evolution of the Fourier amplitudes for all
modes show little variance in the region of the dusty ring location until # = 80
when the RWI is triggered, growing in amplitude from the outer gap edge and
dusty ring location.
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Figure 19. Density plots for dust (top left), gas (top right) and total (bottom)
of the Neptune planet embedded disc with dust fraction, fg = 0.1 and Stokes
number, St = 0.1. The evolution of the disc is at # = 50 orbits. The dust ring
formed exterior to the planet is smooth with vortices starting to be generated
in the gap that the Neptune planet has carved for the dust phase which affects
the gas phase and total density with weak spiral arms being launched through
the disc.
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3.4 Figure 28. Total density plots for the disc at + = 1000 (top) and ¢ = 1500
1.10 ™= - - 110 ™ : (bottom) with dust fraction, f; = 0.01, Stokes number, St = 0.2 and kinematic
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Figure 27. Total density plots for region exterior to a Neptune planet that is . The observation of small scale structures in a protoplanetary disc have been

embedded in a dust and gas disc with dust fraction, £j = 0.01, Stokes number, limited and the origin of the small scale structures observed is unclear. For

St = 0.2 and kinematic viscosity, v = 5 X 1077. The plots shown are the time example in Tsukagoshi et al. (2019), they report an AU-scale dust clump which

evolution of the disc, € 50, 100, 200, 300, 400, 500]. they hypothesise to be material accumulating in a vortex or a massive
circumplanetary disc around a Neptune sized planet embedded 1n a disc. In the
future we hope advances would lead to better resolved small scale substructures to
study their origins.



JWST/NIRCam Imaging of Young Stellar Objects. II. Deep Constraints on Giant Planets and a
Planet Candidate Outside of the Spiral Disk Around SAO 206462

Gabriele Cugno et al.

We present JWST/NIRCam F187N, F200W, F405N and F410M direct imaging
data of the disk surrounding SAO 206462. Previous images show a very
structured disk, with a pair of spiral arms thought to be launched by one or more
external perturbers. The spiral features are visible in three of the four filters, with
the non-detection in F410M due to the large detector saturation radius. We detect
with a signal-to-noise ratio of 4.4 a companion candidate (CC1) that, 1if on a
coplanar circular orbit, would orbit SAO 206462 at a separation of ~ 300 au,
2.250 away from the predicted separation for the driver of the eastern spiral.
According to the BEX models, CC1 has a mass of MCC1 =0.8 £0.3 MJ. No
other companion candidates were detected. At the location predicted by
simulations of both spirals generated by a single massive companion, the NIRCam
data exclude objects more massive than ~ 2.2 MJ assuming the BEX evolutionary
models. In terms of temperatures, the data are sensitive to objects with Teff ~
650-850 K, when assuming planets emit like blackbodies (Rp between 1 and
3RJ). From these results, we conclude that 1f the spirals are driven by gas giants,
these must be either cold or embedded in circumplanetary material. In addition,
the NIRCam data provide tight constraints on ongoing accretion processes. In the

low extinction scenario we are sensitive to mass accretion rates of the order M ~
10—-9MJ yr—1. Thanks to the longer wavelengths used to search for emission lines,

we reach unprecedented sensitivities to processes with M~ ~ 10—7/MJ yr—1 even
towards highly extincted environments (AV = 50 mag).
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Fig. 4. Color composite RGB image of ZIMPOL R-band (blue),
ZIMPOL I-band (red), and the average of R and I-band (green). The
field of view 1s 1”74 x 1"’4 and the main features that have been identified
are labeled.
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Figure 1. SAO 206462 residuals in the four filters observed with our program. The central masks have radii of 0”3 in F187N,
F200W and F405N, and 0”8 in F410M. In all images North points to the top, East to the left and the field of view is the same.
The colorscale has been adapted based on the strength of the disk signal.
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Figure 1. r*-scaled Q4 images of the SAO 206462 system on (a) 2015 May 3 and (b) 2016 May 4. The central dashed circles are the physical size of the coronagraphs,
the cross is the location of the star, the longer side of the cross matches the major axis of the disk. Note: the color bars share the same units; 6 and r are measured in the
disk plane; the dotted lines are the boundaries for motion measurement in Figure 2.

(The data used to create this figure are available.)
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Figure 3. The best-fit =10 orbits for assumed planetary drivers with circular orbits overlaid on ALMA contours (1.9 mm; Cazzoletti et al. 2018) and r*-scaled
SPHERE Q, image (1.2 ym). (a) Double-driver scenario. (b) Single-driver scenario.
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Figure 2. F410M residuals highlighting the companion candidate to SAO 206462. Left: Residuals of the F410M data, similar
to Fig. 1. In this instance we applied a larger central mask to force the PCA to focus on the region of the image around ~ 179.
The data reveals a point source in the NW region of the image. North points to the top, East to the left. Center: Zoomed-in
portion of the image, highlighting the candidate. The negative-positive-negative pattern, indicative of a point source with the
JWST two-rolls observing strategy is clearly visible. Right: Same portion of the residuals as in the central panel, but the CC1
pattern was removed injecting one single negative PSF' in the data, demonstrating the correlation between the negative and the
positive components of the signal.
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Figure 5. Mass and temperature limits of SAO 206462 as a function of separation obtained from the 50 flux limits. The
dashed vertical line represents the size of spirals in scattered light and the shaded area highlights the predicted planet location
from Xie et al. (2021). Left: Mass upper limit when using the BEX cooling curve for the age of the system. The uncertainties,
represented by the shaded area, include the age uncertainties of the system (6 — 16 Myr). The estimated mass of CC1 is showed
as a black square. At ~ 120 au, the NIRCam data exclude planets with masses = 2.2 Mj. Right: Effective temperature 50
upper limits when assuming protoplanets emit as blackbodies with radii 1, 2, and 3 Rj.

Separation [au]

102 100' - ‘200‘ - ‘300‘ - ‘400‘ - ‘500‘
i —— F200W —— F405N
—— F18/N —— F410M
103
—
—
.4?104
2
i)
z
© 105
wnn
o)
| Yew)

[N
<
)]

00 05 1.0 15 20 25 30 35 4.0

Separation [arcsec]

Figure 4. NIRCam 50 flux sensitivity limits for SAO 206462
as a function of separation. The dashed vertical line rep-
resents the size of the scattered light disk observed in our
data, while the gray shaded area highlights the area around
120 4+ 30 au where Xie et al. (2021) predicted a planet could
be located. The green square represents the measured flux
for CC1 in the F410M filter detected with a confidence of
~ 3.80. On the left (right) side of the plot, we marked the
flux expected in the SW (LW) filters for a 1,2 and 5 Mj ob-
ject at ~ 12 Myr according to the BEX evolutionary model.
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. For the BEX models, our limits
exclude a planet more massive than 2.2+0.5 M
-09 J
could be located at ~ 120 au. In terms of tempera-

tures, we exclude objects warmer than 660-810 K
(1 — 3 RJ).



TIPSY: Trajectory of Infalling Particles in Streamers around Young stars. Dynamical
analysis of the streamers around S CrA and HL Tau

Aashish Gupta, Anna Miotello, Jonathan P. Williams, Til Birnstiel, Michael Kuffmeier, Hsi-Wei Yen % Context.
Elongated trails of infalling gas, often referred to as "streamers," have recently been observed around young stellar
objects (YSOs) at different evolutionary stages. This asymmetric infall of material can significantly alter star and
planet formation processes, especially in the more evolved YSOs. Aims. In order to ascertain the infalling nature of
observed streamer-like structures and then systematically characterize their dynamics, we developed the code TIPSY
(Trajectory of Infalling Particles in Streamers around Young stars). Methods. Using TIPSY, the streamer molecular
line emission is first isolated from the disk emission. Then the streamer emission, which is effectively a point cloud
in three-dimensional (3D) position-position-velocity space, is simplified to a curve-like representation. The observed
streamer curve is then compared to the theoretical trajectories of infalling material. The best-fit trajectories are used
to constrain streamer features, such as the specific energy, the specific angular momenta, the infall timescale, and
the 3D morphology. Results. We used TIPSY to fit molecular-line ALMA observations of streamers around a Class
IT binary system, S CrA, and a Class I/II protostar, HL. Tau. Our results indicate that both of the streamers are
consistent with infalling motion. TIPSY results and mass estimates suggest that S CrA and HL Tau are accreting
material at a rate of 2 27 M,,piter Myr—t and > 5 M, upiter Myr~!, respectively, which can significantly increase
the mass budget available to form planets. Conclusions. TIPSY can be used to assess whether the morphology and
kinematics of observed streamers are consistent with infalling motion and to characterize their dynamics, which is
crucial for quantifying their impact on the protostellar systems.
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Fig. 2: Flow of S CrA '>CO (2-1) data in the TIPSY pipeline. Panel a: Intensity-weighted velocity (moment 1) map in colors,
overlaid with contours representing the integrated intensity (moment 0; see Fig. E.1). The red segments in the bottom-left corners
depict a length scale of 1,000 au. The pink ellipses in the bottom-right corners depicts the beam size of the data. Panel b: Isometric
projection of the 3D PPV diagram of pixels with intensity > 50 in the whole field of view. Panel c: Isometric projection of the
PPV diagram of an isolated and cleaned streamer. The red square and its error bars represent intensity-weighted means and standard
deviations, respectively. Panel d: Same as Panel c, but with the best-fit trajectory, as represented by the black line. Black circles
denote the interpolated values of the theoretical trajectory, which are directly compared to the intensity-weighted means. Panel e:

Same as Panel b, but with the best-fit trajectory, as represented by the black line. Note: 3D interactive versions of panels d and e are
available online.
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Fig. 1: Schematic diagram of coordinate axes used to compute
the theoretical trajectories of infalling gas (green cloud) around
a protostellar system (orange star), as discussed in Sect. 2.1. 75
and Vg denote the initial position and velocity vector of infalling
gas, respectively. 7 represents the position vector of gas at a fu-
ture point in its trajectory (circumference of blue ellipse), with 6
and ¢ denoting the polar and azimuthal angles, respectively. The
dashed red arrows show the unit vectors X, y, and Z, defined us-
ing the directions of 7 and vg. Together they set the coordinate
frame in which TIPSY solves the Mendoza et al. (2009) equa-
tions. The gray plane represents the POS, with the overlaid dark
gray arrows denoting the coordinate frame of our observations.
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Fig. 3: Same procedure as described in Figure 2, but for HL Tau instead of S CrA. Note: 3D interactive versions of panels d and e
are available online.



JWST /NIRCam Imaging of Young Stellar Objects. II. Deep Constraints on Giant
Planets and a Planet Candidate Outside of the Spiral Disk Around SAO 206462

Gabriele Cugno, Jarron Leisenring, Kevin R. Wagner, Camryn Mullin, Roubing Dong, Thomas Greene, Doug
Johnstone, Michael R. Meyer, Schuyler . Wolff, Charles Beichman, Martha Boyer, Scott Horner, Klaus
Hodapp, Doug Kelly, Don McCarthy, Thomas Roellig, George Rieke, Marcia Rieke, John Stansberry, Erick
Young % We present JWST /NIRCam F187N, F200W, F405N and F410M direct imaging data of the disk surrounding
SAO 206462. Previous images show a very structured disk, with a pair of spiral arms thought to be launched by one or
more external perturbers. The spiral features are visible in three of the four filters, with the non-detection in F410M
due to the large detector saturation radius. We detect with a signal-to-noise ratio of 4.4 a companion candidate (CC1)
that, if on a coplanar circular orbit, would orbit SAO 206462 at a separation of ~ 300 au, 2.25¢ away from the predicted
separation for the driver of the eastern spiral. According to the BEX models, CC1 has a mass of Mccp = 0.8£0.3 Mj.
No other companion candidates were detected. At the location predicted by simulations of both spirals generated
by a single massive companion, the NIRCam data exclude objects more massive than ~ 2.2 Mj assuming the BEX
evolutionary models. In terms of temperatures, the data are sensitive to objects with T.g ~ 650 — 850 K, when
assuming planets emit like blackbodies (R, between 1 and 3Rj). From these results, we conclude that if the spirals
are driven by gas giants, these must be either cold or embedded in circumplanetary material. In addition, the NIRCam
data provide tight constraints on ongoing accretion processes. In the low extinction scenario we are sensitive to mass
accretion rates of the order M ~ 1072 M; yr~!. Thanks to the longer wavelengths used to search for emission lines,
we reach unprecedented sensitivities to processes with M ~ 1077 M, yr~! even towards highly extincted environments

(Av =~ 50 mag).



Stability of Dusty Rings in Protoplanetary Discs

Kevin Chan, Sijme-Jan Paardekooper % Dust rings in protoplanetary discs are often observed in thermal dust
emission and could be favourable environments for planet formation. While dust rings readily form in gas pressure
maxima, their long-term stability is key to both their observability and potential to assist in planet formation. We
investigate the stability of the dust ring generated by interactions of a protoplanetary disc with a Neptune sized planet
and consider its possible long term evolution using the FARGO3D Multifluid code. We look at the onset of the Rossby
Wayve Instability (RWI) and compare how the addition of dust in a disc can alter the stability of the gas phase. We find
that with the addition of dust, the rings generated by planet disc interactions are more prone to RWI and can cause
the gas phase to become unstable. The instability is shown to occur more easily for higher Stokes number dust, as it
accumulates into a more narrow ring which triggers the RWI, while the initial dust fraction plays a more minor role in
the stability properties. We show that the dusty RWI generates vortices that collect dust in their cores, which could
be sites for further planetesimal formation. We conclude that the addition of dust can cause a ring in a protoplanetary
disc to become more prone to instability leading to a different long term evolution compared to gas only simulations

of the RWI.



The GRAVITY young stellar object survey XIII. Tracing the time-variable asymmetric
disk structure in the inner AU of the Herbig star HD98922

V. Ganci, GRAVITY Collaboration ¥ Temporal variability in the photometric and spectroscopic properties of
protoplanetary disks is common in YSO. However, evidence pointing toward changes in their morphology over short
timescales has only been found for a few sources, mainly due to a lack of high cadence observations at mas resolution.
We combine GRAVITY multi-epoch observations of HD98922 at mas resolution with PIONIER archival data covering
a total time span of 11 years. We interpret the interferometric visibilities and spectral energy distribution with
geometrical models and through radiative transfer techniques. We investigated high-spectral-resolution quantities to
obtain information on the properties of the HI BrG-line-emitting region. The observations are best fitted by a model
of a crescent-like asymmetric dust feature located at 1 au and accounting for 70% of the NIR emission. The feature has
an almost constant magnitude and orbits the central star with a possible sub-Keplerian period of 12 months, although
a 9 month period is another, albeit less probable, solution. The radiative transfer models show that the emission
originates from a small amount of carbon-rich (25%) silicates, or quantum-heated particles located in a low-density
region. Among different possible scenarios, we favor hydrodynamical instabilities in the inner disk that can create a
large vortex. The high spectral resolution differential phases in the BrG-line show that the hot-gas component is offset
from the star and in some cases is located between the star and the crescent feature. The scale of the emission does
not favor magnetospheric accretion as a driving mechanism. The scenario of an asymmetric disk wind or a massive
accreting substellar or planetary companion is discussed. With this unique observational data set for HD98922, we
reveal morphological variability in the innermost 2 au of its disk region.



Deciphering the Hidden Structures of HH 216 and Pillar IV in M16: Results from
JWST and HST

L. K. Dewangan, O. R. Jadhav, A. K. Maity, N. K. Bhadari, Saurabh Sharma, M. Padovani, T. Baug, Y. D.
Mayya, Rakesh Pandey % To probe the star formation process, we present an observational investigation of the Pillar
IV and an ionized knot HH 216 in the Eagle Nebula (M16). Pillar IV is known to host a Class I protostar that drives
a bipolar outflow. The outflow has produced the bow shock, HH 216, which is associated with the red-shifted outflow
lobe. The James Webb Space Telescope’s near- and mid-infrared images (resolution ~0.07 arcsec - 0.7 arcsec) reveal
the protostar as a single, isolated object (below 1000 AU). The outer boundary of Pillar IV is depicted with the 3.3 yum
Polycyclic aromatic hydrocarbon (PAH) emission. HH 216 is traced with the 4.05 ym Bra and the radio continuum
emission, however it is undetected with 4.693 ym Hs emission. HH 216 seems to be associated with both thermal and
non-thermal radio emissions. High-resolution images reveal entangled ionized structures (below 3000 AU) of HH 216,
which appear to be located toward termination shocks. New knots in 4.693 pum Hs emission are detected, and are
mainly found on Pillar IV’s northern side. This particular result supports the previously proposed episodic accretion
in the powering source of HH 216. One part of the ionized jet (extent ~0.16 pc) is discovered on the southern side of
the driving source. Using the 2CO(J = 1-0), 1*CO(J = 3-2), and *CO(J = 1-0) emission, observational signposts of
Cloud-Cloud Collision (or interacting clouds) toward Pillar IV are investigated. Overall, our results suggest that the

interaction of molecular cloud components around 23 and 26 km s~! might have influenced star formation activity in
Pillar IV.




Disentangling CO Chemistry in a Protoplanetary Disk Using Explanatory Machine
Learning Techniques

Amina Diop, Ilse Cleeves, Dana Anderson, Jamila Pegues, Adele Plunkett ¥ Molecular abundances in protoplan-
etary disks are highly sensitive to the local physical conditions, including gas temperature, gas density, radiation field,
and dust properties. Often multiple factors are intertwined, impacting the abundances of both simple and complex
species. We present a new approach to understanding these chemical and physical interdependencies using machine
learning. Specifically we explore the case of CO modeled under the conditions of a generic disk and build an explana-
tory regression model to study the dependence of CO spatial density on the gas density, gas temperature, cosmic ray
ionization rate, X-ray ionization rate, and UV flux. Our findings indicate that combinations of parameters play a
surprisingly powertul role in regulating CO compared to any singular physical parameter. Moreover, in general, we
find the conditions in the disk are destructive toward CO. CO depletion is further enhanced in an increased cosmic
ray environment and in disks with higher initial C/O ratios. These dependencies uncovered by our new approach
are consistent with previous studies, which are more modeling intensive and computationally expensive. Our work
thus shows that machine learning can be a powerful tool not only for creating efficient predictive models, but also for

enabling a deeper understanding of complex chemical processes.
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PDRs4All. V. Modelling the dust evolution across the illuminated edge of the Orion
Bar

M. Elyajouri, N. Ysard, A. Abergel, E. Habart, L. Verstraete, A. Jones, M. Juvela, T. Schirmer, R. Meshaka, E.
Dartois, J. Lebourlot, GG. Rouille, T. Onaka, E. Peeters, O. Berne, F. Alarcon, J. Bernard-Salas, M. Buragohain,
J. Cami, A. Canin, R. Chown, K. Demyk, K. Gordon, O. Kannavou, M. Kirsanova, S. Madden, R. Paladini, Y.
Pendleton, F. Salama, I. Schroetter, A. Sidhu, M. Rollig, B. Trahin, D. Van De Putte % We study the emission
of dust grains within the Orion Bar - a well-known, highly far-UV (FUV)-irradiated PDR. The Orion Bar because of
its edge-on geometry provides an exceptional benchmark for characterizing dust evolution and the associated driving
processes under varying physical conditions. Our goal is to constrain the local properties of dust by comparing its
emission to models. Taking advantage of the recent JWST PDRs4All data, we follow the dust emission as traced by
JWST NIRCam (at 3.35 and 4.8 micron) and MIRI (at 7.7, 11.3, 15.0, and 25.5 micron), along with NIRSpec and MRS
spectroscopic observations. First, we constrain the minimum size and hydrogen content of carbon nano-grains from a
comparison between the observed dust emission spectra and the predictions of the THEMIS dust model coupled to the
numerical code DustEM. Using this dust model, we then perform 3D radiative transfer simulations of dust emission
with the SOC code and compare to data obtained along well chosen profiles across the Orion Bar. The JWST data
allows us, for the first time, to spatially resolve the steep variation of dust emission at the illuminated edge of the
Orion Bar PDR. By considering a dust model with carbonaceous nano-grains and submicronic coated silicate grains,
we derive unprecedented constraints on the properties of across the Orion Bar. To explain the observed emission
profiles with our simulations, we find that the nano-grains must be strongly depleted with an abundance (relative to
the gas) 15 times less than in the diffuse ISM. The NIRSpec and MRS spectroscopic observations reveal variations
in the hydrogenation of the carbon nano-grains. The lowest hydrogenation levels are found in the vicinity of the
illuminating stars suggesting photo-processing while more hydrogenated nano-grains are found in the cold and dense
molecular region, potentially indicative of larger grains.



Vertical shear instability in two-moment radiation-hydrodynamical simulations of irra-
diated protoplanetary disks I. Angular momentum transport and turbulent heating
Julio David Melon Fuksman, Mario Flock, Hubert Klahr % We studied the linear and nonlinear evolution of
the Vertical Shear Instability (VSI) in axisymmetric models of protoplanetary disks, focusing on the transport of
angular momentum, the produced temperature perturbations, and the applicability of local stability conditions. We
modeled the gas-dust mixture via high-resolution two-moment (M1) radiation-hydrodynamical simulations including
stellar irradiation with frequency-dependent opacities. We found that, given sufficient depletion of small grains (with
a dust-to-gas mass ratio of 10% of our nominal value of 10~° for < 0.25 um grains), the VSI can operate in surface disk
layers while being inactive close to the midplane, resulting in a suppression of the VSI body modes. The VSI reduces
the initial vertical shear in bands of approximately uniform specific angular momentum, whose formation is likely
tavored by the enforced axisymmetry. Similarities with Reynolds stresses and angular momentum distributions in 3D
simulations suggest that the VSI-induced angular momentum mixing in the radial direction may be predominantly
axisymmetric. The stability regions in our models are well explained by local stability criteria, while the employment
of global criteria is still justifiable up to a few scale heights above the midplane, at least as long as VSI modes are
radially optically thin. Turbulent heating produces only marginal temperature increases of at most 0.1% and 0.01%
in the nominal and dust-depleted models, respectively, peaking at a few (approximately three) scale heights above the
midplane. We conclude that it is unlikely that the VSI can, in general, lead to any significant temperature increase
since that would either require it to efficiently operate in largely optically thick disk regions or to produce larger levels
of turbulence than predicted by models of passive irradiated disks.




The Kinematic and Dynamic Properties of HBC 494°’s Wide-Angle Outflows

Austen Fourkas, Dary Ruiz-Rodriguez, Lee G. Mundy, Jonathan P. Williams % We present Atacama Large
Millimeter /sub-millimeter Array (ALMA) Cycle-5 observations of HBC 494, as well as calculations of the kinematic
and dynamic variables which represent the object’s wide-angle bipolar outflows. HBC 494 is a binary FU Orionis type
object located in the Orion A molecular cloud. We take advantage of combining the ALMA main array, Atacama
Compact Array (ACA), and Total Power (TP) array in order to map HBC 494’s outflows and thus, estimate their

kinematic parameters with higher accuracy in comparison to prior publications. We use 2CO, 3CO, C'¥0 and SO
observations to describe the object’s outflows, envelope, and disc, as well as estimate the mass, momentum, and kinetic
energy of the outflows. After correcting for optical opacity near systemic velocities, we estimate a mass of 3.0 x 1072
M for the southern outflow and 2.8 x 102 M, for the northern outflow. We report the first detection of a secondary
outflow cavity located approximately 15" north of the central binary system, which could be a remnant of a previous
large-scale accretion outburst. Furthermore, we find CO spatial features in HBC 494’s outflows corresponding to
position angles of ~ 35° and ~ 145°. This suggests that HBC 494’s outflows are most likely a composite of overlapping
outflows from two different sources, i.e., HBC 494a and HBC 494b, the two objects in the binary system.



JOYS: MIRI/MRS spectroscopy of gas-phase molecules from the high-mass star-forming
region IRAS 23385-+6053

L. Francis, M. L. van Gelder, E. F. van Dishoeck, C. Gieser, H. Beuther, L. Tychoniec, G. Perotti, A. Caratti o
Garatti, P. J. Kavanagh, T. Ray, P. Klaassen, K. Justtanont, H. Linnartz, W. R. M. Rocha, K. Slavicinska, M.
Giidel, T. Henning, P. O. Lagage, G. Ostlin % Space-based mid-IR spectroscopy provides tracers of warm gas in
star-forming regions that are inaccessible from the ground. Past mid-IR spectra of bright high-mass protostars in the
hot-core phase typically showed strong absorption features from molecules such as COy, CoHy, and HCN. However,
little is known about their fainter counterparts at earlier stages. We thus aim to characterize the gas-phase molecular
features in JWST MIRI/MRS observations of the young high-mass star-forming region IRAS 23385+6053. Spectra
were extracted from two mid-IR sources and three Hs bright outflow knots in the MIRI/MRS field of view. Rich
molecular spectra with emission from CO, Hy, HD, H,O, CoHy, HCN, CO5, and OH are detected towards the two
mid-IR sources. However, only CO and OH are seen towards the brightest Hy knots, suggesting that the majority of
the observed species are associated with disks or hot core regions rather than outflows. Simple Local thermodynamic
equilibrium (LTE) slab models were used to fit the observed molecular features. The LTE model fits to **CQO,, CoHo,
and HCN emission suggest warm 120 —200 K emission arising from a disk surface around one or both protostars. Weak
~ 500 K H50O emission at ~ 6-7 um is detected towards one mid-IR source, whereas 250 — 1050 K H>O absorption
is found in the other. The H5O absorption may occur in the disk atmosphere due to strong accretion-heating of the
midplane, or in a disk wind viewed at an ideal angle for absorption. CO emission may originate in the hot inner disk
or outflow shocks. OH emission is likely excited in a non-LTE manner through water photodissociation or chemical
formation. The observations are consistent with disks having already formed in the young IRAS 23385+6053 system,
but tfurther observations are needed to disentangle the effects of geometry and evolution.



On the evolution of the observed Mass-to-Length relationship for star-forming filaments
Jiancheng Feng, Rowan J. Smith, Alvaro Hacar, Susan E. Clark, Daniel Seifried % The interstellar medium is
threaded by a hierarchy of filaments from large scales ( 100 pc) to small scales ( 0.1pc). The masses and lengths of these
nested structures may reveal important constraints for cloud formation and evolution, but it is difficult to investigate
from an evolutionary perspective using single observations. In this work, we extract simulated molecular clouds from
the Cloud Factory galactic-scale ISM suite in combination with 3D Monte Carlo radiative transfer code POLARIS to
investigate how filamentary structure evolves over time. We produce synthetic dust continuum observations in three
regions with a series of snapshots and use the Filfinder algorithm to identify filaments in the dust derived column
density maps. When the synthetic filaments mass and length are plotted on an M-L plot, we see a scaling relation
of L oc MY %% similar to that seen in observations, and find that the filaments are thermally supercritical. Projection
effects systematically affect the masses and lengths measured for the filaments, and are particularly severe in crowded
regions. In the filament Mass-Length (M-L) diagram we identify three main evolutionary mechanisms: accretion,
segmentation, and dispersal. In particular we find that the filaments typically evolve from smaller to larger masses
in the observational M-L plane, indicating the dominant role of accretion in filament evolution. Moreover, we find a
potential correlation between line mass and filament growth rate. Once filaments are actively star forming they then
segment into smaller sections, or are dispersed by internal or external forces.



The magnetic field in colliding filaments (202.3-+2.5

Qi-Lao Gu, Tie Liu, Pak Shing Li, Zhi-Qiang Shen, Xunchuan Liu, Junhao Liu, Xing Lu, Julien Montillaud,
Sihan Jiao, Mika Juvela, Mark G. Rawlings, Qizhou Zhang, Patrick Koch, Isabelle Ristorcelli, Jean-Sébastien
Carriere, David Eden, Zhiyuan Ren, Ken’ichi Tatematsu, Naomi Hirano, Qiu-yi Luo, Xiaofeng Mai, Namitha
Issac % We observe the magnetic field morphology towards a nearby star-forming filamentary cloud, G202.3-+2.5,
by the JCMT/POL-2 850 pum thermal dust polarization observation with an angular resolution of 14.4" ( 0.053 pc).
The average magnetic field orientation is found to be perpendicular to the filaments while showing different behaviors
in the four subregions, suggesting various effects from filaments’ collision in these subregions. With the kinematics
obtained by N2H+ observation by IRAM, we estimate the plane-of-sky (POS) magnetic field strength by two methods,
the classical Davis-Chandrasekhar-Fermi (DCF) method and the angular dispersion function (ADF) method, Byos. dcf
and Bpos qar are 90 uG and 53 puG. We study the relative importance between the gravity (G), magnetic field (B)
and turbulence (T) in the four subregions, find G > T > B, G >=T > B, G T > Band T > G > B in the north
tail, west trunk, south root and east wing, respectively. In addition, we investigate the projection effect on the DCF
and ADF methods based on a similar simulation case and find the 3D magnetic field strength may be underestimated
by a factor of 3 if applying the widely-used statistical B,,s-to-Bsp factor when using DCF or ADF method, which
may further underestimate/overestimate related parameters.



Photometric Variability of Low Mass Stars and Brown Dwarfs in IC 348 and Taurus
Star-Forming Regions

Samrat Ghosh, Soumen Mondal, Santosh Joshi, Sneh Lata, Rajib Kumbhakar y Low-mass stars belonging to the
M spectral type are the most numerous stars in our Galaxy, amounting to about two-thirds in number, and are found
at the bottom of the main sequence in the H-R diagram. star-forming regions help to understand the census of PMS
stars, their formation process, and the interaction of expanding H II regions harboring massive stars with their natal
molecular clouds. Photometric studies of low-mass stars, including brown dwarfs (BDs), provide several important
evolutions of their atmosphere, magnetic flares and chromospheric activity. This paper highlights a few interesting
results from our optical I-band observations of 2MASS J03435638-+3209591 in the young star-forming IC 348 region
and three BDs in Taurus star-forming regions using ground-based telescopes as well as a space-based telescope. We
estimated the fast periodicities in the range of 1.5 to 3 hours in Taurus BDs. Furthermore, using the long-term
photometry from the Transiting Exoplanet Survey Satellite (TESS), we have conducted a time-resolved variability
analysis of CFHT-BD-Tau 4. The periodogram analysis of TESS data reveals an orbital period of ~ 3 days. We found
two flare events in TESS sector 43 data for this BD and estimated the flared energies as 4.59 x 103° erg and 2.64 x 103°
erg, which sit in the superflare range.



Mapping dust in the giant molecular cloud Orion A

Amery Gration, John Magorrian ¥ The Sun is located close to the Galactic mid-plane, meaning that we observe
the Galaxy through significant quantities of dust. Moreover, the vast majority of the Galaxy’s stars also lie in the
disc, meaning that dust has an enormous impact on the massive astrometric, photometric and spectroscopic surveys
of the Galaxy that are currently underway. To exploit the data from these surveys we require good three-dimensional
maps of the Galaxy’s dust. We present a new method for making such maps in which we form the best linear unbiased
predictor of the extinction at an arbitrary point based on the extinctions for a set of observed stars. This method
allows us to avoid the artificial inhomogeneities (so-called ’fingers of God’) and resolution limits that are characteristic
of many published dust maps. Moreover, it requires minimal assumptions about the statistical properties of the
interstellar medium. In fact, we require only a model of the first and second moments of the dust density field. The
method is suitable for use with directly measured extinctions, such as those provided by the Rayleigh-Jeans colour
excess method, and inferred extinctions, such as those provided by hierarchical Bayesian models like StarHorse. We
test our method by mapping dust in the region of the giant molecular cloud Orion A. Our results indicate a foreground
dust cloud at a distance of 350 pc, which has been identified in work by another author.




Spectroscopic confirmation of high-amplitude eruptive YSOs and dipping giants from
the VVV survey

Zhen Guo, P. W. Lucas, R. Kurtev, J. Borissova, C. Contreras Pena, S. N. Yurchenko, L. C. Smith, D. Minniti,
R. K. Saito, A. Bayo, M. Catelan, J. Alonso-Garcia, A. Caratti o Garatti, C. Morris, D. Froebrich, J. Tennyson,
K. Mauco, A. Aguayo, N. Miller, H. D. S. Muthu % During the pre-main-sequence (pre-MS) evolution stage of a
star, significant amounts of stellar mass are accreted during episodic accretion events, such as multi-decade FUor-type
outbursts. Here, we present a near-infrared spectroscopic follow-up study of 33 high-amplitude (most with AK, >
4 mag) variable sources discovered by the Vista Variables in the Via Lactea (VVV) survey. Based on the spectral
features, 25 sources are classified as eruptive young stellar objects (YSOs), including 15 newly identified FUors, six
with long-lasting but EXor-like bursts of magnetospheric accretion and four displaying outflow-dominated spectra. By
examining the photometric behaviours of eruptive YSOs, we found most FUor-type outbursts have higher amplitudes
(AK; and AW?2), faster eruptive timescales and bluer infrared colours than the other outburst types. In addition,
we identified seven post-main sequence variables apparently associated with deep dipping events and an eruptive star
with deep AlO absorption bands resembling those seen in the V838 Mon stellar merger.



