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JWST /NIRCam discovery of the first Y+Y brown dwarf binary: WISE J033605.05—014350.4
Per Calissendorftf, Matthew De Furio, Michael Meyer, Loic Albert, Christian Aganze, Mohamad Ali-Dib,
Daniella C. Bardalez Gagliuffi, Frederique Baron, Charles A. Beichman, Adam J. Burgasser, Michael C. Cush-
ing, Jacqueline Kelly Faherty, Clémence Fontanive, Christopher R. Gelino, John E. Gizis, Alexandra Z. Green-
baum, J. Davy Kirkpatrick, Sandy K. Leggett, Frantz Martinache, David Mary, Mamadou N’Diaye, Benjamin
J. S. Pope, Thomas L Roellig, Johannes Sahlmann, Anand Sivaramakrishnan, Daniel Peter Thorngren, Marie
Ygouf, Thomas Vandal % We report the discovery of the first brown dwarf binary system with a Y dwart primary,
WISE J033605.05—014350.4, observed with NIRCam on JWST with the F150W and F480M filters. We employed
an empirical point spread function binary model to identify the companion, located at a projected separation of 84
milliarcseconds, position angle of 295 degrees, and with contrast of 2.8 and 1.8 magnitudes in F150W and F480M.,
respectively. At a distance of 10 pc based on its Spitzer parallax, and assuming a random inclination distribution, the
physical separation is approximately 1au. Evolutionary models predict for that an age of 1-5 Gyr, the companion
mass 1s about 4-12.5 Jupiter masses around the 7.5-20 Jupiter mass primary, corresponding to a companion-to-host
mass fraction of ¢ = 0.61 &= 0.05. Under the assumption of a Keplerian orbit the period for this extreme binary is
in the range of 5-9 years. The system joins a small but growing sample of ultracool dwarf binaries with effective
temperatures of a few hundreds of Kelvin. Brown dwart binaries lie at the nexus of importance for understanding the
formation mechanisms of these elusive objects, as they allow us to investigate whether the companions formed as stars
or as planets in a disk around the primary.
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Figure 1. JWST /NIRCam images showing the aligned and scaled images of the target W0336 in each observed filter. North is up and east is to the left in the images
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Table 1

Properties of the W0336 Binary System
Band F150W FA480M
Separation [mas] 89.8129 83.7135
Position angle [deg] 299.1 + 3.4 295.47572
Contrast [mag] 2.8201 1.817 041
WO0336AB 21.97 £ 0.01 14.52 £ 0.01
WO0336A 22.05 £+ 0.01 14717092
WO0336B 2487018 16.517 937
Component Primary Secondary
Tor [K] 415 £ 20 325113
M [My,p] (1 Gyr) 85+1 5+1
M [My,p] (5 Gyr) 18 +2 11541
Physical separation [au] 0.9719:03
Orbital period [yr] 7T+E£2
Mass fraction g = Mg /M 0.61 £ 0.05
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Figure 2. Images displaying the pipeline calibrated data of W0336 in the F480M band are in the left column, models are in the middle column, and their
corresponding residuals when the models have been subtracted from the data are in the right column. The top row shows a single model fitted to the data, and the
middle row shows a binary double ePSF model. The bottom row depicts the same binary model as the middle row, but only showing the primary component from that
fit to better highlight the companion seen in the residuals after subtracting the primary component from the data. The units are in DN/s. The color scheme in the
images are scaled to a power law with an exponent of 0.5, and the color bar for the binary model residual image has been scaled to match the single model residual
image to better highlight the smaller residual and improved fit.
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Table 1

Properties of the W0336 Binary System

Band F150W F480M
Separation [mas] 89.873% 83.7135
Position angle [deg] 299.1 + 3.4 295.4133
Contrast [mag] 2821917 1.817031
WO0336AB 21.97 £ 0.01 14.52 + 0.01
WO0336A 22.05 4 0.01 1471700z
WO0336B 24.871018 16.51703¢
Component Primary Secondary
Tetr [K] 415 £ 20 325715
M [My,p] (1 Gyr) 8.5+ 1 5+1
M [My,p] (5 Gyr) 18 +£2 11.5+1

Physical separation [au]
Orbital period [yr]
Mass fraction ¢ = Myg/Mp
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742
0.61 &+ 0.05
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Figure 3. Color-magnitude diagram for W0336 in the NIRCam filters used in
this work. The open star corresponds to the unresolved system, and the black
filled points indicate the resolved components. Model sequences are shown for
effective temperatures, and surface gravities are indicated in the legend. All
models are for cloud-free solar metallicity atmospheres; however, the Sonora
models (Marley et al. 2021) are in chemical equilibrium, while the ATM 02020
+4 models (Phillips et al. 2020; Leggett et al. 2021) include disequilibrium
chemistry and also an adjusted pressure—temperature profile. The masses along
the right axis are taken from the Sonora evolutionary models of Marley et al.
(2021), for log g = 4.5, and the temperatures are indicated along the sequences.



‘7 Three-dimensional, Time-dependent MHD Simulation of Disk-Magnetosphere-Stellar
- Wind Interaction in a T Tauri, Protoplanetary System

Ofer Cohen, Cecilia GGarraffo, Jeremy Drake, Kristina Monsch, Igor Sokolov, Julian Alvarado-(Gomez, Federico
Fraschetti % We present a three-dimensional, time-dependent, MHD simulation of the short-term interaction between
a protoplanetary disk and the stellar corona in a T Tauri system. The simulation includes the stellar magnetic field,
self-consistent coronal heating and stellar wind acceleration, and a disk rotating at sub-Keplerian velocity to induce
accretion. We find that initially, as the system relaxes from the assumed initial conditions, the inner part of the disk
winds around and moves inward and close to the star as expected. However, the self-consistent coronal heating and
stellar wind acceleration build up the original state after some time, significantly pushing the disk out beyond 10R,.
After this initial relaxation period, we do not find clear evidence of a strong, steady accretion flow funneled along
coronal field lines, but only weak, sporadic accretion. We produce synthetic coronal X-ray line emission light curves
which show flare-like increases that are not correlated with accretion events nor with heating events. These variations
in the line emission flux are the result of compression and expansion due to disk-corona pressure variations. Vertical
disk evaporation evolves above and below the disk. However, the disk - stellar wind boundary stays quite stable, and
any disk material that reaches the stellar wind region is advected out by the stellar wind.

T Tauri 2B D OB EFOE(IOF)DEAERZ. 3IXITTMHDETEN SR T 5
- [BERS. JOFNR, BEERICKSEE. Y7 75 —MOEnicLdBEEZ ANEEZITo I
- STEYHAICFHEARMEHROEICIED <

LIS TBE FIEEEERIC K D HERZEN10R_starX TR
ZDEIFFT[VEENGEEMNIEE 5




ar
lml
[ILLY
NH

Oig S SREBDOMEERIL. HEBE/ICHEEEICA
- BEEHE, EEDREY v, BHEDE(

- HEAAIFIEER B IC K Dtruncationens
- BB 3SR > TREAMIC. EENICHIDOEICES

fE DEVA
- EHA -5 —DZEE
- BEEE(E 10M-11) ~ T0M-7) M_sun < 5WOREH

1T 5 D B FR
- FEHARYIC. BERBIICEELE TS

- BE2DKZEN. AAFZMNMEALED., EERZIEL. ERREH D TIERL
— WIS EABOMEBERATIEBR, JOFEHBOMEEIERZZZD2NENH D




STEERTE
N [EEMSG. JO0FIH. EEROINEDOEEZZEREUT3DEE
B2, %F. EERYI0OF(HEBUN)DETIL : Alfven Wave Solar Model
- SADDIEEEMHD AR + ‘ri'EJJ_Eﬁ&T(Wmde]x_) + TXJLF—AEFER (IO F Nz
-BEETIL  KEFBE. KG¥FFE. BEREAO0H (FIX[E]ER U TULRL)
100 GOYA IRN—)L5. FHEBEASEDMES

9T
+ IRIE A M [ FRK T
- PYRU T 7o —HEIC




S

(+ AIC2E5FFE FHEISEE D 5 ERIRRENDBRZ)
- 30 h<¢s5VWTOAFIC K D HBRNGEFENTO R_star< 5 WX TIAM S
- STERRBFIC. BBICR>TcEENLEEILRESEgh - .

950U\, BUFEMR (sporadic)BEEN R 5 iz,

Tk
. 8.2E+06
2.4E+06
7.2E+05
2.1E+05
6.4E+04

1.9E+04
5.7E+03

. 1.7E+03
5.0E+02

T
. 8.2E+06
2.4E+06
7.2E+05
2.1E+05
6.4E404
1.9E+04
5.7E+03
1.7E+03
5.0E+02

=
7, A& N

~

x \\&
Figure 2. The three-dimensional structure of the disk—corona inner region as seen from 30° above the equator (similar to Figure 1, left panels). The left panel shows a
white isosurface of n = 10'® cm >, which represents the higher-density region of the disk. The two initial gaps in the isosurface are due to the tilt of the stellar dipole
field. The blue lines mark selected magnetic field lines that cover the displayed region. The middle panel shows the same isosurface with red-colored velocity
streamlines. In the right panel, we show the equatorial plane colored with contours of the temperature, where blue regions mark the cold disk material and red regions

mark the hot corona. These are sample snapshots for t = 0 (top panels) and # = 108 hr (bottom panels). An animation of this figure is available. The animation starts at
t =0 and ends at r = 108:30 hr in 30 minute steps. The real-time duration of the animation is 37 s, and it covers the full 108.5 hr of the simulation.

(An animation of this figure is available.)
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Figure 3. Temporal evolution of the radial distribution of the different pressure components as a function of distance from the star. The pressure components are
thermal, dynamic, magnetic, and total. Plots show the radial distribution along extracted lines in the equatorial plane at four longitudes: O (first column), 90 (second
column), 180 (third column), and 270 (fourth column) degrees. These are sample snapshots for r = 0 (top panels) and ¢ = 108 hr (bottom panels). An animation of this
figure is available. The animation starts at t = 0 and ends at # = 108:30 hr in 30 minute steps. The real-time duration of the animation is 36 s, and it covers the full
108.5 hr of the simulation.

(An animation of this figure is available.)
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Figure 5. Top panel: integrated fluxes of the synthetic EUV /X-ray images produced by the simulation as a function of time. The fluxes are normalized to t
individual initial fluxes at = O hr. Dashed lines mark the temporal peak increase in the fluxes at r = 17, 50, and 78 hr. The bottom three panels show the synth
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from the same viewing angle as the LOS of the images in the two right columns.



-I -I The impact of dust evolution on the dead zone outer edge in magnetized protoplanetary

disks
Timmy N. Delage, Matias Garate, Satoshi Okuzumi, Chao-Chin Yang, Paola Pinilla, Mario Flock, Sebastian

Markus Stammler, Tilman Birnstiel % |Abridged| Aims. We provide an important step toward a better under-
standing of the magnetorotational instability (MRI)-dust coevolution in protoplanetary disks by presenting a proof
of concept that dust evolution ultimately plays a crucial role in the MRI activity. Methods. First, we study how a
fixed power-law dust size distribution with varying parameters impacts the MRI activity, especially the steady-state
MRI-driven accretion, by employing and improving our previous 1+1D MRI-driven turbulence model. Second, we
relax the steady-state accretion assumption in this disk accretion model, and partially couple it to a dust evolution
model in order to investigate how the evolution of dust (dynamics and grain growth processes combined) and MRI-
driven accretion are intertwined on million-year timescales. Results. Dust coagulation and settling lead to a higher
gas lonization degree in the protoplanetary disk, resulting in stronger MRI-driven turbulence as well as a more com-
pact dead zone. On the other hand, fragmentation has an opposite effect because it replenishes the disk in small
dust particles. Since the dust content of the disk decreases over million years of evolution due to radial drift, the
MRI-driven turbulence overall becomes stronger and the dead zone more compact until the disk dust-gas mixture
eventually behaves as a grain-free plasma. Furthermore, our results show that dust evolution alone does not lead to
a complete reactivation of the dead zone. Conclusions. The MRI activity evolution (hence the temporal evolution of
the MRI-induced a-parameter) is controlled by dust evolution and occurs on a timescale of local dust growth, as long
as there is enough dust particles in the disk to dominate the recombination process for the ionization chemistry. Once
it is no longer the case, it is expected to be controlled by gas evolution and occurs on a viscous evolution timescale.
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Fig. 1. Flowchart of the MRI-driven disk accretion model presented in Delage et al. (2022). This model captures the essence of the MRI-driven
turbulence in a 1+1D framework, accounting for the following: stellar properties (gray symbols), disk gas properties (blue symbols), disk dust
properties (red symbols), nonthermal ionization sources (yellow symbols), ionization chemistry modeling the gas ionization degree (green sym-
bols), disk magnetisation properties (powder blue symbols), and nonideal MHD calculations (dark pink symbols). The main output of the model is
an effective radial profile for the MRI-induced viscosity parameter, @ (Eq. (1)). In this paper, we improve the dust phase modeling with a dust size
distribution, either by assuming a fixed power-law distribution with different properties or the outputs from dust evolution obtained with DustPy
(see Table 1 and text in Sect. 2.3 for further explanations).
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Fig. 4. Impact of dust evolution on the MRI-driven turbulence, for Model IV. The panels show the temporal evolution of the same quantities as in
Fig. 2, except for the gas accretion rate. Also, the gas surface density is now fixed to the displayed input profile in Panel b. We emphasize that these
quantities do not describe steady-state MRI-driven accretion (unlike Fig. 2), since they are re-calculated at each dust evolution snapshot, through
partial coupling between the 1D radial dust evolution model employed and our MRI-driven turbulence model. On this note, the corresponding
temporal evolution of the five dust quantities used to perform such a coupling are shown in Fig. 5. Here we note that, in Panel f, the dead zone
outer edge coincides at ¢t = Oyr, £ = 100 yrs and ¢ = 1000 yrs.
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Insights on the Sun birth environment in the context of star-cluster formation in hub-
filament systems

Doris Arzoumanian, Sota Arakawa, Masato I. N. Kobayashi, Kazunari Iwasaki, Kohei Fukada, Shoji Mori,
Yutaka Hirai, Masanobu Kunitomo, M. S. Nanda Kumar, Eiichiro Kokubo ¥ Cylindrical molecular filaments
are observed to be the main sites of Sun-like star formation, while massive stars form in dense hubs, at the junction
of multiple filaments. The role of hub-filament configurations has not been discussed yet in relation to the birth
environment of the solar system and to infer the origin of isotopic ratios of Short-Lived Radionuclides (SLR, such as
26 Al) of Calcium-Aluminum-rich Inclusions (CAIs) observed in meteorites. In this work, we present simple analytical
estimates of the impact of stellar feedback on the young solar system forming along a filament of a hub-filament
system. We find that the host filament can shield the young solar system from the stellar teedback, both during the
formation and evolution of stars (stellar outflow, wind, and radiation) and at the end of their life (supernovae). We
show that the young solar system formed along a dense filament can be enriched with supernova ejecta (e.g., “°Al)
during the formation timescale of CAIs. We also propose that the streamers recently observed around protostars
may be channeling the SLR-rich material onto the young solar system. We conclude that considering hub-filament
configurations as the birth environment of the Sun is important when deriving theoretical models explaining the
observed properties of the solar system.



Detection of ethanol, acetone, and propanal in TMC-1: New O-bearing complex organ-
ics in cold sources

M. Agundez, J. C. Loison, K. M. Hickson, V. Wakelam, R. Fuentetaja, C. Cabezas, N. Marcelino, B. Tercero,
P. de Vicente, J. Cernicharo % We present the detection of ethanol (C2H50H), acetone (CH3COCHS3), and propanal
(C2H5CHO) toward the cyanopolyyne peak of TMC-1. These three O-bearing complex organic molecules are known
to be present in warm interstellar clouds, but had never been observed in a starless core. The addition of these three
new pieces to the puzzle of complex organic molecules in cold interstellar clouds stresses the rich chemical diversity
of cold dense cores in stages prior to the onset of star formation. The detections of ethanol, acetone, and propanal
were made in the framework of QUIJOTE, a deep line survey of TMC-1 in the QQ band that is being carried out with
the Yebes 40m telescope. We derive column densities of (1.1 +/- 0.3)el12 cm-2 for C2H50H, (1.4 +/- 0.6)ell cm-2
for CH3COCH3, and (1.9 +/- 0.7)ell cm-2 for C2H5CHO. The formation of these three O-bearing complex organic
molecules is investigated with the aid of a detailed chemical model which includes gas and ice chemistry. The calculated
abundances at a time around 2eb5 yr are in reasonable agreement with the values derived from the observations. The
formation mechanisms of these molecules in our chemical model are as follows. Ethanol is formed on grains by addi-
tion of atomic carbon on methanol followed by hydrogenation and non-thermal desorption. Acetone and propanal are
produced by the gas-phase reaction between atomic oxygen and two different isomers of the C3H7 radical, where the
latter follows from the hydrogenation of C3 on grains followed by non-thermal desorption. A gas-phase route involving
the formation of (CH3)2COH-+ through several ion-neutral reactions followed by its dissociative recombination with
electrons do also contribute to the formation of acetone.




Predicting Stellar Mass Accretion: An Optimized Echo State Network Approach in
Time Series Modeling

Gianfranco Bino, Shantanu Basu, Ramit Dey, Sayantan Auddy, Lyle Muller, Eduard I. Vorobyov % Modeling
the dynamics of the formation and evolution of protostellar disks as well as the history of stellar mass accretion
typically involve the numerical solution of complex systems of coupled differential equations. The resulting mass
accretion history of protostars is known to be highly episodic due to recurrent instabilities and also exhibits short
timescale flickering. By leveraging the strong predictive abilities of neural networks, we extract some of the critical
temporal dynamics experienced during the mass accretion including periods of instability. Particularly, we utilize a
novel form of the Echo-State Neural Network (ESN), which has been shown to efficiently deal with data having inherent
nonlinearity. We introduce the use of Optimized-ESN (Opt-ESN) to make model-independent time series forecasting of
mass accretion rate in the evolution of protostellar disks. We apply the network to multiple hydrodynamic simulations
with different initial conditions and exhibiting a variety of temporal dynamics to demonstrate the predictability of
the Opt-ESN model. The model is trained on simulation data of ~ 1 — 2 Myr, and achieves predictions with a low
normalized mean square error (~ 107> to 107?) for forecasts ranging between 100 and 3800 yr. This result shows the
promise of the application of machine learning based models to time-domain astronomy.
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JOYS: JWST Observations of Young protoStars: Outflows and accretion in the high-

" mass star-forming region IRAS23385-+605

H. Beuther, E. F. van Dishoeck, L. Tychoniec, C. Gieser, P. J. Kavanagh, . Perotti, M. L. van Gelder, P.
Klaassen, A. Caratti o Garatti, L. Francis, W. R. M. Rocha, K. Slavicinska, T. Ray, K. Justtanont, H. Linnartz,
C. Weakens, L. Colina, T. Greve, M. Guedel, T. Henning, P. O. Lagage, B. Vandenbussche, . Oestlin, G.
Wright % Aims: The JWST program JOYS (JWST Observations of Young protoStars) aims at characterizing the
physical and chemical properties of young high- and low-mass star-forming regions, in particular the unique mid-
infrared diagnostics of the warmer gas and solid-state components. We present early results from the high-mass star
formation region IRAS23385+6053. Methods: The JOYS program uses the MIRI MRS with its IFU to investigate
a sample of high- and low-mass star-forming protostellar systems. Results: The 5 to 28mum MIRI spectrum of
IRAS23385+4+6053 shows a plethora of features. While the general spectrum is typical for an embedded protostar, we
see many atomic and molecular gas lines boosted by the higher spectral resolution and sensitivity compared to previous
space missions. Furthermore, ice and dust absorption features are also present. Here, we focus on the continuum
emission, outflow tracers like the H2, |Fell| and [Nell| lines as well as the potential accretion tracer Humphreys alpha
HI(7-6). The short-wavelength MIRI data resolve two continuum sources A and B, where mid-infrared source A is
associated with the main mm continuum peak. The combination of mid-infrared and mm data reveals a young cluster
in its making. Combining the mid-infrared outflow tracer H2, |Fell| and |Nell| with mm SiO data shows a complex
interplay of at least three molecular outflows driven by protostars in the forming cluster. Furthermore, the Humphreys
alpha line is detected at a 3-4sigma level towards the mid-infrared sources A and B. Following Rigliaco et al. (2015),
one can roughly estimate accretion luminosities and corresponding accretion rates between 2.6x107% and 0.9x10~*
Msun/yr. This is discussed in the context of the observed outflow rates. Conclusions: The analysis of the MIRI MRS
observations for this young high-mass star-forming region reveals connected outflow and accretion signatures.




Mother of Dragons: A Massive, quiescent core in the dragon cloud (IRDC G028.37+400.07)
A. T. Barnes, J. Liu, Q. Zhang, J. C. Tan, F. Bigiel, P. Caselli, G. Cosentino, F. Fontani, J. D. Henshaw, 1.
Jiménez-Serra, D-S. Kalb, C. Y. Law, S. N. Longmore, R. J. Parker, J. E. Pineda, A. Sanchez-Monge, W. Lim,
K. Wang % Context: Core accretion models of massive star formation require the existence of massive, starless cores
within molecular clouds. Yet, only a small number of candidates for such truly massive, monolithic cores are currently

known. Aims: Here we analyse a massive core in the well-studied infrared-dark cloud (IRDC) called the ’dragon
cloud’ (also known as G028.37+00.07 or ’Cloud C’). This core (C2cl) sits at the end of a chain of a roughly equally
spaced actively star-forming cores near the centre of the IRDC. Methods: We present new high-angular resolution 1
mm ALMA dust continuum and molecular line observations of the massive core. Results: The high-angular resolution
observations show that this region tfragments into two cores C2cla and C2clb, which retain significant background-
subtracted masses of 23 Msun and 2 Msun (31 Msun and 6 Msun without background subtraction), respectively. The
cores do not appear to fragment further on the scales of our highest angular resolution images (0.200 arcsec, 0.005 pc
1000 AU). We find that these cores are very dense (nH2 > 10° cm ™) and have only trans-sonic non-thermal motions
(Ms ~ 1). Together the mass, density and internal motions imply a virial parameter of < 1, which suggests the cores
are gravitationally unstable, unless supported by strong magnetic fields with strengths of ~ 1 - 10 mG. From CO
line observations, we find that there is tentative evidence for a weak molecular outflow towards the lower-mass core,
and yet the more massive core remains devoid of any star formation indicators. Conclusions: We present evidence for
the existence of a massive, pre-stellar core, which has implications for theories of massive star formation. This source
warrants follow-up higher-angular-resolution observations to further assess its monolithic and pre-stellar nature.



Surveying the Giant HIl Regions of the Milky Way with SOFIA: V. DR7 and K3-50

James M. De Buizer, Wanggi Lim, James T. Radomski, Mengyao Liu ' We present our pfth set of results from
our mid-infrared imaging survey of Milky Way Giant HIl (GHII) regions with our detailed analysis of DR7 and K3-50.
We obtained 20/25 and 37um imaging maps of both regions using the FORCAST Instrument on the Stratospherit
Observatory For Infrared Astronomy (SOFIA). We investigate the multi-scale properties of DR7 and K3-50 using our
data in conjunction with previous multi-wavelength observations. Near to far-infrared spectral energy distributions of
iIndividual compact infrared sources were constructed and btted with massive young stellar object (MYSQO) models
We bnd eight out of the ten (80%) compact sources in K3-50 and three out of the four (75%) sources in DR7 a
likely to be MYSOs. We derived luminosity-to-mass ratios of the extended radio sub-regions of DR7 and K3-50 t
estimate their relative ages. The large spread in evolutionary state for the sub-regions in K3-50 likely indicates that the
star-forming complex has undergone multiple star-forming events separated more widely in time, whereas the small
spread in DR likely indicates the star formation sub-regions are more co-eval. DR7 and K3-50 have Lyman continuut
photon rates just above the formal threshold criterion for being categorized as a GHII region (1% photons/s) but
with large enough errors that this classibcation Is uncertain. By measuring other observational characteristics in th
Infrared, we Pnd that K3-50 has properties more akin to previous bona bde GHII regions we have studied, where
DR7 has values more like those of the non-GHII regions we have previously studied.
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Planet formation Iin the PDS 70 system: Constraining the atmospheric chemistry of

PDS 70b and c

A. J. Cridland, S. Facchini, E. F. van Dishoeck, M. Benisty ' Understanding the chemical link between proto-
planetary disks and planetary atmospheres is complicated by the fact that the popular targets in the study of disk:
and planets are widely separated both in space and time. The 5 Myr PDS 70 systemd ers a unigue opportunity
to directly compare the chemistry of a giant planetOs atmosphere to the chemistry of its natal disk. To that end, w
derive our current best physical and chemical model for the PDS 70 disk through forward modelling of thé?CO,
C180, and C,H emission radial probles with the thermochemical code DALI and Pnd a volatile C/O ratio above
unity in the outer disk. Using what we know of the PDS 70 disk today, we analytically estimate the properties o
the disk as it was 4 Myr In the past when we assume that the giant planets started their formation, and compute
chemical model of the disk at that time. We compute the formation of PDS 70b and PDS 70c using the standard col
accretion paradigm and account for the accretion of volatile and refractory sources of carbon and oxygen to estime
the resulting atmospheric carbon-to-oxygen number ratio (C/O) for these planets. Our inferred C/O ratio of the gas
In the PDS 70 disk indicates that it iIs marginally carbon rich relative to the stellar C/O = 0.44 which we derive from

an empirical relation between stellar metallicity and C/O. Under the assumption that the disk has been carbon rich
for most of its lifetime, we Pnd that the planets acquire a super-stellar C/O in their atmospheres. If the carbon-ricl
disk is a relatively recent phenomenon (i.e. developed after the formation of the planets at 1 Myr) then the planets
should have close to the stellar C/O In their atmospheres. This work lays the groundwork to better understand the
disk in the PDS 70 system as well as the planet formation scenario that produce Its planets.
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Transition disc nature of post-AGB binary systems conbPrmed by mid-infrared interfer-

ometry

A. Corporaal, J. Kluska, H. Van Winckel, K. Andrych, N. Cuello, D. Kamath, A. Merand | Circumbinary discs
around evolved post-asymptotic giant branch (post-AGB) binary systems show many similar properties to protoplan-
etary discs around young stars. Debcits of near-infrared (near-IR) Rux In the spectral energy distributions (SEDsS
of such systems hints towards large dust-free cavities, reminiscent of transition discs as commonly observed arou
young stars. We aim to assess the inner rim size of 6 post-AGB binary systems with such a lack in near-IR usir
resolved mid-IR high-angular resolution observations of VLTI/MATISSE and VLTI/MIDI. The inner rim of only one
such system was previously resolved. We compare these inner rim sizes to 5 systems with available MATISSE d:
that were identiPed to host a disc starting at the dust sublimation radius. We used geometric ring models to estimat:
the Inner rim sizes, the relative [3ux contributions of the star, the ring, and an over-resolved emission, the orientatior
of the ring, and the spectral dependencies of the components. We bnd that the dust inner rims of the targets with
lack of near-IR excess In their SEDs are 2.5 to 7.5 times larger than the theoretical dust sublimation radii while the
systems that do not show such a debcit have inner rim sizes similar to their dust sublimation radii. Physical radii o
the inner rims of these transition discs around post-AGB binaries are 3-25 au, which are larger than the disc sizt
Inferred for transition discs around young stars with VLTI/MIDI. This is due to the higher stellar luminosities of
post-AGB systems compared to young stars, implying larger dust sublimation radii and thus larger physical transition
disc inner radii. With mid-IR interferometric data we directly conPrm the transition disc nature of six discs around
post-AGB binary systems. Future observational and modelling & orts are needed to progress on the structure, origir
and evolution of these transition discs.
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A novel survey for young substellar objects with the W-band Plter VI. Spectroscopic

census of sub-stellar members and the IMF of I Orionis cluster

Belinda Damian, Jessy Jose, Beth Biller, Gregory J. Herczeg, Loic Albert, Katelyn Allers, Zhoujian Zhang,

Michael C. Liu, Sophie Dubber, KT Paul, Wen-Ping Chen, Bhavana Lalchand, Tanvi Sharma, Yumiko Oasa |
Low-mass stars and sub-stellar objects are essential in tracing the initial mass function (IMF). We study the nearb
young " Orionis cluster (d! 408 pc; agé 1.8 Myr) using deep NIR photometric data in J, W and H-bands from
WIRCam on the Canada-France-Hawall Telescope. We use the water absorption feature to photometrically sele
the brown dwarfs and conbrm their nature spectroscopically with the IRTF-SpeX. Additionally we select candidate
low-mass stars for spectroscopy and analyze their membership and that of literature sources using astrometry frc
Gala DR3. We obtain the near-IR spectra for 28 very low-mass stars and brown dwarfs and estimate their spectr
type between M3-M8.5 (mass ranging between 0.3-0.01 M. Apart from these, we also identify 5 new planetary mas:
candidates which require further spectroscopic conbrmation of youth. We compile the comprehensive catalog of ]
spectroscopically conbrmed members in the central region of the cluster, for a wide mass range!019-0.004 M .
We estimate the star/BD ratio to be ! 4, within the range reported for other nearby star forming regions. With the

updated catalog of members we trace the IMF down to 4 M,, and we Pnd that a two-segment power-law pts th
sub-stellar IMF better than the log-normal distribution.
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Toward a 3D kinetic tomography of Taurus clouds: |l. A new automated technique and

Its validation

Q. Duchene, C. Hottier, R. Lallement, J. L. Vergely, C. Babusiaux, A. Marchal, F. Arenou ' Three-dimensional
(3D) kinetic maps of the Milky Way interstellar medium are an essential tool in studies of its structure and of star
formation. We aim to assign radial velocities to Galactic interstellar clouds now spatially localized based on starligh
extinction and star distances from Gala and stellar surveys. We developed an automated search for coherent projectic
on the sky of clouds isolated in 3D extinction density maps on the one hand, and regions responsible for CO rac
emissions at specibc Doppler shifts on the other hand. The discrete dust structures were obtained by application
the Fellwalker algorithm to a recent 3D extinction density map. For each extinction cloud, a technique using a narrow
sliding spectral window moved along the contour-bounded CO spectrum and geometrical criteria was used to sele

the most likely velocity interval. We applied the new contour-based technigue to the 3D extinction density distribution
within the volume encompassing the Taurus, Auriga, Perseus and California molecular complexes. From the 45 cloud

Issued from the decomposition, 42 were assigned a velocity. The remaining structures correspond to very weak C
emission or extinction. We used the non-automated assignments of radial velocities to clouds of the same regic
presented in paper | and based on Kl absorption spectra as a validation test. The new fully automated determinations
were found Iin good agreement with these previous measurements. Our results show that an automated search bas
on cloud contour morphology can be & cient and that this novel technigue may be extended to wider regions of the
Milky Way and at larger distance. We discuss its limitations and potential improvements after combination with other
techniques.



14.

Modeling Two First Hydrostatic Core Candidates Barnard 1b-N and 1b-S

Hao-Yuan Duan, Shih-Ping Lai, Naomi Hirano, Travis J. Thieme ' A brst hydrostatic core (FHC) Is proposed
to form after the initial collapse of a prestellar core, as a seed of a Class 0 protostar. FHCs are!dcult to observe
because they are small, compact, embedded, and short lived. In this work, we explored the physical properties of t
well-known FHC candidates, B1-bN and B1-bS, by comparing interferometric data from Submillimeter Array (SMA)
1.1 and 1.3 mm and Atacama Large Millimeter/submillimeter Array (ALMA) 870 pm observations with simulated
synthesis images of the two sources. The simulated images are based on a simple model containing a single,
compact prst-core-like component at the center surrounded by a large-scale, cold and dusty envelope describec
a broken power-law density distribution with an index, ! . Our results show that the hot compact components o
B1-bN and B1-bS can be described by temperatures af 500 K with a size of! 4 au, which are in agreement witlr
theoretical predictions of an FHC. If the ! Inside the broken radii iIs bxed to -1.5, we Pnd ! -29 and! -3.3
outside the broken radii for B1-bN and B1-bS, respectively, consistent with theoretical calculations of a collapsing
bounded envelope and previous observations. Comparing the density and temperature probPles of the two sources v
radiation-nydrodynamic simulations of an FHC, we bnd both sources lie close to, but before, the second collapse sta
We suggest that B1-bS may have started the collapsing process earlier compared to B1-bN, since a larger discontint
point Is found In Its density probPle.



