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Stellar companions and Jupiter-like planets in young associations

R. Gratton, M. Bonavita, D. Mesa, S. Desidera, A. Zurlo, S. Marino, V. D’Orazi, E. Rigliaco, V. Nascimbeni,
D. Barbato, G. Columba, V. Squicciarini % Recently, combining high-contrast imaging and space astrometry we
found that Jupiter-like (JL) planets are frequent in the beta Pic moving group (BPMG) around those stars where
their orbit can be stable, prompting further analysis and discussion. We broaden our previous analysis to other young
nearby associations to determine the frequency, mass, and separation of companions in general and JL in particular and
their dependencies on the mass and age of the associations. We collected available data about companions including
those revealed by visual observations, eclipses, spectroscopy, and astrometry. We determined search completeness and
found that it is very high for stellar companions, while completeness corrections are still large for JL companions.
Once these corrections are included, we found a high frequency of companions, both stellar (>0.52+4/-0.03) and JL
(0.574/-0.11). The two populations are separated by a gap that corresponds to the brown dwarf desert. Within
the population of massive companions, we found trends in frequency, separation, and mass ratios with stellar mass.
Planetary companions pile up in the region just outside the ice line and we found them to be frequent once completeness
was considered. The frequency of JL planets decreases with the overall mass and possibly the age of the association. We
tentatively identify the two populations as due to disk fragmentation and core accretion, respectively. The distributions
of stellar companions with a semi-major axis <<1000 au is well reproduced by a simple model of formation by disk
fragmentation. The observed trends with stellar mass can be explained by a shorter but much more intense phase of
accretion onto the disk of massive stars and by a more steady and prolonged accretion on solar-type stars. Possible
explanations for the trends in the population of JL planets with association mass and age are briefly discussed.
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Search for Brown Dwarfs in IC 1396 with Subaru HSC: Interpreting the Impact of
Environmental Factors on Sub-stellar Population

Saumya Gupta, Jessy Jose, Swagat Ranjan Das, Zhen Guo, Belinda Damian, Prem Prakash, Manash Ranjan
Samal % Young stellar clusters are predominantly the hub of star formation and hence, ideal to perform comprehensive
studies over the least explored sub-stellar regime. Various unanswered questions like the mass distribution in brown
dwarf regime and the effect of diverse cluster environment on brown dwarf formation efficiency still plague the scientific
community. The nearby voung cluster, IC 1396 with its feedback-driven environment, is ideal to conduct such study. In
this paper we adopt a multi-wavelength approach, using deep Subaru HSC, Gaia DR3, Pan-STARRS, UKIDSS /2MASS
photometry and machine learning techniques to identify the cluster members complete down to ~ 0.03 M, in the
central 22" area of IC 1396. We identify 458 cluster members including 62 brown dwarfs which are used to determine
mass distribution in the region. We obtain a star-to-brown dwarf ratio of ~ 6 for a stellar mass range 0.03 — 1 Mg
in the studied cluster. The brown dwarf fraction is observed to increase across the cluster as radial distance from the
central OB-stars increases. This study also compiles 15 voung stellar clusters to check the variation of star-to-brown
dwarf ratio relative to stellar density and UV flux ranging within 4-2500 stars pc=2 and 0.7-7.3 G respectively. The
brown dwarf fraction is observed to increase with stellar density but the results about the influence of incident UV
flux are inconclusive within this range. This is the deepest study of 1C 1396 as of yet and it will pave the way to
understand various aspects of brown dwarfs using spectroscopic observations in future.
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Figure 1. Wide-field Infrared Survey Explorer (WISE) 22 pum image of IC
1396 with the circle marking the 22 arcmin radius region studied in this paper.

The cross marks the massive star HD 206267.
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Figure 7. Mass distribution plot for the identified cluster members. The
primary peak is ~ 0.4 M. A secondary peak is observed at ~ 0.06 Mg and a
dip is observed at ~ 0.1-0.15 Mg. The error bars represent the Poisson error
in the count of sources in each mass bin.
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Implications of the discovery of AF Lep b: The mass-luminosity relation for planets in
the 8 Pic Moving Group and the L-T transition for young companions and free-floating
planets

R. Gratton, M. Bonavita, D. Mesa, A. Zurlo, S. Marino, S. Desidera, V. D’Orazi, E. Rigliaco, V. Squicciarini,
P. H. Nogueira % Dynamical masses of voung planets aged between 10 and 200 Myr detected in imaging play a crucial
role in shaping models of giant planet formation. Regrettably, only a few such objects possess these characteristics.
Furthermore, the evolutionary pattern of yvoung sub-stellar companions in near-infrared colour-magnitude diagrams
might diverge from free-floating objects, possibly due to differing formation processes. The recent identification of a
giant planet around AF Lep, part of the beta Pic moving group (BPMG), encouraged us to re-examine these points.
We considered updated dynamical masses and luminosities for the sub-stellar objects in the BPMG. In addition, we
compared the properties of sub-stellar companions and free-floating objects in the BPMG and other young associations
remapping the positions of the objects in the colour-magnitude diagram into a dustiness-temperature plane. We found
that cold-start evolutionary models do not reproduce the mass-luminosity relation for sub-stellar companions in the
BPMG. This aligns rather closely with predictions from ’hot start’ scenarios and is consistent with recent planet
formation models. We obtain rather good agreement with masses from photometry and the remapping approach
compared to actual dynamical masses. We also found a strong suggestion that the near-infrared colour-magnitude
diagram for young companions is different from that of free-floating objects belonging to the same young associations.
If confirmed by further data, this last result would imply that cloud settling - which likely causes the transition between
L and T spectral type - occurs at a lower effective temperature in young companions than in free-floating objects.
This might tentatively be explained with a different chemical composition.
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Constraining Planetary Formation Models Using Conditional Occurrences of Various
Planet Types

Sridhar Gajendran, Ing-Guey Jiang, Li-Chin Yeh, Devesh P. Sariya % We report the conditional occurrences
between three planetary types: super-Earths (m sin i < 10 Mg, P < 100 days), warm Jupiters (m sin i > 95 Mg, 10 <
P < 100 days), and cold Jupiters (m sin i > 95 Mg, P > 400 days) for sun-like stars. We find that while the occurrence

of cold Jupiters in systems with super-Earths is 22.2753%, compared to 10% for the absolute occurrence rate of cold

Jupiters, the occurrence of super-Earths in systems with cold Jupiters is 66.0715-0%, compared to 30% for the absolute
occurrence rate of super-Earths for sun-like stars. We find that the enhancement of super-Earths in systems with cold
Jupiters is evident for sun-like stars, in agreement with several previous studies. We also conduct occurrence studies
between warm Jupiters and super-Earths, and between warm Jupiters and cold Jupiters, to consolidate our methods.
We conduct an independent observational test to study the effects of cold Jupiters against the inner multiplicity
using the well-established giant planet host star metallicity correlation for all transiting planets found to date. The
conditional occurrences we find here can be used to constrain the validity of various planetary formation models. The
extremely interesting correlations between the super-Earths, cold Jupiters, and warm Jupiters can also be used to
understand the formation histories of these planetary types.
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Multi-wavelength detection of an ongoing FUOr-type outburst on a low-mass YSO
Zhen Guo, P. W. Lucas, R. G. Kurtev, J. Borissova, V. Elbakyan, C. Morris, A. Bayo, L. Smith, A. Caratti
o Garatti, C. Contreras Pena, D. Minniti, J. Jose, M. Ashraf, J. Alonso-Garcia, N. Miller, H. D. S. Muthu
% During the pre-main-sequence evolution, Young Stellar Objects (YSOs) assemble most of their mass during the
episodic accretion process. The rarely seen FUOr-type events (FUOrs) are valuable laboratories to investigate the
outbursting nature of YSOs. Here, we present multi-wavelength detection of a high-amplitude eruptive source in
the young open cluster VABH 221 with an ongoing outburst, including optical to mid-infrared time series and near-
infrared spectra. The initial outburst has an exceptional amplitude of >6.3 mag in Gaia and 4.6 mag in K, with
a peak luminosity up to 16 L., and a peak mass accretion rate of 1.4 x 107> Mg yr—!. The optical to infrared
spectral energy distribution (SED) of this object is consistent with a low-mass star (0.2M) with a modest extinction
(Ay < 2 mag). A 100-d delay between optical and infrared rising stages is detected, suggesting an outside-in origin
of the instability. The spectroscopic features of this object reveal a self-luminous accretion disc, very similar to FU
Orionis, with a low line-of-sight extinction. Most recently, there has been a gradual increase in brightness throughout
the wavelength range, possibly suggesting an enhancement of the mass accretion rate.
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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. Maucé, 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.



24 Cloudlet Capture Model for the Accretion Streamer onto the disk of DG Tau

Tomoyuki Hanawa, Antonio Garufi, Linda Podio, Claudio Codella, Dominique Segura-Cox % DG Tau is a nearby
T Tauri star associated with a collimated jet, a circumstellar disk and a streamer a few hundred au long. The streamer
connects to the disk at ~50 au from DG Tau. At this location SO emission is observed, likely due to the release of
sulphur from dust grains caused by the shock of the impact of the accretion streamer onto the disk. We investigate the
possibility that the DG Tau streamer was produced via cloudlet capture on the basis of hydrodynamic simulations,
considering a cloudlet initiating infall at 600 au from DG Tau with low angular momentum so that the centrifugal
force is smaller than the gravitational force, even at 50 au. The elongation of the cloudlet into a streamer is caused by
the tidal force when its initial velocity is much less than the free-fall velocity. The elongated cloudlet reaches the disk
and forms a high density gas clump. Our hydrodynamic model reproduces the morphology and line-of-sight velocity
of CS (5 — 4) emission from the Northern streamer observed with ALMA. We discuss the conditions for forming a
streamer based on the simulations. We also show that the streamer should perturb the disk after impact for several
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On the magnetic field properties of protostellar envelopes in Orion

Bo Huang, Josep M. Girart, Ian W. Stephens, Manuel Fernandez-Lopez, Hector G. Arce, John M. Carpenter,
Paulo Cortes, Erin GG. Cox, Rachel Friesen, Valentin J. M. Le Gouellec, Charles L. H. Hull, Nicole Karnath,
Woojin Kwon, Zhi-Yun Li, Leslie W. Looney, Tom Megeath, Philip C. Myers, Nadia M. Murillo, Jaime E.
Pineda, Sarah Sadavoy, Alvaro Sanchez-Monge, Patricio Sanhueza, John J. Tobin, Qizhou Zhang, James M.
Jackson, Dominique Segura-Cox % We present 870 um polarimetric observations toward 61 protostars in the Orion
molecular clouds, with 400 au (1") resolution using the Atacama Large Millimeter /submillimeter Array. We success-
fully detect dust polarization and outflow emission in 56 protostars, in 16 of them the polarization is likely produced
by self-scattering. Self-scattering signatures are seen in several Class 0 sources, suggesting that grain growth appears
to be significant in disks at earlier protostellar phases. For the rest of the protostars, the dust polarization traces the
magnetic field, whose morphology can be approximately classified into three categories: standard-hourglass, rotated-
hourglass (with its axis perpendicular to outflow), and spiral-like morphology. 40.0% (+-3.0%) of the protostars exhibit
a mean magnetic field direction approximately perpendicular to the outflow on several 100-1000 au scales. However,
in the remaining sample, this relative orientation appears to be random, probably due to the complex set of morpholo-
gies observed. Furthermore, we classify the protostars into three types based on the C170 (3-2) velocity envelope’s
gradient: perpendicular to outflow, non-perpendicular to outflow, and unresolved gradient (< 1.0 km/s/arcsec). In
protostars with a velocity gradient perpendicular to outflow, the magnetic field lines are preferentially perpendicular
to outflow, most of them exhibit a rotated hourglass morphology, suggesting that the magnetic field has been over-
whelmed by gravity and angular momentum. Spiral-like magnetic fields are associated with envelopes having large
velocity gradients, indicating that the rotation motions are strong enough to twist the field lines. All of the protostars
with a standard-hourglass field morphology show no significant velocity gradient due to the strong magnetic braking.



Chondrule Formation During Low-Speed Collisions of Planetesimals: A Hybrid Splash-
Flyby Framework

William Herbst, James P. Greenwood % Chondrules probably formed during a small window of time ~1-4 Ma
after CAls, when most solid matter in the asteroid belt was already in the form of km-sized planetesimals. They are
unlikely, therefore, to be “building blocks" of planets or abundant on asteroids, but more likely to be a product of
energetic events common in the asteroid belt at that epoch. Laboratory experiments indicate that they could have
formed when solids of primitive composition were heated to temperatures of ~1600 K and then cooled for minutes to
hours. A plausible heat source for this is magma, which is likely to have been abundant in the asteroid belt at that
time, and only that time, due to the trapping of 2°Al decay energy in planetesimal interiors. Here we propose that
chondrules formed during low-speed (< 1 km s~ 1) collisions between large planetesimals when heat from their interiors
was released into a stream of primitive debris from their surfaces. Heating would have been essentially instantaneous
and cooling would have been on the dynamical time scale, 1/ \ﬂGp) ~ 30 minutes, where p is the mean density of
a planetesimal. Many of the heated fragments would have remained gravitationally bound to the merged object and
could have suffered additional heating events as they orbited and ultimately accreted to its surface. This is a hybrid
of the splash and flyby models: we propose that it was the energy released from a body’s molten interior, not its mass,
that was responsible for chondrule formation by heating primitive debris that emerged from the collision.
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An Episode of Occultation Events in Gaia2lbcv

Klaus W. Hodapp, Eric Gaidos, Matthew A. Kenworthy, Michael Tucker, Benjamin J. Shappee, Anna V.
Payne, Aaron Do % A previously unremarkable star near the Canis Major OB1/R1 association underwent an episode
of multiple deep brightness minima. Light curves based on archival Gaia, ZTF, NEOWISE data and additional
observations from LCO and UKIRT show that the star was not variable prior to 2019 Aug 18 (MJD 58700), and on
that date started showing brightness dips of up to 3 magnitudes in the Gaia G and ZTF r bandpasses. After MJD
59500, 800 days after the onset of these dipping events, the star returned to its previous brightness, and no significant
dipping events have been recorded since. Compared to the stable phase, NEOWISE infrared photometry in the W1
and W2 bands indicates a generally redder color, and both decreases and increases in brightness at different times
during the dipping episode. The spectrum of Gaia2lbcv taken after the end of the dipping episode shows several
neutral and ionized metal absorption lines, including Li, indicating a spectral type of K5, Variable emission from
|OI| was observed. The H alpha absorption in Gaia2lbcv is too faint and irregular for this spectral type, indicating
that the line is partly filled in by variable emission, a signature of weak episodic accretion. Gaia2lbcv lies above the
zero-age main sequence, but is much fainter than typical R CrB stars. We interpret the light curve of Gaia2lbcv
as being similar to the occultation events in Epsilon Aurigae, i.e., occultation by a disk around a companion object
orbiting the primary star.
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The outflow of the protostar in B335: 1

Klaus W. Hodapp, Laurie L. Chu, Thomas Greene, Michael R. Meyer, Doug Johnstone, Marcia J. Rieke,
John Stansberry, Martha Boyer, Charles Beichman, Scott Horner, Tom Roellig, George Rieke, Eric T. Young
% The isolated globule B335 contains a single, low luminosity Class 0 protostar associated with a bipolar nebula
and outflow system seen nearly perpendicular to its axis. We observed the innermost regions of this outflow as part
of JWST/NIRCam GTO program 1187, primarily intended for wide-field slitless spectroscopy of background stars
behind the globule. We find a system of expanding shock fronts with kinematic ages of only a few decades emerging
symmetrically from the position of the embedded protostar, which is not directly detected at NIRCam wavelengths.
The innermost and youngest of the shock fronts studied here shows strong emission from CO. The next older shock
front shows less CO and the third shock front shows only H2 emission in our data. This third and most distant of
these inner shock fronts shows substantial evolution of its shape since it was last observed with high spatial resolution
in 1996 with Keck/NIRC. This may be evidence of a faster internal shock catching up with a slower one and of the
two shocks merging.
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