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A triple star system with a misaligned and warped

circumstellar disk shaped by disk tearing arXiv:2004.01204

Stefan Kraus', Alexander Kreplin', Alison K. Young'?, Matthew R. Bate', John D. Monnier®, Tim J.
Harries', Henning Avenhaus?, Jacques Kluska'®, Anna S. E. Laws', Evan A. Rich®, Matthew Willson'®,
Alicia N. Aarninh’ Fred C. Adams”, Sean M. Andrews®, Narsireddy Anugu'?®?, Jaehan Bae*!", Theo ten
Brummelaar!'!, Nuria Calvet®, Michel Curé'?, Claire L. Davies!, Jacob Ennis? , Catherine Espaullat“
Tyler Gar-:lnner'J Lee Hartmann-‘, Sasha H111k]ey , Aaron Labdonl, Cyprien Lanthermann®, Jean-
Baptiste LeBouquin®!%, Gail H. Schaefer'!, Benjamin R. Setterholm®, David Wilner” and Zhaohuan
Zhu'®

Young stars are surrounded by a circumstellar disk of gas and dust, within which planet formation can occur. Gravi-
tational forces in multiple star systems can disrupt the disk. Theoretical models predict that if the disk is misaligned
with the orbital plane of the stars, the disk should warp and break into precessing rings, a phenomenon known as
disk tearing. We present observations of the triple-star system GW Orionis, finding evidence for disk tearing. Our
images show an eccentric ring that is misaligned with the orbital planes and the outer disk. The ring casts shadows
on a strongly warped intermediate region of the disk. If planets can form within the warped disk, disk tearing could
provide a mechanism for forming wide-separation planets on oblique orbits.

- ZEE2E R GWOri DEVELEFEDMEEDOER A

- BEBIECBODEN02IBEDEEIZHD

- EFRNMEOEAT,. EOLOILTEENRATHY.,. BRTRABDIVTELHFLNAT
TWT. BEWEW U o BEZE--E+ABDOR

- ZEERCHBOMEEBEERT. COLILEENTEED



LS & TR EREREL S

E
n

A

Thermal dust emission 1.3mm

({—weaq Afw) ww g1 ssaulyblg soeuns
0 =& m o =

0 ! .
o o (=]

(pazijewuou ‘Buljeds 1) wr 6270 ‘?O Ajisuaju| pasue|od
Qo Q
o > 5 > =

Scattered light 0.8{im .

/
i
i

E
=1
©
-
—_
=
2
o
L
Q
ﬁ
Q
@
‘.

S0 B © < o o
o o o o o [=]



AEEE. —EEDHE. HELEDETIL

A

z [auj..;.. — ‘

Intensity (r? scaling, normalized)




No. 30

Beatrice M. Kulterer,'* Maria N. Drozdovskaya,! Audrey Coutens,

Physicochemical models: source-tailored or generic?

2

Sébastien Manigand,® Gwendoline Stéphan®

ABSTRACT

Physicochemical models can be powerful tools to trace the chemical evolution of a
protostellar system and allow to constrain its physical conditions at formation. The
aim of this work is to assess whether source-tailored modelling is needed to explain
the observed molecular abundances around young, low-mass protostars or if, and to
what extent, generic models can improve our understanding of the chemistry in the
earliest stages of star formation. The physical conditions and the abundances of simple,
most abundant molecules based on three models are compared. After establishing
the discrepancies between the calculated chemical output, the calculations are redone
with the same chemical model for all three sets of physical input parameters. With
the differences arising from the chemical models eliminated, the output is compared
based on the influence of the physical model. Results suggest that the impact of
the chemical model is small compared to the influence of the physical conditions,
with considered timescales having the most drastic effect. Source-tailored models may
be simpler by design; however, likely do not sufficiently constrain the physical and
chemical parameters within the global picture of star-forming regions. Generic models
with more comprehensive physics may not provide the optimal match to observations
of a particular protostellar system, but allow a source to be studied in perspective of
other star-forming regions.
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The family of amide molecules toward NGC 63341

NieLs F.W. LIGTERINK," SAMER J. EL-ABD,*® CRySTAL L. BRocaN,” TopD R. HUNTER,” ANTHONY J. REMIJAN,?
ROBIN T. GARROD.? AND BRETT M. McGUIRE®?

arXiv:2008.09157

Amide molecules produced in space could play a key role in the formation of biomolecules on a
yvoung planetary object. However, the formation and chemical network of amide molecules in space
is not well understood. In this work, ALMA observations are used to study a number of amide(-like)
molecules toward the high-mass star-forming region NGC 63341. The first detections of cyanamide
(NH2CN), acetamide (CH3C(O)NHs) and N-methylformamide (CH;NHCHO) are presented for this
source. These are combined with analyses of isocyanic acid (HNCO) and formamide (NHyCHO) and
a tentative detection of urea (carbamide; NHoC(O)NHs). Abundance correlations show that most
amides are likely formed in related reactions occurring in ices on interstellar dust grains in NGC 63341.
However, in an expanded sample of sources, large abundance variations are seen for NHoCN that seem
to depend on the source type, which suggests that the physical conditions within the source heavily
influence the production of this species. The rich amide inventory of NGC 63341 strengthens the case
that interstellar molecules can contribute to the emergence of biomolecules on planets.
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SCExAO/CHARIS Near-IR Integral Field Spectroscopy of the HD 15115 Debris Disk

KELLEN LAWSON, THA‘:NE CURRIE,>** JOHN P. WISNIEWSKI.! MOTOHIDE TAMURA.” %7 GLENN SCHNEIDER."

JEAN-CHARLES AUGEREAU,’ TI"AOTHY D. Branpr,!’ OLI\ IER QUYON, 2% 115 N. JerEMY KasDIN,!2 13 TYLER D. GROFF,!
JULIEN Loz1.? JEFFREY CHILCOTE,'” KLAUS HODAPP,'S NEMANJA JOVANOVIC,!” FRANTZ MARTINACHE,'® NOUR SKAF,2 1% 2
Enr AKiyaMa,?! THomas HENNING,?? GILLIAN R. Knapp,?? JUNC‘MI Kwon,° SATOSHI \[AYAl\-IAP*

MICHAEL W. McELWAIN.'* MICHAEL L. SITKO.?® RUBEN ASENSIO-TORRES.2S TarcH UyaMa. 2”27 AND KEVIN WAGNER®

arXiv:2008.00309

We present new, near-infrared (1.1-2.4 gm) high-contrast imaging of the debris disk around HD 15115 with the Subaru
Coronagraphic Extreme Adaptive Optics system (SCExAO) coupled with the Coronagraphic High Angular Resolution
Imaging Spectrograph (CHARIS). SCExAO/CHARIS resolves the disk down to p ~ 072 (rp.j ~ 10 au), a factor of
~3-5 smaller than previous recent studies. We derive a disk position angle of PA ~27974-28075 and an inclination of
i ~ 8593-86°2. While recent SPHERE/IRDIS imagery of the system could suggest a significantly misaligned two ring
disk geometry, CHARIS imagery does not reveal conclusive evidence for this hypothesis. Moreover, optimizing models
of both one and two ring geometries using differential evolution, we find that a single ring having a Hong-like scattering
phase function matches the data equally well within the CHARIS field of view (p < 1”). The disk’s asymmetry, well-
evidenced at larger separations, is also recovered; the west side of the disk appears on average around 0.4 magnitudes
brighter across the CHARIS bandpass between 0725 and 1”. Comparing STIS/50CCD optical photometry (2000
10500 A) with CHARIS NIR. photometry, we find a red (STIS/50CCD-CHARIS broadband) color for both sides of
the disk throughout the 0/4-1” region of overlap, in contrast to the blue color reported at similar wavelengths for
regions exterior to ~2”. Further, this color may suggest a smaller minimum grain size than previously estimated at
larger separations. Finally, we provide constraints on planetary companions, and discuss possible mechanisms for the
observed inner disk flux asymmetry and color.
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A 3mm chemical exploration of small organics in Class I YSOs

RoMANE LE GaL @' KariN I. OBERG (2,! JaANE Huanc 2! CHARLES J. Law (2! FrRaNgo1s MENARD,?
2

BERTRAND LEFLOCH,> CHARLOTTE VASTEL,> ANA LOPEZ-SEPULCRE (2. %% CfcILE Favre (2 ? ELEONORA BiancH1 {2 ? aND

CEciLIA CECCARELLI (2?2

arXiv:2006.12526

There is mounting evidence that the composition and structure of planetary systems are intimately
linked to their birth environments. During the past decade, several spectral surveys probed the chem-
istry of the earliest stages of star formation and of late planet-forming disks. However, very little
is known about the chemistry of intermediate protostellar stages, i.e. Class I Young Stellar Objects
(YSOs), where planet formation may have already begun. We present here the first results of a 3mm
spectral survey performed with the IRAM-30m telescope to investigate the chemistry of a sample of
seven Class I YSOs located in the Taurus star-forming region. These sources were selected to embrace
the wide diversity identified for low-mass protostellar envelope and disk systems. We present detec-
tions and upper limits of thirteen small (Natoms < 3) C, N, O, and S carriers - namely CO, HCO™,
HCN, HNC, CN, NoH*, C3H, CS, SO, HCS™, (S, SO5, OCS - and some of their D, 13C, °N, 180,
170, and 3*S isotopologues. Together, these species provide constraints on gas-phase C/N/O ratios,
D- and N-fractionation, source temperature and UV exposure, as well as the overall S-chemistry. We
find substantial evidence of chemical differentiation among our source sample, some of which can be
traced back to Class I physical parameters, such as the disk-to-envelope mass ratio (proxy for Class I
evolutionary stage), the source luminosity, and the UV-field strength. Overall, these first results allow
us to start investigating the astrochemistry of Class I objects, however, interferometric observations
are needed to differentiate envelope versus disk chemistry.

IRAM 30m EiR§RIZEB. Class | KKD 3mm THD 5 FrEfE o — A
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Wind-MRI interactions in local models of protoplanetary
discs: I. Ohmic resistivity

Philip K. C. Leung!*. Gordon L. Ogilvie!§ arXiv:2008.00906

A magnetic disc wind is an important mechanism that may be responsible for driving
accretion and structure formation in protoplanetary discs. Recent numerical simula-
tions have shown that these winds can take either the tr adltlona] ‘hourglass’ symmetry
about the mid-plane, or a ‘slanted’ symmetry dominated by a mid-plane toroidal field
of a single sign. The formation of this slanted symmetry state has not previously
been explained. We use radially local 1D vertical shearing box simulations to assess
the importance of large-scale MRI channel modes in influencing the formation and
morphologies of these wind solutions. We consider only Ohmic resistivity and explore
the effect of different magnetisations, with the mid-plane § parameter ranging from
10° to 10°. We find that our magnetic winds go through three stages of development:
cyclic, transitive and steady, with the steady wind taking a slanted svmmetry profile
similar to those observed in local and global simulations. We show that the cycles
are driven by periodic excitation of the n = 2 or 3 MRI channel mode coupled with
advective eviction, and that the transition to the steady wind is caused by a much
more slowly growing n = | mode altering the wind structure. Saturation is achieved
through a combination of advective damping from the strong wind, and suppression
of the instability due to a strong toroidal field. A higher disc magnetisation leads to a
oreater tendency towards, and more rapid settling into the slanted symmetry steady
wind, which may have important implications for mass and flux transport processes
in protoplanetary discs.
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Evidence for dense gas heated by the explosion in Orion KL

DALEI L1,"? Xinp1 Tana,'? (I"-Pllr;.ISTIAN HENPI{EZL.gAJ KKARL M. I\IEIP;TEN.'“‘ FRIEDRICH \-’\-"*f’r;)v\:'szil.s YaN Gong,?
ane Wu 2 Ny . ; =N Es . AN ANTU 1,
GANG WuUu.»“ YUXIN HE,"* JARKEN ESIMBEK. < AND JIANJUN ZHOU arXiv:2008.04564
We mapped the kinetic temperature structure of Orion KL in a ~20"” (~8000 AU) sized region with
para-HoCS 7Tg7 — 6gg. Tog — 625, and 7Tos — 694 making use of ALMA Band 6 Science Verification
data. The kinetic temperatures obtained with a resolution of 1765x1”14 (~550 AU) are deduced by
modeling the measured averaged velocity-integrated intensity ratios of para-HsCS 796 — 625/707 — Goe
and Tos — 624/707 — 606 with a RADEX non-LTE model. The kinetic temperatures of the dense gas,
derived from the para-HoCS line ratios at a spatial density of 107 cm™2, are high, ranging from 43
to >500 K with an unweighted average of ~170 K. There is no evidence for internal sources playing
an important role in the heating of the various structures identified in previous work, namely the
elongated ridge, the northwestern clump, and the eastern region of the compact ridge, while the high
temperatures in the western region of the compact ridge may be dominated by internal massive star
formation. Significant gradients of kinetic temperature along molecular filaments traced by HoCS
indicate that the dense gas is heated by the shocks induced by the enigmatic explosive event, which
occurred several hundred years ago greatly affecting the energetics of the Orion KL region. Thus,
with the notable exception of the western region of the compact ridge, the high temperatures of the
dense gas in Orion KL are probably caused by shocks from the explosive event, leading to a dominant
component of externally heated dense gas.
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Gas-grain model of carbon fractionation in dense molecular clouds

Jean-Christophe Loison'* Valentine Wakelam?®, Pierre Gratier’and Kevin M. Hickson’

arXiv:2008.13411

Carbon containing molecules in cold molecular clouds show various levels of isotopic fractionation through multiple
observations. To understand such effects, we have developed a new gas-grain chemical model with updated 13C
fractionation reactions (also including the corresponding reactions for >N, 80 and 3!S). For chemical ages typical
of dense clouds, our nominal model leads to two 13C reservoirs: CO and the species that derive from CO, mainly
s-CO and s-CH30H, as well as C3 in the gas phase. The nominal model leads to strong enrichment in Cs3, c-CsH»
and CsH in contradiction with observations. When Cs reacts with oxygen atoms the global agreement between the
various observations and the simulations is rather good showing variable '*C fractionation levels which are specific
to each species. Alternatively, hydrogen atom reactions lead to notable relative 1>C fractionation effects for the two
non-equivalent isotopologues of C2H, c-C3H2 and CaS. As there are several important fractionation reactions, some
carbon bearing species are enriched in 1*C, particularly CO, depleting atomic C in the gas phase. This induces a 13C
depletion in CH4 formed on grain surfaces, an effect that is not observed in the CHy in the solar system, in particular
on Titan. This seems to indicate a transformation of matter between the collapse of the molecular clouds, leading to
the formation of the protostellar disc, and the formation of the planets. Or it means that the atomic carbon sticking
to the grains reacts with the species already on the grains giving very little CHy.
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