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ABSTRACT

Context. To investigate how the content of massive OB stars affects the long-term evolution of young open clusters and their tidal
streams, and how such an effect influences the constraint of initial conditions by looking at the present-day observations.

Aims. OB stars are typically in binaries, have a strong wind mass loss during the first few Myr, and many become black holes. ® C Od e: PETER + G ALPY

These affect the dynamical evolution of an open star cluster and impact its dissolution in a given Galactic potential. We investigate )

the correlation between the mass of OB stars and the observational properties of open clusters. Hyades-like star clusters are well || = > =~ B &F H 22 <y H =
represented in the Solar neighborhood and thus allow comparisons with observational data. ® 1§J A (Ij: \ IE_J 4= @ 'J]Q]J ,\H 7l<1t|: T :E) 'J]Q]J ,\H @ O B ==
Methods. We perform a large number of star-by-star numerical N-body simulations of Hyades-like star clusters by using the high- o - “ -

performance N-body code PETAR combined with GALPY. 75\ E Z_ %:I: T%\fi = ) i_'f I_/_, /\ Z 7&_ j:D D)

Results. We find that OB stars and black holes have a major effect on star cluster evolution. Star clusters with the same initial

conditions, but a different initial content of OB stars, follow very different evolutionary paths. Thus, the initial total mass and radius ® Eﬁt J Ellj ;hz 'O % x %U —g— %) j: G 3 | 3 7__“ 9
/

of an observed star cluster cannot be unambiguously determined unless the initial content of OB stars is known. We show that the
stellar counts in the corresponding tidal tails, that can be identified in the Gaia data, help to resolve this issues. We thus emphasise the

importance of exploring not only star-clusters, but also their corresponding tidal tails. These findings are relevant for studies of the 'Z' E‘ ;h/ 7'2_-“ d a | tai | % E‘ %) G) 75\\ % L) 7'3\ :6 L/ ;h/

formation of massive stars.

Key words. star clusters — star formation — numerical methods fd: L) o
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o HEDREENMZHE>T. 648MyrBIDIRE DT
;C_ - Iﬁ' Lj 72_ © Star cluster formation - embedded phase Star cluster evolution — dynamical proceéggé, Galactig tides/shears
Initial conditions for
Table 1. The initial and present-day coordinates of Hyades Nbody simulations . ot
massive star content is
important
Parameter 648 Myr ago  present-day /\
RA[deg] 308.488 67.985 ” degeneracips
Dec[deg] 41.217 17.012 '
Distance[pc] 4.575 47.501
pm(RA,cos(Dec))[mas yr~'] -0.904 101.005 \/
pm(Dec) [mas yr—l] _()74() _28490 Ground based telescopes/Gaia Gaia
radial Velocity [km S_l] 431.31 39.96 Herschel/Spitzer/Alma
Build-up of stellar population in filamentary molecular cloud Galactic processes -tides, shears, bar, lumps, ...
Notes. The evaluated coordinate of the Hyades 648 Myr ago by using Dynamical processes - mergers, ejections & stellar evolution Dynamical proceses - mergers, ejections & stellar evolution
caLpy and the observed present-day one in the ICRS frame (see Jer-
abkova et al. 2021; Gaia Collaboration et al. 2018, for more details) 0 - few Myr few Myr > 100 Myr

Fig. 2. Sketch of the formation and evolution of a star cluster (from left to right). The left: the gas embedded phase where star formation occurred
along the filaments in a few Myr, which were influenced by the gas flow in the large scale, the OB feedback and the stellar dynamics. The right:

= M/ ~r . « o 7. . . . . e .. . .
® ’] EH *E O) M Rh 0) H 22 = — after the gas expulsion, the bound star cluster re-virialised to a roughly spherical system, which is the initial condition in our models. With the
5‘*__79\ O' ! O /J]Q]J ‘ H 7K1t|: % - lJ 72_ © three black solid arrows we show that there are a number of evolutionary tracks a star cluster can take. In our case we focus on how the content

of massive stars can affect the evolution of the cluster with otherwise identical initial conditions. We show that while this causes degeneracy

® 1 t Y I\ (,: j(\j' L/ N 3 O 01 -] rJ]Q]J HH %'ftl: 7& 2%1# o |B D | M F making it impossible to uniquely infer the initial conditions of an observed cluster, the properties of its tidal tails help to break the degeneracy and
thus constrains the initial conditions, as marked by the gray solid arrow. The ultimate question (indicated by the gray dotted arrow) is then what
ERai=1 A i —
M"50.08 - 150 KEZBEDEHE (T

9\\ A - =5 7&_ constraints can be placed on the gas-embedded phase of the star cluster.
C ==
E>THBLET % o XIADKRREFEREIFLITDED
Table 2. The initial parameters of N-body models ® EEQ;FJJ cj: jj\x (1: = :E) n—t \J \ %) ( }W’%)
Mo[Ms] 800, 1000, 1200, 1400, 1600 o BEDTWVWEZBICHADRN. 74 TAXAYENPFDRXRAT
Rh’o[pc] 05, 1, 2
SRIAN PN - : S Fr A EAENERR S BT
Notes. The initial total masses M, and the initial half-mass radii Ry Eﬁ/ﬁih i— g v Me rg © r)P eJ eCtI on 0) A: 2 /o jj % El]li%f é: Eﬂ:/

of the star cluster model sets. The reference name of each set combines > RN / — R
the values of M, and R}, o without the decimal point, such as M8OORO3, E\Z 7 ’l/ - I\ / \ \\/ 7 % %:XI: I%ﬁ\ 'TT{E\ /? ‘(— jj X 75\1:& Lj— %) o

M1000R1, M1600R2.
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Fig. 3. The mass of the heaviest star (m,,,x) and the total mass of OB

stars (Mog) by randomly sampling the Kroupa (2001) IMF in each of

the 300 Hyades-like models. The 1nitial total mass of each model 1s
1600 M.
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Mog varies from 150 Mg to 600M s and migmax varies from 20 Mo to 140 M.

e OB-minEOB-maxE WS> ETFILZEATE, OBE
DIBEN—BFBRKE LD E/NZT VD,

OB-min: Mpg= 144 Mg ; Mpyax =12 Mg

»

DEC

0 25 50 75 100 125 150 0 25 50 75 100

Hpec[mas yr1]

—25 0 25 50 75 100 125 —25 0 25 50 75

HURA, cosdecLmas yr_l] HURA, cosdecLmas yr_l]

Fig. 4. The comparison of the number density map for the positions and proper motions of stars at the age of 648 Myr in the two models with t

minimum and the maximum Mg from the M80OOR2 set (OB-min and OB-max models).
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Fig. 5. The comparison for the evolution of the global properties for
the OB-min and OB-max models shown in Fig. 4. From the top to the
bottom: tidal radii (R;4), the total masses inside R4 (M,q), the half-mass
radii (Ry,) and the core radii (R.). The vertical line refers to 30 Myr.
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Fig. 7. The evolution of the global properties, from the top to the bottom: R4, M4, Rn, R. and aggy, for the models with a similar property at 32
Myr to those in the OB-max model. The columns separates the models with different M. For each My, a brighter color indicate a higher total mass
of BHs (Mpgy). The half-mass relaxation time (7';,) at 32 Myr are shown in the second row of panels. The values of Mgy and the corresponding
numbers of BHs (in brackets) are shown in the last row of panels.
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Fig. 8. The comparison for the morphology, the density and the average mass of stars for the five models with different M, and the minimum A
referring to the OB-min model in the M80OOR?2 set. For each model, the three sub-panels show the number density map of stars in the spherical
coordinate system of the Galactocentric reference frame, the histogram of star counting () and the average mass of stars ({m;)) along the
longitude, respectively. The compacted objects (WDs, NSs and BHs) are excluded.

Table 3. The parameters of the model set shown in Fig. 8

Mode set Mog Miag  Moww Nia  Nou

MS8O0R2 27.0 1963 4719 186 735
MI1000R1  207.2 196.5 5182 184 761
MI1200R05 165.5 196.1 658.6 173 958
MI1400R05 348.8 1985 727.1 202 973
MI600R05 456.9 196.2 8&857.0 180 1208

Notes. The corresponding model set, the initial OB star mass (Mog ), the
total mass inside R;q (Myq) and outside Ri;q (M), the number counts
for stars with apparent G-band magnitude < 20 inside Ry (NVsq) and
outside Ryq (Noy) for the five models shown in Fig. 8. Their Rq =~ 6.5 pc
and Ry, = 3.0 pc at 648 Myr. The mass unit is M.
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Global 3D Radiation Hydrodynamic Simulations of
Proto-Jupiter’s Convective Envelope
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ABSTRACT PN e 4 )
The core accretion model of giant planet formation has been challenged by the dis- NENXERRZEZE>T, ABAIREL
covery of recycling flows between the planetary envelope and the disc that can slow < 5SWANEbLZHNE -,
or stall envelope accretion. We carry out 3D radiation hydrodynamic simulations with
an updated opacity compilation to model the proto-Jupiter’s envelope. To isolate the o IEENEMNLECNLIES. 0.1-02 )L 5
3D effects of convection and recycling, we simulate both isolated spherical envelopes
and envelopes embedded in discs. The envelopes are heated at given rates to achieve WU D ATLZE LY
steady states, enabling comparisons with 1D models. We vary envelope properties to 2. . s,
obtail?lf both radiative ind C(E)nvective solutions. Using a pa,ssiv}; Scalar,p Wep ob]Zerve Sig- * XREDIZTIS, HADEEANED
nificant mass recycling on the orbital timescale. For a radiative envelope, recycling 5.
can only penetrate from the disc surface until ~0.1-0.2 planetary Hill radii, while for . - A b
a Conve}(zt?ve envelope, the convective motion can “dredge up” tflfe deeper part of the ° (EMMBRIEBRITHBATD INFTOIF L
envelope so that the entire convective envelope is recycled efficiently. This recycling, ThHhoEW?)
however, has only limited effects on the envelopes’ thermal structure. The radiative
envelope embedded in the disc has identical structure as the isolated envelope. The o IDICEZDNZIED o

convective envelope has a slightly higher density when it is embedded in the disc. We
introduce a modified 1D approach which can fully reproduce our 3D simulations. With
our updated opacity and 1D model, we recompute Jupiter’s envelope accretion with a
10 Mg core, and the timescale to runaway accretion is shorter than the disc lifetime as
in prior studies. Finally, we discuss the implications of the efficient recycling on the ob-
served chemical abundances of the planetary atmosphere (especially for super-Earths
and mini-Neptunes).
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Figure 5. The density structure of the 3-D isolated sphere (the left panel) and 3-D envelope-in-disc (the right panel) simulations with
our fiducial setup. The green surface at the center is the iso-surface with a constant radial radiation flux. The iso-surface is not smooth

due to the convective motion within the envelope.
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Figure 8. The radial profiles of various quantities for 1-D (green curves), 3-D isolated sphere (blue curves), and 3-D disc (red curves)
models with our fiducial setup. All quantities are spherically averaged over grids, except for the lower left panel which shows the spherically
integrated energy flux (solid curves: radiative fluxes, dotted curves: convective fluxes from E,v,). The energy fluxes have been averaged
over 20 snapshots over a time span of 0.2 planetary orbits. The energy fluxes, together with the pressure and temperature used in the
lower right panel, have also been smoothed over 4 radial grids. The vertical dashed line in the temperature panel labels rg (which is also
very close to rp in our fiducial case). Clearly, convection is prohibited in the 1-D model so that V can be higher than V.
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First results: observations of CygX-N30 w\./“ﬂ{

S. J. van der Walt!, L. E. Kristensen!, J. K. ngsrgensenl, H. Calcutt®>, S. Manigandl, M. el Akel*!, R. T. Garrod’, and
K. Qiu®’

35" VLA2 -0.3 7
MM1a

Dec. (J2000)
Ilv beam

T
o
N

30Il

0.1

Context. Complex organic molecules (COMs) are commonly detected in and near star-forming regions. However, the dominant

process in the release of these COMs from the icy grains —where they predominately form— to the gas phase is still an open 25"
question.

Aims. We investigate the origin of COM emission in a high-mass protostellar source, CygX-N30 MMI, through high-angular-

resolution interferometric observations over a continuous broad frequency range.

Methods. We used 32 GHz Submillimeter Array (SMA) observations with continuous frequency coverage from 329 to 361 GHz at an

angular resolution of ~ 1” to do a line survey and obtain a chemical inventory of the source. The line emission in the frequency range

was used to determine column densities and excitation temperatures for the COMs. We also mapped out the intensity distribution of

the different species. 1004 mmm Pos. 1 - COMs peak
Results. We identified approximately 400 lines that can be attributed to 29 different molecular species and their isotopologues. We find Pos. 2 - Centre

that the molecular peak emission is along a linear gradient, and coincides with the axis of red- and blueshifted H,CO and CS emission. ‘ W Pos.3-Nand5 peak
Chemical differentiation is detected along this gradient, with the O-bearing molecular species peaking towards one component of the
system and the N- and S-bearing species peaking towards the other. The chemical gradient is offset from but parallel to the axis
through the two continuum sources. The inferred column densities and excitation temperatures are compared to other sources where
COMs are abundant. Only one deuterated molecule 1s detected, HDO, while an upper limit for CH,DOH is derived, leading to a D/H
ratio of <0.1%.

Conclusions. We conclude that the origin of the observed COM emission is probably a combination of the young stellar sources
along with accretion of infalling material onto a disc-like structure surrounding a young protostar and located close to one of the
continuum sources. This disc and protostar are associated with the O-bearing molecular species, while the S- and N- bearing species
on the other hand are associated with the other continuum core, which is probably a protostar that is slightly more evolved than the
other component of the system. The low D/H ratio likely reflects a pre-stellar phase where the COMs formed on the ices at warm
temperatures (~ 30 K), where the deuterium fractionation would have been inefficient. The observations and results presented here
demonstrate the importance of good frequency coverage and high angular resolution when disentangling the origin of COM emission.
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ABSTRACT

The study of infall motion helps us to understand the initial stages of star formation. In this paper, we use
the IRAM 30-m telescope to make mapping observations of 24 infall sources confirmed in previous work.
The lines we use to track gas infall motions are HCO™ (1-0) and H*CO™ (1-0). All 24 sources show HCO™
emissions, while 18 sources show H'2CO™ emissions. The HCO™ integrated intensity maps of 17 sources show
clear clumpy structures; for the H'3CO™ line, 15 sources show clumpy structures. We estimated the column
density of HCO™ and H*CO™ using the RADEX radiation transfer code, and the obtained [HCO™]/[Hz] and
[H13COT]/[HCO™] of these sources are about 10~ 111077 and 10~3-1, respectively. Based on the asymmetry
of the line profile of the HCO™, we distinguish these sources: 19 sources show blue asymmetric profiles, and
the other sources show red profiles or symmetric peak profiles. For eight sources that have double-peaked blue
line profiles and signal-to-noise ratios greater than 10, the RATRAN model is used to fit their HCO™ (1-0) lines,
and to estimate their infall parameters. The mean V;,, of these sources are 0.3 — 1.3 km s~ 1, and the Mm are
about 1072 — 1074 M, yr!, which are consistent with the results of intermediate or massive star formation in
previous studies. The V;,, estimated from the Myers model are 0.1 — 1.6 km s, and the Mm are within 1073 —
10™° Mg, yr~!. In addition, some identified infall sources show other star-forming activities, such as outflows
and maser emissions. Especially for those sources with a double-peaked blue asymmetric profile, most of them
have both infall and outflow evidence.
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ABSTRACT

We attempt to visually classify the morphologies of 18190 molecular clouds, which are identified in
the 12CO(1-0) spectral line data over ~ 450 deg? of the second Galactic quadrant from the Milky
Way Imaging Scroll Painting project (MWISP). Using the velocity-integrated intensity maps of the
12C0(1-0) emission, molecular clouds are first divided into unresolved and resolved ones. The resolved
clouds are further classified as non-filaments or filaments. Among the 18190 molecular clouds, ~ 25
% are unresolved, ~ 64% are non-filaments, and ~ 11% are filaments. In the terms of the integrated
flux of 2CO(1-0) spectra of the whole 18190 molecular clouds, ~ 90% are from filaments, ~ 9%
are from non-filaments, and the rest ~ 1% are from unresolved sources. Although non-filaments are
dominant in the number of the discrete molecular clouds, filaments are the main contributor of 2CO
emission flux. We also present the number distributions of physical parameters of the molecular clouds
in our catalog, including their angular sizes, velocity spans, peak intensities of 12CO(1-0) emission,
and 12CO(1-0) total fluxes. We find that there is a systematic difference between the angular sizes
of the non-filaments and filaments, with the filaments tending to have larger angular scales. The Hs
column densities of them are not significantly different. We also discuss the observational effects, such
as those induced by the finite spatial resolution, beam dilution and line-of-sight projection, on the
morphological classification of molecular clouds in our sample.



The HD 98800 quadruple pre-main sequence system '}

Towards full orbital characterisation using long-baseline infrared
interferometry™ l
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Fig. 1: Schematic view of HD 98800 orbital configuration. The
BaBb subsystem hosts a circumbinary disk in polar configura-
tion and is orbiting around the AaAb binary in a highly inclined
orbit with a semi-major axis of = 45 au.

ABSTRACT
Context. HD 98800 is a young (~ 10 Myr old) and nearby (~ 45 pc) quadruple system, composed of two spectroscopic binaries
orbiting around each other (AaAb and BaBb), with a gas-rich disk in polar configuration around BaBb. While the orbital parameters ® H D 9 8 8 O O ( 1 O M y I, 45 p C)
of BaBb and AB are relatively well constrained, this is not the case for AaAb. A full characterisation of this quadruple system can —_
provide insights on the formation of such a complex system. ® 4 Eg = = AaA b t B a B b
Aims. The goal of this work is to determine the orbit of the AaAb subsystem and refine the orbital solution of BaBb using multi-epoch
interferometric observations with the Very Large Telescope Interferometer (VLTI)/PIONIER and radial velocities. - N
Methods. The PIONIER observations provide relative astrometric positions and flux ratios for both AaAa and BaBb subsystems. ® AaAb G) {(i ) G) $}Ll§_ % J: < % (kb 7'2:

Combining the astrometric points with radial velocity measurements, we determine the orbital parameters of both subsystems.
Results. We refined the orbital solution of BaBb and derived, for the first time, the full orbital solution of AaAb. We confirmed

the polar configuration of the circumbinary disk around BaBb. From our solutions, we also inferred the dynamical masses of AaAb ® V _Tl/ P I O N E E R
(M, =093 £0.09 and My, = 0.29 £ 0.02 M,). We also revisited the parameters of the AB outer orbit. RFE E= LLy
Conclusions. The orbital parameters are relevant to test the long-term stability of the system and to evaluate possible formation ® 1=ES) :E) L1 7—{_'_( M = O . 93 + O . 09 an d M = O 2 9 + O . 02 M@)

scenarios of HD 98800. Using the N-body simulation, we show that the system should be dynamically stable over thousands of orbital
periods and that it made preliminary predictions for the transit of the disk in front of AaAb which is estimated to start around 2026. o NS S ] WA
We discuss the lack of a disk around AaAb, which can be explained by the larger X-ray luminosity of AaAb, promoting faster photo- ® 2 O 2 6 f: L(_ Aa A b 0) Bl % I_ ﬁiﬁ 7':)\1% %
evaporation of the disk. High-resolution infrared spectroscopic observations would provide radial velocities of Aa and Ab (blended
lines in contemporary observations), which would allow us to calculate the dynamical masses of Aa and Ab independently of the

parallax of BaBb. Further monitoring of other hierarchical systems will improve our understanding of the formation and dynamical ® Aa Ab 0) }%_l D (,(: I 75‘79: \, \ 0) (,j: X— ﬁ{};? 0) 't_j__ \, \ 75\ ?

evolution of these kinds of systems.




