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ABSTRACT

Hub-filament systems are considered as natural sites for high-mass star formation. Kinematic analysis of the surround-
ings of hub-filaments is essential to better understand high-mass star formation within such systems. In this work, we
present a detailed study of the massive Galactic protocluster IRAS 15394—5358, using continuum and molecular line
data from the ALMA Three-millimeter Observations of Massive Star-forming Regions (ATOMS) survey. The 3 mm
dust continuum map reveals the fragmentation of the massive (M = 843 My) clump into six cores. The core C-1A is
the largest (radius = 0.04 pc), the most massive (M = 157 M), and lies within the dense central region, along with
two smaller cores (M = 7 and 3 Mg ). The fragmentation process is consistent with the thermal Jeans fragmentation
mechanism and virial analysis shows that all the cores have small virial parameter values (a iy << 2), suggesting
that the cores are gravitationally bound. The mass vs. radius relation indicates that three cores can potentially form
at least a single massive star. The integrated intensity map of H'?CO™ shows that the massive clump is associated
with a hub-filament system, where the central hub is linked with four filaments. A sharp velocity gradient is observed
towards the hub, suggesting a global collapse where the filaments are actively feeding the hub. We discuss the role ot
global collapse and the possible driving mechanisms for the massive star formation activity in the protocluster.
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Figure 1. (a) Two color composite image (24 pm - red and 8 um - green) of the region towards IRAS 15394—5358. This image shows a .

: : : : : : : : Figure 2. The 3 mm continuum map of the protocluster observed
larger field of view of the surrounding area of the star-forming region, which lie on the large IRDC. The white box covers a close region as part of the ATOMS survey is shown in colour. The magenta
?Jround IRAS 1'5394.—5358. (b) Three colgr—composite image (8 pm - red, 4.5 um - green, and 3.6 pm - blue) of the white box region shown __ .~ e o map with contour levels of 3, 5, 10,
in (a). The white circle (radius = 0.7") is the ALMA field of view. The cyan contours are emissions at 870 um from the ATLASGAL 15, 25, and 50 times the noise o, where o = 0.0004 Jy/beam. The

survey. The contour levels are 0.6, 1, 2, 3, 5, and 10 Jy/beam. Different objects towards the region found in the literature are shown in yellow ellipses, along with labels, are the identified cores. A scale
different symbols. The white ‘+’ marks are for the EGOs (Cyganowski et al. 2008), the blue star shows the location of 6 GHz CH3OH bar of 0.1 pc is shown on the top, and the beam size is in the

maser (Caswell 1998), and the magenta diamond for the position of the 70 um point source. Scale bars of both images are shown on top bottom left corner.

of each frame.
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Table 3. Density of clump and derived Jeans parameters.
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Figure 14. Fragment mass vs. the nearest separation. Here, the
fragment masses are the core masses. The blue-filled circles repre-
sent the associated cores of IRAS 15394—5358. The dotted, solid
black line and the shaded regions are plotted following the outlines
described in Wang et al. (2014); Xu et al. (2023). Spatial and 3o
mass sensitivity of IRAS 15394—5358 with ALMA Band-3 observa-
tions is shown as an orange-shaded region. The 30 mass sensitivity
estimated using the 30 flux density and dust temperature of 100 K.
The black dotted line is for thermal Jeans fragmentation with T
= 15 K and density n = [10%2, 10® cm~3]. The blue-shaded region
corresponds to the same density range, but for temperatures, T =
[10, 30] K. The solid black line is for the turbulent Jeans fragmen-

tation corresponding to velocity dispersion ¢ = 0.7 km s~ ! and
density n = [102%, 10% cm~3]. The green shaded region is for the
same density but with velocity dispersion o = [0.4,1.2] km s~ 1.

All cores are labelled on the plot. Due to their similar masses, cores
C-2 and C-3 overlap with each other. The red vertical dashed lines
mark the location of 0.3 pc ()\JTg;I?S or Jeans length assuming the
cloud fragmented when its density was 10* cm~3) and 0.1 pc, the
median value of the observed core separation, respectively. The red

arrow shows the length of 0.2 pc, highlighting the difference.
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Figure 16. Radius vs. mass. The blue-filled circles mark the
positions of the cores associated with IRAS 15394—5358. The
blue-filled star and square represent the hub C-1 and the
whole clump. Cores from literature (Peretto, Hennebelle & André
2007; Zapata et al. 2009; Rathborne et al. 2011; Wang et al. 2011;
Peretto et al. 2013; Saha et al. 2022) are also shown in the plot
as magenta-filled circles. SDC335-MM1 (Peretto et al. 2013), and
W51-N (Zapata et al. 2009) are displayed as green and red-filled
circles, respectively. The blue and red lines represent the sur-
face density thresholds of 116 Mg pc~2 (~ 0.024 g cm~2) and
129 Mg pc=2 (~ 0.027 g cm~2) from Lada, Lombardi & Alves
(2010) and Heiderman et al. (2010), respectively. The shaded re-
gion is for the low-mass star formation, which does not satisfy the
criteria of m(r) > 870 Mg (r/pc)!-33 (Kauffmann et al. 2010). Sur-
face density thresholds of 0.05 g cm~2 (Krumholz & McKee 2008),
and 1 g cm~? (Urquhart et al. 2014) are shown as dashed black
lines. The green dashed line is for a core mass of 8 M.
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Figure 8. Integrated intensity map of H'3CO™. The filaments are
shown as yellow lines and labelled from F1 to F4. The 3 mm con-
tinuum emission is shown as magenta contours, with the same
contour levels as of Fig. 2. The ‘4’ marks display the locations
of the identified dense cores in the region. The cyan boxes on the
central core and the filaments are the regions where spectra are
extracted to analyze the infall signature in that region.
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Figure 17. The background image is the moment0 map of the
H13CO™ molecular line transitions. LSR velocities obtained within
circular regions (2.5"”), equivalent to the beam size, are overplot-
ted on the image. The colour coding of the circles represents the
variation in LSR velocities. The colour bar of the variation is also
shown in the plot. The scale bar is shown on the top, and the beam
size is shown in the bottom left corner.
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Figure 11. Moment1 (a) and moment2 (b) maps of H'3COT line transition. Filaments, along with their labels, are overplotted on the maps. moment 1: jjzd)zzi :L;E
The ‘+’ marks are the locations of the dense cores. Both the moment maps are generated within velocity range of [-48.1, -29.7] km s—!
and considering pixels above 50, where o = 0.009 Jy/beam. Scale bar and beam size are also shown on the maps. mOment 2 7]2@:@);7?

3




ATOMS: ALMA Three-millimeter Observations ot Massive Star-forming regions —

XVIIl. High-mass star-formation through a large-scale collapse in IRAS 15394-5358

o JIAFRARENHFLDI\T DREDEEEB U (~ 2 km s1) EARE

o C-10E=Z"HHE TIME(5 x 104 yr)DFUSTHEE TZ B,

e global hierarchical collapse®FJLI(C K

e JIHAIC. DFEHJeans coreBE DR U=,
o EEE=DAETUVIV(C-))MN\TICAIEL TLB,
5RELBEDORET N T S A MFAICHAIE L TULD,

o MIMDEEDENI7C-2, C-3(F. HFA

=9 5E. BERFESIE3 x 10-3 Mg, yri.

IIXL

Scompetitive accretion (G

Min — 3V?n/2G
BHIEE?) CEAHN.




Giant planets pop
o KE=EEChHIBEE
A D DXREHRK (.
MRIRAVIRIE S UV D
SR TEE,

e Scorpius-Centaurus

association(cH 7D

ulation around B stars from the first part of the BEAST survey

Context. Exoplanets form from circumstellar protoplanetary discs whose fundamental properties (notably their extent, composition, mass, tem-
perature and lifetime) depend on the host star properties, such as their mass and luminosity. B-stars are among the most massive stars and their
protoplanetary discs test extreme conditions for exoplanet formation.

Aims. This paper investigates the frequency of giant planet companions around young B-stars (median age of 16 Myr) in the Scorpius-Centaurus
association, the closest association containing a large population of B-stars.

Methods. We systematically search for massive exoplanets with the high-contrast direct imaging instrument SPHERE using the data from the
BEAST survey, that targets an homogeneous sample of young B-stars from the wide Sco-Cen association. We derive accurate detection limits in
case of non-detections.

Results. We found evidence in previous papers for two substellar companions around 42 stars. The masses of these companions are straddling the
~13 Jupiter mass deuterium burning limit but their mass ratio with respect to their host star 1s close to that of Jupiter. We derive a frequency of
such massive planetary mass companions around B stars of 11fg%, accounting for the survey sensitivity.

Conclusions. The discoveries of substellar companions b Centauri b and x* Sco B happened after only few stars in the survey had been observed,
raising the possibility that massive Jovian planets might be common around B-stars. However our statistical analysis show that the occurrence rate
of such planets 1s similar around B-stars and around solar-type stars of similar age, while B-star companions exhibit low mass ratios and larger

=10 \Bﬂ/_'z_"z(Lii’:j 16 Myr) semi-major axis.
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Giant planets population around B stars from the first part of the BEAST survey
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Table 1. Sample of stars used for this study’s statistical analysis.

Name Age (Myr) Mass (Mgy) Sp. type

HIP58452 20*3 30+£03 B85V
HIP58901 134 29+03 B9V
HIP60009 1243 6.5+06  B2.5V
HIP60379 13%3 3.8+04 B7V
HIP60823*! 174 72+07 B2V
HIP61585*! 1543 9.8 1 B2V
HIP62058 15%3 3.4+03 B
HIP62327*! 1743 54+£05  B25V
HIP63003 16%3 7.1+£0.7 B2V
HIP65112 1543 40+04  B5V
HIP66454 1743 4004 B8V
HIP67464*! 183 8.2+0.8 B2V
HIP67669"! 1743 48+05  BS5V
HIP67703 1673 34+03 B8V
HIP68245 1743 79+08 B2V
HIP68282*! 21%5 6.6+07 B2V
HIP69011 1743 23+£02  BI9SV
HIP70300 17+ 59+06 B2V
HIP70626 1543 3303 B9V
HIP71352 15%3 97+10 B2V

6.2+0.6 B3.5V
59+0.6 B2.5V

HIP71536* 14+4
HIP71865*2 1443

HIP74950"! 18%3 44+04 BTV
HIP76591 1743 3.0+0.3 BoV
HIP76600"! 13+ 75+£0.7  B2.5V
HIP76633 73 24+02 B9V
HIP77562 1743 29+03 B9V
HIP77968 1755 34+03 B8V
HIP78207 0.5%93 47+£05  BSV
HIP79044*! 1743 27+03 B9V
HIP80911 16j 8.8+£0.9 B2V
HIP82514*! 20+ 100+1.0  BIV
HIP82545 204 9.1+03 B2V

Notes. * Star is a short separation (<0.1") binary. Binarity source : *!,

from Gratton et al. (2023); *2, from Rizzuto et al. (2013) Spectral types
are from Simbad.
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Fig. 5. Average detection probability of a companion of given mass/sma
in the BEAST intermediary survey using the cond atmospheric model.
The two detected planets in this survey are also represented with the
mass / sma extracted from Janson et al. (2021a) and Squicciarini et al.
(2021). Jupiter is also added to provide comparison. In the case of b
Centauri b, no semi-major axis estimation is available, so we repre-
sented its projected separation.
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Fig. 6. Same as Figure 5 but expressed in companion to primary star
mass-ratio. Several emblematic systems are added to the plot, repre-
sented by the hollow diamonds. Data are extracted from Zurlo et al.
(2022) for HR 8799 bcde, Desgrange et al. (2022) for HD 95086 b,
Blunt et al. (2023) for HIP 65426 b, Lagrange et al. (2020) for 8 Pic-
toris b, Brown-Sevilla et al. (2023) for 51 Eri b and Zhang et al. (2023)
for AF Lep b.
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Table 3. Derived occurrence rates for companions within various mass
ranges around our sample of B stars.
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