A Forming Quadruple Massive Stellar System

We capture a key snapshot of a compact OB quadruple stellar system, likely the progenitor
of Orion Trapezium, but much further away and more embedded...
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They rarely form in isolation but are usually
born in the center of star cluster, sometimes
as a compact group.

Massive stars are important because they
contribute much tc )chanical and
chemical feedk '

Image Credit: ESA/Webb, NASA & CSA
Orion Nebula (M42), M. J. McCaughrean and S. G. Pearson 2023

NGC 2283, A. Leroy 2025
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Primordial formation by converging gas flows?
(E. Vazquez-Semadeni et al. 2019)

Embedded star clusters have the record of their formation

How doeg.sucl;cpmpAGtOB fystaipdprm?

Dynamical relaxation from subclusters?
(R. Allison et al. 2007)

Image Credit: ESA/Webb, NASA & CSA
Orion Nebula (M42), M. J. McCaughrean and S. G. Pearson 2023



Serendipitous discovery of an OB quadruple

Most luminous star-forming regions throughout the Milky Way
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Serendipitous discovery of an OB quadruple
IRAS16060: a promising candidate of a proto-OB cluster

Vs )
-Caltech

uetal 2024)

High extinction A, ~ 1,000
Large mass reservoir M. ~ 2,140 M,
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Outline

* |on-neutral gas decomposition
e Gravitational potential
 (Gas kinematics

* Energetics



lon-neutral gas decomposition



ATCA 4.8 GHz

‘QUARKS 225.7 GHz
EALMA
o 0.1 pc

‘ASSEMBLE 252.0 GHz

.ALMA
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ATGAS(SGHZ

Broadband photometry of 0.84 - 850 GHz

: O 0.1 pc
‘ASSEMBLE 345.0 GHz .
:ALMA

o 0.1 pc

ATOMS 99.5 GHz “.
-ALMA

| O 0.1 pc
SABOCA 852.3 GHz -

.APEX




Flux density (Jy)

Integrated spectral energy distribution fitting

lonized halo + Compact HIl +

10* =
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Mixture of free-free and dust emission

About 40% dust emission and 60% free-free emission at 1.3 mm

- RRL H30a
Molecules
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Dec (ICRS)

Electron temperature map

Measured from line-to-continuum ratio at 3 mm
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Numerically consistent with our SED result of 8540 K
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Brightness Temperature (K)

Isolate H30a radio recombination line (RRL)

Simultaneous fitting mol. and RRL with physical models

60 -

Position of Spectra: S2
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Spectral model fitting is done under the XCLASS context (T. Moller et al. 2017)
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lonised and molecular gas decomposition

1.3 mm pure free-free ALMA 1.3 mm continuum 1.3 mm pure dust



Methyl cyanid: velo. and temp. diagnoses

—— Observed (R1)
Model (R1) \ 6

14

K=8
o M A

Observed (R2)
—— Model (R2)

220.60 220.65
Frequency (GHz)

® Methyl cyanid (CHsCN) as a , have a series of K-ladders (with wide range of
upper energy levels, from 60 up to 900 K) within a narrow frequency range.

e K-ladders can be rather than spontaneous emission. So it is
sensitive to the local thermalized temperature, i.e., the temperature of H2/dust molecules.

® CHsCN forms in dust grains, which when it is at the warm-up
phase. So its abundance and therefore line intensity is higher as closer to protostars.
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and

-97.1

Methyl cyanid: diagnoses
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Spectral map fitting is done under the spectuner context (Y. Qiu et al. 2025)
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Gravitational potential



Molecular gas 300 M, and stellar mass 100 A/

X: barycentre of star+gas

Based on the Lyman continuum photon
rates, the system contains one BO star, one
08.5 star, and two 06.5 stars.

From dust and (gas) temperature, we obtain
a molecular gas column density map via
gray-body radiation law.
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Pure dust flux density (Jy per beam)

From the stellar and gas surface density,
IRAS16060 is an off-centre system.

Right ascension offset (arcsec)
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It must be a rotation-flattened envelope

Fastest rotating velocity

Sphere Potential |
= Disk Potential /

_1)

o

Circular velocity v (km s
AN

N
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12000 20000 28000
Radius (au)

Disk-like morphology produces a more realistic rotation curve.
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Declination offset (arcsec)
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(Gas kinematics



Velocity decomposition at each annulus
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Energetics



Orbital specific energy distribution
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Orbital specific energy distribution

Newtonian mechanics in 1687
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"|'t’a'l ‘energy
-at 12 000 au




