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ATOMS: ALMA Three-millimeter Observations of Massive Star-forming regions — V.
Hierarchical fragmentation and gas dynamics in IRDC G034.43+00.24

Hong-Li Liu, Anandmayee Tej, Tie Liu, Namitha Issac, Anindya Saha, Paul F. Goldsmith, Jun-Zhi Wang,
Qizhou Zhang, Sheng-Li Qin, Ke Wang, Shanghuo Li, Archana Soam, Lokesh Dewangan, Chang Won Lee,
Pak-Shing Li, Xun-Chuan Liu, Yong Zhang, Zhiyuan Ren, Mika Juvela, Leonardo Bronfman, Yue-Fang Wu,
Ken’ichi Tatematsu, Xi Chen, Di Li, Amelia Stutz, Siju Zhang, L. Viktor Toth, Qiu-Yi Luo, Feng-Wei Xu,
Jinzeng Li, Rong Liu, Jianwen Zhou, Chao Zhang, Mengyao Tang, Chao Zhang, Tapas Baug, E. Mannfors,
Eswaraiah Chakali, Somnath Dutta % We present new 3-mm continuum and molecular lines observations from the ATOMS
survey towards the massive protostellar clump, MM1, located in the filamentary infrared dark cloud (IRDC), G034.43+00.24
(G34). The lines observed are the tracers of either dense gas (e.g. HCO+/H13CO+ J = 1-0) or outflows (e.g. CS J = 2-1).
The most complete picture to date of seven cores in MM1 is revealed by dust continuum emission. These cores are found to be
gravitationally bound, with virial parameter, a,;» < 2. At least four outflows are identified in MM1 with a total outflowing mass
of ~ 45M, and a total energy of ~ 1 x 10*” erg, typical of outflows from a BO-type star. Evidence of hierarchical fragmentation,
where turbulence dominates over thermal pressure, is observed at both the cloud and the clump scales. This could be linked to

the scale-dependent, dynamical mass inflow /accretion on clump and core scales. We therefore suggest that the G34 cloud could
be undergoing a dynamical mass inflow /accretion process linked to the multiscale fragmentation, which leads to the sequential
formation of fragments of the initial cloud, clumps, and ultimately dense cores, the sites of star formation.
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26 Magnetic fields in star formation: a complete compilation of all the DCF estimations

" Junhao Liu, Keping Qiu, Qizhou Zhang % The Davis-Chandrasekhar-Fermi (DCF) method provides an indirect way to
estimate the magnetic field strength from statistics of magnetic field orientations. We compile all the previous DCF estimations
from polarized dust emission observations and re-calculate the magnetic field strength of the selected samples with the new
DCF correction factors in Liu et al. (2021). We find the magnetic field scales with the volume density as B o« n”-°". However,
the estimated power-law index of the observed B — n relation has large uncertainties and may not be comparable to the B —n
relation of theoretical models. A clear trend of decreasing magnetic viral parameter (i.e., increasing mass-to-flux ratio in units
of critical value) with increasing column density is found in the sample, which suggests the magnetic field dominates the gravity
at lower densities but cannot compete with the gravity at higher densities. This finding also indicates that the magnetic flux
is dissipated at higher column densities due to ambipolar diffusion or magnetic recennection, and the accumulation of mass at
higher densities may be by mass flows along the magnetic field lines. Both sub-Alfvénic and super-Alfvénic states are found in
the sample, with the average state being approximately trans-Alfvénic.
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24.

Star Formation Regulation and Self-Pollution by Stellar Wind Feedback

Lachlan Lancaster, Eve C. Ostriker, Jeong-Gyu Kim, Chang-Goo Kim % Stellar winds contain enough energy to easily

disrupt the parent cloud surrounding a nascent star cluster, and for this reason have been considered candidates for regulating
star formation. However, direct observations suggest most wind power is lost, and Lancaster2la,b recently proposed that this is

due to efficient mixing and cooling processes. Here, we simulate star formation with wind feedback in turbulent, self-gravitating
clouds, extending our previous work. Our simulations cover clouds with initial surface density 10* — 10* Mg pc™?, and show
that star formation and residual gas dispersal is complete within 2 - 8 initial cloud free-fall times. The "Efficiently Cooled"

model for stellar wind bubble evolution predicts enough energy is lost for the bubbles to become momentum-driven, we find
this is satisfied in our simulations. We also find that wind energy losses from turbulent, radiative mixing layers dominate losses
by "cloud leakage" over the timescales relevant for star formation. We show that the net star formation efficiency (SFE) in our
simulations can be explained by theories that apply wind momentum to disperse cloud gas, allowing for highly inhomogeneous
internal cloud structure. For very dense clouds, the SFE is similar to those observed in extreme star-forming environments.
Finally, we find that, while self-pollution by wind material is insignificant in cloud conditions with moderate density (only
< 10~* of the stellar mass originated in winds), our simulations with conditions more typical of a super star cluster have star
particles that form with as much as 1% of their mass in wind material.



27 Chemical survey of Class I protostars with the IRAM-30m
S. Mercimek, C. Codella, L. Podio, E. Bianchi, L. Chahine, M. Bouvier, A. Lopez-Sepulcre, R. Neri, C.
Ceccarelli & Class I protostars are a bridge between Class 0 protostars, and Class II protoplanetary disks. Recent studies
show gaps and rings in the dust distribution of disks younger than 1 Myr, suggesting that planet formation may start already
at the Class I stage. To understand what chemistry planets will inherit, it is crucial to characterize the chemistry of Class I
sources and to investigate how chemical complexity evolves from Class O protostars to protoplanetary disks. The goal is twofold:
to obtain a census of the molecular complexity in a sample of four Class I protostars, and to compare it with the chemical

compositions of earlier and later phases of the Sun-like star formation process. We performed IRAM-30m observations towards
Class I objects (L1489-IRS, B5-IRS1, L1455-IRS1, and L1551-IRS5). The column densities of the detected species are derived
assuming LTE or LVG. We detected 27 species: C-chains, N-bearing, S-bearing, Si-bearing species, deuterated molecules, and
iCOMs. Different spectral profiles are observed: narrow lines towards all the sources, broader lines towards L1551-IRS5, and line
wings due to outflows. Narrow c-C3H2 emission originates from the envelope. The iCOMs in L1551-IRS5 reveal the occurrence
of hot corino chemistry, with CH30OH and CH3CN lines originating from a compact and warm region. Finally, OCS and H2S
seem to probe the circumbinary disks in the L1455-IRS1 and L1551-IR:S5 binary systems. The deuteration in terms of elemental
D/H in the molecular envelopes and hot corino are derived. In addition, B5 IRS1, L1455-IRS1 and L1551-IRS5 show a low
excitation methanol line, suggesting an origin from an extended structure, plausibly UV illuminated. The abundance ratios of
iCOMs with respect CH30OH measured towards the L1551-IRS5 hot corino and the deuteration in our sample are comparable
to that estimated at earlier stages, as well as to that found in comets.
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E%Zing Models of Triggered Star Formation with Young Stellar Objects in Cepheus
Abby Mintz, Joseph L. Hora, Elaine Winston % OB associations are home to newly formed massive stars, whose turbulent
winds and ionizing flux create H II regions rich with star formation. Studying the distribution and abundance of young stellar
objects (YSOs) in these ionized bubbles can provide essential insight into the physical processes that shape their formation,
allowing us to test competing models of star formation. In this work, we examined one such OB association, Cepheus OB4 (Cep
OB4) - a well-suited region for studying YSOs due to its Galactic location, proximity, and geometry. We created a photometric
catalog from Spitzer/TRAC mosaics in bands 1 (3.6 pm) and 2 (4.5 pm). We supplemented the catalog with photometry from
WISE, 2MASS, TRAC bands 3 (5.8 um) and 4 (8.0 pm), MIPS 24 pm, and MMIRS near IR data. We used color-color selections
to identify 821 YSOs, which we classified using the IR slope of the YSOs’ spectral energy distributions (SEDs), finding 67 Class
I, 103 flat spectrum, 569 Class II, and 82 Class II1I YSOs. We conducted a clustering analysis of the Cep OB4 YSOs and fit
their SEDs. We found many young Class I objects distributed in the surrounding shell and pillars as well as a relative age
gradient of unclustered sources, with YSOs generally decreasing in age with distance from the central cluster. Both of these
results indicate that the expansion of the H II region may have triggered star formation in Cep OBA4.



29 Star burst in W49N presumably induced by cloud-cloud collision
Ryosuke Miyawaki, Masahiko Hayashi, Tetsuo Hasegawa % We present high resolution observations of CS(J=1-0),
H13CO-+ (J=1-0), and SiO(v=0:J=1-0) lines, together with the 49GHz and 86 GHz continuum emissions, toward W49N carried
out with Nobeyama Millimeter Array. We identified 11 CS, 8 H13CO+, and 6 SiO clumps with radii of 0.1-0.5pc. The CS
and H13CO-+ clumps are mainly divided into two velocity components, one at 4kms-1 and the other at 12kms-1, while the SiO
clumps have velocities between the two components. The SiO emission is distributed toward the UCHII ring, where the 4kms-1
component clumps of CS and H13CO+ also exist. The 12kms-1 component clumps of CS are detected at the east and west

of the UCHII ring with an apparent hole toward the ring. The clump masses vary from 4.4x10%> Mg to 4.9x10* Mg with the
mean values of 0.94x10* Mg, 0.88x10* M, and 2.2x10* Mg for the CS, H13CO+, and SiO clumps, respectively. The total

masses derived from CS, H13CO+, and SiO clumps are 1.0x10° M, 0.70x10° M, and 1.3x10°> My, respectively, which agree
well with the corresponding virial masses of 0.71x10° My, 1.3x10°> Mg, and 0.88x10° M, respectively. The average molecular
hydrogen densities of the clumps are 0.90x10° cm-3, 1.4x10° cm-3, and 7.6x10° cm-3 for the CS, H13CO+ and SiO clumps,
respectively. The density derived from the SiO clumps seems significantly higher than those from the others, probably because
the SiO emission is produced in high density shocked regions. The free fall time scale of the clumps is estimated to be 3x10*
yr, which gives an accretion rate of 3x10—3 — 1 Mg /yr onto a stellar core. The observed clumps are, if they are undergoing free
fall, capable of producing dozens of massive stars in the next 10° yr. We propose a view that pre-existing two clouds collided
with each other almost face-on to produce the observed clumps and triggered the burst of massive star formation in W49N.



