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The stellar content of H72.97-69.39, a potential super star cluster in the making

M. Andersen, H. Zinnecker, A. S. Hirschauer, O. Nayak, M. Meixner
https://arxiv.org/pdf/2102.06544.pdf

Abstract

Young massive clusters and super star clusters (SSCs) represent an extreme mode of star formation. Far-infrared
imaging of the Magellanic Clouds has identified one potential embedded SSC, HSO BMHERICC J72.971176-
69.391112 (H72.97-69.39 in short), in the southwest outskirts of the Large Magellanic Cloud. We present Gemini
Flamingos 2 and GSAOI near-infrared imaging of a 3’ x 3’ region around H72.97-69.39 in order to characterize
the stellar content of the cluster. The stellar content is probed down to 1.5 M. We find substantial dust extinction
across the cluster region, extending up to Ax of 3. Deeply embedded stars are associated with ALMA-detected
molecular gas suggesting that star formation is ongoing. The high spatial resolution of the GSAOI data allows
identification of the central massive object associated with the "> CO ALMA observations and detection of fainter
low-mass stars around the H30ae ALMA source. The morphology of the molecular gas and the nebulosity from
adjacent star formation suggest they have interacted covering a region of several parsecs. The total stellar content
in the cluster is estimated from the intermediate- and high-mass stellar content to be at least 10,000 M, less than
R136 with up to 100,000 M., within 4.7 pc radius, but places it in the regime of an SSC. Based on the extinction
determination of individual stars we estimate a molecular gas mass in the vicinity of H72.97-69.39 of 6600 M,

suggesting more star formation can be expected.
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Figure 1. Flamingos 2 JHKS color composite of N79 and its surroundings. Blue represents the J band, green H, and red K... A logarithmic scale for all three channels
has been used. The field of view shown is 3' x 3/, corresponding t0 43 pe x 43 pe. The whole nebulous region shown has previously been identified as IC2111. The
location of H72.97-69.39 is marked with the green circle, the size (5") of the Herschel beam.
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Figure 4. The central region around H72.97-69.39. Several filamentary dark lanes are present obscuring parts of the stellar content even at near-infrared wavelengths.
Overplotted as contours are the SO integrated emission (cyan), the '*CO integrated emission in red, and the '>CO integrated emission in blue (Nayak et al. 2019). The
location of the H30a source is further marked as a yellow circle. The spatial resolution of the ALMA 1.3 mm observations is 0”3 x 02. Several bright sources
associated with nebulosity have been marked as Al (the ATCA source), A2 (the approximate cluster center), A3, and A4.
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ALMA Observations toward the S-shaped Outflow and the Envelope
around NGC1333 |IRAS 4A2

Chen-Yu Chuang, Yusuke Aso, Naomi Hirano, Shingo Hirano, Masahiro N. Machida
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Abstract

o ) ) B , We have analyzed the
ALMA archival data of the SO (Jy = 65—54 and Jv = T¢—65), CO (J =2—1),and CCH (N =3-2,J =7/2—5/2,F = 4-3)
lines from the class 0 protobinary system, NGC1333 IRAS 4A. The images of SO (Jy = 65 —54) and CO (J = 2—1) successfully
separate two northern outflow lobes connected to each protostar, IRAS 4A1 and IRAS 4A2. The outflow from IRAS 4A2 shows
an S-shaped morphology, consisting of a flattened envelope around IRAS 4A2 with two outflow lobes connected to both edges
of the envelope. The flattened envelope surrounding IRAS 4A2 has an opposite velocity gradient to that of the circumbinary
envelope. The observed features are reproduced by the magnetohydrodynamic simulation of the collapsing core whose magnetic
field direction is misaligned to the rotational axis. Our simulation shows that the intensity of the outflow lobes is enhanced
on one side, resulting in the formation of S-shaped morphology. The S-shaped outflow can also be explained by the precessing
outflow launched from an unresolved binary with a separation larger than 12 au (0.04arcsec). Additionally, we discovered a
previously unknown extremely high velocity component at ~45-90 km/s near IRAS 4A2 with CO. CCH (Jn,r = 7/23,4—5/22,3)

emission shows two pairs of blobs attaching to the bottom of shell like feature, and the morphology is significantly different
from those of SO and CO lines. Toward IRAS 4A2 the S-shaped outflow shown in SO is overlapped with the edges of CCH
shells, while CCH shells have the velocity gradients opposite to the flattened structure around IRAS 4A2.
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Variation of the Core Lifetime and Fragmentation Scale in Molecular
Clouds as an Indication of Ambipolar Diffusion

Indrani Das, Shantanu Basu, Philippe Andre

https://arxiv.org/pdf/2102.06544.pdf
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Fig. 2: Estimated lifetime as a function of number density (n,,).
The green filled squares are obtained from our model for a nor-
malized neutral-ion collision time 7,;0 = 0.2. The blue filled
triangles show the corresponding data points for the popula-
tion of 446 candidate prestellar cores identified with Herschel
in the Aquila cloud (Konyvesetal. 2015). Earlier data from
Ward-Thompson et al. (2007) is shown by the red circles for bet-
ter comparison. The black dashed line shows the dynamical time
(Zy/cy), i.e., the free-fall time, of our model.
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where k = 0.427 and A = 1.766,

Table B.1: Fitting Data for Calculating the Lifetime of Prestellar Cores

Nn 7 On Brs (uG)  Estimated lifetime of

(x 10° cm™3) (x 1072 gcm™2) prestellar cores (Myr)
0.1 1.080 1.094 16.45 1.371 (~ 5.777 tg)
1 1.125 3.461 49.94 0.355 (~4.728 tg)
10 6 10.944 119.57 0.053 (~2.220ty)
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Fig. 3: The number of enclosed cores (log[Numgcogrg]) as a
function of Jeans number (log[Ny, cLump]) of clumps. The blue
filled circles represent the observed number of enclosed cores
as found by Pokhrel et al. (2018). The green filled crosses are
obtained from our model for a normalized neutral-ion collision
time 7,0 = 0.2. The black dashed line corresponds to an effi-
ciency of unity.

Fig. 4: Magnetic field log(Bs/pG) versus number density
log(n,/cm~2). The filled squares and crosses represent the num-
ber density region corresponding to the fitting of the lifetime of
prestellar cores and Numcogrg as shown in Figure 2 and Figure 3
(see Table B.1 & Table B.2). The dashed line is the least-squares
fit. The vertical error bars correspond to magnetic field varia-
tions that yield a total factor of 2 (greater or lesser by a factor

V2) values of the growth time (lifetime).

%
Table B.2: Fitting Data for Calculating the Number of Enclosed Cores (Numcorg)

Clump Clump  Area o, x102 n,x10° pu Bet  Mgm NP NP Numcoge €@ &m0

name Mass (My) (pc?) (gem™2)  (cm™3) uG) (M)
B5 62 0.32 4.064 1.383 1.178 56.01 20.165 16.2 1.5 3 0.185 2.000
L1455 251 1.3 4.050 1.373 1.176 5590 20.339 53.1 4.3 1 0.226 2.791
1C348 511 29 3.697 1.144 1.132  53.00: 23858 586 6.4 21 0.358 3.281
L1448 159 0.48 6.948 4.042 1.470 76.73 5.108 55.1 4.6 31 0.562 6.739
B1 598 2.5 5.018 2.107 1.286 63.34 11.738 103.9 9.5 50 0.481 5.263
NGC1333 568 2.0 5.958 2.971 1.379 70.13  7.508 119 10.5 76) 0.630 7.142

Notes. @ Clump name, Clump Mass, Area, Nit, N;"'““‘ are taken from Table 2 of Pokhrel et al. (2018).
® In the above table, n,, o, ft, Brer, My, Numcogg:, €%, €™ are evaluated based on our model. Here, o, is the clump mass per unit area, n,,
is obtained using Equation A.5, u is a free parameter of our model, By is calculated using Equation 3, and M,,, is obtained based on Figure 1,

Numcogg = Clump Mass/M,,,, €' = Numcogg /N, €81 = Numcoge/

(©) Table B.2 is arranged in the ascending order of Numcogg.

th.nth
Nt
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1I/’0Oumuamua as an N2 ice fragment of an exo-pluto surface. II. Generation of N2 ice
fragments and the origin of ’Oumuamua

Steven J. Desch, Alan P. Jackson % The origin of the interstellar object 1I/’0Oumuamua, has defied explanation. In
a companion paper (Jackson & Desch, 2021), we show that a body of N2 ice with axes 45 m x 44 m x 7.5 m at the time
of observation would be consistent with its albedo, non-gravitational acceleration, and lack of observed CO or CO2 or dust.
Here we demonstrate that impacts on the surfaces of Pluto-like Kuiper belt objects (KBOs) would have generated and ejected
10'4 collisional fragments-roughly half of them H20 ice fragments and half of them N2 ice fragments—due to the dynamical
instability that depleted the primordial Kuiper belt. We show consistency between these numbers and the frequency with which
we would observe interstellar objects like 11/°’Oumuamua, and more comet-like objects like 2I/Borisov, if other stellar systems
eject such objects with efficiency like that of the Sun; we infer that differentiated KBOs and dynamical instabilities that eject
impact-generated fragments may be near-universal among extrasolar systems. Galactic cosmic rays would erode such fragments
over 4.5 Gyr, so that fragments are a small fraction ( 0.1%) of long-period Oort comets, but C/2016 R2 may be an example. We
estimate ’Oumuamua was ejected about 0.4-0.5 Gyr ago, from a young ( 10® yr) stellar system, which we speculate was in the
Perseus arm. Objects like ’'Oumuamua may directly probe the surface compositions of a hitherto-unobserved type of exoplanet:
"exo-plutos". ’Oumuamua may be the first sample of an exoplanet brought to us.

Ejection from Parent System
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Figure 1. A plausible history for ‘Oumuamua as a collisional fragment of N ice, as hypothesized
in this paper and the companion paper by Jackson and Desch (2021). Credit: Sue Selkirk.
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Estimate on dust scale height from ALMA dust continuum image

HD 163296 Band 6

of the HD 163296 protoplanetary disk
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Figure 4. Image of dust continuum of HD 163296 with ALMA Band 6
e (A= 1.25 mm). We use the brightness temperature, assuming the Rayleigh—
HD1 63296 :ET)I/ Jeans law as a representation of intensity to preserve its linearity with the

observed intensity.
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Figure 6. Azimuthal intensity variation along the ridge. The red dots show the
observations, and the solid lines represent the simulations. The black, blue, and
cyan line indicate fiee =1 (no settling), 2 and 8, respectively. The shaded
regions represent the areas with non-axisymmetric features such as a crescent.
We plot the data at every FWHM of the beam (Huang et al. 2018).

fitting

set = Agas/ Bguse ~ 1.1 for inner ring
Loy = Byas/ hause > 9.5 for outer ring
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Figure 11. Schematic view of the dust scale height for the entire region. The
scale height in the gaps is taken from Ohashi & Kataoka (2019), and the scale
height in the rings is from our study. The dust scale height of the central disk
remains unknown.
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Figure 2. A correlation between 0., and P, of the L 1
optical polarimetry by Goodman et al. (1990). Histgrams of : : [Group 1)
the two parameters are also shown on each axis. Color codes 0.01 £ 5 1
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