RNAAS RESEARCH NOTES OF THE AAS % IOP

AAS-PROVIDED PDF « OPEN ACCESS

Exploring Molecular Gas toward the Magellanic Bridge

To cite this article: Mariela Celis Pefia et al 2024 Res. Notes AAS 8 103

Manuscript version: AAS-Provided PDF

This AAS-Provided PDF is © 2024 The Author(s). Published by the American Astronomical Society.

F
r|g|nacontent from this work may be used under the terms of the Creative Commons Attribution 4.0 licence. Any further distribution of this work
must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Everyone is permitted to use all or part of the original content in this article, provided that they adhere to all the terms of the licence
https://creativecommons.org/licences/by/4.0

Before using any content from this article, please refer to the Version of Record on IOPscience once published for full citation and copyright
details, as permissions may be required.

View the article online for updates and enhancements.

This content was downloaded from IP address 45.71.5.11 on 04/04/2025 at 11:44


https://creativecommons.org/licences/by/4.0
https://doi.org/10.3847/2515-5172/ad3e84

13

14

15

16

18

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Research Notes of the AAS

DRAFT VERSION APRIL 12, 2024
Typeset using IATEX default style in AASTeX631

Exploring molecular gas toward the Magellanic Bridge

MARIELA CELIS PENA,"? MONIcA RUBIO,? HUGO SALDANO,* M.T. VALDIVIA-MENA,” LAURA DUVIDOVICH,® AND
SERGIO PARON’

LInstituto de Matemdtica, Fisica y Estadistica, Universidad de Las Américas, Santiago, Chile
2 Facultad de Ingenieria, Universidad del Desarrollo, Santiago, Chile
3 Departamento de Astronomia, Universidad de Chile, Chile
4 Instituto de Investigacion en Energia no Convencional, Universidad de Salta, Argentina
5 Maz- Planck-Institut fiir extraterrestrische Physik, Germany
6 Instituto de Investigaciones Fisicas de Mar del Plata, CONICET-UNMDP, Argentina
7 Instituto de Astronomia y Fisica del Espacio, CONICET-UBA, Argentina

ABSTRACT

The Magellanic Bridge (MB) is a diffuse gas structure that connects the Large Magellanic Cloud with
the Small Magellanic Cloud. The MB is the closest tidal interaction system between two galaxies to the
Milky Way. Taking into account that young stellar objects are embedded in such gaseous structure, it is
a unique laboratory to investigate gas dynamics and star formation processes in a very low metallicity
environment. In this work we present a preview of the results obtained from observations made with
the Atacama Pathfinder Experiment (APEX) telescope towards some regions of the MB. Through the
emission of the 2CO J=2-1 line we characterize the molecular gas of these regions.

Keywords: galaxies: ISM — (galaxies:) Magellanic Clouds — (galaxies:) intergalactic medium

1. INTRODUCTION

The Magellanic Bridge (MB), firstly identified through the emission of HI at 21 cm by Hindman et al. (1963), is the
closest tidal interaction system between two galaxies to the Milky Way. The MB has an extension of about 20 kpc and
it is believed that it was generated by a close interaction between the Large Magellanic Cloud (LMC) and the Small
Magellanic Cloud (SMC) that occurred around 200 Myrs ago (Gardiner et al. 1994).

As well as atomic gas, molecular gas was first detected by Muller et al. (2003) from observations of the 12CO J=1-
0 line. Later, Mizuno et al. (2006), through single pointings of the same CO transition using NANTEN telescope
(angular resolution of 2.6 arcmin), detected several gaseous condensations, likely molecular clumps, some of which
hosting young stellar objects (Chen et al. 2014). Additionally, some regions (named MagBridge A and MagBridge
C) of the MB were mapped with high-angular resolution in the 2CO J=1-0 and J=2-1 lines using the Atacama
Large Millimeter Array (ALMA) (Kalari et al. 2020 and Valdivia-Mena et al. 2020, respectively), achieving a detailed
characterization of the molecular gas and its relationship with star formation. They are indeed very useful results that
point to investigate the molecular gas and the star forming processes in regions of very low metallicity (Z~0.1 Zg).

2. OBSERVATIONS

Observations of the 12CO J=2-1 line were taken using the Atacama Pathfinder Experiment (APEX) telescope during
the second semester of 2019. Three regions in the MB of approximately 5.5’ x5.5" were mapped in the on-the-fly mode.
The achieved angular resolution was 27" (~8 pc at the distance of 60 kpc) and the spectral resolution of the data is
0.25 km s~'. The data were reduced and handle using typical routines of CLASS and CASA softwares.

3. RESULTS

After inspecting the whole velocity range of the 12CO J=2-1 data cubes we identified the positions and the velocity
intervals in which emission appears above the noise in each region.

To appreciate the 12CO emission distribution, in Figure 1 we present the SPIRE-Herschel far-infrared emission maps
at 250, 350, and 500 um (blue, green, and red, respectively) with the integrated 12CO J=2-1 emission displayed in
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Figure 1. Contours of the integrated *CO J=2-1 emission superimposed over SPTRE-Herschel maps (250, 350, and 500 pym
in blue, green, and red, respectively). Region E: integrated between 175 and 179 km s *, contour levels: 0.66 and 0.12 K km
s~!, rms noise level (0)=0.02 K km s~!. Region F: integrated between 177 and 181 km s~ !, contour levels: 0.03 and 0.04 K km
s, 0=0.021 K km s™'. Region G/H: integrated between 175 and 179 km s™*, contour levels: 0.05, 0.10, and 0.20 K km s,
0=0.015 K km s~ !. The beam of the molecular observations is included at the top right corner in each region.

contours. It is worth noting that the molecular peaks coincide, in general, with the far-IR maxima, which trace dust
condensations.

A gas mass (M[Hs]) was obtained from the CO luminosity for each region, yielding (8.2, 10.3 and 34.3) x10?
Mg for the Regions E, F, and G/H, respectively. To calculate this mass, the Hy column density was derived from
N(H3) = X Ico, where Ico is the integrated line, and as done by Mizuno et al. (2006), we use the conversion factor
X =1.4%x10* em~2 (K km s~1). This factor was derived for the SMC (Mizuno et al. 2001), hence it would represent
a lower limit since the metallicity in the MB seems to be somewhat smaller than in the SMC (Muller et al. 2003).

Virial masses were obtained from M,;, = 1040 03 Resr, where o, is the velocity dispersion obtained from the
measured line width AVpwuwm, and Reg is the beam deconvolved effective radius. This equation considers a density
profile p(r) o< =1, We obtained (5.2, 11.3, and 52.5) x10% Mg, for Regions E, F, and G/H, respectively.

The ratios 1\1\44[ng] are 0.64, 1.10, and 1.53, respectively for each region. This ratio, gives us at least, some hints about
the gravitational stability of the molecular clumps.

4. DISCUSSION

Taking into account previous results towards the analyzed region presented by Mizuno et al. (2006) based on
observations of 2CO(1-0) using the NANTEN telescope, the analysis presented here represents significant progress in
the research of these particular molecular clumps in the MB.

For instance, it was found, within the 27" resolution, that Region E is composed by two molecular clumps (the
northern one completely resolved, the southern one approximately the size of the beam). It was observed that Region
F only has one clump, and Region G/H has a well-defined clump and a molecular structure that extends toward the
south. In all cases there is a good correlation with the far infrared emission that traces the presence of dust.

We find that the mass of the studied molecular clumps in the MB is (0.8-4)x10* M. The ratios %, close to
unity, suggest that the clumps are gravitationally bound (Bertoldi & McKee 1992). This is under the assumption that
M[H,] faithfully traces the clump mass. However, as mention above, this value should be taken with care because it
could represent a lower limit for the mass. In that sense, depending on the actual gas mass, it could be that the 1\1/\[/1[131;]
ratio is < 1, and then, the studied clumps should be under collapse.

The used X factor can be justified by assuming that we are probing gas in similar conditions to that in the SMC.
Additionally, it was assumed that such a factor applies also for the 2CO J=2-1 transition. Under these assumptions,
we conclude that it is likely that the studied clumps are indeed gravitationally bound.

More single dish and interferometric observations are needed to map different regions in the MB to obtain information
about their physical and chemical conditions. This is indeed very important for our knowledge about the formation
of stars in regions of very low metallicities.
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These preliminary results are part of a work presented in the 2023 Meeting of the Asociaciéon Argentina de As-
tronomia.
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