SR @) —Cerro Calém

ALMA studles of the Magellanlc",i
2 Brldge o o

Momca Rub10 e .
Umver31dad de Chlle

s Dlssectlng Galax1es Near and Far, Santlago, 25 March 2015 e

© 1997 Fred, E spenak’.s ' TR : P 2 W www.MrEclipse.com’, '



QOutline

1. Motivation
2. Dark molecular gas

3. What we are learning from the submm
emission of cold molecular gas in the
Magellanic System

Collaborators: B Cornejo, A Rojas (DAS)
A. Bolatto ( U. Maryland)

C. Verdugo, (Observatoire de Paris)
N. Mizuno (JAO)



The search for H,

* H, gas does not emit in the cold dense cloud
where star formation is occurring

e Need to find other tracers



How can we determine H,

* CO observations , X=N(H,) )/ICO
 Virial mass determination, DV and size (R)
* Emission from dust

Easy in the Galaxy and similar systems,

I1INot the case everywhere,



Metallicity effects

Z,0

X

® ® o

<

R

from Bolatto, Wolfire, & Leroy
(2013), Bolatto et al. (1999)

see also Maloney & Black (1988),
Lequeux et al. (1993)



In low metallicty systems , 1.e, SMC and LMC 1t 1s well known
that CO does not trace the total H, dark gas.

CO photo dissociated (Rubio, et al 93, Maloney and Black 98, Bolatto et al
99

Fig. 1b
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Abundances of several molecules and ions on a plane parallel uniform
molecular cloud model illuminated from one side by a UV field =10
UV gal, Z=0.1Z0 (Lequeux et al 94)
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Conversion factor rises sharply at low metallicity.
LEROY+ 11:
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Dust as an ISM Tracer

Points: Dust-driven solutions for the conversion factor in parts of Local Group galaxies






Parkes HI map (Bruens et al. 2005)
HERITAGE maps (Meixner et al. 2013): LMC, SMC + tail!

Stream




Submillimeter and FIR studies of the dust
An alternative way to measure the dark molecular mass

Survey in the Magellanic Clouds

- SIMBA bolometer (@ SEST (2000)

- SPITZER 3.6, 4.5, 5.8, 8.0, 24, 70, 160 um
- HERSCHEL, 160,250, 300, 500 um

- 0.850 mm LABOCA bolometer @ APEX (2007)

Assuming a universal opacity of dust grain properties
and knowing the gas-to-dust ratio | __-> N(H.)
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intne Magellanic

15 regions :10’x10° to 20’x30’ maps
Res: 22” (~“6 pc@SMC)

LMC 8
SMC 4
MagBr 3

Before

Total 29 sources ,
Caroline Bot (France)

Celia Ve rdugo Cinthya Herrera (Chile)
MSc Thesis, 2012 Viviana Guzman (Chile)

DAS, UCHILE



SMC and Magellanic Bridge

D=63 Kpc

4x3 deg
Herschel 160 um

The Herschel Inventory of the Agents of Galaxy

Meixner et al 2013
Evolution (Heritage) in the Magellanic Clouds




870 um continuum emission with LABOCA

SMC-SW
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SED fitting

Fit procedure — T, [3, C

S, =1,B,(T)Q S,=C -v’B,(Ty)

AST LJ :_'j
T, = B o Cv Results: T, B, T
OB,(Ty) D
SMC: 22 K
LMC: 24 K
Bridge: 19 K

Determine Temperature opacity and emissivity index 3
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Submillimeter excess

Dwarf Gala)ues - sibmm e)(cess

Virgo dwarfs: Grossi et al 20 I:] . Haro 11 Galaimetz et
CCEE62 woC1178 r Haro 11 7
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— 107 L )
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10%E Wav
2
= 107
Lo , | . Replacing graphite with.amorphous carbon
Can give less dust mass (submm slope
Meixrier et al 2010 10 Loo
Wavelength |s flatter — rhore like a beta ~ 1 to 1.5)

Other posdibilities: Lisenfeld et al Imt fluctu atm:] 'rnall grains (2001)

spinning dust (Draine &Lazarian '1 098; Hu::rang 2(‘1¥]; Ysard & Verstraete 2010; Bot et al 2010)
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Gordon et al 2009
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Declination (J2000)
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ABSTRACT

The Magellanic Bridge is a filamentary structure of about 15 to 21 kpc seen in
neutral hydrogen (HI) lying between the LMC and the SMC. It represent the
nearest tidally interaction between these two galaxies some 200 Myr ago. It has
a lower metallicity than the SMC and therefore allow to study the ISM in extreme
conditions. Recent studies have revealed the presence of young (< 200Myr)
massive stars and CO molecular clouds. The latter are barely resolved in
single-dish observations and are spatially related to warm dust emission
sources, as recently established by the Spitzer SMC-SAGE and Herschel HERITAGE
studies. We have obtained 870 micron images of one of these sources, Magellanic
Bridge Source A. Surprisingly, its dust emission shows a large submillimeter
excess, indicative of either very cold dust or a dramatically different
submillimeter emissivity. We propose to study this source in CO(1-0) and (2-1)
and the associated continuum at arcsecond resolution to determine the physical
properties of the molecular cloud.
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Magellanic Bridge A
ALMA C1 1.3 mm continuum
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Magellanic_Bridge A ALMA C1

1.3 mm continnum
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Magellanic Bridge A
ALMA C1 1.3 mm continuum

S 1.3mm =0.143+-0.007 lJy
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Submillimeter excess at 1.3 mm
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Magellanic_Bridge A ALMA C1
CO1-0, CO2-1
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Size-linewidth relation
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Conclusions

- ALMA observation of the continuum dust emisssion
confirms submillimeter excess

@ 1.2 mm excess is 5.7

@1.3mmis 7.0

Larger excess as wavelength increases.

Caution to derive masses or N(H,) from submm dust
emission in these systems

- The mass dust, M_mm ~ 1.1 x10°> Mo

Assuming a gas to dust ratio scaling with metallicity and a dust emissivity
with p=2

Larger than and larger that the mass derived from Nanten CO
emission. And larger than virial mass determination from ALMA
CO10 observations 8x103 Mo
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