


Dark Molecular Gas

Stars are formed in dense cold molecular clouds
1310M )

in low metallicity systems it is not easy to determine the amount of molecular gas

Wollfire, Hollenbach, McKee 2010



Star formation rate depends on the total gas mass (HI+H?2)

but recent results show that SFR depends mainly on the amount of H2.
(Leroy, et al , Bolatto et al, Genzel et al, )



How can we measure H,

 CO observations , X=N(H2) )/ICO
* Virial mass determination
e Emission from dust



In low metallicty systems , i.e, SMC and LMC it is well

known that CO does not trace the total H, dark gas.
CO is less abundant and the lower gas/dust ratio implies that
CO photodissociated (Rubio, et al 93, Maloney and Black 98)

Abundances of several molecules and ions on a plane parallel uniform
molecular cloud model ilumnated from one side by a UV field =10
UV _gal, Z=0.1Z0 (Lequeux et al 94)



Combining the 160 mu , Hi and CO, finds that H2 must be
Much extended than CO (Leroy et al 2007, Bolatto et al, Leroy et al 2010

e From
Spitzer/MIPS

data combined
with HI ->%

But FIR
emission

sensitive to T4

Derived N(H2) is
more extended by a
of ~30%

Xco ~ 6.0x10%! mol /Kkms-1 Similar to virial (Mizuno et al. 08)Twice
determination from SEST studies (Rubio et al 93, Bolatto et al .03)



Bolatto et al. 2011



Submillimeter and FIR studies of the dust emssion

provide an alternative way to measure the dark
molecular mass

- 1.2 mm SIMBA bolometer @ SEST

- SPITZER 3.6, 4.5, 5.8, 8.0, 24, 70, 160 pm
-0.850 mm LABOCA bolometer @APEX
-Herschel, 160,250, 300, 500 um

Assuming a universal opacity of dust grains and knowing
the gas-to-dust ratio



BUT

Mass estimates based on 1.2mm (SIMBAS@SEST) and 0.8mm
(LABOCA@APEX) give larger masses than those obtained from

virial mass assuming gravitationally bound molecular clouds for
SMC molecular regions studied.

o first result for an quiescent cloud
in SMC (Rubio et al. 2004)
SMCBI1#1, SIMBA 1.2mm.

* 1V[mm> 10 Mvir



[Laboca/APEX SMC observations
870um @ SMC- SW region
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Submillimeter excess

(seen also in dwarf galaxies )

Madden et al , Galametz et al 2011

In the SMC, Plank 500 mu shows an emission excess but it
seems that it is not sufficient to explain the difference in mass .



We explore regions in the Magellanic
System

LMC, SMC and Magellanic Bridge

Sample low metallicity systems
Zlmc = 0.5, Zsmc = 0.1 and Zmb Zsmc



Celia Verdugo
MSc Student
DAS, UCHILE

Before

Cinthya Herrera and
Viviana Guzman



N83-N84 in the SMC

LABOCA image with
CO(2-1) contours

Guzman et al. In prep




500 mu Herschel

LMC regions

Preliminary results
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Enurce T [K] B n [grr::lnl] X M [Miun] : MH[MM] M [M n]

d 'nrlr

'N113 24 194 861-10° | 3.78 1:}El ' 869' 107 22010°  10°(4)
N4 24 198 7.98-10° _?"3 10° | 11910 3410° 310
N159 26 1.90 5.11-10° 2. 24 mﬂ 1.465 -10° 6.54-10°  1.37-10° ()

Preliminary results: Flux densities obtained from the photometry and temperatures from the fitting
procedure are listed in the table. Using a distance to the LMC of 50 kpc, a dust absorption
coefficient of Kgzoum = 1.26 [cm® gr'] (Bot et al. 2010) and a dust-to-gas ratio of 5-10° according to
the low metallicity of the LMC (~0.5 Z.,,) (Dufour et al 1984) gas masses (M,.,) are calculated and
compared with virial masses (M,;) from the literature, calculated as M., = 210-AV’[km/s]-R[pc]
(McLaren et al. 1988). For N113 and N159W M, is larger than the M,, in a factor ~2, and for
N159E this factor is only ~1. For N4 we get M., > Mum, SO except for this source these LMC clouds
follow a similar behavior as observed in the SMC (Bot et al. 2010). Future work would confirm this
preliminary result.



N11

PDR modelling

1.2mm continuum image (SIMBA@SEST

Herrera, et. al. in prep



N11



Could Dark molecular gas become
“ visible”?

» Observations of low Z galaxies 1s extremely
expensive in telescope time and in general these
galaxies have not been detected in CO.

* The nearest galaxies after SMC and LMC are ten
times further away and we have been able to
observe 1n CO (@ 10pc resolution) and continuum
only a dozen of molecular cloud region 1n the
Magellanic Clouds



The possible detection of CO and 870 mu continumm emission
in WLM : a dwarf Galaxy with lower Z than the SMC.

LABOCA 870 mu continumm emission in WLM

Collaboratiors: D. Hunter, E Brinks, B. EImegreen
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T .= 0.05 K +- 0.03K

=> M=5+-2 10 Mo

31; 3 WLM—-EFIR—1 CO(3-2) AF—H301—XZ20Z 028 -5EF-2011 R:30-2EF-2011

RA: QO:01:57 46 DEC: —15:27:332.2 Eq 20000 Offs: —0.1 +0.1
Unknown  taur 00272 Teys: 383, Times 80, min  El 2.7
N: 5242 10: 2621.41 Wi: —122.0 Cv: 08612 LSR
FC: 345798000 Df: —0.7827 Fi:  333B00.524
Bef: 1.0 Fef: .55 Gim: QGO0
E9405, GO487, G040¢, S9491, 60493, 60405, 69497, 69499, 69501, 9503,
3454 10° 34585 10° 3458 10° 34575 107 T.457 107
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L-FITGAUSS, Number of calls: 53

Observation 31 PMS of Residuals : Base = 1.55E-82 Line = 4.01E-83

Fit results
Line Area Position Width Teeak
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To study the Dark molecular gas in low metallicity systems and
thus understand the Star formation in primeval dustless galaxies

ALMA
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Magellanic Bridge — Source A



Collaborators

Frank Bertoldi , Bonn, Germany
Alberto Bolatto, Maryland, USA
Caroline Bot, Strasbourg, France
Francois Boulanger, IAS, France
Alessandra Contursi, MPE, Germany
Jesus Maiz-Apellaniz , IAA, Spain
Norikazu Mizuno, NAOJ

Deidre Hunter, Elias Brinks, Bruce
Elmegreen

Students

Laura Perez now at
Caltech

Cinthya Herrera now at
TIAS

Viviana Guzman now at
DEMIRM

Elisa Carrillo now at
Bonn

Klaus Rubke now at IAC

Celia Verdugo at DAS

Fukuil & Nanten
Group




Laboca/APEX LMC maps

30 Doradus Guzman et al. in prep




