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In Dust we Trust, from Orion to Andromeda
‘Nearby’ molecular clouds in M31 with the Submillimeter Array

1) For star formation studies, dust observations define the "ground truth"

2) Locally, it is difficult to obtain large, resolved samples of clouds.

3) Comparable resolved extragalactic observations are so far limited to CO.

4) The SMA upgrade provides a unique opportunity to remedy that: in M31.

5) First resolved dust observations of GMCs in external disk galaxy (and CO)!

6) These will place Milky Way and extragalactic studies of GMCs on the same footing.

7) For star formation science, the wSMA upgrade will be transformational.



  

IRAS 100 μm

Stars form in molecular clouds



  

Planck 850 μm



  

Planck Collaboration



  



  ESA/Gaia/DPAC, CC BY-SA 3.0 IGO



  

Schmidt (1959)

Schmidt's conjecture



  

Schmidt (2015)



  

1) For star formation studies, dust 
observations define the "ground truth"



  

In Dust we Trust: extinction & emission

Extinction: Precise and accurate (pencil beam) measurements of column density, 
but uneven spatial sampling, especially in high-density regions, and generally 
limited to nearby clouds. 

Emission: High resolution in high-density regions, low noise and full spatial sampling, 
but poor sky coverage at high angular resolution and T-τ degeneracy (LOS). 
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ESO



  

ESO, Roy et al. (2014)



  M(ρ Oph) ~ 2 M(Pipe), but SFR(ρ Oph) ~ 15 SFR(Pipe)  
(YSOs: Forbrich et al. 2009, 2010, ISM: Forbrich et al. 2014, 2015)

© Cape Night Photography 
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A star formation census of nearby molecular clouds
based on extinction mapping and YSO counting
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The extragalactic connection

Dense gas vs 
total gas
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The extragalactic connection



  

GMC Mass vs Size Relation

Data: CO clouds within 3 kpc (Rice et al. 2016)



  

GMC Mass vs Size Relation

Data: CO clouds within 3 kpc (Rice et al. 2016); Lada et al. (2010)



  

2) Locally, it is difficult to obtain large, 
resolved samples of clouds.



  

What is local?

ESO

r = 500 pc!
CEA



  



  

A Planck 217 GHz view of the Galactic plane



  

3) Comparable resolved extragalactic 
observations are so far limited to CO
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The NGC 300 GMC zoo: ALMA, CO(2-1)

ESO 



  

The NGC 300 GMC zoo: ALMA, CO(2-1)

 Faesi, Lada, & Forbrich (2018) 



  

4) The SMA provides a new and unique 
opportunity to remedy that!



    

Wideband upgrades of radio interferometers

The New Yorker



  

A Planck 217 GHz view of the Galactic plane



  

A Planck 217 GHz view of the Galactic plane

California Cloud

= apparent size of moon

M 31



  

The Submillimeter Array (SMA)

The SMA Andromeda Dust 
and Molecular gas Survey



  

The Submillimeter Array (SMA)

… is perfect for imaging GMCs in M31:

1 Resolution of 15 (10, 5) pc at 230 GHz in sub/comp/ext config
2 Primary beam of 55” or 200 pc, maximum angular scale ~100 pc
3 Continuum bandwidth of 32(+) GHz, high sensitivity
4 Discrete dust continuum and CO with identical (u,v) coverage,  
   calibration, and astrometry
5 Observing at routine frequency for MK, long tracks (high Dec)
6 Ability to obtain data at 345 GHz with matched (u,v) coverage
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But what about ALMA?



  

The Submillimeter Array (SMA)

… is perfect for imaging GMCs in M31:

1 Resolution of 15 (10, 5) pc at 230 GHz in sub/comp/ext config
2 Primary beam of 55” or 200 pc, maximum angular scale ~100 pc
3 Continuum bandwidth of 32(+) GHz, high sensitivity
4 Discrete dust continuum and CO with identical (u,v) coverage,  
   calibration, and astrometry
5 Observing at routine frequency for MK, long tracks (high Dec)
6 Ability to obtain data at 345 GHz with matched (u,v) coverage

NGC 300 is the most nearby (small) spiral galaxy visible for ALMA, 
but it is almost 3x more distant and at lower metallicity, largely 
cancelling advantages: would only expect ~1 GMC per track



  

Buckley-Houston/Rahn/NASA/JPL-Caltech



  

ESAsee also Viaene et al. (2014)



  

The SMA Dust Continuum-CO Survey 
of Resolved GMCs in Andromeda

Main goals: 
1) Detect and resolve dust continuum and CO emission in 100 individual GMCs in 
M31 in different environments, 
2) directly compare CO and dust emission with same calibration and (u,v) coverage 
to measure X factor, search for any CO-dark gas, 
3) use dust and gas data to test Larson’s relations across M31, construct GMC dust-
derived mass function, 
4) selected measurements at 345 GHz to constrain dust properties, 
5) measure star formation laws with ancillary data, 
6) compare with NIR dust extinction mapping,
...



  

5) First resolved dust observations of GMCs in 
external disk galaxy (with free CO)!



  

Forbrich et al. (2020)



  

Forbrich et al. (2020)

A direct measurement of dust vs CO



  



  

6) These results will place Milky Way and 
extragalactic studies of GMCs on the same footing.



  

What would Orion look like in M31?

Data: Planck Collaboration



  

What would Orion look like in M31?

Data: Planck Collaboration



  

What would Orion look like in M31?

Data: Planck Collaboration



  

What would Orion look like in M31?

Data: Planck Collaboration



  

What would Orion look like in M31?

Data: Nishimura et al. (2015), Planck Collaboration

CO(2-1) 217 GHz dust



  

What would Orion look like in M31?



  

NASA/ESA



    

A VLA survey for HII regions in the GMAs of M31

● Survey of all 326 Herschel-identified Giant Molecular Associations in M31.
● To be carried out as a high-priority program in Q1/Q2 of 2020.
● Resolution-matched to SMA survey and pathfinder for SMA target selection.
● At these scales, the X-band radio flux is expected to be almost entirely thermal.
● Goal: identify equivalent of Orion Nebula (as small HII region) at S/N=10 in all GMAs
● Will provide sub-cloud-scale (13 pc) SFR constraints for a large and unbiased sample.
● PhD thesis project of Jonathan Toomey at U Hertfordshire



  

Summary

1 We have demonstrated that the SMA can detect dust 
continuum emission from many resolved individual GMCs in 
M31, guided by discrete concurrent CO measurements.

2 M31 is at a sweet spot for the SMA in terms of sensitivity, 
resolution, & spatial filtering, providing a unique opportunity 
that ALMA currently cannot easily replicate (cf. NGC 300).

3 With GMCs in M31 measured on an equal footing (dust) with 
respect to the local clouds, we can expand the local sample by 
including GMCs with a wider range of properties, reflecting 
different environmental conditions, but at similar metallicity.

4 In this role, the wSMA upgrade will be transformational!
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