NGC5643 -
white: HST composite.
“blue: ALMA CO(2-1).







Observing GMCs: Challenging Outside our Galaxy

To detect the Carina Nebula (~50 pc in size, 10° Msun in mass) in
CO(1-0) emission at the distance of M51 (~7 Mpc away) requires:

~1 arcsec angular resolution &
~1 mdy or ~0.1 K sensitivity at 115 GHz



Achievable with ALMA!
bserving GMCs:Ghallengirg-Outside our Galaxy




PHANGS-ALMA Survey

ALMA project (Pl: Schinnerer) covering almost 100 nearby galaxies in
CO(2-1) at 1.0-1.5” resolution (~50-150 pc at their distances).

This provides the most complete atlas ever of GMCs across the local
star-forming galaxy population.
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What can we learn?

* [Distribution] For many key molecular cloud properties
(e.qg., surface density, velocity dispersion), what do their
distribution look like across a representative sample of
local star forming galaxies?

 [Correlation] How do properties of molecular clouds
correlate with properties of their local (galactic)
environment? What physics drives such correlation?



Surface Density — Velocity Dispersion Relation
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Measurements on a Fixed 150pc Scale
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Measurements on a Fixed 150pc Scale
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Huge Sample & Homogeneous Data

102,774 sightlines : :
| across 70 galaxies
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GMC Properties Vary within & among Galaxies

102,774 sightlines : :
| across 70 galaxies
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Narrow Range of Dynamical State (Virial Parameter)
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Wide Range of Turbulent Pressure
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Variation in Turbulent Pressure > 4 dex
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What Drives the Variation in Turbulent Pressure?

The dynamical equilibrium hypothesis:

Turbulent pressure in the molecular gas
~ its own weight due to self-gravity
+ ambient pressure in the volume-filling atomic gas
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What Drives the Variation in Turbulent Pressure?

The dynamical equilibrium hypothesis:

Turbulent pressure in the molecular gas
~ its own weight due to self-gravity
+ ambient pressure in the volume-filling atomic gas
+ its weight due to external gravity
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Summary

« PHANGS-ALMA surveys molecular clouds across ~90
nearby star-forming galaxies, thereby provides a
representative picture of GMCs in the Local Universe.

« GMC properties vary systematically, both within a
galaxy and across galaxies. Turbulent pressure appears
to be the “principal axis” of the observed distribution.

- The observed turbulent pressure in molecular clouds is
just adequate to balance self-gravity, external gravity,
and ambient pressure. This means that the molecular
cloud population in any given environment tends to
adjust towards a dynamical equilibrium state.
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