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PHANGS: Physics at High Angular resolution in Nearby 
GalaxieS

● Multiwavelength (e.g. HST, ALMA, JWST, VLT)
● High resolution
● Large sample of nearby galaxies
● Interplay between gas and star formation, galactic structure and galaxy 

evolution.



Molecular Gas Properties on Cloud Scales 
across the Local Star-forming Galaxy

Population, Sun et al. 2020

& 

PHANGS–JWST First Results: ISM structure on 
the turbulent Jeans scale in four disk galaxies 
observed by JWST and ALMA, Meidt et al. 2022



Data
● 70 PHANGS-ALMA galaxies
● PHANGS-ALMA CO(2-1) data with spatial resolution of 50-150pc

Methods
● Measurements of Σmol, σmol and estimates of Pturb and αvir  at 150pc 

resolution in 70 galaxies and 90pc resolution in 35 galaxies.

Molecular Gas Properties on Cloud Scales across the Local Star-forming 
Galaxy Population, Sun et al. 2020

Objective
● Characterize molecular gas properties on cloud scales and the 

cloud-environment connection



Results
● Correlation with radius: Σmol and σmol increase towards the center of the 

galaxies (gradient colors)
● For fixed Σmol, excess of σmol at smaller rgal/Reff suggests gas more clumpy in 

the inner parts of the galaxy

Molecular Gas Properties on Cloud Scales across the Local Star-forming 
Galaxy Population, Sun et al. 2020

Lecture 2



Results
● Barred galaxies have higher Σmol and σmol than non-barred 

galaxies, which is linked to star formation.
○ Stellar bars drive large scale gas inflows
○ Stellar and AGN feedback enhance local turbulence

● Spiral arms have molecular clouds with higher surface 
density, turbulence and more bound gas, when compared 
to inter-arm regions.

Molecular Gas Properties on Cloud Scales across the Local Star-forming 
Galaxy Population, Sun et al. 2020



Results
● In more massive and higher star 

forming galaxies (darker color code) the 
molecular gas is:
○ More denser (Σmol)
○ More turbulent (σmol , Pturb)
○ More self-gravitating (αvir)

Molecular Gas Properties on Cloud Scales across the Local Star-forming 
Galaxy Population, Sun et al. 2020

Global galaxy properties

Local galaxy properties

Molecular gas properties



PHANGS–JWST First Results: ISM structure on the turbulent Jeans scale in 
four disk galaxies observed by JWST and ALMA, Meidt et al. 2022

Objective

Examine whether the multiscale 
network of gas structure is 
consistent with the fragmentation of 
the gas disk through gravitational 
instability, namely the Jeans and the 
Toomre instabilities

filaments
shells
voids

JWST/MIRI 11.3 µm
Meidt et al. 2022



PHANGS–JWST First Results: ISM structure on the turbulent Jeans scale in 
four disk galaxies observed by JWST and ALMA, Meidt et al. 2022

Connection to the lecture slides (lecture 3)



PHANGS–JWST First Results: ISM structure on the turbulent Jeans scale in 
four disk galaxies observed by JWST and ALMA, Meidt et al. 2022

Data

Methods

Four disk galaxies:

● IC 5332: flocculent dwarf spiral
● NGC 628: moderate-mass, grand design spiral
● NGC 1365: massive, strongly barred spiral
● NGC 7496: moderate-mass, barred spiral

- Used FilFinder algorithm to detect filamentary features and determine 
characteristic radial and azimuthal spacings

- Compared these to estimates of the most Toomre-unstable length, the 
turbulent Jeans length, and the disk scale height obtained through 
observations of molecular gas



PHANGS–JWST First Results: ISM structure on the turbulent Jeans scale in 
four disk galaxies observed by JWST and ALMA, Meidt et al. 2022

Results
● Filament spacing matches the 

Jeans scale
● Poor agreement with other 

characteristic scales

Best explained by the 3D turbulent 
Jeans scale, not by classical 2D 
instability scales

Gravity dominates over rotation
on these scales


