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Walter Baade in “The Evolution 
of Stars and Galaxies” (1963) 
said that in spiral galaxies, bright 
stars are ``strung out like pearls 
along the arms.'' 



M100 VLT FORS

ESO

M100



Elmegree

M100 Spitzer IRAC

NASA/JPL-
Caltech

3.6, 4.5, 
5.8 and 8 mm



IRAC 8mm 
divided by 
MIPS 24 mm

(like an 
unsharp
Mask: 
2.4” vs 7.1” 
resolution)

Elmegreen +18



Average separation
~ 410 pc

Equally spaced

Equal spacing 
with a gap

The clumps are approximately equally 
spaced along the filaments
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= [ sep(i-1,i) - sep(i,i+1) ] / 
{0.5 [ sep(i-1,i) + sep(i,i+1) ] }

Average separation
~ 410 pc

Equally spaced

Equal spacing 
with a gap

The ratio of clump separation 
to diameter is about 3



The regularity and 3:1 spacing of clumps in spirals and spurs is consistent with their formation 
by gravitational instabilities in filaments that are close to the critical line density.

- Inutsuka & Miyama ‘92, Chandrasekhar & Fermi 53, Stodolkiewicz ‘63, 
Nagasawa ‘87, Nakamura ‘93, Tomisaka ‘95, Fiege & Pudritz ’00, Clarke +16 …

The simultaneous appearance of clumps along the filament lengths suggests the 
filaments are uniform in age.

SDWs and other flows shock the ISM on multi-kpc scales → filaments → GI → collapse → SF 



Same result for 15 other spiral galaxies
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NGC 628

R Jay GaBany 2011
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NGC 3351
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NGC 4254
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Extrapolate the IRAC luminosity to 
bolometric luminosity (Xu ‘01) and then 
to mass for a population age < 1 Myr
(Bruzual & Charlot ‘03).

The SFR correlates with the summed 
mass of cores. 

The ratio gives a timescale. 

If these cores last for 0.1 – 1 Myr, then 
they can account for essentially all of
the SF in these galaxies

(0.2-2 Myr accounting for the too-faint 
cores)
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NGC 628 Spitzer IRAC, 
rotated and expanded



8 m unsharp mask, 
rotated and expanded
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JWST early release
Credit: Judy Schmidt



Where is SF?
1. Spiral arm and spur filaments: gravitational collapse

JWST early release
Credit: Judy Schmidt
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Where is SF?
1. Spiral arm and spur filaments: gravitational collapse
2. Shells: either gravitational collapse or compressive collapse of pre-existing clouds

JWST early release
Credit: Judy Schmidt





JWST + HST, twitter



After the collapse to star formation there is feedback

1. Does it power ISM turbulence?  -- YES
• On what scales? What fraction of the turbulence? 

2. Does it regulate SF? How?
• By regulating the average ISM density? 
• By breaking apart GMCs?

3. Does it trigger more SF?  -- YES
• “collect and collapse”? 
• compression of pre-existing clouds? 
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Problem: does star formation feedback affect ISM turbulence on the scale of the disk thickness? 
(thereby affecting the mean density, Qgas, gravitational instability growth rate, etc.)

Expectation: Feedback pumps kinetic energy into the surrounding ISM, so the neutral gas velocity 
dispersion in regions of star formation should increase…

Previous observations: plots of local sHI versus local SFR/A show a positive correlation, confirming this 
expectation (e.g., Tamburro et al. 2009, Stilp et al. 2013a)

But these studies contain a hidden third parameter, the galactocentric radius, and both SFR/A and sHI

decrease with radius. Their correlation with each other could be indirect. 

Our question: does excess sHI correlate with excess SFR/A locally, i.e., when the average radial profile is 
subtracted from each?

Elmegreen, Martinez, Hunter 2022 
Hunter et al. 2021



Data Used:
1. VLA HI observations of 36 dwarfs (LITTLE THINGS survey, Hunter et al. 2012) and 

10 spirals + 1 dwarf (THINGS survey, Walter et al. 2008)
2. GALEX (Martin et al. 2005) observations of FUV converted to SFR/A; measures <SFR/A> @ 100 Myr

resolution: VLA HI: 6”, GALEX FUV: 4” convolved to 6” 
pixel size: 1.5” (but 3.5” for DDO 216 and Sag DIG and 1.0” for NGC 2403)

(6” is 110 pc for the average dwarf at 3.8 Mpc and 240 pc for the average spiral at 8.3 Mpc)

Method: 
1. Determine the average radial profile of KED=0.5SHIsHI

2, sHI
2=MOM2, and SFR/A in annuli of width 

equal to 1 HI beam for dwarfs, 10 HI beams for spirals
2. Subtract the radial-average values from the observed values for KED, sHI and SFR/A in each pixel
3. Plot the excess KED, sHI and SHI versus the excess SFR/A pixel by pixel
4. Measure the trends

Hunter et al. 2021
Elmegreen, Martinez, Hunter 2022 



Radial profiles, LT Galaxies:  
SFR/A (blue), KED (red), sHI(black), SHI(green)



6 LITTLE THINGS galaxies (out of 36)

Excess HI Velocity Dispersion 
vs Excess SFR/A

Excess Kinetic Energy Density 
vs. Excess SFR/A

Excess HI surface density 
vs. Excess SFR/A

… measure the average excess KED, sHI and SHI values at the peak concentrations 
of pixel values for high and low concentrations of SFR/A



Trends in the excess values of KED, sHI, and SHI versus excess SFR/A for LITTLE THINGS dwarfs.
Consistent with no increase in sHI with local SF, but all increases in KED from the increase in SHI

Red crosses: high SFR/A 
concentrations

Blue points: low SFR/A 
concentrations

Excess sHI has no correlation 
with excess SFR/A

SHI vs SFR/A trend consistent 
with 1.6 Gyr consumption time

(from Bacchini +20)



Radial profiles, THINGS Galaxies 

SFR/A in 10-10 MOpc-2yr-1 (blue)
KED in 1043 erg s-1 (red)
sHI km s-1 (black)
SHI in MOpc-2 (green)
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All 11 THINGS galaxies

Excess HI Velocity Dispersion 
vs Excess SFR/A

Excess Kinetic Energy Density 
vs. Excess SFR/A

Excess HI surface density 
vs. Excess SFR/A



Pixel plot peaks vs 
SFR/A

Drms+peak (~upper 
limit) vs SFR/A

KED increase is 
from SHI increase, 
while sHI is slightly 
decreasing

excess SHI ~ 
excess SFR/A2



Conclusions:

Spiral arms & spurs shock gas into filaments, where it collapses into GMCs by self-gravity.
Feedback also shocks gas into filaments (rings, shells), which are distorted by spiral flows.

- these secondary filaments contain secondary (“induced”) star formation.

→ In spiral galaxies, SF begins with a dynamical process followed by gravitational collapse 
and ends with GMC disruption by feedback.

SF does not produce high HI gas turbulence locally (100pc – 240 pc scale).

→ Feedback may break up GMCs and dissipate in high density gas (Joung et al. 2009) 
without increasing the dispersion much in the surrounding low-density gas. 

→ Feedback may form/push only cool HI, which would not be seen easily in MOM2.
→ Turbulence generation in HI may have a 100 Myr delay after star formation

(Stilp et al. 2013b, Orr et al. 2020, L.C. Hunter et al. 2022).



Implications:  Three types of Regulation

The SF rate may be regulated when the dynamical cloud breakup rate (from FB) equals the 
dynamical cloud collapse rate (from GIs)  …. 50 Myr timescale, the dynamical time of the ISM.

ISM turbulence may be regulated independently by gravitational instabilities (Toomre Q ~ 2 
controls s, given values for k and S). This keeps the disk marginally stable over ~0.5 Gyr
timescales, which is the dynamical time of the galaxy.

The galactic scale SF rate is regulated by the cosmic accretion rate on a timescale of a few Gyr, 
the gas-consumption time in the galactic environment.
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