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33,000 spectra



33,000 spectra

My first glimpse of structure in a turbulent gas



5000 13CO obs.
12000 CS obs.



CaII lines

1972
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What John and I learned as graduate students



The Physics of Star Formation & Early Stellar Evolution 
NATO Advanced Studies Symposium, Agia Pelagia, 
Crete, May 27 – June 8, 1990 (pub. 1991)
Editors, Charles J. Lada & Nikolaos D. Kylafis

Molecular Outflows: Observed Properties
John Bally, Adair P. Lane

The Origin and Evolution of Giant Molecular Clouds
Bruce Elmegreen

+ Other attendees: Hans Zinnecker, Suzanne Madden, Peter Schilke, 
Enrique Vasquez–Semadeni, Annie Zavagno

Also, John Scalo

Herbig-Haro Objects
Bo Reipurth







At the end of my paper:
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NGC 1333: Hα (blue), [SII](green), H2 (red)

CO(1-0): 1,000 AU resolution; red 
and blue shifted emission on 
Spitzer/IRAC 4.5 μm image (green)

Bally 2016, ARAA 54, 491
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JWST + HST, twitterNGC 628: JWST + HST, twitter
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R Jay GaBany 2011
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Power spectrum with break at the scale of the disk thickness

For intensity scan length N, 
k = wavenumber from 1 to N/2
and k0 = N/2

LMC: Elmegreen +01,
            Block +10
NGC 1058: Dutta +09
M33: Combes +12



M51 HST H, circles every 600 pixels (872 pc), intensity scan every 3rd pixel
Small circle has a diameter of 200 pc.

Left: Intensity scans (in 10−13 erg s−1 cm−2 arcsec−2) and PS at circles.

Right: Nearby scans with no strong sources (10x scale) and 
more uniform PS

1 kpc

0.07” resolution = 2.55 pc;  0.04” pixels. 
Distance assumed to be 7.5 Mpc

Elmegreen +25

3=0.00077



H PS and running slopes 

PS from top to bottom have 
higher cutoffs, including more 
scans with higher peaks

A break at 1/k ∼ 120 pc is in 
the top three Hα PS 

zero-levels indicated by circles
Elmegreen +25



3 intervals of galactocentric radius

peak intensities and the number of PS in the 
averages increase from the top to bottom 

PS break scale increases with radius. 

1 kpc



The scale for Hα increases with radius, 

from

∼ 25 pc at 0.5-1 kpc radius to
∼ 90 pc at 1.27-2.91 kpc to
∼ 180 pc at 2.91-6.54 kpc 

 → Scale increase ~ 40 pc/kpc

Looks typical for spiral galaxies.

M51 H

H(R) from Mancera Pina 
et al. 2022, assuming 
hydrostatic equilibrium

H2

HI



NGC 891, IRAC 8 m

106 pc 
resolution

B.G. Elmegreen & D.M. Elmegreen 2020 ApJ , 895, 17

NGC 891: APOD Feb 28, 1997

J. C. Barentine & G. A. Esquerdo (PSI), 1.3-m Tel., Kitt-Peak, NOAO

Unsharp mask

http://www.psi.edu/
http://www.noao.edu/


NGC 891, IRAC 8 m

106 pc 
resolution

B.G. Elmegreen & D.M. Elmegreen 2020 ApJ , 895, 17

Unsharp mask

B.G. Elmegreen & D.M. Elmegreen 2020 ApJ , 895, 17

5’

Spitzer: 3.6 μ (B), 4.5 μ (G), 8 μ (red)



NGC 891, IRAC 8 m

~200 pc 
thickness 
for 8 m 
sources

106 pc 
resolution

B.G. Elmegreen & D.M. Elmegreen 2020 ApJ , 895, 17
B.G. Elmegreen & D.M. Elmegreen 2020 ApJ , 895, 17

Spitzer: 3.6 μ (B), 4.5 μ (G), 8 μ (red)

5’

Unsharp mask



NGC 891, IRAC 8 m M 51

200 pc 
diameter

~200 pc 
thickness 
for 8 m 
sources

106 pc 
resolution 2.55 pc 

resolution
1 kpc

M51 is 35x bigger than circle and resolution is 78x smallerB.G. Elmegreen & D.M. Elmegreen 2020 ApJ , 895, 17



Sizes > 200 pc D. Elmegreen, 2025

M 51



Sizes < 200 pc D. Elmegreen, 2025

M 51



D. Elmegreen, 2025

M 51



D. Elmegreen, 2025

M 51



Where does star formation feedback go?

400 pc

200 pc
M51

NGC 891
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A plot I would like to see:
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Star formation feedback is not the only feedback



Other Reflections on Feedback … climbing John’s ladder

Do jets/flares affect: rocky planet formation (boiling off volatiles from the inner disk)?
                             water on planets (boiling off hydrogen)?

Do nearby SNe (e.g., 26Al enrichment) affect planet melting, differentiation, outgassing?

Do the first massive stars in a cluster destroy lower mass cores and affect the IMF? 
 Do massive stars have to form last to make a complete IMF?
 If a massive star forms relatively early, does it end up isolated?

Why does the mass function of embedded clusters have the same slope as exposed 
clusters (~M-2)? 
    - The ratio of feedback energy to binding energy increases with cluster mass
    - More massive clusters (with their more massive stars) should be more disruptive than 

low-mass clusters, and therefore less likely to survive gas removal



Other Reflections on Feedback … climbing John’s ladder

Is some star formation triggered? – the persistent debate
 Proposal: if the surrounding gas (CO, HI,…) is not strongly self-gravitating, then yes
        if this gas is strongly self-gravitating, then no 
 
The related question: Are GMCs self-gravitating? Or just their dense regions? 
 Are the 200 pc complexes (“superclouds”) self-gravitating, but …
                      most of the molecules inside them are not (i.e., diffuse H2 & CO gas), yet …
       the dense molecular cores inside the diffuse parts are … and
       that is where stars form.

 If so, then star formation can be triggered by turning the non-self-gravitating gas 
      that is near the young stars into self-gravitating gas. 

 
 But if it is all self-gravitating, then spontaneous gas collapse will take over.



“The Crawford Hill 7-meter antenna was built for propagation measurements with the COMSTAR 
beacons at 19 and 28.5 GHz, and for radio astronomy at frequencies from 70 to 300 GHz.”

https://www.nokia.com/bell-labs/publications-and-media/publications/comstar-experiment-the-crawford-bill-7-meter-millimeter-wave-antenna/ 

https://www.nokia.com/bell-labs/publications-and-media/publications/comstar-experiment-the-crawford-bill-7-meter-millimeter-wave-antenna/


Thanks to John, Kim, and the LOC for this wonderful meeting

Visegrad



Visegrad
05/28/2025

I look forward to the next one
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