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The Earliest Stages of 
Massive Star Cluster Evolution

Kelsey Johnson, NRAO & U.Wisconsin
The New Radio Universe, AAS 200

We’ve found what are plausibly proto-globular clusters

Clusters appear to form with a continuum of masses

Cluster mass seems to depend on environment

Punch lines

Understand the formation of massive star clusters

Goal

A fossil in
the Milky 

Way...
• > 10 billion years old

• a few parsecs in size

• ~ 104 - 106 stars 

Why study massive star cluster formation?Why study massive star cluster formation?

• Most stars form in clusters

• Formation requires extreme physical conditions

• They are plausibly the progenitors of globular clusters

• Mode of star formation was common in the early universe

Adolescent Clusters in Starbursts
Case Study: Henize 2-10

He 2-10

Johnson et al. 2000

Infant Clusters in He2-10?

VLA 2cm contours, HST V -band color-scale Kobulnicky & Johnson 1999
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Mid-Infrared Counterparts

VLA 2 cm contour, HST V-band color-scale VLA 2 cm contour, Gemini 10µm color-scale

Three brightest radio sources alone account for at 
least 60% of the mid-IR flux from the entire galaxy

Spectral Energy Distribution

Individual radio sources have a positive slope 

optically thick free-free emission 

wavelength

What types of radio objects are these?

SNe?

AGN?

• Typical slope < 0

• Fade too quickly

• Typical slope < 0 

• Only 1 (or rarely 2)          
in galaxy 

SNR?

• Typical slope < 0 

• Probably too faint 

Dense HII Regions?

+ Slope > 0

+ Expected luminosity

+ Expected multiplicity

Inferred Properties 
from Radio Data

for He2-10
• Radii of HII regions < 5 pc

• Electron densities 1.4 -5.4×103cm-3

⇒ Pressures > 107 kB

• N Lyc ~ 500 - 1000 × 1049 s-1

(500 - 1000 O7* stars)                            

⇒ Stellar Masses ≈ 105-6 M¤

⇒ > 50% star formation eff.

What do RRLs tell us?
(Mohan, Anantharamaiah, & Goss 2001)

• Densities:  ne ~ 104 cm-3

• Radii: r ~ 2-10 pc

• Ionizing Flux:Nlyc > 1052

Nearly perfect agreement with simple models!

Age Estimates
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Hot off the press!

NGC 4449

HST I-band grayscale

VLA X-band contours
NGC 4490

A continuum of sources...

There is a continuum of ultra-young star forming regions which 
appears to be correlated with the overall star formation rate.

Johnson et al. in prep

Johnson et al. 2001

Kobulnicky & Johnson 1999

Mezger et al. 1967

Neff & Ulvestad 2000

Tarchi et al. 2000

Teng et al. in prep

Turner, Ho, & Beck 1998

Ulvestad & Antonucci 1997

Comparision between UCHIIs and Clusters
• Both are optically obscured 

• Both have high density

• ~ 15% of  lifetime enshrouded

• Apparently similar SEDs 

• BUT, young clusters are vastly 
scaled up from UCH IIs

How do the properties 
of star formation scale?

Things to be done…
• Expand the sample

- VLA survey of 20 starbursts                 

• Better determine the physical properties 

- Use mm lines (e.g. CS, HCN)  

- Use RRLs 

• Map out the spectral energy distributions

- Mid-IR to sub-mm (Q-band?)

• Fill in the evolutionary sequence      

• Fill in cluster mass sequence

• Look for masers?


