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Kate Whitaker June 24, 2015TMT Science Forum, Washington DC

1. How does a galaxy’s star formation rate depend on mass? 

2. How and when do bulges form in galaxies?
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Hubble+Spitzer: The Star Formation Sequence
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Does the presence of a significant 
bulge lower the global SFR? !
(e.g., Abramson et al. 2014)

more massive bulge

sSFR =       SFR         
                      Mbulge+Mdisk

Mbulge increases
SFR∝Mdisk

Hubble+Spitzer: The Formation of Bulges & Disks

older stars 
young stars
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Hubble+Spitzer: The Formation of Bulges & Disks
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?

Hubble+Spitzer: The Formation of Bulges & Disks

bulge in place (disk growing) bulge (and disks) growing

z<1 z~2

Nelson et al. (2012, 2013):  
Star formation at z~1 occurs at all radii in 
exponential disks 

van Dokkum et al. (2014):  
Little growth in the centers of galaxies 
from z~0.8-0, but at higher redshifts there 
is growth at all radii.

But how does the bulge grow? 
• Do stars form insitu and migrate 

from the (unstable) disk to the bulge? 
• Is the bulge the result of accreted 

satellites? 
• Is some other mechanism at play?

old stars 
young stars

Why don’t we see this trend at z=2?
This epoch marks the  peak of the cosmic star formation history
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What have we learned so far?

1. How does a galaxy’s star formation rate depend on mass? 
• The slope of the star formation sequence is not constant and depends on stellar mass.  
• See Whitaker et al. 2012b, 2014b 

2. How and when do bulges form in galaxies? 
• The slope and scatter of the star formation sequence is correlated with systematic 

variations in the Sersic Indices of galaxies across the SFR-M* plane. 
• See Whitaker et al. 2015 — coming soon on the arXiv!



Image Credit: Stark/Ellis with Caltech Digital Media Center
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The Future: Spatially-Resolved Studies with TMT
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The Future: Spatially-Resolved Studies with TMT

z=1.5 
spatial scale = 0.004” = 34 pc 
filter = H 
dispersion = 80 km/s 
total integration = 5.0 hr

D=0.4 kpc 
D=0.8 kpc 
D=1.7 kpc 
D=2.6 kpc
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synergizing observed gradients with simulations

• age gradients in compact 
post-starburst and older 
quiescent galaxies at z~2 

• metallicity and star-
formation gradients
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What next?

• Studies leveraging the spatially-resolved capabilities of Hubble 

• TMT (and JWST) will pick up where Hubble leaves off (!)

1. How does a galaxy’s star formation rate depend on mass? 
• The slope of the star formation sequence is not constant and depends on stellar mass.  
• See Whitaker et al. 2012b, 2014b 

2. How and when do bulges form in galaxies? 
• The slope and scatter of the star formation sequence is correlated with systematic 

variations in the Sersic Indices of galaxies across the SFR-M* plane. 
• See Whitaker et al. 2015 — on the arXiv soon!

What have we learned so far?


