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Morphologies of EROs
•  Stiavelli & Treu (2001) 
•  Moriondo et al. (2000)
•  Yan & Thompson (2003)
•  Gilbank et al. (2003)
•  Moustakas et al. (2004)
•  Cimatti et al. (2003)
•  Yan et al. (2004)
Are disk-like EROs always dusty starbursts?
“We conclude that spectral classes do not have a 
simple, direct correspondence with morphological 
types.” —Yan, Thompson, & Soifer (2004) AJ, 127, 1274



Photometric Separation of EROs: 
“Old Galaxies” vs. Reddened Starbursts

•  May sometimes be ambiguous if one has 
only a few bandpasses and if the 4000 Å 
break falls in the middle of one of them.

•  We select objects in fields of radio sources 
within specific redshift ranges:

› At z ~ 1.5, the 4000 Å break falls just  
short of the J band.

› At z ~ 2.5, the 4000 Å break falls 
between the J and H bands.



Selection
•  z ~ 1.5:

› 1.8 < J−K’ < 2.1
› R−K’ ≥ 6

•  z ~ 2.5:
› J−H ~ 1.9
› H−K’ ~ 1
› R−K’ ≥ 8



Observations
•  Initial J, H, and K’ photometry:

› IRTF NSFCam (z ~ 1.5)
› Subaru CISCO (z ~ 2.5)

•  R, I, z photometry; spectroscopy 
› Keck ESI or LRIS

•  Adaptive-optics imaging
› Subaru IRCS + AO
› Keck LAO in future
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4C 15.55 Field

•  zQ = 1.406
•  ER1 is a starburst
•  ER2 has an old 
stellar population
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Summary of Disk Properties

•  Stellar mass ~ 3 × 1011 M⊙

•  re ≈ 1.7–4.6 kpc



Implications of Old Massive 
Disks at High Redshifts

•  Formation of ~ 3 × 1011 M⊙ of stars in 
<109 years ⇒ average SFR > 300 M⊙ per 
year.

• No major mergers.

•  “Monolithic” collapse—but star formation 
took place only after formation of the disk.

•  If such disks are at all common, this fact 
may be difficult to reconcile with results 
from semi-analytic predictions from 
standard CDM.



Are they really disks?
• We know of nothing of similar mass with a 

closely exponential profile that is not a 
disk.

• Pseudobulges in late type spirals are built 
via secular evolution, a time-consuming 
process—and they are much less massive.

• Highly flattened ellipticals (E6 and E7) are 
virtually universally low-mass systems.



Would a population of massive 
disks of old stars at high redshift 
be surprising?  

Maybe not....



Constraints on Formation of 
Massive Ellipticals

• Metallicity—σ relation ⇒ stars formed in a 
deep potential well.

•  [α/Fe]—σ relation ⇒ bulk of stars formed 
within a short (< 1 Gyr) time scale.

• Luminosity—age relation ⇒ stars in the 
most massive ellipticals formed very early.



So how do we make ellipticals?

• Disk galaxies (of some kind) form first.

• Disks merge to form ellipticals, but…

› Most of the stars in the final elliptical must 
come from only a few, relatively massive 
disks.

› These disks must have formed quite rapidly, so 
star-formation rate would have been quite 
high, unlike disks of present-day spirals.



Fate of Early Massive Disks

• In strongly overdense environments— 
likelihood of subsequent merging is high.

• Roughly equal-mass mergers will make 
ellipticals.

• Mergers too small to destroy the disk may 
make a bulge, so may be one way of 
making an S0.


