
We have performed a unique near-IR medium bandwidth
survey of the AEGIS and COSMOS fields. The NEWFIRM
Medium-Band Survey (NMBS) gives redshifts accurate to
<2% for about 40,000 galaxies at z=0-3.  We show
evidence for a clear bimodal color distribution between
quiescent and star-forming galaxies that persists to z∼3, a
higher redshift than has been probed so far.  Additionally,
we measure an increase in the intrinsic scatter of the
rest-frame U-V colors of massive, quiescent galaxies out to
z∼2. This scatter in color arises from the spread in ages of
the quiescent galaxies, where we see both quiescent red,
old galaxies and quiescent blue, younger (post-starburst)
galaxies toward higher redshift.  Several recent science
highlights from the survey are shown here.
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With a complete, mass-selected sample of quiescent galaxies, we measure
an increase in the intrinsic scatter of the rest-frame U-V colors with
redshift.  In the figure to the right, the scatter due to measurement
errors (blue) is subtracted from the observed scatter (green) in
quadrature, yielding the intrinsic scatter (black). By matching the
scatter predicted by models that include growth of the red sequence by
transformation of blue galaxies to the observed intrinsic scatter (dashed
line), the data indicate that most early-type galaxies formed their stars
at high redshift with a burst of star formation prior to migrating to the
red sequence. We find that the scatter in U-V increases towards higher
redshift, where the intrinsic scatter is significantly higher than the
scatter introduced by photometric and systematic errors at z ~2.

The increasing color scatter is consistent with
the composite rest-frame SED of massive,
quiescent galaxies from z=0.2 to 2.2 (shown to
the left), with the reddest and bluest U-V
quartiles color-coded. The solid lines are the
median best-fit templates as derived from a
spectral modeling analysis, smoothed with a
Gaussian with a width equal to the average
rest-frame medium-band filter resolution of
0.15μm/(1+z). The spectral shapes of the
reddest and bluest quartiles are very similar at
low redshift. However, at high redshift there
exist old quiescent galaxies (red) and young
quiescent galaxies (blue) that leads to a
relatively large observed intrinsic scatter in U-
V.  The composite SED of the reddest and bluest
quiescent galaxies are fundamentally different
at z=2, with remarkably well-defined 4000 Å
and Balmer-breaks, respectively.

The Age Spread of Quiescent Galaxies  (Whitaker et al. 2010)
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The Growth of Massive Galaxies
 (van Dokkum, Whitaker et al. 2010)

By studying the growth of massive galaxies at a fixed number density of 2 ×
10–4 Mpc–3 from z=2 to the present, we find that the stellar mass has
increased by a factor of 2. The average radial surface density profiles
measured from the deconvolved stacked images of these galaxies (shown to
the left, top panels) reveal that they gradually build up their outer
envelopes.  There is a clear trend with redshift: at small radii the profiles
overlap, but at large radii the profiles get progressively steeper with
redshift. The cumulative mass as a function of radius is shown in the
bottom panels, as implied by the best-fitting Sersic profiles. The mass growth
of galaxies of this number density is dominated by the buildup of the outer
envelope, at radii >5 kpc.

The Bimodal Color Distribution  
(Brammer, Whitaker et al. 2009, Whitaker et al. 2011)
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Hα and 4000Å Break Measurements
(Kriek et al. 2011)

Brammer et al. (2009) show that correcting the rest-frame colors for
dust reddening allows a remarkably clean separation between the red
and blue sequences up to z=2.5 (see figure above).  The study
confirms that dusty starburst galaxies can contribute a significant
fraction to red sequence samples selected on the basis of a single
rest-frame color, so extra care must be taken if samples of truly “red
and dead” galaxies are desired.

Whitaker et al. (2011) find evidence for a bimodal color distribution
of galaxies out z=3.  The rest-frame U-V and V-J colors are shown
below for all NMBS galaxies with S/N > 8 in the K-band out to z=3.5.
The gray-scale represents the density of points, with the lines
indicating the separation between the quiescent “red sequence”
galaxies and star forming galaxies.  The quiescent galaxies can be
traced to the highest redshift interval.  Apparently, the first
quiescent galaxies stopped forming stars by z=3 (see also Marchesini
et al. 2010).

Based on the full SED shape, we identify analogous galaxies and construct
spectroscopic quality composite SEDs for 32 different spectral types (3 examples
shown below for star-forming, dusty and quiescent galaxy types), measuring the Hα
equivalent width and the 4000 Å break strength.  The fits to the Hα emission lines
for different photometric redshift errors illustrate that the NMBS photometric
redshifts have errors < 2% (right).  For the blue, green and orange models, the
median random scatter of Δz/(1+z) is 0.06, 0.04, and 0.02 respectively.

All survey data products are now available at
www.astro.yale.edu/nmbs/


