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Fig. 2.— Rest-frame UV J diagram at 0.6 < z < 0.9 represented with HST ACS color postage stamps (either F606W and F814W or
F625W and F775W, 3!! on a side) for galaxies in three stellar mass bins: (a) 10.25 < log(M/M") < 10.5, (b) 10.5 < log(M/M") < 10.8,
(c) log(M/M") > 10.8. In all mass bins, UV J-selected quiescent galaxies are mostly early-type systems while SFGs are primarily late-type
systems. Bluer SFGs are generally face-on disks, while redder ones tend to be viewed edge-on.
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Fig. 1.— (a) Rest-frame U ! V vs. V ! J colors for 977 galaxies with mass M > 1.8 " 1010 M! at 0.6 < z < 0.9. The typical ±1-!
statistical uncertainty in the rest-frame colors is indicated in the bottom right. The Williams et al. (2009) boundary (black wedge) separates
quiescent galaxies (top left) from SFGs (bottom right). The red line indicates the evolution of a BC03 solar metallicity single burst, while
the blue line represents a constant SFR model (CSF). The diamonds on each model track represent time steps of 0.1, 0.5, 1, 2, 3, and 5
Gyr (from bottom to top). The arrow indicates the reddening vector. (b) Gray scale representation of the density of points in panel (a).
The concentration of quiescent galaxies in the UV J plane is distinct from the broader distribution of SFGs. The dashed line runs through
the t = 5 Gyr CSF time step and is parallel to the reddening vector. We examine axis ratios and [OII]"3727 Å luminosities along this line,
Cp, in Figure 4 as we hypothesize that reddening is a major factor in explaining the sequence of UV J colors for SFGs.

on a Chabrier IMF (Chabrier 2003). All magnitudes are
reported in the AB system.

2. DATA AND ANALYSIS

Data products for our sample are discussed in de-
tail in Patel et al. (2009b,a, 2011) and briefly summa-
rized here. Ground based imaging consists of Magellan
IMACS B, Subaru Suprime-Cam V Riz, and Du Pont
WIRC Ks. The z-band was used for spectroscopic selec-
tion (18 < zAB < 23.3 mag). We obtained spectroscopy
with IMACS on Magellan, using a low-dispersion prism
(LDP) in place of the grating. Roughly ! 10, 000 red-
shifts were measured over a 0.2 deg2 field. The overall
spectroscopic completeness is ! 74%. Our sample in
this work is restricted to galaxies in the redshift range
0.6 < z < 0.9, with the lower redshift cuto! determined
by the bright magnitude limit of our survey and the up-
per redshift cuto! determined by the desired mass cut
and with some consideration for the redshift precision.
In this redshift interval, the LDP redshifts have a preci-
sion of !z/(1+z) " 0.012 when compared to redshifts ob-
tained from higher resolution spectroscopy. We find 3326
galaxies in this redshift interval with zAB < 23.3 mag.
We fit Bruzual & Charlot (2003, hereafter referred to as
BC03) " -models to SEDs comprised of both the broad-
band photometry and LDP spectra in order to extract
relevant rest-frame quantities such as stellar masses. The
limiting stellar mass for constructing representative sam-
ples of both star-forming and passive galaxies is de-
termined by the latter and is M > 1.8 # 1010 M!

(log M/M! > 10.25) at z = 0.9. The SED fitting pro-

cedure also provides measurements of [OII]#3727 Å lu-
minosities. Rest-frame magnitudes and colors were com-
puted with the ground-based imaging and using the tech-
nique described in Rudnick et al. (2003).

We use HST ACS imaging (Ford et al. 2003) to measure
the structural properties of galaxies. About! 50% of our
mass-limited sample with Ks imaging has ACS coverage
in either the F775W or F814W filter. The color postage
stamps shown in the next section are for the subset of
our sample with ACS coverage in two filters (i.e., either
F606W and F814W, or F625W and F775W). We used
GALFIT (Peng et al. 2002) on the F775W or F814W
imaging to measure axis ratios, b/a, Sérsic indices, n,
and e!ective radii, Re. We direct the reader to Holden
et al. (2009) for a detailed discussion on the fitting pro-
cedure as well as results from simulations pertaining to
the reliability of the axis ratio measurements. We also
measured the bumpiness parameter, B, which provides
an estimate of the higher order structure within galax-
ies and is defined as the ratio of the rms of the residual
from the GALFIT model fit and the model mean (see,
e.g, Blakeslee et al. 2006; van der Wel 2008).

Our final mass-limited sample at 0.6 < z < 0.9 with Ks

imaging and measured structural parameters from HST
imaging is comprised of 486 galaxies.

3. THE UV J DIAGRAM

3.1. Selecting Quiescent and SFGs

In Figure 1 we present the rest-frame UV J-diagram
for a stellar mass-limited sample at 0.6 < z < 0.9. The
combination of these two colors allow one to break the
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Fig. 3.— Rest-frame UV J diagram for galaxies in three mass bins at 0.6 < z < 0.9 with structural properties measured from HST ACS
imaging. Asterisks indicate objects with Sérsic index n < 2.5 while diamonds indicate n > 2.5. Data points are color-coded according to the
bumpiness parameter, B, which measures the amount of higher order structure based on rms of the GALFIT residual. The quiescent region
of the UV J diagram is dominated by objects with high Sérsic indices and smooth profiles based on their low B values. The star-forming
region is comprised of a mix of objects with low and high Sérsic indices. However, SFGs with high Sérsic indices generally have high B
values suggestive of dust and/or SF, typical of late-type systems. Below each UV J diagram are example color postage stamps for two
quiescent and two SFGs with red optical colors (U ! V > 1.8 AB mag). Each galaxy is labeled in the top panels. The UV J selection is
seen here to be e!ective in distinguishing early and late-type galaxies, even on the red sequence.

onto a reddening vector that runs through the t = 5 Gyr
CSF time step (dashed black line in Figure 1b). In sim-
pler terms, we are examining how the properties of SFGs
vary along the reddening vector. For n < 2.5 systems,
Figure 4a shows a clear correlation between b/a and Cp

for galaxies in all mass bins. The Pearson correlation co-
e!cients for the low, intermediate, and high mass bin are
!0.58±0.08, !0.63±0.09, and !0.50±0.13 respectively,
where the uncertainties are computed by bootstrapping.
These values suggest a strong correlation between the
two quantities.

We use the models by Rocha et al. (2008) to es-
timate the reddening in U ! V and V ! J resulting
from inclining a dusty disk. The results for their Sbc
model galaxy at b/a = 0.2 (inclination, i " 80!) implies
E(U ! V ) " 0.50 mag and E(V ! J) " 0.62 mag rela-
tive to a face-on orientation or equivalently # 0.80 mag
for Cp. This is comparable to the observed spread in Cp

seen in Figure 4a (black arrow) but slightly higher than
the values implied for low redshift SFGs studied by Yip
et al. (2010). The reddening due to dust could simply be
lower in disks at low redshift.

Since SFGs with redder Cp are more likely to be viewed
closer to edge-on, one would expect light from star form-
ing regions to be extincted within such highly inclined
disks. Figure 4b shows [OII]!3727 Å luminosities, nor-

malized by stellar mass, versus Cp for the same sample
of SFGs as in Figure 4a. The [OII]!3727 Å luminosities
decline at redder Cp at a fixed mass by roughly an order
of magnitude. This finding provides further support for
the interpretation that the UV J colors of disk-dominated
SFGs are driven by the viewing angle. If the decline in
[OII]!3727 Å luminosity with Cp for SFGs was instead
driven by a drop in the SFR, we would not expect to find
large numbers of such galaxies in the star forming region
of the UV J diagram. For example, a factor of # 6 drop
in the SFR of a CSF model at t = 5 Gyr, would result
in such a galaxy moving into the quiescent region after
only # 300 Myr. Additionally, the predicted decline in
L[OII]/M due to inclination from the Rocha et al. (2008)
models follows the data quite well (black arrow).

The correlations between b/a or L[OII]/M and Cp is
almost as strong at the highest masses, suggesting that
inclination is an important factor in that mass regime as
well. However, it is worth noting that the highest mass
bin lacks objects that populate the bluer star forming
regions of the UV J diagram (see Figure 3), where lower
mass objects can be found. This suggests less vigorous
SF in higher mass SFGs (i.e., lower specific SFR), in
accord with the findings of other works (e.g., Brinchmann
et al. 2004; Noeske et al. 2007), and also possibly higher
levels of dust and therefore reddening in these galaxies
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Fig. 4.— (a) Axis-ratio, b/a, versus Cp for UV J-selected SFGs
at 0.6 < z < 0.9 with Sérsic index n < 2.5. The quantity Cp is
the V ! J color of a galaxy after projecting it onto the reddening
vector seen in Figure 1b (dashed line in that figure). Objects are
color-coded according to the same mass bins as in Figure 2. The
solid colored lines indicates the median value of b/a as a function
of Cp. A clear correlation exists between b/a and Cp. SFGs with
bluer Cp colors have axis-ratios closer to unity indicating that they
are viewed close to face-on, while those with red colors have small
axis ratios indicating that they are viewed closer to edge-on. (b)
[OII]!3727 Å luminosity, normalized by stellar mass, versus Cp for
the same sample as in panel (a). Arrows on the bottom indicate
objects with a lack of [OII]!3727 Å emission. SFGs with redder Cp

colors have less [OII]!3727 Å emission, consistent with a scenario
in which the light is extincted by dust in disks due to the closer
to edge-on orientation. The long black arrows in panels (a) and
(b) indicate the impact on Cp and L[OII]/M , respectively, when
going from face-on to edge-on, based on simulations by Rocha et al.
(2008).

relative to lower mass ones (see, e.g., Garn & Best 2010)
when viewed face-on.

The spread in UV J colors for n > 2.5 SFGs is also
significant. However, their colors do not show a strong
correlation with axis ratio. Visual inspection of these sys-
tems suggests strong dust in the redder n > 2.5 SFGs.
Thus, the dust geometry is possibly more complex or the
inclination is not easily connected to the axis ratio (as
can be the case for triaxial systems), leading to a poor
correlation between b/a and Cp. We note however, that
Driver et al. (2007) find strong inclination dependent at-
tenuation in nearby bulges.

5. SUMMARY

In the rest-frame UV J diagram, quiescent galaxies oc-
cupy a concentrated region of color space that is distinct
from the sequence of UV J colors of SFGs, which ex-
tends onto the red sequence. Utilizing HST ACS imag-
ing for the first time to study the structural parame-
ters of galaxies in the UV J diagram at 0.6 < z < 0.9,
we find that the commonly employed UV J selection of
quiescent and SFGs e!ectively serves to separate early-
type galaxies from late-type galaxies as well. Meanwhile,
the position of a SFG along the extended sequence of
UV J colors is determined to a large degree by its stellar
mass and viewing inclination. Systems that are closer to
edge-on generally display redder UV J colors and have
lower [OII]!3727 Å luminosity per unit mass as a con-
sequence of the reddening from dust within the inclined
disks. Thus, most of the UV J-selected SFGs on the op-
tical red sequence are highly inclined disks. The use of
only two rest-frame colors in classifying both the recent
SFHs and morphologies of galaxies will be invaluable for
future studies of galaxy evolution.

We wish to acknowledge those who have contributed
to the construction and deployment of IMACS as well
as Scott Burles for developing the low-dispersion prism,
and the PRIMUS collaboration for allowing us to inves-
tigate galaxies with their hardware. This research was
supported by an NWO-Spinoza Grant.
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The UVJ Selection of Quiescent and Star Forming Galaxies: 
Separating Early and Late-Type Galaxies and Isolating Edge-on Spirals
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The UVJ diagram (i.e. U-V vs. V-J) can be used to distinguish 
quiescent galaxies from star forming galaxies (SFGs)1,2,3,4,5, 
even reddened SFGs!

0.6 < z < 0.9

Concentration of 
quiescent galaxies 
is distinct from 
broad sequence of 
SFGs below

We used HST ACS imaging to examine the 
structural properties of galaxies in the UVJ Diagram

Bradford P. Holden, Daniel D. Kelson, Marijn Franx, 
Arjen van der Wel, Garth D. Illingworth

Early-types

Late-types

• How could two rest-frame colors be any more useful?
• What do galaxies look like in different regions of UVJ color space?
• Why are the UVJ colors of SFGs spread out into a sequence?
• What are the red SFGs?

SSP

constant 
SFR

• UVJ-selected quiescent galaxies look like 
early-types.

• UVJ-selected SFGs look like late-types.
• Bluer ones are face-on spirals, while 

redder ones are closer to edge-on.

Quiescent galaxies have concentrated (high Sersic index, n) and featureless (low 
bumpiness**, B) surface brightness profiles, characteristic of early-types galaxies.

SFGs have a mix of Sersic indices.  However, most with concentrated profiles 
(n>2.5) also have significant structure (high B) from dust and/or SF -- this is typical 
of late-type galaxies.

On the red sequence, the structures of 
quiescent and SFGs are clearly different!

** The bumpiness parameter, B, is defined as the ratio between the rms of the residual from the best-fitting Sersic model from GALFIT and the model mean6.

What is the source for the broad distribution of 
UVJ colors for SFGs?

Hypothesis: reddening is a major factor.

(a) The inclinations (or axis ratios, b/a) of SFGs are 
correlated with the UVJ colors along the reddening 
vector (Cp**): blue SFGs are viewed face-on, while 
red ones are viewed edge-on.

(b) The [OII]λ3727Å luminosities decline along the 
reddening vector due to extinction from dust within 
highly inclined disks.

Disks viewed closer to edge-on having higher degrees of 
reddening.  The models of Rocha+2008 can roughly 
explain the spread in UVJ colors and L[OII]/M for SFGs 
when going from face-on to edge-on (black arrows).

• Two rest-frame colors can be used to classify the recent SFHs and morphologies of 
galaxies out to z~1.

• The UVJ colors of SFGs are largely determined by mass and the viewing 
inclination.

• Most SFGs on the red sequence are simply edge-on spirals.
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