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ABSTRACT

Using the UltraVISTA DR1 and 3D-HST catalogs, we construct a stellar-mass-complete sample, unique for its
combination of surveyed volume and depth, to study the evolution of the fractions of quiescent galaxies,
moderately unobscured star-forming galaxies, and dusty star-forming galaxies as a function of stellar mass over the
redshift interval 0.2 < z < 3.0. We show that the role of dusty star-forming galaxies within the overall galaxy
population becomes more important with increasing stellar mass and grows rapidly with increasing redshift.
Specifically, dusty star-forming galaxies dominate the galaxy population with log(My.,/M-) = 10.3 at z = 2. The
ratio of dusty and non-dusty star-forming galaxies as a function of stellar mass changes little with redshift. Dusty
star-forming galaxies dominate the star-forming population at log(M.,/M:) 2 10.0-10.5, being a factor of ~3-5
more common, while unobscured star-forming galaxies dominate at log(My./Ms) < 10, At
log (Myar/M) > 10.5, red galaxies dominate the galaxy population at all redshift z < 3, either because they

are quiescent (at late times) or dusty star-forming (in the early universe).
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1. INTRODUCTION

In the past decade, studies of the evolution of the stellar mass
function of galaxies have provided relatively robust measure-
ments of the buildup of stellar mass in the universe over most
of cosmic history (see Madau & Dickinson 2014 for a review).
It has been shown that the number density of quiescent galaxies
grows dramatically with cosmic time as star-forming galaxies
quench (e.g., Brammer et al. 2011; Ilbert et al. 2013; Muzzin
et al. 2013b; Tomczak et al. 2014). Additionally, in contrast to
the hierarchical growth of dark matter halos predicted by N-
body simulations, the most massive galaxies (i.e.,
log(My.;/M) > 11) have been found to assemble their stellar
mass and quench earlier than less massive galaxies (e.g., Pérez-
Gonzalez et al. 2008; Fontanot et al. 2009; Marchesini et al.
2009, 2010; Muzzin et al. 2013b).

Driven by the realization that baryonic processes are the
critical ingredients to reproduce the observed reversal of the
hierarchical growth of structures, the latest theoretical models
of galaxy formation match the observed evolution of the stellar
mass function of galaxies in the last 11.5 Gyr of cosmic history
reasonably well (e.g., Guo et al. 2011; Henriques et al.
2013, 2015; Vogelsberger et al. 2014; Crain et al. 2015).
Despite the recent success, the fraction of quiescent galaxies as
a function of stellar mass and redshift has proven challenging to
match (e.g., Henriques et al. 2013, 2015). Complicating the
task is the tight interplay among the many baryonic processes
associated with star formation and quenching. A robust
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measurement of the evolution of the fraction of quiescent
galaxies as a function of stellar mass is therefore a
tremendously powerful tool for making progress in our
understanding of the feedback processes responsible for
quenching and their relevant timescales.

Recent near-infrared (NIR) studies have extended the
measurements of the fraction of quiescent galaxies from
intermediate redshifts (e.g., Brammer et al. 2011; Ilbert et al.
2013; Muzzin et al. 2013b) all the way to z ~ 4 (for the most
massive galaxies; e.g., Marchesini et al. 2010; Spitler et al.
2014; Straatman et al. 2014). Observationally, there are two
main challenges in measuring robust fractions of quiescent
galaxies. First, both wide and deep NIR surveys are required to
probe the galaxy population at the high- and low-mass ends, as
well as to progressively higher redshifts. Second, the selection
of quiescent galaxies based on rest-frame colors, as mostly
performed by previous works, can potentially be affected by
the effects of dust obscuration and reddening. Dusty starburst
galaxies can contribute a significant fraction to quiescent
samples selected on the basis of a single rest-frame color (e.g.,
U — V; Brammer et al. 2009). Evidence for increasing dust
obscuration with increasing stellar mass has been brought
forward by Whitaker et al. (2012), who have previously shown
that massive dusty galaxies comprise a growing fraction of the
galaxy population out to z ~ 2 (Whitaker et al. 2010).

Indeed, the population of dusty star-forming (massive)
galaxies in the early universe appears to be the typical
progenitors of today’s most massive galaxies (Marchesini
et al. 2014), and their link to both the overall star-forming
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population and the quiescent galaxies across time can provide
crucial clues in furthering our understanding of galaxy
evolution.

With this Letter we aim to provide a complete census of
quiescent as well as both mildly obscured and dusty star-
forming galaxies by measuring the evolution of their fractions
as a function of redshift and stellar mass using the unique
combination of the UltraVISTA DR1 and 3D-HST data sets.

This Letter is organized as follows. In Section 2, we present
the data. Section 3 describes the analysis. In Section 4, we
present our results and discuss our conclusions. All magnitudes
are in the AB system. We assume a cosmology with 2, = 0.7,
Qu = 0.3, and Hy = 70 km s ! Mpcfl.

2. DATA AND SAMPLE

We used the UltraVISTA DR1 (Muzzin et al. 2013a) and the
3D-HST (Skelton et al. 2014; Momcheva et al. 2015) catalogs.

The UltraVISTA v4.1 data set is a Kg-selected photometric
catalog covering 1.62 deg” with photometry in 30 bands. The
catalog is 90% complete to a depth of K 1o = 23.4. Unlike the
public catalogs, we derived photometric redshifts and rest-
frame colors adopting an old and dusty template (Marchesini
et al. 2010; G. B. Brammer 2016, in preparation) in addition to
the EAZY (Brammer et al. 2009) templates used in Muzzin
et al. (2013a). Muzzin et al. (2013a) showed that including this
template reduces the number density of log(Myyu/Mz) > 11
galaxies above z ~ 2.5 by 0.2-0.4dex. Stellar masses are
determined using FAST (Kriek et al. 2009) to fit the galaxy
SEDs using Bruzual & Charlot (2003) stellar population
synthesis models, a Chabrier (2003) IMF, an exponentially
declining star formation history, a Calzetti et al. (2000)
extinction curve, and solar metallicity. The 95% completeness
in stellar mass as a function of redshift is taken from Muzzin
et al. (2013a), which contains a more detailed description of the
catalog construction.

The 3D-HST WFC3-selected photometric v4.1 catalogs
cover 900 arcmin” over five fields. G141 grism redshifts from
3D-HST for 22,548 of the detected galaxies down to JH = 24
(10.8% of the photometric catalog) were provided by
Momcheva et al. (2015). For each galaxy, we use the best
available redshift, namely, spectroscopic, grism, and photo-
metric. We refer to Bezanson et al. (2016) for an assessment of
the quality of the grism and photometric redshifts of 3D-HST.
Stellar masses were derived with FAST using the same SED-
modeling assumptions as for UltraVISTA. We use the 90%
completeness level that corresponds to Hrgow < 25.1 (Skelton
et al. 2014). The survey reaches 90% completeness down to
log (My.;/M:) = 8.5 and log(My,:/Ms) = 10 at z < 0.5 and
7z < 3, respectively.

Since we use the rest-frame U — V and V — J colors to define
quiescent and star-forming galaxies, it is critical that the rest-
frame colors of the UltraVISTA and 3D-HST survey are
homogeneously derived. We therefore exploited the over-
lapping regions within the COSMOS field to compare the rest-
frame colors. First, we matched sources in COSMOS from the
UltraVISTA and 3D-HST surveys within a separation of 0”2.
Second, we quantified the offsets in rest-frame U — Vand V —J
as a function of redshift between the UltraVISTA and 3D-HST
COSMOS sources. Third, the offsets as a function of redshift
were fitted with a polynomial function, and the resulting best-fit
model was used to adjust the UltraVISTA colors, homogeniz-
ing the two surveys. We note that the offsets in the rest-frame
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colors reach a maximum of ~0.07 mag in U — V and ~0.1 mag
in V—J. Though small, these offsets need to be corrected to
ensure consistent classification of galaxies in the two surveys.
The small difference in colors between the two catalogs is most
likely the result of different zeropoint offsets adopted in each
data set and is thus not unexpected. Most importantly, we
verified that, after the aforementioned homogenization, quanti-
tatively similar results are obtained using, separately, the
overlapping catalogs of the UltraVISTA and 3D-HST surveys.

The combination of the UltraVISTA DRI and 3D-HST
results in a unique sample that allows us (1) to minimize
cosmic variance at both the high- and low-mass ends; (2) to
probe down to M, ~ 10" M, over the entire studied redshift
range and down to M, ~ 10° M., at z ~ 0.6; (3) to sample the
high-mass end up to log(My./Ms) ~ 11.5 with good
statistics; and (4) to quantify and mitigate systematic
uncertainties between the two surveys using the overlapping
region in the COSMOS field between UltraVISTA and
3D-HST. The final sample contains 99,419 galaxies at
0.2 < z < 3 after removing the UltraVISTA objects falling in
the patch of sky surveyed by 3D-HST in the COSMOS field.
Spectroscopic and grism redshifts are available for 7393 and
9265 galaxies, respectively.

3. ANALYSIS

For each data set, the sample is divided into non-dusty star-
forming, dusty star-forming, and quiescent galaxy populations
using locations in the rest-frame U — V and V — J color—color
(UVJ, hereafter) diagram. Using the UVJ diagram to separate
star-forming and quiescent galaxies has become a standard tool
in the field (e.g., Wuyts et al. 2007; Williams et al. 2009;
Forrest et al. 2016). Following Whitaker et al. (2015)°, star-
forming galaxies satisfy:

U —-V)<13for(V—-J)<0.75 (1)
and
U-V)<08(V—-J)+07for(V—-J)>0.75. 2)

We introduced an additional criterion to further separate the star-
forming population into dusty and relatively unobscured star-
forming galaxies. Specifically, dusty star-forming galaxies satisfy:

U —-V)<143(V-J)—0.36. 3)

This division between dusty and unobscured star-forming
galaxies was determined empirically using two independent
approaches to estimate the dust obscuration in the rest-frame
visual band, Ay. In the first approach, we used Ay as
determined from FAST. Due to the reddening degeneracy
between age and obscuration, the derived Ay may be dependent
on our assumption of an exponentially declining star formation
history. The second approach, in which Ay was determined
from EAZY using the relative contribution to the observed
SED of the dusty templates, does not suffer from
this degeneracy in the same way. Figure 1 shows the stellar
mass complete sample in the UVJ diagrams at the eight redshift
intervals targeted in this work. The galaxies are color coded as
a function of Ay as derived from FAST. The separation
between quiescent and star-forming galaxies is shown as a
black solid line. The separation between relatively unobscured
and dusty star-forming galaxies (dashed black line) was defined

® V-J<15isno longer implemented, as it is a false upper limit imposed

on the quiescent population (van der Wel et al. 2014).
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Figure 1. UV]J diagram for the combined UltraVISTA and 3D-HST sample; galaxies are color coded as a function of Ay as determined using FAST. Each panel
corresponds to a different redshift range. The number of sources in each redshift bin is shown. The contour curves indicate the density of sources. The three regions in
the UVJ diagram to classify quiescent, non-dusty star-forming, and dusty star-forming galaxies are highlighted by Q (red), ndSF (blue), and dSF (orange),
respectively.

Table 1
Fractions (and Total 1o Errors) of Quiescent, ndSF, and dSF Galaxies
Redshift Stellar Mass Bin fo JodsE fask Number
0.20 < 7 < 0.50 8.55 < log(Mya/Ms) < 8.80 0.131+9915 0.84670:949 0.023795%9 1503
8.80 < log(Myar/Ms) < 9.00 0.115793% 0.815°9%17 0.07070:99 3188
9.00 < log(Myar/Ms) < 9.20 0.10770:9%8 0.82579312 0.065793%¢ 2641
9.20 < log(Mya/Ms) < 9.40 0.11473989 0.767+0:03) 0.108793% 2050
9.40 < log(Myu/M) < 9.60 0.141+3512 0.66475:9% 0.18379913 1716
9.60 < log(Myar/Ms) < 9.80 0.19470014 0.493+002) 0.29479917 1498
9.80 < log(Myar/ M) < 10.00 0.238%0:017 0.353790% 0.39550:939 1307
10.00 < log(Myqr/M.) < 10.30 031943917 0.21973914 045673913 1639
10.30 < log(Myur /M) < 10.60 0.46670:9%) 0.11359818 0.421+3:518 1431
10.60 < log(Myur/Ms) < 10.90 0.665+0.922 0.05640:009 0.278+0:939 995
10.90 < log(Myar/M) < 11.20 0.8047 5948 0.038+0013 0.149%5:933 462
11.20 < log(Myar/Ms) < 11.50 0.9607 989 0.007+5:947 0.03479:938 151
11.50 < log(Myar/Ms) < 11.80 1.059%, 0.0+ 0.013:4% 17
0.50 < z < 0.75 9.00 < log(Mya/Ms) < 9.20 0.1175518 0.80179:03¢ 0.08279913 2275
9.20 < log(Myar/Ms) < 9.40 0.07979:9% 0.7687931¢ 0.144799%8 3364
9.40 < log(Myar/Ms) < 9.60 0.08979:9%7 0.687+0917 0.21579319 2913
9.60 < log(Myar/Ms) < 9.80 0.1060008 05520017 0.32879013 2508
9.80 < log(Myar/Ms) < 10.00 0.181+351 0.38670:01% 0.42010918 2166
10.00 < log(Myur/Ms) < 10.30 0.2765312 0.221+3:94 0.48879913 2870
10.30 < log(Myar/M) < 10.60 0.401+912 0.137+5:9% 0.45670918 2279
10.60 < log(Myur/Ms) < 10.90 0.572+09% 0.081799%8 0.34240917 1592
10.90 < log(Myar/M) < 11.20 0.73970:933 0.060* 912 0.20073:9%% 729
11.20 < log(Myr/Mo) < 11.50 0. 938*8-8573 0.008+35¢ 0.044+9933 175
11.50 < log(Myar/M) < 11.80 1.03%, 0.059980 0.019:086 26

(This table is available in its entirety in machine-readable form.)

to trace the ridge separating star-forming galaxies with Ay < 1 EAZY is adopted in place of the Ay from FAST. This gives us
(non-dusty star-forming galaxies, ndSF, hereafter) and those confidence that our criterion to separate dSF and ndSF galaxies
with Ay > 1 (dusty star-forming galaxies, dSF, hereafter). We is robust. Figure 1 also shows contours representing the density
note that Figure 1 does not change quantitatively if the Ay from of sources in the UVJ diagram.
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Figure 2. Fraction of quiescent (left), ndSF (center), and dSF (right) galaxies as a function of stellar mass for eight bins in redshift as indicated by color. Shaded
regions represent 1o total errors; the widths represent the size of the stellar mass bin.

Figure 1 shows the strong bimodality at low redshift in the
galaxy population, with quiescent and star-forming galaxies
well separated in the UVJ diagram, as previously shown
(Williams et al. 2009; Brammer et al. 2011; Muzzin et al.
2013b). While the bimodality in the UVJ diagram is present out
to z ~ 2.5, we note an increase in the relative number of dSF
galaxies with increasing redshift. Specifically, at z > 1.5, we
see the star-forming population progressively migrating toward
the region occupied by highly dust-obscured star-forming
galaxies, while, simultaneously, the population of quiescent
galaxies becomes less prominent.

In order to quantify the evolution seen in the UVJ diagram,
we calculated the fraction of quiescent, ndSF, and dSF galaxies
as a function of stellar mass. The fractions, and associated
errors, in each redshift and stellar mass bin were calculated
separately for 3D-HST and UltraVISTA. The total error on the
fractions includes Poisson errors (from Gehrels 1986), as well
as the error due to uncertainties in redshifts and stellar masses.
The latter were estimated performing 200 Monte Carlo
simulations of the catalogs. For each realization, we indepen-
dently perturbed the photometric redshifts and the stellar
masses using the 68% confidence limits as derived by EAZY
and FAST. The fractions of quiescent, ndSF, and dSF galaxies
were then recalculated, allowing for the derivation of the errors
on the fractions from the 1o scatter in the resulting distribution
of fractions. Finally, the fraction of quiescent, ndSF, and dSF
galaxies in each bin of stellar mass and redshift were derived as
the average of the separately calculated fractions in Ultra-
VISTA and 3D-HST weighted by their respective errors.
Table 1 lists the measured fractions and total 1o errors.

4. RESULTS AND DISCUSSION

Figure 2 shows the evolution with redshift of the fractions of
quiescent, ndSF, and dSF galaxies. Several results can be noted
from Figure 2. Focusing first on the population of quiescent
galaxies, we confirm the progressive building up of the
quiescent population with cosmic time, as already found

previously by, e.g., Brammer et al. (2011) and Muzzin et al.
(2013b). We robustly see that the building up of the quiescent
population proceeds fastest for the most massive galaxies (i.e.,
log(Mya/M:) = 11.5) and slowest for galaxies with
log(Mg.e/ M) ~ 10.5. Interestingly, at log(Mu/Ms) <
10.3, the evolution with cosmic time of the fraction of
quiescent galaxies appears to quicken, potentially indicative
of the progressively increasing role of environmental effects,
arguably the dominant quenching mechanism at the low-mass
end, at later times (e.g., Peng et al. 2010, 2012; Woo et al.
2013). The fraction of quiescent galaxies plateaus at ~10% at
log(My../ M) < 9.5 at z ~ 0.35.

Correspondingly, the fraction of star-forming galaxies
decreases with increasing cosmic time. Focusing on the ndSF
galaxies, Figure 2 shows that, at all redshifts, they represent the
dominant galaxy type at the low-mass end, while their fraction
rapidly decreases with increasing stellar mass. The corresp-
onding stellar mass at which the ndSF galaxies dominate the
overall population (i.e., fraction >50%) is seen to decrease with
cosmic time, evolving from ~2 x 10'°M. at z ~2.75 to
~5 x 10° M, at z ~ 0.35.

The right panel of Figure 2 shows that at z < 1.25, dSF
galaxies reach ~50% of the overall galaxy population at
10 < log(Myar/Me) < 10.5, where their relative importance
rapidly decreases at both lower and higher stellar masses.
However, at z > 1.25, dSF galaxies rapidly increase their
importance at the high-mass end. Specifically, while dSF
galaxies represent ~60% of the population at
log(Myar/ M) ~ 11.5 at z ~ 2.75, their fraction is seen to
drop by a factor of ~30 by z ~ 0.35. At z > 2, dSF galaxies
constitute ~50%—60% of the overall population at
log(My,;/ M) > 10.5. This shows that massive star-forming
galaxies are predominantly heavily dust obscured in the early
universe.

Figure 3 shows the comparison of the fractions of quiescent
(red), ndSF (blue), and dSF (orange) at each redshift. Figure 3
better highlights which of the three populations dominates in a
particular range in stellar mass and redshift. It is clear that at



THE ASTROPHYSICAL JOURNAL LETTERs, 827:L25 (6pp), 2016 August 20

MARTIS ET AL.

1,
c
0
G o1}
©
—
[T
0.2<2<0.5 0.75<z<1.0 A 1.0<z<1.25
0.01 o P SR
1- - - - -
NQ w h ~
\\ f \‘\
/ — Q
g ‘e — ndsF
prw] ~ iy
@ 0.1 | -- Q=z~03
T - - ndSF, z2~0.3
1.25<2<1.5 1.5<2<2.0 2.0<z<2.5 2.5<2<3.0
0.01t L \ E V= 4 Ve =

90 9.5 10.0 105 11.0 115

|09 (Mstar/MG) IOQ (Mstm'/MG)

9.0 9.5 10.0 105 11.0 115

90 95 10.0 105 11.0 115
I°g (Mstar/MG)

9.0 9.5 100 105 11.0 115
qu (Mstar/MG)

Figure 3. Fraction of quiescent (red), ndSF (blue), and dSF (orange) galaxies as a function of stellar mass in each redshift bin. Shaded regions represent the 1o total
errors. The fractions at 0.2 < z < 0.5 are overplotted as dashed curves to highlight the evolution.

z > 2, the dSF galaxies are the dominant population at
log(Mg.;/M:) = 10.3, whereas at log(Myy,./Me) < 9.8-10.3
(with the smaller value at low redshift), ndSF galaxies are most
common. At z < 1.5, dSF galaxies are the dominant type of
galaxies only in the stellar mass range
10.0 < log(Myo/M:) < 10.5. Figure 3 clearly shows the
growth of the quiescent galaxies with cosmic time at the
expense of the star-forming galaxies, with the growth of the
quiescent population happening first at the highest masses, and
then shifting to lower stellar masses with decreasing redshift.
Finally, Figure 3 shows that for z < 3, the high-mass end (i.e.,
log(Mg../M:) 2 10.5) is predominantly populated by red
galaxies, either because they are quiescent (at late times) or
dusty star-forming (in the early universe).

An outstanding issue is the relative importance of dSF
galaxies within the overall star-forming population as a
function of stellar mass and how their role may evolve with
redshift. The top panel of Figure 4 shows the fraction of dSF
galaxies divided by the fraction of ndSF galaxies as a function
of stellar mass at each redshift. We see that dSF galaxies are a
factor of ~3-5x more important at the high-mass end
(log(Mgar/M) = 10.5) than ndSF galaxies, which dominate
at the low-mass end. The stellar mass dependency of the
importance of dSF galaxies among the star-forming population
appears to be very similar at all redshifts, monotonically
increasing with stellar mass, with the dSF galaxies taking over
at stellar masses log (My./Ms) = 10.0-10.5. These results are
in qualitative agreement with Whitaker et al. (2012) and
Pannella et al. (2009), who observed a correlation between
stellar mass and dust obscuration in star-forming galaxies.

In order to better understand the previous findings, in the
bottom panel of Figure 4 we show the median Ay as
determined by FAST as a function of redshift in different
stellar mass bins for all star-forming galaxies. Error bars
indicate the 25th and 75th percentiles. First, we note that there
is a large scatter for all stellar masses considered, and
increasingly so at higher masses. At the low-mass end
(log(Mgar/ M) < 10.3), we do not see much evolution with
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Figure 4. Top: the ratio of the fraction of dSF galaxies to the fraction of ndSF
galaxies as a function of stellar mass. Shaded regions represent total 1o errors.
Bottom: the median Ay, for all star-forming galaxies as a function of redshift in
bins of stellar mass. Error bars indicate the 25th and 75th percentiles. Points are
offset slightly for clarity.

redshift in the amount of dust obscuration. At the high-mass
end, however, the median Ay of star-forming galaxies increases
rapidly with redshift. We therefore see that the population of
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massive star-forming galaxies becomes increasingly obscured
with increasing redshift, despite the relative number of massive
dSF and ndSF galaxies not significantly evolving with redshift
(top panel of Figure 4).

It is tempting to compare the results shown in Figure 4 with
the evolution of the stellar mass—metallicity relation observed
in star-forming galaxies from z ~ 3 (e.g., Maiolino et al. 2008;
Sanders et al. 2015; Kashino et al. 2016; Wuyts et al. 2016),
which proceeds faster for lower stellar masses. For example,
Maiolino et al. (2008) inferred that since z ~ 3.5, the average
metallicity of galaxies with My, ~ 10" M, and
Mo ~ IOIOM@ increased by ~0.5 dex and ~0.8 dex, respec-
tively. At fixed redshift, more massive galaxies appear more
metal-rich than lower mass galaxies. If we naively assume that
increased metallicity leads to increased obscuration, our results
only agree with some of these findings, potentially due to
selection effects. Specifically, we see that at M, ~ 10'° M.,
the relative role of dSF galaxies increases with cosmic time, as
expected from the observed metal enrichment with cosmic
time. We also find that dSF galaxies tend to become the
predominant type among the star-forming population at larger
stellar masses at earlier times, although this is only marginally
significant. The bottom panel of Figure 4 finally shows that at a
fixed redshift, the median amount of obscuration increases with
stellar mass, in qualitative agreement with the mass—metallicity
relation. However, the observed trend of increasing obscuration
with redshift for massive, star-forming galaxies appears
inconsistent with the evolution of the mass—metallicity relation,
whether the studied samples may be biased against dusty
galaxies (e.g., Kashino et al. 2016), or arguably more
representative of the overall galaxy population (e.g., Sanders
et al. 2015). Our results suggest that measurements of the
mass—metallicity relation may indeed be missing significant
numbers of heavily obscured star-forming galaxies at high
redshift. The exact nature of the coupling between metallicity
and dust formation complicates this comparison, and more
quantitative analysis, beyond the scope of this Letter, will be
necessary to assess any potential inconsistencies.

Our results are affected by significantly large uncertainties at
the very massive end, i.e., log(M./Ms) 2 11.5. These
galaxies are extremely rare, and even the UltraVISTA DRI1
~1.7 deg® survey does not sample a large enough volume to
find enough ultra-massive galaxies. Recently completed or
ongoing multi-wavelength NIR surveys (e.g., NMBS-II and
VIDEO), imaging up to 12 deg?, will enable the construction of
significantly larger samples of distant ultra-massive galaxies.
Finally, although the UV]J diagram is quite robust at separating
quiescent, ndSF, and dSF galaxies, more sophisticated
techniques to estimate the dust obscuration and level of star
formation will be necessary to improve the presented analysis.
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