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ABSTRACT
We search for passive galaxies at z > 3 in the GOODS-South �eld, using different techniques
based on photometric data, and paying attention to develop methods that are sensitive to
objects that have become passive shortly before the epoch of observation. We use CANDELS
HST catalogues, ultra-deep Ks data and new IRAC photometry, performing spectral energy
distribution �tting using models with abruptly quenched star formation histories. We then
single out galaxies which are best �tted by a passively evolving model, and having only low
probability (<5 per cent) star-forming solutions. We verify the effects of including nebular
lines emission, and we consider possible solutions at different redshifts. The number of
selected sources dramatically depends on the models used in the spectral energy distribution
(SED) �tting. Without including emission lines and with photometric redshifts �xed at the
CANDELS estimate, we single out 30 candidates; the inclusion of nebular lines emission
reduces the sample to 10 objects; allowing for solutions at different redshifts, only two
galaxies survive as robust candidates. Most of the candidates are not far-infrared emitters,
corroborating their association with passive galaxies. Our results translate into an upper limit
in the number density of �0.173 arcmin2 above the detection limit. However, we conclude
that the selection of passive galaxies at z > 3 is still subject to signi�cant uncertainties, being
sensitive to assumptions in the SED modelling adopted and to the relatively low S/N of the
objects. By means of dedicated simulations, we show that JWST will greatly enhance the
accuracy, allowing for a much more robust classi�cation.

Key words: methods: data analysis � catalogues � galaxies: high-redshift � galaxies: photom-
etry � galaxies: statistics.

1 INTRODUCTION

Observational data are at variance with theoretical predictions about
the grand picture of how galaxies build up their stellar mass dur-
ing the early phases of their growth. While the concordance cos-
mological scenario postulates a bottom-up, hierarchical assembly
of structures, the existence of massive, passively evolving galax-
ies in the early Universe is now a well-established evidence (e.g.

� E-mail: emiliano.merlin@oa-roma.inaf.it
� Scottish Universities Physics Alliance.

Labb·e et al. 2005; Mobasher et al. 2005; Rodighiero et al. 2007;
Wiklind et al. 2008; Fontana et al. 2009; Marchesini et al. 2010;
Muzzin et al. 2013; Stefanon et al. 2013; Nayyeri et al. 2014;
Straatman et al. 2014; Grazian et al. 2015). Theoretical and nu-
merical models struggle to �nd a way to reconcile with the obser-
vations, but the results are still not satisfactory, and �ne-tuning of
free parameters is often required (see e.g. Silk & Mamon 2012;
Vogelsberger et al. 2014; Schaye et al. 2015; Feldmann et al. 2017).
Dedicated hydro-dynamical simulations have shown that the star
formation history (SFH) of galaxies largely depends on the mass of
the proto-galactic halo and, secondary, on its environment, so that
large overdense regions in the early Universe can generate massive
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galaxies with a very short and intense burst of star formation ac-
tivity, followed by quiescence ever since (e.g. Merlin et al. 2012);
however, it is not clear to what extent the abundance of such ob-
jects challenges large-scale theoretical predictions, and whether the
extremely short formation time-scales of observed passive galaxies
are compatible with the ones obtained in simulations.

What we know for sure is that these objects do exist, and they
are not too rare. After the early discoveries of massive, red, passive
galaxies at z � 1�2 (e.g. Rosati et al. 1999; Daddi et al. 2000a;
Daddi, Cimatti & Renzini 2000b; Daddi et al. 2005), and their
spectroscopic con�rmation (e.g. Cimatti et al. 2004; van Dokkum
et al. 2004; Whitaker et al. 2013), the search for quenched sources
has been extended to z � 3�4 and beyond, necessarily basing the
studies on photometric samples.

In this paper, we use the best data available today to extend this
search at the deepest attainable limits, in order to reliably detect
and classify passive galaxies well above z � 3, when the age of
the Universe was less than �2 Gyr. The very de�nition of �passive�
galaxy is clearly somewhat ambiguous. Very low levels of star-
formation rate (SFR) are hard to measure in cosmologically distant
galaxies, and it is therefore dif�cult to establish whether a given
object has an SFR exactly equal to zero. Also, when the SFR is
very low, the choice of the adopted SFHs in the �tting processes
has an impact on the measured SFR itself. For instance, the popular
exponentially declining star-formation histories do not reach a level
of SFR � 0 in �nite time, and hence always yield a formally non-
zero SFR. On the contrary, the spectral energy distribution (SED)-
�tting technique that we introduce in this work yields by de�nition
a value of SFR � 0 (see below). To solve this ambiguity, it is
customary to set a threshold on the speci�c SFR (sSFR, the ratio
between SFR and stellar mass) of <10�11 yr�1 to identify galaxies
where the SFR activity is effectively extremely low. We will use in
the following the term �passive�, or equivalently �red and dead�, to
identify such galaxies that are the target of our analysis. We will not
use the term �quiescent� that is also often adopted, as it is indeed
also utilized to identify galaxies that follow a non-starburst, gentle
secular accretion of gas with a mild but non-null level of SFR.

Our data come from a combination of the GOODS-S (Giavalisco
et al. 2004) and CANDELS (Grogin et al. 2011; Koekemoer
et al. 2011) surveys from the Hubble Space Telescope (HST), the
HUGS K-band survey (Fontana et al. 2014) from VLT and a num-
ber of Spitzer programs (see Section 2) that all conspire to make
GOODS-South the best region of the sky where this kind of study
can be executed over an area large enough to yield some statis-
tically interesting result. We note in particular that the K band is
extremely useful since it straddles the 4000 ¯ (rest frame) break
at z = 3�5, a spectral feature of crucial importance to distinguish
the (more abundant) star-forming dusty galaxies from the (rarer)
passive sources (Pozzetti & Mannucci 2000). Also, deep Spitzer
images are essential to disentangle the two populations, because of
the different slope of the spectrum redward of �16000 ¯ rest frame,
where dusty star-forming objects have increasing �uxes while pas-
sively evolving galaxies have decreasing slopes. We use state-of-
the-art software tools to extract reliable photometry from such low-
resolution images (see Section 2). Finally, we complement this data
set with X-ray and far-infrared (FIR) catalogues by Xue et al. (2011),
Lutz et al. (2011), Magnelli et al. (2013), Smith et al. (2012) and
Cappelluti et al. (2016). Towards the end of our paper, we will show
how present-day best quality data are not suf�cient to ensure un-
ambiguous determinations of the properties of these high-redshift
galaxies, and next-generation telescopes will allow for a much more
robust analysis.

However, there is another side of the story that has to be con-
sidered: one also has to check whether the data-analysis techniques
adopted so far are well suited. A typical approach is to select galax-
ies on the basis of their observed colours, e.g. in the BzK plane at z �
2 (Daddi et al. 2004), or in its redward analogues at higher redshift
(e.g. Guo et al. 2013). Alternatively, the selection can be based on
rest-frame colours, like in the widely adopted UVJ diagram (Labb·e
et al. 2005; Wuyts et al. 2007) in which the position on rest-frame
V � J versus U � V plane is considered. This technique has been
used in up-to-date studies of galaxy formation (Brammer et al. 2009;
Williams et al. 2009; Patel et al. 2012); recently, Straatman
et al. (2014, S14) used ZFOURGE data and the UVJ colour se-
lection to identify a substantial population of quiescent galaxies
with M� > 1011 M� at z � 4. A slightly different approach has
been applied by Nayyeri et al. (2014, N14), who identi�ed 16 post-
starburst z > 3 galaxies in GOODS-South, using the CANDELS
photometry (Guo et al. 2013) to perform a Y � J versus H � K
colour selection to probe the strength of the 4000 ¯ break.1

A complementary approach consists in looking directly at the
physical parameters resulting from the �t of the observed pho-
tometry by means of SED templates. Such models assume an
SFH with an analytical form. A typical choice is an exponen-
tially declining curve, with an e-folding time given by a pa-
rameter � , so that the SFR can be computed at any epoch t as
SFR(t) = SFR0 × exp [�(t � t0)/� ]. These are usually referred to
as �� -models�, and we will follow this convention here; the choice
of such functional form was historically motivated by the need to
model the quick formation and subsequent quiescent evolution of
local ellipticals. Since in � -models the SFR formally never reaches
zero, the threshold at which an object can be classi�ed as passive is
somewhat arbitrary. In previous analysis, we adopted for instance a
ratio age/� > 4 (Grazian et al. 2007), or, as already said, an sSFR
threshold <10�11 yr�1 (Fontana et al. 2009), which are in practice
quite similar.2 In other cases, more physically motivated SFHs have
been adopted, for instance those extracted by theoretical hierarchi-
cal models (e.g. Paci�ci et al. 2015), and again a threshold sSFR <
10�11 yr�1 has been used.

It is now important to stress that the UVJ and the SED-�tting
methods are in practice basically equivalent, as the rest-frame U,
V and J magnitudes that are used in the former, or at least the red-
shift estimation in absence of spectroscopic data, are in any case
computed from SED �tting, and hence subject to the same limita-
tions and assumptions (although it must be pointed out that there
is much more information in a full multiwavelength data set than
in only three bands, and in some cases the individual rest-frame
U, V and J �uxes are derived by interpolating between observed
bands; this is for example the case for EAZY; Brammer et al. 2008).
We shall discuss this equivalence in more detail in the next
section.

What is instead crucial is the adoption of sensible SFHs for the
underlying �tting. As it turns out, the adoption of � -models, while
very successful at intermediate and low redshifts, cannot be the best
choice at high-z: some galaxies would be excluded from a selection
of passive sources because of the decaying exponential tail of SF in

1 We note that, contrary to this study, both of these works do not strictly aim
at singling out red and dead galaxies; they rather look for objects which have
more generally quenched their major burst of star formation, but allowing
for a small residual ongoing activity.
2 The requirement sSFR = 10�11 yr�1 corresponds to ages equal to 0.7 Gyr
if � = 0.1 Gyr and 5 Gyr if � = 1 Gyr.
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the best-�tting models, which is an unavoidable numerical artefact.
In fact, we will show in the following that this method is primarily
sensitive to galaxies that are passively evolving since a relatively
long time (�1 Gyr), a requirement that is dif�cult (if not impossi-
ble) to match for galaxies at very high-z, given the small age of the
Universe at such redshifts. Physically, this corresponds to excluding
objects which have quenched their SF activity abruptly, and a short
time before the epoch in which they are observed, for example be-
cause of gas stripping in dense environments, or strong energy feed-
back from galactic nuclei or young stellar populations. Therefore,
in this paper we will adopt a different parametrization of the SFH,
that is more suitable to select passive candidates at very high red-
shifts, as it assumes a single burst of SF activity abruptly quenched
at some early times and followed by quiescence ever since. We will
describe this method in detail in the next sections. Of course, both
descriptions are a clearly oversimpli�ed parametrization of a pre-
vious history that is certainly more complex and irregular than our
simple models. In principle, it would be good not to limit the �tting
options to a single SFH shape, exploring different functional forms
of SFHs. In this study we choose to focus on the top-hat function as
a good and simple prior to �nd galaxies that have been dead since
some time at very high redshift, deferring to future work a more
re�ned analysis.

A second aspect we will particularly focus upon is the reliability
of the detection. At z > 3 all the candidates selected so far are pho-
tometric candidates, singled out in deep extragalactic surveys with
near-infrared (NIR) coverage. Because of their extreme faintness
(they are typically fainter than mag �26 in the visible bands) a
spectroscopic validation of their redshift and spectral classi�cation
is impossible with current instrumentation, and awaits James Webb
Space Telescope (JWST) or Extremely Large Telescope class instru-
mentation. Presently, at these faint magnitudes the combined effects
of the limited number of available bands and the low signal-to-noise
ratio (S/N) make the estimate of the photometric redshift and the
spectral classi�cation certainly dif�cult. In this work we have sig-
ni�cantly extended the analysis of the reliability of the photometric
selection, to investigate whether such candidates of passively evolv-
ing galaxies may be misclassi�ed star-forming dusty ones, taking
into full account the photometric scatter and the corresponding red-
shift uncertainty.

The paper is structured as follows. In Section 2, the analysed data
set is presented. In Section 3, we discuss in more detail the theo-
retical motivation for our particular approach based on truncated
SFHs, and in Section 4, the adopted selection criteria are described
in detail, together with the results of the selection processes. In Sec-
tion 5, we brie�y discuss the differences between our results and the
ones obtained using alternative approaches. In Section 6 we present
some considerations on the future perspective with JWST. Finally,
in Section 7, summary and conclusions are presented. Tables with
the physical properties of the selected objects, their multi-band
snapshots and their SEDs are shown in the Appendices.

All magnitudes are given in the AB system; we assume a stan-
dard concordance �-CDM cosmology with H0 = 70.0, �� = 0.7,
�m = 0.3.

2 THE DATA SET

Most of the data used here have already been published in pre-
vious papers, and are based on the of�cial CANDELS GOODS-
South photometric and redshift catalogues (Dahlen et al. 2013; Guo
et al. 2013; Fontana et al. 2014; Santini et al. 2015). The released

photometric catalogue consists of 17 pass-bands, combining data
from space and from ground, from ultraviolet (CTIO U band) to
mid-infrared (IRAC 8.0 µm).

Since the release of this catalogue, new data have been acquired,
and they are included in this study. New VIMOS B and HST WFC3
F140W have been secured over the whole �eld, ensuring that the
Lyman break is sampled for all the objects at z � 3 (we note that the
addition of the bands shortward of the Lyman-�, that are in principle
subject to further uncertainty because of stochastical intra-cluster
medium absorption, do not affect our results, since our target galax-
ies are very red sources that are predicted to be well below the
observed limits in the short wavelength bands, so that they are al-
ways consistent with the detected upper limits on the �ux). Also,
HUGS Ks-band data (Fontana et al. 2014) have been made public.
These new data had already been included in Grazian et al. (2015).
We also use new, more accurate Spitzer photometry, taking advan-
tage of both new software tools and deeper images. For IRAC 3.6
and 4.5 µm pass-bands, we use a mosaic produced by R. McLure
(private communication), which combines images from seven ob-
servational programs (Dickinson, van Dokkum, Labb·e, Bouwens,
and three by Fazio including SEDS and S-CANDELS: see Ashby
et al. 2015, for details) into a single supermap. The images are
substantially equivalent to those recently released by Labb·e et al.
(2015), and reach an average depth of �25.7 (total magnitude at
5� ) on both channels. On these new images we have used the code
T-PHOT (Merlin et al. 2015, 2016) to derive the photometry starting
from the same H-band detected objects of Guo et al. (2013, G13),
to which we added a sample of 173 H-undetected sources, detected
in the K-band image (S/N > 5; Boutsia et al., in preparation), and
5 IRAC-detected galaxies (Wang et al. 2016). Although improved
in several aspects, T-PHOT is conceptually analogous to TFIT (Laidler
et al. 2007), the code used to obtain the G13 catalogue; therefore, the
new photometry can be cleanly combined with the previous cata-
logue without introducing systematic effects. IRAC 5.8 and 8.0 µm
photometry is obtained again using T-PHOT, but on the CANDELS
images. We have explicitly veri�ed that the photometry of bright
sources is statistically consistent in the new and old data sets over all
the IRAC bands, despite the adoption of the new images and tools.
This improved catalogue is an early version of a fully refurbished
catalogue of the GOODS-South �elds that we plan to publish later
(Fontana et al., in preparation).

Even if we have obtained a revised photometry, we decided to
adopt the photometric redshifts computed by the CANDELS team
with the original G13 catalogue, and released in Santini et al. (2015),
as our baseline redshift estimate. We tested indeed the variation
in photo-z due to the new data, using our code zphot (Fontana
et al. 2000) to obtain photometric redshift estimations on both the
new and old catalogues. We found the differences to be small �
unsurprisingly, given that the solution is dominated by the bands
that have remained unchanged, which are more numerous and usu-
ally have higher S/N than those that have changed. Although our
code performs well, the of�cial redshift estimation provided by the
CANDELS team is an optimal average of several photo-z recipes,
and we expect it to perform better than any individual technique;
therefore, we decided that the advantages given by this overwhelm
the possible disadvantages due to the adoption of a redshift estimate
based on a slightly different photometry, and decided to keep the
of�cial CANDELS value.

Once the redshift has been �xed at the CANDELS one, we have
however re-computed masses, SFRs and ages, as well as the other
basic physical properties, again using zphot and our improved pho-
tometry, as described in detail in Section 4.
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At the end of the process, we have checked that our selection
of passive objects has new best-�tting redshift solutions broadly
consistent with the CANDELS ones, and we �nally performed a
new SED-�tting run on the candidates, letting z free to vary (see
Section 4.2.3).

3 TUNING MODELS FOR THE SEARCH OF
HIGH REDSHIFT PASSIVE GALAXIES

As anticipated, a variety of techniques have been proposed and
used in the literature to select passively evolving galaxies at high
redshift. To some extent all these methods rely on spectral synthesis
models, in two ways. First, these are used to de�ne the selection
area in the different colour planes adopted (either observed, as in
the case of BzK criterion, or rest frame, as in the UVJ one). Second,
SED modelling is at the basis of the techniques that use rest-frame
properties of the studied objects, either colours or physical quantities
like SFR, stellar mass and age. In particular, it is worth reminding
that the cleanness of the UVJ criterion stems from the adoption of
SED modelling to estimate the rest-frame U�V and V� J colours of
observed galaxies, which are either directly obtained from the best-
�tting models to the observed multiwavelength �uxes distribution,
or (as in the case of the EAZY code; Brammer et al. 2008) are
computed interpolating between the observed bands but assuming
a best-�tting model to estimate the redshift of the object, unless
spectroscopic data are available.

Given this importance of the SED-�tting procedure in the selec-
tion process, we dedicate this section to analyse whether the usual
� -models are adequate, and to introduce a new simple parametriza-
tion that should be more effective at selecting passive galaxies at
high-z.

3.1 The � -models

Because the SFR never reaches a value exactly zero in � -models
(although in practice they reach negligible level of residual SFR
when the age of the galaxy t is much larger than the time-scale � ),
the exact de�nition of when a galaxy becomes passive in such mod-
els is somewhat arbitrary. In practice, a threshold on the speci�c
SFR is usually applied (e.g. sSFR <10�11 yr�1). For this reason,
in an attempt to de�ne a safe area for passively evolving galaxies,
both the (rest frame) UVJ and the (observed) BzK diagrams adopt
models in which the passive phase is well established and has been
lasting for at least 1 Gyr, as we extensively discuss below (see also
Sommariva et al. 2014). These models can adequately describe the
SFH of passively evolving galaxies even at redshifts z � 2 � 3,
with � 	 0.5 Gyr; however, this requirement becomes dif�cult to
match at higher redshifts. Using the UVJ diagram and adopting an
exponentially declining model, one has to use very short � parame-
ters, often even below 0.1 Gyr combined with relatively large ages,
to �t early passive objects (as clearly shown in S14, table 1). Par-
ticularly for massive objects, which are the ones we can observe
more easily, such extremely short time-scales are dif�cult to recon-
cile with any physically motivated description of the SFH at high
redshift, and passive phases lasting more than 1 Gyr are dif�cult or
impossible to hold at high redshift, when they become comparable
to the age of the Universe (e.g. �1.2 Gyr at z � 5 in the �-CDM
cosmology).

This point is quanti�ed in Fig. 1. Here we use the UVJ plane
to follow the colour evolution of model galaxies with different SF
histories. The standard region used to select passively evolving

galaxies is delimited by the solid lines, requiring (U � V)rest > 1.2,
(V � J)rest < 1.4, and (U � V)rest > 0.88 × (V � J)rest + 0.59 (as
de�ned by Whitaker et al. 2011, for z � 3 galaxies).

In the upper panels we show the path on the UVJ diagram of
galaxies following a � -model of SF with three time-scales (� = 0.1,
0.3 and 1.0 Gyr), short enough as necessary to describe quiescent
galaxies at high redshift. Symbols are placed in the diagram every
0.1 Gyr of evolution; the labels indicate the age of the models when
they become passive (i.e. sSFR < 10�11 yr�1; yellow labels) and
when they enter the region of passive objects in the diagram (green
labels). In all panels, the leftmost trail corresponds to a model with
zero dust extinction, while the rightmost trail refers to a model with
E(B � V) = 0.4, described by the law by Calzetti et al. (2000, C00).
Note that since the dust obscuration is only expected to play a major
role mostly during the starburst phase, in reality the path of dust-
obscured models would move towards the path of the unobscured
models after the SF phase: therefore, even if the galaxy is strongly
obscured during its �rst phases of life, it will most likely move
to the region of dust-free models as soon as the SF process ends.
It is clearly seen that even with very short � the galaxies become
passive at ages close to or higher than 1 Gyr, approximately when
they also enter the UVJ selection area. This long time required to
reach the region is due to the tail induced by the exponential law.
This age constraint may lead to miss some of the recently quenched
objects at high redshift, where the time from big bang is comparable
to the time-scale needed to enter the UVJ area (the effects of not
considering properly the abrupt quenching of the SF activity in
starburst galaxies have been also recently discussed, e.g. in Ciesla
et al. 2016). It can also be noted that when � increases to �1 Gyr,
galaxies may enter the passive region of the diagram well before
becoming quiescent, and stay there up to 2 Gyr while still being
star-forming (see the third panel).

To cope with this issues when searching for passive objects in the
very early Universe, a different recipe might be more convenient.

3.2 The top-hat star-formation histories

Following the above line of reasoning, we complement � -models
with another set of models that is (also) quite naive, but whose
free parameters can be more indicative of the essential features of
a truncated SFH. We de�ne top-hat (TH) SFHs those characterized
by a constant SFR for a time �tburst, after which the SFR instanta-
neously drops to zero. For ages 	 �tburst, the TH models are actively
star forming, while for ages > �tburst they are obviously evolving
passively.

These models have the obvious advantage of a clear transition be-
tween the star-forming, dusty phase and the passive one. Of course,
the SFH of real galaxies in the star-forming phase is de�nitely more
complex, including random �uctuations on an overall rising or de-
clining behaviour; therefore, more realistic SFHs could have been
used, e.g. including a rising SF phase before quenching occurs.
Nevertheless, the very simple TH models do grasp the core of the
matter as far as an abrupt and early quenching is considered, and
even if more re�ned models would offer a better description of the
galactic evolution in colours, this can be considered beyond the
scope of this work.

In the bottom panels of Fig. 1 we show the outcome of our TH
models (�tburst = 0.1, 0.3 and 1.0 Gyr), that can be compared with
the � -models of the upper panels. We recall that in this case the
models are star-forming until the age is equal to �tburst, after which
they are passively evolving. Two points can be highlighted. First,
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Figure 1. Time evolution of model galaxies on the UVJ plane. Top: exponentially declining SFH (� -models); bottom: top-hat SFH (TH models). Each panel
shows a different time-scale, as shown in the legends (� is the e-folding time in the exponentially declining model, and �tburst is the duration of the burst in
the top-hat models). In each panel, the star symbols refer to the star-forming phase, and the red dots to the passive phase. Dots are placed in the diagram every
0.1 Gyr of evolution. Yellow labels indicate the age of the models when they become passive (i.e. sSFR < 10�11 yr�1). Green labels indicate the age when
they enter the region of passive objects in the diagram (green labels). In each panel, the leftmost trails refer to a galaxy with no dust extinction; in the rightmost
models the extinction is equal to 0.4 (in principle, after the quenching of the SF activity the dust content is expected to decrease rapidly, so the rightmost trail
should reconnect with the leftmost after some time). The aim of this �gure is to show that a galaxy with a sudden truncation of SF (exempli�ed by the TH
models) can remain outside the UVJ selection region (and hence miss detection) for an extended period after the SF quenching. See the text for more details.
[A colour version of this �gure is available in the online version.]

the colour tracks are always quite similar, also in comparison with
the � -models (although the time needed to travel across the path is
different): this implies that the details of the SFH before the qui-
escent phase do not affect signi�cantly the position of the objects
in the UVJ diagram. More importantly, this parametrization makes
clear and unambiguous that galaxies enter the UVJ selection area
well after their actual quenching: a (dust-free) galaxy with abruptly
quenched SFH can evolve passively for a long time (up to almost
0.5 Gyr) before entering the selection region of the diagram. In
the colour space, the transition to quiescence can happen at a dis-
tance of �0.5 mag from the quiescent boundary. As a consequence,
the UVJ diagram cannot be considered an optimal tool to select
passive galaxies, at least at very high redshift.

Because of this, in the following we will primarily exploit the
SED-�tting of the multiwavelength photometry, rather than the

simple position in the UVJ diagram, and we will adopt the TH
models as input. Re-casting the UVJ diagram to be more sensitive
to recently quenched objects (for instance by lowering the U � V
threshold) would cause a specular problem making star-forming
objects enter the passive region. Therefore, we prefer to directly
use the information contained in the SED-�tting to characterize
our objects.

4 THE SELECTION OF PASSIVE GALAXIES
IN GOODS-SOUTH

In this section we describe the procedure we followed to identify
the sample of red and dead candidates in our data set, using the TH
models described above.
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