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ABSTRACT
The Gemini Deep Deep Survey (GDDS) is an ultra-deep (K < 20:6 mag, I < 24:5 mag) redshift

survey targeting galaxies in the �redshift desert� between 1 < z < 2. The primary goal of the survey is
to constrain the space density at high redshift of evolved high-mass galaxies. We obtained 309 spectra in
four widely-separated 30 arcmin2 �elds using the Gemini North telescope and the Gemini Multi- Object
Spectrograph (GMOS). The spectra de�ne a one-in-two sparse sample of the reddest and most luminous
galaxies near the I � K vs. I color-magnitude track mapped out by passively evolving galaxies in the
redshift interval 0:8 < z < 1:8. This sample is augmented by a one-in-seven sparse sample of the
remaining high-redshift galaxy population. The GMOS spectrograph was operating in a Nod & Shuf�e
mode which enabled us to remove sky contamination with high precision, even for typical exposures times
of 20�30 hours per �eld. The resulting spectra are the deepes t ever obtained. In this paper we present
our sample of 309 spectra, along with redshifts, identi�cat ions of spectral features, and photometry. This
makes the GDDS the largest and most complete infrared-selected survey probing the redshift desert.
The 7-band (V RIzJHKs) photometry is taken from the Las Campanas Infrared Survey. The infrared
selection means that the GDDS is observing not only star-forming galaxies, as in most high-redshift galaxy
surveys, but also quiescent evolved galaxies. In our sample, we have obtained 225 secure redshifts, 167
of which are in the redshift interval 0:8 < z < 2. About 25% of these show clear spectral signatures of
evolved (pure old, or old + intermediate-age) stellar populations, while 35% of show features consistent
with either a pure intermediate-age or a young + intermediate-age stellar population. About 29% of the
galaxies in the GDDS at 0:8 < z < 2 are young starbursts with strong interstellar lines. A few galaxies
show very strong post-starburst signatures. Another 55 objects have less secure redshifts, 31 of which
lie in the redshift interval 0:8 < z < 2. The median redshift of the whole GDDS sample is z = 1:1.
Spectroscopic completeness varies from a low of � 70% for red galaxies to > 90% for blue galaxies. In
this paper we also present, together with the data and catalogs, a summary of the criteria for selecting the
GDDS �elds, the rationale behind our mask designs, an analys is of the completeness of the survey, and a
description of the data reduction procedures used. All data from the GDDS are publicly available.

Subject headings: galaxies: evolution

1. INTRODUCTION

The Gemini Deep Deep Survey (GDDS) is an
infrared-selected ultra-deep spectroscopic survey prob-
ing the redshift range 0:8 < z < 1:8. It is designed

2Hubble Fellow

to target galaxies of all colors at high redshift with
an emphasis on the reddest population. The survey is
designed with the following scienti�c goals in mind:
(1) Measurement of the space density and luminosity
function of massive early-type galaxies at high red-
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shift. (2) Construction of the volume-averaged stel-
lar mass function in at least three mass bins and two
redshift bins over the target redshift range. (3) Mea-
surement of the luminosity-weighted ages and recent
star-formation histories of � 50 evolved galaxies at
z > 1 (cf. Dunlop et al. 1996). The over-arching
goal of the survey is to use these sets of observations
to test hierarchical models for the formation of early-
type galaxies. Many studies (see Ellis (2001) for a re-
cent review) have probed the evolving space density of
early-type systems and it is now clear that the number
density of early-types does not evolve rapidly out to
z = 1, as once predicted by matter-dominated models
(see Ellis 2001 for a review). However, �-dominated
cosmologies push back the formation epoch of most
early-type systems out to at least z = 1 even in a hi-
erarchical picture. Alternative theories for the origin
of early-type galaxies (e.g. high-z monolithic collapse
vs. hierarchical formation from mergers) now start to
become readily distinguishable at exactly the redshift
(z = 1) where spectroscopy from the ground becomes
problematic (Kauffmann et al. 1998).

Our focus on the redshift range 0:8 < z < 1:8 is
motivated by two additional considerations. Firstly,
the star-formation histories of individual galaxies in
this redshift range have been very poorly explored. We
do not even know whether most red objects in this
range are old and quiescent, or very young and ac-
tive and heavily reddened by dust. Distinguishing be-
tween these two possibilities requires high signal-to-
noise in the continuum so that the characteristic pho-
tospheric features of evolved stars become evident, but
most work in this redshift range has focused on emis-
sion lines. Secondly, and irrespective of model predic-
tions, this redshift range appears to correspond to the
peak epoch of galaxy assembly inferred by integrat-
ing under the ‘Madau/Lilly plot’, an observationally-
de�ned diagram quantifying the volume-averaged star-
formation history of the Universe as a function of red-
shift (Madau et al. 1996; Lilly et al. 1996; Steidel et
al. 1999). The high-redshift tail of this plot is sub-
ject to large and uncertain dust and surface-brightness
corrections, and remains rather poorly determined, and
recent observations have pushed back the peak of star-
formation, showing a broad maximum in redshift (for
a summary of the observational situation, see Figure
2 in Nagamine et al. 2003). However, the integral
under the Madau/Lilly plot is simply the total mass
assembled in stars per unit volume, so by measuring
this quantity directly in the GDDS we can undertake a

basic consistency check of the overall picture inferred
from global star-formation history and luminosity den-
sity diagrams.

Spectroscopy of galaxies in the redshift range
we seek to probe suffers from technical challenges
brought on by the lack of strong spectral features at
visible wavelengths. The redshift range 1 < z < 2 has
come to be known as the �redshift desert�, in refer-
ence to the paucity of optical redshifts known over this
interval. Fortunately, it is now becoming clear that red-
shifts and diagnostic spectra can be obtained using op-
tical spectrographs in this redshift range, by focusing
on rest-frame UV metallic absorption features. Good
progress is now being made in obtaining redshifts for
UV-selected samples in the redshift desert using the
blue-sensitive LRIS-B spectrograph on the Keck tele-
scope (Steidel et al. 2003; Erb et al. 2003). However,
UV-selected surveys are biased in favor of high star-
formation rate galaxies, and the passive red galaxies
with high mass-to-light ratios that are missed by UV-
selection could well dominate the high-z galaxy mass
budget, motivating deep K-selected surveys such as
the VLT K20 survey (Cimatti et al. 2003), and ultra-
deep small area surveys such as FIRES (Franx et al.
2003). We refer the reader to Cimatti et al. (2004) for
an excellent summary of recent results obtained from
infrared-selected surveys probing high-redshift galaxy
evolution. The GDDS is designed to build upon these
results.

Because their rest-UV continuum is so weak, deter-
mining the redshifts of passive red galaxies at z � 1:5
with 8m-class telescopes presently requires extreme
measures. Ultra-deep (> 10 hour) integration times
and Poisson-limited spectroscopy are required in or-
der to probe samples of red galaxies with zero resid-
ual star-formation and no emission lines. This poses a
severe problem, because MOS spectroscopy with 8m-
class telescopes is generally not Poisson-limited un-
less exposure times are short (less than a few hours).
The main contributors to the noise budget are im-
perfect sky subtraction and fringe removal. At opti-
cal wavelengths, both of these problems are most se-
vere redward of 7000 	A, where most of the light from
evolved high redshift stellar populations is expected
to peak. To mitigate against these effects, the Gem-
ini Deep Deep Survey team has implemented a Nod &
Shuf�e sky-subtraction mode (Glazebrook et al. 2001;
Cuillandre et al. 1994; Bland-Hawthorn 1995) on the
Gemini Multi-Object Spectrograph (Murowinski et al.
2003; Hook et al. 2003). This technique is somewhat
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similar to beam-switching in the infrared, and allows
sky subtraction and fringe removal to be undertaken
with an order of magnitude greater precision than is
possible with conventional spectroscopy.

In order to undertake an unbiased inventory of the
high-redshift galaxy population, the GDDS is K-band
selected to a suf�cient depth ( K = 20:6 mag) to reach
L? throughout the 1 < z < 2 regime. IR-selected sam-
ples that do not reach to this K-band limit are limited
primarily to the z < 1 epoch, while samples that go
substantially deeper outrun the capability of ground-
based spectroscopic follow-up for the reddest objects,
and once again become biased. The standard de�nition
for an ‘Extremely Red Galaxy’, or ERG, is I �K & 4,
a threshold which roughly corresponds to the expected
color of an evolved dust-free early-type galaxy seen at
z � 1. As will be shown below, the effective limit
for obtaining absorption-line redshifts for red galaxies
with weak UV continua is about I = 25 mag with
an 8m telescope. (Our GDDS spectroscopy � the
deepest ever undertaken � has a magnitude limit of
I = 24:5 mag). Therefore at present it is only just pos-
sible to obtain a nearly complete census of redshifts for
all evolved red objects in a K � 21 imaging survey.
Our strategy with the GDDS is to go deep enough to
allow redshifts to be obtained for L? galaxies irrespec-
tive of star-formation history at z � 1:5, while simul-
taneously covering enough area to minimize the effects
of cosmic variance. Our sampling strategy (based on
photometric redshift pre-selection to eliminate low-z
contamination) is different from that adopted by most
other redshift surveys. In terms of existing surveys,
the K20 survey (Cimatti et al. 2003) is probably the
closest benchmark comparison to the GDDS, although
the experimental designs are very different, making the
K20 and GDDS surveys quite complementary. The
K20 survey has about twice as many redshifts as the
GDDS, but because K20 survey does not preferentially
select against low-redshift objects, most of these are at
z < 1. The GDDS has between two and three times as
many redshifts as K20 in the interval 1:2 < z < 2 (the
precise number depending on the minimum acceptable
redshift con�dence class), and has a higher median
redshift (z � 1:1 vs. z � 0:7). The GDDS also
goes about 0.6 mag deeper in K and has over twice
the area (121 square arcmin in four widely-separated
site-lines in the GDDS vs. 52 square arcmin in two
widely-separated site-lines in K20).

A plan for this paper follows. In x2 we describe our
experimental design, with a particular focus on how

our targets were selected from the Las Campanas In-
frared Survey. In x3 we outline our observing proce-
dure, but defer the details of the Nod & Shuf�e mode
that are not speci�c to the GDDS to an Appendix.
(Nod & Shuf�e on the Gemini Multi-Object Spectro-
graph was implemented for use on the GDDS but is
now a common-user mode. Since many observers may
wish to use the mode themselves in contexts unrelated
to faint galaxy observations, the Appendices to this
paper will act as a stand-alone reference to using the
mode on Gemini). In Section 4 we summarize the data
obtained from the GDDS, both graphically and as a
series of tables. Composite spectra obtained by co-
adding similar spectra are presented in Section 5. We
used these composite as templates to obtain redshifts
in the GDDS, but others may wish to apply them to
their own work for other purposes1. Some implications
from the data obtained are discussed and our conclu-
sions given in Section 6. The major results from the
GDDS will be presented in three companion papers2.

Appendix A describes the operation of the Nod &
Shuf�e mode on the Gemini Multi-Object Spectro-
graph (Hook et al. 2003) (GMOS) in the context of
the GDDS. A more general description of the imple-
mentation of the mode will be given in Murowinski et
al. (in preparation). Appendix B describes how the
two-dimensional data from the GDDS were reduced.
Appendix C describes how the �nal one-dimensional
spectra were extracted from the two-dimensional data.

The catalogs presented in this paper, as well as re-
duced spectra for all galaxies in the GDDS, are avail-
able in electronic form as a digital supplement to this
article. All software described in this paper, as well as
auxiliary data, are publicly available (in both raw and
fully reduced form) from the central GDDS web site
located at http://www.ociw.edu/lcirs/gdds.html.

Throughout this paper we adopt a cosmology with
H0=70 km/s/Mpc, 
M = 0:3, and 
� = 0:7.

1It should be born in mind that these composites are constructed from
galaxies covering a wide range of redshift and time. Most analyses
on composites would require a more restricted range, e.g. paper II
(Savaglio et al. 2004).

2Savaglio et al. 2004 [paper II] presents measurements of column
densities and metallicities of star-forming galaxies in our Sample.
Glazebrook et al. 2004 [paper III] presents the mass function from
the GDDS. McCarthy et al. 2004 [paper IV] will present an analysis
of the stellar populations in the reddest galaxies in our sample.
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2. EXPERIMENTAL DESIGN

All galaxies observed in the GDDS were taken from
seven-�lter ( BV RIz0JK) photometric catalogs con-
structed as part of the one square-degree Las Cam-
panas Infrared survey (LCIR survey; McCarthy et al.
2001; Chen et al. 2002; Firth et al. 2001). The GDDS
can be thought of as a sparse-sampled spectroscopi-
cally de�ned subset of the LCIR survey. The GDDS is
comprised of four Gemini Multi-Object Spectrograph
(GMOS) integrations, each with exposure times be-
tween 21 and 38 hours. Each GDDS �eld lies within
a separate LCIR survey equatorial �eld. (The LCIR
survey �elds chosen were SSA22, NOAODW-Cetus,
NTT-Deep, and LCIR 1511; the reader is referred to
Chen et al. 2002 for information on the LCIR survey
data available in these �elds). Since the publication of
Chen et al. 2002 additional imaging data has been ac-
quired for these �elds. Deep Ks, and in some cases,
J imaging supplements the VVRIz’H data discussed in
Chen et al. The 5� completeness limit of the LCIR sur-
vey �elds is K s = 20:6 mag (on the Vega scale). The
5.50x 5.50 GMOS �eld of view is small relative to even
a single 130x 130 ‘tile’ of the LCIR survey (four such
tiles constitute a single LCIR survey �eld). We there-
fore had considerable freedom to position the GMOS
pointing within each LCIR survey �eld in areas which
avoided very bright foreground objects and which had
suitable guide stars proximate to the �elds. We were
also careful to pick regions in each �eld where the
number of red galaxies was near the global average
(i.e. we tried to avoid obvious over-densities and obvi-
ous voids; our success in achieving this will be quanti-
�ed below). The four GMOS �elds in our survey will
be referred to as GDDS-SA22, GDDS-SA02, GDDS-
SA12 and GDDS-SA15 for the remainder of this paper
and in subsequent papers in this series. Taken together,
these survey �elds cover a total area of 121 square
arcmin. The locations of each �eld and the total ex-
posure time per spectroscopic mask are given in Ta-
ble 1. Finding charts for individual galaxies within the
GDDS �elds are shown in Figures 1�4.

At z = 1:2 (the median redshift of our survey),
the 5.5 arcmin angle subtended by each GMOS �eld
of view corresponds to a physical size of 2.74 Mpc.
The total comoving volume in the four GDDS ‘pencil
beams’ over the redshift interval 0:8 < z < 1:8 (the
range over which L? galaxies would be detected in the
GDDS) is 320,000 Mpc3. Over this volume the ef-
fects of cosmic variance on random pointings is quite

signi�cant, especially for the highly clustered red ob-
jects in our survey whose correlation length is large
(� 10h�1 Mpc; McCarthy et al. 2001; Daddi et al.
2000). Fortunately, completely random pointings are
unnecessary, because the global statistical properties
of the the LCIR survey (the GDDS’ parent population)
are well de�ned. As mentioned earlier, we took ad-
vantage of this extra information when selecting our
GDDS �elds by ensuring that the areal density of red
(I � K > 4) galaxies was close to the ensemble av-
erage of such galaxies in the LCIR survey. Figure 5
compares the density contrast of red galaxies in each of
our �elds to the histogram obtained by measuring this
same quantity in a series of random 5.50 x 5.50 boxes
overlaid on the 260 x 260 LCIRS �eld from which the
corresponding GDDS �eld was selected. In GDDS-
SA15 and GDDS-SA02 the number of red galaxies
is essentially identical to the median number expected
from the parent population. The number of red galax-
ies in GDDS-SA22 is somewhat lower than the global
median, while the number in GDDS-SA12 is some-
what higher than the global median. Averaged over
the four �elds, the areal density of red systems in the
GDDS is close to the typical value expected.

The areal density of galaxies in the LCIR Survey
with photometric redshifts in the range 1 < z < 2
and I < 24:5 mag is about 8 arcmin�2, correspond-
ing to about 250 galaxies in a typical GMOS �eld of
view. Since this is about a factor of four larger than
can be accommodated in a single mask with GMOS,
even in in Nod & Shuf�e microslit mode, it is im-
possible to target every candidate 1 < z < 2 galaxy
with a single mask. On the other hand, to reach our
required depth on Gemini requires around 100ks of in-
tegration time, which means it is not practical to obtain
many masks per �eld in a single semester. Fortunately,
the areal density of red galaxies with I � Ks > 4
and I < 24:5 is only � 1 arcmin�2, so it is at
least possible (in principle) to target all red galaxies in
the appropriate redshift range. We therefore adopted
a sparse-sampling strategy based on color, apparent
magnitude, and photometric redshift in order to maxi-
mize the number of targeted galaxies occurring in our
desired redshift range3, with a particular emphasis on

3In GDDS-SA02 and GDDS-SA22 the full color set was not avail-
able at the time of the mask design and so only V RIz0Ks and
V Iz

0
HKs, respectively, were used in these two �elds. The im-

pact of the smaller �lter set for these two �elds on the �nal sa mple
selection was minor, as determined from tests with the GDDS-SA12
and GDDS-SA15 catalogs.
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Fig. 1.� Labeled �nding chart for the GDDS-SA02 �eld. The �el d size is 5.50x 5.50. The central coordinates for this
�eld are given in Table 1. Numeric object labels correspond t o the ID’s in Tables 4 and 5. The background image is a
180 min I-band image obtained with the KPNO 4m MOSIAC imager as part of the LCIR survey.
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Fig. 2.— Labeled �nding chart for the GDDS-SA12 �eld. The �eld size is 5.50x 5.50. Central coordinates for this �eld
are given in Table 1. Numeric object labels correspond to theID's in Tables 4 and 5. The background image is a 180
minuteI -band exposure taken with the BTC on the CTIO 4m telescope as part of the LCIR imaging survey.
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