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ABSTRACT

We present details of the Spitzer Extragalactic Representative Volume Sur-
vey (SERVS), an 18deg® medium-deep survey at 3.6 and 4.5um with the post-
cryogenic Spitzer Space Telescope to ~ 2uly (AB = 23.1) depth. SERVS is
designed to enable the study of galaxy evolution as a function of environment
from z ~ 5 to the present day, and is the first extragalactic survey both large
enough and deep enough to put rare objects such as luminous quasars and galaxy
clusters at z 2 1 into their cosmological context. SERVS is designed to overlap
with several key surveys at optical, near- through far-infrared, submillimeter and
radio wavelengths to provide a coherent picture of the formation of massive galax-
ies. In this paper, we discuss the SERVS data, ancillary data from other surveys
in the SERVS fields (both already complete and in progress), and outline the
main science topics that SERVS will address.

Subject headings: Astrophysical data
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1. Introduction

Progress in extragalactic astronomy has been greatly enhanced by deep surveys such as
the Great Observatories Origins Deep Survey (GOODS, Dickinson et al. 2003) and Spitzer-
COSMOS (S-COSMOS, Sanders et al. 2007) that have allowed us to study the evolution
of galaxies from the earliest cosmic epochs. A limitation of such surveys is, however, the
relatively small volumes probed, even at high redshifts. For example, Ilbert et al. (2006)
find field-to-field variations in redshift distributions noticable in the CFHTLS in fields of
0.7-0.9deg?.

Until lately, howvever, the combination of depth and area required to map a large
volume (~ 1Gpc?) of the high redshift Universe at the near-infrared wavelengths, where the
redshifted emission from stars in distant galaxies peaks, has been prohibitively expensive
in telescope time. Two recent developments have, however, made this regime accessible.
On the ground, the availabilty of wide-field near-infrared cameras has greatly improved
the effectiveness of ground-based near-infrared surveys at 1-2.5um wavelength range. In
space, the exhaustion of the cryogenic coolant of the Spitzer Space Telescope opened up
an opportunity to undertake surveys with the shortest wavelength two channels ([3.6] and
[4.5]) of the Infrared Array Camera (IRAC, Fazio et al. 2004) in the post-cryogenic, or
“warm” mission that were much larger than feasible during the cryogenic mission. These
two developments led us to propose the Spitzer Fxtragalactic Representative Volume Survey
(SERVS) as a Spitzer “Exploration Science” program.

SERVS is an 18deg? survey to ~ 2uJy in the Spitzer [3.6] and [4.5] bands, which has been
allocated 1400hr of telescope time over two years . (At the time of writing, approximately
60% of the data has been taken). SERVS samples ~ 0.8Gpc? between redshift one and five.
The five SERVS fields are centered on or close to those of corresponding fields surveyed
by the shallower Spitzer Wide-area Infrared Extragalactic Survey (SWIRE; Lonsdale et al.
2003) fields, and picked to overlap with several other major surveys covering wavelengths
from the X-ray to the radio. Of particular importance is near-infrared data, as these allow
accurate photometric redshifts to be obtained. SERVS overlaps exactly with the 12deg? of
the VISTA VIDEO survey in the South, and is covered by the UKIDSS DXS survey in the
North. SERVS also has good overlap with the Herschel Multi-tiered Extragalactic Survey
(HerMES) in the far-infrared, which covers the SWIRE and other Spitzer survey fields, with
deeper subfields within many of the SERVS fields.

This paper is designed for use as a resource for papers making use of early data from
SERVS, as well as warm Spitzer data in general. In this paper, we describe the survey
fields, listing the existing or planned multiwavelength datasets that SERVS overlaps with.
We outline the observational strategy and describe the first of the SERVS observations, and
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their analysis. We also discuss the scientific aims of the survey.

2. Survey description
2.1. SERVS in context

SERVS is designed to open up a medium-depth, medium area part of parameter space
in the mid-infrared (Fig. 1). The survey is designed to be large enough to contain signif-
icant numbers of rare objects, such as luminous quasars, Ultraluminous Infrared Galaxies
(ULIRGS), radio galaxies and galaxy clusters, while still being deep enough to find L* galax-
ies out to z ~ 5. Each of the five SERVS fields is between 2 and 4.5 deg? in area, with linear
dimensions 1.4-3 deg.. For comparison, the largest structures seen in the Millenium simula-
tion at z ~ 1 are ~ 100Mpc (Springel et al. 2005), which subtends 3 deg. at that redshift,
so each SERVS field should sample a wide range of environments. By combining the five
different fields of SERVS, we will be able to effectively average over large-scale structure,
and present a true picture of the average properties of galaxies in the high redshift Universe.

2.2. Fields

SERVS consists of five fields near the centers of corresponding SWIRE fields, ELAIS-
S1 (hereafter ES1), XMM-LSS, CDFS, Lockman and ELAIS-N1 (hereafter EN1) (details
in Tables 1 and 2). The SWIRE fields were chosen to be in regions with low infrared
backgrounds, making them ideal for follow-up at far-infrared wavelengths. The SERVS fields
were chosen to have good overlap with current and proposed surveys in other wavebands
within the SWIRE fields, to cover both northern and southern hemispheres, and to have a
range in Right Ascension allowing both flexible followup with ground-based telescopes and
good scheduling opportunities for Spitzer. The fields are shown in Figures 2-4, together with
the coverage of significant overlapping surveys.

2.3. Design of observations

The design of the SERV'S observations reflected several trade-offs to ensure both efficient
use of the telescope, accurate filling of the fixed field geometries, and reasonably flexible
scheduling.

We elected to observe each field in two distinct epochs. The difference in time between
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Fig. 1.— Area versus depth for SERVS compared to other surveys at wavelengths of
~ 4.5um. For consistency, the depth shown is the 5o limiting flux for point sources, excluding
confusion noise (o, as described in Section 5), calculated from the Spitzer performance esti-
mation tool ( http://ssc.spitzer.caltech.edu/warmmission/propkit/pet/senspet/index.html)
in each case. The surveys are: GOODS, the Spitzer IRAC/MUSYC Public Legacy in E-
CDFS (SIMPLE) survey (Spitzer program identifier [PID] 20708), the Spitzer Ultra Deep
Survey (SpUDS, PID 40021, P.I. J.S. Dunlop), S-COSMOS, the Spitzer Deep Wide-Field
Survey (SDWFS, Ashby et al. 2009), SWIRE and the Spitzer Extragalactic Deep Survey
(SEDS, PIDs 60022, 61040, 61041, 61042, 61043 P.I. G. Fazio). The point for the Wide-
Field Infrared Explorer (WISE) is the band 2 depth from Mainzer et al. (2005).
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Fig. 2.— Left the [3.6] SERVS image of the ELAIS-S1 field. Superposed are the two VIDEO
pointings (in cyan), the ATLAS radio survey (in blue) and the deep XMM field of Feruglio
et al. (2008) (magenta). Right the IRAS 25um image of the XMM-LSS field (the SERVS
data for XMM-LSS is yet to be taken). The SERVS field is in green, the VIDEO pointings
in cyan and the two HerMES level 5 pointings in red, the western pointing corresponds
approximately to the VVDS, the eastern to the UDS/SpuDS field.
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field in red (rotation to be decided). Right The [3.6] image of the Lockman field. Superposed
are the Owen/Wilkes deep VLA /Chandra field in cyan, the two HerMES level 3 fields in red
(rotation to be determined).
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the two epochs ranges from a few days to several months. This allows us to reject asteroids,
and also gives us better photometric accuracy by ensuring that most objects will appear in
very different places on the array in the two observations. This arises from both a half array
offset in array coordinated between the two epochs, and the fact that a few day difference
in the execution of each epoch results in a few degree difference in the field rotation. This
rotation difference results in a different map grid for the two different epochs (Fig. 1).

2.8.1.  Design of the Astronomical Observing Requests (AORs)

Towards the end of the IRAC Warm Instrument Characterization (IWIC), several tests
were performed on variations of the SERVS AORs to attempt to establish which observation
strategy was optimal. We tested three strategies, all using the small cycling dither pattern,
which allows for good coverage whilst ensuring that objects are shifted by a minimum of
several arcseconds between observations. The three strategies tried were: (1) two epochs of
three dithered 200s frames, (2) two epochs of three dithered pairs of repeated 100s frames,
and (3) two epochs of six 100s frames. Strategy (1) is the most efficient, and also, in
principle, results in a lower read noise contribution, but in practice artifacts from bright
stars were strong, reducing the effective area, and the radiation hit (radhit) numbers were
high, resulting in a few radhits leaking through into the final mosaic. There was also no
measurable improvement in the noise compared to the other two options, which used 100s
frames. Option (2) was only a little less efficient than option (1), but image persistence
effects were significant. Option (3) was therefore adopted, resulting in a very robust survey
at the expense of only &~ 3% of extra observing time.

The mapping strategy uses the small cycling dither pattern, which ensures full coverage
with our map spacing of 280". Each epoch of a SERVS field takes sufficently long to observe
that the field rotation changes significantly between the start and end of a single epoch of
observations, thus we also needed to be robust against a 7 degree field rotation between
AORs (expected in an ~ 10 day window in most SERVS fields). To allow for this, and
to allow for accurate filling out of fixed field geometries in all but the ELAIS N1 field, the
SERVS AORs were kept relatively small (3 x 3 maps), and spaced close enough to ensure
overlap for the largest expected field rotation. The small AORs also had the advantage
of being easier to schedule, allowing the placement of downlinks and the insertion of short
non-SERVS observations.

The mean integration time per pixel of the resulting SERVS mosaics is close to the
design depth, ~ 1200s. There are, however, both regions of significantly deeper data, where
AORs and map dithers overlap, and shallower areas, particularly around the edges, or where
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one epoch is affected by scattered light from a field star. Figure 6 shows the histogram of
cumulative depth for a typical SERVS mosaic.

2.8.2.  Qwverlap with deeper Spitzer surveys

A small fraction of the SERVS area is covered by other deep surveys with IRAC. The
areas covered by the SIMPLE survey (PID 20708; PI P. van Dokkum) and the SpUDS survey
(PID 40021; PI J.S. Dunlop) have been avoided as far as possible, data from these surveys
will be combined with the SERVS data in the final mosaics. A selection of the IRAC [3.6]
and [4.5] data from these surveys (both of which also use the 100s frametime) will be added
into the final SERVS mosaics to attain an approximately uniform overall depth. There are
also two small deep fields which we have tiled over with SERVS, and which we will use for
verification purposes. These are AORID 4402688 in Lockman (PID 64; P.I. Fazio), and the
overlapping pointings of AORIDs 6005016 (PID 196, P.I. Dickinson) and AORID 10092288
(PID 3407, P.I. Yan) in ELAIS-N1.

2.4. Overlaps with surveys at other wavelengths

Overlaps with existing and surveys in progress are listed in Table 3. Here we provide
a more detailed description of some of the most significant (in terms of their overlaps with
SERVS) of these surveys.

2.4.1.  Optical surveys

A number of optical surveys overlap one or more of the SERVS fields. Among the most
significant are the ESO/Spitzer Imaging Survey (ESIS) in ELAIS-S1 (Berta et al. 2006; 2008)
which reaches depths of 25,25,24.5,23.2 (Vega) in B, V, R, I, respectively, the Canada France
Hawaii Telescope Legacy Survey (CFHTLS; both deep and wide pointings in u*, g,r, i,z
in the XMM-LSS field reaching depths of 28.7, 28.9, 28.5, 28.4, 27.0 and 26.4, 26.6, 25.9,
25.5, 24.8 AB magnitudes, respectively), and ancillary SWIRE data in Lockman, ELAIS-
N1 and CDFS in a variety of depths and filters, but typically reaching at least r = 24.5
(Gonzalez-Solares et al. 2010; Surace et al. 2010).

The Spitzer Adaptation of the Red Sequence Cluster Survey (SpARCS) (Wilson et
al. 2009; Muzzin et al. 2009) has imaged the entire SWIRE area (excluding the XMM-
LSS field which is covered by the CFHTLS) in the 2" filter using Megacam on the Canada
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pixels with that integration time or greater.



Table 1: observing log and IRAC Instrument settings for the SERVS fields

Field and epoch Dates observed IRAC Campaign(s) Spitzer Array [3.6] bias  [4.5] bias
Program ID  Temperatures (K) (mV) (mV)
ELAIS-N1 epoch 1 2009-07-28 to 2009-08-01 PC1 61050 31 450 450
ELAIS-N1 epoch 2 2009-08-02 to 2009-08-05 PC1 61050 31 450 450
ELAIS-S1 epoch 1 2009-08-06 to 2009-08-11 PC1 61051 31 450 450
ELAIS-S1 epoch 2 2009-08-14 to 2009-08-18 PC2 61051 ~ 29* 450 450
Lockman epoch 1 2009-12-10 to 2009-12-21 PC10,PC11 61053 28.7 500 500
Lockman epoch 2 2009-12-25 to 2010-01-04 PC11,PC12 61053 28.7 500 500
CDFS epoch 1 To be scheduled - 61052 - - -
CDFS epoch 21 2009-10-16 to 2009-10-28 PC6,PC7 61052 28.7 500 500
XMM-LSS epoch 1 To be scheduled - 60024 - - -
XMM-LSS epoch 2 To be scheduled - 60024 - - -

Notes: * the array temperatures were allowed to float in campaign PC2.

T Epoch 2 of CDFS was observed before epoch 1, which proved to be unschedulable in its originally planned slot.
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France Hawaii Telescope (CHFT) or the Mosaic camera on the Blanco Telescope at Cerro
Tololo Interamerican Observatory (CTIO). The Megacam observations reach a mean depth
of 24.2 AB magnitudes, and the Mosaic camera observations reach a mean depth of 24.0 AB
magnitudes (& 23.5 in the Vega system).

Optical spectroscopy has thus far been confined to small regions of SERVS, or specific
types of objects. The largest spectroscopic survey is the VVDS, which has =~ 10000 spec-
troscopic redshifts for field galaxies with 17.5 < Ixg < 24 in their XMM-LSS and CDFS
subfields (Le Fevre et al. 2005). In addition, spectra of AGN and quasars, now totaling
several hundred objects selected by various techniques, have been obtained in the SERVS
fields by Lacy et al. (2007), Ridgway et al. (2010) and Trichas et al. (2010).

2.4.2.  Ground-based near-infrared surveys

One of several major surveys to be carried out by the Visible and Infrared Survey
Telescope for Astronomy (VISTA) is the five filter near-infrared VISTA Deep Extragalactic
Observations (VIDEO) survey (Jarvis et al. 2010), which will cover 12 deg? to AB magni-
tudes of 25.7,24.6,24.5,24.0,23.5in Z,Y, J, H and K| filters. The ELAIS S1, XMM-LSS and
CDF'S SERVS fields are designed to exactly overlap their corresponding VIDEO fields. The
combination of VIDEO and SERVS will be a particularly potent tool for the study of galaxy
evolution at high redshifts.

The Deep eXtragalactic Survey (DXS) is part of the UKIRT Infrared Deep Sky Survey
(Lawrence et al. 2007), and will cover the Lockman and ELAIS N1 fields to 23.1, 22.7 and
22.5 (AB) in J,H and K respectively. As of 2010 April, Data Release 4 (DR4Plus) is
available to the entire astronomical community. It covers parts of the EN1, Lockman and
XMM-LSS fields. Data Release 7 is available to the community served by the European
Southern Observatory, and includes additional data in the EN1 and Lockman fields.

2.4.3. Mid- and far-infrared, and submillimeter surveys

The SERVS fields were designed to be contained within the SWIRE fields. This has
mostly been achieved, although constraints from other surveys mean that a small fraction
of SERVS lies outside of the SWIRE coverage.

The HerMES Survey is a Herschel Key Project to survey most of the extragalactic
Spitzerfields, including the SWIRE fields. HerMES has six levels, corresponding to increasing
depths, level 6 being the shallowest (50 limiting flux density ~ 55mJy at 160xm) and level 1
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the deepest 50 limiting flux density ~ 1.7mJy at 160um, ignoring confusion). All of SERVS
is covered to Level 6 or deeper, with significant areas as deep as Level 3 (5o limiting flux
density ~ TmJy at 160um). See Oliver et al. (2010) for full details of the HerMES survey.

The wide area component of the SCUBA-2 Cosmology Survey (S2CLS) will cover the
XMM-LSS, Lockman, EN1 and CDFS fields. The survey will be performed at 850um to an
root mean square (RMS) noise of 0.7mJy.

2.4.4. Radio surveys

The Australia Telescope Large Area Survey (ATLAS; Norris et al. 2006) overlaps with
much of the SERVS fields in ES1 and CDFS. The ATLAS survey, which has not yet finished,
will have an RMS of 10uJy and a spatial resolution of ~ 8 arcsec at 20cm across both fields.
A preliminary release of the survey data for CDFS (Norris et al. 2006) and ES1 (Middelberg
et al. 2008) has an RMS noise of 30uJy. An image showing the overlap between the SERVS
and ATLAS fields can be found in the accompanying paper by Norris et al. (2010).

The EN1 and Lockman fields have been surveyed at 610MHz with the Giant Meter Wave
Telescope (GMRT; Garn et al. 2008a,b, respectively). These surveys read a mean RMS of
~ 60uJy at a spatial resolution of ~ 6.

The Very Large Array (VLA) has conducted several surveys in the SERVS fields. The
Lockman field includes the deepest radio survey at 1.4GHz to date, a single 40" x 40" pointing
centered at 161.5d, +59.017d, reaching a 5 — o detection limit of 15uJy near the center of
the primary beam (Owen & Morrison 2008), and further deep coverage by Ibar et al. (2009).
Simpson et al. (2006) have surveyed the SXDS region with the VLA to a detection limit of
1004y, and Bondi et al. (2007) have surveyed the VVDS field in XMM-LSS at both 610MHz
with the GMRT and 1.4GHz with the VLA to limits of ~ 200 and 80uJy, respectively. The
Faint Images of the Radio Sky at Twenty cm (FIRST) survey (White et al. 1997) covers the
Lockman, EN1 and part of the XMM-LSS survey at 1.4GHz to a sensitivity limit of ~ 1mJy
at a spatial resolution of ~ 5 arcsec.

Two pathfinder telescopes for the proposed Square Kilometer Array are currently under
construction in the southern hemisphere. Both these telescopes will undertake continuum
surveys which will cover the southern SERVS fields. The Evolutionary Map of the Universe
(EMU) survey with the Australian Square Kilometer Array Pathfinder will cover the whole
southern sky to 10uJy RMS sensitivity at 1.4GHz with a 10” FWHM synthesised beam,
and will also have a deep 30 deg? pointing to the confusion limit of ~ 1uJy RMS, probably
in CDFS. The South African Karoo Array Telescope (MeerKAT) has recently had a call
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for proposals for deep continuum surveys, among the contenders is the MeerKAT Interna-
tional Giga-Hertz Tiered Extragalactic Exploration (MIGHTEE) survey, which has a strong
SERVS participation. MIGHTEE has several tiers, one of which will include the southern
SERVS/VIDEO fields to 1uJy RMS at 1.4GHz with an ~ 5" FWHM beam. In the north,
the Low Frequency Array (LOFAR) will target the SERVS/SWIRE fields for deep surveys
at frequencies of ~ 100MHz.

2.4.5.  X-ray surveys

The XMM-LSS field overlaps with the XMM-LSS survey (Pierre et al. 2007) and the
Subaru/XMM-Newton Deep Survey (SXDS) (Ueda et al. 2008). Wilkes et al. (2009) have a
deep Chandra survey overlapping with the deep VLA pointing of Owen & Morrison (2008)
in Lockman. In EN1, Chandra program 690062 (P.I. Nandra) covers &~ ldeg? of the central
portion of the field.

2.5. Further ground-based data to be taken by the SERVS team

We are currently obtaining further multiwavelength ancillary data on the SERVS fields
with the overall goal of matching the depth of SERVS in shorter wavebands. These data
will be made available as part of the overall SERVS public release. We are concentrating
on longer optical and near-IR wavebands as these are generally more useful for photometric
redshift estimates. In the optical, we are using the SDSS filter set where possible, as the
narrower bands allow higher fidelity photometric redshifts than the Johnson-Cousins system
(Figure 6). Our target depth in the optical is an AB magnitude ~ 25 and ~ 23 in the
near-infrared (the area covered by VIDEO will be significantly deeper than this). Figure
7 shows a comparison of the SERVS depth with those of the other major optical /near-IR
surveys planned or in progress.

Observations with SuprimeCam on the Subaru telescope have been carried out in 7 and
z bands as part of the Gemini-Subaru (PI A. Verma) and Keck-Subaru (P.I. S.A. Stanford)
time swaps. The z-band observations are concentrated in the northern fields, as VIDEO will
cover the southern fields in Z. y We have also begun an imaging campaign with the CTIO
mosaic camera, concentrating on the ES1 and CDEFS fields in r and ¢ bands.

An H-band imaging campaign, led by M. Lehnert will obtain H-band data with WIRCAM
on the CFHT, to match the UKIDSS DXS J and K imaging in the EN1 field. We have ap-
plied for time to extend this program to include the Lockman field.



Table 2: The geometry of the SERVS fields

Field Field Center  Field Field Vertices
Name PA Area (degrees)
(deg)  (deg?)
ELAIS S1 003748—4400 0 3 10.3,-44.9  10.3,-42.9 8.5,-42.9 8.5,-44.9
XMM-LSS  022000—0448 0 4.5 (37.0,-5.5)  (37.0,-4.1) (34.0,-4.1)  (34.0,-5.5)
CDFS 033219—2806 0 4.5 54.3,-27.2  51.7,-27.0  51.7,-28.9  54.3,-28.8
Lockman 10491245807 328 4.0 164.7,57.4  162.2,59.7  159.8,59.0  162.6,56.6
ELAIS N1 16100045430 350 2.0 244.0,54.2  243.0,55.3  240.9,54.7  241.6,53.6

Note: vertices for XMM-LSS are in parentheses as SERVS data is yet to be taken on this field



Table 3: Surveys at other wavelengths covering 210% of a SERVS field (all-sky surveys excepted).

Field X-ray Optical Near-IR Mid-IR Far-IR/ Radio
Name data Data Data Data submm Data Data
ELAIS S1 Fo8T ESIS? VIDEO? SWIRE* HerMES® L6 ATLASS
XMM-LSS XMM-LSS? CFHTLS? VVDS!! SWIRE* HerMES® L5 VVDS-VLAT?
SXDS8 VVDS10 UDS1!2 SpUDS1!3 S2CLS™ S0628
VIDEO?
DXS!?
CDFS CDFS16 SWIRE/CTIO VIDEO?  SWIRE* HerMES® L2,L5 ATLASS
GaBoDS!'8 SIMPLE LABOCA/LESS'? Mo0827
VVDS10
Lockman W0920 SWIRE/KPNO-+INT?!  DXS!? SWIRE* HerMES® L3,L5 OMO0823
SDSS?2 S2CLS4 G08b2%,G1030
109%°
ELAIS N1 N042° SWIRE/INT?" DXS'? SWIRE? HerMES® L5 G08b20
SDSS22 S2CLS™ Gro83!

Notes: [1] Feruglio et al. (2008); [2] Berta et al. (2006, 2008); [3] Jarvis et al. (2010); [4] Lonsdale et al. (2003), Surace et al. (2010); [5] Oliver et al. (2010);
[6] Norris et al. (2006), Middelberg et al. (2008); [7] Pierre et al. 2007; [8] Ueda et al. 2008; [9] www.cfht.hawaii.edu/Science/CFHTLS; [10] Le Févre et al.
(2005); [11] Iovino et al. (2005); Temporin et al. (2008); [12] Lawrence et al. (2007); [13] ssc.spitzer.caltech.edu/spitzermission/observingprograms/legacy; [14]
www.jach.hawaii.edu/JCMT /surveys/Cosmology.html; [15] Bondi et al. (2007); [16] Lehmer et al. (2005); [17] www.astro.caltech.edu/~bsiana/cdfs_opt/, Surace et
al. (2010); [18] Garching-Bochum Deep Survey, Hildebrandt et al. (2006); [19] Survey of the CDFS with the Large Apex Bolometer Camera (LABOCA), Weiss et
al. (2009); [20] Wilkes et al. (2009); [21] Gonzales-Solares et al. (2010), Surace et al. (2010); [22] Abazajian et al. (2009); [23] Owen & Morrison (2008); [24] Garn

et al. (2008b); [25] Chandra proposal 6900602 (P.I. Nandra); [26] Garn et al. (2008a); [27] Miller et al. (2008); [28] Simpson et al. (2006) [29] Ibar et al. (2009) [30]
Garn et al. (2010) [31] Grant et a. (2010)
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Fig. 6.— Accuracy of photometric redshift as a function of adopted optical filters. A catalog
of simulated optical through near-infrared broad band photometry of mock galaxies at a true
redshift z = 1 from a semi-analytic model (Tonini et al. 2009) was fitted with a wide set
of population models from Maraston et al. (2006). The accuracy in recovered photometric
redshift is significantly better using the SDSS r, ¢ filters as compared to the from Johnson-
Cousins R, I. From Pforr, Maraston & Tonini (2010).
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Fig. 7— Approximate 5 — o depths of SERVS and near-IR and optical surveys covering
the same areas. SERVS is in red, VIDEO green, DXS cyan, CFHT H-band orange, and
SpARCS blue. Our target depth for B/g through i-band imaging is shown as the magenta
bar (several fields already have imaging to at least this depth). Overplotted is the SED of a
1Gyr old stellar population at z = 2 from Maraston (2005).
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3. SERVS Observations

Table 1 shows the current status of the survey at the time of writing (April 2010). The
first data to be taken, including both epochs of the EN1 field and the first epoch of the
ES1 field were taken early in the warm mission, at a lower detector bias than eventually
decided on. The effect of raising the detector bias for later observations resulted in a small
increase in the detector gain. At [3.6], this gain increase resulted in an ~ 10% increase
in sensitivity as the noise on the individual images is dominated by read noise, which is
independent of the gain, but at [4.5], which is close to background limited, the gain increase
affected the signal and background noise equally, and little or no change in sensitivity was
seen. The array temperature was also higher in the early observations, when it was set to
31K, judged to be well above the final equilibrium temperature of the instrument chamber.
When it became clear that the equilibrium temperature would be significantly lower than
this, the temperature of the detectors was set to 28.7K, which is the temperature which will
be used for the remainder of the warm mission. The second epoch of ES1 was taken during
the transition from the early warm mission set points to the final ones, and was taken at
a floating array temperature of =~ 29K. The effect of the array temperature changes on the
sensitivity is small, but it may affect the linearity of the data close to full well.

4. Data analysis
4.1. Images

Data processing begins with the Basic Calibrated Data (BCD) product, produced by
the Spitzer Science Center (SSC). This consists of images which have been dark subtracted,
flat fielded, and have had astrometric and photometric calibration applied. A pipeline based
on that used for processing SWIRE was used to further clean the frames of artifacts. Specif-
ically, this pipeline fixed an artifact called “column pulldown” found near bright stars, and
also corrected inter-frame bias offsets by setting the background equal to that of a COBE-
based model of the zodiacal background (the dominant background at these wavelengths).
(Due to the inability to use the IRAC shutter, all IRAC data have offsets from the sky back-
ground level which are essentially uncalibratable. Thus no measurement of the true infrared
background, nor of any spatial structure within the background larger than the array size of
5 arcminutes, is possible.)

The data were coadded using the MOPEX package available from the SSC. All the data
from a single field were coadded onto a single frame; the two different wavelengths are
reprojected to the same astrometric projection so that their pixels align one-to-one. The
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data are reprojected with a linear interpolation onto a pixel scale of 0.6", this provides
marginal sampling at 3.6pum. The multiple dithers allow at least some recovery from the
severe undersampling of the IRAC camera at these wavelengths.

The initial data provided by the SSC were undercorrected for nonlinearity, and were
determined to have small but measurable photometric offsets from the SWIRE data. This
is particularly problematic because much of the SERVS data were acquired during the tran-
sition from cryogenic to the warm Spitzer operations (see Section 3). Since all the SERVS
data lies entirely within the area covered by SWIRE, future processing will force the SERV'S
data directly onto the SWIRE calibration.

5. Simulations

We intend to use semi-analytic models extensively in the SERVS project, both to make
testable predictions of the properties of SERVS galaxies, and to inform our follow-up strate-
gies in wavebands other than the near-infrared (e.g. Figure 6). For future SERVS work, we
will use two sets of semi-analytic models. That of Henriques & Thomas (2010) and Henriques
et al. (2010) use the De Lucia & Blaizot (2007) version of the Munich semianalytic model,
which is built on the Millennium dark matter simulation (Springer et al. 2005), but includes
a recipe to model tidal stripping of satellite galaxies. This refinement brings it into much
better agreement with observations. Stellar population models from Maraston (2005) are
used to calculate photometric properties (Henriques et al. 2010). That of van Kampen et al.
(2010a) includes both the effects of halo-halo and galaxy-galaxy mergers, and uses GRASIL
(Silva et al. 1998) to predict spectral energy distributions from the optical to submm. Mock
catalogs from the simulations will be made available as part of the SERVS data release.

6. Primary science goals
6.1. Stellar mass assembly and photometric redshifts

SERVS will ensure the derivation of robust stellar masses because it includes the rest-
frame near-infrared out to high redshifts. This coverage is essential to break the degeneracy
between star formation history and dust reddening (Maraston et al. 2006). Furthermore, the
galaxies detected in SERVS span the epochs where galaxies gain the vast majority of their
stellar mass. Brown et al. (2007) and Cool et al. (2008) estimate that L* galaxies roughly
double in mass between z = 0 and z ~ 1. By comparing galaxy samples at constant number
densities, van Dokkum et al. (2010) show that about half the mass of any given large galaxy
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is added between z = 0 and z = 2. SERVS will be able to extend such studies out to higher
redshifts with good statistics.

6.2. Obscured star formation

Although SERVS will not be a direct indicator of obscured star formation, overlap
with surveys by SCUBA-2 (S2CLS) and Herschel (HerMES) will allow more reliable source
identification than possible using shorter wavelength data, and better characterization of
any extinction of the stellar light, as well as the stellar mass of the galaxy. Based on recent
simulations of Herschel observations, we expect to detect ~ 700 unconfused sources per deg?
in > 3 Herschel bands (Fernandes-Conde et al. 2008). At the SERVS depths, we expect to
detect > 95% of these sources in both IRAC bands, and thus, with the aid of our ancillary
optical and near-infrared data, obtain photometric redshifts and stellar masses for ~ 12000
sources. This will be sufficient to study trends in star formation rate with stellar mass and
redshift, for example, to test the idea of “downsizing” of the most actively star-forming
galaxies.

6.3. The role of AGN

A unique feature of SERVS is the ability to study rare objects such as AGN and quasars
in the context of their environments on Mpc scales. Current models for galaxy formation
indicate that AGN and quasar activity play an important role in galaxy formation (e.g.
Hopkins et al. 2006), regulating the growth of their host galaxies through feedback. However,
the exact nature of this feedback process is unclear. SERVS can help with this problem in
several ways. Studies of the galaxy environments in which high redshift AGN and quasars lie
can indicate the masses of the dark haloes they inhabit, and also how these masses depend
on AGN luminosity and redshift. These can illuminate models for feedback, for example,
a preponderance of AGN in massive haloes, accreting at relatively low rates might be an
indicator that their host galaxies are no longer growing rapidly (Hopkins et al. 2007). At
low redshifts (z < 0.6) the SDSS has been used to successfully perform these experiments
(Padmanabhan et al. 2009). With SERVS we will be able to take these studies to z >> 1.

Nielsen et al. (2010) will investigate the environments of AGN and quasars selected
in the mid infrared. We expect to be able to characterize the environments of luminous
quasars at 0.8 < z < 3 with relative ease, and compare the environments of dust obscured
and normal quasars at these redshifts for the first time.
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The [3.6] and [4.5] bands are important diagnostics of AGN SEDs, as they are where
host galaxy light and hot dust emission from the torus overlap in the SEDs of many dust
obscured AGN and quasars at moderate redshifts (z ~ 1). In unobscured, or lightly obscured
objects, this is where the optical/UV emission from the accretion disk transitions to the hot
dust emission. Petric et al. (2010) present SEDs of AGN and quasars selected in the mid-
infrared, and use SERVS data to help apportion the different sources of near-infrared light.
The luminosities of the hosts themselves, if free from contamination by AGN-related light,
can also be used to study the stellar masses of the host galaxies. Huynh et al. (2010) describe
the discovery of a population of radio sources with host galaxy fluxes well below the limit of
the SWIRE survey, but which are detected or have good limits in deeper IRAC data. They
conclude that these are most likely radio-loud AGN with faint host galaxies, but the sample
to date is small. Norris et al. (2010) present an initial study of this hitherto unsuspected
population with SERVS, including stacking of objects that are too faint to be detected, even
in SERVS, and which may represent a very high redshift population.

6.4. The role of environment

SERVS will be a very powerful tool for studying the influence of environment on galaxy
formation and evolution. The SERVS areas are already covered by the SpARCS survey,
which is successfully finding clusters at z > 1 using the red sequence technique applied to
SWIRE [3.6] and [4.5] data. We will be able to go deeper into the luminosity function of the
SpARCS clusters which are in the SERVS area. In addition, Geach et al. (2010) are pursuing
a cluster selection technique using photometric redshifts combined with Voronoi tesselation
in an attempt to identify further, mostly lower mass, cluster candidates.

Galaxy-galaxy correlations will also be a valuable probe of galaxy formation. With
SERVS we will be able to calculate the galaxy-galaxy correlation over a wide range of lu-
minosities and redshifts. By using the five large, well separated SERVS fields we should be
able to average out the effects of large-scale structure on our measurements. van Kampen
et al. (2010b) present an initial analysis, showing the evolution of the correlation function
between high redshifts (z > 1.3) and intermediate redshifts (~ 0.8) using simple [3.6]-[4.5]
color cuts.
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6.5. High redshift quasars

Although not designed as a survey for z > 6 quasars, SERVS will be valuable for
constraining the faint end of the quasar luminosity function at high redshifts. The unique
multi-band SERVS dataset, in combination with DXS and VIDEQO, will allow the rejection
of many contaminants of high-z quasar searches on the basis of near-infrared photometry
alone. Quasar searches have been or will be carried out in the ELAIS-N1 and Lockman fields
where overlap with DXS DR4plus exists, using SERVS, DXS and SpARCS data.

7. Legacy value

Notwithstanding the wide range of science we can already undertake with SERVS, the
legacy value of the survey is expected to be immense. No other thermal infrared telescope is
planned which will be able to survey as deep and wide as Spitzer, and SERVS has a unique
combination of area and depth which will ensure its value long into the future. We expect
objects selected from SERVS to be picked as targets for telescopes such as JWST and ALMA
long into the future.

8. Data disemmination

Basic calibrated images from SERVS are available immediately from the Spitzer archive.
SERVS mosaics and catalogs, including ancillary data at other wavelengths taken as part
of SERVS will be made available to the community during the summer of 2012, ultimately
through the Infrared Science Archive (IRSA). In the meantime, interested parties are wel-
come to contact the PI to discuss possible collaborations.
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