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ABSTRACT
The Cosmic Assembly Near-IR Deep Extragalactic Legacy Survey (CANDELS) is designed to doc-

ument the first third of galactic evolution, from redshift z ∼ 8 to 1.5. It will image more than 250,000
distant galaxies using three separate cameras on board the Hubble Space Telescope, from the mid-UV
to near-IR. It will also find and measure Type Ia SNe beyond z > 1.5 and test their accuracy as
standard candles for cosmology. Five premier multi-wavelength sky regions are selected. Each has
multi-wavelength data from Spitzer and other facilities, plus extensive spectroscopy of the brighter
galaxies; additional ancillary data are still arriving. The use of five widely separated fields mitigates
cosmic variance and yields statistically robust and complete samples of galaxies down to a stellar mass
of 109M� out to z ∼ 2, and down to the knee of the UV luminosity function of galaxies out to z ∼ 8.
The survey covers approximately 800 square arcminutes and is divided into two parts. The CAN-
DELS/Deep survey (5σ point-source limit HAB = 27.8 mag) covers ∼ 125 square arcminutes within
GOODS-N and GOODS-S. The CANDELS/Wide survey includes GOODS and three additional fields
(EGS, COSMOS, and UDS) and covers the full area to 5σ point-source limit of HAB = 27.0 mag or
better. Together with the Hubble Ultradeep Fields, the strategy employs the a three-tiered “wedding
cake” approach that is efficient for extragalactic surveys. Data from the survey are non-proprietary
and are expected to be useful for a wide variety of science investigations. In this paper, we describe
the basic motivations for the survey, the science goals that the CANDELS team is pursuing and the
observational requirements derived from them, the selection of the fields and field geometry, and the
detailed observing design. The reduction of the Hubble data and planned data releases are described
in a separate companion paper (Koekemoer et al. 2011).
Subject headings: Cosmology: observations — Galaxies: high-redshifts —
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1. INTRODUCTION

During the past decade, Hubble and other telescopes
have fueled a series of remarkable discoveries in cosmol-
ogy that would have seemed impossible only a few short
years ago. Galaxies are now routinely found when the
universe was only 5% of its current age and before 99%
of present-day stars had formed. High-redshift Type Ia
supernovae (SNIa) have confirmed the onset of an accel-
erating cosmic expansion due to a mysterious “dark en-
ergy” whose nature remains completely unknown. The
troika of Hubble, Spitzer, and Chandra revealed a com-
plex interplay between galaxy mergers, star formation,
and black holes over cosmic time that spawned the new
concept of galaxy/black hole “co-evolution.”

This rapid progress can be attributed in part to an
unprecedented degree of coordination between observa-
tories across the electromagnetic spectrum in which a few
small regions of sky were observed as deeply as possible
at all accessible wavelengths. Such regions have become
“magnet” regions, to the point that their total scientific
value now far exceeds that of their individual surveys.

The Great Observatories Origins Deep Survey
(GOODS; Giavalisco et al. 2004) possess the deepest
data on the sky from virtually every telescope: Hubble,
Spitzer, Chandra, Herschel, the VLA, and many other
observatories both in space and on the ground. How-
ever, the GOODS fields together subtend only about 300
square arcminutes, which makes them too small for sci-
ence goals involving rare and/or massive objects. Sam-
ples are limited, and count fluctuations tend to be large
owing to the high intrinsic bias and high cosmic vari-
ance of massive halos. GOODS/ACS images furthermore
probe only optical wavelengths, which are strongly biased
towards ongoing star-forming regions and miss the older
stars beyond z ∼ 1.3.

With a survey speed gain of about a factor of 30 over
NICMOS for galaxy imaging, the new WFC3-IR camera
enables much more ambitious near-infrared surveys than
were previously possible with Hubble. With the door now
opened to longer wavelengths, Hubble can follow galax-
ies well into the reionization era, measure spectra and
lightcurves for SNIa in the deceleration era, and mea-
sure restframe optical shapes and sizes of galaxies at a
time (z ∼ 2) when AGN and star formation peaked and
the Hubble sequence was starting to take shape. The
power of WFC3-IR imaging for distant galaxies is well
shown in Figure 1, which compares GOODS-depth 4-
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orbit F775W images with 2-orbit images from WFC3-
IR. Regions with red colors due to heavy dust or old
stars leap out in WFC3-IR, in many cases leading to a
new interpretation of the object.

Given the power of this gain, it is important to extend
WFC3-IR imaging beyond the GOODS regions to larger
areas. Moreover, since the new regions would be aimed
primarily at brighter galaxies, they can be executed with
shorter exposure times. This is further facilitated by
WFC3-IR’s high native sensitivity, which is capable of
yielding usable images of distant galaxies in just 1-2 or-
bits (see Figure 1).

Three well studied regions on the sky are natural candi-
dates for this extension – COSMOS (Scoville et al. 2007),
the Extended Groth Strip (EGS; Davis et al. 2007), and
the UKIDSS Ultra-deep Survey field (UDS; Lawrence
et al. 2007). These fields are larger than GOODS and
already have high-quality (though generally shallower)
multi-wavelength data. Establishing multiple, statisti-
cally independent WFC3-IR regions over the sky would
also minimize cosmic variance and facilitate followup by
groundbased telescopes.

Two separate teams responded to the Hubble Multi-
Cycle Treasury program call with proposals targeting
high-latitude fields with WFC3-IR to study galaxy evo-
lution. Both teams also planned to find high-redshift
SNIa to further improve constraints on cosmic accelera-
tion. The program led by Ferguson proposed to observe
the full 300 square arcminutes of both GOODS fields to
uniform depth in Y JH. This proposal contained time
for both spectroscopic and photometric SNIa followup
and took advantage of GOODS-N in the Hubble Continu-
ous Viewing Zone (CVZ) to obtain far-ultraviolet images
on the day-side of the orbit when the sky is too bright
for broadband IR imaging. The second program, led by
Faber, proposed imaging half the area of the two GOODS
fields to about twice the depth of the Ferguson program
and also added shallower imaging over ∼1000 arcmin2 in
EGS, COSMOS, UDS, and ECDFS. ACS parallels were
included to broaden total wavelength coverage, deepen
existing ACS mosaics, and add a new ACS mosaic in
UDS, where none existed. SNIa searches were also in-
cluded, but the proposal did not contain time for SNe
followup, nor did it feature UV imaging.

The Hubble time-allocation committee (TAC) saw
merit in both proposals and charged the two teams to
craft a joint program to retain the best features of both
programs yet fit within 902 orbits. This was difficult ow-
ing to four immutable requirements: (1) visit all WFC3
tiles at least twice with the proper cadence for finding
SNIa (∼60 days; this severely restricts the range of al-
lowable dates and ORIENTs in each field), (2) discrim-
inate SNIa candidates from other interlopers (requires
very specific multi-wavelength data at each visit), (3) put
as many ACS parallels as possible on top of each WFC3-
IR tile (further restricting dates and ORIENTs), and (4)
maximize the overlap of Hubble data on top of existing
ancillary data (available dates and ORIENTs are by now
vanishingly small!). Further complicating matters, the
TAC also approved the CLASH program on clusters of
galaxies by Postman et al. (GO 12065) which also in-
cluded supernova discovery and followup and which had
to be coordinated with the SNIa program here. The su-
pernova portions of both proposals were consolidated un-
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Figure 1. Four-orbit images of HUDF galaxies from ACS vs. 2-orbit images from WFC3-IR illustrate the importance of WFC3-IR for
studying distant galaxy structure. WFC3-IR unveils the true stellar mass distributions of these galaxies unbiased by young stars and
obscuring dust. The new structures that emerge in many cases inspire revised interpretations of these objects, as indicated.

der Riess (GO 12099) and the followup orbits from both
programs were pooled, with our program taking prime
responsibility for high-redshift SNe beyond z > 1.3 and
CLASH taking lower redshifts.

The resulting observing program, now entitled the Cos-
mic Assembly Near-infrared Extragalactic Legacy Survey
(CANDELS), targets five distinct fields (GOODS-N and
S, EGS, UDS and COSMOS) at two distinct depths.
Henceforth, we will refer to the deep portion of the survey
as CANDELS/Deep and the shallow portion as CAN-
DELS/Wide. Adding in the Hubble Ultradeep Fields
(HUDF) makes a three-tiered “wedding cake” approach,
as is traditional with extragalactic surveys. The CAN-
DELS/Wide survey is in all five CANDELS fields, while
the Deep survey is in GOODS-S and GOODS-N only.
For background, the reader may wish to peruse Table 3,
which summarizes all the fields and exposures, and Fig-
ures 2-6,, which show the field geometries, before reading
further.

The CANDELS Hubble data are of many different
types, including WFC3-IR, WFC3-UVIS (both UV and
optical), ACS parallels, and deep grism images for SNe
followup. Realizing the full science potential of these
data also requires closely interfacing with many other
ground- and space-based surveys, among which we par-
ticularly mention SEDS51 (the Spitzer Warm Mission Ex-
tended Deep Survey) which provides vital photoz’s and
stellar masses at high redshift (CANDELS fields are com-
pletely embedded within the SEDS regions). The total
database is rich, far richer than our team can exploit,
and so, consistent with MCTP guidelines, we are mov-
ing speedily to process and make the Hubble data public
(the first CANDELS data release occurred on January
12, 2011, 60 days after the first epoch (in GOODS-S) was
acquired). As a further service to the community, we are
constructing separate websites for each CANDELS field
to collect and serve the ancillary data. For further infor-
mation, see our website http://candels.ucolick.org and
Koekemoer et al. (2011), which describes the data.

The outline of this paper is as follows. A summary
of the observing requirements necessitated by our sci-
ence goals is presented in §2. A description of the fields
and an overview of existing ancillary data are provided
in §3. Section 4, describes the detailed observing plan.
Where needed, we use the following cosmological param-
eters: H0 = 70 km s−1 Mpc−1; Ωtot,ΩΛ,Ωm = 1, 0.3, 0.7,
though numbers used in individual calculations may dif-

51 http://www.cfa.harvard.edu/SEDS

fer slightly from these values.

2. PROGRAM REQUIREMENTS

The Multi-Cycle Treasury Program (MCTP) was es-
tablished to address high-impact science questions that
require Hubble observations on a scale that cannot be
accommodated within the standard time-allocation pro-
cess. MCT programs are also intended to seed a wide
variety of compelling scientific investigations. In Table
1 we summarize the primary science goals of the CAN-
DELS survey. Addressing these goals necessitated the
following observational program requirements:

2.1. Wide Survey
The Wide survey is the prime tool for covering large

area and sampling rare and massive objects:
• Filters: H (F160W) is the workhorse filter for reach-

ing rest-frame B at redshifts up to ∼ 2.5. This is aug-
mented with J (F125W) to improve photometric red-
shifts near z ∼ 2 and identification of high-redshift galax-
ies.
• Photometric depth, structural parameters: The 5-σ

point-source limit in J and H are roughly ∼27.0 in each
filter individually, sufficient to reach L∗ in the luminosity
function at z ∼ 7, count all objects well down to 5×109.0

M� (HAB = 26.3) at z ∼ 2 regardless of color, and obtain
high-quality structural information (concentrations, axis
ratios, bulge-disk ratios, Gini/M20) down to 2×1010 M�
(HAB = 24.0) at z ∼ 2.
• Area, geometry, counts, and cosmic variance: A to-

tal of 0.22 deg2 (including both Deep and ERS2) is im-
aged in five separate fields to maximize sample size and
overcome cosmic variance (CV). Roughly 100 objects are
expected above L∗ at z ∼ 8 (per δz = 1) and ∼300 mas-
sive galaxies above 1011 M� at z ∼ 2 (per δz = 1.0).
Table 2 gives expected CV and Poisson counting errors
for objects with various bias values and redshifts. A goal
is to measure a factor-of-two change in the co-moving
space density of rare objects between adjacent redshift
bins to 3-σ accuracy, which requires a net counting error
of <23% per bin. This requirement is met for bias factors
b < 5.5 at z ∼ 2 (for δz = 0.75) and b < 15 at z = 8 (for
δz = 1), both of which should apply to typical galaxies at
these redshifts (see §4.3). The Wide fields are long and
thin to decorrelate clustering on the long axis to further
reduce CV. Observing the same area as CANDELS over
a single field would yield CV errors 50% higher than our
design.
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Table 1
CANDELS Primary Scientific Goals

No. Goal

CD1 Improve constraints on the bright end of the galaxy luminosity function at z ∼ 7 and 8 and make z ∼ 6 measurements more
robust. Combine with deeper WFC3 data to constrain the UV luminosity density of the Universe at the end of the reionization
era.

CD2 Constrain star-formation rates, ages, metallicities, stellar masses, and dust content of galaxies at the end of the reionization
era, z ∼ 6− 10. Tighten estimates of the evolution of stellar mass, dust and metallicity at z = 4− 8 by combining WFC3 data
with very deep Spitzer IRAC photometry.

CD3 Measure fluctuations in the near-IR background light, at sensitivities sufficiently faint and angular scales sufficiently large to
constrain reionization models.

CD4 Use clustering statistics to estimate the dark-halo masses of high-redshift galaxies with double the area and double the maximum
lag of prior Hubble surveys.

CN1 Conduct a mass-limited census of galaxies down to M∗ = 109 M� at z ∼ 2 and compile a database of related global quantities.
Measure the cosmic-integrated stellar mass and star formation rates to high accuracy and identify the major factors governing
star formation histories and quenching.

CN2 Measure detailed restframe-optical structural properties of z ∼ 2 galaxies, including bulges and disks, bars, spiral structure,
and interaction measures. From model simulations of mergers and disks, infer the clumpiness of matter falling onto galaxies.

CN3 Detect galaxy subclumps and measure stellar masses. Use these data to assess disk instabilities, star-formation patterns, and
bulge formation by clump migration to the centers of galaxies.

CN4 Measure effective radii and concentrations of quenched galaxies at restframe optical wavelengths. Quantify envelope growth
and the epoch and location of last stars formed.

CN5 Conduct the deepest and most unbiased census yet of active BHs at z & 2 using Chandra, Herschel, optical spectra, and HST
variability. Constrain fainter AGN contributions by X-ray stacking. Test models for the co-evolution of black holes and galaxies
using demographic data on host properties, bulges, interacting pairs, and mergers.

UV1 Constrain the Lyman-continuum escape-fraction for galaxies at z ∼ 2.5.
UV2 Identify Lyman-break galaxies at z ∼ 2.5 and compare their properties to higher-z Lyman-break galaxy samples.
UV3 Estimate the star-formation rate in dwarf galaxies to z > 1 to test whether dwarf galaxies are “turning on” as the ultraviolet

background declines at low redshift.
SN1 Test for the evolution of Type Ia SNe as distance indicators by observing them at redshifts z > 1.5, where the effects of dark

energy are expected to be insignificant but the effects of the evolution of the SNe Ia white-dwarf progenitor masses ought to be
significant.

SN2 Refine the only constraints we have on the time variation of the cosmic equation of state, on a path to more than doubling the
strength of this crucial test of a cosmological constant by the end of Hubble’s life.

SN3 Measure the SN Ia rate at z ∼ 2 to constrain progenitor models by detecting the offset between the peak of the cosmic
star-formation rate and the peak of the cosmic rate of SNe Ia.

• Number of high-z galaxies: A prime goal of Wide is
to return a rich sample of luminous candidate galaxies
for future follow-up. The 0.22 deg2 field size will contain
a total of ∼20 high-z galaxies at z > 6.5 to 25.6 AB mag
and 300 galaxies to 27 AB mag.
• Number of mergers: Assuming a 10% merger frac-

tion, we expect ∼ 150 major mergers per δz bin = 0.5
at z ∼ 2, sufficient to detect a 35% change in the merger
rate from z = 2.5 to z = 1.5 to 3-σ accuracy.
• Correlation functions and environments: Correlation

functions are an important tool for estimating the halo
masses of faint galaxies. Each Wide region should be
&2 correlation lengths across, or 10 comoving Mpc at
high redshift (Lee et al. 2009). The Wide field widths
of ∼ 8′ span 11 Mpc at z ∼ 2 and 23 Mpc at z ∼ 8,
meeting this requirement. The long dimensions of 22-30′
are comfortably ×>4-5 longer.

2.2. Deep Survey
The Deep program (in both GOODS fields) adds im-

portant depth and color information for fainter galaxies:
• Filters: The addition of Y to the J+H filters greatly

strengthens the detection and redshifts of high-z galaxies
and further improves photoz’s for galaxies at z ∼ 2. With
V riz added from ACS, the Hubble filter suite covers the
spectrum densely from 550-1800 nm, providing accurate
color gradients and restframe B-band structural param-
eters seamlessly from z = 0.5 to 2.5.
• Photometric depth: Four-orbit exposures in Y, J , and

H reach a 5-σ point source limit of 27.7 AB in each filter,
sufficient to reach 0.5L∗ at z ∼ 8. The same data provide

detailed structural parameters to HAB = 24.6 (2×1010.0

M�) at z ∼ 2, reliably covering low-mass galaxies fading
to the red sequence.
• Area, counts, and cosmic variance: A total area of

0.033 deg2 divided into two separate regions is needed
to attain sufficient sample size and limit cosmic variance
for typical-to-small galaxies at all redshifts. Roughly 200
galaxies are expected in the Deep regions above (1010.0

M�) at z ∼ 2 per δz = 0.5, and ∼200 galaxies above
(0.5L∗) at z ∼ 8 per δz = 1. Expected cosmic variance
uncertainties are 40% per δz = 1 bin for very massive
galaxies at z ∼ 7 but smaller for less biased (less massive)
objects (see §4.3). Observing ∼40% of each GOODS field
increases CV uncertainty by only 25% compared to two
entire GOODS fields and saves more than a factor of two
in observing time.
• Number of mergers: The greater depth of the Deep

survey will extend major merger rates down to HAB =
24.6 (2 × 1010.0 M�) at z ∼ 2, where we expect a total
of ∼20 mergers in a bin width of δz = 1.0.
• Galaxy environments: With a comoving size of ∼3×5

Mpc at z = 2, each Deep region is marginal for correla-
tion functions but big enough for Nth-nearest-neighbor
density measurements.

3. THE CANDELS FIELDS

To address our diverse set of science goals, the CAN-
DELS survey consists of a two-tiered Wide+Deep survey.
The CANDELS/Deep survey covers ∼ 130 square ar-
cminutes to ∼ 10-orbit depth within the GOODS-North
and GOODS-South Fields (Giavalisco et al. 2004), while
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the CANDELS/Wide survey covers a total of ∼ 720
square arcminutes to ∼ 2-orbit depth within five fields,
namely GOODS-North and South, the Extended Groth
Strip (EGS; Davis et al. 2007), COSMOS (Scoville et
al. 2007), and the UKIDSS Ultra-Deep Survey (UDS:
Lawrence et al. 2007; Cirasuolo et al. 2007). The use
of five widely separated fields mitigates cosmic vari-
ance (see §3.3) and our “wedding-cake” approach will
yield statistically robust samples of both bright/rare
and faint/common extragalactic objects. When com-
bined with the existing Ultra Deep Field (Beckwith et
al. 2006) within GOODS-South, the CANDELS Wide
and Deep surveys will document galaxy demographics
over the widest feasible ranges of mass, luminosity, and
redshift.

The five CANDELS fields were chosen because the
breadth and depth of the ancillary data available in
these fields far exceeds what is available in other re-
gions. Highlights include the largest spectroscopic
redshift surveys (DEEP2+3, zCOSMOS), the deepest
Hubble-ACS imaging (GOODS-South, GOODS-North),
ground optical photometry (COSMOS) and near-IR pho-
tometry (UKIDSS/UDS), the deepest X-ray observations
(GOODS-South, GOODS-North, EGS), and the deep-
est VLA radio data (GOODS-N). Furthermore, all five
fields are the targets of the Spitzer Extended Deep Sur-
vey (SEDS; Fazio et al., in prep.), which aims to cover
these fields with deep Spitzer/IRAC 3.6 µm and 4.5 µm
imaging to a total depth of 12 hours per pointing.

Each CANDELS pointing is located at a “sweet spot”
within the parent region where the multi-wavelength
data are best. In this section we describe in greater de-
tail the data available in each of the CANDELS Deep
and Wide fields and our survey strategy in each region,
including the precise location and layout of CANDELS
WFC3 and ACS imaging. We end the section with a dis-
cussion on how our survey strategy helps mitigate cosmic
variance compared to more simple scenarios. We defer
the particulars of the observing strategy in each field to
§4.

3.1. CANDELS Deep Fields
The CANDELS/Deep fields consist of the central por-

tion of GOODS-South and GOODS-North. The primary
constraint on the exact size and location of the WFC3/IR
mosaics in these fields was overlap with ancillary data.
In the following subsections we discuss the existing data
in each field and present our mosaic layouts.

3.1.1. The GOODS-South Field

The GOODS-South field is a region of sky located near
the southern Chandra Deep Field (Giacconi et al. 2002)
which has been targeted for some of the deepest ob-
servations ever taken by NASA’s Great Observatories
Hubble, Chandra, and Spitzer. The field is centered at
α(J2000) = 03h 32m 30s and δ(J2000) = −27◦ 48′ 20′′.
The GOODS region of the field has been imaged in the
optical with Hubble-ACS in the B, V, i, and z-bands as
part of the GOODS Hubble Treasury Program (P.I. Gi-
avalisco). This imaging covers a region 10′ × 16′ in size
and reaches 5σ depths of B = 28.0, V = 28.0, i = 27.5
and z = 27.3 (extended source). The field has also been
imaged in the mid-IR (3.6−24µm) as part of the GOODS

Spitzer Legacy Program; this imaging reaches 5σ depths
of 0.13, 0.22, 1.44, and 1.6 µJy in the IRAC 3.6, 4.5, 5.8,
and 8.0 µm bands, respectively, and 20 µJy in the MIPS
24 µm band. Furthermore, the GOODS-South region
has been the target of the deepest Chandra observations
ever taken, which now have a total integration time of 4
Msec (Xue et al. 2011).

Additional multi-wavelength data in the GOODS-
South field includes U -band imaging obtained with VI-
MOS on the Very Large Telescope (VLT; Nonino et
al. 2009), near-IR imaging in the the Y -band with
HAWK-I (Castellano et al. 2010) and in the J,H, and
K-bands with ISAAC (Retzlaff et al. 2010) on the VLT,
additional mid-IR imagining with Spitzer -IRAC (3.6-8.0
µM) from the SEDS program and Spitzer -MIPS (24 µm)
from the Far-Infrared Deep Extragalactic Legacy sur-
vey (FIDEL; PI. M. Dickinson), submillimeter observa-
tions (870 µm) taken with LABOCA on the Apex tele-
scope (Weiss et al. 2009), and radio imaging (1.4 and 4.8
GHz) from the Very Large Array (VLA; Kellermann et
al. 2008). Furthermore, the field has been the subject
of numerous spectroscopic surveys (LeFevre et al. 2004,
Szokoly et al. 2004, Mignoli et al. 2005, Vanzella et
al. 2005, Ravikumar et al. 2007, Cimatti et al. 2008,
Popesso et al. 2009, Balestra et al. 2010, Silverman et
al. 2010).

The CANDELS/Deep WFC3/IR observations in the
GOODS-South field consist of a rectangular grid of 3×5
WFC3/IR tiles (∼ 6.′8× 10′) which are oriented at a po-
sition angle of 70◦ (East of North, see Figure 2). The
spacing intervals of each tile in the grid is designed to al-
low for maximal contiguous coverage in WFC3/IR with-
out introducing gaps between tiles as a result of point-
ing errors. The orientation and location of the mosaic
was chosen to overlap with the deepest portion of the
existing Spitzer -IRAC imaging in the field, which, due
to an overlap strip, peaks in the center of the GOODS
region and is matched in orient and size with the CAN-
DELS/Deep mosaic. When combined with the CAN-
DELS/Wide observations in the field (see §3.2.4) and the
imaging from the Early Release Science program (ERS,
Windhorst et al. 2010), the entire 10′ × 16′ GOODS re-
gion will be imaged by WFC3/IR. An overview of the
resulting WFC3/IR coverage in GOODS-South from all
of these observations can be seen in Figure 2. Due to
the observational requirements of our various science pro-
grams, the actual observing strategy in GOODS-South
is quite complex. This is discussed in detail in §4.2.

3.1.2. The GOODS-North Field

The GOODS-North field is located near the northern
Hubble Deep Field (Williams et al. 1996) and like its
southern counterpart has been extensively observations
by NASA’s Great Observatories. The field is centered at
α(J2000) = 12h 36m 55s and δ(J2000) = +62◦ 14′ 15′′.
The GOODS region of the field has been imaged in the
optical with Hubble-ACS in the B, V, i, and z-bands as
part of the GOODS Hubble Treasury Program. As in the
GOODS-S field, this imaging covers a region 10′× 16′ in
size and reaches 5σ depths of B = 28.0, V = 28.0, i =
27.5 and z = 27.3 (extended source). The field has also
been imaged in the mid-IR (3.6 − 24µm) as part of the
GOODS Spitzer Legacy Program; this imaging reaches
5σ depths of 0.58, 0.55, 1.09 and 1.20 µJy in the IRAC
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GOODS-S

WFC3 - Wide
WFC3 - Deep

WFC3 - ERSII

Figure 2. A simplified footprint of the CANDELS observations in the GOODS-South field with WFC3/IR. The “Wide” portion of the
CANDELS observations (green) and the pre-existing observations of the WFC3 Early Release Science (brown) are reproduced faithfully.
However the “Deep” portion of the field, represented here as a 3× 5 raster (blue), will in reality will be observed across several epochs with
slightly varying geometries. The individual epochs, as well as the footprints of the ACS parallel observations, are detailed in Figures 8 and
9.

3.6, 4.5, 5.8, and 8.0 µm bands, respectively, and 20 µJy
in the MIPS 24 µm band. Furthermore, the field has
been targeted for deep Chandra observations which have
a total integration time of 2 Msec (Alexander et al. 2003).

Additional multi-wavelength data in the GOODS-
North field includes U -band imaging obtained with the
MOSAIC camera on the KPNO Mayall 4m telescope
(Capak et al. 2004), near-IR imaging in the HK ′-band
taken with the QUIRC camera on the University of
Hawaii 2.2m telescope (Capak et al. 2004), additional
mid-IR imagining with Spitzer -IRAC (3.6-8.0 µM) from
the SEDS program and Spitzer -MIPS (24 µm) from the
Far-Infrared Deep Extragalactic Legacy survey (FIDEL;
PI. M. Dickinson) and deep radio imaging (1.4 GHz)
from the Very Large Array (VLA; Morrison et al. 2010).
Furthermore, the field has been the subject of numerous
spectroscopic surveys (e.g. Steidel et al. 2003, Wirth et
al. 2004, Treu et al. 2005, Strolger et al. 2005, Reddy et
al. 2006, Barger et al. 2008, Yoshikawa et al. 2010, Daddi
et al. 2010, Cooper et al. 2011).

The CANDELS/Deep WFC3/IR observations in the
GOODS-North field consist of a rectangular grid of 3 ×
5 WFC3/IR tiles (∼ 6.′8 × 10′) which are oriented at
a position angle of 45◦ (East of North, see Figure 3).
As in GOODS-S, the the orientation and location of the

WFC3/IR mosaic was chosen to overlap with the deepest
portion of the existing Spitzer -IRAC imaging in the field,
which, due to an overlap strip, peaks in the center of the
GOODS region and is matched in orient and size with
the CANDELS/Deep mosaic. When combined with the
CANDELS/Wide observations in the field (see §5.2.4)
and the entire 10′ × 16′ GOODS region will be imaged
by WFC3/IR. An overview of the resulting WFC3/IR
coverage in GOODS-North from all of these observations
can be seen in Figure 3. The actual observing strategy
in GOODS-Nouth is quite complex and is discussed in
greater detail in §4.2.

3.2. CANDELS Wide Fields
The CANDELS/Wide fields consist of COSMOS,

UDS, EGS and three smaller regions in GOODS-South
and GOODS-North that bracket the CANDELS/Deep
regions. In the three primary Wide fields (COSMOS,
UDS, and EGS) we have chosen a long-thin geometry for
the WFC3/IR observations in order to i.) decorrelate
clustering on the long axis, further reducing cosmic vari-
ance, and ii.) ensure that we obtain overlapping and con-
temporaneous ACS/WFC parallel observations over the
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GOODS-N

WFC3 - Wide
WFC3 - Deep

Figure 3. A simplified footprint of the CANDELS observations in the GOODS-North field with WFC3/IR. The Wide portion of the
CANDELS observations (green) is reproduced faithfully. However the Deep portion of the field, represented here as a 3× 5 raster (blue),
will in reality will be observed across several epochs with slightly varying geometries. At the time of writing, the precise layout of each
Deep epoch has not yet been determined. The ensemble will qualitatively resemble the progression in Figures 8 and 9.

bulk of the WFC3/IR mosaic52. The precise location and
orientation of the WFC3 mosaics on the sky were cho-
sen based on the location of ancillary data in each field
and telescope scheduling constraints, namely roll angle
visibility. The telescope’s roll angle determines the ori-
entation of the WFC3/IR exposures and ultimately the
placement of the ACS/WFC parallel exposures, which
are offset from the prime exposures by roughly 6′. The
visibility of a given roll angle is important because each
CANDELS/Wide field is observed over two epochs sep-
arated by ∼ 50 days in order to facilitate the search for
high-z SNIa. Therefore, to ensure a mosaic is repeated
at the same orientation in each epoch, the observed roll
angle must be accessible to the telescope for at least ∼ 50
days and across both epochs of observation. In the fol-
lowing subsections we discuss the existing data in each
of the CANDELS/Wide fields and present our mosaic
layouts.

3.2.1. The UDS Field

The UDS is the deepest component of the UKIRT In-
frared Deep Sky Survey (UKIDSS; Lawrence et al. 2007).

52 Since the ACS/WFC data are in parallel, they overlap differ-
ent tiles than the one for which WFC3/IR is prime.

The full UDS field covers 0.8 sq degrees on the sky and
is centered at α(J2000) = 02h 17m 49s and δ(J2000) =
−05◦ 12′ 02′′. The field’s defining characteristic is deep
J, H, and K imaging obtained with the UKIRT Wide
Field Camera (WFCAM). When completed in 2012, this
imaging will reach 5σ depths of J = 25.2,H = 24.7, and
K = 25.0 (AB, 2′′-diameter aperture)53. Optical imag-
ing in the field consists of deep Subaru-SuprimeCam (Fu-
rusawa et al. 2008) observations in the B, V,R, i, and z-
bands, which reach 3σ depths of B = 28.4, V = 27.8, R =
27.7, i = 27.7 and z = 26.6 (2′′-diameter aperture). Ad-
ditional multi-wavelength data in the field includes U -
band imaging obtained with Megacam on the Canada-
France-Hawaii Telescope (CFHT; P.I. O. Almaini), mid-
IR (3.6-24 µm) observation taken with IRAC and MIPS
on Spitzer as part of the Spitzer Ultra-Deep Survey
(SpUDS; P.I. J. Dunlap) and the SEDS program, X-ray
observations taken as part of the Subaru/XMM-Newton
Deep Survey (SXDS; Sekiguchi et al. 2008); and deep
radio imaging (1.4 GHz) from the VLA (Simpson et al.
2006). Furthermore, the UDSz program (P.I. O. Al-
maini) is carrying out a large redshift survey of the field

53 Current depths reached in the UKIDSS DR8 release are J =
24.9, H = 24.2, and K = 24.6 (AB, 2′′-diameter aperture).
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using the VIMOS and FORS2 spectrographs on the VLT.
The CANDELS WFC3/IR observations in the UDS

field consist of a rectangular grid of 4 × 11 WFC3/IR
tiles (∼ 8.′6 × 23.′8) which run East-to-West at a posi-
tion angle of −90◦ (see Figure 4). As with the CAN-
DELS/Deep mosaics, the spacing intervals of each tile
in the grid is designed to allow for maximal contiguous
coverage in WFC3/IR without introducing gaps between
tiles as a result of pointing errors. The exposures are all
oriented so that the ACS/WFC parallels are offset along
the long axis of the mosaic, thereby producing a similar-
sized mosaic overlapping the bulk of the WFC3/IR mo-
saic, except at its ends where some tiles are covered only
by WFC3/IR or by ACS/WFC and not by both.

The orientation and precise location of the mosaic was
chosen with the following considerations in mind: i.)
overlap with the SEDS IRAC imaging, ii.) alignment
with the VIMOS spectroscopic observations, iii.) guide
star availability, which ultimately shifted the entire mo-
saic 2′ to the west, and iv.) telescope roll angle visibility.
Our chosen position angle of −90◦ East-of-North fulfills
the first and second requirements and it also corresponds
to a telescope orient that can be held constant over both
observing epochs. The layout of the mosaic and its po-
sition within the UDS field is shown in Figure 4.

3.2.2. The COSMOS Field

The COSMOS field is a 2-degree region of sky surveyed
with the Hubble-ACS in the F814W band by the COS-
MOS Treasury Program (Koekemoer et al. 2007). The
field is centered at α(J2000) = 10h 00m 28s and δ(J2000)
= +02◦ 12′ 21′′ and has been extensively surveyed at a
variety of wavelengths. Ground-based optical imaging of
field includes deep Subaru-SuprimeCam observations in
the B, g′, V, r′, i′, and z′-bands, which reach 3σ depths of
B = 27.8, g′ = 27.2, V = 27.1, r′ = 27.2, i′ = 26.8, and
z′ = 25.9 (2′′-diameter aperture). In the near-IR, the
Ultra-VISTA project (P.I. J. Dunlap) is imaging the cen-
tral region of the field in the Y, J, H, and Ks-bands and
when completed will reach 5σ depths of ∼ 25.5 AB. The
field is also being observed in five medium-band filters,
which cover a wavelength range of 1 − 1.8µm, using the
NEWFIRM camera (P.I. P. van Dokkum; van Dokkum
et al. 2009) on the Kitt Peak 4-m telescope.

Additional multi-wavelength data in the COSMOS
field includes X-ray observations with XMM-Newton
(Hasinger et al. 2007), ultraviolet observations with
GALEX (Zamojski et al. 2007), mid-IR (3.6-24 µm) ob-
servations with Spitzer (Sanders et al. 2007), submillime-
ter observations from the Caltech Submillimeter Observa-
tory (CSO; Aguirre et al. 2007), and radio observations
with the VLA (Schinnerer et al. 2004, 2007). Further-
more, the zCOSMOS program (Lilly et al. 2007) is car-
rying out a large spectroscopic redshift survey of the field
using the VIMOS spectrograph on the VLT, which will
ultimately yield spectra for over 35,000 galaxies out to
z ∼ 2.5.

The CANDELS WFC3/IR observations in the COS-
MOS field consist of a rectangular grid of 4 × 11
WFC3/IR tiles (∼ 8.′6×23.′8) which run North-to-South
at a position angle of 180◦ (see Figure 5). The location
of ancillary data in the COSMOS field constrained the
location and orientation of the WFC3/IR mosaic to a
greater degree than in the UDS field. The mosaic is po-

sitioned to lie within the overlap region of the mid-IR
SEDS IRAC imaging, the medium-band NEWFIRM ob-
servations, and the near-IR Ultra-VISTA imaging. Un-
like the UDS field, the telescope roll angle required to
keep the WFC3/IR exposures aligned with the long axis
of the mosaic is not visible throughout the two COSMOS
observing epochs. To find a stable roll angle, we have ro-
tated each WFC3/IR tile by −8◦ (East of North) relative
to the mosaic’s position angle and used a slipped-lattice
raster to maintain the North-South orientation for the
overal mosaic. Due to a larger ACS/WFC footprint rel-
ative to WFC3/IR, the bulk of the ACS/WFC parallel
exposures still overlap the WFC3/IR mosaic even with
this rotation. The layout of the mosaic and its position
within the COSMOS field is shown in Figure 5.

3.2.3. The EGS Field

The EGS is a region of sky that has been extensively
studied by the All-wavelength Extended Groth strip In-
ternation Survey (AEGIS; Davis et al. 2007). The field
is centered at α(J2000) = 14h 17m 00s and δ(J2000) =
+52◦ 30′ 00′′ and owes its name to an Hubble-WFPC2
survey carried out by the WFCP team (Rhodes, Re-
fregier, & Groth 2000). More recently the field has
been imaged with ACS/WFC in the F606W and F814W
bands (P.I. M. Davis), reaching 5σ depths of 28.75 and
28.1 AB, respectively. Ground-based optical imaging of
the field includes deep CFHT/MegaCam observations in
the u∗, g′, r′, i′, and z′-bands, which reach 5σ depths of
u∗ = 28.3, g′ ∼ 27.5, r′, i′ = 26.4, and z′ = 26.4 (REF?).
The field is also being observed in five medium-band fil-
ters, which cover a wavelength range of 1 − 1.8µm, us-
ing the NEWFIRM camera (P.I. P. van Dokkum; van
Dokkum et al. 2009) on the Kitt Peak 4-m telescope.

Additional multi-wavelength data in the EGS includes
B,R, and I-band imaging obtained with the CFHT 12K
mosaic camera (Cuillandre et al. 2001, Coil et al. 2004),
near-IR imaging in the J and Ks bands taken with Wide-
Field Infrared Camera (WIRC) on the Palomar 5m tele-
scope, mid-IR (3.6-24 µm) observation taken with IRAC
and MIPS on Spitzer as part of the GTO program 8 and
the SEDS program, far-IR (70µm) observations taken
with Spitzer -MIPS as part of the FIDEL survey, X-ray
observations taken with Chandra (Laird et al. 2009), ul-
traviolet observations taken with GALEX (REF?), and
radio imaging (1.4 and 4.8 GHz) from the VLA (Will-
ner et al. 2006, Ivison et al. 2007). Furthermore, the
DEEP2 and DEEP3 programs (Davis et al. 2003; Faber
et al. 2011, in preparation) have carried out an extensive
spectroscopic survey of the EGS using the Deep Imaging
Multi-Object Spectrograph (DEIMOS; Faber et al. 2003)
on the Keck II 10m telescope.

The CANDELS WFC3/IR observations in the EGS
consist of a rectangular grid of 3 × 15 WFC3/IR tiles
(∼ 6.′7×30.′6) which is oriented at a position angle of 42◦
(see Figure 6). As in the COSMOS field, the location of
ancillary data in the EGS heavily constrained the loca-
tion and orientation of the WFC3/IR mosaic. The exist-
ing Hubble-ACS imaging in the field is roughly 10′ wide
and is oriented at a position angle of 40◦. The mosaic is
positioned to lie within this existing data and to maxi-
mize overlap with the mid-IR SEDS imaging, the far-IR
FIDEL imaging, and the deepest portion of the Chandra
observations in the field. The EGS also has the strictest
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Table 2
Cosmic Variance Estimates

Field Area CVz=2 CVz=7

GOODS-North (Deep) 6.′8× 10.′0 0.476 (b/5.5) 0.578 (b/15)
GOODS-South (Deep) 6.′8× 10.′0 0.476 (b/5.5) 0.578 (b/15)
GOODS-North (Wide) 9.′7× 16.′4 0.404 (b/5.5) 0.469 (b/15)
GOODS-South (Wide) 9.′9× 14.′9 0.412 (b/5.5) 0.481 (b/15)

COSMOS 9.′0× 22.′4 0.375 (b/5.5) 0.429 (b/15)
UDS 9.′4× 22.′0 0.354 (b/5.5) 0.405 (b/15)
EGS 6.′4× 30.′5 0.375 (b/5.5) 0.430 (b/15)

Deep Total 0.038 sq deg 0.337 (b/5.5) 0.409 (b/15)
Wide Total 0.290 sq deg 0.171 (b/5.5) 0.197 (b/15)

Note. — A single 32.′4 × 32.′4 field covering the same total area as
the Wide program results in CVz=2 = 0.250 (b/5.5) and CVz=7 = 0.259
(b/15).

scheduling constraints; there exists no roll angle for the
EGS which can be held fixed throughout our two observ-
ing epochs. Therefore, we have devised a layout in which
each WFC3/IR tile is rotated +11◦ (East-of-North) dur-
ing our first imaging epoch and −11◦ during the second.
This results in a larger portion of the ACS/WFC paral-
lel exposures falling outside the WFC3/IR mosaic than
in the UDS and COSMOS fields, but due to the larger
ACS/WFC footprint, the mosaic remains nearly entirely
covered by the ACS/WFC optical imaging. The layout
of the mosaic and its position within the EGS is shown
in Figure 6.

3.2.4. The GOODS South and North Fields

The Wide-depth CANDELS WFC3/IR observations in
the GOODS-South and North fields consist of three re-
gions (one in GOODS-South and two in GOODS-North)
that bracket the CANDELS/Deep regions in each field.
The location and orientation of these regions are shown
in Figures 2 and 3. In GOODS-South this Wide-depth
“skirt” contains a total of nine WFC3/IR tiles oriented
to place most of their ACS/WFC parallel exposures into
the CANDELS/Deep region. In GOODS-North, the two
skirt regions contain eight WFC3/IR tiles each and are
again oriented such that their ACS/WFC parallel expo-
sures fall within the CANDELS/Deep region. A second
skirt region in GOODS-South is effectively provided by
the existing WFC3/IR observations from the ERS pro-
gram, which are adjacent and to the North of the CAN-
DELS/Deep region. When combined with the CAN-
DELS/Deep observations and the ERS imaging, these
skirt regions will provide WFC3/IR coverage over the
entire 10′ × 16′ GOODS regions in each field.

3.3. Mitigating Cosmic Variance
The primary reason CANDELS has focused on five dif-

ferent fields, rather than one or two, is to minimize the
impact of the variation in the mean density of matter
(and hence also of galaxies of some class) from one region
to another, commonly referred to as “sample variance”
or “cosmic variance”. This effect can be comparable to
or larger than Poisson variance, and hence will have large
impact on the determination of the abundance of a class
of objects (e.g. the normalization of the luminosity func-
tion). The impact of cosmic variance is most simply
reduced by surveying a larger volume of the Universe;
however, that is expensive in terms of telescope time re-
quired. Given a fixed survey area, it will be minimized

by dividing that area amongst multiple widely-separated
fields, as the density fluctuations in those fields will be
statistically independent; for a single field, cosmic vari-
ance is reduced if the field has a long, narrow geome-
try, as opposed to a square one, as that maximizes the
typical distance between objects and ensures greater in-
dependence between different portions of the field (i.e.
samples more quasi-independent volumes); cf. Newman
& Davis (2002). Cosmic variance is also a driver for the
geometry of individual CANDELS wide fields; we have
made them as elongated as we can while maintaining
overlap with other relevant datasets and retaining the
ability to measure correlation functions accurately.

We have used the public QUICKCV code (Newman
& Davis 2002) to predict the impact of cosmic variance
for representative CANDELS samples, and compared to
other simple scenarios. The fractional uncertainty in the
abundance of some class of object will scale as its linear
bias, b. We consider two fiducial scenarios: counting the
abundance of galaxies at z = 1.75−2.25 with stellar mass
1011 − 1011.5, using the results of Moster et al. (2009)
to predict their bias54, or counting the abundance of a
sample of galaxies at z = 6.5 − 7.5 with the same clus-
tering properties (in comoving coordinates) as our z = 2
sample, corresponding to a bias of 15 compared to dark
matter at the same redshift. These samples represent ap-
proximate upper limits to the impact of cosmic variance;
any more biased sample at the same redshifts should be
extremely rare and dominated by Poisson uncertainties.
The results of these calculations are given in Table 1.55

Hence, the net cosmic variance for the CAN-
DELS/Wide survey should be roughly 17% (b/5.5) for
a sample at z = 1.75− 2.25, or 20% (b/15) for a sample
at z = 6.5 − 7.5. Even for more typical galaxies with a
large-scale structure bias one-third as large as our fiducial
samples, cosmic variance should contribute significantly
to errors so long as the sample contains more than ∼ 100
objects over the CANDELS survey. These numbers are
significant, but compare very favorably to a square (or
nearly so) survey which covers a single field, such as the
COSMOS survey. A single-field survey of the same total
area as CANDELS (i.e. a 32.4′×32.4′ square field) would
have errors from cosmic variance of 34% / 41%, almost
50% larger. To match the cosmic variance uncertainties
from a CANDELS sample, a single field would have to be
55.5′× 55.5′ across, corresponding to an area (and hence
time to survey) 2.94× larger than CANDELS.

54 We find b ∼ 5.5, equivalent to a correlation length in comoving
coordinates of r0 = 12.5 h−1 Mpc, assuming a correlation function
of form ξ(r) = (r/r0)−γ with slope γ = 1.8.

55 We have assumed an amplitude of dark matter fluctuations
today of σ8 = 0.85; the numbers presented will scale as (σ8/0.85),
for a sample of fixed bias.
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UDS

ACS
WFC3

Figure 4. Footprint of the CANDELS observations in the UDS field. The WFC3/IR prime exposures are shown in blue and the ACS/WFC
parallel exposures shown in magenta.

COSMOS

ACS
WFC3

Figure 5. Footprint of the CANDELS observations in the COSMOS field with WFC3/IR prime exposures shown in blue and ACS/WFC
parallel exposures shown in magenta.
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EGS

ACS
WFC3

Figure 6. Footprint of the CANDELS observations in the EGS field with WFC3/IR prime exposures shown in blue and ACS/WFC
parallel exposures shown in magenta. Half of the area will be observed in HST Cycle 18, while the remainder will be observed in HST
Cycle 20. The two halves are shown independently in Figure 7.

EGS

ACS
WFC3

Cycle 18 EGS

ACS
WFC3

Cycle 20

Figure 7. Footprints of the two halfs of the CANDELS observations in the EGS field. Half of the area will be observed in HST Cycle 18
(left), while the remainder will be observed in HST Cycle 20 (right). The WFC3/IR prime exposures are shown in blue and the ACS/WFC
parallel exposures shown in magenta.
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4. OBSERVING STRATEGY

The CANDELS observing strategy is very tightly con-
strained by several competing science goals and by the
scheduling limitations of HST. In this section, we de-
scribe the observing strategy in detail, with particular
attention to the constraints that have shaped our deci-
sions.

Because CANDELS is an HST Multi-cycle Treasury
Program, it will be observed over the three years of HST
Cycles 18, 19, and 20. At the time of writing, only
the Cycle 18 observations have officially been planned
through to the so-called “Phase II” stage. These include
both epochs of the full UDS field, both epochs of the first
half of the EGS field (see Figures 6 and 7), and several
epochs of the GOODS-South field. The latest specifics
of these observations may be obtained from the STScI
website as Programs 12060 (non-SNe-searched GOODS-
South), 12061 and 12062 (SNe-searched GOODS-South),
12063 (first-half EGS), and 12064 (UDS). Program
12062 includes observations that will extend into Cycle
19.

The COSMOS and GOODS-North fields will not be
planned through the Phase II stage until the Cycle
19 deadline in mid-2011. The Cycle 20 observations
will comprise the remainder of GOODS-North and the
second-half of EGS, whose specifics will have been largely
pre-determined by our earlier observations of these fields
in Cycles 19 and 18, respectively. The scheduling con-
straints upon all CANDELS fields are already sufficiently
tight that we can describe the expected layouts and tim-
ings with reasonable certainty.

As in the previous section, the detailed treatment of
this large survey is best split between the CANDELS
Wide fields and the CANDELS Deep fields.

4.1. Wide-Field Strategy
In the CANDELS Wide fields, the goal is to cover

a large area at comparably shallow depth, while main-
taining the ability to search for supernovae in the near-
infrared with WFC3.

The supernova search requires that we repeatedly ob-
serve a given location in WFC3 F125W and F160W (a
“JH epoch”) with time separation(s) of ≈ 52d. Given
that each of the CANDELS Wide areas comprise dozens
of WFC3 fields of view, and thus large slews requiring
different HST guide-stars at each pointing, our minimum
efficient dwell time is one full orbit per epoch per point-
ing. The minimum supernova search is a pair of epochs
separated by 52d, which gives us a total of two-orbit
depth with WFC3 in the Wide fields.

It is crucial that we have nearly contemporaneous ob-
servations in an optical filter to discrimimate the type
(and the photometric redshift) of a WFC3-detected su-
pernova. We have therefore adopted a long and nar-
row geometry for the CANDELS Wide fields, such that
ACS parallel observations will overlap the majority of
the WFC3 coverage (see Figures 4, 6, and 5).

For the CANDELS UDS, our desired long-axis position
angle (East-West) fortuitously corresponds to a telescope
orientation that can be held constant across both epochs.
The same is nearly true for our COSMOS field, where our
desired North-South alignment is within several degrees
of a stable HST orientation and permits a slipped-lattice

WFC3 raster (see Figure 5). The difference between this
arrangement and an orthogonal raster is small enough for
our ACS parallel fields to intersect the WFC3 footprint
as desired for the SNe search.

For the EGS field, there is no HST orientation near our
desired Northeast-Southwest alignment that can be held
for the entire duration of observing the full field at both
epochs. We therefore observe half the field in one cam-
paign (both epochs) in Cycle 18, and the other half of
the field in another campaign (also both epochs) in Cycle
20. In each EGS campaign, the first epoch is observed at
a position angle several degrees counterclockwise of the
desired alignment. The second epoch is then observed
at several degrees clockwise of the desired alignment, be-
cause of our inability to maintain a fixed roll angle of
HST across the ≈ 8.5 weeks spanned by the two epochs.
As with the COSMOS field, the displacements away from
the EGS tiling orientation are not so large that our ACS
parallels miss the WFC3 footprint (see Figure 6).

Some care must be taken in dividing the full EGS tiling
so that WFC3 and ACS are overlapping in the respective
halves. It is unavoidable, when dividing the EGS tilings
into two campaigns, that there will be less contempora-
neous overlap of WFC3 and ACS than if we could ob-
serve the entire field in a single campaign. Our solution,
which we believe minimizes this overlap loss, is the tiling
scheme shown in Figure 7.

Because of the large offset between the instantaneous
fields of view of WFC3 and ACS, the first three rows of
WFC3 pointings along the long axis of the CANDELS
Wide fields will lack ACS parallel coverage. As a corol-
lary, the ACS parallel coverage of the CANDELS Wide
fields will extend several arcminutes past the WFC3 foot-
print at the other end of the long axis. Lacking parallel
ACS coverage in these first three rows of WFC3 point-
ings, we are compelled to use WFC3 UVIS in order to
obtain the contemporaneous optical coverage for SNe dis-
crimination. This added UVIS exposure, which can be
taken in the “white-light” filter F350LP for maximum
throughput, foreshortens the WFC3 IR exposure depth
in these first three rows by 410 sec per epoch. The UDS
and COSMOS fields, which are 4 × 11 tilings, therefore
have 12 tiles with reduced IR exposure. The EGS field,
which is a 3×15 tiling, therefore has 9 tiles with reduced
IR exposure.

In the CANDELS Wide fields, we seek to obtain a 2:1
ratio of exposure time in the WFC3/IR filters F160W
and F125W. We also desire four WFC3/IR exposures per
epoch, using the same filter and exposure combinations
in each epoch, to make a well-dithered mosaic for super-
nova detection (see Koekemoer et al. 2011 for details).
We therefore strive at each WFC3/IR pointing to obtain
two long F160W exposures and two short F125W expo-
sures. Pointings that require an additional WFC3/UVIS
exposure (see above) will have an F160W:F125W expo-
sure ratio closer to 1:1. This variation in exposure ratio
is necessary because the F125W exposures are already
near the minimum duration to accommodate the HST
buffer dump of the prior ACS (and sometimes WFC3)
exposure in parallel with the current exposure. Shorter
F125W exposure time would trigger a serial (rather than
parallel) buffer dump, in effect precluding the exposure.

For the ACS parallel exposures in the CANDELS Wide
fields, we strive for a 2:1 ratio of exposure in the filters
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Visit 1
Deep JH Epoch 1
HST Orient = 325
08 Oct - 13 Oct 10
16 Orbits

Visit 2
Deep JH  Epoch 2
HST Orient = 25
26 Nov - 01 Dec 10
15 Orbits

Visit 8
Deep Y Epoch 1 
HST Orient = 205
27 May - 21 Jun 11
6x3 = 18 Orbits
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Figure 8. Footprints of the first eight epochs of CANDELS observations in the GOODS-South field with WFC3/IR and ACS/WFC. The
blue and orange outlines are individual WFC3/IR pointings in the J/H and Y filters, respectively. The corresponding ACS/WFC parallels
shown in magenta, red, or green according to the ACS filter selection. The black box is the fiducial CANDELS/Deep region, to guide the
eye. At the top of each epoch is shown the pre-existing exposure map from the WFC3 Early Release Science (ERS) observations in this
field (purple). These ERS observations are intermediate in depth between the CANDELS Deep and Wide components.

F814W and F606W. In the EGS and COSMOS fields,
which contain legacy ACS data in these filters (see §5 for
details), we adjust the CANDELS exposure ratios such
that the cumulative exposure is 2:1 for F814W:F606W.
Because the ACS field of view is very nearly twice that of
WFC3/IR, our abutting WFC3/IR raster results in most
of the ACS parallel footprint having double the cover-
age, or effectively two-orbit exposure depth per epoch.
The two epochs thus provide a total of four-orbit depth
of ACS parallel coverage divided between F814W and
F606W.

In the CANDELS UDS field, where there exists no
prior full-field coverage with ACS, each epoch yields 2/3-
orbit F606W and 4/3-orbit F814W. In the CANDELS
EGS field, which contains prior F606W and F814W im-
agery at one-orbit depth apiece (Program 10134; P.I.:
M. Davis), we take no F606W data in the first epoch, and
split between F606W and F814W in the second epoch, to
achieve approximate 2- and 4-orbit total depth in F606W
and F814W. In the CANDELS COSMOS field, where
there exists one orbit of F814W, we allocate the new
ACS parallels in a 1:2 ratio of F606W:F814W in the first
epoch, and a 2:1 ratio in the second epoch, resulting in

a total depth of 2- and 3-orbits in F606W and F814W.
Figures 10a-e show the planned exposure maps

for the CANDELS UDS field in the filters F350LP
(WFC3/UVIS), F606W (ACS/WFC), F814W
(ACS/WFC), F125W (WFC3/IR), and F160W
(WFC3/IR).

Figures 11a-e show the planned exposure maps
for the CANDELS EGS field in the filters F350LP
(WFC3/UVIS), F606W (ACS/WFC), F814W
(ACS/WFC), F125W (WFC3/IR), and F160W
(WFC3/IR). The ACS exposure maps include the
legacy EGS imaging from Program 10134.

Figures 12a-e show the planned exposure maps
for the CANDELS COSMOS field in the filters
F350LP (WFC3/UVIS), F606W (ACS/WFC), F814W
(ACS/WFC), F125W (WFC3/IR), and F160W
(WFC3/IR). The ACS exposure maps include the
legacy COSMOS imaging from Programs 9822 and
10092.

Figures 13a-c show the curves of area versus exposure
depth for each of the ACS and WFC3 filters that will
comprise CANDELS UDS, EGS, and COSMOS fields.
Each of these area vs. depth plots only consider the area
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Figure 9. Footprints of the last seven epochs of CANDELS observations in the GOODS-South field with WFC3/IR and ACS/WFC.
Please refer to Figure 8 for description.

within the footprint of the CANDELS F160W imagery,
and include the legacy ACS data.

4.2. Deep-field Strategy
In the CANDELS Deep fields, our primary observa-

tional goal is to obtain WFC3 and ACS imaging across
moderately large regions that are substantially deeper
than the CANDELS Wide fields. Unlike the CANDELS
Wide fields, completed in two epochs, the CANDELS
Deep fields are imaged for ten supernova-searched epochs
in F125W and F160W, as well as additional epochs in
F105W (Y-band) that are not supernova-searched. Our
target is 10 ksec total exposure in these three WFC3
filters.

To enable the robust identification of extreme-redshift
galaxies in the CANDELS Deep fields, we also design
the observing plan to attain at least 25 ksec of ACS
F814W exposure across the entire area covered by the
deep WFC3 imagery. We obtain the large majority of
this F814W depth with ACS parallel exposures during
the Y-band epochs (e.g., Figure 7, Visit 8; Figure 8, Visit
13).

Our orbit allocation permits us to cover roughly 40%
of the ≈ 10′ × 16′ GOODS ACS regions for CANDELS
Deep. We have chosen a placement that contains the
zones of deepest GOODS Spitzer coverage: > 45 hr

exposure depth with IRAC (3.6µm–8µm). Recognizing
that the remainder of the GOODS ACS regions are still
extremely valuable for moderate-redshift science in con-
junction with WFC3, we are imaging the GOODS areas
outside the CANDELS Deep fields with a two-epoch ob-
serving strategy similar to the CANDELS Wide fields
above. Because these flanking fields have superior mul-
ticolor ACS imaging as compared with the CANDELS
Wide fields, we also image these areas in F105W (Y-
band) to complete the HST wavelength coverage of the
entire GOODS areas from B-band (F435W) to H-band
(F160W). Judicious scheduling of these CANDELS Deep
flanking fields allows us to place additional ACS parallel
F814W exposures into the CANDELS Deep fields (e.g.,
Figure 7, Visits 3, 5, and 7).

In the CANDELS GOODS-South field, we have de-
signed our observing strategy to be complementary to
the existing observations by the WFC3 ERS. Those ERS
observations match quite closely the northwest flanking
field of our CANDELS Deep, and to depths in F125W
and F160W exceeding our CANDELS Wide targets.
Therefore we only observe the southeast flanking field in
the GOODS-South. We note that the ERS observations
in Y-band were taken with F098M rather than F105W.
We choose F105W in the GOODS-South flanking field
for consistency with our CANDELS Deep fields, the
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Figure 10. Exposure maps for the CANDELS UDS region. The ACS exposure maps (F606W and F814W) are on a linear stretch from
0 to 12 ksec. The WFC3 exposure maps F350LP, (F125W, and F160W) are on a linear stretch from 0 to 4 ksec. The dotted red line
indicates the bounds of the F160W coverage.
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GOODS-North flanking fields, and deep F105W imaging
in GOODS-South from the HUDF09 program. We note
that the ERS F098M exposure depth is roughly twice
that of our flanking-field F105W, so the Y-band sensitiv-
ity across ERS will be at least that of our Deep flanking
fields despite the narrower bandpass.

In the CANDELS GOODS-North, where there exists
no ancillary WFC3 imaging, we will observe both flank-
ing fields identically in F105W, F125W, and F160W.
During the GOODS-North Deep epochs, we will also take
advantage of HST continuous-viewing-zone opportunities
to image the Deep in ultraviolet with WFC3/UVIS, as
described in §4.3 below.

During the ten epochs of the CANDELS Deep cam-
paigns, the ACS parallel observations pivot with the ori-
entation of HST throughout the year, sometimes landing
outside the larger GOODS ACS box entirely (see Fig-
ures 11 and 12). In GOODS-South, this extended re-
gion has shallow ACS coverage in F606W and F850LP
from the GEMS program. Because the area coverage of
ACS/WFC is ≈ 2× that of WFC3/IR, we have approxi-
mately two-orbit depth in ACS parallel coverage at each
Deep epoch. We have developed a strategy for filter se-
lection among these far-flung ACS parallels according to
the decision tree:

• If the ACS field intersects the CANDELS Deep:
first priority is to exceed 25 ksec depth in F814W;
second priority is one orbit of F850LP for variabil-
ity study (with GOODS and PANS); third priority
is additional F606W or F814W as appropriate to
reach a 1:2 ratio of exposure in those two filters.

• If the ACS field intersects the CANDELS Deep
flanking fields: first priority is to exceed two orbits
of F814W (the F606W depth across the GOODS
fields exceeds 3 orbits); second priority is one or-
bit of F850LP for variability study (with GOODS
and PANS); third priority is additional F606W or
F814W as appropriate to reach a 1:2 ratio of expo-
sure in those two filters.

• If the ACS field is entirely outside the CAN-
DELS+ERS WFC3: first priority in GOODS-
South is one orbit of F850LP for variability
study (with GEMS); otherwise we allocate between
F606W and F814W as appropriate to reach a 1:2
ratio of exposure in those two filters. The full cov-
erage of our CANDELS GOODS-South ACS par-
allels includes at least 1-orbit-depth F606W from
the GEMS program. There is very little ancillary
ACS imaging in F606W, F814W, or F850LP just
outside the footprint of GOODS-North.

Because the CANDELS GOODS epochs individually
cover compact regions with WFC3, we are unable to use
the ACS parallels for contemporaneous optical discrim-
ination of distant SNe as we can with the CANDELS
Wide fields. Therefore all of our CANDELS GOODS
SNe search epochs include a short WFC3/UVIS F350LP
exposure at each pointing. This configuration is nearly
identical to that used for the small portions of the CAN-
DELS Wide fields lacking ACS parallel coverage. The
Y-band epochs, which are not used for SNIa searching,

are taken without F350LP exposures. In the Deep re-
gions, the F105W is also obtained with multi-orbit visits,
reducing HST guide-star acquisition overhead. Both sit-
uations result in more F105W exposure per orbit than we
achieve for F125W and F160W. Our three-orbit visits for
the Deep F105W obtain nearly as much exposure depth
as F125W and F160W attain in their ten shared-orbit
visits.

Figures 14a-f show the planned exposure maps for
the CANDELS GOODS-South field in the bluer fil-
ters: F275W (WFC3/UVIS), F336W (WFC3/UVIS),
F350LP (WFC3/UVIS), F435W (ACS/WFC), F606W
(ACS/WFC), and F775W (ACS/WFC). Figures 15a-
f show the planned exposure maps for the CAN-
DELS GOODS-South field in the redder filters:
F814W (ACS/WFC3), F850LP (ACS/WFC), F098M
(WFC3/IR), F105W (WFC3/IR), F125W (WFC3/IR),
and F160W (WFC3/IR). The exposure maps include all
available ACS and WFC3 legacy imaging in this region
matching the combined GOODS and CANDELS filter
sets. In particular, the F275W and F336W exposures are
entirely from the ERS (Program 11359), and are shown
because CANDELS will also be obtaining exposures in
these filters in the GOODS-North field. The F098M im-
agery in the ERS is also shown, as this will be used as
a proxy for the F105W imaging that CANDELS is em-
ploying elsewhere in the field. We also note that the
F775W data is entirely from legacy observations, princi-
pally GOODS and PANS.

Figures 16a,b show the curves of area versus exposure
depth for each of the ACS and WFC3 filters that will
comprise the CANDELS GOODS-South field. Each of
these area vs. depth plots only consider the area within
the footprint the is the union of the ERS and the CAN-
DELS imagery, but include all legacy ACS and WFC3
data. Note that the F098M and F105W coverages are al-
most entirely non-overlapping, and thus their area-depth
curves may be approximately stacked to represent the Y-
band counterpart to the available J and H imagery.

Figures 17a-f show the planned exposure maps for
the CANDELS GOODS-North field in the bluer fil-
ters: F275W (WFC3/UVIS), F336W (WFC3/UVIS),
F350LP (WFC3/UVIS), F435W (ACS/WFC), F606W
(ACS/WFC), and F775W (ACS/WFC). We note
that the original GOODS+PANS F775W coverage in
GOODS-North has been substantially augmented by
the ACS parallel exposures of the large WFC3/IR
grism survey by Weiner et al. (Program 11600). This
additional F775W imagery is reflected in Figure 17f
and in the F775W area vs. depth curve to follow.
Figures 18a-e show the planned exposure maps for
the CANDELS GOODS-North field in the redder fil-
ters: F814W (ACS/WFC3), F850LP (ACS/WFC),
F105W (WFC3/IR), F125W (WFC3/IR), and F160W
(WFC3/IR). The exposure maps include all available
ACS legacy imaging in this region matching the com-
bined GOODS and CANDELS filter sets. At the time
of writing, the filter assignments for the CANDELS ACS
parallel exposures have not been finalized. We currently
show all ACS parallel exposures as F814W (see Figure
18), but a small fraction of these exposures will instead
be taken with F606W and F850LP, as we have done in
the CANDELS GOODS-South.

Figures 19a,b show the curves of area versus exposure
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Figure 11. Exposure maps for the CANDELS EGS region, including legacy ACS/WFC exposures. The ACS exposure maps (F606W
and F814W) are on a linear stretch from 0 to 12 ksec. The WFC3 exposure maps F350LP, (F125W, and F160W) are on a linear stretch
from 0 to 4 ksec. The dotted red line indicates the bounds of the F160W coverage.



18 Grogin et al.

Table 3
CANDELS Areas and 5σ Limiting Magnitudes

CANDELS Wide CANDELS Deep
[668 arcmin2] [120 arcmin2]

Sensitivity Sensitivity
Filter [mag] [mag]

F275W · · · 27.8a

F336W · · · 27.6a

F435W 27.8b 27.8
F606W 27.6 28.2
F775W 27.5b 27.5
F814W 27.5 28.4
F850LP 27.3b 27.3
F105W 26.6b 27.3
F125W 26.4 27.4
F160W 26.5 27.2

Note. — Limiting magnitudes correspond to 5× the
photometric error within a 0.′′25-radius aperture.
a Available only in the CANDELS GOODS-North.
b Available only in the Deep flanking fields.

depth for each of the ACS and WFC3 filters that will
comprise the CANDELS GOODS-North field. Each of
these area vs. depth plots only consider the area within
the footprint the CANDELS imagery, but include all
legacy ACS. The curves for F606W and F850LP will be
slightly augmented at the expense of F814W, once our
GOODS-North filter assignments have been finalized.

We summarize the aggregate areas and the filter sen-
sitivities of the CANDELS Wide and Deep programs in
Table 3. Given the heterogeneous ancillary HST data in
CANDELS, the exposure depths vary substantially from
field to field within the Wide and the Deep programs
(see Figures 13, 16, and 19). We therefore quote an ap-
proximate lower limit to the filter sensitivities in Table 3.
The Wide program values include the WFC3/IR flanking
fields of the Deep program.

4.3. Scheduling of Observations
We summarize the currently planned timetable of

CANDELS epochs in Figure 20, including dates of ex-
ecution, orbits per epoch, HST orientation, and a five-
character alphanumeric descriptor that will prefix the
given epoch’s CANDELS data releases (see Koekemoer et
al. 2011 for details). The entries are color-coded by field,
in chronological order with GOODS-South (cyan), UDS
(orange), EGS (blue), COSMOS (yellow), and GOODS-
North (magenta). The very first entry is a single test
orbit to verify sensitivities and dithering pattern, taken
in the GOODS-South region (at the northwest corner of
the ERS) and included in the Program 12061 PhaseII
description. The portions of the CANDELS program
that have been assigned HST Program IDs at the time
of writing are listed in the last column of the timetable.

Ten SNIa-search epochs, spaced every ≈ 52d, re-
quire each CANDELS Deep campaign to execute steadily
across nearly 1.5 years. To avoid overlap of epochs among
the different CANDELS fields during the three-year ex-
ecution of the program, we have therefore started the
GOODS-South observations early in Cycle 18, and plan
to begin the GOODS-North observations almost imme-
diately after GOODS-South completes, in the latter part
of Cycle 19. The last GOODS-North epoch is planned to
complete near the end of Cycle 20. The slightly longer

duration of the GOODS-South program is due to the
couple months in Spring 2011 when the field is too close
to the sun for HST observations, and we must extend the
inter-epoch gap well beyond the 52d optimal for SNIa-
searching. GOODS-North, on the other hand, may be
observed year-round.

In the GOODS-North field, the ≈ 52d cadence for
optimal detection of extreme-redshift SNIa fortuitously
matches the intervals between CVZ opportunities. Our
intention is to align the CANDELS GOODS-North ob-
serving schedule with the CVZ cadence in order to obtain
WFC3/UVIS F275W and F336W exposures in the Deep
during the bright-earth portion of the HST orbits, at no
additional cost in orbits to the program.

The CANDELS Wide campaigns, whose tightly-
constrained HST orientations we desire to hold fixed for
> 60d spans, are scheduled to avoid overlap with the
CANDELS Deep epochs, and to distribute the CAN-
DELS HST orbit allocation as evenly as possible across
the full three years of the Multi-Cycle Treasury Program.

In all cases we have tried to compress the epochs into
as short an interval as reasonably schedulable with HST,
and to perform all observations in a given epoch at identi-
cal HST orientation. It is inevitable that our large WFC3
rasters include a small fraction of tiles with no suitable
HST guide-stars at exactly the desired orientation. In the
rare cases that the nearest guide-star orientation to our
desired epoch’s value is unobservable during an epoch’s
scheduled window, or when we encounter a guide-star
failure in the course of program execution and must re-
observe, the corresponding tile will by necessity be ob-
served outside the window listed in the timetable.

The up-to-date PhaseII-level description of the CAN-
DELS HST observations, including variances from the
plans described herein because of guide-star failures,
scheduling incompatibilities, etc., may be obtained by
querying the corresponding Program ID status on the
STScI website56. Once the remaining HST Program IDs
have been assigned to CANDELS GOODS-North, those
IDs may be found by querying that same website for pro-
grams with P.I. Faber.

56 http://www.stsci.edu/hst/scheduling/program information
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Figure 12. Exposure maps for the CANDELS COSMOS region, including legacy ACS/WFC exposures. The ACS exposure maps (F606W
and F814W) are on a linear stretch from 0 to 12 ksec. The WFC3 exposure maps (F350LP, F125W, and F160W) are on a linear stretch
from 0 to 4 ksec. The dotted red line indicates the bounds of the F160W coverage.
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Figure 13. Cumulative area vs. depth profiles of the CANDELS Wide fields, including legacy ACS/WFC exposures. The areas are limited
to the footprints of the CANDELS F160W imagery in each field.
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Figure 14. Exposure maps for the bluer filters of the CANDELS GOODS-South region, including legacy ACS and WFC3 exposures. All
exposure maps are plotted with a logarithmic stretch from 400 to 200000 sec. The small extreme-depth portions of the exposure maps are
the HUDF and its parallel fields. The dotted red line indicates the fiducial GOODS ACS boundary.
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Figure 15. Exposure maps for the redder filters of the CANDELS GOODS-South region, including legacy ACS and WFC3 exposures.
All exposure maps are plotted with a logarithmic stretch from 400 to 200000 sec. The small extreme-depth portions of the exposure maps
are the HUDF and its parallel fields. The dotted red line indicates the fiducial GOODS ACS boundary.
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Figure 16. Cumulative area vs. depth profiles of the CANDELS GOODS-South field, including legacy ACS and WFC3 exposures. The
areas are limited to the footprint covered by the union of ERS and CANDELS imagery.
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Figure 17. Exposure maps for the bluer filters of the CANDELS GOODS-North region, including legacy ACS exposures. All exposure
maps are plotted with a logarithmic stretch from 400 to 80000 sec. The F606W will receive additional exposures that are currently shown
as F814W (Fig. 18). The dotted red line indicates the fiducial GOODS ACS boundary.
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Figure 18. Exposure maps for the redder filters of the CANDELS GOODS-North region, including legacy ACS exposures. All exposure
maps are plotted with a logarithmic stretch from 400 to 80000 sec. Virtually all of the F814W exposures shown here are from the CANDELS
program — a small portion of these will instead be taken with the F606W and F850LP filters, when our GOODS-North filter assignments
are finalized. The dotted red line indicates the fiducial GOODS ACS boundary.
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Figure 19. Cumulative area vs. depth profiles of the CANDELS GOODS-North field, including legacy ACS exposures. The areas are
limited to the footprint of the CANDELS imagery. The curves for F606W and F850LP will be slightly augmented at the expense of F814W,
once our GOODS-North filter assignments have been finalized.

Field Subregion
Subreg. 

Code
Subreg. 

Epoch
Serial
Epoch

Orient Orbits Start Date End Date Program

STST - - - 255 1 08/04/10 08/10/10
GOODS-S Deep JH SD 1 gsd01 325 16 10/08/10 10/13/10 12061
UDS - - 1 uds01 45 44 11/08/10 11/22/10 12064
GOODS-S Deep JH SD 2 gsd02 25 15 11/26/10 12/01/10 12061
UDS - - 2 uds02 45 44 12/30/10 01/13/11 12064
GOODS-S Wide JH SW 1 gsw03 68 9 01/07/11 01/10/11 12061
GOODS-S Deep JH SD 3 gsd04 73 15 01/14/11 01/19/11 12061
GOODS-S Wide JH SW 2 gsw05 94 9 02/27/11 03/02/11 12061
GOODS-S Deep JH SD 4 gsd06 95 16 03/02/11 03/06/11 12061
GOODS-S Wide Y SYW - gsw07 115 11 03/25/11 03/29/11 12060
EGS EGSa EGSa 1 egs01 187.3 25 04/02/11 04/09/11 12063
EGS EGSa EGSa 2 egs02 164.9 25 05/24/11 05/29/11 12063
GOODS-S Deep JH SD 5 gsd08 205 15 06/03/11 06/20/11 12061
GOODS-S Deep Y SYa 1 gsd09 205 18 05/27/11 06/21/11 12060
GOODS-S Deep JH SD 6 gsd10 250 15 07/28/11 08/06/11 12062
GOODS-S Deep JH SD 7 gsd11 295 16 09/12/11 09/23/11 12062
GOODS-S Deep JH SD 8 gsd12 340 16 11/03/11 11/07/11 12062
GOODS-S Deep Y SYb 2 gsd13 25 27 11/21/11 12/01/11 12060
COSMOS - - 1 cos01 308 44 12/06/11 12/20/11
GOODS-S Deep JH SD 9 gsd14 25 15 12/24/11 12/29/11 12062
COSMOS - - 2 cos02 308 44 01/27/11 02/09/12
GOODS-S Deep JH SD 10 gsd15 80 16 02/15/12 02/19/12 12062
GOODS-N Deep JH/Wide JH SW ND/NWa 1/1 gnd01/gnw02 180 24 03/31/12 04/04/12
GOODS-N Deep JH/Wide JH SW ND/NWa 2/2 gnd03/gnw04 135 26 05/23/12 05/29/12
GOODS-N Deep Y East NYa - gnd05 90 18 07/04/12 07/15/12
GOODS-N Deep JH ND 3 gnd06 87 15 07/15/12 07/19/12
GOODS-N Deep JH/Wide JH NE ND/NWb 4/1 gnd07/gnw08 25 25 09/05/12 09/13/12
GOODS-N Wide Y NE NYNE - gnw09 0 8 09/28/12 10/02/12
GOODS-N Deep JH/Wide JH NE ND/NWb 5/2 gnd10/gnw11 331 25 10/30/12 11/08/12
GOODS-N Deep JH ND 6 gnd12 270 15 12/27/12 01/01/13
GOODS-N Deep Y West NYb - gnd13 270 27 01/02/13 01/14/13
GOODS-N Deep JH ND 7 gnd14 225 16 02/20/13 02/25/13
EGS EGSb EGSb 1 egs03 187.3 20 04/02/13 04/08/13 12063
GOODS-N Wide Y SW NYSW - gnw15 180 8 04/08/13 04/10/13
GOODS-N Deep JH ND 8 gnd16 180 16 04/11/13 04/16/13
EGS EGSb EGSb 2 egs04 164.9 20 05/23/13 05/29/13 12063
GOODS-N Deep JH ND 9 gnd17 119 16 06/07/13 06/12/13
GOODS-N Deep JH ND 10 gnd18 62 16 08/05/13 08/10/13

12061

12440

12440

Figure 20. Timetable of CANDELS epochs. The individual fields are color coded as: GOODS-South (cyan); UDS (orange); EGS (blue);
COSMOS (yellow); GOODS-North (magenta). Please refer to the text for a full description of the columns.
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