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ABSTRACT

We present X-ray source catalogs for the� 7 Ms exposure of theChandraDeep Field-South(CDF-S), which
covers a total area of 484.2�arcmin2. Utilizing WAVDETECT for initial source detection and ACIS Extract for
photometric extraction and signi� cance assessment, we create a main source catalog containing 1008 sources that
are detected in up to three X-ray bands: 0.5–7.0�keV, 0.5–2.0�keV, and 2–7�keV. A supplementary source catalog
is also provided,�including 47 lower-signi� cance sources that have bright( �-K 23s ) near-infrared counterparts. We
identify multiwavelength counterparts for 992(98.4%) of the main-catalog sources, and we collect redshifts for
986 of these sources, including 653 spectroscopic redshifts and 333 photometric redshifts. Based on the X-ray and
multiwavelength properties, we identify 711 active galactic nuclei(AGNs) from the main-catalog sources.
Compared to the previous� 4 Ms CDF-S catalogs, 291 of the main-catalog sources are new detections. We have
achieved unprecedented X-ray sensitivity with average� ux limits over the central� 1 arcmin2 region of
� 1.9�× �10Š17, 6.4�× �10Š18, and 2.7�× �10Š17 erg�cmŠ2�sŠ1 in the three X-ray bands, respectively. We provide
cumulative number-count measurements observing, for the� rst time, that normal galaxies start to dominate the
X-ray source population at the faintest 0.5–2.0�keV � ux levels. The highest X-ray source density reaches� 50,500
degŠ2, and 47%�± �4% of these sources are AGNs(� 23,900 degŠ2).
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1. INTRODUCTION

Cosmic X-ray surveys of the distant universe have made
enormous advances over the past two decades, since the
launches of theChandra X-ray Observatory(Chandra; e.g.,
Weisskopf et al.2000) and X-Ray Multi-Mirror Mission
(XMM-Newton; e.g., Jansen et al.2001). These surveys are a
primary source of information about accreting supermassive
black holes(SMBHs), i.e., active galactic nuclei(AGNs), in the
universe, providing insights about their demographics, physical
properties, and interactions with their environments(e.g.,

Brandt & Alexander2015 and references therein). Further-
more, X-ray surveys are an essential tool for the study of
clusters and groups(e.g., Allen et al.2011 and references
therein),�as well as X-ray binary populations in starburst and
normal galaxies(e.g., Mineo et al.2014; Lehmer et al.2016;
and references therein). X-ray surveys with a wide variety of
sensitivities and solid angles are required to gain a compre-
hensive understanding of X-ray source populations in the
universe(e.g., see Section 2.1 of Brandt & Alexander2015).
Such surveys range from shallow, all-sky surveys, the lowest
tier of the X-ray surveys“wedding cake,” to the highest tier of
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ultra-deep, pencil-beam surveys. Ultra-deep X-ray surveys are
particularly important as cosmic“ time machines,” since fainter
X-ray sources of a given type generally lie at higher redshifts
and thus earlier cosmic epochs. Furthermore, at a given
redshift, such ultra-deep surveys are capable of probing objects
with lower observable X-ray luminosities that are generally
more typical members of source populations. Additionally,
some intrinsically luminous X-ray sources may have low
observable X-ray luminosities owing to strong obscuration
(e.g., Compton-thick AGNs), and ultra-deep X-ray surveys are
one of the key ways of identifying and characterizing such
important sources(e.g., see Section 3.3 of Brandt &
Alexander2015).

The deepest X-ray surveys to date have been conducted in
theChandraDeep Field-South(CDF-S), which is arguably the
most intensively studied multiwavelength deep-survey region
across the entire sky. Currently, published CDF-S X-ray
catalogs exist for the 4�Ms Chandraexposure (covering
465 arcmin2; e.g., Xue et al.2011) and the 3�Ms XMM-Newton
exposure(covering 830 arcmin2; e.g., Ranalli et al.2013). In
2013, we proposed to extend the 4�Ms CDF-S observations to a
total Chandra exposure of 7�Ms, and the new observations
were conducted during 2014–2016. The very smallChandra
point-spread function(PSF) and low background still allow for
signi� cant gains in sensitivity near the� eld center, and thus the
detection of many new sources, even for such long exposures.
Furthermore, all previously detected CDF-S sources bene� t
greatly from the improved photon statistics, which allow better
measurements of X-ray positions, photometric properties,
spectral properties, and variability; variability studies also
bene� t from the signi� cantly lengthened time baseline of
sensitive CDF-S X-ray observations(e.g., Yang et al.2016).
These better X-ray measurements advance signi� cantly the
physical understanding of the sources producing most of
cosmic accretion power; e.g., a typical AGN in the CDF-S will
have � 40 times more counts than the same AGN in the
COSMOS Legacy Survey(e.g., Civano et al.2016).

In this paper, we will present CDF-S point-source catalogs
derived from the 7�Ms Chandra exposure for use by the
community in advancing X-ray deep-survey�science projects;
previousChandraDeep Fields catalogs of this type have been
widely utilized (e.g., Alexander et al.2003; Luo et al.2008;
Xue et al.2011, 2016). We will also present multiwavelength
identi� cations, basic multiwavelength photometry, and spectro-
scopic/ photometric redshifts for the detected X-ray sources.
Chandrasource-cataloging methodology has advanced greatly
over the years since theChandra launch, providing substan-
tially improved yields of demonstrably reliable sources(e.g.,
Xue et al.2016) and improved source characterization. Here we
will utilize ACIS Extract(AE; Broos et al.2010)26 as a central
part of our point-source cataloging. AE is used as part of an
effective two-stage source-detection approach, and it allows for
the optimal combination of multiple observations with different
aim points and roll angles.

Some key AGN science projects that should be advanced by
the 7�Ms CDF-S include investigations of(1) how SMBHs,
including those in obscured systems, grow and co-evolve with
galaxies through the critical era atz�� �1–4 when massive
galaxies were largely assembling, and(2) how SMBHs grow
within the� rst galaxies at ��z 4. Starburst and normal galaxies

are also detected in abundance at the faintest X-ray� uxes; their
differential number counts are comparable to those of AGNs at
the faintest 0.5–2.0�keV � uxes reached by the 4�Ms CDF-S
(e.g., Lehmer et al.2012). The 7�Ms CDF-S will thus be a key
resource for examining how the X-ray binary populations of
starburst and normal galaxies evolve over most of cosmic time,
both via studies of the directly detected sources and via
stacking analyses(e.g., Lehmer et al.2016; Vito et al. 2016).
Owing to its unique combination of great depth and high
angular resolution, the 7�Ms CDF-S should serve as a multi-
decadeChandra legacy. For example, evenAthena, a next-
generation X-ray observatory aiming for launch in� 2028(e.g.,
Barcons et al.2015), may not be able to reach the� ux levels
probed in the central region of the 7�Ms CDF-S. X-ray
missions capable of substantially surpassing the sensitivity of
the 7�Ms CDF-S, such as theX-Ray Surveyor(e.g., Weisskopf
et al.2015), are presently not funded for construction.

The structure of this paper is as�follows. In Section�2, we
present the newChandraobservations and the reduction details
for the full data set. Section�3 describes the creation of
observation images, exposure maps, and the main and
supplementary source catalogs. In Section�4, we present the
main Chandrasource catalog in detail. Here, we also present
key aspects of the X-ray source characterization and the
multiwavelength identi� cations. We brie� y compare the
properties of the newly detected sources to those already
found in the 4�Ms CDF-S. Section�5 presents the supplemen-
tary catalog of X-ray sources that have lower detection
signi� cances, but align spatially with bright near-infrared
(NIR) sources. In Section�6, we present an analysis of source
completeness and reliability, showing that we strike a reason-
able balance between these two criteria. Section�7 describes an
analysis of the background and sensitivity across the CDF-S. In
Section�8, we present cumulative number counts for the main
Chandra source catalog, and in Section�9, we provide a
summary of the main results. TheChandrasource catalogs and
several associated data products are being made publicly
available along with this paper.27

We adopt a Galactic column density ofNH�= �8.8�× �1019

cmŠ2 along the line of sight to the CDF-S(e.g., Stark et al.
1992). Coordinates are presented in the J2000.0 system, and
magnitudes are in the AB system(Oke & Gunn1983). We
quote uncertainties at a 1� con� dence level and upper/ lower
limits at a 90% con� dence level. A cosmology withH0�= �67.8
km�sŠ1�MpcŠ1, � M�= �0.308, and� � �= �0.692(Planck Colla-
boration et al.2016) is used.

2. OBSERVATIONS AND DATA REDUCTION

2.1. Observations of the 7 Ms CDF-S

The 7 Ms CDF-S contains observations taken in four
separate epochs of time. The basic information on these
observations, 102 in total, is listed in Table1. There were 48
recent observations acquired between 2014 June 9 and 2016
March 24, which constitute the last 3�Ms of exposure of the
7�Ms CDF-S. The� rst 1�Ms of exposure consists of 11
observations taken between 1999 and 2000(Giacconi
et al. 2002; Rosati et al.2002; Alexander et al.2003), the
next 1�Ms of exposure consists of 12 observations taken in

26 Seehttp:// www.astro.psu.edu/ xray/ docs/ TARA/ ae_users_guide.htmlfor
details on ACIS Extract. 27 http:// www.astro.psu.edu/ users/ niel/ cdfs/ cdfs-chandra.html.
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