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Abetract. The Chandra Source Cofalog will be the definitive catalog of
all X-ray sources detectad by the Chandra X-ray Observafory., For sach
X-ray source, the catalog will list the source position and a detailed st
of source properties, including commeonly used quantities such as source
dimensions, multi-band Auxes, and hardness ratics. [n addition to these
traditional ca.taln:-g elements, tha catalog will include additional source
data that can be ma::lipula:hed interactively, including soures images , event
lists, light curves, and spectra from each observation in which a source is
detectad.

1. Inmtroduction

Rapid improvements in network bandwidth and storage capacity over the last
decads has resulted in an explosion in the availability of archival astronomical
data, from the world’s space- and ground-based obesrvatories. It is now generally
recognized that archival dats are an invaluable resource that can be used by
the astronomical community for numerous scientific investigations beyond those
originally planned when the data were acquired. At the Chandra X-ray Cenfer
{{CXC), we are developing the Chandra Soumwe Catalag {CSC), which is intended
to provide simple access to Chandra data for individual sources (or sets of souress
matching user-specified search criteria) to satisfy the nesds of a broad-based
group of scentists, including these who may be less familiar with astronemical
data, analyziz in the X-ray regims.

2. Dwesign Goals

The primary design goals for the C5C, bassd on analysis of numerous use-cases,
are (1) allow simple and quick access to the best estimates of the X-ray source
properties and Chandra data for individual sources with good scientific fidelity,
and directly support medium sophistication scientific analysis on the individual
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source data: (2) facilitate sasy ssarches and analysis of a wide rangs of statistical
properties for classes of X-ray sources; (3] provide a user interface that supparts
gearching and manipulafing the acfual obgervational dofa for each X-ray source
in addifion to the static propertiss that are recarded in the catalog: and (4) to the
maximum extent possible, include all real X-ray sources detactad in all publicly
available Chandra datasets, while maintaining the number of spurious sources
at an accaptable leve.

. Catalog Construction

Each pointed obssrvation imterval, or O, may include data for upwards of
several undred X-ray sources. Although it is natural to record the static catalog
information about each source individually, the design goals effectively mandats
that the acfual sbservational dafa for each source mdividual ly be erctracted fram
each ObI that includes that source, and be accessible through the catalog.

Thebulk ofthe C5C construction is performed by aset of CX T Dafa Sysfem
{CXCDS) Standard Data Processing (SDF) pipelines. Catalog comstruction is
conceptually a two part process. First, the obeervational data for sach ObI is
processad to identify all of the X-ray sources and extract the per-source data
and source propertiss. In the steady state case this happens when the dataset
becomes non-propristary. Second, each source detectad in the first step must be
merged into the current master catalog,

4. Per-Obl Pipeline Processing

Processing the data from a single &8 is performed in two steps. The first
step handles the data for the entire ObF, detects sources and extracts data for
each source for further processing. The sscond step processes the data for each
detected source and extracts the source properties that will be merged into the
master catalog.

The Detert Sources Fipeline comprisss the following stepe: (1) reprocess
the ObI using the latest available calibrations and processing algorithms with
comsarvative data cleaning eriteria to minimize the falss scurce rate: (2) generate
full fisld sxposure maps to correct the data for sensitivity variations across the
field of view:; (3) generate background maps in each ensrgy band, and correct for
instrumerntal effects that raiss the background; (1) detect sources in broad, scft,
medium, and hard ensrgy bands using a wavelet source detection algorithm; and
(8] identify source and background regicns for each detectad socurce for use in
the source properties pipeline.

Similarly, the Per-Source Pipeline comprises the following steps, which are
aecutad for each detectad source and ener gy band: (1) actract the photon events
in the rectangle bounding the background region for the source, and construct
a “postage stamp” image, full resolution exposure map, fuved image and Hux-
arror image; (2) compute the point spread function (PSF) at the scurce offaxis
pogition and apply the aspect blur: (3] parform a two dimensional spatial fit
to further characterize the detectsd scurce; and (4) search for variabdlity using
the Gregory-Loredo test (Hots 2008) and gemerate a light curve. If the dstector
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Figure 1. The Defect Sources Fipeline high-level fow.

iz ACIS, we extract the source spectrum and attempt to fit the data with a
power-law spectrum plus Galactic absorption.

5. DNlerge Pipeline Processing

The main functionality of the MWerge Pipeline is to take the source propertiss
etractad from an O1 for each source and merge theam into the master catalog.
The pipeline first performs a croes-mabeh with the existing catalog, to determine
if the source was detected in any previously processsd Oble. If no matching
sources are found, then the new source propertiss are promoted to the master
catalog. However, if one or more candidate matching sources are found, then
the Merge Pipeline must identify which of those candidates match the current
source. Thers is not a one-to-one relationship primarily because the Chandra
FPEF varies significantly acrces the fisld of view.

DOnee makching sources are identified, the master catalog source propertiss
are updated by merging the source propertiss from the contributing Oblz based
on & set of merging rules.

6. Pipeline Processing Infrastructure

For parformance ressons much of the compute-intensive pipeline processing is
performed on a multi-nods Beouwnwlf cluster running Linur. Certain taslks that
rely on software that is not ported to Linur are restricted to executing on
a Solaris machine. The pipelines are run under the auspices of the CXCDS
Awtorated Processing (AF) infrastructure (Grier, Plummer, £ Glotfelty 2006).

Fipeline processing is initiated for a pointing when the obesrvation data
become public. Mearge pipeline processing is triggered for the sst of sources
identifisd by a per-pointing pipeline once the latter completes and the relevant
data have been ingested into the archive.
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Figure 2.  The Per-Source FPipeline high-level flow.

7. Catalog Storage and User Interfaces

Although the static source properties information that comprises the O8O will
be stored in S QL databases, the per- 35 obeservational data for each source will
bestored as FITS format files in the Chandra Dafa Archive. Using this approach
instead of recording the data as databass blobe leverages existing archive soft-
ware and provides a filebassd interface that is compatible with existing Chandra
portable data analysis package (CIA Q) tocls, at the expenss of more data stor-
age overhead for the FITS file headers.

Updates to the master catalog will occur continually as new observations
become public. To ensure traceability, a history of updates will be maintained
g0 that the state of the catalog at any point in time is recoverable. Snopshofe of
the catalog will be obtained regularly and made available to the user community
in addition to the live (continually updated) version.

Access to the catalog will be provided in two ways. First, a graphical uger
inferface (G UT) will be provided that will allow users to peruse the catalog,
perform queries on real or virtual columns, display results, and dewnload data
files. Sacond, & seripfing inferface will provide direct access to the catalog and
data, from users” data analysis seripts. Such scripts will be able to query the
catalog and directly download data in file format or into memeory, and then
directly manipulate the data to perform further searches.
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