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CSC 1 CSC	2

Individual	
obsids 5110 10,382

Obsid years 1999-2009 1999-2014
Total	

exposure 245.8	Ms

longest	
exposure 190	ks 5.8	Ms

Counts			
on-axis ~10 ~5

Number	of	
sources 106,586 315,875

Number	of	
detections 158,071 374,349

CSC	2.0	in	numbers

F.	Civano	– Toulouse	2018
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~550	deg2	
Area	covered



Multi-band	aperture	photometry	with
Bayesian	probability	density	functions;
0.2-0.5 keV , 0.5-1.2 keV, 1.2-2 keV, 2-7 keV

Hardness	ratios	(HM-HS-MS)

Elapsed Time (ks)
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Abstract

The Chandra Source Catalog (CSC) is a general purpose virtual X-ray astrophysics facility that provides access to a carefully selected set of generally useful quantities for individual X-ray sources, and is designed to satisfy the needs of a broad-

based group of scientists, including those who may be less familiar with astronomical data analysis in the X-ray regime.  The first release of the CSC includes information about 94,676 distinct X-ray sources detected in a subset of public ACIS imaging 

observations from roughly the first eight years of the Chandra mission. This release of the catalog includes point and compact sources with observed spatial extents �30�.  The catalog (1) provides access to the best estimates of the X-ray source 

properties for detected sources, with good scientific fidelity, and directly supports scientific analysis using the individual source data; (2) facilitates analysis of a wide range of statistical properties for classes of X-ray sources; and (3) provides efficient 

access to calibrated observational data and ancillary data products for individual X-ray sources, so that users can perform detailed further analysis using existing tools.  The catalog includes real X-ray sources detected with flux estimates that are at 

least 3 times their estimated 1� uncertainties in at least one energy band, while maintaining the number of spurious sources at an acceptable level.  For each source, the CSC provides commonly tabulated quantities, including source position, extent, 

multi-band fluxes, hardness ratios, and variability statistics, derived from the observations in which the source is detected.  In addition to these traditional catalog elements, for each X-ray source the CSC includes an extensive set of file-based data 

products that can be manipulated interactively, including source images, event lists, light curves, and spectra from each observation in which a source is detected.

This work is supported by NASA contract NAS8-03060 (CXC).
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CSC	2.0	main	features

F.	Civano	– Toulouse	2018



• Source	detection	on	stacked	observations	

• New	source	detection	approach

• Wavelet	detection	with	“permissive”	parameters	plus entirely	new	Voronoi	
tessellation	algorithm	for	both	background	determination	and	source	
detection

• Maximum	likelihood	estimator	grades	candidate	detection	and	improves	on-
axis	detection	limit	to	~5	net	counts	for	exposures	<	15	ks

• MCMC	draws	provide	relative	astrometry	position	error	ellipses

• Aperture	photometry	PDFs	computed	using	Bayesian	algorithms

• Multiple	observations	grouped	by	multi-band	Bayesian	Blocks	algorithm	to	improve	
S/N	even	for	variable	sources	(properties	archived	for	each	block)

• Integrated	multi-band	limiting	sensitivity	computed	on	4”	x	4”	pixels

CSC	2.0	new	features

F.	Civano	– Toulouse	2018



FOVs	of	a	3	obsid	stack:	GRB	010222

STACKS:	sum	of	obsids	with	aim-point	within	1	arcmin

Stacked	observations

F.	Civano	– Toulouse	2018



FOVs	of	a	3	obsid	stack:	GRB	010222 FOVs	of	7	Stacks	(1	obsid	in	each)

ENSEMBLES:	contiguously	overlapping	
stacks	

Stacked	observations

F.	Civano	– Toulouse	2018

STACKS:	sum	of	obsids	with	pointings	within	1	arcmin



Example:	Galactic	Center	Area

• 1 ensemble
• 379 stacks (36 HRC and 343 

ACIS)
• 534 single Chandra observations
• Total area covered ~ 19 deg2

• Total exposure time ~ 9 Ms

F.	Civano	– Toulouse	2018



Sgr A*	- central	stack	of	71	observations

Example:	Galactic	Center	Area

F.	Civano	– Toulouse	2018



• Source	detection	on	stacked	observations	

• New	source	detection	approach

• Wavelet	detection	plus Voronoi	tessellation	algorithm
• Maximum	likelihood	estimator	to	improve	on-axis	detection	

(~5	net	counts	for	exposures	<	15	ks)

• MCMC	draws	provide	relative	astrometry	position	error	ellipses

• Aperture	photometry	PDFs	computed	using	Bayesian	algorithms

• Multiple	observations	grouped	by	multi-band	Bayesian	Blocks	algorithm	to	improve	
S/N	even	for	variable	sources	(properties	archived	for	each	block)

• Integrated	multi-band	limiting	sensitivity	computed	on	4”	x	4”	pixels

CSC	2.0	new	features

F.	Civano	– Toulouse	2018
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Detection in:

Both release 1 and 2
Release 2 new
Release 1 false

CSC	1	vs	CSC	2



Master Source

Stacked Observation Detection

Per-Observation Detection

Per-Observation Detection

Stacked Observation Detection

Per-Observation Detection

Per-Observation Detection

Per-Observation Detection

Stacked Observation Detection Per-Observation Detection

Source Detection 
Performed at this Level

Master Source

Stacked Observation Detection Per-Observation Detection

unique

unique

unique

ambiguous

Source	detection	hierarchy

F.	Civano	– Toulouse	2018



On-axis:	Chandra PSF	is	small	(~1”)

1’ acisfJ1626350m242314_001.0012

acisfJ1626350m242314_001.0013
acisfJ1626350m242314_001.0078
detect_id

detect_id

detect_id

Detections	and	sources

F.	Civano	– Toulouse	2018



Off-axis:	Chandra PSF is	much	larger

1’

acisfJ1627179m243424_001.0095
detect_id

Detections	and	sources

F.	Civano	– Toulouse	2018



Multiple	sources	on-axis	may	be	confused	in	off-
axis	observations	of	the	same	field

1’

2CXO	J162625.3-242444
2CXO	J162623.5-242439

2CXO	J162624.0-242448

u		acisfJ1626350m242314_001.0013
a		acisfJ1627179m243424_001.0095

u		acisfJ1626350m242314_001.0078
a		acisfJ1627179m243424_001.0095

u		acisfJ1626350m242314_001.0012
a		acisfJ1627179m243424_001.0095

The	catalog	reconciles	detections	
at	different	off-axis	angles

name

name

name

Detections	and	sources	

F.	Civano	– Toulouse	2018



• Source	detection	on	stacked	observations	

• New	source	detection	approach

• Wavelet	detection	plus Voronoi	tessellation	algorithm
• Maximum	likelihood	estimator	to	improve	on-axis	detection	

(~5	net	counts	for	exposures	<	15	ks)

• MCMC	draws	provide	relative	astrometry	position	error	ellipses

• Aperture	photometry	PDFs	computed	using	Bayesian	algorithms

• Multiple	observations	grouped	by	multi-band	Bayesian	Blocks	algorithm	to	improve	
S/N	even	for	variable	sources	(properties	archived	for	each	block)

• Integrated	multi-band	limiting	sensitivity	computed	on	4”	x	4”	pixels

CSC	2.0	new	features

F.	Civano	– Toulouse	2018



• Source	detection	on	stacked	observations	

• New	source	detection	approach

• Wavelet	detection	plus Voronoi	tessellation	algorithm
• Maximum	likelihood	estimator	to	improve	on-axis	detection	

(~5	net	counts	for	exposures	<	15	ks)

• MCMC	draws	provide	relative	astrometry	position	error	ellipses

• Aperture	photometry;	multi-band	Bayesian	Blocks	algorithm	

• Integrated	multi-band	limiting	sensitivity	computed	on	4”	x	4”	pixels

CSC	2.0	new	features

F.	Civano	– Toulouse	2018



Bayesian	approach	for	simultaneous	aperture	photometry	estimation	in	crowded	fields
(Primini,	F.	A.	&	Kashyap,	V.	L.	2014)

Source	Properties:	Aperture	Photometry

The	resulting	b band	photon	flux	PDFsPhotometric	PDFs	are	estimated	
simultaneously	for	the	9	overlapping	
detections	with	the	white	highlights

F.	Civano	– Toulouse	2018



• Multi-band	Bayesian	Blocks	analysis	(Scargle+2013) on	detection	fluxes	to	identify	
observations	that	can	be	analyzed/grouped	together

• The	combined	properties	for	the	longest	exposure	Bayesian	Block	are	databased,	but	
the	properties	for	all blocks	are	recorded	in	a	FITS	data	product

Broad	band Broad	band

Medium	band Medium	band

Soft	bandSoft	band

Hard	bandHard	band

2CXO	J1219389+291724	— single	flux-ordered	block 2CXO	J1219505+293323	— multiple	flux-ordered	blocks

Grouping	Observations	to	Improve	S/N

F.	Civano	– Toulouse	2018



• Source	detection	on	stacked	observations	

• New	source	detection	approach

• Wavelet	detection	plus Voronoi	tessellation	algorithm
• Maximum	likelihood	estimator	to	improve	on-axis	detection	

(~5	net	counts	for	exposures	<	15	ks)

• MCMC	draws	provide	relative	astrometry	position	error	ellipses

• Aperture	photometry;	multi-band	Bayesian	Blocks	algorithm	

• Multi-band	limiting	sensitivity	computed	on	4”	x	4”	pixels

CSC	2.0	new	features

F.	Civano	– Toulouse	2018



• Source	detection	on	stacked	observations	

• New	source	detection	approach

• Wavelet	detection	plus Voronoi	tessellation	algorithm
• Maximum	likelihood	estimator	to	improve	on-axis	detection	

(~5	net	counts	for	exposures	<	15	ks)

• MCMC	draws	provide	relative	astrometry	position	error	ellipses

• Aperture	photometry;	multi-band	Bayesian	Blocks	algorithm	

• Multi-band	limiting	sensitivity	computed	on	4”	x	4”	pixels

• Spectral	analysis

CSC	2.0	new	features

F.	Civano	– Toulouse	2018



Γ =	<1.96> kT =	<0.67>	keV kT =	<4.47>	keV

250	count	source

																												𝜒2 =	0.89
Γ =	2.35	(0.17	– 2.74)
NH =	8.06	x	1020 cm-2

powlaw_gamma bb_kt (keV) brems_kt (keV)

Spectral	Analysis

F.	Civano	– Toulouse	2018

Abs.	power	law Abs.	bremsstrahlungAbs.	black	body



• Sources	that	are	observed	multiple	times	are	grouped	by	the	Bayesian	blocks	
analysis

• All	spectra	in	the	block	are	simultaneously	fit

Joint	Spectral	Fits

F.	Civano	– Toulouse	2018



• Source	detection	on	stacked	observations	

• New	source	detection	approach

• Wavelet	detection	plus Voronoi	tessellation	algorithm
• Maximum	likelihood	estimator	to	improve	on-axis	detection	

(~5	net	counts	for	exposures	<	15	ks)

• MCMC	draws	provide	relative	astrometry	position	error	ellipses

• Aperture	photometry;	multi-band	Bayesian	Blocks	algorithm	

• Multi-band	limiting	sensitivity	computed	on	4”	x	4”	pixels

• Spectral	analysis

• Extended	emission	properties

CSC	2.0	new	features

F.	Civano	– Toulouse	2018



0 0.032 0.095 0.22 0.47 0.98 2 4 8 16 3

- SNRs, cluster of galaxies, extended galaxies, jets,
etc.
- Photometric properties are integrated over a
convex hull bounding region aperture (cyan
below).

- Fluxes and regions are going to be provided.

0.00e+00 2.13e-08 4.44e-08 7.19e-08 1.06e-07 1.49e-07 2.06e-07 2.81e-07 3.83e-07 5.19e-07 7.01e-07

Extended	emissions
Tycho’s SNR
888 ks; 58 million X-ray photons

SNR	DEM	L71

F.	Civano	– Toulouse	2018



Pipeline	structure



Data	Access

F.	Civano	– Toulouse	2018

http://cxc.cfa.harvard.edu/csc2/



Current	status

F.	Civano	– Toulouse	2018



Data	Access
http://cxc.cfa.harvard.edu/csc2/

F.	Civano	– Toulouse	2018



Properties	to	be	retrieved

Criteria	to	search	on:	ADQL	queries

List	of	properties	
that	can	be	selected

Data	Retrieval:	CSCView

Cone	search	and	cross-match

F.	Civano	– Toulouse	2018

Standard	queries



Retrieved	tabular	properties

Select	FITS	data	
products	here

Data	Retrieval:	CSCView

F.	Civano	– Toulouse	2018



Master	Source	Properties
• Source	name,	position	and	position	errors,	significance,	source	flags,	multi-band	deconvolved extent,	

multi-band	aperture	photometry	(photon	and	energy	fluxes,	spectral	model	fluxes	[multiple	spectral	
models]),	hardness	ratios,	spectral	model	fits	[multiple	spectral	models],	multi-band	intra- and	inter-
observation	temporal	variability

Stacked-Observation	Detection	Properties
• Position	and	position	errors,	multi-band	significance,	detection	flags	and	codes,	multi-band	

deconvolved extent,	multi-band	aperture	photometry	(net	counts	and	count	rates,	photon	and	energy	
fluxes),	aperture	parameters,	hardness	ratios,	multi-band	intra- and	inter-observation	temporal	
variability

Per-Observation	Detection	Properties
• Detector	position,	multi-band	significance,	detection	flags	and	codes,	multi-band	raw,	PSF,	and	

deconvolved extent,	multi-band	aperture	photometry	(total	counts,	net	counts	and	count	rates,	photon	
and	energy	fluxes,	spectral	model	fluxes	[multiple	spectral	models]),	masked	aperture	parameters,	
spectral	model	fits	[multiple	spectral	models],	multi-band	intra-observation	temporal	variability

Databased	properties

F.	Civano	– Toulouse	2018



Observation	Data	Products
• Observation	event	list,	aspect	solution	and	histogram,	bad	pixel	map,	FoV,	pixel	mask
• Multi-band	images,	background	images,	exposure	maps

Stacked-Observation	Data	Products
• Stack	event	list,	FoV,	merged	detection	list
• Multi-band	images,	background	images,	exposure	maps,	limiting	sensitivity

Detection	Region	Data	Products
• Detection	region	stack	and	observation	region	definitions,	event	lists
• Multi-band	per-stack	and	per-observation	images,	exposure	maps,	position	error	MCMC	draws,	

aperture	photometry	PDFs
• Multi-band	per-observation	PSFs,	light	curves
• Per-observation	PHA	spectrum,	RMF,	ARF

Source	Level	Data	Products
• Aperture	photometry	PDFs,	per-Bayesian	block	properties	(aperture	photometry	fluxes,	model	

energy	fluxes,	spectral	fits,	hardness	ratios)

Science-Ready	FITS	Data	Products

F.	Civano	– Toulouse	2018



Multiwavelength	crossmatching	
• PSF varies significantly over field of view. 
• Bayesian cross‐match tool based on Budavari et al. uses error 

ellipses for the derived source positions.
• Significantly different spatial resolutions are addressed by 

calculating the Bayes factors
à Systematic Astrometric uncertainty: 0.29”

F.	Civano	– Toulouse	2018



Source	Classification
• X-ray to Optical/Near-IR flux diagnostic used

in extragalactic surveys (contamination can
be estimated using already classified sources
in the literature).

• Small samples can be used to train algoritms
(supervised methods) to find an X-ray only
classification approach.

• Unsupervised random forest to detect
outliers (“the hidden treasures”).

• Formulate new approaches more sensitive to
rare, unknown X-ray sources.

F.	Civano	– Toulouse	2018



àCSC	2.0	is	the	largest	and	most	complete	catalog	of	X-ray	sources	detected	
by	the	Chandra X-ray	Observatory
• Properties	for	~375K	X-ray	detections	of	~315K	X-ray	sources	on	the	sky
• ~1,700	columns	of	databased	information	and	~25M	science-ready	FITS	data	

products

à The	final	production	phase	of	release	2.0	of	the	Chandra	Source	Catalog	
is	well	underway

à Finalize	multiwavelength	crossmatching	(add	also	3XMM-DR8)
à Classification	using	standard	methods	to	train	a	random	forest

à Consolidated	3XMM-CSC	catalog	of	sources	

SUMMARY

http://cxc.cfa.harvard.edu/csc2/
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