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The project (XMMFITCAT)

• ESA (PRODEX) funded project carried out by the
X-ray group at NOA in collaboration with the XMM-
Newton Survey Science Centre (XMM SSC) in the
University of Leicester.

• Goal: Use the spectral data from the XMM-Newton
Serendipitous source catalogue (latest version
3XMM-DR4) to construct a database of spectral-
fitting results.
– Construct samples of X-ray sources according to

spectral properties.
– Pinpoint “peculiar” sources.
– Get X-ray properties of samples selected at other

wavelengths.
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• 3XMM-DR4 is the largest catalogue of X-ray sources
built to date. Photometric information for more than
500,000 detections of ~ 370,000 sources.

• 3XMM-DR4 also contains pipeline extracted spectra
and acillary matrices for detections with EPIC net
(background subtracted) counts > 100 counts in 0.2-
12 keV: 120,000 detections, ~ 85,000 unique
sources.

• XMMFITCAT: only 3XMM-DR4 spectra with > 50 cts
in 0.5-10 keV per instrument and exposure.

>114,000 detections, ~78,000 unique sources
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3XMM-DR4 spectral data
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• The aim of the database is not to find the “best-fit
model” (limited number of models), but to obtain a
representation of the spectral shape as good as
possible.

• Six models implemented (most commonly observed
spectral shapes), and three energy bands defined.

Spectral models
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• Simple models are applied to all detections:
– Absorbed power-law in Full, Hard, and Soft bands: Γ,

NH, Norm
– Absorbed thermal model in Full and Soft bands: NH,

kT, Norm
– Absorbed black-body model in Soft band: NH, kT,

Norm.

• Complex models are applied if EPIC counts > 500 counts,
and only in the Full band.
– Thermal plus power-law: NH1, kT, Norm1, NH2, Γ, Norm2
– Black-body plus power-law: NH, kT, Norm1, Γ, Norm2
– Double power-law: NH1, Γ1, Norm1, NH2, Γ2, Norm2

Spectral models
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• Each detection fitted separately -> spectral-fitting
results for each detection, not for each source.

• All models are applied to all detections (depending on
number of counts).

• For each model, best-fit parameters and errors are
computed (90% level); and fluxes and errors (90%
level, in each XMMFITCAT energy band); an
estimate of goodness of fit.
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Automated fitting



• Xspec 12.7.1, C-stat  no goodness of fit.
• Goodness: performs a number of simulations

and returns the percentage of simulations that
gives a lower value of the statistic. As a guide
to the user: acceptable fit if goodness <
50%, preferred model: the simplest one
with the lowest goodness value.

• Also provided χ2 as a test statistic, when
using C-stat as fit statistic (goodness < 50 ⇔
χ2

c < 1.5).

X-ray Universe 2014                                                                             Dublin, 16th-19th June 2014

Automated fitting - Goodness of fit
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XMMFITCAT

• Output: one row for each source detection, and 214
columns containing information about the observation, a
summary of the spectra-fitting, and spectral-fitting results
for each spectral model applied (best-fit parameters and
errors, fluxes, and goodness of fit)

•  ~ 18% of sources: multiple observations with spectra:
spectral variability studies.
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XMMFITCAT

3XMM-DR4

• Output: one row for each source detection, and 214
columns containing information about the observation, a
summary of the spectra-fitting, and spectral-fitting results
for each spectral model applied (best-fit parameters and
errors, fluxes, and goodness of fit)

•  ~ 18% of sources: multiple observations with spectra:
spectral variability studies.



• Output: one row for each source detection, and 214
columns containing information about the observation, a
summary of the spectra-fitting, and spectral-fitting results
for each spectral model applied (best-fit parameters and
errors, fluxes, and goodness of fit)

•  ~ 18% of sources: multiple observations with spectra:
spectral variability studies.
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XMMFITCAT

Fit summary



500 counts

30% of detections
80% acceptable fits

70% of detections
90% acceptable fits
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Less than 1% of
detections missing
one fit due to errors.

Acceptable fits even
for large number of
counts.

Results



Consistent within
errors for ∼ 70% of
the detections.
Significant
differences: power-
law with a steep
photon index, or
thermal model.
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Results
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Results
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Results

Highly absorbed AGN?
(I. Georgantopoulos talk yesterday)



• Full database (FITS table) from 3XMM-DR4
released on March 2014 (and documentation).

• LEDAS (Leicester Database and Archive Service ):
query capabilities. 3XMMspectral.

• XCAT-DB: query and spectral-fitting visualisation
tool.

http://xraygroup.astro.noa.gr/Webpage-prodec/index.html
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Access



http://xraygroup.astro.noa.gr/Webpage-
prodec/index.html
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http://xraygroup.astro.noa.gr/Webpage-
prodec/index.html
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Retrieve XMMFITCAT as a FITS table

Documentation



• Full database (FITS table) from 3XMM-DR4 released on
March 2014 (and documentation).

• LEDAS (Leicester Database and Archive Service ): query
capabilities. 3XMMspectral.

• XCAT-DB: query and spectral-fitting visualisation tool.

http://xraygroup.astro.noa.gr/Webpage-prodec/index.html
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Access
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http://www.ledas.ac.uk/arnie5/arnie5.php?action=advan
ced&catname=3xmmspectral
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http://www.ledas.ac.uk/arnie5/arnie5.php?action=advan
ced&catname=3xmmspectral

Query XMMFITCAT according best-fit
spectral parameters, and different
models.



• Full database (FITS table) from 3XMM-DR4 released on
March 2014 (and documentation).

• LEDAS (Leicester Database and Archive Service ): query
capabilities. 3XMMspectral.

• XCAT-DB: query and spectral-fitting visualisation tool (soon).

http://xraygroup.astro.noa.gr/Webpage-prodec/index.html
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Access
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http://xcatdb.unistra.fr/3xmm/ (soon)
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http://xcatdb.unistra.fr/3xmm/ (soon)

Query XMMFITCAT plus spectral-fit and
data visualization tool



http://xraygroup.astro.noa.gr/Webpage-
prodec/index.html

• Spectral-fitting results from XMM-Newton
SDSS-DR7 cross-correlation (Georgakakis &
Nandra 2011)

• Detected in the hard band (2-8 keV): ~14,000.
– Sources with redshifts available ~ 8000 (spectral

fits modified to include redshift effects)
– Sub-sample with spectroscopic redshifts used in

selection of highly absorbed AGN (Corral et al.,
submitted; Fe Kα emission line fitting included; I.
Georgantopoulos talk yesterday)
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XMM/SDSS



• Construction of XMMFITCAT from 3XMM-
DR4 completed, catalogue released to the
public.

• Plus additional results from a XMM/SDSS
cross-correlation also released.

• Working on catalogue paper.

• Future: spectral-fitting results will be included
in future versions of the XMM-Newton
Serendipitous Source catalogue. Athena,
eROSITA ?

Summary


