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XMM-Newton data pipeline processing
• All the XMM-Newton ODFs are shipped to the Survey Science Centre (University of 

Leicester, UK), where a standard reduction pipeline (Pipeline Processing System, 
PPS) is run on them

• The PPS consists of a set of SAS tasks grouped together in modules which run in a 
sophisticated processing control system (the pipeline configuration is described 
http://xmmssc-www.star.le.ac.uk/newpages/pipe_top_ext.html#config)

• Top-level scientific products are generated, together with cross-correlation 
products (with lots of catalogues, and the ROSAT field)

• Data are screened and their quality assessed in PPS release notes

• Only public versions of SAS are used, to ensure homogeneity and reproducibility 

• PPS products are shipped back to the SOC, and made available through the XMM-
Newton Science Archive (XSA) to authorised users
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Why?

• To provide the XMM-Newton users with validated top-level, 
quick-look scientific products of homogeneous scientific 
quality, intended to be the first “building blocks” of their 
scientific analysis 

• To facilitate the scientific exploitation of the XMM-Newton data, 
through the compilation of multi-wavelength information

• Pathfinder for the SSC X-ray identification program (XID) 

• To ensure a basic level quality control on XMM-Newton data
– if SAS does not run on an XMM-Newton dataset, investigation 

can be started before shipping the data to the PI, saving time 
and resources to the users
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Pipeline processing and SAS

• OM reduction pipelines in PPS and public SAS are essentially identically 

• RGS PPS pipeline is a subset of rgsproc (no response matrices)

• SAS contains two “flavours” of EPIC reduction pipelines: e[mp]proc (see B.Altieri’s
presentation) and e[mp]chain (PPS)

• The “procs” are parameter-driven tasks (faster, but more memory-consuming); the 
“chains” are Perl scripts, editable by the users. They both produce calibrated, not-
destructively filtered event lists, and the latter also additional diagnostic files

• Given the same public version of SAS, “chain” and “procs” yield indistinguishable 
scientific results

• Sometimes EPIC products are generated with “chain” versions, which are more 
advanced than in the public SAS, and are not distributed

• Do I need to re-run the “procs” on my or archival data? Please check for:
– significant changes in the CCF (compare the on-line with CALINDEX in the PPS event 

list via the SAS task diffciff
– significant changes in the  SAS version

XSA

SAS version

PPS version

CIF date
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Event lists (EPIC & RGS)
• Binary tables, containing information on 

the time, energy, position, event shape 
(whenever pertinent) of each photon

• Starting point for extracion (evselect) of 
top-level scientific products (spectra, 
images, light curves, source lists) 

• Together with the EVENTS extension, 
contain an exposure map (EXPOSUnn), a 
bad pixel map (BADPIXnn) and a GTI 
(STDGTI) for each chip

• The Calibration Index File used for the 
event list generation is included in  
extension CALINDEX

• Not-destructively filtered against high 
background intervals

This is the building
block of your science!
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Sky images

• EPIC
– 1 for each exposure (not exposure-

corrected) in 5 different energy bands
– 1 for the whole observation (combined and 

exposure corrected in the 0.2-12 keV band)
– available as FITS and PNG format

EPIC (MOS + p-n)

OM
DSS

• OM; for each exposure:
– 1 for each OM science window
– 1 in celestial coordinates 
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Source lists

• 3 types of EPIC source lists generated:
– local box background estimation (eboxdetect)
– background map interpolation (eboxdetect)
– maximum likelihood (ML; emldetect)

• … plus their combination

• For each detected source:
– position (in sky, ecliptic and Galactic coordinates)
– count rate, fluxes and hardness ratios
– background and exposure map values at the source 
position
– vignetting and EEF corrections
– extension parameter ML fit
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RGS (diagnostic) images

• Two types of images available
– “spatial image”, extracted in cross-

dispersion versus dispersion angle
– “order image”, extracted in PI (energy) 

versus dispersion angle
– in FITS and PNG (shown) format

• The order image clearly separate 
the different orders

• PPS extraction regions are 
superposed 

• Allow to evaluate the quality of the 
RGS spectra extracted by the PPS

source

source calibration
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RGS spectra

• 1 spectrum for the brightest point 
source(s) for each RGS camera

• 1st and 2nd order

• Source (FITS and PNG) and background 
(FITS) spectra available

• Source spectra are background-
subtracted, channel-by-channel, after 
exposure correction

• No spectra for confused or extended 
sources

• RGS spectral matrices are not PPS 
products

Source spectrum
Error

ID in the RGS source lists
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Cross-correlation products

• Two-step process (EPIC coordinates 
are first refined through correlation 
with USNOA2)

• PPS products available:
– correlation of EPIC sources with 

~100 catalogues (positional 
coincidence at 99.93% c.l.)

– archive content of the EPIC field-of-
view (independently on EPIC 
detection) in X-ray catalogues and 
SIMBAD

– field-of-view entries overlaid on an 
EPIC image

– EPIC image contours and detected 
sources overlaid on a greyscale 
ROSAT image

• No cross-correlation for OM sources

Cross-correlation summary
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Finding charts

• 1 finding chart, 2×2 arcminutes with 1 
arcsecond pixel is available for each 
detected EPIC source, centred on its 
best position

• EPIC flux contours or error circles are 
overlayed

• start information if you intend to 
conduct your own follow-up program or 
you want to investigate the 
multiwavelength behaviour of your 
favourite X-ray source
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Flaring background light curves

Lockman Hole, rev.70, MOS1

• “Background flaring light curves” 
are extracted for each observation

• MOS curve is calculated on the 
“GATTI events” (E > 12 keV)

• p-n curve is calculated on the 
source-masked E > 7 keV image

• Available in FITS format, hence 
directly usable for the generation of 
GTI (via, e.g., tabgtigen)

• They may cover different time span 
due to different instrumental 
overheads or contingencies

Lockman Hole, rev.70, p-n
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Summary pages
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Miscellanea & future

• Additional PPS products include:
– exposure (EPIC & RGS), and sensitivity maps
– OM source lists
– OM tracking frame history
– housekeeping summaries
– catalogue lists and description
– PPS script logs, run messages and summaries
– PPS product index file
– various graphical products

• Future development will include:
– variability and 3-colors images, and wavelet maps (EPIC)
– spectra and light curves for each EPIC source 
– XID products
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