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• What is the SAS?  
• SAS installation and setup
• SAS data reduction scheme
• Getting started I: the Observation Data File (ODF) + odfbrowser
• Getting started II: the Calibration Current File (CCF) and the  
                                  Calibration Index File (CIF) 
• Getting started  III: the common first steps
• Running SAS: GUI or command line
• PPS or “SAS has already reduced these data”
• Retrieving XMM-Newton data
• SAS as web services —> "RISA" —> XSA to reprocess data
• SAS & Jupyter notebooks & DataLabs Initiative: Shaping the future

Outline
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What is the SAS?
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• The XMM-Newton Scientific Analysis System is a suite of programs (“tasks”) for  
   dealing with data from all XMM-Newton Instruments

• It is written basically in C++ and Fortran 90/95. Perl and shell scripts constitute 
  “metatasks”. It makes use of public libraries / programs like cfitsio, xmgrace, ds9
 

• It has been developed by ~ 30 programmers, working in 6 different countries along 
many, many years….

• A subset of the SAS is used as the core of the official Pipeline Processing System 
(PPS) for reducing the data to calibrated event lists, images, spectra, source lists (and 
much more)
  

What is the SAS?
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  “metatasks”. It makes use of public libraries / programs like cfitsio, xmgrace, ds9
 

• It has been developed by ~ 30 programmers, working in 6 different countries along 
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  Actual SAS version: SAS v20.1 – released on November 11, 2021
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• The XMM-Newton Scientific Analysis System is a suite of programs (“tasks”) for  
   dealing with data from all XMM-Newton Instruments

• It is written basically in C++ and Fortran 90/95. Perl and shell scripts constitute 
  “metatasks”. It makes use of public libraries / programs like cfitsio, xmgrace, ds9
 

• It has been developed by ~ 30 programmers, working in 6 different countries along 
many, many years….

• A subset of the SAS is used as the core of the official Pipeline Processing System 
(PPS) for reducing the data to calibrated event lists, images, spectra, source lists (and 
much more)
  Actual SAS version: SAS v20.1 – released on November 11, 2021

What is the SAS?

New SAS v21.0 to be released on April 2023

Python is coming….
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• Binary distributions of SAS are available only for 64bit:  

• Linux Centos 7.3, Ubuntu 20.04 and RHEL8.6  

• Mac OS X - 64bit 
       + 11.07 - Big Sur and 12.07 - Monterrey    
 
• Virtual Machine running Ubuntu 20.04 64bit  
  (Windows, Linux and MacOSX).

•Docker version since SAS v20.0

>> “official” supported platforms which can be used by other OSs

• Objectives:
• make it easy to install: untar and go
• provide all libraries required, also external ones (like cfitsio) -  
  (however, need to be installed: ds9 / FTOOLS / GRACE / Perl)

Installation and setup
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• Binary distributions of SAS are available only for 64bit:  

• Linux Centos 7.3, Ubuntu 20.04 and RHEL8.6  

• Mac OS X - 64bit 
       + 11.07 - Big Sur and 12.07 - Monterrey    
 
• Virtual Machine running Ubuntu 20.04 64bit  
  (Windows, Linux and MacOSX).

•Docker version since SAS v20.0

>> “official” supported platforms which can be used by other OSs

• Objectives:
• make it easy to install: untar and go
• provide all libraries required, also external ones (like cfitsio) -  
  (however, need to be installed: ds9 / FTOOLS / GRACE / Perl)

Installation and setup

Mac Note:
• Apple M1 is based on ARM 

architecture
• Intel binaries can be executed 

thanks to Rosetta emulator
• Currently working on a SAS 

native M1 build
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All SAS installations are binary (no support for building from source code)

>> xmmsas_20211130_0941 
directory with all contents

tar zxf sas_20.0.0-[OS].tgz

./install.sh    (will check everything is in place, download and install a Miniconda if 
necessary and finally install SAS)

Installation and setup II



“SAS Introduction” - Aitor Ibarra - COSPAR CB WS “X-Ray vision of the Energetic Universe” - 7 February 2023, Potchefstroom, South Africa

All SAS installations are binary (no support for building from source code)

>> xmmsas_20211130_0941 
directory with all contents

tar zxf sas_20.0.0-[OS].tgz

./install.sh    (will check everything is in place, download and install a Miniconda if 
necessary and finally install SAS)

Installation and setup II

GOAL TO RELEASE SAS SOURCE CODE IN 2023
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All SAS installations are binary (no support for building from source code)

>> xmmsas_20211130_0941 
directory with all contents

Everytime you want to run SAS: 

 >. ./setsas.sh  (bash)    or   > source ./setsas.csh (csh)        in that directory

or 

> . <top-dir>/xmmsas_20211130_0941/setsas.sh
> source  <top-dir>/xmmsas_20211130_0941/setsas.csh
 

tar zxf sas_20.0.0-[OS].tgz

./install.sh    (will check everything is in place, download and install a Miniconda if 
necessary and finally install SAS)

Installation and setup II

GOAL TO RELEASE SAS SOURCE CODE IN 2023
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X-ray detectors are photon-counting → two main consequences: 

• X-ray astronomy is an intrinsic Poissonian science 
– Scientific products can have a few or even zero events in large ranges of 

their parameter spaces 

• The “king” in the X-ray realm is the event, characterised by: 
– position (X-Y) on the detector  
– “pulse height”, which is related to the X-ray energy (E) of the 

incoming photon in a complex and generally non-linear way 
– arrival time (t) at the spacecraft 
– event “shape” (used to separate X-ray events from particles’ signatures) 
– other secondary attributes (you don’t generally have to worry about)

Basics of X-ray data
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When? Where? Who? What?

Event lists
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The X-ray scientific products can be seen as 
projections onto the sub-spaces defined by the 

event physical quantities 
• By collapsing time and space, one gets an energy distribution 

function (spectrum) in units of counts per energy bin 

• By collapsing time and energy, one gets a 2-D image in units of 
counts per pixel 

• By collapsing space and energy, one gets an intensity time series in 
units of counts per time bin

Science as projection
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These scientific products are expressed in units that are 
indirectly related to the intrinsic properties of celestial sources

The X-ray scientific products can be seen as 
projections onto the sub-spaces defined by the 

event physical quantities 
• By collapsing time and space, one gets an energy distribution 

function (spectrum) in units of counts per energy bin 

• By collapsing time and energy, one gets a 2-D image in units of 
counts per pixel 

• By collapsing space and energy, one gets an intensity time series in 
units of counts per time bin

Science as projection
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Timing analysis: 
• Exposure maps 
• Point Spread Function

9

ODF ODF 
reduction

Scientific 
product 

extraction

Scientific 
product 
analysis

Science

Attitude calibration

Time calibration

Detector calibration

Optics calibration

Image analysis: 
• Exposure maps 
• Point Spread Function

Energy spectra analysis: 
• Effective area 
• Redistribution matrix 
• Line Spread Function

Data reduction = calibration
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SAS does two things (to XMM data), that no other tool does: 
– applies calibrations to raw data 

– optimally screen / filter your data

FRAME TIME

RAW[XY] [X,Y]

RAW[XY] MLAMBDA, XDSP_CORR

PHA PI

(EPIC raw 
coordinates)

(RGS raw 
coordinates)

(Energy channel)

(sky coordinates)

(dispersion and cross-dispersion angles)

(energy)

Reduction scope
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Papers, 
fame, 
glory

SASODF

Data reduction meta-tasks 
(e[m][p]proc)

EPIC branch

Event 
lists

Spectra

Time series

Images

Source detection

“Extractor” (xmm/evselect)

Papers, 
fame, 
glory

Data 

RGS branch

Data reduction meta-tasks 
(rgsproc)

Event lists

Spectra

Source lists

Time series

Images

SAS Grand-Scheme
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• CCD-based event lists, containing uncalibrated quantities
• Auxiliary and Housekeeping files, pn/RGS diagnostic images
• Spacecraft housekeeping
• Spacecraft attitude showing the satellite star tracker pointing
• Time correlation file (onboard time and frame counter versus UTC)
• ODF summary file

ODF

ODF contents
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        FITS

• CCD-based event lists, containing uncalibrated quantities
• Auxiliary and Housekeeping files, pn/RGS diagnostic images
• Spacecraft housekeeping
• Spacecraft attitude showing the satellite star tracker pointing
• Time correlation file (onboard time and frame counter versus UTC)
• ODF summary file

ODF

ODF contents
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        FITS

• CCD-based event lists, containing uncalibrated quantities
• Auxiliary and Housekeeping files, pn/RGS diagnostic images
• Spacecraft housekeeping
• Spacecraft attitude showing the satellite star tracker pointing
• Time correlation file (onboard time and frame counter versus UTC)
• ODF summary file ASCII

ODF

ODF contents
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ODF

Data reduction meta-tasks 
(e[m][p]proc)

EPIC branch

Event 
lists

• metatasks to process MOS or pn data 
• generate calibrated, filtered event lists 
• leave user in control of GTI and filter 

expressions

epicproc = e[m][p]proc
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• epframes to process a 
CCD, exposure and 
datamode specific ODF file, 
creating the output raw 
event list and GTI data set  

• badpixfind to find new bad 
pixels 

• badpix to process the raw 
event list, adding the 
BADPIX extension 

• epevents to process the 
event list file, flagging 
trailing events, performing 
split events pattern 
recognition, CTI and gain 
correction to create the 
calibrated event list 

• attcalc to calculate the X 
and Y sky coordinates.  

• evlistcomb, the CCD 
specific data sets are 
merged into a single event 
list. 

epproc reduction scheme
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• In the EPIC pn imaging mode, the EVENTS table of 
the calibrated event list files contain 14 columns 
i.e : 

– TIME --> when did my photon arrive 
– RAWX RAWY --> where on the CCD 
– DETX DETY -->where on the detector 
– X Y --> where from the sky 
– PHA PI --> which energy did my photon have 
– FLAG --> did it hit the detector at a critical place  
– PATTERN --> was it a single/double..... 
– CCDNR --> on which CCD did it hit the detector 

Event lists
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• dead pixel: no events are 
detected 

• hot pixel: pixel “produces” 
ghost events very often 

• by default epicproc will try to 
detect bad pixels for any 
imaging exposure.  

• the new bad pixels are then 
used in the data reduction 
together with any other 
known (via the calibration 
files) bad pixels 

 

bad

hot

Bad pixels
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• by default the event lists are filtered, and the 
filtered events are removed 

• the filter expression can be controlled by the user 
– flagfilteredevents == true:  

 In this case all events will be retained, and a  
 flag column will be set to indicate what events  
 would have been removed. 

Fundamental final product of epicproc is the event list: 
     *[Imaging-Timing]Evts.ds    (eg. 0193_0112570601_EMOS1_S001_ImagingEvts.ds ) 
+ BadPixel tables produced by (em)badpixfind 

Data filtering
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EPIC-PN spectra

Once we have the event files…. It is time to “xmmselect" to filter the 
data and produce images, spectra or light curves….

#> xmmselect table=<PNorMOS_event_file>
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EPIC-PN spectra

Once we have the event files…. It is time to “xmmselect" to filter the 
data and produce images, spectra or light curves….

#> xmmselect table=<PNorMOS_event_file>

Follow SAS threads:
• How to filter EPIC event lists for flaring particle background 
• Extraction of pn spectra from point-like sources 
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EPIC-PN spectra

Once we have the event files…. It is time to “xmmselect" to filter the 
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ODF

RGS branch

Data reduction meta-tasks 
(rgsproc)

Event lists

Spectra

Source lists

Resp.Matrices

rgsproc

Fluxed Spectra
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ODF

RGS branch

Data reduction meta-tasks 
(rgsproc)

Event lists

Spectra

Source lists

• meta-task: interface to 17 SAS tasks (that can also be run separately)
• controlled by ≈ 80 parameter switches
• five entry and final points (“processing stages”)     >>
• produces filtered event lists, spectra and  matrices
• the quality of the results depends critically on the source coordinates 

Resp.Matrices

rgsproc

Fluxed Spectra
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ODF

RGS branch

Data reduction meta-tasks 
(rgsproc)

Event lists

Spectra

Source lists

• meta-task: interface to 17 SAS tasks (that can also be run separately)
• controlled by ≈ 80 parameter switches
• five entry and final points (“processing stages”)     >>
• produces filtered event lists, spectra and  matrices
• the quality of the results depends critically on the source coordinates 

events 
angles 
filter 
spectra 
fluxing

Resp.Matrices

rgsproc

Fluxed Spectra
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why the coordinates are so important!:

Simplified scheme of the RGS FOV
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why the coordinates are so important!:

RGS

Dispersion direction

Simplified scheme of the RGS FOV



“SAS Introduction” - Aitor Ibarra - COSPAR CB WS “X-Ray vision of the Energetic Universe” - 7 February 2023, Potchefstroom, South Africa

why the coordinates are so important!:

S/C pointing: RAo, deco 
αo: incidence angle at centre of FOV

RGS

Dispersion direction

Simplified scheme of the RGS FOV
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why the coordinates are so important!:

Target coordinates: RA,dec 
α: incidence angle of target photons

S/C pointing: RAo, deco 
αo: incidence angle at centre of FOV

RGS

Dispersion direction

Simplified scheme of the RGS FOV
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why the coordinates are so important!:

According to the grating equation 

λ = (cos β - cos α) d / m  

being α = αo + φ F/L

Target coordinates: RA,dec 
α: incidence angle of target photons

S/C pointing: RAo, deco 
αo: incidence angle at centre of FOV

RGS

Dispersion direction

Simplified scheme of the RGS FOV
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why the coordinates are so important!:

According to the grating equation 

λ = (cos β - cos α) d / m  

being α = αo + φ F/L

Target coordinates: RA,dec 
α: incidence angle of target photons

S/C pointing: RAo, deco 
αo: incidence angle at centre of FOV

RGS

Dispersion directionφ

Simplified scheme of the RGS FOV
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why the coordinates are so important!:

According to the grating equation 

λ = (cos β - cos α) d / m  

being α = αo + φ F/L

φ= f (RA- RAo,dec-deco,P.A.)

Target coordinates: RA,dec 
α: incidence angle of target photons

S/C pointing: RAo, deco 
αo: incidence angle at centre of FOV

RGS

Dispersion directionφ

Simplified scheme of the RGS FOV
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why the coordinates are so important!:

According to the grating equation 

λ = (cos β - cos α) d / m  

being α = αo + φ F/L

the wavelength scale and the 
effective area depend on the 

position of the source in the FOV   

1 arcsec ≈ 2.3 mÅ (45 km/s at 15 Å) 

φ= f (RA- RAo,dec-deco,P.A.)

Target coordinates: RA,dec 
α: incidence angle of target photons

S/C pointing: RAo, deco 
αo: incidence angle at centre of FOV

RGS

Dispersion directionφ

Simplified scheme of the RGS FOV
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rgsproc:  what does it do?
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Stage Task Purpose Output

Events

atthkgen generates attitude file

Source list + intermediate 
combined event list

attfilter filters the attitude file

hkgtigen generates housekeeping GTIs

rgsoffsetcalc uses the diagnostic mode data for offset calculation 

rgssources creates the list of sources to processed

rgsframes flags bad frames, convert RAW[XY] to readout node reference system 
([XY]CORR), creates GTI for telemetry drops, calculates dead time

rgsenergy performs energy calibrations, i.e. creates the PI column

rgsbadpix flags bad pixels (CCF known + own analysis)

rgsevents event reconstruction: total energy (ENERGY), “pattern” (GRADE/SHAPE), 
coordinates (CHIP[XY],BETA,XDSP)

evlistcomb event list concatenation

rgsproc:  what does it do?
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Angles rgsangles aspect correction (BETA_CORR, XDSP_CORR) Aspect correction

Filter rgsfilter creates filtered event list, removing unwanted frames and events and adding 
exposure maps Final event list

Spectra
rgsregions computes background and source extraction regions foreach source 

Source and background 
spectrargsspectrum extracts source and background spectra

rgsbkgmodel generates model background (optional)

Fluxing
rgsrmfgen creates a response matrix Response matrices and  

combined spectrum in 
physical unitsrgsfluxer combines a collection of RGS spectra into one  “fluxed” spectrum

Stage Task Purpose Output

Events

atthkgen generates attitude file

Source list + intermediate 
combined event list

attfilter filters the attitude file

hkgtigen generates housekeeping GTIs

rgsoffsetcalc uses the diagnostic mode data for offset calculation 

rgssources creates the list of sources to processed

rgsframes flags bad frames, convert RAW[XY] to readout node reference system 
([XY]CORR), creates GTI for telemetry drops, calculates dead time

rgsenergy performs energy calibrations, i.e. creates the PI column

rgsbadpix flags bad pixels (CCF known + own analysis)

rgsevents event reconstruction: total energy (ENERGY), “pattern” (GRADE/SHAPE), 
coordinates (CHIP[XY],BETA,XDSP)

evlistcomb event list concatenation

rgsproc:  what does it do?
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Angles rgsangles aspect correction (BETA_CORR, XDSP_CORR) Aspect correction

Filter rgsfilter creates filtered event list, removing unwanted frames and events and adding 
exposure maps Final event list

Spectra
rgsregions computes background and source extraction regions foreach source 

Source and background 
spectrargsspectrum extracts source and background spectra

rgsbkgmodel generates model background (optional)

Fluxing
rgsrmfgen creates a response matrix Response matrices and  

combined spectrum in 
physical unitsrgsfluxer combines a collection of RGS spectra into one  “fluxed” spectrum

Stage Task Purpose Output

Events

atthkgen generates attitude file

Source list + intermediate 
combined event list

attfilter filters the attitude file

hkgtigen generates housekeeping GTIs

rgsoffsetcalc uses the diagnostic mode data for offset calculation 

rgssources creates the list of sources to processed

rgsframes flags bad frames, convert RAW[XY] to readout node reference system 
([XY]CORR), creates GTI for telemetry drops, calculates dead time

rgsenergy performs energy calibrations, i.e. creates the PI column

rgsbadpix flags bad pixels (CCF known + own analysis)

rgsevents event reconstruction: total energy (ENERGY), “pattern” (GRADE/SHAPE), 
coordinates (CHIP[XY],BETA,XDSP)

evlistcomb event list concatenation

rgsproc:  what does it do?
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Angles rgsangles aspect correction (BETA_CORR, XDSP_CORR) Aspect correction

Filter rgsfilter creates filtered event list, removing unwanted frames and events and adding 
exposure maps Final event list

Spectra
rgsregions computes background and source extraction regions foreach source 

Source and background 
spectrargsspectrum extracts source and background spectra

rgsbkgmodel generates model background (optional)

Fluxing
rgsrmfgen creates a response matrix Response matrices and  

combined spectrum in 
physical unitsrgsfluxer combines a collection of RGS spectra into one  “fluxed” spectrum

Stage Task Purpose Output

Events

atthkgen generates attitude file

Source list + intermediate 
combined event list

attfilter filters the attitude file

hkgtigen generates housekeeping GTIs

rgsoffsetcalc uses the diagnostic mode data for offset calculation 

rgssources creates the list of sources to processed

rgsframes flags bad frames, convert RAW[XY] to readout node reference system 
([XY]CORR), creates GTI for telemetry drops, calculates dead time

rgsenergy performs energy calibrations, i.e. creates the PI column

rgsbadpix flags bad pixels (CCF known + own analysis)

rgsevents event reconstruction: total energy (ENERGY), “pattern” (GRADE/SHAPE), 
coordinates (CHIP[XY],BETA,XDSP)

evlistcomb event list concatenation

rgsproc:  what does it do?
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Angles rgsangles aspect correction (BETA_CORR, XDSP_CORR) Aspect correction

Filter rgsfilter creates filtered event list, removing unwanted frames and events and adding 
exposure maps Final event list

Spectra
rgsregions computes background and source extraction regions foreach source 

Source and background 
spectrargsspectrum extracts source and background spectra

rgsbkgmodel generates model background (optional)

Fluxing
rgsrmfgen creates a response matrix Response matrices and  

combined spectrum in 
physical unitsrgsfluxer combines a collection of RGS spectra into one  “fluxed” spectrum

Stage Task Purpose Output

Events

atthkgen generates attitude file

Source list + intermediate 
combined event list

attfilter filters the attitude file

hkgtigen generates housekeeping GTIs

rgsoffsetcalc uses the diagnostic mode data for offset calculation 

rgssources creates the list of sources to processed

rgsframes flags bad frames, convert RAW[XY] to readout node reference system 
([XY]CORR), creates GTI for telemetry drops, calculates dead time

rgsenergy performs energy calibrations, i.e. creates the PI column

rgsbadpix flags bad pixels (CCF known + own analysis)

rgsevents event reconstruction: total energy (ENERGY), “pattern” (GRADE/SHAPE), 
coordinates (CHIP[XY],BETA,XDSP)

evlistcomb event list concatenation

S
ou

rc
e 

in
de

pe
nd

en
t

rgsproc:  what does it do?
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Angles rgsangles aspect correction (BETA_CORR, XDSP_CORR) Aspect correction

Filter rgsfilter creates filtered event list, removing unwanted frames and events and adding 
exposure maps Final event list

Spectra
rgsregions computes background and source extraction regions foreach source 

Source and background 
spectrargsspectrum extracts source and background spectra

rgsbkgmodel generates model background (optional)

Fluxing
rgsrmfgen creates a response matrix Response matrices and  

combined spectrum in 
physical unitsrgsfluxer combines a collection of RGS spectra into one  “fluxed” spectrum

Stage Task Purpose Output

Events

atthkgen generates attitude file

Source list + intermediate 
combined event list

attfilter filters the attitude file

hkgtigen generates housekeeping GTIs

rgsoffsetcalc uses the diagnostic mode data for offset calculation 

rgssources creates the list of sources to processed

rgsframes flags bad frames, convert RAW[XY] to readout node reference system 
([XY]CORR), creates GTI for telemetry drops, calculates dead time

rgsenergy performs energy calibrations, i.e. creates the PI column

rgsbadpix flags bad pixels (CCF known + own analysis)

rgsevents event reconstruction: total energy (ENERGY), “pattern” (GRADE/SHAPE), 
coordinates (CHIP[XY],BETA,XDSP)

evlistcomb event list concatenation

Stage Task Purpose Output

Events

atthkgen generates attitude file

Source list + intermediate 
combined event list

attfilter filters the attitude file

hkgtigen generates housekeeping GTIs

rgsoffsetcalc uses the diagnostic mode data for offset calculation 

rgssources creates the list of sources to processed

rgsframes flags bad frames, convert RAW[XY] to readout node reference system ([XY]CORR), creates 
GTI for telemetry drops, calculates dead time

rgsenergy performs energy calibrations, i.e. creates the PI column

rgsbadpix flags bad pixels (CCF known + own analysis)

rgsevents event reconstruction: total energy (ENERGY), “pattern” (GRADE/SHAPE), coordinates 
(CHIP[XY],BETA,XDSP)

evlistcomb event list concatenation
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rgsproc:  what does it do?
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Angles rgsangles aspect correction (BETA_CORR, XDSP_CORR) Aspect correction

Filter rgsfilter creates filtered event list, removing unwanted frames and events and adding 
exposure maps Final event list

Spectra
rgsregions computes background and source extraction regions foreach source 

Source and background 
spectrargsspectrum extracts source and background spectra

rgsbkgmodel generates model background (optional)

Fluxing
rgsrmfgen creates a response matrix Response matrices and  

combined spectrum in 
physical unitsrgsfluxer combines a collection of RGS spectra into one  “fluxed” spectrum

Stage Task Purpose Output

Events

atthkgen generates attitude file

Source list + intermediate 
combined event list

attfilter filters the attitude file

hkgtigen generates housekeeping GTIs

rgsoffsetcalc uses the diagnostic mode data for offset calculation 

rgssources creates the list of sources to processed

rgsframes flags bad frames, convert RAW[XY] to readout node reference system 
([XY]CORR), creates GTI for telemetry drops, calculates dead time

rgsenergy performs energy calibrations, i.e. creates the PI column

rgsbadpix flags bad pixels (CCF known + own analysis)

rgsevents event reconstruction: total energy (ENERGY), “pattern” (GRADE/SHAPE), 
coordinates (CHIP[XY],BETA,XDSP)

evlistcomb event list concatenation

Stage Task Purpose Output

Events

atthkgen generates attitude file

Source list + intermediate 
combined event list

attfilter filters the attitude file

hkgtigen generates housekeeping GTIs

rgsoffsetcalc uses the diagnostic mode data for offset calculation 

rgssources creates the list of sources to processed

rgsframes flags bad frames, convert RAW[XY] to readout node reference system ([XY]CORR), creates 
GTI for telemetry drops, calculates dead time

rgsenergy performs energy calibrations, i.e. creates the PI column

rgsbadpix flags bad pixels (CCF known + own analysis)

rgsevents event reconstruction: total energy (ENERGY), “pattern” (GRADE/SHAPE), coordinates 
(CHIP[XY],BETA,XDSP)

evlistcomb event list concatenation
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Angles rgsangles aspect correction (M_LAMBDA, XDSP_CORR) Aspect correction

Filter rgsfilter creates filtered event list, removing unwanted frames and events and adding exposure 
maps Final event list

Spectra
rgsregions computes background and source extraction regions for each source 

Source and background 
spectrargsspectrum extracts source and background spectra

rgsbkgmodel generates model background (optional)

Fluxing
rgsrmfgen creates a response matrix Response matrices and  

combined spectrum in 
physical unitsrgsfluxer combines a collection of RGS spectra into one  “fluxed” spectrum

rgsproc:  what does it do?
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rgsproc does a lot

M_LAMBDA  
vs XDISP_CORR: 
Spatial Image
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rgsproc does a lot

M_LAMBDA  
vs PI:  
Order Image 

M_LAMBDA  
vs XDISP_CORR: 
Spatial Image
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For each RGS and exposure:

File Content rgsproc (default) PPS

P0123456701R1S004EVENLI0000.FIT Filtered Event List Y Y

P0123456701R1S004SRCLI_0000.FIT Source List
Y  

(coord from proposal)

Y  
(coord from EPIC src list)

P0123456701R1S004BGSPEC1001.FIT 
P0123456701R1S004BGSPEC2001.FIT

Background Spectra (1st and 2nd order) Y Y

P0123456701R1S004SRSPEC1001.FIT 
P0123456701R1S004SRSPEC2001.FIT

Source Spectra (1st and 2nd  order) Y Y

P0123456701R1S004SBSPEC1001.FIT 
P0123456701R1S004SBSPEC2001.FIT

Source+Bkg Spectra (1st and 2nd  order) Y Y

P0123456701R1S004RSPMAT1001.FIT 
P0123456701R1S004RSPMAT2001.FIT

Response Matrices (1st and 2nd order) Y only for 1st order

P0123456701R1S004R[SR,BG]TSR1001.FIT 
P0123456701R1S004R[SR,BG]TSR2001.FIT

Time Series (1st and 2nd order) Source and 
Background Y Y

P0123456701R1S004IMAGE_0000.FIT 
P0123456701R1S004IMAGE_0000.PNG

Dispersion-CrossDispersion Image N Y

P0123456701R1S004ORDIMG0000.FIT 
P0123456701R1S004ORDIMG0000.PNG

Dispersion-Energy Image N Y

P0123456701R1S004EXPMAP0000.FIT Exposure Map Y Y

P0123456701R1S004FBKTSR0000.FIT Flare Background Timeseries N Y

P0123456701R1S004SRSPEC0001.PDF Source Spectra   (PDF) N Y

For each observation:
File Content rgsproc (default) PPS

P0123456701OBX000fluxed1000.FIT 

P0123456701OBX000fluxed2000.FIT
Source Fluxed Spectra (1st  and 2nd order) Y Y

What do I get after processing?
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SAS needs for processing the ODF an Advanced Summary File (SUM.SAS), produced by 
odfingest, extending an original summary file with data extracted from HK + calibration files  

Getting started with SAS I: the ODF
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SAS needs for processing the ODF an Advanced Summary File (SUM.SAS), produced by 
odfingest, extending an original summary file with data extracted from HK + calibration files  

odfingest operates on the ODF directory $SAS_ODF           
#> setenv SAS_ODF <odf_dir>
#> export SAS_ODF <odf_dir>

Command:  > odfingest odfdir=$SAS_ODF    
    will produce a Summary file   <SUM> = RRRR_OOOOOOOOOO_SCX00000SUM.SAS    
    in the working directory 

Getting started with SAS I: the ODF
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SAS needs for processing the ODF an Advanced Summary File (SUM.SAS), produced by 
odfingest, extending an original summary file with data extracted from HK + calibration files  

odfingest operates on the ODF directory $SAS_ODF           
#> setenv SAS_ODF <odf_dir>
#> export SAS_ODF <odf_dir>

Command:  > odfingest odfdir=$SAS_ODF    
    will produce a Summary file   <SUM> = RRRR_OOOOOOOOOO_SCX00000SUM.SAS    
    in the working directory 
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SAS needs for processing the ODF an Advanced Summary File (SUM.SAS), produced by 
odfingest, extending an original summary file with data extracted from HK + calibration files  

odfingest operates on the ODF directory $SAS_ODF           
#> setenv SAS_ODF <odf_dir>
#> export SAS_ODF <odf_dir>

Command:  > odfingest odfdir=$SAS_ODF    
    will produce a Summary file   <SUM> = RRRR_OOOOOOOOOO_SCX00000SUM.SAS    
    in the working directory 
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SAS needs for processing the ODF an Advanced Summary File (SUM.SAS), produced by 
odfingest, extending an original summary file with data extracted from HK + calibration files  

odfingest operates on the ODF directory $SAS_ODF           
#> setenv SAS_ODF <odf_dir>
#> export SAS_ODF <odf_dir>

Command:  > odfingest odfdir=$SAS_ODF    
    will produce a Summary file   <SUM> = RRRR_OOOOOOOOOO_SCX00000SUM.SAS    
    in the working directory 
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SAS needs for processing the ODF an Advanced Summary File (SUM.SAS), produced by 
odfingest, extending an original summary file with data extracted from HK + calibration files  

odfingest operates on the ODF directory $SAS_ODF           
#> setenv SAS_ODF <odf_dir>
#> export SAS_ODF <odf_dir>

Command:  > odfingest odfdir=$SAS_ODF    
    will produce a Summary file   <SUM> = RRRR_OOOOOOOOOO_SCX00000SUM.SAS    
    in the working directory 

After the Summary file has been produced:

#> setenv SAS_ODF <SUM>
#> export SAS_ODF=<SUM>

Getting started with SAS I: the ODF
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Getting started with SAS II: the CCF
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                             XMM-Newton calibration data is contained in Current Calibration File (CCF) 

CCF = the collection of all the XMM-Newton calibration files ever made public  (= hundreds!)
Note: the calibration files are updated continuously  >>> NO CCF version number

Getting started with SAS II: the CCF
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                             XMM-Newton calibration data is contained in Current Calibration File (CCF) 

CCF = the collection of all the XMM-Newton calibration files ever made public  (= hundreds!)
Note: the calibration files are updated continuously  >>> NO CCF version number

Calibration Index File (CIF) necessary for data analysis, pointing to the relevant files, according to:

• observation date
• analysis date

cifbuild operates on the calibration directory $SAS_CCFPATH 
#> export SAS_CCFPATH=<ccf_dir>
#> setenv SAS_CCFPATH <ccf_dir>

Command:  > cifbuild    
   produces a FITS file ccf.cif with extension CALINDEX  >

Getting started with SAS II: the CCF
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                             XMM-Newton calibration data is contained in Current Calibration File (CCF) 

CCF = the collection of all the XMM-Newton calibration files ever made public  (= hundreds!)
Note: the calibration files are updated continuously  >>> NO CCF version number

Calibration Index File (CIF) necessary for data analysis, pointing to the relevant files, according to:

• observation date
• analysis date

cifbuild operates on the calibration directory $SAS_CCFPATH 
#> export SAS_CCFPATH=<ccf_dir>
#> setenv SAS_CCFPATH <ccf_dir>

Command:  > cifbuild    
   produces a FITS file ccf.cif with extension CALINDEX  >

Getting started with SAS II: the CCF
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                             XMM-Newton calibration data is contained in Current Calibration File (CCF) 

CCF = the collection of all the XMM-Newton calibration files ever made public  (= hundreds!)
Note: the calibration files are updated continuously  >>> NO CCF version number

Calibration Index File (CIF) necessary for data analysis, pointing to the relevant files, according to:

• observation date
• analysis date

cifbuild operates on the calibration directory $SAS_CCFPATH 
#> export SAS_CCFPATH=<ccf_dir>
#> setenv SAS_CCFPATH <ccf_dir>

Command:  > cifbuild    
   produces a FITS file ccf.cif with extension CALINDEX  >
After the Calibration Index file has been produced:
#> export SAS_CCF=absolute_path/ccf.cif  
#> setenv SAS_CCF  absolute_path/ccf.cif

 NOTICE: any file with extension CALINDEX is valid as SAS_CCF

Getting started with SAS II: the CCF
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A task to view the contents of the ODF and more … 
 
An ODF is constituted in the rule by hundreds of files. odfbrowser displays graphical summaries 
of an observation, allowing the user to select any number of exposures and launch the 
metatasks [em][ep][rgs]proc

odfbrowser
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A task to view the contents of the ODF and more … 
 
An ODF is constituted in the rule by hundreds of files. odfbrowser displays graphical summaries 
of an observation, allowing the user to select any number of exposures and launch the 
metatasks [em][ep][rgs]proc

odfbrowser
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cifbuild uses single CCF keywords:

•    VALDATE as start of calibration validity period
•    EVALDATE as end of validity period
•    DATE as analysis validity period

cifbuild
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cifbuild uses single CCF keywords:

•    VALDATE as start of calibration validity period
•    EVALDATE as end of validity period
•    DATE as analysis validity period

Rule: out of all the CCF 
calibration files take the highest 
issue with VALDATE lower AND 
EVALDATE higher than 
observation date AND  DATE 
lower than analysis date.

cifbuild



“SAS Introduction” - Aitor Ibarra - COSPAR CB WS “X-Ray vision of the Energetic Universe” - 7 February 2023, Potchefstroom, South Africa

• On the XMM-Newton calibration web pages:
– updated cif can be generated on-line
    and compared to the one you generate
– required (missing) CCF constituents can also be 

downloaded
– local CCF library can be mirrored from XMM web site via the 

rsync or mirror commands (see doc web pages)
– there is a “valid” CCF library (1.1 GB instead of > 6 GB)  

 (if you don’t have it yet you can get it from me...) 

• CCF release notes shall be consulted, at least periodically.
– Subscribing to the CCF mailing list is also useful, to get the 

RNs only when there is something new.

CIF / CCF on the web
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Summary of basic steps to start using SAS:
(csh / tcsh version)

source <SAS-DIR>/setsas.csh 

setenv   SAS_ODF  <ODF-DIR> 
setenv   SAS_CCFPATH  <Calibration Files-DIR>  
cifbuild   
setenv SAS_CCF ccf.cif 

odfingest 
set sumfile=`ls -1 *SUM.SAS` 
setenv   SAS_ODF  $sumfile 

>> ready to start working on the ODF data
   located in <ODF-DIR>

Getting started with SAS III: the basic steps
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Summary of basic steps to start using SAS:
(csh / tcsh version)

source <SAS-DIR>/setsas.csh 

setenv   SAS_ODF  <ODF-DIR> 
setenv   SAS_CCFPATH  <Calibration Files-DIR>  
cifbuild   
setenv SAS_CCF ccf.cif 

odfingest 
set sumfile=`ls -1 *SUM.SAS` 
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eventually, 
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Why reprocessing then (epproc, emproc, rgsproc, om?chain) ?

v old SAS/PPS used for that data  
v newer (probably more accurate) calibration than the one used by PPS
v special needs for using non-default parameters

Even if you reduce yourself the data it is important to get a look into the PPS data 
beforehand, in ALL cases they will give a good impression about the contents  

During 2019 general reprocessing (third time in 19 years)
>> XMM Science Archive repopulated with s/w and calibration as 2019 knowledge
    + source specific products: spectra and light curves 
    + 4XMM-DR9 - the largest X-ray sources catalogue   

PPS or “proc” products?     BOTH

Bulk reprocessing will take place in  …  
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• 939.270 detections (4XMM-DR12 catalogue) / 630.347 unique sources 
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• 72352 Slew Survey sources (XMMSL2)
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EPIC:  
 *MIEVLI* / *PIEVLI* files are the event list files in PPS 
 *[Imaging-Timing]*Evts.ds files are the corresponding ones in PROC  
 *IMAGE_8000*.FTZ are the FITS compressed whole camera images in PPS 
 The only EPIC products from e[m-p]proc are the event list files and Bad Pixel tables 

RGS: 
 *R1*EVENLI* / *R2*EVENLI* are the event list files in PPS and PROC 
 *R1*SRCLI* / *R2*SRCLI* are the source list files in PPS and PROC 
 *SRSPEC* are the source subtracted spectra in PPS and PROC 
 Response matrices are products in PROC (*Matrix*), as well as fluxed spectra (*fluxed*) 
 Intermediate RGS products are only kept in PROC (not in PPS), therefore RGS analysis 
  starting on intermediate point only possible with PROC products 

OM:  
 Whole analysis done by pipeline – Check source detections (using eg. implot, ds9, ftools) 
 If necessary, re-start analysis at intermediate steps (omdetect in om[i-f]thread.html)

PPS Index Summary can help a lot to recognize correspondence FileType <-> FileName

How to find files in the XMM-Newton data forest
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… before starting to analyse data of an XMM-Newton observation:  

1. Verify the quality of the pre-processed scientific products (PPS), 
produced by the automatic Pipeline processing  

2. Check the expected accuracy of the XMM-Newton calibrations, 
through: 

• Instrument calibration status reports 
• SAS Science Validation Reports 
• Current Calibration File (CCF) Release Notes  

3.  Compare your own set of calibration files with the latest available 
• Reduce the data again if a calibration file has changed, which may affect your 

scientific conclusions. Always stay on the safe side! 

4. Once you have installed SAS, your job is not finished ... 
• Check the SAS “watchout and evergreen” SAS pages, which contain known caveats 

or bugs 
• Subscribe to the calibration mailing list 
• Install an automatic mirror of the calibration files 
• Make use of the threads, would you like to learn something new 

What I need to do ...
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 neither SAS installation nor data download needs by single user
 automatic access to large H/W and S/W resources (ESAC Grid + VO tools) 
 full data access (processing close to XSA and central CCF repository)

Further Advantages:
- processing in semi-batch mode large amounts of data
- data combination
- complement for archive >> on-the-fly reprocessing
- size-able according to needs - scalability 

>> complemented with VM (based on same OS)
          + longer cycles / possibility of freezing for long periods
          + allowing for larger control of analysis, scripting + mixing with other tools (IDL, etc)

Disadvantage:
- no own scripting possible ... 
                  “only” SAS workflows

but       
... FTOOLS could be added
... other “certified” S/W

SAS as a web service: RISA
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