
Introduction to SAS in Datalabs & 
EPIC+RGS data extraction

Camille Diez (ESAC, Spain), ACME Swift/XMM Workshop, 9 Oct. 2025



2ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

My journey as an XMM user: From bash to Datalabs

+ installation of other dependencies



2ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

My journey as an XMM user: From bash to Datalabs

+ installation of other dependencies



2ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

My journey as an XMM user: From bash to Datalabs

+ installation of other dependencies



2ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

My journey as an XMM user: From bash to Datalabs

+ installation of other dependencies Installation successful !
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ESA Datalabs

‣ Run on a JupyterLab interface 
‣ Python to run SAS commands: PySAS 
‣ No additional installations needed 
‣ SAS 21.0 and 22.1.0 
‣ All your favourite Python packages for interactive X-ray data analysis  
(PyXspec, BXA, LCviz, JS9, jaxspec)



7ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

ESA Datalabs

‣ Run on a JupyterLab interface 
‣ Python to run SAS commands: PySAS 
‣ No additional installations needed 
‣ SAS 21.0 and 22.1.0 
‣ All your favourite Python packages for interactive X-ray data analysis  
(PyXspec, BXA, LCviz, JS9, jaxspec)

Pure Python library using JAX for X-ray spectral fitting (led at IRAP, still under development) 
see Dupourqué, Barret, Diez et al. (2024) + science case with XRISM in Diez et al. (2025)



7ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

ESA Datalabs

‣ Run on a JupyterLab interface 
‣ Python to run SAS commands: PySAS 
‣ No additional installations needed 
‣ SAS 21.0 and 22.1.0 
‣ All your favourite Python packages for interactive X-ray data analysis  
(PyXspec, BXA, LCviz, JS9, jaxspec)

Datalab instance

Data volumes

Pure Python library using JAX for X-ray spectral fitting (led at IRAP, still under development) 
see Dupourqué, Barret, Diez et al. (2024) + science case with XRISM in Diez et al. (2025)
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ESA Datalabs

‣  Interactive light curve 
plotting with LCviz

‣  Image visualisation directly in 
JupyterLab with JS9

Courtesy of: Esin Gülbahar



A few things to watch out for 
bright sources with EPIC/RGS
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EPIC-pn -MOS: timing mode

EPIC-pn

Full energy range 0.3-12 keV

Orbit Elliptic 

(e ~ 0.816585)

Launch Dec. 10th 1999

EPIC-pn Full Frame and  
Extended Full Frame mode EPIC-pn Large Window mode

EPIC-pn Timing modeEPIC-pn Small Window mode

Tres = 73.4 − 199.1 ms Tres = 47.7 ms

Tres = 5.7 ms Tres = 0.03 ms

EPIC-MOS1 & 2



13ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Timing mode

Frame 1



13ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Timing mode

Frame 1

Al
l r

ow
s c

ol
la

ps
ed

 d
ur

in
g 

re
ad

ou
t



13ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Timing mode

Frame 1

Al
l r

ow
s c

ol
la

ps
ed

 d
ur

in
g 

re
ad

ou
t

T1



13ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Timing mode

Frame 1

Al
l r

ow
s c

ol
la

ps
ed

 d
ur

in
g 

re
ad

ou
t

T1

Frame 2



13ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Timing mode

Frame 1

Al
l r

ow
s c

ol
la

ps
ed

 d
ur

in
g 

re
ad

ou
t

T1

Frame 2

T2

T1



13ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Timing mode

Frame 1

Al
l r

ow
s c

ol
la

ps
ed

 d
ur

in
g 

re
ad

ou
t

T1

Frame 2

T2

Frame 3

T3

T1

T1

T2



14ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Pile-up



14ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Pile-up

X-ray E1



14ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Pile-up

X-ray E1

X-ray E2



14ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Pile-up

Measured with   
if 

E1 + E2
Tarrival,2 − Tarrival,1 < Treadout

X-ray E1

X-ray E2



14ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Pile-up

Measured with   
if 

E1 + E2
Tarrival,2 − Tarrival,1 < Treadout

X-ray E1

X-ray E2

Over estimation of high-energy photons



14ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Pile-up

Measured with   
if 

E1 + E2
Tarrival,2 − Tarrival,1 < Treadout

X-ray E1

X-ray E2

?

Over estimation of high-energy photonsE1

E2



14ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

Pile-up

Measured with   
if 

E1 + E2
Tarrival,2 − Tarrival,1 < Treadout

X-ray E1

X-ray E2

?
Remove piled-up columns 
(see tutorial later)

Over estimation of high-energy photonsE1

E2







Let’s start the data extraction 
Example with Vela X-1



Let’s start the data extraction 
Example with Vela X-1

(All steps are explained in the Notebooks)



Vela X-1: analysis of the stellar wind variability
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El Mellah et al. (2018)
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‣ Highly disturbed wind + velocity perturbations 
‣ Affects accretion rate and X-ray emission

Complex structure Blondin
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Companion star
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El Mellah et al. (2018)

‣ Clumpy wind + ionisation and accretion wakes 
‣ Highly disturbed wind + velocity perturbations 
‣ Affects accretion rate and X-ray emission

Complex structure Blondin

NS

Companion star

See Diez et al. (2022, 2023, 2025) for previous analyses with NuSTAR, XMM-Newton and XRISM
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‣ Import Python libraries and other tools of interest 
‣ Define path for Current Calibration Files (CCFs)

‣ Choose the Observation Data File (ODF) you are interested in 
‣ Generate a Calibration Index File for such ODF 
‣ Create the Observation Summary File for such ODF

I. SAS Start-up

A. Set-up

B. Running startsas
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‣ epproc 
‣ If you don’t want to use the default calibration, 
you can change the arguments of epproc 
‣ Generate an image

II. Reprocess ODFs to Generate Calibrated and Concatenated EPIC Event Lists
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‣ Extract lightcurve for all events 
‣ Extract lightcurve at high energies for single events 
‣ Compare lightcurves and see if flaring particle background is observed 
(i.e. higher than a user-defined threshold) 
‣ For this observation, Vela X-1 is so bright that the overall countrate 
strongly dominates any possible flaring particle background

III. Check the EPIC Event List for Flaring Particle Background
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IV. Barycentric correction

‣ barycen to convert from the local satellite frame to Barycentric Dynamical Time (TDB) 
‣ Important for timing analyses
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≠ 1



21ACME Swift/XMM Workshop             |              Camille Diez              |              9 Oct. 2025              |              Introduction to SAS in Datalabs + EPIC/RGS data extraction

V. More complex analysis for bright sources
A. Pile-up correction

‣ Extract source region (background region not 
needed for such bright sources)
‣ Checks with epatplot

‣ If observed to model fractions , excise 
centremost columns of the PSF

≠ 1

‣ Find the right balance between S/N and piled-up 
pixels removal
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V. More complex analysis for bright sources
B. Correct for energy scale effects

‣ evselect,arfgen and rmfgen to extract a 
spectrum with corresponding ARF/RMF
‣ Fit a simple model
‣ Check residuals at instrumental edges at 1.8 keV 
(Si K), 2.2 keV (Au M) and 11.9 keV (AuL) 
‣ If energy shift, add a gain with your favourite data 
analysis software
‣ evenergyshift to shift all events by the energy 
offsets you found
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VI. Extract time-averaged lightcurve

‣ evselect on the final cleaned event file 
with chosen filters to extract the lightcurve
‣ epiclccorr for futher corrections 
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VII. Extract time-averaged spectrum

‣ evselect on the final cleaned event file with chosen 
filters to extract the spectrum
‣ arfgen and rmfgen for ARF and RMF extraction 
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VII. Extract time-averaged spectrum

‣ evselect on the final cleaned event file with chosen 
filters to extract the spectrum
‣ arfgen and rmfgen for ARF and RMF extraction 
‣ Use your favourite data analysis software for plotting 
spectrum and perform spectral analysis
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VIII. Use GTIs

‣ Create GTI fits files (e.g. with tabgtigen)
‣ Add GTI files/keywords in evselect, arfgen 
and rmfgen 
‣ Same procedure as time-averaged spectrum 
extraction
‣ You can do a loop and extract several gti spectra 
all at once
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Conclusion

‣ Work with sources taken with EPIC-pn in timing mode 
‣ How to remove piled-up pixels (can be applied to imaging mode) 
‣ Extract lightcurves and spectra 
‣ Use Datalabs with a known case study 
‣ Do all your science from data extraction to spectral analysis with Python

With this example, you learned how to: 
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Conclusion

‣ Work with sources taken with EPIC-pn in timing mode 
‣ How to remove piled-up pixels (can be applied to imaging mode) 
‣ Extract lightcurves and spectra 
‣ Use Datalabs with a known case study 
‣ Do all your science from data extraction to spectral analysis with Python

With this example, you learned how to: 

Special thanks to Esin Gülbahar for her Jupyter Notebook adaptation of my bash scripts which was crucial for writing this 
Notebook and to Simon Dupourqué for his help with Python, statistical methods for X-ray spectral fitting and jaxspec 


