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EPIC RELATED THREADS

pn_check pileup.sh
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Event lis
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, xmm_initsh , Save = = m| X

Open v [+]

#!/bin/sh

#to run it: script -c "sh xmm_1init.sh" output. log
#ID="1192" Open ~ [+
#ID="3553"'
#ID="1183"'
#ID="0165"
#ID="0674"'
#ID="4569"'

#!/bin/sh

#run with: script

-c "sh pn _create lc.sh" pn create lc_DDMMYYYY. log

Open v [+1 Save = = O X

pn_proc.sh.

#!/bin/sh
#bash to run

t calib do you want? nodefaultcal epfast or empty, keep
node"

= — O X

t date are we today? (DDMMYYYY)"

cowsay -e \?? "What is the ID of the observation? (1183 for obs

#0BSID="0400550261" 0;0?330201, 3553 for obs 0841890201, 0165 for obs 0111030101, 4569 for -
#0BSID='0841890201" #Vela X1 2019 obsid 09537965601) E-
#0BSID='0406430201' #Vela X-1 Silvia's paper 1D -
#OBSID='0111030101" #Vela X-1 Brinkman 2000 . . . . - :

_ - : 7 cowsay -e \?? "What is the OBSID of the observation? (0406430201, 1" /ccf.cif
HOBSID="0152780201" #4U1538-52 - 1°/°1ls -1 *SUM.SAS"
P e o ittt e 08418322?;, 0111030101, ©953790501)? .

#OBSID="09537905 Open ~ [ ppfﬁhgﬁk_gﬂgqpfh
R - cowsay -e \?? "What time res folder are we ii

-e \?? "W
cowsay "€ \ pulsebypulse, ...)2?"

0BSID _ _
#run with: script -c "bash pn_check_pileup.sh timeres_ folder
$OBSID pn_check_pileup_DDMMYYYY. log
SAS_ODF=" cowsay -e \?? "What calib do you want? (_nods
cifbuild cowsay -e \?? "What is the OBSID of the observ _energy _shifted empty)?”
SAS_CCF=" OBSID ~31ih
$5AS_CCF \2?2 " ; Open ~ [+ pp*ﬂggnsytfh, Save = i
odfingest cowsay -e \?? "What is the ./Desktop/xmm_files
SAS_ODF=" 1D #!/bin/bash
$SAS_ODF

cowsay -e \?? "What calib «
empty for imaging mode"
calib

#run with: script -c "bash pn _filter _evt.sh" pn filter_evt DDMMY'

cowsay -e \?? "What calib do you want? (_nodefaultcal epfast or e
calib
#ID="1183"'
#ID= 3553 cowsay -e \?? "What mode is it? (timing, imaging)?"
#ID="0165" mode
#ID="4569"'
, i , cowsay -e \?? "What tbinsize do you want? (526.849 for 4U1538-52,
#OBSID="0406430201 for Vela X-1)2"
#O0BSID="'0841890201" tbinsize
#0BSID='0111030101"'
#O0BSID="'0953790501"' . /PROC/

SAS_CCF="pwd" /ccf.cif
SAS_ODF="pwd"/ ls -1 *SUM.SAS’
. /PNScalib/

SAS_CCF=/home/camil’
SAS_ODF=/home/camil’
S$ID\ 0841890201 SCX00000SUI

evselect table=PN_evt.fits withrateset=Y rateset=PN_bkg nrjthresh

EOMSRY S "Did you app  paketimecolumn=Y timebinsize=100 makeratecolumn=Y expression='#XM
events file? (PI>10000&&PI<12000) && (PATTERN==0)'
evshift dsplot table=PN_bkg nrjthreshold.fits x=TIME y=RATE.ERROR
cowsay -e \?? "Do you need to choose a threshold for the backgrou....
yn in "Yes" "No"
S
Yes ) cowsay -g "Value of the threshold:"

pn_create_spec.sh

. ; = — [m} X
~/Desktop/xmm_Files Save

Open v [+
#!/bin/sh
#run with: script -c "sh pn create spec.sh"” pn create spec DDMMYYYY. log

cowsay -e \?? "What is the ID of the observation? (1183 for obs
0406430201, 3553 for obs 0841890201, 0165 for obs 0111030101, 4569 for
obsid ©953790501)"

ID
cowsay -e \?? "What is the OBSID of the observation? (0406430201, 5
0841890201, 01116030101, 0953790501)?"
0OBSID
INS
cowsay -e \?? "What time res folder are we in? (average, orbitbyorbit,

pulsebypulée, me
timeres_folder|

cowsay -e \?? "What calib do you want? (_nodefaultcal epfast or
_energy _shifted empty)?”
calib

SAS_CCF=/home/camille/Data/Vela X-1/XMM/$SOBSID/PROC/ccf.cif
SAS_ODF=/home/camille/Data/Vela X-1/XMM/$OBSID/PROC/
SID\ SOBSID\ SCX000OOSUM.SAS
"Scalib" = " nodefaultcal epfast” "Scalib" = ""

PN_clean_events=/home/camille/Data/Vela X-1/XMM/SOBSID/PROC
PNScalib/PN_clean_evt.fits

sh v Tab width: 8 v Ln 12, Col 20 v INS

Ip.sh
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Open v [+]

#!/bin/sh

#to run it: script -c "sh xmm_1init.sh" output. log

#ID="1192"'
#ID="3553"'
#ID="1183"'
#ID="0165"
#ID="0674"'
#ID="4569"'

#OBSID="09537905
cowsay -e \?? "W
OBSID

SOBSID
SAS_ODF="
cifbuild
SAS_CCF="
$SAS_CCF
odfingest
SAS_ODF="
$SAS_ODF

#0BSID="'0400550201"'
#0BSID="'08418960201"'
#0BSID="'0406430201"'
#0BSID="'01116030101"
#O0BSID="'01527860201"'
#0BSID="'09518101601"'

Open v [+]

#Vela X1 2019

#Vela X-1 Silvia's paper
#Vela X-1 Brinkman 2000
#4U1538-52

My A4dll18R-.82

#run with: script -c "bash pn check pileup.sh’

pn_check pileup DDMMYYYY. log

cowsay -e

OBSID
cowsay -e \?? "What is the
ID

cowsay -e \?? "What calib «
empty for imaging mode"
calib

#ID="1183"
#ID="3553"
#ID="0165"
#ID="4569"'

#OBSID="'0406430201"'
#0OBSID="'0841890201"'
#0BSID='©0111030101"'
#0OBSID="'0953790501"'

SAS_CCF=/home/camil’
SAS_ODF=/home/camil’
S$ID\ 0841890201 SCX00000SUI

cowsay -e \?? "Did you app’
events file?"
evshift

\?? "What is the OBSID of the observ

Save = _ 0 X
e
Open v m pn_create_lc._s.h

#!/bin/sh

#run with: script -c "sh pn create lc.sh" pn create lc_DDMMYYYY. log

cowsay -e€

Open v [+ _ Em_procsh Save = -

#!/bin/sh
#bash to run

Save o — O X
node"

t date are we today? (DDMMYYYY)"

\?? "What is the ID of the observation? (1183 for obs

0406430201, 3553 for obs 0841890201, 0165 for obs 0111030101, 4569 for

cows N . " B B, O ] ¢

Open v [+1

#! /bin/bash

#run with: script -c "ba:

cousay << 172 wnat oo STODAY...) FEELLIKE % -
cowsay -e \?? "What mode QUITTING
mode 2
cowsay -e \?? "What tbinsize do you want? (526.849 for 4U1538-52,
for Vela X-1)?2"
tbinsize
. /PROC/

SAS_CCF="pwd" /ccf.cif
SAS_ODF="pwd"/ ls -1 *SUM.SAS’
. /PNScalib/

evselect table=PN_evt.fits withrateset=Y rateset=PN_bkg nrjthresh
maketimecolumn=Y timebinsize=100 makeratecolumn=Y expression="'#XM
(PI>10000&&PI<12000) && (PATTERN==0)'

dsplot table=PN_bkg nrjthreshold.fits x=TIME y=RATE.ERROR

cowsay -e \?? "Do you need to choose a threshold for the backgrou....
yn in "Yes" "No"
S
Yes ) cowsay -g "Value of the threshold:"

obsid ©953790501)" )¢/
ID o/

cowsay -e \?? "What is the OBSID of the observation? (0406430201, 1" /ccf.cif

0841890201, 0111030101, 0953790501)?" 1°/°1ls -1 *SUM.SAS"
0OBSID

pn_check_pileup.sh :
./Deskton/xmm Files pn_create_spec.sh —
D - COWS ir Open [+l ~/Desktop/xmm_Files Save - - E =
puls #1 /bin/sh

#run with: script -c "sh pn create spec.sh" pn create spec DDMMYYYY.log

cowsay -e \?? "What is the ID of the observation? (1183 for obs
0406430201, 3553 for obs 0841890201, 0165 for obs 0111030101, 4569 for
obsid ©953790501)"

ID
cowsay -e \?? "What is the OBSID of the observation? (0406430201,
0841890201, 0111030101, 0953790501)?"

OBSID
cowsay -e \?? "What time res folder are we in? (average, orbitbyorbit,
pulsebypulse, ...)2?"

timeres_folder|

cowsay -e \?? "What calib do you want? (_nodefaultcal epfast or
_energy _shifted empty)?”
calib

SAS_CCF=/home/camille/Data/Vela X-1/XMM/$SOBSID/PROC/ccf.cif
SAS_ODF=/home/camille/Data/Vela X-1/XMM/$OBSID/PROC/
SID\ SOBSID\ SCX0000OSUM.SAS
"Scalib" = " nodefaultcal epfast” "Scalib" = ""

PN_clean_events=/home/camille/Data/Vela X-1/XMM/$SOBSID/PROC
PNScalib/PN_clean_evt.fits

sh v Tab width: 8 v

Ln 12, Col 20 e INS

t calib do you want? nodefaultcal epfast or empty, keep

INS

Ip.sh
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My journey as an XMM user: From bash to Datalabs

m = n 2 SCIENCE MISSIONS 2 THE EUROPEAN SPACE AGENCY = SCIENCE & TECHNOLOGY

EPIC RELATED THREADS

All in one go: from raw data (ODF) to science products
in for po

Step-by-Step

distribution

open v | (@ pn_proc.sh = 1= I

‘mm 0-a8f2 , 304 public #1/btn/sh

_ o x tcalib do you want? _nodefaultcal _epfast or empty, keep
node”

nm ) 250128 public

bli A t date are we today? (DDMMYYYY)"
xXmm public
l ! Ll (1183 for obs

0111630101, 4569 for

x/
&

- . . P
.0 xmmsas_20 1 0S public
timing bnz (0466430201, 4 /ccf.cif
.

CoTTeneoeT eTTTe : 1°/°1s -1 *SUM.SAS®
0BSID
: - - i pn_create_spec.sh R E e o @
t C cowsay -e \?? "What time res folder are we i1 p/xmm._file
i pulsebypulse, ...)?" #1/bn/sh
eck_ptleup. sh tineres_folder
r ] cowsay -e \?? "What calib do you want? (_nodc . ' . P B -
; - pBSID of the observ _energy_shifted empty)?” ?

cowsay -e What is the ID of the observation? (1183 for obs
0406430201, 3553 for obs 0841896201, 0165 for obs 0111030101, 4569 for

Open ~ pn_filter_evt.sh save = - obsid 8953790501)"
™
#1/bin/bash
cowsay -e \?? "What is the OBSID of the observation? (8466430201, $
# t P bash p; er_evt.sh” p er_evt_oD 0841890201, 0111036161, 0953790501)2"
50
cowsay -e \?? "What calib do you want? (_nodefaultcal epfast or e INs
calib cowsay -e |72 "What time res folder are we in? (average, orbitbyorbit,
pulsebypulse, ...)?
cowsay -e \?? "What mode is it? (timing, imaging)?" tineres_folder|
mode
cowsay -e \?? "What calib do you want? (_nodefaultcal_epfast or
cowsay -e \?7 "What tbinsize do you want? (526.849 for 4U1538-52,  _energy shifted empty)?"
for vela X-1)?"
thinsize
SAS_CCF=/hone/canille/Data/Vela_X-1/XMH/$OBSID/PROC/ccF.cif
/PROC/ SAS_ODF=/hone/cani1le/Data/Vela_X-1/XHH/$0BSID/PROC/
. SAS_CCF="pwd" /ccf.cif SID\_$OBSID\ SCX00808SUM.SAS
SAS_CCF=/hone/canil SAS_ODF="pwd"/ s -1 *SUM.SAS®
SAS_ODF=/home /canil ./PN$calib/ "$calib" = "_nodefaultcal_epfast” "$calib” = "

$ID\_0841896201_SCX60800SU!

) evselect table=PN_evt.fits withrateset=Y rateset=PN_bkg_nrjthresh PN_clean_events=/home/canille/Data/Vela_X-1/XHH/$0BSID/PROC
cowsay -e Dld you 3PP’ maketinecolun: imebinsize=100 makeratecolumn=Y expression='#XH  PNScalib/PN_clean_evt.fits
events file?" 5y
Seshlet dsplot table=PN_bkg_nrjthreshold.fits x=TIME y=RATE.ERROR

sh~  Tabwidth:8 v Ln12,col20 v

NS
cowsay -e |72 "Do you need to choose a threshold for the backgrou...
yn in "Yes" "No"
n

Y
Yes ) cowsay -g "Value of the threshold:"

ACME Swift/XMM Workshop Camille Diez 9 Cren 2025 Introduction to SAS in Datalabs + EPIC/RGS data extraction



My journey as an XMM user: From bash to Datalabs

Gosa XMM-SAS22.1.0

' () Delete

VelaX1.ipynb ®
B + X0 [ » m C »w Makdown~ . © % Python 3 (ipykernel) O

|. SAS Start-up

A. Set-up

—

ESA DATALABS B. Running startsas

+ 6 cells hidden

4+ 13 cells hidden

ll. Reprocess ODFs to Generate Calibrated and Concatenated
EPIC Event Lists

4+ 10 cells hidden

lll. Check the EPIC Event List for Flaring Particle Background

+ 16 cells hidden

V. Barycentric correction

+ 5 cells hidden

V. More complex analysis for bright sources
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ESA Datalabs

> Run on a JupyterlLab interface

> Python to run SAS commands: PySAS

» No additional installations needed
» SAS 21.0 and 22.1

» All your favourite

.0

Python packages for interactive X-ray data analysis
(PyXspec, BXA, LCviz, JS9, jaxspec)
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ESA Datalabs

> Run on a JupyterlLab interface

> Python to run SAS commands: PySAS

> No additional installations needed

> SAS 21.0 and 22.1.0

» All your tavourite 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)
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ESA Datalabs

> Run on a JupyterlLab interface

> Python to run SAS commands: PySAS

> No additional installations needed

> SAS 21.0 and 22.1.0

» All your tavourite 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)

% XMM-Newton CCFs
= pub
nfs i

> nfs://serverl.volumes.datalabs.esa.in..

. - Data volumes
I () Delete |

XMM-Newton SAS Threads

) sas_threads

Gosa XMM-5AS22.1.0

<> nfs://serverl.volumes.datalabs.esa.in..

nfs

Datalab instance E
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ESA Datalabs

—— + THE EUROPEAN SPACE AGENCY

ESA Datalabs

ESA Datalabs is available as “Public Moderated Beta”
If you wish to apply for access, please submit your request here.

P—

MY EN

- #) |  T0 BE MORE EFFICIENT TO MOVE THE

A\~ / QUESTIONS THAN TO MOVE THE DATA.»
\Z/

Jim Gray, eScience: A Transformed Scientific Method

-\ «YOU CAN EITHER MOVE YOUR QUESTIONS
j OR THE DATA. [..] OFTEN IT TURNS OUT
.

-

BRING YOUR QUESTIONS TO THE DATA

Courtesy of: Esin Gulbahar (former ESA YGT, now PhD in Bamberg, Germany)
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ESA Datalabs

—— + THE EUROPEAN SPACE AGENCY

ESA Datalabs

ESA Datalabs is available as “Public Moderated Beta”
If you wish to apply for access, please submit your request here.

P—

MY EN

- #) |  T0 BE MORE EFFICIENT TO MOVE THE

A\~ / QUESTIONS THAN TO MOVE THE DATA.»
\Z/

Jim Gray, eScience: A Transformed Scientific Method

-\ «YOU CAN EITHER MOVE YOUR QUESTIONS
j OR THE DATA. [..] OFTEN IT TURNS OUT
.

-

BRING YOUR QUESTIONS TO THE DATA

Courtesy of: Esin Gulbahar (former ESA YGT, now PhD in Bamberg, Germany)

ACME Swift/XMM Workshop Camille Diez 9 Cleir 20725 | Introduction to SAS in Datalabs + EPIC/RGS data extraction 8



ESA Datalabs

XMM-Newton SAS Thread
ewton Sl Currently mountable

£ sas_threads as Data Volume,
¢> nfs://serverl.volumes.datalabs.esa.in.. working on automatic

mount.

Converting the public

. _ . o . threads to Python
How to Extract a Light Curve and Spectrum for an EPIC Point-Like Source.ipynb format, accessible for

How to Filter EPIC Event Lists for Flaring Particle Background.ipynb Datalabs environment

How to Reprocess ODFS to Generate Calibrated and Concatenated EPIC Event Lists.ipynb
How_to_Reduce_RGS_Data_and_Extract_Spectra_and_Lightcurves_of_Point-Like_Sources.ipynb
ReadMe.txt

SAS start-up thread in Python.ipynb

Functions for
interactive and

@ isOhelper.py

e~ plot_events.py

easy
visualisation

@ plotLC.py

@ plotRGS.py

Courtesy of: Esin Gulbahar

ACME Swift/XMM Workshop Camille Diez 9 Cleir 20725 Introduction to SAS in Datalabs + EPIC/RGS data extraction 9



ESA Datalabs

> Interactive light curve > Image visualisation directly in
plotting with LCviz JupyterLab with JS9

> Markdown v _ @ git

File Edt View Zoom Scale Color Regions WCS Analysis Help

OO ~Omx® L0 D[

)V z 11 20009470 28.31.33

FK5 44920 500 39960.500 (physical)

@ jsOhelper.py

Notebook

A

Python 3
(ipykernel)

plotLC.py

heat 100% log (-5.61,6051.58) FK5

Courtesy of: Esin Gulbahar
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A tew things to watch out for
pright sources with EPIC/RGS



EPIC-pn -MOS: timing mode

EPIC-pn

EPIC-MOS1 & 2

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

WG, A LA

Ty 5734 - 199.1 ms

P|C-pn Small Window moc

T ..=5.7ms

Ics

P|C-pn Large Window mode

T. =47.7ms

IcS

EPIC-pn Timing mode

T..=0.03ms

IcS

ACME Swift/XMM Workshop

Camille Diez
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Timing mode

Frame 1
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Timing mode

All rows collapsed during readout

Frame 1
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Timing mode

All rows collapsed during readout

Frame 1
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Timing mode

All rows collapsed during readout

Frame 1 Frame 2
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Timing mode

All rows collapsed during readout

Frame 1 Frame 2
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Timing mode

All rows collapsed during readout

Frame 1 Frame 2 Frame 3

Tl T2 T3
Tl T2
Tl

ACME Swift/XMM Workshop Camille Diez 9 Clel 20725 Introduction to SAS in Datalabs + EPIC/RGS data extraction



Pile-up
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Pile-up

X-ray E;
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Pile-up

X-ray E;

X-ray E,
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Pile-up

X-ray E;

X-ray E,

Measured with £, + E,

it T T

arrival,2 — *arrival,

1<Tr

eadout
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Pile-up

X-ray E;

X-ray E,

Measured with £, + E,
it T T

arrival,2 = *arrival,1 < Treadout

FF Model

 RAWY = 190.7

0.5-2.0 keV cbserved—to—model fractions:
s: 0.938 +/— 0.008 B P
d: 1.177 +/— 0.014

Pl Channel [eV]

Over estimation of high-energy photons
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Pile-up

X-ray E;

N

X-ray E,

FF Model

~ RAWY = 190.7

0.5-2.0 keV cbserved—to—model fractions:
s: 0.938 +/— 0.008 B P
d: 1.177 +/— 0.014

5 Pl Channel [eV]
/ 1 Over estimation of high-energy photons
7
Measured with £, + E, E,
it Tarrival,2 - Tarrival,l < Treadout
ACME Swift/XMM Workshop Camille Diez 9 Cren 2025 Introduction to SAS in Datalabs + EPIC/RGS data extraction 14



Pile-up

X-ray E;

N

X-ray E,

FF Model

~ RAWY = 190.7

0.5-2.0 keV cbserved—to—model fractions: . | |
s: 0.938 +/— 0.008 B P
d: 1.177 +/— 0.014

5 Pl Channel [eV]
/ 1 Over estimation of high-energy photons
?
\ Remove piled-up columns
Measured with £, + E, E, e p P
- T - (see tutorial later)
IT Larrival,2 — Larrival 1 < readout
ACME Swift/XMM Workshop Camille Diez 9 Cren 2025 Introduction to SAS in Datalabs + EPIC/RGS data extraction 14









| et's start the data extraction
Example with Vela X-1



| et'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

P—
Blondin

Complex structure

» Clumpy wind + ionisation and accretion wakes
> Highly disturbed wind + velocity perturbations

» Affects accretion rate and X-ray emission

Companion star

. 2
El Mellah et al. (2018)
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Vela X-1: analysis of the stellar wind variability

P—
Blondin

Complex structure

» Clumpy wind + ionisation and accretion wakes
> Highly disturbed wind + velocity perturbations

» Affects accretion rate and X-ray emission

Companion star

. 2
El Mellah et al. (2018)
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Vela X-1: analysis of the stellar wind variability

P—
Blondin

Complex structure

» Clumpy wind + ionisation and accretion wakes
> Highly disturbed wind + velocity perturbations

» Affects accretion rate and X-ray emission

Companion star

El Mellah et al. (2018)

See Diez et al. (2022, 2023, 2025) for previous analyses with NuSTAR, XMM-Newton and XRISM

ACME Swift/XMM Workshop Camille Diez 9 Clel 20725 Introduction to SAS in Datalabs + EPIC/RGS data extraction
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. SAS Start-up

A. Set-up

B. Running s

fel b

o elS

> 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 tor such ODF

ACME Swift/XMM Workshop

Camille Diez

9 Oct. 2025 Introduction to SAS in Datalabs + EPIC/RGS data extraction
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I. Reprocess ODFs to Generate Calibrated and Concatenated EPIC Event Lists

FITS Image

> eppProc

> |t you don't want to use the detault calibration,

you can change the arguments of epproc

» Generate an image
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Il. Check the EPIC Event List for Flaring Particle Background

» Extract lightcurve for all events

» Extract lightcurve at high energies for single events

» Compare lightcurves and see it 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

Lightcurve

10 ~— Threshold (cts/sec)

- Lightcurve of checking for flaring particle BKG
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V. Barycentric correction

» barycen to convert from the local satellite frame to Barycentric Dynamical Time (TDB)

> Important for timing analyses

V. Barycentric correction

The barycen task is designed to convert times from the local satellite frame to Barycentric Dynamical Time (TDB) using a specified table in a dataset containing times in XMM-
Newton MET (Mission Elapsed Time) format. The task checks if barycentric conversion has been performed, exits if true, and proceeds to correct time tags in the specified
column. Additionally, it converts interval start and stop times to TDB if a Good Time Interval extension exists and corrects time tags in EXPOSU tables if the relevant parameter is
enabled. The task updates TIMEREF, TSTART, TSTOP, and TELAPSE attributes where necessary.

nobarycen_clean_evt_file = proc_dir+'/PN_clean_evt_nobarycen.fit'

# Use the 'copy' function from the 'shutil' module to copy the file 'PN_clean_evt.f1its'
# to a new file named 'PN_clean_evt_nobarycen_cor.fits'.
shutil.copy(out_cleanEVFile, nobarycen_clean_evt_file)

# SAS Command
cmd = "barycen" # SAS task to be executed

# Arguments of SAS Command
inargs = [f'table={out_cleanEVFile}:EVENTS"']

print(" SAS command to be executed: "+cmd+'", with arguments; \n")
inargs

w(cmd, inargs).run()

ACME Swift/XMM Workshop Camille Diez 9 Cleir 20725 Introduction to SAS in Datalabs + EPIC/RGS data extraction
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V. More complex analysis for bright sources
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V. More complex analysis for bright sources

FITS Image
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V. More complex analysis for bright sources

FITS Image

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

Source Image

A. Pile-up correction

» Extract source region (background region not

needed for such bright sources)
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V. More complex analysis for bright sources

, , Source Image
A. Pile-up correction

» Extract source region (background region not
needed for such bright sources)

» Checks with epatplot

T! Model

RAWY = 190.0 SRCY = 190.39

RAWX = 339 SRCX = 37.46

0.5-2.0 keV observed-to-model fractions:
- s: 0.962 +/- 0.001

d: 1.334 +/- 0.004

—;..____________._—____...-—_-—wf’_

B
Pl Channel [eV]

ACME Swift/XMM Workshop | Camille Diez | 9 Oct. 2025 Introduction to SAS in Datalabs + EPIC/RGS data extraction
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V. More complex analysis for bright sources

Source Image corrected for pile-up

A. Pile-up correction 0

175

» Extract source region (background region not
needed for such bright sources) 150

» Checks with epatplot 125

» If observed to model fractions # 1, excise

centremost columns of the PSF = 100

75

o0
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V. More complex analysis for bright sources

Source Image corrected for pile-up

A. Pile-up correction 0

175

» Extract source region (background region not
needed for such bright sources) 150

» Checks with epatplot 125

» If observed to model fractions # 1, excise

centremost columns of the PSF = 100

> Find the right balance between S/N and piled-up 75

pixels removal
50
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V. More complex analysis for bright sources
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V. More complex analysis for bright sources

B. Correct for energy scale effects
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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
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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

[y
(=)
(=}

> Fit a simple model

Counts s~ ! keV!

[y
<

- N
= =}

=)

Residuals
(0-Norm.)

[y
(=)

3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.0

Energy (keV)

ACME Swift/XMM Workshop Camille Diez 9 Cren 2025 Introduction to SAS in Datalabs + EPIC/RGS data extraction 22



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)

11.80 12.00
Energy (keV)
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V. More complex analysis for bright sources

B. Correct for energy scale effects

» evselect, arfgen and rmfgen to extract a T
* .

spectrum with corresponding ARF/RMF ity ||
|

|
» Check residuals at instrumental edges at 1.8 keV | . HI | H| \ |
(Si K), 2.2 keV (Au M) and 11.9 keV (AulL) \ HHM H |
> |If energy shift, add a gain with your favourite data | |
3 0t bttt bl

t A W H Y

> Fit a simple model

analysis software
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V. More complex analysis for bright sources

B. Correct for energy scale effects

+

T PTR

» evselect, arfgen and rmfgen to extract a {

spectrum with corresponding ARF/RMF i 1 i

> Fit a simple model

t—I‘
%4
-
|w3
7))
e
=
=
(]
& 2

» 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 P OREa T 0. D0I0RE kel
analysis software

» evenergyshift to shift all events by the energy

Residuals
(0-Norm.)

offsets you found

Bl N e

80 12.
Energy (keV)
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VI. Extract time-averaged lightcurve
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VI. Extract time-averaged lightcurve

# Define a SAS filter expression to derive the lightcurve
» evselect on the final cleaned event file |
pn_pattern 4 # pattern selection
pn_pl_min 500. # Low energy range eV
pn_pl_max 10000. # High energy range eV
pn_time_binsize = 283.44 # time binsize

with chosen filters to extract the lightcurve

in_ LCSRCFile = lc_dir+f'/PN_raw_srclc_bin{round(pn_time_binsize) }sec.fit"
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VI. Extract time-averaged lightcurve

# Define a SAS filter expression to derive the lightcurve

» evselect on the final cleaned event file

pn_pattern 4 # pattern selection
. z . pn_pi_min 500. # Low energy range eV
with chosen filters to extract the lightcurve e Y i e

pn_time_binsize = 283.44 # time binsize

» epiclccorr for futher corrections

in_ LCSRCFile = lc_dir+f'/PN_raw_srclc_bin{round(pn_time_binsize) }sec.fit"
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VII. Extract time-averaged spectrum
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VII. Extract time-averaged spectrum

» evselect on the final cleaned event file with chosen

filters to extract the spectrum

¥ SAS Command
cmd = "evselect" # SAS task to be executed

# Arguments of SAS Command
expression = f'(FLAG==0) && (PATTERN<=4) && (RAWX in [{rawXlsrc}:{rawX3src}] || RAWX in [{rawXd4src}:{rawX2src}l)' # event filter expression
inargs = [f'table={final_clean_evfile}', 'withspectrumset=yes', f'spectrumset={spectrumset}’,

‘energycolumn=PI', 'spectralbinsize=5', 'withspecranges=yes', 'specchannelmin=0', 'specchannelmax=20479',f'expression={expression}"']
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VII. Extract time-averaged spectrum

RMF Matrix

» evselect on the final cleaned event file with chosen

filters to extract the spectrum
» arfgen and rmfgen for ARF and RMF extraction

~
o

e max channel [keV]

ke
o

N
(&)

2 4 6 8 10
e max unfolded [keV]

Effective Area

area [cm”™2]

10°
e _min unfolded [keV]

redistribution
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VII. Extract time-averaged spectrum

RMF Matrix

» evselect on the final cleaned event file with chosen

filters to extract the spectrum
» arfgen and rmfgen for ARF and RMF extraction

e max channel [keV]
redistribution

~
o

» Use your tavourite data analysis software for plotting

ke
o

spectrum and perform spectral analysis

N
(&)

2 4 6 8 10
e max_unfolded [keV]

Effective Area

>
Q
b
~
v
~
wn
)
=
-
O
O

area [cm”™2]

10°
e _min unfolded [keV]

Energy (keV)
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VIII. Use GTls
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VIII. Use GTls

time_min tstart + 20000.0
time_max tstart + 80000.0

# SAS tabgtigen Command
cmd = "tabgtigen'" # SAS task to be executed

# Arguments of SAS tabgtigen Command

expression f'(TIME >= {time_min}) && (TIME <= {time_max})' # event filter expression
inargs [f'table={final_clean_evfile}', f'gtiset={gti_file}', f'expression={expression}"']
[ ) [ ) [ ) 1
= < 't G | | f't 'F ‘ th t b t print(" Filter expression to use: "+expression+'" \n")
rea e I S I eS (e'g' WI a‘ g lgen) print(" SAS command to be executed: "+cmd+", with arguments; \n")

inargs

w(cmd, inargs).run()

Filter expression to use: (TIME >= 673328775.717167) && (TIME <= 673388775.717167)

fv: Summary of gti_1.Fits in /home/camille/XMM-Newton/0841890201/dat... — O X

File Edit Tools Help

Index Extension Dimension View

mo Primary 0 Header l l
i STDGTI 2 cols X 1 rows Header | Hist | Plot | All | Select

Fv: Binary Table of gti_1.Fits[1] in... — O X

File Edit Tools Help

MSTART
Select D
u Al
lvert | Modify | Modify

1 6,733083174372E+08 6, 7336395011172E+08 -

Goto: || Edit cell: |
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VIII. Use GTls

» Create GTl fits files (e.g. with tabgtigen)
» Add GTl files/keywords in evselect, arfgen

EllE st o <

¥ SAS Command
cmd = "evselect" # SAS task to be executed

# Arguments of SAS Command
expression = f'(FLAG==0) && (PATTERN<=4) && (RAWX in [{rawXlsrc}:{rawX3src}] || RAWX in [{rawXd4src}:{rawX2src}] L &&(gti({gti_file},TIME)) ') # event filter expression
inargs = [f'table={final_clean_evfile}', 'withspectrumset=yes', f'spectrumset={spectrumset_gti}’',

‘energycolumn=PI', 'spectralbinsize=5', 'withspecranges=yes', 'specchannelmin=0', 'specchannelmax=20479',f'expression={expression}’]

print(" Filter expression to use: "+expression+'" \n")
print(" SAS command to be executed: "+cmd+'", with arguments; \n")
inargs

w(cmd, inargs).run()
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VIII. Use GTls

» Create GTl fits files (e.g. with tabgtigen)
» Add GTl files/keywords in evselect, arfgen

EllE st o <
» Same procedure as time-averaged spectrum

extraction
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VIII. Use GTls

» Create GT
» Add GTI fi

fits files (e.g. with tabgtigen)

es/keywords in evselect, arfgen

EllE st o <

» Same procedure as time-averaged spectrum

extraction

> You can do a loop and extract several gti spectra

all at once

>
L
-
S
2
——
)
a1
—
-
Q
-

GTI spectra

Energy (keV)
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Conclusion

With this example, you learned how to:

» 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
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Conclusion

With this example, you learned how to:

» 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

Special thanks to Esin Gulbahar 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
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