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= Mission status & future
= XMM capabilities

= Data policies

= Data access & analysis

= Relevant services & tools Rejuvenating the mission
from SOC, SSC, community
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XMM-Newton — overview

Mirror modules
and baffles

Solar array

‘ By \3‘

=/

Optical monitor

Focal plane
assembly
EPIC & RGS

detectors LI NES ,\

Reflection gratings
Telescope tube g g

Three 15" HEW X-ray mirror modules (~4000 cm2).
« Cornerstone ESA mission

« Launched on 10 Dec 1999 into a 48-hr
eccentric orbit « Three X-ray CCD cameras

(European Photon Imaging Camera, EPIC)

Six instruments observe simultaneously:

« 11m long, 3.8 tonne

. 25 yr of almost flawless operations « Two X-ray Refection Grating Spectrometers (RGS)

AHEAD2020 Workshop - EGO, October 2024

« An optical/UV monitor (OM)



Aiming for science operations well into 2030s esa

2010

2015

Need to ensure technically and financially sustainable operations for
10+ years more

Strong competition for resources with other, especially newer missions.

Rejuvenating systems, bringing all to supported technology and
focusing on common systems shared across missions, where possible

All instruments in good shape. No major incidents.
Successful fuel replenishment operations in June 2024
Collision avoidance monitoring - no issue until ~2027.

Need to keep an eye on long-term degradation of some
components

Aged OptoCouplers?
Battery problems?

2025 2030 2035 2040 Adapted from

operations extended until December 2026 P. Kretschmar
ycar and indicatively until end of 2029 June 2024

% THE EUROPEAN SPACE AGENCY



XMM - The EPIC instrument

Three CCD cameras, observing simultaneously and independently the same FOV r=15’

HEW @1 keV 13" 13" 15"
Aeff @ 1 keV 470 cm2 470 cm2 1200 cm?2
Time resol. 2.6 s 2.6 s /3.4 ms
E resol. @ 1 keV 80 eV 80 eV 100 eV

AHEAD2020 Workshop - EGO, October 2024



The EPIC instrument - Collecting power

XMM-Newton
Think to the case of
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XMM-Newton: observing modes

image by A. Read, 2014
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-
XMM-Newton: observing modes

i = Pinte observation
e All instruments
£ B 3.5-120ks per epoch

o L

¢
SR

Total 0.2-12 3.5x107%
Hard 2-12 1x1014
Soft 0.2-2 1x1015
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XMM-Newton: observing modes

| Pinte oservation
S All instruments
s 3.5-120ks per epoch

»7.

Fllimit | C o e N Siaasaw
Band (erg/s/cmZ) o N NS RRR ; . R A . (AT .
e U Total 0.2-12  3.5x 107

i Slew observation
Total 0.2-12

Hard 2-12 Pn only, 90 deg/h e
- 7-10s per position&epoch

Hard 2-12 1x1014

Soft 0.2-2 1x1015
Soft 0.2-2
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XMM-Newton observing modes: Slow slew

New Operating Mode proposed to increase flexibility
and use of XMM-Newton

— Full Sky Survey taking ~190 revolutions

— Galactic Plane Survey taking ~15 revolutions

Tested in rev. 1242 (20-21 Sep 2006)
Several manual operations by controllers
Pretty large amount of work needed

(at that time) no compelling science case

Investigation discontinued

Relevance for GW events (Troja+2016)

SGR X-1

IGR J17497-2851

4U 1746-37

—

Reduced slew angular velocity
(30deg/h) 7

Pn in FF; MOS in 3x3 binning mode,—|
readout 0.4s

—

Effective exposure ~40 s (pn)
Flux Limit ~2x103erg/cm2/s
Astrometric accuracy <4 arcsec
Slew length ~40 degrees
Survey Area ~40x3.5 sq degrees -
Overhead >2500s per slew —
Overall efficiency ~40%

V926 Sco

Galactic Longitude

-5 -10
Image from Troja+2016



XMM Data policies

ESA UNCLASSIFIED - For ESA Dffical Use Daly

@ esa
ANNOUNCEMENT OF
OPPORTUNITY

XMM-NEWTON ANNOUNCEMENT OF OPPORTUNITY:
POLICIES AND PROCEDURES

“XMM-Newton performs rapid follow-
up observations of bright y-ray bursts
and gravitational wave events in
Discretionary Time”

—

= Open Time 90% Most recent AO24

= Discretionary Time 5% 462 valid proposals were received.
) i . The over-subscription factor is 7.2
= Calibration Time 5%

» Guest Observer proposals Fastest possible

= Anticipated target of opportunity proposals reaction time:
.. . Observation ~4.5 h
= Unanticipated target of opportunity after trigger

= (Slew data are public)

RUN 0O4B LIGO-VIRGO-KAGRA
Fast response to GW alerts:
e Process Initial GCN/LVC Notices issued after human vetting (minutes)

e Generate SkyMap with detailed information
e If criteria met > Automatic generation of schedule

Criteria for XMM-Newton SOC response to GW alert:

e Probability of GW event within EPIC FoV centered on max. likehood
location > 0.3

e XMM-Newton visibility in on-going revolution > 5ks

AHEAD2020 Workshop - EGO, October 2024



Products, tools, services from XMM SOC

AHEAD2020 Workshop - EGO, October 2024



XMM Data

r------------------------------------

Observation/Slew Data Files = about 8 days after observation [

[
1 CCD-based event lists, containing uncalibrated quantities :
I = Auxiliary and Housekeeping files, pn/RGS diagnostic images i
: = Spacecraft housekeeping I
i = Spacecraft attitude showing the satellite star tracker pointing [
I = Time correlation le (onboard time and frame counter versus UTC) : 9
| | .
I Current Calibration Files 1 <
I CCF = collection of all the XMM-Newton calibration files ever made public [ g
I = calibration files are updated continuously : g
: o)
| ' 2
------------------------------------‘ |
)
Pipeline Processing System [
Top level scientific products - about ~15 days after observation S
PPS calibrated clean event files, sky images, source lists, spectra, time §
series, cross correlation multiwavelength information with archival ‘9:
catalogues I
<



XMM-Newton Science Archive (XSA)

EUROPEAN SPACE AGENCY & SCIENCE & TECHNOLOGY &

XMM-Newton Science Archive
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XMM Science Analysis Software (SAS)

imageanalysis:
sEXposuremaps
SPointSpread sanction

dimelcalibration wpticsicalibration

Jimnganalysis:
sEXposuremaps
SPointsSpread ranction

\_—m

Scientific
product
extraction

ODF
reduction

Energy spectraanalysis:
sEffectivelarea

Attitude calibration petector.calipration s Redistribution matrix
slineSpread Fanction

From A. Ibarra
COSPAR 2024
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XMM SAS - 25 yr of experience

* SAS public web page: https://www.cosmos.esa.int/web/xmm-newton/sas (download,

installation, information, etc)
e ..,How to use SAS A SCIENCE MISSIONS  SCIENCE & TECHNOLOGY F  EUROPEAN SPACE AGENCY o

I HOW TO USE SAS
Analysis .
I'eCi es (\ - DATA ANALYSIS THREADS USERS GUIDE TO THE XMM-NEWTON SAS

¢ Data reduction examples for (almost) every purpose The official XMM-Newton SAS User Guide on-line, PDF -
p g version and Postscript version _) General gUIde <
: S
o)
€ SAS WATCHOUT PAGE SAS ON-LINE DOCUMENTATION Ra)
© Issues concerning SAS and data analysis, Documentation of all single SAS packages _8
: recommended workarounds/solutions, useful tricks 8
Problems?? <«———=<s s
s Task by task G
* sas cooksooK BACKGROUND ANALYSIS . |
I An introduction to XMM-Newton data analysis - from XMM-Newton pages dedicated to background analysis lnfO a
? NASA XMM-GOF of all XMM-Newton instruments o
- e
ABC guide <— [
| -
o
ESAS COOKBOOK SAS INVERSE INDEX =
Cookbook for data analysis of extended sources using The SAS Inverse Index has been designed to provide 8
E d d SAS in SAS, (on-line and PDF) from NASA XMM-GOF. the list of SAS tasks needed to be executed in order o
xten e + ESAS warnings and watchouts from NASA XMM-GOF. to perform a given scientific analysis job VED. From A. Ibarra BI
COSPAR 2024
sSources T
<



Processing from XSA (using RISA)

XMM-Newton Science Archive

ASTROQUERY

COMMAND & URLACCESS  INTERACTIVE ANALYSIS  TAP QUERIES

; :
Pactrard D-rouu.nu —Q’H-‘— “nalysis
Open images with () JS9 EPIC Exposures v Add SRC regions Fle Edit View Zoom Scale Color Regions WCS Analysis Help
© ] O O - O Txt flnear log zoom+ zoom- zoom! histeq power
EPIC Exposures sqt asinh  sinh  squared kg open lbobox  magrifer  penner b
prefs o zo0m1  histeq power I
rument €PN —
E S002
ew Da aring Piot

) 0 w
- - Your RISA Request is being processed with
PI (¢ 500 2000 1ID20231516263. You will receive an email
once the data are available for download

Spectra v

Get JS9 Source circle(23800.00, 28600.00, 940

Get JS9 Background circle(22040.00, 30920.00, 1259.99)

Reset Form

o7 Submit

I ‘ From A. Ibarra
COSPAR 2024
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XMM SAS - future

= New configuration control, build and development system based
on Docker technology

= Integration with on-line data processing platforms being pursued
(ESA DatalLabs)

= Jupyter Lab as user interface, a set of Data Analysis Threads are
being prepared

«YOU CAN EITHER MOVE YOUR QUESTIONS
OR THE DATA. [...] OFTEN IT TURNS OUT
TO BE MORE EFFICIENT TO MOVE THE
QUESTIONS THAN TO MOVE THE DATA.»

Jim Gray, eScience: A Transformed Scientific Method

AHEAD2020 Workshop - EGO, October 2024
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XMM Pipeline Processing System products

Standard data reduction pipeline for top-level products — run on all new data

Purpose of the pipeline:

= production of top-level scientific products

= quick-look data to users and input to further analysis
= facilitate scientific exploitation of the data

= ensure an homogeneous level in scientific quality

- produced with the same SAS software package available for users
- screened and validated following some standards

The top-level products include:
» data from each EPIC, RGS and OM instruments

= calibrated clean event files, sky images, source lists, spectra, time series, cross
correlation multlwavelength information with archival catalogues

AHEAD2020 Workshop - EGO, October 2024



Products, tools, services from XMM SSC

AHEAD2020 Workshop - EGO, October 2024



XMM Serendipitous source catalogue - 4XMM-DR14

1035832 detections, 692109 unique sources
372313 (36%) sources with spectra & lightcurves release: 9" July 2024

96553 extended sources S e Covers
-s L~ i
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From N. Webb
XMMUG meet #25
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XMM Stacked source catalogue

® 1751 stacks
® 10332 observations
® 427522 sources Traulsen et al. (2020)
® 685 square degrees

® ~20% new sources with respect to 4AXMM-DR14

® Improved stacking developed, improves sensitivity + includes all obs.

From N. Webb
XMMUG meet #25

AHEAD2020 Workshop - EGO, October 2024



XMM Slew survey catalogue (to be released)

Endorsement 2022-05-17/14:
® Period : August 2001-August 2023 — previous version up to end of 2014
® Catalogue testing under way, release imminent

® 140735 detections (68383 new detections)

® 25695 flagged (18%), mostly high background

® Subsequent versions to be_ qcca il B

released with the e
detection/source z337%: S T
catalogue(s) .t %\

From N. Webb
XMMUG meet #25

AHEAD2020 Workshop - EGO, October 2024



XMM Serendipitous source catalogue — 5XMM

= SOC reprocessed all 17199 observations ready for production of 5XMM

= To include :
- OM + multi-wavelength counterparts upper limits
- long-term variability information + OM variability
- spectral fits
- classifications
- photometric redshifts

= Expected for Summer 2025

From N. Webb
XMMUG meet #25

AHEAD2020 Workshop - EGO, October 2024



Further products, tools, services from XMM SSC
and external consortia (EU projects)

AHEAD2020 Workshop - EGO, October 2024



Useful resources and services

Source classification

SED Finder
= allows vou to retrieve the SEDs computed for a * naive Bayes classification of X-ray sources into
given XyMM source P A four classes - AGN, stars, X-ray binaries (XRBs),
= and cataclysmic variables (CVs
= Cross-match with >200 catalogues based on E Y _ ( )_ _ _ ?
algorithm by Pineau+2017 (FP7 ARCHES) a;J = based on spatial, spectral, and timing properties £
and MWL counterparts
» Keep the 3 most likely correlation patterns @ _ _ P )
0 = Algorithm: Tranin+2022 (H2020 XMM2ATHENA) |3
= Compute the SEDs for each pattern "> o Q
. Generate plots & fits files x = Good performance in discriminating stars vs. AGN|&
_ _ x - Synchronized with 4XMM-DR12 (+ CSC2, 2SXPS) N
= Synchronized with 4XMM-DR13 S
O
3
Temporal domain characterization X-ray spectral fits o
= Light curves for ~80% of sources with different = Synchronized with 4XMM-DR7 . S
time binnings (uniform and Bayesian blocks = ESA-PRODEX project e .
= also combining EPIC cameras, all exposure time |£ 2 )
«  Generation of CDFs % Photometric redshifts for extragalactic sources |2 §
. . . _ O o
= Thorough caracterization of LCs & CDFs 2 Synchronized with 4XMM-DR12 al =
- Extension of FP7-EXTraS (De Luca+2021) g = Based on results of source classification b N
/ o
now synchronized with 4XMM-DR13 X = ~140,000 AGN/QSO with SDSS/PanSTARRS/ ™, A
SkyMapper counterparts N
I
<



Since 2018, running on slew data:

New detections routinely compared to RASS

Identifies factor >5 variation in flux

Results published ~1 week after data collected

Several observations by X-ray telescopes
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New: STONKS, on data from pointed observations

Flux of new detections compared against any

available X-ray data at the given position

Identifies factor >5 variation in flux

Implemented in ACDS pipeline, will be run starting
April 2025 (Pl of GO obs. will be asked in Phase Il)

Alerts issued ~1 week after data collected

o)
=
0
o
)
S
Q
)
0
=
=
X

Algorithm & tests in Quintin+2024 (XMM2ATHENA)

L.
>

Time

Figs. from N. Webb
XMMUG meet #25



= XMM-Newton: 25 years of successful operations
= Prospects for extending into the ‘30s
= Very sensitive X-ray imaging spectroscopy

= Huge data archive. Serendipitous source catalogs, characterization
of sources in temporal, spectral, MWL domains; classification

= Quasi-real time transient sources

= Relevant for deep follow-up of (faint) MM sources from early to
late epochs; also for the search for counterparts; multi-epoch
(historical) characterization of persistent sources

AHEAD2020 Workshop - EGO, October 2024






XMM-Newton — RGS instrument

= Two of the three XMM telescopes equipped with Reflection grating
spectrometers, dispersed X-rays collected by array of CCDs

= high spectral resolution (100 to 500, FWHM) X-ray
spectroscopy in the energy range 0.33-2.5 keV or 5-38 A

= RGS operate simultaneously with EPIC and OM

RGS Observation of Capella - Fe L. Complexes
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XMM-Newton — OM instrument

= A 30cm Ritchey-Chretien telescope
= coverage between 170 nm and 650 nm of the central 17
sgarcmin region of the X-ray FoV
= Imaging, fast photometry, grism spectroscopy
= OM operates simultaneously with EPIC and RGS
' XMM—Newton EPIC XMM—Newton OM N
OM effective area X—ray image UV image N
. S Fresprr: i S S S =
0.004 | S . 9
C A\ I." W ] .bJ
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§ ' \ |
C;l E \ |
E 0.002F / VW 3 )
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0.001F fUV M2 |\ . White 3 =
C I M\ ] o
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0.000 Eorw, A ST STV T Lesssesns: Leeesiras ] S
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Photometric redshifts

*Pipeline put into place for the T

photometric redshift based on MLZ-TPZ " — 5
(Carrasco Kind & Brunner, 2013) N e (sgiéﬁmm
eMatching done at the CDS 9 § S v A

®SDSS, PanSTARRS & DES photometry — o5
eCompared to redshifts from spectroscopy

0.0 -

PDF_PS > 0.9 (11999 sources, 72.7%) 0 1 2 3 <
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Classification of sources

on 2SXPS
on 4XMM training sample (because no overfitting + few XRB and CV)

i) Aty 1 , Truth — AGN Star XRB Total cl.
AGN | Star | XRB | CV SAGN 19515 82 25 19813
R ety G| AT —Star 44 4628 3 4702
AGN 1858734 25 46 | 149 —XRB 140 18 326 501
—Star 15 6197 10 12 —-CV 9 9 2 144
| Total 19708 4737 356 Average
—XRB 80 12 479 10 recall (%) 09.()

wrecision (%)  97.0

NV e U 8
4 ‘ Random Forest on 2SXPS
e w [F e s Truth — AGN Star XRB CV Totalcl
precision | 98.9 | 972 | 937 | 84.6 —AGN 5889 7 20 39 5955
(%) | — Star 1404 I 3 1414
f - 0.992 | 0.983 | 0.909 | 0.465 —XRB > B 2 I
#oo0r ] | _ il SCV 11 68 T

Total 1417 105 115 Average
recall (%) 59.1 84.2
precision (%) 96.8 87.9 95.2

Tranin et al. A&A 2022
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= better results on XRB + better interpretability




