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XMM-Newton: slowly evolving, still in very good shape

Solar panels
not limiting

lifetime

Propellant

well beyond

2032

New Safe Mode!
Adding also new

abilities
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Attitude Anomaly
Detector acting up
early — disabled

Reaction One batte.ry
wheels & clearly aging,
opto-couplers but no imminent
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esa

EPIC pn: EPIC pn: = monitoring and
nominal operations, Slowly decreasing calibration effort

stable bad pixels, Charge Transfer

stable energy scale, Efficiency (CTE) More details in the
stable effective area ws corrections x other talks

XMM-Newton: slowly evolving, still in very good shape

OM: nominal
operations

EPIC MOS: s L of

nominal operations, o h | OM:

stable bad pixels, stable - : 1 . Slow degradation
eff. area (MOS1) A\ lia- ' of CCD

ws corrections X

EPIC MOS:
Slowly decreasing CTE . RGS:

Decreasing energy nominal operations, Slowly decreasing
scale & eff. area stable wave-length CTE and effective
s corrections X scale area " corrections
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XMM-Newton Orbit - fully covered
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Attitude and Orbit Control System: stable - fuel estimates give life time > 2034+ @esa

Tue Oct 21 15:52:33 2025 Reaction wheels primary actuators for attitude control.
140 " 2§ Csomina w101 1 Thrusters only used for wheel unloading.
: > 651pm + 4WD 208 1 7 Since 2013 use 4 reaction wheels instead of 3
120 S50k 65rpm + 4WD + VPer -2.19 _
E 1 reduced fuel consumption by more than a factor
100 S -:' of 2
—_ - 3st 1 - wheels in low speed regime - no significant
Bl 1 .
~ 80 : e 1 7] caging detected anymore
- B 2016 2018 2020 2022 2024 2026 - . . ]
= 60 - year B Since 2025 Attitude Anomaly Detector unreliable
i ] —> replaced by ground automation
40 | _ XMM Eclipses - SA Current @ AAD Threshold
20_ . . '\.k'\. “‘.‘ h"‘...,h 7 nnu .
- unusable fuel + margin A > <z 2,
0| T .“...\ ..... |h.‘~...*..""r.;| Ef”
EB‘D
2000 2010 2020 2030 2040
year
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replenishment - main tank is refilled annually

* need thermal excursions to move the remaining
propellant inside the Auxiliary Tanks and to
replenish the Main Tank

« command thermal excursions to mop up the
remaining propellant inside the Auxiliary Tanks
and to replenish the Main Tank

* migration phase: 2017-2020
(thermo-dynamical fuel balance)

* replenishment phase (2020+)
(thermo-dynamical fuel and gas exchange)

» close control of the tank heater loops is required
meanwhile provided by an elegant solution via

open and closed loop temperature control via
CDMU

Auxiliary
Tank 3

—.

To RCs 4—
» 5 replenishment activities successfully performed | -
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replenishment - main tank is refilled annually

P0930591301EPX0003COLIMB000.FIT

« Stable attitude is required for two full
revolutions (96h) for the activity

* We always try to look for a suitable science
target during this time

* In 2025 ESO 198-G24

« Data are immediately public

38™
Right Ascension
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Instrument:
EMOS1 EMOS2 EPN

Riter:
Thinl Medium Thinl

Exposure (sec):
64407 67869 58040

Object:
ESO 198-G24

Observer:
Dr NORBERT SCHARTEL (PS)

DATE-OBS:
2025-05-19T723:20:31

Image size:
pixels (107:546, 87:525)
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power system — no change esa
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* running flawlessly on nominal units

 all voltages and currents remain in their operational range
« solar cell power has sufficient margin

» Usual small number of Latching Current Limiter trips

year Tor XMM

2000 2010 2020 2030
— - L e e
2400) N _\l :II: :Ta_-',: o S "'-\: "'-\.:I~_ f:ll. :h. 14% |: W |..I':j|-C-HI B
KXMM no I d 1o S5A A=k and 28,14V 1 -
LatChIng Current lelters trlps = HMM Inurll'ln.il|~w.|:d ((a] S,-"\,-"IL={}d|:g and 28. ]-1"\.-’1r0m '\RES e
2200 +Hy
= 2000
o - ]
z
2 1800 2
= - .
=
= 1600 — —
—_ - .
=
? - .
" 1400 .
0 maximum consumption (black line: XXMM red line: INT) i
o) - —
1200 & . -
1000 [ L L L . L - L L L]
0 5 10 15 20 25 30
2000/2001 2002 2003 2004]2005 2006 2007 2008 200920102011 2012 2013 2014 2015 2016/2017 2018 2019 2020 2021 20232022 2024 2025 time since launch [years]

INT ({ Launch 2002/10) XXMM (Launch 1999/12)

Year . - . .
Power normalisation: Power=(wingl _curl)*6/cos(SAA 28 14V

Mon Oct 20007:49:34 2025
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On Board Data Handling - stable — new fuel less safe mode added @esa

2025 New Safe Mode: fuel less safe mode improving safety and further instrument monitoring
via mini On Board Control Procedures (OBCP)

on board and could be used in case of no fuel or thruster failure

started using the new mini-OBCP functionality (Reaction Wheel SEU)
further applications in 2026 (instrument, batteries, ...)

18" International Conference on Space Operations, Montreal, Canada, 26 - 30 May 2025.
Please input the preferred copyright option as mentioned in the attached “SpaceOps-2025
e.g. “Copyright ©2025 by Greta De Marco. Published by the Canadian Space Agency (CSA) on behalf of SpaceOps, with permission and released
to the CSA to publish in all forms.™

SpaceOps-2025, ID # 248

XMM-Newton Reaction Wheel-Based Attitude Safe Mode

Greta De Marco®*, Jim Martin®, Liviu Toma®, Timothy Finn?, Marcus G. F. Kirsch®
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Radiation environment

esa

Evolving orbit and solar
activity means changing
radiation environment for
XMM-Newton.

Idea: ground automation
can keep instruments
save

= System checks on
radiation level and
turns instruments
on/off

Problem: repeated on/off
switches during exit of
perigee.

Rad. At apogee

-
o
o
o

Orbit Phase
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Radiation environment

Scheduling CALCLOSED observations at the
beginning of every revolution, while model
predicts radiation will still high.

INSTRUMENT _OPEN lowered to allow extra
time for these CALCLOSED observations.

Overall impact: reduction of available science
time (but time would be lost anyway to high
radiation).

A A A A A AR R R AR AR AARAAAR A AR AAARRA ARAR AR ARRAAAR R AAARAARAAAAARARIEEZEZ

Revolution: 4827 Exposure Level

Date Time OM - 9H

2026:04-17 | 12:21:16 PSF_START PSF version: 4827_04 PSF Govers: 47h 52m 235

2026:04-17 | 12551:16 SOPS_OPEN Dur: 0h 25m Ds.

2026:04-17 | 13:16:16 SOPS_CLOSE

2026:04-17 | 13:16:18 SOPS_OPEN Dur: 0 1m 0s

2026:04-17 | 13:17:18 SOPS_CLOSE

2026:04-17 | 13:17:16 PERIGEE_EXIT RA: 20:28:02.40 DEC: 463:04:12.0
2026:04-17 | 13:20:00 Handover_Start

20260417 | 13:35:00 Handover_Stop

20260417 | 15:10:50 SLEW_START FAA: 08:39:11.70 DEC: 465:01:15.3
20260417 | 15:10:50 10: 9452700001 Slew: 2586 secs ACiAL; 0430.0/090.000
2026-04-17 | 15:11:26 ACTIVE_OPEN Dur: 1h 0m 0s

2026:04-17 | 15:53:56 SLEW_END
2026:04-17 | 16:00:26 RadMon SLOW
2026-04-17 | 16:11:26 ACTIVE_CLOSE

2026-04-171 16:1126  INSTRUMENT_OPEN Dur: 40h 12m 6s

2026-04-17 | 1611126 40000 km

202604171 161126 OBS_START AA: 08:38:11.70 DEC: 465:01:15.3

2026-04-17 1 16:1126  10: 0960070901 pit uma ODs_our: 24310 secs
o it
2026-0417 1 16:27:56 CALCLOSED

2026:04-17 | 16:28:17 CALCLOSED

2026:04-17 | 16:28:07
2026:04-17 | 16:29:28
2026-04-17 | 16:55:11
2026:04-17 | 224851
20260417 | 22:55:09

2026-04-17 | 22:55:09 CLOSED CLOSED

2026:0417 | 22:55:24

2026-04-17 | 2255224 CLOSED
2026:0417122556:36  OBS_END

2026:0417122556:36  OBS_START AA: 08:38:11.70 DEC: 465:01:15.3

2026:041712256:36 1D 0960070801 pit uma ODs_our: 14000 secs

THICK

2026:04-17 | 23:.00:15

20260417 | 23:13:27
20260417 | 23:14:17

2026:0417 | 23:14:48
2026:0417 1 2314:48
2026:04-17 1 23:14:48
2026:0417 | 23:14:48
2026:0417 | 23:40:21
2026.04-18 | 00:23:08
2026:04-18 1 00:23:49
2026:04-18 1 00:24:10
2026:04-18 1 00:24:10
2026-04-18 1 00:24:10
2026-04-18 | 01:26:56 Handover_Start
2026:04-18 | 0146:56 Handover_Stop
2026:0418 1 01:51:37
2026:04-18 1 01:51:37
2026:04-18 | 02:16:06 Handover_Start
2026:04-18 1 02:31:06 Handover_Stop
2026-04-18 | 02:43:11
2026:04-18 | 02:48:29
2026-04-18 | 02:48:29 CLOSED CLOSED
2026:0418 | 02.48:44

2026-04-18 | 02:48:44 CLOSED
2026:0418 | 02:48:39

08S_END
SLEW_START AA:05:35:40.99 DEC: -66:51553.6
1D: 9452700002 Slew: 5893 secs ACiAL; 0430.0/090.000

DoY = 107

PA:096:00:40.4

PA: 289:59:59.9
SciGLoop: YN

Prime: E3

Prime: E3

PA: 302:00:13.7

SclGLoop: YN
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SOC system evolution since MEOR 2021

- Continued replacement of older servers.
Critical replacements finalised; ready for

esa

XMM-Newton Data Cycle

. Changes Mission GFTS (POS, ICP
operations ongoing Proposal s Fonn
Handling (PHS)
- Database now interfacing with DABYS. * Changes i)
_ implemented
* Low-level data processing automated. PE *
Payload
« Trend monitoring making use of ARES —| Monitoring
: S PMS
system. Including use of Al/ML methods. __
« Science Analysis Software now built using * Talaiter
. I USER Archiive moc
Cl/CD system in S2E2. o
- SAS available via ESA Datalabs and
advertised to community. Source code e * SETS (ot ATT)
release ready except for ESLB approval. A Ge?;';a;)ion
* Helpdesk moved to Atlassian.
Sci
- SOC Cosmos pages overhauled. i O(I:IFC::;';K UPLINK
- Automated catalogue ingestion for Archive. Systet (5A3)
. . . Pipeline (PPS) DOWNLINK
Migration to Angular to be done by mid 2026.
— Helpdesk
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Proposal Handling Software (XIPS) esa

- New tool based on angular frontend wps) xmm-newton =
= XIPS e

* In place since 2021

Submission
XMM-Newton Users Handbook WebSpec - A Spectral Simulation Tool Visibility Checker Proposal Aid Tools

*  Much nicer Ul and much easier to
maintain Proposal Submission Tool for Observations with XMM-Newton

° A”OWS easily to add new flG'dS |Ike other The deadline for submission of A0-26 XMM-Newton Proposals is Oct 10 2025 at 12:00 UT

coordinated observations or similar.

Time before closing AO-26

0 Day(s) Ows Owmn Os

ESA Cosmos account

NeXt StepS ffuerst

Use a similar system for XRPS and Proposal

Editor. ]

Forgot your username or password?
Don't have an ESA Cosmos Account? Register now
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Science Analysis Software (SAS) esa

Current version: SAS v22.1

Next version: SAS v23

* First SAS in years with the source code
released

« Difficult process to remove all copyright
protected code

 No feature change compared to SAS
v22.1

Then: SAS v24

« Source code will also be released

« Some small updates and alignment of
SAS with pipeline software

SAS DOWNLOAD
CODING LANGUAGES

The SAS is coded in C++, Fortran 95, Perl and Python. SAS 22.1 was built on GNU C/C++/Fertran 13.3.8 on 64-bit Intel
CPUs, both Linux and macO5, regardless of the compiler version provided natively with the Operating System.

SAS Perl tasks were built on Perl 5.34.1 which required the installation of some additional modules not included in the Perl

5.34.1 source code (for more details look at the requirements page).

SAS Python tasks were built on Python 3.12.4 together with some additional Python packages (for a list of these packages

and full details on the SAS Python environment, please look at the requirements page).

For the time being, the SAS is distributed only in binary form. We do not provide yet any support on building the SAS from

source code.

Calibration Updates:

Regularly published, mostly independent of SAS
version changes.

(Exception for example upcoming OM flat fielding
change)

14
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SAS in ESA Datalabs

esa

We are now providing SAS in
the ESA Datalabs Cloud
computing platform:

https://datalabs.esa.int/

+ THE EUROPEAN SPACE AGENCY

ESA Datalabs 10.17.0/8874)
: File Edit View Run Kernel Git Tabs Settings Help

¥ TR

[Z Launcher

B+ X
\ Q
M/ - /xmm-sas-workshop-2025 | standard-analysis-Fuerst |
-
» Name - Last Modified
I 0853981001 ayear ago
= tools ayear ago

B [ p13-example-analysis.ipynb a year ago

Eesa

A& @& 86 4 ®@ ®

b d = p13-example-analysis.ipynl > | + fl

0 [ » m C » Markdown v = @ git # Python 3 (ipykemel) O

MRV |
NGC 7793 P13 data extraction
Introduction

NGC 7793 P13 is a ultra-luminous X-ray pulsar: a neutron star that is much brighter than we would naively expect.
The neutron star is accreting so much material, which gets transformed into X-ray radiatoin, that it breaks what is

" stingray_quikc_psd.ipynb ayear ago
] known as the spherical Eddington-limit. By studying its behavior, in particular the change of pulse period over time,
we can infer its magnetic field and other properties.
Usually Jupyter notebook ot s s 57,655
environment, but terminal can Setup (from threads)
aISO be used + 4 cells hidden
L]
Download and extract ODF manually
. . 7 We extract each observation one-by-one. In theory this could also be expanded to loop over an array of ObsIDs.
Slmllar Setup to NASA s + 26 cells hidden
S Ci S erver / FO rnax. Run standard reduction pipeline for EPIC-pn
This step is not strictly necessary if the pipeline products (PPS) file are available. They come with already calibrated
event files, than can be used here.
-
All future SAS releases will P
-
b e aval Ia b Ie O n Da ta Ia bS " Extract an image and source coordinates
To filter the data down to the correct events we want (those from the source, mainly), we first look at an image and
interactively put down the regions we want to extract photons from.
+ 11 cells hidden
Filter for backaround flarina
15
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https://datalabs.esa.int/

SAS in Datalabs Workshop esa

DAY 1 SESSIONS

Intro to pySAS: Images and Filters, Aitor Ibarra

Last year (April 2025) we held an online
workshop together with our NASA
colleagues (XMM-Newton GOF) to
demonstrated Datalabs and SciServer.

XMM-Newton pySAS +J|‘age§ + Filtering
Ator Ioarra

AM-Neiwton Science Operations Canlre — ESA)

Recordings of the workshop are online:

> 0:00/24:48

https://www.cosmos.esa.int/web/xmm-
newton/sas-video-tutorials e B earmey T

And

https://heasarc.gsfc.nasa.gov/docs/xm
m/tutorial_videos.html#sciserver

Seigarver Apos
> 0:00/24:44
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https://heasarc.gsfc.nasa.gov/docs/xmm/tutorial_videos.html#sciserver
https://heasarc.gsfc.nasa.gov/docs/xmm/tutorial_videos.html#sciserver

Summary esa

« XMM-Newton still operating smoothly at only 26 years
young

* Operations should continue in this way until at least 2035.

« After that, we will need to get more creative...

- Software and hardware systems are either already
modernized or in the process of being updated.

* Improve user experience and maintainability

» Should be good for another 10 years now

« SAS is available in the cloud

17

N o= N 4 J1 = o1l

= = DN b= B SZ iam 535 EN == i mm [#] THEEUROPEAN SPACE AGENCY



	Slide 1
	Slide 2: XMM-Newton: slowly evolving, still in very good shape
	Slide 3: XMM-Newton: slowly evolving, still in very good shape
	Slide 4
	Slide 5: Attitude and Orbit Control System: stable - fuel estimates give life time > 2034+ 
	Slide 6: replenishment - main tank is refilled annually 
	Slide 7: replenishment - main tank is refilled annually 
	Slide 8: power system – no change 
	Slide 9: On Board Data Handling – stable – new fuel less safe mode added
	Slide 10: Radiation environment
	Slide 11: Radiation environment
	Slide 12: SOC system evolution since MEOR 2021
	Slide 13: Proposal Handling Software (XIPS)
	Slide 14: Science Analysis Software (SAS)
	Slide 15: SAS in ESA Datalabs
	Slide 16: SAS in Datalabs Workshop
	Slide 17: Summary

