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• X-ray spectro-imagers since Einstein (1978) and ROSAT (90)

• CCDs revolution with ASCA (93)


• Measure photon by photon:

– X, Y, Energy, Time

Spectro-imagers in high-energy
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Chandra ACIS

Chandra - PSR B1259



X-ray raw data to the user
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Detector coord. Sky coord. Energy Event qualityTime of arrival



The long road for a successor

Athena en quelques mots
Une grande mission de l’Agence Spatiale Européenne (ESA) 
‣ Elle succèdera à XMM-Newton (et Chandra à la NASA) 

‣ Collaboration internationale avec les Etats-Unis et le Japon 

‣ Coût à achèvement ~1.5-2.0 milliards d’€ (vers l’industrie spatiale 
européenne, PME, laboratoires de recherche…) 

‣ Contribution Française majeure avec la responsabilité du spectromètre: Le 
X-ray Integral Field Unit (X-IFU) — Leadership IRAP/CNES
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Selected in 2014

Mission adoption


 review in 2023

A much larger mirror

Two instruments



Advanced Telescope for High ENergy 

• L-class ESA mission (~1 B€). 10x collecting area and two instruments


– A spectro-imager X-IFU : array of micro-calorimeters (PI D. Barret 
IRAP). 2.5 eV spectral resolution,  5’ FoV.


– A wide field imager WFI : 100 eV,  40’ FoV                                          
(PI K. Nandra, MPE)
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Athena en quelques mots

Athena: Advanced Telescope for High ENergy Astrophysics 
Un observatoire spatial en rayons X couplant un télescope X de grand 
diamètre et deux instruments focaux: un imageur et un spectromètre  
Un observatoire ouvert à la communauté astronomique mondiale  
Le thème scienti!que de l’Univers Chaud et Energétique

Observatoire	Athena L’Univers	aux	grandes	échelles
La charge utile d’Athena

Un miroir X à incidence rasante 
‣ Silicon Pore Optics: Module miroir développé par ESA  

Wide Field Imager (WFI) - PI K. Nandra (MPE, Allemagne) 
‣ Active Pixel Sensors: 1’’, 100 eV, 40’ x 40’ 

X-ray Integral Field Unit (X-IFU) - PI D. Barret (IRAP, France) 
‣ Matrice de micro-calorimètres (Transition Edge Sensors): 5’’, 2.5 eV, 5’ 

‣ Refroidis à 100 mK (zéro absolu) par un système cryogénique multi-étagé

Crédits:	ESA,	MPE,	NASA/GSFC
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Cooled to 50 mK 
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https://youtu.be/_WvV6tLDNF8

https://youtu.be/_WvV6tLDNF8


Complementary instruments

• Large FoV, cosmological survey 
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L’importance de WFI
Imagerie grand champ  
‣ Comptage d’objets, faiblement lumineux (i.e. faible masse) en fonction de la 

distance pour comparaison aux modèles de croissance des trous noirs 

‣ Identi!cation d’amas et de groupes pour observations X-IFU

Image	profonde	réalisée	par	l’instrument	WFI Suivi	d’un	jeune	amas	par	X-IFU

Crédits:	MPE	team	&	E.	Cucched	(équipe	X-IFU) Follow-up of a cluster with X-IFU

• Small FoV, detailed spectral study

XIFU
WFI



An X-ray Integral Field Unit

• Measure the physical properties of the plasma in each pixel (5’’)

– Plasma temperature, densité, bulk motion, turbulence, 

abundances

• Energy transfer from the central BH to the cluster gas 
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Un spectromètre intégral de champ
Chaque pixel d’une image fournit un spectre X à haute résolution  
‣ Température, densité, sa vitesse, abondances, turbulence 

➡ Physique de la dissipation de l’énergie générée par le trou noir dans le gas
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Crédits:	J.	Sanders,	C.	Pinto	&	équipe	X-IFU



What X-IFU data will look like
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Kepler fits in X-IFU FoV

100 ks



X-IFU Kepler SIXTE simulation

1.5-2.5 keV  data cube
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1.5-2.5 keV  data cube



X-ray data are multi-dimensional by nature

• Current philosophy in XMM pipeline is focused on 2D/1D:

– Input data are 4-dimensional (X,Y,E,T) but

– 1) Generate images in energy bands

– 2) Search for point sources

– 3) Produce spectral and light curve results 


• Thanks to the increase effective area + high-spectral resolution

– Keep the 4-dimensional data structure to:

– Detect source in (X,Y,E,T)

– Search for transients

– Generate multi-dimensional products (3D, 4D)

13https://skfb.ly/6N8XX

Kepler X-IFU simulation

https://skfb.ly/6N8XX


Data visualization

• How to inspect and visualize 3(and 4)-dimensional objects 
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Data products are similar to SKA, ALMA, MUSE

• Athena X-IFU simulation • MUSE data



From XMM to Athena : ongoing EU project

• Transient alerts to the community in each XMM observation

• Leverages on 30 yrs of X-ray data

• Task to be inserted in XMM pipeline


• Search for short transients drown in bkg

• Looking at individual camera frame


• Ongoing work: detection with stacked                          
catalogues, MWL association,                                                       
src classification, etc
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Lessons learnt and future work
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Plan to provide transient alerts to community, when PI is in agreement

Developed task to be inserted into pipeline

>30 yrs of XMM-Newton, Swift, Chandra, ROSAT etc data + upper limits

Also exploits the OM data 

Test on two months of DR10 data to 
determine alert rate 

Chosen (example) variability of 
factor 3 (data bars 90%)

Consider sources rising, falling, gen-
erally variable + short term variability

Transient Alerts

Natalie Webb 
Low latency alerts & data analysis, Jan. 2022

Number of X-ray alert/day found in current observations
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Transient Alerts
4XMM time 
resolution poor

Faint burst drowned 
out by background in 
long observation

Require new way to find 
short bursts

Pastor Marazuela, Webb et al (2020) devised new methodology to search for 
sudden bursts and searched whole field of view in short time windows

5751 pn full frame obs. searched, 2536 rapidly varying sources discovered 

4 new extra-galactic type I X-ray bursts discovered, only 2 previously known

Recent improvements include using MOS data (confirm bursts) and other 
observing modes to search all 15000 observations in DR11

Natalie Webb 
Low latency alerts & data analysis, Jan. 2022



Current & future catalog and VO events

• Alerts to the community of variable sources in near real time

• With it’s large FoV and high effective area, a large number of 

transients events are expected from the WFI instrument.


• Catalogs & products accessible via VO (e.g. XCATDB+IRAP cat)

- Point source catalogs (including spectra+light curves)

- Source classification

- Images in different energy bands 

- Images at different epochs

- Stacked observations products (ongoing)

- X-ray event list that can be filtered in Energy & time ? 

(Probably >Gb for one observation)
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Athena - LISA synergies

• Multi-messenger & VO: 

– LISA will detect in advance the merger candidates

– Athena can follow-up the before, during & after the merger


– e.g. X-ray emission during the inspiral phase

– For other transients, Athena can repoint in XX mn ??
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Both launched in mid-2030 

A common science goal : formation & growth of first black holes

Massive BH coalescence at z=1-3



https://skfb.ly/6N8XX

• Athena is the next generation X-ray observatory with unprecedented 
sensitivity and spectral resolution (XIFU)


• XIFU + WFI will produce 4D products (X,Y,E,T) with high statistics

– Change the way we detect & characterize sources


• Data visualization of data cubes (ALMA, SKA, MUSE ?)


• X transients machine : Wide Field Imager (WFI) + high effective area

• MM: Athena + LISA synergies for massive BH


• VO products:

- Data cube with «slicing on demand» 

- Time slice or energy slice within an obs or across observations

Conclusion
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