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(Barret et al., 2013, SF2A-2013, 447) 

Fast Detector	

+ defocusing 
capability 
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Outline 

•  Athena mirror calibration plan 
•  X-IFU calibration plan 
•  WFI calibration plan 
 
Primarily still ground-based plan. 
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Silicon Pore Optics technology 

Source confusion 

Photon starvation 

Low sensitivity 

“Golden quadrant” 

Developed by ESA and Cosine Measurement 
System (cosine.nl) over the last decade 
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SPO terminology 

	 	
SPO mirror stack 

(35 plates) 
Mirror Module (MM) 

Mirror Assembly 
Module (MAM) 

~103 MMs 

Courtesy M.Bavdaz (ESA/ESTEC) 
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Telescope calibration requirements 

•  Preliminary … 
•  … but already intensively 

discussed! 
•  Stemming from the Science 

Requirement (Document) + 
Mission Budget (Document) 

•  Under review by the A. Science 
Study Team, the Telescope 
Working Group, and the 
Instrument Teams 

•  Aiming at a consolidated version 
by the Preliminary Requirements 
Review (≥Nov 2017) 
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Telescope calibration: assumptions 

•  A physical model of the telescope plays a crucial role, based on a common 
 open-access database and validated by experimental data 

•  No resources available to cover the whole calibration parameter space for each 
 and all MMs – multi-tier, flexible approach required 

•  [implying careful control on the performance homogeneity, and the sub-sample properties 
 vis-à-vis the parent sample] 

•  Identify parameters to be calibrated on-ground (e.g., PSF large-scale 2-D 
 structure) vs. in-flight (e.g., contamination) 
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Optics database 
Guainazzi et al., 2017, ESA-ATH-SP-2016-001 
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Calibration flow 
•  Process steps 
 
•  “Bulk verification/

calibration” = on all or a 
substantial fraction of 
MMs 

 
•  “Sub-assembly [detailed] 

calibration” = on some 
elements per row (~a 
few MMs) 

•  Integrated-MAM 
calibration for science 
performance assessment 
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Recommendations: flow & facilities 

•  MM assembly, alignment: synchrotron facility (e.g., BessyII) 
•  Fine structure: long-baseline synchrotron beam with homogeneous full 

 illumination with ΔΕ≤1 eV resolution on ~2 plates/row at, e.g., C, B, Si, Ir 
•  MM verification: Aeff, PSF, and FL measurements at 2 E on all MMs at a 

 dedicated facility with good collimation, ~2 MM/day rate, close to MM 
 production and/or MAM integration sites 

•  MM [detailed] calibration: Aeff, vignetting, PSF (on-/off-axis) at 5-10 E on ~4 
 MMs/row at long beam facility (2MMs/row spare; 2MMs/row back to flow) 

•  MAM calibration: Full characterization of science performance (Aeff, PSF in-/out-
 focus, vignetting, straylight, at ~2-10 E) at a longer-beam facility with 
 ≥90% illumination (implying ≥800 m) 
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X-IFU calibration 

X-IFU is a very challenging instrument 

-  unprecedented energy resolution and large effective area requirements 

ü   2.5 eV [1-7 KeV] 

ü   0.1 m2 [0.3 keV], 1.5 m2 [1 keV], 0.17 m2 [7 keV] 

-  3840 micro-calorimeters 

-  cryogenic operations constraints 

Detector assembly 
at 50 mK 

1.6 cm 

X-IFU dewar 

1.
5 

m
 



X-IFU calibration requirements 

Energy scale : 

-  absolute: 0.4 eV [0.3 - 7keV] 

Energy resolution (line spread function): 

-  energy resolution: 0.15 eV [0.3 - 7keV] 

Effective area (QE)  

-  instrument QE: 4% [absolute, @1 keV] 

-  instrument QE: TBD% [relative over 0.5 - 10 keV] 

Background  

-  non focused charged particle background: 2% TBC [100 ks, 9 arcmin2, >1 keV] 

-  focused charged particle background: 10% TBC [100 ks, 9 arcmin2, >1 keV] 

Timing  

-  dead time knowledge (1%) 

1
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X-IFU calibration strategy 

✓ means measurements on FM hardware (✓when critical or final) 

 Italics indicates activities linked to AIT/AIV  
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Outline 
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Summary 

•  Athena Study Phase A è achieve a consolidated set of calibration plans for the 
optics/instruments (requirement for PRR) 
•  Calibration requirements are in the definition phase 

•  Ideally, based on “reverse engineering” the science requirements using 
extensive simulations (heritage of the Monte-Carlo perturbation approach 
discussed also at the IACHEC) 

•  We aim at a comprehensive ground-based calibration plan. How much we can 
afford is a potential issue – e.g., end-to-end test? 
•  Parallel effort to characterize the expected background conditions at L2 (vs. L1) 
is underway (see S.Molendi’s presentation at the CCD WG) 
•  “11 años no son nada”: now is the right time to bite the bullet! 


