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ESA+NASA - IXO System Studies and Optics 
•   ESA CDF + NASA MDL - Optics Accomodation 

•  20 m focal length – minimum required to get the specified effective area at > 6 
keV independent of the mirror technology. 

•  Increase to 25 m focal length would improve the effective area > 10 keV – by 
at least a factor of 2. 

•  For the baseline Si optics design the full aperture radius 0.25 m < R < 1.9 m is 
required to meet the specification of 3 m2 at 1 keV . 

•  The aperture coverage required to meet the area specification for the baseline 
slumped glass optics design is slightly less. 

•  Both studies allocate 1800 kg to the mirror module – this is limiting the low 
energy effective area for both technologies. 

•  Both studies include a baffle/skirt to close off the extension volume – this stray 
light  protection is required for the gratings. 

•  IXO CDF telescope consolidation study (4th Feb  16th Mar 2009)  
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IXO service module: deployment scheme 

•  Performance in deployed configuration (prel. estimates): 
•  Deployment accuracy: 1.2 mm radius sphere (RSS) 

   → displacement calibration + pointing correction 
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Fixed Structure 

Deployable Structure 
with shroud 

Instrument Module 

Spacecraft Bus 

Optics Module 

12.1m 

Deployed IXO 
Configuration 

Stowed IXO 
Configuration 

IXO Spacecra+ ‐ NASA MDL 
• Observatory Mass 
~6300 kg (including 
30% conEngency)  

•  Launch on an Atlas V 
551 or Ariane V  

• Direct launch into an 
800,000 km semi‐
major axis L2 orbit 
•  The observatory is 
deployed to achieve 
20 m focal length 

•  5 year required 
lifeEme, with 
expendables for 10 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Maximising the area at 6.4 keV 

The minimum radius is set by the maximum axial length of available Si plates 
Increase in area with radius for Si pore optics with NO support structure 
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You do need support structure! 

If support obstruction is 
31% then can achieve 1 m2 
at 6.4 keV. 

Baseline design requires 
support obstruction of 55% 
which is conservative. This 
gives  0.65 m2 at 6.4 keV. 
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Similar story for 30 keV 

Need multilayer coating 
on the inner shells. 

An obscuration factor of 
55% will give 185 cm2 at 
30 keV. 

The CDF run 4th Feb  16th Mar 2009 will revisit the area problem. 
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Preliminary image quality error budget (HEW on-axis at 1.25 keV): 
 - Mirror module perf. under operation environment:  4.30 arcsec 

        - Optical design (conical approx.~ 3 arcsec)  
 - Mirror figuring errors:  

        - Mirror mid-frequencies errors & surface roughness:   
        - Mirror plate alignment/confocality: 

- Mirror assembly system errors:    1.20 arcsec   
-  Assembly and integration 
-  1 g release 
-  Thermal environment 
-  Other (e.g. moisture release)   

-  S/C pointing and optical bench distortions:   2.00 arcsec 
-  Events relative lateral measurement accuracy 
-  Absolute longitudinal displacement errors    

-  Margin: (including PSF sampling/detector pixel size)  1.00 arcsec 
----------------------------------------------------------------------------------------  
Total (assuming RSS summation):     5.00 arcsec 

We need mirror modules with slightly better than 5 arc sec HEW to meet specification. 

Preliminary IXO  pointing and optical bench stability requirements  
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Si Pore Optic based IXO mirror assembly 

Mirror plates  
and stacks Mirror modules 

Petals 
Optical bench 

Hierarchical elements 
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Marco Biejersbergen, Max Colon, Marcus Bavdaz 
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Started operation 19th December 2008 
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This stack has not got the full compliment of Si plates 
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Without C overcoating: 

Aeff (1.25 keV) ~ 2.6 m2 

Aeff (6.00 keV) ~ 0.65 m2 

With 90 Angstrom C overcoating:  

Aeff (1.25 keV) ~ 3.0 m2 

Aeff (6.00 keV) ~ 0.65 m2 

To achieve the 3m² Aeff at 1.25 
keV requirements, the mirror 
modules shall be covered with a C 
overcoating 

IXO mirror assembly: performance 
estimate baseline CDF study 
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With JAXA/ISAS multilayer 
design (courtesy H. Kunieda): 

Aeff (30 keV) ~ 150 cm² 

IXO mirror assembly: performance 
estimate baseline CDF study 
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Off‐axis response of Si Pore OpEcs 

Ray tracing predictions – includes conical approximation and a small figure error 
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Issues/AcEons/RecommendaEons 
IXO TWG January 2009 Boston 

•  Extension baffle/skirt evaluaEon/opEmizaEon – stray light 
•  Front baffle for mirror assembly – stray light  transmiged through mirror 

system 
•  GraEng spectrometer – specify sub‐aperture PSF needed to achieve high 

spectral resoluEon 
•  Upgrade of test/calibraEon faciliEes and use of BESSY, SPring‐8… 
•  Repeat the opEcal design for both Si Pore and slumped glass technologies 

using common criteria/data/so+ware 
•  Full comparison/trade‐off of Si Pore vs. slumped glass technologies  
•  Major push to demonstrate a mirror module with ~5 arc seconds HEW (Si 

HPO or ~3 nested slumped glass pairs) 
•  Construct a full error budget for the angular resoluEon – as far as possible 

common to both mirror technologies 



TWG   29 January  2009 Boston 

Mirror Baffle 

•  Preliminary studies have been done 
– Si pore opEcs can incorporate a baffle integral to 
the front (parabola) plates 

– This soluEon is not possible for the inner most 
(small radii) modules 

– There will be a residual enhancement of diffuse 
sky background maybe up to a factor of 2 – needs 
a dedicated study for both the Si pore and 
slumped glass technologies 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