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Precollimator

ÅPast

ÅPresent

ÅFuture

Overview
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Past

ÅSpace X-Ray Telescopes (XRT)

ÅBasic Structure 

ÅEffectiveness 

ÅPast Construction
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Space X-Ray Telescopes

ÅXMM-Newton 1999

ÅChandra 1999

ÅHETE-2 2000-07

ÅINTEGRAL2002

ESA/NASA4
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ÅSwift 2004

ÅSuzaku 2005-2015

ÅAGILE 2007

ÅNuSTAR 2012

Space X-Ray Telescopes

NASA/JPL/ASI/JAXA5
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ÅAstrosat 2015

ÅHitomi (ASTRO-H) 2016-2016

ÅNICER (ISS) 2017

ÅHXMT/Insight 2017

Space X-Ray Telescopes

NASA/JPL/CNSA6
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Space X-Ray Telescopes

NASA/JPL-Caltech
Harrison, F.A. et al. (2013; ApJ, 770, 103) 

doi:10.1088/0004-637X/770/2/1037
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Basic Structure XRT

NASA/JPL-Caltech8

Grazing Incidence
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Basic Structure: NuSTARMirrors

NASA/JPL-Caltech9
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Basic Structure XRT

ÅXMMNewton XRT

ESA10
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Basic Structure XRT

ÅXMM-Newton mirrors

D. de Chambure, XMMProject 
(ESTEC)/ESA
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Basic Structure XRT

ÅThermal Precollimator on ROSAT

http://www.xray.mpe.mpg.de/12
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Basic Structure XRT

ÅAGILE Precollimator

http://agile.asdc.asi.it13
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Basic Structure

ÅSpektr-RG 2018

MPE14
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Basic Structure: Stray X-Rays

NASA/JPL-Caltech15
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Basic Structure: Grazing

16 NASA
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X-Ray Effectiveness: Straylight

ÅCorrect Reflection

ÅSecondary Only

ÅBackside Reflection

ÅPrimary Only
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X-Ray Effectiveness

ÅThe Crab Nebula by: 

ROSAT(1990) Chandra

S. L.SnowdenUSRA, NASA/GSFC NASA/CXC/SAO/F.Sewardet al.18



Mindrum.com

X-Ray Effectiveness

ÅStraylightRejection EM 

ïSecondary Reflection

ïBackside Reflection

Hideyuki Mori, Yoshitomo Maeda, Manabu Ishida, TakuroSato, Kou Ichihara, et al.,
άThe pre-collimator for the ASTRO-H x-ray telescopes: shielding from stray lightsέΣ
Space Telescopes and Instrumentation 2012: Ultraviolet to Gamma Ray,
Proc. of SPIE Vol. 8443 84435B-119
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X-Ray Effectiveness

ÅCrab Nebula Placed Off-Axis

ÅStray light with Engineering model
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X-Ray Effectiveness

ÅMust get better optics

ÅPhysically block straylight

ÅMust match alignment 

ïMirror and precollimator

ïUnique Trials for Engineering Model

21
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Precollimator

ÅSuzakuX-Ray Telescope

ïPre-collimator

ïMirrors

ÅAlignment is critical

NASA/JAXA22
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Past Production: Suzaku

ÅAlignment frame

ÅIndividual metal 
foil

Hideyuki Mori, et al.,
Development of Astro-E2 XRTpre-collimator or strayτlight protection

Optics for EUV, X-Ray, and Gamma-Ray Astronomy, Proc. SPIEVol. 516823
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Past Production: Hitomi

ÅComplex build with individual sheets of foil

24

* Hideyuki Mori, et al.,
The pre-collimator for the ASTRO-H x-ray telescopes: shielding from stray lights

Space Telescopes & Instrumentation 2012: Ultraviolet to Gamma Ray, Proc. of SPIE Vol. 8443, 84435B
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Past Production: Hitomi

ÅLabor intensive

ÅVibration problems

ÅFoil bending/alignment mismatch

25 NASA/Hideyuki Mori, et al.,*
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Anomalous Arms: Spiral Galaxy M106
Infrared data from the Spitzer Space Telescope - red
Digitized Sky Survey - yellow
Radio data from the Very Large Array - purple 
X-ray data from Chandra - blue

X-ray: NASA/CXC/Univ. of Maryland/A.S. Wilson et al.; 
Optical: Palomar Observatory. DSS; 
IR:NASA/JPL-Caltech; VLA: NRAO/AUI/NSF
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X-ray: NASA/CXC/SAO, 
Infrared: NASA/JPL-Caltech; 
Optical: MPIA, CalarAlto, O.Krauseet al.

TychoSupernova
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X-ray: NASA/CXC/SAO/F.Civanoet al; 
Optical: NASA/STScI; 
Optical (wide field): CFHT, NASA/STScI

Giant Black Hole Kicked Out of Home Galaxy: CID-42
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X-ray: NASA/CXC/PSU/L.Townsleyet al.; 
Infrared: NASA/JPL/PSU/L.Townsleyet al.

Tarantula Nebula
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R. Sankrit(NASA Ames) and W.P. Blair (Johns Hopkins Univ.)

YŜǇƭŜǊΩǎ {ǳǇŜǊƴƻǾŀ ǊŜƳƴŀƴǘΥ 
b!{!Ωǎ Spitzer Space Telescope (red), 
Hubble Space Telescope (yellow), and 
Chandra X-ray Observatory (green and blue)
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B. Williams (NASA GSFC)

RCW 86 supernova remains 
b!{!Ωǎ {ǇƛǘȊŜǊ ŀƴŘ ²L{9 ¢ŜƭŜǎŎƻǇŜǎ όǊŜŘ ŀƴŘ ƻǊŀƴƎŜύΣ 
b!{!Ωǎ /ƘŀƴŘǊŀ ·-ray Observatory (blue)
9ǳǊƻǇŜŀƴ {ǇŀŎŜ !ƎŜƴŎȅΩǎ ·aa-Newton Observatory (green)
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NASA/JPL-Caltech/DSS

Blazing Black Holes Spotted in Spiral Beauty: spiral galaxy IC 342 (Caldwell 5), 
Digitized Sky Survey - Visible Light
NuSTARX-ray data - Magenta
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Hubble      &     Chandra

Messier 82 (M82) NASA33
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Precollimator

ÅPast

ÅPresent

ÅFuture

Overview
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Present

ÅMindrum Precision 

ïresearching Precollimator since 2011
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Present

ÅWire EDM

ÅAdditive 
Manufacturing

ÅChemical Milling
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Present

ÅWire EDM

ïEfficient cutting

ïRepetitive precision

ïIncreased design flexibility 
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Video
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Present

ÅMonolithic/unibodydesign 

ïCombined blades and support structure

ïIncreased mechanical integrity/higher strength

39

NASA/ASTRO-H
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Present

ÅMonolithic/unibodydesign 

ïCombined blades and support structure

ïIncreased mechanical integrity/higher strength
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Present

ÅStill need start hole

ÅAdditive 
manufacturing 
investigated and 
rejected
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Present

ÅAdditive Manufacturing 

ïElectron Beam Melting

ïLaser Sintering 

ÅUnable to hold tolerance

ï/ǳǊƭƛƴƎ ƻŦ ǿŀƭƭǎ ōŜȅƻƴŘ лΦлплέ ώмƳƳϐ ǘƘƛŎƪ

ïUnsuccessful kept adding support material 

ïBetter to start off with solid material

42
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Present

ÅReduce thickness/weight
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Present

ÅEDMǳƴŀōƭŜ ǘƻ ǘƘƛƴ ǿŀƭƭ лΦллпέ ώлΦмƳƳϐ
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Present

ÅChemical Milling

ïUniform Removal of material

ïKnown hydrogen embrittlement characteristics
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Present

ÅWire EDMwith Chemical Milling

ïHands off machining

ïReduced cost

ïFaster production

ïLarge, unique, diverse geometry

ÅMultiple prototypes for Engineering Models 
(EM)
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Present

ÅRough or smooth surface finish
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ÅOptically or mechanically measured for 

ïThickness 

ïTrue position alignment
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Precollimator

ÅPast

ÅPresent

ÅFuture

Overview
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Future Input Requested

ÅBlade 

ïHeight  

ïLength

ïThickness: thinner than mirror 90 - 150 ˃ m

ÅAlignment Geometry: Blade - mirror

ÅGap between mirror and blade features

ÅMaterial Needs
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Future

ÅPossible capabilities

ïTapered walls or notches

ïMulti layer assemblies

ïCoatings

ïIntegrated Mounting clamps

ÅCall for telescope needs (Diameter, Gap width, 
Rib width, weight restriction, Height)
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Future

ÅNuSTAR

ï133 blades

ïSection 
pattern

ïIrregularities
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Future: Mindrum Improvement

ÅPatterned for mirror irregularity

ÅFully customized support structure

ÅIncreased precollimator/mirror alignment 
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