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Lynx deep field JWST deep field

Endpoints of stellar 
evolution

Stellar birth, coronal physics, 
feedback

Impact of stellar activity 
on habitability of planets

Illustris-TNG simulation: galaxiesIllustris-TNG simulation: gas
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Lynx Optical Assembly

Angular resolution (on-axis) 0.5 arcsec HPD (or better) 

Effective area @ 1 keV 2 m2 (met with 3-m OD)

Off-axis PSF (grasp), 
A*(FOV for HPD < 1 arcsec) 600 m2 arcmin2

Science Driven Requirements

• Large effective area is achieved by nesting a few 
hundred to many thousands of co-aligned, co-axial 
mirror pairs.

• Must fabricate thinner mirrors to allow for greater 
nesting of mirror pairs and larger effective area 
while reducing mass 

• These thin mirrors must be better that 0.5” HPD 
requirement.

• Must mount and coat these thin optics without 
deforming the optic, or must be able to correct 
deformations.

Chandra did it! And so can Lynx!

NASA 2018 SBIR S2.04: 
X-Ray Mirror Systems Technology, Coating Technology for X-Ray-
UV-OIR, and Free-Form Optics



Schattenburg talk to NASA PCOS SIG, 04/2016 - Modified

Deposition (MSFC, XRO)

Thermal Forming 
(GSFC, SAO) 

Piezo stress 
(SAO/PSU)

Si Optics (GSFC)

Magnetic & deposition 
stress (NU)

Full shells Assembly

Segments

Segmented Wedge Assembly Meta-Shell Assembly

Ion implant stress (MIT)

Ion beam

Ion beam

Implanted
layers

Top bearingN2

Glass Bottom Bearing

Air Bearing Slumping (MIT)Full Shell 
(Brera, MSFC, SAO)

Ion beam 
figuring (OAB)

Testing/Simulation/Modeling

Testing/Simulation/Modeling

Testing/Simulation/Modeling
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Deposited piezo
actuator layer

Outer electrode 
segment

Inner actuator 
electrode

Glass mirror
substrate

X-ray reflective 
coating (e.g., Ir)



X-ray Mirror 
Assembly (XMA)
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Slide Provided by Paul Glenn (Bauer, Inc.)
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Slide Provided by Paul Glenn (Bauer, Inc.)

Credit: MSFC X-Ray 
Group

Lester Levitator. Credit: Lester Cohen, SAO
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Slide Provided by David Broadway (MSFC)



Stress balancing coatings on same side of substrate:
The technique utilizes a compensating layer(s) whose stress is 
opposite in sign to the sign of the stress in the layer stack. 

The thickness of the compensating layer is tuned to balance the net 
stress in the layer stack.

𝜎ℎ௙ ே௘௧
= 𝜎஺ℎ஺ + 𝜎஻ℎ஻ +⋯+ 𝜎ேℎே+ο 𝜎ℎ ஼்ா≈ 0

𝜎஺ℎ஺ > 0

𝜎஻ℎ஻ < 0

Cr
Ir

substrate

Example: Cr (tensile (+))/Ir
(compressive (-))

Argon pressure optimization in magnetron sputtered Ir:

Slide Provided by 
David Broadway (MSFC)

Stress balancing with 
front/backside coating.
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Lynx Websites

https://wwwastro.msfc.nasa.gov/lynx/

https://www.lynxobservatory.com/

Jessica.Gaskin@nasa.gov

THANK YOU!

• Large effective area is achieved by nesting a few hundred to many thousands of co-aligned, co-axial 
mirror pairs.

• Must fabricate thinner mirrors to allow for greater nesting of mirror pairs and larger effective area 
while reducing mass 

• These thin mirrors must be better that 0.5” HPD requirement.

• Must mount and coat these thin optics without deforming the optic, or must be able to correct 
deformations.


