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Real-time control of mid-spatial frequency errors on Keck NIRC2 Apodizers for controlling diffraction from aperture discontinuities

Demonstrating end-to-end instrumentation for planet characterization:
The High Contrast Spectroscopy Testbed for Segmented Telescopes

Micro-dot apodizer development

Simulated surface brightness 

Off-sky speckle nulling for correcting static aberrations in the NIRC2 vortex coronagraph

On-sky speckle nulling for end-to-end static and dynamic aberrations 

For more info, see poster by J. R. Delorme (Caltech)
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Apodized vortex coronagraphs (Ruane et al., Proc. SPIE 9912, 2016) suppress starlight diffracted from aperture 
discontinuities to levels needed to image terrestrial planets orbiting cool stars in the near infrared with TMT.
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Initial laboratory characterization 
of microdot apodizers, fabricated 
from chrome-on-glass, showed 
phase shifts which depend on the 
local density of microdots. 

The phase effect may be attributed 
to mixing of reflected waves from 
the chrome and glass regions. Our 
analytical model suggests the phase 
shift may be minimized by 
increasing the contrast between 
non-reflective and reflective regions 
(r0/rs) and prescribing a reflective 
layer thickness h of λ/2.
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The goal of HCST is to demonstrate the technologies needed to 
characterize the atmospheres of potentially habitable exoplanets with 
TMT and future space telescopes.

The HCST simulates:
• Segmented telescopes
• Atmospheric turbulence
• Adaptive optics / Wavefront control/ Coronagraphs
• Imaging & spectroscopy for detection & characterization

Opto-mechnical design: J. Fucik (COO) and J.K. Wallace (JPL)

Nulling of speckles due to static aberrations in NIRC2 
is routinely accomplished using the “speckle killer” 
Python app developed by M. Bottom (JPL).

However, the significant improvement seen on the 
internal source degrades considerably on sky owing to 
new aberrations introduced by upstream optics, 
especially the primary mirror. 
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On-sky speckle nulling not only allows for correction of end-to-
end aberrations, but also dynamic aberrations (see images at 
left, for example).

This capability is currently under development on Keck NIRC2 
(led by M. Bottom and A.J. Riggs, JPL). Below we show the 
promising results of a recent on-sky speckle nulling 
demonstration. In each case, the nulling algorithm successfully 
suppressed the brightest speckles in the control region. 
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Integrated apodizer/tip-tilt sensor concept
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We are also developing concepts for 
harnessing light rejected from the 
coronagraph for low order wavefront
sensing. Here, we show how the light 
transmitted through a reflective 
apodizer may by used for a high-
speed, quad-cell, tip-tilt sensor. 
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