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"Interferometric” coronagraphs
Achromatic Interferometric Coronagraph AlC
Common Path AIC CPAIC
Visible Nulling Coronagraph, X & Y shear, 4" order VNC
Pupil Swapping Coronagraph PSC
Pupil Apodization
Conventional Pupil Apodization/ Shaped pupil CPA
Achromatic Pupil Phase Apodization PPA
Phase Induced Amplitude Apodization Coronagraph PIAAC
Phase Induced Zonal Zernike Apodization PIZZA
Improvement on the Lyot concept
Apodized Pupil Lyot Coronagraph APLC
Multistep APLC APLCT, APLC2, APLCS...
Band Limited, 4™ order BL4
Band Limited, 8™ order BL8
Phase mask PM
4 quadrant 4QPM
Achromatic Phase Knife Coronagraph APKC
Optical Vortex Coronagraph, topological charge m OVCm
Angular Groove Phase Mask Coronagraph AGPMC
Optical Differenciation Coronagraph ODC
(External Occulter)
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O. Guyon et al., ApJ 167 81(2006)




Coronagraphic masks drawback
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Poor wavefront quality ruins mask performance

Crepp et al., Ap J 661 1323 (2007)




Detection conditions

We limit our studies to:

r Ground-based telescopes

D/ry <7

\

Objects with I 210 6 ]O
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Previous techniques

Telescops mounting

PASP 2001, Bourget, Veiga & Vieira

Occulting disk with variable diameter:

compressed Hg drop

Occulting disk as a
compressed mercury drop Optical window

Fiezoelectric mofiom of
fhe opfical window

: .
Toric ﬁge surface

Plan-convex
field lens

Phase: 1AU 200 (2006) Bourget, Vieira, Colas, Assus & Irbah




Previous techniques

* Dynamic pupil masking

Reduces PSF halo in AO systems by masking with a SLM

pupil areas with large residual wavefront aberrations

Opt Express 2009, Osborn, Myers & Love




Our proposal The Adaptive Coranagraphic Mask is a

binary complementary version of the PSF
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Telescope implementation

Telescope
(tip/tilt correction)

\ PSF detection

Adaptive mask  puummm—

Coronagraphic image




Adaptive mask implementation

N

Adaptive mask




Adaptive mask implementation

ACM-DLP

Micro-mirrors

Scientific camera

High Freq: Several kHz

uMirror size:15 um




Threshold

Main parameter for mask performance

Options for threshold selection:

1. Fraction of the total energy

2. Fraction of the maximum intensity
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Comparison with other techniques

For poor atmospheric conditions (SR < 0.8) the circular hard

edge mask (CHEM) is not beaten by more complex masks *

AO Strehl Ratio
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The ACM can be compared with hard-edge masks

* Crepp et al., Ap J 661 1323 (2007)




Comparison with Hard edge masks

ACM presents two effects:

- Reduction of the halo outside
the hard edge mask

- The area inside the hard-
edge mask can be searched for




Improvement of the detection area

The mentioned effects allow the detection of dim
sources closer to stars
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Occluded area ratio

Adaptive mask attains the same extinction of CHEM
with less occluded area




Threshold selection

Planet/Star intensity ratio = 10

Planet/Halo ratio = 5
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HyperGaussian Mask

The average of several realizations
yields a 4t-order HyperGaussian
profile

The HyperGaussian width
1S an increasing function
of D/r,




Lucky Imaging? Image selection

inten_star + refer




Adaptive Lyot stop

I planet

I planet




Adaptive Lyot stop average

HyperGaussian fitting of the average adaptive
Lyot stop
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Conclusions

High extinction Adaptive mask
Robust to pointing errors
Outperforms Hard-edge masks

- slightly when averaging

- sfrongly for particular positions

D/ry <7 : IR detection




Future work

Algorithm for threshold selection

Analysis of the Adaptive Lyot

Experimental measurements




UC Coronagraph







