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• Linear unitary operator defining a coronagraph depends on λ.

• Coronagraphs for which λ dependence is small (just scaling) are preferred.

• Conjecture: “Ideal” PIAA is optimal among “achromatic” coronagraphs.

• The linear unitary operator depends on the optical model: Fresnel, Huy-
gen’s wavelets, Rayleigh-Sommerfeld, better-than-Fresnel, vector vs. scalar
propagation, etc.

• “Real” PIAA is more chromatic than “ideal” PIAA.

• Hybrid apodized-PIAA design mitigates chromatic effects.

• Remaining issue: can the complicated real system be manufactured to the-
oretical specs.



Reference:

Diffraction-Based Sensitivity Analysis of Apodized Pupil Mapping Systems,
Astrophysical Journal, 2006. To appear.

http://orfe.princeton.edu/∼rvdb/tex/piaaSensitivity/ms.pdf

http://orfe.princeton.edu/~rvdb/tex/piaaSensitivity/ms.pdf


The Pupil-Mapping Concept
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High-Contrast Amplitude Profile
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Fig. 1.— Pupil mapping via a pair of properly figured lenses. Light travels from top to

bottom.
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Fig. 2.— Left. An amplitude profile providing contrast of 10−10 at tight inner working

angles. Right. The corresponding on-axis point spread function.



Full Pupil-Mapping System
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Diffraction Analysis of Apodized Pupil-Mapping
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2nd Pupil Amplitude Map
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2nd Pupil Phase Map
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Fig. 4.— Analysis of an apodized pupil mapping system using the S-Huygens approxima-

tion with z = 15D and n = 1.5. Upper-left plot shows in red the target high-contrast

amplitude profile and in blue the amplitude profile computed using the S-Huygens approx-

imation through the apodized pupil mapping system. The other two curves depict the pre-

and post-apodizers. Upper-right plot shows the lens profiles, red for the first lens and blue

for the second. The lens profiles h and h̃ were computed using a 5, 000 point discretization.

Lower-left plot shows in blue the phase map computed using the S-Huygens propagation

with a 5, 000 point discretization. This blue curve exhibits high-frequency oscillations that

are smoothed before computing the post-apodizer to help with chromaticity. Lower-right

plot shows the PSF computed at three different wavelengths; the design value, 30% above

that value, and 30% below it.



On-Axis PSF at 1st and 2nd Focus
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Fig. 5.— On-axis PSF at first focus (before occulter) and at second focus for cases of with and

without occulter. Without the occulter, the second-focus PSF almost perfectly matches the

usual Airy pattern. However, with the occulter, the second-focus on-axis PSF is suppressed

by ten orders of magnitude.



Off-Axis PSFs
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Fig. 6.— Simulated responses due to off-axis sources in apodized pupil mapping and con-

centric rings. First row: pupil mapping, first focus, after the occulter. Second row: pupil

mapping, second focus (note the expected mirror flip). Third row: concentric ring corona-

graph. The columns in this figure represent different off-axis source angles, labeled on the

top. All the images represent the same physical area on a CCD and the optical axis is in

the exact center of each image. The dark circles in the centers of the images on the top and

bottom rows are the occulters, with radius of 4fλ/D. The intensity scale is logarithmic,

spanning 10 orders of magnitude, as shown on the right. The normalization is to the peak

value of the Airy PSF in the case of no coronagraph.



Cross-Sectional Plot
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Fig. 7.— Cross-sectional plots from the second row plots in Figure 6. Note that for angles

of 3λ/D and above, the restored PSF looks very much like an Airy pattern with very little

energy attenuation. However, as the angle decreases, the pattern begins to distort and the

throughput begins to diminish.



Throughput vs. Angle
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Fig. 8.— Off-axis source attenuation as a function of angle (total throughput). Note that

the 50% point occurs at about 2λ/D.



Sensitivity to Zernikes

Pupil Mapping
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Fig. 9.— Apodized pupil mapping sensitivities to the first nine Zernike aberrations. In

each case, the rms error is 1/100th wave. The plots correspond to: Piston (0, 0), Tilt (1, 1),

Defocus (2, 0), Astigmatism (2, 2) Coma (3, 1), Trefoil (3, 3), Spherical Aberration (4, 0),

Astigmatism 2nd Order (4, 2), Tetrafoil (4, 4).



Sensitivity to Zernikes

Concentric Rings
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Fig. 10.— Concentric-ring mask sensitivities to the first nine Zernike aberrations.



Sensitivity to Zernikes

Radial Profiles

– 28 –

−12

−10

−8

−6

−4

−2

0
(0,0) (1,1) (2,0)

−12

−10

−8

−6

−4

−2

0
(2,2)

Lo
g 10

 o
f c

on
tr

as
t

(3,1) (3,3)

0 5 10
−12

−10

−8

−6

−4

−2

0
(4,0)

0 5 10

(4,2)

working angle in units of λ/D
0 5 10

(4,4)

Ideal Apodization with no aberrations
Concentric Rings
Pupil Mapping (2nd focus)

Fig. 11.— Radial profiles associated with the previous two Figures and overlayed one on the

other. The green plots are for apodized pupil mapping whereas the blue plots are for the

concentric ring mask.



Shaklan Plots
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Fig. 12.— Contrast degradation measured at three angles, 2, 4, and 8λ/D as a function of

severity of the Zernike wavefront error measured in waves.


