Wavefront Corrections for the Detection of Extrasolar Planets using Coronography
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The ultimate goal of planet finder missions is to find terrestrial planets,
carry out an exhaustive physical and chemical analysis of their atmosphere and surface in

order to search for potential habitats for life. This requires very high spatial and spectroscopic s
resolution, which we are far from achieving. The pupil of the telescope is limited in space and thus Is a source of diffraction. The diffraction grating of the
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Space based coronographic systems for the direct detection of extrasolar planets planet requires high -accuracy, all the more as th nitude of the planet is less than a tenth that of the star .-'_:_'-E{-'{:'EEEEiff?ff::______--.--
will require on-board wavefront corrections in order to reach a resolving power high enough and that the ) nbjer:ts are | by onl —|
to detect faint objects close to bright ones like a planet gravitating around a star. We choose
to perform sfafic wavelfont corrections to make the Point Spread function (PSf) of the Apodization may be the solution to
mounting as sharp as possible and reach the required resolving power. Eventually we should the aperture function smoothly to ero. .
be able to reach a wavefront error (WFE) of 2nm. function, the PSF will be sharpened petting clc
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How ' net ? .. o] the parabﬁﬁ flat mirror, and el d up on the beamsplitter and the CCD. The
$Re overiapping the planet -
N 2 parabola mirror is r:al[ed corrector. The wavefrunt errors 1t produces are half the inverse
""" ~ of those of the flat mirror. It has been developed by AMSL and tested by Tinsley. The
% WEE of the parabolic mirror is 6.352 nm, whereas that of the flat mirror is 11.55 nm.
Direct Methods Indirect Methods g: However, as the parabola makes up for the WFE of the flat mirror, the WFE of the
two mirrors combined i1s 0.5996 nm. Thus the main source of WFE will be the
assembly of the optical components, since the metrology system only allows us to place
the components with a precision of 2 nm.
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. Sing -Gravitational lensing WEE can be brought about by : *Optical manufacturing and mounting : Defocus, lateral shift, - - eoretically almost
- Transit thme")’ *Thermal expansion transverse and longitudinal aberrations, Seidel aberratlunsr Astigmatis (t step will be

*Acoustic and mechanical vibrations  coma, spherical aberrations, distortion, scattering due to freedom on

*On earth, atmospheric turbulence  distortion of the optical path due to imperfect flatness of the np’ﬂr:s e 2 nm

A perfect lens delivers to its exit pupil a spherical wave of radius R whose center of curvature coincides with the Bngoing work
origin of the /mage coordinate system (x, ,y, ,Z;. The center Is at the origin of the (x,y,z) pupil coordinate system. Wavefiont_null
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The great idea of coronography Is to remove the image of the star by inserting a mask
In the center of the beam. The mask reflects the light in the center (image of the star)

while passing the light in the side region that may hold a potential planet. Thus the The equation of the wavefront is x*+y*+(z-R)> = R% If x and y are small compared to R 'Thli 1e+00 bl it S——
determination of the size of the mask is important. (the exit pupil is small compared to the radius of curvature of the wave), and z Is 1e-02 e WEb e
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However, some side lobes of the diffraction stain of the star pass around the edge of sufficiently small so that z> can be neglected, the spherical wavefront in the exit pupil can

the occulter, and mix with the image of the planet. Either a Lyot mask or apodization be approximated by a parabola z= (x*+y?)/2R. Therefore an optical path difference of
of the pupil of the telescope is necessary to remove the sidelobes. W(xy) = (+y)/2R in the exit pupil represents a spherical wavefront converging to a
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All' WFE contribute to decreasing the resolution and the resolving power by making the PSF wider and the sidelobes
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el s B s higher.  Thus it Is necessary to correct the WFE to sharpen the PSF and be able to detect a planet. Wavefront errors reqired spatial and spectroscopic fe e Ton
e P F can be computed using softwares like Zemax. It is based on a modeling of WFE by Zernike polynomials. | i .
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