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Development of binary shaped pupil mask coronagraph

for the observation of exoplanets
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Direct observation of extra-solar planets (exoplanets) is essential to understand
how planetary systems were born, how they evolve, and ultimately, to identify
biological signatures on these planets. However, the enormous cbntrast in flux
between the central star and its associated planets is the primary difficulty in
direct observation. Thus, the development of stellar coronagraphs, which can
improve the conti‘ast between the star andvthe. planet, is needed. Of the various
kinds of coronagraph, we have focused on a binary-shaped pupil mask coronagraph.
The reasons for using this type of coronagraph are that it is robust against pointing
errors, it can, in principal, make observations over a wide range of wavelengths and
it is relatively simple. We conducted a number of coronagraphic experiments in a
vacuum chamber using a checkerboard mask, which is a type of binary-shaped

pupil mask, without active wavefront control.

1. We evaluated how much the PSF subtraction contributed to the high contrast
observation by subtracting the images obtained through the coronagraph. We
improved the temperature stability by installing the coronagraph optics in a
vacuum chamber, controlling the temperature of the optical bench, and covering the
vacuum chamber with thermal insulation layers. With a He-Ne laser at a
wavelength of 632.8nm, a contrast of 2.3 x 10-7 was obtained for raw
coronagraphic images and a contrast of 1.3x10-9 was achieved after subtraction of
the PSF. Thus, an improvement of around two orders of magnitude in contrast was

achieved by subtracting the PSE.

2. We also carried out multi-color/broadband experiments using Super luminescent
Light Emitting Diodes (SLEDs) with center wavelengths of 650nm, 750nm, 800nm
and 850nm in order to demonstrate that the binary-shaped pupil mask coronagraph

could, in principal, be used for observations over a wide range of wavelengths. We
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achieved contrasts of 3.1 X 107, 1.1 x 1076, 1.6 % 1076 and 2.5 x 10-¢ for the bands
centered at 650 nm, 750 nm, 800 nm and 850 nm, respectively. The results show
that the contrast within each wavelength band has been significantly improved

compared with those obtained using non-coronagraphic optics.

3. However, the checker-board mask with a glass substrate has the problems of
transmission losses, ghosting from residual reflectances and a slightly different
refractive index for each wavelength. Therefore, we developed a new free-standing
sheet metal mask wifhout the need for a substrate. As a result, with the He-Ne
laser and a free-standing mask, a contrast of 1.0 X 10~7 was achieved for the raw
coronagraphic image by areal averaging of all the observed dark regions. Speckles
are the major limiting factor. A similar significant improvement in contrast was

demonstrated with a free-standing mask as with a substrate mask.

We demonstrated that subtraction of the PSF is potentially beneficial for
improving the contrast of a binary-shaped pupil mask coronagraph, that this
coronagraph can provide a significant improvement in contrast with multicolor/
broadband light sources, and that the new free-standing mask for practical use
provides superior performance of improving contrast. We performed the tasks
necessary to make the coronagraph fit for practical use. In conclusion, we carried
out verification tests on the binary-shaped pupil mask coronagraph for actual

coronagraphic observations.
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