Interest of multistage apodized-pupil Lyot coronagraph for ELTs
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Context
Earlier apodized-pupil Lyot coronagraphs (APLC) have been studied and developed to enable highcontrast imaging for exoplanet detection and characterization with present-day ground-based
telescopes. With the current interest in the development of the next generation of telescopes, the
future extremely large telescopes (ELTs), alternative APLC designs involving multistage configuration
appear attractive. The relevance of these designs for the ELTs is analyzed. The analysis is designed to
find out the implications of inherent error sources occurring on large coronagraphic telescopes to the
performance of multistage APLC (MAPLC) configurations.
Additionally, a first laboratory experiment with a two-stages-APLC in the near-infrared H-band is
presented to further support the numerical treatment.
The APLC is by principle a combination of a classical Lyot coronagraph (hard-edged occulting focal
plane mask, FPM hereafter) with an apodization of the entrance aperture. The MAPLC has the
advantage that the field of the pupil stop of a single-stage APLC (n=1) is naturally apodized, and can
therefore be used as an entrance pupil for a second stage, and so on. Multistage APLC n stages uses n
identical FPMs and pupil stops in a cascading mode, with only one unique pupil apodizer (see Fig. 1).
Consequently no further loss in transmission occurs to that of a single-stage APLC.

Fig. 1 Principle of the MAPLC. MAPLC (two stages, i.e. n=2) coronagraphic
process illustration from the telescope pupil plane to the detector plane.

Simulations
Simulations make use of simple Fraunhofer propagators between pupil and image planes, which are implemented as fast Fourier-transforms (FFTs) generated with an IDL code.
As a baseline an ELT with 30% (linear) central obscuration ratio as expected for the European-ELT. As for the wavelength, a baseline of 1.6μm (center of the H-band) is adopted.
The APLC is a 4.7λ/D. Fig. 2 & 3 present some of the results obtained with a MAPLC by considering ELTs specificities and inherent error sources occurring in a coronagraphic
telescope; a comparison with a conventional single-stage APLC is provided.
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Fig. 3 Contrast profiles of an APLC (n=1)
and a MAPLC (n=2) obtained in simulations
(ELT): 5% (ptv) segment reflectivity – 0.1
mas rms offset pointing – 0.2% pupil shear
– wavefront errors: 36 nm rms piston &
tip-tilt / 50 nm rms defocus & astigmatism
(prior XAO correction).
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Fig. 2 Top row: APLC (n=1), Bottom row: MAPLC (n=2). From the left to the right: impact of segment reflectivity, aberrations, and offset pointing.

Laboratory tests
The optical setup is a near-infrared
coronagraphic transmission bench developed at
ESO in 2008.
The APLC is a 4.5λ/D configuration.
The optical setup was designed to simulate the
8 m VLT pupil.
The Strehl ratio of the bench is of about 92%.
Measurements have been carried out in Hband.
Recorded images are presented in Fig. 4.
Undistinguished contrast profiles (Fig. 5) are
found between a single-stage APLC (n=1) and a Fig. 4 From the left to the right: apodized PSF, APLC (n=1), and MAPLC (n=2).
two-stages APLC (n=2) as expected from H-band images recorded in the laboratory.
simulation (see Fig. 3).

Fig. 5 Contrast profiles of an APLC (n=1)
and a MAPLC (n=2) obtained in the lab in
H-band with a VLT-like pupil.

Conclusions
Multistage APLC were found inappropriate for ELTs. Although a large improvement on the peak -- at least from the core of the PSF to the IWA -- is achievable, avoiding the
detector saturation (longer integration time), no improvement on the halo is observed when considering realistic error sources. As a result, MAPLC does not increase the
instrument sensitivity to detect a fainter companion.
The results presented here were principally aimed for ELTs but are indeed, by the nature of some parameters investigated, directly applicable to present-day telescopes (nonsegmented telescopes, e.g. 8-10 m telescope). Additionally, the simulations are further confirmed by a laboratory experiment in the near-IR enabling the comparison of a single
and double-stages APLC in a real environment . The APLC remains a promising concept for ELTs, but in its conventional single-stage implementation.
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