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Figure 3: Left: example of detection performance using the FOPM actually installed on VLT.
The red curve shows the 3o detection level (Boccaletti et al. in preparation). Right: Image of the
visual triple star HIP 1306. The two faint components are respectively 1.6 and 3.5 magnitudes
fainter than their star and located at distances of 0.13" and 1.0" (see Boccaletti et al. 2004)

Figure 4: The Active Galactic Nucleus NGC 1068 observed in Ks with FOPM on NACO.

Left: FOV 11.7" where large scale arclet structure can be seen on the south side. Right: FOV
3.5" where we can see micro arms close to the center as well as aligned knots on the north side
(see Gratadour et al. 2005 for more details).

c. MID-IR

Our group is developing the three FQPM and the Lyot coronagraph that will take place in the Mid-IR Camera of
the JWST (MIRI instrument). To validate the feasibility of such coronagraph, we manufactured coronagraph in
the thermal infrared using different materials and fabrication techniques. We demonstrated that the behavior of
the FQPM in the mid-IR and at very low temperature (12K) corresponds to the expected performance. The
effective results of the FQPM in terms of contrast and attenuation (see Figure 5) are much better than what is
specified for MIRI (Baudoz et al. 2006). In fact, the limitations from the James Webb Space Telescope (defocus,
pupil shearing, jitter, aberrations, pupil geometry) are largely dominating over the intrinsic defects of the
manufactured FQPM (see Figure 5). Thus, we can hope to reach the sensitivity estimated by simulations where
the JWST limitations are taken into account. In that case, an Extrasolar Giant Planet orbiting at 10 AU around its
parent star should be detected down to 400 K in one hour.
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Figure 5: Left: The solid lines show the radial profiles of the laboratory results with FOPM (lower curves) and
without FOPM (upper curves). Dotted lines show the radial profiles calculated with the numerical code
simulating the actual bench. Right: Electron microscope image of one of the FOPM manufactured out of Ge and
using Reactive lon-etching. The effect of the finite size of the transition between quadrants is negligible
compared to other telescope limitations.

CONCLUSIONS

The development of prototype of FQPM around the projects JWST and SPHERE has enabled the manufacturing
of a number of different type of FQPM. The FQPM is the only coronagraph, aside of the classical Lyot
coronagraph, that has been manufactured and validated in the laboratory and on the sky at so many spectral
bands. The visible development of the FQPM shown that high rejection rate could be reached in monochromatic
light. Achromatic FQPM were also tested in the visible using half-wave plates. In the mid-IR, the three FQPM
that will take place in MIRI/JWST will mark a stone toward other coronagraph combined with space telescope.
In the near-IR, the FQPM that has been installed on the VLT produced very promising results. A new system
will be implemented at the VLT by Feb. 2007 and that will be combined to the Simultaneous Differential Imager
(Biller et al. 2005). Even though the performance will be higher, it will still be limited by the quality of the
correction of NAOS, the adaptive optics actually mounted on the VLT. To reach higher dynamical range, we are
involved in the development of a 2™ generation ground-based instrument at the VLT. The instrument, called
SPHERE (Beuzit et al. 2006), is probably the first high contrast imaging system to be fully optimized for the
direct detection and characterization of exoplanets. Unlike all the coronagraphs that have been put on the sky
before (AIC, FQPM), the design of this instrument is made altogether with the development and design of the
coronagraph. Although TPF-C has a much challenging objective than SPHERE, this project could benefit of the
many developments we made on the prototyping of coronagraphs and on the experience we gain at designing an
instrument altogether with a coronagraph (system analysis, end-to-end simulation, ...).
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