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Introduction
The past 4 years, a conceptual study of EPICS (Exoplanets Imaging Camera and Spectrograph) was developed (Kasper M. et 

al. SPIE 7735 (2010)). Detailed simulations including Fresnel diffraction were used to define an optimized system limiting the
incidence of chromatic errors in the Integral Field Spectroscopic observation mode (C. Vérinaud et al. SPIE 7736 (2010)). The 
Fresnel-Free Experiment for EPICS (FFREE) has been developed in order to test on a real system the impact of chromatic errors 
created by Fresnel diffraction.

Objectives of the FFREE bench
We plan to study the impact of Fresnel diffraction on two kinds of experiments:

1. Active correction of speckles (speckle nulling) 
2. Post-processing of polychromatic (IFS-like) speckled images

Speckle nulling first results
We chose to apply the Electric Field Conjugation method (Give’on, A. et al.  Optics Express V.15, 2007) in two modes. The classical mode of 
correction on one side and a two-sided mode. The difference of performance between the two modes will be representative of the amount of 
amplitude errors affecting the images. Our first experiment (with TUNICS laser source, very narrow spectral bandwidth λ=1548-nm) was made in 
the case of the F-2 phase screen conjugated to the pupil (hence no amplitude errors). Even though we obtain a decent performance in the single-
side mode (30× rejection of speckles rms intensity in 6×16 λ/D region) , the two-sided mode performance (5× rejection) is still worse  than 
expected by simulations. We are now trying to identify the limitations (possible error sources: reconstruction model errors, apodizer amplitude 
errors, bright off-axis ghosts).  Once the limitations identified and the performance optimized, we will investigate the impact of Fresnel diffraction 
in the two modes in function of the conjugation distance of the phase screen and compare to simulations. In the future, similar experiments with a 
tunable laser mimicking an Integral Field Spectrograph will be conducted in order to investigate impact of Fresnel diffraction on post-processing 
techniques of 3D data.

FFREE Design
FFREE has been designed to minimize Fresnel effects introduced by the components. It includes a system of movable phase 
screens that can be conjugated to different distances from the pupil; this permits to introduce aberrations with a known amount of 
Fresnel effects. Different kind of aberrations can be used by selecting different zones of the phase screen(quadratic F-2, flat power 
spectrum F0, High frequency HF F0),. Correction is done with an electro-static 32x32 deformable mirror.

No correction Correction on both sides Correction on single side

Speckle rejection = 5× Speckle rejection = 30×Apodization only


