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A new technique of characterization of the intrapixel response of astronomical detectors



C. Ketchazo*a, T. Vialeb, O. Bouladea, G. Druartb, V. Moreaua, L. Mugnierb, D. Dubreuila, S. Derelleb , S. Ronayettea, N. Guérineaub, M. Berthéa a Service d’Astrophysique, CEA Saclay, Orme des Mérisiers, Gif-sur-Yvette, 91191, France. b ONERA, The French Aerospace Lab, F-91761, Palaiseau, France ABSTRACT This paper is devoted to the presentation of a new technique of characterization of the Intra-Pixel Sensitivity Variations (IPSVs) of astronomical detectors. The IPSV is the spatial variation of the sensitivity within a pixel and it was demonstrated that this variation can contribute to the instrument global error. Then IPSV has not to be neglected especially in the case of under-sampled instruments for high quality imaging and accurate photometry. The common approaches to measure the IPSV consist in determining the pixel response function (PRF) by scanning an optical probe through the detector. These approaches require high-aperture optics, high precision mechanical devices and are time consuming. The original approach we will present in this paper consists in projecting high-resolution periodic patterns onto the whole sensor without classic optics but using the self-imaging property (the Talbot effect) of a Continuously Self Imaging Grating (CSIG) illuminated by a plane wave. This paper describes the test bench and its design rules. The methodology of the measurement is also presented. Two measurement procedures are available: global and local. In the global procedure, the mean PRF corresponding to the whole Focal Plane Array (FPA) or a sub-area of the FPA is evaluated. The results obtained applying this procedure on e2v CCD 204 are presented and discussed in detail. In the local procedure, a CSIG is moved in front of each pixel and a pixel PRF is reconstructed by resolving the inverse problem. The local procedure is presented and validated by simulations. (Color images and figures in online version) Keywords: Intra-Pixel Sensitivity Variation, Pixel Response Function, Talbot effect, CSIG, Modulation Transfer Function, Bayesian algorithms



1. INTRODUCTION To achieve wide field of view at an affordable cost, many space-based instruments operate in an under-sampled mode. In this condition, the sub-pixel sensitivity variations can have an important effect, which will be accounted for to obtain good imagery and photometry. The impacts of these variations in sub-pixel scale have been observed in the Wide Field Planetary Camera (WFPC) on the Hubble Space Telescope where the total flux in the stellar image can vary by up to 0.03 mag in F555W WFC images depending on how it sampled. For Near Infrared Camera #3 in WFPC, these variations are up to 0.39 mag and limit its use for stellar photometry [1]. Another example of the influence of the IPSV has been reported in the infrared Array Camera (IRAC) on the Spitzer Space Telescope. The IRAC had been used to measure temporal variations ( 
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