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Received 15 April 2004 / Accepted 12 May 2004 Abstract. We present a first high contrast 1.575 micron surface map of Titan, that is haze corrected by simultaneously imaging the stratospheric layer. At visible and most near-infrared wavelengths, the methane rich atmosphere completely obscures the surface; only in a few narrow wavelength windows does the atmosphere become optically thin. One of the most convenient windows (Griﬃth et al. 2003) lies at 1.58 µm, adjacent to the methane absorption feature at 1.62 µm. Our data span seven consecutive nights, resulting in phase coverage of 275◦ in longitude. The images were taken with NAOS-CONICA adaptive optics system at the VLT, using the recently commissioned Simultaneous Diﬀerential Imager mode (SDI). The combination of adaptive optics and simultaneous imaging through three filters sampling the methane absorption at 1.6 micron reveals extraordinary details of Titan’s surface. Providing views of Titan’s surface at high resolution (60 mas) is of particular topical importance, since the Cassini-Huygens mission is currently approaching the Saturn system and the Huygens probe will enter Titan’s atmosphere in early 2005. Key words. planets and satellites: individual: Titan – infrared: solar system – instrumentation: adaptive optics



1. Introduction Saturn’s moon, Titan, is the ongoing focus of intense research. It is the only moon in our solar system shrouded in a thick atmosphere with a surface pressure of 1.5 bar. This atmosphere is composed mainly of nitrogen and contains significant amounts of methane. The broad absorption bands of methane completely obscured the view of the Voyager missions, and since then, there have been several eﬀorts to penetrate the atmosphere and investigate the surface. One exciting motivation to study the atmosphere and the surface is given by the assumption that the environmental conditions could be comparable to earth before the appearance of life. Hence, Titan might be considered as a laboratory for prebiotic chemistry to study the formation of complex organic molecules, the fundamental compounds of life (Owen et al. 1997). The advent of ground-based, high-resolution imaging with near-infrared adaptive optics (AO) has helped enormously in the study of Titan (Coustenis et al. 2001; Roe et al. 2002; Gendron et al. 2004). Earlier, observations with the Hubble Space Telescope and speckle imaging gave a first notion about the atmosphere and surface features (Smith et al. 1996; Gibbard et al. 1999; Meier et al. 2000). Only a few studies provided complete surface coverage. Moreover, the loss in contrast due Send oﬀprint requests to: M. Hartung, e-mail: [email protected]



to the global stratospheric haze layer concealed the shape of the surface features. The Cassini-Huygens mission is predicted to reach the Saturn system in June 2004, and the Huygens probe will be dropped into Titan’s atmosphere in early 2005. The goal of Huygens is to measure the physical, chemical, and meteorological properties of Titan’s atmosphere, and to characterize (locally) the surface, in case the impact is survived. High-resolution imaging (60 mas) of Titan’s atmosphere (weather, wind) and Titan’s surface will be strategically critical for the descent of the probe and the final selection of the landing site.



2. Simultaneous differential imaging with NAOS-CONICA The VLT NAOS-CONICA instrument (Rousset et al. 2003; Lenzen et al. 2003; Lagrange et al. 2003), was recently upgraded with a new observing mode: the Simultaneous Diﬀerential Imager (SDI – Close & et. al 2004; Lenzen et al. 2004a,b). Its main application is high contrast imaging for the search for substellar companions with methane, but in addition, it turns out to be a powerful tool to investigate solar system objects with methane absorption. The SDI mode allows the calibration of stellar speckle noise by simultaneously obtaining two images outside (1.575 µm, 1.600 µm) and two images inside (2 × 1.625 µm)
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Quadrant 1: 1.600 µm Quadrant 2: 1.575 µm



Quadrant 3: 1.625 µm Quadrant 4: 1.625 µm Fig. 1. Titan imaging with the SDI. Schematically, the rhomboid distribution over the detector of the four beams is visualized, but for clarity each of the Titan images (diameter of disk: 0.86 ) in the diﬀerent wavelength channels is magnified.



the methane absorption feature1 . All filters have a FWHM of 25 nm. The platescale of the SDI optics is 17.25 mas/pixel, and the FOV is 5 × 5 . Beam splitting is done by a double calcite Wollaston prism. The second Wollaston is rotated by 45◦ relative to the first one, resulting in a rhomboid distribution of the four sub-images on the detector. To avoid overlapping of the FOVs, a small 6 × 6 mask is placed in the entrance focal plane. The four quadrant filter is located just in front of the detector. Particular care was taken to minimize diﬀerential static aberrations between the four beams ( 
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