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            Abstract
The irreversible conversion of methane into higher hydrocarbons in Titan's stratosphere implies a surface or subsurface methane reservoir. Recent measurements from the cameras aboard the Cassini orbiter fail to see a global reservoir, but the methane and smog in Titan's atmosphere impedes the search for hydrocarbons on the surface. Here we report spectra and high-resolution images obtained by the Huygens Probe Descent Imager/Spectral Radiometer instrument in Titan's atmosphere. Although these images do not show liquid hydrocarbon pools on the surface, they do reveal the traces of once flowing liquid. Surprisingly like Earth, the brighter highland regions show complex systems draining into flat, dark lowlands. Images taken after landing are of a dry riverbed. The infrared reflectance spectrum measured for the surface is unlike any other in the Solar System; there is a red slope in the optical range that is consistent with an organic material such as tholins, and absorption from water ice is seen. However, a blue slope in the near-infrared suggests another, unknown constituent. The number density of haze particles increases by a factor of just a few from an altitude of 150 km to the surface, with no clear space below the tropopause. The methane relative humidity near the surface is 50 per cent.
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                    Figure 1: 
                        View of Titan from 34 km above its surface.
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Figure 2: 
                        View from 8 km.
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Figure 3: 
                        View from 1.2 km.
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Figure 4: 
                        The view from Titan's surface.
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Figure 5: 
                        View of ‘shoreline’ and channels.
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Figure 6: 
                        Topographic model of highland region ∼5 km north of the Huygens landing site.
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Figure 7: 
                        Titan's surface.
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Figure 8: 
                        Distribution of rock on the surface.
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Figure 9: 
                        Probe ground track.
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Figure 10: 
                        Observed winds.
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Figure 11: 
                        The surface of Titan displayed in true colour.
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Figure 12: 
                        Reflectivity samples of Titan's surface.
                      [image: ]


Figure 13: 
                        Spectral comparison of bright highlands and dark lowlands.
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Figure 14: 
                        Derivation of methane mole fraction.
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Figure 15: 
                        Reflectance of Titan's surface.
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Figure 16: 
                        Haze properties.
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Figure 17: 
                        Atmospheric spectra.
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Figure 18: 
                        Haze models versus observations.
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Figure 19: 
                        Vanishing sunlight.
                      [image: ]


Figure 20: 
                        Determination of total haze optical depth.
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Figure 21: 
                        Haze vertical structure and total optical depth.
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Figure 22: 
                        Thin cloud layer observation at 21 km.
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        Editorial Summary
New views of Titan
The Huygens probe landed on Titan on 14 January this year, and seven papers published in this issue record the encounter. They describe a world that resembles a primitive Earth, complete with weather systems and geological activity. The ‘Huygens on Titan’ section opens with an overview of the descent and landing and a News and Views piece. Tomasko et al. describe the dry riverbed and drainage channels seen during Huygens' descent, evidence that liquid methane falls as rain or erupts from cryovolcanoes, periodically flooding the surface. This paper includes the images used on the cover to the Huygens section. Niemann et al. measured the abundances of isotopes of argon, nitrogen and carbon in the atmosphere, and conclude that there is no evidence that Titan's methane comes from biological activity. Fulchignoni et al. obtained precise measurements of temperature and pressure from the upper atmosphere right down to the surface. On the way down Huygens recorded evidence for lightning. Zarnecki et al. report that the probe landed on a relatively smooth surface of icy grains with the consistency of wet clay or sand. Isräl et al. report that the aerosols in Titan's clouds have solid cores made from complex organic molecules containing carbon and nitrogen. And Bird et al. found that on average Titan's winds blow in the same direction as the moon rotates, and that close to the surface these winds are very weak, travelling at around walking speed.
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