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Notes and News: 

Jupiter Section
Cassini and Galileo reveal secrets of Jupiter's dark patches

Among the most impressive, important, and mysterious features that observers see on Jupiter are the great dark patches along the North Equatorial Belt's south edge.  We call them 'dark NEBs projections', as they appear to project into the Equatorial Zone; planetary scientists call them '5-micron hot-spots', as they shine brightly in that mid-infrared waveband. They seem to be largely cloud-free areas, dark blue visually because sunlight can penetrate deep down in them, and bright in the mid-infrared because internal heat can escape from even deeper.  They are very important because the Galileo Probe descended into one of them, so all the direct sampling of Jupiter's atmosphere represents this very abnormal weather system.  And they are mysterious, because there is still no understanding of how these weather systems work.  


Now, a marvellous new movie from Cassini, and a radical new model, promise to explain them as deep waves retrograding in a jetstream that is much faster than previously known.


One remarkable finding from the Galileo Probe was that the wind speed increased as it descended.  These projections are located in the very rapid North Equatorial jetstream (for which longitude system I is used), moving at about 100 m/s (relative to the core of the planet).  This was indeed the wind speed which the Probe encountered at cloud-top level; but the speed increased to about 170 m/s all through the deeper levels.  Was this more than a local peculiarity?  No such speed had ever been detected in ground-based nor Voyager data, though the Hubble Space Telescope has occasionally revealed a few cloud features moving this fast. The Galileo Orbiter imaged one projection in detail, and showed motions up to 130 m/s catching up with it, but the imaging was too confined to reveal a global 

super-fast jet [A.R.Vasavada et al., Icarus vol.135, p.265; 1998].  


However, as Cassini flew by the planet in late 2000, it took a superb movie of images in the near-infrared. This was produced by Dr. Ashwin Vasavada of NASA's Jet Propulsion Lab, and shown at a conference on Jupiter held this June in Boulder, Colorado.  It shows dramatically that little cloud streaks all along the NEBs are indeed moving at around 170 m/s, while the great projections proceed at the usual slower speed.  Therefore 170 m/s really is the speed of the north equatorial jet, and the projections are waves propagating westwards within it. (Two other jets, named SEBn and NTBs, also have real speeds of 160-180 m/s according to Voyager and Earth-based data, and major disturbances on them move more slowly; so the NEBs projections are similar to these rarer wave-like disturbances on those other jets.)


Another mystery from the Galileo Probe was the very low abundance of the expected clouds and cloud-forming gases, especially water. Three gases were expected to form clouds: ammonia, hydrogen sulphide (combining with ammonia), and water; and each of them was expected to be abundant below its cloud layer (2-3 times as abundant as in the Sun, relative to hydrogen).  In fact, there were almost no clouds at the entry site, and the three gases were well below solar proportions in the upper part of the descent. The abundances did increase towards the expected amounts as the Probe went deeper; but it was as if the atmosphere was 6 times deeper than expected.  [These data were reviewed by Prof. Donald Hunten at the Boulder meeting. Ammonia, inferred indirectly, probably reached 3x solar at 3-8 bar, rather than 0.7 bar as expected, where 1 bar is the atmospheric pressure at the surface of the Earth; hydrogen sulphide reached 2.5x solar at 12-15 bar, rather than 2 bar; and water, also inferred indirectly, was probably present but still sub-solar even down to 22 bar, although water clouds were expected at 6 bar.]
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Figure 1.  Jupiter on 2000 Nov. 5, 00.43 UT, imaged by Damian Peach (Norfolk).  A typical  bluish NEBs projection is in the centre, north of the Great Red Spot.


A computer simulation by Adam Showman and Tim Dowling (Science  vol.289, p.1737; 2000) offers a way of explaining all these strange findings.  They model the projections as deep waves in the jet, with air sinking as it enters them to produce the observed dessiccation. They find that the waves develop regular spacing and retrograde relative to the jet, and that the upper air near the south edge moves along with the projection, as observed by the Probe.  So far the model has only been tested with modest parameters: a 100 m/s jet and a two-fold vertical stretch.  It remains to be seen whether it can cope with the 170 m/s jet and the six-fold vertical stretch of the real NEBs projections.  But it is the first model to approach a realistic view of these remarkable weather systems.

John H. Rogers.
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Figure 2.  Diagrammatic vertical profile of a NEBs projection, according to the model by Showman and Dowling (not to scale).  The extent is around 100 km vertically and 10,000 km horizontally.  The three expected cloud layers are shown (NH3, ammonia; NH4SH, ammonium hydrosulphide; H2O, water).  The feature is a great wave in the jetstream.  As air blows into the wave, it is deflected to deeper warmer levels, so clouds evaporate; they re-condense as air emerges from the wave.
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