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Heidelberg, Germany, R. Forsythe, The Blackett Laboratory, Imperial College, 
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Introduction: The cosmic dust detector (called DUST) on the Ulysses 
spacecraft has been sensing, since launch, cosmic dust impacts both in and 
out of the ecliptic. The rate at which impacts are detected is highly 
variable, but is of the order of one per day. DUST measures the impact mass 
and speed as well as the approximate direction from which each grain arrives. 
In addition to interplanetary dust, the DUST experiment has identified a 
monodirectional interstellar dust population traversing the solar system and, 
near Jupiter, "monthly" bursts of dust emanating from the Jovian system [I]. 
These latter bursts, or streams, of dust, along with the associated grain 
charges and masses, and their interactions with the solar wind magnetic 
field, constitute the topic of this paper. 

Jovian dust bursts: Table 1 gives the characteristics of the first six 
streams that were earlier reported by Griin et al. [I]. Fig. 1 is a sketch 
of the approximate spacecraft positions relative to Jupiter at which these 
streams were detected, as well as directions relative to the line-of-sight 
(LOS) direction to Jupiter from which the streams approached the DUST 
detector. Time proceeds from G1 to G6. This view shows the stream arrival 
directions as they would appear looking toward the Sun parallel to the 
Jupiter-Sun line. Before Jupiter closest approach, the Ulysses spacecraft 
velocity is mostly radially outward from the Sun toward the viewer. Radial 
velocity is near zero after flyby. It is clear that these dust streams 
originate from the Jovian system because (1) these streams only occur within 
about 1 AU from Jupiter and the strongest stream was the first stream 
encountered after Jupiter flyby, and (2) the stream arrival directions point 
approximately back toward the direction to Jupiter. 

Baguhl et al. [2] recently showed that the thresholds for the three 
independently-measured DUST impact plasma charge signals and the associated 
time correlations can be significantly relaxed from those of [I] without 
confusing true dust impact data with falsely included electrical "noise" 
pulses; that is, the Griin et al. [I] criteria were more conservative than 
required to effectively eliminate noise pulses from the data. One result of 
this threshold lowering is that the number of true cosmic dust impacts 
detected in each stream has been approximately tripled. Another result is 
that 5 additional Jovian dust streams were recognized; two are shown in the 
expanded view in Fig. 1. One notes also that "mean stream directions" 
obtained by Baguhl et al. [2], with subscript B, are somewhat different than 
those obtained by [I], with subscript G. This is probably partly due to 
better statistics and partly due to smaller particles being included in the 
analysis by [2]. 

Lorentz forces and traiectories: Although it is clear that the dust 
streams shown in Fig. 1 originate from Jupiter, it is also clear that forces 
besides gravity are acting on the grains; this is true because dust grain 
trajectories under the influence of gravity alone would arrive from directly 
along the LOS direction to Jupiter. Only Lorentz (Q/m)VxB dust grain 
accelerations can cause the off-LOS directions shown in Fig. 1. Here V = Vd 
- Vsw, where V is the vector difference of the dust grain velocity, Vd, and 
the solar wind velocity, V,,, and B is the solar wind vector magnetic field. 
(Q/m) is the assumed charge-to-mass ratio of the charged dust grains. Vsw 
and B are measured independently by other experiments on the Ulysses 
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spacecraft. Analyses of the dust grain trajectories have been carried out by 
integrating the dust grain accelerations backward in time from sensor impact. 
Dust grain electric potential, mass, and velocity are iteratively adjusted 
until solutions are found that show the particles could have originated from 
the vicinity of Jupiter (within about 50 Jovian radii). 

Dust erain mass in the Jovian bursts: The result of the above 
integrations is that the particle masses generally are required to be much 
smaller (by, perhaps, two orders of magnitude) than the 3 to 9 times 1 0 - l ~ ~  
reported for the stream particles in [I] in order for them to have derived 
from the Jovian system. This conclusion is especially strong for the G1 and 
G2 streams. Our effort has been to try to find a single set of mass, charge, 
and velocity parameters that will be consistent with a Jovian origin for 
every stream for which the sensor impact characteristics are similar; this 
includes all streams but G3. The dust particles in Stream G3 appear to be 
about 4 times more massive than those in the other streams. Streams GI, G2, 
G4, G5, and G6 are, however, essentially identical in all their impact 
characteristics. Laboratory measurements [3] show that the number of ions in 
the impact plasma is approximately proportional to mv3e5, This means that as 
the assumed mass is reduced, the velocity must be increased to keep the 
impact plasma ion count at the value measured by DUST. Some solutions for a 
single stream show that V may be in excess of 200 km/s. Another 
consideration also argues for high 
velocity (and, hence, small mass) TABLE 1 Dust burst characteristics 

for dust grains in the Jovian 
Days from CA -57.7 -32.1 31.4 59.8 86.9 117.4 

bursts. At low dust ejection Date (yr/d) 91/346 92/7 92/71 92/99 921126 92/157 
velocities from the Jovian system, Duration (h) 4.7 6.0 25.0 43.4 19.8 16.3 
the 14 km/s spacecraft approach Number of Particles 3 4 1 2 4 7  4 4 
velocity before flyby would add Mass range ( ~ 1 0 - 1 5 g )  3-6 0.1-7 1-90 2-9 5-20 3-4 

Mean mass (x10 - '~g )  4 3 9 4 9 4 
significantly to dust impact Speed range (kms-l)  28-37 27-56 28-44 28-44 20-37 28-37 
velocities while the reverse is Mean speed (km s-'1 31 37 42 33 29 30 
true after flyby. The streams Mean rotation angle 201" 211" 51" 54" 44" 32" 

4.93 5.14 5.40 5.39 5.38 5.36 
and after however 7 , 995 562 553 1025 1m 1980 

have very similar impact 
characteristics, and do not show The time corresponds to the centre of the burst. Closest approach (CA) 

this "doppler effect. " to Jup~ter occurred on 92/39.5. The definition of stream particles and hence 
the number of members is somewhat arbitrary, but here it refers only to 
small (mass 5 5 x 1 0 - l 4  g) and collimated (*70" from mean rotation angle) 
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