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COMA PARTICLE TYPE OCCURRENCES: EVIDENCE FOR CHEMICAL 
HETEROGENEITY IN COMET HALLEY. B. C. clarkl, L. W. w o n 1 ,  and J. ISissel2. 
lplanetary Sciences Laboratory (0560), Martin Marietta Denver Aerospace, Denver, CO 80201; 
2~ax-~lanck-~nstitut fuer Kemphysik, Heidelberg, FRG. 

Elemental compositions of particles from Comet Halley have been measured during the Giotto flyby. Data from 
the Particle Impact Analyzer experiment (1) have shown that coma particulates are not all of the same composition 
(2) and can be classified into particle types (2,3). Working with the preliminary data set, we have further analyzed 
the time history of particle detection and the relative rates of occurrence of various particle types. Fmm this we infer 
that particles of chemically different classifications are not always homogeneously mixed relative to one another in 
the source regions. 

The particle types included here are the "Mixed" (containing C, 0 ,  Mg, Si and other elements, presumably 
similar to chondritic IDP's), the "CHON" (contain C, H, 0, N in major proportions, sometimes with accessory 
elements), and "silicate" (Si, 0 ,  others; no C) particles. We have previously shown (3) that the CHON particles 
occurred with somewhat greater relative frequency at the beginning of the Giotto pass through the coma, with a broad 
and subtle minimum at the closest approach. Silicates, for the most part, were not detected until later in the pass. 
Within these broad generalizations, however, are numerous examples of apparent clustering of particle spatial density 
and particle types. During the particle-by-particle inspection of the sequential data, it had been noticed that a given 
particle spectral type was quite often followed by a particle with a very similar spectrum. These clusters appear to 
represent non-random changes in flux levels within the coma and are presumably related to directional dust jets 
emanating from the nucleus. 
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distribution of time intervals between particle events has 
been calculated for the entire preliminary data set, both 
for all particles, and for particles of given classifications. 
Theoretically expected distributions of time intervals 
between events were also calculated, based upon the 
Poisson statistic. To simulate the particle flux 
variation due to a constantly varying nuclear distance, the 
flyby was divided into 10 second periods. Within each Fig. 2. Particle event sequence. -3.4 to -2.9 minutes. 
period, the average particle event rate was determined and CC. II.SoICM l lnL , , ,  -,.. T O  -‘.. I(IHUICI 
the random distribution calculated. Summing all such 
distributions gave the theoretical result for the total pass. 
These data are shown in Figures 4-7. The top plots are 
the actual time interval distributions for total, mixed, 
CHON, and silicate particles, respectively. The lower 
plots are the Poisson distributions expected for purely 
random events. The tick of the time measurement of the 
PIA internal clock is 118 ms. The fist  bar of the 
histogram is the interval 0 to 59 ms (successive events 
with the same time tag), the second bar is 59-177 ms (one time tick difference between successive particles), and 
higher bar widths are selected in approximately logarithmic manner, using integral multiples of 118 ms, to group 
time intervals of larger values. It must be recognized Lhat the received data does not represent all of the particle 
impacts which occurred in the PIA instrument during the flyby, for several reasons: the data set is not yet final; a 
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major impact event upset the spacecraft motion, causing a large data transmission dropout at closest approach and 
subsequent periodic dropouts due to precessional modulation of the telemetry link; and the on-bard data 
prioritization buih into the PIA software has the ability to selecively overwrite and uansmit spectra according to 
preset criteria, including the number of peaks. However, these factors are not expected to affect-the conclusions of 
the present study. In addition, the particle count-rate nearest the nucleus attained such high values that the time 
resolution of the clock was less than the average time interval betwen events. For these reasons, our analysis is 
restricted to the bw count region up to 2 minutes prior to closest approach. 

I .  I 

..-.. Fig. 5. Silicate particle intervats ..-..-..- 
I . , .  

K L  -II<ICL - b I T L  

Fig. 6. Mixed particle intervals ---. 
'. ". Fig. 7. All particle time intervals 

Dynamic coma and tail phenomena have long been known for many comets. Flyby images of the Halley 
nucleus clearly show a strong surface heterogeneity in the emission of dust. Our data indicate f i e  structure on the 
scale of 10 km or less in bath the particle spatial density and the relative abundances of differing chemicaltypes d 
particles in the coma The discovery by A'Hearn et al. (4) of "cyanojetsn which are distinct from fhe coma dust 
#mern observed by wide-band radiance detectors is also evidence of chemical heterogeneity in the coma ShnpsDn 
a al. (5) have presented evidence for microjets and hypothesized these flux variations are due either to surface 
activity heterogeneities or to breakup of larger particles. We believe that our observation of compositional clusters 
rules out& latter. For example, if a large CHON parent particle was emitted and then subsequentlyftagmentedio 
'produce an approximately spherical packet of daughter particles, the parent would have had to have been the order 
of g to produce - 8 x lo1 daughters just so that the PIA instrument would sample 6 successive CHOWS 
(assumed 1 fg each) in the 2 s time interval we observed (Figure 2, region I). Large particles are rare in the coma, 
andneither electrostatic nor other mechanisms for exwlosive particle disruption have been demonstrated. We 
conclude the chemical variations seen in the coma stem from heterogeneities in the composition of dust on the 
surface of Comet Halley. 
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