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Magnetosphere 
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Using improved techniques for the analysis of the University of Iowa Pioneer 10 Jupiter encounter 
data, we have obtained significantly more reliable values for energetic electron (Ee < 2! MeV) intensities 
within the inner magnetosphere. Our revised absolute intensities of electrons 0.06 < Ee < 2! MeV are less 
than our previous estimates by factors as great as l0 for L •< 6. Our previously published intensities at 
greater radial distances for E• < 2! MeV and at all radial distances for E• > 2! MeV are not affected by 
the revisions. 

INTRODUCTION 

In a previously published paper concerning our Pioneer 10 
experiment [Van Allen et al., 1974] (called paper 1 hereafter), 
values were given along the Pioneer 10 encounter trajectory for 
the absolute omnidirectional intensities of Jovian energetic 
electrons in five integral energy ranges (Ee > 0.06, 0.55, 5, 21, 
and 31 MeV). As was made clear, however, the intensities in 
the three lower-energy ranges in the region interior to the orbit 
of Europa (L = 9.5)were regarded as provisional. The nature 
of the uncertainties was discussed fully in the section of the 
paper concerning physical calibration of the instrument. The 
present paper gives revised absolute intensities for the inner 
Jovian magnetosphere based on improved data analysis tech- 
niques. 

The two higher-energy channels of the University of Iowa 
instrument (Ee > 21 and 31 MeV) were relatively free of 
uncertainties throughout the encounter and are regarded as 
providing reliable absolute intensities, as published originally. 
No changes in these values are proposed herein. 

The three lower-energy electron intensities were shown as 
dashed lines in Figure 13 of paper 1 for the inner portion of the 
encounter. The dashed lines represented the intensities that 
were inferred formally from the application of nominal geo- 
metric factors to our then best estimates of true detector 

counting rates. Because of instrumental shortcomings at the 
very high intensities and for the very hard spectra near per- 
lapsis this procedure has been found to yield intensities that 
are too great, especially in the lowest-energy channel. The net 
effect of the revisions, which will be discussed, is to lower the 
absolute intensities by factors as great as • 10 inside Io's orbit. 
The intensities for L > 9.5 are essentially unaffected by the 
revisions and stand as they were originally published. 

IMPROVEMENTS IN ANALYSIS 

Paper 1 gives a full description of our instrument, a dis- 
cussion of its shortcomings, and our then best estimates of 
absolute intensities of electrons along the Pioneer 10 trajectory 
through the magnetosphere of Jupiter. The present short re- 
port is an abridged version of University of Iowa Research 
Report 75-28, available on request [Baker and Van Allen, 
1975]. 
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The principal problem of analysis lies in the characteristic 
curves of the detectors relating the apparent (observed) count- 
ing rate r to the 'true' rate R, as would be observed with a 
detector of zero dead time. (See Figure 8 and the accom- 
panying discussion in paper 1.) Despite comprehensive and 
careful determination of these characteristic curves in preflight 
calibration work over an extended period of time, a small 
upward shift in the value of rmax occurred between launch and 
encounter with the planet. 

We have found it possible to reconstruct the full r versus R 
curves for detectors A, B, and C as they actually were during 
encounter by using the observed double coincidence rates r^}• 
and triple coincidence rates r^,c. 

Also, we have been able to resolve the basic ambiguity 
between the left-hand branch and the right-hand branch of the 
r versus R curves by detailed study of the angular distributions 
of the apparent counting rates r. 

Finally, we have found from such angular distributions of 
the apparent counting rate of the scatter geometry detector G 
that its response at low L values was dominated by electrons 
Ee > 1 M eV penetrating a thin portion of its shield and not by 
electrons E, > 0.060 MeV entering the detector through the 
collimator, as is the case elsewhere. 

RESULTS AND DISCUSSION 

Our final results are summarized in Figure 1 and are shown 
in more detail in Figure 2. The absolute omnidirectional in- 
tensities of electrons are plotted with 3.5-min time resolution, 
the interval of time required in the data sampling scheme to 
assemble a full roll angle distribution at the prevailing space- 
craft spin period of 12.62 s. As was pointed out in paper 1, 
there is considerable structure in the intensity time profiles, 
most particularly near the regions of influence of the Galilean 
satellites. The geometrical 'sweeping' region associated with 
each satellite (in a centered dipole field of tilt 9.5 ø toward 
system 3 (1957.0), longitude 13 = 230 ø) is indicated as a vertical 
shaded bar in Figures 1 and 2. The detailed structure at the 
location of a given satellite's orbit is obviously energy depen- 
dent as well as dependent on the relative latitudes and longi- 
tudes of the spacecraft and the satellite. 

Figure 2 shows an enlarged view of the near-periapsis data, 
including the Europa and I o crossings both inbound and out- 
bound. In addition, we show as dashed lines the provisional 
intensity estimates of paper 1. Near closest approach to the 
planet the intensity of electrons E, > 5 M eV is reduced by a 
factor of •3 from the previous values. The intensity of elec- 
trons Ee > 0.55 MeV is reduced by a factor of •3.5 in the same 
region. The next to upper curve in Figure 2, derived from the 
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Fig. 1. The absolute omnidirectional intensities of electrons in six 

integral energy ranges. The intensity of electrons Ee >• I MeV corre- 
sponds to particles penetrating the side shielding of the scatter geome- 
try detector G. The geometrical sweeping regions of the several Gali- 
lean satellites are shown as vertical shaded bars. DOY means day of 
year 1973. 

energy electrons at least (and most clearly) for the inbound 
Pioneer l0 pass. 

A significant disagreement existed between the intensities of 
electrons Ee • 100 keV given in paper 1 and those given by 
Fillius and Mcllwain I1974] for L •< 6, the latter being about an 
order of magnitude less than the former. The revised Iowa 
intensities tend to confirm the lower values of Fillius and 

Mcllwain inside of lo's orbit. For L > 8 the original Iowa and 
UCSD intensities in similar energy ranges agreed to within 
about 50%. In the higher-energy ranges (Ee > 31 and 35 MeV 
for the Iowa and UCSD instruments, respectively) there was 
no significant disagreement throughout the Pioneer l0 encoun- 
ter. Our revised data are, however, in significant disagreement 
(by a factor of >•3) with the higher intensities of electrons Ee > 
3 MeV reported by the University of Chicago group [Simpson 
et al., 1974]. 

Our originally reported electron intensities Ee > 21 MeV 
and Ee > 31 M eV seem well determined throughout the en- 
counter and have withstood restudy in the course of our cur- 
rent work. 

Finally, it is of interest to mention more recent results from 
the Pioneer l l mission on which an improved version of the 
Iowa instrument was carried to within 1.6 Rj of the center of 

the planet [Van Allen et al., 1975]. The equatorial plane was 
crossed at a radius of 1.65 Rj during the occultation period. At 
that point the measured intensity of electrons Ee > 21 MeV 
was approximately 1.8 X l07 (cm' s) -•, i.e., a factor of nearly 2 

detector G rates, is broken into two parts. All of the evidence 
indicates that to well within the Europa L shell the normal 
scatter counter behavior obtains for G. More and more side- 

wall penetration by higher-energy electrons then begins to take 
place (as is evidenced by skewing of the angular distribution) 
until sidewall penetration dominates interior to lo's orbit. 
Taking these effects into account, we have shown the 0.060- 
MeV electron intensity inward in radial distance as far as we 
can reasonably determine it. An uncertain transition region is 
shown as a dashed line, and then at lesser radii the G counting 
rate is reinterpreted to correspond to penetrating electrons Ee 
> l.MeV. Electron intensities 0.060 < Ee < I MeV in this 
innermost region cannot exceed 5 x l0 • (cm' s) -• without 
violating the observed angular distribution. 

The intensity peak just inside the Io L shell on the inbound 
pass is apparently a reliable feature even though its intensity is 
poorly determined. The phase angles of the angular distribu- 
tions in this region are such that the feature is clearly due to 
low-energy (E• >• 0.060 MeV) electrons entering the detector 
via the scatter tube and not penetrating the side shielding. This 
peak corresponds to a less prominent one in the E• > 0.55 
MeV profile at a similar location. Fillius and Mcllwain [1974] 
and Mcllwain and Fillius [1975] have discussed similar features 
in the University of California at San Diego (UCSD) Pioneer 
10 data for electrons E• > 0.16 MeV in terms of injection by 
the satellite l o as proposed by Gurnett [1972]. Although a 
small peak occurs in our outbound data for the 0.55-MeV 
channel, no discernible peak is present for detector G. How- 
ever, penetrating particles may well be masking the effect in 
the lowest energy range. 

We conclude from Figure 2 that (1) near periapsis the in- 
tensities of the low-energy electrons (E• ,-• 100 keV) are prob- 
ably lower than the estimates that we gave in paper 1 by a 
factor as great as l0 and (2) there is an Io-related peak of low- 
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Fig. 2. An enlarged view of the absolute intensity profiles near 
periapsis including the Europa and lo inbound and outbound L shell 
crossings. The dashed curves for Ee > 0.06, 0.55, and 5 MeV represent 
the provisional intensity estimates reported in paper 1. Our revised 
values are shown as solid lines. Note the two different branches of the 

detector G curve corresponding to a qualitative difference in its effec- 
tive response characteristics at large and small radial distances as 
discussed in the text. 
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below the intensity at 3 Rj. The intensities of electrons Ee > 
0.040 MeV and Ee > 0.56 MeV were nearly equal at the same 
location, being approximately 6.5 x 107 (cm: s) -•. Hence the 
radial profiles for the intensity of lower-energy electrons also 
'roll over,' being more than a factor of 4 lower at 1.65 Rj than 
at3 R•. 

The revised Pioneer 10 results and the new Pioneer 11 results 
are of importance in calculating the expected radio emission at 
decimetric wavelengths. 
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