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PREFACE

The work described in this report was performe:l by
the Project Engineering Division of the Jet Propulsion
Laboratory under the cognizance of the Mariner Jupiter/

Saturn 1977 Project.
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ABSTRACT

Flux profiles derdived from.data returned by Pioneer
10 during Jupiter encounter form the basis for a-néw set.of
numerical models for thé energy spectra of electrons and

proteons in Jupiter's inner magnetosphere,
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INTRODUCTION

Fluxes of .energetic clectrons and protons in Jupiter's radiation
belts, as measured by instruments &board Pionecer 10 in Deecember 1973, are
specified in sevéral articles prepared in May 1974 and published in Journal
of Geophyeical Research (1 September 1974, refs, l-4), These fluxes repre-
sent more- thorough and compléete neductions of the data than the preliminary
fluxes previously available, They include nine electron energy intervals
and four proton énergy intervals, and confirm .important discreépancies in
the -formér below about 10 MeV., Based on the figures in these articles (and -
on new magnetic dipole parameters for Jupiter, ref. 5), it has been appro-
priate to generate-a new set of numerical flux models for the spacecraft-and

mission design purposes of the Mariner Jupiter/Saturn 1977 project.
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ELECTRON MODELS

- . - vt i . .. -2 -1
Profiles of electron omnidirectional flux J (in em 78

) are specified
in figure 2 of pef, 1 (UC) for energy £, >3 MeV, in figure 14 of ref. 2 (UCSD)
for E, > 0,16, 9-and 35 MeV, and in figure 13 of nef. 3 (UI). for Ee > 0.06,
0.55, 5, 21, and 31 MeV as -functions of time during the Pioneer 10 fly-by. for
Jupiter. Using the magnetic dipole specification GD2)"from ref. 5, the Ploneer 10
trajectory has been computed in magnetic coordinates (shell parameter L and

latitude A), and a set of times has been chosen which ine¢ludes maxima and minima

in the flux profiles and equal values of L inbound and outbound. Flux values at
these times, read from the profiles, have been tabulated and analysed for depen-
dences on L, A and Ee; they are consistent with independence of time and longi-

tude in this coordinate system.

A form for the latitude dependence was chosen which is consistent with

a pitch-angle distribution (in the magnetic equator) proportional to (440 Afn, 1
and values for m were determined by comparing the inbound and. outbound flux ;
roints at equal values of L. Using m=h for L < 6.5 and m=2 for L > 6.5, the flux

data were adjusted to’equatoriali(k=0) values. These adjusted data are-plotted.

as the points figures" 1 through %, as functions of L and Ee'

Figures 3 and 4, in which.integral flux spectra are shown, indicate
that some.of the data are inconsistent; for example, at L=3.1 the points which
represent the flux J for Eé > 0.16 MeV are below .those which represent J for
Ee > 3 MeV.  These discrepancies were the motivation for the creation of two
numerical models for the electron fluxes. . The.high flux model is intended to
£it the UI and UC data for the four thresholds Ee > 0.06, 3, 21, and 31 MeV
(among which there are no discrepancies), as shown by the corresponding upper

lines in figure 1. The low flux model is intended to fit the UCSD data for

% Ta facilitate comparisons among the figures, common scales are used through-

out, such that 2 cm represents one decade in flux J and energy F, and 1 cm

represents 1 Jupiter radius in L (except electron flux plots, where 1l cm re-

presents 2 R in. L).
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the three thresholds Ee > 0,16, 9 and 35 MeV, as shown by the corresponding
f lower lines in figure 2,. The high flux model specifies flux values véry

similar to thosé of the Piloneer 10 Workshop model developed in February 1974.

The form used to wrepresent J, thé Integral, omnidireéctional flux

. -2 -1 , . . . v o
(in cm 2s ) of particles with energy exceeding £, is

2 . : &
Log J = C - Bx + (B—Dx)—E—EL—E-f %-ﬁog [ leos A} ] . (1)
AL #+.EL. Vi3 (cos )2

Here 2 = Log E for eléctron energy E = Ee in MeV and £og J is linear in the

parameters B, C, D, B, and m, but not in 4. Values for these parameters (all

constant or linear in L) are specified for both models in table 1, yielding
values for £og J which are also linear in L, within two segments broken at

L = 6.5, For E << A, eq.. (1) resembles a power.law spectrum (J = lOC/EB), and

for E >4, it vesembles a. different power law spectrum (J° = lOB+C/EB+D). The
corresponding differential flux J = -(dJ/dE) in cm_2s_lMeV-l is
: 2 2 2
. j.= %l:s # D ~(5-p) 22U LOE : | (2)
3 : A + E (A= + E”)

The parameter values in table 1 lead to values for J and j which are loth
positive and continuous in .energy for all £>0, within the region 2.85<L<15.
For the low flux model, in which data at only 3 energies were fitted, para-
meter values were selected which minimize j in the énergy range 1 < E < 5 MeV.
- In those few regions where the low flux model flux exceeds the high one, the
smaller of the two fluxes should be taken as the low flux model (the high one

stands).

These -electron models are plotted as functions of [ and £, in figures

1 through 4, for comparison with the data @nd with.one another. Among the 128

data points fitted for the high flux model, only 6 (corresponding numbers for w

the low flux model are 79 and $) differ from the model by more than a factor

two (0.3 in fleg J).
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Figure 1. Radial dependence of electron omnidirectional flux. The points

represent data for five énergy thresholds measured by the Iowa
experiment package on Pioneeér 10 (x inbound, o outbound, anc ¢ less
reliable data), adjusted to latitude A = 0. Thé lines represent
néw high and low flux models.
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Figure 2. Same as figure 1, with data from San Diego and Chicago experiment
packages
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Same as figure 3, for four outer values of L.
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S L T I

PROTON MODELS

g1y ape.speeified

Profiles of .proton omnidirectional flux J (in cm”
in fipure 2. of ref, 1 (UC) for energy E_ > 35 MeV, In figure 15 of ref, 2
(ucsp) for Ep > 80 MeV, and in figure 17 of ref,.4 (GSFC) for 1.1 < E‘p < 2,15
and 14.8 < Ep <-21.2 MaV as funétions of time during the Pioneer 10 fly-by ofl -
Jupiter, Data from these profiles, processeéd and adjusted as for the electrons
(but using latitude exponents m=5 for L < 6 and m=4 for L > 6), are plotted as
the points in figures 5 through 7, as functions of L and £ . Thére are no
major spectral disc¢repancies among these data, so that a single model is appro-

priate.

Forms identical to those used for the électrons (eq. 1 and 2) have
béen used to describe the proton spectra. The fitting procedure for theé pro-
tons was moré cumbersome than for the electrons bédause two of the four flux
profiles représent interval rather than integral values for J. Values for the
parameters 4, B, C, D, B, and m are specified in table 1, and the models are
plotted as the lines in figures 5 through 7., In figures 6 and.7, the horizon-
tal line segments represent the interval J values predicted by the model, for
comparison with the corresponding interval data points. As for the electrons’
both J and. j are positive and continuous in energy for.all E > 0. (for L > 2.85),
and £0g J is linear in L within three.segments (L < 3.4, 3.4% < L < 6.0, and
6.0.< L).. Among the .70 data points fitted, only one (inbound L=6.5. for .

1.1 < Eb <2.15) 2iffers from the model by more. than a factor two (0.3 in £og J).
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PROTON FLUX, log J (em 2s™ 1)
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Figure 6. Integral énergy spectra representing the proton omnidirectional flux,

for four inneér values of L. The curves represent the new proton
model, as do the horizontal line segments for the two energy inter-
vals 1.1 < E, < 2,15 and 14.8 < E, < 21.2 MeV. The points represent
corresponding data (adjusted to A = 0; see fig. 5).
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