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2. ABSTRACT

We propose to measure the spectra and composition of magnetospheric,
interplanetary, and interstellar emergetic particle fluxes. The angular distri-
butions and absolute intensities of the magnetospheric fluxes in a number of
energy intervals will be measured for electrons (E_ > 0.070 MeV), protons
(E_ > 0.080 MeV), helium ions (E, > 0.24 MeV/nuclegn), and medium-Z ions
(E* > 0.3 MeV/nucleon). The instrument is designed to measure the range of
intensities from that of very weak magnetospheres up to and beyond that as-
sociated with Jupiter. The measurements will be used to study magnetospheric
processes at Uranus and Jupiter, and to determine the orientation, approxi-
mate magnitude, and rotational period of the Uranian dipole moment as defined
by the presence of energetic charged particles.

The energy spectra and elemental composition of cosmic ray nuclei
with 1 2 Z < 26 will be measured over an energy range from 0.5 < E < 500 MeV/
nucleon, and isotopic studies of the fluxes with 1 < Z < 16 will be possible
from ~2 to 75 MeV/nucleon. In addition, cosmic-ray electroms (v3-12 MeV)
will be studied. Particular emphasis will be placed on the streaming patterns
and spectral differences that are expected to occur for different elements
at low energies in the outer heliosphere and in interstellar space and which
cannot be observed inside of 10 AU. These studies will provide information
on possible nearby cosmic ray sources, on both recent and past nucleosynthesis,
on the heating and dynamics of the interstellar medium, and on the energetic
particle acceleration processes occurring in several different regions. The
cosmic rays also serve as probes of the large-scale structure of the helio-
spheric plasma and fields. In addition, the MJU mission provides the best
opportunity for reaching the cosmic ray modulation boundary which is presently
estimated to be between 10 and 20 AU.

The characteristics of the three proposed detector systems are
outlined in the following summary page. Two of the systems are essentially
identical to similar systems on the CRS experiment on MJS '77, while the third
system provides comprehensive coverage of the more intense trapped particle
fiuxes. The third system has beem implemented so that there is no change
to the CRS electrical and mechanical interface to the spacecraft and so that
only minimal modifications of the CRS electronics are necessary. All three
systems consist entirely of solid state charged-particle detectors, which
provide the required combination of charge and energy resolution with high
stability and reliability.

iii



3.

EXPERIMENT SUMMARY CHART

MJU 79/COSMIC-RAY AND MAGNETOSPHERES INVESTIGATION

This experiment consists of three basic detector systems, a Magnetospheric
Telescope Array (MTA), a Low Energy Telescope System (LETS) and a High Energy
Telescope System (HETS). The MTA includes 4 high count-rate telescopes and 3

omnidirectional detectors.

For HETS and LETS multi-parameter analysis is per-
formed essentially over the complete charge and energy range.

detectors are used throughout.

Charge, Isotope and Energy

Range

Nuclei (Z
(z =
(1l <7 < 30)

Electrons

[

1)

|
N
~—

Isotopes (Z = 1,2)
3 <Z < 8)
(9 < zZ <16)

Anisotropies (4 directions)

Calibration Self-calibrating in flight,

energy ranges.

Allowable Material in Field

0.08 ~ 10 MeV
0.24 ~ 5.6MeV

Solid-state

(single parameter analysis)
(single parameter analysis)

0.5 =~ 500 MeV/nuc (multi-parameter analysis)

0.070 - > 28 MeV

~ 2 - 70 MeV/nuc (AM = 1)
~ 3 = 120 MeV/nuc (AM = 1)
~ 3 - 120 MeV/nuc (AM = 2)

of View

0 mg/cm? for MTA telescopes

0 mg/cm2 for LETS

——JUPITER (5.8 Ry)

1 mg/cm? for HET (S1), 50 mg/cm? for HET (Sp + P)

iv

HETS, LETS and MTA have overlapping

electrons 0,07 - 0.76 MeV ——JUPITER (65Rs) _ — —URANUS TLIMIT”
protons 0.08 - 43 MeV
alphas 0.24 - 8.4 MeV/nue 1%
6<7<26 ~0.3 - 18 MeV/nuc MTA MTA ‘T
Flux Dynamic Range h o MTA \ -
M
Magnetospheres: See Figure. Lower 107} OMNI \ 1
limits assume only 300 sec average, _ . 4L i
Cosmic Rays: 10~3to >1O4 cm™2-sec™ TOE,,‘.,,'O# ELET \\w
* v
Geometrical Factors R o 22 0 \ - \\4 7
MTA 0.08 cm2-sr for telescopes; Egi otk N —
0.02 cmZ/omnidirectional detector £3i i
LETS 12 cm?-sr (single parameter) %E§'° -
2 cm2-sr (multi-parameter) §§ 02k | | — ]
HETS 1.7-3.4 cm?-sr (energy dependent) ]
L MTA -
Height 7.1 kg (15.6 1b.) o R oMNI
Power 6.8 W 'T HET |
Volume 31.1 em x 20.3 cm x 17.8 cm high o :i: ]
elect;c{r}lcs box V&]]‘.th detect.:or ) 'o'!no' |lo= R |'°, s ‘JOT o5 o8
i;sem :-13§t?Xte? ing a maximum O PROTON ENERGY (kev) ELECTRON ENERGY (keV)
cm additional.
Thermal -25°C to +35°C maximum, -5°C to +15°C preferred.



4. SCIENTIFIC OBJECTIVES
I. MAGNETOSPHERIC/PLANETARY PHYSICS

A primary objective of this experiment is the search for magneto-
spheric phenomena at Uranus as defined by the presence of energetic charged
particles. A comprehensive set of measurements of the energy spectra and
angular distributions of energetic electrons, protons, helium ions and medium
charge ions separately as a function of position will provide a description
of the Uranian magnetosphere. These data will be used to:

* delineate sources and sinks of magnetospheric particles, energy
flow and distribution, co-rotation, diffusion processes, and
satellite sweeping and injection effects.

* determine the orientation and approximate magnitude of the magnetic
dipole moment of Uranus and thus the magnetohydrodynamic properties
of the planet's interior.

* determine the rotational period of the interior of Uranus and its
difference from the rotational period of atmospheric features
determined optically.

Another major objective is the search for energetic particles
emitted by Uranus and further study of those emitted by Jupiter.

The Jovian flyby will permit further characterization of the magneto-
sphere of Jupiter at a different epoch in the solar cycle than previous missions
and with significantly improved instrumentation.

II. GALACTIC PROCESSES

Another primary objective will be the study of the galactic processes
associated with the enmergetic particle fluxes in the distant heliosphere and
beyond. Highly precise measurements of the spectra and elemental and isotopic
composition of energetic nuclei as a function of position and direction
will contribute in a major way to progress in studies of fundamental astro-
physical phenomena, such as

* the direct identification of matter samples from nearby pulsar or
supernova cosmic ray sources through measurements of the streaming
of interstellar cosmic rays.

* the processes of nucleosynthesis in cosmic ray sources through
analysis of identifiable samples of both recent and past
element building.

*  the properties, dynamics, and heating of the interstellar medium
as related to the life history of cosmic rays in the galaxy,
particularly at energies below several hundred MeV, which are
inaccessible to observers at 1 AU.



III. INTERPLANETARY PHENOMENA

A third objective is the study of the physical processes and features
associated with the energetic particles in the heliosphere. Comprehensive
measurements of the streaming and the energy, charge., and mass spectra of the
particle fluxes will be used in studies of:

* the energetic particle acceleration processes occurring in
planetary magnetospheres, interplanetary regions, and in solar
flares.

*  the large scale structure and properties of the heliospheric plasma
and fields as remotely probed by the energetic particles.

* . the effective cosmic ray modulation boundary, presently estimated to
lie between 10 and 20 AU.

4.1 EXPERIMENT RATIONALE

Prior to MJU, Pioneer's 10 and 11 as well as the MJS mission will
have studied the heliosphere out to 10 A,U.. With MJU, exploration of the
outer heliosphere will begin. This exploration will include what promises
to be a dynamically different magnetosphere - that of Uranus, a completely
new regime of interplanetary phenomena and the opportunity to reach beyond
the boundaries of the modulation region and make direct observations of low
and medium energy galactic cosmic rays.

To take full advantage of this new opportunity, we have given care-
ful consideration to establishing a comprehensive, balanced complement of
detector systems capable of defining the magnetosphere of Uranus, gaining new
results at Jupiter and possessing the charge, mass and energy resolution to
study the interstellar cosmic ray population and new interplanetary phenomena.
Our starting point was based .on the following considerations (a) The extensive
experience of the Iowa group in studying the earth's magnetosphere (b) The
very successful efforts of the Iowa and GSFC/New Hampshire groups in exploring
the Jovian magnetosphere, and (c) The experience of all groups in cosmic-ray
studies with special emphasis on our MJS cosmic ray experiment. We considered
the recent ‘advances in our knowledge of planetary magnetospheres and in cosmic-
ray phenomena. A major influence was the fact that MJU is a low cost program.
With all these factors, it was decided that major emphasis should be placed on
studying the Uranian magnetosphere and on extending the charge measurements to
lower energies as a diagnostic for both planetary and interplanetary phenomena.
For cosmic ray studies, extended charge and energy coverage are vital and these
have been retained from the MJS experiment. Cost and weight constraints forced
the removal of 1 HET and the TET electron experiment from the MJS complement.
For the medium energy cosmic ray nuclear component this is a reduction in
redundancy. For cosmic-ray electrons we have decided to place special emphasis
on the 3 - 12 MeV energy range as we discuss in the following section.

The resultant system which we propose consists of a magnetospheric
telescope array (MTLA), a low energy telescope system (LETS), and a high energy
telescope system (HETS). Solid state detectors are used throughout. The over-
all cohesiveness and broad dynamic ranges in energy, intensity and charge for our
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experiment are illustrated in
Figure 4-1 and 4-2. Figure 4-1
shows the large range in energy and
intensity over which we can observe
magnetospheric electrons and pro-
tons. The maximum expected Jovian
electron and proton intensities

and an estimate of the maximum
electron intensity at Uranus (see
Appendix Al) are also shown in
Figure 4-1. We see that the pro-
posed maximum dynamic range is more
than adequate. The minimum measur-
able intensities in Figure 4-1
assume an integration time of 300
seconds, during which time the space-
craft will traverse < 0.2 Ry and
either 10 observable counts or a
counting rate 2 g above the inherent
cosmic ray and RTG produced back-
ground.

The use of multiple tele-
scopes allows the optimization of the
charge and energy response and back-
ground rejection over a given energy
interval and provides the redundancy

that is vital for an extended mission.
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Figure 4-1

Figure 4-2 shows the overlapping

responses of  the HETS and LETS (= LET + EILET).
part of Figure 4-2 is the lower boundary of the HET penetrating mode, described in
Section 7., III. Isotope measurements will be made below this line. The arrow

at the top of Figure 4-2 indicates that integral measurements will be made above

500 MeV/nucleon.
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The dashed line in the upper

The magnetospheric telescope array (MTA)

consists of four identical telescopes and three
4 TFH omni-directional intensity monitors contained in
| RN spherical shields of different thicknesses. This
102 LYEE NN . §< system will measure the intensities, spectra and
I\ anisotropies primarily of electrons, protons, and
alpha particles.

The four telescopes provide

5>> redundancy and large geometrical factors, however
\ the primary purpose of having four is to make

Ol anisotropy measurements.
Appendix A6 that adequate anisotropy measurefments
can be made with this approach.
risk associated with a mechanical rotation device.
We adopt the same philosophy for the LET array

tr (cf. Appendix A5).

We demonstrate in

Thus we avoid the

The proposed experiment will place

particular emphasis on low energy interplanetary
phenomena and the low-energy galactic nuclei that

" s 12186 20 2a 28 can be observed outside or near to the boundary of
CHARGE (2) the heliosphere.

Figure 4-2 extended down to £0.5 MeV/nucleon for protons and

Multi-~parameter analysis will be



heavier nuclei up to iron (cf. Figure 4-2)., The cornerstone for these studies
is the low energy telescope system (LETS) consisting of a set of four identical,
mutually orthogonal low-energy telescopes (LETs) and two extended low energy
telescopes (ELETs). The method for measuring anisotropies is discussed in
Appendix A5. The two EIET telescopes are smaller versions of the LET tele-
scopes, utilizing 6u thick dE/dx counters (versus 35u for the LETs).

Together the LET and ELET telescopes provide low background, high reso-

lution charge and isotope data with a high sensitivity and statistical accu-
racy over a broad range of charge and energy as shown in Figure 4-2. The

LET and ELET telescopes will also be useful for high-sensitivity studies

of weak magnetospheric particles.

The proposed high energy telescope (HET) uses curved dE/dx solid
state telescope elements in a special, double ended "thick-thin' arrangement.
With this telescope it will be possible to achieve charge resolution up to a
Z ® 30, and isotope resolution up to Z ~ 8 (for AM=2, isotope resolution up
to Z ™ 16), At the same time the instrument will provide accurate spectra
from ~ 4 MeV/nuc up to ~500 MeV/nuc and above for a direct comparison with
the comprehensive data available near the earth. The HET telescope has a
geometrical factor ~2 times larger than typical earth satellite systems used
in the past (~20 times larger than the telescopes now on Pioneer 10 and 11),.
This large geometrical factor is of vital importance in many areas; for example,
we expect to observe ~5,000 Be or Fe nuclei in one year. Differences in
chemical composition of spectra of even the less abundant nuclei such as K
and Ni will be easily studied in the proposed experiment, whereas this has not
been possible on any of the previous IMP, OGO or Pioneer systems. The HET
telescope will also measure the electron flux up to ~12 MeV with a high
statistical accuracy and temporal resolution., We demonstrate in Appendix Al2
our ability to make these measurements in the presence of RTG background.

.

5. SPECIFIC RESULTS TO BE EXPECTED
I. MAGNETOSPHERIC PHENOMENA

The basic observational results along the respective encounter tra-
jectories at Jupiter and Uranus will be essentially continuous measurements
(time resolution 6 sec) of the angular distributions and absolute intensities
of energetic charged particles over a broad range of energy and intensity.
Analysis of these data will yield important results in magnetospheric physics
and planetology, as sketched below.

A. Uranian Magnetosphere

Existing knowledge of Uranus permits a wide spectrum of possi-
bilities on the nature of its magnetosphere as discussed in Appendix Al. These
possibilities range from a Venus-like situation to.a fully-developed magneto-
sphere of exotic topology, possibly containing particle intensities inter-
mediate between those at the earth and at Jupiter. Thus, the mission will
be able to answer some fundamental questions concerning Uranus. The prime
question is whether or not Uranus is a magnetized body. With 1.1 as the
radius of closest approach, the magnetic moment of the planet must be less
than 4/1000 of that of the earth and/or the intensity of energetic particles

4
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near periapsis must be less than 0.002 (cm sec sterad) in order that no
effect be observed with the proposed instrument. Both of these values are
far below reasonable expectations.

If a Uranian magnetosphere does indeed exist, our measured
angular distributions will determine the direction of the local magnetic
vector (tB) on a point-by-point basis for certain simple types of angular
distributions, without reference to magnetometer data. This method assumes
that the axis of symmetry of the particle distribution is identical to +8 and
that the plane of symmetry is perpendicular to +B. If magnetometer data are
available, the parameters of more complex angular distributions can be deter-
mined. The parametric trial-and-error closure of inbound and outbound omni-
directional intensity curves in the inner magnetosphere of Jupiter has been
demonstrated by the Iowa group to be a notably successful method for determin-
ing the orientation of the dipole moment of the planet, using particle data
only. This method is applicable to Uranus. The rotational period of the
interior of Uranus is presently estimated to be only about a factor of 2. It
can be determined from the cyclic modulation of particle intensities to an
estimated accuracy of *5%. The magnitude of the magnetic moment can be
estimated to within a factor of about 2 using particle data only. AIll of
the above quantities are fundamental to knowledge of the internal magneto-
hydrodynamics of the planet as well as to the understanding of its magneto-
sphere.

Analysis of the angular distributions and energy spectra of
protons will define the radial extent of corotation and thus define which part
of the magnetosphere is dominated by corotation and which is not. Both the
proton and electron angular distributions will be used to determine those
regions where outward streaming of field aligned particles (which has been
conjectured for the casé of Jupiter to be the source of energetic particles
in the outer magnetosphere) is dominant over convection, another important
element in magnetospheric dynamics.

The principal source of energy to drive magnetospheric processes
at Uranus will probably be its rotating ionosphere rather than the solar wind,
which will be very weak at 19 AU. This is quite a different physical situa-
tion from the case of the earth where the solar wind is the dominant source
and from the intermediate case of Jupiter. Our angular distributions and
broad emergy-spectral coverage will provide phase space densities for elec-
trons, protons, helium ions, and medium~-Z ions as a function of position.
These data in conjunction with data on particle sweeping by the inner satel-
lites of Uranus will give a definitive determination of radial diffusion pro-
cesses in a rotationally dominated magnetosphere. The radial dependence
as well as the energy, charge, and mass dependence of the diffusion process
will be determined. The dominant source and loss mechanisms will also be
delineated.

The magnetosphere of Uranus is expected to be one of distinc-
tively different physical character than those of the earth and Jupiter be-
cause of the unique orientation of its rotational (and probably its magnetic)
axis approximately along the planet-sun line and because of the much reduced
dynamic pressure of the solar wind at 19 AU (Appendix Al).



B. Jovian Magnetosphere

The observations at Jupiter with a radius of closest approach of
5.8 R, will be generally repetitive of those made previously by Pioneers
10 ang 11 and by two Mariner-Jupiter—-Saturn fly-bys but will provide data at
a different epoch in the solar activity cycle and at a different specific
solar wind situation than those of previous missions. Hence they will be
of value on these grounds alone.

Also, the MTA instruments design takes advantage of our experi-
ence with traversals of the Jovian magnetosphere by Pioneers 10 and 11. Our
large~dynamic-range MTA has advanced capabilities for clean particle identi-
fication, accurate energy spectra, and three-dimensional angular distributions
under the now-known conditions of the Jovian encounter. Hence, we expect
that MJU observations at Jupiter will contribute significantly to a better
definition of radial diffusion processes as a function of radial distance,
particle energy, mass and charge; of sources and losses; and of particle
streaming and corotation.

IT. GALACTIC PHENOMENA

Since the MJU mission is designed to reach at least 20 AU (even if
one ignores the extended-mission phase), one can hopefully expect to make in
situ studies of scientifically significant galactic phenomena. At present the
observational evidence bearing on the question of reaching interstellar space
indicates that the effective cosmic-ray modulation boundary probably lies
between 10 and 20 AU.

A. Measurements of- Cosmic—~Ray Nuclei

Low-energy galactic particles are probably prevented from reach-
ing the earth because of interplanetary energy loss. Therefore, measurements
on MJU may provide the first determination of the total interstellar cosmic-
ray energy density which is a basic quantity of importance in galactic dy-
namics and in the understanding of the evolution and stability of the galactic
disk structure.

The proposed detailed measurements of the spectrum and abundance
of the individual cosmic~ray nuclei allow the study of two particularly im-
portant problems relating to the origin of cosmic rays. One is a determina-
tion of the injection spectrum and source abundance of the nuclei, the other is
an understanding of the propagation of the cosmic ray nuclei in the galaxy.

We shall now give some examples of specific measurements and what they can
tell us about these astrophysical problems.

1. Measurements of the spectra and abundances of generically-
related primary and "secondary" groups of nuclei: One such group of nuclei
is the so-called "quartet," 1lH, 2H, 3He, 4He. The secondary nuclei 2H and 3He
are produced almost entirely from %He, and their production cross sections are
well known. Similarly, Li, Be and B are primarily products of primary C and O,
and nuclei in the charge range Z = 17-25 are fragmentation products of primary



Fe nuclei. The interstellar spectra of these nuclei, which contain important
information on the interstellar propagation, cannot be measured at energies
n100 MeV/nucleon at 1 AU.

Consider the low energy He spectrum as shown in Figure 5-1.

The origin of the flat portion of the He spec-
trum between 5 and 100 MeV is essentially un-
known. This flat spectrum could be related

to the anomalous N and O spectra discussed
later, or it could have an entirely different -
origin. 1In either case, it is crucial for F
the interpretation of this behavior to simul- ey
taneously measure the 2H and 3He components
down to the very lowest energies.

QUIET-TIME
INTENSITIES
— T
73 INTENSITY UNCERTAIN;
HIGHLY VARIABLE, 7
ORIGIN UNCERTAIN 7

102
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A particularly interesting E °F

set of nuclei to study_are the electron cap- r i

ture isotopes such as ‘Be. A study of these & F

isotopes at low energies, where the electron b oL

capture cross section changes rapidly with -

energy, may give definitive information on the g o
material densities in regions where the cosmic g ECAMON
rays are accelerated or propagate. 16" EoxYGEN

2. Measurements of the low-
energy part of the spectra of all nuclei: At » 7
low energies the effects of ionization energy a3 )
loss on different charges in interstellar
space should be an important signature of
cosmic-ray propagation amd source distribution. .3 T IR AUV A
For example, the range of a 1 MeV proton in o ! 10
typical galactic magnetic fields is 200 pc MeV/NUC
with a lifetime of ~10%4 years. Because of
the z2/B2 effect this ionization energy loss FIGURE 5-1
will result in charge dependent compositional changes at low energies, which
are indicative of localized propagation effects, and possibly the existence of
separate and localized cosmic ray sources. A comparison of chemical abundances
at low and high energies will therefore be crucial to the separation of fea-
tures related to the cosmic-ray injection and to the subsequent particle
propagation in the galaxy. An example of this is the recently discovered
anomalous (enhanced) abundances of N, O and Ne below V40 MeV/nucleon (see
Figure 5-1 and Appendix A3).
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The specific details of the low-energy spectra, particularly
for the heavier nuclei, are important from the point of view of the role of
cosmic rays in the dynamics of the galaxy. Because of the z2 effect, determin-
ation of the role of cosmic rays in the heating of the interstellar medium
by ionization loss, and in galactic X~ or y-ray production, requires the study
of the spectra of all the nuclei at the lowest energies.

3. Study of the particle flow patterns (anisotropies) of protons,
helium, and heavier nuclei: We believe that a study of the anisotropies of



galactic cosmic rays below V100 MeV/nucleon and down to the lowest possible
energies will be especially fruitful. Although the anisotropy observed

near earth at very high energies (R100 BeV) is certainly small, any attempt

to estimate the anisotropy of the bulk of the cosmic rays (1 BeV and below) at
present is sheer speculation. The magnitude of the anisotropy might vary widely
with energy depending upon the distribution of cosmic-ray sources in the galaxy
(see Appendix A4).

A basic point is that anisotropy and composition studies
provide complementary information on the local cosmic-ray source distribution
and local propagation parameters in the galaxy. A study of the anisotropy of
low-energy cosmic rays may also be essential to determine the origin of the
particles that are observed.

B. Electrons

The existence of several separate populations of electrons
at low energies is clearly evident (see Appendix A2) in contrast
to the situation at higher energies (>100 MeV) where these particles are
clearly galactic. As a result of this complex situation, the galactic com-
ponent is unknown at lower energies. Extrapolation to interstellar space is
not possible because radio emission from synchrotron radiating electrons
below V100 MeV is not observable. The direct measurement of the galactic
intensity of these electrons will thus be important from several points of
view. Since the expected secondary spectrum of knock-on electroms is quite
well defined, a measurement of the actual low energy electron flux may be
used as a direct test of current propagation ideas. Conversely, differences
of the predicted and measured electron spectrum may be indicative of other
sources of electrons, of the characteristics of the origin of a low energy
primary component, or of spatial non-uniformities in the interstellar electron
or proton population.

ITI. INTERPLANETARY PHENOMENA

It is clear that energetic particle acceleration processes are
widespread and are now observed in almost all kinds of plasma conditions in
the solar environment and throughout the universe. One of the most impressive
results fromPioneers 10 and 11 and other interplanetary spacecraft concerns
the complex populations of energetic particles that co-exist in the inter-
planetary medium. Co-rotating solar streams {(mainly protons) are very pro-
minent and may be augmented by interplanetary acceleration effects. These
particles co-exist with streams of electrons from Jupiter which are spread
throughout the solar system. Closer to the planets (e.g., Earth and Mercury)
locally-accelerated protons and electrons are observed. Outside of the di-
rectly accelerated solar population, we have no information on the charge
composition of the various populations nor do we understand yet how the parti-
cles are distributed throughout the solar system.

A. Solar Energetic Particles

Generally, prior to Pioneers 10 and 11, it was felt that the
fluxes of solar energetic particles would decrease to insignificant levels



beyond V5 AU because of energy loss effects and simple spatial -expansion.
Observations on Pioneers 10 and 11 show significant solar particle fluxes even
at 5 AU, however, sometimes exceeding those observed at earth - particularly
at low energies. A study of the properties of these events beyond V10 AU
will give important information on the dynamic properties of the outer helio-
sphere - particularly interplanetary acceleration and deceleration effects

at low energies. The diffusive and convective properties (e.g., radial de-
pendences) of the interplanetary medium will be mapped using the solar ener-
getic particles as probes. The injection of low energy solar particles into
the interstellar medium may typify an important stellar phenomenon and will
be measured for the first time on the MJU spacecraft.

B. Planetary Energetic Particles

The large transient increases of MeV electrons from Jupiter
are the most prominent feature of planetary energetic particles observed in
interplanetary space. The manner in which these particles escape from Jupiter's
magnetosphere and propagate throughout the solar system is unknown at present.
Detailed studies of the energy spectrum, time variations and anisotropies of
these electrons up to 10 MeV are needed to answer this question.

It is quite possible that the bulk of the low energy electrons
observed at earth and throughout the inner solar system arise from Jupiter.
To prove this, one will need measurements beyond 10 AU which will be of
particular importance in separating these electrons from the true interstellar
population. It is also quite likely that electrons will be observed from
Saturn and Uranus and a mapping of their intensity near these planets will
provide valuable information on the large-scale field characteristics near
these planets.

Much weaker fluxes of MeV protons have also been observed from
Jupiter in interplanetary space. Again, it is likely that such particles
will be emitted by Saturn and Uranus. A study with ELET and LET of the ele-
mental and isotopic abundances of this nuclear population should provide valua-
ble information on the origin of these particles in planetary magnetospheres.

C. 1Interplanetary Accelerated Energetic Particles

Recent observations of the intensity of low energy solar streams
at different radial distances have revealed that interplanetary acceleration
of cosmic rays may be a far more important phenomena than was originally
believed. This phenomenoncould be strongly radially dependent and might be
significantly more important in the outer solar system. These effects have
been mainly observed for protons in the MeV range and below. They seem to
be confined to localized regions of space possibly related to the magnetic
field and plasma parameters in these regions. The ELET telescopes will permit
extended studies of these particles to be made including the presence of any
heavier nuclei. See Appendix A2 for further discussion.

D. Low Energy Quiet Time Turn Ups

The spectra of protons, helium nuclei, carbon and oxygen and
possibly other heavier nuclei as well are observed to turn up at very low



energies during quiet times when no obvious solar particles are present.

These turn ups are very complex and appear to be charge dependent (see Fig.
5-1). The turn ups are very abrupt and the spectra below the turn ups are
very steep, r\'E'3, suggesting a totally different origin for these particles.
It is possible that these particles represent a quiet-time component of the
interplanetary acceleration process just discussed (e.g., a Fermi acceleration
process operating in interplanetary space). Measurements of the elemental
composition down to 0.5 MeV/nucleon is essential to an understanding of the
origin of these particles. '

E. Anisotropies and Flow Patterns of Galactic and Solar Ener-—
getic Particles

The ability of our LET detector system to comprehensively measure
anisotropies provides an opportunity to study energetic particle transport
in the solar wind. A measurement of the anisotropies provides an indication
of the relative importance of perpendicular and parallel diffusion and con-
vection and can help define particle gradients out of the ecliptic plane.
Anisotropy measurements complement intensity and composition measurements in
the identification of the various energetic particle populations and their
mode of transport and possible acceleration in the interplanetary medium.
A study of the flow patterns also provides information on the large scale mag-
netic field properties which are unobtainable by in situ magnetic field mea-
surements. -

F. Solar Modulation of Galactic Particles and the Radial Gradient

The solar wind modulates the intensity of galactic cosmic rays
over a wide range of energies, with the effect being most severe at the lowest
energies. Associated with this modulation must be a radial gradient of the
cosmic-ray intensity. Evidence from Pioneer 10 and 11 indicates that this
gradient is relatively small out to V5 AU (V5% per AU for particles of several
hundred MeV/nucleon ; £10% AU for lower energy protons and helium nuclei).

How far do these small gradients extend? 1Is this indicative of a smaller
total solar modulation than expected or will the gradients become larger as
one approaches the boundary? One of the primary goals of this experiment will
be to search for this boundary out to 20 AU and beyond. Basic aspects of
energetic particle transport theory in interplanetary space depend upon
parameters at this boundary, and they are completely unknown.

Our detector system is designed to very precisely measure the
radial gradient and overall modulation as a function of rigidity over a wide
range of energy and charge~to-mass ratio in regions not yet penetrated by
spacecraft. Various isotopes (such as lH, ZHQ 3He, He) can be used to dis-
tinguish between solar, planetary and galactic particles. Electron measure-
ments will also be of great importance. In particular, measurements of the
electron gradient and modulation over the energy range from 3~10 MeV and beyond
~10 AU will define the transport parameters over a rigidity range not readily
accessible using low-energy proton measurements.
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6. EXPERIMENT DESIGN PHILOSOPHY AND APPROACH

The quantities which we propose to measure in order to meet our
scientific objectives have been summarized earlier in Section 4.1. These
measurements will be made with three detector systems: the Magnetospheric
Telescope Array (MTA), the Low Energy Telescope System (LETS), and the
High Energy Telescope System (HETS). These three systems share a rich heri-
tage of scientific and technical experience through the combined experience
of our four laboratories. The MTA design is an improvement upon detector
systems flown to Jupiter by Iowa and GSFC/UNH on Pioneers 10 and 11. The
LET and HET systems have evolved from the GSFC/UNH Pioneer 10 and 11 experi-
ments and the Caltech IMP 7 and 8 experiments. With but one exception,
the LET and HET systems are identical to those already developed for MJS.
The exception is that the LET system has been augmented by two extended low
energy telescopes (ELETs); these replace the second HET in the MJS design.
The ELETs have their precursor in the GSFC VLET presently being developed
for ISEE-C.

By using three independent systems we have been able to optimize
the experiment's charge and energy resolution, background rejection and
response to high counting rates. We have minimized Landau effects by choosing
the thickest dE/dx device appropriate to a given energy interval; we have
incorporated three parameter analysis wherever practical; we have incorporated
or have deliberately omitted anti-coincidence detectors; we have carefully
designed arrays of telescopes for the measurement of anisotropies. Our
telescopes consist entirely of solid-state charged-particle detectors. These
devices have proven to be uniquely reliable in space applications, in addition
to being free of gain changes and having superior, low-noise performance.
Finally three independent systems and multiple telescopes provide the redun-
dancy so necessary for extended missions. In summary, we feel that these
systems are in an advanced state of development and can be flown as we pro-
pose them.

7. INSTRUMENTATION

The overall package we propose is assembled using the same approach
used for MJS. This is illustrated schematically in Figure 7-1. The opera-
tion of each subsystem is summarized below. More extensive descriptions may
be found in the Appendices.

I. MAGNETOSPHERIC TELESCOPE ARRAY (MTA)
A. General Description

The MTA consists of four identical three—element telescopes de-
noted by R, S, T and U, with physical collimation for directionality, and three
spherically-shielded, single element detectors, denoted by M, N and P. These
are illustrated in Figure 7-2. All of the detecting elements used in the
telescopes are totally depleted silicon surface barrier detectors. The spheri-
cally shielded detectors are one-millimeter cubes of lithiumdrifted silicon.
The axes of the four telescopes are in a symmetric tetrahedral arrangement
with an angle of 109° between each pair for the purpose of angular distribu-
tion measurements. The physical design and the use of delay-line pulse
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clipping and fast electronics (50

to 150 nanoseconds) makes it possi-
ble to distinguish electrons, protoms,
helium ions, and medium~Z ions and

to separately measure their absolute
energy spectra and angular distribu~
tions under high intensity conditions
such as those that exist in the Jovian
(and possibly the Uranian) magneto-
sphere. A basic time resolution of

6 seconds is proposed, with 96 seconds
for a complete cycle of data channels
and analyzer elements. The MIA is
also valuable for interplanetary
measurements at much lower time reso-
lution.

B. Particle Energy Measurements

Angular distributions and
absolute intensities of energetic

FIGURE 7-1
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FIGURE 7-2

charged particles in a number of energy ranges are measured as follows:

" (1) Electrons (Ee > 0.070 MeV)
(2) Protons (Ep > 0.080 MeV)
(3) Helium Ions (Ea > 0.24 MeV/nucleon)

(4) Medium—Z Ions (Ey > 0.3 MeV/nucleon),
all separately.

This is made possible by properly selected electronic discrimination
levels on the various detectors and by transmitting single element counting
rates and combinations of coincidence and anti~coincidence counting rates.

An overall summary of the spectral coverage is given in Figure 7-3. Analy-
tical details are given 1in Appendix A6. The unidirectional geometric factor
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for the telescopic measurements is 0.02 cm™ sr aEd the omnidirectional geome-
tric factor for the cubical detectors is 0.02 cm .

ﬁ

——r
C. Dynamic Range.in Intensity —_—

ELECTRONS —_—

Based on Pioneer 10/11 observationms,
the greatest unidirectional intensities that will e
be experienced by MJIU during its Jovian fly-by are: - =

j(Eg>. 040 MeV) 5%x107/cm?-sec-ster;
j(Eg>0.55 MeV) 2x107/cm2—sec—ster;
j(Eg>5.0 MeV) = 2.4x106/cm2—sec—ster;
J(Eg>21 MeV) = 1.6x10“/cm2—sec—ster;
j(0.6l<Ep<3.4l MeV) = 7x10%/cm®-sec-ster;
j(l.2<Ep<2.51 MeV) = 2,4x10%/cm®-sec-ster;
j(14.8<E,<21.2 MeV) = 1.6x10°/cm’-sec-ster. = DIRECTIONAL —_

—— OMNI-DIRECTIONAL —

]

]

—
ALPHA PARTICLES

At all single~element counting rates up to about MEDIUMS (CARBON)  Sommeen
3x10° counts/second the MTA output will be linear L

and simple in interpretation. At the highest ex=- R 10® 10* o° 10°
pected rates (Vv1x10° counts/second) near periapsis MTA ENERGY RANGE (kev)

of the Jovian encounter, non-linear effects will be
significant but the output will be interpretable

in a gtraightforward way by use of laboratory calibration data. Intensities
at Uranus are almost certainly much less than those quoted above.

FIGURE 7-3

II. THE LOW ENERGY TELESCOPE SYSTEM (LETS)

A. General Description

The Low Energy Telescope System (LETS) is designed to determine
the three dimensional flow patterns of interstellar and interplanetary cosmic ray
fluxes and to extend high resolution elemental measurements (1 < Z < 30)
down to very low energies. The LET system consists of 6 telescopes, four Low
Energy Telescopes (LETs) and two Extended Low Energy Telescopes (ELETs).

The four LETs have been optimized for the interstellar anisotropy measurements
by incorporating large area, thin detectors. This arrangement, shown in Figure
7-4, provides multiparameter analysis capability at low energies with the rela-
tively large geometrical factor (0.5 cmlst each) needed for measuring the ex-
pected anisotropies (see Appendix A4). The four LETs are required in order to
completely characterize the three-dimensional anisotropy (see Appendix A5

for “a derivation of this requirement). This geometrical arrangement has been
accommodated for the CRS instrument on MJIS77 and we would retain precisely

the same orientation on MJU79. The four LETs provide not only the anisotropy
information, but also an increased geometrical factor ("2 cmlsr total), and
sensor redundancy.

The two ELETs (see Figure 7-4 and Appendix A7) have been optimized
for multiparameter analysis at very low energies through the use of ultra-thin
detectors. The multiparameter analysis provides high resolution measurements
of the spectra and elemental composition of solar and galactic cosmic rays with
energies a factor of 3 to 10 lower than possible with LET. For spectra softer
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for LET or D1D2D3 for ELET, the par-

ticle energy loss is determined in L1 or D1 and the residual energy is measured
in L2 or D2. The dE/dx-E analysis provides unambiguous element identificationm,
with isotope resolution in the LETs for adjacent isotopes with Z £ 5 and for
even isotopes with Z § 12 (see Appendix AS8).

In the triple parameter mode (L11213L4 for LET or D1D2D3D4 for
ELET), the particle's ‘energy loss is measured twice, and the residual energy
is measured in L3 or D3. The double-dE/dx measurement both improves the mass
resolution and significantly reduces the background due to interacting parti-
cles and edge effects. The analysis interval for the D1D2D3D4 mode corresponds
to particle ranges 12 < R £ 72um of 8i. This interval has been chosen to
completely overlap the 1112037 interval, which corresponds to 35 < R < 70um of
Si. Similarly, the L1L2L3T# analy51s interval (70 £ R < 520um) has been cho-
sen to provide significant overlap with the HET three-parameter mode. Table
7-1 provides further details. Note that at these energies the heavier nuclei
are likely enhanced compared to the relative abundances assumed in the table.

Table 7-1: Typical LETS Interplanetary and Interstellar Analysis Rates

1

i 1 1) ; 2) ED N et )

| i FEnergy Interval Interplanetary Interstellar Min. Interstel i

3 (MeV/nuc) Events/6 hr Events/yr lar Anisotropy g
: I

TNU— 1

;iteor ELET LET ELET LET ELET LET 1 mo. Lyr. |

" w | 0.46-2.5 1.7-8.4 | 1.2x10%* 1.4x105 | 1.7x105  5.5x10%| 3% i !

[ Ee | 0.37-2.5 1.6-8.4 10° 800 1.0x10%  3.1x10%| 12% 3%

P 0 9.52-5.2  3.3-18 10 4 600 2.0x103 ! 24% 13%

i Mg 0.55-5.8 3.6-26 ~ 1 0.4 140 600 - 247

. Te 0.38-6.9 3.8-35 ~ 1 0.2 100 450 - 287

{

1) Energy interval for multiparameter analysis.

2) Assumes J(>E) = E™? as a minimum intensity corotation flux.
3) Assumes dJ/dE ~ W2-85 as  conservative interstellar spectra.
4) Assumes a 30 difference in the counting rates of 2 LETs.
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In the single-parameter mode (L1L2), only detector L1 is pene-
trated by the particle. The acceptance cone is defined by the combination
collimator and thermal radiator, resulting in a geometrical factor of V5 cm™sr.
The analysis is performed by 4 discriminators chosen for optimum response to
H, He, CNO and Z > 8, respectively (see Appendix A8). This mode will be use-
ful for interstellar or interplanetary spectra softer than E™“. The multi-
parameter ELET analysis will provide unambiguous elemental composition in
the same energy interval which will aid interpretation. The primary advan-
tage of the single parameter mode is the large A{! which permits determination
of the anisotropies of V1% in one month (based on a 30 difference in the
counting rates). Intercalibration of the telescopes in the laboratory and
during interplanetary cruise will be directed toward limiting the systematic
uncertainties to £1%.

C. Trapped Radiation Response

The large AQ of the LETs is well suited to the detection of
very weak magnetospheres. Assuming that a minimum detectable signature corre-
sponds to an increase of 10 counts in a distance of 0.2 Ry (which the space-
craft traverses in V300 seconds), then a minimum magnetospheric counting rate
of 0.03 sec~l is required. The corresponding minimum fluxes are indicated in
Table 7-2, as are the maximum analyzable fluxes which result in a counting
rate of 105 sec~l. The flux dynamic range of LETS complements the higher flux
range of the MIA. 1In addition, the LETS will provide elemental composition
measurements over the range of fluxes in Table 7-2.

Table 7-2: LETS Trapped Proton Response

Minimum Detectable Flux

| Energy (em™2sec”lsr™1)

MeV) Min. Max.
{ D1 0:12 ~6x1072  ~2x10°
D1D2 | 0.55 : ~6x1071  ~2x10°
L1 | 0.45 ‘ ~6x1073% ~2x10"
rir2 | 1.7 ~6x1072 ~2x10%

III. THE HIGH ENERGY TELESCOPE SYSTEM (HETS)

A. General Description

The MJU High Energy Telescope shown schematically in Figure 7-5
has already been developed for use on MJS. It is entirely solid state and makes
use of detector technology previously proven on Pioneers 10 and 11, IMPs 7 and 8,
and more recently on Helios. The HET system has the following characteristics:
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(1) The spectra of electrons and all elements
from hydrogen to iron will be measured over a
broad range of energies, e.g., 4-500 MeV/nuc-
leon for Z = 1, 2. (2) 1Individual isotopes

will be resolvable up through the isotopes of
oxygen (AM = 1 for Z = 1-8); individual charges
will be resolvable up through Z = 30. (3) The
use of a double~ended telescope and the inclusion
of a solid-state guard element permits up to a
twenty-fold increase in geometry factor over D%CL

A= 8 CM*x 0.15 MM

\ /e Az~ 8 CMx 0.15 MM

i 78— C;— 9 CM'x3 MM
earlier designs. == . e & MM
— = _ 2
B. Modes of Operation N % p— SCMJSMM
“ % Ca— 9 CM'x6 MM
A HET telescope has three basic ?f “;:77*————%fBCW*ZMM
modes of operation, two corresponding to parti- /
cles that stop within the telescope (denoted by o

S1 and S9), and one corresponding to particles
that penetrate the telescope (denoted by P). 1In
the S and S92 modes, the telescope operates in

a standard dE/dx x E mode. The design of the
instrument is, however, new and unique to MJU/ =
MJS in that the detector stack serves double '
duty: §Sjp and Sj. correspond to particles enter-
ing opposite ends of- the telescope. Trajector-
ies 1, 2 and 3 in Figure 7-5 are typical §;, §,
and P events, respectively. Table 7-3 summar-
izes the characteristics of these three modes.

«——B,—B8 CMx2 MM

HIGH ENERGY TELESCOPE (HET)

FIGURE 7-5

TABLE 7-3: HET MODE CHARACTERISTICS

Proton Geometry
Type of Energy Coincidence Detectors Factor View
Mode Analysis Range (MeV)| Condition Analyzed (cm?-ster) Angle
S1 dE/dx vs. E 4- 57 A1A204G Al’AZ’C1+CZ+C3 1.0-1.7 58
dE/d . - _ o
/dx vs. E 18- 70 B,B,C;G | B, ,B,,Co+C+C, | 0.9-1.7 58
Triple dE/d - °
P riple dE/dx| 70-500 B,B,C; Bl,cl,cz+03+c4 1.7 46

In both the S; and S, modes isotopic resolution with AM = 1 will be possible
up to Z = 8 and resolution with AM = 2 up to Z = 16. Resolution of adjacent
charges is possible up to Z = 30. The isotopic resolutiom of a telescope
built by the Caltech members of our team is illustrated by the accelerator
calibration data shown in Figure 7-6. A detailed discussion of background
and resolution is presented in Appendix 10.

In the S9 mode precise measurements of the electron spectrum
in the 3-10 MeV interval will also be made. Below 3 MeV, background due to
Compton electrons from the spacecraft radio-isotope power supplies will prohibit
quiet-time electron measurements. However, interplanetary electron increases
due to solar flares and in the vicinity of Jupiter will be observable below 3
MeV. See Appendix Al2.
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Appendix A9 presents
a more detailed description of the
HETS design. Table 7-4 summarizes
the HETS response to galactic cosmic 3007
rays.

IV. ELECTRONIC AND MECHANICAL

SYSTEMS E
A. Introduction =
—_— 200
We have designed this
MIU experiment in such a way that the
interfaces to the Mariner spacecraft, 150-
both electrical and mechanical, are
identical to that of our CRS experi-
ment on the MJS spacecraft. Since
the HET and LET telescopes are identi-
cal to those on MJS, identical electron- D5 CHABHEL
ics will be used. Additionally, for FIGURE 7-6
Table 7-4: HETS Galactic Cosmic-Ray Response
Nucleus S MODE#* P MODE
Energy Events/Month Energy Events/Month
(MeV/nuc) n (MeV/nuc) T
1 AU Interstellar 1 AU |Interstellar
H 4-70 | 1.5x10* 4.8x10° > 70 2.lx10: 3.6x10§
He 4-70 | 5.5x10° 2.5x10" > 70 1.7x10°|  2.0x10,
Be 5,2-91 | 2.0x10° 8.9x10} > 91 5.0x10° 5.5%10%
0 8.7-154 | 2.6x10% 1.3x10° >154 4.6x10°|  5.0x10
Fe | 13.5-295 | 5.7x10% 2.2x10% >295 4.1x10 4.5%10
*S = S1+S9
+Interstellar intensities are derived assuming a total-energy power-law spec-
trum.

the MJU design, the ELET analog inputs simply replace those of one of the two
HET telescopes in the electronies designed for MIJS.

The MTA is optimized for planetary encounter and based on our own
recent experience in the Jovian magnetosphere with Pioneers 10 and 11. It is
a direct outgrowth of the GSFC/UNH LET-II telescopes on Pioneer 10/11 and the
Iowa G2 detector on Pioneer 11. These sensors and experiments functioned well,
and this proposed MJU system provides substantially superior performance in terms
of: high count-rate capability; the ability to clearly separate electroms,
protons and alphas at high count-rates; and simultaneous measurements in several
directions. This latter point - simultaneous measurements in several directioms -
is essential in light of the Pioneer 10/11 experience where marked changes
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in angular distributions occurred within a time less than the complete space-
craft rotation of 12 sec. A system employing shared counting registers to mech-
anically rotated detectors would have more limited temporal resolution. .

B. Electronics

The page restrictions for this proposal allow only a short
discussion of the most important considerations here. Appendices A6, A7, A8,
A9 and A 11 contain more complete discussions.

The charge-sensitive preamplifiers and shaping amplifiers used
in this experiment have severe requirements placed on them which we have already
attained. Our circuitry for the Lj and L2 detectors of LET has a system noise
performance of V55 KeV Si fwhm at room temperature. Lj and Ly have a detector
capacitance of 900 pf, and our design will allow a clean logic threshold to be
set at 200 KeV with substantial margin. Many of the preamplifiers/amplifiers
in HETS are required to have a linear dynamic range in excess of 32,000. This
is accomplished in a gain-switching preamplifier which was invented for the
purpose (patent in process), together with a system of 4096 channel pulse-
height analyzers. The linear systems for HETS and LETS use shaping time
constants of Vvliusec. The MTA and omnidirectional detectors, however, place
different requirements on the electronics. A large dynamic range in energy
is not needed. Speed and freedom from pulse pileup effects are required and
dictate the fast time constants used - 150 nanoseconds with a 50 ns logic
strobe. These systems will allow measurement of energetic particle fluxes
substantially greater than those encountered at Jupiter.

The performance of the 4096 channel pulse-height analyzers is
competitive with good laboratory spectroscopy systems, having integral and
differential linearity of:0.1%Z and 2%, respectively. Total system gain stabil-
ity (v0.1%) is verifiable directly from the flight data from the end points
in the response matrices for the various nuclei. Stability of the MTA can be
‘checked because of the way in which the four identical telescopes share
parallel electronics (see Appendix A6). An electronic calibrator allows
fast, accurate tests of many linear channels for ground and in-flight testing.
The experiment includes an extensive data aystem using both RCA COSMOS (JPL
radiation-hardened version) and custom-designed LSI circuitry. 1In addition
to 36 registers for storing the many different kinds of events for the three-
telescope systems, it includes 64 24-bit counters for rate data.

C. Reliability/Redundancy/Flexibility

Any experiment being designed for an MJS or MJU mission must
devote considerable effort to the subject of reliability - both in terms of an
aging lifetime and a radiation-damage lifetime. All parts are procured and
tested to the JPL-approved MJS program. Experiment lifetime should not be
limited by electronics parts lifetime. Extensive testing and analysis by the
experiment team and JPL for the MJS experiment lead to the conclusion that
from a radiation point of view, the limiting components are the JPL-supplied
COSMOS circuitry which are in every experiment and system. Their tolerance
appears to allow a comfortable margin at Jupiter.
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Six-year missions clearly require careful consideration of
redundancy and possible failure modes within the experiment. The fact that we've
chosen multiple detectors with parallel electronics permits this experiment to
tolerate several serious failures and still make significant measurements.

An extensive command system allows major reconfiguration within the experiment
and also allows power on/off at the circuit level - for instance individual
preamplifiers. The experiment and.the spacecraft allow considerable flexibility
in the on-board data format. At expected bit rates, the important comparative
MTA data is updated nominally every six seconds.This period can be shortened

or lengthened in a binary fashion by command, and also the fraction of experiment
telemetry devoted to the various detector systems can be similarly changed.
Appendix A 11 furnishes a more complete discussion.

D. Data Rate and Storage

A nominal experiment data rate of V128 bps is envisioned for cruise,
although the experiment can be commanded for operation at lower and higher bit
rates. At planetary encounter we require V256 bps. In the case of extended
periods without real-time tracking from earth, we require the assignment of
1/5 of the spacecraft buffer memory for storage of this experiment's data.

This would allow V15 bps for one week's storage, for instance, and would allow:
storage of all high Z pha events; a significant sampling of the proton and alpha
particle spectra (V10 events per minute); and storage of the complete rate data
with basic accumulation times of V15 minutes.

E. VWeight, Power and Volume

The heavy dependence of this experiment upon the instrumentation
designed and built for MJS allows us to predict the performance, weight, power,

volume and cost requirements accurately. The details are given in Appendix
A 11, .

Weight: 7.1 Kg

Power : 6.8 Watts
Volume: 31.1 x 20.3 x 17.8 cm
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8,9,10: Principal Investigator and Co-Investigator Responsibility, Commitment,
Relevant Scientific Experience and Biographical Information.

A brief summary of these items is given below. They are covered in much
greater detail in the Management Section and in the Biographies/Bibliographies
appearing at the end of the Technical Section. It is assumed that the data analysis
and systems design will be shared among all nine investigators.

F.B. McDonald, Chief, Laboratory for High Energy Astrophysics, GSFC, and
Professor of Physics (P.T.), The University of Maryland; studies of galactic and
solar cosmic radiation and planetary magnetospheres; concerned with overall
experiment design.

B.A. Randall, Assistant Research Scientist, The University of Iowa;
magnetospheric research; responsible for the MTA detector development, fabrication
and physical calibrations,

E.C. Stone, Associate Professor of Physics, Caltech, and Project Scien-
tist, MJS; solar and galactic cosmic rays, energetic particles in the magneto-
sphere; Principal Investigator for this investigation.

J.H., Trainor, Associate Chief, Laboratory for High Energy Astrophysics,
GSFC; research in cosmic radiation, trapped particles and electronics; respon-
sible for management of MJU experiment.

J.A. Van Allen, Carver Professor of Physics and Head, Department of
Physics and Astronomy, The University of Iowa; extensive research in planetary
magnetospheres and cosmic radiation; responsible for the overall scientific and
technical development of the MTA.

M.A. Van Hollebeke, Research Associate of the University of Maryland at
GSFC; solar and galactic cosmic ray studies; responsible for HETS calibrations.

R.E. Vogt, Professor of Physics, Caltech, research on the astrophysical
aspects of cosmic radiation; responsible for the LET and ELET detector design,
fabriecation and testing.

T.T. von Rosenvinge, Physicist, Laboratory for High Energy Astrophysics,
, GSFC; research in solar and galactic cosmic radiation; responsible for the HET
system.,

W.R. Webber, Professor of Physics and Director, Space Science Center,
University of New Hampshire; galactic and solar cosmic ray studies; concerned
with ELET design and calibration.
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APPENDIX Al

ON THE NATURE OF THE URANIAN MAGNETOSPHERE

It seems virtually certain that in situ observation of the magnetic
field of Uranus and of the energetic particles associated with the planet will
be an investigation of great intrinsic interest and one that will provide
important contributions to the generalized understanding of plasma physical
phenomena on an astrophysical scale. There will also be significant impli-
cations with respect to the intermal structure and physical state of the
planetary body.

Al.l RADIO EVIDENCE

Measured disc temperatures of Uranus in the wavelength range 0.33 to
11.3 cm lie between (105 + 13) °K and (212 + 17) °K, whereas the measured
infrared temperature at 20 microns is (55 + 3) °K. There is a reasonably
convincing increase in radio brightness temperature from 0.33 to about 2 cm
but no clear trend from 2 to 11 cm., The foregoing observations are generally
considered attributable 'to thermal emission by an atmosphere whose opacity is
wavelength-dependent" (see review by Newburn and Gulkis, 1973).

If Uranus were endowed with the Jovian magnetic moment and the Jovian
radiation belt of relativistic electrons and if the decimetric radiation there-
from were attributed to the disc of Uranus, its brightness temperature at 1l ecm
would be 6000 °K. The observed value at 11 cm is (160 + 40) °K, insignificantly
different from that at 2 cm., Hence, a Uranian radiation belt of relativistic
electrons must be less effective than that of Jupiter as a radiator of syn-
chrotron noise by a factor of the order of 200 or greater.

Recent observation of Uranus at 34.5 MHz (A, = 8.7 meters) places an
upper limit of 8 Janskys (8 x 1026 watt m™2 Hz"l) on the continuum radiation
(Shawhan and Cronyn, 1975). This upper limit is, however, far above that which
would be observed in the synchrotron continuum at this wavelength from a Jovian
radiation belt at Uranus. Also, during a cumulative observational period of
2 hours during 69 transits of Uranus no dekametric bursts were observed with
power flux density exceeding the threshold sensitivity of 8 Janskys. Assuming
analogous dekametric phenomena with those at Jupiter (Warwick, 1970; Carr and
Gulkis, 1969), a much longer run of observations will be required to establish
the presence or absence of dekametric burst activity at Uranus. It is, perhaps,
more likely that burst activity will occur at lower frequencies as at Saturn
(Brown, 1975) and the Earth (Gurnett, 1974), at frequencies below the cut-off
of the terrestrial ionosphere and hence inaccessible to ground-based receivers.

Despite the foregoing 'upper-limit" evidence, a Uranian radiation
belt comparable to that of the Earth, for example, is not excluded by any
existing observational data. There is no reasonable expectation that this state
of ignorance will be dispelled by observations from the Earth or from space-
craft at & 1 A.U. within the next ten to twenty years.

Al.2 MAGNETIC MOMENT

Table Al-1 summarizes the current state of knowledge of the magnetic
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moments of seven planetary bodies, All entries except the one for Saturn have
come from in situ observations. The entry for Saturn has been inferred from
the estimated upper cut-off frequency of the dekametric burst spectrum reported
by Brown (1975). This upper cut-off of about 5 MHz was taken to be the electron
gyro -frequency at the top of the planet's atmosphere, at high magnetic latitude.
The analogous assumption for Jupiter yields an estimate of its magnetic moment
within a factor of two or three of that derived from in situ observatioms.

In fact, there is ome high latitude region on the surface of Jupiter within
which the magnetic field strength is 14 gauss (Smith et al., 1975), correspond-
ing almost exactly to an electron gyro-frequency of 41 MHz, the upper cut-off
frequency of the dekametric burst spectrum.

Broadly speaking there are five qualitatively different types of
magnetism that a planetary body can exhibit,

(a) Remanent ferromagnetism in cool crustal material.

(b) Electromagnetism caused by electrical currents in an electrically
conductive interior, such currents being driven by self-excited dynamo electro-
motive forces generated by convective flow of material. (This mechanism
probably requires planetary rotation).

(¢) Electromagnetism of type (b) at some remote epoch, with sub-
sequent resistive-inductive decay of the current systems after the electro-
motive forces have become negigible.

(d) Electromagnetism caused by systems of electrical currents induced
in the conducting ionosphere of the planet by fluctuating magnetic fields in
the solar wind and/or driven by the unipolar induction electric field caused
by the relative motion of magnetic fields in the solar wind as these fields are
convected past the planet, (In the latter case the electrical circuit is closed
through the conductive interplanetary medium.)

(e) Electromagnetism similar to type (d), but with currents in
conducting portions of the planetary body itself.

Most of the interior volumes of all of the bodies in Table Al-1
(with the possible exception of the Moon) are thought to be at temperatures
above the Curie temperature of ferromagnetic materials (1000 °K); hence,
remanent ferromagnetism, if any, must be confined to the outer skins of the
bodies.,

In the framework of the above summary, the magnetic and magneto-
spheric properties of the several planetary bodies are thought to correspond
to the listed types of magnetism as given in Table Al-2., For large, rotating
planets having fluid interiors, there is no theory of type (b) magnetism which
proceeds from first principles to a confident prediction of the gross magnetic
moment of the planet. Nonetheless, it is noted from Table Al-l1 that the ratios
of the rotational angular momenta Iw to the magnetic moments M for the Earth,
Jupiter, and Saturn satisfy the following inequality:

0.7 < (32 x 1071%) < 3.5.
Evidence for such an approximate constancy of the Iy/M ratio for astronomical

bodies was noted by Blackett many years ago (1947; 1949). He suggested that
this ratio might be a fundamental property of matter but later showed that this
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TABLE Al-2

Probable Type of Magnetism

Mercury (a) and/or (e)
Venus (@)
Farth (b)
Mars (a) and/or (e)
Jupiter ()
saturn’ (b)
Uranus () or (a)
Neptune (b) or (&)
Pluto T (a) and/or (e)
Moon (a) and (e)
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is probably not the case by experiments in deep mines in the Earth and by
laboratory experiments. Even more persuasive evidence for the lack of validity
of the Blackett hypothesis was noted by Van Allen et al (1965) on the basis of
the measured upper limit on the moments of Mars and Venus (Table Al-1).

The "safe" point-of-view is that the magnetic moment of Uramus is
totally unknown.

Nonetheless, empirical evidence gives some support to the rule-of-
thumb that I®/M & 1015 gm (seccmgauss)'1 for "sufficiently large bodies that
are rotating sufficiently rapidly". 1In this crude framework, Venus may be
characterized as being large enough but not rotating rapidly enough (244.3 day
sidereal period); Mars, as rotating rapidly enough (24h 37™) but not being
large enough; and the Moon and Mercury, as meeting neither criterion. Saturn,
Uranus, and Neptune have rotation periods intermediate between those of Jupiter
and the Earth and also have sizes, gross compositions, and internal pressures
intermediate between those of Jupiter and the Earth.

In the spirit of the foregoing discussion, one may suggest, under
peril of being quite wrong, that the magnetic moment of Uranus is & 2 x 1028
gauss cm” and the surface equatorial field is ~ 1.4 gauss. Even if this con-
jectured value is too high by a factor of 100, there will very likely be magneto-
spheric phenomena at Uranus of high interest.

Al.3 SOLAR WIND AT THE ORBIT OF VENUS

The properties of the solar wind have been measured over the helio-
centric distance range 0.31 A.U. (Helios) to 7.5 A.U. (Piomeer 10). Near the
sun the solar wind velocity is strongly variable (150-1000 km sec-l) with an
identifiable relationship of high velocity and low velocity regimes to specific
regions on the sun. With increasing radial distance, the range of variation
diminishes but the mean value remains about the same, out to_at least 5 A.U.
(Collard and Wolfe, 1974). This mean value is ~ 400 km sec™l. The mean number
density of particles is approximately proportional to the inverse square of the
distance, as it must be for constant velocity and spherically symmetric expansion.
Also in the range 0.3 - 5.0 A,U., the interplanetary magnetic field behaves in
an essentially simple manner, with the magnitude of the radial component
decreasing as the inverse square of the distance and that of the azimuthal
component decreasing as the inverse first power (Smith, 1974). The radial
dependence of these gross parameters as well as that of the more detailed
parameters of the solar wind give no empirical foundation for estimating the
position of the outer boundary of the directed flow of the solar wind, sometimes
called the heliopause. A similar lack of foundation for such an estimate
emerges from the lack of any increase of galactic cosmic ray intensity from 1.0
to 7.5 A.U. (Van Allen, 1975a). The most credible of current theoretical
estimates (Axford, 1973) suggests a value of m 50 A.U. as the radial distance
of the heliopause in the direction of the solar apex.

At the orbit of Uranmus (19 A.U.) it is therefore "reasonable", though

of course perilous, to adopt values of the gross parameters of the solar wind
as in Table Al-3,
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TABLE Al-3

Adopted Solar Wind Parameters at
the Orbit of Uranus

Velocity: 400 km sec™t (relatively steady)
Number Density of Protons -3
and Electrons: 0.014 em

Radial Component of
Magnetic Field:. . 0.012 y

Azimuthal Component of
Magnetic Field: 0.22 vy

Angle of Mean Magnetic
Vector to Radius Vector: 93° (+ sector)
273° (- sector)

=
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Al.4 INTERACTION OF THE SOLAR WIND WITH THE MAGNETIC FIELD OF URANUS

(a) I1f, despite the simple-minded basis for Table Al-3, the radial
flow of the solar wind ceases inside 19 A.U. and if the plamet is unmagnetized,
there will be only very weak magnetospheric phenomena at Uranus.

(b) 1If the radial flow of the solar wind ceases inside 19 A.U.,
but if the planet is magnetized, the physical situation will be that of a magnet
rotating in a tenuous, nearly static plasma., Even in this case, however, there
will be some relative velocity between the planet and the medium because of the
6.8 km sec-L orbital velocity of the planet and the presumed 20 km sec”
velocity of the solar system through the interstellar medium. By analogy with
the best prevailing interpretation of the dynamics of the Jovian magnetosphere
(Van Allen, 1975b; Gold, 1975), this low relative velocity will probably be
sufficient to establish a significant axial asymmetry in the topology of the
outer magnetic field and thus make it possible for internal processes to develop
a body of magnetospheric phenomena, with the necessary energy being drawn from
the rotational energy of the planet.

(c) The stand-off distance r of the magnetopause on the 'windward"
side of a planet having magnetic moment M is given by the magnetohydrodynamic
stagnation condition

nm v2 = M2 / om0

where n, m, and v are the number density, mass, and directed velocity of protons
in the plasma,

2
M 1/6
or r = (TmmmvZ) .
Using the data of Table Al-3
r = 40.3 Ml/3 cm
or )
r/ry = 1.64 x 1078 Ml/3
with ry = 24,500 km, the equatorial radius of Uranus, and M its magnetic moment
in gauss cm”. Examples are given in Table Al-4.
TABLE Al-4

Estimated Standoff Distances of
Uranian Magnetopause

M r/Ty
2.25 x lO23 gauss cm? 1.00
2 x10%° b 45
2 % 1028 4h.s5 ("nominal)
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If M is as small as 2.2 x lO23 (only 10 times as great as for Mars) or less,

the magnetopause will be tangent to the top of the atmosphere in a manner
resembling that at Venus. No magnetosphere containing durably trapped particles
can exist. At the "nominal" value of 2 x 1028 gauss cms a fully developed
magnetosphere of large dimensions may be expected. Even if M is comparable to
that of the Earth, a fully developed magnetosphere may be expected. If the
velocity of the planet relative to the local plasma is as small as 20 km sec 1,
the stand-off distance r/ry = 16.4 for M = 2 x 1028 or 1,64 for M = 2 x 1025,

Al,5 SPECTIAL FEATURES OF A URANIAN MAGNETOSPHERE

The preceding discussion makes it appear quite likely that there are
magnetospheric phenomena associated with Uranus.

A valuable review of the scaling principles of planetary magneto-
spheres has been given by Kenmmel (1973)._He adopts as plausible a magnetic
moment for Uranus of 1.9 x 1028 gauss cm” (cf. Section Al.3 above) and demon~
strates that, in such a case, co~rotation effects will dominate diffusion effects
and that a Uranian magnetosphere will have a closer physical resemblance to that
of Jupiter than that of the Earth.

Uranus has a close regular system of five known satellites, all of
whose orbits are accurately coplanar and nearly circular. The rotation period
of the planet is mot known accurately but the value 10P 49™ ig commonly adopted
as being consistent with both photometric (cyclic variation of brightness)
and spectroscopic (Doppler tilt of spectral lines across the visible disc)
observations (Alexander, 1965). Measurements of the oblateness of the planet
are exceedingly difficult but appear to be consistent with an axis of rotation
perpendicular to the orbital plane of the satellites. A more persuasive argu-
ment to the same effect is based on the persistent coplanarity of the orbits
of satellites I~IV over many years of observation, If the plane of the orbits
were not coincident with the equator1a1 plane of the primary, the separate
planes of the four satellite orbits would precess at different rates and co-
planarity would be destroyed rapidly.

According to the Explanatory Supplement (1961), the inclination (J)
of the orbital plane of satellites I-IV to the equator of the Earth and the
right ascension (N) of the ascending node are

N

[}

1667051 + 090142 (t - 1900.0)

J

[}

759145 - 070013 (t - 1900.0)

in which t is the Julian year. N and J are referred to the Earth's mean equator
and equinox of date (t), the time-variable terms in the above expressions being
attributable entirely to the precession of the earth's rotational axis
(Duncombe , 1975).

The rotation axis of the planet is assumed to be perpendicular to the
above plane, with its angular momentum (i.e., "north") pole south of the
ecliptic plane by 8°.
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There is, as discussed
earlier, no direct knowledge of
the magnitude of the magnetic moment of Uranus, much less its orientation. 1If
the magnetic and mechanical axes are approximately co-linear (as they are for the
Earth and Jupiter) then the solar wind flow in 1985 will be also along the same
line, whereas centrifugal forces will be perpendicular to this line. The
physical nature of the magnetosphere of Uranus in this case has been discussed
by Olson and more fully.by Siscoe (1975). Figure Al-2 from Siscoe gives a
schematic impression of the configuration expected.

Figure Al-1
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because of the large diurnal vari-
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Figure Al-2
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APPENDIX A2

INTERPLANETARY OBSERVATIONS
A2,1 INTRODUCTION

In the low energy region (Protons and Electromns of 0.1 - 20 MeV)
it has been generally assumed that the principal sources of the energetic
particles observed in interplanetary space near 1 A,U. were solar particles
and galactic cosmic rays. However recent observations of Explorers and Deep
Space Missions have demonstrated there are a large number of additional sources
including ejection from the magnetosphere of the earth, Jupiter and Mercury
as well as what appears to be interplanetary acceleration processes. The
properties of these new particle sources are still being explored. However it
is expected that the particles themselves will act as large scale probes of
the heliosphere. It appears that dynamic, large scale, astrophysical plasmas
generally accelerate energetic particles. In this appendix some of the recent
observations will be presented in greater detail. It is expected that as new
regions of the heliosphere are explored, new processes will reveal themselves
through their effect on energetic particles. For example, particles ejected
from a Uranus magnetosphere would provide ideal probes of the outer heliosphere.
As Vogt and Siscoe (1975) have emphasized, a new regime of plasma instabilities
is expected beyond 10 A.U. in addition to the generation of large amplitude
electromagnetic waves by neutral interstellar particle ionization in inter-
planetary space. There is every reason to believe that the outer heliosphere
will be as rich in new energetic particle phenomena as has been observed at
1 A.U. For example, Fisk et al., 1974, have postulated that the ionization
and acceleration of intérstellar neutrals in this region could be the source
of the recently discovered anomalous He, N, O and Ne., This is discussed further
in Appendix A3. In this appendix Jovian electrons in interplanetary space and
interplanetary acceleration processes are discussed in more complete detail,
They are comnsidered '"typical" of the diverse interplanetary phenomena.

A2.2 JOVIAN ELECTRONS IN INTERPLANETARY SPACE

As Pioneer 10 approached Jupiter both the University of Chicago
(Chenette et al., 1974) and the Goddard/University of New Hampshire experi-
ments (Teegarden et al., 1974) observed low energy (~ 0.2 - 8 MeV) electron
increases at ~ 1 A.U. from the planet. These discrete bursts or increases
were typically several hundred times the normal quiet~time electron flux and
became much more frequent as one approached Jupiter (Fig. A2-1). Close to
Jupiter, but well outside its magnetosphere, there is the quasi-continuous
presence of large fluxes of these electrons.

These observations suggested that Jovian electrons should be observ-
able at 1 A.U. Previously it had been reported that the 3-~12 MeV electron com-
ponent detected by the IMP series (McDonald et al,, 1972) frequently identi-
fied positive increases of these electrons that could not be associated with
discrete solar events. These "quiet-time" increases represented a factor of
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3-5 increase in intensity and
lasted from 5-12 days. They dis-
played a remarkable anti-
correlation with low-energy
proton events and their amplitude
was observed to generally diminish %
toward solar maximum. Reexam-
ination of the IMP data revealed
that these increases have a 13
month periodicity (Fig. A2-2),
indicating a Jovian origin for
the "quiet time" events observed
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Fig. A2-1. The daily average counting
rates for 6.2- to 8-MeV electrons on

(a) Pioneer 10 and (b) Pioneer 1l. The
black rectangles indicate the larger solar

cosmic-~ray events. Most of these are of
the low-energy corotating type. (After
Teegarden et al., 1974)

trons observed in Jupiter's
outer magnetosphere, in
interplanetary space near
Jupiter, for the quiet-time
increases near the earth and for the ambient electrom spectrum are all remark-

ably similar. These lines of evidence suggest that Jupiter is the source of

most of the low energy electrons observed at 1 A.U. If we examine the entire electron
energy spectrum (Fig. A2-4), it is seen that the entire low energy spectrum

from 0.2 to 40 MeV is remarkably different from the relatively flat dif-

ferential spectra measured from ~ 40 MeV to ~ 1 GeV. Above 1 GeV the measure-

ments approach a power law of ~ £E-3. Since the spectral shape of the low-

energy component Is consistent with that of knock-on electrons produced in
interstellar space by higher-energy nucleons, it has been generally assumed

that they were interstellar secondaries. However, this model requires that

the total solar modulation at low energies be less than a factor of ~ 5. The

total solar modulation is the important question. This-can be estimated by

comparing simultaneous Pioneer and IMP data. 1In Fig. A2-5 daily averages

are plotted for an8 month period extending from December 1973 to July 1974,

The sensitivity of the Pioneer data has been increased by using the pulse

height information. It is readily seen that Jovian electromns are present for

the entire 8 month period. The mid-December 1973 increase occurs essentially
simuiltaneously at the 2 spacecraft. Using the known geometric factors and
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Fig. A2-2a. 1Imp 3, 4 (McDonald et al., 1972), and 5
(M. A. I, Van Hollebeke, private communication, 1974)
3- to 12-MeV data plotted in 13-month epochs, (a) from
March 1964 to June 1969 and (b) from July 1969 to
September 1972, The dashed line is a convenience for
identifying the electron increases. There still may be
major solar contributions in some periods such as

July 28 to August 10, 1966, and September 20 to October 10,
1966. The 13-month periodicity is clearly definmed, and
the amplitude decreases over solar maximum (~1969). A
background subtraction has not been made for the data
after July 1969. (After Teegarden et al., 1974)
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Fig. A2-2b.

Fig. A2-3. The vertical bars give the
duration of the periods when quiet time
increases were present during the various
epochs shown in Fig. A2-2. Arrows indicate
when the length of the bar is uncertain
owing to a data gap. The diagonal line
represents the time of the year that an
idealized spiral interplanetary magnetic
field line would connect the earth and
Jupiter, a constant plasma velocity of
350 km/s being assumed. (After Teegarden
et al., 1974)
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background response a gradient of ~ 150%/A.U. is found. In addition it is

seen that the events become larger on Pioneer 1l. It appears possible that

the 0.2-40 MeV electrons observed near earth are mainly of Jovian origin.

In addition it is expected that Jovian protons will be released at the same

time., Their energy spectra are steep (T™%#) and in the Jovian outer magneto-
sphere they are generally ~ 17 of the electron flux at a given energy in the
magnetosphere.

It is expected that Mercury should inject electron bursts into the
interplanetary medium. Such activity has long been associated with the
earth's own magnetosphere. 1In fact, the APL experiment on IMP's 7 and 8 shows
that when the .3 - 1 MeV proton flux is at the lowest level, essentially all
the mucleon flux is coming from the earth's magnetosphere. This ejection
feature appears to be a general characteristic of planetary magnetospheres.
With the far greater sensitivity of our MJU instrument (~ 30X that of
Pioneer 10 and 11) it should be possible to map Jovian electron emissions out
to very great heliocentric distances as well as identifying Uranian particle
emissions when the spacecraft is very far from the planet.

A2.3 INTERPLANETARY ACCELERATION

Co-rotating streams of protons and electrons are the dominant type
of low energy (i.e. ~ .1-10 MeV) event observed at 1 A.,U. Their characteristics
are significantly different from those of flare-associated increases. The
rise and decay times are generally slower and more symmetric with little or
no systematic velocity dispersion observed during the onset phase. They
typically last for 4-10 days, suggesting widths of ~ 60-150° at 1 A.U. While
there is no apparent correlation with solar flare and type IV radio emission,
there is an association with increased geomagnetic activity, changes in the
interplanetary medium, and with decreases in the galactic cosmic ray intensity.
The energy spectra of the co-rotation events are sufficiently steep so
that they are rarely detected above 20 MeV. In many cases the electron peak
intensity (at ~ 40 keV) may occur several hours before the maximum proton flux.
Multi-spacecraft studies indieate that transverse diffusion of particles
across interplanetary magnetic field lines in these events appears to be
negligible. A comprehensive survey of these events has been given by McCracken
and Rao (1969). It was expected that these co-rotating streams would diminish
rapidly with radial distance due both to adiabatic energy loss and spatial
effects (Gleeson et al., 1971; Gleeson 1971).

The Pioneer 10 and 11 spacecraft with IMP's 7 and 8 at 1 A,U. provide
an ideal means of studying the propagation dynamics of these co-rotating
streams. The Pioneer trajectories are such that out to ~ 3 A.U. each space-
craft is within 25° of the nominal interplanetary magnetic field line inter-
cepting the earth (assuming a plasma velocity of 400 km/sec). The first
3.6 months of data from Pioneer 11 along with that from IMP 7 is shown in
Fig. A2-6 for 1.2 - 2.1 MeV protons. The initial agreement between the two
data sets is quite good. This correspondence between the data sets remains
reasonable until Pioneer 11 reaches 1.3 A.U. in June 1973 when there is an
increase at Pioneer 11 on June 5 that is a factor of ~ 12 larger than at IMP.
This data set certainly reveals no systematic decrease in the intensity of
the co-rotating streams as had been predicted. To study the behavior of the
streams at greater heliocentric distances, the same Pioneer 11 and IMP 7
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energy intervals are shown in

Fig. A2-7 for the six month

period from 1 November 1973 to

1 May 1974 during which Pioneer 11
moved from 2.68 to 3.94 A.U. The
Jovian electron data indicates the
co-rotation time between the two
spacecraft was less than 1 day in
mid-December and was on the order
of 5 days in early April. Notice
that the flare-associated increase
on November 2, 1973 is reduced by
a factor of 50 between IMP 7

and Pioneer 11.

The remaining 14 particle
increases in this 6 month period
which have peak fluxes at Pioneer 11
>~ 1 proton/cmZ-sec-ster-MeV- appear
to be co-rotating streams. Three
of these have approximately the same
peak intensity at both spacecraft
(within + 25%), 10 are larger at
Pioneer 11 and 1 is larger at IMP,

In most cases the Pioneer 1l events
are larger by a factor of 10 to 20.
This large increase in intensity is
remarkably different from the con-
ventional expectations that adiabatic
energy loss processes associated with
convection processes in the expanding
solar wind would reduce these streams
to negligible proportions by 3 A.U.
The solar wind transit time between 1
and 3 A.U,
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Fig. A2-7. This is a similar data set

to that of Fig. A2-6 for the period
when Pioneer 1l is between 2.7 and

3.8 A.U. Despite the relatively rapid
rise time of many of the Pioneer 11
increases, there is no evidence for
any velocity dispersion. Only the
event in early November appears to be
a flare-associated ome.

is on the order of 10 days and the co-rotation delays are 1-5 days.
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Significant temporal variations in the structure of these streams could be

expected over these times. Nevertheless, over more than six solar rotations,
there is only one case where the streams are substantially larger at 1 A.U.

than at 3-4 A.U.

As emphasized earlier, new effects could be expected and

have been predicted for the outer heliosphere.

Using the data from Zond 3 and Venus 2 during the 1965-66 period,
Vernov et al,, 1970, found a positive gradient of > 200%/A.U. for 1-5 MeV

protons,

They considered this may occur when the interplanetary magnetic

field at great distance from the sun "becomes chaotic and the process of
proton accumulation takes place."
frequent association of co-rotating streams with Forbush decreases and raise
the possibility that the 1 MeV protons are accelerated by the inhomogeneties

of the solar wind.

In the same paper the authors note the

It is necessary to establish that these increases are not of Jovian

origin.,

The dramatic increases in MeV Jovian electrons seen on Pioneer 10
and 11 are not observed for protons.

Some Jovian proton increases have been

reported (Simpson et al., 1975; Trainor et al., 1975) but they are smaller

and much less frequent than the electron increases.

Furthermore, an anti-

correlation has been established between co-rotating proton streams and

Jovian electron increases seen at 1 A.U. (McDonald et al., 1972).

A direct

comparison between the Pioneer 11 flux of MeV electrons and the flux of

protons for the six month
period extending from
December 1973 -~ 1 May 1974
shows no apparent cor-
relation betwzen the two
sets of increases (Fig. v
A2-8). Thus, there appears
to be no convincing
evidence at this time to
support a Jovian origin for
these particles.

The most plausible
hypothesis available to
explain the growth of these
proton streams is inter-
planetary acceleration.
Several forms of interplan-
etary acceleration have
been studied in the past.
One, particle acceleration
by interplanetary shock
waves, is reasonably well
understood (see for example
Sarris et al., 1974). There
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Fig. A2-8. Comparison between the
Pioneer 11 MeV proton and electron data
for the period December 1973 to June 1974.
There are no obvious correlations between
the Jovian electron increases and the
co-rotating proton streams. The dynamic
behavior of both types of events is
clearly evident.

may be a standing shock between slow and fast solar wind regions and this

could play a role in the present observations.

A second possibility has been

suggested by Jokipii (1971) and Wibberenz and Beuermann (1971) who demonstrated
that second order Fermi acceleration could be an important process of low
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energy solar particles in the interplanetary medium. This was originally
considered to explain the observations of Murray et al., 1971, that the

proton energies for a small flare event were decaying with a time-constant
much longer than expected from adiabatic decelleration. Invoking magnetic
irregularities moving in both directions along interplanetary field lines,
with the Alfven velocity Vp, Jokipii obtained the following expression for the
rate of Fermi acceleration:

rar sV, L o282 L1
- T dt ERSKE 3 nmpKll o
T = Particle kinetic energy
Ki1 = Parallel diffusion co-efficient
B = Magnitude of the interplanetary magnetic field
n = proton density of the solar wind
m, = mass of the proton
Tp = characteristic acceleration time

Taking Ky1 = 5x1019%m2-sec (Jokipii, 1971), n = 4 protons/cm3,

B = 1074 gauss gives Ty ~ 44 hours.

Competing with this effect is adiabatic cooling given by

T t _3 V ) v Tad

For spherically symmetric expansion and V = 500 km/sec, T,q m~ 60
hours. These estimates indicate Ty and Tazd can be of the same order.

Preliminary examination of the plasma data at 1 A.U, reveals that most
of these co-rotating increases are associated with increases in the plasma
velocity. The presence of slower speed solar wind streams may inhibit the
free expansion of the higher speed region and reduce the effect of adiabatic
energy loss although there is no evidence in the particle data to support this.
This stream-stream interaction also establishes a turbulent interface region
which could supply the magnetic irregularities for accelerating the particles.
Belcher and Davis (1971) have shown this interface region is where Alfven
discontinuities are largest and where it appears most probable that they are
bi-directional along the field lines, Further studies are necessary to confirm
that interplanetary Fermi acceleration is an important process and whether it
is principally a first order process associated with shock fronts or whether it
is second order as proposed by Jokipii. The presence of large field-aligned
anisotropies (Krimigis et al., 1971) may be difficult to explain by this
process and the value of K;1 at low energies is not well known.

These processes raise the possibility that some co-rotating particle
increases originate from the suprathermal distribution in the solar wind and
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are not accelerated at the sun. This, of course, is a speculative observation
on which some light may be shed by the Helios and MVM energetic particle

experiments, as well as by observations of the charge composition of these
events.

The dynamic and ever-present nature of these two processes -
Jovian emission and interplanetary acceleration - is clearly revealed
in the data of Fig. A2-8. There is now very preliminary evidence beyond
Jupiter of cross—coupling between the two processes and the resulting
further acceleration of the Jovian electrons. The MJU experiment with the
extended low energy coverage of the MTA is ideally suited to further study
this as well as new processes. The charge composition capabilities of the
ELET should also provide an important diagnostic tool for identifying the
nature of the various acceleration processes.
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APPENDIX A3
CHARGE AND MASS SPECTRA OF THE GALACTIC COSMIC RAYS
A3.1 INTRODUCTION

Cosmic-ray astronomy is the study of charged particles which are
accelerated in the most energetic of astrophysical plasmas and whose compo-
sition is directly related to the synthesis of matter of which the earth and
sun are made. The acceleration process creates particles whose energies span
the range from at least 106 to greater than 1020 eV. All nuclei that are
contained in the periodic table of the elements as well as electrons and posi-
trons are present in the galactic cosmic radiation.

The great interest in these particles comes from the fact that they
are the only sample of stellar matter that reaches us directly from outside
the solar system and their composition can be determined with much better
precision than any other extra-solar distribution. As such, they provide a
probe for studying a number of major questioms in astrophysics. 1In particu-
lar, the charge and mass spectra should reveal the nature and history of the
source regions. Many other fundamental questions can be answered by careful
analysis of one or several essential particle parameters; for example:

1. What processes of nucleosynthesis create the material in the
cosmic ray source region? This can be answered by studying the charge and
isotope composition over a wide range of energy.

2. What mechanisms accelerate the galactic cosmic rays? Does
the acceleration take place during or after nucleosynthesis? Energy spectra
and isotopic composition as a function of energy will provide a solution.

3. How far have the cosmic rays travelled, and haw do they propa-
gate in the interstellar medium? Such questions have been partly answered
by measuring the abundances and energy spectra of selected elements such as the
light L nuclei: Li, Be and B. This has been possible because nuclei in this
group are unlikely to be produced by the primary nucleosynthesis process and
can only stem from fragmentation of heavier nuclei and collisions with matter
as they propagate through the galaxy. This work can be greatly inproved upon
by the study of isotopes. For example, the cosmic ray lifetime can be deter-
mined by the measurement of unique radio-isotopes such as 10Be which represent
radioactive "clocks."

4, The recent discovery of anomalous oxygen and nitrogen enhance-
ments below 30 MeV/nucleon (McDonald, et al., 1974) suggest that the
nature of the low energy (<50 MeV/nucleon) cosmic rays is very
different from that observed at higher energies. Are there new sources of
cosmic rays at these energies?

To fully answer these questions it is of first importance that
measurements be made over an extended range of energy and at sufficiently
large distances such that modulation and adiabatic energy loss effects are un-
important.
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In this appendix we review briefly what is known of the charge and
mass composition and attempt to highlight where important new advances can
be made.

With the steady improvement of detector systems and the availability
of balloon and satellite missions, there has been a dramatic increase in our
understanding of the primary cosmic~ray charge composition at 1 AU.. The
picture that has clearly emerged is that the composition changes significantly
from one energy regime to another.

A3.2 ELEMENTAL ABUNDANCE

The observed relative abundance of the elements at medium energy
(v.2-1 GeV) can be regarded as being well determined at least up to Silicon
sincemost of the observations with good statistical weight show rather
good agreement. The present knowledge of the abundance distribution of the
elements in the range from a few hundred MeV/nucleon to about 1 GeV/nucleon
for Oxygen to Iron is summarized in Fig. A3-1. This charge spectrum is com-
posed of a mixture of "primary" nuclei that can be assumed to have originated
in the source and "secondary" nuclei produced by fragmentation of heavier
nuclei during their travel through the interstellar medium or other matter.
For comparison, the so-called "solar System: abundances (SS) are also shown
in Figure A3-1. This" distribution is intended to represent the cosmic abun-
dance of the vast majority of matter in the universe and such a comparison
can yield interesting results on the origin of the galactic cosmic ray ele-
ments.

These two distributions show striking similarities, paxticularly
the abundance maxima at carbon and oxygen and at the iron group. From C
onward, there is a pronounced enhancement in both distributions of even atomic
number nuclei compared to those of odd atomic number (Z). A few differences
may also be noted: The light elements Li, Be and B are over—abundant by
some four or more orders of magnitude in comparison with corresponding solar
system abundances. The nuclei between phosphorus and chromium (Z = 15 - 24)
are also enhanced. Their presence in the cosmic rays can be understood as
being due to fragmentation in the nuclear interactions of heavier cosmic ray
nuclei with ambient matter during the propagation of the cosmic rays from their
source to earth. Extensive studies of the fragmentation of cosmic ray nuclei
such as CNO to Li, Be and B have contributed to a large extent in formulating
models of interstellar propagation. At this point, the phenomena of propaga-
tion can be considered as sufficiently understood to make first-order extrapo-
lations to the source region. It is found that He, H, C, 0, Ne, Mg, Si, Fe
and Ni are definitely present in the cosmic ray sources. For these elements
the observed fluxes represent Vv80% of the source abundance. The abundances of
N, Na, Al, S, Ar, Ca, Cr and Mn are not so well known and possibly 507 of
the observed abundances represent interstellar secondaries. The ratios of
the best known of these cosmic-ray source abundances to the solar system
abundances (CRS/SS) have already produced interesting results concerning nucleo-
synthesis processes. However, interpretations such as production of all
cosmic rays by explosive nucleosynthesis (Silberberg et al., 1973; Kozlovsky
and Ramaty, 1973) are not shared by all authors and there is a need for better
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knowledge of the abundances particularly for the second group and as a function

of the energy.

A3.3 ENERGY SPECTRA

The energy spectra of individual species over a wide energy range
are important for determining the dependence of the cosmic~ray composition
on particle energy. In Figure A3-2 the spectra of the more abundant nuclei
such as H, He, C+0 and iron are presented. All these spectra are well de-

scribed by power laws in total en-
Joc—'Y i i
ergy._ﬁ E=Y at energies high
enougﬂ to avoid major influence
from the interplanetary medium.
Below 1 GeV, studies at the Earth
are more difficult to interpret

and the spectra deviate from simple

power laws. For example, the dif-
ferential spectra shown in Figure
A3-2 increase slower with decreas-
ing energy, reach a maximum at a
around a few hundred MeV/nucleon
and then decrease at still lower
energies. Moreover” the spectral
shape is not the same for all com~
ponents. Changes in the spectra
are the result of the combined ef-
fects of solar modulation, energy
loss in the interstellar Space
during propagation and, perhaps,
of differences in the source spec~
tra. Effects of solar modulation
are seen in the different curves
which for the same species corre-
spond to measurements made at var-
ious levels of solar activity.

Effects of ionizatiom
during propagation in interstellar
space are a function of Zﬁ and be-

come important at low B energy,
In Fig. A3-3 these effects are

shown as an example for protons,
oxygen and iron, assuming the
same power law spectra at injec-
tion and using two different mo-
dels: (a) the steady-state mo-
del assumes that the galaxy is
filled with sources whose average

100

Hydrogen nuclei (x5)

100

Helium nuclei

10t

C + O nuclei

02|
10-3}~

Iron nuciei

10-44=

PARTICLE FLUX / KINETIC ENERGY [m’-z sr-1sec-1 (Mev/nuclegn)-1}

10~k

10-5p

107

10-2 10~! 100 10! 102 103
KINETIC ENEKGY (GeV/nucleon)

Figure A3-2: Cosmic-ray energy spectra of
the more abundant nuclear species as measured
near earth. Below 1 GeV these spectra are
strongly influenced by modulation within the
solar system.

emission is constant and that there is a fi-

nite leakage of cosmic ray particles from the volume that contains the majority
of these particles; (b) the slab model (dotted curves) assumes a simultaneous
production with all particles traversing the same amount of material. It can
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be readily seen that major ‘information on the propa-
gation, source distribution, and acceleration of 10°
those nuclei are contained in their spectral shapes.

Inside the modulation boundary, however, these effects
are completely obscured by solar modulation processes.

T T T T
N

A3.4 ISOTOPES 10
In addition to the use of the radio-isotopes

as chronometers to measure the age of the cosmic ra-
diation, the relative abundances of the stable iso-
topes such as 24 and 3He are used to provide infor-
mation on the propagation and origin of the |
particles. This information is deduced from o
the differences we can observe with respect
to the splar system abundances. At this | |
moment, progress is just starting to be made e A
on the isotopic abundances of the galactic cosmic KINETIC ENERGY IN GeV/n
rays. There now appear to be consistent measure-
ments of 2H and 3He, and the Universitg
of Chicago has achieved resolution of OLi, 714,
7Be, 9Be, 10B and 11B. However, because of uncer-
tainties in the modulation process it is difficult
to assign a p?lmary e?ergy‘to these observations. using a steady-state
There also exist difficulties due to the lack of .

. . . ; model (solid curves)
statistics and the poor resolution which have pre-

X . . . and a slab model (dot-
vailed in the past. With the new generation of ted ) £ _
ood resolution systems which started with IMP's ed curves) tor a pow

g ¥ j er low at injection
7 and 8, which have singe been improved for MJU, (Curve I). Curves P,
and with an environment free of solar effects, great

0 and Fe are for pro-
progress is expected. tons, oxygen and ironm

nuclei, respectively.

st o)

LA | T T T
N
|

PARTICLES/(m®sec Sr GeV/n)

™

TR

Figure A3-3:; Effects
of ionization during
propagation are shown

For example, secondary isotopes are
produced by fragmentation of heavier nuclei during propagation. The relative
abundance of each isotope is determined by the production cross sections and
the path length distribution of the progenitors. Both of these factors can be
energy dependent and thus the isotopic ratios will show energy dependent features
that will provide information on the energy at which the nuclei are formed and
this will show whether acceleration or energy losses play an important role.

Primary isotopes reflect the conditions in the sources where almost
nothing is known. Most of the preliminary reports of isotopic cosmic ray abun-
dances have suggested larger abundances of rare isotopes than those of the
solar system. If confirmed, this may reflect interesting effects.

A3.5 ANOMALOUS ABUNDANCES OBSERVED AT LOW ENERGY

Some of the most fascinating and least understood data on cosmic
ray composition has been reported at low energies (below a few tens of MeV/n).
In this region, the presence of solar produced particles must be expected and
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one of the most important questions is whether the particles observed are
solar or extra-solar in origin,

Until recently the only data at these low energies were those on
hydrogen and helium nuclei. It was observed that even during the solar
"quiet times" proton and alpha spectra exhibit a minimum in the 15-20 MeV/
nucleon region and a steep negative slope (turn—up) at lower energies (Fan
et al., 1968). The low energy component is generally highly variable and
Kinsey (1970) has shown that it is dominated by particles of solar origin.
However, at the lowest quiet—time levels at solar minimum, Fan et al. (1968)
found a distinctive and reproducible turn-up measured during 1964. More
recently, in 1972 near the next solar minimum with considerable improvement
in the experimental techniques available, the general features of a sharp
turn-up at low energy appears to be confirmed although the question of the
energy at which it occurs is controversial. 1In particular, the helium
spectrum remains flat to appreciably lower energies.

It is tempting to assume that the rapid increase represents a solar
component superimposed on a nearly flat spectrum of galactic particles that
must be present at these times of solar minimum. However, galactic origin
for all the particles cannot be ruled out and the flat He spectrum does appear
to be anomalous.

In these energy ranges, new results are just beginning to be availa-—
ble on the abundance of the heavier nuclei, especially C, N and O. Pre-
vious attempts at such measurements in the past were afflicted with poor
statistical weight, large detector background, and inadequate charge reso-
lution as well as difficulties due to solar contamination, On IMP 7 and
Pioneer 10, part of the above difficulties were overcome. Observations
using 260 days of quiet-time data were reported (McDonald et al., 1974)
both on the Helium spectrum and the abundance of C, N and O nuclei at low
energy. Those results are shown in Figure A3-4 (see Page A3-7) with the still-
lower energy spectra reported by Hovestadt et al. (1973). The most unex-
pected feature is the anomalous charge composition seen at those energies:
At about 10 MeV/nucleon Oxygen and Nitrogen are gbout 10 times more abundant
than carbon, whereas 0/C and N/C are comparable in the solar and (higher-energy)
galactic cosmic rays. Except for a second turn-up below 1 MeV/nucleon which
is presumably solar in origin (Hovestadt et al., 1973) those nuclei are un-
likely to be of solar origin. Various groups have subsequently verified these
results. It has become evident that they cannot, at present, be understood
in terms of interstellar propagation or solar modulation effects without involv-
ing a new component having a different cgmposition. OE the other hand, based
upon observations of very low ratios of "H and "He to 'He, Teegarden et al.
(1975) have concluded that there must be a nearby source of low-energy helium.
Similar conclusions based upon,the spectral shape of helium compared to that
of other nuclei with the same - have been reached by Garcia-Munoz et al.
(1975). Von Rosenvinge and McDonald (1975) have just measured for the
first time a low-energy turn-up in Ne and have concluded that this turn-up
is not of solar origin.

These very recent results on anomalous abundance are indeed puzzling.
As an alternative model Fisk et al. (1974) have proposed that the helium, oxygen

A3-6



and nitrogen are interstellar neutrals
which become ionized and accelerated
in the interplanetary medium while 10 %
interstellar carbon, presumably not
neutral, will be excluded from the
solar cavity. This model presents,
however, some difficulties in that
(1) it postulates an 'ad hoc" accel-
eration mechanism placed beyond ob~
servation in the outer solar system
so that both acceleration and solar
modulation may occur; (2) it requires
a large amount of energy from the
solar wind: (3) there is limited
knowledge of which of the nuclei
are neutral in the interstellar
medium. However, this model did
predict that Neon, as one of the  carBon ox

YGEN
nuclei with a first ionization po- ]
tential greater than that of neutral
hydrogen, should be enhanced.
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The experiment described

in the main body of the proposal Figure A3-4: C, O and %He spectra.

will resolve individual elements > ;

£ Hvd N h I The C and O spectra at higher ener-
rom Hydrogen t roug ron over an gies derived from the GSFC telescope
energy range extending from "0.5 MeV/n, on IMP 7 are indicated by the solid

to 500 MeV/n. It will resolve indi- line. Note the flat spectrum of 4He

vidual isotopes through Qxygen. and the anomalous abundance of O rela-
Such a detector system will be able tive to C between V2 and 30 MeV/nuc.

to take full advantage of the oppor-—

tunity to make cosmic-ray observations beyond the boundaries of the cosmic-
ray modulation region. As we have tried to emphasize in this appendix, many
important cosmic-ray phenomena are almost completely obscured by adiabatic
energy loss. This process removes all knowledge of the low-energy cosmic ray
spectra, the effects of energy loss by ionization in the interstellar medium
and precise knowledge of the cosmic ray lifetime. It is wvital that in situ
measurements be made of these important quantities. This can only be realized
with a deep-space probe such as MJIU.
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APPENDIX A4
INTERSTELLAR COSMIC-RAY STREAMING ANISOTROPY

One of the most exciting aspects of an MJU-type Outer Solar System
Mission will be the very real possibility of the spacecraft's escape from
the solar system modulation region for cosmic rays; i.e., we will have the
chance to study galactic cosmic rays free from the influence of the sun. A
particularly powerful tool in the study of the interstellar phenomena will
be the measurement of cosmic-ray streaming anisotropies.

A4l STREAMING ANISOTROPIES OF INTERSTELLAR COSMIC RAYS

Observations of interstellar anisotropies from Earth have so far
been frustrated by experimental difflcultles Such a determination is in
principle possible only for energies % 101 eV because at lower energies
the irregular interplanetary magnetic field mixes and randomizes the par-
ticle trajectories to such an extent that reconstruction of an anisotropy
outside the solar wind is impossible. In addition, the anisotropies are
expected to be very small, in view of the large sampling volume at high
energies. At present, therefore, any attempt to estimate the anlsotropy
of the bulk of cosmic rays (E v 107eV) is sheer speculation.

In situ measurements of galactic cosmic-ray streaming on outer
solar system missions, particularly outside the modulation region, are
essentially free of solar perturbations, and can be performed at low energies
where, in view of the ionization-loss limited pathlengths, the largest
effects may be expected.

Consider the following illustrative example: Let a particle pro-
pagate locally by diffusion, with diffusion coefficient parallel to the B-
field,

(.
where k“ is the scattering mean free path and w the particle speed. If U is

the cosmic-ray density, the streaming of cosmic rays is given by

- 18]
F=5 3z

where the magnetic field is in the z-direction. The associated anisotropy
then is

L W
wU w UBZ L
1 9U,-1 ,
where L = ( ) is the scale variation of U. L and k are parameters of

the 1nterstel ar medium. Consider particles at low energles (e.g., protons
of V1 MeV) coming from a nearby source at a distance of the particles' range
(set by ionization loss), L % 200 pc. With a diffusion mean free path
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v 15%, which is most

>

A & 30 pc we would observe an anisotropy of § =
easily measurable!

If, on the other hand, local diffusion should not be the mode of
particle transport in the galaxy, some general considerations still hold.
Particles streaming along field lines would be expected to show significant
anisotropies. Particles groduced in the galaxy and restricted to an apparent
leakage lifetime of T Vv10® years, will produce a general convective anisotropy
of the order of

s a3V
w

where the required mean particle bulk speed V =~% is determined by the length
of a typical line of force L % 300 pc and the lifetime T ¥ 106 years; i.e.,
V % 0.001 ¢, which for 10 MeV (B ™ 0.14) protons results in an anisotropy of

§ N 2%

which is within the sensitivity of our instrument.

A4.2 INTERSTELLAR COSMIC RAYS: STREAMING AND SOURCE IDENTIFICATION

In 5itu measurements of cosmic ray fluxes in the interstellar
medium, i.e., outside the solar modulation region, represent a powerful
new tool in the study of astrophysical phenomena. In particular, the complete
determination of both the isotropic component and the streaming vector §
(anisotropy) of the cosmic ray flux, as provided by the proposed LET telescope
system, will greatly aid the analysis of interstellar particle propagation -
phenomena and the associated field, matter, and energy parameters of the
interstellar medium. One of the most exciting products of the measurement
of cosmic ray anisotropies may be the direct identification of a .specific
astrophysical object, e.g., a pulsar or supernova remnant, as the source
of an identified component of the observed cosmic ray flux. Such identifi-
cation of discrete cosmic ray sources with their ejecta would be of profound
significance, since it would provide us with direct material samples from
these rather mysterious objects which are under intensive investigation by
a large multidisciplinary group of today's astrophysicists.

Source identification will be attempted from the measurement of
the interstellar streaming patterns and the energy spectra of low-energy
cosmic rays over an elemental domain ranging from hydrogen through iron.
As shown in Section A4.1, the anisotropies are expected to be most pronounced
(in the order of tens of percent) in the low-energy range where pathlength
limitations due to heavy ionization losses are most significant. The sources
of these low energy particles must be close. For example, a 1 MeV proton
has an integral pathlength L 5 200 pc in interstellar gas of n = 1 cm™3;
and diffusive propagation with a A ¥ 30 pc restricts the distance of their
source to less than V100 pc. A schematic illustration of characteristic
magnitudes of parameters relevant to this discussion is given in Figure A4-1.
The spatial versus temporal restrictions on protons are schematically shown
for an illustrative example of the interstellar medium of hydrogen density
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ny = 1 cm™3 and cosmic ray diffusion mean free path A = 30 pc. A proton,
injected at 1 MeV into the medium, lives for T ~ 1.7 x 104 years before all
of its energy has been lost by ionization. Its initial, quasi-straight line
propagation (solid line) ultimately is restricted by diffusion (dashed
line), as schematically indicated in the figure. Figure A4-1 also shows,
for reference, the distances and ages of some astrophysical objects (pulsars,
supernovae remnants) which are suspected sources of cosmic rays, and the
magnitudes of some galactic parameters relevant to propagation studies.

A soKrce at L v 100 pc with Av 30 pc would produce an anisotropic flux of

§ v Vv 30%. There exist unique relations between age and distance of a
source and the energy/charge of particles from this source which can reach
the vicinity of the solar system. For example, the Crab is sufficiently

far away and young that its possible injection could only be tested at near-
relativistic energies, which particles are just now reaching the solar sys-
tem. The expected anisotropies would be small, less than a few percent.

On the other hand, nearer and older sources like VELA could be seen at
energies of a few MeV, with much larger anisotropies.

It must be pointed out that source identification, in general, need
not be related to the direction of the anisotropy vector. It is highly
probable, in fact, that the macrostructure of the interstellar diffusive
medium will impose its signature on the propagation vector, which thus will
tell us something about the features of the galactic magnetic fields, but
not necessarily the source direction. Source identification will be derived
from the analysis of a number of observed parameters. Identification of
a source is aided by the fact that potential sources are extremely rare
within the volumes under discussion; e.g., statistically one expects only
a few supernovae remants in a 10-MeV pathlength source volume, with addi-
tional restrictions on source age. Since ionization losses are governed
by the square of the particles charge (Z2), consistency checks between ani-
sotropies and energy spectra of elements differing widely in charge (1 § Z § 26)
can be used to separate local origin elements from those at large distances
which may have been decelerated to lower energies in their propagation through
the galaxy.

The above illustrations were given for the highly probable, diffu-
sive mode of particle propagation in the galaxy. Should the geometry or
general propagation phenomena vary drastically from these assumptions, we
nevertheless expect to be able to derive propagation and source information,
as discussed in Section A4.1. We have proposed a detector system which,
due to its superior directional, charge and energy measurement capabilities
can respond to any conceivable situation in the galaxy. We are, on MJU79,
still in the initial stages of galactic exploration, but we fully expect
to find significant cosmic-ray anisotropies from in situ measurements in
the interstellar medium. In fact, the absence of measurable anisotropies
would be one of the most surprising results, indicating that either the solar
system occupies a most unique position in the galaxy or that a major part
of the presently accepted models of galactic processes and parameters require
major revision.
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APPENDIX A5

DEFINITION AND MEASUREMENT OF COSMIC RAY ANISOTROPY

A5.1 DEFINITION OF STREAMING ANISOTROPY

Our energetic particle anisotropy measurements determine the direc-
tion and the magnitude of the bulk motion of the observed particle population,
In the most general case, the intensity of cosmic ray particles as a function of
solid angle { at a given position, time, and energy may be represented by:

j() d@ = %

-z P 1™ 40 (1.1)
,m

jlm

A complete specification of j (f}) would require all jg, to be
known. A number of natural processes act to smooth out j (), and for cosmic
rays usually only the lower orders in equation (l.1) are required. In fact,
the streaming anisotropy of cosmic rays is fully specified by jpg and le’
i.e.,

3@~ Jog + J10 cos ©
Q,joo (1 + 8 cos @) (1.2)

§ is called the anisotropy, and is related to observation by,
e.g.’

3 -
_ ¥ max min (1.3)

8= | max + h| min

where j max and j pin represent the maximum and minimum fluxes as a function
of angle. D

Note that if j(Q) = jgg, i.e. isotropic in a co-ordinate frame, an
observer in a frame moving at speed V<< w, the random particle speed, will
see an anisotropic flux

j(Q) = j00(1+6 cos 8) (1.4)
where § = % (2 +avy) (1.5)
with o = T 4+ 2 moc2
T + mocz
and Y= - § tn j
3 & T

if T is the kinetic energy and moc” is the rest energy of the particle,
Equations (1.4) and (1.5) describe the Compton-Getting effect.

The anisotropies on an outer solar system mission, i.e., MJU, fall into
3 major categories: interplanetary anisotropies of solar energetic particle flux-
es, interplanetary anisotropies of galactic cosmic rays, and interstellar aniso-
tropies of galactic cosmic rays. The latter are a unique and potentially most
significant feature of an MJU mission and are discussed further in Appendix A4.
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A5.2 MEASUREMENT OF STREAMING ANISOTROPY

An arbitrary streaming anisotropy in the cosmic ray flux is com~
pletely defined by 4 indépendent measurements. For example, consider 4 count-
er telescopes arranged in an orthogonal VIERBEIN, as shown in Figure A5-1:

S

Figure A5-1
For simplicity, let each telescope have the same small solid angle aperture

dn. The telescopes observe cgsmic rays with streaming vector 3. 1fe
designates the angle between 8 and the viewing direction, then

I(8) = I,-S cos @ (2.1)
and the magnitude of the anisotropy is

§ =S C | (2.2)

according to Eq. (1.3).

The telescopes 1, 2, 3, and 4 will see the intensities Ii’

I; = I,-S
I, = 10+sy
Iy = Io-S, (2.3)
I, = 1,78,
from which follows
I, = 1/2 (I;+ 1,)
5, = 1/2 (I;+ 1) - 14 (2.4)
sy = 1/2 (I,- Iy)
s, = 1/2 (I1+ 1,) - I,
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Eqs. (2.4) completely specify Io, the average omnidirectional intensity, and

§, the magnitude and direction of the anisotropy.

The derivation clearly shows that 4 independent directions are an
optimal set for determining streamlng anisotropies. Less than 4 detectors

may miss the largest component of S and thus give a totally misleading
result.

More telescopes would be needed for higher order anisotropies, but
these are generally much smaller and less important in cosmic rays.

A5-3



APPENDIX A6
MAGNETOSPHERIC TELESCOPE ARRAY

The MTA (Magnetospheric Telescope Array) experiment consists of four
charged particle telescopes, each with three detector elements, and three
heavily shielded omnidirectional detectors. The electronics utilize discrete
components, radiation hardened circuit designs, and pulse strobing techniques
to achieve 150 nanosecond time resolution., The design schematics for this
experiment are shown in Figures A6-1 and A6-2. The techniques used have been
developed and flight proven over the past fifteen years by the University of
Iowa. The flights of such U, of Iowa experiments include omes on Relays I and
II, 0GO A, Injun 4, Mariner 4, IMP's D and E, Mariner 5, OGO D, Injun 5, and
Pioneer 11.

A6.1 MAGNETOSPHERIC TELESCOPES

Four single-ended telescopes (referred to as R, S, T and U) are
arranged in a symmetric tetrahedral array in order to study angular distri-
butions without need for any mechanically moving devices.

Each telescope (Figure A6-3) consists
of three totally depleted silicon surface
barrier detectors. The first detector in each
array is 10 microns thick with an area of 5 mm®;
the other two elements are 200 microns thick with ===
areas of 10 mmZ2. An absorber with thickness of
0.1 grams/cm? is placed between detectors two | o wramsam a1
and three. The sides and back of each telescope  ccwews :)— et Btien
have an effective minimum shielding of 4.5 grams/
cm“ of inert material. The telescopes have a :
collimator half angle of 20°, giving a unidi- .;
rectional geometric factor of 0.02 cm?-sterad. MTA TELESCOPE

Smné x 10 &
SURFACE BARRIER

10 me x 200 p
SURFACE BARRIER

ELEMENT 2

[~ INSULATOR

The first detector in each stack is Figure A6-3
used to count protons, alpha particles, and
mediums (Z > 2). The second detector is used to count protons, alpha particles,
mediums (Z -~ 2), and electrons. Single element counting rates and coincidences
and anti-coincidences between these detectors allow identification and dif-
ferential energy measurements of protons, alpha particles, and mediums (Z > 2)
and eliminate protons and heavier ions with energies less than 43 MeV from the
electron measurements.

The third detector, shielded by the first two detectors and 0.1
gram/cm2 of aluminum, detects high energy protons. Coincidences between the
second and third detectors define the directionality and eliminate protoms with
energies less than 43 MeV from the electron measurements by this detector.

Figure A6-4 shows the electron energy response of each telescope and
the electron discrimination levels. It should be noted that levels D] and Gj
are set below the minimum energy loss in each detector, thus making each
electron measurement integral in energy above its threshold.
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The proton energy response for each telescope is shown in Figure
A6-5, The proton energy discrimination levels shown are all well above the
maximum electron energy loss in each detector, thus keeping the proton energy
measurements free from any electron contamination.

Figure A6-6 shows the alpha particle response of each telescope.
The four alpha particle thresholds, Cy, C2, F9, and F3, are high enough above
the maximum proton emergy loss to provide proton free alpha particle measure-
ments, The C3, C4, and F4 thresholds are used to measure mediums (Z > 2).

A6,2 OMNIDIRECTIONAL DETECTORS

Three omnidirectional detectors (referred to as M, N, and P) are
included in the instrument package to comple-
ment the high energy electron measurements
of the telescopes. Each is a one-millimeter- DETECTOR M
cubical lithium drifted detector. The
detectors are spherically shielded by 1.47
g/cm? of aluminum, 5.1 g/cm2 of brass, and

A-G75-675

10.9 g/cm2 of platinum, respectively (Figure ALuMNGH
A6-7). One energy discrimination threshold TAT poom
will be set at 300 keV, which is less than DETECTORN ¢

oM DETECTOR P

the minimum energy loss by a charged particle
in the 1 mm cube, so that the energy measure~-
ment will be integral above the threshold

determined by the shielding. A second thres-
hold will be.set at 1.5 MeV. This is approx- BRASS G Shiciome
imately twice the maximum energy loss for St ofent 100 atent
electrons within the detector; hence this
level will count only protons or heavier
ions. Figure A6-7

MTA OMNIDIRECTIONAL DETECTORS

A6.3 MTA ELECTRONICS

To make accurate measurements in a high radiation environment such as
Jupiter's magnetosphere (and perhaps Uranus') it is necessary to use detectors
with small sensitive areas and very fast electronics built with discrete com-
ponents and radiation hardened circuit designs.

A6.3.1 Basic Electronics

The first element of the system consists of the totally depleted
silicon surface barrier detectors, These detectors are over-biased by 25%
to make the total volume of the detector sensitive to any energy loss within it
and to make the detectors much less susceptible to radiation damage. These
detectors are very specialized silicon diodes which are reverse biased, creating
a very high electric field within the active volume. This high electric field
sweeps out the electron-hole pairs which were created for every 3.6 eV of
ionized energy loss within the detector. The charge collection time is less
than a nanosecond for the 10 micron detectors and less than 10 nanoseconds for
the 200 micron detectors.
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The collected charge, which is only 2.67 x 10715 coulombs for 60 keV
of energy loss, is amplified by a charge-sensitive amplifier. This device
converts the collected charge into a voltage pulse whose height is proportional
to the charge and hence to the energy loss. The output from this amplifier
has a rise time of less than 20 nanoseconds and a fall time of many micro-
seconds., Since the height of the pulse contains the only relevant information
it can be shortened to prevent several pulses from piling up and triggering an
" energy threshold discrimination incorrectly. For this purpose the output is
comnected to a shorted delay line which clips the pulse and restores the base-
line. The experiment will use 75 nanosecond delay lines which will produce 150
nanosecond wide pulses. These clipped pulses are then amplified by a fixed
gain post amplifier whose output is connected to a linear gate as shown in
Figure A6-1.

The pulses from the linear gates are amplified once or twice more
by either fixed gain post amps or variable gain post amps and then fed into a
discriminator. If the amplitude of the pulse is great enough the discrim-
inator will be triggered.

The output of each discriminator is connected to an interface buffer
which provides the proper waveform for the data system, The outputs are also
used for two types of coincidences as shown in Figure A6-2.

The first type of coincidence uses the leading edge of the output
pulse from the lowest energy discriminator connected to the 10 micron detector
to trigger a one shot. The pulse from the one shot is 75 nanoseconds wide,
The trailing edge of this pulse is used to trigger another one shot with an
output pulse width of 50 nanoseconds. The latter pulse is thus delayed in
time by 75 manoseconds from the initiating signal and is used as a strobing
pulse to assure the validity of coincidences between the first and second
detectors of each telescope. The other discriminators are then commected to
the nor logic and strobed at the proper time to see if the logic is proper.
The output of the logic is comnected to the interface buffer which is in turn
connected to the data system.

The second type of coincidence is used for the electron analysis,
In this case the lowest level output from the 200 micron detectors is used to
generate the strobing pulses. The outputs of the nor logic are again buffered
before going to the data system.

A6.3.2 Modes of Amalysis

The instrument has four separate analyzZers for the telescopes. This
scheme allows simultaneous measurements in all four directions. Each telescope
is sequentially connected to each analyzer (Figure A6-8)., The main reason for
doing this is to allow all telescopes in turn to be analyzed with the same
electronics, thereby assuring uniformity of results and giving an internal
calibration. This method also provides redundancy; in case of failure of any
analyzer only time resolution would be lost.

The alpha and gamma analyzers make use of the fast strobing coinci-

dences for both protons and electrons to make a complete spectral analysis, -
The beta and delta amalyzers use the coincidences only for electrons. The
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epsilon analyzer is a single discriminator with low and high gain being switched
alternately to separately detect protons and electrons, respectively. The
epsilon analyzer is sequentially connected to the three omnidirectional detectors.

A6.4 ENERGY MEASUREMENTS

A6.4.1 Electrons

Each.telescope has four electron energy thresholds: two are dif-
ferential; the other two are integral. The omnidirectional detectors add three
more integral measurements. Figure A6-9 graphically displays the electron
measurements. Since the higher energy electrons are relativistic, the proper
representation of the energies is in terms of P /2M0. Table A6-1 (page A6-12)
gives the electron energy ranges of measurement and those of contaminating
protons. The contribution of the latter will be determined separately (as
shown in the next section) and subtracted. The most salient feature of this
table in terms of magnetosgheric physics is that the measurements of the first
adiabatic invariant (u = P4, /2MyB) will be determined over a range of 10% at
any point. This will provide a wide range of data from which phase space
densities can be calculated.

A6.4.2 Protons

Each telescope has seven proton thresholds. With the coincidence
channels, one can construct detailed differential proton spectra from 80 keV
to 120 MeV. The energy ranges of measurement of protons are shown in Table
A6-2 (page A6-13) and Figure A6-9.

A6.4.3 Alpha Particles

Four alpha particle thresholds are set for each telescope. The dif~-
ferential energy coverage' in .terms of energy per nucleon is from 0.235 to
7.75 MeV per nucleon. Table A6-3 and Figure A6-9 show the ranges of energy
measurement of alpha particles,

TABLE A6-3, -Alpha Particle Energy Ranges

Range Alpha Particles Geometric
Label Energy Range (MeV) Factor
AE N 0.9 s E, < 2.8k 0.02 cm® - sr
AE ¢, 1.75 < E, s 2.8L "
AEC, 2.84 s B < 10 "
A EC, - 2.84 < E, < 4.6 "

Cy 0.94 < E, < 10 "

c, 175 < E, = k.6 "

F2 10 = E, = 31 "

F 15 sE,s22.5 | "
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TABLE A6-2.

Proton Energy
Range (MeV)

0.8 < Ep < 0.98
0.98 < EP < 1h

0.15 < EP < 0.98
0.3 sE < 0.98

el

0.B=<E s 3.1

e}

0.8 < E_ s 1.77

el

0.08 £ E_ s 1k

b
0.15 = E < 3.1
1%
0.30 =< Ep = 1.77
0.98 S“"EP < 43
3,1 = Ep < 6.6
. - <l
9.7 sEP 3
. 2
9.8 = Ep < 20
3 < E s 86
P
63 = Ep < 105
80 < E s 120
P

Proton Energy Ranges

Threshold (MeV)

Electron

Geometric
Factor

Insensitive to
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All channels are insensitive to protons. Spectral comparison with protons

Oon an energy or energy per nucleon or energy per charge basis will be easily
made since such comparisons are well within the energy range coverage of the
protons. Thus the proton to alpha particle ratio within the magnetospheres of
Jupiter and Uranus can be determined.

AB.4.4 Mediums (Z >,2)

It is assumed that the most abundant energetic ions with Z > 2 will
be carbon, nitrogen, and oxygen but the observed presence of sodium on Io
indicates that different abundances might be present in the vicinity of the
outer planets. The proposed instrument will give five differential deter-
minations of the energy spectra and can be cross calibrated with the HET and
LET to determine abundances in the outer magnetospheres. The differential
energy coverage for carbon is shown in Figure A6-9. The geometric factor for
all channels is 0.02 cm“-sr. Nitrogen and oxygen would have somewhat higher
energy ranges but in terms of energy per nucleon, they are all similar.

A6.5 ANGULAR DISTRIBUTTIONS

1. Angular distributions contain a wealth of information on particle
streaming, diffusional processes, satellite sweeping and injection effects,
the identification of sources and sinks of particles, and corotational effects.
In addition, the axis of rotational symmetry of trapped particle angular dis-
tributions gives the direction of the local magnetic vector, without reference
to magnetometer data. When magnetometer data are available, the interpretation
of angular distributions is greatly enhanced.

2. Thus, the measurement of angular distributions is strongly desir-

able. There are several techniques for making such measurements on a non-
rotating spacecraft:

(a) A two-axis rocking or rotating platform carrying a single
directional detector.

(b) A set of several directional detectors of identical
characteristics and with different viewing directions,
all fixed in spacecraft coordinates.

(c) An active electrostatic and/or electromagnetic beam-
sweeping device in conjunction with one or more detectors.

(d) A hybrid combination of the foregoing.

We have rejected technique (a) because of its complexity and the risk associated
with mechanically moving equipment on spacecraft; also we have rejected tech-
nique (c) because of weight and power constraints and the very great dif-
ficulty of covering the desired energy range.

We have adopted technique (b). An ideal system of this type would

subdivide the entire unit sphere into n equal solid angles with n of the order
of 20 or greater. We have settled on a lesser number, namely n = 4, on the
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basis of a miscellany of practical considerations--reasonable adequacy for the
problem at hand; minimum practical solid angle for low mass telescopes, having
relatively thin side shielding; desired time resolution (time required to go
through a complete cycle of outputs with a practical telemetry rate); establish-
ment of physical intercalibrations; mass; power; cost; available fields of

view on the spacecraft; etc.

In order to determine angular distributions with a fixed array of
several telescopes, special care must be taken in construction, choice of
detector elements, setting of discrimination levels, etc. to assure that all
telescopes have essentially identical characteristics. The final intercom-
parison will be made with particle beams in the laboratory. The inflight
data scheme interchanges amplifier and output electronics among the four
telescopes on a cyclic basis, as a further measure toward accurate inter-
comparison.

3. The adopted criteria for look-directions are as follows:

(a) The look directions should be widely distributed over
the unit sphere in order to yield good angular coverage.

(b) The arrangement of look directions should be a non-
degenerate one. For studying a quasi-statiomary
trapped particle population, for example, no two
telescopes should look in diametrically opposite
directions.

(c) Further in the interest of preventing degeneracy, the
orientation of the array of telescopes on the space-
craft should be such as to avoid predictable situations
at both Jupiter and Uranus in which two or more look
directions are at nearly the same angle to + B, where B
is the local magnetic field unit vector.

(d) No telescope axis should be within 40° of pointing toward
the sup, because of the sensitivity of the first element
of the telescope to solar electromagnetic radiatioms.

(e) All detectors should have fields of view unobstructed by
physical obstacles (8/C structure, booms, etc.) to avoid
occultation of their solid angles as well as sun ''glints",

Criteria (a) and (b) are met with a symmetrical tetrahedral arrangement of four
telescopes, the angle between the axes of any pair of telescopes being arc

cos (- 1/3) = 109.5°, From examination of the proposed spacecraft structure
and the in-flight orientation  program for the spacecraft, it appears that
criteria (¢), (d), and (e) can also be met. Criterion (d) will be violated
early in flight and perhaps during subsequent orientation maneuvers when the
transmitting antenna is not pointed at the earth; during such periods the
experiment must be turned off. Criterion (c¢) can be met during most of the
Jovian encounter on the basis of existing knowledge. But, because of ignorance
of the magnetic topology at Uramus, any specific arrangement of telescopes may
be in a degenerate situation at times; however, general consideration of the
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problem indicates that, even at Uranus, a degenerate situation will be of only
limited duration for the arrangement that we have adopted. The proposed
location of the MTA is near the outboard end of the instrumentation boom at the
same position as the CRS cosmic ray instrument on the MJS spacecraft.

Each telescope has a conical field of view with half angle about 20°.

4, It is evident that data from four telescopes looking in four
non-~degenerate directions can determine four independent parameters in an
angular distribution of known or assumed form. Two of these parameters can be
the direction cosines of the axis of symmetry of the distribution.

Examples:

(a) Corotational streaming of an angular distribution that is
isotropic in the corotating frame of reference:

j=M[ l1+Kcospg] .

Four parameters: M, K, and two direction cosines of
the streaming direction,

b) "Pancake" distribution of trapped particles
- j=M] sin" g | .

Four parameters: M, n, and two direction cosines of
the axis of symmetry.

(c) Sum of isotropic and "pancake" distributions

j=M[ 1+K sin’ g ] .

Four parameters: M, K, and two direction cosines of
the axis of symmetry.

(d) More general case of (c)
j=M[ 1+K|sin"g | 7.
Five parameters: Can determine M, two direction cosines of
the axis of symmetry and K(n) or n(K). 1If
B is available from magnetometer data, can
determine M, K, and n and can check one
direction cosine of B.
(e) Sum of "pancake'" and "dumbbell' distributions

j=M[cos™B + K |sin" g |] .

A
Six parameters: If B known, can determine remaining four
parameters: M, m, K, and n.
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The foregoing descriptive analysis is straightforwardly obvious only
for telescopes of infinitesimal solid angle. For actual telescopes of finite
solid angle, integration of the assumed angular distribution over the angular
response function of the telescope must be performed. This is a numerical
complication but not one of principle.

5. As a first example, an explicit solution is given for case (a)
of paragraph 4. for our tetrahedral array of telescopes, assuming infinitesimal
solid angles. Let the unidirectional intensity be assumed to be

j=M[ l+Kcosp]

with the angle B measured from an unknown vector streaming direction. The
intensities measured by the four telescopes are denoted by jj, j2, j3, and j,.
A right handed orthogonal coordinate system, fixed in spacecraft coordinates,
is arranged so that the spherical polar coordinates of the axes of the four
telescopes are:

6; = 54°.,7 p; = 0°
6, = 54°.7 0, = 180°
65 = 125°.3 o, = 90°
- 5, = 125°.3 9, = 270°

The (unknown) spherical polar coordinates of the vector streaming direction are
denoted by T" and x. The problem is to find M, K, I, and X in terms of the
observed intensities jp, j2, j3, and j4‘

By the law of cosines
cos By = cos §; cos T + sin 6y sin T cos (x - ;)
i=1, 2, 3, 4.

Thus,

1
/3
cos B, = 7;— (cos T -/ 2 sin T cos x)

3
cos 53 =-‘-/—;—- (cos T -/ 9 sin T sin X)

cos B, =-_1 (cos T +/ 9 sin T sin X).

/3

cos g, = (cos ' +/ 2 sin T" cos x)

The four unknown quantities are given explicitly by the following:
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M = (j1 + j2 + i3 + j4) /4, independent of all other parameters
tan X = ( ié__:__ii )
I - 2
tan T = f2 s jl - jz - -
cos X (Jy* 3,) - (G313,
/3

K = Z@cost [ U1t - U3+l
The omnidirectional intensity

J = J‘ jda = 4™ =T (j; + jy + i3 + 34).
by

6. As a second example, an explicit solution is given for case (c)
of paragraph 4,

j = M[1l+K sin® g]

with the angle g measured from an unknown vector axis of symmetry (ﬁ). By the
same procedure as in. paragraph 5, we find

tanX = - ( -?3 - Jll' )
A I P
di+dp) - ds+ 1y /2
tan " =
(31 - 32) + (J3 - J4)  (cos X + sin X)
(jl +"j2..;+ j3 + Jl|.)
M =
4 (1 + 2K/3)
or
M o= Ji+dp+Iz+d,
4
+ 1 (jl - j2)
2V2 cos T" sin T cos ¥
3 i1 -39
K = (1 2

R /V2M cos T sin ' cos X

The omnidirectional intensity,
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J = J‘ jd0 = 4™(Ll + 2K/3)
4t '

7. TFor the actual telescopes having finite solid angles, final
solutions will be obtained by iteration using the solutions for infinitesimal
solid angles as the starting point and performing integrations over the angular
response functions of the telescopes.

8. The tentatively adopted spherical polar coordinates of the axes
of the four telescopes are given in the following table in conventional space-
craft coordinates. The specified angles refer to unit vectors along the
respective axes of the telescopes with the unit vectors pointing in the direc-
tions from which particles enter the collimators. The polar angle ¢ is
measured from the +Z (anti-earth-pointing) axis, and the azimuthal angle @ is
measured in the XY plane from the +X axis to the projection of the unit vector
on that plane,

Telescope 0 o)
R 25°.00 0°.00
) S 120 .09 70 .67
T 84 .47 180 .00
U 120 .09 289 .33

This orientation of the tetrahedral array meets criteria (d) and (e) of
paragraph 3 and appears to offer a reasonably satisfactory approach to meeting
criterion (c) also.

A6.6 SPURIOUS EFFECTS

Any system of charged particle detectors that is practical for the
MJIU mission in terms of mass and power is subject to a variety of physical
and electronic effects which cause departures from the idealized performance
often assumed in simplified analyses. Such effects, though usually called
spurious, are nonetheless predictable and calculable under specific assumptions.
Included among spurious effects are (a) pulse pile~up; (b) penetration of
detector elements by particles energetic enough to pass through the side and
back shielding of telescopes; and (¢) accidental coincidences and anti-
coincidences,

Effects (a) and (c) are strongly dependent on the intensities as well
as on the form of the spectra of the various species of particles under con-
sideration. These effects have been minimized by the use of small detectors
and fast electronics. Effect (b) is independent of intensity but is dependent
on the form of relevant spectra. These various problems have been analyzed for
the MTA and are summarized briefly as follows:

(a) Pulse Pile-Up
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For any position in the Jovian magnetosphere in to the intended radius
of closest approach of 5.8 R; in the magnetic equatorial plane, pulse pile-up
is a trivial problem for botg telescope elements and cubical detectors.

(b) Back Penetrations of the Telescopes

The minimum shielding of the back of the telescope is 4.8 grams/cmz.
Electrons E, > 7 MeV and protons E, > 71 MeV can pass through the telescope
in the opposite-to~nominal direction. There are no contributions by back-
penetrating particles of lesser energies. Those of higher energies are properly
measured by the spherical detectors.

(¢) Accidental Coincidences and Anti-Coincidences

The suppression of anti-coincidences by accidentals is found by
detailed analysis to be a minor problem even to maximum Jovian encounter
conditions.

However, several coincidence channels will require substantial
correction under maximum Jovian encounter conditions. Such corrections can
be made with reasonable certainty by using the full body of data, especially
the single element rates.

(d) Side-Wall Penetrations of the Telescopes

There is no problem with side-wall penetrating protons under any
anticipated conditions. The problem with electrons is strongly dependent on
their spectral form. For the 200y detectors and for differential power law
spectrum of the form E™7, the collimated to uncollimated counting rate ratio
caused by E, > 7 MeV electrons (the minimum energy required to penetrate the
side wall) is 10/1 for y = 2.4, For y = 1.9, the ratio is 1/1. Hence, there
will be conditions in the inner magnetosphere of Jupiter during which the
high energy electron channels of the telescope will be ambiguous (i.e., the
proper geometric factor will be uncertain by a factor of about 4). Even in
such a case, the responses of the spherically shielded detectors will give
unambiguous coverage of the high energy portion of the electron spectrum, though
angular distribution information will be lost.

It is noteworthy that the three spherical detectors are almost com-~
pletely immune to spurious effects., Also, the intensity situation at Uranus
will almost certainly cause no significant problems for either telescopes or
spherical detectors.

Counting rates caused by gamma rays and neutrons from the radio-

isotope thermoelectric generators (RTG's) are of trivial importance during
magnetospheric traversals.
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APPENDIX A7

ELET

A schematic diagram of an ELET telescope
is shown in Figure A7-1. It is a single-ended tele-
scope with a geometrical factor of 0.06 cm? ster.
This telescope has been designed to extend multi-
dimensional analysis to the lowest practical ener-
gies. This energy range of analysis for different
charges is shown in Figure A7-2 for both two-
parameter and three-parameter analysis.

A block diagram and truth table for the
electronics system is shown in Fig. A7-3. This
system is built of the same circuitry modules de-
veloped for the HETS and LETS for the MJS '77 mis-
sion. In operation the electronics system is very
similar to the LET system described in the follow-
ing Appendix, A8, although various linear gains and
thresholds are different (see Table 7-1 of the
main proposal). The sum ZD1+K1Dp+K2D3=SD is ap-
plied to a threshold to separate hydrogen and helium
events (Type 1) from all heavier events (Type 2).
The Type 1 and Type 2 events are separately stored
and read out into telemetry with equal priority in
the readout polling scheme., The pulse-height ana-
lyzers used have 4096 channels.

COLLIMATOR &

THERMAL RADIATOR }
/
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ELET

4}
~
/ﬂ

DI, D2 : 6um x 30 mm?
D3,D4: 60um x 150 mm?2

p————— lcm

FIGURE A7-1:
Schematic of ELET

T T T 7 7 T

The thicknesses of the 2r .
dE/dx and E detectors (6 and 60y, a- N
respectively) are matched so that
the energy losses in the dE/dx 6r 7
detectors will always be safely 8} .
above the noise for these de-
tectors, even for protons. The 1o ]
system noise for the D; and Dy FJ'Z_ 1
signals will be 25-30 keV FWHM, ~ a4k 2 3 i
allowing clean thresholds to be o Parameter Pgﬁﬁvgf
set at 80 keV. These thresholds & 'of Analysis 1
are then 50 below the average éils— -
signals generated in D and D2 20l |
by a proton not quite reaching
D4, Figure A7-4 (see Page A7-3) 22r }
shows the energy loss to be ex- o4 4
pected in each element for the
different isotopes of H and He. 26r 1
Counters thinner than 6y are T PR Lot
available, but in addition to ol '
the problems of signal versus Mev/amu
noise for protons as noted above, \ :
such thin counters are basically FIGURE A7-2
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unsuited for charge studies
because of thickness vari-
ations which. are ~ lu. With

our maximum opening angle of 27.5°,
the maximum pathlength is 1.13
times that for a vertical trajec-
tory. This pathlength variation
is compatible with the expected
1/6 or 16% variation to be expec-
ted in the dE/dx detector thick-
ness. These variations will limit
individual charge separation up

to Z v 10. For heavier nuclei

the resolution is V2 charge units.

AE Loss{(MeV)

Multi-dimensional coin-
cidence/pulse-height analysis
techniques are essentially back-
ground free, whereas a single
parameter analysis tends to have
a large residual "background" of
events that is frequently very E Loss(MeV)
difficult to evaluate. As a re- .
sult of this low background and FIGURE A7-4: AE vs. E
larger geometry factor, we expect the ELET to be V50 times more sensitive than
the LET-IT telescope on Pioneers 10 and 11. The ELET telescope will thus be
able to medsure accurately the quiet~time intensity of all types of particles
which would be obscured in the background of a single parameter analysis. The
geometry factor is large enough so that at quiet-time levels useful flux mea-
surements can be made for most all nuclei over an extended period of time.

For example, in V1 year we expect V200 oxygen nuclei at V1 MeV, even 1f the
spectrum does not turn up.
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APPENDIX A8
LOW ENERGY TELESCOPE

The low energy telescope (LET), schematically illustrated in
Figure A8-1, is intended to measure the energy spectrum and anisotropy
of cosmic-ray nuclei. This measurement is performed over the charge
range from 1 to 28.

\ 3pm AL.
Anisotropies are measured by com- \ Winoow
paring results from the four LET's on the \\ THERMAL RADIATOR
spacecraft. An important feature is the \
use of keyhole detectors for L1 and L2. H \ /
The active area of the detectors is accu- \ /
rately defined by using a mask to precisely LET \ w17/
determine the area over which the Au and A% e v/
contacts are deposited. The keyhole design L3L4:450umx D /
allows precise measurement of the geometry 400mm? X
factor of each LET. /\\
/N
Beyond the charge-sensitive pre- / \\
amplifiers and shaping amplifiers, a LET / \
electronics system consists of coincidence — \§Z:j
circuitry to-determine if an event has = ——— —
occurred, pulse~height analyzers and a rate FIGURE A8-1

accumulator system as shown in Figure A8-2.

As summarized in Table A8-1 and shown in Figure A8-2, there are two analysis
modes based upon the amplitude of the sum X L1 + 0.42 L2 + 1.65 L3, and events
are labeled Type 1 or Type 2 accordingly. These events are separately stored
and normally read out into telemetry with equal priority in the readout
polling scheme. Detector thresholds are set at 200 KeV for Ll and L2 and

at 1 MeV for L3 and L4, and additionally there is a four-level integral
analyzer on L1 (see Table A8~2). Pulse-height analyzers with 4096-channels
are provided for L1, L2 and L3. A versatile command system allows for change
of the pulse-height analysis conditions, the rate logic, readout priority

and power on/off control of the various preamplifiers.

With the specified detector thresholds, the energy ranges specified
in Table A8-1 are calculated. These calculations are based on the standard
energy-loss tables; previous experience shows that substantial corrections
to the tables will have to be made on the basis of calibration data.

Figures A8-3 and A8~4 show the response to particles of several
types. The energy loss, AE, in L1 (Figure A8-3) or L1 + L2 (Figure A8-4) is
plotted as a function of residual energy, E', in L2 (Figure A8-3) or L3
(Figure A8-4). As illustrated by the different particle tracks in Figures
AB-3 and A8-4, the AE and E' for each analyzed particle can be used to calcu-
late the mass of the particle. Any uncertainties in AE or E' result in
uncertainties in the calculated mass. One of the largest uncertainties is
the angle of incidence of the particle. As an example, the calculated locus
of 160 events is shown for the two extreme angles of incidence, 00 and 250.
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TABLE A8-1: LET ENERGY RANGE

(Energies in MeV/nuc)

'MODE OF ANALYSTIS PARTICLE TYPE
IH 1+He 160 56Fe
L1 0.5-1.7 0.4-1.6 0.3-3.3 0.2-3.8
1112 1.7-3.0 1.6-2.7 3.3~5.3 3.8-6.3
L1L2L3 3.0-8.4 2.7-8.4 5.3-18 6.3-35

(Table includes effects of window and discriminator thresholds.)

TABLE A8-2: LET ANALYSIS MODES AND RATES

Analysis Model) Typical Event Type
L1-12+(L3) *SL*L4 "M and “He: 1.7 X E § 8.4 MeV/nuc
L1+L2¢(L3)*SLeL4 Z>3: 3.55E& 18 MeV/nuc

Rate Informationz) Typical Event Rate
L1°L2+(L3) *SL*L4 Rate of 'H, "He: 1.7 § E X 8.4 MeV/nuc
LleL2+(L3)*SL*L4 Rate of Z > 3: 3.5 % E § 18 MeV/nuc
L1eL2+L3+L4 Rate of !H, "He: 3 5 E 5 8.4 MeV/nuc
L1l L1 > 0.45 MeV
L12 L1 > 1.88 MeV Integral Analyzer
L13 L1 > 7.5 MeV on LI
L14 L1 > 75.7 MeV
Ll
L2 .
L3 Single Detector Rates
L4

l)(LB) indicates that the L3 requirement can be implemented by
command. SL indicates a slant threshold set between *He and ®Li.
2)

Rate information is available for each LET individually.
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Figures A8-5 and A8-6 show the calculated mass resolution of the
LET. The pathlength component Opjp, is clearly dominant. This term is due
to uncertainty in angle of incidence and non-uniformity of detector thick-
ness (0.5 microns). The Landau fluctuations in AE contribute (Opp) as do
electronic uncertainties (Ogg and Og') in AE and E'. These electronic
uncertainties are due to noise and PHA channel width.

In addition, an "integral analyzer'" has been connected to L1.
This integral analyzer is a set of four discriminators set at thresholds
of 0.45, 1.88, 7.5, and 75.7 MeV. Calculations based on power-law spectra
(dj/dE = kE—z) and normal cosmic-ray abundances show that in the first
"channel," i.e., the energy loss region from 0.45 to 1.88 MeV which is pre-
dominantly protons, the signal-to-background ratio is 4.8. Signal is con-
sidered to be protons in the specified 0.45 to 1.88 MeV energy range,
while protons with E > 1,88 MeV are considered background. For helium
nuclei in the second channel (1.88 to 7.5 MeV), the signal to background
ratio is 1.3. Oxygen is the most abundant element in the third channel,
but signal/background is only 0.1 for the assumed spectra. If the "Oxygen
excess'" measured near Earth persists into interstellar space, this ratio
will be > 1. See Figure A8-7, The primary advantage of the single para-
meter mode is the large geometrical factor (5 cmzsr) which permits deter-
mination of anisotropies of V1% in one month for spectra softer than E~2.

108 —T—T—T—1 FIGURE A8-7: Energy-~loss spectra for several nuclei
are shown. These are calculated for the 7 = 2 power-
5 law spectra specified in the text. Solid lines are
ot J wvalid particles. Dashed lines background. The dot-
ted line is due to very-high-energy protons.
e
[%2] ~
g 03 , ;
E X
" NOTE: Figures A8-5 and A8-6 appear on the following
> ages.
102 pag
@
4
10!
|()0§ { i 1 1

ENERGY LOSS (MeV)
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APPENDIX A9

THE HIGH ENERGY TELESCOPE SYSTEM

The High Energy Telescope System
(HETS) consists of the double-ended telescope
illustrated in Figure A9-1 and the electronics
illustrated in Figure A9-2 (see Page A9-2).
The HET telescope is a unique combination of
solid-state detectors: A, and A, are curved
surface barrier detectors, B ané B, are curved //

«—— A~ 8 CM*x 0.15 MM

Li-drifted detectors, and C througﬁ C, are the // 2

. . Y {1+ Az— 8 CM°x 0.15 MM
central areas of double-grooved Li-drifted de- == C,— 9 CM%x 3 MM
tectors. The double grooves create annular de- S =+ Ca— 9 CM°x 6 MM
tectors around each central area. The annular GEEE% qiiﬁgzzzz»g—scmﬂsuu
detectors taken together constitute an anti- X \ E}%::::»Q—scuﬂsmu
coincidence or guard detector (denoted G) sur- ET F=j7._———%—sc¢xzuu
rounding C, through C,. A double-grooved de-
tector is Tllustrated in Appendix A1l0. Acceler- 2/

ator tests indicate that cross talk between the
central and annular areas is less than one

part in 2,000. The A and B detectors are curved
to minimize variations in particle path length
in these detectors due to the finite telescope <
opening angle. ‘

——— B~ 8 CMx2 MM

Three classes of events are recog- HIGH ENERGY TELESCOPE (HET)
nized by the electronics, two stopping (S1 and Figure A9-1
S,) and one penetrating (P). S, events are o
characterized by the coincidenceé condition A A.C,G. Trajectory 1 in Fig. A9~1
is a typical S, event, For particles stopping in AZ’ detectors A, and A2
operate in a d%/dx by E-mode. For particles stopping in the Cl+C2$C stack,
A, and A, provide double dE/dx measurements while Cl+C +C. measureés the resi~
dial energy. For protons and alphas, S, events lie be%wegn 4 and 57 MeV/nuc.
S, events, characterized by the coincidénce condition B BZ(SB or C,)C.G are
analogous to the S, events, except that the coincidence condition includes
the term (8B, or C4) which is incorporated to reject RTG-produced Compton
electrons. %rajectory 2 in Figure A9-1 is a typical S, event. The thicker
dE/dx elements, B, and B,, are less subject to Landau %luctuations at high
energies than the thinner elements A, and A,. On the other hand, they cause
S, events to have a higher threshold energy (18 MeV) than the S, events (4 MeV).
Reésidual energy measurements are made in C +C3+C4 for S, events, For protons
and alphas the S, mode corresponds to 18—76 MeV/nucleon? Electrons between
N3 and 12 MeV wifl also be measured in the S, mode. Finally, P events are
events which penetrate the whole telescope aiid satisfy the coincidence condi-
tion BlB Cl. In this mode detectors B., C1 and C.+C.,+C, are pulse-height ana-
lyzed. %he P mode extends spectral measurements %o %506 MeV/nucleon and also
allows an integral measurement above this energy. In the P mode, because of
the problem of knock-on electrons, the G detector is not used to reject events,
but to tag them. It may be noted in Figure A9-2 that the G detector is in fact
level discriminated at three different levels; this provides an additional
precaution against cross-talk.
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In order to accomodate the very large ranges in particle charge
and energy, effective electronic dynamic ranges of up to 40,000 are required.
This is accomplished using 4096-channel pulse-height analyzers and preampli-
fiers with two gain modes, high gain and low gain, differing in gain by fac-
tors of 5 or 10 (see Figure A9-2). Nuclei with charge Z > 2 are analyzed
in both gain modes. In low gain mode, however, protons and alphas are not
recognized as S; events, electrons and protons are not recognized as S, events
and protons are excluded from P events. Figure A9-2 shows that there exist
storage registers for storing pulse-height data for Sy, S, and P events
separately. A read-out polling device samples and reads out data for each
event type in sequence, skipping an event type only if its registers are
empty. Combined with the gain-mode switching, this results in a priority
system for data read-out.

The excellent charge and isotopic resolution for S; events is dis-

cussed in Appendix Al10. In Table A9-1 we illustrate the charge and isotopic
resolution for 8; events:

TABLE A9-1: HET S, RESOLUTION

1
ISOTOPE ENERGY CHARGE SEPARATION ISOTOPE SEPARATION
. (MeV/NUCLEON) (IN UNITS OF Oz) (IN UNITS OF OA)

ole 69 15 2.1
(mid-range)

52 17 2.4

(exit Cl) :

Bel® 41 24 2.7
(mid-range)

FeS® 131 6.3 _—
(mid-range)

We see that isotopes may be reasonably well resolved up through
oxygen and that individual charges are easily resolved through iron. Iso-
topes will not be resolvable in the P mode.

Curves illustrating the response of HETS for both S7 and Sy events

in the double dE/dx by E mode are shown in Figures A9-3 and A9-4 (see Page
A9-4).
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APPENDIX AlO
DETECTOR RESOLUTION AND BACKGROUND

In this appendix we describe the considerations necessary to achieve the high
resolution and low background required by our experiments. Resolution in a
pulse~height matrix refers to the percentage width of the response curve for
any given type of particle and thus is a measure of the ability to separate
and identify different particle types. By background in a pulse-height matrix
we refer to any distribution of events which contributes events to areas of
the matrix where ideally there would be no events. Such a distribution also
adds events to the areas of ideal response which are thus undistinguishable
from the desired events. In general one must estimate the number of such
events and make a background subtraction. Such corrections, if significant,
will be reduced if the resolution is improved.

Monoenergetic particles of charge Z and mass A entering a dE/dx x E telescope

give rise to Gaussian response distributions in the dE/dx and E dimensionms.

The charge Z and mass A are functions of the mean dE/dx and E responses. Thus

the Gaussian response distributions in the dE/dx and E dimensions (with

standard deviations 04y and Op) give rise to Gaussian distributions in the
dx

experimental charge and mass dimensions (with standard deviations Oy and Gp).

4
With the help of Goulding's approximation (Range o é2 (E) it is straight-
forward to demonstrate that Z A

—

1| 2 2

o, n —— | (y-1)° 05"+ 04s2 1
Z 7+1 E dE

dx

and
: 1
1 .2
Op % O'E2 + (-—7-:"]?) O'ggz > (2)
dx

where ¥ & 1.77 for Silicom and the standard deviations are to be expressed
in %. (1) and (2) imply

o yiady 3
A i 7,_]_\O-Z > ( )

from which it is apparent that isotopes are more difficult to resolve than
charges. The separation between adjacent charge (mass) peaks in % is given

L 1007 @ x 100%).
Z A

Let us now consider the factors which determine 4k and GE' We consider

dax
ogg first since frequently it dominates Og. Contributors to ogg are
dx =

Al0-1



non-uniformity of detector thickness, path length dlstrlbutlon, preamplifier
noise, Landau statistics, and digitization error.

The amount of energy deposited by a particle penetrating through a
detector depends on the length of the particle path in the detector. Thus non-
uniformity of the deteé¢tor thickness will affect the amount of energy deposited
in the detector. Similarly, different angles of the path with respect to the
telescope axis will give rise to different path lengths and thus to a dis-
tribution of energy losses. The use of curved detectors minimizes this effect.
The optimum radius of curvature is obtained following Perkins et al. (1969).
Preamplifier noise is a constant contributor and will be important primarily
for protons. Digitization errors are negligible. For example, we use 4,000
channel analyzers for the HETS. Finally, Landau broadening occurs because the
energy loss process is subject to statistical fluctuations; this effect may
be readily calculated (e.g., Clarke, 1971). Ogg/dx is then determined by
quadratically adding the standard deviations for each of the above effects.

Og in a stack of Li-drifted solid-state detectors as in HET arises
from preamplifier noise and the presence of so-called dead layers. The effects
of such layers have been considered by Greiner (1972). We make deliberate
efforts to keep these layers less than 80u thick.

As an éxample, we indicate in Table Al0-1 the expected resolution
for the Sy mode of the HET:

TABLE A10-1: HET S, RESOLUTION

;)'

' Charge Separation Isotope Separation
ISOTOPE (MeV/nucleon) (in units of 0y) (in units of 0 )
169 153 19 2.6
(end~point) ‘
106 20 2.8
(mid-range)
10
Be 91 24 2.7
(end-point)
63 29 3.3
(mid-range)
56
Fe 295 8 1.1
(end-point)

Al10-2



The entries for 160 and 10Be illustrate the fact that the resolution improves
with decreasing energy as the Landau fluctuations decrease. We see that over
the full range of energies and up through the isotopes of oxygen, the separ-
ation between isotopes is greater than 2.6 standard deviations.

Detector background is predominantly produced by particles which undergo cat- -
astrophic nuclear interactions within the residual E detector., Low-energy
secondary products can be produced which exit through the dE/dx elements and
masquerade as heavy particles. A redundant dE/dx measurement is an extremely
valuable tool in rejecting this kind of background. Such slow moving second-
ary products would, in general, not be expected to produce identical outputs
in the dE/dx elements and would be eliminated by the application of a con-
sistency criterion. Evidence in support of this conclusion is shown in Fig.
Al0-1., This is data taken from the Goddard - Univ. of New Hampshire cosmic

ray experiment on the Pioneer 10 spacecraft. The pioneer 10 telescope is
similar to the MJS/MJU HET, with the one important exception that no guard-
ring detectors were used., Background on Pioneer 10 is rejected only by the
use- of double-dE/dx and range criteria. The data shown is a plot of the
output of the front element vs. the output of the stack. The prominent line
is due to quiet~time alpha particles. The signal-to~background ratio in this
data is remarkably good. 3He and “He will be easily resolvable. Also the
light element region above the alpha line is almost completely background
free. We emphasize that our MJS/MJU High-Energy Telescope will be signifi-
cantly better than this due to the use of guard ring detectors (cf. Fig. Al0-2).

Background in the electron response region of the HET arises due to the
Radioactive Thermonuclear Generators (RTGs) on board. This is discussed in
detail in Appendix Al2,

References:
Clarke, N. M. Nuc. Instr. and Meth. 96, 497, 1971.
Greiner, D. E., Nuc. Instr. and Meth. 103, 291, 1972,

Perkins, M. A., Kristoff, J. J., Mason, G. M. and Sullivan, J. D., Nuc.
Instr. and Meth. 68, 149, 1969.
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APPENDIX All

INSTRUMENTATION

All.1 SYSTEM NOISE CONSIDERATIONS

In designing the detector and electronic system in such an experiment,
one is always faced with situations which require trade-offs between the observed
noise, the shaping time constants, the high-count-rate performance and the de-
sired threshold level. For lowest overall noise performance, one would
select unipolar pulse shaping and dec coupling throughout. However, unipolar
pulse shaping leads to significant baseline shift and therefore distortion
at high count rates, and dc coupling leads to equally bad compensation and
drift problems. One therefore usually generates bipolar pulses using either
CR-CR shaping or delay line shaping.

Delay line shaping is useful where the detector signal is above the
amplifier noise and where a large dynamic range is not required. It is par-
ticularly useful for the signal shaping for the sensors within the MTA where
the pulses are clipped at 150 ns. In the case of the HET, LET and ELET
telescopes, noise on signal lines is often dominated by amplifier noise due
to very large detector capacitance (Cp v 200 - 900 pf). Additionally, a large
linear dynamic range greater than 4096 is required. In this case we have
chosen pulse shaping consisting of double differentiation and integration with
equal time constants of Vvlusec.

This lusec time constant is longer than desired for optimum signal-
to-noise for Li-drifted detectors, but shorter than optimum for the high
capacitance surface barrier detectors. However, the performance is more than
adequate in all cases, and a significant advantage results from the use of
identical time constants throughout. It allows the standardization of cir-
cuitry, testing and use of the pulse-height analyzer.

All.2 PULSE PILE-UP

Owing to the random rate at which charged particles enter a given
detector, there is always a finite possibility that two particles may enter
in rapid succession. The probability is higher at higher count rates, ob-
viously, and is a major concern in the design of such sensor systems.

Since the output pulse of any amplifier has a finite duration, there is a
possibility that two pulses will overlie ome another or "pile-up." 1In
this case, the threshold circuit or pulse~height analyzer will not see the
pulses at their true height. To minimize these effects, the output pulse
should be as short as possible and return to zero as soon as possible.

As pointed out in Section All.l of this appendix, this was a major design
driver in selecting bipolar pulse shaping with fast time constants for the
MTA.

All-1



In calculating n-fold pile-up rates, the following formula by
Fillius (1963) is used:

2 'n—2
I B N T U o L
n 1 1L 2 o (m=2)!

where R.n is the rate at which n-fold pile-ups are occurring and T is the
resolving time. In addition to the spectral distortion discussed in the
previous paragraph, one has to be concerned about the individual rates used
for normalizing the spectra. Many times in any such experiment the 7 of
the shaping circuit determines the pulse pile~up, but the dead time of the
threshold circuit limits the apparent count rate. One has to take great
care in the design of such systems, therefore, when one expects to operate
at high count rates.

All.3 REDUNDANCY AND RELIABILITY

In the main proposal, we have developed our reasoning for deciding
to use multiple sensors in order to measure the particle distributions and
anisotropies. Phenomena were seen at Jupiter by the Pioneer 10/11 experiments
which had time scales § the spacecraft spin period of 12 seconds. It is
physically important to know that these phenomena are occurring; and we
feel that multiple detectors viewing different directions and simultaneously
recording the data on time scales < 6 seconds are necessary. If the design
shares one counting register amongst several detectors, this can lead to
ambiguity between temporal changes and anisotropies. If one uses a sensor
mounted on a mechanical 'rotation device, it must cycle very rapidly and re-
" liably for many years. This is a major disadvantage for the approach using
the rotation device. Such electromechanical devices have in general proven
to be far less reliable than conventional electronics systems.

Our chosen approach, on the other hand, has the advantage of re-
dundancy. The directional telescopes of MTA and LETS have 4-fold redundancy
while those of HET and ELET have effectively 2-fold redundancy. Should a
problem occur in the 6+ years of flight time, there are several options avail-
able by command. An entire telescope can be shut down, or an individual
detector can be removed from the set by commanding off its preamplifier(s).

In many cases we are able to reprogram the logic equation for the pha con-
ditions and the corresponding rates. Additionally, the experiment and space-
craft data systems are very flexible and allow a wide variety of data formats,
mixtures of pha and rate data and bit rates. The data system design also
emphasizes many parallel paths and a very minimum of shared paths.

All. 4 PARTS, FABRICATION AND RADIATION DAMAGE

The parts and parts program proposed for this program provide our
conventional high-reliability items which we have used for both Pioneer 10/11
and MJS. Extensive testing and analysis by both JPL and the MJS experiment
team have shown that the most radiation-sensitive parts within the experiment
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are the JPL-supplied CMOS parts which are in all experiments and subsystems.
We are just now receiving these parts, but they appear to allow a substan-
tial margin against the worst-case radiation at Jupiter. In addition to the
CMOS, this experiment makes large use of a custom—designed LSI PMOS circuit
(AMI 1375) known affectionately as a ''Mars bug." This device has a radia-
tion tolerance of V600 K rads, superior to the CMOS and well in excess of

the expected dose at Jupiter of V100-150 XK rads. Additionally, the mechanical
design of the experiment provides for mounting the data systems ''inside"

the other electronic systems, providing much more shielding than expected

from the sidewalls, honeycomb plate and thermal blankets themselves.

Although many of this experiment's V100,000 transistors are in
the LST circuitry within the data systems, a huge number of discrete com-
ponents are packaged in a relatively-small amount of weight in the preamp-
lifiers, amplifiers, pulse logic and pulse-height analysis systems. Most
of this circuitry is packaged in a hybrid form using semiconductors in small
ceramic packages which in turn are mounted on ceramic substrates which include-
the conductors, resistors, etc. This techniqe is well proven, having been
used for Pioneer 10/11, IMP H/J, Helios A/B and MJS.

All.5 POWER SUMMARY
HET/LET preamplifier/amplifier 1.02 watts
HET PHA System .39
LET PHA System .46
MTA System 2.30
ELET System .28
Data System , .65
Detector Bias Supplies .25

5.35 watts

Raw Power @ 78% Efficiency: 6.8 watts

All.6 WEIGHT SUMMARY
HET and preamp/amps 494
LET and preamp/amps 488
ELET and electronics 300
MTA sensors 400
MTA electronics 1300
HETS pha system 643
LETS pha system 864
Data system with shielding 1082
Power Supply 300
Mechanical system 866
Interconnect 370

TOTAL: 7102 grams
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All.7 MOUNTING

The package mounts on the spacecraft in exactly the same fashion
as the CRS experiment on MIJS.

Reference: Fillius, R.W., University of Iowa Preprint 63-26, August 1963.
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APPENDIX Al2
RTG y-RAY BACKGROUND

The proposed HET telescope covers the differential energy spectrum
of electrons in the nominal energy range of ~ 2 - 10 MeV. The HET, like any
electron sensor in this energy range, is significantly affected by a background
due to intense y-ray fluxes from the RTG spacecraft power source. We have
studied the RTG induced electron background by computer modeling, and we have
verified the results directly by comparison with this group's electron detectors
on the Pioneer 10 & 11 missions. We are satisfied that we understand the RTG
effects, which in effect set intensity thresholds for the measurement of primary
electron fluxes.,

The RTG y-ray induced background in HET is due to Compton electrons
produced by y-rays in the solid state
detectors of the telescope (Figure
Al2-1), For example, a Compton
electron produced in detector C4 with
sufficient energy and the proper
trajectory could penetrate B2 and
deposit the correct amount of energy <
in Bl and C4 o satisfy the triple 29°
coincidence requirement Bl.B2-Cé4 \\
with the correct electron signature. B(

/\

> ! // A~ 8 CM*xO.I5 MM

Similarly, Compton electrons produced
in C3 and C2 may penetrate to Bl to \
cause 4-fold or 5-fold coincidences // \ g
respectively. 3 \ { t::::::guég::u
S — -9 cM’x 6 MM
As an illustrative example, ﬂ%%:_g cMx 6 MM
we shall analyze the effects of RTIG  Co- 9 CMx6 MM
produced free field y-rays upon the ;—acfxzﬁu
CRS HET telescope (identical to the
HET proposed for MJU) on the MJS77 \f’ /
mission. The MJS77 RIG y-ray
spectrum at HET is shown in Figure
Al2-2. Using this y~ray spectrum

and the known Compton cross-sections, // \\
we have calculated the Compton / \ B — 8 cMPx 2 MM
o o8-

electron production in the HET detector
material (S5i), as shown in Figure
Al2-3. Note, that the Compton electron
spectrum above ~ 2.3 MeV drops by ~ 3
orders of magnitude, due to the cor-
responding drop in the y-ray intensity
above the 2.6 MeV Tzzoeline. Clearly,
the RTG background is most significant Figure Al2-1
at lower energies.

HIGH ENERGY TELESCOPE (HET)

We have calculated the expected HET 3, 4, and 5-fold Compton electron
coincidence rates as follows:
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Emax
Rate (Bl:B2-Ci) = f dE 4| « Me; o P() 1)

dE
Enin
where
i = 4, 3, or 2 corresponds to 3, 4, or 5-fold coincidences
Emin = approximate minimum electron kinetic energy required
for a Bl. . . Ci event
Emax = 7 MeV, the upper limit of the Compton electron spectrum
%% = Compton electron intensity (electrons/MeV sec g) from
Figure 3
Mcy = 12.5 grams, the mass of a C detector element
P(i) = probability of Compton electrons produced in the detector

with energy > Epjinp satisfying the coincidence requirement

For simplicity, we have assumed (1) that the angular distribution of
Compton electrons is that of a uniform distribution of point sources, (2) that
all electrons follow straight line trajectories, and (3) that all electrons
with E > Epin and having trajectories that intersect Bl satisfy the coincidence

requirements. In this model, P(i) depends only on geometry and is derived from
a Monte Carlo calculation.

Table Al2-1 lists the relevant parameters for equation (l) as applicable
to HET, and the calculated RTG-y-ray induced background electron count rates
for the three HET coincidence conditions.

TABLE Al2-l: RTG-y-Ray Electrons in HET

R -Emax
Coincidence type Emin J[ dE dJ P Rate
' E
Emin
(MeV) - (e/gssec) (e/sec)
3-fold 1.8 2.2 0.013 0.37
4-fold 3.6 2.8 x 1070 0.011 3.9 x 107
5-fold 5.4 9.8 x 107  0.009 1.1 x 1074

The validity of this calculation has been verified against an empirical
derivation of electron background based upon the behaviour of similar tele-
scopes of this group on the Pioneer 10 (with RTG) and the Helios (no RTG)
spacecraft. This comparative study predicts, e.g., a 3-fold coincidence rate

for HET of ~ 0.44/sec, compared to the result of 0.37/sec from the computer
model calculation.,

The rates from Table Al2-1 have been converted to equivalent electron
intensities and are plotted in Figure Al2-4 as a histogram over the nominal
energy range of HET, Figure Al2-4 also shows, for comparison, typical quiet-
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time electron spectra observed near 1 AU (Hurford, G. J., R. A. Mewaldt, E. C.
Stone, and R. E. Vogt, Ap. J. 192, 54, 1974; Simmett, G. M. and F. B. McDonald,
Ap. J. 157, 1435, 1969). 1In addition, Figure Al2-4 also shows a typical inter-
planetary electron spectrum during a period of enmhanced intensity measured

near 5 AU on Pioneer 10 (Teegarden, B. J., F. B. McDonald, J. H. Trainor,

W. R. Webber, and E. C. Roelof, JGR 79, 3615, 1974), typical quiet-time increases
near 1 AU (McDonald, F. B., T. L. Cline, and G. M. Simnett, JGR 77, 2213, 1972;
Mewaldt, R. A., E. C. Stone and R. E. Vogt, Proc. l4th Int. Cosmic Ray Conf.,
Munich, OG 10-3, 1975), and a representative solar flare electron spectrum
observed with Caltech's EIS on IMP-7.

At energies E « 5 MeV, the RTG background dominates the 1 AU quiet-
time electron spectrum, but not the electron increases 2 0.2/cm? sec sr MeV
as typical for quiet-time increases or solar flare electrons (see Figure Al2-4).
At higher energies, the RTG background is smaller than even the 1 AU quiet-
time minimum electron intensities, allowing their observation essentially at
all times.

Further reductions of the RTG electron background could occur on
MJU79 from a conceivable modification of the respective orientation of RTG
and HET or from changes in the RTG fuel. Other improvements, e.g., from HET
shielding, the introduction of gas Cerenkov counters or time of flight features
would be extremely costly in terms of weight and reliability, and less effective
than at higher energies (due to scattering), and therefore difficult to justify
for a weight-limited, long duration mission such as MJU79.
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"Pioneer 10 Measurements of the Charge and Isotopic Composition of Solar Cosmic
Rays During August 1972", W. R. Webber, E. C. Roelof, F. B, McDonald, B, J.
Teegarden and J. Trainor, submitted to Astrophysical Journal.

"The Interplanetary Acceleration of Energetic Nucleons'", F. B. McDonald, B. J.

Teegarden, J. H. Trainor, T. T. von Rosenvinge and W. R. Webber, submitted for
publication, July 1975.
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PRESENT POSITION:

EDUCATION:

PREVIOUS POSITIONS:

SPECIAL
PROFESSTONAL
ACTIVITIES:

Dr. James A. Van Allen

Carver Professor of Physics and
Head, Dept. of Physics & Astronomy
The University of Iowa

1935 - B.S. Iowa Wesleyan College, Physics
Summa Cum Laude

1936 - M.S. State University of Iowa

1939 - Ph.D. State University of Iowa

1939 - 1941 Research Fellow of Carnegie
Institution of Washington,
Nuclear Physics

1942 Physicist, Dept. of Terrestrial
Magnetism, Carnegie Institution
of Washington, Washington, D.C.

1942 Physicist, Applied Physics

Laboratory, Johns Hopkins Univ.

1941

1942 -~ 1946 Ordnance and Gunnery Officer
and Combat Observer, U.S. Navy
Lt., (j.g.) U.S.N.R, = 1942
Lt. Cdr. U.S.N.R. - 1946
1946 - 1950 Physicist, Applied Physics

Laboratory, Johns Hopkins Univ.
Supervisor high-altitude
research group and supervisor
proximity fuze unit. Engaged in
high altitude experiments in
cosmic rays, atmospheric ozone,
geomagnetic field, ultra-violet
solar spectroscopy, high altitude
photography of the earth. Pioneered
in use of V-2 rockets for this
work., Supervised development of
Aerobee rocket and pioneered in
its use for similar work.

1951 - 1972 Professor of Physics and Head of
Department of Physics (since
1959 Dept. of Physics and
Astronomy), University of Iowa

Leader, Scientific Expedition to Central Pacific
on U.S.S. Norton Sound, 1949, for study of cosmic
rays and earth's magnetic field, using Aerobee
rockets.

Leader, Scientific Expedition to Gulf of
Alaska on U.S.S. Norton Sound, 1950, for study
of cosmic rays, using Aerobee rockets.

Leader, Scientific Expedition to Arctic on

U.S8.C.G.C. Eastwind, 1952, for study of cosmic
rays with balloon-launched rockets.
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PROFESSIONAL
SOCIETY
MEMBERSHIPS:

COMMITTEES:

James A. Van Allen

Leader, Scientific Expedition (I.G.Y.) to
Arctic on U.S.S. Plymouth Rock, 1957, for study
of cosmic rays, aurorae, and geomagnetic field
with balloon-launched rockets and to Atlantic,
Central Pacific, South Pacific, and Antarctic
areas on U,S.S. Glacier, 1957, for same
purposes.

Research Fellow, Guggenheim Memorial Foundation
1951, at Brookhaven Natiomal Laboratory.

Research Associate, Princeton University,
Project Matterhorn, 1953-54, for early
experimental work on controlled thermo-
nuclear reactions.

Associate Editor, Physics of Fluids, 1958-62.

Associate Editor, Journal of Geophysical
Research, 1959-1967.

Member, Editorial Board, Space Science
Reviews, 1962-1974,

Lecturer, Enrico Fermi International Summer
School, Varenna, Italy, 1962.

Lecturer, NATO Conference, Bergen, Norway,
1965.

Fellow, American Physical Society

Fellow, American Geophysical Union

Member, Iowa Academy of Science

Member, National Academy of Sciences

Founding Member, Int. Academy of Astromautics

Fellow, Institute of Electrical and Electronics
Engineers

Fellow Member, American Astronautical Society

Member, American Astronomical Society

Member, Sigma Xi

Member, Gamma Alpha

Member, Cosmos Club

Fellow, American Rocket Society

Member, Royal Astronomical Society (U.K.)

Member, American Philosophical Society

Fellow, American Academy of Arts and Sciences

Member, Rocket and Satellite Research Panel
(formerly V-2 Rocket Panel, then Upper
Atmosphere Rocket Research Panel) 1946 to date,
Chairman 1947-1958, and member executive
committee 1958 to date.
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James A. Van Allen

Member, Technical Panel on Earth Satellite
Program (I.G.,Y.) 1955-1958 and Chairman,
Working Group on Internal Imstrumentation
1956-1958.

Member, Technical Panel on Rocketry (I.G.Y.)
1955-1958.

Member, Technical Panel on Cosmic Rays
(1.G.Y.) 1956-1958.

Member, Technical Panel on Aurora and Airglow
(1.G.Y.) 1957-1958.

Member, Subcommittee on Upper Atmosphere,
National Advisory Committee on Aeronautics
1948-1952,

Member, Advisory Committee on Nuclear Physics,
Office of Naval Research, 1957-1960.

Member, Advisory Committee on Physics, National
Science Foundation, 1957-1960.

Consultant, President's Science Advisory
Committee, 1962-1963.

Member, Space Science Board of the National
Academy of Sciences, 1958-1970.

Member, Particles and Fields Subcommittee
of Space Science and Applications Steering
Committee, NASA, 1959-1963; 1966-1969.

Member, Panel on Science and Technology of
the Committee on Science and Astronautics of
the U.S. House of Representatives, 1959-1972,

President, Planetary Sciences Section, Am.
Geophysical Union, 1964-1968.

Chairman, Iowa's International Cooperation
Year Committee on Science and Advanced
Technology, 1965.

Member, Ad Hoc Science Advisory Committee,
NASA, 1967.

Chairman, Ad Hoc Panel on Small Planetary
Probes, Space Science Board, National
Academy of Sciences, 1966.



James A. Van Allen

Member, Lunar and Planetary Missions Boards,
NASA (also Chairman, Jupiter Panel),
1967-1971.

Governor's Science Advisory Committee,
1967-1969.

Director~-at-Large, Association of Universities
for Research in Astronomy (AURA), Inc.;
Chairman of Space Subcommittee, Scientific
Committee, March 1968-March 1971.

Member, U.S. Committee for the Global
Atmospheric Research Program (USC~GARP),
1968 through June 30, 1970.

Member, AGU Selections Committee for John
A, Fleming Award, 1968,

Member, CALTECH Board of Visitors, 1968.

Member, Science Advisory Group/Outer Solar
System Missions, JPL/NASA 1970-1972.
Consultant: 1 June 1971-1 June 1972).

Chairman, Outer Planets Science Working
Group (OPSWG), Sept. 1972 ...

Chairman, Outer Planets Science Advisory
Committee (OPSWG), 1973.

Chairman, Mariner Jupiter Uranus/Science
Advisory Committee, Dec. 1973-0Oct. 1974.

Co-Chairman, NASA Pioneer Jupiter Orbiter
Mission, Definition Group, May-Dec. 1974.

President, Solar and Planetary Section
American Geophysical Union 1975 ...

Member, Committee on Planetary and Lunar
Exploration, Space Science Board, National
Academy of Sciences, 1975 ...

Member, Board of Governors of the National
Space Institute, 1975 ...

Member, Arecibo Advisory Board, 1975 ...

PUBLISHED PAPERS IN
REFEREED JOURNALS : 160"
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PRINCIPAL

INVESTIGATOR:

HONORS, etc.:

1949

1949
1951
1957
1958
1959
1960
1961
1961
1963
1966
1966
1967
1969

1958
1959
1960
1961
1961
1961
1962

1963
1963
1964
1964
1964
1972
1974

1975

James A. Van Allen

EXPLORER 1 INJUN 3
EXPLORER 3 0GO 1
EXPLORER 4 EXPLORER 25 (INJUN &)
PIONEER 3 MARINER 4
PIONEER & 0GO 2
EXPLORER 7 EXPLORER 33 (AIMP-D)
INJUN 1 MARINER 5
EXPLORER 12 EXPLORER 35 (AIMP-E)
TRAAC EXPLORER 40 (INJUN 5)
MARINER 2 PIONEER 10
EXPLORER 14 PIONEER 11
EXPLORER 15 HAWKEYE 1

C.N. Hickman medal of American Rocket Society
for development of Aerobee.
Physics award of Washington Academy of Science.
Doctor of Science degree, Iowa Wesleyan College.
Doctor of Science degree, Grinnell College.
Doctor of Science degree, Coe College.
Doctor of Science degree, Cornell College.
Doctor of Science degree, Univ. of Dubuque.
Doctor of Science degree, Univ. of Michigan.
Doctor of Science degree, Northwestern Univ.
Doctor of Science degree, Illinois College.
Doctor of Science degree, Boston College
Doctor of Science degree, Butler University.
Doctor of Science degree, Southampton College.
Doctor of Science degree, Augustana College.

Space Flight Award, Am. Astronautical Society.

Distinguished Civilian Service medal (US Army).

Louis W. Hill 1959 Space Transportation Award.

First Iowa Award in Science.

First Annual Research Award, Am.Rocket Society.

Elliot Cresson medal, Franklin Institute.

David and Florence Guggenheim Int. Astro-
nautics Award.

John A. Fleming Award, Am. Geophysical Union.

Golden Omega Award, Electrical Insulation Conf.

John A. Fleming Award, Am. Geophysical Union
(Second Recipient).

Commander of the Order du Merite pour la
Recherche et L'Invention.

Iowa Broadcasters Association Award.

Carver Distinguished Professor, Univ. of Iowa.

NASA Medal for Exceptional Scientific
Achievement.

Distinguished Fellow of the Iowa Academy of
Science,
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PUBLICATIONS (1970-1975) J. A. Van Allen

"Catalog of Solar X-Rays Solar Geophysical Data', J. A. Van Allen, Environ-
mental Data Service, U.S. Department of Commerce, IER-FB-275 to IER~ 3-299,
Part II, SGD-300 to SGD-338, Part II, July 1966 - October 1972.

"Energetic Particle Phenomena in the Earth's Magnetospheric Tail', James A.
Van Allen, Particles and Fields in the Magnetosphere, ed. by B. M. McCormac,
pp. 111-121, 1970,

"On the Electric Field in the Earth's Distant Magnetotail, James A. Van Allen,
J. Geophys. Res. 75, 29-38, 1970.

"Correlation of X-Ray Radiation (2-12 A°) with Microwave Radiation (10.7 cm)
from the Non-Flaring Sun'", Sr. Jean Gibson, 0.S.B. and James A. Van Allen,
Astrophys. J. 161, 1135-1146, 1970,

"Trapped Energetic Nuclei Z > 3 in the Earth's Quter Radiation Zone", S. M.
Krimigis, P. Verzariu, J. A. Van Allen, T. P. Armstrong, T. A. Fritz and B, A.
Randall, J. Geophys. Res. 75, 4210-4215, 1970.

"Energetic Carbon, Nitrogen and Oxygen Nuclei in the Earth's OQuter Radiation
Zone', James A. Van Allen, Bruce A. Randall and Stamatios M. Krimigis, J. Geophys.
Res. 75, 6085-6091, 1970.

"Evidence for Direet Durable Capture of 1- to 8-MeV Solar Alpha Particles onto
Geomagnetically Trapped Orbits', James A, Van Allen and Bruce A. Randall,
J. Geophys. Res. 76, 1830-1836, 1971.

"Asymmetric Access of Energetic Solar Protons to the Earth's North and South
Polar Caps', J. A. Van Allen, J. F. Fennell and N. F. Ness, J. Geophys. Res.
76, 4262-6275, 1971, ’

"Low Energy (= 0.3 MeV) Solar-Particle Observations at Widely Separated Points
(> 0.1 AU) during 1967", S. M. Krimigis, E. C. Roelof, T. P. Armstrong and
J. A. Van Allen, J. Geophys. Res. 76, 5921-5946, 1971.

"Observations of Galactic Cosmic-Ray Intensity at Heliocentric Radial Distances
from 1,0 to 2.0 Astronomical Units', James A. Van Allen, Astrophys. J. 177,
L49-L52, 1972,

"Anisotropies in the Interplanetary Intemsity of Solar Protons E_ > 0.3 MeV",
William G. Innanen and James A. Van Allen, J. Geophys. Res. 78, E019—1035, 1973.

"Height Distribution and Directionality of 2-12 A° X-Ray Flare Emission in the
Solar Atmosphere', Charles P. Catalano and James A. Van Allen, Astrophys. J. 185,
335-349, 1973.

"The Trip to Jupiter'", J. A, Van Allen, Bulletin of the Atomic Scientists,
pp. 52-56, December 1973,



PUBLICATIONS J. A. Van Allen

"Heliocentric Radial Dependence of Galactic Cosmic Ray Intensity To and Beyond
3.3 A.U.", J. A. Van Allen, 13th Int. Cosmic Ray Conf. Papers, Denver 2, 750,
August 1973, .

"Energetic Electrons in the Magnetosphere of Jupiter'", J. A. Van Allen, D. N.
Baker, B. A. Randall, M. F. Thomsen, D. D. Sentman and H. R. Flindt, Science
183, 309-311, 1974.

"Variability of Intensity Ratios of H to He and He to Z = 3 Ions in Solar
Energetic Particle Events'", J. A. Van Allen, P. Venkatarangan and D. Venkatesan,
J. Geophys. Res. 79, 1-8, 1974,

"Jupiter's Magnetosphere as Observed with Pioneer 10", James A. Van Allen and
Roger F. Randall, Astronautics and Aeronautics, pp. 14-21, July/August 1974,

"The Magnetosphere of Jupiter as Observed with Pioneer 10", J. A. Van Allen,
D. N. Baker, B. A. Randall and D. D. Sentman, J. Geophys. Res. 79, 3559-3577,
1974,

"Effects of Interplanetary Shock Waves on Energetic Charged Particles', E. T.
Sarris and J. A. Van Allen, J. Geophys. Res. 79, 4157-4173, 1974,
"Investigation of Uranus, Its Satellites, and Distant Iﬁterplanetary Phenomena
by Spacecraft Techniques', J. A. Van Allen, Icarus 24, 277-279, 1975.

"Pioneer 1l Observations of Enmergetic Particles in the Jovian Magnetosphere',
J. A. Van Allen, B. A. Randall, D. N, Baker, C. K. Goertz, D. D. Sentman, M. F.
Thomsen and H. R. Flindt, Science 188, 459-462, 1975,

"Angular Distributions of Electrons of Energy E, > 0.06 MeV in the Jovian
Magnetosphere", D. D. Sentman and J. A. Van Allen, submitted for publication
to J. Geophys. Res, '

"Energetic Electrons in the Jovian Magnetosphere', D. N. Baker and J. A. Van Allen,
submitted for publication to J. Geophys. Res.
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DATE OF BIRTH:

PRESENT POSITION:

RESEARCH AREA

EXPERIENCE:

EDUCATION

PREVIOUS POSITIONS:

Dr. Michele Antoinette Isabelle Van.Hollebeke

December 8, 1939

Research Associate
University of Maryland

Solar and Galactic Cosmic Rays

1964
1968
1970
1970 - 1971
1968 - 1970
1963 - 1968

B-28

License es Sciences, University
of Paris, France, Physics
D.E.A., University of Paris,
France, Geophysics

Doctorat in Geophysics,
University of Paris, France

Post doctoral ESRO Fellowship
NASA/Goddard Space Flight Center
Research Assistant, Laboratoire
de Physique Cosmique,

Verrieres Buisson, France
Research Assistant, Laboratoire
de Physique generale Dr.

Morand, Faculte des Sciences,
Paris, France



PUBLICATIONS M. Van Hollebeke

"Diffusion P - Noyaux at 3 GeV/C'", nuevo Cimento X 44, 17-30, 1966.

"Statistical Detection of Scattering for Small Detection'", Communication IV
Int. Conf. on Corpuscular Photographic of Florence, 1966,

"Diffusion P - Noyaux at 27 GeV/C", Journal de Physique 28, 139, 1967.

"Statistical Method of Small Angle Scattering Detection with Computer', Journal
de Physique 29, 1, 1968.

"Etude de l'lonisation d'Electrons Ultra Relativistes Cans L'Emulsion Nucleaire",
Y. Bathyany, A. Bernheim, B. Charquet, M. Van Hollebeke and M. Morand, C. R.
Acad. Sc. Paris +.26g, Serie B 655, 1969.

"Etude de la variation Diurne Renforcee du Rayonnement Cosmique', Doctorat
thesis, University of Paris, France, 1970.

"Electrons in Quiet Time Increases, Samples of Condition in the Outer Solar
System'", L. Fisk and M. Van Hollebeke, 12th Int. Conf. on Cosmic Rays, 16-25
August 1971,

"Quiet time Electrons Increases, A measure of Conditions in the Outer Solar
System', L. Fisk and M. Van Hollebeke, J. Geophys. Res. 77, 13, 2232, 1972.
"Modulation of Low Energy Galactic Cosmic Rays over Solar Maximum (Cycle 20)",
M. A. Van Hollebeke, J. R. Wang and F. B. McDonald, J. Geophys. Res. 77, 34,
6881, 1972,

"Solar Cosmic Rays Micro Events", F. B. McDonald and M. A. Van Hollebeke,
Proceedings of the Symposium on High Energy Phenomena on the Sun, Sept. 28-30,
1972, GSFC X-693-73-193, 1973.

"IMP 5 Observations on the Solar Flare Events of Jan. 24 and Sept. 1 of 1971%,
M. Van Hollebeke, J. R. Wang and F. B. McDonald, Report UAG 24, 103, Dec. 1972.

"Modulation of Low Energy Galactic Cosmic Rays', M. A. Van Hollebeke, J. R.
Wang and F. B. McDonald, 13th Int. Cosmic Ray Conf., 2, 1298, 1973,

"A Catalogue of Solar Cosmic Ray Events IMP IV & V (May 1967 - December 1972)",
M. A. Van Hollebeke, J. R. Wang and F. B. McDonald, GSFC X-661-74-27.

"The Variation of Solar Proton Energy Spectra and Size Distribution with
Heliolongitude", M,A.I. Van Hollebeke, L. A. Ma Sung and F. B, McDonald, Solar
Physics 41, 189, 1975.

"Propagation Characteristics of Solar Flare Particles", L., A. Ma Sung, M. A.

Van Hollebeke and F. B. McDonald, Proc. of l4th Int. Cosmic Ray Conf., Munich,
Germany, 1975.
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PUBLICATIONS M. Van Hollebeke

"Relative Abundance of Proton to Helium Nuclei in Solar Cosmic Ray Events',

M.A.I. Van Hollebeke, Proc. of l4th Int. Cosmic Ray Conf., Munich, Germany,
1975.
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DATE OF BIRTH:
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RESEARCH AREA
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PREVIOUS POSITIONS:

PROFESSIONAL
SOCIETY
MEMBERSHIPS:

Dr. Rochus E. Vogt
December 21, 1929

Professor of Physics, )
California Institute of Technology

Research on the astrophysical aspects

of cosmic radiation. Principal
TInvestigator on NASA Grant NGR 05-002-160
supporting space research at Caltech.
Co-investigator on cosmic ray experiments
on NASA's 0GO-6, IMP 7 & 8, HEAO A, and
Principal Investigator on MJS77.

1957 - S.M. University of Chicago
1961 - Ph.D. University of Chicago

1953 - 1961 Research Assistant
Enrico Fermi Institute for
Nuclear Studies, University
of Chicago

1961 - 1962 Research Associate
Enrico Fermi Institute for
Nuclear Studies, University
of Chicago

1962 - 1965 Assistant Professor of Physics
California Institute of
Technology

1965 - 1970 Associate Professor of Physics
California Institute of
Technology

American Physical Society (Fellow)

American Geophysical Union

American Association of Physics Teachers

American Association for the Advancement
of Science



PUBLICATIONS Rochus E. Vogt
"Electrons in the Primary Cosmic Radiation', R. E. Vogt and P. Meyer, Phys.
Rev. Letters 6, 193, 1961.

"The Primary Cosmic-Ray Electron Flux during a Forbush-Type Decrease', R. E.
Vogt and P. Meyer, J. Geophys. Res. 66, 3950, 1961.

"Flux and Energy Spectra of Primary Cosmic-Ray Protons from 70-400 MeV'",
R. E. Vogt, Bull. Phys. Soc., Ser. II, 6, 263, 1961.

"Flux and Energy Spectra of Primary Cosmic-Ray Protons from 70 to 400 MeV",
R. E. Vogt, J. Phys. Soc. Japan 17, SA-11, 436, 1962,

"Some Properties of Primary Cosmic-Ray Electrons, R. E. Vogt and P. Meyer,
J. Phys., Soc. Japan 17, SA-III, 5, 1962.

"Primary Cosmic-Ray and Solar Protons', R. E. Vogt, Phys. Rev. 125, 366, 1962,

"High Energy Electrons of Solar Origin', R. E. Vogt and P. Meyer, Phys. Rev.
Letters 8, 387, 1962.

"The Flux and Energy Spectrum of Primary Cosmic-Ray Protons as a Function of
Time", R. E. Vogt and P. Meyer, Trans. Am. Geophys. Union 43, 461, 1962.

"Primary Cosmic-Ray and Solar Protons II", R. E. Vogt and P. Meyer, Phys. Rev.
129, 2275, 1963.

"Changes in the Primary Cosmic-Ray Proton Spectrum in 1962 and 1963", R. E.
Vogt and P. Meyer, Proc. 8th Int. Conf. on Cosmic Rays 3, 39, 1963.

"Cosmic Ray Hydrogen and Helgum Spectra in 1966", R, E. Vogt, E. C. Stone and .
K. P. Wenzel, 10th Int. Conf. on Cosmic Rays, Calgary, Canada, 1967,

"A Solar and Galactic Cosmic Ray Satellite Experiment", R. E. Vogt, W. E.
Althouse, T. H. Harrington and.E. C. Stonme, IEEE Trans., NS-15, No. 1, 229,
1968.

"Messungen der Albedo-Protonen der Kosmischen Strahlumd", R. E. Vogt, E. C.
Stone and K. P. Wenzel, Verh, der Deutschen Phys. Ges. 6, 466, 1968,

" "piurnal Intensity Variations of Cosmic-Ray Electrons Observed at Balloon
Altitudes Near Fort Churchill, Manitoba'", R. E. Vogt and M. H. Israel, Trans.
Am. Geophys. Union 49, 240, 1968.

"Cosmic-Ray Electrons and Positrons between 6 and 200 MV'", R. E. Vogt, K. P.
Beuermann and C. J. Rice, Bull. Am. Phys. Soc., Ser. II, 13, 1411, 1968.

"Long-Term Variations of the Primary Cosmic-Ray Electron Component'", R. E.
Vogt, J. L'Heureux, P. Meyer and S. D. Verma, Can. J. Phys. 46, 896, 1968.
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PUBLICATIONS Rochus E. Vogt

"Flux of Cosmic-Ray Electrons between 17 and 63 MeV", R, E. Vogt and M. H.
Israel, Phys. Rev. Letters 20, 1053, 1968.

"Cosmic-Ray Negatron and Positron Spectra between 12 and 220 MeV", R. E. Vogt,
K. P. Beuermann, C. J. Rice and E. C. Stome, Phys. Rev. Letters 22, 412, 1969.

"Characteristics of the Diurnally Varying Electron Flux near the Polar Cap",
R. E. Vogt and M. H, Israel, J. Geophys. Res. 74, 4714, 1969.

"Cosmic-Ray Negatron and Positron Spectra Observed near Fort Churchill in
1968'", R. E. Vogt, K. P. Beuermann, C. J. Rice and E. C. Stone, Acta Physica
Academiae Scientiarum Hungaricae 29, Suppl. 1, 173, 1970.

"Diurnal Geomagnetic Cutoff Variations for Positrons and Negatrons near
A - 68°", R, E., Vogt, C. J. Rice, K. P, Beuermann and E. C. Stone, Trans. Am.
Geophys. Union 51, 393, 1970,

"Non-Diffusive Effects in the Propagation of 1-10 MeV Solar Protons", R. E.
Vogt, S. S. Murray and E. C. Stone, Trans. Am. Geophys. Union 51, 798, 1970.

"Interplanetary Deceleration of Solar Cosmic Rays", R. E. Vogt, S. S. Murray
and E. C, Stone, Phys. Rev. Letters 26, 663, 1971,

"The Production of Secondary Protons in the Atmosphere by Cosmic Rays'", R. E.
Vogt and T. k. Garrard, Trans. Am. Geophys. Union 52, 893, 1971.

"Propagation of Solar Flare Electromns'", R. E. Vogt, D. L. Gunter, J. E. Lupton
and E, C. Stone, Trans. Am. Geophys. Union 52, 889, 1971.

""Solar Modulation of Cosmic-Ray Protons and Alpha Particles", R. E. Vogt,
T. L. Garrard and E. C. Stone, Bull. Am. Phys. Soc., Ser II, 17, 455, 1972.

"Interplanetary Diffusion Coefficients for Cosmic Rays'", R. E. Vogt, A. C.
Cummings and E. C. Stone, Trans. Am. Geophys. Union 53, 1083, 1972.

"Cosmic-Ray Hysteresis and Spatial Features of the Modulation Region", R, E.
Vogt, T. L. Garrard and E. C, Stone, Trans. Am. Geophys. Union 53, 1083, 1972.

"Rigidity Dependence of the Relative Elemental Abundances of Cosmic Rays
(3<Z<8)",R. E. Vogt, J. W. Brown and E. C. Stone, Bull. Am. Phys. Soc.,
Ser. II, 18, 540, 1973.

"Observations of 0.16 to 3 MeV Electrons during Solar Quiet Times'", R. E. Vogt,
G. J. Hurford, R. A. Mewaldt and E. C. Stone, Bull. Am. Phys. Soc., Ser. II,
18, 568, 1973.

"Observations of the Ratio of Low-Energy Cosmic-Ray Positrons and Electrons",

R. E. Vogt, G. J. Hurford, R. A. Mewaldt and E. C, Stone, Bull. of the Am.
Phys. Soc. Ser. II, 18, 569, 1973.
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PUBLICATIONS Rochus E. Vogt

"The Isotopes of H and He in Solar Cosmic Rays', R. E. Vogt, T. L. Garrard
and E. C. Stone, High Energy Phenomena on the Sun Symposium Proceedings,
Sept. 28 - 30, 1972, Edited by R. Ramaty and R. G. Stone, GSFC Preprint
X-693-73-193,

"The Energy Spectrum of 0.16 to 3 MeV Electrons during Solar Quiet Times',
R. E. Vogt, G. J. Hurford, R. A. Mewaldt and E. C. Stone, Conf. Papers,
13th Int. Cosmic Ray Conf., Denver 1, 324, 1973.

"Observations of the Ratio of Low-Energy Cosmic-Ray Positrons and Electrons
during Solar Quiet Times', R. E. Vogt, G. J. Hurford, R, A. Mewaldt and
E. C., Stone, Conf. Papers, 13th Int. Cosmic Ray Conf., Denver 1, 330, 1973.

"Observations of Low Energy Hydrogen and Helium Isotopes during Solar Quiet
Times'", R. E. Vogt, G. J. Hurford, R. A. Mewaldt and E. C. Stone, Conf. Papers,
13th Int. Cosmic Ray Conf., Denver 1, 93, 1973.

"Measurements of the Cosmic-~Ray Be/B Ratio and the Age of Cosmic Rays',
R. E. Vogt, J. W. Brown and E. C. Stone, Conf. Papers, 13th Int. Cosmic Ray
Conf., Denver 1, 484, 1973,

"The Elemental Abundance Ratios of Interstellar Secondary and Primary Cosmic
Rays", R, E. Vogt, J. W. Brown and E, C. Stone, Conf., Papers, 13th Int. Cosmic
Ray Conf., Denver 1, 556, 1973.

"Interstellar Electron Spectrum from the Galactic Non-Thermal Radio Emission',
R. E. Vogt, A. C. Cummings and E. C. Stone, Conf. Papers, 13th Int. Cosmic
Ray Conf., Denver 1, 335, 1973.

"Evidence for Primary Interstellar Cosmic-Ray Electrons'", R. E. Vogt, A. C.
Cummings and E. C. Stone, Conf., Papers, 13th Int. Cosmic Ray Conf., Denver 1,
340, 1973.

"Interplanetary Diffusion Coefficients for Cosmic Rays', R. E. Vogt, A. C.
Cummings and E. C. Stonme, Conf. Papers, 13th Int. Cosmic Ray Conf., Denver 2,
772, 1973.

"Analytic Approximations in the Study of the Solar Modulation of Electroms',
R. E. Vogt, A. C. Cummings and E. C. Stone, Conf. Papers, 13th Int, Cosmic Ray
Conf., Denver 2, 765, 1973.

"Solar Modulation of Cosmic-Ray Protons and He Nuclei', R. E. Vogt, T. L. Garrard
and E. C. Stone, Conf. Papers, 13th Int. Cosmic Ray Conf., Denver 2, 732, 1973.

"Relation of the Radial Gradient of Cosmié-Ray Protons to the Size of the Solar

Modulation Region', R. E. Vogt, T. L. Garrard and E. C. Stone, Conf. Papers,
13th Int. Cosmic Ray Conf., Denver 2, 1336, 1973.
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PUBLICATIONS Rochus E. Vogt
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