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We designed the Magnetic Passive Isotope Experiment (MAG-
PIE) to measure the isotopic composition of the iron-group nuc-
lei (manganese through nickel) in the cosmic radiation within
the energy interval 0.1-1.0 billion electron volts per nucleon
(Salamon et al. 1991). Given large statistics and sufficient mass
resolution, such a measurement would yield rich information on
the nucleosynthesis, acceleration, and propagation of nuclear
cosmic rays within our galaxy.

It is believed that first-order Fermi acceleration at supernova
shock fronts is responsible for the acceleration of most cosmic rays
(Ellison et al. 1990). It is not known, however, whether the source
material is the ejecta of supernovae, whose strong shock fronts
promptly accelerate the freshly synthesized cosmic rays, or in-
stead is simply several-billion-year-old interstellar matter that is
entrained and accelerated by passing shock fronts. Measurements
of the elemental abundances in the cosmic rays provide only
limited information on this and other outstanding questions in
particle astrophysics, as various atomic selection effects may sig-
nificantly alter the observed elemental composition (Meyer 1985).
Isotopic abundance measurements within a given element are
relatively free from these distortions and provide additional data
which can further constrain models of synthesis and acceleration.

The iron-group nuclei are particularly informative in this
regard, as their isotopic composition is very sensitive to the
stellar-core environment just before and during stellar collapse,
during which explosive nucleosynthesis of these nuclei occur
(Woosley 1976). Should measured iron-group cosmic-ray iso-
topes be similar in composition to that of our solar system, then
it is likely that the cosmic-ray source is interstellar matter that is
undergoing slow chemical evolution. Should dramatic differ-
ences exist, then we are probably detecting fresh ejecta from
supernovae, whose constitution would provide a new and excit-
ing window on explosive nucleosynthesis.

A "smoking gun" that would prove that cosmic rays are freshly
produced and accelerated in supernovae would be the observat-
ion of one or more of the electron-capture isotopes nickel-56, cobalt-
57, and nickel-59 in the cosmic-ray iron-group. These isotopes
decay via electron-capture but are stable against positron decay.
With electron capture lifetimes of 6.1 days (nickel-56), 270 days
(cobalt-57), and 80,000 years (nickel-59), these isotopes would have
decayed long ago in the interstellar matter (Simpson 1983). Only if
these isotopes were to be accelerated to relativistic energies very
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Figure 1. MAGPIE's flight path. From NASA presentation by H.
Needleman of NASA/Wallops.
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Figure 2. MAGPIE's altitude profile (thousands of feet). From R. Nock
of NASA/Wallops.

shortly after their synthesis, thereby stripping the nuclei of all their
atomic electrons (preventing electron capture), could they survive
without decay for periods comparable with the mean cosmic-ray
propagation time of about 10 billion years. Detection of these rare
(if extant) isotopes amidst populous neighboring mass peaks re-
quires stringent mass resolution.

A number of cosmic-ray iron isotope experiments have been
flown in the past (Leske et al. 1992), but none have achieved the
mass resolution required for unambiguous identification of rare
isotopes, which is roughly 0.2 atomic mass unit, or a fractional
mass resolution of less than 0.4 percent. MAGPIE was designed
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to achieve this requisite mass resolution, with an event rate of
about 100 iron-group cosmic-ray nuclei per day of flight. The
instrument measures particle mass by determining its rigidity
(momentum/ charge) with a magnetic spectrometer, and particle
charge and velocity with a range stack of about 200 sheets of
nuclear-track-detecting plastic (CR-39, AMen et al. 1981). It is
optimized to detect iron-group nuclei in the energy interval 0.1-
1 0 billion electron volts per nucleon, in which region the cosmic-
ray iron flux is maximal. (For such an experiment, being near one
of the two geomagnetic poles is essential; at lower latitudes, the
Earth's magnetic field acts as a rigidity filter, preventing lower
energy cosmic rays from reaching the upper atmosphere. In this
regard the Antarctic is an ideal location, as the cosmic-ray iron-
group flux there is maximal. The magnetic spectrometer consists
of a superconducting magnet with three sheets of CR-39 that act
as particle hodoscopes. Rigidity is determined by measurement
of the particle's trajectory curvature in the magnetic field to an
accuracy of tens of microns. The thin (0.25 millimeter) sheets of
CR-39 comprising the range stack detect highly ionizing particles
(such as relativistic iron) by the polymer damage that occurs
along the particle trajectory in the plastic (Fleischer et al. 1975).
After etching in a solution of sodium hydroxide, microscopic
"tracks" (etch pits) appear along particle trajectories on the
plastic surface; measurement of their size gives the particle
charge and velocity. By observing the slowing of the particle in
the stack as it loses energy by ionization, one can uniquely
determine both its charge and entry velocity. (As the particle
slows, its ionization energy loss increases, producing larger
track structures in the plastic.) About one million etch pits must
be measured for this experiment; these will be analyzed by a fully
automated microscope system with imaging hardware/software
that is capable of automated track pattern recognition.

The Antarctic provides a unique opportunity to achieve long-
duration balloon flights. Because the sun never sets in the austral
summer season, balloons do not suffer usual day-night altitude
loss of mid-latitude flights. Because the winds drive the payload
into a circumpolar trajectory, flights do not have to be terminated
prematurely as at mid-latitudes, when winds may carry payloads
out to sea, over mountain ranges, or over populated areas. The net
effect is that, in contrast to the one to two days of flight usual for
mid-latitude launches, heavy payloads can now be kept aloft for
one, two, or more weeks, thus dramatically increasing the statis-
tical significance (and science return) of these balloon-borne
experiments.

Our payload, with a scientific weight of 907.19 kilograms, was
flown with a 8,991,600-meter balloon in December 1991 from
Williams Field, near McMurdo Station in the Antarctic. It quick-
ly reached its float altitude of about 3 grams per square centime-
ter, remaining for 9 days at this altitude before the flight was
terminated, having made its planned single circumnavigation of
the Pole. Figure 1 shows MAGPIE's flight path, and figure 2 its
altitude profile. Had the superconducting magnet's dewar been
designed for greater liquid helium storage, there is no indication
in the altitude profile data that MAGPIE could not have flown for
many more days. An initial attempt to recover the payload with
a C-130 Hercules transport failed because of the very high alti-
tude (3,505.2 meters) of the landing site on the glacial plateau.
Recovery of the payload was finally achieved with two flights of
a Twin Otter based at the South Pole.

Analysis of the data from the MAGPIE flight is presently
under way. Chemical processing and microscopic measurement
of the range stack data will take a little over one year, with new
results on the cosmic-ray iron-group isotope composition being
expected shortly afterwards.
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