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ABSTRACT

Title of Dissertation: TRANSPORT PHENOMENA OF ANOMALOUS
COSMIC RAYS DURING THE RECOVERY
PHASE OF SOLAR CYCLE 22

Matthew Eric Hill, Doctor of Philosophy, 2001

Dissertation directed by: Professor Douglas C. Hamilton
Department of Physics

We study anomalous cosmic ray (ACR) transport phenomena in the
heliosphere during the 1991 to 2000 recovery phase, a period of positive
heliomagnetic polarity. Using measurements from the Low Energy Charged Particle
(LECP) instruments aboard the outer heliospheric Voyager 1 and 2 spacecraft and the
Low-energy Ion Composition Analyzer (LICA) on the low-Earth orbit SAMPEX
satellite, we calculate ACR H, He”, and O™ time-intensity profiles and energy spectra.
The 0.6- to 39-MeV/nucleon energy range reaches the lowest ACR energies studied,
Voyager 1 provides the most distant in situ observations made (~80 AU), and the
spacecraft cover the entire recovery phase, making this the most complete study of
low-energy ACRs to date.

We present a technique, the quasi-local gradient method, to simultaneously

determine radial and latitudinal intensity gradients using data from fewer than three



spacecraft, something not possible with the non-local gradient method. Both gradient
techniques are valid under different sets of conditions, but agree when conditions are
mutually satisfied. We study ACR transport with two additional methods, including a
time-dependent numerical solution to the spherically symmetric Fokker-Planck
equation, and these methods corroborate the results of the quasi-local procedure.
During ~1994 to 1999, for 1.3-, 6-, and 21-MeV/nucleon O the radial gradients from
50 to 70 AU are +11.2+1.1, +6.8+0.8, and -0.2+0.5 %/AU, respectively, and the
latitudinal gradients from ~10 to 30 degrees of absolute latitude are -5.5+1.2, -2.620.8,
and +2.9+0.3 %/degree, respectively.

In 1998 and 1999 a statistically significant periodicity of 150+10 days is
observed in the intensities of the three ACR species at Voyager 1, all three in phase.
This may be related to similar periodicities observed in solar and near-Earth
measurements, but never before reported in outer heliospheric or ACR data.

We show that the dominant ACR transport processes are convection and
diffusion and that a quasi-steady state is reached after 1994. A spherically symmetric
transport model with a constant ACR source at the termination shock is consistent
with the data, and gradient and curvature drift effects, away from the heliospheric

current sheet, are significant only for ACRs with rigidities above ~2GV.
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