Background and Motivation

In 1986 and 1989, Voyager 2

The unusual radiation belts of the ice giant planets:

Getting ready for a future mission

Abstract

Voyager 2 found a proton intensity in the radiation belts of Uranus and Neptune

below the expected level.

 Hypothesis: The large quadrupole moments in the magnetic fields of Uranus and
Neptune cause the unusual behaviour.

 We created a test particle simulation to investigate.

 Results indicate that protons experience larger radial drift than electrons in a field
with a large quadrupole moment, providing a possible explanation for the proton

distribution at the ice giants.
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* |n the absence of local currents (VXB = 0), the magnetic field can be

expressed as the gradient of a scalar potential, V (B = —VV). V can be
expanded in a series of functions known as the spherical harmonics, such that

where a is the equatorial radius of the planet and T.¢ and T} are series
representing the contributions due to external and internal sources,
respectively. The external contributions are truncated to N = 1, corresponding
to a uniform field. From this expression the components of the magnetic field

and quadrupole components of the magnetic field, respectively. [7]

* Using the data from Voyager 2, the dipole and quadrupole components of the
ice giants’ magnetic fields were calculated by F. Herbert [8], based on the

 The direction of the curvature drift experienced by a particle along an L shell
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* The ratio between the quadrupole and dipole moments was calculated, and  Figure 3. Colour plot of the quadrupole

against dipole ratio of the magnetic field of
Uranus. A high value indicates a strong
guadrupole component. The arrows indicate
the combined dipole and quadrupole
magnetic field of the planet.
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simulations of a proton’s trajectory in a uniform
and dipole field, making sure that the energy and
adiabatic invariant remained constant.
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Initial Long Run

e Large deviations in
particle L-shell were
found in the case of the
complete field, but not
in the dipole case (see
figure 7), indicating the
guadrupole component
is causing drift between
L-shells.

* To break this down
further, we consider
single reflections at the
pole.

Figure 5. Simulation of a 1MeV proton in
the dipole only field of Uranus.

performed in order to test our hypothesis.

Results
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 For both protons and electrons, our preliminary results (figure 8) show a large
change in L-shell at the equator after one ‘bounce’ but only when the
guadrupole component is present.

* There is a much greater deviation for protons, as expected, since they have a
larger gyro-radius, and so experience more changes in the magnetic field along

one gyration and therefore experience more radial drift.

 Electrons show deviation in the opposite direction to protons because of their

Figure 7: Comparison of the particle L-shell
recorded during two simulations of 10°eV
protons; one with the dipole field only and
one with the complete field. Both particles
were launched into the same region.

* We have shown evidence suggesting that the large quadrupole moment in the magnetic field of Uranus and Neptune can influence the
protons in the radiation belts to drift across L shells, potentially leading to the proton deficiency observed by Voyager 2.

* As our results do not take into account the effects of multiple reflections and the inter-particle interactions within the radiation belts, a
more complex numerical scheme is necessary to properly assess the scale of the effect we have found.

* This was the first step in understanding one of the driving forces behind the particle intensity of the ice giants’ radiation belts, which is
essential in the design of any new flagship mission visiting the outermost planets of our solar system.

Conclusions and Implications

opposing charge.

 The largest source of error is the truncation in the forward Euler method used to
calculate the particle position. All other errors are insignificant in comparison.
To reduce this error, for the final results we will reduce the step size. Our early
final results match the preliminary results.
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Figure 6. Energy, L shell and adiabatic invariant against time
for a 1 MeV proton in a dipole field. The variation in u and L
are due to the gyromotion of the proton.
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Figure 8: Particles launched northward from the equator
into the region at L=7, 8 = 30° ¢ = 200°, show a change in
their radial distance upon returning to the equator.
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