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Motivation & Method
•

•

Solar Wind shocks associated with Interplanetary Coronal Mass
Ejections can produce new radiation belt populations over
minute-timescales (Li+ 1993)
•

On 24 March 1991 CRRES observed the rapid formation of
a fresh radiation belt extending up to >50 MeV

•

This new belt persisted for over 10 years

The energetic particles of interest form a negligible contribution
to the overall plasma currents (e.g. Hudson, Elkington, Kress,
Sorathia et al.)

Self consistent MHD

(Blake+ 1992; Violet+ 2003)

Test-particle approximation
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Global-MHD
Mass Density (log) x-z plane

•

Fully explicit, Eulerian formation of the
resistive MHD equations on a uniform 3D
Cartesian grid (Chittenden et al. 2004,
Ciardi et al., 2007)

•

Split ion and electron energy equations,
vector potential induction equation

•

Satisfies 𝛻 ⋅ 𝐵 = 0 through vector potential
and staggered grid

•

Was developed for laboratory plasmas: Zpinches, magnetic tower jets & ICF

•

Magnetic field lines
colour:
field strength

Has been adapted and applied to
Neptune’s and the Earth’s magnetosphere
(Mejnertsen+ 2016, 2018)
See also poster by Eggington et al.
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Particle Tracing
Dipole test

•

Phase-space volume conserving Boris & Guiding Centre particle
integrators (Ripperda+ 2018, Cray & Brizard, 2009)

•

Particles see split magnetic fields with the non-dipole component trilinearly interpolated from grid points

•

Particles pass through distributed memory domains – the radiation belt
module is directly coupled to the MHD field

Dipole field test

Pickup Ion test
Pickup ion test
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Shock-magnetosphere interaction
•

A strong perpendicular shock is used to represent the 1991
extreme Space Weather event (Hudson et al., 1997)

•

Li et al. [1994] analytical approximation of the SSC pulse
propagating through the magnetosphere
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Shock-Induced Acceleration
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Shock-Induced Acceleration
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Shock-Induced Acceleration
•

Sub-solar magnetopause compressed from >10 to 5.5 Re in less than a minute

•

Large amount of outer belt lost due magnetopause shadowing

•

Rapid acceleration results in SEP reaching energies up to >50 MeV
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Drift Orbit Bifurcation
•

Magnetopause compression (currents) leads to
off-equatorial field-strength minima

•

This results in high-latitude particle trapping, i.e.
“Shabansky orbits” (e.g. Shabansky & Antonova,
1968, Ukhorskiy et al., 2014)

•

With weak IMF (magnetopause at >10 Re),
particle orbits are perturbed down to L=4

MeV 90° pitch
angle at L=4,6,8

Pre-shock
magnetosphere
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Drift Orbit Bifurcation
•

Compressed magnetosphere (magnetopause = 7.5 Re) results in equatorial field
strength maxima covering geostationary orbit

•

Particles initially at 8 Re are able to remain inside the magnetopause due to highlatitude trapping

•

Region with birfucarted field-strength minima appears to grow with increased
dynamic pressure (but then decreases under really extreme conditions)
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Substorms Injections
•

The velocity flows and electric fields
associated with substorms are observed
periodically in Gorgon

•

Here, the substorm perturbs the initially
90 degree pitch angle distribution and
results in particles entering the loss
cone

•

Injections from the tail also lead to driftshell splitting and the formation of fresh
belt populations

Substorm
BBF
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Space Weather Forecasting
•

Space Weather modelling efforts
extend from the solar surface
through to the ground to the
outer heliosphere

•

Gorgon is currently the only
model which directly runs a testparticle radiation belt model in
parallel with evolving MHD fields

•

Gorgon RB model is able to
simulate extreme events where
classic diffusion theory breaks
down
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Conclusions
o Global-MHD & Test-Particle simulations are able to simulate
extreme magnetospheric behaviour
o A strong ICME shock shown to rapidly accelerate particles to
increased energies and lower drift shells
o Drift Orbit Birfurcations observed even in a ‘quiet’ magnetosphere
and affect particle trajectories down to L~4
o Birfurcated field-strength minima region grows during a compressed
magnetosphere and encompasses geostationary orbit

o Substorms are also captured and the effect of tail injections can be
studied

Thanks for listening…
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Benchmarking: Results

•

Gordeev et al. (2015)
benchmarking
criteria

•

Current version of
Gorgon performs
well compared to
other
magnetospheric
models

•

Further plans to
include a RK2 MHD
solver and a refined
grid in the inner
magnetosphere

(1) From Gordeev et al., 2015

