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Key observations and impact
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Radiation effects on humans, electronic components on
spacecraft

Disruption to communications, effects on stratosphere and
mesosphere
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2-class paradigm
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Gradual Impulsive

Wide spread in longitude
results from extended source:
travelling CME-driven shock

(b) Impulsive "3He-rich" Events

In this model, propagation is '°‘ o ¥4 cucron
assumed to be 1D and SEP y = <rFmon
profiles are shaped mostly by

acceleration process

Particles/(cm2 srs MeV)

Reames, 1999
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Interplanetary propagation



Classic description is kinetic, eg
focussed transport equation
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1D approach: assumes that
particles are tied to field lines —
no propagation across the field

Anisotropy




3D models including perpendicular transport
(Zhang et al 2009, Droge et al 2011). Requires A, A,
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Integrate test particle trajectories in
specified magnetic and electric fields
(Dalla et al 2005, Marsh et al 2013)

Effect of small scale turbulence
Implemented as ‘ad-hoc scattering’
according to mean free path A

& . Time =
- 3.98000e+07




L= 360568000.0

Due to curvature
and gradient of
Parker spiral
[Dalla et al 2013]

Fe at 100
Mev/nuc

t=100 hrs

Marsh et al, 2013




x vs y, Distances in units R,

---- 1AU
+ + +lron(Q=8)t=10h
* & klron (Q=12) t=10h
<Iron (Q=16) t=10h
~ ~lron (Q=20) t=10h




=Y
=<
s
£
7]




Dalla et al,
ApJd 2017

10 107 108
E (eV/nuc)




Shock-like injection region

Effect of variation of
SEP acceleration
efficiency along shock
front

Latitude dependence
of drift velocity

Overall 3D
propagation will
‘process’ the injection
properties
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Approaches to modelling
for Space Weather



1D focussed
transport
propagation
coupled with
MHD shock
modelling (Aran
et al 2005)
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ENLIL used to
determine shock
locations and
connection to
observer - coupled
1D scatter free
particle motion
(Luhmann et al,
2010, Bain et al
2016)
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EPREM couples 1D
focussed transport
equation with
convection-diffusion
equation to describe
transport in 3D
(Schwadron et al
2010)

EPREM + MHD
CME shock
simulation in solar
corona (Kozarev et

al 2013)
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t =24 hrs

L= 2t s

45°

Based on 3D test

particle propagation
(Marsh et al 2015)
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Many advances and significant challenges in understanding
SEP acceleration and propagation

Simulations show that due to gradient and curvature drifts,
and to magnetic field line meandering, a 3D description is
needed for SEP propagation

3D drift-associated propagation qualitatively reproduces two
key heavy ion observations: energy dependence of <Q> and
time dependence of Fe/O ratio

A number of Space Weather models for SEP forecasting are
now available



