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PINPOINTING THE PHYSICS
OF ENERGETIC STORM
PARTICLES OBSERVED IN
NEAR EARTH ORBIT

When the Sun’s surrounding corona erupts, colossal streams of
charged particles are ejected out into interplanetary space, and go
on to interact with the material that resides there. Dr Robert Ebert
at the Southwest Research Institute and his colleagues combine
observations from spacecraft with the latest computer models to
uncover the mysteries of these interactions. Their research focuses
on advancing astronomers’ understanding of the highly energetic
processes that play out in the void that comprises over 99% of the
Solar System’s volume.

When a CME interacts with the Earth’s
magnetic field, it can release vast
amounts of energy, creating particularly
strong and beautiful aurora in the
Earth’s polar regions, but it can also
cause significant disruption to satellites
and electrical transmissions, as well as
health issues for astronauts.

Energetic Storm Particle Events

Interplanetary space is home to

vast numbers of charged particles,
which spend most of their time being
transported through the Solar System.
Occasionally, however, large-scale
astronomical events can drastically
change their behaviour. Such events

include energetic bursts of plasma
originating from the Sun known

as Coronal Mass Ejections (CMEs),
which are thought to be caused by
the intricate behaviours of the Sun’s
magnetic field. When interplanetary
ions interact with these CMEs, they
become shocked, and are accelerated
to extremely high energies.

lons accelerated at shocks associated
with CMEs observed near Earth are
known as energetic storm particles
(ESPs). Astronomers believe that these
accelerations are likely affected by a
variety of factors, including the speed,
strength, orientation, and magnetic
turbulence of the CME shocks that
caused them. Currently, however, our
understanding of the process is far from
complete and requires further research.

Without a complete knowledge of the
physics behind these events, attempts
to prepare for them will be incomplete,
making our global communications
networks more vulnerable. To fill these
gaps in our awareness, Dr Robert Ebert
at the Southwest Research Institute
acknowledges that a combination of
detailed observations from spacecraft
with sophisticated computer modelling
is urgently needed.

Learning from Observations

Over the past few decades, astronomers

have used observations of ESP events
to make a variety of predictions about
their connections with the properties of
shocks caused by CMEs. For example,
the range of energies to which particles
become accelerated, known as their
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spectra, is thought to be dependent
on the density of shocked interstellar
material, while the orientation of the
shock is predicted to have a strong
influence on the abundances of the
particles it contains. Furthermore,
the properties of ESPs are believed
to depend on magnetic turbulence
‘upstream’ from the shock.

In a 2016 study, Dr Ebert and his
colleagues aimed to learn more about
the properties of ESPs themselves,

by observing them from two separate
spacecraft. In their study, the craft
took their observations at the same
distance from the Sun as Earth’s

orbit, but at different longitudes - or
distances parallel to the Sun’s equator.
By doing this, the researchers hoped to




Solar activity from events such as solar flares and coronal mass ejections can influence the space environment around Earth, and can
affect both spaceborne and Earthbound resources such as satellites and power grids. CREDIT: NASA

uncover longitudinal variations in the
relationships between the properties of
interplanetary shocks caused by CMEs,
and ions of oxygen and iron, during ESP
events.

Their discoveries included the fact

that as ESP events progress, their

intensities varied significantly between
the measurements of each spacecraft.
On the other hand, properties including
shock speed, density, and magnetic field
compression and orientation, showed
little organisation with longitude. Yet
despite these discoveries, a variety of
properties remained unexplained, which
called for a more detailed examination
in future research.

Identifying Gaps in Understanding

Leading on from this study, Dr Ebert
and his colleagues have identified a
variety of areas that could potentially
lead to new insights into the physical
mechanisms underlying ESP
accelerations by CME shocks. Several
theories in the past have attempted
to link the properties of energetic
particles with those of local shocks

in the interplanetary medium. So far,
however, these efforts have been unable
to precisely predict the intensities of
jon accelerations indicative of ESPs. In

addition, they haven’t yet consistently
determined the spectra of ESPs, along
with the overall abundances of the ions
they contain.

In the face of these challenges, Dr Ebert
and his colleagues aim to compare the
properties of interplanetary shocks,
turbulence, and source material, with
the intensities, spectra, and ionic
abundances of associated ESP events.
To pinpoint the physical drivers of these
ESP properties, they have identified
three key questions, to be answered
through analysis incorporating both
computer models and spacecraft
observations.

The first of their questions is: what is the
relationship between locally observed
shock properties, and ESP properties
such as intensities, spectra, and
abundances? The second is: how does
magnetic turbulence situated upstream
from the shock, and the presence of
jons that act as ‘seeds’ for particle
acceleration, affect the properties of
ESPs? And finally: what is the cause of
variability both between separate ESP
events, and within individual events, as
observed from longitudinally separated
spacecraft?
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By addressing each of these questions
in turn, Dr Ebert hopes to advance
astronomers’ current understanding

of the physics that plays out as
interplanetary particles are accelerated
by CMEs. However, in order to find these
solutions, another experimental step
needs to be taken. Since the physical
mechanisms that trigger particular ESP
properties are so complex, and may
depend on multiple parameters, the
team has enlisted the help of a tool that
many other branches of astronomy have
turned to in recent years: the power of
computer modelling.

Enlisting Computer Models

To answer their three questions, Dr
Ebert and his colleagues now plan

to use an advanced computer model
named ‘Particle Acceleration and
Transport in the Inner Heliosphere’
(PATH). The model is highly
sophisticated, and has already been
used by many astronomers studying
the properties of the environment
surrounding our host star during CMEs.
Clearly, however, PATH would still be
useless if it were not given the right
instructions. In this case, Dr Ebert’s team
plans to use ESP and CME shock data
gathered by real spacecraft to act as
PATH’s inputs.




Magnetic Fields Line>

Interplanetary shocks produced upstream of CMEs can
accelerate ions and electrons to high energies. When observed
near Earth, these high energy particles are called Energetic
Storm Particles (ESPs).
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Observations of CMEs, shocks and energetic particles from NASA
spacecraft orbiting the Sun, along with simulations of these
events, are used to study the physical processes that produce
ESPs near Earth. CREDIT: The Astrophysical Journal

With this setup, they are able to systematically vary the
different aspects of shock acceleration within the model, and
then observe their influence on the resulting ESP intensities,
spectra and abundances. This allows them to isolate the
CME properties responsible for particular physical aspects

of ESP production and their properties. The researchers also
acknowledge that PATH would allow them to model selected
ESP events from the vantage points of different spacecraft,
allowing them to identify the mechanisms responsible for
longitudinal variations in some properties of ESPs, as observed
by Dr Ebertin his 2016 study.

This modelling framework gives the researchers a suitable basis
for laying out descriptions of what they needed to measure, the
tasks these measurements would address, and the expected

results of their analysis.

Advancing our knowledge of ESPs

The first of these questions regarded the relationship between
the plasma and magnetic properties of shocks with those
properties of the ESP event as a whole. Dr Ebert’s team predicts
that solving this issue would require them to systematically
study the influence of interplanetary shocks on ESP properties

using the PATH model, and to survey several dozen ESP events
within the solar cycle.

If carried out correctly, the team expects to identify whether
the speed of interplanetary shocks, their strength as measured
by density and magnetic field enhancements, and their
orientation relative to the interplanetary magnetic field, can
influence the intensities, energy spectra, and ionic abundances
of ESP events.

The second question asks how magnetic turbulence and

the presence of ions with energies above the nominal solar
wind upstream of the shock may affect the properties of
ESPs. Dr Ebert’s team uses spacecraft observations and the
sophisticated modelling capabilities of PATH to identify the
conditions under which upstream turbulence, and the energy
spectra of seed particles, affect ESP intensities, spectra and
abundances.

Finally, the third question considers why there are clear
differences between different ESP events, and even between
single events from the perspectives of different spacecraft.

Dr Ebert’s team proposes that this could be answered by
using PATH to model ESP events from the vantage points of
different spacecraft that are longitudinally separated in space.
They would then compare the results of the simulations

with real spacecraft observations. The team expects that this
would allow them to uncover the causes of variability in ESP
intensities, spectra and abundances between these events. ‘

A Roadmap to Future Discoveries

Having set out these clear goals, Dr Ebert and his colleagues
believe they have developed a strong basis for advancing our
understanding of CME-driven ion accelerations. Their roadmap
lays the foundations for a three-year research project, in

which they will combine data analysis with the latest efforts in
computer modelling.

By setting out these goals, the researchers have a reliable
roadmap for uncovering the mysteries surrounding the
colossal, highly energetic processes that play out in the
vastness of space. With further research, they could also
allow for developments of crucial safeguards to our global
communications networks against the damaging effects of
CMEs and the energetic particles associated with them.
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