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Collisionless shocks play an important role in the conversion of supersonic flow energy to thermal
energy at important boundaries in the heliosphere, such as at planetary bow shocks, the termination
shock in the outer heliosphere, and interplanetary shocks propagating through the solar wind. In
addition, collisionless shocks can lead to the acceleration of a small fraction of particles to high energy.
Many of these energization mechanisms remain poorly understood, but kinetic simulations and
spacecraft observations present valuable opportunities to improve our understanding of the
fundamental kinetic physics. The recently developed field-particle correlation technique was devised
to identify and characterize the mechanisms that energize particles in the six-dimensional (3D-3V)
phase space of kinetic plasmas---such mechanisms underlie the fundamental plasma processes of
kinetic turbulence, collisionless magnetic reconnection, collisionless shocks, and kinetic instabilities.
Here we present an overview of how the field-particle correlation method can be applied to gain
deeper insight into the kinetic plasma processes that govern how particles are energized at
collisionless shocks. Requiring only single-point measurements in space, the technique can be used to
identify well-known acceleration mechanisms, such as shock drift acceleration and shock surfing
acceleration. In addition, it shows promise to be able to separate the energization mediated by micro-
instabilities arising in the shock transition from that due to the macroscopic shock fields.
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(Connecting Micro and Macro Scales: Acceleration, Reconnection, and Dissipation in Astrophysical Plasmas,
Kavli Institute for Theoretical Physics, UCSB 2019)
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For turbulent particle energization, time average over a correlation interval

For shock energization, just compute this value instantaneously

- If instabilities play a role, then a short time average may be necessary
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|dealized Perpendicular Shock Model
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* The Field-Particle Correlation Technique is an approach to quantify the
energization of particles and identify the physical mechanism responsible

* Application to a Perpendicular Shock shows the energization by shock drift
acceleration

* Application to a Quasiperpendicular Shock can separate energization of
populations that experience different numbers of reflections

* Additional application (see Collin Brown’s poster) to Energization by Instabilities
may identify the instabilities at play



