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            Abstract
Recent analysis of satellite data obtained during the 9 October 2012 geomagnetic storm identified the development of peaks in electron phase space density1, which are compelling evidence for local electron acceleration in the heart of the outer radiation belt2,3, but are inconsistent with acceleration by inward radial diffusive transport4,5. However, the precise physical mechanism responsible for the acceleration on 9 October was not identified. Previous modelling has indicated that a magnetospheric electromagnetic emission known as chorus could be a potential candidate for local electron acceleration6,7,8,9,10, but a definitive resolution of the importance of chorus for radiation-belt acceleration was not possible because of limitations in the energy range and resolution of previous electron observations and the lack of a dynamic global wave model. Here we report high-resolution electron observations11 obtained during the 9 October storm and demonstrate, using a two-dimensional simulation performed with a recently developed time-varying data-driven model12, that chorus scattering explains the temporal evolution of both the energy and angular distribution of the observed relativistic electron flux increase. Our detailed modelling demonstrates the remarkable efficiency of wave acceleration in the Earthâ€™s outer radiation belt, and the results presented have potential application to Jupiter, Saturn and other magnetized astrophysical objects.
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                    Figure 1: Conditions leading to rapid relativistic electron acceleration on 9 October 2012.[image: ]


Figure 2: Modelling the global distribution of chorus and electron scattering rates.[image: ]


Figure 3: Comparison of Fokkerâ€“Planck simulation results with observations.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Bz , SYM-H and evolution of ratios (30â€“100â€‰keV) in various MLT sectors.
a, The z component of the interplanetary magnetic field in the GSM coordinate. b, SYM-H index. câ€“h, The ratio (colour coded) of precipitated and trapped electron fluxes (30â€“100â€‰keV) measured by multiple POES satellites in six distinct MLT sectors. The grey shaded region represents the time interval in which the simulation was performed.


Extended Data Figure 2 Electron diffusion rates due to chorus scattering at L = 5.
Drift and bounce averaged electron pitch angle diffusion coefficients (colour coded) ([image: ], aâ€“d), momentum diffusion coefficients ([image: ], eâ€“h), and mixed (pitch angle, momentum) diffusion coefficients ([image: ], iâ€“l) for four ut intervals during the observed electron acceleration event, based on the parameters shown in Extended Data Table 1.


Extended Data Figure 3 Spline fitting of the observed electron PSD data.
The red solid line represents the spline fitting result, and the â€˜plus signâ€™ data points represent the observed electron phase space density at âˆ¼90Â° pitch angles from both MagEIS and REPT two hours before 20:00â€‰ut on 8 October 2012, when Van Allen probe B travelled through Lâ€‰â‰ˆâ€‰5.


Extended Data Figure 4 Schematic illustration of local electron acceleration by chorus.
The top panel shows electron fluxes before (left) and after (right) the storm. The injection of low-energy plasma sheet electrons into the inner magnetosphere (1) causes chorus wave excitation in the low-density region outside the cold plasmasphere (2). Local energy diffusion associated with wave scattering leads to the development of strongly enhanced phase space density just outside the plasmapause (3). Subsequently, radial diffusion can redistribute the accelerated electrons inwards or outwards from the developing peak (4).


Extended Data Table 1 Adopted model parametersFull size table
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This file contains: Supplementary Section SI, a more detailed description of how the global wave amplitudes of chorus emissions is constructed from the ratio of precipitated to trapped (30â€“100 keV) electron flux obtained from POES spacecraft data; Supplementary Section S2, a detailed description of how electron diffusion coefficients using available data on the global wave characteristics of chorus and the global distribution of plasma density were constructed and Supplementary Section S3, additional information on the boundary conditions and the initial electron distribution used in the 2D simulation. (PDF 350 kb)
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        Editorial Summary
A local mechanism for magnetic storm
A magnetic storm that occurred on 9 October 2012 has been analysed in detail using the array of instruments onboard NASA's two Van Allen probes, launched in August 2012 to study Earth's magnetosphere, including the Van Allen radiation belt. The nature of the force that accelerates electrons trapped in the radiation belts has been a topic of much debate centering on whether the electrons are accelerated locally or by radial diffusive transport between weak and strong magnetic fields. Initial results had favoured a local mechanism and now Richard Thorne et al. report high-resolution electron observations from Van Allen probe A, together with modelling studies that identify the likely source of accelerating energy as chorus scattering, an effect caused locally by structured wave formations. This powerful local acceleration is also likely to be a factor around Jupiter, Saturn and other bodies with significant magnetic fields.
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