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Abstract:  

The possible influence of MHD turbulence on the energy distributions of ions in the Earth’s plasma sheet was 

studied using data taken by the THEMIS satellites. Turbulence levels were traced using eddy diffusion 

coefficients (D), of which we measured one for each Geocentric Solar Magnetospheric (GSM) coordinates 

every 12 min. Ion fluxes between 1.75 and 210.5 keV during the same time windows that correspond to 

mainly suprathermal populations were fitted to Kappa distribution functions, which approximate a 

Maxwellian distribution when the κ-index (κ) is large. We found that the distribution of the eddy diffusion 

coefficients is bimodal, independently of both the eddy diffusion component and the plasma beta (β) 

parameter, which is defined as the ratio between plasma and magnetic pressures. The main peak 

corresponds to turbulent plasma flows with D > 103 km2 s−1 . In such cases, the impact of turbulence on the κ 

index depends on the value of β and also on the direction of the turbulent transport. For eddy diffusion 

perpendicular to the neutral sheet, the values of κ decrease as Dzz increases for β < 2; while for higher values 

of β, κ increases with Dzz . For the other two directions, the values of κ decrease as D increases. This last 

tendency is stronger for β ∼ 1 but almost null for β ∼ 10. The secondary peak in the distribution of D values 

might represent quasi-laminar flows forming part of very large vortices, correct detection and description of 

which is beyond the scope of this study. 

Acknowledgment:  

This work was supported by Agencia Nacional de Investigación y Desarrollo de Chile (ANID) 

grants 21181777 and 1191351. MS acknowledges support from University of Santiago Chile 

through DICYT grant number 042031S. CE and MS acknowledge support from AFOSR 

(FA9550-19-1-0384). We acknowledge NASA contract NAS5-02099 and V. Angelopoulos 

for the use of THEMIS mission data, specifically C. W. Carlson and J. P. McFadden for ESA 

data, D. Larson for SST data, and K. H. Glassmeier, U. Auster, and W. Baumjohann for 



FGM data. THEMIS satellite mission data used in this paper are available on the THEMIS 

mission website: http://themis.ssl.berkeley.edu/index.shtml. 

 

 

References:  

Angelopoulos, V. (2008), The THEMIS mission, Space Sci. Rev., 141(1–4), 5–34, 

doi:10.1007/s11214-008-9336-1.  

Antonova, E. E. “The nonadiabatic character of diffusion and the equalization of 

concentration and temperature in the plasma sheet of the earth magnetosphere”. 

Geomagnetism and Aeronomy 25 (Aug. 1985), pp. 623–627. 

Auster, H., et al. (2008): The THEMIS fluxgate magnetometer, Space Sci. Rev., 141(1–4), 

235–264, doi:10.1007/s11214-008-9365-9. 

Borovsky et. al. (1997): ”The driving of the plasma sheet by the solar wind”; Journal of 

Geophysical Research; Vol. 103; N0. A8; Pages 17; 617-17; 63 

Burlaga et. al. (2005): ”Tsallis distributions of the large-scale magnetic field strength 

fluctuations in the solar wind from 7 to 87 AU”; Journal of Geophysical Research; Vol. 110; 

A07110 

Christon, S. P., Williams, D. J., Mitchell, D. G., Frank, L. A., & Huang, C. Y. (1989): 

Spectral characteristics of plasma sheet ion and electron populations during undisturbed 

geomagnetic conditions. Journal of Geophysical Research, 94, 13,409–13,424. 

https://doi.org/10.1029/JA094iA10p13409 

Espinoza, C. M, Stepanova, M., Moya, P. S, Antonova, E. E, & Valdivia, J. A. (2018): Ion 

and electron kappa 

distribution functions along the plasma sheet—Time intervals data. 

https://doi.org/10.5281/zenodo.1146010 



Eyelade et. al., (2021a): ”On the Relation between Kappa Distribution Functions and the 

Plasma Beta Parameter in the Earths Magnetosphere: THEMIS Observation” The 

Astrophysical Journal Supplement Series; 253:34 (15pp). https://doi.org/10.3847/1538-

4365/abdec9 

McFadden, J., C. Carlson, D. Larson, M. Ludlam, R. Abiad, B. Elliott, P. Turin, M. 

Marckwordt, and V. Angelopoulos (2008): The THEMIS ESA plasma instrument and in-

flight calibration, Space Sci. Rev., 141( 1–4), 277–302, doi:10.1007/s11214-008-9440-2. 

Montgomery, M. D., S. Singer, J. P. Conner, and E. E. Stogsdill (1965): Spatial 

distribution,  energy spectra, and time variations of energetic electrons (E > 50 keV) at 

17.7 Earth Radii, Phys. Rev. Lett., 14, 209–213, doi:10.1103/PhysRevLett.14.209. 

Stepanova, M., & Antonova, E. E. (2015): Role of turbulent transport in the evolution of 

the κ distribution functions in the plasma sheet. Journal of Geophysical Research: Space 

Physics, 120,  3702–3714. https://doi.org/10.1002/2014JA020684 

Session: Space Plasma Physics and Nonlinear processes in Space Geophysics 

Oral or Poster: Oral 


