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ABSTRACT

Theory and Measurements of the Cusp/Magnetopause Current Layer

by

Wayne Russell Keith

This thesis employs low-altitude satellite data taken in the northern and southern dayside magnetospheric cusps in order to determine if the magnetopause current layer has a continuous and identifiable footprint at low altitudes.  The magnetopause current layer, at the outermost edge of the magnetosphere, is the site of interconnection between the Earth's geomagnetic field and the Interplanetary Magnetic Field of the magnetosheath.  It is an active region in which the normal MHD assumptions cannot hold.  Data from eight near-polar orbiting spacecraft are compared with predictions of a small wedge-shaped cusp at the dayside boundary of the polar cap.  Precipitating particle data as well as high-energy particles, fields, and wave data are shown which are consistent with predicted features.  A kinetic raytracing model and statistical survey of Astrid-2 and DMSP satellite data were also undertaken as part of this work and show this feature to be persistent and dependent on the IMF angle at the magnetopause, as expected.  The study of this feature may lend new insight into the dynamics of the cusp and magnetospheric particle entry.  
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Glossary of Terms

Boundary Layer – Region of the magnetosphere closest to the magnetopause, containing plasma of both magnetospheric and magnetosheath origin.

Bow Shock – A shock (fast magnetosonic) wave upstream of the magnetosphere over which the velocity of the solar wind decreases to subsonic while its density and temperature are raised.  Separates the solar wind from the magnetosheath.

Cleft – A word often used for the ionospheric signature of the Low Latitude Boundary Layer.

Cusp – A region near the magnetospheric poles where field lines from the magnetopause boundary on the day and night sides converge towards low altitudes.

Cusp proper – A sub-region of cusp plasma flux that more closely resembles magnetosheath plasma spectral characteristics.

Exterior cusp – High altitude portion of the cusp near the magnetopause.  Region of hot stagnant magnetosheath plasma.

Geocentric Solar Magnetospheric (GSM) – Cartesian coordinate system centered at the Earth.  The x direction is towards the Sun, the y direction is perpendicular to the Earth/Sun line and the Earth’s magnetic axis and points roughly towards dusk.  The z axis completes the right-handed system, pointing towards the projection of the magnetic north pole into the plane perpendicular to the Earth/Sun line.

Geomagnetic – Of or pertaining to the Earth’s intrinsic magnetic field.

Interplanetary Magnetic Field (IMF) – Magnetic field associated with the solar wind from the Sun.  Highly variable in magnitude and direction, but averages about 5 nT in strength.

Invariant Latitude (IL) – A component of a geomagnetic spherical coordinate system.  The origin of the system is centered at the Earth, with its axis along the geomagnetic dipole axis.  Invariant Latitude is measured in degrees from the equator of this system, with 90( at the north magnetic pole and –90( at the south magnetic pole.  See also Magnetic Local Time.

Ionosphere – Ionized portion of the Earth’s upper atmosphere.

Low Latitude Boundary Layer (LLBL) – Low-latitude portion of the magnetospheric boundary layer.

Magnetic cusp – See True cusp.

Magnetic Local Time (MLT) – A component of a geomagnetic spherical coordinate system.  Analogous to local time, except that magnetic local noon and midnight occur when the sun is in the meridian plane defined by the observers location and the geomagnetic rather than geographic poles.  See also Invariant Latitude.

Magnetohydrodynamics (MHD) – The study of the interaction that exists between a magnetic field and an electrically conducting fluid.

Magnetopause – Boundary surrounding the magnetosphere between the magnetosphere and the magnetosheath.

Magnetopause current layer – Thin current layer on the surface of the magnetopause that separates the Earth’s geomagnetic field from the Sun’s Interplanetary Magnetic Field.

Magnetosheath – Region between the bow shock and the magnetopause.

Magnetosphere – Region dominated by the Earth’s magnetic field.  A cavity with very little penetration of the solar wind.

Plasma mantle – Plasma population just inside the nightside magnetopause, poleward of the cusp.  Magnetospheric boundary layer formed by plasma of predominately magnetosheath origin flowing tailward.

Plasma sheet – Region of closed field lines in the equatorial region of the magnetotail.  Separated from the tail lobes by the plasma sheet boundary layer.

Polar cap – High latitude region with open magnetic field lines connecting directly to the Interplanetary Magnetic Field.

Solar wind – Plasma from the Sun which travels outwards typically at speeds of between 300 and 600 km/s and densities between 5 and 10 particles/cm3 at the Earth.

True cusp – Low altitude region containing the field lines that map to the magnetopause current layer.

