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New Science Opportunities with a
Mid-Latitude SuperDARN Radar

Raymond A. Greenwald
Johns Hopkins University Applied Physics Laboratory
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Current SuperDARN Research ,

Topics

Global Convection

Convection Dynamics

Magnetosphere-lonosphere Coupling

Cusp and Boundary Layer Processes

Plasma Instability Processes in the Auroral Zone and Polar Cap
Gravity Waves

Resonant MHD Waves

Winds, Tides, and Planetary Waves

Lower latitude SuperDARN radars will enhance
and expand all of these research activities



Global Convection and
Convection Dynamics

Current emphasis
High-latitude auroral zone and polar cap
Quiet to moderately disturbed conditions
Best for dayside measurements
Benefits offered by mid-latitude radars

Low-latitude boundary of convection remains in radar field-of-view under
most conditions.

Signals will traverse E-region before encountering diffuse auroral
precipitation zone

New science opportunities

Measurement of total nightside convection pattern even under disturbed and
storm-time conditions.

Measurement of F-region convection on diffuse auroral field lines.




Global Convection and
Convection Dynamics

New science opportunities

Improved understanding of the dynamics of the low-latitude convection
boundary.

Undershielding
Overshielding

Improved understanding of how much convection is missed by the current
radar configuration.

Studies of the formation and evolution of sub-auroral plasma streams.




Magnetosphere-lonosphere ‘,
Coupling

Current emphasis

Coupling of high-latitude auroral zone and polar cap to outer magnetosphere,
boundary layer, and cusp.

Benefits offered by mid-latitude radars

More measurements on inner magnetosphere field lines.

New science opportunities

Understand impact of overshielding and undershielding on M-I coupling

Understand current, electric field, conductance relationships in low-latitude
auroral zone and sub-auroral ionosphere.

Obtain first definitive measurements of convection patterns on ring-current
field lines
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lonospheric Structuring and ;
Instability Processes '

Current emphasis
Plasma instability processes on boundary layer and cusp field lines.
Benefits offered by mid-latitude radars

Views of ionospheric plasma processes at lower latitudes including the sub-
auroral ionosphere.

New science opportunities

Investigate role of magnetospheric electric fields in forming sub-auroral
plasma structures.

Improved understanding of plasma sources to very high latitude ionosphere.

Improved understanding of plasma instability processes in diffuse auroral
zone and sub-auroral ionosphere.




Resonant MHD Waves

Current emphasis
Field-line resonances at very high latitudes.

Wave coupling from solar wind to dayside magnetosphere.

Benefits offered by mid-latitude radars

Significantly increased data set from closed magnetic field-line domain.
New science opportunities

Profiling of field-line resonances throughout the inner magnetosphere.

Determination of equatorial mass density profiles.




Gravity Waves ‘

Current emphasis

Gravity wave generation at very high latitudes, particularly on dayside due to
current surges.

Benefits offered by mid-latitude radars

Extended latitude coverage of gravity-wave formation and propagation.

Opportunity for detection of gravity waves on nightside due to auroral zone
processes.

New science opportunities

Understand growth and decay of equatorward-propagating gravity waves
generated at high latitudes.

Determine importance of gravity waves generated in the nighttime auroral
zone.




Winds, Tidal Modes, and ‘,
Planetary Waves

Current emphasis

Studies of the longitudinal structure of winds, tidal modes and planetary
waves generated between 55 ° and 65° gg (~60° gm).

Benefits offered by mid-latitude radars

A consistent data set of measurements at 35°-40° gg (~45° gm).

New research opportunities
Multi-latitude and multi-longitude measurements of winds and planetary
waves.

Collaborations with non-SuperDARN MF and meteor radar researchers and
well as atmospheric modelers.
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4 | Conclusions by R. Greenwald *

._ , 5 _

A mid-latitude SuperDARN network will expand our suite of observations
to cover both mid and high latitude on field lines that map to both the
Inner and outer magnetosphere.

The new data sets will be consistent with existing SuperDARN data sets,
expanding and improving our views of a complex plasma system

encompassing the Earth’s magnetosphere, ionosphere, and upper
atmosphere.

The combined data sets will yield:

Improved understanding of the response of the M-I-A system to external
drivers.

Improved understanding of how and why the ionosphere evolves as it does.




SuperDARN

Primary antenna used in SuperDARN radars is a commercial grade 8-20 MHz log
periodic produced by Sabre Communications Corporation.

1983 Cost: $3200 for antenna and mast

2004 Cost: $9000 $12,000 for standard (heavy duty) antenna
and mast 1 250 . 20 5000

King Salmon radar uses wire log periodics by Japanese manufactuer.

2002 Cost: Similar to standard Sabre antenna and mast

Installed cost (anticipated) ~$2500/antenna



Wires of one antenna indicated in red.
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