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Lockheed Martin Scientists Determine Magnetic
Reconnection Locations At Earth's Magnetopause

PRNewswire
PALO ALTO, Calif.

In a paper published in the February 2007 issue of Geophysical Research Letters, scientists from the Lockheed
Martin Advanced Technology Center (ATC) are using data from a unique, state-of-the-art scientific instrument --
designed and built at the Palo Alto facility -- to determine how and where the energy from the solar wind is
transferred into the Earth's magnetosphere. This transfer of energy causes auroras and also affects radio
communications, satellite operations and electric power systems on Earth.

The process is called magnetic reconnection and occurs when magnetic fields from different domains -- in this
case, from the Interplanetary Magnetic Field (IMF) carried by the solar wind, and the Earth's magnetic field -- are
spliced together, allowing the transfer of energy from one domain to the other. The magnetopause defines the
boundary between the Earth's field and the solar wind. It has a bullet-shaped front, gradually changing into a
cylinder as it envelopes the planet and trails off behind where it is called the magnetotail. Reconnection breaks
through the protection afforded by this natural magnetic sheath, allowing charged particles and energy from the
Sun to enter the space around Earth.

"We have found in our study of 130 reconnection events that, in general, magnetic reconnection occurs along an
extended line across the dayside magnetopause,” said Dr. Karlheinz Trattner, Lockheed Martin space plasma
physicist at the ATC. "Previously, there was considerable debate concerning the nature of this reconnection line.
Some scientists believed that this reconnection line was not continuous across the dayside magnetopause, while
others thought it was. The results from this study have resolved this long-standing debate."

The data leading to this discovery came from the "Toroidal Imaging Mass Angle Spectrograph” (TIMAS), an ATC
instrument launched on the NASA Polar spacecraft in 1996. By measuring the angle, mass and energy of the ions
in space plasmas, in all directions simultaneously, TIMAS has helped Trattner's team understand how the ions
behave in the magnetic field that fills space around Earth. From those deductions the scientists are able to track
the ions back in space and time to determine where they originated and how they were transported.

An ion is a special kind of atom -- one that has lost one or more of the electrons that orbit the atom's nucleus. The
loss of an electron gives an ion an electrical charge and -- unlike a neutral particle that has all its electrons and
therefore no electric charge -- causes it to react to magnetic and electric fields. Clouds of ions and electrons are
called plasmas. While an atom of any substance can be ionized, those that are most commonly found in Earth's
magnetosphere range from hydrogen (the lightest) to oxygen (the heaviest).

To understand where plasmas come from, scientists must be able to measure the relative abundances of the ions
they contain and then compare them with the known abundances in potential source regions. TIMAS provides that
capability.

While earlier instruments were able to measure species of ions one or two at a time, TIMAS simultaneously senses
all important ion species in the magnetosphere from hydrogen to oxygen. TIMAS looks in all directions at once to
detect the species, measure their mass, the angle at which they arrive at the instrument, and their energy.

Lockheed Martin Space Systems Company, a major operating unit of Lockheed Martin Corporation, designs,
develops, tests, manufactures and operates a full spectrum of advanced-technology systems for national security,
civil and commercial customers. Chief products include human space flight systems; a full range of remote
sensing, navigation, meteorological and communications satellites and instruments; space observatories and
interplanetary spacecraft; laser radar; fleet ballistic missiles; and missile defense systems.

Headquartered in Bethesda, Md., Lockheed Martin employs about 140,000 people worldwide and is principally
engaged in the research, design, development, manufacture, integration and sustainment of advanced technology
systems, products and services. The corporation reported 2005 sales of $37.2 billion.
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