Plasma-Mag Solar-Weather Instruments

The Plasma-Mag instruments are intended to measure the magnetic field and the velocity distribution functions of the electron, proton, and alpha components of the solar wind (Faraday Cup) at high time resolution.  A much-improved time resolution is possible because Triana is a 3-axis stabilized spacecraft permitting near-continuous measurements at several times per second.  Previous solar-wind measurements from the spin-stabilized WIND spacecraft could only be made when the Faraday Cup pointed towards the Sun (see Figure 28).  The system to be used to reduce and interpret the data from the Plasma-Mag instruments is derived from the algorithms in use for WIND, which have been shown to be durable and well suited for scientific work.
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Figure 28
Schematic drawing of the Faraday cup electron spectrometer showing the ability to analyze the particle distribution function in terms of energy level and angle of velocity vector.

The data also are used to provide early warning of solar events that might cause damage to power generation, communications, and other satellites (see Figure 29).  Together, the Plasma-Mag suite of instruments will provide a 1-hour warning to the appropriate agencies that safeguard electrical equipment on Earth and satellites in Earth orbit.  Present plans include routinely giving the data to NOAA with only a 5-minute data processing delay from detection of an event at the Triana spacecraft position to the time that it is delivered.
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Figure 29
Simulation of the Triana Plasma-Mag Instrument detection of a Solar event showing the magnetic field, magnetic field angle change, solar wind velocity, and the particle density.  The data are from the SWE instrument on board the WIND spacecraft from January 1997.

Because of the growth of satellite communications for civilian and military purposes, monitoring of the solar weather has become a mandatory function of government.  Plasma-Mag will add to, or replace, the first generation space-weather monitors, such as WIND, IMP-8, and ACE.  For example, ACE, the most recently launched, is concentrated upon solar wind isotopic composition, rather than particulars of the solar wind flow.  Thus, Plasma-Mag provides an essential augmentation of present solar wind observations.

Scientific Goals and Objectives


In the recent past, the emphasis in solar wind research has been on its composition (Ulysses and ACE) and on phenomena at large heliocentric distances (Ulysses, Voyager).  At 1AU, WIND has contributed new information at low solar latitudes about Coronal Mass Ejections (CMEs), magnetic clouds, and the electron “super halo”.  Interest has also been focused on two major problems – 1) the source and structure of the slow wind and 2) how the corona is heated.  The Plasma-Mag investigation can add knowledge about each of these subjects.

The mechanisms for heating the solar corona to temperatures that are much hotter than the photosphere are not well understood. Waves in the solar wind almost certainly undergo a turbulent cascade to heat the wind at small scales, but our current descriptions of this are mostly phenomenological.  Reconnection events also lead to heating and acceleration of particles, but the details are poorly understood.  More generally, the coupling between magnetic and electric fluctuations and particle distribution functions is a fundamental plasma interaction, important in a wide variety of contexts, but difficult to study directly.  

The improved time resolution of Triana/Plasma-Mag provides an opportunity to determine the mechanism by which small-scale fluctuations dissipate in plasmas.  A time resolution of less than 1s would provide information to determine how the plasma responds to the simultaneously measured magnetic fields. It would also provide critical observational input to test and further develop theories of wave damping and the heating and acceleration of particles expected to take place near the proton cyclotron frequency.  Moments of the distribution functions, at the highest resolution, would make it possible to determine if the waves are Alfvenic (or on a higher frequency extension of this wave mode), and if so, to further discern their direction of propagation. Detailed distribution functions would also enable us to test kinetic theories of the interaction, since the time resolution enables measurement at spatial scales comparable to the proton gyroradius.

Multi-Point and Space Weather Studies

It has been well established that the magnetic field scale length in interplanetary space is significantly less than 80 Re, the radius of the orbit of ACE around the L1 point (Russell, Crooker, J. D. Richardson, K. I. Paularena, M. Collier).  Therefore, when ACE is at a large distance from the Sun-Earth line, there is a significant reduction in the accuracy of space weather predictions based on the collected data.  It has been argued that IMP-8 and WIND, when in the solar wind in front of the magnetosphere, are a reliable source of relevant space data.  While this is often correct, the proximity of these spacecraft to Earth does not leave sufficient warning time for incoming events. A second spacecraft at L1, in a similar halo orbit, but with its orbit phase-shifted by 90 degrees from ACE, would significantly improve the accuracy of the National Space Weather predictions, since one spacecraft will always be near the ecliptic plane and Sun-Earth line.  This effort would not require the continuous transmission of the highest resolution measurements.  On-board calculated averages and moments transmitted at significantly lower rates (e.g., 1/min) would be sufficient.

Triana would also provide a monitor of the solar wind in addition to any that may still be available at the time of its launch.  This would allow the detailed study of the non-radial correlation of the solar wind fluctuations.  This study was begun with earlier spacecraft such as the Explorers, IMP, and ISEE., but new opportunities would now be available.  For example, if WIND or a STEREO spacecraft were measuring the solar wind at a variety of positions away from L1, this would provide correlation at multiple baselines.  These measurements would help to determine the symmetry of the fluctuations in the wind that in turn determine the way in which energetic particles propagate in the heliosphere.  This basic understanding is also central to determining how, for example, solar events affect the Earth and its near-space environment, and thus is important for determining the effects of solar activity on spacecraft and manned space flights.

Using Four Spacecraft

The combination of ACE, Triana, WIND, and IMP-8, would provide the necessary four-point studies to investigate the possible curvatures of shock and discontinuity surfaces.  When the four spacecraft are separated by large distances (on the order of 200 Re), we can measure curvatures in relatively stable structures (e.g., magnetic clouds). We expect to observe curvatures in the heliospheric current sheet (WIND/IMP-8 study by Szabo).  The four-spacecraft constellation would afford a unique opportunity to resolve the question of multi-layer heliospheric current sheets.  Tracing the passage of a specific current sheet from one S/C to the next would allow discrimination between the general case of multiple current sheets or a single wavy sheet.  A four S/C constellation would allow the determination of the size of typical magnetic holes.  A preliminary study of C. W. Smith and A. Szabo showed that there could be significant variations between ACE and WIND observations of magnetic holes, even when both S/C were near L1.

Small-Scale Structures and High Time Resolution Measurements

Very narrow regions in the interplanetary medium, with abrupt magnetic field strength decreased to nearly zero, have been observed for a long time (Burlaga and Ness, 1968; Burlaga, 1968), and have been termed magnetic holes by Turner et al., 1977.  Two major classes of these magnetic holes have been distinguished: “D-sheets” associated with field rotations (Burlaga and Ness, 1968) and “linear” magnetic holes (Turner et al., 1977;   Fitzenreiter and Burlaga, 1978) which show no field rotations.  D-sheets are of particularly great interest since they might be the interplanetary signatures of reconnection events.  Linear magnetic holes, on the other hand, are believed to be pressure-balanced structures.  However, to date, no sufficiently high time resolution plasma data are available to study these structures. Magnetic holes near Earth, which are not infrequent with a rate of about 1.5/day, move past a spacecraft in the time range of 2 to 130 seconds, the median time being 50 seconds.  The proposed high time resolution plasma instrument, in conjunction with the magnetometer, would provide the first detailed observations of the internal structure of magnetic holes that would lead to a greater understanding of the magnetospheric dynamics.

Tangential Discontinuities

A discontinuity in which the magnetic field has no component normal to the discontinuity surface is called a tangential discontinuity.  The kinetic theory of the internal structure of interplanetary tangential discontinuities has reached a level of maturity in recent history (Roth and DeKeyser, 1997) which allows meaningful comparison between theoretical predictions and in-situ observations without constraining all of the model parameters.  In order to remove some of the theoretical ambiguities, very high time resolution plasma and magnetic field observations are necessary.  The proposed instrumentation would provide such a data set, significantly contributing to kinetic theory modeling efforts.

While interplanetary shocks have been studied for a very long time, and even the internal structure of MHD shocks is comparatively well understood primarily due to Earth bow shock observations, very little is known about the structural variations due to the various types of MHD shock.  The Earth’s bow shock provides an excellent opportunity to study fast reverse strong MHD shocks.  However, the much richer variety of interplanetary shocks are much harder to study due to their great speed with respect to, and hence short time of passing a spacecraft.  The high time resolution plasma and magnetic field instruments proposed here would open a window into the inner structures of weak, and even slow, interplanetary shocks, hopefully leading to a better understanding of their formation and dissipation mechanisms.

