Cluster Separation Strategy

During the operational lifetime of the Cluster mission all spatial scales from 100 to 20000 km are planned as shown in Table 1.  This table provides the year in column 1 starting with the beginning of the mission operations phase on February 1, 2002, the phase (targeted location of the perfect tetrahedron) in column 2 and the spacecraft separation distance (in km) at the target location in column 3.  This table may mistakenly give the impression that Cluster is strictly a cusp/magnetotail mission, but such is not the case.  Choosing only one or two target locations for the perfect tetrahedron per year allows for the extension of the mission by preserving fuel.  The Cluster Science Operations Working Group (SOWG) decided that on the dayside their most favored target was the cusp, and on the nightside the tail.  At other points in the orbit, the Cluster spacecraft will not be in a perfect tetrahedron, but interspacecraft distances in these other regions will be on the order of the separation distance of the target, which was found to be acceptable provided attention was paid to the details of achieving in and out of plane measurements in the other regions.  The Cluster SOWG recently made the decision in November 2002 to set a spacecraft distance of 200 km for the year beginning June 1, 2003.  After this time, as shown in Table 1, the plan is to go to a large separation for a year, currently shown as 10,000-20,000 km, with final decision at a future SOWG.  

Table 1 does not adequately reflect the fact that up until this time, we have not yet had an opportunity to cover all magnetic local times with the Cluster orbit with the small separations (few hundred km).  The Cluster orbit passes through all 24 hours of magnetic local time in exactly one full year.  Thus, the very same local times are sampled in the same month every year.  Because many magnetospheric phenomena that are the focus of research on Cluster are magnetic local time specific, it became an important aspect of planning to look at these details.  Figure 1 helps to clear up some of the confusion over what scales have been covered over what magnetic local times up through the present configuration (through May 31, 2003).  This figure shows average spacecraft separation distance vs. magnetic local time for perigee and apogee, and the months in which these local times are encountered, color-coded according to the time periods shown in the key.  It is immediately obvious that certain magnetic local times have not been covered at any small scales, most notably the predawn and dayside at perigee, e.g., where “dawn chorus” is expected and small separations required, and the predusk and nightside near apogee, e.g., where thin current sheets and small separations are required.  From this figure, it is easy to shift the magnetic local times for locations other than perigee or apogee and come up with an idea for lack of coverage at small or large scales in these other orbital regions.

It was because of concerns such as these that the SOWG decided to start the year of small separations as early as possible (June 1, 2003), and to continue them for one full year, and in a sense kicking off a whole new mission.  The same will be true on June 1, 2004, when the separations are increased to 10,000 km as Cluster will never have maintained such large separations up to that point

Some of the key science topics that will be addressed for the first time during the year of the 200 km separations and which are being proposed herein are:

· micro-physical process responsible for magnetic field reconfiguration and particle acceleration at substorm onset; recent hybrid simulations suggest that the size of the diffusion region isn the reconnection mode is of the order of the ion inertial length, c/wpe ~~ 500 km and similar scales are predicted for the current disruption model, where the ion Larmor radis is the critical scale.

· physics of thin current sheets in the magnetotail, where scales on the order of the ion inertial and ion Larmor raduis are expected.

· evolution of large-scale structure (15-20 km) as well as of the fine scale structures (1 km) associated with the aurora.

· Convection velocities over the polar cap in association with substorm dipolarizations in the tail magnetic field

· small plasma irregularities in connection with plasmapause formation and the study of  the efficiency of mechanisms such as interchange instability

· chorus generation and propagation, banded hiss emission generation, and equatorial noise propagation, all of which are detected near the magnetic equator and have wavelengths compatible with small separations of a few 100 km

· fine structure at the bow shock, i.e., gradients in the shock ramp and related waves with scales of 100-1200 km, separations of structures, with scales on the order of 200-4500 km

· variability of SLAMPS (Short Large Amplitude Magnetic Pulsations) in connection with a quasi-parallel bow shock which contain considerable spatial variability on scales < 600 km.

· Micro-scale processes at the magnetosheath, including wave structure, orientations, motion and mode identification where the correlation distances are expected to be small (on the order of a few 100 km or less) 

· Structure of the magnetopause, which is a prime example of a thin current sheet where scales of only a few hundred km are important,

· Cusp dynamics

For the large separations starting June 1, 2004, the following key science objectives will be addressed by Cluster:

· gradients of energetic particles at the bow shock required to understand the acceleration process at the shock,

· size of the exterior cusp and FTE’s, both of which provide an estimate of the amount of energy transferred to the magnetosphere by the solar wind,

· study of ion flows and propagation of current disruption on the nightside in connection with substorms,

· study of propagation and motion of AKR and other types of radiation using the VLBI technique.

