4.	PROGRAMMATIC REQUIREMENTS


Science Requirements


4.1.1  Baseline Science Requirements





The THEMIS mission shall:


	


4.1.1.1 Determine substorm onset time and substorm meridian magnetic local time (MLT) using ground ASIs (one per MLT hr) and MAGs (two per MLT hr) with t_res<30s and dMLT<1 degree respectively, in an 8hr geographic local time sector including the US.


4.1.1.2 Determine current disruption onset time with t_res<30s, using two near-equatorial (within 2Re of magnetic equator) probes, near the anticipated current disruption site (~8-10 Re). Current disruption onset is determined by remote sensing the expansion of the heated plasma via superthermal ion flux measurements at probes within +-2Re of the measured substorm meridian and the anticipated altitude of the current disruption.


4.1.1.3 Determine reconnection onset time with t_res<30s, using two near-equatorial (within 5Re of magnetic equator) probes, bracketing the anticipated reconnection site (20-25Re). Reconnection onset is determined by measuring the time of arrival of superthermal ions and electrons from the reconnection site, within dY=+-2Re of the substorm meridian and within <10Re from the anticipated altitude of the reconnection site. In addition, dawn-dusk DC electric field measurements and energetic ion finite gyroradius-technique determination of the velocity of the expanding plasma sheet boundary are required to determine the actual distance to the reconnection site (with dE/E=10% or 1mV/m accuracy whichever is larger, and dV/V=10% or dV=50km/s whichever is larger, respectively).


4.1.1.4 Obtain simultaneous observations of: substorm onset and meridian (ground), current disruption onset and reconnection onset for >10 substorms in the prime observation season (September-April). Given an average 3.75hr substorm recurrence in the target tail season, a 2Re width of the substorm meridian, a 1Re requirement on probe proximity to the substorm meridian (of width 2Re) and a 20Re width of the tail in which substorms can occur, this translates to a yield of 1 useful substorm event per 18.75hrs of probe alignments, i.e, a requirement of >188hrs of four-probe alignments within dY=+-2Re.


4.1.1.5 Use the SST to measure near the ecliptic plane (within +-30degrees) the superthermal ion and electron fluxes (30-300keV) at t_res<30s.


4.1.1.6 Track between probes the earthward ion flows (400km/s) from the reconnection site and the tailward moving rarefaction wave in the magnetic field, and ion plasma pressure (motion at 1600km/s) with sufficient precision (dV/V=10% or V within 50km/s whichever is larger, dB/B=10%, or B within 1nT whichever is larger, dP/P=10%, or P within 0.1nPa whichever is larger) to ascertain macroscale coupling between current disruption and reconnection site during >10 substorm onsets (>188hrs of four-probes aligned within dY of +-2Re).


4.1.1.7 Determine the (free energy source of Current Disruption process: Driven?) radial and cross-current-sheet pressure gradients (anticipated dP/dR, dP/dZ ~0.1nPa/Re) and ion flow vorticity/deceleration with probe measurement accuracy of 50km/s/Re, over typical inter-probe conjunctions in dR and dZ of 1Re, each during >10 onsets. The convective component of the ion flow is determined at 8-10Re by measurements of the 2D electric field (spin-plane to within +-30degrees of ecliptic, with dE/E=10% or 1mV/m accuracy whichever is larger) assuming the plasma approximation at t_res<30s.


4.1.1.8 Determine the (free energy source of Current Disruption instability: Local current?) cross-current-sheet current change near the current disruption region (+-2Re of meridian, +-2Re of measured current disruption region) at substorm onset from a pair of Z-separated probes using the planar current sheet approximation with relative (interprobe) resolution and interorbit (~12hrs) stability of 0.2nT.


4.1.1.9 Obtain measurements of the (free energy source of Current Disruption instability: Local plasma?) Magneto-Hydrodynamic (MHD) and non-MHD parts of the plasma flow through comparisons of ion flow from the ESA detector and ExB flow from the electric field instrument, at the probes near the current disruption region, with t_res<10s.


4.1.1.10 Determine the (coupling of tail and ionosphere) presence, amplitude, and wavelength of field-line resonances, Kelvin-Helmholz waves and ballooning waves on cross-tail pairs (dY=0.5-10Re) with t_res<10s measurements of B, P and V for >10 substorm onsets.


4.1.1.11 Determine the (importance of high frequency waves on substorm onset) presence of cross-field current instabilities (1-60Hz), whistlers and other high frequency modes (up to 600Hz) in 3D electric and magnetic field data on two individual probes near the current disruption region for >10 substorm events.


4.1.1.12 As a secondary (non-mission driving) goal, THEMIS will determine the source and acceleration of energetic electrons at the outer radiation belt, by tracking the phase space density of 30keV-1MeV electrons from 12Re down to 6Re, and by measuring the waves which may be responsible for local electron acceleration at the outer radiation belt.


4.1.1.13 As a tertiary (non-mission driving) goal, THEMIS at the dayside magnetosphere will determine the cause, nature and extent of magnetopause transient events, by tracking the solar wind from it pristine condition, through its interaction with the bow shock, the magnetosheath and the magnetopause.











4.1.2	Minimum Science Requirements


As a minimum the THEMIS mission shall:





Determine substorm onset time and substorm meridian magnetic local time (MLT) using ground MAGs (at least one per MLT hr) with t_res<30s and dMLT<6 degrees respectively, in a 6hr geographic local time sector including the US.


Determine current disruption onset time with t_res<30s, using two near-equatorial (within 2Re of magnetic equator) probes, near the anticipated current disruption site (~8-10 Re). Current disruption onset is determined by remote sensing the expansion of the heated plasma via superthermal ion flux measurements at probes within +-2Re of the measured substorm meridian and the anticipated altitude of the current disruption.


Determine reconnection onset time with t_res<30s, using two near-equatorial (within 5Re of magnetic equator) probes, bracketing the anticipated reconnection site (20-25Re). Reconnection onset is determined by measuring the time of arrival of superthermal ions and electrons from the reconnection site, within dY=+-2Re of the substorm meridian and within <10Re from the anticipated altitude of the reconnection site. In addition, dawn-dusk DC electric field measurements and energetic ion finite gyroradius-technique determination of the velocity of the expanding plasma sheet boundary are required to determine the actual distance to the reconnection site (with dE/E=10% or 1mV/m accuracy whichever is larger, and dV/V=10% or dV=50km/s whichever is larger, respectively).


Obtain simultaneous observations of: substorm onset and meridian (ground), current disruption onset and reconnection onset for >5 substorms in the prime observation season ( September-April). Substorm statistics discussed in 4.1.1.4 point to a requirement of >94hrs of four-probe alignments.


Use the SST to measure near the ecliptic plane (within +-30degrees) the superthermal ion and electron fluxes (30-300keV) at t_res<30s; this defines the probe spin period.


Track between probes the earthward ion flows (400km/s) from the reconnection site and the tailward moving rarefaction wave in the magnetic field, and ion plasma pressure (motion at 1600km/s) with sufficient precision precision (dV/V=10% or V within 50km/s whichever is larger, dB/B=10%, or B within 1nT whichever is larger, dP/P=10%, or P within 0.1nPa whichever is larger) to ascertain macroscale coupling between current disruption and reconnection site during >5 substorm onsets.





4.2		Mission and Spacecraft Performance Requirements


The THEMIS instrument and spacecraft shall be designed for at least a two-year lifetime.


4.3		Launch Requirements


The THEMIS mission will be launched into a orbit with an apogee of 12 Re, a perigee of 1.1 Re, and an inclination of 9°. Tolerances are designed in accordance with launch mass and fuel margins.


THEMIS can launch without a launch date restriction. Launch date shall be no-later than March 2007 in accordance with AO requirements for MIDEX#5 launch. A launch date of August 2006 plus or minus 2 months is preferred in accordance with schedule and minimum time to prime observation season. This launch period would allow time to commission the probes prior to the operational period starting in December 2006. The launch window is approximately 40 minutes every day. 


4.4		Ground System Requirements


The THEMIS Ground Data System shall capture and process a daily average of 1 Gbyte.


4.5	Mission Data Requirements


4.5.1  Science Data Management


The THEMIS Principal Investigator shall be responsible for initial analysis of the data, its subsequent delivery to an appropriate data repository, the publication of scientific findings, and communication of results to the public. Additionally, the THEMIS Principal Investigator shall be responsible for collecting engineering, and ancillary information necessary to validate and calibrate the scientific data prior to depositing it in a NASA approved data repository. The time required to complete this process shall be the minimum necessary to provide accurate scientific data to the science community and the general public. The THEMIS science data base shall be made available to the science community without restrictions or proprietary data rights of any kind.


4.5.2  Analysis Software


Science analysis software shall be developed by the PI team and integrated into the NASA approved data repository.   The PI team and the science community shall have equal on-line access to this software.


4.5.3  Data Management Plan


The THEMIS Project shall develop a data management plan to address the total activity associated with the flow of science data, from acquisition, through processing, data product generation and validation, to archiving and preservation.  The data management plan shall be delivered no later than the THEMIS Critical Design Review.
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