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TITLE: Provide Clearer Connection Between Science and Mission Requirements
RFA CODE:  23

REQUESTED BY:  J. Hair
SPECIFIC REQUEST:  A clearer connection between science requirements (WBS 1.2) and mission requirements (WBS 2) needs to be developed including the subsequent flow down to instrument (WBS 2.1) and probe bus (WBS 2.2) requirements.  The minimum mission requirements need to be added as well, such that they can be flowed down.  Then requirements in mission need to address nominal and minimum science requirements. Additionally, data capture issues need to be addressed in conjunction with this, as data is not valuable unless gathered and down-linked,  (A malfunctioning instrument or S-band link may cause the loss of data from a conjunction time and not counting toward achieving of 188 hrs per season).

SUPPORTING RATIONALE: Requirement M-12 mixes nominal and minimum science, by mixing 188 hrs/season from 4 probes.  The nominal is 188 hrs/season with 5 probe conjunctions of good data down-linked to MOC/SOC.  Minimal is 94 hrs/season with 4 probes.  In looking at probe and instrument general requirements there are no ties to times of functional instrument/systems to meet requirements or any mention of data capture budget.

RESPONSE 

Five probes are needed for baseline science. The 188hrs/season by 4 probes refers to probe alignments along X. It is not meant to justify the total number of probes needed for the mission which is five. We need:

(i) 188hrs of P1,P2,P3/4,P5 alignment (4 of 5) with any two of P3, P4, P5 in radial separation [first year]

(ii) 188hrs of P1,P2,P3/4,P5 alignment (4 of 5) with P5 in large azimuthal (Y-) separation with P3 or P4 [first year]

(iii) 188hrs of P1,P2,P3/4,P5 alignment (4 of 5) with P5 in vertical (Z-) separation to P3 or P4 [second year]

Conditions (i) and (ii) are achieved by the same orbital configuration during the first year by virtue of the faster P5 orbit which comes in-and-out of conjunction every 4 days scanning a wide range of Y-separations to P3/P4. When P5 is within 2Re from P3, P4 it achieves radial separations.

The two outer probes are needed for both baseline and minimum missions.

All three inner probes are needed to achieve the baseline radial (mainly along X), azimuthal (mainly along Y) and vertical (mainly along Z) separations. This is why we have a five probe mission.

Any two of the inner probes are required to achieve the minimum mission (detection of current disruption from vantage point of two nearby inner probes at 2Re separation on the XY plane). This is why minimum mission is a four probe mission.

The attached table shows baseline and minimum instruments required. It implies data collection is required to achive objectives.

The MRD (according to which mission is being designed and built) corresponds to the baseline science and includes primary, secondary, tertiary and ancillary science. The related mission requirement in the MRD has been revised to reflect this:

	ID
	Requirement Statement – Rev A
	Requirement Statement – Rev B

	M-12
	The selected orbital plan shall achieve greater than 188 hours of four-probe conjunctions during the prime tail observation season (September to April). 
	The selected orbital plan shall achieve greater than 188 hours of five-probe conjunctions per year during the prime tail observation season (September to April).


We included the explanation in the rationale:

A five probe conjunction during the first year is composed of 4-probe alignments (within +-2Re in Y) and a fifth probe in either of two conditions: Condition 1a: P5 separated from either P3 or P4 by 1-10Re azimuthally, or Condition 1b: P5 separated from either of P3 or P4 by 0-2Re radially.
A five probe conjunction during the second year is composed of 4-probe alignments (within +-2Re in Y) and a fifth probe separated by P3 or P4 by 0.5-2Re in Z.
X,Y, and Z are in the Solar Magnetospheric (SM) coordinate system for the inner probes (P3,4,5). SM is to within 11degrees of the equatorial. X, Y, Z are in the Geocentric Solar Magnetospheric (GSM) coordinate system for the outer probes and the comparisons between outer and inner probes (alignments).
Minimum science is not explicitly stated in the design at subsystem level, only as rationale at system level; minimum mission traceability is ensured by no further than this rationale so as not to overburden the database and workload. Ensuring that mission minimum goals are met rests with the PI through the MSE by continuous evaluation of performance adherence; when limits are threatened negotiation with NASA Head Quarters begins, using the Level 1 requirements as starting point. 







Measurement goals





P1





P2





P3





P4





P5





Time History of Events





P3,4&5 monitor CD�P1,2 bracket Rx�tres<30s, Y<±2RE
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Macroscale Interactions





Track rarefaction wave, inward flows, Poynting with B<1nT, V/V~10%
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Radial/cross-sheet pressure, velocity and current gradients require P/P~ V/V ~ B/B ~10%, non-MHD
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Cross-tail pairs measure FLRs, KH, ballooning on B, V, P @ 10s and fast modes on Bxyz and Exy @ 6Hz
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Instruments required to achieve Primary Mission Objective
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