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1. Introduction

This part of the Genesis Project Implementation Plan describes the activities of the mission's Science Team. It starts with a brief summary of the science objectives and rationale as well as the requirements on measurement accuracy. This is fol​lowed by an brief overview of the flight instruments, which are de​scribed in greater depth in the Genesis Payload Implementation Plan.  Next are descriptions of the methods to be used to select, test, and acquire the collector and target materials and the plans for the curation and analysis of the returned samples. Then the plans for obtaining the early science return and for the development and use of advanced analytical instrument facilities are outlined. Follow​ing introduction of the Science Team members and their indi​vidual responsibilities, this  Part concludes with presenta​tions of the Science Work Breakdown Structure, schedules, and costs.

Additional discussion of Genesis science objectives and implementation can be found on our Science/Technical web page:

 http://www.gps.caltech.edu/genesis/genesis3.html 

2. Science Rationale and Objectives

[Note to Readers:  An equivalent discussion is found in the opening sections of the Science Requirements Document.  Those readers who have read this document may want to skip section 2 here]

Since the Sun contains essentially all of the mass of the solar system, its composition gives the average solar system composition. For many elements there are, however, significant differences between the composition of the Sun and various other parts of the solar system (planets, comets, meteorites, ...). These differences are very revealing as to the conditions that prevailed and the pro​cesses that occurred in the formation and evolution of the so​lar system.  However, it is also true that the composition of the Sun is not sufficiently well established for the purposes of planetary science.  Although the absorption line spectra of sunlight can be analyzed for the abundances of the more abundant elements lighter than Fe, compilations of solar abundances are based mainly on analyses of CI chondrite meteorites.  There are significant limitations to this approach and accurate direct measure​ments of solar abundances would be a boon to planetary sci​ence.

Isotopic differences also exist among various planetary materials. Although these are much smaller, percentage-wise, than the elemental differences, they are of great importance because, in general, the isotopic differences  cannot be explained by the same chemical and physical processes which are usually invoked (e.g. differences in temperature) to explain elemental differences.  For example it is independently known that the solar system was formed from a wide variety of stellar materials produced over the 5-15 billion years of galactic history prior to the formation of the solar system and that these materials had a great diversity of isotopic compositions compared to those found on Earth.  The isotopic compositions of solar matter define solar system averages and thus represent an anchor point for the interpretations of the isotopic differences among planetary materials.  A major specific application is assessing the processes by which planetary atmospheres originate, using observed differences in isotopic compositions compared to solar.  Essentially nothing is known about the isotopic composition of solar matter.  Providing these data will be a major contribution of Genesis.

The Sun continuously emits a stream of multiply charged ions called the solar wind. Previous data for a few elements from spacecraft-borne instruments show that the elemental composition of the solar wind is not exactly the same as that of the solar outer layers (“photosphere”) i.e. some elemental fractionation that is known to occur between the photosphere and the solar corona.  As discussed below, this fractionation can be corrected for to infer the elemental composition of the Sun from that of the solar wind.  It is possible that corrections to isotopic compositions may be negligibly small, but if not, this will be recognized within the Genesis data set, which also will provide a framework for isotopic fractionation corrections.

The Genesis mission will return samples of solar matter for laboratory isotopic and chemical analyses on Earth.  Ultra-pure collector materials will be exposed for two years near the L1 Sun-Earth libration point to collect implanted solar wind ions.  Analysis of the collector materials will give precise data on the chemical and isotopic composition of the solar wind.

By returning samples of solar matter to Earth, the Genesis mission will address the following general science goals:

(1) a major improvement in our knowledge of the average chemical and isotopic compositions of the solar system. 

(2) a reservoir of solar material to be used in conjunction with advanced analytical techniques available to 21st century scientists. 

(3) greatly improved models of the nebular processes by which planetary materials and bodies form and evolve.

The highest priority specific objectives are to measure the relative amounts of


O isotopes, because they provide the basis for understanding observed meteorite variations


N isotopes, because they can solve the long-standing mystery of lunar N.


Noble gas isotopes and elements, because they provide the  basis for interpreting the compositions of planetary atmospheres.

From a consideration of which elements and which isotopes contribute most importantly to the major questions concerning the evolution of planetary materials, a set of prioritized mea​surement objectives has been developed. The isotopic compositions of C, N, O and noble gases are very high priority measure​ments because meteorite studies have revealed systematic iso​topic differences among planetary materials for these elements, and except for 20Ne/22Ne, solar data are not available. For Ne, the solar and terrestrial 20Ne/22Ne ratios differ by 38%.  Such isotopic differences provide major clues to the processes which formed the planets, and the materials from which the planets were formed. Some of these observed differences undoubtedly represent the remnants of an underlying spatial structure of the solar nebula. A major goal of 21st century planetary science will be to discern this underlying structure.

Lunar data have been interpreted to indicate that the 15N/14N ratio in the solar wind has systematically increased over the age of the solar system. This major interpretation will be tested by the Genesis data.

It is now well established that the solar wind is accelerated by more than one mechanism, leading to three major solar wind regimes:  the high-speed wind from coronal holes, the low-speed interstream wind, and the transient wind associated with coronal mass ejections.  Measurements by in-situ solar wind instruments have shown that the elemental fractionation of matter between the photosphere and the solar wind which depends on the first ionization time (FIT) and, perhaps to a lesser extent, on the ion mass and charge.  The Genesis mission will collect separate samples for each of these three regimes in order to correct our elemental abundance data for these fractionation effects.  We will combine the solar wind monitor data with knowledge of the systematics of FIT, mass, and charge fractionation patterns obtained from the results of the Ulysses, WIND, SOHO, and ACE missions to model the corrections to be applied to the Genesis sample data to deduce the photospheric elemental composition and any required corrections to solar wind isotopic data.

The prioritized measurement objectives are given in Table 1. 

Table 1  Prioritized Measurement Objectives *

(1)
O isotopes.










(2)
N isotopes in bulk solar winda.

(3)
Noble gas elements and isotopesa.

(4)
Noble gas elements and isotopes; regimes.





(5)
C isotopesa.










(6)
C isotopes in different solar wind regimes.

(7)
Mg,Ca,Ti,Cr,Ba isotopes.

(8)
Key First Ionization Potential Elements

(9)
Mass 80-100 and 120-140 elemental abundance patterns.

(10)
Survey of solar-terrestrial isotopic differences.


(11)
Noble gas and N, elements and isotopes for 


higher energy solar particles.






(12)
Li/Be/B elemental and isotopic abundances.


(13)
Radioactive nuclei in the solar winda.

 



(14)
F abundance.










(15)
Pt-group elemental abundances.

(16)
Key s-process heavy elements.
(17)
Heavy-light element comparisons.





(18)
Solar rare earth elements abundance pattern.




(19)
Comparison of solar and chondritic elemental abundances.

........................................

Measurement of bulk solar wind except when noted.

First 4 objectives are required.

aEarly science return.

3. Requirements on Accuracy and Precision

The levels of analytical sensitivity needed for the various elements and their isotopes depend upon their fluences in the solar wind, on the contamination background expected in the collector materials, and on their relative importance to plane​tary science.  
Table 2 provides the levels of accuracy and precision required for fundamental advances in understanding planetary materials.

Table 2  Precision and Accuracy of Elemental and Isotopic Analyses
Elemental Accuracy (2 limits) = ±10% of the number of atoms of each element per cm2 on the collector materials

Isotopic Precision (2 limits on the relative number of the different isotopes of an element compared to a terrestrial reference standard)


O, Mg,Ca,Ti,Cr,Ba 
±0.1%


C 



(0.4%


 N

 

±1.0 %


Noble Gases


(1.0 %  (a)


Others


±1%

 (a)  For the rare isotopes: 78Kr, 124Xe, 126Xe, 1% may not be achievable.  A goal for these isotopes is better than ( 3%, 2 sigma.          

4. Instrumentation Overview

In common with all sample return missions, the science objectives are not achieved until the re​turned samples have been ana​lyzed.  This means that not all of the mission instruments are launched.  Sample collection instruments are launched (Collector Arrays and Concentrator in our case), but the sample analysis instruments are not.  Labo​ratory analyti​cal instru​ments,  are dis​cussed in more detail in sections 8 and 9.

The passive collector arrays are arrays of ultrahigh-purity mate​rials, assembled under clean-room conditions, and placed in a clean sci​ence canister which is integrated as a unit into the return capsule. Some arrays are always exposed to collect a bulk so​lar wind sample, while others are deployed only in specific so​lar wind regimes. Further information about the collector materials is given in the next section.

The concentrator is an electrostatic mirror which concen​trates solar-wind ions in the mass/charge range 2.0 to 3.6 amu/q to obtain high signal-to-background ratios for mea​surement of C, N, and O isotopes. Such concentration is nec​essary for accomplishment of the highest priority science ob​jectives. 

Recognition of different solar wind regimes is accomplished with standard solar wind ion and electron monitors.  The out​put signals of the monitors are analyzed in the spacecraft computer to determine the prevailing solar wind regime and to deploy the appropriate array of passive collectors. The output of the monitors is also used to set voltage levels in the concen​trator.

5.  Collector and Concentrator Target Materials

The materials into which the solar wind is implanted are the sample containers for the S-U mission.  When the containers are opened by the analysis instruments, only the relatively small amounts of solar wind can come out;  there can be  no contributions from the sample container itself. Thus, the materials used must be ultrapure and clean.

Purity and cleanliness are essentially independent, issues in the selection of materials.  Purity refers to background contaminants distributed throughout the volume (bulk) of the material; cleanliness refers to level of surface contamination.  Separate requirements for these are summarized in the Science Requirements Document with more detailed documentation in the Genesis Contamination Control Plan. Both of these documents can be found on our Science/Technical web page referenced in the second  paragraph of this document.

The Science Requirement for purity is that the material be clean enough that precision goals (Table 1) can be met.  Allowing for blank corrections in an analysis, this sets maximum impurity levels for each element equal to 10% of the solar wind concentration.  As the solar wind implantation depth is less than this, these are conservative estimates for analytical techniques with good depth resolution.  As bulk purity sets the ultimate limit to which future analyses can improve on solar abundances from the initial round of Genesis analyses, our goal is to have materials with impurity levels less than 1% of solar wind concentrations.  With this goal it would be possible to improve on the requirements from Table 2 by about an order of magnitude to meet future requirements.

 We refer to the materials in the Concentrator as “target materials” and those in the collector arrays as “collector array materials”.

Based on work to date, the baseline set of materials that will be used to meet the various science objectives are summarized in Table 3.  Following the priorities set by the Measurement Objectives (Table 1), testing of the choices given in Table 3 has been carried out Phase B including baseline vendor selections.  In the first year of Phase C/D specific batches of materials from the vendors selected in Phase B will be tested to qualify as the actual flight materials.

Table 3   Material Purity  vs. Measurement Objective
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AlOS = Al  film on sapphire.

SOS = Epitaxial  Si on sapphire.

Vitreloy 101 = Cu-Ti-Zr amorphous metal alloy.

C = Selected Material

D = Documented Purity

X =  Planned, but not  Documented at end of Phase B

B = Backup

L = Selected Material; Objective with List of Elements; Partial Documentation

Table 3 also indicates the status of materials purity documentation at the end of Phase B. The materials chosen for our Preliminary Design are indicated with a C and those whose purity has been documented to meet our 1% SW goal  are indicated with a D.  Many of the objectives in Table 2 involve analyses of a list of elements, and in many these cases we have documentation on only some of the elements in the list.  This is indicated with the L symbol. 

Table 4 summarizes the Baseline materials suppliers.

Table 4

MATERIALS VENDORS SUMMARY

	CZ Silicon
	MEMC corp.

	FZ Silicon
	Unisil

	CVD Diamond
	Raytheon

	Silicon Carbide
	CREE

	Epitaxial Si on sapphire
	Union Carbide

	Germanium
	EG&G 

	Single crystal sapphire
	Union Carbide

	Al, Au films on sapphire
	JPL Microdevices Lab

	Vitreloy 101
	C. Hays; Caltech

	Ge on Pt (SRC lid foils for measurement objective 13)
	Goodfellows (Pt); Shrelldal (Ge coatings)

	Al
	U. Bern; Apollo foil


Tables 5 and 6 summarizes analytical techniques that have been employed for independent bulk purity evaluation of specific vendor materials during Phase B and early in Phase C.  Table 6 is organized by material, but it is also useful to cross-correlate with measurement objective as is done in Table 6.

TABLE 5   Techniques for Purity Documentation vs Material

	Material
	SIMS
	Laser GSMS
	GSMS-F
	GSMS-O2
	IR
	GSMS-P
	INAA
	ICPMS
	RNAA
	AMS
	GSMS-
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SIMS = Secondary Ion Mass Spectrometry

GSMS = Gas Source Mass Spectrometry

Laser GSMS = Laser ablation plus GSMS

GSMS-O2 = combustion plus GSMS

GSMS-F = fluorination + GSMS

IR = Infra-red spectroscopy

GSMS - P = Pyrolysis plus GSMS

INAA = Instrumental neutron activation analysis.

ICPMS = Inductively-coupled-plasma mass spectrometry

RNAA = radiochemical neutron activation analysis

GSMS-CE = controlled etching GSMS

AMS = accelerator mass spectrometry

Table 6  Techniques for Purity Documentation vs Measurement Objective

	Meas.

Obj.
	SIMS
	Laser GSMS
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See Table 1 for measurement objective.

Acronyms same as for Table 5.

Different techniques are required for analysis  of surface contamination.  These are shown in Table 7.  Si wafer suppliers normally supply their own process control, as surface contamination is a major issue in the semiconductor industry.  Our efforts for Si represent independent confirmation of the vendor results.  Phase B efforts will primarily focus on Au and diamond.  Surface contamination is not an issue for noble gas analysis from Al or Al-on-sapphire.

Table 7

TECHNIQUES FOR MEASURING SURFACE CONTAMINATION

	Technique
	Materials
	Comment



	Scanning Electron Microscopy (SEM) Particle Counts
	all
	Both particle size and composition information are available.

	Photoelectron Spectroscopy (XPS)
	all
	Used for CNO.  Phase A XPS studies demonstrate that clean surfaces on Au and diamond can be obtained.

	Time-of-Flight SIMS (TOF-SIMS)
	all
	Better controlled depth profiling than conventional SIMS.  TOF monitors all masses simultaneously giving better survey coverage.

	Vapor Phase Inductively-Coupled Plasma MS
	Si
	Greater sensitivity than TRXRF; large areas of wafers sampled.

	Stepwise Combustion Analysis and Gas Source Mass Spectrometry
	all
	For C and N; Baseline analysis plan calls for C and N analysis using Si from collector arrays. 


6.
Sample Curation

Following recovery, the canister containing the collector arrays and the concentrator will be taken to the receiving and curatorial facility at Johnson Space Center (JSC), the designated NASA Center for curation of extraterrestrial materials.  Procedures and facilities within the Planetary Missions and Materials Branch, Earth Science and Solar System Exploration Division, JSC will be modified and adapted to assure adequate curation of the returned samples.

Detailed curation and sample allocation procedures will be developed in late Phase C/D.  In the pre-recovery part of Phase E, JSC personnel will develop, test, and procure long term storage containers and environments which will maintain the surface cleanliness of the collector and target materials.  In general these will be similar to those used for the flight materials prior to launch; however only labeling of material batches or lots is required prior to assembly, but detailed documentation of the location of individual samples must be maintained after recovery.  Inasmuch as possible, the contamination control procedures during canister disassembly will be identical to those used in canister assembly (section 9.4).  In addition, systematic, archeological-style inspection of the returned materials and components will be carried out to determine what actually happened during exposure.  Based on visual inspection, any new surface marks, specifically locations of micrometeorite impacts, will be documented. 

Upon receipt of the canister at JSC the transport container will be opened in a class 10,000 area.  The exterior of the science canister will be wiped down with solvent until visibly clean prior to introducing the canister into the class 100 sample extraction area.  Additional cleaning techniques may be used depending on the condition of the canister.  The science canister will be opened in the class 100 facility and the condition of the canister interior will be described and imaged.

The disassembled collectors and concentrator target materials will be handled in class 10 cleanroom conditions and stored in a dust-free, contaminant-free, high purity nitrogen environment.  The collector and target surfaces will be protected from all physical contact and from static electric charging.  For the specific case of Si wafers, well defined handling procedures developed by the semiconductor industry will be adapted to our needs. Procedures for subdividing individual collectors for allocation without significant contamination will be devised and tested by JSC in consultation with the Science Team. Material restrictions for sample handling tools and containers will be determined in consultation with the Science Team.

Before allocation, the samples will be examined for factors that might effect end-use analyses, and results of those examinations will be a part of the documentation associated with each sample.  The locations of the samples and the investigators to whom they are allocated will be known at all times.  These data will be readily available and secure.

7. Overview of Plans for Sample Analysis

Although the opportunity to analyze returned solar wind samples will be open to the international planetary materials community as soon as possible after recovery, allocations will be made only after careful review of the proposed analytical procedures by a Sample Allocation Committee (see section 10 below).  As there will be no restric​tions on publications from such allocations, data will appear in the scientific literature over a period of time.  

However, it is also desirable to have a focused and timely product of the mission.  As we are confident that several of the important science objectives can be realized relatively quickly without compromising science quality, four studies -- N isotopes (priority #2), noble gas isotopes in bulk solar wind (priority #3) C isotopes (priority #5), and the search for radioactive nuclei (priority #15) -- will be set aside to be performed by the Genesis Co-Investigators as the Early Science Return.  These Early Science Return measurements were selected on the basis of a combination of science importance and feasibility.  Less than 1% of the returned sample will be used in these studies.  

8.
Instruments for Early Science Return

Early in Phase E, the existing gas extraction lines and the static gas mass spectrometers at the University of Minnesota will be upgraded to prepare for the measurement of N isotopes as part of the Early Science Return effort. This upgrading will consist primarily of buildng a dedicated instrument for Genesis sample analysis incorporating state-of-the art features and components identified during N materials testing efforts in Phase B and focused design efforts in Phase C/D.  Mission CoI R. Pepin of the U. of Minn. is responsible for this work.

In an exactly analogous manner, existing noble gas mass spectrometry instrumentation at Washington University, St. Louis will be upgraded for the Early Science Return measurements of noble gas isotopes. This work at Washington University will be performed under the direction of CoI C. Hohenberg.

After the capsule recovery, material will be removed from the return capsule lid at LMA for measurement of radioactive nuclei; this work does not have to be done under the clean-room conditions required for handling the rest of the samples. This material will be sent to the University of California at Berkeley where CoI K. Nishiizumi will be responsible for the search for radioactive nuclei using an existing accelerator mass spectrometry facility.  No new instrumentation or facility modifications are required.

The C isotopic analyses will be performed by CoIs Franchi and Pillinger from the Open U., UK.  

It is worth distinguishing the instrumentation upgrades proposed for the Early Science Return from the more extensive Advanced Analytical Instrument Facilities  developments discussed in section 9.  The Early Science Return could be carried out with present instruments in PI laboratories as they exist now.  No major new analytical concepts or approaches are needed.  However, the upgrades are justified because of the importance of the data acquired which mandates that Genesis analyses should be done on instruments that are state of the art in 2002 rather than decades-old instrumentation.

All results of the Early Science Return analyses will be published in the scientific literature and also included as part of a Final Report of the Genesis Mission to be submitted to NASA within 1.5 years of sample recovery.

9.
Facility Instruments

Advanced analytical instrumentation is required to complete the Genesis science objectives, but development of these facilities is feasible.  The baseline approaches that will be used to analyze the Genesis samples are given in Appendix II-J on our Science/Technical web page (see reference in 2nd paragraph of this document.)  The present section discusses the plans for the development of Advanced Analytical Instrument Facilities (AAIF) for such instruments.  In this context "Facilities" means analytical instruments operated and maintained by a professional staff at one location but available to NASA-approved "user" scientists for specific studies of returned solar wind collector materials.  This approach is similar to those  successfully used by nuclear physics accelerators and  telescopes for many years.  Here, "approved" means (i) the user is affiliated with the research program of a PI approved by NASA's Planetary Materials and Geochemistry Discipline Science program and (ii) collector materials have been allocated to the user by the Sample Allocation Committee (see Section 10).  Requirement (i) is a stiff quality control hurdle.  Following tradition set by lunar sample analysis, foreign scientists can be approved based on "sample only" proposals.  The detailed analytical procedures for specific analyses are the responsibility of the user in consultation with the AAIF staff on questions of feasibility.  The AAIF staff has the responsibility to maintain and operate the instrument at peak performance levels and to co-operate with outside users in the actual measurements.  It will be strongly recommended that results be published jointly between the user and AAIF scientists.

Such a facility-instrument approach ensures that the best analytical instruments will be used and enables broad participation by NASA Planetary Materials scientists in solar wind sample return analysis.

9.1  Selection of Facilities  

In order to budget for the AAIFs, we have made a detailed analysis of what these instruments should be.  This analysis will be supplemented by technology development studies during Phase C/D which should produce viable designs for instrumentation that will meet the accuracy  requirements given in Table 2.  Nevertheless, we regard all these plans as a "strawman payload."  The actual instruments will be selected by competition near the end of Phase D.  This exploits a major advantage of sample return missions by enabling the best ideas from the international science community to be implemented rather than only those of the Genesis  science team.  The requirements for potential AAIF PIs would be that they: (i) demonstrate adequate sensitivity for returned solar wind collector analysis using less than 100 cm2 of collector material per analysis, (ii) demonstrate that the accuracy requirements from Table 2 can be met, (iii) propose costs within the overall AAIF budget, (iv) agree to collaborate with all approved outside users in specific analytical tasks, (v) establish the AAIF in the United States.  The AAIF staff can also request and analyze collector materials as part of their own in-house research efforts.  If there is difficulty in meeting user time requests, a three-person scheduling committee will be formed with two of its three members being from outside the institution in which the AAIF is located.

Table 8 summarizes the AAIF selection schedule.  The plans and schedule for AAIF devel​op​ment, along with general propo​sal guidelines, will be publicized with articles in science news bulletins such as Eos.  Proposals will be accepted from universities, government laboratories and private busi​nesses.  Proposal review will be managed by the Lunar and Planetary Institute (LPI) following well-established peer review processes of the NASA Planetary Division Discipline Science programs, utilizing both external and panel reviews.  Based on letters of intent, accom​panied by a preliminary summary statement of the proposed Facility, a Review Panel will be selected by the LPI director with advice from the Discipline Scientist of NASA's Cosmochemistry Program.  The Review Panel will be drawn from insti​tu​tions not represented in the letters of intent.  Funding decisions of the Panel, trans​mitted to the LPI director, are final, not subject to review by the PI or any CoI.  Neither the mission PI nor CoIs will be members of the Review Panel; conversely, both the PI and CoIs are eligible to submit or participate in AAIF proposals.  AAIF funding will be held by the Johnson Space Center (JSC) and contracts will be issued when the Panel decisions are trans​mitted to JSC by the LPI Director; however, as this is just a contract administrative responsibility, scientists from JSC would be eligible to submit Facilities proposals.

Table 8. 

Advanced Analytical Instrument Facilities Selection Schedule
 (Times given in months relative to start of Phase C/D)

Phase C/D Start:  Aug 1,1998

C

Start of Phase C/D

C + 13
AAIF selection process publicized

C + 25
Letters of Intent due

C + 26
Review Panel selected

C + 29
Review Panel selects reviewers

C + 30
AAIF Proposals due

C + 32
Funding decisions by Review Panel

E

Beginning of Phase E

E + 0

AAIF Funding Initiated 

9.2  Strawman AAIF Payload  

The strawman AAIF payload has been designed on the model that one large (3.5$M capital expenses), and one small (0.8 $M) Facility would be established.  The actual number and size would be decided by the Review Panel.  The strawman Facilities are: 

(A) A state of the art SIMS (secondary ion mass spectrometer) with multicol​lec​tor capabilities.  This instrument must be capable of making oxygen isotopic measure​ments at the designated precision levels. Phase A experience shows that methods of surface desorption of background molecules other than the primary sputter ion beam will very likely be required.  

(B) A zero-background RIMS (resonance ionization mass spectrometer) Facility designed for high sensitivity elemental analysis.  

Brief summaries are given below, but more detailed discussion of the techniques chosen for the strawman payload can be found in Appendix II-J on our Science/Technical web page:  

http://www.gps.caltech.edu/genesis/genesis3.html 

SIMS.  This instrument would be essentially the year 2001 equivalent of the current Cameca 1270 instrument including multicollector capabilities which permit the simultaneous analysis of all isotopes of a given element.  Such instruments are the flagships of modern materials analysis, and continued commercial developments are assured.  Phase C/D studies by CoI McKeegan with the UCLA 1270 will define the coupled transmission/mass resolution requirements for analyzing low elemental concentrations in the presence of interfering molecular ions from Si wafers.  Most importantly, however, our experience with the Cameca 1270 during Phase A shows that an independent means of surface cleaning other than the primary sputtering beam is required for analysis of O isotopes (and elements such as F and Cl as well).  This was anticipated in our Phase A proposal. Even under UHV conditions, background counts from contamination from the vacuum and from the surface of the sample being analyzed are observed.  At present the only way to minimize this background source is with the primary sputter ion current itself.  However, with the currents required to produce acceptable backgrounds for O, the solar wind implantation zone would be sputtered through in seconds.  While such rapid data acquisition is  conceivable with a multi-collector instrument and desirable if large areas are being analyzed, it is far better to have independent means to remove surface contaminants than the primary ion current.  In principle this can be accomplished with tuned laser desorption of surface contaminant molecules.  This concept will be tested in a collaboration with Chas. Evans & Associates in the first year of Phase C.  The SIMS + laser instrument would not be available commercially.  A special construction is required which would be significantly more expensive than the SIMS instrument alone (which, allowing for multi-collector capabilities, would cost roughly $2.5M, 1995), justifying the amount budgeted for our large facility.

RIMS.  In our view resonance ionization mass spectrometry  will be the workhorse of the S-U elemental analysis program.  Because of the success of SIMS, marketing of commercial RIMS instruments has not occurred, but many talented laboratory efforts are underway.  In RIMS very thin atomic layers are removed by sputtering or by laser ablation.  A series (probably at least 3 for Genesis work) of highly monochromatic lasers selectively ionizes a chosen element and nothing else, potentially giving very high signal to noise.  Moreover, essentially all the atoms of the chosen element can be ionized (ion yields of factors of 1000 to 10,000 higher than SIMS), giving RIMS potentially very high sensitivity.  Concept development work with CoIs Pellin and Calaway during Phase C/D will produce a design for a suitable RIMS instrument.  The price estimate for RIMS as our mid-size AAIF is based on recommendations by the CoIs.

9.3  AAIF Technical Oversight

Following capital investment funding in the first year of Phase E, funds will be provided to the AAIF PIs for two additional years to support AAIF installation and testing.  Performance will be evaluated at 6-month intervals by written reports to the Review Panel which would be reconstituted as a Technical Oversight Committee.  The Discipline Scientist of the NASA Cosmochemistry Program will serve as Contract Monitor.  If progress is not satis​fac​tory, the Oversight Committee is empowered to perform a site visit and recommend corrective actions.  Travel support for site visits will be provided by Phase E contingency funds held by the Genesis PI.  At the time of submission of the 5th semiannual report, the Oversight Committee will report to the Contract Monitor, either certifying the readiness of the AAIF installation for operation or recommending further development activities. Following certification of site readiness, operations funding  will be given  through the end of Phase E.  Technical oversight during the Operations Phase will be the same as during the installation phase.  During this phase each AAIF is expected to devote as much time to collector analysis as possible, consistent with necessary maintenance and repair.   

10. Sample Allocation Plan

Except for the Early Science Return exper​i​ments (Section 8), no special privi​leges are reserved for the Genesis PI or CoIs.  The op​por​tun​ity to analyze Genesis col​lec​tor materials is open to all PIs (both US and non-US) from the NASA Planetary Mat​erials and Geochemistry Discipline Science pro​grams.  Broad access to state of the art instru​mentation capable of col​lector mater​ial analysis will be available through the AAIF program (Section 9).  The inclusion of "sam​ples-only" proposals, as presently done for lunar sample access, permits interna​tional par​ticipation and the use of US instruments other than those identified as Genesis Facilities.  

Materials for study will be provided by the Curatorial Facility of the Johnson Space Center (JSC) based on recommendations of a Sample Allocation Committee (SAC).  This process follows well-developed procedures with deep heritage going back to Apollo lunar sample allocations.  In addition to SAC operation, these procedures cover the selection of SAC members, the frequency of meetings, etc.  The SAC also serves as a moni​tor​ing and advisory commit​tee to the JSC Curatorial Facility on issues relating to minimizing contamina​tion during the handling and storage of collector materials
11.  Analysis and Archiving of Monitor Data

Data from the solar wind monitors will be returned to Earth on approximately a weekly basis. The data will be examined at LANL under the direction of B. Barraclough and at JPL by M. Neugebauer.  These investigators will track the performance of the on-board algorithms for determination of the solar-wind regimes and develop new algorithms if necessary.  The monitor data will be used to calculate (i) the total fluence of hydrogen and helium on each set of collectors and (ii) any mass fractionation corrections to be made to the analyses of concentrator samples. The monitor data will also be used to place the returned samples in the context of solar-cycle and other variations in the solar wind.  

The monitor data will be placed in the relevant NASA archive (probably NSSDC) on a continuing basis throughout the mission. Documentation concerning the instrument design, performance, and calibration will also be archived.




