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This report covers the work carried out under NASA Grant NAG5-4083. The research

was directed toward analyses of early solar system material, of presolar grains preserved in

meteorites, and toward theoretical studies of nucleosynthesis in stars related to the chemical

evolution of the galaxy and the formation of the solar system. The work was carried out over

the time period 15 February 1998 - 31 May 2001 and involved the participation of the

following individuals: M. Busso, Visiting Associate, Professor of Astrophysics, Perugia

University, Italy; B.-G. Choi, research fellow, now Associate Professor at Seoul National

University, Korea; H. C. Connolly, research fellow, now at Kingsborough Community

College, CUNY; R. Gallino, Visiting Associate, Professor of Astrophysics, University of

Torino; Y. Guan, Smithsonian Institution; C. Hohenberg, Professor of Physics, Washington

University, St. Louis; M. Heinrich, electronics and systems engineer, Caltech; W. Hsu,

research fellow, Caltech; T. LaTourrette, research fellow, now at Rand Corporation; G. R.

Huss, Senior Research Scientist, now at Arizona State University; N. Krestina, research

fellow in geochemistry, Caltech; G. J. MacPherson, Smithsonian Institution; K. Nollett,

research fellow in astrophysics; Y.-Z. Qian, Professor of Physics, University of Minnesota; G.

Srinivasan, research fellow, now Research Scientist, Physical Research Laboratory,

Ahmedabad, India.



This programhasbeenvery successfulandhasresultedin numerouspublications.A

complete list of scientific papers,extendedabstracts,and short abstractsis given in the

appendix.Thework hascoveredis summarizedbelow.

1) The first studyof the distribution of platinumgroupelementsin metal phasesin

chondrulesand matrix was successfullycarried out using the PANURGE Ion Probe in

conjunction

Wasserburg,

with a detailed petrographic

2001). This study showed

and petrochemicalstudy (Connolly, Huss and

the results of reduction of Fe metal in CR2

chondrules,the relationshipto PGEconcentration,the metalloss from chondrulesby liquid

droplettransport,andthecondensationof FeNimetalonchondrulesurfaces.

2) The diffusion coefficient of Mg in anorthitewasdeterminedand the implications

for effectsof autometamorphismin planetarybodiesdueto heatingby 26A1wasdeveloped.It

was shown that only the exteriors of bodiesgreaterthan -50 km radius could preserve

evidenceof 26A1in Al-rich phases,becauseof diffusive interchangewith abundantMg-rich

phasesin theplanetaryinterior.Therole of leakypressurecookerevolutionin planetsheated

by Z6A1waspresented(LaTourretteandWasserburg,1998).

3) An 26A1study wasconductedusinga CAI which had beenrecognizedto be the

result of a multi-stageformation basedon petrographicgrounds.It was found that the

different sequentialzoneswere formed over a time interval of severalhundredthousand

years.This observationappearsto showthat a time resolutionof-105 yearsis possiblein

someearly solar systemsamplesand is supportiveof someplanetaryprocessingin the

formationof CAIs (Hsu,Wasserburg,andHuss,2000).

4) The studyof entstatitechondritesshowedthat 26A1waspresentin CAIs in these

objects. These chondriteswere consideredto have formed under distinctive reducing
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conditions at locationsin the early solar system.It was found that 26Al/27A1 - 5×10 5 was

present in these CAIs and that such material was therefore either widespread or widely

distributed throughout the early solar system (Guan et al., 2000). ,,

5) An extensive study of 26A1 abundances in both chondrules and CAIs was carried

out. This extended the data on CAIs and showed that some low levels of 26A1/ZTAl (typically

less than 10 -6) were present in some chondrules (Huss et al., 2001).

6) Measurements of circumstellar dust grains were made using a more advanced,

automated SEM scanning system and precise coordinate transformation system for the ion

probe (cf Heinrich et al., 1998; Krestina et al., 2001). This resulted in the discovery of

hibonite and spinel grains formed as circumstellar condensates As determined from the

oxygen isotopic composition. In particular, it was possible to measure Ca, K, Mg and Ti

isotopes in the hibonite grain. The measurements showed the clear presence of 41Ca (_- =

1.5x105 y) and 26A1 (_- = 1.05x106 y) in the grain at the time of its formation. These results

permitted the first direct comparison of the abundances of different short-lived nuclei in the

same circumstellar dust grain, and hence constitute a direct test of models of nucleosynthesis

in AGB stars (Choi et al., 1999).

7) With regard to theoretical studies, extensive work was carried out and resulted in a

major, invited report on nucleosynthesis in AGB stars that appeared in Annual Reviews of

Astronomy and Astrophysics, 1999. This report covered both the advances in understanding

AGB evolution, nucleosynthesis in AGB stars, and contributions from AGB stars to galactic

enrichment and to the solar system.

8) A study of supernovae contributions using the model of multiple (at least two) r-

processes in different supernovae, SNI_(H) and SNII(L), was carried forward and applied to



the evolution of oxygenandiron in thegalaxy(QianandWasserburg,2001).This modelof

SNII(H) andSNII(L) wasusedto explaintheextremelyhighU, OsandIr abundancesfound

in avery low metallicitystar.This wasthefirst observationof U in a star(Cayrelet al. 2001,

QianandWasserburg,2001).This observationwasappliedto theevolutionof "metallicity" in

the early universeand showedthat the abundancesof [Fe/H] as a function of red shift, as

observedin dampedLyman-acloudscouldbe explainedasa result of the delays in galaxy

formation subsequentto t = 0 (Big Bang) (Wasserburgand Qian, 2000). This

phenomenologicalapproachwas thenextendedto the evolution and abundancesof all "r-

elements"in low metallicitystars(QianandWasserburg,2001).

This summarizesaboutall thatwehaveaccomplishedunderthisgrant.
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