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Introduction
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Primitive meteoenites contain'small guantities
(PpL-pPPM) el refracteny dust grains With
RIghly;anemalelis ISeIePIC COMPOSIIGNS

FIRST RIS 6N thE PrESENCE. Off METEOVILIC
minerals withrhighly: anemaleus ISetepIc
compositions i the 1960S

Separation eff SIC as caier oiranemalous
AeLIE gas compoenents i the 1980s

> Preselarengmn
= Staraust
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Presolar Minerals
Introduction
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Intreduction (I\V)

Introduction From Circumstellar to Interstellar to Presolar Grains
Stellar Nucleosynthesis
‘ and Formati_on of
Dust Grains
@
e® ©

Formation
of Solar System

\

Meteorites i
" Chemical &
Physical

> Separation
of Dust Grains;
-lll & In-situ Search
Mass in Thin Sections

Laboratory Analyses
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Intreduction (V)

Astrophysical Information

Stellar nucleosynthesis and evoelution
Galactic chemical evelution

Grain fermation: Inr stellarr envireRMents
Chemistiy i the ISV

IYPES of stars that contributed dust te the
Selar System

Selar System fermation
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Silicen Carpide ()

C and N Isotopes

(Data sources: WU St. Louis,
MPI Mainz, Carnegie Inst.)

\Viaistreamy(©0°%6);
125-8' Vg AGB stars;
selarmetallicity
AN RENSZANENEWY0);
125-8' Vg AGB stars;
Sul=selarmetallicity
IVRED(ED0);
IVpellfsuperneyae
INGVaN(F0:196)

ANV RETASBNANEWY0):
J-type € stars?
Born-again AGB stars?



Silicon Carnbide (1)

Si Isotopes
SiC

(Data sources: WU St. Louis,
MPI for Chemistry MPI MaInZ, Carnegle |nSt)
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(Savina et al., 2004)

= Heavy elements in VS grains Shew: S-process ISetepIc
Signatures

= Streng suppertfer enginfiom 1-3'M5 AGB stars
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Sllicatesiarne m-uor

constittient ol ©-rch dust
aleuna stars

EIrSt Silicates diIScoveread n

DR IRT2002

O ISEIOPE MAPPING WItH
100 nmresoeluten

11



Oxides & Silicates (1)

O Isotopes

Oxides 4 Groto | (Z0%)
1.2-2.2 V5 AGB? stars;
selarmetallicity

4 Cifotjo 2 (15%):
<2 Mg AGB stars;
CBPR

4 Ciratjo g (5%)
[CeW-mass; IoW-met.
AGE stars?
IVpellfstuperneyae?

G eUPMANE020);
IVpelliFsuperneyae

e (Data sources: WU St. Louis, Carnegie Inst.,
MPI for Chemistry JSC, CalteC, MPI MainZ)
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Oxides & Silicates (1)

170/1%0 in Presolar Grains and Red Giant Stars

" L@/50@n RG stars

— Max Mass=2.2 M, depends mainly en stellar
: Mass
== Presolar Grains o _
= Distribution of */©/**@in
AGB gramns Isisensitive
measure ol mass
distriution effparent stars

= UppermassiimiteiAGB
parent stars infenred irem
0000 0001 0002 0003 0004  0.005 MonteCarloisimulation

OO0 = Best match fora mass
imitef2:2 Mg

Oxides

(Nittler, 2009)
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= Grains with' streng enrich-
MENtS IN 22°CSIVErRy rare
among larger graimns
= OnHgimn:
= QUutsIde range oifAGB
grains
= 2G/iS@incompatible
WIth neya predictions

= Qutside range of
common SN grains

= But: large range ofi S|
compositions m SNI|

(Gyngard et al., 2010; Hoppe et al., 2010; ejecta possible
Zinner et al., 2010)

Advances
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(Rauscher et al. 2002)

VIXING Glfmatterireom
different SNilayers can
preduce awide range of
SI-ISEIOPIC COMPOSIIGAS
Grain Brhas 2°Si/c°Si of
=2Zx:selar

= Implies relative large

contrbutions from
©O/Ne zene

" Provides eppontunity te
make test of lravaglio
et all hypethesis (2x
higher 2°Silyield in
O/SI'and ©/Ne)



Advances

Ratio/Solar
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VinxingreirdlisiVigFSINIINE(ECta

= \/ery goed match except for

® Grain KJB2-11-17-1 : .
@® 15 M, SNIl model 298|/28SI

© 15 M, SNIl model,

751 yield enhanced = Doeubling the 2Siieldin
the ©/Ne zene:
" Perfect match for 22SifZeS|

= Suppertsiidea of under:
estimated 2°Si production

= 3x higher26Mg(or,n) 2SI
Increases 2°Siyield by 2x
= GCE models predictway,
100 little 2°S|
= 1.8-1.9x more 2°Siin SNell
" Good match te selar 2°Si

2Gi/28Si 30Si/8Si 12C/BC  4ATi/*8Ti
Hoppe et al. (2009)
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Recent Aadvances, (V)

EENFSIC SNPGRS

X grains
MS grains :
AB grains | 444-2 |
Y grains
Z grains

(Marhas et al. 2008)

SIC X grains contain up: te
0:5Wit% Fe

SlEp enprichments In most
X grains with >7Fe/>Fe up
10 2% soelar:

>*e/>SFe are essentially,
noermal



Recent Aadvances (V)

EENRININVPENIFSINE

Advances

(Rauscher et al. 2002)
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S/Ee/SFe and Sircan be

explaied by mixing matter,

from He/N, He/C; and SI/S

ZONES

Noermal >*Fe/>°Fe puzzeling:
= S|/S ZONE IS VERY fich N SfFe

= Preferential trapping o Fe
rem GUtEr ZGNEes?

= Element fractionation by,
molecule chemistry?

" S Setepe anomalies intwe
SNigraims withrheavy: S|
SUpPpPOort thisiidea



Recent Aadvances; (Vi)

OHEINEIRGIEURMIOXICE/SIICAIENGEAINS

= Origin el Greup 4 grains:
= Jypell'SNe
= High-metallicity, AGB stars

= Multi-elementisetope data:

* |Setepe data fer ©; Vg,
and/er Ca frem three Group
4rexide grains

= Compariseniwith SNII
MIXING ModJEelSs

Advances

(Nittler et al. 2008)
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Grain Model
0] e KH2
O m UOC-S3
A T22

|Setepe datarane welllfexplaimed by 151V SNIIFmiXing medels
= Vest matter from Hand He/N zones
" 18@enrichments due toradmixture ofi He/€ zone matter

Streng suppert fer SNiergin o Group 4: grains
Additienal evidence from Vg & Si data efisilicate grains



Recent Aavances: (Vi)

=N SNESRIRE!

= 150Q-rjch SNIgrains are
extremely rare
= 15@-rjch spinelwith
radiegenic **Ca found
= L7I50Q/15@~0.1x solar
= 22Ca/*0Ca — 60X selar
=SS/ =10.004
= Strong suppoert fen SN
ergin
= Multi=elementiseiope
data can be reproduced
pY:SNimiIXing (15 Mg
(Gyngard et al. 2010) model ofWoosIey &
Heger2007)

Advances
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Recent Aadvances; (1X)

G rEXGESSES T OXIderGrains

* Normal | = Bulk-meteorites Sshow

® 54Cr-rich | S*Cr Variations

: = |dentification ofioxide
grainswithilarge >*Cr,

EXCESSES hut ne ©
ISOtePE anemalies

= Origin e >*Cranemaly:

= Oxidatien (ISVI; Selar.
System) el SN'metal

Advances

§24Cr/P2Cr (%o)

: grains
50 0 = Cr.oxides from SNell
872 C1/>2Cr (%o) = GCRirradiation of Fe-
(Nittler et al. 2010) flichigrains
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Summary.

Primitive meteontes and | [DPSs contain presolar dust
grains that previde awealth efiastreophysicalinfermation

ihe majerity effpresolargrainsifermedin 1-siVig AGB
Stars; a few % in SNEell; and << 1% R nevae
(Seme) existing proklems/shercemings:

= Eorthe moest abundant preselarmineral; the silicates; enly
limitedinfermation Gn ISeIePIC COMPOSILIGNS EXISES

= \Why are there nerapparent contriputions frem >4" Vg AGB
Stars?

= Jherele ol CBPRInthe parent stars efipreselar graims from
AGB'stars

= \Why se few SNIgrains with 0 eXCeSSES?

= e comparnsen off SN gran datawith moedel pPrediClions Is
pPased on ad-nec mIXing calculations; more realistic
modelsidesired (physics efimixing, melecule chemistny)
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