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FE-SE image of a

presolar silicate
(Leitner et al., 2018)

* Most grains are small (diameter
<250 nm)

* Silicates, oxides, graphite, SiC, etc.

* Found in meteorite matrices,
interplanetary dust particles (IDPs)
and cometary dust, based on
anomalous isotope composition
(i.e., composition outside the

range of Solar System isotope 300':00»:‘;"“95' -
variations) — sampling bias? R A _‘
) Ping human hair

* First presolar isotope anomalies
detected in bulk samples (H, O,
Ne, Xe)

* First presolar grains detected in
chemically separated aliquots of
primitive meteorites
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* Most grains are small (diameter 12 o ORGUELL (C1) L
<250 nm) ® ALAIS (C1)
N a IVUNA (C) .

o NOGOYA LIGHT (C2)
o RENAZZO (C2)
& COLD BOKKEVELD (C2)

O KAPOETA, FAYETTEVILLE,
PANTAR (HIGH TEMPERATURE)

* Silicates, oxides, graphite, SiC, etc.
10

* Found in meteorite matrices, »Plan
interplanetary dust particles (IDPs) tary” |
and cometary dust, based on 8
anomalous isotope composition Mt
(i.e., composition outside the
range of Solar System isotope 6
variations) — sampling bias?

Ne in
carbonaceous

chondrites
Black and Pepin (1969)

|

* First presolar isotope anomalies
detected in bulk samples (H, O,
Ne, Xe)

* First presolar grains detected in
chemically separated aliquots of
primitive meteorites
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Introduction

Most grains are small (diameter
<250 nm)

Silicates, oxides, graphite, SiC, etc.

Found in meteorite matrices,
interplanetary dust particles (IDPs)
and cometary dust, based on
anomalous isotope composition
(i.e., composition outside the
range of Solar System isotope
variations) — sampling bias?

First presolar isotope anomalies

detected in bulk samples (H, O,
Ne, Xe)

First presolar grains detected in
chemically separated aliquots of
primitive meteorites
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They document stellar evolution ...and SiC grains from AGB stars

and Galactic Chemical Evolution

E.g., Si isotope model predictions for
AGB stars...

1 M=2M,, n=0.3 Zinner et al. (2006)
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They tell about dust formation in stellar
environments...

* Pressure and T of condensing gas

* Condensation sequence(s)

e Kinetics of condensation

...and about ISM/early Solar System
processes:

ger intensity

e Condensation of additional material

e Grain alteration/destruction

& AGB spinel aggregate with silicate mantle that

formed in the ISM or the Solar System (zega et
al., 2020)
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Calculated Initial 28A1/27A1 (x 107)

CAls: Ca-, Al-rich inclusions (oldest dated Solar System objects)

They provide information about the Galactic 4Cr-enriched spinel grains
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FE-SE image of a

presolar silicate

* Isotope composition (Leitner et al., 2018)

e Chemical composition

e Structural data

* Relative abundance

* |sotope/chemical/structural analysis of individual presolar grains requires
nano-analytical techniques:

* |sotope compositions usually measured by nanoscale secondary ion mass
spectrometry (the instrument is abbreviated NanoSIMS) and by
resonance ionization mass spectrometry (RIMS; instruments: CHILI, LION,
CHARISMA)

 Chemical composition determined by Auger spectroscopy and energy
dispersive X-rax spectroscopy (EDX)

e Structural data obtained using transmission electron microscopy (TEM)



NanoSIMS:

Secondary ion mass
spectrometer

Two primary ion sources
(Cs*, Hyperion: O* or O)

Spatial resolution down
to 80 nm

5 masses analysed
simultaneously

Mass resolving power
(MRP): several thousand
(hydride interferences
of major elements are
easily resolved)

Precision (isotope ratios
of major elements in
presolar grains): % level

Isotope analysis
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l. NanoSIMS:

e Secondary ion mass
spectrometer

* Two primary ion sources
(Cs*, Hyperion: O* or O)

e Spatial resolution down
to 80 nm

2.4£-004
* 5 masses analysed
simultaneously

* Mass resolving power
(MRP): several thousand
(hydride interferences
of major elements are
easily resolved)

N
~N
E
)
o

Hoppe et al. (2017)

* Precision (isotope ratios
of major elements in
presolar grains): % level

O = Presolar grain with isotope anomaly
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II. RIMS:
¢ |onization of selected elements

e |on or laser beam used to sample
analyte

e Currently ~¥1 um spatial
resolution

e Low mass resolution (MRP
<~1500), high useful yield (up to

e Some |Sotope Systems are not CHIL/, The UniverSIty Of Chicago
accessible due to insufficient A1 \White: elements that can —E======= e
ionisati Li |Be : Bi| C|N|O[IF |Ne
lonisation Nalvg| Pe analysed with CHILI  Fierfssmsia s
e |sobaric interference problems K [Ca|Sc| Ti|V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br |Kr
circumvented Rb|[Sr| Y | Zr |Nb|Mo|Tc|Ru|Rh|{Pd|Ag|Cd|In |Sn|8b(Te| | |Xe
o ) i f i Cs|Ba|La|Hf |[Ta|W |Re|Os| Ir |Pt|Au|Hg| Tl (Pb| Bi |Po|At |Rn
°
PlreCISlon (.|sotope|rat|os.o m:‘):\/JOI’ Fr|Ra|Ac| Elements key to detection of pre-solar grains
elements in PRESlEls gralns). 0 Ce|Pr|Nd|Pm|Sm|Eu |Gd|Tb |Dy|Ho| Er [Tm|Yb|Lu

|eve| or better Th{Pa| U [Np|Pu|Am Stephan et al. (2016)
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Chemical analysis
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SEM-EDX (Scanning Electron Microscope-Energy Dispersive X-ray Spectroscopy)
TEM-EDX (Transmission Electron Microscope-EDX)

Auger spectroscopy

Primary Electron
Beam Column

Electron Source
Alignment

Aperture Ring ! ‘
; L
‘ e | ; v :
i _ ! .
’ | . ‘

N
200 nm

sngecomeatin. 20 , ‘ Auger element maps of presolar silicate

(x, y, z, tilt, and

rvation) N | “ grain (circled) from the Acfer 094
‘ d carbonaceous chondrite




FEI Themis TEM at the University of Miinster

Image credit: WWU

TEM
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electrons ¢
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Structural analysis
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Stellar evolution and nucleosynthesis
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4.8

6
5 »° Majn sequence stars .
) . {]
from Milky Way thin disc -
‘ s ks x
Epye + Eqr = Ejpe + E S g i
nuc ar int rad 3 ‘& _ 42
> 2 =
2 5
g Y S
o
1 = 3.6
Evolutionary Tracks off the Main Sequence 2|, 34
Effective Temperature, K 3
6,000 - 3.2
-104 -1 -0.5 0 0.5 1 15 2 -1 -0.5 0 0.5 1 15 2
LOglo(M/MQ)

Data from Eker et al. (2015) '081(M/Mg)

* Stellar evolution and nucleosynthesis
s depend primarily on stellar mass and
1 metallicity (other factors: mass loss,
] presence of companion)
|

* More massive stars on main sequence are
more luminous, hotter, and they ‘age’ faster

- Red Giant Branch .
HB - Horizontal Branch
AGB - Asymptotic Giant Branch

w e Nucleosynthesis occurs in stellar interiors,
Aot nucleosynthesis products are brought to

] l 10* stellar surface (source of matter that
seamides () cSIRO-ATNE ~ CONdenses into dust) by convection




Stellar evolution and nucleosynthesis
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Low- and intermediate mass stars (M, < 8-10 x M) Evalutionary Tracks of the Miain Sequence
Main sequence: core H burning (p-p chain, producing | .. ISR
“He, at higher masses the CNO cycle, producing :3C, N ETm——
14N__and 170) i.z_"" B, S
) ) 5 A star GlANTS(II,I:—Ii)e_) = / 10
RGB: shell H burning (CNO cycle, NeNa cycle; main §o N W
: 4He, 13C, 14N, 170, 26A)) { e §
2 RGB - Red‘Giant Branch 10"
AGB: shell H burning § 2G8-_ hoymptonc ot Eral .
NeNa’ MgAl CyCIeS) CS envelope Pols (2009) ::: ‘ e
and He burning (a- ‘ﬁ e e e
captures, s-process; main "™ e © CIRO-ATNF

products: “He, 12C, 160,
22Ne, n-rich isotopes,
isotopes around N =50 o
and 82 abundance peaks); .. .-
C/O of star's envelope

convective convecrive envelope

envelope

dredge—up

H burning

\)\/

B¢ pocket

intershell ICZ

9
100-500 Rg, region ? /
Ol-fewMg |  ° e
~0.05 Ry /H-e -=>C,0

mass ————————

0.01 R

increases, changing the 0510

minerals condensing in 0001002 Mg dogonerate core~[F shell fash]
the stellar winds . Pols (2009)
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Low- and intermediate mass stars (M, < 8-10 x M)

Main seguence: core H burning (p-p chain, producing
“He, at higher masses the CNO cycle, producing 13C,

14

and 1/0)
RGB: s

and He burning (a-
captures, s-process; main
products: “He, 12C, 160,
22Ne, n-rich isotopes,
isotopes around N = 50
and 82 abundance peaks);
C/O of star’s envelope
increases, changing the
minerals condensing in
the stellar winds

ell H burning (CNO cycle, NeNa cycle; main

Evolutionary Tracks off the Main Sequence
Effective Temperature, K
B o —2
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Massive stars (M, ;; > 8-10 x M)

More nuclear burning stages, than in low and intermediate mass stars, because
core can heat up sufficiently enough to ignite fusion reactions of successively
heavier elements (i.e., C and heavier)

After core collapse, a large fraction of shel S —
the matter overlying the core is ejected P
. . envelope
and partially and temporarily ..
compressed/heated HHe . 5™
Hydrostatic and explosive burning HeN e B major
............... C=0 6(%.__‘ .. products
Proton-, a- and n-captures, similar to HeG O/l'ﬁ/go;fs?aé%_.,_. G
what happens in low and intermediate .. g G»’s?’ -09:)/"53- ’?94He """""
. . CO R AN L
mass stars, but at higher T and density ~ ~~ BN B T he 14y 26
. . L . % S O”I’ """"""""""""""""""
Rapid n-capture = r-process, during ONe ,0@"--.”’/% ',;,r_'___._._.__.__1_?9_._.7_5.39 ......
. c . BRRETLLILLEEY NN NN 186 20
explosion; main products are very n-rich og Q& O Ne .
. Ay 160 20Ne 24M
Isotopes - S <SS A O g
T aa e . Radioactive isotopes

p-process N4 I produced almost
JhEe ..-exclusively in

massive stars
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lliadis et al. (2018)

convective ejecta
envelope
accreted
matter from
companion
nuclear
nuclear ashes burning nuclear ashes
WD WD WD
core core core
(a) (b) (c)
V1213 Cen wmiréz et al. (2016)
Novae Explosive H burning (hot CNO cycle;
main products: 13C, 1°N, 170, 22Ne
Thermonuclear runaway on a CO or a 26 P o ’
ONe white dwarf due to )

accumulation of H-rich matter from Heavy element isotope abundances
nearby companion (binary system) unaffected
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* O-rich grains: silicates (olivine, enstatite, - Hoppe (2011) Graphite .
non-stoichiometric compounds), spinel,
corundum (and amorphous Al,O,),
hibonite, chromite, FeO, MgO, SiO,

e C-rich grains: SiC, graphite, TiC (and other

refractory carbides), diamond

e Other: Si;N,, kamacite, Fe-Ni silicides,
oldhamite, iron sulphide (troilite?)

Haenecour et al. (2016)
LAP-141

nitrogen
Oxygen
silicon

] . . . Graphite with iron sulphide inclusion
TiC and kamacite inclusions in

B !’..
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e Kakangari* K-chondrites
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"FOR CHEMISTRY ﬁ "E:r;igﬁ chondrites
* Insitu detection (chemical grain separation SAH 97072 ——
| ALHAB1189
impossible) F\"amatn-ﬁ-"_—)l chondrites
SAH 97158
* Abundance maximum at 200-250 ppm (by —RET 041337 cv
volume) in primitive meteorites and 600—700 B Aeiate i
. Ninggiang -
ppm in IDPs amnrw
g g Maribo™*
* Longest dimension usually 200-300 nm poriss -
g g g . ong . Murchison
* Vast majority is ferromagnesian silicates with —
olivine-like, enstatite-like and non-stoichiometric e s
I EET 92161 Carbonaceous
compositions
P s CR chondrites |
. o . o o
e Al-rich silicates, Ca-Mg-rich silicates rare g MET 00426 3
GRY 021710 o
QiN. /N 0oL\ Si02(1.7%) Pyrox?ne QUE 99177 §
Distribution of compositions in (16.0%) lauEe e7416* §
carbonaceous chondrites MIL 07687 S
LAP 031117 co3 .:'c:
ALHAT7307 S
DOM 08006 g
) w
S
S
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« Temple-Tuttle IDPs
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Literature data C03.0 chondrites Abundance (ppm)



Presolar silicates
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Glass (also for grains that have stoichiometric
olivine or enstatite composition), single
crystals of olivine and enstatite as well as
polycrystalline aggregates

Glass grains are most abundant, but sampling
may be biased (e.g., grain size matters when
grains are chosen for FIB lift-out and structural
analysis with TEM)

-~
o P
~
(@)
Q
-
(]
+—
(\}]
o |-
\9)
%
>

Typical selected area electron diffraction (SAED) pattern of
amorphous material

‘Amorphous
high-Al
silicate

Gk Rlin W TR

Nguyen et al. (2016)




Presolar oxides
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Can be separated from meteorite matrices ¢ Spinel, hibonite, MgO, FeO, TiO,, corundum
(but together with Solar System oxides) and amorphous Al,O,

Abundance about 10-12 ppm in primitive ¢ Single crystals and crystal aggregates
meteorites

a Single spinel crystal of AGB or|g|n

Zega et al., 2014



Presolar silicates and oxides: isotopy
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10 4 h O Pre TP- stars ° . H HH
] & ;-ri::'[;‘:::GBstm Plenty Of data' QI Mgl SI (S|||Cate5)

@ C-rich TP-AGB siars

@ Tieschitz axide grains * Limited/sporadic data: Ca, Ti, Cr, Fe, Ni
B Grains from Murchison,
Qrguell and Bishonpur * Consequences of the fact that oxides can be

T13

chemically separated:

— Oxide data are less affected by contamination
than silicate data

le“-_':'.;G I'I)'l,lp 2

A
ot . . .
%cac  First large-scale study — Oxides have been studied for longer than
o of presolar oxides silicates
1072 e .
102 103 104 105 * Isotope measurements of elements with low
Nittler et al. (1994) 160/180 electronegativity benefited greatly from improvement
. _ of O primary ion source of NanoSIMS a few years ago
Assumed native - (so far, silicate isotope record is most affected)
& composition %
b i “’“""’“ 400 : 100 Al-Si Sample Line Profile
= I()-\-_ 5 S Beam size
O 1 ) f 100% intensity
L ./"\
” - 800 84% ity
""" Suredll . | g 1
1 Simulation of dilution of presolar | = -
1o+ | isotope signal by meteorite matrix i
ety Py v} Q
10° 107* 10° 10 = o
!’ a L \?“ f
Nguyen et al. (2007) 180/16(y Hoppe'et al. (2018 *  thncesongibenmn T




Presolar silicates and oxides: isotopy
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@ Pre TP-AGB stars 101 . : .
A O-rich TP-AGB stars =
@ C-rich TP-AGB stars Z2=12 o M = Nova glllpfltes
@ Tieschitz oxide grains . xiaes
B Graias from Murchison, 1.1-9 x M RGB grains?
Orgueil and Bishunpur
star envelope 60-80 9
102 compositions —80 % f

(Boothroyd and
Sackmann, 1999)

h 4 . » 10-20 %
solar
1“2 - bl L e acnaaa..) P 2000 e meccccccecces e e R e o Se- o
102 103 104 10°
Nittler et al. (1994) 160/180) 104+ - @ 1
1[}[}[}[}5 I ' T I oo j T "'”E 4_30%
[ Presolar Al,O, ] o . ;
Solar ] i

Floss and Haenecour (2016)

’ 10°5 .
o —F— O 1075 1074 1073 1072 10-1

S 1000 %‘E@%ﬁi&—m—* - 18Q/16Q
S ] .
= 1 * Fourdistinct groups based on oxygen

® Groupl ] isotopes

O Groupl 7

& Group 3 Y 1 ’ 1

100k T54 ot Most ab-u'ndant gr.alns oxygen isotope
F —— X Uncl composition consistent with RGB or low-
10 10° 10* 10° mass AGB star origin

Nittler et al. (1997) 160,18y



Presolar silicates and oxides: isotopy
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To the stellar surface

Hot bottom burning

Cool bottom processing
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107!

”ZQ RG B/AGB $ta rs Silicates
m m m (mostly low mass) + Novagides
Co nvective envelope |
102} *.|L]60-80%

Processed
material 1 I NZG AGB Sta rs
? (low-to- mtermedla%
/ Extra mixing masb ' . -

Bottom of the

convectwe envelope _s_o_la_r _________________________________
[}GHZG | I 'l"rlch'.IJp l 1074} :b @ -
- CBP- evolutlon oveﬁav oN | G 4-30 g/
L ¢ Group 3 ® - ?
0.0015 omde g{amd’ata 2.8 & Group 4 & |
8
9 - Floss and Haenecour (2016) =~ & :
= 0.0010~ 107 1074 1073 102 10~
o 18Q/16Q

* H burning at high T (> 40 MK) depletes
130, but requires extra mixing (low mass
stars) or hot stellar envelope
(intermediate mass stars)

000000 . e ]
0.0000 0.0005 0.0010 00015 0.0020 0.0025

Nittler et al. (2008) *0O/"0
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Presolar silicates and oxides: isotopy

1073 £

Nittler et al. (2009)
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1071 _ _ :
~Z RGB/AGB gtars ~ Silicates
(mostly low ma:ss) + Nova(uje)“des

o=  60-80 % _

”ZQ AGB stars

0.3

(Iow—to—intermedia% ’

Low-Z AGB stars
10~} (low mass)

Floss and Haenecour (2016) §

10~ 1073
180/160

Group 3 grains with low 70/*80 originated

in low mass stars with sub-solar Z

10~5

10°5 10—2 101

180-enrichment in some Group 3 and all
Group 4 grains is best explained by
nucleosynthesis in SNe



Presolar silicates and oxides: isotopy

Mg isotope data reveal more ot N e
Z@ RG B/AGB $ta rs Silicates
3-12 % of Group 1 silicate grains have (mostly low mass) + NoySXides
large enrichments in 22Mg and small i
; ° wl FoNe e T1}60-80% |
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 Separation possible, but difficult Diameter, um
. 08 1.6 3.2 6.4
e <10 ppm in carbonaceous LU S S S B B S H S DAL A B
chondrites o ol Presolar graphite
* Up to several um in diameter = from Murchisan
* ’'Onions’ and ’cauliflowers’ =
.
0 7z
3 5 6

4
Amari et al. (1994) \og, (Diameter/0.1)

Presolar
graphite
grains with
‘onion’ and
‘cauliflower’

| morphologies
from the
Murchison

5KV ton WD B0 2915 SKU X18,000 1vm WD 8 ACASARSER
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= ’'Onion’ = Cauliflower
More abundant among high density More abundant in low density graphite
(HD) graphite fractions (LD) fractions
Concentraic layers of well-graphitised Concentric but contorted/curved layers
carbon of graphite with no long range
Hardly ordered assemblage of continuity, or
nanometre graphene sheets in core Aggregate of ‘onions’

’Cauliflower’ C) * ' Onion’-
ggregate

<51 um

TEM images of slices of ‘onion’ and ’cauliflower’ presolar graphite grains from the Murchison

meteorite
Croat et al. (2005)



Presolar graphite
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‘Onion’ = ’‘Cauliflower’

More abundant among HD graphite More abundant in LD graphite
fractions fractions

Concentraic layers of well-graphitised Concentric but contorted/curved layers
carbon of graphite with no long range

Hardly ordered assemblage of few-nm continuity, or

graphene sheets or TiC grain in core Aggregate of ‘onions’

TiC inclusions enriched in Zr and Mo TiC inclusions with Zr and Mo below

(refractory elements whose abundance detection limit, but a lot of V

is enhanced by the s-process)

Bernatowicz et al. (1996)

TEM images of

presolar

| graphites from
the Murchison
meteorite;
arrows
indicate TiC

-, inclusions

~—

100 nm




Presolar graphite
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400 f | (]l') (}
|  More abundant in HD graphite fractions
300 F l :
200 Luwt 1 s AGB models and high-p graphite
10 ., 100 1000 data o
' i Amari et al. (2014)
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Presolar graphite
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Presolar graphite from Orgueil sadhav et al. (2013) Graphite grains with 28Si and/or 180

103 [ T LRI B |
Z - ' 5 00 ; enriched isotope composition probably
e 0 0 00 Rpe 0 ____] . .
el 0% o | condensed in SN ejecta
L O O 4
O | . o 0 .
° © oo|08 . | * Graphite grains with evidence for the
I .
= . o Os o ® . former presence of 4Ti or large amounts
3 ] lo . .
< o kP . of 26Al condensed in SN ejecta
| .
o | Low-p | * Such grains are more common in the LD
- | ! graphite fractions
O ORId Ei ® (@)
por & ORI L LB - 1200 Murchison low-p ¢
v 10 2 v 10 | presolarigraphites
c/Pc .
— 800+ Travaglio et (57/. (1999)
103 [=] i
_ E !
= ®
° ) & 400+
5 lerrestrial P02 A &
?E\ | .c,_) 0-
E | g
- | -400 -
® ORIf : 1
O ORIg 5
102 - .OR.“. TN | s P ..?.ll s L el . .(..b.)... -8{]0 : : : : : : : : : :
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Presolar graphite
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w |0 nm

e Graphite grains provide unique insight into grain
condensation around evolved stars

2000

(C)

Condensation Temperature (K)

0001 001 0. 1.0 10 100
Pressure (dyne/cm?)

Bernatowicz et al. (1996, based on

Lodders & Fegley, 1995)

. HD graphite grains with refractory
0.2 UM non-central carbides carbide inclusions



Presolar SIC
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m Mainstream ~93%
v C grains
¢ Y grains ~1%

o AB grains 4-5%

A X grains
m Z grains

B Nova grains

~1%
~1%

T T T TTTT] T T T T T T T T T T T TTTT
104 & o9 = E
- .
— ) I. -
I C . l
10° £ |
R o0 _....Solar
Z e e OITCENIAL,
-
& 10%E Vo3
dv ‘
L A _
ol 27 ®a ‘ s
- ;] l. [ ]
100 Lol L |||||§| R N Lo
10° 10" 10? 10° 10

Zinner, 2014

120/13(_‘;
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SE image of a giant SiC from
the Murchison meteorite

Best studied presolar grain type
Isotope data Ne, Mg, S,
Ca, Ti, Fe, Ni, Sr, Zr, Mo, Ru, Ba
Abundance: 30-60 ppm in the
matrices of primitive meteorites
Normally sub-um size

Mainstream (MS), AB (1&2), Y, Z,
X, and C grains
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Presolar SIC
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® Mainstream ~93%

o AB grains 4-5%

v C grains A Xgrains ~1%
_]_type Y grains ~1% m Z grains ~1%
B Nova grains
Carbon T T T TTTT] T T T TTTTI T T T TTTTT] T T T TTTTT
star :
AGB E
and SN . ]
. grains _
grains _
10° £ ! E
Solar
> f Terrestrial ]
F 102 E
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101 o . . E
- 8 = SN grains ]
100 Lol I ||||||;| Lol Lo
100 10! 10? 108 10
Zinner, 2014 12/13¢

529Si/28Si (%)
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3000

Mainstream
C grains
Y grains

B Nova grains

© A+Bgrains
A Xgrains
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2000

1000

-1000

—-1000
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Presolar SIC

MAX PLANCK INSTITUTE
FOR CHEMISTRY

- SiC i
of THEs shidy V1132 Cen (carbon star) IR spectrum
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convective envelope

. v 13C(a,n)t?0 long-lasting (millenia), low n-flux
[A"’ (<108 ncm™3), operates at lower T (100-150MK)

mass ————————

w7 13¢ pocket
o . 22Ne(a,n)?>Mg short (decades at most), high n-
region ’ 7\_» flux (101°-10'! ncm™3), operates at higher T
______________ 411;(; (>300MK) only marginally activated in AGB SiC

degenerate core

grains' parents —or is it?

time
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® Mainstream ~93% o AB grains 4-5% shell

* Xand Cgrains have peculiar isotope o iring s o (Nt

B Nova grains

compositions e | M eco T

* SN origin likely because of C-N-Si T 06, B o
isotope compositions, and the il
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Presolar SIC
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e X and C grains have peculiar isotope
compositions

* Mixing and chemical fractionation?

 Comparison with 1D models not

satisfactory | | | o
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* Kinetic condensation models: 10031'9'M' R
* Molecule formation, molecular 10__1? ; | :
clusters, grains ﬁmf oy — o E
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* Presolar grain record:
* Single crystals: up to >1 um diameter
* Polycrystalline grains: epitaxial crystal domains, twinning

* Formation of large grains not by coagulation of smaller grains (but there are
exceptions)

100 nm § 2/nm

d

uiedd x JIS |e1sAud 9|3uls e jo suianed gIavs

SAED patterns of SiC X grain showing twinning

2fnm gt 2/nm

Kodoldnyi et al. (2018b) (b—f)A
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* Presolar grain record:
* Single crystals: up to >1 um diameter
* Polycrystalline grains: epitaxial crystal domains, twinning

* Formation of large grains not by coagulation of smaller grains (but there are
exceptions)
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What comes next?
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* Hyperion O ion source allows alkaline and transition metals to be measured
in silicates (but isobaric interferences are an obstacle): Ca, Ti

* More, spatially better resolved data from CHILI (e.g., Mo isotopes in SiC X
grains

e 3D SN nucleosynthesis models (there are some already, e.g., Schulte et al.,
2021)

* Condensation will be better understood with a number of new TEM studies,
especially the condensation of silicates




Summary
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* Presolar grains are usually small (d < 250 nm) stellar dust grains of extra
Solar System origin, that are found in the matrices of primitive meteorites
and in cometary dust

 Silicates, oxides, SiC, graphite are the most important

* Presolar grains carry important messages about stellar nucleosynthesis,
Galactic Chemical Evolution, and grain condensation

* Most abundant presolar grain types condensed in the winds of low-mass
AGB stars of about solar metallicity

 Some presolar grains come from core collapse SNe




