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Intreduction (1)

Preselar Grains

= Primitive meteorites contain small guantities (pph
1o per mill) el relractony dust grains withrhignly,
anemaloeus ISeIePIC COMPOSItioNSs

= Eirst hints on'the presence off meteorntic minerals
With highly: anemalous: ISeIepIC COmpPOSsItions: In
the 1960s

= Separnation ofi SIC as carrier off anomalous: noble
gas componentsiin the 1980s

= Presolar orgin
= Stardust (preselar grains)
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Introduction

Presoelar Silicates

= Sllicates are the most abundant group of presolar (stardust) grains

= Can be identified only inrsitur by Ion Imaging technigues; preferentially
In the NanoSIVIS

= ypical sizes of 150'nm; enly a smallifraction hasisizes =300/nm

= Foralong time useiul isetope data existed mostly onlyfor ©(Cs ion
source, <100 nm resoelution) hecause in'situ studies ofi electropoesitive
elements (e.g., Mg) with the' Duoeplasmatren ©:ion seurce were limitead
10: 300 nm spatial reselution

= New Oregon Physics Hyperion ©lon sounce NeW: PErmIts In situ
159838 studies ofielectropositive elementsiwith'a spatial resolution
comparable or even better than with the €s ion source
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Intreduction (V1)

IIEEB R O=SelepIC SYSiematcsioiRO=RICh PreselarGrains

Presolar Oxides & Silicates

4 distinct O Isetope groups
® Group 1 ® Group 4
& Srove ® Unisua Group 1 (80%):
= [Low-mass AGB stars
= SNe, supergiants; intermediate-mass AGB; stars

Group 2:
= |ntermediate-mass AGB stars with HBB
= SNe, supergiants; super AGB' stars

= Group 3:
= | ow-mass, low metallicity AGB stars
= SNe
= Group 4 (10%):
e 10° | e
Jseeel %0/'°0
s 0@O o

Data from WU PSG Database; Hynes & Gyngard 2009
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Mg-lsoetopic Systematics (1)
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Viagnesiumisetepesi ol Group it SIlicates

Presolar Silicates
@ Group 1, normal @ Group 1, Mg-rich
® Group 1, Mg-poor @ Group 1, 2Mg-rich

NWA6957_C#6_12 7

"'-—-- Trend line
Py § Group 1, %Mg-rich

(=
o

O =

02Mg (%eo)

Best-fit Line "Normal™; AN G
5%Mg = 0.84*s*Mg + 3, O O

solar

-400 200 0 200 400 600
0?°Mg (%o)

Hoppe P. et al. 2021, ApJ, 913,10; MPIC 2024, unpub.

4 distinct subpoepulations off Group: 1
grains
Noermal (60%):

= [Low-mass AGB'stars
25Mg-rich (25%):

= At least 50% from SNe

= |ntermediate-mass, high metallicity AGB stars
26Mg-rich & °Mg-poor (15%):

= Supergiants

= SNe

SNe/supergiants contribution (Groups 1-4)
>30%



Vig-Isetepic Systematics (1)

INOrmalNGreupHIFSIICateS

Mg
Presolar Silicates | = |Vig isetopes plot along siepe =i line
> Group 1, *Mg-poor © Group 1, “Mg-rich (62°NMg|=0:84%0.05'x 62°Ng| + 3%4); the
Models (Karakas&Lugaro 2016): VIg mainstreamiline; which likely.
® @ Z=0.007, M=1.5-2.5 M4
® @ 7=0.014, M=1.5-2.5 M, & represents GCE
® @ 7=0.03, M=1.5-2.5 M -
| = Origin from/lew-mass AGB! stars
3 = ©:isetopic signatures
°; 200 # estit Line “Normal" = Only:smallflVig isetope anomalies expected
= % ‘ " SMg = 0.84%55Mg + 3 according to stellar modelsi(e.g:, Karakas &
& LLugaro 2016)
= Si-isotopic compositions supports GCE
intepretation
05R0as
000088 100 0 100 200 300 400 500
soasic 52Mg (%o)

Hoppe P. et al. 2021, ApJ, 913,10; MPIC 2024, unpub.
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Vig-Isetepic Systematics: (I11)

GEEIVedels

Mg
A
o
O
Q
<
Q
n
=.
O
@
L
N
=
<
Z
A
>
o
=
e
50 c w
00 ® N
23538, 3
SoCeeens: -4 -3 -2 -1 0 -4 -3 -2 -1 0
geeer [Fe/H]
MAX-PLANCK-INSTITUT



Si

LI NeN I )
00Qe@® -
000000
e¥oX Yol 1 XJ
[N X I I XeNe)
[N X X Neli
s O@O o »

MAX-PLANCK-INSTITUT
FUR CHEMIE

H Best-fit Line "Normal"
5 5980 =1.34*58i+0

A sic
—¢- Mainstream
‘/ Line

-200 -100 0 100 200 300 400
5%Si (%o)

Hoppe P. et al. 2021, ApJ, 913,10; MPIC 2024, unpub.

Normal Group iFsilicate grains plot along a
line 02°Si = (1.34%£0.09) x 0°°Si - (0£7), the
“Silicate Siimainstreamline*

Same slope as SiC Si'mainstream line but
shifted by 145 %o 1o °°Si-poor: side

= @verprint of s=process: Si from 3. DUPR in Iow-mass
AGB stars in SIC Si'mainstream line

= Silicates form before SiC, when DUP ofi sS-process
matter is less efficient

= Silicate Si'mainstream line may: be a better proxy.
for GCE



Si-Isetopic Systematics (1)
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Presolar Silicates
Normal Group 1

-200 100 O 100 200 300 400
52Si (%o)
Hoppe P. et al. 2021, ApJ, 913,10; MPIC 2024, unpub.

= 525V g and 02°Si oft nermal Group; 1
silicate grains are correlated aleng a
slope ~1 line

= Support for GCE interpretation of
Vig and' Siiin' normal Greup; 1
silicates



Summary (1)

= Based onlVIg:isotopic compoesitions, © isotope Group: |
Summary grains (majerity ol presolar silicates) can be divided into/4
subpopulations: Normal (605%), 22NMg-richi (25%), 22Mg-
POOr (5%, and 2Mg-rich (10%)
= Stellar seurces:
= Normal Group 1 grains: Low-mass AGB stars

= 23\\g-rich, 22VIg-poor, 2°Mg-richigrains: SNe, supergiants;
intermediate-mass AGB' stars with supern=solar metallicities
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Summanry. (1)

= Normal Group 1 grains show: imprintsioif GCE inilVig and Si

Summary ISOIOPES
= Vig- and Si-isotepic compositions fall'along linear arrays in three-
ISotepe plots (“mainstream lines”)
= Silicate Mig mainstreamiline has a slope 0.64£0.05

= Silicate Si mainstream line has a slope 1.34£0.09, i.€., identical to that
of: SIC mainstream grains, but is slightly: shifted to °°Si-poor side of: SiC
Siimainstream line by 14+5 %o and may: be a better proxy ior the GCE
off SIl ISotepES

= [Vig and Si isetopes are correlated which gives further support for the
GCE interpretation offVMig-"and Si-isetopic compesItions
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