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https://webbtelescope.org/contents/media/images/2023/149/01HGGZ4TPD8XFNPCBTZ2QYM0ZM?news=true

The solar nebula - a turbulent environment

~

HL Tau (Credit: ALMA, ESO/NAOJ/NRAO)
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Meteorites - the poor researcher's space probe

. L g 4 e Falls and finds

o e Generally found in hot and cold
L deserts
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Meteorites come in various shapes and densities

Differentiated Undifferentiated

e Got hot and (partially) melted e Silicates and metals still mixed

e Highly altered due to the heat e Most primitive meteorites
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With a lot of measurements come a lot of different groups

METEORITES
Carbonaceous Noncarbonaceous
Chondrites Achondrites Chondrites Achondrites
Cl, CM, CV, etc. I | | I | | | I
Primitive Differentiated  Ordinary Enstatite Primitive  Differentiated

Warren et al. (2011)


https://doi.org/10.1016/j.epsl.2011.08.047

Precision measurements of meteorites indicate grouping
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Kleine et al. (2020)
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https://doi.org/10.1007/s11214-020-00675-w

Jupiter - separator of reservoirs in the solar system

Early infall (= 0)

I'4’4L'4 | e
__) Viscous expansion of disk &

outward transport of CAls
e\

Infalling matter with CAI-
like isotopic composition

e Early infall of material: forms the
first material (CAIS)

e Late infall: separation of NC & CC

e Jupiter core formation: Separates

the two reserVOirS infall Infalling matter changes to
. =l NC isotopic composition
e After asteroids formed: N 4’444
o Migration of Jupiter and Saturn Mixing & processing
o Mixes material in solar system )

(grand tack model)

after Kleine et al. (2020)


https://doi.org/10.1007/s11214-020-00675-w

Jupiter - separator of reservoirs in the solar system

t<1 Ma Mixing blocked by
proto Jupiter
Inward scattering

.~25 Ma

e Early infall of material: forms the
first material (CAIS)

e Late infall: separation of NC & CC

e Jupiter core formation: Separates
the two reservoirs

e After asteroids formed:
o Migration of Jupiter and Saturn

of CC bodies

after Kleine et al. (2020)

o Mixes material in solar system
(grand tack model)
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Stellar messengers in our solar system

Supernova  AGB star Solar nebula Presolar
e . “&}_&; ;
_ ,.._;_} & ,-_ A - _,_;"5 —t _
s a8, - 3 '

Comet

Meteorite
ol %‘g&

For current-day messengers see talk by Dominik Koll, Wednesday morning
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A zoo of presolar grains

e Nanodiamonds: ~10° atoms
e Silicon carbide: The hardy ones
e Graphites: Large but fragile

e Silicates: Small and fragile

Silicon Carbide (SiC) are the best
studied phase due to their size and
hardiness
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Silicon carbide grains: Are they presolar?

e 5-units: Deviation from solar in %o

e Extreme isotope compositions

e Determine provenance by
analyzing Si, C, & N isotopes

e Hands-on astrophysical samples
o Stellar nucleosynthesis

o @Galactic chemical evolution

Each grain contains its parent star's
nucleosynthetic sighature

6(2°Si/?8Si) (%o)

200 A

—200 A

—400 A

—600 -

MS (90%)
X (1%)
AB (5%)
Y (2%)
Z (2%)

N N(K1%)

—-600 -—-400 -200 0 200
6(39Si/?8Si) (%o)
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o Stellar nucleosynthesis
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nucleosynthetic sighature
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Asymptotic giant branch (AGB) stars

e Copious dust producers "y
e Host of the s-process

e Two important neutron sources
o 13C(q,n)'e0
o 22Ne(a,n)*>Mg

e Envelope well mixed

e Form SiC grains

Presolar SiC grains: directly probe the
stellar envelope!
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V838 Monocerotis (Credit: ESA/Hubble)
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https://esahubble.org/videos/heic0617a/

The two neutron sources at work

13 16
Convective envelope C(a,n)™0
dredge-up

/_ngeﬂp/_L e Main s-process neutron source

e Neutron density: < 107 cm™
rocess zone

OQO U e Thousands of years

Convective pulses
22Ne(a,n)**Mg

Mass —»

He intershell

e Bottom of He intershell

e e s e Max. neutron density ~10° cm™

2Mg, Z,, Pignatari et al. (2016)

Time —> e Afew years
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We can see these signatures in presolar grains!
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Deciphering the stellar conditions

solar |

* solar

e SiC condenses only if C/O > 1 000
e Heavier stars get hotter 200
o Stronger ?’Ne(a,n)*>Mg < |
NS I
o Produce more 267r = 200¢
N i
e Nuclear physics complicates picture °“E ol
further . ‘
lo -
e Presolar grains allow deciphering —200[
stellar conditions _
—400—
~100

see, e.g., Liu et al. (20xx), Stephan et al. (2019)

OI |—80(|) —606 —406 —20(|)| | 0] | |2|00
6(°°Zr/°*Zr) (%o)

AGB models: Lugaro et al. (2018)
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Deciphering the stellar conditions

SiC condenses only if C/O > 1

Heavier stars get hotter
o Stronger ?’Ne(a,n)*>Mg

o Produce more 2°Zr

Nuclear physics complicates picture
further

Presolar grains allow deciphering
stellar conditions

see, e.g., Liu et al. (20xx), Stephan et al. (2019)
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Deciphering the stellar conditions
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e Heavier stars get hotter 200k [+ 35M,
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Molybdenum is especially interesting

AQ_

44

42

50

Ru 96

5.54

Ru 97

2.8370d

Ru 98

1.87

Ru 99

12.76

Ru 100

12.60

Ru 101

17.06

Ru 102

31.55

Mo 94

9.15

Mo 95

15.84

Mo 96

16.67

Mo 97

9.60

Mo 98

24.39

Nb 93

100.

52

Nb 95

34.991d

54

56

Mo 99

65.976 h

58

Ru 103

39.247d

Ru 104

18.62

Mo 101 | Mo 102

Nb 100 | Nb 101

60

\E

16



Measurements indicate constant r/p isotope production

+400

-400 -

-800

692M096 (%0)

892 M 096 (0/00)

892M096 (%0)

e 2Mo not made in s-process but destroyed

892 M 096 ((yOO)

MSWD =17 -6.8+4.8 + 2.3¢6.9+
-
1.316%7‘4{_ ,
MSWD = 4.6 IR~ ¢
+ .
9% I -
} 4-254.8+2.8
Jr -532.442.9
616.242.2
-963.9£1.6 . . . . . . I' .979.1+1.6
) -400 0 -800 -400 0 -800 -400 0 -800 -400 0 -800 -400 0

692M096 (%0)

Stephan et al. (2019)

e Extrapolation towards no-?2Mo yield pure s-process composition

e This would be possible for other elements, e.g., Ru, Sm, and (maybe) Pt
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The galactic chemical evolution (GCE) puzzle

6(2°Si/?8Si)  (%o)

—— Lugaro et al. (2018), 3My, Zo
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e Presolar grains are older than the
solar system

e Many of them are enriched in 2°Si
and 3°Si compared to the sun

e Heterogeneous GCE

e GCE models predict a slope ~1 line
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for correlation

e Actual measurements show slope

1.34 (stephan et al., 2024)
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What is going on?
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The influence of nuclear reaction rates on the slope

Nuclear
Reaction
e \
Stellar Models » | Galaxy Models
> Othor > /

Cummulative Uncertainty

Fok et al. (in review)
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Stellar nucleosynthesis effects
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C-O shell mergers complicate the picture further

500 | —— LCI8(V=0km/s) ==+ R18mod 7
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— R18 & SiCM

)

~
=
X
N
0
e
N
o)
N
‘S i
=500}
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e Ritter et al. (2017) proposed shell mergers solve abundance of odd-Z elements

e [sotopes do not agree and are a much finer probe!
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Nuclear reaction rate uncertainties could explain the
model-data discrepancy

420yt 39Gyr - 35Gyr - B1Gyr - 27Gyr

Slope

Gﬂberetal(?OOi)

0 1000 0 1000 0 1000 0 1000 0 1000 1000 0 1000

. Frequency
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Presolar grain analysis: Hands-on astrophysics...

e Isotopic messenger

e Fine probes for many processes
o s-process nucleosynthesis

o Rare nucleosynthesis processes
o GCE

O LN )

e Recent advances in measurement
techniques

1 det mag o HV  spotf WD |dwell| HFW | 1pm —
Stay tu nEd c ETD 75 382 x 30.00 kV 5.0 10.9 mm 15 ps 3.40 ym Presolar Grain

SiC grain imaged in the secondary electron microscope
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... Or astronomy with a microscope

xkcd.com
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https://xkcd.com/1522/
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