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Motivation Presolar Grains

Various phases of presolar grains are known today

Nanodiamonds: Only a few
million atoms
Silicon Carbide (SiC)

Best studied phase
Extracted

Graphites
Large as well
Tend to contain
significant contamination

Silicates, oxides, etc.
< 1 µm in diameter
Must be found in-situ

Reto Trappitsch (EPFL) Presolar Grains June 2, 2023 3 / 34



Motivation Presolar Grains

Various phases of presolar grains are known today

Nanodiamonds: Only a few
million atoms
Silicon Carbide (SiC)

Best studied phase
Extracted

Graphites
Large as well
Tend to contain
significant contamination

Silicates, oxides, etc.
< 1 µm in diameter
Must be found in-situ

Reto Trappitsch (EPFL) Presolar Grains June 2, 2023 3 / 34



Motivation Presolar Grains

Various phases of presolar grains are known today

Nanodiamonds: Only a few
million atoms
Silicon Carbide (SiC)

Best studied phase
Extracted

Graphites
Large as well
Tend to contain
significant contamination

Silicates, oxides, etc.
< 1 µm in diameter
Must be found in-situ

AA54CH03-Nittler ARI 9 August 2016 17:0

CHONDRITE CLASSIFICATION

Chondritic meteorites are subdivided into many groups based on shared chemical and isotopic characteristics,
elemental composition, and physical properties such as the abundance and size of chondrules. Chondrites of a given
group are presumed to have originated from the same or very similar parent asteroid(s). The majority of meteorite
falls on Earth are ordinary chondrites (OCs), which are further divided into at least three groups according to Fe
contents. Despite their name, carbonaceous chondrites (CCs) contain only up to a few percent of carbon (C). They
are more rare but display more primitive characteristics than those of OCs. CCs are further divided into numerous
subclasses, including CI (Ivuna type), CV (Vigarano type), CO (Ornans type), CM (Murray type), CR (Renazzo
type), CK (Karoonda type), CB (Bencubbin type), and CH (high-metal type). Enstatite chondrites are chemically
reduced compared with OCs and CCs, and Rumuruti chondrites are chemically similar to OCs but more oxidized.
The remarkable diversity in physical and chemical properties of the different chondrite groups indicates that they
sample a wide variety of environments and processes from the early Solar System.
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Figure 3
(a) Photograph of slice of Allende carbonaceous chondrite with a calcium-aluminum-rich inclusion (CAI)
and chondrules indicated (photo courtesy of Shiny Things, licensed under CC BY 2.0). (b) Scanning electron
microscope image of Dominion Range 08006 carbonaceous chondrite, showing the fine-grained matrix that
lies between CAIs and chondrules. Matrix includes trace amounts of presolar stardust grains that formed in
outflows and ejecta of previous generations of stars. (c) Electron microscope images of three presolar grains
(graphite image courtesy of Sachiko Amari; silicate image courtesy of Rhonda Stroud).
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Motivation Presolar Grains

The best studied presolar phase: Silicon carbide (SiC)

δ-units: Deviation from solar (‰)
Presolar grains identified by their extreme
isotopic composition
Classified by analyzing their Si, C, and N
isotopic composition
Carry their parent stars isotopic composition
Hands-on astrophysics samples

Galactic chemical evolution
Stellar nucleosynthesis
Transport processes in the interstellar medium

Definition:

δ

(
iX
jX

)
=

[
(iX/jX)smp

(iX/jX)⊙
− 1

]
× 1000

smp: Sample measured
⊙: Solar composition
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How old are presolar grains? Cosmic ray exposure ages

Comsmic ray induced spallation

1 2 3

Proton striking 28Si Excited nucleus decaysSpallation products

Cosmogenic nuclide production rates based on galactic cosmic ray spectrum in interstellar
medium (Trappitsch and Leya, 2016)
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How old are presolar grains? Cosmic ray exposure ages

How old are presolar grains? At least 4.5 billion years!

Cosmic-rays in ISM irradiate presolar grain
Production of cosmogenic 21Ne

Not expected to condense into grain
Concentration c can be measured
Production rate p can be calculated
Exposure time t = c/p

Heck et al. (2020): Measured cosmic ray
exposure ages for 40 SiC grains
Most grains formed < 1 Ga prior to solar system
Some are several billion years old
Ages likely dominated by destruction of grains
in ISM
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Data: Heck et al. (2020)
t > 1 Ga: 17.5%
t > 2 Ga: 7.5%
t > 3 Ga: 2.4%

n = 24

Data from Heck et al. (2020)

Reto Trappitsch (EPFL) Presolar Grains June 2, 2023 7 / 34



Measurement Techniques Separation, Mounting, and Mapping

Preparing samples for analysis

Chemical separation to remove Solar
System phases
Density separation in heavy-liquids to
isolate SiC
Drop-deposition on ultra-clean gold foil
Imaging by secondary electron microscopy

Phase detection by energy dispersive
X-rays
Mapping of sample mount for navigation

Amari et al. (1994)
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Measurement Techniques Separation, Mounting, and Mapping

Detection of SiC
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Measurement Techniques NanoSIMS

Nanoscale Secondary Ion Mass Spectrometry (NanoSIMS)

Analyze the isotopic composition
of Si, C, N in SiC grains
(requires 7 detectors)
Secondary ions analyzed
→ prone to isobaric interferences
Ideal instrument to measure
major isotopic composition

CryoNanoSIMS at EPFL/UNIL
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Sample

Cesium Source

Primary column

Magnetic sectorMulticollection

Coaxiale lens

Coupling

Electrostatic sector

NanoSIMS

Courtesy: Florent Plane



Measurement Techniques RIMS

Trace element isotopic analyses

Resonance Ionization Mass
Spectrometry (RIMS)
Most sensitive technique
available for atom-limited
samples
Up to ∼ 40% useful yield
Only two instruments worldwide
that analyze presolar grains

LION at Lawrence Livermore
National Laboratory
CHILI at the University of
Chicago
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Trace element isotopic analyses

Resonance Ionization Mass
Spectrometry (RIMS)
Most sensitive technique
available for atom-limited
samples
Up to ∼ 40% useful yield
Only two instruments worldwide
that analyze presolar grains

LION at Lawrence Livermore
National Laboratory
CHILI at the University of
Chicago after Savina and Trappitsch (2019)
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Measurement Techniques RIMS

An overview of Resonance Ionization Mass Spectrometry (RIMS)

Target Extractor Reflectron

Detector plus optics

Focusing optics

Ti:sapphire lasers
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Measurement Techniques RIMS

An overview of Resonance Ionization Mass Spectrometry (RIMS)

Target Extractor Reflectron

Detector plus optics

Focusing optics

Ti:sapphire lasers

Ion pulse / Desorption pulse
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Measurement Techniques RIMS

Simultaneous Sr, Zr, and Mo analysis (Shulaker et al., 2022)
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Measurement Techniques RIMS

Limitations of presolar grain measurements

Elemental Ratios: Highly dependent on
condensation environment
Elements of interest must condense into
presolar grain

Condensation temperature?
Refractory elements are more likely to
condense than volatile ones

We must have a reasonable number of
atoms in the sample to analyze them
Micrometer-sized grains must be free of
solar contamination

1
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9
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C-star condensation (Lodders and Fegley, 1999)
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Hands-on Astrophysics s-Process Nucleosynthesis

Asymptotic Giant Branch (AGB) stars

Star expands rapidly, and cools
Cycles between H and He burning
→ Thermally pulsing AGB star
AGB stars are copious dust producers
Slow neutron capture (s-) process forms
elements along the valley of stability
Two important neutron sources:

13C(α, n)16O
22Ne(α, n)25Mg

V838 Monocerotis (Credit: NASA/ESA)
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Hands-on Astrophysics s-Process Nucleosynthesis

Two neutron sources are at work

Time

M
a
ss

CO-Core

He intershell

Convective envelope

Convective pulses

s-process zone

dredge-up

dredge-up

Adopted from NuGrid Model
2M☉, Z☉, Pignatari et al. (2016)

13C(α, n)16O
Main s-process neutron source
Max < 107 n cm−3

1000s of years

22Ne(α, n)25Mg
Bottom of He intershell
Max 5 × 109 n cm−3

A few years
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Hands-on Astrophysics s-Process Nucleosynthesis

Where to look in presolar grains
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Hands-on Astrophysics s-Process Nucleosynthesis

Who wins: Neutron capture or β−-decay

Branching ratio fn

fn =
λn

λn + λβ

Neutron capture rate

λn = NnvT ⟨σ⟩

β−-decay rate

λβ =
ln(2)
T1/2

15 
 

 
Figure 5. Branching factors fn = ln / (ln + lb) as a function of neutron density Nn and 
temperature for nuclides relevant in molybdenum nucleosynthesis. We used temperature 
dependent b-decay rates reported by (Takahashi & Yokoi 1987) and adapted neutron capture 
cross section from KADoNiS v1.0 (Dillmann et al. 2014). The two vertical dashed lines in each 
plot at neutron densities of 107 and 5×109 cm-3 mark the expected maximum neutron densities 
caused by the 13C(a,n)16O and 22Ne(a,n)25Mg reactions, respectively, in low-mass AGB stars, 
which should take place at peak temperatures close to 1×108 K and 3×108 K (see respective 
color-coded curves in each plot). 

4.2.1. Molybdenum-92 
The p-process isotope 92Mo can under no circumstances be created in a neutron capture 

process. In contrary, the s-process destroys any initially present 92Mo, forming 93Mo, which 
either decays into 93Nb or is transformed, by another neutron capture, to 94Mo. Although the 
neutron capture cross section for 92Mo is lower than for all other molybdenum isotopes (see 
Figure 1), it is still highest among stable nuclides with magic neutron number 50, e.g., by more 
than a factor of 10 higher than for 88Sr. Therefore, 92Mo destruction by the s-process in the 
helium intershell of AGB stars is rather effective, and we have no indication for any major 92Mo 
present in mainstream grains that is not solar in composition. 

4.2.2. Molybdenum-94 
The p-process isotope 94Mo should also be consumed by neutron capture in the helium 

intershell. However, as discussed by Lugaro et al. (2003), there are three ways to generate some 
94Mo during s-process nucleosynthesis. First, it could be created via two consecutive neutron 
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Hands-on Astrophysics s-Process Nucleosynthesis

Deciphering the parent star conditions with presolar grain measurements

SiC grains can only condense in
carbon-rich areas, with C>O
Heavier-mass stars get hotter
→ Activate 22Ne neutron source more
→ Activate 96Zr production more
Additional complication: Nuclear physics
input uncertainties, e.g., 95Zr(n, γ) cross
section
Comparison of isotope with stardust
measurements allows determination of
parent stars
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Hands-on Astrophysics s-Process Nucleosynthesis

Deciphering the parent star conditions with presolar grain measurements

SiC grains can only condense in
carbon-rich areas, with C>O
Heavier-mass stars get hotter
→ Activate 22Ne neutron source more
→ Activate 96Zr production more
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input uncertainties, e.g., 95Zr(n, γ) cross
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Lugaro (2018)
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Hands-on Astrophysics s-Process Nucleosynthesis

Deciphering the parent star conditions with presolar grain measurements
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Hands-on Astrophysics s-Process Nucleosynthesis

Multi-element measurements to constrain the 13C-pocket

Presolar grains allow us to probe the
formation, size, and mass of the
13C-pocket
Multi-element isotopic measurements in
individual grains can help to decipher the
physics
Many possible 13C-pocket configurations
can explain the measurements
One set of model must fulfill all
measurements constraints simultaneously

See Nan Liu et al. (20xx)

abundance of 84Sr. The exclusion criteria are (1) grains with
less than 2,000 measured strontium counts and (2) grains with
only the δ(84Sr/86Sr) upper limits determined because of the
low S/N in their mass spectra. Within uncertainties, the grain
data are in good agreement with the model predictions for
carbon-rich envelopes. Thus, our derived constraints on the 13C
pockets in Table 6 are supported by δ(84Sr/86Sr) values in
mainstream SiC grains, which have total 13C masses of
(6–19) × 10−7Me for three-zone models and (8–34) × 10−7

Me for Zone II models.

4.3. Constraints from This Study: Contradictions
with Previous Conclusions?

In Liu et al. (2014b), it was found that AGB model
predictions for δ(92Zr/94Zr) decrease with increasing 13C-
pocket mass. It was concluded that a smaller Zone II 13C

pocket is preferred in explaining the close-to-solar δ(92Zr/94Zr)
values found by Nicolussi et al. (1997) and Barzyk et al.
(2007), in conjunction with δ(138Ba/136Ba) below −400‰ in a
few mainstream SiC grains found by Liu et al. (2014a). In fact,
as pointed out in our previous studies, in most of the cases it is
impossible to separate the effect of the 13C mass fraction from
that of the 13C-pocket mass by using only one tracer of the 13C
pocket (e.g., δ(138Ba/136Ba) or δ(92Zr/94Zr)).
Previously, we considered only the 13C mass fractions from

the D3 to U2 cases because the s-process efficiency of the 13C
pocket with pocket mass below 1 × 10−3Me becomes too low
to account for the range of δ(135Ba/136Ba) and δ(96Zr/94Zr) in
mainstream SiC grains. Because AGB model predictions for
δ(88Sr/86Sr) are sensitive to the 13C mass fraction, δ(88Sr/86Sr)
values in mainstream SiC grains from this study well constrain
the 13C mass fraction to lie below D1.3. Once the 13C mass

Figure 11. Four-isotope plots of δ(88Sr/86Sr) vs. δ(135Ba/136Ba). The models constrained in Table 4 are compared to the 47 mainstream SiC grain data from this study
with available correlated δ(88Sr/86Sr) and d (135Ba/136Ba) values. The K94 22Ne(α, n)25Mg rate is adopted in all model calculations.

Table 6
Further Constraints on Table 4 from δ(135Ba/136Ba) in Mainstream SiCs

Models 13C-Pocket Mass Total 13C Mass (10−7 Me)
(10−4 Me) D7.5 D6 D4.5 D3 D2 D1.5 D1.3

Three-zone 9.38 L ⋯ ⋯ 6.38 9.57 12.76 L
Three-zone_p2 18.76 L 6.38 8.50 12.76 19.14 L L
Zone-II_p2 10.6 L L 7.53 11.30 16.96 22.61 L
Zone-II_p4 21.2 L 11.28 15.08 22.61 33.92 L L

17

The Astrophysical Journal, 803:12 (23pp), 2015 April 10 Liu et al.

Liu et al. (2015)
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Hands-on Astrophysics SiC grains from AGB stars reveal constant p/r-ratio

Mo: An ideal element to study s-process nucleosynthesis

3 
 

of all molybdenum isotopes are the same within a factor of less than three makes isotopic 
measurements easier. Molybdenum has seven stable isotopes (see Figure 1): p-process 92Mo and 
94Mo; mixed s- and r-process 95Mo, 97Mo, and 98Mo; s-process-only 96Mo; and r-process 100Mo. 
The p-process molybdenum isotopes are bypassed by the main s-process path, as is r-process 75 
100Mo (Figure 1). However, some 94Mo and 100Mo could be synthesized in minor s-process 
reactions as shown in Figure 1. The origin of the p-process isotopes is not well understood, they 
could be produced by proton capture and/or photodisintegration. Molybdenum-92 and 94Mo are 
of exceptionally high abundance compared to the p-process isotopes of most heavy elements. 

CHILI enables us to measure these isotopes in presolar grains with unprecedented precision, 80 

allowing conclusions to be drawn about the variability of conditions in stellar environments 
during nucleosynthesis. 

 
Figure 1. A section of the chart of the nuclides showing the main s-process path (thick, red 
arrows) as well as minor s-process reactions (thin, black arrows). For each stable isotope (black 85 

squares), the terrestrial “representative isotopic abundance” is given according to Meija et al. 
(2016), which for these elements are expected to be identical with overall Solar System 
abundances, at least within the uncertainties discussed here. The half-lives at room temperature 
are given for unstable nuclides (Audi et al. 2012), with numbers in italics indicating strong 
temperature dependence, more than a factor of two variation in half-life at temperatures between 90 

5×107 and 5×108 K according to Takahashi & Yokoi (1987). Neutron capture cross sections are 
given as Maxwellian-averaged cross sections (MACS) at kT = 30 keV from the Karlsruhe 
Astrophysical Database of Nucleosynthesis in Stars (KADoNiS v1.0; Dillmann et al. 2014) for 
each nuclide; numbers in italics are based on theoretical calculations only. The uncertainties of 
MACS that are based on theoretical calculations alone were estimated in KADoNiS v1.0 to be 95 

25 % or even, in the case of 93Mo, 50 %. For other MACS, uncertainties between 1.8 % and 
15 % were given in KADoNiS v1.0. Zirconium-96 and 100Mo can decay by double beta decay, 
but not on an astrophysically relevant timescale. 

p

n

90Zr
51.45 %
19.3 mb

91Zr
11.22 %
63 mb

92Zr
17.15 %
37.8 mb

93Zr
1.61 Ma
96 mb

94Zr
17.38 %
29.0 mb

95Zr
64.032 d
106 mb

97Zr
16.749 h

98Zr
30.7 s

91Nb
680 a

173 mb

92Nb
34.7 Ma
276 mb

93Nb
100 %

276.9 mb

94Nb
20.3 ka
397 mb

95Nb
34.991 d
463 mb

96Nb
23.35 h

97Nb
72.1 m

98Nb
2.86 s

99Nb
15.0 s

93Mo
4.0 ka

139 mb

95Mo
15.873 %
375 mb

97Mo
9.582 %
365 mb

98Mo
24.292 %

91 mb

99Mo
65.976 h
366 mb

20 Ea
11.4 mb

96Zr
2.80 %

7.3 Ea
86.3 mb

100Mo
9.744 %

50 51 52 53 54 55 56 57

42

41

40

magic n
92Mo
14.649 %
67.4 mb

94Mo
9.187 %
111 mb

96Mo
16.673 %
105 mb

Stephan et al. (2019)
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Hands-on Astrophysics SiC grains from AGB stars reveal constant p/r-ratio

Deriving the s-process composition of Mo (Stephan et al., 2019)

92Mo cannot be made by s-process and inherited amount is consumed
Linear regressions through stardust data yields the pure s-process Mo composition
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Hands-on Astrophysics SiC grains from AGB stars reveal constant p/r-ratio

Variations in 94Mo, 95Mo, and 100Mo isotopic composition

Mo s-process trend constant
among different grain types
97Mo and 98Mo constant
Variations in 94Mo, 95Mo,
and 100Mo likely due to
different stellar conditions
Variations of temperature /
neutron density around
branch points
Mo p/r -ratio constant
among this grain
populations!

Stephan et al. (2019)
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Hands-on Astrophysics SiC grains from AGB stars reveal constant p/r-ratio

What does the constant Mo p/r -ratio tell us?

17 grains analyzed by Stephan et al.
Giant molecular clouds (GMC): Live for
tens of Ma
Unlikely that all grains have parent stars
from within this GMC

Constant p/r -ratio
Constant throughout GCE
Co-production in the same astrophysical
sites?

What could account for co-production?
Neutrino-driven winds: stops around Ag
νr -process

Presolar grains: Isotopic observations to
test these scenarios!
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Data: Heck et al. (2020)
t > 1 Ga: 17.5%
t > 2 Ga: 7.5%
t > 3 Ga: 2.4%

n = 24

Data from Heck et al. (2020)
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Hands-on Astrophysics SiC grains from AGB stars reveal constant p/r-ratio

What does the constant Mo p/r -ratio tell us?

17 grains analyzed by Stephan et al.
Giant molecular clouds (GMC): Live for
tens of Ma
Unlikely that all grains have parent stars
from within this GMC

Constant p/r -ratio
Constant throughout GCE
Co-production in the same astrophysical
sites?

What could account for co-production?
Neutrino-driven winds: stops around Ag
νr -process

Presolar grains: Isotopic observations to
test these scenarios!

Nb 91

680 y

Nb 92

34.7 My

Mo 92

14.53

Nb 93

100.

Mo 93

4.0 ky

Tc 93

2.75 h

Nb 94

20.4 ky

Mo 94

9.15

Tc 94

293 m

Ru 94

51.8 m

Nb 95

34.991 d

Mo 95

15.84

Tc 95

20.0 h

Ru 95

1.643 h

Rh 95

5.02 m

Nb 96

23.35 h

Mo 96

16.67

Tc 96

4.28 d

Ru 96

5.54

Rh 96

9.90 m

Nb 97

72.1 m

Mo 97

9.60

Tc 97

4.21 My

Ru 97

2.8370 d

Rh 97

30.7 m

Nb 98

2.86 s

Mo 98

24.39

Tc 98

4.2 My

Ru 98

1.87

Rh 98

8.72 m

Nb 99

15.0 s

Mo 99

65.976 h

Tc 99

211.1 ky

Ru 99

12.76

Rh 99

16.1 d

Nb 100

1.5 s

Mo 100

9.82

Tc 100

15.46 s

Ru 100

12.60

Rh 100

20.8 h

Nb 101

7.1 s

Mo 101

14.61 m

Tc 101

14.22 m

Ru 101

17.06

Rh 101

3.3 y

Mo 102

11.3 m

Tc 102

5.28 s

Ru 102

31.55

Rh 102

207.0 d

Tc 103

54.2 s

Ru 103

39.247 d

Rh 103

100.

Ru 104

18.62

Rh 104

42.3 s

Rh 105

35.357 h

50 52 54 56 58 60
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Hands-on Astrophysics SiC grains from AGB stars reveal constant p/r-ratio

Further elements of interest, measurable in presolar grains

Ba 130

0.106

Ba 131

11.52 d

La 131

59 m

Ba 132

0.101

La 132

4.8 h

Ce 132

3.51 h

Ba 133

10.551 y

La 133

3.912 h

Ce 133

97 m

Pr 133

6.5 m

Ba 134

2.417

La 134

6.45 m

Ce 134

3.16 d

Pr 134

17 m

Nd 134

8.5 m

Ba 135

6.592

La 135

19.5 h

Ce 135

17.7 h

Pr 135

24 m

Nd 135

12.4 m

Pm 135

49 s

Ba 136

7.854

La 136

9.87 m

Ce 136

0.185

Pr 136

13.1 m

Nd 136

50.7 m

Pm 136

107 s

Sm 136

47 s

Ba 137

11.232

La 137

60 ky

Ce 137

9.0 h

Pr 137

1.28 h

Nd 137

38.5 m

Pm 137

Sm 137

45 s

Ba 138

71.698

La 138

0.08881

Ce 138

0.251

Pr 138

1.45 m

Nd 138

5.04 h

Pm 138

10 s

Sm 138

3.1 m

Ba 139

83.13 m

La 139

99.91119

Ce 139

137.641 d

Pr 139

4.41 h

Nd 139

29.7 m

Pm 139

4.15 m

Sm 139

2.57 m

Ba 140

12.7527 d

La 140

40.285 h

Ce 140

88.450

Pr 140

3.39 m

Nd 140

3.37 d

Pm 140

9.2 s

Sm 140

14.82 m

Ba 141

18.27 m

La 141

3.92 h

Ce 141

32.511 d

Pr 141

100.

Nd 141

2.49 h

Pm 141

20.90 m

Sm 141

10.2 m

Ba 142

10.6 m

La 142

91.1 m

Ce 142

11.114

Pr 142

19.12 h

Nd 142

27.152

Pm 142

40.5 s

Sm 142

72.49 m

Ba 143

14.5 s

La 143

14.2 m

Ce 143

33.039 h

Pr 143

13.57 d

Nd 143

12.174

Pm 143

265 d

Sm 143

8.75 m

Ba 144

11.5 s

La 144

40.8 s

Ce 144

284.91 d

Pr 144

17.28 m

Nd 144

23.798

Pm 144

363 d

Sm 144

3.07

Ba 145

4.31 s

La 145

24.8 s

Ce 145

3.01 m

Pr 145

5.984 h

Nd 145

8.293

Pm 145

17.7 y

Sm 145

340 d

Ba 146

2.22 s

La 146

6.27 s

Ce 146

13.52 m

Pr 146

24.15 m

Nd 146

17.189

Pm 146

5.53 y

Sm 146

68 My

Ba 147

894 ms

La 147

4.06 s

Ce 147

56.4 s

Pr 147

13.4 m

Nd 147

10.98 d

Pm 147

2.6234 y

Sm 147

14.99

Ba 148

620 ms

La 148

1.35 s

Ce 148

56.8 s

Pr 148

2.29 m

Nd 148

5.756

Pm 148

5.368 d

Sm 148

11.24

La 149

1.07 s

Ce 149

4.94 s

Pr 149

2.26 m

Nd 149

1.728 h

Pm 149

53.08 h

Sm 149

13.82

Ce 150

6.05 s

Pr 150

6.19 s

Nd 150

5.638

Pm 150

2.698 h

Sm 150

7.38

Pr 151

18.90 s

Nd 151

12.44 m

Pm 151

28.40 h

Sm 151

90 y

Nd 152

11.4 m

Pm 152

4.12 m

Sm 152

26.75

Pm 153

5.25 m

Sm 153

46.284 h

Sm 154

22.75
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Hands-on Astrophysics SiC grains from AGB stars reveal constant p/r-ratio

Further elements of interest, measurable in presolar grains

W 180

0.12

W 181

121.2 d

Re 181

19.9 h

W 182

26.50

Re 182

64.2 h

Os 182

21.84 h

W 183

14.31

Re 183

70.0 d

Os 183

13.0 h

Ir 183

58 m

W 184

30.64

Re 184

35.4 d

Os 184

0.02

Ir 184

3.09 h

Pt 184

17.3 m

W 185

75.1 d

Re 185

37.40

Os 185

92.95 d

Ir 185

14.4 h

Pt 185

70.9 m

W 186

28.43

Re 186

3.7183 d

Os 186

1.59
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16.64 h

Pt 186

2.08 h

W 187

24.000 h

Re 187

62.60

Os 187

1.96

Ir 187

10.5 h

Pt 187

2.35 h

W 188

69.78 d

Re 188

17.0040 h

Os 188

13.24

Ir 188

41.5 h

Pt 188

10.2 d

W 189

10.7 m

Re 189

24.3 h

Os 189

16.15

Ir 189

13.2 d

Pt 189

10.87 h

W 190

30.0 m

Re 190

3.1 m

Os 190

26.26

Ir 190

11.78 d

Pt 190

0.012

W 191

Re 191

9.8 m

Os 191

14.99 d

Ir 191

37.3

Pt 191

2.83 d

W 192

Re 192

16.0 s

Os 192

40.78

Ir 192

73.830 d

Pt 192

0.782

W 193

Re 193

Os 193

29.830 h

Ir 193

62.7

Pt 193

50 y

W 194

Re 194

5 s

Os 194

6.0 y

Ir 194

19.28 h

Pt 194

32.86

Re 195

6 s

Os 195

6.5 m

Ir 195

2.29 h

Pt 195

33.78

Os 196

34.9 m

Ir 196

52 s

Pt 196

25.21

Ir 197

5.8 m

Pt 197

19.8915 h

Pt 198

7.36
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Cassiopeia A: Si, S, Ca, Fe, X-rays (Credit: NASA/CXC/SAO)



Hands-on Astrophysics Supernova Nucleosynthesis

Supernova ejecta mixing: What regions do we probe with presolar grains?
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Ritter et al. (2018), M=15 M , Z=0.02
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How does material mix in the supernova ejecta? It’s already complicated in 1D!
Can we follow dust formation in these ejecta?
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Hands-on Astrophysics Supernova Nucleosynthesis

Presolar grains from supernovae directly probe the ejecta

Short-lived radionuclides allow to
determine the speed of condensation

137Cs–137Ba: ∼ 20 a (Ott et al., 2019)
1D dust condensation models:

Dependent on explosion energy
Only a small fraction forms SiC
Dust formation allows insight into
supernova physics
Critical to understand observations

Future: 3D dust formation models
How does mixing affect dust formation?
Benchmark with observations and
presolar grain data

We need more grain measurements!

Xe 128

1.9102

Xe 129

26.4006

Cs 129

32.06 h

Xe 130

4.0710

Cs 130

29.21 m

Ba 130

0.106

Xe 131

21.2324

Cs 131

9.689 d

Ba 131

11.52 d

La 131

59 m

Xe 132

26.9086

Cs 132

6.480 d

Ba 132

0.101

La 132

4.8 h

Xe 133

5.2475 d

Cs 133

100.

Ba 133

10.551 y

La 133

3.912 h

Xe 134

10.4357

Cs 134

2.0652 y

Ba 134

2.417

La 134

6.45 m

Xe 135

9.14 h

Cs 135

1.33 My

Ba 135

6.592

La 135

19.5 h

Xe 136

8.8573

Cs 136

13.16 d

Ba 136

7.854

La 136

9.87 m

Cs 137

30.08 y

Ba 137

11.232

La 137

60 ky

Ba 138

71.698

La 138

0.08881

La 139

99.91119

74 76 78 80 82
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Live 137Cs condenses into SiC grain
Decays to 137Ba
137Ba isotope anomaly reveales
condensation time
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Hands-on Astrophysics Supernova Nucleosynthesis

Presolar grains from supernovae directly probe the ejecta

Short-lived radionuclides allow to
determine the speed of condensation

137Cs–137Ba: ∼ 20 a (Ott et al., 2019)
1D dust condensation models:

Dependent on explosion energy
Only a small fraction forms SiC
Dust formation allows insight into
supernova physics
Critical to understand observations

Future: 3D dust formation models
How does mixing affect dust formation?
Benchmark with observations and
presolar grain data

We need more grain measurements! Brooker et al. (2022)
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Fryer et al. (2023)



Conclusions & Outlook

Presolar grain measurements allow hands-on astrophysics

Presolar grains allow us to directly probe stellar
nucleosynthesis in the laboratory
AGB star grains

Understanding the s-process
Galactic chemical evolution

Supernova grains
Timing of dust condensation
Probe nucleosynthesis
Only few measurements beyond the iron peak
available so far

Another Messenger to Elucidate our
Understanding of Nuclear Astrophysics!
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Conclusions & Outlook

Presolar grain measurements allow hands-on astrophysics

Presolar grains allow us to directly probe stellar
nucleosynthesis in the laboratory
AGB star grains

Understanding the s-process
Galactic chemical evolution

Supernova grains
Timing of dust condensation
Probe nucleosynthesis
Only few measurements beyond the iron peak
available so far

Another Messenger to Elucidate our
Understanding of Nuclear Astrophysics!

V838 Monocerotis (Credit: NASA/ESA)
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Conclusions & Outlook

Presolar grain measurements allow hands-on astrophysics

Presolar grains allow us to directly probe stellar
nucleosynthesis in the laboratory
AGB star grains

Understanding the s-process
Galactic chemical evolution

Supernova grains
Timing of dust condensation
Probe nucleosynthesis
Only few measurements beyond the iron peak
available so far

Another Messenger to Elucidate our
Understanding of Nuclear Astrophysics!

Cassiopeia A (Credit: NASA/CXC/SAO)
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Conclusions & Outlook

Where to go from here?

Galactic chemical evolution of the
solar neighborhood

For which elements are
p/r -ratios constant?

Core-collapse supernovae
Where do presolar grains
condense?
What nucleosynthesis processes
are recorded?
Can we track the nuclear
enginge?

Stay tuned!
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Adopted after figure by Frank Timmes, ASU
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Conclusions & Outlook

Where to go from here?

Galactic chemical evolution of the
solar neighborhood

For which elements are
p/r -ratios constant?

Core-collapse supernovae
Where do presolar grains
condense?
What nucleosynthesis processes
are recorded?
Can we track the nuclear
enginge?

Stay tuned! SNR E0519-69.0 (Credit: X-ray: NASA/CXC/Rutgers/J.Hughes; Optical: NASA/STSc)
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