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See Ann Nguyen'’s lecture that introduces

Types of Presolar Grains presolar grains, solar system, and

meteorites

* First presolar grains (diamond, SiC, graphite) discovered by exotic noble gas
signatures in 1987 (Lewis et al. 1987, Bernatowicz et al. 1987, Amari et al. 1990)

* More detailed isotopic studies and identification of additional presolar phases
and subtypes made possible by Secondary lon Mass Spectrometry (SIMS)
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Solar System Composition
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Why are They Presolar Grains?
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Huge Isotopic Anomalies!
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How can we find
presolar grains in
pristine meteorites?
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Outline

1. Analytical Techniques

2. Different Types of Grains
and Their Stellar Origins

~ 2.1AGB Dust
\- 2.2 Type Il Supernova Dust
2.3 Mysterious "3C-rich SiC Dust




SIMS versus RIMS: Sputtering

~100 nm) electrostatic
100 nm) sector
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SIMS lonization

Cs/O-Gun
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Cs/O-Gun
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Elements Accessible to SIMS and RIMS

Secondary lon Mass Spectrometry
(without significant isobaric interferences)
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Outline

1. Analytical Techniques

2. Different Types of Grains
and Their Stellar Origins

2.1 AGB Dust
\- 2.2 Type Il Supernova Dust
2.3 Mysterious "3C-rich SiC Dust

See Amanda Karakas’s lecture on s-
process and AGB stars




14N/15N

10 E

10

Stellar Origins of Presol

e SiC-mainstream

lllll T T lll]l]l

10 ¢

= born-again AGB7

10 E

10 E

0’ N
Jstars/ o Y. . AQg stars

- Y
AAAAAAA

Novae/supernovae?

A SiC-X (1%)

0 SiC-Y (2%)
0 SiC-Z (2%)
¢ SiC-A+B (5%)
m SiC-N («<1%)

A Si;N,

A A
Supernovae

10° 10’ 10°

120/1 SC
Nittler & Ciesla (2016) ARA&A

10 10

formed in C-rich
envelope of low-
mass asymptotic

giant branch
stars



AGB Phase: An Advanced Evolutionary Stage
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AGB: Asymptotic Giant Branch, an advanced evolutionary stage of

stars with masses below ~8 M.
C-rich AGB: Parent stars of C-rich presolar grains, ~1.5-3 Mg,
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Stellar Origins of SiC from AGB Stars
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Grain-Observation Discrepancy
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Asteroidal and Terrestrial Contamination

Supernova ::

‘ |
Q Additional terrestrial

contamination caused by
e.g., acid dissolution and

laboratory analysis.

Meteorites and _
" Interplanetary -~
Dust Particles

A mainstream SiC
coated by organic
gunk.

Andrew Davis

Larry Nittler -



Approach to Suppress Contamination

Extensive Sputtering

To mass spectrometer Analysis
beam

sources
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New Data

PSD Data
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s © The majority of MS, Y, and Z grains came from classical
AGB stars, N-type stars (the most abundant type of
carbon stars).

 Contamination is always a problem when interpretating
presolar grain data.
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AGB Stars: main stellar site for s-process

SPECTROSCOPIC OBSERVATIONS OF STARS OF CLASS S

Paur W. MERRILL

MouNT WILSON AND PALOMAR OBSERVATORIES
CARNEGIE INSTITUTION OF WASHINGTON
CALIFORNIA INSTITUTE OF TECHNOLOGY

Received February 27, 1952

ABSTRACT

This paper presents a brief survey of S-type spectra based largely on spectrograms with dispersior
9 A/mm of eight stars obtained by I. S. Bowen with the 200-inch telescope. The intensities of severa
groups of absorption lines and bands and of the more important emission lines are compared in variou
stars. Radial velocities from both bright and dark lines and a supplementary list of absorption lines iden
tified in the green region are included. The remarkable behavior of certain bright lines of V' 1 and of Cr
in the spectrum of R Cygni is described.
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In situ production of Tc inside AGB stars!




Abundance relative to 10° silicon
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Abundance relative to 10° silicon
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CROSS SECTION x ABUNDANCE (Si= 106

s-Process: slow neutron-capture process
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s-Process: slow neutron-capture process
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Major Neutron Source for s-Process:
13C(a,n)160

convective envelope

(H)

He intershell
(120)

13C(a,n)1®0: providing neutrons with a
density of 107 to 108 cm-3, in agreement

with solar system s-process distribution
and astronomical observations of s-
process elements.




Problem for AGB Stellar Modelers: local mixing of
H into He-intersheli

convective envelope ‘120(p,y)13N(ﬁ+v)13C ‘

(H)

He intershell
(12C)

Mixing H
into He
intershell
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Smoking Guns for Constraining °C Formation
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MS SiC Isotopic Data of Sr, Ba
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Smoking Guns for Constraining °C Formation

Ni isotopes
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Post-process Nucleosynthesis Calculations

Stellar Evolution Modeld Included : 'H, ®He, “He, 2C, 13C,
% 14N, 15N, 160, 170, 180, 19F, 20Neg,
i} 2'Ne, 22Ne, 23Na, 24Mg, 25Mg,
26Mg, 28Si, energy-providers!

Post-process nucleosynthesis model: the
whole nucleosynthesis network is included!
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Standard Exponential 1*C-Pocket
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Standard Exponential 1*C-Pocket
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Standard Exponential 1*C-Pocket
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Mixing of H by Magnetic Buoyancy
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Yes, Trippella Pocket works!
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Fully Coupled Stellar and Nucleosynthesis
Calculations
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5 (%8Sr/%%5r)

The Crucial Role of Magnetic Buoyancy is Further Supported!
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Overshoot: no consistent match

Magnetic: consistent match

Vescovi et al. (2020) ApJL
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The Crucial Role of Magnetic Buoyancy is Further Supported!
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) Scientific visualization of supernova evolution



Supernova Nucleosynthesis

4Ti (formed during a-rich freeze-out)

Fusion Reactions
TH+'"H>2He
160+16Q>28Sj+q
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Extinct 44Ti in X Grains
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SN models predict large excesses in *Ca compared to 4Ca. The

observed 4Ca excesses therefore point to the decay of 44Ti.
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Origin of ¥Ti in X Grains
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9Ti Correlates with 23Si Excesses

-200

%

1<lr errors 1

Si/S zone:
8Si, 48Ti, 49\/

12 28,29.30Q; 48.4950T;
C, Si, Ti

-600

-400

normalized to 28Si §°°Si(%.)

-200

Constraints: small
contribution from He/C zone.




8 Ti T

9Ti Correlates with 23Si Excesses

O Weight-averaged He/C Zone (12 M., model)
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Supernova grain data indicate that
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Calculation of 84°Ti in the Si/S Zone
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Calculation of 84°Ti in the Si/S Zone
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04Tig;s Constrains Timing of SiC
Formation in Supernovae
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The 95% lower Ilimit of
0*9Tigys derived by the linear
fit constrains condensation to
occur at least 2 yrs after SN
explosions, consistent with
astronomical observations.




Dust Production in SN 1987A Over 30 Years

PRI SN 1987A

.
Prediction: 90% of the dust {
would form between 10 to
01 F 40 years.

0.01 f

Dust mass (M)

O Dust formation can occur as early as a few months after SN explosions (e.g., Andrews et al.
2016).

4 But VERY FEW SNe have been observed to quantify dust production later than 1000 days.

U The inferred timescale for grain formation in SN 1987A is CONSISTENT with the grain data,
>2 yrs.
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13C-rich Grains: What are Their Stellar Sources?
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Linking AB Grains to Stars
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Two Groups of AB Grains

A1 Al

0.1 " ERL 1 LA Frr rrrrrn 1 T rrrry
6fstronlger explosi\'/e H: | : 300 l | I I
4fburning signatures . :
Al o Z 200
° N o |
6 # ©.92 i : & 100
4+ ® Q@ pA A - 0
! @@§+®' o o B 1 B
1 'ﬁ}{# sl &0
0.001 i
6F Lo . :
3! o {JT} o n i 10011 study ® "°N-rich © ''N-rich B}
2r % i&_’ (@) A Literature ® N-rich 2 *N-rich| (D)
0.0001 Frstmimosness Se— -20%00 1IOO (l) 1(1)0 2(I)O 300
10’ 10° 10° 10*

30 .. 28 .
14N/15N 0 Sl/2 Si

Consistent differences in N, Al, and Si isotope ratios
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Similarities between 1%N-
rich AB grains and J-
type stars
* near-solar metallicities.
= similar C and N isotope
ratios.

= close-to-solar heavy-
element isotopic
compositions.

= Both are relatively
abundant.
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More observational
data are NEEDED!




@ N-type carbon stars -100 %
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|jj;: * 1“N-rich AB grains overlap with J-

type carbon stars and a few 13C-
rich SC-type carbon stars in their
C and N isotopic composition.

No carbon stars lie in the region

where "N-rich AB grains are
located, pointing out that these
grains were likely sourced from
the ejecta of explosive events,
e.g., supernovae.
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Conclusions
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