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The Solar System 4.6
billion years ago
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The Solar System 4.6

billion years ago

* Sun and planets formed from disk of
gas/dust

* Accretion
dust -> rocks-> planetesimals -> planets

» Asteroids and comets are surviving
planetary building blocks
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* Sun and planets formed from disk of
gas/dust

* Accretion
dust -> rocks-> planetesimals -> planets

» Asteroids and comets are surviving
planetary building blocks

billic

And we get samples of
these as meteorites and
returned samples!
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The S(S.-I:ci'r.-system Today
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Fireball over Yellow Springs, Ohio
Credit: John Chumack
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-+ Collected in stratosphere by
- modified U2 spy planes andin .
Antarctlca by meltlng/fllterlng SNOwW

. Orlglnate_ln comets and ‘asteroids |
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Returned samples

 Hayabusa (2010) -




Primitive Extraterrestrial Samples

* Non-biological “fossils,” containing a
record of:
— Starting materials of the Solar System
— What the Solar System was like at
beginning =
— Earliest stages of planetary processes .
— Timescales for early processes .

 Amenable to detailed analysis by ever-
improving laboratory techniques

Laboratory Astronomy/Astrophysics
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Presolar Stardust in the Solar System

_.Superhovia i i AGB Star L S REuiE _
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2 | — e Boria-fide stardust from anC|ent '

dead stars

Asteroids artd Comets

' Molecular_Gltj'l’j'c-_f.*'ff'-'-i L _I \
:» Found today surviving in

Meteoritesand . meteorites and mterplanetary

“ Interplanetary =
" Dust Particles * dust particles
b .. <~100 ppm,

» Survived interstellar processes
/ ~~_ and solar system formation

" Presolar Grains




How do we know’?

: Isotopes are key’

~+Up unt|I the 1960s prevalllng W|sdom was that the solar nebula
was very hot and any preexisting dust from the presolar era would_
have been vaporlzed and the dISk completely iIsotopically - '
, homogemzed

. .Largely'_tr'ue' — for mbst elements Sun ~ Earth ~ Jupiter ~ comets,
- etc (<% variations seen from physical/chemical processes)

-« 1960s: "D/;;scover'y'oic isotopically. anomalous noble gasesin
~meteorites led to 20 years of exper/ments searchlng for presolar
gra/ns (success in 1987') -
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T A T AI,
‘Types of Presolar Grams _ B \on 0, Gaki o,

TiO, ...) (up to 10s
ppm)

Nanodlamonds( ) i . =
Slllcates (W|de range of minerals

and non-stoichiometric phases)
(up to 300 ppm)

Coposite (multi-
R Sk IR Dhase) grains S SRR
' & Graphite _ it Tl i e L
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Informatlon from presolar gralns

e Cosmology s
» Stellar nucleosynthesis .~

«Stellar-evolution-and mixing

-+ Galactic chemical evolution
-+ Dust formation in stellar environments |
o Composmon/m|neralogy/proces3|ng of interstellar dust |
» Sources of material for Solar System
oo Early Solar System processes |




- . -Sources of Presolar Stardust Grains
. Type Il Supernovae
| <10% of SIC,
Silicates, Oxides,
<50% Graphite,
100% Si;N,

Asymptotic Giant

Branch (AGB)

stars: "~ Nova Cygni 1992 (HST)

B >907% of SiC, e an
W - " I":r -‘) Classical Novae?
) s At . - <1% SiC, Silicates,

Oxides, Graphite




Lessons for Nuclear Astrophysics

e Cam measure ~ I e —

heavy trace element 1s T
isotopes which are 0010
not possible | @
astronomically (Ba, w0 g0 w2 5w 0 g0
Mo, Zr, Sr, ...)

 Can test stellar AT e

------------------------------------ v 144 2,

theory with very high £l il il

8- 04327,

precision oo [0 .o

-1000 -800 -600 -400 -200 O
5'>°Ba, a5 (%o)

Liu etal., 2022



Lessons from presolar grams for dust aﬂmonados

@ Adelaide
@ Other meteorites
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. Graln composmons

* Have both mineral phases predloted {0 20
condense from high-T (Al,O,, SiC, MgSiO,) and
wide range of non- st0|ch|ometr|c phases and,
compOS|te gralns :

Intermediate

1o . Fe+Mg+Ca)/Si
compositon | Lodders and Amari (Fe+Mg+Ca)/Si

- CdE 2005 = - : ' : "Floss and Haenecour, GJ, 12018

-0 9 8 -7 6 5 -4 -3 -2
log total pressure (bar)




Lessons from presolar gralns for dust aﬁcmnados

‘e Graln formatlon
. processes:

» Detailed mlcrostructures
~‘constrain’ condensatlon g
~ conditions: and ISM '
_ processing '

» See Stroud poster "

Interstellar “. =
impact crater?

~ Detailed structure of AGB star corundum-(Al,Os) grain
Takigawa et al. (ApJL 2018)




Lessons from presolar gralns for dust af|C|onados

. AGB star graphltes

« Often contain sub-grains of
: ref)ractory carbldes (T|C MoC

o Put constralnts on condensatlon E
- conditions BernatOW|cz+ 1996
Croat+ 200 ) - .

-Often contaln nanocrystalllne - N R 2 e
cores surround by well- Sl N Grain K10

talli d hite | Yo7 > maP* Rppmprone = 105
Crys S5 grap e fan, WWMMMWWW L sl M JL m s

. At Ieast some cores contam A

PAHs (Messenger+ 1998) y 'Core mantle * ‘onion” AGB graphite -
SEE S J ; (_Grqopman et aI2017_) o -

250 300 350 0C 450
Mass (amu)




Lessons from presolar grains for dust aficionados

* Supernova graphite with-nanocrystalline-
core, mantled by graphite shells
(Groopman Nittler et al, 2014) '

e Structure/chemlstry|ndlcates changlng |

- _chemical/physical conditions durlng graln
gmwm' '

: I'C-edg'e'X-ray Absorption
Spectra i




'-Lessons from presolar gralns for dust aflolonados £

g Graln Slzes

 Stardust from both AGB stars and supernovae have W|de S|ze dlstrlbutlons
- from 50-nm to 10s microns : : : .

+.~100-200 nm average dlameter in good agreement W|th R} dust but gralns i
- can be LARGE' e ¥ - ~ - |

< 60-nm supernova . - G o
 54Cr-rich oxide . 200 nm AGB Si |cate';_--r Bk SRRATRT S e

(Nitfleretal ApJL2018) . . (Niteretatcca 2018 . . ‘e 30-pm SIiC X-grain

DL i ; Rl ale S R WG R e v Lt B (Gyngard etal. GCA2018) i




-Lessons from presolar gralns for dust aﬁcmnados

iy Graln L|fet|mes

e For Iargest gralns can measure |sotop|c products of -
- -Galactic Cosmic Ray interactions (e.g.; #'Ne,

produced by spallation of 28Sj) — tells us how Ic')'ng
- graln was in ISM before belng trapped in meteorite

o Wi_d_e ra,nge of

1000 2000 3000 4000

e inferred grain ages . I '. resolar 2'Ne exposure age (Ma)
(3 Myr to 3Gyr),
. majority <300 Myr

_ Heck et al.; PNAS 2020




- Future prospeots "‘IR” spectroscopy IN
_the electron mlorosoope’? '

~ '+ Monochromated EIeotron S Zero loss peak
- Energy Loss < |
. Spectroscopy

~+» Monochromation of the ~
STEM e-beam to ~10
'meV now possible.

_ » Allows detection of excited
i V|brat|onal modes __

Intensity

-05 -04 03 -02 01 00 01 02 03 04 .

Energy Loss (eV)

Stroud et al. 2018 . .



- Future prospeots "‘IR” spectroscopy IN
_the electron mlorosoope’? '

. Monochromated Electron N S1O Stretch SO—
Energy Loss Spectroscopy
-Monoohromatlon of the e Olivine

Si-O Bend
17.9

STEM e-beam to ~1O meV
now.possible. - |

. Allows detectloh of exolted o
vibrational modes 5

» May‘allow direct: -
determination of optloal .
: propertles Of preSOIar ot e e 8 10 12 14 16 18 20 22 24

' gra|nS' - e S 4. Wavelength (um)
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Stroud et al. 2018 . .




- Conclusions

~ + Primitive extraterrestrial materials (meteorites, IDPs, retu'rne'd_-'l |

- - asteroidal and cometary samples) contain preserved dust
grains from our protoplanetary disk -

~ + These mclude presolar stardust gralns ifelny preV|ous
~* generations of stars & |

“» Provide unique mformatlon on types sizes, ages, and
processing hlstorles of circumstellar and mterstellar dust
grarns - |

* Presolar (and by extensmn mterstellar) silicates show huge bk

~range.of compostions- there |s no smgle average
composmon -
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