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Exoplanetarg Archacologg

* Frequency of terrestrial Planct building
Bulk chemistrg of solid Plane’tary bodies
Mass constraints for exoplanetarg builcling blocks
Frequency of water-rich exo-asteroids

.  Constraints on habitable environments



Solid E:xoplanets on the Rise

Venus transit 2012 E‘xoP|anet transit
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Planet R-Mis Degenerate

Predicted sizes of different kinds of planets
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Some Possible ComPositions

Iron-poor
(Moon)

Iron-rich
(Mercurg)

Silicate-rich

(Mars) Earth-like




Asteroids are Terrestrial

e Primordial builcling blocks of the terrestrial Planets

e  Meteorites are Fragments R
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. Possibly delivered Earth’s water & volatiles
v,



Sirius B: Future Sun

OPtical Artist X~rag



Known Stars d< 10 o

(RECONS Projcct: T.J. chry)
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Planetauy Arclﬁaeologg

«  White dwarts are evolved but not necessarily old
—  Sirus B
—  Pleiades, Hgades

. Pol:)ulous in Solar neighborhoocl

. Earth-sized for excellent contrast



van Maanen’s Star
(van Maanen 1917; SPY Project: R. NaPiwotzki)

A

=~
QO
>
« )
-+
S
[
e




Metal-Contaminated Stars

. Gravity strong and radiation weak as theg cool
— pure HorHe atmosphcrcs

. Extcrna”g Po”u‘cec]

— Pl’)enomenon is not ISM or comPanions

. Exce"cnt astrophgsica| c]etcc:tors

— the Photosphcﬁc abundances of Po//utcd white dwarfs

measure t/7c3 composition of thc accrctcd matter



Asteroid Destruction
(Jura 200%; Debes & Sigurclsson 2002)

«  White dwarfs are compact
—  Asteroids ticla"g shredded

e White dwarfs are Pristinc
— Staris Po“utcd bg debris

e How do we know this?
—~  Disk mass, location, comPosition; heavy elements in star



TgEical Dust Disks

hi, Jura, Zuckerman 2009)
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Spectrum of White Dwarf System GD 16 Spitzer Space Telescope * IRAC » MIPS
NASA / JPL-Caltech / J. Farihi (University of Leicester) sig09-002



Metal Emission

(Gansicke et al. 2006)
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Silicate Emission
(Jura, Farihi, Zuckerman 2009)
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Olivine is Terrestrial
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Roc:|<9 Debris in GD 362

(Zuckerman et al. 2007)




Roc|< Debris Confirmed bg HST

(Gansxcke Koester, Farihi, et al. 2012)

LEX 1931+0117

" l' H PG 08434516 |

Wavelength [A]




@ SDSS 1228+1040 ® PG1015+161 @ PG 0843+516 ® GALEX 1931+0117
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Debris ProPcrl:ics

Stellar Po"ution is relcractor9~ric|1, volatile-l:)oor
—~  dominated by Mg and Fe silicates

Overall abundances broadlfa mimic the bulk Earth

—  more c:arbon~c|ep|etecl than chondrites

Some evidence for differentiated bodies
— striPPing, melting, collisions (c.g. Moon)

M

accrcted

>10% g; up to 0% g (Pluto)



Sizable to Large Asteroids

(Farihi, Barstow, Redfield, Dufour, Hamblg 2010)
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Water-Rich Asteroids

Asteroids strong candidates for Earth’s water
e.g Ceres

Ceres’ layers

Thin, dusty
outer c

Water-ice layer

Rocky
| inner core

Scarch {:Ol" watcr-rich analogs

Rocks comPosecl of metal oxides: MgO, SIO,, etc.

Excess O in debris can indicate H,O



Initial Results on Water

Water Iikely identified in the debris at GD 41
~  Farihietal. 201, ApJL, 728, 8

17% H,O l:)g mass

Asteroid the size of Vesta \

Superior data with Keck & Hubble confirm result




The Need for E-ELT HIRES

Few stars can be done with Keck + VLT
SDSS + GAIA will Procluce hundreds of targets
E-ELT for detailed chemistrg, exo-asteroid families

Rock chemistrg as a function of Galactic Age

Synergg with ALMA



The Need for E-ELT HIRES

UV needed for transitional, remcractorg elements
-~ Mg Al, Si,Ca, Ti, V, Cr, Mn, Fe, Co, Ni

Red needed for volatile metals, disk emission
- O,Na,Ca triplet, Possiblg C

Multiple transitions, multiple lines for accuracy

High resolution, high Uuv throughput
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