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Asteroid-Polluted Stars

Asteroid chemistrg observed in star Tida”? disrul:)tecl asteroid
o Yy (ala Saturn’s Rlngs)
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Who Cares About Old Rocks?!

Exo-earths are an E-ELT science driver
— comPosition will remain unknown & model clePcnclent
— bulk ingrcdicnts critical for detcrmining ‘Earth-like’

Mceting relevance & discussions
— Planetcsimals: outcome of initial disk chcmis’cry / evolution
— asteroids: buildi ng blocks of terrestrial Planc’cs

Both Planets and an asteroid-like belt are rccluirccl
- ‘Holcy Disks’ |i|<ely related; e.g. Main Belt Kirkwood gaps
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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)
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(Mercurg)
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(Mars) Earth-like




Asteroids are Terrestrial

e Primordial builcling blocks of the terrestrial Planets

e  Meteorites are Fragments R

§ :‘:‘ ' b ,|>
W

. Possibly delivered Earth’s water & volatiles
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Asteroid Destruction

«  White dwarfs are compact
—  asteroids ticla"y shredded

e  White dwarfs are Prlisi'lhc
—  staris Po“utcd bg debris

Graham et al. 1990; Jura 200%;
, Rafikov 2011, 2012
. How do we know this?

- disk mass, 'ocation, comPosition; heavy elements in star



Typical Dust Rings
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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

Farihi et al. 2009
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Sizable to Large (d>150 km) Asteroids
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HST COS Confirms Roc|<3 Debris
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@ SDSS 1228+1040 ® PG 1015+161 @ PG 0843+516 ® GALEX 1931+0117
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Planctarg Debris ProPcrl:ics

Stellar Po"ution is rcFractor3~ric|1, volatile-l:)oor
—~  dominated by Mg and Fe silicates

Overall abundances broadlg mimic the bulk Earth

— C-clel:)letion > c:l'ionclrites; formed interior to snow line
—  atleast as diverse as different meteorite classes

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

M > IOZZg; up to 10255 (Pluto)

accreted



Asteroid-Polluted Hgacls at 625 Mgr
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Procgon B is Polluted
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A Snow Line Exo-Asteroid

Water identified in the debris at GD 61

26% H,O bg mass

Asteroid the size of Vesta -

Farihi et al. 2013¢
Multiple datasets (e.g. HST, chk) confirm result
P g



The Need for Future Instruments

Few stars can be done with Keck + VLT + HST
e SDSS+GAIA+ will 9ie|cl hundreds of targets
e E-ELT: detailed chemistry, exo-asteroid families

e  Terrestrial chemistrg over Galactic l‘:istory/ environs
—  clusters, streams, thin and thick disk, halo, etc.



A Possibilitg for E-ELT

UVB needed for transitional, relcractorg elements
~ Mg, Al, Si, Ca, Ti, 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, decent UVB-Red throughput



Exoterrestrial Archaeologg

White dwarfs are the end of > 95% of all stars
—  atleast20% - 50% Po"utecl 133 terrestrial-like debris

Main~scquence A and F star Progenitors
—  atleast20% - 50% build terrestrial Planets

Metal-rich white dwarfs indircctlg measure the bulk
comPosition of extrasolar, rockg Planctcsimals, the
bui Icling blocks of terrestrial cxoplancts

Future UVDHB spcctroscopg critical



