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NEA mitigation is
Interested In asteroid parameters
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NEA science IS
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Option 1: use a spaceship
Option 2: use a telescope
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surface reflectance

e Spectroscopy — measuring how the asteroid reflects
the sunlight as a function of the wavelength.

 Compare with reflectance of meteorites.
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» Near-IR spectroscopy (0.8 to 2.5 micron).
e Telescope: 3-m, IRTF, Hawail.

« MBAs and NEA:s.

e Since 2000. " 99942 Apophis g, . g
e ~1,000 spectra. <
e http://smass.mit.edu/ i'/ O —
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NEASs are varied
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The Meteoritic Connection
Asteroids Meteorites

Bus-DeMeo Taxonomy Key
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Meteorite Je

Ord. chondrites H 342 +£0.18
Ord. chondrites L 3.36 £ 0.16
Ord. chondrites LL 3.22 +£0.22
Carb. Chondrites CI 1.60 + 0.03
Carb. Chondrites CM 2.25 + 0.08
Carb. Chondrites CR 3.10

Carb. Chondrites CO 3.03 £0.19
Carb. Chondrites CV 2.79 + 0.06
Carb. Chondrites CK 2.85 + 0.08
Enstatites EH 347 +£0.21
Enstatites EL 3.46 + 0.32
Achondrites HED 3.25 +0.26
Stony-Iron Pal 476 £ 0.10
Stony-Iron Mes  4.35 £ 0.02
Stony-Iron Ste 4.18 £ 0.10
[ron Ata 4.01 +0.04
[ron Hex 7.37 +0.14
[ron Oct 7.14 £ 0.13

Asteroid taxonomy
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The Meteoritic Connection
Asteroids Meteorites

Bus-DeMeo Taxonomy Key
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. Need to flnd the missing links!!!



Finding Fragments of Asteroid 2008 TCs in the Nubian Desert

Almahata Sitta
Meteorite

2008 TC,
asteroid

hotos by Peter Jenniskens, SETI Institute. hittp-/fwaww.nasa.goviopics/solarsystemitcd)



Caveats...

 features needed.
* high S/N needed... - largeR telescopes

* Full wavelength range is needed (Vis+IR+...)
* Time modifies spectra — by space weathering!
e Does composition reveal the structure?
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How flybys can .
reveal asteroid mterlor
Walit for the next talk by v nnnnnnnnnn

Dr. Nick Moskovitz... - |
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Binary asteroids as scales = 1 2
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1999 KW, Descamps et al. 2007 Measure asteroid mass
' a by Kepler’s Il Law

P? 4 7°

Ostro et al. 2001 Antlope _—

a GGWM +M,)

W: All around the
n.t* ‘5‘* Solar System:
MBAS, NEAS, TNOs
D'i Pollshook et aI 2010 Balam

ST ~15% of NEAs are
binary asteroids

arbiteary mag [f 0]




Measure the spin

falded lightcurve of (5026) Martes Bri g htness as
: function of time

Asteroids have an
Irregular shape...
...Potatoids
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synodic phase [epoch = 2455028]. Period = 4.418 hours

Frequency = Rotation period of the asteroid
Amplitude = Shape of the asteroid
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Rubble pile confirmed . ‘

~3.3 g/cm?

e Ord. Chon. density:
* Itokawa density: 1.9 g/cm?




Ruk:)ble Piles

201
Monolith

data from

Carry 2012 1
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Separated Pairs of Asteroids

« Have identical orbits (Mokrouhlicky & Nesvorny, 2008).

Asteroid d a e I Q w M
ms~h)  (AU) (deg) (deg) (deg) (deg)

63440 2001 MD30 0.23  1.93809628 0.0885952 19.98645 229.53463 205.5398 53.0882
2004 TV14 1.93809783 0.0885978 19.98632 229.53426 205.5597 49.8702

* \Were at the same physical space in the last 1 My
e Some got separated ~10 Ky ago! f;
* Probably had a same progenitor.

* Spin-up ->disruption & separation.  :
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Formation of asteroid palrs

Asteroid spun-up by the YORP effect.
Rubble pile -> fission!
An asteroid pair Is formed.

In 10% their orbits are
altered enough and cannot
be recognized as pairs.

Are they really that young?
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type P Ict- an to S-type asteroids.
U

Conc alrs have fresh, un-weathered,
surfaces. Their age < 1 Myr.
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