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* 16” Ritchey-Chretien f/8.4 (f/5.3)
e Paramount ME
* |FW filter wheel (LRGB, VBRI, Ho.-SII-Olll)

Cameras:

* Apogee AP7

e Apogee Alta U10
* SBIG ST-8300M

FOV ~ 20arcmin x 20arcmin @ 2.2 arcsec/pixel









Why Asteroids?

. t Easv to excite students and ge'ner;al public
.-+ Scientific interesting results with limited time -

available .

* Important-to NASLA’s fyture.

+ Important for sufvival of Humans
B :



Chelyabinsk meteor, February 15, 2013
<20m, air burst equivalent to 440kilotons of TNT




Y Chelyahinsk Meteor
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Airburst estimates for a stony asteroid with a diameter ranging
from 30m to 85m http://impact.ese.ic.ac.uk/ImpactEffects/

Diameter

30 m (98 ft)

50 m
(160 ft)

70 m
(230 ft)

85m
(279 ft)

Kinetic
energy at Airburst
atmospheric  energy
entry
708 kt 530 kt
3.3 Mt 2.9 Mt
9 Mt 8.5 Mt
16.1 Mt 15.6 Mt

Airburst Average

altitude  frequency
(5136’ .010|(()Tt) 185 years
(23"(5) (I; (;nft) 764 years
( 1'1: (I; (r)nft) 1900 years
?1?:35 Okfr:; 3300 years


http://impact.ese.ic.ac.uk/ImpactEffects/
http://impact.ese.ic.ac.uk/ImpactEffects/
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‘Distance to Earth:

1999GJ4 -

minutes

1.29AU. . "

2-20sec exp. ©
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" Slow motion
of distant
" .objects
* ®'makes
discovery of
TNOs more.
‘ complex |

‘1h45min
* between exp.

'Dis'tance to
Earth

+ 191AU.



st worth doing?

, T R A e iy
| "> el E"Nb‘agzgltjtely-hdt'
. Lots of pla'nning, lots*, .- Lots:of WOr'k,fahd

of work, butit " "depért’rﬁeht chair did .
‘provides useful and f not considerit
ey rmmedlate results X3 scholarshlp

Yes, absolutely
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Differential

 Photomet 'y Signal Circle

Gap .

Reference Annulus






Phased Data Plot for: 1963 Bezovec
0% Phase JD: 2453376.728194 (Corrected for light-time)
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Phased Data Plot for: 125 Liberatrix
0% Phase JD: 2453352.487997 (Corrected for light-time)
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Phased Data Plot for: 785 Zwetana
0% Phase JD: 2453465.660537 (Corrected for light-time)
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Zwetana also does not appear to be
elongated and shows extreme variations in
radar albedo.

4

LR =

We see no campositional changes and it does
not appear to be elongated.

Possible causes for its variations include large
variations in surface porosity and global-scale
facets that were favorably aligned for *
backscatter during our observations.



How can we find out about the shape

of an asteroid?

Spacecraft flyby
(Doppler) Radar observations
Stellar occultation (2D only)

Lightcurve inversion

KOALA (Knitted Occultation, Adaptive optics,
and Lightcurve Analysis)

%




San Pedro,
ASH2 40-cm

Eris occultation light
curves .
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La Silla,
TRAPPIST 60-cm

d

% . A

CASLEO, CA
® Jorge Sahade 215-cm

8,300 8,400 8,500
Time (seconds after 6 November 2010, 00:00:00.0 utc)




Measuring Eris’ size *
N

E
1,000 km

14.40 mas

San Pedro

La Silla
CASLEO

B Sicardy et al. Nature 478, 493-496 (2011) doi:10.1038/nature10550 l!i=
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'Beometries, the
 lightcurves look "«
different from year.to .
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rotation period stays
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Comparison between actual IlghtcurVe for.242 Krlemh|ld (black dots)
and modeled’ lighcurve (red dots). * |
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242
Kriemhild =0 e

Z = 240° X=90°



287
Nephthys

Z=0° Z=120°

90°



Bhis technique uses only disk-integrated photometry of asteroic‘s to
approximate three dimensional shape models built with convex
polyhedrons. These shape models are not scaled in size because it is
not possible to derive its size from the visilfle flux of the asteroid
‘without having an accurate estimate of its albedo Additionally,
because of the symmetry of the lightcurve i |nver5|,pn method, two
mirror solutions symmetricali he ecliptic longitude of the pole

direction by ~180° are usu

.J o .’

| an accufaéy reaching ~10% can be
determined by comparing ctual 2D projections of asteroid
convex shape models with the stellar occultation measurements

(Timerson et al., 2009). k

J () e [
Size estimates of a‘s’érm ds

A more complex 3D shape-modéling technique called KOALA
(Knitted Occultation, Adaptive optics, and nghtcurve Analysns) has
been introduced recently by Carry et al. (2012) . .



2009-09-06T15:30:58
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2009-09-15T15:11:48

2009-090—-12T15:10:47

-

2009-00-28T13:34:08

F. Marchis et al. Icarus, 224 (2013),
pp. 178-191

W.M. Keck Il AO
observations of (93)Minerva
and its two moonlets
(September 2009) using an
Fe Il band filter. The
positions of the

moonlets are indicated with
horizontal and vertical
arrows for Minerva | and
Minerva Il respectively.



Non-convex shape model of Minerva’s primary derived from
combining lightcurve, adaptive optics and stellar occultation
data shown from equatorial level (left, center) and pole-on

(right).



Taxonomic classes:

Small Main-Belt Asteroid Spectroscopic
Survey (SMASS)

-

 C-group of carbonaceous objects

 S-group of silicaceous (stony) objects —includes A-class

 X-group of mostly metallic objects



C-type asteroid 253 Mathilde

30 km



S-type asteroid 243 Ida (Dactyl)




Mathilde
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433 Eros, S-type, “solid” rock




S-type asteroid 25143 Itokawa
535m x 294m x 209m

Release 051101-1 ISAS/JAXA
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; The search for thé 1 'j- Sing r
.the aster




The differentiation of a body of ordinary chondritic
composition is believed to result in an object with an iron-
nickel core, a thick olivine-dominated mantle, and a thm
plagioclase/pyroxene crust

The existence of achondrites, which are meteorites of
magmatic origin in terrestrial collections indicate that
some planetesimals experienced temperatures during
solar system formation high enough to result in partial or
full interior melting and.differentiation. In fact, based on
the number of iron meteorites in terrestrial meteorite
collections, it is estimated that ~108 asteroidal parent
bodies experienced partial or total melting and
differentiation within the first few Mega-annum (Ma) of
solar system history.



Big question in planetary geology is the rarity of olivine-
dominated A-class asteroids .. » + '
--no more than 17 known o‘bjech and number is not
increasing’as we are st.udylng smaIIer asteroids

(1) have been shattered to small sizes (<5 km) over th.e
collisional lifetime of the asteroid belt

(2) are abundan’t but their spectra have been altered in
some way masking.their- presc;nce (rubble pile
asteroids) .

(3) differentiated aster0|ds did not %rrh thick O|IVIhe-

" rich, metal-poor mantles, and differentiation on these
bodies is not upderstood. e



446 AETERNITAS AVERAGE CCD SPECTRUM
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NEAR-IR SPECTRUM OF ASTEROID 446 AETERNITAS
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