Introduction to Comets and Asteroids
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Outline

Distinction between Comets and Asteroids
Comets: History, nomenclature, orbital characteristics, groups

*Asteroids: Nomenclature, Main Belt & subgroups,
spectral types, asteroid satellites, Ceres & Vesta

*Trans-Neptunian Objects and the Kuiper Belt
*Planets vs. Dwarf Planets vs. Small Solar System Bodies
*Collisions in the Solar System

*Near-Earth Objects: could a big one be headed our way?
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Comet vs. Asteroid

Comet: Appears fuzzy and/or has a tail; sometimes bright.
Contains water ice and other frozen volatiles which
sublimate into gases when the object gets close to the Sun.

Asteroid: Appears as a point of light even in the large telescopes.
Doesn’t contain much ice or doesn’t get close enough to
the Sun for ices to heat up and sublimate.

Both orbit the Sun, generally far from the Earth, and move slowly
against the star background (unlike meteors which are generally small
objects entering our atmosphere at high speed and burning up).

Comet

Asteroid
Hale-Bopp Sterol
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Comets: Names, Designations and Numbers

Comet Hale-Bopp (C/1995 0O1)

after their discoverers

*Also designated “T/yyyy Xn”
*T is a type: C for long-period, P for short
period, D for disappeared
*yyyy is the discovery year
X is the half-month (A: Jan. 1-15,
B: Jan.16-31, etc.)
*n is a sequence number

*Once a periodic comet’s orbit is well

known, it is assigned a number:
«1P/Halley, 103P/Hartley 2

«Currently, 248 numbered comets, and
~2700 unnumbered comets

Many comets have split into
fragments (eqg. 73P/SW-3)

*Some have disintegrated entirely
(eqg. 3D/Biela)



Sir Edmund Halley’s Catalog of Cometary Orbits (1705)

*Halley realized these 3 entries were the same comet and predicted the next appearance in 1758
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Halley’'s Comet

*Returns every 76 years and

can come close to Earth
el ast appearance: 1986
*Next appearance: 2061

Has been observed

throughout recorded history
*Anglo-Saxons (1066)
*Babylonians (164 BC)
*Chinese (240 BC)

*Nucleus size: 15 km




| Cprhponents'of a Cdme_t"

: - ‘Glowing gas iohs swept

“ back by the Solar Wind,
~extending for millions of
- kilometers

ek 'DUsi.prarti'qus released from the
. nhucleus and swept back by the
- pressure of sunlight, and shining
by reflected sunlight

Tenuous atmosphere
of gas, dust and

debris surrounding

nucleus Solid body, typically 1-10 km across, an agglomeration

- of water ice and frozen gases with rock and dust



Closeups of Some Cometary Nuclel

19P/Borrelly

OP/Tempel 1
81P/Wild 2




Comets: Composition and Physical Model

«Coma and Tail:
*Principally water vapor, but also carbon monoxide, carbon
dioxide, cyanogen, etc.; dust consists of CHON particles

*Nucleus:
«Size is usually in the 1 — 10 km range
(but Hale-Bopp was 40 km!)

«“Dirty snowball”: fluffy and fragile

sLoose conglomerate of ices (eg. H,O
ice, CO, ice) and silicates with a dark
dusty crust that insulates the interior

*As the nucleus approaches the inner
solar system, surfa_lce Iayers_bec_ome 103P/Hartley 2 (2 km long)
warm enough to trigger sublimation

*The gases escape through weak spots
in the crust, producing high-speed jets
of gas and dust



Some Comets Are Very Fragile and Split Easily

The Many Fragments of
73P/Schwassmann-Wachmann 3

—

L

Dust flow

/ Debris Trail (comet fragments interspersed with debris)



Comets: Orbit Characteristics and Classes

Long-Period Comets
Orbital Period (P) > 200 yr
Random inclinations
Source: Oort Cloud

Halley-Type Comets
Orbital Period 20 - 200 yr
Random inclinations
Source: Oort Cloud

Jupiter-Family Comets (JFCs)
Orbital period < 20 yr
Within 30° of the ecliptic
Source: Scattered Disc?
Subtype: Encke-Type Comets
(Orbital period < 12 yr)

C/Hale-Bopp
(P = 2500 yr)

55P/Tempel-Tuttle
(P=33yr)

8P/Tuttle (P = 14 yr)



The Oort Cloud

A vast reservoir containing billions of comets, extending to 100,000 AU from the
Sun. This is the source region for Long Period Comets. The comets originally

formed at 20-25 AU from the Sun but encounters with Juplter flung them
outwards. o . ;

100,000 AU = 1.6 light years



How Comets Die

«Split into smaller comets or disintegrate entirely

sLose all their ices, becoming asteroid-like objects (but in cometary orbits)
«Collide with the Sun or planets (eg. sungrazers or Shoemaker-Levy 9)
*Get thrown out of the Solar System (usually by Jupiter)

Comet SW-3 as seen by Hubble Sungrazing comet as seen by SOHO
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Asteroids: Designations, Numbers and Names

*\When first discovered and confirmed, an asteroid receives a

designation of the form “2011 XYnn”
*Yyyy is the discovery year
X indicates the half-month (A: Jan. 1-14, B: Jan. 15-31, etc.)
*Ynn is a letter plus sequence number
*Eg. Near-Earth Object 2011 BJ24 discovered last weekend

*Orbit is computed from observations, initially very uncertain!

*Once an asteroid has been observed long enough to have a well-
established orbit, it is numbered (eg. 1 Ceres, 243 Ida, etc.)
*Currently 264,258 numbered asteroids (and 279,454 unnumbered
asteroids, for a total of 543,712)
*Once an asteroid is numbered, its discoverer can propose a

to the IAU Small Bodies Naming Committee
«Currently 16,216 named asteroids (only 6%)

Discovery & Designation — Observations... — Numbering —



Leading Trojans

The Inner Solar System

Jupiter

Trailing Trojans
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The Inner Solar System, Side View
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Large Asteroids: Surviving Protoplanets?

The Moon

Asteroids 1-10 .

Ceres
1000 km

Dwarf Planet Ceres Candidate Dwarf Planet Vesta



Asteroids (per 0.0005 AU bin)
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Asteroids: Spectral Classes and Compositions

 Asteroids can be classified according to features of their
reflectance spectra:

«C-type Dark, carbonaceous objects; dominant in central Main Belt

*S-type Moderately bright; silicates (eg. olivine) mixed with metals
(nickel-iron); reddish, possibly due to “space-weathering”;
dominant in inner Main Belt

*M-type Moderately bright; often nickel-iron, but not necessarily

*D-type Dark, water-ice components with organic compounds;
dominant at the outer edge of the Main Belt

*V-type Similar spectrum to Vesta (basaltic lava flows?);
asteroids of this type are probably fragments of Vesta

A long-standing problem is to link these spectral classes with
the types of meteorites

Which types from
which types?




Many Small Asteroids are Rubble Piles

Near-Earth Asteroid 25143 Itokawa (about 500 m long)



Asteroid Satellites

*About 200 asteroids are known to have satellites

*The satellites are thought to have been lifted off their
primary bodies through some sort of disruption (eg.
collision, tidal disruption, or spinup of the primary)

243 Ida (54 km) Dactyl (1 km)



R
a
Loy LA g

The Outer Solar System v “*

Trans-Neptunian Objects” - R

At } -

7 A h k-
2MFeb 7 P.Chaodas [MaSalJPL)



w
¥
The Outer Solar System, Side View
: -
v W
4 W -
-
" "
1
ki
M b
H ¥ &
-k W
~ i &
. ¥
I 1-
"
Y "l:;. [ g + -
3 q " v Pl o 3
4 A - .
2 a Toa oy d PR ‘ <
Y Y vV ' £ s F3 <
q\l .l-!'- I L ~ .. 3
"';H' Il \l\' Wk - £ ok = oZ
“ W * s 3
) = Ty I?Ii(tﬁl"l' o ¥ & = “ <
. W
= R 44 N )
A qq"nl.‘*l v I".E-.'.'-- """d-z e
P I .
g =
/ - . . : ?:?7.5.- - E...?T...’T _ 1._-.:- T o "
The Kuiper Belt - 7., 7 % 7 et o g .
e U|per e t . *iHa !.'. - b CRLE .
= k- e
- - + TrE T F A .-'i".-, ﬁ" ﬂab ¥ . 'ﬂ.Hyakutake - -
- R . B bl
.? o . Ay {"'_,.c-'u M 'EI_._ el w =+
T .o r- ' * Cw
T H T PRETTILE N S v
T - - = A W
¥ T oqg - -
- ! 4 7 "1""{5'! A ﬁ-h bl ¥
. T “ S r TR ov
i P f- - *r *
- jr [ ™ ©
I Hal2Eix r
, N Ao
T T g A -
- 4
] -t A
-t e
o A b w
- -{1 A -
7 A 4 L ™
+ 7 A ®
A
) A k ™
AN -
'r\.
2F1Feb 7 A F. Chodas [MASAMFL)



The Distant Solar System

cattered Disc Objects

20MFeb 7 F.Chodas [MASALIFL]



Centaurs, Trans-Neptunian Objects and the Kuiper Belt
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Large Trans-Neptunian Objects
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*Discovery of Eris led the IAU to re-examine the definition of a planet in terms of:
*Roundedness: Becoming rounded through its own self gravity
«Clearing the neighborhood: Becoming the dominant object at its distance

Planet: Massive enough to be rounded and clear its orbital neighborhood
Dwarf Planet: Massive enough to be rounded, but not to clear its neighborhood
Small Solar System Body: Not massive enough to do either

Minor Planet: Small Solar System Body or Dwarf Planet



A Likely Collision in the Main Belt (2010)

*P/2010 A2, cataloged as a comet, is probably just the result of a
collision (a previously unknown120-m asteroid hit by a 5-m object)




Comet Shoemaker-Levy 9 (SL9) (1993)

*Discovered in orbit about Jupiter, already broken into 21 fragments
*Orbit calculations indicated it would impact Jupiter 1 year later

o]
(93]



Impact of SL9 Fragment G on Jupiter (1994)

*Fragment G was between 200 and 1000 m in size
sImpact energy: 6 million megatons of TNT

’




Jupiter Impact in 2009

sImpact scar discovered by an amateur
*Object not detected before impact
eSpectroscopic evidence indicates the object was an asteroid




Small Objects Hit the Earth Frequently

*Most meteors are pea-, pebble- and rock-sized debris
«100 tons of material impacts the Earth every day (mostly dust)




, Oct. 1992

de

Impact Point of Peekskill Boll




Meteor Crater, Arizona

* A 60m object, 1-km crater
 Impacts like this occur every few thousand years




Tunguska, Siberia (1908)

*40m object; impacts of this size every few hundred years

a8 BT R




Chixulub, Yucatan, 65 million years ago

*10-km object; impacts of this size every 100 millions years




Known Impact Craters on the Earth
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Near-Earth Objects (NEOSs)

*A Near-Earth Object (NEO) is an asteroid or comet which can get
within 1.3 AU of the Sun

«Currently, there are 7745 NEOs, 822 of them are kilometer-sized

*The impact of a kilometer-sized object on the Earth would likely
be globally catastrophic (potentially changing the climate)

*NASA's Spaceguard Survey, set up 10
years ago, has the goal of discovering
90% of the kilometer-sized asteroids
and assessing the risk of impact

*So far, 80-85% have been discovered:;
many smaller NEOs have been
discovered as well

*NASA’'s NEO Program assesses
Impact risk for all known NEOSs:
<http://neo.jpl.nasa.gov>

Catalina Sky Survey observatory



2008 TC3: The First Predicted NEO Impact

*Discovered 1 day before impact; clearly a small object (4-5m)
*Predicted to hit in northern Sudan 11 hours before impact

— Discovery

—— #ohs =15,
Pr(imp)=100%

—— #obs =18,
MNorth Sudan

— #obs starts to
skyrocket

20:00UT

0:00 UT ¢

/ —— Obs. stop (eclipse)

Impact Earth

‘ To Sun

Discovery images from Catalina Sky Survey



Impact Site in Nubian Desert of N. Sudan

*Meteorites found along predicted ground track (red dots)




NASA's Near Earth Object Program

<http://neo.jpl.nasa.gov>

NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION

" Near Earth Object Pro

* ¢ XY
NEO BASICS SEARCH PROGRAMS DISCOVERY STATISTICS SPACE MISSIONS NEWS FAQ

ORBIT DIAGRAMS ORBIT ELEMENTS CLOSE AFPROACHES

Radar Observations Refine the Future Motion of Asteroid 2004 MH4

ini, Don Yeomans

..................

FULL STORY
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