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® Background

® The Five Major Surveys
® LINEAR
® NEAT
® Spacewatch
® LONEOS
® CSS (Catalina)
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Background

® NEO — Near-Earth Object
® Perihelion distance < 1.3 AU
® Aphelion distance > 0.983 AU

® NEA — Near-Earth Asteroid
® As opposed to a comet
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Figi. | —Crbital parmneter and size distributions of KEOs with /< 20, The red hine indicates knoan KEOs as of 2003 Mavw, The black lime = the Bottke 2l o
{2002 model, which we take as the underlyving distribution. The number of currently known NEOs in this absolute magnitude range is 1405, where the Bottke maod
predicts 4668, meludme 961 lamer than | km. The preen lines are the NEOs detected by 2 3 vr simulation using our NEO stratepy with the SDSS svstem. The dotte
preen ling indicotes NEOs detected once in our simulation (£933 objects), the dashed line mdicates NEOs with multiple detections (1533 objects), amd the soli
green ling indicates WEOs for which acourate orbits may be determined (thres detections m [0 davs; 1023 objects) using only the 2.5 m data. A Sxllow-up progras
using the 3.5 m andfor one of the smaller APO telescopes could provide orbits for the remaiming NWEOs that were detected only once or twice. Note that our mod
includes objects as small as 400 m, but the top left panel begms ot &0 m o avoid overshadowing =1 km NEOs,
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Background - Types of NEA's

® Amors

® approach the Earth's orbit from the outside

® Apollos

® cross the Earth's orbit

® Atens
® approach the Earth's orbit from the inside
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Background - Motivation

® Relation to meteorites

® Relation to devolatilized comets
® Source of metals

® And...
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Background - Motivation

“The risk you face of dying as a result of an
asteroid impact is about 1 in 20,000, the
same risk you face of dying in a plane
crash.”

- Spaceqguard Survey
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THE TORINO SCALE

Assessing Asteroid/Comet Impact Predictions

The likelihood of collision is zero, or is so low as to be effectively zero.
Also applies to small objects such as meteors and bolides that burn up in the
atmosphere as well as infrequent meteorite falls that rarely cause damage.

A routine discovery in which a pass near the Earth is predicted that poses no
unusual level of danger. Current calculations show the chance of collision is
extremely unlikely with no cause for public attention or public concern.

New telescopic observations very likely will lead to re-assignment to Level 0.

A discovery, which may become routine with expanded searches, of an object
making a somewhat close but not highly unusual pass near the Earth. While
meriting attention by astronomers, there is no cause for public attention or public
concern as an actual collision is very unlikely. New telescopic observations very
likely will lead to re-assignment to Level 0.

A close encounter, meriting attention by astronomers. Current calculations

give a 1% or greater chance of collision capable of localized destruction.

Most likely, new telescopic observations will lead to re-assignment to Level 0.
Attention by the public and by public officials is merited if the encounter is

less than a decade away.

A close encounter, meriting attention by astronomers. Current calculations

give a 1% or greater chance of collision capable of regional devastation.

Most likely, new telescopic observations will lead to re-assignment to Level 0.
Attention by the public and by public officials is merited if the encounter is

less than a decade away.

A close encounter posing a serious, but still uncertain threat of regional
devastation. Critical attention by astronomers is needed to determine
conclusively whether or not a collision will occur. If the encounter is less than

a decade away, governmental contingency planning may be warranted.

A close encounter by a large object posing a serious. but still uncertain threat of
a global catastrophe. Critical attention by astronomers is needed to determine
conclusively whether or not a collision will occur. If the encounter is less than
three decades away, governmental contingency planning may be warranted.

A very close encounter by a large object, which if occurring this century, poses
an unprecedented but still uncertain threat of a global catastrophe. For such a
threat in this century, international contingency planning is warranted, especially
to determine urgently and conclusively whether or not a collision will occur.

by Astronomers
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Fig. 2. Public description for the Torino Scale, revised from Binzel (2000) to better
describe the attention or response that is merited for each category.
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Fig. 3. Precovery circumstances of 1998 NU. In this plot we can see 41 continuous curves, each one corresponding to one of
41 orbits produced with the MS method at the 3o level. For all of them the plot shows the angular distance from the nominal
solution, which is represented by the only curve perfectly parallel to the X-axis. In this scheme the nominal sclution is the orbit
No. 21, while the confidence region is filled with 20 orbits on each side of the nominal solution. The position of 1998 NI is
indicated by the small dot in the middle of the plot: it is located very close to solution Ne., 29, The MS figure covers two years,
from 1989 to 1991. It is important to notice its asymmetric shape, an evident manifestation of nonlinearity.
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The 5 Major Surveys

® | INEAR

® NEAT

® Spacewatch

® L ONEQOS

® CSS (Catalina)



Near-Earth Asteroid Discoveries
All Asteroids
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Near-Earth Asteroid Discoveries
Large Asteroids (kilometer sized and larger)

Il LINEAR
[0 MEAT

[] LONEOS
I Catalina

B Spacewatch [ all others
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Known Near-Earth Asteroids
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LINEAR

® | incoln Near-Earth Asteroid Research

® Headed by MIT's Lincoln Laboratory in
cooperation with the USAF and NASA

® Responsible for the majority of NEO
discoveries
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LINEAR - Instrumentation

® Two 1-meter GEODSS
telescopes
® 1960x2560 pixel CCD
® 2 square degree FOV
® One 0.5-meter telescope
for follow-up observations
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LINEAR - Site
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NEAT

® Near-Earth Asteroid Tracking

® Autonomous observatory associated with
JPL and NASA
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NEAT - Instrumentation

® 1-meter GEODSS
telescope owned by the
USAF
® 4096 x 4096 pixel CCD
® 1.2x1.6 sq. degree FOV
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NEAT - Instrumentation

® 1.2-meter MSSS
telescope
® Same CCD
® Same FOV
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NEAT - Instrumentation

® 1.2-meter Schmidt
telescope

® Three cameras, each with
its own 4096x4096 pixel
CCD
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Celestial coordinates of areas searched by NEAT 1995 Diecember to 1998 July. The Galactic plane, an area of

as a dotted ling.
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Spacewatch

® The oldest NEO search program
® Operated by the University of Arizona
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Spacewatch - Instrumentaion

® 0.9 — meter telescope
® Four 4608x2048 CCD'’s

® Scans 200 sg. degrees of
sky each night

® 1.8-meter telescope

® Qutfitted for more rapid
searches (follow-ups)
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LONEOS

® [owell Observatory Near-Earth Object Search
® Run by the Lowell Observatory
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LONEOS - Instrumentation

® 0.6-meter Schmidt
Telescope
® 2048x4096 pixel CCD
® 8.1 sq. degree FOV
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CSS

® Catalina Sky Survey

® Actually a consortium of 3 cooperating
surveys:
® The original Catalina Sky Survey (CSS)
® Siding Springs Survey (SSS)
® Mt. Lemmon Survey (MLSS)
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The original Catalina Sky Survey

® 0.6-meter Schmidt
Telescope
® 4096x4096 pixel CCD
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Siding Springs Survey

® 0.5-meter Schmidt
telescope
® CCD identical to CSS’s

® 1-meter telescope used
for follow-up observations
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Mt. Lemmon Survey

® 1 .5-meter reflector

® Dedicated to rapid
follow-up observations
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Can’t forget the spectra...
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