
NEO Resource 

1 of 104 

Near-Earth Object Resource 
 

Compiled and edited by 
James M. Thomas 

for the 

 

Museum Astronomical Resource Society 
http://marsastro.org

and the 

 

NASA/JPL Solar System Ambassador Program
http://www.jpl.nasa.gov/ambassador

 

Updated July 15, 2006 
 

Based upon material available through the 
NASA Near-Earth Object Program 

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

http://marsastro.org/
http://www.jpl.nasa.gov/ambassador
http://neo.jpl.nasa.gov/


NEO Resource 

2 of 104 

Table of Contents 
Section Page 
  
Introduction & Overview 5 
Target Earth 6 
• The Cretaceous/Tertiary (K-T) Extinction 9 
• Chicxulub Crater 10 
• Barringer Meteorite Crater 13 

What Are Near-Earth Objects (NEOs)? 14 
What Is The Purpose Of The Near-Earth Object Program? 14 
How Many Near-Earth Objects Have Been Discovered So Far? 15 
What Is A PHA? 16 
What Are Asteroids And Comets? 17 
What Are The Differences Between An Asteroid, Comet, Meteoroid, Meteor and 
Meteorite? 

19 

Why Study Asteroids? 21 
Why Study Comets? 24 
What Are Atens, Apollos and Amors? 27 
NEO Groups 28 
Near-Earth Objects And Life On Earth 29 
Near-Earth Objects As Future Resources 31 
Near-Earth Object Discovery Teams 32 



NEO Resource 

3 of 104 

• Lincoln Near-Earth Asteroid Research (LINEAR) 35 
• Near-Earth Asteroid Tracking (NEAT) 37 
• Spacewatch 39 
• Lowell Observatory Near-Earth Object Search (LONEOS) 41 
• Catalina Sky Surveys 42 
• Japanese Spaceguard Association (JSGA) 44 
• Asiago DLR Asteroid Survey (ADAS) 45 

Spacecraft Missions to Comets and Asteroids 46 
• Overview 46 
• Mission Summaries 49 
• Near-Earth Asteroid Rendezvous (NEAR) 49 
• DEEP IMPACT 49 
• DEEP SPACE 1 50 
• STARDUST 50 
• Hayabusa (MUSES-C) 51 
• ROSETTA 52 
• DAWN 52 

Near-Earth Asteroid Discovery Statistics 53 
Impact Risks 64 
The Torino Impact Hazard Scale 72 
Frequently Asked Questions For Impact Risk Assessment 75 



NEO Resource 

4 of 104 

NEO Earth Close Approach Tables 78 
Absolute Magnitude As A Measure Of Size 85 
Albedo and Astronomical Unit 88 
Animations and Movies 89 
Asteroid 1950 DA 91 
Mars Meteorites 95 
NEO Related Links 98 
  



NEO Resource 

5 of 104 

Introduction & Overview 
 
Near-Earth Objects (NEOs) are comets and asteroids that have been nudged by the 
gravitational attraction of nearby planets into orbits that allow them to enter the Earth's 
neighborhood. Composed mostly of water ice with embedded dust particles, comets 
originally formed in the cold outer planetary system while most of the rocky asteroids 
formed in the warmer inner solar system between the orbits of Mars and Jupiter. The 
scientific interest in comets and asteroids is due largely to their status as the relatively 
unchanged remnant debris from the solar system formation process some 4.6 billion years 
ago. The giant outer planets (Jupiter, Saturn, Uranus, and Neptune) formed from an 
agglomeration of billions of comets and the left over bits and pieces from this formation 
process are the comets we see today. Likewise, today's asteroids are the bits and pieces 
left over from the initial agglomeration of the inner planets that include Mercury, Venus, 
Earth, and Mars.  

As the primitive, leftover building blocks of the solar system formation process, comets 
and asteroids offer clues to the chemical mixture from which the planets formed some 4.6 
billion years ago. If we wish to know the composition of the primordial mixture from 
which the planets formed, then we must determine the chemical constituents of the 
leftover debris from this formation process - the comets and asteroids.  
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Target Earth 
 
 

On a daily basis, about one hundred tons of interplanetary material drifts down to the 
Earth's surface. Most of the smallest interplanetary particles that reach the Earth's surface 
are the tiny dust particles that are released by comets as their ices vaporize in the solar 
neighborhood. The vast majority of the larger interplanetary material that reaches the 
Earth's surface originates as the collision fragments of asteroids that have run into one 
another some eons ago.  
 
With an average interval of about 100 years, rocky or iron asteroids larger than about 
50 meters would be expected to reach the Earth's surface and cause local disasters or 
produce the tidal waves that can inundate low lying coastal areas.  On an average of 
every few hundred thousand years or so, asteroids larger than a kilometer could 
cause global disasters.  In this case, the impact debris would spread throughout the 
Earth's atmosphere so that plant life would suffer from acid rain, partial blocking of 
sunlight, and from the firestorms resulting from heated impact debris raining back down 
upon the Earth's surface.  
 
Since their orbital paths often cross that of the Earth, collisions with near-Earth objects 
(NEOs) have occurred in the past and we should remain alert to the possibility of future 
close Earth approaches. It seems prudent to mount efforts to discover and study these 
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objects, to characterize their sizes, compositions and structures and to keep an eye upon 
their future trajectories.    
 
Because of the ongoing search efforts to find nearly all the large NEOs, objects will 
occasionally be found to be on very close Earth approaching trajectories.  Great care must 
then be taken to verify any Earth collision predictions that are made.  Given the 
extremely unlikely nature of such a collision, almost all of these predictions will turn out 
to be false alarms.  However, if an object is verified to be on an Earth colliding 
trajectory, it seems likely that this collision possibility will be known several years prior 
to the actual event.  Given several years warning time, existing technology could be used 
to deflect the threatening object away from Earth.  The key point in this mitigation 
process is to find the threatening object years ahead of time so that an orderly 
international campaign can be mounted to send spacecraft to the threatening object.  One 
of the techniques suggested for deflecting an asteroid includes nuclear fusion weapons set 
off above the surface to slightly change the asteroid's velocity without fracturing it.  High 
speed neutrons from the explosion would irradiate a shell of material on the surface of the 
asteroid facing the explosion.  The material in this surface shell would then expand and 
blow off, thus producing a recoil upon the asteroid itself.  A very modest velocity change 
in the asteroid's motion (only a few millimeters per second), acting over several years, 
can cause the asteroid to miss the Earth entirely.  However, the trick is to gently nudge 
the asteroid out of harm's way and not to blow it up.  This latter option, though popular in 
the movies, only creates a bigger problem when all the pieces encounter the Earth.  
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Another option that has been discussed includes the establishment of large solar sails on a 
small threatening object so that the pressure of sunlight could eventually redirect the 
object away from its predicted Earth collision.   
 
No one should be overly concerned about an Earth impact of an asteroid or comet.  The 
threat to any one person from auto accidents, disease, other natural disasters and a variety 
of other problems is much higher than the threat from NEOs.  Over long periods of time, 
however, the chances of the Earth being impacted are not negligible so that some form of 
NEO insurance is warranted.  At the moment, our best insurance rests with the NEO 
scientists and their efforts to first find these objects and then track their motions into the 
future.  We need to first find them, then keep an eye on them. 
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The Cretaceous/Tertiary (K-T) Extinction

 
A large body of scientific evidence now exists that support the hypothesis that a major asteroid or 
comet impact occurred in the Caribbean region at the boundary of the Cretaceous and Tertiary 
periods in Earth's geologic history. Such an impact is suspected to be responsible for the mass 
extinction of many floral and faunal species, including the large dinosaurs, that marked the end of 
the Cretaceous period. Until now, the remains of such an impact crater have escaped detection. The 
geohydrological feature (Cenote Ring) of Northwestern Yucatan, was discovered through NASA 
Ames Remote Sensing technology, and represents a prime candidate for the impact site of a global 
catastrophic event. 

9 of 104 
Artist: Don Davis (No Copyright) 
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Chicxulub Crater, Yucatan Peninsula, Mexico 

 

10 of 104 

This is a radar image of the southwest portion of the buried Chicxulub impact crater in 
the Yucatan (pronounced “yoo-kah-TAHN”) Peninsula, Mexico (Chicxulub is 
pronounced “CHEEK-shoo-loob” and is named after a local village). The radar image 
was acquired on orbit 81 of space shuttle Endeavour on April 14, 1994 by the Spaceborne 
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Imaging Radar C/X-Band Synthetic Aperture Radar (SIR-C/X- SAR). The image is 
centered at 20 degrees north latitude and 90 degrees west longitude. Scientists believe the 
crater was formed by an asteroid or comet which slammed into the Earth more than 65 
million years ago. It is this impact crater that has been linked to a major biological 
catastrophe where more than 50 percent of the Earth's species, including the dinosaurs, 
became extinct. The 180- to 300-kilometer-diameter (110- to 180-mile) crater is buried 
by 300 to 1,000 meters (1,000 to 3,000 feet) of limestone. The exact size of the crater is 
currently being debated by scientists. This is a total power radar image with L-band in 
red, C-band in green, and the difference between C- and L-band in blue. The 10-
kilometer-wide (6-mile) band of yellow and pink with blue patches along the top left 
(northwestern side) of the image is a mangrove swamp. The blue patches are islands of 
tropical forests created by freshwater springs that emerge through fractures in the 
limestone bedrock and are most abundant in the vicinity of the buried crater rim. The 
fracture patterns and wetland hydrology in this region are controlled by the structure of 
the buried crater. Scientists are using the SIR-C/X-SAR imagery to study wetland 
ecology and help determine the exact size of the impact crater. 
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(Chicxulub Crater, Yucatan Peninsula, Mexico, SIR-C Radar Image, April 14, 1994) 

Spaceborne Imaging Radar-C and X-band Synthetic Aperture Radar (SIR-C/X-SAR) is 
part of NASA's Mission to Planet Earth. The radars illuminate 
Earth with microwaves allowing detailed observations at any 
time, regardless of weather or sunlight conditions. SIR-C/X-SAR 
uses three microwave wavelengths: L-band (24 cm), C-band (6 
cm) and X-band (3 cm). The multi-frequency data will be used by 
the international scientific community to better understand the 
global environment and how it is changing. The SIR-C/X-SAR 
data, complemented by aircraft and ground studies, will give 
scientists clearer insights into those environmental changes which 
are caused by nature and those changes which are induced by 
human activity. SIR-C was developed by NASA's Jet Propulsion 
Laboratory. X-SAR was developed by the Dornier and Alenia 
Spazio companies for the German space agency, Deutsche 
Agentur fuer Raumfahrtangelegenheiten (DARA), and the Italian 
space agency, Agenzia Spaziale Italiana (ASI), with the Deutsche 
Forschungsanstalt fuer Luft und Raumfahrt e.v.(DLR), the major 
partner in science, operations, and data processing of X-SAR. 
Research on the biological effects of the Chicxulub impact is 

supported by the NASA Exobiology Program.  
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Barringer Meteorite Crater 

 
The Barringer Meteorite Crater (also known as Meteor Crater) near Winslow, Arizona 
was the first crater to be identified as an impact crater. Between 20,000 to 50,000 years 
ago, a small asteroid about 80 feet in diameter impacted the Earth and formed the crater. 
The crater is the best preserved crater on Earth and measures 1.2 km in diameter. For 
many years, scientists had denied that there were any impact craters on Earth. The origin 
of this crater has been a source of controversy for many years. The discovery of 
fragments of the Canyon Diablo meteorite help prove that the feature was in fact an 
impact crater. 
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What Are Near-Earth Objects (NEOs)? 
Near-Earth Objects (NEOs) are comets and asteroids that have been nudged by the 
gravitational attraction of nearby planets into orbits that allow them to enter the Earth's 
neighborhood. Composed mostly of water ice with embedded dust particles, comets 
originally formed in the cold outer planetary system while most of the rocky asteroids 
formed in the warmer inner solar system between the orbits of Mars and Jupiter.  

 

What Is The Purpose Of The Near-Earth Object Program? 
The purpose of the Near-Earth Object Program is to coordinate NASA-sponsored efforts 
to detect, track and characterize potentially hazardous asteroids and comets that could 
approach the Earth. The NEO Program will focus on the goal of locating at least 90 
percent of the estimated 1,000 asteroids and comets that approach the Earth and are larger 
than 1 kilometer (about 2/3-mile) in diameter, by the end of the next decade. In addition 
to managing the detection and cataloging of Near-Earth objects, the NEO Program office 
will be responsible for facilitating communications between the astronomical community 
and the public should any potentially hazardous objects be discovered.  
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How Many Near-Earth Objects Have Been Discovered So 
Far? 

 

 

As of June 30, 2006, 4131 Near-Earth objects have been discovered. 
838 of these NEOs are asteroids with a diameter of approximately 1 
kilometer or larger. Also, 795 of these NEOs have been classified as 
Potentially Hazardous Asteroids (PHAs).  

http://neo.jpl.nasa.gov/neo/number.html
http://neo.jpl.nasa.gov/neo/groups.html
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What Is A PHA? 
 
Potentially Hazardous Asteroids (PHAs) are currently defined based on parameters that 
measure the asteroid's potential to make threatening close approaches to the Earth. 
Specifically, all asteroids with an Earth Minimum Orbit Intersection Distance (MOID) of 
0.05 AU or less and an absolute magnitude (H) of 22.0 or less are considered PHAs. In 
other words, asteroids that can't get any closer to the Earth (i.e. MOID) than 0.05 AU 
(roughly 7,480,000 km or 4,650,000 mi) or are smaller than about 150 m (500 ft) in 
diameter (i.e. H = 22.0 with assumed albedo of 13%) are not considered PHAs.  
 

There are currently 795 known PHAs. 

This “potential” to make close Earth approaches does not mean a PHA will impact the 
Earth. It only means there is a possibility for such a threat. By monitoring these PHAs 
and updating their orbits as new observations become available, we can better predict the 
close-approach statistics and thus their Earth-impact threat.  
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What Are Asteroids And Comets? 
Asteroids and comets are believed to be ancient remnants of the earliest years of the 
formation of our solar system more than four billion years ago. From the beginning of life 
on Earth to the recent spectacular impact of Comet Shoemaker-Levy 9 with Jupiter, these 
so-called "small bodies" play a key role in many of the fundamental processes that have 
shaped the planetary neighborhood in which we live.  

Comets are bodies of ice, rock, and organic compounds that can be several miles in 
diameter. Comets are thought to originate from a region beyond the orbits of the 
outermost planets. Scientists believe that gravitational perturbations periodically jar 
comets out of this population, setting these "dirty snowballs" on orbital courses that bring 
them closer to the Sun. Some, called long-period comets, are in elliptical orbits of the Sun 
that take them far out beyond the planets and back. Others, called short-period comets, 
travel in shorter orbits nearer the Sun.  

When comets venture into the more intense sunlight of the inner solar system, the ices in 
the comet nucleus begin to vaporize and fall away. The evolved gas forms a tenuous 
atmosphere around the nucleus called a coma, while the dust previously in the nucleus 
forms a tail that can be thousands of miles long and sometimes can be seen from Earth. 
While striking the early Earth billions of years ago, comets are thought to have created 
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major changes to Earth's early oceans, atmosphere, and climate, and may have delivered 
the first carbon-based molecules to our planet, triggering the process of the origins of life.  

Most asteroids are made of rock, but some are composed of metal, mostly nickel and 
iron. They range in size from small boulders to objects that are hundreds of miles in 
diameter. A small portion of the asteroid population may be burned-out comets whose 
ices have evaporated away and been blown off into space. Almost all asteroids are part of 
the Main Asteroid Belt, with orbits in the vast region of space between Mars and Jupiter.  

Some asteroids pass very close to Earth's orbit around the Sun. Scientists have found 
evidence that asteroids have hit our planet in the past. Usually, asteroids and smaller 
debris called meteoroids are too small to survive the passage through Earth's atmosphere. 
When these burn up on their descent, they leave a beautiful trail of light known as a 
meteor or "shooting star." Larger asteroids occasionally crash into Earth, however, and 
create craters, such as Arizona's mile-wide Meteor Crater near Flagstaff. Another impact 
site off the coast of the Yucatan Peninsula in Mexico, which is buried by ocean sediments 
today, is believed to be a record of the event that led to the extinction of the dinosaurs 65 
million years ago. Fortunately for us, these big asteroid impacts are rare. A smaller rocky 
meteoroid or comet less than 100 yards in diameter is believed to have entered the 
atmosphere over the Tunguska region of Siberia in 1908. The resulting shockwave 
knocked down trees for hundreds of square miles.  
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What Are The Differences Between An Asteroid, Comet, 
Meteoroid, Meteor and Meteorite? 

In space, a large rocky body in orbit about the Sun is referred to as an asteroid or minor 
planet whereas much smaller particles in orbit about the Sun are referred to as 
meteoroids. Once a meteoroid enters the Earth's atmosphere and vaporizes, it becomes a 
meteor (i.e., shooting star). If a small asteroid or large meteoroid survives its fiery 
passage through the Earth's atmosphere and lands upon the Earth's surface, it is then 
called a meteorite. Cometary debris is the source of most small meteoroid particles. Many 
comets generate meteoroid streams when their icy cometary nuclei pass near the Sun and 
release the dust particles that were once embedded in the cometary ices. These meteoroid 
particles then follow in the wake of the parent comet. Collisions between asteroids in 
space create smaller asteroidal fragments and these fragments are the sources of most 
meteorites that have struck the Earth's surface.  

Because they are readily available for study, many meteorites have already been 
subjected to detailed chemical and physical analyses in laboratories. If particular 
asteroids can be identified as the sources for some of the well-studied meteorites, a 
detailed knowledge of the meteorite's composition and structure will provide important 
information on the chemical mixture and conditions from which the parent asteroid 
formed 4.6 billion years ago.  
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• Asteroid:  A relatively small, inactive, rocky body orbiting the Sun.   
• Comet:  A relatively small, at times active, object whose ices can vaporize in 

sunlight forming an atmosphere (coma) of dust and gas and, sometimes, a tail of dust 
and/or gas.   

• Meteoroid:  A small particle from a comet or asteroid orbiting the Sun.   
• Meteor:  The light phenomena which results when a meteoroid enters the Earth's 

atmosphere and vaporizes; a shooting star.   
• Meteorite:  A meteoroid that survives its passage through the Earth's atmosphere 

and lands upon the Earth's surface.   
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Why Study Asteroids? 
The scientific interest in asteroids is due largely to their status as the remnant debris from 
the inner solar system formation process. Because some of these objects can collide with 
the Earth, asteroids are also important for having significantly modified the Earth's 
biosphere in the past. They will continue to do so in the future. In addition, asteroids offer 
a source of volatiles and an extraordinarily rich supply of minerals that can be exploited 
for the exploration and colonization of our solar system in the twenty-first century.  

Asteroids represent the bits and pieces left over from the process that formed the inner 
planets, including Earth. Asteroids are also the sources of most meteorites that have 
struck the Earth's surface and many of these meteorites have already been subjected to 
detailed chemical and physical analyses. If certain asteroids can be identified as the 
sources for some of the well-studied meteorites, the detailed knowledge of the meteorite's 
composition and structure will provide important information on the chemical mixture, 
and conditions from which the Earth formed 4.6 billion years ago. During the early solar 
system, the carbon-based molecules and volatile materials that served as the building 
blocks of life may have been brought to the Earth via asteroid and comet impacts. Thus 
the study of asteroids is not only important for studying the primordial chemical mixture 
from which the Earth formed, these objects may hold the key as to how the building 
blocks of life were delivered to the early Earth.  
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On a daily basis, the Earth is bombarded with tons of interplanetary material. Many of the 
incoming particles are so small that they are destroyed in the Earth's atmosphere before 
they reach the ground. These particles are often seen as meteors or shooting stars. The 
vast majority of all interplanetary material that reaches the Earth's surface originates as 
the collision fragments of asteroids that have run into one another some eons ago. With 
an average interval of about 100 years, rocky or iron asteroids larger than about 50 meters 
would be expected to reach the Earth's surface and cause local disasters or produce the 
tidal waves that can inundate low lying coastal areas. On an average of every few 
hundred thousand years or so, asteroids larger than a mile could cause global disasters. In 
this case, the impact debris would spread throughout the Earth's atmosphere so that plant 
life would suffer from acid rain, partial blocking of sunlight, and from the firestorms 
resulting from heated impact debris raining back down upon the Earth's surface. The 
probability of an asteroid striking the Earth and causing serious damage is very remote 
but the devastating consequences of such an impact suggests we should closely study 
different types of asteroids to understand their compositions, structures, sizes, and future 
trajectories.  

The asteroids that are potentially the most hazardous because they can closely approach 
the Earth are also the objects that could be most easily exploited for raw materials. These 
raw materials could be used in developing the space structures and in generating the 
rocket fuel that will be required to explore and colonize our solar system in the twenty-
first century. By closely investigating the compositions of asteroids, intelligent choices 
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can be made as to which ones offer the richest supplies of raw materials. It has been 
estimated that the mineral wealth resident in the belt of asteroids between the orbits of 
Mars and Jupiter would be equivalent to about 100 billion dollars for every person on 
Earth today.  
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As the primitive, leftover building blocks of the outer solar system formation process, 
comets offer clues to the chemical mixture from which the giant planets formed some 4.6 
billion years ago. If we wish to know the composition of the primordial mixture from 
which the major planets formed, then we must determine the chemical constituents of the 
leftover debris from this formation process - the comets. Comets are composed of 
significant fractions of water ice, dust, and carbon-based compounds. Since their orbital 

Why Study Comets? 
Life on Earth began at the end of a period called the late heavy bombardment, some 3.8 
billion years ago. Before this time, the influx of interplanetary debris that formed the 
Earth was so strong that the proto-Earth was far too hot for life to have formed. Under 
this heavy bombardment of asteroids and comets, the early Earth's oceans vaporized and 
the fragile carbon-based molecules, upon which life is based, could not have survived. 
The earliest known fossils on Earth date from 3.5 billion years ago and there is evidence 
that biological activity took place even earlier - just at the end of the period of late heavy 
bombardment. So the window when life began was very short. As soon as life could have 
formed on our planet, it did. But if life formed so quickly on Earth and there was little in 
the way of water and carbon-based molecules on the Earth's surface, then how were these 
building blocks of life delivered to the Earth's surface so quickly? The answer may 
involve the collision of comets with the Earth, since comets contain abundant supplies of 
both water and carbon-based molecules.  
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paths often cross that of the Earth, cometary collisions with the Earth have occurred in 
the past and additional collisions are forthcoming. It is not a question of whether a comet 
will strike the Earth, it is a question of when the next one will hit. It now seems likely 
that a comet or asteroid struck near the Yucatan peninsula in Mexico some 65 million 
years ago and caused a massive extinction of more than 75% of the Earth's living 
organisms, including the dinosaurs.  

Comets have this strange duality whereby they first brought the building blocks of life to 
Earth some 3.8 billion years ago and subsequent cometary collisions may have wiped out 
many of the developing life forms, allowing only the most adaptable species to evolve 
further. Indeed, we may owe our preeminence at the top of Earth's food chain to cometary 
collisions. A catastrophic cometary collision with the Earth is only likely to happen at 
several million year intervals on average, so we need not be overly concerned with a 
threat of this type. However, it is prudent to mount efforts to discover and study these 
objects, to characterize their sizes, compositions and structures and to keep an eye upon 
their future trajectories.  

As with asteroids, comets are both a potential threat and a potential resource for the 
colonization of the solar system in the twenty first century. Whereas asteroids are rich in 
the mineral raw materials required to build structures in space, the comets are rich 
resources for the water and carbon-based molecules necessary to sustain life. In addition, 
an abundant supply of cometary water ice can provide copious quantities of liquid 
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hydrogen and oxygen, the two primary ingredients in rocket fuel. One day soon, comets 
may serve as fueling stations for interplanetary spacecraft.  
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What Are Atens, Apollos and Amors? 
Atens, Apollos and Amors are subgroups of Near-Earth asteroids, and are categorized by 
their orbits. In terms of orbital elements, NEOs are asteroids and comets with perihelion 
distance q less than 1.3 AU. The vast majority of NEOs are asteroids, referred to as Near-
Earth Asteroids (NEAs). NEAs are further divided into the following groups according to 
their perihelion distance (q), aphelion distance (Q) and their semi-major axes (a):  

 
Group Description Definition 
NEAs Near-Earth Asteroids q<1.3 AU 
Atens Earth-crossing NEAs with semi-major axes smaller 

than Earth's (named after asteroid 2062 Aten). 
a<1.0 AU, Q>0.983 
AU 

Apollos Earth-crossing NEAs with semi-major axes larger than 
Earth's (named after asteroid 1862 Apollo). 

a>1.0 AU, q<1.017 
AU 

Amors Earth-approaching NEAs with orbits exterior to Earth's 
but interior to Mars' (named after asteroid 1221 Amor).

a>1.0 AU, 
1.017<q<1.3 AU 
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NEO Groups 
 
 
In terms of orbital elements, NEOs are asteroids and comets with perihelion distance q less than 1.3 AU. Near-
Earth Comets (NECs) are further restricted to include only short-period comets (i.e. orbital period P less than 
200 years). The vast majority of NEOs are asteroids, referred to as Near-Earth Asteroids (NEAs). NEAs are 
divided into groups (Aten, Apollo, Amor) according to their perihelion distance (q), aphelion distance (Q) and 
their semi-major axes (a).  

Group Description Definition 

NECs Near-Earth Comets q<1.3 AU, P<200 years 

NEAs Near-Earth Asteroids q<1.3 AU 

Atens Earth-crossing NEAs with semi-major axes smaller 
than Earth's (named after asteroid 2062 Aten). 

a<1.0 AU, Q>0.983 AU 

Apollos Earth-crossing NEAs with semi-major axes larger than 
Earth's (named after asteroid 1862 Apollo). 

a>1.0 AU, q<1.017 AU 

Amors Earth-approaching NEAs with orbits exterior to 
Earth's but interior to Mars' (named after asteroid 1221 
Amor). 

a>1.0 AU, 1.017<q<1.3 AU 

PHAs Potentially Hazardous Asteroids: NEAs whose 
Minimum Orbit Intersection Distance (MOID) with 
the Earth is 0.05 AU or less and whose absolute 
magnitude (H) is 22.0 or brighter. 

MOID<=0.05 AU, H<=22.0 

 

http://neo.jpl.nasa.gov/glossary/h.html
http://neo.jpl.nasa.gov/glossary/h.html
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Near-Earth Objects And Life On Earth 
 
Although the exact process by which life formed on Earth is not well understood, the 
origin of life requires the presence of carbon-based molecules, liquid water and an energy 
source. Because some Near-Earth Objects contain carbon-based molecules and water ice, 
collisions of these object with Earth have significant agents of biologic as well as 
geologic change.  

For the first billion years of Earth's existence, the formation of life was prevented by a 
fusillade of comet and asteroid impacts that rendered the Earth's surface too hot to allow 
the existence of sufficient quantities of water and carbon-based molecules. Life on Earth 
began at the end of this period called the late heavy bombardment, some 3.8 billion years 
ago. The earliest known fossils on Earth date from 3.5 billion years ago and there is 
evidence that biological activity took place even earlier - just at the end of the period of 
late heavy bombardment. So the window when life began was very short. As soon as life 
could have formed on our planet, it did. But if life formed so quickly on Earth and there 
was little in the way of water and carbon-based molecules on the Earth's surface, then 
how were these building blocks of life delivered to the Earth's surface so quickly? The 
answer may involve the collision of comets and asteroids with the Earth, since these 
objects contain abundant supplies of both water and carbon-based molecules.  
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Once the early rain of comets and asteroids upon the Earth subsided somewhat, 
subsequent impacts may well have delivered the water and carbon-based molecules to the 
Earth's surface - thus providing the building blocks of life itself. It seems possible that the 
origin of life on the Earth's surface could have been first prevented by an enormous flux 
of impacting comets and asteroids, and then a much less intense rain of comets may have 
deposited the very materials that allowed life to form some 3.5 - 3.8 billion years ago.  

Comets have this peculiar duality whereby they first brought the building blocks of life to 
Earth some 3.8 billion years ago and subsequent cometary collisions may have wiped out 
many of the developing life forms, allowing only the most adaptable species to evolve 
further. It now seems likely that a comet or asteroid struck near the Yucatan peninsula in 
Mexico some 65 million years ago and caused a massive extinction of more than 75% of 
the Earth's living organisms, including the dinosaurs. At the time, the mammals were 
small burrowing creatures that seemed to survive the catastrophic impact without too 
much difficulty. Because many of their larger competitors were destroyed, these 
mammals flourished. Since we humans evolved from these primitive mammals, we may 
owe our current preeminence atop Earth's food chain to collisions of comets and asteroids 
with the Earth.  
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Near-Earth Objects As Future Resources 
 
The comets and asteroids that are potentially the most hazardous because they can closely 
approach the Earth are also the objects that could be most easily exploited for their raw 
materials. It is not presently cost effective to mine these minerals and then bring them 
back to Earth. However, these raw materials could be used in developing the space 
structures and in generating the rocket fuel that will be required to explore and colonize 
our solar system in the twenty-first century. It has been estimated that the mineral wealth 
resident in the belt of asteroids between the orbits of Mars and Jupiter would be 
equivalent to about 100 billion dollars for every person on Earth today. Whereas asteroids 
are rich in the mineral raw materials required to build structures in space, the comets are 
rich resources for the water and carbon-based molecules necessary to sustain life. In 
addition, an abundant supply of cometary water ice could provide copious quantities of 
liquid hydrogen and oxygen, the two primary ingredients in rocket fuel. It seems likely 
that in the next century when we begin to colonize the inner solar system, the metals and 
minerals found on asteroids will provide the raw materials for space structures and 
comets will become the watering holes and gas stations for interplanetary spacecraft.  

Reference: Lewis, Mining the Sky: Untold Riches from the Asteroid, Comets, and 
Planets. Addison-Wesley, 1996.  

http://www.amazon.com/exec/obidos/ASIN/0201328194/qid=913662000/sr=1-1/002-4782280-3965266
http://www.amazon.com/exec/obidos/ASIN/0201328194/qid=913662000/sr=1-1/002-4782280-3965266
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Near-Earth Object Discovery Teams 
 
There are several Near-Earth Object (NEO) discovery teams either in operation or in the 
planning stages. The early efforts to discover NEOs relied upon the comparison of 
photographic films of the same region of the sky taken several minutes apart. The vast 
majority of the objects recorded upon these films were stars and galaxies and their images 
were located in the same relative positions on both photographic films. Because a moving 
NEO would be in a slightly different position on each photograph and the background 
stars and galaxies were not, the NEOs appeared to “rise” above the background stars 
when viewed with special stereo viewing microscopes.  

All of the NEO discovery teams currently use so-called charged couple devices (CCD) 
rather than photographs. These CCD cameras are similar to those used in camcorders and 
they record images digitally in many electronic picture elements (pixels). The length and 
width of CCD detector is usually given in terms of these pixels. A fairly common 
astronomical CCD detector might have dimensions of 2096 x 2096 pixels. While the 
CCD technology allows today’s detectors to be more sensitive and accurate than the older 
photographic methods, the modern discovery technique itself is rather similar. Separated 
by several minutes, three or more CCD images are taken of the same region of the sky. 
These images are then compared to see if any NEOs have systematically moved to 
different positions on each of the separate images. For a newly discovered NEO, the 
separation of the object’s location from one image to another, the direction it appears to 
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In terms of the discovery efforts for NEOs, NASA's current goal is to discover at least 
90% of all NEOs whose diameters are larger than 1 kilometer within 10 years. To meet 
the NASA goal, the rate with which new objects are discovered will necessarily be 

be traveling, and its brightness are helpful in identifying how close the object was to the 
Earth, its size and its general orbital characteristics. For example, an object that appears 
to be moving very rapidly from one image to the next is almost certainly very close to the 
Earth. Sophisticated computer-aided analyses of the CCD images has replaced the older, 
manual stereo microscope techniques for all the current NEO search programs.  

Not surprisingly, those discovery teams who search the largest amount of sky each month 
will have the most success in finding new NEOs. How much sky each telescope covers 
per month will depend upon a number of factors including the number of clear nights 
available for observing, the sensitivity and efficiency of the CCD detector, and the field 
of view of the telescope. Wide field of view telescopes can cover more sky per given 
time than telescopes with narrower fields of view. It is also important for search teams to 
extend their searches to greater and greater distances from the Earth or, in other words, 
go to fainter and fainter limiting magnitudes. A 6th magnitude star is roughly the limit of 
a naked eye object seen under ideal conditions by someone with very good eyesight. A 
7th magnitude star would be 2.5 times fainter than a 6th magnitude star and an 8th 
magnitude star would be 6 times fainter than a 6th magnitude object (2.5 x 2.5 = 6.25). A 
difference of 5 magnitudes is a brightness difference of nearly 100 (2.5 x 2.5 x 2.5 x 2.5 x 
2.5 is equal to about 100).  
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largest in the first few years. This is because during the latter years of the 10-year 
interval, more and more “discoveries” will actually be of objects that have been 
previously found. Currently, the best estimate of the total population of NEOs larger than 
one kilometer is about 1000. The progress toward discovering 90% of this population can 
be monitored under the web page entitled “Number of NEOs” within the section on the 
NASA “Near-Earth Objects” Web site (http://neo.jpl.nasa.gov/). 

 

 
 
 

http://neo.jpl.nasa.gov/
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Near-Earth Object Discovery Teams 
 

Lincoln Near-Earth Asteroid Research (LINEAR) 
 
Lincoln Near-Earth Asteroid Research (LINEAR): In cooperation with the Air Force, 
MIT's Lincoln Laboratory has been operating a near-Earth object discovery facility using 
a one-meter aperture GEODSS telescope. GEODSS stands for Ground-based Electro-
Optical Deep Space Surveillance and these wide field Air Force telescopes were designed 
to optically observe Earth orbital spacecraft. The GEODSS instruments used by the 
LINEAR program are located at the Lincoln Laboratory's experimental test site in 
Socorro, New Mexico. Tests in early 1996 indicated that the search system, now known 
as LINEAR, had considerable promise. In the period between March and July 1997, a 
1024 x 1024 CCD pixel detector was used in field tests and, while this CCD detector 
filled only about one fifth of the telescope's field of view, four NEOs were discovered. In 
October 1997, a large format CCD (1960 x 2560 pixels) that covered the telescope's 2 
square degree field of view was employed successfully to discover a total of 9 new 
NEOs. Five more NEOs were added in the November 1997 through January 1998 
interval when both the small and large format CCD detectors were employed. Beginning 
in October 1999, a second one-meter telescope was added to the search effort.  
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In 2002, a third telescope of 0.5 meter aperture was brought on-line to provide follow-up 
observations for the discoveries made by the two 1-meter search telescopes.  

Currently, LINEAR telescopes observe each patch of sky 5 times in one evening with 
most of the efforts going into searching along the ecliptic plane where most NEOs would 
be expected. The sensitivity of their CCDs, and particularly their relatively rapid read out 
rates, allows LINEAR to cover large areas of sky each night. Currently, the LINEAR 
program is responsible for the majority of NEO discoveries.  

Principal Investigator: Grant Stokes  

Co-Investigators: Jenifer Evans and Eric Pearce  

Look here for additional information on the LINEAR program:  

http://www.ll.mit.edu/LINEAR/  

 
 

http://www.ll.mit.edu/LINEAR/


NEO Resource 

37 of 104 

Near-Earth Object Discovery Teams 
 

Near-Earth Asteroid Tracking (NEAT) 
 
The NEAT discovery team at the NASA/Jet Propulsion Laboratory has a cooperative 
agreement with the U.S. Air Force to use a GEODSS telescope to discovery near-Earth 
Objects. The NEAT team designed a CCD camera and computer system for the GEODSS 
telescope located on Haleakala, Maui, Hawaii. The CCD camera format is 4096 x 4096 
pixels and the field of view is 1.2 x 1.6 degrees. When used for NEO discovery efforts, 
Air Force contractor personnel operate the telescope and the data are routed directly to 
the Jet Propulsion Laboratory for analyses. The NEAT system began observations in 
December 1995 and observed for 12 nights each month centered on the new moon 
through December 1996. Beginning in January 1997, the number of observing nights was 
reduced to the six nights each month preceding the new moon because of increased Air 
Force operational requirements upon the facility. In February 2000, NEAT operations 
were transferred from the one-meter GEODSS telescope to the nearby AMOS 1.2-meter 
telescope. While the field of view of the AMOS 1.2-meter telescope is about that of the 
1-meter GEODSS telescope, the AMOS telescope is available for more nights per month 
than was the GEODSS telescope.  

Beginning in April 2001, a 1.2 meter aperture Schmidt telescope at Palomar mountain 
(southern California) was also put into service to discover and track near-Earth objects. 
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This telescope is equipped with three cameras, each of which has its own 4096x4096 
CCD array.  

As part of the NEAT effort, a SkyMorph system was developed whereby searches can be 
made for pre-discovery images of newly discovered objects. These pre-discovery images 
can then immediately improve the initial orbits of newly discovered NEOs and ensure 
that these objects will not be lost. Searches within the SkyMorph system can be made 
upon the archive of approximately 40,000 CCD images made by the NEAT system or 
within either the original or second generation Digitized Sky Surveys (DSS and DSS2).  

Raymond Bambery: Principal Investigator 

Steven H. Pravdo: Co-Investigator and Project Manager 

David L. Rabinowitz: Co-Investigator  

Ken Lawrence: Co-Investigator  

Michael Hicks: Co-Investigator  

Look here for additional information on the NEAT program:  

http://neat.jpl.nasa.gov/  

http://neat.jpl.nasa.gov/
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Near-Earth Object Discovery Teams 
 

Spacewatch 
 
Spacewatch: Beginning in 1984, the 0.9-meter, Newtonian f/5 Steward Observatory 
Spacewatch telescope has been used full time for surveying comets and asteroids. First 
installed on the University of Arizona campus in 1921, this telescope was moved to Kitt 
Peak, Arizona in 1962. Subsequently, this instrument was donated to the Spacewatch 
team and it then became the first telescope dedicated solely to the study of planetary 
astronomy. The initial 320 x 512 RCA CCD detector was replaced with a large format 
2048x2048 CCD detector used during the interval 1989-1992. This system had a field 
width of 38 arc minutes and limiting magnitude of 20.5. The sensitivity of the CCD 
(quantum efficiency) was doubled to 70% in 1992 when a thinned 2048 x 2048 CCD was 
installed and extended the limiting magnitude down to 21.0. The 0.9-meter telescope is 
used about 20 nights per month to search for near-Earth objects. By locking the right 
ascension axis in place and allowing the star fields to drift through its field of view while 
the CCD detector is constantly read out, this telescope scans at a rate that covers about 
200 square degrees of sky each month down to magnitude 21. Each region of sky is 
scanned three times, about thirty minutes apart, to examine which objects have moved 
relative to the background stars. Spacewatch has discovered many of the smaller near-
Earth objects that pass close to the Earth including a ten-meter sized asteroid (1994 XM1) 
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that has the record close Earth passage (105,000 km on Dec. 9, 1994). In May 2001, the 
Spacewatch group discovered their first Potentially Hazardous Asteroid (PHA) with a 
recently modified 1.8-meter aperture telescope that has been designed to be a fast f/2.7 
wide-angle instrument suitable for more rapid monthly coverage of the skies for Near-
Earth Object discovery efforts.  

In late 2002, a large-mosaic CCD camera (four 4608 x 2048 CCDs) was added to the 0.9 
meter, and the optical system has been modified to allow a wider field-of-view (2.9 
square degrees). The new 0.9 meter design will operate in a "stare" mode rather than in 
the previous scan mode.  

In addition to the search for near-Earth objects and asteroid studies, the Spacewatch team 
is involved with the study of the Centaur and Trans-Neptunian minor planet populations 
and the sizes of short period comet nuclei.  

Robert S. McMillan: Principal Investigator 

Robert Jedicke, Jeff Larsen, Joe Montani, and Jim Scotti: Research Specialists  

Look here for additional information on the Spacewatch program:  

http://pirlwww.lpl.arizona.edu/spacewatch/  

http://pirlwww.lpl.arizona.edu/spacewatch/
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Near-Earth Object Discovery Teams 
 

Lowell Observatory Near-Earth Object Search (LONEOS) 
 
Lowell Observatory Near-Earth Object Search (LONEOS): Begun in 1993, the 
LONEOS system utilizes a 0.6-meter f/1.8 Schmidt telescope in Flagstaff Arizona to 
discover near-Earth comets and asteroids. The telescope was acquired from Ohio 
Weslayan University in 1990. Using a 4K x 4K CCD detector to cover a field of view of 
2.9 x 2.9 degrees, the telescope is designed to make four scans per region over the entire 
visible sky each month down to a limiting magnitude of about 19. In 1999- 2000, the 
efficiency of the LONEOS program in discovering NEOs has increased significantly due 
to upgrades to the CCD camera and data reduction software.  

Edward Bowell: Principal Investigator 

Bruce W. Koehn: Computer Programming 

Karri Muinonen: Asteroid detection modeling 

Look here for additional information on the LONEOS program:  

http://asteroid.lowell.edu/asteroid/loneos/loneos.html  

http://asteroid.lowell.edu/asteroid/loneos/loneos.html
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Near-Earth Object Discovery Teams 
 

Catalina Sky Surveys 
 
Catalina Sky Surveys: The Catalina Sky Surveys (CSS) utilizes three refurbished 
telescopes all using identical thinned, multichannel cryogenically cooled 4K x4K CCD 
cameras; 1) The original Catalina Sky Survey (CSS, MPC COD 703) using a 0.7-meter 
f/1.8 Schmidt telescope with a 2.9 x 2.9 degree field at the Steward Observatory Catalina 
Station (2510m elevation, 20 km northeast of Tucson, Arizona), 2) The Siding Spring 
Survey (SSS, MPC COD E12) using the Uppsala 0.5-m f/3.5 Schmidt telescope with a 
2.0 x 2.0 degree field operated jointly with the Australian National University Research 
School for Astronomy and Astrophysics at Siding Spring Observatory, Australia (1150m 
elevation), and 3) the Mt. Lemmon Survey (MLS, MPC COD G96) using the 1.5-meter 
f/2.0 prime focus telescope with a 1.0 x 1.0 degree field at the Steward Observatory Mt. 
Lemmon station (2790-m elevation, 18 km north of Tucson). The 1.5-m Mt. Lemmon 
and 1.0-m Siding Spring telescopes are also used for astrometric follow up and physical 
observations of interesting NEOs.  

Steve Larson: Principal Investigator 

Edward Beshore: Co-investigator 

Caitlin Casey: Observer 
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Eric Christensen: Observer 

Gordon Garradd (SSS): Observer 

Al Grauer (U. Arkansas/Little Rock) Co-Investigator 

Rik Hill: Observer 

Rob McNaught (SSS): Co-investigator  

Look here for additional information on the Catalina Sky Surveys:  

http://www.lpl.arizona.edu/css/  
http://msowww.anu.edu.au/~rmn/  

 
 
 
 

http://www.lpl.arizona.edu/css/
http://msowww.anu.edu.au/%7Ermn/
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Near-Earth Object Discovery Teams 
 

Japanese Spaceguard Association (JSGA) 
 
Japan's National Space Development Agency (NASDA), the National Aeronautic 
Laboratory, and the Space and Technology Agency have allocated the necessary funds to 
bring this facility on-line. This observatory is located near Bisei town, Japan. In addition 
to the search for NEOs, this facility will be used to track debris in Earth orbit. The 1-
meter Cassegrain telescope has a field of view of 3 degrees and there are plans to use a 
mosaic of ten CCD detectors each one of which will have dimensions of 2096 x 4096 
pixels. A 0.5-meter telescope with a field of view of 2 x 2 degrees began operations in 
February 2000. Once the 1-meter NEO search telescope begins operations, the 0.5-meter 
telescope will be used to provide follow-up astrometric observations.  

Syuzo Isobe: Principal Investigator  

Look here for additional information on the JSGA program:  

http://www.spaceguard.or.jp/ja/index.html  

http://www.spaceguard.or.jp/ja/index.html
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Near-Earth Object Discovery Teams 
 

Asiago DLR Asteroid Survey (ADAS) 
 
ADAS is a dedicated asteroid search and follow-up program located at Asiago-CimaEkar, 
Italy. It is a joint venture between the Department of Astronomy of the University of 
Asiago and the Astronomical Observatory of Padua in Italy and the DLR Institute of 
Space Sensor Technology and Planetary Exploration, Berlin-Adlershof, Germany. The 
current system uses a 2K x 2K CCD detector and a 0.6 m aperture Schmidt telescope. 
Observations began in February 2001 and this effort will concentrate their searching at 
small solar elongation angles in an effort to discover near-Earth objects in the inner solar 
system such as Atens and the putative Inner Earth Objects whose orbits are completely 
inside that of the Earth.  

Cesare Barbieri (Padua) and Gerhard Hahn (DLR-Berlin): Principal Investigators  
Look here for additional information on the ADAS program:  

http://planet.pd.astro.it/planets/adas/index.html  

 
 
 
 

http://planet.pd.astro.it/planets/adas/index.html
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Spacecraft Missions to Comets and Asteroids 
 

Overview 
 
Because comets and asteroids are relatively unchanged leftovers from the solar system formation process, it is 
important to discern their structures and chemical makeup. These objects formed under the same conditions as 
did the planets, but unlike the planets, they remained relatively unchanged since their formation. Thus, 
knowledge of the chemical composition and structure of these objects should offer clues as to the chemical mix 
and conditions under which the solar system's planets formed 4.6 billion years ago. In addition, information on 
their compositions and structures will be important should one of them be discovered to be on an Earth 
threatening trajectory. Knowledge of their compositions and structures will also be important in order to make 
intelligent choices as to which objects would offer the richest sources of raw materials.  

Spacecraft missions are required to understand the detailed chemical compositions and structures of comets and 
asteroids. There are wide differences between comets and asteroids and even wide differences between different 
types of asteroids. Some asteroids are likely to be fragile and rich in carbon-based molecules while others are 
thought to be solid iron. Whether looking for the richest source of raw materials or trying to nudge an Earth 
threatening object out of harms way, it makes a big difference whether we're dealing with a 50-meter sized fluff 
ball or a one-mile slab of solid iron. Because comets and asteroids differ so widely in their characteristics, 
missions have been planned to visit a widely diverse group of objects. After a brief summary of various 
spacecraft instruments, the seven current missions to comets and asteroids are briefly described.  

Typical Spacecraft Instruments:  

• Imager: An imager is a television camera system using a charged-coupled device (CCD) detector (the 
same type of detector in a camcorder).  
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• IR Spectrometer and UV Spectrometer: This infrared (IR) detector measures the light received in 
several different infrared portions of the light spectrum. In so doing, this instrument can often infer the 
minerals resident in a neighboring comet or asteroid. The ultraviolet (UV) spectrometer measures a 
comet's light in several narrow regions of the ultraviolet spectral region in an effort to identify gases that 
emit radiation in this region of the spectrum.  

• Lidar: The Lidar instrument sends a pulse of light to the target body and measures the round trip time 
required for the light signal to travel to and from the bounce point on the target body. By measuring this 
so-called "light travel time," the distance between the spacecraft and target body can be accurately 
determined. This instrument is often used to define the shape of the target body and to help navigate the 
spacecraft when it is in close proximity to the target body.  

• X-Ray Spectrometer, Gamma Ray Spectrometer, Alpha/X-ray Spectrometer: These spectrometer 
instruments are all designed to determine the chemical (elemental) composition of the target body's 
surface materials (what is the chemical makeup of the surface rocks and soils?). When highly energetic 
radiation or particles fall upon the asteroid's surface materials, each type of atom in these materials 
responds by emitting radiation in a characteristic frequency. These characteristic frequencies then identify 
the atoms that are present in the surface soils. X-rays from the sun provide the incident radiation for the x-
ray spectrometer. High-speed atomic nuclei (cosmic rays) from space are responsible for inducing the high 
frequency radiation measured by the gamma ray spectrometer. The alpha particle spectrometer measures 
the radiation resulting from the bombardment of helium nuclei (alpha particles) upon the asteroid's surface 
soils; a radioactive source material (e.g., Curium) in the instrument itself provides the source for these 
alpha particles.  

• Impact dust mass spectrometer: Once a dust particle hits this detector at high velocity, the resulting 
charged particles (ions) interact with a magnetic field within the instrument. Measuring the amount their 
subsequent trajectories are modified by this magnetic field then identifies the specific ions.  

• Magnetometer: This instrument measures the intrinsic or induced magnetic field of the target body. The 
charged particle environment in a comet's atmosphere can trap solar magnetic fields and some asteroids, in 
analogy with the Earth, may have magnetic fields due to their metallic cores.  
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• Plasma Package: A plasma is a cloud of electrically charged atoms or molecules. Plasma instruments are 
designed to measure the densities and characteristics of plasma clouds that are created when the neutral 
molecules in cometary atmospheres become charged as a result to the sun's radiation. Plasma instruments 
will also be used to monitor the plasma (ion) engines used to drive the DS1 spacecraft. 
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Spacecraft Missions to Comets and Asteroids 
 

Mission Summaries 
 

Near-Earth Asteroid Rendezvous (NEAR) 
Launch February 17, 1996  

Asteroid Mathilde Flyby June 27, 1997  
Asteroid Eros Initial Flyby December 23, 1998  
Asteroid Eros Rendezvous February 14, 2000  

The NEAR mission flew within 1200 km of asteroid Mathilde and spent nearly one year in orbit 
about asteroid Eros in 2001-2001.  

Mission Web site: http://near.jhuapl.edu/

 

DEEP IMPACT  
Launch December 30, 2004  

Comet Tempel 1 Impact/Flyby July 4, 2005  
Deep Impact mission will impact the surface of comet Tempel 1 thus creating a fresh crater larger 
than the size of football field and deeper than a seven-story building. The spacecraft will study the 
crater formation process and examine the subsurface structure of one of the solar system's most 
primitive objects, a remnant from the outer solar system formation process.  

Mission Web site: http://deepimpact.jpl.nasa.gov

http://neo.jpl.nasa.gov/missions/near.html
http://near.jhuapl.edu/
http://neo.jpl.nasa.gov/missions/deepimpact.html
http://deepimpact.jpl.nasa.gov/
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DEEP SPACE 1  

Launch October 25, 1998  
Asteroid 9969 Braille Flyby July 28, 1999  

Comet Borrelly Flyby September 22, 2001  
The primary Deep Space 1 mission objectives are test space technologies. The spacecraft flew 
within 2000 km of Comet Borrelly on September 22, 2001.  

Mission Web site: http://nmp.jpl.nasa.gov/ds1

 
STARDUST  

Launch February 6, 1999  
Comet Wild-2 Flyby January 2, 2004  
Earth Sample Return January 15, 2006  

The STARDUST spacecraft will image the nucleus of Comet Wild-2, collect dust from both the 
comet's coma and from interplanetary space and bring these dust samples back to Earth for study.  

Mission Web site: http://stardust.jpl.nasa.gov

 
 

  
 

http://neo.jpl.nasa.gov/missions/ds1.html
http://nmp.jpl.nasa.gov/ds1
http://neo.jpl.nasa.gov/missions/stardust.html
http://stardust.jpl.nasa.gov/
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Hayabusa (MUSES-C)  
Launch December 2002  

Asteroid 25143 Itokawa Rendezvous September 2005  
Earth Sample Return June 2007  

A cooperative mission between Japan and the U.S., the Hayabusa spacecraft rendezvoused with 
near-Earth asteroid (25143) Itokawa and return asteroid surface samples to Earth for analysis. 
Itokawa, a 600 meter sized, potato-shaped asteroid, is named after Hideo Itokawa, a Japanese rocket 
pioneer. 

Hayabusa Project (JAXA main site)  
http://www.isas.ac.jp/e/enterp/missions/hayabusa/index.shtml

SPACE NEWS (JAXA) -- Hayabusa acquired images of the earth and the moon.  
http://www.isas.jaxa.jp/e/snews/2004/0519.shtml

Planetary Society:  
http://planetary.org/news/2004/hayabusa_earth-swingby_preview.html

 
 
 
 
 
 
 
 

http://www.isas.ac.jp/e/enterp/missions/hayabusa/index.shtml
http://www.isas.jaxa.jp/e/snews/2004/0519.shtml
http://planetary.org/news/2004/hayabusa_earth-swingby_preview.html
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ROSETTA  
Launch March 2, 2004  

Comet Churyumov-Gerasimenko Rendezvous May 2014  
After three Earth gravity assists and a Mars gravity assist, the Rosetta spacecraft will rendezvous 
with, land upon, the surface of a comet in an effort to study its composition and structure.  

Mission Web site: http://sci.esa.int/rosetta

 
 

DAWN  
Launch June 20, 2007  

Asteroid Vesta Rendezvous 2011  
Asteroid Ceres Rendezvous 2015  

The Dawn mission will orbit two asteroids on a single voyage. Ceres and Vesta evolved under 
radically different circumstances in different parts of the solar system more than 4.6 billion years 
ago. By observing both protoplanets with the same set of instruments, Dawn will provide new 
insight into the formation and evolution of our solar system.  

Mission Web site: http://www-ssc.igpp.ucla.edu/dawn/index.html

 
 

http://neo.jpl.nasa.gov/missions/rosetta.html
http://sci.esa.int/rosetta
http://neo.jpl.nasa.gov/missions/dawn.html
http://www-ssc.igpp.ucla.edu/dawn/index.html
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Near-Earth Asteroid Discovery Statistics 
Data Compiled by Alan B. Chamberlin of NASA/Jet Propulsion Laboratory 

 
 
 
 
 
 
 
 
 
 
 
 

The charts and tables below show the number of near-Earth asteroids (NEAs) discovered 
by each of the predominant search programs within each half-year interval from 1995 
through 2003. There are two sets of charts and tables. The first set shows statistics for all 
NEAs while the second set shows statistics for only large NEAs. In this context, "large" 
is defined as NEAs with absolute magnitudes (H) of 18.0 or brighter. This roughly 
corresponds to 1 km diameter and larger NEAs.  
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All Asteroids 

 
NEAs Discovered by Site 
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Half Year 
Intervals 

LINEAR
(704) 

NEAT 
(566,608,644)

Spacewatch
(691,291) 

LONEOS
(699) 

Catalina 
(703,E12,G96)

Other Cumulative
Total 

 1995 (1) 0 0 14 0 0 4 335 
 1995 (2) 0 0 12 0 0 2 349 
 1996 (1) 1 5 18 0 0 4 377 
 1996 (2) 0 5 10 0 0 2 394 
 1997 (1) 3 2 10 0 0 4 413 
 1997 (2) 14 9 4 0 0 7 447 
 1998 (1) 44 9 19 1 1 7 528 
 1998 (2) 92 2 16 6 2 6 652 
 1999 (1) 74 0 12 7 11 1 757 
 1999 (2) 87 0 7 7 19 4 881 
 2000 (1) 107 2 14 21 13 4 1042 
 2000 (2) 151 13 12 17 0 8 1243 
 2001 (1) 95 28 7 22 0 2 1397 
 2001 (2) 182 64 15 20 0 4 1682 
 2002 (1) 158 54 16 14 1 6 1931 
 2002 (2) 128 88 6 7 0 5 2165 
 2003 (1) 102 30 23 34 0 8 2362 
 2003 (2) 133 38 33 20 8 8 2602 
 2004 (1) 167 19 41 14 25 6 2874 
 2004 (2) 136 7 29 25 60 5 3136 
 2005 (1) 78 8 28 22 116 10 3398 
 2005 (2) 59 30 54 20 193 10 3764 
 2006 (1) 44 4 46 13 200 3 4074 
 2006 (2)* 1 0 0 0 1 0 4076 

* Incomplete half-year (based on discovery data through 2006-Jul-07 06:00 local) 
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Large Asteroids 

 
Large NEAs Discovered by Site 
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Half Year 
Intervals 

LINEAR
(704) 

NEAT 
(566,608,644)

Spacewatch
(691,291) 

LONEOS
(699) 

Catalina 
(703,E12,G96)

Other Cumulative
Total 

 1995 (1) 0 0 3 0 0 2 192 
 1995 (2) 0 0 4 0 0 1 197 
 1996 (1) 0 2 2 0 0 0 201 
 1996 (2) 0 2 0 0 0 0 203 
 1997 (1) 0 1 3 0 0 1 208 
 1997 (2) 3 4 1 0 0 2 218 
 1998 (1) 9 4 2 1 0 2 236 
 1998 (2) 27 2 1 3 0 3 272 
 1999 (1) 21 0 2 5 4 0 304 
 1999 (2) 27 0 1 2 3 2 339 
 2000 (1) 35 2 2 2 5 1 386 
 2000 (2) 43 2 3 6 0 4 444 
 2001 (1) 28 10 0 5 0 0 487 
 2001 (2) 31 10 0 5 0 1 534 
 2002 (1) 41 5 2 3 0 3 588 
 2002 (2) 26 15 0 1 0 2 632 
 2003 (1) 19 4 2 6 0 1 664 
 2003 (2) 21 6 2 4 2 1 700 
 2004 (1) 18 5 1 2 4 1 731 
 2004 (2) 10 1 0 1 14 0 757 
 2005 (1) 13 1 2 1 11 1 786 
 2005 (2) 6 8 5 2 12 1 820 
 2006 (1) 3 0 2 1 11 1 838 
 2006 (2)* 0 0 0 0 1 0 839 

* Incomplete half-year (based on discovery data through 2006-Jul-07 06:00 local) 
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Number of NEOs 
 
NASA's search program designed to discover 90% of the NEO population (1 km in diameter or larger) within 
10 years is under way. The chart below shows the cumulative total known near-Earth asteroids versus time.  
 

\  
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The blue area shows all near-Earth asteroids while the red area shows only large near-Earth asteroids. In this 
context, "large" is defined as an asteroid having an absolute magnitude (H) of 18.0 or brighter which roughly 
corresponds to diameters of 1 km or larger.  

The table below shows the total number of NEOs known at selected dates. The most recent date at the top of the 
table is generally not the date the table was updated, but rather the discovery date of the most recently 
discovered NEO. This table is updated daily using discovery data published by the Minor Planet Center.  

------------------------------------------------------------------ 
   Date      NEC  Aten Apollo Amor  PHA+18  PHA  NEA+18  NEA   NEO 
----------  ----  ---- ------ ----  ------ ----  ------ ----  ---- 
2006-07-03    57   330   2153 1587     159  784     839 4076  4133 
2006-07-01    57   329   2153 1586     159  784     838 4074  4131 
2006-06-01    57   328   2142 1573     159  781     838 4049  4106 
2006-05-01    57   326   2114 1546     159  772     833 3991  4048 
2006-04-01    57   322   2087 1530     159  762     830 3944  4001 
2006-03-01    57   320   2071 1510     159  761     829 3906  3963 
2006-02-01    57   317   2035 1493     159  752     826 3850  3907 
2006-01-01    57   313   1978 1468     158  742     820 3764  3821 
2005-12-01    57   303   1946 1447     157  730     816 3701  3758 
2005-11-01    57   298   1904 1421     156  720     811 3628  3685 
2005-10-01    57   290   1848 1381     154  707     797 3523  3580 
2005-09-01    57   287   1814 1362     153  702     793 3467  3524 
2005-08-01    57   284   1800 1345     153  696     790 3433  3490 
2005-07-01    57   280   1781 1333     152  689     786 3398  3455 
2005-06-01    57   276   1766 1313     152  685     781 3359  3416 
2005-05-01    56   275   1750 1297     150  679     777 3326  3382 
2005-04-01    56   269   1724 1279     149  667     772 3276  3332 
2005-03-01    56   264   1684 1254     148  657     767 3206  3262 
2005-02-01    56   263   1660 1247     147  652     763 3174  3230 
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2005-01-01    56   259   1636 1237     146  645     757 3136  3192 
2004-12-01    55   250   1604 1217     146  637     748 3074  3129 
2004-11-01    55   246   1584 1211     144  628     742 3044  3099 
2004-10-01    54   239   1556 1203     142  617     739 3001  3055 
2004-09-01    53   231   1518 1179     142  609     738 2931  2984 
2004-08-01    53   227   1498 1157     141  602     734 2885  2938 
2004-07-01    53   227   1492 1152     139  599     731 2874  2927 
2004-06-01    53   224   1462 1139     138  588     727 2828  2881 
2004-05-01    53   219   1443 1124     138  583     721 2788  2841 
2004-04-01    53   215   1414 1112     134  572     714 2743  2796 
2004-03-01    53   206   1378 1094     134  565     705 2680  2733 
2004-02-01    52   204   1363 1087     133  560     704 2656  2708 
2004-01-01    52   202   1329 1069     131  550     700 2602  2654 
2003-12-01    52   196   1297 1057     128  537     692 2552  2604 
2003-11-01    52   193   1275 1044     128  529     684 2514  2566 
2003-10-01    52   188   1248 1022     128  520     681 2460  2512 
2003-09-01    52   185   1228  989     126  511     672 2404  2456 
2003-08-01    52   185   1216  976     122  506     667 2379  2431 
2003-07-01    51   184   1209  967     122  504     664 2362  2413 
2003-06-01    51   182   1193  956     122  499     658 2333  2384 
2003-05-01    49   180   1179  950     121  497     655 2311  2360 
2003-04-01    49   175   1159  938     121  490     649 2274  2323 
2003-03-01    49   170   1140  927     121  483     645 2239  2288 
2003-02-01    49   169   1120  921     121  478     639 2211  2260 
2003-01-01    49   167   1093  904     120  468     632 2165  2214 
2002-12-01    49   163   1066  884     120  466     628 2114  2163 
2002-11-01    49   160   1051  867     119  460     623 2079  2128 
2002-10-01    48   158   1027  843     117  453     612 2029  2077 
2002-09-01    48   155   1007  824     115  447     600 1987  2035 
2002-08-01    48   154    991  802     113  436     594 1948  1996 
2002-07-01    47   152    982  796     112  430     588 1931  1978 
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2002-06-01    47   148    964  788     110  422     582 1901  1948 
2002-05-01    47   144    946  777     109  413     570 1868  1915 
2002-04-01    47   142    928  765     108  406     566 1836  1883 
2002-03-01    47   136    901  752     105  396     560 1790  1837 
2002-02-01    47   131    878  736     104  387     549 1746  1793 
2002-01-01    47   124    844  713     104  374     534 1682  1729 
2001-12-01    47   121    807  695      99  360     525 1624  1671 
2001-11-01    45   120    779  680      97  352     517 1580  1625 
2001-10-01    45   114    753  657      96  342     512 1525  1570 
2001-09-01    45   110    724  624      94  331     496 1459  1504 
2001-08-01    44   109    702  604      93  325     491 1416  1460 
2001-07-01    43   108    697  591      93  324     487 1397  1440 
2001-06-01    42   108    687  580      91  321     478 1376  1418 
2001-05-01    41   107    675  569      89  314     470 1352  1393 
2001-04-01    41   105    663  560      87  306     465 1329  1370 
2001-03-01    41   101    648  546      85  297     456 1296  1337 
2001-02-01    41    98    637  535      84  294     449 1271  1312 
2001-01-01    41    94    622  526      83  291     444 1243  1284 
2000-12-01    41    93    608  513      82  285     433 1215  1256 
2000-11-01    41    90    583  497      81  282     423 1171  1212 
2000-10-01    41    87    573  483      81  278     415 1144  1185 
2000-09-01    41    81    555  457      80  272     406 1094  1135 
2000-08-01    41    79    537  441      78  263     397 1058  1099 
2000-07-01    41    77    532  432      76  260     386 1042  1083 
2000-06-01    41    76    527  426      75  256     383 1030  1071 
2000-05-01    41    76    514  412      75  251     376 1003  1044 
2000-04-01    40    73    499  399      74  245     367  972  1012 
2000-03-01    40    64    483  389      71  233     355  937   977 
2000-02-01    40    62    466  378      70  222     346  907   947 
2000-01-01    40    57    453  370      70  215     339  881   921 
1999-12-01    40    56    443  361      68  207     330  861   901 
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1999-11-01    40    54    430  346      68  203     320  831   871 
1999-10-01    40    54    414  332      67  198     314  801   841 
1999-09-01    39    54    397  317      66  192     310  769   808 
1999-08-01    39    54    397  315      66  192     309  767   806 
1999-07-01    39    54    392  310      65  190     304  757   796 
1999-06-01    39    51    385  300      64  185     301  737   776 
1999-05-01    39    49    373  294      60  177     291  717   756 
1999-04-01    39    48    360  287      59  173     282  696   735 
1999-03-01    39    47    350  282      59  172     280  680   719 
1999-02-01    39    47    340  277      58  169     276  665   704 
1999-01-01    39    45    335  271      57  166     272  652   691 
1998-12-01    39    41    325  262      57  162     263  629   668 
1998-11-01    39    38    308  254      54  154     257  601   640 
1998-10-01    39    36    303  248      54  152     253  588   627 
1998-09-01    39    29    290  235      53  140     245  555   594 
1998-08-01    39    29    280  224      51  133     239  534   573 
1998-07-01    39    29    277  221      49  129     236  528   567 
1998-06-01    39    29    271  214      48  127     232  515   554 
1998-05-01    39    29    262  208      48  124     228  500   539 
1998-04-01    39    27    254  199      48  117     226  481   520 
1998-03-01    39    27    242  191      48  112     222  461   500 
1998-02-01    39    26    238  191      47  110     221  455   494 
1998-01-01    39    26    233  188      47  108     218  447   486 
1997-01-01    39    22    204  168      44   97     203  394   433 
1996-01-01    39    20    177  152      42   86     197  349   388 
1995-01-01    39    19    163  135      41   83     187  317   356 
1994-01-01    37    15    140  116      36   70     167  271   308 
1993-01-01    37    13    117  101      34   64     152  231   268 
1992-01-01    37    11    103   85      31   61     129  199   236 
1991-01-01    35     9     76   74      26   49     110  159   194 
1990-01-01    35     8     63   63      22   42      93  134   169 
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1980-01-01    32     3     27   23      13   17      46   53    85 
1970-01-01    30     0     13   14       8   10      24   27    57 
1960-01-01    29     0     10   10       7    8      18   20    49 
1950-01-01    29     0      7    6       4    5      12   13    42 
1940-01-01    25     0      3    6       2    3       8    9    34 
1930-01-01    24     0      0    5       0    0       5    5    29 
1920-01-01    22     0      0    3       0    0       3    3    25 
1910-01-01    21     0      0    1       0    0       1    1    22 
1900-01-01    19     0      0    1       0    0       1    1    20 

 
Note: "NEC" are Near-Earth comets. "PHA+18" and "NEA+18" are PHAs and NEAs 
with H <= 18.0. In rough terms, a Near-Earth asteroid with an absolute magnitude (H) 
of 18.0 or brighter will have a diameter of one kilometer or larger.  

Data compiled by Alan Chamberlin.  
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Impact Risks  
As of July 1, 2006 

The following table lists potential future Earth impact events that the JPL Sentry System has detected based on currently 
available observations. Click on the object designation to go to a page with full details on that object.  

Sentry is a highly automated collision monitoring system that continually scans the most current asteroid catalog for 
possibilities of future impact with Earth over the next 100 years. Whenever a potential impact is detected it will be analyzed and 
the results immediately published here, except in unusual cases where an IAU Technical Review is underway. For more 
information on impact monitoring and risk assessment see our Impact Risk Introduction and Frequently Asked Impact Risk 
Questions.  

It is normal that, as additional observations become available, objects will disappear from this table whenever there are no 
longer any potential impact detections. For this reason we maintain a list of removed objects with the date of removal.  

Table Legend 

Coloration  
The color of the table entries gives a rough interpretation of the severity of the threat. Small objects are not likely to cause significant damage 
in the event of an impact, although impact damage does depend heavily upon the specific (and usually unknown) physical properties of the 
object in question.  

Small Objects Torino Scale Colors 

Estimated diameter 50 
meters or less. 0 1 2,3,4 5,6,7 8,9,10 

 
Object Designation  

Temporary designation or permanent number for this object. Assigned by the Minor Planet Center.  

Year Range  
Time span over which impacts have been detected. Typically, searches are conducted 100 years into the future.  

http://web.mit.edu/rpb/wgneo/TechComm.html
http://neo.jpl.nasa.gov/risk/doc/sentry.html
http://neo.jpl.nasa.gov/risk/doc/sentry_faq.html
http://neo.jpl.nasa.gov/risk/doc/sentry_faq.html
http://neo.jpl.nasa.gov/risk/removed.html
http://neo.jpl.nasa.gov/torino_scale.html
http://cfa-www.harvard.edu/iau/mpc.html
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Potential Impacts  
The number of dynamically distinct potential impacts that have been detected by Sentry. There can be several qualitatively unique pathways 
to impact in a given year, e.g., some with an extra revolutions around the sun, others deflected to impact by an earlier planetary encounter.  

Impact Prob. (cum.)  
The sum of the impact probabilities from all detected potential impacts.  

Vinfinity  
The velocity of the asteroid relative to the Earth, assuming a massless Earth.  

H  
Absolute Magnitude is an intrinsic measure of brightness. It is the apparent magnitude of the object when it is 1 AU from both the sun and the 
observer, and at full phase for the observer.  

Est. Diam.  
The estimated diameter of the asteroid. This is an estimate based on the absolute magnitude, usually assuming a uniform spherical body with 
visual albedo pV = 0.154 (in accordance with the Palermo Scale) but sometimes using actual measured values if these are available. Since the 
albedo is rarely known for objects on this page, the diameter estimate should be considered only approximate, but in most cases will be 
accurate to within a factor of two.  

Palermo Scale (cum.) & (max.)  
The cumulative and maximum hazard ratings according to the Palermo Technical Impact Hazard Scale.  

Torino Scale (max.)  
The maximum detected hazard rating using the Torino Impact Hazard Scale. According to this ten-point scale, a rating of zero indicates the 
event has "no likely consequences." A Torino Scale rating of 1 indicates an event that "merits careful monitoring." Even higher ratings 
indicate that progressively more concern is warranted.  

 

 

 
 

http://neo.jpl.nasa.gov/risk/doc/palermo.html
http://neo.jpl.nasa.gov/risk/doc/palermo.html
http://neo.jpl.nasa.gov/torino_scale.html
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103 NEAs: Last Updated Jul 01, 2006 
Sort by Palermo Scale (cum.) or by Object Designation  

Recently Observed Objects 
(within past 60 days) 

Object 
Designation

Year 
Range

Potential
Impacts

Impact 
Prob. 
(cum.) 

Vinfinity 
(km/s) 

H 
(mag)

Est. 
Diam.
(km) 

Palermo
Scale 
(cum.) 

Palermo
Scale 
(max.) 

Torino
Scale
(max.)

2004 VD17 2102-2102 1 1.6e-05 18.22 18.8 0.580 -1.94 -1.94 1 

99942 Apophis (2004 MN4) 2036-2056 3 2.6e-05 5.87 19.2 0.320 -2.19 -2.19 1 

2006 JY26 2073-2106 69 5.4e-03 2.98 28.4 0.007 -4.25 -4.32 0 

2006 HF6 2068-2070 7 6.8e-06 16.39 24.5 0.043 -4.88 -5.35 0 

2006 JE 2094-2106 2 1.5e-06 26.37 23.8 0.058 -5.18 -5.19 0 

2006 HX57 2045-2065 2 1.9e-06 10.53 25.2 0.031 -5.91 -5.97 0 

2006 KF100 2017-2071 3 4.4e-10 16.09 19.7 0.390 -6.43 -6.60 0 

 

http://neo.jpl.nasa.gov/risk/index.html
http://neo.jpl.nasa.gov/risk/index_d.html
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/2004vd17.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.6e-05
http://neo.jpl.nasa.gov/risk/a99942.html
http://neo.jpl.nasa.gov/cgi-bin/ip?2.6e-05
http://neo.jpl.nasa.gov/risk/2006jy26.html
http://neo.jpl.nasa.gov/cgi-bin/ip?5.4e-03
http://neo.jpl.nasa.gov/risk/2006hf6.html
http://neo.jpl.nasa.gov/cgi-bin/ip?6.8e-06
http://neo.jpl.nasa.gov/risk/2006je.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.5e-06
http://neo.jpl.nasa.gov/risk/2006hx57.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.9e-06
http://neo.jpl.nasa.gov/risk/2006kf100.html
http://neo.jpl.nasa.gov/cgi-bin/ip?4.4e-10
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Objects Not Recently Observed 

Object 
Designation

Year 
Range

Potential
Impacts

Impact 
Prob. 
(cum.) 

Vinfinity
(km/s)

H 
(mag) 

Est. 
Diam.
(km) 

Palermo
Scale 
(cum.) 

Palermo
Scale 
(max.) 

Torino
Scale
(max.)

1994 WR12 2054-2102 134 1.0e-04 9.84 22.4  0.110 -2.96 -3.75 0 

1979 XB 2056-2101 3 3.3e-07 24.54 18.5  0.685 -3.07 -3.14 0 

2000 SG344 2068-2101 68 1.8e-03 1.37 24.8  0.040 -3.08 -3.43 0 

2000 QS7 2053-2053 2 1.3e-06 12.32 19.6  0.420 -3.27 -3.46 0 

1998 HJ3 2100-2104 3 2.1e-07 24.09 18.4  0.694 -3.49 -3.69 0 

2004 XK3 2029-2104 66 1.7e-04 6.55 24.5  0.040 -3.81 -4.06 0 

1994 GK 2051-2071 7 6.1e-05 14.87 24.2  0.050 -3.83 -3.84 0 

2000 SB45 2074-2101 83 1.5e-04 7.54 24.3  0.050 -3.86 -4.28 0 

2005 YU55 2036-2105 59 4.5e-06 13.58 22.0  0.130 -3.87 -4.92 0 

2001 CA21 2020-2073 4 1.7e-08 30.66 18.5  0.678 -3.89 -4.10 0 

2005 QK76 2030-2083 9 5.3e-05 19.67 25.2  0.030 -3.89 -4.08 0 

2006 CM10 2092-2092 1 1.7e-06 22.34 21.7  0.150 -4.15 -4.15 0 

2005 ED224 2018-2064 6 2.8e-06 25.17 24.0  0.054 -4.27 -4.48 0 

2002 TX55 2089-2096 3 1.8e-05 10.15 23.6  0.060 -4.38 -4.42 0 

2005 EL70 2034-2058 2 1.8e-06 35.50 24.1  0.050 -4.48 -4.49 0 

2005 BS1 2016-2041 5 8.2e-05 12.36 27.3  0.010 -4.51 -4.51 0 

2006 DM63 2031-2093 37 1.2e-04 10.37 26.7  0.015 -4.55 -4.92 0 

2005 XA8 2063-2086 28 7.9e-05 12.08 25.6  0.030 -4.55 -4.71 0 

http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/#legend#legend
http://neo.jpl.nasa.gov/risk/1994wr12.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.0e-04
http://neo.jpl.nasa.gov/risk/1979xb.html
http://neo.jpl.nasa.gov/cgi-bin/ip?3.3e-07
http://neo.jpl.nasa.gov/risk/2000sg344.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.8e-03
http://neo.jpl.nasa.gov/risk/2000qs7.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.3e-06
http://neo.jpl.nasa.gov/risk/1998hj3.html
http://neo.jpl.nasa.gov/cgi-bin/ip?2.1e-07
http://neo.jpl.nasa.gov/risk/2004xk3.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.7e-04
http://neo.jpl.nasa.gov/risk/1994gk.html
http://neo.jpl.nasa.gov/cgi-bin/ip?6.1e-05
http://neo.jpl.nasa.gov/risk/2000sb45.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.5e-04
http://neo.jpl.nasa.gov/risk/2005yu55.html
http://neo.jpl.nasa.gov/cgi-bin/ip?4.5e-06
http://neo.jpl.nasa.gov/risk/2001ca21.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.7e-08
http://neo.jpl.nasa.gov/risk/2005qk76.html
http://neo.jpl.nasa.gov/cgi-bin/ip?5.3e-05
http://neo.jpl.nasa.gov/risk/2006cm10.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.7e-06
http://neo.jpl.nasa.gov/risk/2005ed224.html
http://neo.jpl.nasa.gov/cgi-bin/ip?2.8e-06
http://neo.jpl.nasa.gov/risk/2002tx55.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.8e-05
http://neo.jpl.nasa.gov/risk/2005el70.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.8e-06
http://neo.jpl.nasa.gov/risk/2005bs1.html
http://neo.jpl.nasa.gov/cgi-bin/ip?8.2e-05
http://neo.jpl.nasa.gov/risk/2006dm63.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.2e-04
http://neo.jpl.nasa.gov/risk/2005xa8.html
http://neo.jpl.nasa.gov/cgi-bin/ip?7.9e-05
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2006 BZ147 2061-2102 15 1.1e-04 3.35 25.4  0.028 -4.55 -4.92 0 

2001 BB16 2084-2100 4 5.4e-06 3.57 22.6  0.100 -4.57 -4.70 0 

2002 VU17 2084-2099 5 1.9e-05 13.69 24.8  0.040 -4.80 -5.22 0 

2000 TU28 2104-2104 1 2.3e-07 9.47 20.4  0.280 -4.81 -4.81 0 

2001 AV43 2066-2097 6 1.7e-05 3.71 24.4  0.040 -4.82 -5.03 0 

2006 CD 2008-2105 60 3.8e-08 11.20 21.0  0.212 -4.83 -4.98 0 

2005 WG57 2029-2104 8 2.3e-06 9.91 23.6  0.063 -4.84 -4.90 0 

2002 RB182 2044-2086 13 1.5e-06 13.20 22.8  0.090 -4.89 -5.23 0 

2002 GJ8 2089-2089 1 1.6e-08 26.27 19.3  0.460 -4.91 -4.91 0 

2002 MN 2070-2101 8 3.3e-06 10.40 23.3  0.070 -4.91 -5.30 0 

2001 FB90 2021-2091 3 7.7e-09 26.56 19.9  0.345 -5.02 -5.13 0 

2004 VM24 2074-2098 18 2.9e-05 12.86 25.7  0.020 -5.03 -5.48 0 

2004 PU42 2071-2103 18 7.7e-05 10.11 26.8  0.010 -5.23 -5.85 0 

2005 NX55 2011-2102 85 3.1e-08 24.75 21.9  0.140 -5.26 -5.97 0 

2001 GP2 2043-2099 32 1.0e-04 2.58 26.9  0.010 -5.26 -5.71 0 

2004 HZ 2023-2023 1 9.1e-08 13.26 22.3  0.120 -5.27 -5.27 0 

1996 TC1 2054-2075 4 9.4e-07 24.04 23.9  0.060 -5.28 -5.52 0 

1995 CS 2042-2073 6 3.7e-06 24.91 25.5  0.030 -5.34 -5.70 0 

2005 VN5 2047-2102 17 7.4e-05 6.57 27.0  0.010 -5.35 -5.72 0 

2005 UO 2074-2074 2 1.4e-07 19.02 22.1  0.130 -5.37 -5.38 0 

1994 GV 2048-2086 23 9.2e-05 8.15 27.5  0.010 -5.40 -5.99 0 

http://neo.jpl.nasa.gov/risk/2006bz147.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.1e-04
http://neo.jpl.nasa.gov/risk/2001bb16.html
http://neo.jpl.nasa.gov/cgi-bin/ip?5.4e-06
http://neo.jpl.nasa.gov/risk/2002vu17.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.9e-05
http://neo.jpl.nasa.gov/risk/2000tu28.html
http://neo.jpl.nasa.gov/cgi-bin/ip?2.3e-07
http://neo.jpl.nasa.gov/risk/2001av43.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.7e-05
http://neo.jpl.nasa.gov/risk/2006cd.html
http://neo.jpl.nasa.gov/cgi-bin/ip?3.8e-08
http://neo.jpl.nasa.gov/risk/2005wg57.html
http://neo.jpl.nasa.gov/cgi-bin/ip?2.3e-06
http://neo.jpl.nasa.gov/risk/2002rb182.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.5e-06
http://neo.jpl.nasa.gov/risk/2002gj8.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.6e-08
http://neo.jpl.nasa.gov/risk/2002mn.html
http://neo.jpl.nasa.gov/cgi-bin/ip?3.3e-06
http://neo.jpl.nasa.gov/risk/2001fb90.html
http://neo.jpl.nasa.gov/cgi-bin/ip?7.7e-09
http://neo.jpl.nasa.gov/risk/2004vm24.html
http://neo.jpl.nasa.gov/cgi-bin/ip?2.9e-05
http://neo.jpl.nasa.gov/risk/2004pu42.html
http://neo.jpl.nasa.gov/cgi-bin/ip?7.7e-05
http://neo.jpl.nasa.gov/risk/2005nx55.html
http://neo.jpl.nasa.gov/cgi-bin/ip?3.1e-08
http://neo.jpl.nasa.gov/risk/2001gp2.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.0e-04
http://neo.jpl.nasa.gov/risk/2004hz.html
http://neo.jpl.nasa.gov/cgi-bin/ip?9.1e-08
http://neo.jpl.nasa.gov/risk/1996tc1.html
http://neo.jpl.nasa.gov/cgi-bin/ip?9.4e-07
http://neo.jpl.nasa.gov/risk/1995cs.html
http://neo.jpl.nasa.gov/cgi-bin/ip?3.7e-06
http://neo.jpl.nasa.gov/risk/2005vn5.html
http://neo.jpl.nasa.gov/cgi-bin/ip?7.4e-05
http://neo.jpl.nasa.gov/risk/2005uo.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.4e-07
http://neo.jpl.nasa.gov/risk/1994gv.html
http://neo.jpl.nasa.gov/cgi-bin/ip?9.2e-05
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2004 FU162 2007-2104 822 6.2e-05 9.93 28.9  0.006 -5.41 -6.37 0 

6344 P-L 2022-2052 2 2.8e-08 15.34 21.1  0.207 -5.43 -5.66 0 

2000 LG6 2075-2101 20 8.6e-04 2.10 29.0  0.010 -5.49 -5.91 0 

2005 TM173 2009-2104 167 9.4e-07 8.82 24.1  0.052 -5.51 -6.40 0 

2004 ME6 2017-2099 43 1.1e-07 12.05 22.6  0.102 -5.64 -6.35 0 

2006 BC8 2081-2103 11 3.9e-06 13.19 25.1  0.032 -5.65 -6.13 0 

2005 AU3 2048-2105 15 9.1e-06 14.46 26.0  0.020 -5.70 -6.06 0 

2001 BA16 2033-2051 4 5.3e-06 4.90 25.8  0.020 -5.77 -5.80 0 

2003 LN6 2061-2099 3 1.6e-06 3.96 24.5  0.040 -5.85 -5.88 0 

2002 UV36 2087-2087 1 1.5e-05 8.06 26.5  0.020 -5.90 -5.90 0 

2001 SB170 2089-2095 2 6.5e-08 22.49 22.5  0.110 -5.92 -6.18 0 

1999 RZ31 2056-2056 1 4.5e-07 8.20 23.8  0.060 -5.92 -5.92 0 

2005 VL1 2031-2104 50 1.4e-05 6.40 26.7  0.015 -5.92 -6.50 0 

2001 QJ96 2032-2032 1 9.0e-09 26.69 22.0  0.130 -5.94 -5.94 0 

2005 TH50 2031-2094 24 5.7e-05 4.93 28.0  0.010 -5.96 -6.36 0 

2004 VZ14 2076-2104 6 2.0e-06 15.20 25.3  0.030 -5.97 -6.45 0 

1999 SF10 2080-2100 3 1.0e-06 4.76 24.0  0.050 -5.98 -6.23 0 

2004 GE2 2100-2100 1 1.9e-08 20.57 21.4  0.180 -6.02 -6.02 0 

2006 FW33 2012-2103 59 7.2e-08 9.26 23.2  0.079 -6.04 -6.59 0 

2005 YR3 2058-2058 2 1.8e-07 6.43 23.6  0.065 -6.25 -6.51 0 

1998 DK36 2025-2100 24 7.1e-07 6.19 25.0  0.030 -6.42 -6.54 0 

http://neo.jpl.nasa.gov/risk/2004fu162.html
http://neo.jpl.nasa.gov/cgi-bin/ip?6.2e-05
http://neo.jpl.nasa.gov/risk/6344p-l.html
http://neo.jpl.nasa.gov/cgi-bin/ip?2.8e-08
http://neo.jpl.nasa.gov/risk/2000lg6.html
http://neo.jpl.nasa.gov/cgi-bin/ip?8.6e-04
http://neo.jpl.nasa.gov/risk/2005tm173.html
http://neo.jpl.nasa.gov/cgi-bin/ip?9.4e-07
http://neo.jpl.nasa.gov/risk/2004me6.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.1e-07
http://neo.jpl.nasa.gov/risk/2006bc8.html
http://neo.jpl.nasa.gov/cgi-bin/ip?3.9e-06
http://neo.jpl.nasa.gov/risk/2005au3.html
http://neo.jpl.nasa.gov/cgi-bin/ip?9.1e-06
http://neo.jpl.nasa.gov/risk/2001ba16.html
http://neo.jpl.nasa.gov/cgi-bin/ip?5.3e-06
http://neo.jpl.nasa.gov/risk/2003ln6.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.6e-06
http://neo.jpl.nasa.gov/risk/2002uv36.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.5e-05
http://neo.jpl.nasa.gov/risk/2001sb170.html
http://neo.jpl.nasa.gov/cgi-bin/ip?6.5e-08
http://neo.jpl.nasa.gov/risk/1999rz31.html
http://neo.jpl.nasa.gov/cgi-bin/ip?4.5e-07
http://neo.jpl.nasa.gov/risk/2005vl1.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.4e-05
http://neo.jpl.nasa.gov/risk/2001qj96.html
http://neo.jpl.nasa.gov/cgi-bin/ip?9.0e-09
http://neo.jpl.nasa.gov/risk/2005th50.html
http://neo.jpl.nasa.gov/cgi-bin/ip?5.7e-05
http://neo.jpl.nasa.gov/risk/2004vz14.html
http://neo.jpl.nasa.gov/cgi-bin/ip?2.0e-06
http://neo.jpl.nasa.gov/risk/1999sf10.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.0e-06
http://neo.jpl.nasa.gov/risk/2004ge2.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.9e-08
http://neo.jpl.nasa.gov/risk/2006fw33.html
http://neo.jpl.nasa.gov/cgi-bin/ip?7.2e-08
http://neo.jpl.nasa.gov/risk/2005yr3.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.8e-07
http://neo.jpl.nasa.gov/risk/1998dk36.html
http://neo.jpl.nasa.gov/cgi-bin/ip?7.1e-07
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2006 GU2 2022-2104 66 9.7e-06 7.32 27.8  0.009 -6.49 -6.88 0 

2006 DN 2056-2056 1 3.0e-07 3.99 24.5  0.043 -6.50 -6.50 0 

2006 BM8 2106-2106 3 7.9e-07 14.82 25.4  0.028 -6.50 -6.83 0 

2005 UL6 2068-2068 2 2.1e-07 12.02 24.5  0.040 -6.53 -6.69 0 

2004 BN41 2086-2098 2 1.5e-06 7.56 25.8  0.020 -6.57 -6.69 0 

2002 XV90 2101-2101 3 8.2e-07 7.63 25.2  0.030 -6.61 -6.69 0 

2003 WT153 2044-2103 39 1.2e-05 4.33 28.1  0.010 -6.75 -7.41 0 

2006 HE2 2069-2103 5 2.2e-06 5.02 26.5  0.017 -6.78 -6.98 0 

1997 TC25 2090-2096 2 2.9e-07 9.92 24.9  0.040 -6.80 -6.81 0 

2004 RU109 2038-2053 5 6.1e-07 12.93 26.5  0.020 -6.81 -7.21 0 

2002 TY59 2074-2084 2 4.8e-07 8.22 25.4  0.030 -6.84 -6.84 0 

2003 UQ25 2093-2093 1 5.2e-08 18.01 24.2  0.050 -6.96 -6.96 0 

2003 DW10 2046-2054 3 4.1e-07 7.82 26.1  0.020 -6.98 -7.10 0 

2002 CB19 2049-2049 1 5.7e-08 15.73 24.8  0.040 -6.99 -6.99 0 

1997 UA11 2073-2073 1 1.5e-07 11.96 25.2  0.030 -7.06 -7.06 0 

2001 UO 2020-2020 1 5.4e-09 16.28 24.1  0.050 -7.28 -7.28 0 

2005 VP 2045-2103 27 8.8e-08 12.71 25.4  0.030 -7.29 -7.89 0 

2005 TA 2099-2102 3 1.8e-06 4.82 27.2  0.010 -7.30 -7.33 0 

2006 BF56 2092-2106 7 6.3e-06 26.19 29.6  0.004 -7.30 -7.69 0 

2003 UM3 2022-2099 38 1.2e-06 14.38 28.1  0.010 -7.38 -7.97 0 

2005 GQ33 2051-2103 8 7.2e-09 20.78 23.7  0.060 -7.41 -7.90 0 

http://neo.jpl.nasa.gov/risk/2006gu2.html
http://neo.jpl.nasa.gov/cgi-bin/ip?9.7e-06
http://neo.jpl.nasa.gov/risk/2006dn.html
http://neo.jpl.nasa.gov/cgi-bin/ip?3.0e-07
http://neo.jpl.nasa.gov/risk/2006bm8.html
http://neo.jpl.nasa.gov/cgi-bin/ip?7.9e-07
http://neo.jpl.nasa.gov/risk/2005ul6.html
http://neo.jpl.nasa.gov/cgi-bin/ip?2.1e-07
http://neo.jpl.nasa.gov/risk/2004bn41.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.5e-06
http://neo.jpl.nasa.gov/risk/2002xv90.html
http://neo.jpl.nasa.gov/cgi-bin/ip?8.2e-07
http://neo.jpl.nasa.gov/risk/2003wt153.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.2e-05
http://neo.jpl.nasa.gov/risk/2006he2.html
http://neo.jpl.nasa.gov/cgi-bin/ip?2.2e-06
http://neo.jpl.nasa.gov/risk/1997tc25.html
http://neo.jpl.nasa.gov/cgi-bin/ip?2.9e-07
http://neo.jpl.nasa.gov/risk/2004ru109.html
http://neo.jpl.nasa.gov/cgi-bin/ip?6.1e-07
http://neo.jpl.nasa.gov/risk/2002ty59.html
http://neo.jpl.nasa.gov/cgi-bin/ip?4.8e-07
http://neo.jpl.nasa.gov/risk/2003uq25.html
http://neo.jpl.nasa.gov/cgi-bin/ip?5.2e-08
http://neo.jpl.nasa.gov/risk/2003dw10.html
http://neo.jpl.nasa.gov/cgi-bin/ip?4.1e-07
http://neo.jpl.nasa.gov/risk/2002cb19.html
http://neo.jpl.nasa.gov/cgi-bin/ip?5.7e-08
http://neo.jpl.nasa.gov/risk/1997ua11.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.5e-07
http://neo.jpl.nasa.gov/risk/2001uo.html
http://neo.jpl.nasa.gov/cgi-bin/ip?5.4e-09
http://neo.jpl.nasa.gov/risk/2005vp.html
http://neo.jpl.nasa.gov/cgi-bin/ip?8.8e-08
http://neo.jpl.nasa.gov/risk/2005ta.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.8e-06
http://neo.jpl.nasa.gov/risk/2006bf56.html
http://neo.jpl.nasa.gov/cgi-bin/ip?6.3e-06
http://neo.jpl.nasa.gov/risk/2003um3.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.2e-06
http://neo.jpl.nasa.gov/risk/2005gq33.html
http://neo.jpl.nasa.gov/cgi-bin/ip?7.2e-09
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2006 DO62 2036-2095 11 1.6e-06 11.19 28.3  0.007 -7.45 -7.87 0 

2005 UA1 2036-2036 1 7.8e-08 14.68 26.4  0.020 -7.46 -7.46 0 

1991 BA 2014-2096 11 8.7e-07 18.03 28.7  0.010 -7.48 -7.97 0 

2000 SZ162 2070-2096 3 5.3e-07 4.18 27.1  0.010 -7.67 -8.01 0 

2005 UC3 2076-2101 2 4.8e-07 7.65 27.1  0.010 -7.71 -7.95 0 

1998 BT13 2036-2036 1 6.0e-08 8.03 26.4  0.020 -7.79 -7.79 0 

2001 YN2 2020-2020 1 3.2e-09 18.49 24.9  0.030 -7.85 -7.85 0 

2004 XB45 2035-2035 1 1.6e-08 17.02 26.3  0.020 -8.03 -8.03 0 

2004 XM29 2045-2045 1 4.0e-10 15.11 22.9  0.090 -8.19 -8.19 0 

2003 YS70 2075-2103 2 8.9e-07 3.14 28.8  0.010 -8.30 -8.37 0 

2006 BO7 2060-2060 1 2.0e-07 9.83 29.3  0.005 -8.86 -8.86 0 

2004 XO63 2065-2065 1 4.5e-09 8.16 26.1  0.020 -9.06 -9.06 0 

2005 WN3 2024-2024 1 3.0e-08 18.17 29.9  0.004 -9.23 -9.23 0 

2002 TA58 2081-2081 1 3.0e-09 11.30 26.6  0.020 -9.50 -9.50 0 

2005 TK50 2027-2100 3 1.3e-08 21.47 28.6  0.010 -9.50 -9.76 0 

 
 

http://neo.jpl.nasa.gov/risk/2006do62.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.6e-06
http://neo.jpl.nasa.gov/risk/2005ua1.html
http://neo.jpl.nasa.gov/cgi-bin/ip?7.8e-08
http://neo.jpl.nasa.gov/risk/1991ba.html
http://neo.jpl.nasa.gov/cgi-bin/ip?8.7e-07
http://neo.jpl.nasa.gov/risk/2000sz162.html
http://neo.jpl.nasa.gov/cgi-bin/ip?5.3e-07
http://neo.jpl.nasa.gov/risk/2005uc3.html
http://neo.jpl.nasa.gov/cgi-bin/ip?4.8e-07
http://neo.jpl.nasa.gov/risk/1998bt13.html
http://neo.jpl.nasa.gov/cgi-bin/ip?6.0e-08
http://neo.jpl.nasa.gov/risk/2001yn2.html
http://neo.jpl.nasa.gov/cgi-bin/ip?3.2e-09
http://neo.jpl.nasa.gov/risk/2004xb45.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.6e-08
http://neo.jpl.nasa.gov/risk/2004xm29.html
http://neo.jpl.nasa.gov/cgi-bin/ip?4.0e-10
http://neo.jpl.nasa.gov/risk/2003ys70.html
http://neo.jpl.nasa.gov/cgi-bin/ip?8.9e-07
http://neo.jpl.nasa.gov/risk/2006bo7.html
http://neo.jpl.nasa.gov/cgi-bin/ip?2.0e-07
http://neo.jpl.nasa.gov/risk/2004xo63.html
http://neo.jpl.nasa.gov/cgi-bin/ip?4.5e-09
http://neo.jpl.nasa.gov/risk/2005wn3.html
http://neo.jpl.nasa.gov/cgi-bin/ip?3.0e-08
http://neo.jpl.nasa.gov/risk/2002ta58.html
http://neo.jpl.nasa.gov/cgi-bin/ip?3.0e-09
http://neo.jpl.nasa.gov/risk/2005tk50.html
http://neo.jpl.nasa.gov/cgi-bin/ip?1.3e-08
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The Torino Impact Hazard Scale 
Assessing Asteroid And Comet Impact Hazard Predictions In The 21st Century 

 
No Hazard  

(White Zone)  0  The likelihood of a collision is zero, or is so low as to be effectively zero. Also applies to small objects such as meteors and bodies that 
burn up in the atmosphere as well as infrequent meteorite falls that rarely cause damage.  

Normal  
(Green Zone)  1  

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.  

2  
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.  

3  
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 public and by public officials is 
merited if the encounter is less than a decade away.  

Meriting 
Attention by 
Astronomers  
(Yellow Zone)  

4  
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 public and by public officials is 
merited if the encounter is less than a decade away.  

5  
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.  

6  
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.  

Threatening  
(Orange Zone)  

7  
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.  

8  A collision is certain, capable of causing localized destruction for an impact over land or possibly a tsunami if close offshore. Such 
events occur on average between once per 50 years and once per several 1000 years.  

9  A collision is certain, capable of causing unprecedented regional devastation for a land impact or the threat of a major tsunami for an 
ocean impact. Such events occur on average between once per 10,000 years and once per 100,000 years.  

Certain 
Collisions  

(Red Zone)  

10  A collision is certain, capable of causing global climatic catastrophe that may threaten the future of civilization as we know it, whether 
impacting land or ocean. Such events occur on average once per 100,000 years, or less often.  
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Note: the Torino Scale was recently revised according to this recent publication:  

Morrison, D., Chapman, C. R., Steel, D., and Binzel R. P. "Impacts and the Public: Communicating the Nature of the Impact Hazard" In Mitigation 
of Hazardous Comets and Asteroids,(M.J.S. Belton, T.H. Morgan, N.H. Samarasinha and D.K. Yeomans, Eds), Cambridge University Press, 2004.  

 

Revised asteroid scale aids understanding of impact risk 
Elizabeth A. Thomson, News Office 
April 12, 2005 

Astronomers led by an MIT professor have revised the scale used to assess the threat of asteroids and comets colliding with Earth to better communicate those risks with the 
public.  

The overall goal is to provide easy-to-understand information to assuage concerns about a potential doomsday collision with our planet.  

The Torino scale, a risk-assessment system similar to the Richter scale used for earthquakes, was adopted by a working group of the International Astronomical Union (IAU) in 
1999 at a meeting in Torino, Italy. On the scale, zero means virtually no chance of collision, while 10 means certain global catastrophe.  

"The idea was to create a simple system conveying clear, consistent information about near-Earth objects [NEOs]," or asteroids and comets that appear to be heading toward the 
planet, said Richard Binzel, a professor in MIT's Department of Earth, Atmospheric and Planetary Sciences and the creator of the scale.  

Some critics, however, said that the original Torino scale was actually scaring people, "the opposite of what was intended," said Binzel. Hence the revisions. 

"For a newly discovered NEO, the revised scale still ranks the impact hazard from 0 to 10, and the calculations that determine the hazard level are still exactly the same," Binzel 
said. The difference is that the wording for each category now better describes the attention or response merited for each.  

For example, in the original scale NEOs of level 2-4 were described as "meriting concern." The revised scale describes objects with those rankings as "meriting attention by 
astronomers"--not necessarily the public.  

Equally important in the revisions, says Binzel, "is the emphasis on how continued tracking of an object is almost always likely to reduce the hazard level to 0, once sufficient data 
are obtained." The general process of classifying NEO hazards is roughly analogous to hurricane forecasting. Predictions of a storm's path are updated as more and more tracking 
data are collected.  

According to Dr. Donald K. Yeomans, manager of NASA's Near Earth Object Program Office, "The revisions in the Torino Scale should go a long way toward assuring the public 
that while we cannot always immediately rule out Earth impacts for recently discovered near-Earth objects, additional observations will almost certainly allow us to do so." 

The highest Torino level ever given an asteroid was a 4 last December, with a 2 percent chance of hitting Earth in 2029. And after extended tracking of the asteroid's orbit, it was 
reclassified to level 1, effectively removing any chance of collision, "the outcome emphasized by level 4 as being most likely," Binzel said. 
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"It is just a matter of the scale becoming more well known and understood. Just as there is little or no reason for public concern over a magnitude 3 earthquake, there is little cause 
for public attention for NEO close encounters having low values on the Torino scale." He notes that an object must reach level 8 on the scale before there is a certainty of an impact 
capable of causing even localized destruction.  

The Torino scale was developed because astronomers are spotting more and more NEOs through projects like the Lincoln Near Earth Asteroid Research project at MIT's Lincoln 
Laboratory. "There's no increase in the number of asteroids out there or how frequently they encounter our planet. What's changed is our awareness of them," Binzel notes. 

As a result, astronomers debated whether they should keep potential NEO collisions secret or "be completely open with what we know when we know it," Binzel said. The IAU 
working group, of which Binzel is secretary, resoundingly decided on the latter.  

The revised wording of the scale was published last fall in a chapter of "Mitigation of Hazardous Comets and Asteroids" (Cambridge University Press). The revisions were 
undertaken through consultation with astronomers worldwide for nearly a year before being published. 

Binzel concludes that "the chance of something hitting the Earth and having a major impact is very unlikely. But although unlikely, it is still not impossible. The only way to be 
certain of no asteroid impacts in the forecast is to keep looking."  
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Frequently Asked Questions For Impact Risk Assessment 
 
How is an orbit calculated?  

An asteroid's orbit is computed by finding the elliptical path about the sun that best fits the available 
observations of the object. That is, the object's computed path about the sun is adjusted until the 
predictions of where the asteroid should have appeared in the sky at several observed times match the 
positions where the object was actually observed to be at those same times. As more and more 
observations are used to further improve an object's orbit, we become more and more confident in our 
knowledge of where the object will be in the future.  
 

How far into the future does Sentry search for impacts?  
100 years. 
 

Why do your first calculations of an orbit often look more threatening than later ones?  
Because orbits stemming from very limited observation sets are more uncertain it is more likely that such orbits 
will "permit" future impacts. However, such early predictions can often be ruled out as we incorporate more 
observations and reduce the uncertainties in the object's orbit. Most often, the threat associated with a specific 
object will decrease as additional observations become available, and so objects will be posted to, and later 
removed from, our Impact Risk Page. The Palermo Scale values will typically start out at less negative values 
when the object's orbit is most uncertain and evolve to more negative values (and eventually off the list) as 
more and more observations allow the object's orbit to be continually improved.  

On the other hand, in the unlikely case where a particular potential impact event persists until the orbit is 
relatively well constrained, the impact probability and associated risk will tend to increase as observations are 
added. This is not too paradoxical: If an asteroid is indeed going to come very near the Earth then a collision 
cannot be ruled out early on. The impact probability will tend to grow as the orbit is refined and alternative and 
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safer trajectories are eliminated. Eventually, the impact probability will drop (usually quite abruptly) to zero or, 
if the asteroid is really on a collision trajectory, it will continue to grow until it reaches 100%. 

How soon after the discovery is a search for potential collisions initiated?  
When the discovery of a new NEA is announced by the Minor Planet Center (MPC), Sentry automatically 
(usually within an hour or two) prioritizes the object for an impact risk analysis. If the prioritization 
analysis indicates that the asteroid cannot pass near the Earth or that its orbit is very well determined then 
the computationally intensive nonlinear search for potential impacts is not pursued. If, on the other hand, a 
search is deemed necessary then the object is added to a queue of objects awaiting analysis. Its position in 
the queue is determined by the estimated likelihood that potential impacts may be found. 
 

How often do these results change?  
NEA orbits and close approach tables are continuously and automatically updated whenever new 
observations are made available, generally within a couple of hours of the release of the information. 
Whenever an NEA orbit is updated the object is re-prioritized and, if appropriate, it is re-queued for a new 
potential impact search. This process is ongoing - taking place anytime, day and night, seven days a week. 
 

Why isn't 1950 DA listed on the Risk Page?  
1950 DA is an asteroid for which there is some possibility of impact in March of the year 2880. The case 
is extraordinary because the current orbit of 1950 DA is very precisely known, which allows us to explore 
centuries into the future, much farther than is usually possible. The Sentry automatic monitoring system is 
tailored for objects with poorly determined orbits and it searches for potential impacts only over the next 
100 years. 
 

Why are the results published by NEODyS not the same as those published by Sentry?  
The differences between the two systems are generally not substantial, and in some sense they are 
reassuring. Independent systems using different software and theoretical approaches are not expected to 

http://newton.dm.unipi.it/cgi-bin/neodys/neoibo?riskpage:0;main
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produce the same results from statistical searches. Experience has shown that there is excellent agreement 
between the two systems for the more serious potential collision detections.  

One of the differences between the two systems stems from different approaches to computing the impact 
probability. This computation is rough by its very nature, and different techniques may be used; impact 
probabilities different by a factor of ten or so are not extraordinary.  

Another important variation is that Sentry uses a different sampling strategy, one that should detect nearly 
all potential impacts with probability greater than 10-8 (1 in 100 million), and does not expend much effort 
pursuing less likely cases, although it may find some anyway. In any case, nothing with impact probability 
below 10-10 (1 in 10 billion) is published by Sentry. In contrast, NEODyS may not detect as many 
potential impacts at probabilities below 10-6 (1 in 1 million), but in certain cases it can detect very low 
probability events that Sentry does not. 
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NEO Earth Close Approach Tables 
 

Recent Close Approaches To Earth 
As of July 1, 2006 

 
1 AU = ~150 million kilometers  

1 LD = Lunar Distance = ~384,000 kilometers  
Diameter estimates based on the object's absolute magnitude. 

 
Object 
Name  

Close 
Approach 

Date  

Miss 
Distance

(AU)  

Miss 
Distance 

(LD)  
Estimated 
Diameter*  

Relative
Velocity
(km/s) 

(2006 KC40)  2006-Jun-22 0.0506 19.7 61 m - 140 m 13.52 
(2006 KK103)  2006-Jun-23 0.1468 57.1 84 m - 190 m 6.41 

(2001 TX1)  2006-Jun-25 0.1344 52.3 160 m - 370 m 18.39 
(2006 MB14)  2006-Jun-28 0.0045 1.7 23 m - 52 m 10.56 
(2006 MH10)  2006-Jun-28 0.1612 62.7 92 m - 210 m 6.90 
(2003 OS13)  2006-Jun-28 0.0888 34.6 900 m - 2.0 km 31.11 
(2003 BX33)  2006-Jun-30 0.1316 51.2 180 m - 400 m 11.22 
(2004 XP14)  2006-Jul-03 0.0029 1.1 370 m - 820 m 17.41 
(2006 MA14)  2006-Jul-03 0.1042 40.5 130 m - 300 m 6.92 
(2006 MZ1)  2006-Jul-09 0.1504 58.5 220 m - 490 m 16.59 

 
 
 
 

http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20KC40
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20KK103
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2001%20TX1
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20MB14
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20MH10
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2003%20OS13
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2003%20BX33
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20XP14
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20MA14
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20MZ1


NEO Resource 

79 of 104 

Upcoming Close Approaches To Earth 
As of July 1, 2006 

 
1 AU = ~150 million kilometers  

1 LD = Lunar Distance = ~384,000 kilometers  
Diameter estimates based on the object's absolute magnitude. 

 

Object 
Name  

Close 
Approach 

Date  

Miss 
Distance

(AU)  

Miss 
Distance 

(LD)  
Estimated 
Diameter*  

Relative
Velocity
(km/s) 

(2001 MY7)  2006-Jul-11 0.1670 65.0 130 m - 300 m 13.01 
(2006 HW57)  2006-Jul-12 0.0875 34.1 240 m - 530 m 7.87 
(2000 HB24)  2006-Jul-12 0.0550 21.4 57 m - 130 m 11.92 
(1997 XR2)  2006-Jul-14 0.1557 60.6 180 m - 400 m 5.21 
(1999 VT25)  2006-Jul-15 0.1121 43.6 160 m - 370 m 18.51 
(2006 AK8)  2006-Jul-17 0.1631 63.5 150 m - 340 m 14.54 

(1998 HG49)  2006-Jul-23 0.1681 65.4 110 m - 240 m 1.33 
(2005 WJ56)  2006-Jul-23 0.1453 56.5 660 m - 1.5 km 13.16 
(2003 SK5)  2006-Jul-24 0.1484 57.8 280 m - 630 m 5.24 

54509 (2000 PH5)  2006-Jul-28 0.0768 29.9 82 m - 180 m 9.25 
(2006 BQ6)  2006-Jul-29 0.0370 14.4 330 m - 740 m 11.39 

67381 (2000 OL8)  2006-Jul-29 0.1313 51.1 310 m - 700 m 21.28 
(2000 AG6)  2006-Jul-30 0.1810 70.4 23 m - 51 m 11.17 

11405 (1999 CV3)  2006-Jul-31 0.1539 59.9 2.7 km - 5.9 km 13.82 
(2004 TH10)  2006-Aug-03 0.1816 70.7 560 m - 1.2 km 27.89 
(2000 SD8)  2006-Aug-03 0.1696 66.0 170 m - 380 m 5.75 

(2004 PU42)  2006-Aug-03 0.1419 55.2 12 m - 26 m 14.35 

http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2001%20MY7
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20HW57
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2000%20HB24
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=1997%20XR2
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=1999%20VT25
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20AK8
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=1998%20HG49
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2005%20WJ56
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2003%20SK5
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=54509
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20BQ6
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=67381
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2000%20AG6
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=11405
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20TH10
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2000%20SD8
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20PU42
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3103 Eger  2006-Aug-05 0.1284 50.0 2.2 km - 5.0 km 15.74 
(2006 BC10)  2006-Aug-11 0.1672 65.1 310 m - 690 m 14.02 
(2004 LB6)  2006-Aug-16 0.1013 39.4 540 m - 1.2 km 10.05 

(2006 CU10)  2006-Aug-18 0.1038 40.4 240 m - 550 m 28.63 
(1996 PC1)  2006-Aug-20 0.1242 48.3 240 m - 530 m 16.84 

(2005 QQ87)  2006-Aug-25 0.0804 31.3 75 m - 170 m 18.70 
(2006 MX13)  2006-Aug-25 0.1723 67.1 320 m - 710 m 5.19 
(2005 CN61)  2006-Sep-02 0.0933 36.3 23 m - 52 m 5.21 
(2006 HT30)  2006-Sep-06 0.1744 67.9 220 m - 480 m 15.06 

4450 Pan  2006-Sep-08 0.1464 57.0 970 m - 2.2 km 22.57 
85640 (1998 OX4)  2006-Sep-09 0.0712 27.7 160 m - 360 m 13.15 

(2002 FD6)  2006-Sep-12 0.1219 47.5 95 m - 210 m 8.70 
(1999 GS6)  2006-Sep-15 0.1266 49.3 300 m - 670 m 11.24 
(2004 FX31)  2006-Sep-20 0.0951 37.0 860 m - 1.9 km 17.87 
(2004 SC56)  2006-Sep-21 0.0891 34.7 72 m - 160 m 8.28 

66063 (1998 RO1)  2006-Sep-22 0.1684 65.6 680 m - 1.5 km 28.36 
(1998 UO1)  2006-Sep-23 0.1308 50.9 1.3 km - 2.9 km 25.65 
(2001 CB21)  2006-Oct-02 0.0479 18.6 560 m - 1.3 km 12.30 

85770 (1998 UP1)  2006-Oct-07 0.1494 58.1 230 m - 510 m 17.48 
(2005 TC51)  2006-Oct-16 0.0672 26.1 9.4 m - 21 m 7.39 
(1998 SA15)  2006-Oct-16 0.1545 60.1 310 m - 690 m 14.94 
(2005 TF49)  2006-Oct-19 0.0558 21.7 390 m - 880 m 12.89 
(2001 UP)  2006-Oct-22 0.0315 12.3 20 m - 44 m 9.14 

(2002 JV15)  2006-Oct-25 0.0821 32.0 420 m - 930 m 13.17 
(2000 UR16)  2006-Oct-25 0.0639 24.9 56 m - 130 m 16.26 
(2004 TD10)  2006-Oct-26 0.2000 77.8 100 m - 230 m 16.61 
(2005 SE71)  2006-Nov-05 0.1020 39.7 680 m - 1.5 km 13.17 

http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=3103
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20BC10
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20LB6
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20CU10
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=1996%20PC1
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2005%20QQ87
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20MX13
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2005%20CN61
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20HT30
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=4450
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=85640
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2002%20FD6
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=1999%20GS6
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20FX31
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20SC56
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=66063
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=1998%20UO1
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2001%20CB21
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=85770
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2005%20TC51
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=1998%20SA15
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2005%20TF49
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2001%20UP
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2002%20JV15
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2000%20UR16
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20TD10
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2005%20SE71
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(2003 UY12)  2006-Nov-10 0.1807 70.3 58 m - 130 m 13.77 
(2004 GD)  2006-Nov-11 0.1608 62.6 49 m - 110 m 14.86 

(2004 XA45)  2006-Nov-13 0.1795 69.8 210 m - 460 m 19.87 
(2000 WN10)  2006-Nov-14 0.1578 61.4 260 m - 580 m 12.53 
(2006 BZ147)  2006-Nov-29 0.1386 53.9 22 m - 49 m 3.48 
(2004 QD14)  2006-Nov-29 0.0620 24.1 200 m - 440 m 12.17 
(2002 YP2)  2006-Nov-29 0.1455 56.6 420 m - 940 m 22.87 
(2001 XU1)  2006-Nov-30 0.1698 66.1 370 m - 830 m 16.58 
(2000 YJ11)  2006-Dec-07 0.1654 64.4 210 m - 470 m 8.79 
(2000 SP43)  2006-Dec-08 0.1924 74.9 570 m - 1.3 km 15.26 
(2004 XL14)  2006-Dec-20 0.0278 10.8 140 m - 310 m 13.52 
(2006 BJ55)  2006-Dec-25 0.1699 66.1 38 m - 85 m 4.48 
(2004 YG1)  2006-Dec-26 0.0989 38.5 140 m - 310 m 10.51 

(2001 QQ142)  2006-Dec-29 0.1381 53.7 580 m - 1.3 km 10.13 
(2001 XP1)  2006-Dec-30 0.1927 75.0 820 m - 1.8 km 25.19 

(2004 XK14)  2006-Dec-31 0.1711 66.6 94 m - 210 m 16.06 
(2001 YE4)  2007-Jan-04 0.0330 12.9 210 m - 470 m 11.95 

(2002 AA29)  2007-Jan-09 0.1841 71.7 41 m - 91 m 8.20 
(2003 WP25)  2007-Jan-16 0.1218 47.4 35 m - 79 m 3.52 
(2001 BE10)  2007-Jan-19 0.1051 40.9 400 m - 900 m 11.13 

7341 (1991 VK)  2007-Jan-21 0.0679 26.4 1.2 km - 2.7 km 8.67 
5011 Ptah  2007-Jan-21 0.1982 77.1 1.0 km - 2.3 km 10.12 

(2002 BM26)  2007-Jan-23 0.1740 67.7 260 m - 580 m 12.40 
(2001 CP36)  2007-Jan-27 0.1237 48.2 48 m - 110 m 11.34 
(1999 SK10)  2007-Jan-30 0.1154 44.9 370 m - 830 m 6.42 

(2006 CJ)  2007-Jan-31 0.0264 10.3 240 m - 530 m 20.94 
(2006 AM4)  2007-Feb-01 0.0135 5.2 110 m - 250 m 21.36 

http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2003%20UY12
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20GD
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20XA45
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2000%20WN10
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20BZ147
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20QD14
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2002%20YP2
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2001%20XU1
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2000%20YJ11
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2000%20SP43
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20XL14
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20BJ55
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20YG1
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2001%20QQ142
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2001%20XP1
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20XK14
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2001%20YE4
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2002%20AA29
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2003%20WP25
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2001%20BE10
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=7341
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=5011
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2002%20BM26
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2001%20CP36
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=1999%20SK10
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20CJ
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20AM4
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(2004 RN251)  2007-Feb-04 0.0612 23.8 18 m - 40 m 14.17 
(2002 VX91)  2007-Feb-16 0.1746 67.9 40 m - 89 m 5.15 
(2000 EE14)  2007-Mar-07 0.1646 64.1 1.1 km - 2.5 km 15.04 

(2000 SU180)  2007-Mar-07 0.1139 44.3 440 m - 980 m 17.74 
(2005 CN61)  2007-Mar-08 0.1507 58.7 23 m - 52 m 5.44 
(2005 ES70)  2007-Mar-11 0.0722 28.1 52 m - 120 m 11.76 
(2006 EK53)  2007-Mar-12 0.1825 71.0 66 m - 150 m 21.33 
(2004 RE84)  2007-Mar-12 0.0823 32.0 100 m - 230 m 14.59 
(1998 HL49)  2007-Mar-14 0.1083 42.1 890 m - 2.0 km 18.40 

 
 

http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20RN251
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2002%20VX91
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2000%20EE14
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2000%20SU180
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2005%20CN61
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2005%20ES70
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2006%20EK53
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=2004%20RE84
http://neo.jpl.nasa.gov/cgi-bin/db_shm?sstr=1998%20HL49
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Historic Comet Close Approaches Prior To 2006 
 
The following table shows close-Earth approaches by historic comets prior to 2006, 
sorted by close-approach distance from closest to farthest.  

 
1 AU = ~150 million kilometers  

1 LD = Lunar Distance = ~384,000 kilometers  
Diameter estimates based on the object's absolute magnitude. 

Note: * = Miss distance is uncertain because comet's orbit is relatively poorly determined. 

Comet  
Name  Designation Date of Close 

Earth Approach 
Miss 

Distance
(AU)  

Miss 
Distance

(LD)  
Note 

Comet of 1491  C/1491 B1 1491-Feb-20.0 0.0094 3.7 * 
Lexell  D/1770 L1 1770-Jul-01.7 0.0151 5.9   
Tempel-Tuttle  5P/1366 U1 1366-Oct-26.4 0.0229 8.9   
IRAS-Araki-Alcock  C/1983 H1 1983-May-11.5 0.0313 12.2   
Halley  1P/ 837 F1 837-Apr-10.5 0.0334 13.0   
Biela  3D/1805 V1 1805-Dec-09.9 0.0366 14.2   
Comet of 1743  C/1743 C1 1743-Feb-08.9 0.0390 15.2   
Pons-Winnecke  7P/ 1927-Jun-26.8 0.0394 15.3   
Comet of 1014  C/1014 C1 1014-Feb-24.9 0.0407 15.8 * 
Comet of 1702  C/1702 H1 1702-Apr-20.2 0.0437 17.0   
Comet of 1132  C/1132 T1 1132-Oct-07.2 0.0447 17.4 * 
Comet of 1351  C/1351 W1 1351-Nov-29.4 0.0479 18.6 * 
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Comet of 1345  C/1345 O1 1345-Jul-31.9 0.0485 18.9 * 
Comet of 1499  C/1499 Q1 1499-Aug-17.1 0.0588 22.9 * 
Schwassmann-Wachmann 3 3P/1930 J1 1930-May-31.7 0.0617 24.0   
Sugano-Saigusa-Fujikawa  C/1983 J1 1983-Jun-12.8 0.0628 24.4   
Comet of 1080  C/1080 P1 1080-Aug-05.7 0.0641 24.9 * 
Great comet  C/1760 A1 1760-Jan-08.2 0.0681 26.5   
Comet of 1472  C/1471 Y1 1472-Jan-22.9 0.0690 26.9 * 
Comet of 400  C/ 400 F1 400-Mar-31.1 0.0767 29.8 * 
LINEAR  P/2000 G1 1921-Mar-09.9 0.0775 30.1   
Comet of 1556  C/1556 D1 1556-Mar-13.0 0.0835 32.5 * 
Schweizer  C/1853 G1 1853-Apr-29.1 0.0839 32.7   
Bouvard-Herschel  C/1797 P1 1797-Aug-16.5 0.0879 34.2   
Halley  1P/ 374 E1 374-Apr-01.9 0.0884 34.4   
Halley  1P/ 607 H1 607-Apr-19.2 0.0898 34.9   
Comet of 568  C/ 568 O1 568-Sep-25.7 0.0918 35.7 * 
Messier  C/1763 S1 1763-Sep-23.7 0.0934 36.3   
Tempel  C/1864 N1 1864-Aug-08.4 0.0964 37.5   
Machholz 2-A  141P-A 1905-Jan-05.2 0.0968 37.7   
LINEAR  P/2000 G1 2000-Mar-04.7 0.0974 37.9   
Schmidt  C/1862 N1 1862-Jul-04.6 0.0982 38.2   
Comet of 390  C/ 390 Q1 390-Aug-18.9 0.1002 39.0 * 
Hyakutake  C/1996 B2 1996-Mar-25.3 0.1018 39.6   
Seki  C/1961 T1 1961-Nov-15.2 0.1019 39.7   
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Absolute Magnitude As A Measure Of Size 
Definition: An asteroid's absolute magnitude is the visual magnitude an observer would record if the asteroid 
were placed 1 Astronomical Unit (AU) away, and 1 AU from the Sun and at a zero phase angle.  

Technical Definition: The magnitude of an asteroid at zero phase angle and at unit heliocentric and geocentric 
distances.  

Conversion of Absolute Magnitude to Diameter: The diameter of an asteroid can be estimated from its 
absolute magnitude (H). The lower the H value, the larger the size of the object. However, this also requires that 
the asteroid's albedo be known as well. Since the albedo for most asteroids is not known, an albedo range 
between 0.25 to 0.05 is usually assumed. This results in a range for the diameter of the asteroid. The table below 
shows the diameter ranges for an asteroid based on its absolute magnitude, assuming an albedo ranging from 
0.25 to 0.05.  

Absolute Magnitude 
(H) 

Diameter 
(km = kilometers) 

(m = meters)  

3.0  670 km - 1490 km  

3.5  530 km - 1190 km  

4.0  420 km - 940 km  

4.5  330 km - 750 km  

5.0  270 km - 590 km  

5.5  210 km - 470 km  

6.0  170 km - 380 km  

6.5  130 km - 300 km  
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7.0  110 km - 240 km  

7.5  85 km - 190 km  

8.0  65 km - 150 km  

8.5  50 km - 120 km  

9.0  40 km - 90 km  

9.5  35 km - 75 km  

10.0  25 km - 60 km  

10.5  20 km - 50 km  

11.0  15 km - 40 km  

11.5  13 km - 30 km  

12.0  11 km - 24 km  

12.5  8 km - 19 km  

13.0  7 km - 15 km  

13.5  5 km - 12 km  

14.0  4 km - 9 km  

14.5  3 km - 7 km  

15.0  3 km - 6 km  

15.5  2 km - 5 km  

16.0  2 km - 4 km  

16.5  1 km - 3 km  

17.0  1 km - 2 km  

17.5  1 km - 2 km  

18.0  670 m - 1500 m  

18.5  530 m - 1200 m  
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19.0  420 m - 940 m  

19.5  330 m - 750 m  

20.0  270 m - 590 m  

20.5  210 m - 470 m  

21.0  170 m - 380 m  

21.5  130 m - 300 m  

22.0  110 m - 240 m  

22.5  85 m - 190 m  

23.0  65 m - 150 m  

23.5  50 m - 120 m  

24.0  40 m - 95 m  

24.5  35 m - 75 m  

25.0  25 m - 60 m  

25.5  20 m - 50 m  

26.0  17 m - 37 m  

26.5  13 m - 30 m  

27.0  11 m - 24 m  

27.5  8 m - 19 m  

28.0  7 m - 15 m  

28.5  5 m - 12 m  

29.0  4 m - 9 m  

29.5  3 m - 7 m  

30.0  3 m - 6 m  
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Albedo and Astronomical Unit 
 

Albedo 
Definition: The ratio of the light reflected by a body to the light received by it. Albedo values range from 0 (pitch black) to 1 (perfect reflector).  

Technical Definition: Geometric albedo is the ratio of a body's brightness at zero phase angle to the brightness of a perfectly diffusing disk with the 
same position and apparent size as the body.  

Our Moon has a very low albedo (0.07), while Venus has a high albedo (0.60). The albedo combined with the absolute magnitude can help determine 
the size of an asteroid.  

 

Astronomical Unit (AU) 
1 AU = 149,597,870.691 kilometers  

Definition: An Astronomical Unit is approximately the mean distance between the Earth and the Sun. It is a derived constant and used to indicate 
distances within the solar system. Its formal definition is the radius of an unperturbed circular orbit a massless body would revolve about the sun in 
2*(pi)/k days (i.e., 365.2568983.... days), where k is defined as the Gaussian constant exactly equal to 0.01720209895. Since an AU is based on 
radius of a circular orbit, one AU is actually slightly less than the average distance between the Earth and the Sun (approximately 150 million km or 
93 million miles).  

Historical Background: Tycho Brahe estimated the distance between the Sun and the Earth at 8 million kilometers (5 million miles). Later, 
Johannes Kepler estimated the AU was at 24 million kilometers (15 million miles). In 1672, Giovanni Cassini made a much better estimate by using 
Mars. By observing Mars from Paris and having a colleague, Jean Richer, also observe Mars at the same time in French Guiana in South America, 
Cassini determined the parallax of Mars. From that Cassini was able to calculate the distance from Earth to Mars, and then the distance from Earth to 
the Sun. Cassini calculated the AU to be at 140 million kilometers (87 million miles), which is lower, but very close to the modern day number.  

http://neo.jpl.nasa.gov/glossary/h.html
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Animations and Movies 
 

“Awesome Asteroids” 
 

NASA Broadcast, March 11 1999 

Asteroids get a lot of attention. It's no wonder - small ones continually pelt the Earth and a large one may have 
caused the extinction of the dinosaurs. But that's just part of their story. Space missions to orbit and map a near-
Earth asteroid for the first time will help us discover more about these "minor planets," and could reveal clues 
about the formation of our solar system...Get answers to your questions about asteroids directly from the 
scientists keeping tabs on them. And, see a sneak preview of NASA's exciting plans to put a rover on an 
asteroid! 

Awesome Asteroids: Introduction To Asteroids, Small Bodies In Our Solar System 
(QuickTime Movie File. Press [CTRL-Left Click] to open.) 

Awesome Asteroids\astrd.mov
 

The Near Earth Asteroid Rendezvous Mission (before launch) 
(QuickTime Movie File. Press [CTRL-Left Click] to open.) 

Awesome Asteroids\near.mov
 

Questions And Answers With Don Yeomans 
(QuickTime Movie File. Press [CTRL-Left Click] to open.) 

Awesome Asteroids\qanda2.mov
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“Cool Comets” 

NASA Broadcast, March 10 1999 

Comets are so cool, they're actually icy! As these cosmic snowballs approach the Sun, they turn into the 
beautiful celestial bodies we can see from Earth. Broadcast prior to launch, these program give information on 
how the NASA’ STARDUST mission would become the first to capture comet dust samples and bring them 
back to Earth (completed January 15, 2006). The samples will give us new information about comets and help 
us understand the origins of our solar system. Take a journey with NASA into space as we explore the mysteries 
of comets and the secrets of our distant past.  

Introduction: Comets, Meteors And Asteroids 
(QuickTime Movie File. Press [CTRL-Left Click] to open.) 

Cool Comets\coolcometsintro.mov
 

NASA Studies: The STARDUST Mission To A Comment (before launch) 
(QuickTime Movie File. Press [CTRL-Left Click] to open.) 

Cool Comets\coolcometsns.mov
 

Comets: Questions And Answers With Heidi Hamell 
(QuickTime Movie File. Press [CTRL-Left Click] to open.) 

Cool Comets\coolcometsQA.mov
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Asteroid 1950 DA 
History of Observation  

Asteroid (29075) 1950 DA was discovered on 23 February 1950. It was observed 
for 17 days and then faded from view for half a century. Then, an object discovered 
on 31 December 2000 was recognized as being the long-lost 1950 DA. (As an aside, 
this was New Century's Eve and exactly 200 years to the night after the discovery of 
the first asteroid, Ceres.)  

Radar observations were made at Goldstone and Arecibo on 3-7 March 2001, during 
the asteroid's 7.8 million km approach to the Earth (a distance 21 times larger than 
that separating the Earth and Moon). Radar echoes revealed a slightly asymmetrical 
spheroid with a mean diameter of 1.1 km. Optical observations showed the asteroid 

rotated once every 2.1 hours, the second fastest spin rate ever observed for an asteroid its size.  

Detection of A Potential Hazard  

When high-precision radar measurements were included in a new orbit solution, a potentially very close 
approach to the Earth on March 16, 2880 was discovered to exist. Analysis performed by Giorgini et al and 
reported in the April 5, 2002 edition of the journal Science ("Asteroid 1950 DA's Encounter With Earth in 2880: 
Physical Limits of Collision Probability Prediction") determined the impact probability as being at most 1 in 
300 and probably even more remote, based on what is known about the asteroid so far. At its greatest, this could 
represent a risk 50% greater than that of the average background hazard due to all other asteroids from the 
present era through 2880, as defined by the Palermo Technical Scale (PTS value = +0.17). 1950 DA is the only 
known asteroid whose hazard could be above the background level.  

http://www.sciencemag.org/cgi/reprint/296/5565/132?ijkey=l3UqQyiMxYRmM&keytype=ref&siteid=sci
http://www.sciencemag.org/cgi/reprint/296/5565/132?ijkey=l3UqQyiMxYRmM&keytype=ref&siteid=sci
http://neo.jpl.nasa.gov/risk/doc/palermo.html
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Understanding the Risk  

However, these are maximum values. The study indicates the collision probability for 1950 DA is best 
described as being in the range 0 to 0.33%. The upper limit could increase or decrease as we learn more about 
the asteroid in the years ahead.  

Expressing the risk as an interval is necessary because not enough is known about the physical properties of the 
asteroid. For example, radar data suggests two possible directions for the asteroid's spin pole. If one pole is 
correct, solar radiation acceleration could mostly cancel thermal emission acceleration. Collision probability 
would then be close to the maximum 0.33%. If the spin pole is instead near the other possible solution, there 
would be little chance of collision. There are other factors also.  

The situation is similar to knowing you have a coin that is biased so one side will land up 80% of the time -- but 
you don't know which side. You can only say that when you flip the coin, the chance of heads is 80% or 20%.  

Results of the Study  

Whether or not the impact hazard of 1950 DA is excluded at some later date, results of the case have 
significance beyond the impact issue:  

A) Physical knowledge of asteroids is required for long-term predictions, especially for objects gravitationally 
encountering planets. Regardless of how accurate the position and velocity measurements of an asteroid, it's 
properties and environment affect the trajectory.  

B) Asteroid deflection can be made easy and low-tech by modifying the surface properties of asteroids, given 
enough warning time. The required warning time for the method may vary from years to centuries, depending 
on the gravitational encounters along the way, which can amplify the effect.  
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C) Repetitive patterns of gravitational interactions (called "resonances") can help preserve our ability to predict 
orbits into the future by constraining the growth of orbit statistical uncertainties.  

D) Radar measurements allow us to predict trajectories 5-10 times further into the future than with optical 
telescopes only,  

 

The paper explored the physical factors limiting such long-term predictions. It was found the most significant 
factor affecting its future long-term motion was the way heat radiates off the asteroid into space. Others factors 
discussed in the paper include: solar radiation pressure, uncertainties in the masses of the planets, gravitational 
tugging by thousands of other asteroids, the shape of the Sun, galactic tides due to other stars, solar particle 
wind and computer hardware imprecision.  

The case of 1950 DA differs from previous hazard predictions. For past cases, a risk was detected based on a 
few days or weeks of data for a newly discovered object.  

The uncertainty region that surrounds an object then is large, sometimes spanning a significant part of the inner 
solar system. Additional measurements made a few days or weeks later shrink the region such that the Earth 
falls out of it and the risk goes to zero.  

Although other currently unknown asteroids may pose a risk before 2880, the situation with 1950 DA is unique. 
It is based on observations spanning 51 years, has high-precision radar data, and has a favorable orbit 
geometery. All these factors together allow us to predict far into the future and explore the physical limits of 
such collision probability predictions.  

Predictions so far in the future require knowledge of the physical nature of the asteroid. How it spins in space, 
what it is made of, its mass, and the variations in the way it reflects light affect the way it moves though space 
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over time. Such detailed knowledge of 1950 DA does not exist at present and may not be available for years, 
decades or longer.  

However, because of the long-time span involved (878 years -- 35 generations!), there is plenty of time to 
improve our knowledge. If it is eventually decided 1950 DA needs to be diverted, the hundreds of years of 
warning could allow a method as simple as dusting the surface of the asteroid with chalk or charcoal, or perhaps 
white glass beads, or sending a solar sail spacecraft that ends by collapsing its reflective sail around the asteroid. 
These things would change the asteroids reflectivity and allow sunlight to do the work of pushing the asteroid 
out of the way.  

There is no reason for concern over 1950 DA. The most likely result will be that St. Patrick's Day parades in 
2880 will be a little more festive than usual as 1950 DA recedes into the distance, having passed Earth by.  

The team reporting in Science about 1950 DA was led by Jon Giorgini and includes, Dr. Steven Ostro, Dr. 
Lance Benner, Dr. Paul Chodas, Dr. Steven Chesley, Dr. Myles Standish, Dr. Ray Jurgens, Randy Rose, Dr. 
Alan Chamberlin, all of JPL; Dr. Scott Hudson of Washington State University, Pullman; Dr. Michael Nolan of 
Arecibo Observatory; Dr. Arnold Klemola of Lick Observatory; and Dr. Jean-Luc Margot of the California 
Institute of Technology, Pasadena.  

Arecibo Observatory is operated by the National Astronomy and Ionosphere Center at Cornell University, 
Ithaca, N.Y., under an agreement with the National Science Foundation. The radar observations were supported 
by NASA's Office of Space Science, Washington, D.C. JPL is managed for NASA by the California Institute of 
Technology. 
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Mars Meteorites 
 

Information Prepared by Ron Baalke of NASA/Jet Propulsion Laboratory 

  
 
 

 

The Los Angeles Meteorite  

A Mars meteorite stone 
(shergottite) weighing 452.6 
grams.  

A Mars meteorite stone 
(shergottite) weighing 245.4 
grams.  

Of the 24,000 or so meteorites that have been discovered on Earth, only 34 have been identified as originating from the planet Mars. These rare 
meteorites created a stir throughout the world when NASA announced in August 1996 that evidence of microfossils may be present in one of these 
Mars meteorites.  

The meteorites in the table below are grouped by their pairings and listed roughly in the order that they were found.  

Meteorite Name Location Found  Date Found  Mass 
(g)  

Type  

Chassigny France, Haute-Marne province, 
village of Chassigny  

October 3, 1815  ~4,000 dunite (chassignite)  

Shergotty  India, Bihar State, town of Shergahti  August 25, 1865 ~5,000 basaltic shergottite 
Nakhla  Egypt, El-Baharnya, village of El-Nakhla June 28, 1911  ~10,000 clinopyroxenite (nakhlite) 

http://www2.jpl.nasa.gov/snc/la.html
http://www2.jpl.nasa.gov/snc/la.html
http://www2.jpl.nasa.gov/snc/nasa1.html
http://www2.jpl.nasa.gov/snc/chassigny.html
http://www2.jpl.nasa.gov/snc/shergotty.html
http://www2.jpl.nasa.gov/snc/nakhla.html
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Lafayette  United States, Indiana, Lafayette  1931  ~800 clinopyroxenite (nakhlite) 
Governador Valadares  Brazil, state of Minas Gerais,  

city of Governador Valadares  
1958  158 clinopyroxenite (nakhlite) 

Zagami  Nigeria, Katsina Province, Zagami Rock October 3, 1962  ~18,000 basaltic shergottite 
ALHA 77005  Antarctica, Victoria Land, Allan Hills  December 29, 1977  482 peridotite (lherzolitic 

shergottite) 
Yamato 793605  Antarctica, Victoria Land, Yamato Mountains  1979  16 peridotite (lherzolitic 

shergottite)  
EETA 79001  Antarctica, Victoria Land, Elephant Moraine  January 13, 1980  7,900 olivine-phyric shergottite 
ALH 84001  Antarctica, Victoria Land, Allan Hills  December 27, 1984  1,939.9 orthopyroxenite  
LEW 88516  Antarctica, Victoria Land, Lewis Cliff  December 22, 1988  13.2 peridotite (lherzolitic 

shergottite) 
QUE 94201  Antarctica, Victoria Land,  

Queen Alexandra Range  
December 16, 1994  12.0 basaltic shergottite 

Dar al Gani 476  
Dar al Gani 489  
Dar al Gani 735  
Dar al Gani 670  
Dar al Gani 876  
Dar al Gani 975  
Dar al Gani 1037  

Libya, Sahara Desert  May 1, 1998  
1997  

1996-1997  
1998-1999  

May 7, 1998  
August 21, 1999  

1999  

2,015
2,146

588
1,619

6.2
27.55

4012.4 

olivine-phyric shergottite 

Yamato 980459  Antarctica, Yamato Mountains  December 4, 1998  82.46 basaltic shergottite 
Los Angeles 001  
Los Angeles 002  

United States, California, Mojave Desert  October 30, 1999  
October 30, 1999  

452.6
245.4

basaltic shergottite 

Sayh al Uhaymir 005 
Sayh al Uhaymir 008 
Sayh al Uhaymir 051 
Sayh al Uhaymir 094 
Sayh al Uhaymir 060 
Sayh al Uhaymir 090 
Sayh al Uhaymir 120 
Sayh al Uhaymir 150 

Oman, Sayh al Uhaymir  November 26, 1999 
November 26, 1999 

August 1, 2000  
February 8, 2001 

June 27, 2001 
January 19, 2002 

November 17, 2002 
October 8, 2002 

1,344
8,579

436
233.3
42.28
94.84

75
107.7

olivine-phyric shergottite 

http://www2.jpl.nasa.gov/snc/lafayette.html
http://www2.jpl.nasa.gov/snc/gov.html
http://www2.jpl.nasa.gov/snc/zagami.html
http://www2.jpl.nasa.gov/snc/alha.html
http://www2.jpl.nasa.gov/snc/yamato.html
http://www2.jpl.nasa.gov/snc/eeta.html
http://www2.jpl.nasa.gov/snc/alh.html
http://www2.jpl.nasa.gov/snc/lewis.html
http://www2.jpl.nasa.gov/snc/que.html
http://www2.jpl.nasa.gov/snc/news28.html
http://news.bbc.co.uk/hi/english/sci/tech/newsid_294000/294187.stm
http://www2.jpl.nasa.gov/snc/dag735.html
http://www2.jpl.nasa.gov/snc/dag670.html
http://www2.jpl.nasa.gov/snc/dag975.html
http://www2.jpl.nasa.gov/snc/dag1037.html
http://www2.jpl.nasa.gov/snc/news49.html
http://www2.jpl.nasa.gov/snc/la.html
http://www2.jpl.nasa.gov/snc/la.html
http://www2.jpl.nasa.gov/snc/sau005.html
http://www2.jpl.nasa.gov/snc/sau005.html
http://www2.jpl.nasa.gov/snc/sau051.html
http://www2.jpl.nasa.gov/snc/sau094.html
http://www2.jpl.nasa.gov/snc/sau060.html
http://www2.jpl.nasa.gov/snc/sau090.html
http://www2.jpl.nasa.gov/snc/sau120.html
http://www2.jpl.nasa.gov/snc/sau150.html
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Sayh al Uhaymir 125 
Sayh al Uhaymir 130 
Sahy al Uhaymir 131  

November 19, 2003 
January 11, 2004 
January 11, 2004  

31.7
278.5

168
Dhofar 019  Oman, Dhofar  January 24, 2000  1,056 olivine-phyric shergottite 
GRV 99027  Antarctica, Grove Hill  February 8, 2000  9.97 peridotite (lherzolitic 

shergottite) 
Dhofar 378  Oman, Dhofar  June 17, 2000  15 basaltic shergottite 
Northwest Africa 2737  Morocco  August 2000  611 dunite (chassignite) 
Northwest Africa 480 
Northwest Africa 1460 

Morocco  November 2000 
December 2001  

28
70.2 

basaltic shergottite 

Y000593 
Y000749 
Y000802  

Antarctica, Yamato Mountains  November 29, 2000 
December 3, 2000 

??  

13,700
1,300

22 

clinopyroxenite (nakhlite) 

Northwest Africa 817  Morocco  December 2000  104 clinopyroxenite (nakhlite) 
Northwest Africa 1669  Morocco  January 2001  35.85 basaltic shergottite 
Northwest Africa 1950  Morocco  January & March 

2001  
797 peridotite (lherzolitic 

shergottite) 
Northwest Africa 856  Morocco  March 2001  320 basaltic shergottite 
Northwest Africa 1068 
Northwest Africa 1110 
Northwest Africa 1775 
Northwest Africa 2373  

Morocco, Maarir  
 
 

Morocco, Erfoud  

April 2001 
January 2002 

2002 
August 2004  

654 
118 
25

18.1 

olivine-phyric shergottite 

Northwest Africa 998  Algeria or Morocco  September 2001  456 clinopyroxenite (nakhlite) 
Northwest Africa 1195  Morocco, Safsaf  March 2002  315 olivine-phyric shergottite 
Northwest Africa 2046  Algeria, Lakhbi  September 2003  63 olivine-phyric shergottite 
MIL 03346  Antarctica, Miller Range of the Transantarctic 

Mountains  
December 15, 2003  715.2 nakhlite 

Northwest Africa 3171  Algeria  February 2004  506 basaltic shergottite 
Northwest Africa 2626  Algeria  November 2004  31.07 olivine-phyric shergottite 
YA1075  Antarctica  ??  55 peridotite (lherzolitic 

http://www2.jpl.nasa.gov/snc/news39.html
http://www2.jpl.nasa.gov/snc/grv99027.html
http://www2.jpl.nasa.gov/snc/dhofar378.html
http://www2.jpl.nasa.gov/snc/nwa2737.html
http://www2.jpl.nasa.gov/snc/nwa480.html
http://www2.jpl.nasa.gov/snc/news50.html
http://www2.jpl.nasa.gov/snc/news45.html
http://www2.jpl.nasa.gov/snc/news45.html
http://www2.jpl.nasa.gov/snc/news49.html
http://www2.jpl.nasa.gov/snc/nwa817.html
http://www2.jpl.nasa.gov/snc/nwa1669.html
http://www2.jpl.nasa.gov/snc/nwa1950.html
http://www2.jpl.nasa.gov/snc/nwa856.html
http://www2.jpl.nasa.gov/snc/nwa1068.html
http://www2.jpl.nasa.gov/snc/nwa1110.html
http://www2.jpl.nasa.gov/snc/nwa2373.html
http://www2.jpl.nasa.gov/snc/nwa998.html
http://www2.jpl.nasa.gov/snc/news48.html
http://www2.jpl.nasa.gov/snc/nwa2046.html
http://www1.nasa.gov/home/hqnews/2004/jul/HQ_04232_meteorite.html
http://www2.jpl.nasa.gov/snc/nwa3171.html
http://www2.jpl.nasa.gov/snc/nwa2626.html
http://www2.jpl.nasa.gov/snc/news45.html
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shergottite) 
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NEO Related Links 
 

You must be connected to the Internet to access the links 
 

RELATED NEAR-EARTH OBJECT HOME PAGES 
 
 
 

NASA Near-Earth Object Program 
http://neo.jpl.nasa.gov/

 
 

Asteroid And Comet Impact Hazards (Ames Research Center)  
NEODys Near-Earth Objects (Italy)  
Planetary Data System Small Bodies Node (University Of Maryland)  
IAU Minor Planet Center (Smithsonian Astrophyical Observatory)  
European Asteroid Reseach Node  
Solar System Dynamics Group (Jet Propulsion Lab)  
Small Asteroids Encounters List (Sormano Astronomical Observatory)  
The Near-Earth Objects Page (The Planetary Society)  
Near-Earth Objects (United Kingdom)  
Earth Impact Effects Program (University of Arizona) 
 

 

http://neo.jpl.nasa.gov/
http://impact.arc.nasa.gov/
http://newton.dm.unipi.it/neodys
http://pdssbn.astro.umd.edu/
http://cfa-www.harvard.edu/cfa/ps/mpc.html
http://earn.dlr.de/
http://ssd.jpl.nasa.gov/
http://www.brera.mi.astro.it/sormano
http://neo.planetary.org/
http://www.nearearthobjects.co.uk/
http://www.lpl.arizona.edu/impacteffects
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NEO TOOLS FOR THE OBSERVER 
 

JPL's Solar System Dynamics Group have provided the following software tools for the 
sky observer:  

• Ephemeris Generator for all bodies in the solar system including comets and 
asteroids.  

• Small Body Orbital Elements provides the orbital elements for numbered asteroids, 
unnumbered asteroids and comets.  

• Object Identification - Given a date, location and region of sky, find all comets and 
asteroids matching the constraints within the region.  

• What's Observable Tonight? - Given an observation date, location and other 
constraints, find all asteroids and comets that are observable on that night.  

• Finding Pre-discovery Observations With SkyMorph 

http://ssd.jpl.nasa.gov/
http://ssd.jpl.nasa.gov/horizons.html
http://ssd.jpl.nasa.gov/sb_elem.html
http://ssd.jpl.nasa.gov/cgi-bin/sb_search
http://ssd.jpl.nasa.gov/cgi-bin/what_obs
http://skys.gsfc.nasa.gov/skymorph/skymorph.html
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NEAR-EARTH OBJECT SEARCH PROGRAMS 

Lincoln Near-Earth Asteroid Research (LINEAR)  
Near-Earth Asteroid Tracking (NEAT)  
Spacewatch  
Lowell Observatory Near-Earth Object Search (LONEOS)  
Catalina Sky Survey  
Japanese Spaceguard Association (JSGA)  
Campo Imperatore Astronomical Observatory (Italy)

 

http://www.ll.mit.edu/LINEAR
http://neat.jpl.nasa.gov/
http://pirlwww.lpl.arizona.edu/spacewatch
http://asteroid.lowell.edu/asteroid/loneos/loneos.html
http://www.lpl.arizona.edu/css
http://www.spaceguard.or.jp/
http://www.mporzio.astro.it/cimperatore/en/cineos.html
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NEAR-EARTH OBJECT FOLLOWUP PROGRAMS 

Asteroid Radar Research Page (Jet Propulsion Laboratory)  
EUNEASO (European NEO Search & Followup)  
Klet Observatory (Czech Republic)  
Australian Spaceguard Survey  
Spaceguard Canada  
Spaceguard Croatia  
Spaceguard Foundation (Germany)  
DLR-Archenhold Near Earth Objects Precovery Survey (DANEOPS)  
Spaceguard Foundation (Italy)  
Spaceguard UK  
UESAC (Uppsala-ESO Survey Of Asteroids And Comets)  
Camarillo Observatory

 

http://echo.jpl.nasa.gov/
http://www.astro.uu.se/planet/earn/euneaso.htm
http://www.klet.cz/
http://www1.tpgi.com.au/users/tps-seti/spacegd.html
http://astrowww.phys.uvic.ca/%7Ebalam/
http://www.astro.hr/spaceguard/
http://spaceguard.dlr.de/sgf/default_eng.htm
http://earn.dlr.de/daneops/
http://spaceguard.esa.int/
http://www.spaceguarduk.com/
http://www.astro.uu.se/planet/uesac_eng.html
http://www.camarilloobservatory.com/
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MISSIONS TO COMETS & ASTEROIDS 
 

Near-Earth Asteroid Rendezvous (NEAR)  
Deep Space 1 (DS1)  
STARDUST  
MUSES-C  
Deep Impact  
Rosetta

http://near.jhuapl.edu/
http://nmp.jpl.nasa.gov/ds1/
http://stardust.jpl.nasa.gov/
http://www.muses-c.isas.ac.jp/
http://www.ball.com/aerospace/deepimpact.html
http://sci.esa.int/rosetta/
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The End 
 

Compiled and edited by 
James M. Thomas 

for the 

 

Museum Astronomical Resource Society 
http://marsastro.org

and the 

 

NASA/JPL Solar System Ambassador Program
http://www.jpl.nasa.gov/ambassador
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