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Asteroid 2012 DA14 

• Close approach Feb 15, 2013 
• 50 m diameter 
• Missed Earth by 27,700 km 
• If it had hit Earth, would have 

resulted in about a 3 MT airburst 
• Hiroshima bomb ~16 KT so factor of 

187.5 times difference 
• City-killer class impact 



Chelyabinsk 

Early Estimates 
• Also Feb 15, 2013 
• 17 m diameter 
• Mass of 10,000 tons 
• Velocity of 17-18 km/s (40,000 mph) 
• Blast altitude 15-20 km 
• 500 KT airburst 
• 1,1000 injuries 
• Numerous buildings damaged 

 



Tunguska 
• AT 7:14 AM, June 30, 1908, a brilliant 

fireball traced a path hundreds of miles 
long and then exploded over the 
Tunguska River Basin in the Siberian 
wilderness. 

• Charred and leveled 2,150 km2 of forest. 
• Nearest witnesses reported hot, 

hurricane-force winds. 
• Pressure wave recorded in stations as far 

away as England. And again over 24 
hours later after traveling around the 
world. 

• Across northern Europe and Asia the sky 
remained so bright for several nights, that 
only the brightest stars were visible and 
sunrises and sunsets were vividly colored 
from dust thrown high into the 
atmosphere. 

• May have been caused by a stony 
meteoroid perhaps 30-100 m in diameter 
and resulting in a 2-20 MT airblast. 

• What if it had happened 60 years later? 
 



Sikhote Alin 

• On Feb 12, 1947, a brilliant fireball appeared in 
the daytime sky near the Sihkote Alin 
Mountains in eastern Siberia. 

• Ended in a ~10 KT blast 
• Again, wide swaths of forest were leveled. But 

this time over 100 craters were found containing 
nickel-iron fragments. 



Grand Teton Fireball 

• Earth-grazing meteoroid on August 10, 1972 flew horizontally through 
the sky getting as low as 57 km. 

• Entered Earth’s atmosphere over Utah and exited over Alberta. 
• Original 3-14 m diameter reduced to 2-10 meters 



Peekskill 

• On Oct 9, 1992, a bright fireball streaked 
over several U.S. states and broke apart 
over New York. 

• At least 16 videographers captured the 
meteor. 

• Only one 12.4 kg fragment was 
recovered after severely damaging a 
1980 Chevy Malibu. 



Novato 

• On Oct 17, 2012, a bright fireball created 
sonic booms and fragmented over 
northern California.  

• The first of several recovered fragments 
recovered by Lisa Weber in her Novato 
back yard after hearing something hit her 
roof. Fortunately, that fragment weighed 
only 62 grams. 

• Original body may have been about the 
size of a VW. 



These have been just a few examples. 
 
• At least 100 tons of meteoritic material hit Earth's atmosphere each day. 
• On any given day, the number of meteor’s in the Earth’s sky exceeds 25 million. 
• Most are caused by objects no larger than a grain of sand. 
• Collisions with molecules in Earth’s atmosphere cause these objects to heat to 

2,000 degrees F and glow. 
• While most are small, larger objects resulting in atmospheric blasts about the size 

of the Hiroshima bomb occur about every 10 years. 
• Asteroids or comets greater than 1.5 km diameter can result in global disaster. 



Definitions of Terms 
 
Asteroid – Rocky object in space smaller than a planet and ranging down to a small 
boulder in size. May be primitive material left over from formation of the solar system, 
fragments of larger worlds disrupted by collisions, or comets no longer outgassing.  
 
Meteoroid – Rocky object in space ranging up to a small boulder in size. 
 
Meteor – The bright streak in the sky caused by the entry of a small meteoroid into the 
atmosphere. 
 
Meteorite – Rocky object from space that survives its entry through the atmosphere and 
can be recovered from the ground. 
 
Fireball or Bolide – Very bright fragmenting or exploding streak in the sky when a large 
meteoroid or an asteroid enters the atmosphere. 
 
Comet – Rocky and icy body in space that exhibits a tail of dust and vaporized  volatiles. 
 
Meteor Shower – Concentration of meteors resulting from Earth passing through stream of 
debris typically ejected from a comet. 
 
 



Distribution of Asteroids in the Solar System 

• Many millions of asteroids 
concentrated in the “main 
belt” between the orbits of 
Mars and Jupiter. 

• Most are remnants from the 
formation of our solar 
system, primitive objects 
that can give us valuable 
clues about the formation 
of the earth and the solar 
system. 

• Over 3,000 main belt 
asteroids are discovered 
per month. 

• Tidal interactions 
(especially from Jupiter) 
and collisions between 
asteroids can send objects 
into the inner solar system. 
 



Near Earth Asteroids (NEAs) 

• Distance between Earth and Sun defined as an 
Astronomical Unit (AU). 93 million miles. 

• NEAs defined as those asteroids whose orbits 
bring them within 0.3 AU to the Earth. 

• Of these, asteroids with diameters > 30 m and 
that approach within 0.05 AU are deemed 
potentially hazardous.  

• The first NEA was discovered in 1898. 
• By 1950, the total had risen to 13. 
• In 1990, the total number of NEAs discovered 

reached 134. 
• In early 2012, the total reached 8,800. 
• We now discover about 20 NEAs per week! 
• It is estimated that there are about 1 million 

NEOs with diameters > 30 m; we’ve discovered 
< 1percent of them. 
 



Impact Craters and the Moon 

• The Earth’s atmosphere disrupts many 
impactors before they can reach the 
ground. 

• Larger meteoroids can punch through the 
Earth’s atmosphere and result in major 
impact craters. 

• Erosion and plate tectonics erase these 
features on Earth. 

• The Moon preserves billions of years of 
impact history for our area of the solar 
system. 

• There are over 40 lunar impact basins with 
diameters > 300 km 

• The largest, the South Pole-Aitken Basin, 
has a diameter of 2,500 km 



Barringer Crater – A Small Cratering Event 
 

• 50,000 years ago, a 20-50 m diameter iron asteroid impacted in NE 
Arizona, blasting a crater over 1 km in diameter.  

• In such an impact, the fireball, shock wave, and airblast would be 
immediately lethal within 3 km of the impact. Winds here would exceed 
1,500 km/hr. 

• Within 5-6 km, the pressure pulse alone would cause severe lung 
damage that would probably not be survivable. 

• At 25 km, winds still 100 km/h 
• Severe to moderate damage to trees and structures extend to 50 km 

from impact. 
• And this is a small cratering event! 



Other Craters 

Aorounga Crater 
Chad 
12.6 km diameter 
345 million years 

Bosumtwi Crater 
Ghana 
10.5 km diameter 
1.07 million years 

Clearwater Lakes 
Quebec 
36 and 26 km diameters 
290 million years 

Deep Bay 
Saskatchewan 
13 km 
99 million years 



Other Craters 
Gosses Bluff 
Australia 
22 km diameter 
142 million years 

Karakul 
Tajikistan 
52 km diameter 
5 million years? 

Manicouagan Crater 
Quebec 
100 km diameter 
214 million years 

Mistastin Lake 
Labrador 
28 km diameter 
36.4 million years 



Chicxulub 

• Completely buried under sediment; no exposed surface features 
• Discovered in 1978 during geologic studies by PEMEX looking for oil drilling sites  



Chicxulub 

At 65 million years old, it matches the time when the dinosaurs became extinct 



• 10 km diameter asteroid or comet 
• Impact resulted in a 1 billion MT blast 
• Blasted a crater 170 km wide and 8 km 

deep 
• Burned as much as half the world’s 

forests 
• Created tidal waves thousands of feet 

high 
• Changed the chemistry of the 

atmosphere resulting in massive acid 
rainstorms 

• 400 cubic miles of dust lofted into the 
atmosphere blocked sunlight for months 
to years killing much of the remaining 
plant life and much of the animal life 
dependent upon those plants 
 

Chicxulub 



Vredefort Dome 

• Other older and larger impact scars can be found on Earth 
• Vredefort marks the site of a 300 km wide impact crater that is 2 billion 

years old. 



Asteroid Airbursts, Land Impacts, and Splashes 

• Typical atmospheric entry velocity is 17 km/s (38,000 mph). 
• Encounters heat and drag from the atmosphere at about 100 km altitude. 
• Difference in pressure between leading and trailing sides may cause 

disruption of object. 
• Air is strongly heated producing a powerful blast wave. 
• Stony objects 3-100m probably won’t reach Earth surface intact but 

result in potentially destructive air blasts. 
• Stony objects > 100m diameter may punch through the atmosphere, 

striking the ground. 
• Land impacts can result in a crater 10-15 times the diameter of impactor, 

destructive blast waves, heat pulses, seismic shaking, and fires. 
• More than two-thirds of the Earth covered by oceans. A large ocean 

impactor brings all of the above threats plus the possibility of impact 
tsunamis. 
 





Size, Frequency, and Yield 

Diameter 
of 
Impactor 

Total NEA 
Population 

Typical 
Impact / 
Airburst 
Energy 

Total 
Energy 
Released 

Average 
Interval 
Between 
Impacts 

Crater 
Diameter 

1 m 1 billion 8 tons 47 tons 2 weeks No crater 

10 m 10 million 19 KT 47 KT 10 years No Crater 

30 m 1.3 million 0.9 MT 1.3 MT 200 years No crater 

100 m 20,500-
36,000 

4 MT 47 MT 5,200 years 1.2 km 

140 m 13,000-
20,000 

49 MT 129 MT 13,000 
years 

2.2 km 

500 m 2,400-3,300 5,610 MT 5,870 MT 130,000 
years 

7.4 km 

1 km 980-1,000 46,300 
MT 

47,000 MT 440,000 
years 

13.6 km 

10 km 4 47 Million 
MT 

47 Million 
MT 

89 million 
years 

104 km 



Putting the Risk in Perspective 

Threat Estimated Fatalities/Year 

Shark Attacks 3-7 

Asteroids 91 

Earthquakes 36,000 

Malaria 1 million 

Traffic Accidents 1.2 million 

Air Pollution 2 million 

HIV/AIDS 2.1 million 

Tobacco 5 million 



The Search is On 
• The first step in protection is detection. 
• The Spaceguard program, initiated in 1998, had a goal discovering 90% of all 

near Earth objects with diameters > 1 km. The LINEAR and Catalina Survey 
programs have been key in this effort. 

• In 2005, Congress directed NASA to recommend an option to extend the 
survey down to objects with diameters > 140 m. A new generation of ground-
based telescopes led by the PanSTARRS and Large Synoptic Survey 
Telescope programs will be key in this effort. 

• The Wide-field Infrared Explorer (WISE) space telescope conducted a census 
of near Earth objects. Estimated 980 objects >1km, 2,400 objects > 500m, 
13,000 objects >140m, and 20,500 objects >100m.  

• Many hazardous objects may spend much of their time inside Earth’s orbit. 
‘Coming out of the Sun’ can hide these objects from existing surveys.  



Catalina Sky 
Survey 

 
 
 
 
 
 

UofAZ 
Arizona & Australia 

Minor Planet Center (MPC) 
•   IAU sanctioned 
•   Int’l observation database 
•   Initial orbit determination 
www.cfa.harvard.edu/iau/mpc.html  
NEO Program Office @ JPL 
• Program coordination  
•   Precision orbit determination   
• Automated SENTRY  
 http://neo.jpl.nasa.gov/  Pan-STARRS 

 
 
 
 
 
 
 
 

Uof HI 
Haleakula, Maui 

NEO-WISE 
 
 
 
 

JPL 
Sun-synch LEO 
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Operations 
Jan 2010 
Feb 2011, 

129 NEAs found 
 

Reactivated 
Sep 2013 

LINEAR/SST 
 
 
 
 
 
 

MIT/LL  
Soccoro, NM 



The Search is On 
 
• B612 Foundation is a nonprofit organization dedicated to protecting humanity 

from asteroid impacts.  
• On June 28, 2012, the Foundation announced its plans to build and operate 

the first privately funded, launched, and operated interplanetary mission. 
• Sentinal, a space telescope in a Venus-like orbit would be able to look 

outward from well inside Earth’s orbit for a more complete survey. 



2008 TC3 

We’ve actually already detected an 
impacting object on the final 
approach! 2008 TC3, discovered by 
Richard Kowalski of the CSS. 
Originally 80 tons and 4.1 meters in 
diameter. Discovered October 6, 
06:39 UTC. Impacted in Sudan, at 
02:46 UTC on October 7, 2008. 



Courtesy of Catalina Sky Survey – Discovery January 1, 2014 by Richard Kowalski 
2-4 meter diameter asteroid  

Asteroid 2014 AA 



2014 AA Predicted Impact Location 

30 Credit Steve Chesley, NEO PO, JPL 

Infrasound 
Detection: 
3:25 UT 
11.3° N 
43° W 

Impact January 2, 2014 



Once we find one, what do we do? 



• NEAs have a wide range of orbits and physical characteristics. 

– Threat characterization – precise orbit determination and risk 
analysis using available data to predict the probability of Earth 
impact.  Provides prediction of impact date/time, along with impact 
velocity and estimated energy release. 

– Object characterization – other information needed for 
deflection/disruption/mitigation – size, mass, gravity field, 
composition, structure, spin state/rate, regolith/dust, surface 
charging, and possible companions, etc. 

– NEAs range from objects that are carbonaceous to stony to mostly 
metallic, with vastly different porosity and structural integrity. 

• Characterizing both is critical to successfully deflecting an 
impacting object. 

• Earth-based radar is essential and robotic precursors are 
extremely valuable.  

32 

Arecibo Observatory 

Goldstone Radar 

Image Credit: SpaceWorks Engineering, Inc. 

Image Credits: NASA 







Characterization Process 

Observations 
Intermediate parameters 

Objectives 

Rough 
orbit 

Precise 
orbit 

Absolute 
magnitude 

Density 

Size 

Albedo 

Apparent 
magnitude 

Mass 
Spectral 
type 

Phase curves 

Colors, 
Spectroscopy 

 Radar 

Light curves Rotation, 
Shape 

Additional 
astrometry 

Initial 
detection,  
astrometry, 
photometry 

Thermal 
infrared 

Rough Approximation of 
Precise 

Approximate 

Area/Mass 
Ratio 

Astrometry over 
months or years 



Non-Keplerian Forces 



• The impact of a near-Earth asteroid (NEA) is a natural hazard that can be prevented 
or mitigated given sufficient warning time and capable systems and technologies. 

• Change the impacting NEA’s orbit so it intersects the Earth’s orbit earlier or later 
than normal. 
– Make sure that the object is not in the “wrong place at the wrong time!” 
– Apply a change in velocity (∆V) in the proper direction (typically along or 

against the impactor’s direction of motion). 

37 
Title Slide Image Credits: NASA/JPL-Caltech/UMD & NASA/AMA, Inc. Image Credit: NASA 

Basics of NEA Deflection 



38 Image Credit: NASA 

Early Response Requires Less ΔV 

Early detection and precise orbit determination are the keys to reducing the 
amount of ∆V required to alter the impactor’s orbit. 



• Near-Earth objects (NEOs) include asteroids and comets that have been 
gravitationally nudged to come near the Earth and possibly collide with 
it. 

• The threat can be divided into four categories 
1. Well-defined Orbits 

Detected and tracked near-Earth asteroids (NEAs) 
Warning time = Decades 

2. Uncertain Orbits 
Newly discovered NEAs and Short-Period Comets (SPCs) 
Warning time = Years 

3. Immediate Threats 
Long-Period Comets (LPCs) and Small NEAs 
Warning time = Months 

4. No Warning 
Unknown NEAs, SPCs and LPCs 
Warning time = Days 
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• SPCs have orbital periods 
<200 years and originate 
from the Edgeworth–Kuiper 
belt 
 

• LPCs have orbital periods 
>200 years and originate 
from the Oort cloud 

NEAs and NEOs – What’s the Difference? 



• Even when an impact with the Earth is confirmed, the exact impact 
point is uncertain. 

 

 

 

 

 

 

 

• Red line represents the line of potential impact sites. 

• This "risk corridor“ is altered during a deflection effort and moves 
across the Earth’s surface (geopolitical considerations). 

40 

Image Credit: NASA/JPL 



• A primary deflection is the application of ∆V to the NEA to 
alter it’s orbit sufficiently that it does not result in an 
impact with the Earth. 

• A keyhole deflection takes advantage of the knowledge that 
the NEA will pass through a small region of near-Earth 
space which will result in a collision with the Earth on a 
subsequent encounter. 
– A resonant return is created by the gravitational interaction of 

the object during a preceding Earth encounter. 

– Avoiding a keyhole requires much less ∆V than does a primary 
deflection. 

– Applies to a small percentage of impactors (likely less than 10%). 41 

Primary Deflection vs. Keyhole Deflection 



Apophis 
• Discovered in 2004 
• 325 m wide 
• Early measurements of its motion indicated a possibility of it striking the Earth 

on April 13, 2029.  
• Subsequent measurements show that it will miss the Earth, but by only 

31,300 km 
• Will be visible moving across the night sky to the unaided eye for observers 

in Europe, Africa, and western Asia 
• Another possible impact in 2036 has now been virtually ruled out 
• Worthy of continued monitoring 

 



• Very-high-velocity (typically >5 km/s) collision with 
the NEA using the spacecraft or a deployed impactor. 

• Relatively simple technique within current 
capabilities with reasonable hardware and control 
development.  Likely the method of choice for <500 
m impactors provided that sufficient warning time is 
available. 

• Effectiveness depends on the NEA’s structure (solid or 
rubble pile) which dictates the momentum exchange 
efficiency (β), which is a major uncertainty. 

• Terminal targeting becomes more difficult as relative 
velocity increases. 

• Demonstrated on a small scale by NASA’s Deep 
Impact Mission on Comet Tempel 1 in 2005 
(370 kg impactor at 10.2 km/s). 
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Image Credits: NASA/JPL-Caltech/UMD  

Kinetic Impactor 



• Most mass efficient deflection technique. 

– Standoff 

– Surface 

– Subsurface 

• Currently, the only viable option for large NEAs 
(>500 m diameter) with short warning times 
(months to years). 

• As with kinetic impactor, the NEA’s structure 
will dictate the effectiveness of the technique 
– a dissipative, low-density surface will result 
in less ejecta and lower ∆V imparted. 

• The Hypervelocity Asteroid Intercept Vehicle 
(HAIV) concept, shown here, can be employed 
to deliver a sub-surface detonation. 44 

Image Credit: SpaceWorks Engineering, Inc.. 

Image Credit: Asteroid Deflection Research Center 

Nuclear Detonation 



• Approach requires extended mechanical 
connection with the NEA. 

• Can utilize high-specific impulse solar or 
nuclear electric propulsion (chemical 
propulsion is likely mass prohibitive). 

• Rotation of the NEA can drastically reduce 
the technique’s effectiveness or requires a 
change in the rotation state of the NEA. 

• Mass drivers harvest and eject material 
from the surface to impart momentum to 
the NEA. 

• Current lack of understanding of small 
body surface and subsurface 
characteristics increase the risk of direct 
contact. 45 

Image Credit: NASA/AMA, Inc. 

Image Credit: SpaceWorks Engineering, Inc.. 

Direct Contact – “Space Tug” and Mass Driver 
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Image Credits: NASA/AMA, Inc. 

• Use of mutual gravitational attraction to “pull” the NEA and 
change its orbit while maintaining spacecraft separation utilizing 
high-specific impulse propulsion. 

• Spacecraft Only. 

– Extended operations at the NEA (years). 

– Requires long warning times. 

• Enhanced Gravity Tractor (EGT) 
using mass augmentation at the NEA. 

– Total mass can be significantly enhanced to reduce time 
required for deflection (10X or more). 

– Requires interaction with the NEA’s surface to collect 
sufficient amount of material. 

• Halo orbit approach increases operational efficiency by keeping 
thruster plume away from the NEA, eliminates thrust loses and 
increases control authority by not canting thrusters, and allows 
multiple spacecraft to work cooperatively. 

Gravity Tractor – Standard and Enhanced 



• Utilizes a beam of quasi-neutral plasma 
from an electric propulsion system to 
impinge upon the NEA’s surface to create 
a force and/or a torque on the target. 

• Uses second set of thrusters along with 
propellant to counter the thrust applied to 
the spacecraft by the ion beam directed at 
the NEA. 

• Permits continuous thrust from a hovering 
spacecraft without need for physical 
attachment to the NEA. 

• Efficiency depends on ion beam 
divergence angle and distance from 
spacecraft to the NEA 47 

Image Credits: JPL-Caltech 

Ion Beam Deflection 



• No contact with the NEA surface required. 

• High temperature ablation of the surface to provide ∆V 
(uses the NEA’s material). 

• Only station keeping propellant needed for spacecraft. 

• Effective on wide range of surface materials and 
insensitive to rotation rate. 

• Controlled, low-acceleration and non-disruptive orbit 
modification. 

• Laser ablation requires multi-megawatt to gigawatt-class 
electrical power systems along with advanced thermal 
management systems 

• Solar ablation requires large concentrator mirrors or 
lenses.  Secondary mirrors must accommodate high 
heating loads.  

• Sufficiently accurate spacecraft pointing to maintain 
heat transfer on the surface 
 

Image Credit: NASA/AMA, Inc. 

Image Credit: SpaceWorks Engineering, Inc.. 
48 

Surface Ablation 
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2010 National Research Council Committee 
“Defending Planet Earth: Near-Earth Object Surveys and Hazard Mitigation Strategies” 

 

– Finding: No single approach to mitigation is appropriate and adequate for completely 
preventing the effects of the full range of potential impactors, although civil defense is 
an appropriate component of mitigation in all cases.  With adequate warning, a suite 
of four types of mitigation is adequate to mitigate the threat from nearly all NEOs 
except the most energetic ones. 

 

 



Political Implications 
 
 
• In the event of an impending impact, critical, complex issues must be 

addressed. 
• Who decides what mitigation strategy to pursue? 
• Who do we trust to implement mitigation? 
• Who bears the cost of mitigation? 
• How do we deal with conflicts with existing treaties and laws? 
• In the event of a regional threat rather than a global threat, mitigation 

techniques could be used to redirect impactor to another region on the 
Earth versus missing the Earth. 



Comets 
• Comets can be the most difficult potential 

impactors to protect ourselves from 
• Typical comet spends the vast majority of 

time in the outer solar system. 
• They often remain undetectable until they 

start developing a tail as they enter the 
warmer inner solar system (inside Jupiter’s 
orbit). 

• At this point, they are often less than a year 
away; too short a time for many mitigation 
techniques. 

• Like asteroids, they can be a number of 
kilometers across. 

• A typical long-period comet has a velocity of 
about 51 km/s versus 17 km/s for a typical 
near Earth asteroid. 

• Far fewer Earth-approaching comets than 
asteroids.  

• Comets probably impact Earth only once  
every 43 million years. 



Comet Shoemaker-Levy 9 

• In July, 1992, comet Shoemaker-Levy 9 
passed Jupiter by only 1/3 the planet’s radius. 

• Jupiter’s gravity broke the comet into at least 
21 fragments whose orbits were altered so that 
they swung back and hit the planet over 6 days 
in July 1994. 

• A series of individual impact blasts, ranged up 
to 6 million megatons. 
 







OSIRIS-REx 

Sample return from the asteroid Bennu 
Launch Scheduled for 2016 



http://wwworex.lpl.arizona.edu/?q=target_asteroids 



Spaceguard 
Promotes and coordinates professional and amateur imaging and 
astrometry for the discovery, pursuit (follow-up), and orbital calculation for 
NEO at an international level. http://spaceguard.iasf-roma.inaf.it/  



As part of the agency's Asteroid Grand Challenge, NASA is partnering 
with private internet technology company Slooh to engage citizen 
scientists in the effort to track and characterize near-Earth asteroids 
(NEOs) that are potentially hazardous to human populations. 
 
Slooh’s global network of web-connected telescopes will be available 
for use by amateur astronomers for monitoring and characterizing 
NEOs. Citizen scientists without access to professional equipment will 
have the opportunity to be a part of the global challenge to find 
hazardous NEOs. 
 

http://www.slooh.com/ 



www.asteroidzoo.org 

Asteroid Zoo from Zooniverse 



http://www.topcoder.com/asteroids/ 



Astrometrica - Shareware for research grade CCD Astrometry 
 
Astrometrica is a interactive software tool for scientific grade astrometric data 
reduction of CCD images, focusing on measurements of the minor bodies of the 
solar system (asteroids, comets and dwarf planets). 
 

http://www.astrometrica.at/ 



Photometry 

Association of Lunar and Planetary Observers – Minor Planets Section: 
    http://www.alpo-astronomy.org/minorblog/ 
Minor Planet Bulletin:  
    http://www.minorplanet.info/minorplanetbulletin.html     



IOTA is a volunteer science and research organization born in 1983.  IOTA gathers 
data from timings of astronomical occultations and provides a variety of educational 
resources to promote and encourage observations of astronomical occultations. 

http://occultations.org/ 



Profile of the binary asteroid (90) 
Antiope from 
an occultation on Jul 19, 2011 



Chariklo 



Cameras for Allsky Meteor Surveillance (CAMS) 
 
CAMS is an automated video surveillance of the night sky in search of meteor 
showers to validate the IAU Working List of Meteor Showers. 
 

http://cams.seti.org/ 



Minor Planet Mailing List (MPML) 
 
The Minor Planet Mailing List (MPML) is the active list for the minor planet 
community. You will find MPML is populated with many of the world's best amateur 
astronomers as well as many professional astronomers involved in all facets of 
asteroid and comet research. 
 
MPML is open to all with an interest in asteroids and comets. However, since many 
active MPML members are seriously involved in this field of research, the posts to 
this list can often be rather technical.  
 
The MPML archives are available to all as a service to the astronomical community. 
To post on MPML you must be a member. 
 

https://groups.yahoo.com/neo/groups/mpml/info 
 



Close, Fast Passes 
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