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Context

�The Congress declares that the general welfare 
and security of the United States require that the 
unique competence of the National Aeronautics 
and Space Administration be directed to 
detecting, tracking, cataloguing, and 
characterizing near-Earth asteroids and comets 
in order to provide warning and mitigation* of 
the potential hazard of such near-Earth objects 
to the Earth.�

Section 102 of the National Aeronautics
and Space Act of 1958 (42 U.S.C. 2451), as amended.

* Underlining added



Therefore:

In the context of mitigating the hazard of NEO 
impacts with Earth.. 

..the definition (or understanding) of 
�characterization� should be broadened to the 
characterization of the NEO threat� not simply 
the geophysical characterization of the NEO per 
se.

Context



Agenda

! Close Encounters, Resonant Returns 
and Keyholes

! Deflection and the Impact Probability 
Challenge

! Tracking Gaps and Launch Windows

! Deflection Decision-Making



Close Encounters, Resonant Returns 
and Keyholes

The 2004MN4
Situation as of 23 Dec 04



Close Encounters, Resonant Returns 
and Keyholes
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Close Encounters, Resonant Returns 
and Keyholes

Vrel=5.86 km/sec

Vrel=5.86 km/sec

deltaV=2.83 km/sec
28 deg

Apophis
close pass
geometry

Apophis year = 323 days

Apophis year = 426 days



Close Encounters, Resonant Returns 
and Keyholes



Deflection and the Impact Probability 
Challenge



Deflection and the Impact Probability 
Challenge



Deflection and the Impact Probability 
Challenge
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Tracking Gaps and Launch Windows

Optical Radar



Deflection Decision-Making



Deflection Decision-Making



Deflection Decision-Making

Path of Risk = 64 km x 30,250 km



Deflection Decision-Making
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Deflection Decision-Making



Recommendations

1. Statistically analyze the NEO cohort 
with close gravitational encounters.

2. Make specific NEO close encounter 
data (dV plots, keyholes, etc.) routinely 
available to community.

3. Tracking gaps and launch window 
phasing should be analyzed and made 
available for specific NEOs

4. NEO deflection decision-making 
should be assumed from the outset to 
be international

Analytical



1. NEO discovery and tracking is not 
science, it is public safety.  It should be 
placed on an independent and secure 
funding basis. 

2. Radar tracking is critical to obtaining 
accurate and timely data on close 
encounter NEOs.  It should be placed on a 
priority funding and maintenance basis.

3. High efficiency deep space propulsion 
capability is essential to get to most NEOs 
of concern.  NEP, or equivalent, should be 
placed on priority development.

Recommendations

Operational


