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Keck II telescope infrared images of recent Jupiter impact

2009 Jupiter Impact Event: 19 July 2009 (1 km 95 Light Years Away (Star HD 172555):
Sized Object) Moon-Sized Object Impacts Mercury-Sized Object at 10 km/s (5.8+/-0.6 AU Orbit)
Source: NASA/JPL/Infrared Telescope Facility Source: JPL / NASA Spitzer Space Telescope

EVIDENCE OF PLANETARY IMPACTS
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The Inner Solar System In 1600

Near-Earth Asteroid Discoveries
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Sources: http://neo.jpl.nasa.govistgts/szyzyg.arm.ac.uk/~spm/

OVERVIEW OF THREAT
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.. Association
- Association of Space Explorers @ of Space Explorers
(ASE) and its Panel on Asteroid

Threat Mitigation ASTEROID THREATS

A call for global response

- Submitted to UN/COPUQOS via
Action Team-14 (NEO) for A proposal for

an international

introduction in COPUOS 09 e

our planet from
Near Earth Object
impacts.

- The report calls for the
formulation of a standing
international decision-process
for timely deflection/mitigation
actions re impact threatening
NEOs

September 25, 2008

Source: Rusty Schweickart Chairman, ASE-ENEO Commi tt ee, AfAsteroid Threats: A Call for Global I
Scientific and Technical Subcommittee, 16 February 2009, URL: http://www.oosa.unvienna.org/pdf/pres/stsc2009/tech-30.pdf

OVERVIEW OF ASE REPORT
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- Identifies and addresses functional requirements to address the challenge; not

institutional design
- Primary recommendations;

- Information, analysis and warning 1 a network

- Mission planning and operations
- Mission authorization and oversight

- Ultimate sanctioning authority 7 the UN Security Council

United Nations Security Council

o

MAOG

Mission Authorization and Oversight Group

IAWN
Information, Analysis,
and Warning Network

Source: Rusty Schweickart Chairman, ASE-ENEO Commi tt ee,

MPOG

Mission Planning

and Operations Group

AAsteroid

Threats:

A Call

Scientific and Technical Subcommittee, 16 February 2009, URL: http://www.oosa.unvienna.org/pdf/pres/stsc2009/tech-30.pdf

PROPOSED STRUCTURE BY ASE REPORT
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- Information Gathering, Analysis, and Warning: An Information, Analysis, and
Warning Network [IAWN] should be established. This network would operate a global system
of ground- and/or space-based telescopes to detect and track potentially hazardous NEOs.
The network, using existing or new research institutions, should analyze NEO orbits to
identify potential impacts. The network should also establish criteria for issuing NEO impact
warnings.

- Mission Planning and Operations: A Mission Planning and Operations "Group,"

[MPOG] drawing on the expertise of the spacefaring nations, should be established and
mandated to outline the most likely options for NEO deflection missions. This group should
assess the current, global capacity to deflect a hazardous NEO by gathering necessary NEO
information, identifying required technologies, and surveying the NEO-related capabilities of
interested space agencies. In response to a specific warning, the group should use these
mission plans to prepare for a deflection campaign to prevent the threatened impact.

- Mission Authorization and Oversight Group [MAOG]: The United Nations should
exercise oversight of the above functions through an intergovernmental Mission
Authorization and Oversight Group [MAOG]. This group would develop the policies and
guidelines that represent the international will to respond to the global impact hazard. The
Mission Authorization and Oversight Group should establish impact risk thresholds and
criteriato determine when to execute a NEO deflection campaign. The Mission Authorization
and Oversight Group would submit recommendations to the United Nations Security Council
for appropriate action.

ORGANIZATIONAL DETAIL WITHIN PROPOSED STRUCTURE
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Issue of Funding and Overlap
- Staffing and organizational composition of MAOG
- Potential of outsourcing and buy-in, degree of outsourcing
- Overlap with MPC and IAWN
- Potentially prioritize development

Consensus on Earth Regarding Miss Distance

- One of best initial uses of international dialogue (impact on priority and
mitigation)

Public Overreaction to the New Discoveries within the next Decade
- New rates of discoveries (Pan-STARRS, WISE, etc.)
- More objects in potential threat category
- Potentially good role for international mechanisms

Responsibilities of IAWN and MPOG
- Broad mandate to IAWN

Potentially move natural disaster coordination and mitigation response to
MPOG

Public and media role of IAWN
Larger analysis role beyond costing for MPOG

POTENTIAL ISSUES WITH PROPOSED STRUCTURE
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—Determining optimum mitigation concept is dependent upon
multiple factors

—Some factors are technical, some are cost, some are legal
and policy
—All factors need to be weighed relative to each other

—Processes do exist to evaluate such concepts and to combine
technical metrics (like deflection distance) and policy/legal
Implications

— Can develop and overall score (referred to here as an Overall
Evaluation Criteria)

Target = Apophis

Option 1
Option 2
Option 3
Option 4
Option 5
Option 6

000 020 040 060 0.80 1.00
Overall Evaluation Criteria (OEC) Score

THE OPTIMUM MITIGATION OPTION?
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Reference: Schaffer, M. G., Charania, A., Olds, J. R., "Evaluating the Effectiveness of Different NEO Mitigation Options," AIAA-2007-P2-1, 2007 Planetary Defense Conference,
Washington, D.C., March 5-8, 2007.

EXAMPLE COMPARISON PROCESS

N
SpaceWorks
=3 BpacEVorks
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A The policy and legal aspects should be included in the evaluation
of multiple mitigation options

A Develop notional policy/legal metrics to quantify the qualitative
characteristic of a mitigation concept (so it can be used Iin
prioritization processes)

1

Kinetic Impactor 0.97
0.72
0.71
Standoff Nuclear Detonation 5
.76

Chemical Rocket 0.73

Gravity Tractor 0.84

Mitigation Approach

High Isp Rocket

! 0.44 ‘

0.0000.1000.2000.3000.4000.5000.6000.7000.8000.900 1.000
®mGeneral Focus ®Performance Focus ®=Cost Focus FPlanning Focus

Overall Evaluation Criteria (OEC) Score

Reference: Schaffer, M. G., Charania, A., Olds, J. R., "Evaluating the Effectiveness of Different NEO Mitigation Options," AIAA-2007-P2-1, 2007 Planetary Defense Conference,
Washington, D.C., March 5-8, 2007.

SAMPLE EVALUATION OUTPUT
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11

Develop metrics that represent the policy and legal characteristic of a mitigation
option
- Assume the legal and policy aspects may be related but most likely can be separated
into different metric
- Based upon TRL, RD3, Palermo, Torino scale examples

- This is initial notional construct of a metric, future revisions are envisioned after
feedback

These quantitative values can then be used in a numerical prioritization process

Legal Degree of Difficulty (LD2): a scale from 1 to 5 that indicates the legal
difficulty of implementing a mitigation option

Lincoln Scal e: a scale from 1 to 100 that
accept a mitigation option

These values are relatively independent of impact probability since they are
being used in a prioritization process for specific threats

Perform a sample application of these metrics to a few mitigation options

LEGAL / POLITICAL MEASUREMENT SCALES:
A PROPOSAL FOR NEW METRICS
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—How difficult will this
mitigation concept be to
develop in terms of legal
obstacles

5 = Extremely Difficult To Do

4 = Somewhat Difficult To Do
—Could be based upon the

amount of precedents

—Could be based upon the
type and amount of
jurisdictions involved

3 = Medium Difficulty

2 = Somewhat Easy To Do

1 = Extremely Easy To Do

LEGAL DEGREE OF DIFFICULTY (LD?)
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A How willing will the public
be to accept this
mitigation concept?

A This is in place of a valid,
statistical poll (desired but
difficult data to obtain)

A This scales asks the
person putting in the
value, their perception of
what the public perceives,
rather than their own
personal opinion

A Can place polling results
In such a scale to help in
calibrating responses

Sources:

- Majority of Americans Likely Support Stem Cell Decision, 09 March 2009
http://www.gallup.com/poll/116485/Majority-Americans-Likely-Support-Stem-Cell-Decision.aspx6
- Historical rankings of United States Presidents (Wikipedia)
http://en.wikipedia.org/wiki/Historical_rankings_of_United_States_Presidents

-lncreased Number Think Global Warming |s fAExaggeratedo,

http://www.gallup.com/poll/116590/Increased-Number-Think-Global-Warming-Exaggerated.aspx
- Slashdot poll: | expect the last human on Earth to be born ...
http://slashdot.org/poliBooth.pl?qid=1749&aid=-1

100% of the public accepts this solution

92% of American public respondents have a favorable
view of Abraham Lincoln as U.S. president (June 2007)

60% of American public respondents would like
an easing or no restrictions on U.S. federal
funding of embryonic stem cell (March 2009)

41% of American public respondents
believe global warming is exaggerated
12% of Internet respondents

(March 2009)
expect the last human on Earth to

be born has already been born
(March 2009)

0% of the public accepts this solution

11 March 2009

LINCOLN SCALE
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Mitigation Option

Description

Sample Legal, Political
Issues

LD?
)

Lincoln
Value
[1-100]

Propulsive tug Attach a propulsion system to a NEO Nuclear power option 3 80
Gravity tractor Use gravitational attraction of spacecraft to Long action time 1 40
change NEO trajectory
Electromagnetic Generate a field such that the NEO interacts Long action time, nuclear power 2 30
. with option
force fields P
Kinetic impactor Hit a NEO with a mass to impart momentum Need for multiple impacts, 4 80
change imprecise control?, potential
nuclear warhead option (weapons
in space)
Space Billiards Impact a NEO with another NEO Certainty of NEO-NEO collision, 4 20
change of multiple objects in solar
system
NEO Spin Spin a NEO until it reaches a fragmentation Potential to break up target into 2 30
point multiple pieces
Mass driver Automated sling attached to throw material Break into multiple pieces (expand 2 50
away impact points)
Electromechanica | Develop a mechanical pulse to shed layers Break into multiple pieces (expand 2 40
| FesETETETE [27d place impact points)
Body Solar Sail Coating over the surface of an asteroid to Long action time 1 60
increase its reflectivity, enabling deflection
by solar radiation pressure
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