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Near-Earth Objects (NEOs)

Asteroids and comets with orbits that bring them
within one-and-a-third times the distance from the
Sun to Earth, or 1.3 astronomical units (blue zone)

Potentially Hazardous Objects

NEOs with orbits that bring them
within 4.7 million miles (7.5 million
km) of Earth’s orbit (red zone) and

| Venus Orbit NEOs whose size could do regional
damage should they impact Earth
(~500 feet or ~140 meters in size
and larger)

Mercury Orbit
Orbit of Bennu

* Example of a potentially

hazardous asteroid
) * Target of NASA’s OSIRIS-
7\‘ REx mission
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STRATEGY & ACTION
“3.4 Continue the study of circumstances when only use of PLAN FOR NEAR-EARTH
a nuclear explosive device would provide the necessary OBJECT HAZARDS AND
capability to mitigate an impending NEO impact threat, PLANETARY DEFENSE
and the technologies, capabilities, international
coordination, and other considerations required for such —
contingencies. Assess the legal and national policy ST
implicaﬁons of such an OpﬁOﬂ.” PLANETARY DEFENSE INTERAGENCY WORKING GROUP
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Text online here:
https://assets.science.nasa.gov/content/dam/science/psd/planetary-science-
division/2025/2023-NSTC-National-Preparedness-Strategy-and-Action-Plan-for-
Near-Earth-Object-Hazards-and-Planetary-Defense.pdf
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Origins of planetary defense

* The previous dominant form of life on Earth was likely
eradicated by an asteroid impact about 66M years
ago.[1][2] Humanity’s growing awareness of this

lanetary history has shaped our thinking about the
I?uture: scientific surveys of asteroids have evolved into
mandated searches for potentially hazardous near-
Earth objects (NEOs), and from there into planetary
defense programs encompassing searches and
technologies to avert cataclysm.|3]

 There are several commonly discussed potential
means of deflecting a hazardous asteroid, including:
kinetic impactors (as demonstrated with NASA’s DART
Mission), gravity tractors, ion beam concepts, and
nuclear explosive dewces (NEDs).[4][5]
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50 years of analyses of NEDs in planetary defense

 The use of NEDs is widely considered to be a last-resort potential means of deflecting
or disrupting hazardous asteroids/NEOs—to be used when they are the only option
possible (such as large asteroids and long-period comet impactors). Analyses of NEDs in
planetary defense span across over 50 years, though primarily have been done since
Alvarez & Alvarez proposed an asteroid impact as the probable cause of the
Cretaceous-Paleogene extinction event.[4][5][6][71[8][91[10][11]

" PROJECT

+ Teller-Sagan disagreement: does a nascent human ability to rearrange matter in the solar
system pose more risks than the natural hazards of NEOs?2 [12][13][14][15]

* Morrison presented counterarguments to the deflection dilemma in 2010: it’s much
easier to deflect an asteroid away from Earth than it is to steer one onto a
predetermined course.[14]

 Here we briefly outline a set of notional protocols for NEDs in a future and hypothetical planetary
defense mission to help address studies on goal 3.4 of the published US planetary defense strategy.[3]

» The notional protocols can be read as steps to follow after a decision for NED-use in a hazardous NEO
contingency: how could a state(s) that has chosen to carry out the NED-based mission proceed so as to
maximize subsequent nuclear and space security? The responsible government(s) carrying out the NED
deflection mission is referred to simply as the “mission provider” in the protocols.

* The notional protocols are meant to be simple and understandable.
» Stipulation: Everything will be done consistently with international law.



|. Diplomacy and technical expertise

1. Dynamical data on all known NEOs will continue to be shared with all nations on an ongoing basis, as
it currently is via the Minor Planet Center.*

2. Warning of the current NEO hazard and opportunity for information sharing on possible mitigation
approaches, including based on information from any flyby or rendezvous reconnaissance missions, is
available through international bodies (almost certainly IAWN and SMPG), which provide ongoing
updates to national governments.* *

3. Mission provider commits not to place NEDs beyond Earth for future planetary defense programs
without renewed UNSC approval.***

*In the much longer term, this can also continue to mitigate the “deflection dilemma” raised by Sagan and Ostro.[14] Current data collected by the Minor
Planet Center are available here: hitps://minorplanetcenter.net/data.

**The International Asteroid Warning Network (IAWN) and the Space Mission Planning Group (SMPG) and their histories are described in:
hitps://www.nature.com/articles/s41467-024-48600-x

***Continued compliance with existing treaties: https://www.state.gov/outer-space-treaty and https://www.state.gov/nuclear-non-proliferation-treaty
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ll. Transparency and security

4. Mission provider publicizes all major mission parameters, consistent with practices of NASA civil space
missions to planets and asteroids (spacecraft overview, space launch vehicle, detailed flight plan, etc.)*

5. Mission provider publicizes analysis of uncertainties around mission parameters that will impact mission
effectiveness. This includes bounded uncertainties around: NEO mass & diameter; NEO bulk cohesive
strength and material composition; Physics of interaction of NED with NEO materials, etc.* *

6. Mission provider designs spacecraft to facilitate independent tracking to maximum extent practical (such
as tracking aids like those used on some NASA spacecraft*), comparable to humanitarian ships and
aircraft.

7. Data about the NED(s)-including design, mass, volume, and other specific technical factors—will not be
shared by the NED supplier.

8. Mission provider implements specific “transparency and confidence building measures (TCBMs)” around
the NED package(s), including: declaration of number of NEDs, inspection/monitoring measures,
international chain of custody until launch, assured command/control.

* For example: hitps://science.nasa.gov/mission/juno/

** These are the types of information already presented in analyses like [4][10][11].

+ See for example online here: https://www.nasa.qov/smallsat-institute /sst-soa/identification-and-tracking-systems/
P
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lll. Verification and safety

9. Mission provider uses trajectory for NED planetary defense mission with direct departure from Earth-
Moon system via space launch vehicle.*

10.Mission provider uses trajectory design that provides high confidence of non-return of NEDs to the
Earth-Moon system or any tracked planetary body for at least 50 years.**

 For example, since the hazardous NEO itself is (by definition) on a trajectory back toward Earth,
this protocol would require non-rendezvous intercept trajectories or rendezvous trajectories that
maintain a continuous non-gravitationally-captured drift-away posture while in the NEO's vicinity—
either way, precluding the possibility of inadvertently returning to Earth with the NEO.

11.No NEDs launched as part of the mission are left undetonated after the mission. For example, any
NEDs unused in deflection to be detonated in disposal trajectories.

12.Mission provider facilitates independent observations and data sharing on NED detonations.* * *

13.Mission provider develops and shares contingency plans for launch vehicle and spacecraft failure
scenarios, including launch and orbital trajectories to enable disposal plans.™

* Standard for some NASA interplanetary missions: https://www.nasa.gov/history/50-years-ago-pioneer-10-aunches-to-explore-jupiter/

** Analogous to NASA Planetary Protection protocols, e.g., section 4.5: https://standards.nasa.gov/sites/default/files/standards/NASA/Baseline/0/NASA-STD-
871927 Baseline.pdf

*** International observations might resemble the observation campaign for NASA’s DART mission: hitps://www.sciencedirect.com/science/article/pii/S0094576524002005

*+ Analogous to relevant NASA interplanetary missions: https://ntrs.nasa.gov/api/citations/20230008641/downloads/NASA-NFS-Handbook-Inaugural-2023-06-30.pdf
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Full discussion in forthcoming paper:

» Additional Treaty Considerations

* Mission Design considerations
* When is an NED required for Earth impact prevention?
* When might an NED be preferred even if not required?
« Considerations for NED deployment/trajectory options?



In summary:

* Theoretical studies have considered the use of NEDs to deflect hazardous asteroids for
decades. Questions about how thlsdwg.uld work in mternéqhona! relations have ljn erid, .
however, complicating planning and discussions ManK_ iscpssions ﬂmply conclude that if a
NEO deflection scendrio arose which could not be achieved through non-nuclear means,
then use of a NED(s) would hinge ongndorsement by the United Nations Security Council—
but additional details are not explored.

« This talk develops a set of notional protocols for employing NEDs to deflect a hazqrdous
asteroid, which could provide a foundation for NED-use decisions in these extraordinary
circumstances. We begin by summarizing previous analyses of NED pse forfl?netqr
defense. WCT then propose ‘notional Iprotogpls that mcogaorate.three inds of elements.
These include approaches to multilateral di |oma§iy and technical coordination, design and
trajectory factors to meet transparency a.?. securify requirements, and operational
measures to provide for independent veritication and satety.

« We develop these notional protocols to facilitate future technical and international

iscussions, and we inv't?l contilnupd irrpro.vemfent. Ultimately, these notional NED planetary

efense protocols could help clarity planning tfor NEDs as part of Flanetary defense
strategies—and in the much longer ferm, help chart a continued path toward peaceful use of
nuclear technologies for human expansion in the solar system.
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