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Why simulating asteroid deflection
using a nuclear device is hard
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Abstract

For asteroid deflection using a nuclear device, simulating the energy
deposition into an asteroid and the subsequent response poses notable
modeling challenges. Energy is deposited into the asteroid in the form of
thermal x-rays characterized by short mean-free paths, with lesser
contributions from neutrons and gamma-rays characterized by longer mean-
free paths. The partitioning of these energies and their detailed spectra
depend on the specifics of the device used, but it is sufficient to say that the
output is dominated by soft thermal x-rays. This poses a challenge in asteroid
deflection simulations that must resolve orders of magnitude in length scales
ranging from micrometers (soft x-rays) to kilometers (asteroid) to accurately
model the physics. To complicate matters further, deposition of soft thermal x-
ray energy is concentrated in the asteroid surface, and a significant amount of
the deposited energy (up to 80-90%) is immediately lost to blackbody radiation
before material can respond hydrodynamically.

In this ePoster we discuss the relative challenges, effectiveness and
idiosyncrasies in modeling asteroid deflection using x-rays, neutrons and
gamma rays. We find that soft thermal x-rays are the most abundant energy
source in nuclear detonations and discuss challenges in numerical modeling of
these deflection scenarios.
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Asteroid deflection using a standoff nuclear
detonation depends on the device output

Image credit: Mike oo
Owen using Spheral RS

Asteroid

A standoff nuclear detonation melts
and vaporizes material by depositing
photons and neutrons into the asteroid
surface. Superheated surface material
is ejected and acts as a propellant to
the asteroid. The result is a "push”
with momenta equal and opposite to
that of the melted and vaporized
surface material. The direction and
magnitude of this push is closely tied
to how the incoming x-rays from the
nuclear detonation (the dominant
energy source) couple to the asteroid
surface.
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Nuclear detonation energy products have
penetration depths that vary by orders of
magnitude

Vacuum Paper L ead Concrete

Soft x-ray x
()\mfp~ 1 um®)
Gamma
(Amip ~ 5 cm”)

Neutron ©
(Amip ~ 30 cm™)

* Approximate values through quartz at reference density

Although neutrons penetrate deeply and are ideal for
melting and vaporizing asteroid material, they are not
an abundant energy source in nuclear detonations.
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Neutrons can penetrate more deeply than x-
rays into asteroid-like materials
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For example, 100 kt of fusion
neutrons at a standoff
distance of 100 m penetrates
a meter of material, while an
equivalent fluence of 1 keV x-
rays penetrates only a micron
of material.

Neutrons, however, are not a
dominant energy source in a
nuclear detonation (the
example of 100 kt of neutrons
is not realistic). The dominant
energy source are thermal x-
rays. They have the ability to
melt & vaporize material at
low fluences and/or large
standoff distances.
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Neutrons are not an abundant energy source,
thermal x-rays dominate the nuclear device output
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Asteroid deflection using a standoff nuclear detonation is
dominated by the physics of x-ray interactions with material

“Initial radiation spectra. Remaining energy is in the form of kinetic debris. (Glasstone & Dolan 1977)
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A significant fraction of deposited x-ray energy
is lost to blackbody radiation

1 keV blackbody into SiO2

1.0~
— 4.18e-1 jk/cm2
= 418e-2 jkfcm2
4.18e-3 jk/cm2
— 4.18e-4 jkfcm2
4 18e-5 jkfcm?

High fluence

Fraction of Energy Lost

' | ' '
18 20 22 24 26 28 30

Time (shakes)
*Kull simulation, includes source travel time through vacuum

The fraction of energy lost increases
with fluence; hotter surfaces radiate
away more energy. Over a range of
realistic yields and stand off
distances, energy loss due to
reflections, scatters and blackbody
radiation ranges from 20% ~ 80%
(normal incidence).

We define a realistic range of x-ray
fluences to be 4.18x10-° to 4.18%10-"
jerks/cm2. An example of a low
fluence scenario is a 12.5kT device
at a 100m standoff; an example of a
high fluence scenario is the same
12.5kT device at a 1m standoff.
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Modeling micrometer-length energy coupling Iin
a kilometer-sized body presents unique
computational challenges  mperatre  +mesh

To address the computational
challenges in modeling orders of
magnitude in length scales, the energy
coupling and initial surface material
response can be modeled in Kull in 1D
and then mapped onto 3D asteroid
realizations in Spheral to predict
deflection responses.

Image credit: Mike
Owen using Spheral
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Disclaimer

This document was prepared as an account of work sponsored by an agency of the United
States government. Neither the United States government nor Lawrence Livermore National
Security, LLC, nor any of their employees makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process disclosed, or represents that its use would
not infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States
government or Lawrence Livermore National Security, LLC, and shall not be used for
advertising or product endorsement purposes.



