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Introduction:  Los Alamos National Laboratory 
(LANL) has been tasked by the National Nuclear Se-
curity Agency (NNSA) to study the mitigation of the 
impact hazard of asteroids and comets on the Earth as 
part of an inter-agency agreement (IAA) with NASA. 
We are modeling deflection or disruption of a hazard-
ous object by kinetic impactor, nuclear burst, or a 
combined nuclear impactor. Kinetic impactors transfer 
momentum directly through impact and through a tar-
get-dependent momentum enhancement by ejected 
target material. Nuclear devices impart momentum to 
the target object by vaporizing target material and loft-
ing it, and in some cases entrained solid material, away 
from the body.  

NASA/NNSA IAA:  NASA and NNSA are collab-
orating through an inter-agency agreement to study the 
prevention of asteroid or comet impacts on Earth by 
modifying the orbit or disrupting and dispersing the 
potentially hazardous object (PHO) using either a ki-
netic impactor, a notional nuclear explosive device 
(NED), or a combined impactor and NED, delivered 
by a spacecraft. As part of the IAA, LANL has been 
tasked with modeling the deposition of energy into two 
different PHOs and their response.  

Design Reference Asteroids: We can’t assume 
spacecraft reconnaissance data will be available for a 
specific PHO before a mitigation attempt. The deflec-
tion mission would likely be the first spacecraft ren-
dezvous. Spacecraft reconnaissance data is most valu-
able to us as aggregate information about the diversity 
of objects we might encounter, particularly information 
about internal structure, composition, porosity, and the 
heterogeneity of structure and composition observed 
for a given object and across dynamical families and 
spectral types.  

DRA1, Bennu:  Our models draw on the OSIRIS-
REx DRA [1], and add specific simplifications and 
assumptions where necessary for the completion of our 
models [2]. We simplify the model to be a 500-m-
diameter sphere of 1 g/cc density dry SiO2, homogene-
ous sub-mesh porosity, Steinberg-Guinan strength, 
deflected by either a kinetic impactor or a 1 MT stand-
off nuclear burst at 100 m above the surface. 

DRA2, Didymos B:  There are two extension mod-
els, DRA 2, Didymos B, or “Didymoon”, the 100-m-
diameter moon of Didymos.  

Methods:  We use several numerical methods to 
model energy deposition and predict target response.  

Hydrocode Models of Impacts.  We use the RAGE 
[3] and Pagosa [4] hydrocodes with several strength 

and porosity models to simulate the impact of different 
impactors into target asteroids of varying shape and 
composition, including both sub-mesh scale and mac-
ro-scale voids. 

Hydrocode Models of X-ray Energy Deposition.   
Approximately 97% of the energy emitted by a nuclear 
device is in the form of kinetic energy (debris) and 
thermal radiation (x-rays). We model this portion of 
the energy using the RAGE hydocode's gray diffusion 
radiation transport model that simulates the flow of 
wavelike light in a problem in combination with the 
SESAME equation of state and opacity tables [5]. Gray 
diffusion is similar to a black body model except the 
bodies absorb and radiate with an inefficiency, σ < 1.  

Model Results to Date: We have conducted a se-
ries of verification and validation models previously 
[6][7]. We have completed deflection models of DRA1 
in collaboration with researchers at Lawrence Liver-
more National Laboratory. Our results are presented 
here, and the combined results will be published this 
year.    

Impact models conducted by Gisler and Heberling 
use a 64-cm-diameter impactor striking the target at 20 
km/s. They are exploring the effects of target proper-
ties on momentum enhancement. X-ray deposition 
models by Weaver and Plesko, explore the dynamic 
response of both solid objects and those with macro-
scale porosity, and the energy required to disrupt km-
scale bodies.  

Nuclear Stand-Off Burst Models: We have mod-
eled the deposition of energy from a nuclear stand-off 
burst using the RAGE hydrocode to model the deposi-
tion of energy from x-rays into the DRA1 target sur-
face (Fig. 1). This simulation of a source with 1 Mt of 
energy and a mass approximately equal to the delivery 
vehicle and the nuclear source at 100 m HOB gives a 
deflection velocity for DRA1 of 1.6 cm/sec. This is 
lower than shown in constant flux photon simulations, 
but the total x-ray energy is lower, and the integrated 
spectrum much cooler. This difference emphasizes the 
importance of the spectrum, and that deflection does 
not simply scale with yield. 

The source is an initially hot sphere with 1 Mt of 
internal energy, sized for an initial surface temperature 
is 2 keV black body (BB).  The simulation progresses 
in time emitting x-radiation, expanding at a very high 
velocity and cooling from radiant energy loss and ex-
pansion. This “integrated simulation” setup more real-
istically represents a nuclear explosion at the given 
height-of-burst (HOB) than a pure black body spec-
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trum, and self-consistently calculate the time-
dependent absorbed and re-emitted energy from the hot 
surface layer of the asteroid.  

The total ablated +y momentum above the 20 cm/s 
escape velocity is shown in Fig. 1 for each of these 
runs. The deflection velocity from the red curve (HOB 
= 100 m) is 1.6 cm/s., if one takes the peak in the +y 
momentum curve.  The second rise is caused by the 
interaction of expanding source material with ablating 
asteroid material and the asteroid itself.  This feature 
cannot appear in steady photon source simulations, 
suggesting that inclusion of the explosion debris be-
comes important below 100 m. 

 

 
Fig. 1: Total ablated momentum in the +y direc-

tions a function of time in seconds. The three long runs 
have HOBs of 100 m 50 m and 25 m. The decrease in 
upward-directed momentum occurs when the expand-
ing source mass pushes back on the ablating material. 

 
The change in velocity of the target in the simpli-

fied models depends the energy deposited, the heated 
layer thickness, and the temperature it reaches. The 
models in Fig. 2 correspond to a <1 MT stand-off burst 
at a height of 100 m above DRA1. The predicted 
changes in velocity correspond well to predictions of  
calculations that include energy deposition, so the sim-
plified models may be used to do fast, low-resource 
estimates, and parameter studies over target property 
variables.   

We also explored computationally simpler approx-
imations where the problem starts with the energy al-
ready sourced into the target and focuses on the ther-
modynamic response (Fig. 2). 

 

 
Fig. 2: RAGE predictions of DRA1 target response 

to x-ray energy deposition from a stand-off burst, using 
the simplified artificial source.  

Kinetic Impactor Models: Gisler and Heberling 
are  modeling kinetic impactors into DRA 2. The trans-
fer of momentum between projectile and asteroid oc-
curs within the first millisecond. The ejecta boil off 
later, increasing the negative axial velocity of the re-
maining material. This momentum enhancement 
(𝛽) plays an important role in deflection as it linearly 
scales the deflection velocity, and can be in the range 
of 1 (conservation of momentum) to 15. Many factors 
determine the magnitude of 𝛽 including material com-
position, porosity, and strength of the asteroid. As a 
result, computer simulations that utilize realistic aster-
oid properties in order to calculate 𝛽 is an important 
area of deflection research. 

 

 
Fig. 3: RAGE predictions of momentum deposition by 
kinetic impactor to DRA 2. 
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