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ABSTRACT

Though kinetic impactors are preferred to nuclear explosives, they typically require long times-to-impact and accumulate orbital deflection over several periods, necessitating early detection. The PDC 2021 scenario presents a significant planetary defense challenge, in that the time of detection is six months prior to the projected potential impact time. In these circumstances, the use of nuclear explosives for deflection or disruption of the threatening body must be evaluated. Using a simulation toolset built on N-body gravitational methods, we present a detailed study of an emergency disruption of the impacting small body in this scenario using nuclear explosives. An existing nuclear explosive-driven disruption event simulated in the Spheral hydrocode - corresponding to 100 meter diameter object irradiated by a 1 MT TNT equivalent device with a height-of-burst of 15 meters - is used to provide an estimate of the resulting fragment field. To account for the uncertainty in object size, we will apply a conservative velocity scaling to estimate a range of disruption performance. This estimate is then used to generate a suitable fragment population whose evolution and orbits can be studied in detail. The fragments are integrated forward in our gravitational system that includes the major solar system bodies, including the Moon, alongside them, which therefore includes the perturbing influence of the exact configuration of the Solar System at the time of disruption and subsequent orbital evolution. Their orbits are compared against the Earth's to determine how many fragments remain on trajectories that still impact the Earth. Studies will be performed at numerous times-to-impact across the scenario constraints to establish the quantity of impacting mass as a function of how quickly a disruption is achieved. These results can directly inform mission design and decisions made during the exercise.
This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344. LLNL-ABS-818353.
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