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Rationale: Establishing the present rate of impacts and on
Mars is important for dating small, young surfaces on Mars
and other planetary surfaces as well as assessing the
impact hazard to spacecraft on Mars. On airless bodies,
impact rates are determined from crater counts. However,
a complication on Mars is that about half of small
meteoroids will disrupt in the atmosphere to produce a
cluster of small craters (Fig. 1) as opposed to a single large
crater (1–3). Meteoroid break-up also has implications for
the seismic signals generated by impacts. Such impacts
may transfer much of the asteroid’s initial kinetic energy to
the atmosphere, resulting in a detectable atmospheric
blastwave (4). Even when a single impact crater is formed,
the impacting object is likely to be in a fragmented and
distended state. As a result, a range of possible impactsource seismic signals are expected (5) depending on: the
strength of the atmospheric blastwave that strikes the
ground; the number, size, density, speed and separation of
fragments that form crater clusters; and the integrity, bulk
density and speed of impactors that form a single crater.

Figure 1 More than half of the
impacts likely to be detected by
InSight result in crater clusters. The
proposed work will simulate the
diversity of impact outcomes from
such small impacts and the seismic
signals they generate. Image Credit:
To address these science goals, requires a good NASA/JPL-Caltech/MSSS/Univ.
of
understanding of the potential disruption of m-scale Arizona
asteroids in the martian atmosphere and the diversity of
seismic signatures of the resultant impacts on Mars. The aim of the proposed project is to
develop and apply software to simulate atmospheric entry of asteroids on Mars to further
understanding of crater cluster formation. The project will also apply the same model to crater
strewn fields on Earth.
Atmospheric Disruption Modelling: In Feb. 2013, a ~20-m asteroid disrupted at ~30-km altitude
above a densely-populated region in Russia, causing blastwave damage on the ground (6,7). This
well-documented airburst has provided important constraints for the improvement of semi-analytical
models of asteroid disruption in an atmosphere (6–10). In particular, a recently-developed model,
known as the Fragment Cloud Model (FCM, (11); Fig. 2) combines the principal features of two
different classes of approach—separated fragments models (12,13) and catastrophic disruption
models (14,15). The hybrid FCM is therefore able to self-consistently describe both atmospheric
energy deposition (blastwave generation) and crater cluster formation. Here, the FCM will be used
to simulate the fate of m-scale impactors on Mars, as it allows the proportion of the initial impact
energy transferred to the atmosphere and the ground to be determined, as well as the effective burst
altitude (blastwave centre) and properties of the impacting fragments (and resulting craters).
Figure 2 Schematic representation of the Fragment Cloud Model
[14]. Deceleration of the initial asteroid is modelled until first failure
(a), at which point fragmentation is assumed to produce two large
fragments of different mass and a prescribed separation speed, and
a cloud of smaller particles. The evolution of the cloud (b) is simulated
using a conventional pancake-type model [16,17]. Each separate
fragment (c) is tracked recursively and may undergo further
fragmentation according to the same assumptions (d) before striking
the ground. Modified from [13].
The successful candidate will join, and be supported by, a vibrant and dynamic research group
with world-class expertise modelling impact processes. They will be trained in state-of-the-art

numerical methods for simulating hypervelocity impact, impact physics and high-performance
computing. The candidate will have the opportunity to develop their career and profile by presenting
at international conferences and publishing in high impact journals. Candidates for PhD positions
should have a good mathematical background and a good degree in an appropriate field, such as
earth science, physics, mathematics or computer science.
Research Environment & Training
The Department of Earth Science and Engineering (ESE) is an STFC-accredited PhD training
program. The Department is well-equipped with modern laboratories, offices and high-performance
computing facilities. It also benefits from a formal collaboration (facilities and staff access; joint
symposia) with colleagues in the Department of Mineralogy at the Natural History Museum (NHM).
Project-specific research training will be provided by the supervisors through weekly one-to-one
meetings, group meetings and a mixture of supervised and online tutorials. In addition, students
have access to high-quality transferable skills training provided by the Graduate School of
Engineering and Physical Sciences (GSEPS). All students in ESE are automatically members of
GSEPS. The Postgraduate programme involves regular report writing and presentation events in
addition to research section and research group presentations. Students are strongly encouraged
and enabled to attend international conferences and publish their work in respected journals.
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