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High obliquity (98◦) is a remarkable feature
of the Uranus system, that includes the planet
itself and the major satellites that orbit in the
planet’s equatorial plane. The current paradigm
for the cause of this property is that the planet
experienced a giant off-axis impact by a large
body (of order one Earth mass) some time af-
ter its formation. Since the pioneering work of
Slattery et al (1992) [1] twenty years ago there
has been no major reinvestigation of this prob-
lem. We are currently carrying out a new set
of simulations using the same method (Smooth
Particle Hydrodynamics) as Slattery et al [1]
but with one thousand times better mass reso-
lution (107 particles).

SPH codes are well-suited to computing
gravitational interactions, tracking provenance,
3D geometry, extreme computational paral-
lelization, and they are guaranteed to con-
serve matter. Furthermore, the time integration
scheme is designed to approximately conserve
energy and angular momentum. These qualities
have made SPH codes the usual choice to study
giant planetary impacts. The relevant physics
for each particle’s kinematic (position and ve-
locity) and state (internal energy, density) is i)
gravity, ii) compressional heating and expan-
sional cooling, and iii) shock dissipation. The
chosen form for the Equation of State (EOS)
relates a particle’s specific internal energy and
local density to pressure at each time step.

We are employing the parallel tree-code
developed by Warren and Salmon (1992) [2]
with SPH capabilities enhanced by Warren and
Fryer for astrophysical applications and exten-

sively used in cosmological simulations and hy-
drodynamics (e.g. Warren et al., 2006, 2013;
Fryer et al., 2006 [3, 4, 5]). The initial condi-
tions are generated using the algorithm intro-
duced by Diehl et al [6]. Finally, we are us-
ing the same EOS as Slattery et al [1]. The
time step is Courant limited and for the run
times considered here (approximately 1 day
of simulated time), the typical energy error is
∆E/E ∼ 105, with angular momentum con-
served to 1 part in 104 over the entire computa-
tional volume.

Our suite of simulations explores a range of
parameter space and tests the conclusions of the
work by Slattery et al. Furthermore, it takes
advantage of the vastly higher mass (and spa-
cial) resolution to place additional constraints
on the process, by means of investigating pos-
sible post-impact satellite formation. Addition-
ally, we are currently testing various combina-
tions of proto-Uranus structures and composi-
tions with the aim of constraining the impact
given our present-day knowledge about the in-
terior of the planet.
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