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We solve the equations of motion numerically using fourth order finite difference stencils, and fourth order Runge-
Kutta integration in space and time. The cell-centered values for the spatial integration are set via sixth order polynomial
interpolation. While typically when investigating critical phenomena in general relativity adaptive mesh refinement (AMR)
is used, we find that global mesh refinement is faster (when using MPI to parallelize) and much better at resolving the
transfer of energy to high frequency modes. Our simulations generally use between 213 and 216 grid points equally spaced
in the compactified coordinate 0 ≤ x ≤ π/2.

Even though we use a unigrid implementation, our code also has full AMR. If desired, we are able to switch between
the unigrid and AMR implementation during a run. This allows for careful investigation of critical phenomena even after
many bounces. We leave this to possible future work.

Figs. 1a and 1b give results of the convergence test for the metric function A and scalar field derivative Φ for the
sub-critical (ε = 20) simulation done at 213 base resolution, respectively. The code is stable and consistently second-order
convergent, something that is difficult to achieve with the Gauss-Bonnet term. The current code turned out to be optimal
with respect to balancing accuracy vs run-time. We have since verified several runs at larger amplitude with higher order
spatial integration methods that raise the convergence to sixth order and produce the same results for horizon formation
to within one or two lattice points. We are therefore confident that all the results will be quantitatively the same with a
more convergent code far from critical points, and qualitatively the same near the critical points.

(a) Convergence plot for the metric function A. (b) Convergence plot for the evolution variable Φ.

FIG. 1: Results for metric function and evolution variable showing second order convergence.

Fig. 2 shows that the total ADM mass is fully fifth order accurate right until the end of the simulation at t = 80. This
simulation was done using a base resolution of 214. The simulations presented in the paper were run at 215 resolution. The
fact that the ADM mass is fifth order accurate is expected since the error term in a fourth order Runge-Kutta method is
O(h5).
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FIG. 2: Plot of the ADM mass at two different resolutions, 214 and 215 as well as the fifth order Richardson extrapolated
value.
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