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Numerical Investigations of Post-Newtonian
Hamiltonian Dynamics for Spinning Compact Binaries
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(School of Science, Nanchang University, Nanchang 330031)

Spinning compact binaries, consisting of neutron stars or black holes, not only have
rich dynamic phenomena of resonance and chaos, but also are the most promising source for
detecting gravitational waves. There should be a certain relation between the dynamics of
the gravitational bodies and the gravitational waveforms.

Based on the least-squares correction, several manifold correction schemes like the
single-scaling method and the dual-scaling method are designed to suppress numerical errors
from 6 integrals of motion in a conservative post-Newtonian (PN) Hamiltonian of spinning
compact binaries. Taking a fifth order Runge-Kutta algorithm as a basic integrator, we
wonder whether the PN contributions, the spin effects, and the classification of orbits exert
some influences on these correction schemes and the Nacozy’s approach. It is found that
they are almost the same in correcting the integrals for the pure Kepler problem. Once the
third-order PN contributions are added to the pure orbital part, there are explicit differences
of correction effectiveness among these methods. As an interesting case, the efficiency of
correction is better for chaotic eccentric orbits than for quasicircular regular ones. In all
cases tested, the new momentum-position dual-scaling scheme does always have the optimal
performance. It costs a little but not much expensive additional computational cost when
the spin effects exist, and several time-saving techniques are used. The corrected numerical
results are more accurate than the uncorrected ones, so that chaos from the numerical errors
can be avoided. See Phys. Rev. D 81, 104037 (2010) for more details.

Lubich et al. (Phys. Rev. D 81, 104025 (2010)) presented a noncanonically symplectic
integrator for the PN Hamiltonian of a spinning compact binary. However, the Euler mixed
integrator is problematic because of its bad numerical stability. We improved the work by
constructing the second-order and the fourth-order fixed symplectic integrators, where the
second-order symplectic implicit midpoint rule and its symmetric compositions are together
used to integrate a PN Hamiltonian with the canonical spin variables of Wu and Xie (Phys.
Rev. D 81, 084045 (2010)). Many numerical tests show that the mixed leapfrog integrator is
always superior to the midpoint rule in the accuracy, while both of them are almost equiv-
alent in the computational efficiency. Particularly, the optimized fourth-order algorithm
compared with the mixed leapfrog scheme provides a good precision and needs no expen-
sive additional computational time. The chaoticity of the system can lead to fast iterative
convergence and improve the computational efficiency. Because symplectic integrators have
no secular change in the energy errors, can give more reliable dynamical information from
gravitational waves. See Phys. Rev. D 82, 124040 (2010) for more information.

In sum, we have confirmed that the dynamics of the spinning compact binaries can
not be determined uniquely by the dynamical parameters, initial conditions, and initial
spin angles. Instead, a combination of them is a sourse for causing chaos. These support
the results of Wu and Xie (Phys. Rev. D 77, 103012 (2008)). Finally, the gravitational
waveforms from chaotic orbits are proved to be stochastic.



