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1 6-th order

Taylor expansions for acceleration and its derivatives are expressed as:
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where F
(n)
0 and F
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1 are n-th derivatives at t0 and t1, respectively and ∆ = t1 − t0.

We solve these equations for F
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0 to obtain approximation formulae as follows. First, we

arrange the equations into matrix form:
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This equation has the following solutions.
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Similarly, we can estimate r and v at t1 with the Taylor expiation upto F (5) .
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Alternatively, we have the implicit form as
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Finally, F
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2 8-th order

We solve these equations for F
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The explicit corrector are
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The implicit corrector for r is
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Finally, F
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3 10-th order

Results are
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Alternatatively, high-order force derivatives at t = t0 + ∆/2 are
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4 Newmark Method

Following Kokubo & Makino (2004) (KM2004), we have derived the time-symmetric Newmark method
(Newmark 1959) for the higher order Hermite integrators.

4.1 6-th order

With a coefficient α that we adjust to improve the integrator, the position and velocity at t = t1 is expressed
as
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Put F (3), F (4), F (5) and we have the implicit form
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4.2 8-th order

The result is
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4.3 Derivation of α

The leading term of the local truncation errors of n-th order Hermite integrator with α term are given by
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Here, we reduce the error in eccentricity (specifically eccentricity vector (ex, ey)). The equation (9) in
Kokubo & Makino (2004) represents the leading error term in ey
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We evaluate the integral of ey for a half period and make it equal zero. The final result for n-th order
integrator is
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where In is a ratio between two integrals similar to equation (23) in KM2004. In is supposed to be 1 so that
the optimal α is (n + 3)/(n + 2).
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