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Planet PN Effect 2PN difference
Mercury 2.58 %< 108 6.63 x 1016
Venus 1.38 > 108 1.90 x 10716
Earth 0.97 =< 107 0.94 x 10~
Mars 6.54 < 1077 4.28 » 10~V
Jupiter 1.92 x 10~* 3.68 x 1018
Saturn 1.04 < 1077 1.09 =% 1018
Uranus 5.19 < 10710 2.69 x 10717
MNeptune 3.32 % 10710 1.10 % 10~
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Monthly Notices

MNRAS 496, 2946-2961 (2020) doi: 10.1093/mnras/staal 753
Advance Access publication 2020 June 19

The use of Kepler solver in numerical integrations of quasi-Keplerian

Ol'bltS r = “o (cos E* — ep)Po
ep L
. e r . 4+ a 1 — ef sin E*Qy.
Chen Deng,' Xin Wu'** and Enwei Liang' VT °
' School of Physical Science and Technology, Guangxi University, Nanning 530004, China v o= C0M0_ Gin E *Py
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Guangxi Key Laboratory for Relativistic Astrophysics, Nanning 530004, China
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Hu, Wu, & Liang, Construction of a Second-order Six-dimensional Hamiltonian-conserving Scheme, ApJS, 2021.

Hu, Wu, Huang, & Liang, A Novel Energy-conserving Scheme for Eight-dimensional Hamiltonian Problems, ApJ, 2019.

Hu, Wu, & Liang, An Energy-conserving Integrator for Conservative Hamiltonian Systems with Ten-dimensional Phase Space, ApJS, 2021.
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— B B 2= H 7% (Pihajoki 2015CM);
S2*=M2A(h/2)B(h/2)M1B(h/2)A(h/2),
M1, M2zhE B

S2=A(h/2)B(h)A(h/2)

l

TRy B A FEF R A4=M2 S2(ah)
S2(bh) S2(ch) M1 S2(ch) S2(bh)
S2(ah), M2 Fr & #2016 MNRAS

i RHEZE]
I'=H1+H2A:

H1f#ZB: H2f#

M: (g+0*)/2 =q=0* l (p+p*)/2 =p=p*

2017 ApJ: S4=MS2(ah)S2(bh)S2(ah), M= &5 &
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Luo et al 2017 ApJ
M: (9+0*)/2 =q=q*

(p+p*)/2 =p=p*

Luo et al 2021 MN
M: (g+q*)/2 =g=g*

(p+p*)s =p=p*

log, , [AH/H |

-10 k-
12k

14 +

H(p,q) =(H1(p,g*)+H2(p*,q))/2 B

Tao 2016 PRE

K(p,q) =H1(p,q*)+H2(p*,q)
+H3

H3(p,q) =w(|q-g*|+|p*-p|)

HAIEH
2023 Comp Math

log ,t
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Mei, Ju, Wu, & Liu, Dynamics of spin effects of compact binaries, MNRAS, 2013.
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Wang, Sun, Liu, & Wu, Construction of Explicit Symplectic Integrators in General Relativity. I. Schwarzschild Black Holes, ApJ, 2021.
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RERIREFREIEED MR ERIREE). BINFHEIAS). BEZENREN. ME. HERERILR:

Table 1 Table 2

Dependence of Stable (S) or Unstabl_e (U) Behavior (?f Hamiltonian Errors for Same as Table 1, but Dependence of the Largest Absolute Values of
the Seven Algorithms on Step Size h : .
Hamiltonian Errors on A

Method S2 EI2 EE2 S4 ElX4 EE4 RK4

Method S2 EI2 EE2 S4 El4 EE4 RK4
h=0.1 S S S U U S U
h=1.0 S S U S U S U h=0.1 4e-8 4e-8 3e-8 7e-9 3e-12 le-12 4e-12
h =10 S S U S S U U h=1.0 6e-6 S5e-6 2e-6 3e-8 7e-9 2e-8 4e-7

h =10 8e-4 6e-3 6e-3 4e-4 7e-5 4e-3 3e-2
Note. Chaotic Orbit 3 in Figure 2 is integrated until proper time 7 = 10°.

sy y
FajE Tk Table 3 I

Same as Table 1, but Dependence of Computational Cost, i.e., CPU Times
(Minute: Second), on h

Method S2 EI2 EE2 S4 El4 EE4 RK4

h=0.1 9:13 10:13 14:22 27:42 30:33 33:35 17:48
h=1.0 0:56 1:03 1:26 2:46 3:09 3:21 1:46
h=10 0:05 0:07 0:07 0:16 0:20 0:19 0:10
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