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 Relevant parameters and functions
oneAU = 1.496*^11;
Rsun = 6.957*^8;(* radius of Sun in m *)

Msun = 1.98892*^30;(* mass of Sun in kg *)

G = 6.67428*^-11; (* gravitational constant in m3 kg-1 s-2 *)

R = 0.609*^3; (* radius of 2006 HY51 in m *) ;
M1 = 1.0 * Msun; (* mass of host star = Sun *)

M2 = 4.  3 * Pi * R^3 * 2.^3;

(* mass of 2006 HY51 in kg, a guess of mean density *) ;

bca = 0.2; (* B-AC a placeholder, also called σ *)

a = 2.59 * oneAU; (* semimajor axis in m*)

n = 2 * Pi  4.17  365.25; (* mean motion of asteroid radday *) ;

e = 0.9684; (* eccentricity of 2006 HY51 *)

(* Mean anomaly function *)

M[t_, n_] := Mod[n * t, 2 Pi];
(* True anomaly function *)

Ta[E_, e_] := 2 ArcTanCosE  2., Sqrt[(1 + e) / (1 - e)] SinE  2.;

 Direct integration of  rotation process
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������ σ = bca; norb = 400; timespan = norb * 2 * Pi  n; e = 0.9684;

(* Eccentric anomaly function by inverse interpolation *)

EE = Interpolation[Table[{i - e * Sin[i], i}, {i, 0, 6.5, 0.0005}], Method → "Spline"];

solTID = NDSolvey''[t] + 3  2 * n^2 * σ  1 - e Cos[EE[M[t, n]]]^3 *

Sin[2 * y[t] - 2 * Ta[EE[M[t, n]], e]] ⩵ 0, y[0] ⩵ -0.04, y'[0] ⩵ 800. n,

{y'[t], y[t]}, {t, 0, timespan}, MaxSteps → ∞, AccuracyGoal → 10,

PrecisionGoal → 11, Method → "StiffnessSwitching";

velo[t_] = y'[t] /. solTID;
angl[t_] = y[t] /. solTID;

per = 2 Pi  n; ListPlot

Tablei + 0.5, veloi + 0.5 * per  n // Flatten, {i, 0, norb - 1}, Frame → True,

FrameLabel → Style["time orbits", FontSize → 14], Style"θ

/n", FontSize → 14,

ImageSize → 400, PlotRange → All
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Fig.1 Simulation of relative spin rate of 2006 HY51 by direct integration of 400 orbits. Only aphelion values are 
shown.
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Fig.2 Spin rate updates versus aphelion spin rates of 2006 HY51 obtained by direct integration of 9000 orbits. 
Note the open-ended distribution at the high end.
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 Simulating chaotic rotation for gigayears
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Fig.3 Aphelion spin rates of 2006 HY51 obtained by direct integration of 400 orbits in a state of regular 
(circulation) resonance.
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Fig.4 Histogram of end spin states of regular circulation resonances.

������ Quantile[hy[[reso, 5]], {0.1, 0.2, 0.5, 0.8, 0.9}]

������ {661847, 1468985, 3405471, 7548606, 10935858}

 Mapping a regular circulation resonance at high spin
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Fig.5 Aphelion parameter section of the 964:1 spin-orbit resonance of 2006 HY51.
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Fig.6 Aphelion parameter section of three adjacent spin-orbit resonance of 2006 HY51 with sidewise orientation of 
the asteroid.

 Three kinds of high spin resonances
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Fig.7 Aphelion (left) and perihelion (right) orientation angles modulo 4π in the 4169:4 switching spin-orbit reso-
nance of 2006 HY51.
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Fig.8 Aphelion rotation velocity in the (958.5±0.079)n jumping spin-orbit resonance of 2006 HY51.

 Conclusions and future work
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