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Asymmetric behavior in consecutive phase
space point spacings and nonintegrability

Hiroshima national college of maritime technology ~ Shigeyasu FUJIIWARA !
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1 Consecutive phase space point spacings

First, a spacing of consecutive phase space points on the Poincaré section plane is defined by
Ly, = /(gn+1 — gn)? + (Pr+1 — pn)*. Here, n enumerates a set of points on the Poincaré section
plane. Following SU(3) Hamiltonian was used in analyzing Ly.
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where r = %\/ 2N — q(1)2 - p(1)2 - q(2)2 - p(2)2, V) and V@ mean strength of perturbation
interaction in each degree of freedom. When analyzing it thereafter, V() = V() = V. In our
numerical calculation, we used N/ = 30 and the single particle energies were €9 = 0, € = 1 and
€2 = 2, with which our energy scale is non-dimensional.
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Figure 1: Poincaré section plane for Eq. (1). (a) V = —0.02, (b) V = —0.042, (c) V = —0.093.
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2 Symmetry violation in consecutive phase space point spacings

In this section, we demonstrate the characterization of chaos by exploiting a correlation coefficient
for a rate of elongations and contractions of L. [1] Rates of elongations and contractions are
given as R, = LI’:”I >1,r, = L—Z? < 1. An average rates of elongations for a 2N number

of phase space point spacings is given by R = 717 Zﬁ;l R, . One may introduce a correlation
coefficient for R, and r, given as

(R1—R)(’I‘l—’I_‘)+---+(RN—R)(TN—-F) '
V(Ri = R? £+ (Ry - RV =7 F -+ oy = 712

(2)
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Now, let us begin our analysis by considering the regular-to-chaos transition as shown in Figs.
1(a)-(c). Since the periodic sequence for consecutive phase space point spacings is realized in a

'E-mail : sfuji@hiroshima-cmt.ac.jp

— 523 —



e

of

case with weak interaction, R, and r, are symmetric with respect to L—['::i =1 as seen from Fig.
2(a). In this case, the correlation coefficient is close to ~1 as shown in the data of V = —0.02
of Fig.3(a). In Fig.2, it should be noted that the time series of R, and r, have described as
independent of each other. In a case of the hyperbolic orbit as shown in Fig. 1(b), the behavior of
R,, and r,, is illustrated in Fig. 2(b). In Figs. 2(b) and 3(a), the identification of an inside orbit and
an outside orbit of hyperbolic point becomes possible in the vicinity where n = 1000 was passed.
When the interaction increases and more repulsion effects appearing between consecutive phase
space points, one may not expect symmetric behaviors between R,, and r,, which is shown in Fig.
2(c). In this case, as shown in the data of V' = —0.093 of Fig. 3(a), the correlation coefficients are
close to 0. Incidentally, Cg,r, = —1 and Cp,,,, = 0 are correspondent to negative and positive
values of the Lyapunov exponent, as represented in Figs. 3(a)-(c). [1]
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Figure 2: Rates of the elongations and contractions of L, in the cases with (a) V = -0.02, (b)
V = —0.042, and (c) V = —0.093.
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Figure 3: (a) Correlation coefficients for Figs. 1(a)-(c) and (b) Lyapunov exponents for Figs.
1(a)-(c). (c) Correlation coefficients and Lyapunov exponents at the each value of V.

3 Conclusion

We conclude that the result of this analysis provides us with a new method to consider how the
nonintegrabilities depend on the degree of symmetry violations between R, and r,,. Moreover,
the thing that a negligible difference of unstable orbits that was not able to be identified by the
Lyapunov exponent was able to be identified by using the correlation coefficient was confirmed. [1]
It is enumerated to derive the distribution function that can statistically describe the symmetry
violation as a problem in the future.
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