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Table 5. For every energy surface in the xg S 0 start space, we present the threshold associated with the LI
and the estimated percentage of chaotic orbits; the threshold associated with the SE/LCE and the estimated

percentage of chaotic orbits.

Energy surface ~ Threshold (LI)  Chaotic orbits (LI)

Threshold (SE/LCE)  Chaotic orbits (SE/LCE)

0.1 125 x 105 3.76 per cent
$0.3 53x 1()?4 8.15 per cent
S0.5 9.4 x 105 15.06 per cent
30.7 1.7 x 1053 16.37 per cent

94 x 10?6 4.65 per cent
32 x l()?5 9.2 per cent

6.5 x 10°° 12.74 per cent
95 x 109 16.75 per cent

Figure 10. Phase space portraits of the SE/LCE for the xo S zo start space and for four energy surfaces. Top-left panel: phase space portrait corresponding
to the energy surface S0.1 for 998 938 i.c. and using a total integration time of 1.17 x 10° u.t. Top-right panel: $0.3, with 998948 i.c. and 2.4 x 10* u.t.
Bottom-left panel: S0.5, with 999400 i.c. and 1.2 x 10* u.t. Bottom-right panel: S0.7, with 998 626 i.c. and 7 x 10 u.t. Chaotic regions are identified with
indicator values higher than S5 or  S4 for the energy surfaces $0.1, $0.3 and $0.5 or $0.7, respectively. See Table 5 for further details. Note that the

values of the indicator are in logarithmic scale.

corresponding phase space portraits presented in Fig. 10 show a
dominant regular component (see Table 5, columns 3 and 5) instead
of the rather large chaotic component seen for the py, S py, start
space. The percentages of the smaller component have a substantial
increment towards the innermost energy surface. Indeed, in this
case, the expansion of the chaotic component is due to the growth
of the different orbital families’ separatrices. This fact is clearly
seen in Fig. 10. In the top-left panel of Fig. 10, we can see a very
weak separatrix that separates the short-axis tubes from the outer
long-axis tubes. In the top-right panel of the same figure, we can see
how the former separatrix is connected to the others which separate
the inner long-axis tubes and the box orbits [see Papaphilippou &
Laskar (1998) for further details on the different orbital families and
their locations in phase space]. This becomes evident in the bottom
panels of Fig. 10. Furthermore, a strong chaotic domain appears in
the crossing of the main separatrices. Therefore, as the dominant
component comprises regular orbits, the main contribution to the
chaotic component emerges from the separatrices of resonances.

Finally, the dynamics of the x S 7o start space can be briefly
described as a dominant regular component. The major resonances
that separate the main orbital families have separatrices which grow
when the negative energies increase. Furthermore, the growth of the
separatrices increases the percentage of chaotic orbits very fast.

7 CONCLUSIONS

With this report we conclude a series of investigations (reported in
Maffione et al. 2011a, M11 and D12) towards an efficient choice of
a minimal package of techniques to study a general Hamiltonian.

Here, we apply both VICs and an SAM (the FMFT; Sidlichovsky
& Nesvorny 1997) to study a fairly realistic dynamical model of an
elliptical galaxy (the ScTS model; Muzzio et al. 2005).

In order to select the appropriate VICs for the experiments, we
not only consider previous comparisons, but also extend them with
new indicators: the SE/LCE and the APLE (Lukes-Gerakopoulos
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et al. 2008). The SE/LCE is an efficient estimation of the ILCE by
means of the MEGNO (Cincotta & Simé 2000) and works as its
reliable alternative in the case of studying big samples of orbits.
The APLE has not shown advantages over the FLI/OFLI for the
purposes of the experiment, but it behaves similarly.

The SE/LCE seems to improve the performance of the MEGNO,
in particular situations. Therefore, it should be considered in the
CIsF presented in D12 as a suitable alternative.

On the other hand, we consider the performance of the FMFT as
the representative SAM to compare with the VICs. The FMFT is
an improvement of the FMA outlined by Laskar (1990), which is
widely used by the scientific community.

The main advantage of the SAMs is a fast computation of the
frequencies. However, the performance of the FMFT as a global in-
dicator of chaos is not as efficient as the performances shown by the
VICs in the experiments. The SAMs are designed to compute the
frequencies, which are quantities strictly related to regular motion.
Using such techniques as global indicators of chaos involves forc-
ing the methods to do something for which they are not designed.
The VICs are based on the concept of local exponential divergence.
Hence, the detection of chaos is their main purpose. A natural con-
sequence of this is that an efficient application of those techniques
is based on their complementary implementation (see Section 1 for
references). The SAMs are of use to describe the resonance web
while the VICs to study the interplay of regular and chaotic domains
(see Section 6).

Finally, the recommended CIsF for the analysis of a general
Hamiltonian is composed of the MEGNO/SEILCE, the FLI/OFLI
and the GALI,y: the MEGNO/SE/LCE and the FLI/OFLI as global
indicators of chaos to obtain the phase space portraits and display
the interaction between regular and chaotic orbits; the GALILy to
analyse small samples within regions of complex dynamics and
regions where the chaotic component is dominant (see Skokos et al.
2007 and D12). Furthermore, the CIsF can be used with a SAM
(e.g. the FMFT) in order to characterize the resonance web with the
frequency vectors.
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