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ABSTRACT. We measure quantitatively the growth of stochasticity due to various
perturbations to a model of elliptical galaxy. This is achieved by computing the
Liapunov characteristic exponents of randomly selected orbits.

1. INTRODUCTION

The amount of stochasticity has important implications on the effective orbital re-
laxation time, which is much shorter for stochastic orbits (Pfenniger, 1986) than
classically thought. We examine here the nature of stellar motions by computing
orbits in a relatively realistic triaxial model. Stochasticity is measured by com-
puting the Liapunov characteristic exponents (hereafter LCE) of many randomly
selected orbits. The effects of changing the axis ratios, rotation speeds or adding
various perturbations to the potential can then be estimated quantitatively. The
principal differences of our investigation with an analogous work of Gerhard (1985)
are first that the orbits here are arbitrary and move in 3D, and secondly that the
potentials we have retained are not chosen to be nearly integrable, but to be as
much as possible in accordance with the profile of elliptical galaxies.

2. MODELS AND PERTURBATIONS

The retained triaxial density law is p(z,y,2) = p./(1 + ;’1’—:— + %; + :—:)", n = %,
which is close to Schwarzschild’s model (1979) but is exactly ellipsoidal. The po-
tential ® of this density stratification, called hereafter P35, takes a simple form in

the confocal ellipsoidal coordinates A, u,v (de Zeeuw, 1984):

*° du
®(z,y,2) = —27ercabc/0 N CEDETCEDh (1)

Contrarily to the perfect ellipsoid of de Zeeuw, for which n = 2, this potential is non-
integrable. It is presently a good compromise between the actual density profile of
elliptical galaxies and the need to compute orbits with a not too expensive scheme.
This is achieved by using the algorithms Rp and Rp of Carlson (1979).
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We have considered the following models up to now:

M .o: The Py, potential with the Schwarzschild axis ratios (a/b/c) = (8/5/4)
and a rotation corresponding to a corotation radius sets at 32.

M;i.1: As M, but with an additional central Plummer potential of radius
rp = 0.01, and a fractional mass of 2%.

M;i.2: As M, but with an additional ®3 = ecos 30 azimuthal perturbation of
amplitude ¢ = 0.0008,

M 3: As M, but with an additional ®4 = ecos 40 perturbation.

Mg ;: As M, ;,1 = 0..3 but with the axis ratios of (8/4/2.5).

The LCE x; of a given orbit express the average rate of divergence of the
other neighbouring orbits, over a relevant time. The x; also express the sensstivity
to perturbations. In 3D potentials, there are 6 of them which occur in 3 pairs
(xi, —xi). To every isolating integral corresponds a pair of vanishing LCE, therefore
regular orbits are especially robust to perturbations. The Kolmogorov entropy h,
i.e. the rate at which the information about the initial conditions of an orbit is lost,
is just equal to the sum of the positive exponents: h = Ex.->0 xi (Pesin, 1977).
This quantity is used below for measuring stochasticity. Its inverse is the typical
time-scale for losing the information about the initial conditions.

3. COMPUTATION OF STOCHASTICITY

We have computed the LCE of 100 orbits per model over a time slightly larger than
the Hubble time tj, starting with the same set of random initial conditions. A
global estimation of stochasticity is given by the average h of the 100 orbits, <h>.
Another way to estimate the amount of stochasticity is to count the fraction of
orbits with a A larger than some value. I'g.0015 is the fraction of orbits for which
h > 0.0015. Since t > =<h>"! is a time-scale, it can be compared to the Hubble
time ty. The computations are summarized in the following table.

Models Mio My Mz Mz | Mo My, Mzz Mss

<h>x10%® | 1.19 2.21 253 3.52 | 1.23 291 2.86 3.55
To.0015 0.06 0.70 0.80 1.00 | 0.07 0.76 0.90 1.00
tens/tH 0.28 0.15 0.13 0.09 | 0.27 0.11 0.11 0.09

For all the orbits considered, the perturbations systematically increase h with
respect to the corresponding orbits in the unperturbed models M; o or M2,0. The
average time-scale for the loss of information ¢ > is always shorter than the Hubble
time, especially for the perturbed models.
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