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DISCRETE TRANSFORMS IN QUANTUM CHAOS
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We had suggested in our previous publications (see, e.g. [1-2]) the definition of quantum chaos based on the
Liouville-Arnold theorem. It states that a system featuring N degrees of freedom is regular if it has M = N
linearly independent first integrals of motion in involution. First (global, isolating) integrals of motion are
those that, by Noether’s theorem, are associated with the symmetry of the system (that is, with the presence
of a group of transformations under which the Hamiltonian of the system is invariant). Therefore, it is natural
to define a chaotic quantum system as that whose symmetry is so low that the number M of its good quantum
numbers is smaller than the number N of its degrees of freedom. We had also stressed [3] that only the
Wigner distribution law might be a true signature of the system’s hard chaos, while the popular belief about
the Poisson level distribution for the regular system is wrong and misleading.
Therefore, we suggested a rather simple way to find whether the quantum system under consideration is
chaotic: just to compare the number N of its degrees of freedom with the number M of its integrals of motion
(good quantum numbers). If the system’s symmetry is so low that the number of its integrals of motion is
smaller than the number of its degrees of freedom, then it is chaotic.
However, Noether’s theorem is proved only for continuous transforms while in quantum mechanics we face
also symmetries arising from discrete transforms, like space and time inversion. The question is whether
presence of these symmetries should be taken into account in the above analysis of system’s chaoticity.
We demonstrate that an additional good quantum number of parity plays a role of an integral of motion and
should be taken into account in calculating M. Time-reversal invariance does not generate any corresponding
good quantum number (or integral of motion).
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