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A rotationally invariant random interaction ensemble was  realized in a single-j fermion  model.
The dominance of ground states with zero and maximum spin was confirmed  and explained with a
statistical approach based on the random coupling of individual angular momenta. The interpret*
tion is supported by the structure of the ground state wave functions.

The interplay of regular and chaotic features in many-body quantum dynamics is currently extensively studied both
for simple models and for realistic applications to atomic [l],  nuclear 12-41,  and condensed matter physics [5],  as  well
as  for understanding properties of the QCD vacuum 161.  Typical finite “shell-model” systems such as complex atoms
and nuclei are described by the mean field and corresponding residual interaction. The density of the mean field
configurations grows exponentially for combinatorial reasons, so that the interaction becomes effectively strong at
sufficiently high excitation energy leading to generic chaotic features both in spectral statistics, which rapidly move to
the limit of random matrix theory [4,7], and in properties of wave functions [l,Z]. Studies of finite many-body systems
have to account for the existence of constants of motion such as total angular momentum, isospin and parity. If these
conservation laws are exact, one usually deals with the states of each class separately. However, little attention was
paid to the problem of correlations between classes of states which axe described by the same Hamiltonian but belong
to different values of exact integrals of motion.

An obvious and practically important example is angular momentum conservation in a finite Fermi-system. The
prediagonalixation  procedure of projecting the correct value J of nuclear spin out of the m-scheme Slater  determinants
induces by itself a strong mixing of the states within a shell model configuration [2].  The projected states of various
spins acquire a nearly uniform degree of complexity and energy dispersion. For a sufficiently large dimension, the
majority of states correspond to a complicated quasi-random coupling of individual spins. This “geometric chaoticity”
was used long ago [S] in evaluating the level density for a given J. It also plays an important role in the response
to external fields, large amplitude collective motion, dissipation and so on [3].  The similarity of different J-classes
with respect to mixing was  demonstrated [9,10]  in the nuclear shell model by the studies of complexity, occupation
numbers, strength functions and pairing properties. This raises also a question of existence of compound rotational
bands [ll] which would connect complicated states having different J but almost the same mixing.

A new angle of looking at the problem was introduced by refs. [12,13] where the spectrum of a random but
rotationally invariant Hamiltonian was obtained for a shell-model Fermi system. In spite of the random character of
the two-body interaction, the fraction je of the ensemble realizations with a ground state spin Jo  = 0 was  much higher
than the total statistical fraction f;  of J = 0 states in shell-model space. This result was  confirmed in refs.  [14,15],
as  well as for the interacting boson  model [16].  A new feature discovered in [14,16] was  an  excess of the probability
fJ.“.. for the ground state to have the maximum possible spin J,,,,,. The emergence of regular features as  an  output
of a random interaction seems to contradict the notion of geometrical chaoticity. Below we show that, vice versa, the
geometric chaoticity provides a base for explaining the main features of the pattern.

First we give a couple of trivial examples which point out the possible source of the effects, namely an analog of
the Hund  rule in atomic physics. Consider a system of N pairwise  interacting spins with the Hamiltonian

H=ACs,.sa=A[S’-Ns(s+l)]
O#b

If the interaction strength A is a random variable with zero mean, then the ground state of the system will have
w& f0 = fs,.. = l/2,  probabilities to have spin 5’ = 0 or S = Smor (antiferromagnetism  or ferromagnetism). A
similar situation takes place in the degenerate pairing model [II]  where the pair creation, PJ, pair annihilation, PO,
and particle number, N,  operators form an SU(2) pseudospin algebra. Then the eigenenergy is simply proportional
to the pairing constant so that, for a random sign of this constant, the ground state pseudospin will be 0 (unpaired
state of maximum seniority) or maximum possible (fully paired state of zero seniority), on average in 50% of cases.
In the Elliott SU(3)  model [IS], as well as  in any model with a rotational spectrum, the normal or inverted bands will
happen evenly if the moment of inertia takes positive or negative values randomly.
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