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Three long-standing difficulties encountered in the BCS (HFB) theory of nuclear moments of inertia
are a* follows:

1. Excessive reduction of nuclear moment of inertia due to pairing interaction. The BCS theoretical

. moments of inertia of the ground bands in rare-earth and actinide even-even nuclei are systematically

smaller than the experimental ones by a factor of 10-30% [1, p. 82], i.e., a systematic excessive

reduction of nuclear moments of inertia was found. Many efforts to reduce the discrepancy between

theory and experiment have not been successful (2, and references therein].

2. Odd-even difference in the nuclear moments of inertia. According to the BCS treatment, the
moment of inertia associated with one-quasiparticle state in odd-yl nucleus should be larger than
those 'of the ground state configuration of adjacent even-even nuclei by a factor of ~ 15%. However,
the observed odd-even differences in nuclear moments of inertia show large fluctuation [l, p. 310—
318]. The occurrence of "identical" bands in neighboring superdeformed nuclei, particularly the
"identical" bands observed in normally deformed pairs of even- and odd-mass nuclei at low spin
[3,4] was considered as a serious challenge to the mean field (BCS) approximation.

3. Additivity of nuclear moments of inertia.' Let Jo denote the moment of inertia of the ground
state (quasiparticle vacuum |0))) band of even-even nucleus, J(p) the moment of inertia of a one-
quasiparticle state o£|0)), and J(iiv) that of a two-quasiparticle state Q+a+|0)), it can be shown
that [5] '
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i.e., the additivity of nuclear moments of inertia. However, the observed results show that [5] the

R values are systematically larger than 1, which implies large residual quasiparticle interaction due

to blocking.
All the three difficulties are intimately connected with the proper treatment of the blocking effects.

However, as emphasized by Rowe.that, while the blocking effects are straightforward, it is very difficult
to treat them in the BCS formalism because they introduce different quasiparticle bases for different
blocked level. All the three difficulties disappear in the particle-number-conserving treatment [2,4,5], in
which the blocking effects are taken into account exactly.
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