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LEVEL DENSITY AND THERMAL PROPERTIES IN RARE EARTH NUCLEI
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Recently (1), the Oslo group developed a new method to extract nuclear
level density (NLD) and y strength function (GSF) from primary y spectra. The
method was applied to investigate the nuclei 162>161Dy, 172<171Yb and 166Er using
the (3He,a) reaction and the nucleus 162Dy using inelastic 3He scattering. The
experiments were carried out at the Oslo Cyclotron Laboratory with a beam
energy of Ebeam = 45 MeV and target thicknesses of some 1.5 mg/cm2.
Comparing the results of the 163Dy(3He,a) and 162Dy(3He,3He') reaction, we find
that differences in NLD and GSF above 1.5 MeV of energy are less than 10% (2),
although the two reactions represent two very different population mechanisms.
This gives confidence in the fact, that our method is nearly independent of the
specific reaction mechanism used to excite the nucleus.
When comparing the NLD of the even nuclei 162Dy and 172Yb to those of the
neighboring odd nuclei 161Dy and 171Yb (3) we can investigate the concept of
shifted NLD up to an energy of 8 MeV. We find that above an energy of 3.5 MeV
in the even nuclei, the concept of shifted NLD works well, whereas below this
energy nuclear structure effects become too important. We also compare our
findings to popular parameterizations of NLD (Gilbert Cameron, von Egidy).
We have determined the entropy S of the :62-16IDy and 172'171Yb nuclei in the
microcanonical and canonical ensemble theory (4). With a simple pairing model
we are able to reproduce fine structure in the NLD. By comparing the odd to the
even Dy and Yb nuclei we can determine S of one quasiparticle (QP) and we can
estimate the number of QPs participating in nuclear excitations.
We have determined temperature T and heat capacity Cy within the micro-
canonical and canonical ensemble theory for the three even mass nuclei (5). The
microcanonical T curves reveal the onset of two, four and in the case of the 172Yb
nucleus also 6 QP excitations.

When plotting the canonical Cy as function of T, we find as a common feature for
the Dy and Yb nuclei a bump around 0.5 MeV of temperature (6). This is inter-
preted as a phase transition from a strongly correlated phase to an uncorrelateci
phase. The critical temperature for quenching of pairing correlations as a whole
could be derived.
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