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Introduction

Calculations to reconstruct rotational level
patterns in the 220Rn and 226Ra nuclei
[1] have been performed using a collective
quadrupole+octupole approach [2] with micro-
scopic mass tensor and moments of inertia depen-
dent on deformation and pairing degrees of free-
dom. The main objective is to quantitatively con-
�rm the known experimental observations that
the Rn nucleus passes from octupole vibrational
to octupole deformed with increasing rotation fre-
quency, while the Ra nucleus is relatively weakly
a�ected by collective rotation, being octupole de-
formed from the beginning.

Mean Field Potential Energy

The potential energy and the inertia parameters
are de�ned in the vibrational-rotational, nine-
dimensional collective space of the multipole-
deformation parameters and Euler angles. The
symmetrization procedure applied to the eigen-
states of the collective Hamiltonian ensures their
uniqueness with respect to the laboratory coordi-
nate system.
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Fig. 1 (left):Microscopic (pairing and shell) energy of the 220Rn

in the quadrupole-octupole plane (α20, α30).

Fig. 2 (right):Maps generated for the quadrupole-octupole

(α20, α30) deformations.

Realistic Collective Hamiltonian

A realistic collective Hamiltonian contains the potential-energy term obtained through the macroscopic-
microscopic Strutinsky-like method with particle-number-projected BCS approach and deformation-
dependent mass tensor.
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where α2 and α3 describe the sub-spaces of the quadrupole and octupole variables with metrics B2(α2), B3(α3)

given in this approach as the quadrupole and octupole microscopic mass tensors, respectively.

Fig. 3: Moment of inertia evolution for the

minimum-energy deformation in 220Rn and
226Ra nuclei for various pairing ∆n and ∆p

parameters.

Quantities |B2| = det(B2(α2)) and |B3| = det(B3(α3)) stand
for square roots of the metric-tensor determinants. These mi-
croscopic mass tensors are determined via cranking method of
Ref. [3]. Its covariant component, Bλν,λν′ , for λ = 2 or λ = 3
and indices ν > 0 is given by the expression
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and the cranking moment of inertia
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where the double sum runs over the full set of the BCS quasi-particle

(including time-reversed) states, obtained out of eigensolutions of the

used mean-�eld Hamiltonian Ĥsp and chosen pairing model. Quantities

vn are the occupation probability amplitudes of the nth quasi-particle

state while un is given by the normalization relation u2
n = 1 − v2

n. In

the denominator of Eq. (3), Ek and El are the quasi-particle energies of

kth and lth states.

The pairing vibration are taken into account by minimizing
total energy over (∆n,∆p) pairing energy gaps.

Negative-parity bands

The negative-parity states are created in the
potential energy well based on the quadrupole-
deformed ground-state con�guration with
quadrupole deformation α20 = 0.25 and
α22 = 0.0. By consequence, the resulting
octupole negative-parity states have a signi�cant
static quadrupole deformation producing large
B(E2) intra-band transition probabilities.

a) J(∆n,p;I) exp. b) J0 J(∆n,p;I) exp.
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Fig. 4: Comparison of theoretical and experimental [4, 5] bands

for 220Rn (a) and 226Ra (b) obtained with the spin-dependent

moment of inertia J(∆n,p; I) and, in case of 226Ra, addition-

ally with constant J0 value. Transition probability B(E2)(efm)

are marked in brackets.

Rotational properties of states

Even if the mass numbers in 220Rn (a) and 226Ra
nuclei di�er by six mass units (2 protons and 4
neutrons), the response of the pairing �eld on
external rotation leads to signi�cantly di�erent
ways of evolution of potential energy wells to-
ward octupole deformation with increasing spin.

Fig. 5: Proton and neutron pairing ∆ values in spin and deforma-

tion α30 plane compared for 220Rn (a,b) and 226Ra obtained

by minimizing the total energy (Eq. 1) over all axial and non-

axial quadrupole and octupole deformation parameters.

Fig. 6: Pairing ∆ values for protons (red) and neutrons (green)

obtained after energy minimization for I = 2 h̄ (a) and 6 h̄ (b)

for in 220Rn. The moment of inertia evolution, (J⊥), marks

magenta line.

Conclusions

� The presented work is an investigation of
the character of the octupole instabilities
in two nuclei, 220Rn and 226Ra.

� These nuclei are not classical rotors, the
Coriolis and centrifugal e�ects modify the
single-particle structure.

� Our model allow to construct the positive
and negative-parity collective states based
on α2µ and α3ν degrees of freedom.

� A complex transition from vibrational to a
stable deformed con�guration is achieved,
due to: the high precision calculations
made on a very dense deformation and
pairing ∆ grid; the well-tested ingredients
of the macroscopic-microscopic model in
various �elds of nuclear physics.

� The collective model used to determine
the rotational states with spin-dependent
moments of inertia is capable of repro-
ducing, on average, the energies as well
as the electric transitions with order-of-
magnitude accuracy.
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