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Abstract: The concept of a "universal" average field as a basis of 
intrinsic-frame nuclear physics is stressed. The symmetries of such an 
average field are discussed. As an important application, an overview 
is given of the recent progress in understanding the octupole-type 
(intrinsic-parity breaking) degrees of freedom in nuclei. Their 
importance and the new consequences resulting from the related 
symmetries and spontaneous symmetry breaking phenomena are emphasized: 
the presence of static and/or dynamic isovector deformations and their 
implications, the possible low-energy El cooling in moderately hot 
nuclei at high spins, possible new forms of rotational dumping effects 
in rotating nuclei etc. 

I. INTRODUCTION 

A concept of nuclear mean fields related to both the long-range 
components in nuclear forces as well as to pairing has been used with 
great success for more than 30 years. It implied, as a natural 
consequence, the using of intrinsic (body-fixed) nuclear coordinate 
frames in the description of nuclear phenomena. These body-fixed 
coordinate frames provided an arena in which the nuclear actors could 
exhibit in an easily comprehensible way their performance about nuclear 
structure, opening a way to what sometimes is referred to as 
"geometrical approaches". 
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Avoiding long historical remarks let us merely recall a few among 
many successful applications of the nuclear mean field and the 
intrinsic coordinate frame description: Nilsson method and its 
improvements towards more and more realistic treatment of nucleonic 
degrees of freedom; ..the cranking approach of Inglis with its later 
generalizations (e.g. HFBC); Strutinsky's total-energy theorem and its 
implications for the present understanding of fission and other shape 
phenomena; nuclear superfluidity and possible phase transition effects 
- and many, many other applications. 

More recently an average field approach using the form of the 
deformed Voods-Saxon potential has been applied with what is called the 
"universal" parametrization. The latter consists of 12 constants having 
clear physical significance and held fixed for all considered nuclei 
(typically: for A à 40 nuclei, cf. Ref.l ) . It allows for a very 
reasonable description, on the average of, the single-nucleonic degrees 
of freedom, without .parameter readjustments from one mass range to 
another. Such an approach not only opens a way for systematic 
extrapolations into the very exotic nuclei, or extreme, exotic nuclear 
states, but also offers the possibility of a systematic treatment of 
the nuclear residual interactions as related to one, single "universal" 
reference field whose properties do not change rapidly from nucleus to 
nucleus. Table 1 in the next page gives a brief account of the physical 
concepts implied by the "geometrical" approach and the related 
benefits. This article will present an illustration of several of these 
concepts using as an example the results of the quickly developing 
studies on the octupole-type (more generally: intrinsic-parity 
breaking) degrees of freedom. 

In the following discussion we would like to conform with the 
character of this Conference, encompassing a broad variety of nuclear 
methods and theoretical techniques. Keeping this in mind we avoid 
technical details, while stressing the interpretation comparison with 
experiment and the physical consequences of the discussed concepts. By 
referring particularly to the "intrinsic-parity physics" we would like 
to bring here a mini-overview of an important subject to which the 
Institute - the host of this Conference - contributed significantly 
through the works of the late Georg A. Leander and his collaborators. 
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TABLE 1 

Hierarchy of Physical Concepts Important 
in Nuclear 'Geometrical' Theories 

Concepts: Benefits: 

AVERAGE FIELD - In HF describable nuclear systems 
calculating of the one body operators 
nearly trivial via Strutinaky theorem. 

UNIVERSAL AVERAGE 
FIELD 

Opens the way for extrapolation into 
very exotic nuclear ranges. 

UNIVERSAL AVERAGE 
FIELD 

Allows for systematic study and deeper 
understanding of residual interactions. 

SYMMETRIES IN THE 
INTRfflSIC COORDINATE 
FRAME 

Conceptual simplifications, selection 
rules, classification of nuclear exc i 
ted states, ... 

SPONTANEOUS SYMMETRY 
BREAKING IN THE 
INTRINSIC FRAME 

Deeper understanding of the nuclear 
interactions in the composite nuclear 
media. 

ISOSCALAR/ISOVECTOR 
DEFORMATIONS 

Allow to describe complicated dyna
mical effects in terms of a few easy 
to interpret degrees of freedom. 

II. INTRINSIC AVERAGE FIELD. UNIVERSALITY AND ITS PHYSICAL ORIGIN. 
HOST IMPORTANT SYMMETRIES. 

In this "preparatory" section we will expand upon the concept of 
universality of the nuclear average field mentioned in the 
Introduction, together with its (sometimes approximate) symmetries: 
parity and signature, simplex, pseudo-SU and pseudo-spin. 

II.A Can the average nuclear field be universal ? 

The usefulness of various theoretical concepts, physical or 
mathematical, is measured by their power of predicting new phenomena 
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and explaining those already known. In nuclear structure theory, one of 
the most powerfull concepts is that of the Average Nuclear Field. The 
latter is usually approximated by a "phenomeno-logically optimised" 
potential, in our case the deformed Woods-Saxon potential, 

V0[l+2Ktz(N-Z)/(N+Z)] 
v

w s

( ? > = — z • < x> 
l+exp[distj. (r;def)/a] 

Here the isospin factor t = + 1/2 (neutrons) or - 1/2 (protons), while 

•* -• 

the symbol distz(r;def) denotes the distance of a point r from the 
nuclear surface 2, defined by the equation of the form 

2„ ( 1 7 ): f(r; def; r* < n ); A = H+Z) = const. (2) 

In equations (1-2) "def" denotes all the deformation degrees of freedom 
and r'"" are the so called radius parameters for neutrons (v) or 
protons (it). There is a priori no reason to assume that in finite 
nuclei, even in the ground states, the neutrons and protons occupy 
exactly the same volume nor that the proton and neutron spatial 
distributions are the same. The usually adopted simple mathematical 
representation of this fact is that in general r^"' ï r'"' as well as 

a'"'* a < 1 T >. (The form of the numerator in Eq. (1) is related to the 

results of a general discussion of the isobaric invariance of the 

forces, in this context usually represented by the factor 

V + 2(K/A) V t-T, t denoting isospin of an individual nucléon, and T 
o l 

- the isospin of the remaining (A-l) nucléons, cf. Eq. (2-89), Réf. 2). 

Definition (1-2) contains all together 6 "phenomenological" constants 

used to characterise both the proton and neutron systems. These are: 
V ,K, r'"', r " ° , a ( l , ) and a"1'. However, the effects of the nucleonic 
0 0 0 

spin, known to produce significant measurable correlations (most 

importantly the spin-orbit splitting) can not be included via Eq. (1) 

alone which is spin independent. The standard approximation used in 

this context involves the average-field spin-orbit interaction 

constructed as a scalar built out of the nucleonic spin, s, the linear 
momentum, p, and the gradient of the nuclear density V (r), the latter 
representating (A-l) nucléons: 

V< = °> ~ {[grad p(r)] x p}-s. (3) 



- 5 -

The evident dependence of V ^ 0 ) in Eq. (3) on the fluctuations, due to 
the individual nucleonic orbitals incorporated into p(r) when the mass 
number increases, is often, for the sake of numerical simplicitv 
neglected by replacing f>(r) by V(r), the corresponding generating 
potential. It is usually argued that such a replacement is veil 
justified by the short range of the nuclear forces. On this level of 
the approximation, the distribution of the nucleonic density and the 
corresponding average field are considered to "well resemble each 
other". Before just substituting Eq.(l) for V(r) into the definition of 
the spin-orbit potential 

df 
V ^ 0 ) (?) = {[(X(grad V(r))x p*].s> (4) 

one may note, that some microscopic calculations (cf. e.g. Ref.3) 
distinguish importantly between the so-called spin-saturated and 
spin-unsaturated orbitals which contribute to the effective spin-orbit 
splitting with the opposite signs. The latter, but also other arguments 
make it evident that the geometrical parameters (r v < 1 T ), and a v ( 1 , > ) 
inserted into v < £ H > ) , may in general be different from those used in 
V . This observation implies that our deformed Woods-Saxon potential 
formulation of the average field approach will need, in addition to the 
six constants already mentioned, another set of 6. These are: the 
coupling (proportionality) constants \ { r ) and Xe n > ; radius r ( 1 , ) and 
r < n > and the diffuseness a < v > and a ( n > parameters. 
O » BO SO 90 

Thus the deformed average field potential defined in Eqs. (1) to 
(4) contains now 12 "adjustable" parameters. The question formulated in 
the title of this sub-section can be transformed now: Does there exist 
a single choice of those 12 constants such that the single-particle (or 
quasiparticle) nuclear levels are described well, at least "on the 
average", throughout the periodic table ? More precisely, one requires 
that the single-particle {quasiparticle) level order is reproduced as 
well as possible at the corresponding equilibrium deformations, the 
latter calculated usually with the help of the Strutinsky energy 
theorem. The problem posed like that may appear formidable: Even if we 
limit our considerations to A i, 40 nuclei for which the average field 
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concept becomes gradually more and more appropriate, the number of 
experimental quantities one would want to reproduce with the single 
choice of 12 constants is enormous. To estimate this number let us 
recall that the total number of nuclei which in principle may be 
produced in laboratory (equal to the number of nuclei for which proton 
and neutron binding energies are negative) is estimated to be 5000 to 
6000 or even more, while an experimental information exists today for 
~ 2000 nuclei. Aiming at a comparison with only a few simplest, non 
collective excitations, say 10 to 20 single quasiparticle 
(2-quasiparticle states) in odd-A (even A) nuclei leads to the 
estimated 50 000 to 100 000 experiment-comparable excitations 
obtainable with the help of 12 "universal" constants. (Obviously, the 
theory gives much more excited quasiparticle states; however, even in 
the best studied nuclei the number of experimentally identified 
quasiparticle levels seldomly exceeds 10). The task is of considerable 
interest and importance even for a range of nuclei much smaller than 
the one in the above estimates. Given the very powerful, yet simple, 
methods of calculating the quantities of interest (Strutinsky energy 
theorem for calculating the total potential energies in function of 
nuclear deformations, Bardeen-Cooper-Schrieffer (BCS) approximation for 
treating the nuclear pairing) we have now the means of "predicting a 
lot" while using a very limited number of parameters. The most standard 
approach, in addition to the 12 constants discussed above, would 
involve typically 4 constants of the so-called macroscopic energy term 
in the Strutinsky energy theorem, and 2 constants required by the BCS 
treatment of pairing with the monopole forces. Let us further stress 
also that all those discussed constants have a simple, well defined 
physical significance. It should be emphasized that the consequences of 
the discussed "universal" description of single (quasi) particle 
effects are even further going: for instance the corresponding wave 
functions can be usued as a basis in theories of other, e.g. collective 
nuclear phenomena, the basis which itself contains many physically 
important correlation effects already included (see for instance the 
following discussion of the symmetry properties. Sect.II.B). 

One is obviously tempted to doubt: Is this program of the universal 
description not over-optimistically formulated ? Can it work in 
practice ? Does there exist a firm physical background to it ? 



- 7 -

In order to reach into a possible microscopic origin of 
universality of the average field description let us recall the 
arguments originating from the properties of the realistic 
nucleon-nucleon interactions. Here it will be instructive to refer to 
the treatment of the infinite nuclear-matter with the help of the 
Bethe-Goidstone approximation. A dydactical presentation of this 
subject and the references to the original works can be found in, e.g., 
Ref. 4. The resulting arguments, valid "asymptotically" for increasing 
nuclear mass number can be summarised as follows. The microscopic 
foundation of the discussed average field approximation lies in the 
fact that, according to the quoted nuclear matter calculations, in the 
estimated (85 to 90) % of the volume occupied by the nucléons, the 
relative-motion wave functions resemble very closely those of the free 
nucleonic motion. In other words: bulk effects of the nucleon-nucleon 
forces average out in such a way that, despite enormous complexity of 
the forces, their result is to provide a potential cavity in which the 
nucléons move almost freely. Only in the remaining (10 to 15) % of the 
volume, the interactions do modify considerable the wave functions of 
the relative motion thus inviting an approximate treatment in terms of 
the corrective ("residual") interactions. The origin of this at first 
unusual result for the idealised infinite nuclear systems can clearly 
be traced back to an important role of the Pauli principle which closes 
many "a priori possible" channels of the nucleonic interactions as e.g. 
the Bethe-Goldstone approximation shows. In addition, the same well 
known mechanisms which prevent nuclear collapse, like the existence of 
the repulsive core, the 'P state repulsive interactions, supplemented 
with the characteristic contributions from the tensor force and the 
exchange .effects, conspire to bring the nucleonic behavior in a nucleus 
to that of an "almost non-interacting" many body system. 

It is therefore not very surprinsing that the everage field methods 
are so successful in their applications: properly parametrised average 
potentials may become "universal" when they imitate the effect of (85 
to 90)% lack of interaction" via the flat bottom (cf. Egs. (1-2)), and 
the short range nuclear attraction playing a special role in the 
nuclear surface area, by the diffuseness of the potential well 
characterized by the correspondingly adjusted parameters a'1"'; cf. 
definitions (1 to 4)). 



A comparison between theory and experiment is particularly simple 
for odd-A nuclei where the quasiparticle excitations have a relatively 
uncomplicated character. Such a comparison is shown in the following 
Figure; similar comparisons exist for many nuclei throughout the 
periodic table thus illustrating (and proving) the applicability of the 
universal average field concept as an idea which I'works in reality". 
(The detailed analysis discussing also the systematic deviations will 
be published elsewhere). 
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Comparison between the experimental and calculated quasiparticle 
exitations at individually minimised deformations (from J.Dudek and 
F.Menas, unpublished). 

We proceed now with a short discussion of the symmetries satisfied by 
the average field in many physically important situations. 

II.B Approximate Symmetries of the Universal Average Field 

Let us emphasize.at the. very beginning of this discussion that the 
symmetries discussed below may apply as well, perhaps to a different 
degree, in the non-universal average field approaches (like that of the 
modified-oscillator in the Hilsson model). It nevertheless appears 
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appealing to combine in one discussion the concept of universality of 
the average potential together with its symmetries and the resulting 
important implications. 

Since the biggest part of the discussion which follows is oriented 
towards high-spin applications, treated as usual by the cranking ansatz 

H" = H + H , - »j (5) 
ws pair x 

it is clear that the "geometrical" and "dynamical" symmetries of the 
problem will be influenced by the corresponding symmetries of the 
composing terms separately. 

Geometrical symmetries (1): Parity and signature 

While the subject has been discussed in many publications, in the 
present mini-overwiew we limit ourselves to reminding the reader about 
the idea and its implications only. The idea is given in the schematic 
representation below: 

H" = H« + HP J U R - o - j x 

Rx = exp(-iTTjx) = > 

[H",Rj = 0, R ^ " = r ^ B , r = ±i 

[R°,TT] = 0, T T ^ " = 7nT> 7T =±1 

If, by virtue of the dynamical, intrinsic structure effects (which can 
be studied using e.g. Strutinsky theorem), the nuclear average field 
has a symmetry with respect to 180' rotation about an axis, say 0 , 
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then the whole effective Hamiltonian (including the pairing term, as 
can easily be shown) commutes with both R and fi and thus the 
corresponding (yuasi) nucleonic wave functions preserve the respective 
good quantum numbers. The total wave functions, if approximated by the 
Slater determinants, preserve, the total parity and signature defined 
as products of individual-nucleonic parities and signatures,, giving 
rise to the characteristic selection rules in the decay schemes (cf. 
results for 1 7 0 W as an example). 
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Geometrical symmetries (2): Simplex synmetry 

The similarities and differences Hith respect to previously recalled 
signature and parity symmetries can most easily be illustrated as 
follows: If, by virtue of the dynamical, intrinsic structure effects 
(which can be studied using e.g. the Strutinsky energy theorem) the 
nuclear average field has a strong octupole-type shape susceptibility 
(or more profoundly the static octupole-type equilibrium) the 

intrinsic-parity it, or R̂  operations are not the symmetry operations of 
the Hamiltonian. 

Q 3 RX => CO [H-.SJ * o 

C^D £& =* C^D [H-.w Ĵ = o 

Still, the product, called simplex: 

S = it ; R _ 1 = « exp(+inj ) ; (6) 

is the symmetry operation (also for the pairing Hamiltonian), as 

illustrated above and leads to the good quantum numbers for the 

corresponding single (quasi) nucléon wave functions. Simple 

considerations of the intrinsic and external symmetries (cf. e.g. the 

discussion surrounding Eq. (4-36) of Ref.3) lead to an important 

relation betvaen the spin, total parity and the simplex: 

s, , = \ , <-Dl; s, ,* = s, *. (7) 
t o t t o t tot t o t 

Since the condition (7) implies that the states 4> characterised by 
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s « +1 are among themselves "similar" (having the same symmetry) and 
in this respect different from those characterised by * t. t" "1 *•»* 
corresponding two families of states may be classified alternatively 
using I" quantum numbers (cf. Eg.. (7)1: 

Even A: 
s 4 = +1; I" = 0 \ 1-, 2 \ 3-,.. 
tot 

-1; I" = 0-, 1*, 2", 3*, 
(8) 

and an analogous sequence with s = ±i and half-integer spins for the 
odd-A nuclei. An experimental manifestation of the symmetry (5-8) for 
the nucleus "°Ra for which both the theoretical and the experimental 
arguments lead to the conclusion about a strong octupole 
susceptibility, is presented in the following figure. 

Simplex Symmetry 
a t High Spins 

Stot = 4-1 

Verification of the Simplex Symmetry 
Example: experimental data for 220Sa 
(From Celler et al. Nticl. Phys. 
A432 {1985)4 21) 
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The characteristic E2 vs. El branching and the alternating parity 
pattern stressed in Eg.(8) are the manifestation of the simplex 
symmetry. This is an important, but one out of many interesting 
mechanisms which can straighforwardly be explained using the 
intrinsic-frame concept in the average field description. 

Dynamical symmetries (1): Pseudo-SU symmetry 

The symmetries, here referred to as "dynamical" (to be 
distinguished from the above discussed "geometrical" ones) do not 
result from any discrete symmetry operations on the average field 
potential. The character of those dynamical symmetries is only 
approximate; their presence in the realistic nuclear fields is 
"guarantied" by all these properties of the nucleon-nucleon 
interactions which make the realistic average potentials resembling 
that of the harmonic oscillator (cf. Sect.II.A). (The harmonic 
oscillator provides an example of the exact SU symmetry). The 
pseudo-SU smmetry has important implications for not only the general 
abundance patern of the superdeformed' ' and hyperdeformed6' nuclear 
configurations (see the illustration of the single particle spectra 
below) but more generally, for the global abundance scheme of most of 
the deformed nuclei throughout the periodic table. While the details 
related to the pseudo-SU symmetry and the physical consequences in the 
physics of exotic nuclear shapes together with the references to the 
original literature, are contained in Refs. 5-6), here we should merely 
like to give an illustration of its manifestation and a few remarks 
about the implications. 

The following figure, left-hand side, illustrates the so-called 
pseudo-oscillator spectrum (i.e., by definition, the spectrum of a 
deformed oscillator potential from which the intruder orbitals have 
been removed). The pseudo-oscillator spectrum marked with full (dashed) 
lines for the positive (negative) parity states is supplemented with 
the intruder orbitals (dotted lines) whose positions have been adjusted 
add hoc to simulate the corresponding spin-orbit splitting known from 
the experimental results. For "dydactical" reasons the degeneracy 
pattern of the oscillator is marked explicitely (e.g. the 4-fold 
degenerate orbitals are marked by the four parallel lines). This 
spectrum is said to obey the pseudo-SU symmetry strictly (strict 
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degeneracies); the group-theoretical aspects of this term are discussed 
for instance in Ref.7. 

OSCILLATOR DELTA-DEFORMATION QUADRUPOLE DEFORMATION 

This "idealized" pseudo-SU scheme of the oscillator should be 
compared with the realistic results for the Woods-Saxon potential 
(right-hand side of the figure; see also the original Ref. 6). The 
analogy between the Woods-Saxon pattern of (approximately) degenerate 
multiplets marked with the dotted areas and the resulting "cieformed 
shell closures" marked explicitly by the corresponding closure numbers, 
and that of the pseudo-oscillator deserves noticing. The closures 
(gaps) give rise, in particular, to the prediction of the existence of 
many superdeformed nuclei in the vicinity of 1 5 2 D y and 1 0 0 G d nuclei 
(Refs. 5-6) - see also below. 

Dynamical symmetries (2): Pseudo-spin symmetry 

The spectra of the above compared pseudo-oscillator and Woods-Saxon 
Hamiltonians contain one more symmetry (however not directly 
recognizable in the figures above. To visualise this so-called 
pseudo-spin symmetry, Ref.8, the same Woods-Saxon spectrum will be 
illustrated except, that the levels satisfying the pseudo-spin symmetry 
will be given explicitly the "pseudo" quantum number labelling. The 
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levels in question, exemplified using N - 4 shell orbitals are marked 
with thick lines in the figure. 

PSEUDOSPIN SYMMETRY N=4 SHELL 
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QUADRUPOLE DEFORMATION 

Let us recall here that, as argued in Ref.8, by virtue of (an 

approximate in character) a unitary transformation, one may transform 

the spectrum of the realistic nuclear average field Hamiltonian (the 

intruder levels left out) to a new representation with some special 

properties. In this new representation, the usual asymptotic quantum 

numbers of states [Nn A]Q "transform" into pseudo-shell quantum numbers 

[N n rt]Q such that 

N = N-l, K = A+l; îï2= nz. (9) 

Calculations show that when the realistic nuclear potential (e.g. 
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deformed Woods-Saxon) is used, most of the orbitals characterized by 
- 1 Jl - A ± - (see figure below) are nearly degenerate. This interesting 

2 property of the approximate vanishing pseudo spin-orbit splitting has 
potentially interesting physical consequences: it implies an 
approximate conservation of pseudo-spin and pseudo-orbital momentum 
separately (in deformed axial nuclei the corresponding projections on 
the symmetry axis). Unfortunately the implications of this type of 
symmetry, for the measurable features (approximate selection rules for 
transitions between some groups of states, for example) have not been 
explored, 
III. INTRINSIC PARITY MIXING. CONCEPT. COMPARISON WITH EXPERIMENT 

One of the important consequences of applying the average field 
description with the |i -type {octupole-type, more generally p^ with the 
multipolarity X = 3,5,7,...) degrees of freedom is the loss of parity 
as the symmetry of the intrinsic potential. As a result, the 
single-particle eigenfunctions are now composed of the (basis) states 
of both parities what implies, via the Landau-Zener theorem, a 
repulsion between the levels which otherwise "do not know about each 
other". In general this simple mechanism influences the shell-structure 
of the single particle spectrum (the abundance of "gaps" in the 
spectrum) which in turn, via the Strutinsky's energy theorem, are 
responsible for creating various minima on the total nuclear potential 
energy surfaces. A qualitative illustration of this mechanism is given 
in the following figure. 
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It is important to recall that the discussed mechanism of 
repulsion, which originates from the Landau-Zener formula applies for 
any continous parameter dependence in the one body Hamiltonian. The 
search for a manifestation of this effect in experiment is more 
straightforward when the energy vs. u, or even better alignement vs. u 
are considered. This is demonstrated qualitatively in the following 
figure. The intrinsic parity mixing gets in general stronger when 
|JX increases; this strenghtens the level repulsion and thus 
influences the curvature of the spin vs. a dependence. 
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The fact that the smootheness of the I M curve corresponds so well 
to the experimental situation can be used as yet another argument for 
applying the concept of the intrinsic coordinate frames in general and 
that of the intrinsic-parity mixing in particular. The latter underlies 
the description of "gentle" alignment effects in "octupole-susceptible" 
nuclei in contrast to the well known dramatic "back-bending" pattern in 
many other cases. 
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IV. ISOSCALAP. AND I SO VECTOR DEFORMATIONS. CONCEPTS. EXAMPLES, 
COMPARISON VITH EXPERIMENT. 

During many years our intuition about nuclear deformations vas 
formed principally by the successes of the Nilson type description, 
where the neutron and the proton distributions are restricted to move 
according to a common receip {the deformation parameters are common for 
both nucleonic phases). However, the concept of a limited independence 
between the proton and neutron distributions is not at all new and has 
been used in various contexts, mainly in the studies of the coherent 
(collective) isovector excitations. Some of the related mechanisms are 
easily imaginable: coherent oscillations of the neutrons against the 
protons which give rise to the so-called giant-dipole radiation; the 
angular oscillations ("scissor mode") of a similar nature have been 
proposed as an explanation for the collective Ml excitations found in 
many nuclei; the isovector giant resonances of higher (than A=l, 
dipole) multipolarities provide further examples of at least 
two-deformation concept. In most of the discussions in the past, the 
consequences of possible differences between proton and neutron 
deformation parameters (i.e. those characterizing all the neutrons or 
all the protons) have not been largely explored. Yet, the microscopic 
origin of the average fields leaves certainly a room for such 
differences. 

The concept of nuclear deformation leads in a natural way to the 
following simple distinction: 

A. Static vs. dynamic deformation 
B. Isoscalar vs. isovector deformation. 

A simultaneous applications of both terms leads to four corresponding 
types of "generalized shape" variables. 

The importance of distinguishing between the static and dynamic 
shape effects lies in the fact that many experiments are sensitive to 
time-averaged physical observables. Suppose, an observable f may be an 
oscillating function of time. In such a case it is often convenient to 
refer to the disperssion, <r, 

c*(f> = <f 2> - (f f (10) 
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as a measure of the oscillation. One usually refers to the nuclei with 
ff(f ) small (large) as f-stiff (f-soft). In particular, according to 
some model-descriptions of the octupole effects in nuclei, the 
branching ratio 

B(E1)/B(E2) ~ o*<8 3) (11) 

and it is not necessarily the static equilibrium value of deformation 
0, / O but rather the d< 

of more physical importance 
Q ? 0 but rather the dynamical effect of the fluctuations which is a.«q 

The physical intuition behind the dynamic deformation effects 
(measured in terms of susceptibility, or oscillation amplitudes, etc.) 
is that: The probability for a system to manifest deformation f 
decreases if the time during which the system actually stays at f, 
decreases (as it is the case for oscillations of increasing amplitude). 

If some parameters characterising the "deformations" of the proton 
and neutron phases differ, f(U) ? i(v), one speaks of isovector 
deformations, usually expressed as the corresponding differences. There 
is no way to define the nuclear deformations "absolutely" as in the 
case of a distance, position etc. It is the symmmetry of the problem, 
and the "usefulness" of the corresponding definition which imply its 
importance in the nuclear structure studies. As an example, let us 
consider an isovector deforaation related to the studies of the static 
isoscalar octupole deformation S . when & deformation increases a 

3 3 
nucleus will react at least in two ways: The Coulomb forces will imply 
in general different shape distributions for the protons and neutrons 
and, in particular, the positions of the centres of mass of the two 
systems will drift apart (cf. illustration below based on a classical 
analogy). The corresponding dipole moment 

••-f Q1=,= e|r<0- j(*r> (12) 

according to classical electrostatics. The quantal generalization of 
Eq. (12) on the level of Schrôdinger mechanics gives 
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*z ( r Y . „ ) < " > 
i= l 

7 S <^„>r (13) 
i= l 

where the products of r. times spherical harmonics Y represent the 
operators of the position along the z-axis. 

Mirror Asymmetry 
and Isovector Deformation 

'Octupole déformation1 ••"• 
•^Protons move towards the 'narrow* end 

» Induced static DJPOLE moment 

Q*-i = e/z •/>.(?) d'f * 0 

Now let us recall that the so-called Strutinsky energy theorem is a 

particular case of a more general approximate expression for *>,he 

expectation values of one-body operators. Given the one body operator, 

f, the corresponding "generalized" theorem implies 

quant a 1 

' classical q u a a t a l ' 

2 (v|f|v>- £ <v|f|v). 

(14) 

(15) 

S (v|f|v> = £ (v|f|v)n(e ), (16) 

where n are known coefficients and ey - the single-particle energy 
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levels (cf. Réf.9). Applying the substitution f «- Q ^ , cf. Eq. (13), 
gives us the possibility of studing the static dipole moments using the 
intrinsic-frame nucleonic wave functions |v> (cf. Réf.10 for details). 
An important and interesting consequence of relations (14 to 16) is 
that even for a fixed isoscalar deformation & , the moment 
Q\=i K (zh~ (ZK reflecting a difference between the positions of the 
centre of mass for the protons and neutrons (an isovector deformation) 
may change in function of particle numbers Z and K (summation limits in 
Eqs. (15-16) depend on Z and N). This leads to measurable consequences 
illustrated for 2 2 2 T h and 2 2 $ R a nuclei for which calculations (from 
Ref.10) give comparable static octupole equilibrium deformations but 
different guantal (denoted SHELL) contributions. The experimental 
branching ratios marked in the Figure, in the discussed nuclei differ 
nearly by an order of mangnitude in good correspondence with the 
calculated results for the B(E1)/B(E2) branching. 

Large Isoscalar - Small Isovector Effect 

Example: Ra nucleus 

/0.12 t D.01I 

A n :o.oM 

B(E1)/B(E2) in 1CT4 fm" 
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Large Isoscalar - Large Isovector Effect 
Example: ^ h nucleus 

B(E1)/B(E2) in 10"* fin* 
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V. SOME HIGH SPIN CONSEQUENCES OF THE OCTUPOLE DEGREES OF FREEDOM 

The total energy calculations of the octupole shape susceptibility 
at high-spins, performed using Strutinsky theorem (f = 5 = Hamiltonian 
in Egs. (14-16)) give a clear indication that the spontaneous parity 
breaking, the static and dynamic deformations, the isoscalar and 
isovector degrees of freedom may bring a great richness of nuclear 
mechanisms activated at high spins. 
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V.A Examples of the total energy calculations 

An e?"--le of the calculations for the Dysprosium nuclei (from 
Dudek and Werner, unpublished) shows for instance that a tremendous 
octupole susceptibility in the supardcformed minimum of 1 3 4 D y , at 
S a 0.6, (even more strongly in i a z D y , here not shown) disappears 
quickly with increasing neutron number (no superdeformation in i 9*Dy) 
and may play a role in the hyperdeformed nuclei at bigger neutron 
numbers, (cf. 1 6 z D y maps). 

Similarly, in heavier nuclei of Ft and Os region, cf. following two 
pages the strong octupole susceptibility or even minimum separated by 
the barriers are suggested by the calculations, and clearly encourage 
an interest from the experimental point o view. 

V.B Possible measurable consequences of the increased octupole-type 
susceptibility at high-spin 

At low and moderate temperatures where the octupole 
deformation-driving quantal effects are expected to survive, there seem 
to be at least two physical implications which may deserve interest. 

1. B(E1) vs. B(E2) branching 

Because of the expected increase in the competition between El and 
E2 transitions, the E y - E y coincidence measurements may be sensitive to 
the proposed effect in that the Ei-type transitions imply 
E (El) ~ h2/(2J).(21) while E2-type transitions have 
Ey(E2) -v h2/(2J).(41). This should imply the existence of two types of 
valleys in the E - E y correlation plots: one at higher eaergy (E2) and 
another, very roughly speaking, at half the energy (El) and with half 
the rfidth. Effects of this type may became soon measurable even for the 
superdeformed configurations (cf. preliminary theoretical results from 
the previous section). 

Another manifestation of the discussed E1/E2 competition may be an 
accelerated cooling due to the El transitions from higher excited to 
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lower excited rotational bands. An experimental manifestation of this 
effect may became: a weak presence or even a complete disappearance of 
the so-called secondary ridges in >he E y-E T correlations plots. 

2. Possible El-components in the rotational-dumping measurements 

A schematic representation of a possible "enriched" rotational 
dumping mechanism is given in the figure below. While "normally"(i.e. 
with the absence of remarkable octupole effects) the E y(E2) transitions 
manifest a distribution with a spreading whose width, called rotational 
dumping width, cf. figure, implies measurable, yet not fully understood 
consequences for the quasi-eontinous T-spectra, in the presence of the 
octupole effects the competing El-transitions may even more complicate 
a picture. 

E* 

These states appear as a set of 
bands mutually interconnected 
via numerous E2 transitions 

E * 

- I 
These states appear as a set of 
bands mutually interconnected 
via both El & E2 transitions 
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Since to each possible E2 decay of a state I g (cf. Figure) there is 
an El competing transition enforced by the B(H1)/B(E2) branching, two 
decays, and two rotational dumping width, r ,(E2) and r „(El) are 

po t rot 
predicted to exist if the corresponding guantal octupole effects 
"survive" at E* up to (3-4) HeV of excitation above the yrast line. 

VI. INSTEAD OF CONCLUDING REMARKS: HOST LIKELY FUTURE DEVELOPMENTS 

The intrinsic coordinate frame nuclear physics with an average 
(notably universal) nuclear field is likely to explore at least two 
interesting directions in the near future. 

VI.A The universal Voods-Saxon potential, density dependent spin-orbit 
and the proton-neutron interaction 

The parametrisation of an average field in the form of the deformed 
oods-Saxon potential of Eqs.(1-4) offers an easy way for some 
physically appealing extensions. First, instead of using the spin-orbit 
term in its standard form, Eq. (4), one may use the Vp(r) explicitly 
where the density p(r) is calculated using a simple interactive 
procedure. In such a procedure one begins with the usual 
diagonalisation of the Hamiltonian with the Woods-Saxon type spin-orbit 
interaction. With so obtained eigensolutions + y(r) one forms the 
density p(r) and then the density dependent spin-orbit potential 

Vws°' ~ <Vpxp).s (17) 

A few iterations towards selfconsistency are likely to provide a 
natural extension of the standard algorithm. Secondly, on the same 
level of the approximation, one can easily acount for the 
proton-neutron interaction (Ref.ll) expected to dominate, in 
particular, the deformation driving effects. Numerous suggestions based 
on the experience with the shell model, imply that something like 80* 
of nucleon-nucleon interactions in the two body matrix elements 
originates from the proton-neutron effects. With the appropriately 
chosen weighting factors a and &, one can employ a density split into 
the proton and neutron contributions 
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p(r) = a pR(r) + & P ( F(r) (18) 

which subsequently can be used in Eq.(17) to form the density dependent 
spin-orbit average field. 

V L B New deformation space: isovector degrees of freedom 

With the proton and neutron distributions allowed to acquire some 
independence, the generalized Strutinsky method opens a way to the 
exploration of a variety of deformation effect (cf. e.g. Sect.V for 
examples). In this case the usually considered average field 
Hamiltonian with the deformation parameters, denoted by "def", common 
for protons and neutrons 

H
H S = H„s ( t t ; d e f ) + Hws l v ; d e £ ) U 9 > 

will be supplemented with the attractive proton-neutron residual 
interaction. After this generalization 

H « s = * , . [ * ' d e f ( 1 t ) ] + H w J v ' d e f ( v » 3 + \eBl*».il«-v)- < 2 0> 

the last term "keeping the two densities together" while various 
nucleonic degrees of freedom enforce deviations between def(v) and 
def(fl). 
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