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ABSTRACT: An overview of the status of development of some microscopic 
nuclear models is presented. A special attention is paid to the recent 
calculations starting from the effective nucleon-nucleon force, to the 
angular momentum projection method before variation, to the multiphonon 
method and to the selfconsistent coordinate method. The success and the 
limitations of the three last mentioned models are illustrated in the example 
ofi«»Er. 

1. INTRODUCTION 

It is my intention in this talk to review some of the microscopic models 
developed since our last meeting at Knoxville in 1984.1 shall make no attempt 
to describe every latest development of these models. I shall, of course, be 
obliged to make a severe selection to fit into 40 minutes. I shall not at all speak 
about the works which try to give a microscopic foundation to the Interacting 
Boson Model since this subject will be largely covered by others speakers at 
this conference. I shall neither deal with the efforts done to explain high spins 
and very high spins since these have less to do with the capture gamma-ray 
spectroscopy which prefers low spins. Furthermore, to reduce as much as 
possible the overlap with other speakers dealing with microscopic models I 
shall o ily briefly discuss the models for which special invited papers have 
been selected. I shall insist more on some peculiar models which, I feel, are 
relevant to the general topic of our symposium, since they have been very 
recently applied to 1 6 8 Er. As everybody knows, this nucleus gives the best 
example of a complete set of data, on which the nuclear models can be 
tested. 

My talk will be separated into four parts dealing with different models 
classified in decreasing order of microscopy. In the next section, I give a small 
summary of the recent "fully" microscopic nuclear structure calculations which 
start from an effective interaction between nucléons in the nuclear medium. 
Section 3 is devoted to the projection methods before variation. In Section 4 ,1 
give some recem results of the multiphonon method using two types of 
phonons. In Section 5, I report on the first application of the selfconsistent 
col'ective coordinate method to a realistic nuclear structure problem. Finally, 
in two last sections, I give a summary and my conclusions. 
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2. MICROSCOPIC NUCLEAR STRUCTURE CALCULATIONS STARTING 
FROM AN EFFECTIVE NUCLEON-NUCLEON FORCE 

It is a longstanding task to try to reach a consistent microscopic description of 
individual and collective low energy excitations starting from an effective 
interaction between nucléons. 

The most ambitious program of this type has been undertaken by Quentin and 
his coworkers and we will learn about their recent results in a special invited 
talk. I would only like to sketch very briefly the general Ideas of this approach. 
One starts with an effective nucteon-nucleon force whose parameters are 
determined once for all and for the whole chart of nuclides from very general 
saturation properties. The most currently used interaction is ot the Skyrme 
type (Skyrme III parametrisation). 

In a first step, the schematic constant monopole pairing force is added in 
order to do a constrained Hartree-Fock+BCS calculation and to get the mean 
fields for protons and neutrons. At this stage, a selfconsistent study of 
deformation energy surfaces in nuclei can be made and compared to the 
results of macroscopic-.fiicroscopic calculations (e.g. of the Nilsson-Strutinsky 
type). Triaxial deformations have been calculated by Bonche et a!. [1] in the 
isotopes of Kr, Sr, Zr and Mo, by Redon et al. [2] in some heavy nuclei 
(*38sm, 186pt and 192Os) and by Coc et a l . [3] in 1 2 1 Cs and its neignbours. 
Quadrupole-octupole deformations have been studied by Bonche et al. [4] 
using the Skyrme III plus monopole pairing interaction and by Robledo et 
al. [5] with the Gogny interaction where the pairing properties can be handled 
without any prescription. Note that, at this stage, no care is taken of the 
projection of the intrinsic states on good angular momentum. Furthermore, the 
static equilibrium properties and the single particle wave functions and 
energies obtained in a selfconsistent way have been used for a description of 
nuclear states in odd-A [6] and odd-odd nuclei [7] within the rotor (with 
variable moment of inertia) plus quasiparticle framework. In the latter study, 
the residual neutron-proton interaction is determined from the same nucleon-
nucleon effective interaction. A remarkable success is obtained especially for 
the Gallagher-Moszkowski splittings and the Newby matrix elements. 
Generally, one can say that the calculations in this frame lead to calculated 
levels in a range of energy which is deemed reasonable, since there is no ad 
hoc parameter. Even in some cases, a few predictions can be suggested. 

In a second step of the general program, the adiabatic limit of the time-
dependent Hartree Fock approximation (ATDHF) is used to derive the Bohr 
collective Hamiltonian in a selfconsistent way. The full quadrupole dynamics 
involving the three moments of inertia, the three vibrational mass parameters 
and the potential V (p, -y) is treated that way. The spectroscopic properties of 
the rotational and vibrational states of even nuclei are then obtained by 
diagonalisation of the Bohr Hamiltonian according to the projection method of 
Libert and Quentin [8]. In odd mass nuclei, the dynamical coupling of the odd 
quasiparticle to the core is obtained through the implicit dependence of the 
quasiparticle Hamiltonian on the collective variables. For these nuclei, the 
main problem consists to evaluate the matrix elements of the quasiparticle 
part of the Hamiltonian. This is done by integration over the collective 
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variables (Euler angles, P and y) according to a method developed by Medjadi 
et al. [9] . A limited application, with an approximate determination of the 
mass parameters and the moments of inertia has been obtained for odd Cd 
isotopes [9] . 

All these "fully" microscopic approaches lead, of course, to rather heavy 
numerical calculations for which large computing facilities are necessary. It is, 
however, worthwhile to note that computer codes, which can be handled by 
experimentalists without to many difficulties, start now to be available. This 
promise further applications and developments. 

3 ON SOME RECENT RESULTS USING PROJECTION METHODS 

Many microscopic theories are based on symmetry violating mean field 
approaches. It is well known that, in principle, the broken symmetries should 
be restored by projecting onto eigenstates of good symmetry before variation. 
For instance, the single particle wave functions obtained by the Hartree 
Bogoliubov method are not eigenfunctions of the angular momentum 
operator. It is the same for any Nilsson type + BCS wavefunctions which in 
addition, are not eigenfunctions of the nucléon number operator. 

One way of restoring the rotational symmetry is to use the Peierls-Yoccoz 
projection method. Full scale calculations using reasonable effective two body 
forces are very difficult to perform and require a tremendous amount of 
numerical work. Only a few applications of this type have been attempted and 
they are mainly devoted to the investigation of the shape of the nucleus in its 
ground state [10] . Most realistic calculations using projection methods are 
restricted to axially symmetrical wavefunctions or simply to Nilsson type 
wavefunctions. Furthermore, they generally consider only the ground state 
band. 

I would like to report here on some results obtained by Lin et al. [11-13] which 
concern K = 0+ excited bands in 168Er and which have been recently 
questioned since a new 0 +

4 band has been well established [14-17] with a 
band head at 1833 keV. In their analysis, Lin et al. start with simple Nilsson + 
BCS type wavefunctions for the two quasiparticle excitations in the intrinsic 
system. To avoid a long, time-consuming, parameter search they adopt the 
standard Nilsson potential, allowing only a small change of the value of the 
parameter K in the I s and I 2 terms. The values of the strength constants of 
the residual pairing and quadrupole—quadrupole forces are also fixed. The 
basis includes two major shells for each kind of particles (N = 4 and 5 for 
protons, N = 5 and 6 for neutrons). For the ground state, the variation is 
performed with respect to the deformation Pa and to the pairing gaps Ap and 
A n . For the other states, the same value of p 2 is used and the variational 
search is reduced to the pairing gaps. This procedure leads to a very nice 
description for the ground state band and for the two excited 0 +

2 and 0+ 3 

which are therefore interpreted as rather pure two quasineutrons bands 
'13/2,7/2 a n d P3/2.1/2 M . in usual Nilsson labelling ± 7/2 + 633 and 
± 1/2-521 respectively). 
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The authors also concluded that there could be nc other low lying K * 0+ two 
quasiparticle excited bands. These findings were in nice agreement with the 
experimental results of Davidson [18] reported at that time . The experimental 
evidence for the newO+4 band starting at l833KeV (14—17] has been 
regarded as a drawback of the projection method used by Lin. At that point, we 
should remember that such an approach can be used to check and to interpret 
experimental information, but, that its predictive power is rather limited. We 
should not forget that the parameters used in the single particle model are 
fitted in calculations with wavefunctions that do not conserve angular 
momentum. It is the prevailing belief that some slight modifications are 
required to get correct results in calculations using projection techniques. 
Apparently, the choice of the changes made by Lin et al. in their first 
papers [11-12] was overall correct for the neutrons, but not suited for protons. 
In a very recent work [13], the same authors used a new value for the 
parameter u p of the I 2 term in the Nilsson model, reduced by 50%. With such 
an ad hoc change they were able to find a first twoquasiproton band d3/2,i/2 
(i.e. ± 1/2 + 411) in nice agreement with the observed 0+4. 

Furthermore, two "new" quasiproton bands 0+5 with h 1 ̂ 2,7/2 (i.e. 
±7/2 — 523 ) and 0+ 6 with h9/2,i/2 (i.e. ± 1/2 -541) were found in the 
calculations with an energy of 1966 and 2202 keV, respectively. It is, of 
course, quite sure that other twoquasiproton bands should exist with energies 
higher than that of the 0+4 band. But, I would like to remind you not to use the 
present calculated energies of 0+5 and 0+g as a precise prediction. The 
projection techniques, starting with a simple single particle potential and trivial 
residual interaction can, of course, not pretend to have a fine quantitative 
predictive power. In the approaches used by Lin et al. [11-13] several 
additional reasons for this may 9xist among which I would like to evoke briefly 
the following : 

- There is no reason to consider the 0+ states as pure twoquasiparticle states. 
Small interactions due to the pairing and quadrupole residual forces certainly 
arise and influence the energies. The observed transitions between the 
members of the 0+ 4 and 0+2 bands as well as the results of recent transfer 
reactions [15,17] confirm that these are not of pure quasiparticle nature. 

- For levels lying around 2 MeV the deformation p 2 may be, at least slightly, 
different from that of the ground state. 

- The choice of the single particle parameters is certainly not unique and 
there is no absolute correct way to determine, a priori, the exact values of the 
strengths of the chosen residual interaction. 

As a conclusion to this section, I would like to repeat the following (and 
usual ! ) statement : 

The best, what this type of projection method can do, is to find one theoretical 
band with the correct moment of inertia, with the correct energy, or more 
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generally, with an energy close to the observed one. This can be considered 
as a very nice result and it is a very hard job to get it, even with large computer 
facilities. 

4. THE MULTIPHONON METHOD 

In my talk at the Knoxville conference [19] I presented the multiphonon 
method (MPM) as a microscopic tool for the study of the anharmonicities in 
the vibrational spectra in deformed nuclei. At that period, the only application 
to a realistic situation had been obtained in the simple case where only one 
type of phonons plays a role. It allowed to give an explanation to the lack of 
two ph-inon octupole vibrational states 0+ in the light Ra and Th isotopes at 
around double the energy of the one phonon state 0 \ Since then, this version 
of the MPM has been extended [20] to odd A nuclei with a special attention 
paid to the light Ac. It has also been developed [21] to treat the case where 
two collective phonons are introduced in the MPM basis. A first 
application [22] of this second version of the MPM has been devoted to the 
even isotopes of Th, U and Pu where a I = K = 0+ excited stats is observed 
in the neigbourhood of the I = 1" , K = 0 octupole state, well below the 
pairing gap. I will not go into the details of this application, but only mention its 
main conclusions. It has been found that the octupole vibrations exhibit, in 
these nuclei, larger anharmonicities than the K = 0+ vibrations (which are in 
these isotopes of pairing type). The energy spectrum is systematically dilated 
and the coupling between the two types of vibrations is found to be rather 
small. The three expected "two phonon states" 0 +

3 ,0 -2 and 0+4 are 
predicted at energies between 1.7 and 2 MeV and keep some collective 
character through their E1 , E2 and E3 transitions to the one phonon states 
0~i and 0+2. These findings are at variance with the predictions of the 
quasiparticle phonon nuclear model (QPNM) of Soloviev [23]. I shall 
comment later on this difference. 

Now, I would like to spend some time on the most recent application of this 
second version of the MPM devoted to the study of the anharmonic y 
vibrations illustrated in 1 6 8 Er. As is well known [18], the band head of the y 
vibration has an energy of 821 keV. From the completeness of the low spin 
energy level spectrum one deduces that the lowest candidate for the 2 y state 
with K = 4+ occurs with a band head at 2055 keV. This implies a major 
deviation from a harmonic vibration since E <2y) / E (y ) > 2.5 . Many efforts 
have been made to answer the question of the location of the first intrinsic 4+ 
band arising from y motion, and we now look how the MPM solves the 
question. First, I remind you that the MPM introduces phonons Qtp of the 
Tamm-Dancoff type, which are defined as a superposition of two 
quasiparticles 

Qt, = 1/2 E ( X| ) m n a t m a t n (1) 
mn 
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where the operator at creates a fermion and where the matrix X, is 
antisymmetric. Contrary to the assumption of the harmonic approximations the 
entities (1) are no longer considered as quasibosons. Their commutation rules 

[ Qi. Q* a ] - 1/2 Tr ( X ^ ) + Z ( X ^ ) ™ a t m a n (2) 
mn 

are fully taken into account, in 168Er (or in any other nucleus where the y 
collective state is energetically isolated) it is assumed that one can restrict to 
two phonons : Q + i for the phonon y and Q+a for its time reversed which carries 
K = - 2. Therefore, the multiphonon basis can be written 

I p q > = (p!q!)-l Q^PQtjqiO > (3) 

It has been shown [21,24] that, in this basis, the matrix elements of any, one 
or two—body , operator can be given in terms of : 

- the overlap matrix elements 

F ( p'q'; p q ) = < p'q' I p q > (4) 

- the matrices 

Amn <P'q';pq) = <P'q'l *n a m | p q > (S) 

- and the quantities 

B s t Uv ( P'q' ; p q ) = < p'q' I ay a u a, a s I p q > (6) 

Some simplifications arise here (in the case of the y motion) : 

- the calculation of the overlap matrix elements reduces to that of norms. 

- if one restricts to the lowest lying states, only K = 0, 2 or 4 states have to be 
considered. The basis (3) can therefore be limited to p = q, p = q + 1 and 
p = q + 2 (respectively).The maximum value n m a x of the number of 
phonons n = p + q introduced in this basis has been further limited so as to 
obtain the numerical stability for the three lowest lying excited states, in the 
diagonalisation of the model Hamiltonian. Preliminary results [25] have been 
obtained with the use of a simple Hamiltonian including a Nilsson potential, 
the usual pairing and quadrupole quadrupole forces. For the single particle 
potential the standard parameters of Lamm [26] and a deformation e 2 = 0.27 
have been used. The BCS gap parameters Ap = 830 keV and A n = 775 keV 
have been evaluated empirically from the experimental masses [27] . This 
choice leaves only one free adjustable parameter for the problem : the 
strength xz o f the quadrupole quadrupole force. Its value is determined so as 
to get, within the MPM, the lowest 2+ energy E(2 +

1) in the neighbourhood of 
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the intrinsic energy of the observed band head of the y state. To limit as much 
as possible the computer time needed for the evaluation of the quantities (6), 
only 20 active levels equitably distributed on each side of the Fermi surface 
have been used. A value n m a x = 8 was necessary to get the required 
stability of the numerical solutions. With this choice, one obtains for the "two 
phonon states" : the energies E (4+T) = 2240 keV and E (0+2) = 2815 keV, 
and the anharmonicity ratios R (4) = E (4+i) / £(2+!) = 2.8 and 
R (0) = E(0+2) / E^"-,) = 3.5. One sees that the value obtained for R (4) is in 
agreement with the condition R (4) > 2.5 deduced by Bohr and 
Mottelson [28] in their detailed analysis of the experimental data. It is quite 
lower than the value 3.95 which one would obtain by the application to 1 6 8 E r 
of the rigid triaxial rotor model of Davydov and Filippov [29], and from the 
predictions of Solcviev [23]. The sensitivity of these results versus reasonable 
variations of the deformation parameter Eg and / or the pairing gaps has been 
studied. It was found that E (4+) remains quite stable, whereas, E (0+2) is a 
little more sensitive (10 %) to slight parameter changes. I should remind you 
that, according to the simple choice of the model Hamiltonian and / or to the 
restricted basis (3), the calculated values of E (4+i) and E (0+2) should not 
be used as a very precise prediction of the location of the two y phonon 
states. The couplings with non collective degrees of freedom and / or with the 
pairing rotations may have some effects on their values. It is also worthwhile to 
note that the fitted value of the quadrupole strength is much larger than that 
one would have obtained by fitting the TDA or RPA solution to the observed 
E {2+i). It is also greater than th6 critical value where the physical RPA 
solution disappears. This dearly shows the instability of the y motion in 1 S 8 Er. 

It is also very instructive to look for the E2 transitions decaying from these 
levels. According to the restricted single particle space which has been 
introduced, an effective charge had to be used. As a consequence, one 
cannot pretend to reach a fine description of the B (E2). To reproduce the 
B (E2) from the ground state to the 2+ y state, effective charges : 

and 

with 

e p =e( i+e ' ) (7) 

e n = ee' (8) 

e'=0.6 (9) 

were necessary. The ratios of the E2 intrinsic matrix elements 

Q(K) = 
<y|E2|YY(K)> 

< g s | E2 17 > 

(10) 
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are more reliable quantities since their values do practically not depend upon 
the effective charges used. The calculations with the parameter %i fitted to the 
energy E (2*,) lead to Q (4) = 0.6 and Q (0) = 0.15. These values are quite 
different (and smaller) than the value expected in a pure harmonic approach. 
They however lead to B (E2) transitions between the "two phonon states" 
and the y band of a few single particle units. This finding demonstrates that 
the "two phonon states" keep some collective character in their electric 
transitions to the one phonon state. This result is, here too, at variance with the 
predictions of the QPNM of Soloviev [23] and one must search the reasons of 
these divergences. In Soloviev's approach not more than two phonons of the 
same type are introduced in the trial wave function. Therefore, it is worthwhile 
to analyse the results of the MPM for a fixed quadrupole strength and different 
values of the maximum value nmax of the number of phonons introduced in the 
basis (3). This analysis clearly shows that values of n m a x < 8 lead to a strong 
overestimation of the energies E (4+.|) and E (0+a) and, consequently, to a 
great underestimation of their collective character. It has also been checked 
that this overestimation cannot simply be eliminated by a renormalisation of 
the quadrupole strength parameter. 

As we shall see in the next section, a completely different approach of the 
same problem corroborates these conclusions of the multiphonon method. 

5. THE SELFCONSISTENT COLLECTIVE COORDINATE METHOD 

The selfconsistent collective coordinate method (SCCM) has been proposed, 
as soon as 1980, by Marumori et al. [30] as a microscopic theory capable of 
describing large amplitude collective motions. The first application of the 
SCCM to a realistic problem concerns the description of the anharmonic 
gamma vibrations. The first results [31] appeared at the end of 1984 and 
since then, the method has been nicely improved and discussed in a series of 
papers [32-36] by Matsuo and Matsuyanagi. I shall make no attempt to 
describe this method in all the details. I shall only indicate that the main aim of 
the SCCM in this realistic case is to derive the following collective Hamiltonian 
describing the anharmonic y vibrations : 

H c = - A 0 + e. A, + E 2 A 2 + £ 3 A02 + 1/2 C •£ + C 4 y* (11) 
with 

° ~ 2 D | 2 + Y 3 Y + 2 2| 

A - — i _ 
A a - 8 D 2 

3$ 
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and where y and $ are the usual polar coordinates. Except for the term in e 3 , 
this Hamiltonian is the same as that used by Dumitrescu and Hamamoto [37] 
in their macroscopic analysis of gamma motion in 1 6 8 Er. In contrast with the 
latter approach the SCCM derives the mass parameter D, the restoring-force 
parameter C and the anharmonicity coefficients e ,̂ zz, e 3 and C 4 from the 
microscopic form of a given model Hamiltonian. Very briefly, this derivation is 
obtained through the following procedure : four classical i\\ variables, which 
parametrize the TDHB state vectors are introduced to describe the 
an harmonic y vibrations. The collective subspace and the time evolution of 
these collective coordinates are determined such that the TDMB equation 
holds. The collective Hamiltonian is then expanded in a power series of m 
with an optimized RPA boundary condition. In practical situations, the 
expansion has been done up to the fourth order. To obtain the quantum 
spectra and the transition probabilities, the classical canonical variables T\-, are 
replaced by boson operators. Doing this, the Pauli principle is taken into 
account in a similar way to that of the modified Marumori boson expansion 
method. The excitation spectra and transition probabilities are then calculated 
by diagonalising the oDtained boson Hamiltonian in the boson space. As far 
as the ground state, the one pnonon state and two phonon states are 
concerned the boson space can be restricted to about 10 boson states. 
Finally, to give the physical interpretation of the quantized collective 
Hamiltonian the correspondence with the Bohr Hamiltonian for the y 
vibrational degree of freedom is established. This last step allows to see how 
the microscopically calculated potential looks like. 

In their first two papers [31-32], Mat su o and Matsuyanagi start their 
procedure with the simple Nilsson Hamiltonian and use the monopole paiiing 
force and the double stretched quadrupole force as the residual interactions. 
For a fixed set of the single particle field parameters and a given pairing force, 
the excitation energies of the single and double y vibrational states are 
calculated, in 1 6 8 Er , as functions of the quadrupole—quadrupole force 
strength parameter %z- As the MPM of Section 4, the SCCM is able to 
describe not only weakly anharmonic vibrations but also the strongly 
anharmonic motions which prominently appear beyond the RPA critical point. 
If the parameter xz >s * i x e d so as the SCCM reproduces the single y vibrational 
state observed in 1 6 8 Er , one gets, with the same notations as in Section 4 : 

£(4*,) = 2250 keV R (4) = 2.72 Q (4) =1.15 

E (0+2) = 2949 keV R (0) = 3.56 Q (0) = 0.57 

We note that these results are very similar to those of Section 4 for the 
energies E (K) and for the ratios R (K). The values for Q (K) obtained in the 
SCCM are somewhat greater than those of the MPM. These differences may 
proceed from the fact that, in the SCCM, the mass quadrupole operators are 
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used , without any effective charge, and / or from the difference of the number 
of active levels introduced in the BCS and RPA calculation (N « 3 , 4 , 5 shells 
for protons and N « 4. 5, 6 she'is for neutrons are introduced in the SCCM 
versus only 20 active levels for each kind of particles in the MPM). We further 
noto that, compared to the experimental value, the SCCM result for the 
B (E2, og s-*2+Y) is overestimated by, roughiy, a factor 4. 

In two other papers [33-34], the SCCM has been improved so as to take into 
account the mode-mode couplings. Explicitly, ihe autho. i. study the effects 
from the couplings to the non-collective K = 0+ and K « 4 * modes as well as tc 
the pairing vibrations. (Since no residual hexadecapole interactions are 
introduced, all K* = 4+ modes are here non—collective). They found that no 
distinguished non-collective modes play a predominant role in the coupling. 
Although their individual contributions are small, the accumulation of the 
contributions from a huge number of non-collective modes produces a non 
negligible effect. The excitation energies arg greatly lowered and the splitting 
between the K = G and K = 4 double y states gets significantly smaller when 
the mode-mode coupling is taken into account. The calculated energies of the 
"two phonon" states are now : E ( 4 + 1 ) = 2095 keV and 
E (0> 2) = 2270 keV It should also be stressed here that these effects 
cannot be simulated by a simple renormalisation of the quadrupole force 
strength z 2 . A study of different Er isotopes has also shown that the size of 
these coupling effects depend on the relative position between the Fermi 
surface and the subshells of the Nilsson diagram. Furthermore, it is found that, 
in the cases where low lying pairing vibrations arise, the coupling is too strong 
to be treated within the fourth-order expansion of the Hamiltonian. In such 
situations, the collective subspace should be extended so as to include this 
collective degree of freedom right from the beginning. 

In the following paper of their series [35], one of the author has given a way 
to treat approximative^ the nucléon number conservation problem within the 
SCCM. To treat such Nambu-Goldstone modes with ze.-o energy, Matsuo 
explicitly introduces the collective variables that correspond to them. In that 
way, the unphysical deviation of the average nucléon number from its real 
value is eliminated automatically. 

Tho application to a realistic case of this improved version of the SCCM can 
be found in a very recent paper [36] , where the authors also introduce a 
more sophisticated residual interaction. In addition to the monopole pairing 
plus quadrupole-quadrupole interactions, their new effective Hamiltonian 
contains also quadrupole-pairh g P 2 and some effective three-body forces. To 
restrict as much as possible the number of parameters, the authors estimate 
the P 2 force strength parameter from the analysis of the kr,own effects of this 
force on the two-nucleon transfer reactions. On the other hand, the three body 
interaction is derived from Xz through the idea of the selfconsistent average 
potential associated with the quadrupole collective motions. This last paper 
gives a systematic study of the anharmonic y vibrations over a wide region of 
rare—earth nuclei (from Gd to Os).The results can be summarized in the 
following way : 
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• The effect of the quadrupole pairing force P2 is rather complex, since it 
affects different steps of the method. As a result. Pj> mainly reduces the 
dynamical anharmanicities due to the mode-mode coupling to the K* » 0* 
vibration. It compresses the scale of the energy spectra. The position of the 
K » 0 double y vibrational state depends more on the quadrupole pairing 
interaction than the energy of the K - 4 state. The absolute B (E2) values are 
slightly reduced, but their relative strengths Q (K) remain quite stable. 

- The effect of the three body interaction is rather small, ft reduces only very 
slightly the dynamical anharmonicity of the Y vibration. However, this effect is 
expected to bo more significant in the case of a coupling to 0* states having a 
p vibrational character. 

- When going from one nucleus to another it is found that R (4) and Q (4) 
depend only weakly on (N, Z). In contrast, the properties of the K « 0 double 
Y vibrational state change drastically from one nucleus to another, e.g. one 
has 2.7 s R (0) s 3.4. 

- For the excitation spectra of 1 6 8 Er, the calculation of the improved version of 
the SCCM gives almost the same results as already obtained in [33] 
and [34] since E (4+.) = 2080 keV and E (0+2) =• 220C keV. The collective 
potential for this nucleus has the minimum at the triaxia! shape, although the 
amplitude of the zero-point vibration is comoarable to the magnitude- of the 
equilibrium deformation. Furthermore, the potential wal! is slightly lowered by 
the effects due to the coupling with the non—collective modes. 

- The calculated collective potentials of the Dy - Er region are characteristic of 
nuclei lying in [he transitional region between the axial prolate symme'nc 
deformation and the triaxial equilibrium deformation. 

• The mode-mode coupling car. be treated as shown in [33,34,30] only in the 
two regions where the y degree of freedom is strongly collective, i.e. in the 
Dy - Er with N * 98 and in the W • Os where N - 112 . 

We may add that the SCCM has been developed with the general assumption 
that the coupling between the y vibration and tne collective rotation is weak 
so that it was not necessary to take the degrees of freedom of the collective 
rotation explicitly into account. This assumption may be justified in the case of 
the well deformed nuclei such as Dy and Er but less in the Os region. 

6. SUMMARY OF SECTIONS 3 AND 4 

As we have seen, we low have at our disposal two new methods which are 
able to describe not only the weakly anharmonic vibrations but also the large 
amplitude collective motions which appear beyond the RI'A critical point. 

The first one, the multiphonon method, is fully microscopic. It has the 
advantage to treat the Pauli principle without any approximation. Bi :, in Its' 
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actual versions, one is not yet able to treat the problem of the non-
conservation of the number of particles nor to introduce the coupling to non 
collective modes. 

The second one, the selfconsistent collective coordinate method, possesses a 
classical character. It has the advantage to incorporate the mode-mode 
couplings with the non collective states and the pairing rotation. These are 
treated simultaneously with the anharmonicities effects due to the Pauli 
principle in a consistent framework. But, on the other hand, it is based o~ an 
expansion to the fourth order of the collective Hamiltonian. As a 
consequence, the Pauli principle is only treated to that approximation. 
Furthermore, the convergence property of the expansion is still an 
open problem. 

The two methods appear as complementary, and lead to some common 
conclusions which have also been found rather independent from the effective 
forces introduced in the model Hamiltonian, and which I would like to 
summarize here. 

The double y states, (and more generally the "two phonon states" ) exist and 
keep some collective character in their transition to.the y (or one phonon) 
state. This result is at variance with the quasiparticle phonon nuclear model of 
Soloviev. The energy spectra present large anharmonicities, which are, 
however, smaller than those predicted in the case of a stable triaxial shape. 
The spectra are systematically dilated. This result is at variance with the 
predictions of the phenomenological models, like IBM [38] and the Dynamic 
Deformation Model of Kumar [39]. The 4-*- double y state appears always 
lower, in energy and more collective than its 0+ partner. As a consequence, 
since the first possible candidates for the 4+t is located at 2055 keV, none of 
the 0+2,0+3, and 0+ 4 bands observed at lower energy have the attributes of a 
two phonon y vibrational state.This is not in contradiction neither with the 
experimental analysis [14-17] nor with the recent calculation [13] reported in 
Section 2. It is thus especially desired to positively identify experimentally the 
double y vibrational states (or more generally the two phonon excitations) in 
order to check the accuracy of the theoretical predictions. There is a glaring 
gap in the existing data concerning this point. 

Unfortunately, the two methods are, in their present version, limited to the 
cases where the one phonon states have a definite collective character. Their 
extension to more than two basic phonons is a hard task and will be very 
difficult to r ;;1le in realistic situations. 

7. CONCLUSION 

In this talk, I have tried to present my personal impression of some recent 
developments in microscopic nuclear models. My aim was to convince the 
audience that progresses are regularly taking place in the field and that these 
theories are still very up to date despite the uncontestable success of the 
Interaction Boson Model. I hope that the progressive appearance on the 
market of the corresponding computer codes (which can be used by 
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experimentalists) and my modest contribution to this conference will help to 
increase the popularity of the microscopic theories among the experts of 
capture gamma- ray spectroscopy. 

I am grateful to K. Jammari and J. Leandri for a nice cowork on the part of this 
paper dealing with the multiphonon method. I wish also to express my thanks 
to Or. Lu Lin, Dr. M. Matsuo and Pr. P. Quentin for an interesting and 
enlighting mail exchange. 
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