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1. Basic assumptions of the quasiparticle-phonon nuc:ear model
(QPNM)

The wave functions of low-lying states have one domirating com~

ponent: one-quasiparticle in odd-A nuclei and one-~phonon «r two-que-
siparticle in even nuclei. The simplicity of the structure of low-ly-
ing states enabled a detailed experimental and theoretical investiga-
tion. With increasing excitation energy the density of stetes in ato~
mic nuclei increases and their structure becomes compliceied. From
simple low-lying states one passes to more complicated ststes at in-
termediate and high excitation energies. In studying the :tate struc~
ture at intermediate and high excitation energy an importent role in
atomic nuclei is attributed to the fragmentation of single-particle
states, i.e. the distribution of the strength of single-perticle sta-
tes over many nuclear levels. In the models of independent particles
and quasiparticles the single-particle strength is concentrated on e
single level. In the extreme statistical model it is randcmly distri-
buted over all nuclear levels. A large region of intermediate and high
excitation energies of an atomic nucleus lies between the low-lying
states and the states that may be described by the extreme statistical
model.

The experimental study of the state structure of thie region en-
counters great difficulties. It is practically impossible to measure
the characteristics of each of many thousands levels. Moreover, due
to the complication of the state structure there is a large number of
components of the wave functions that should be measured experimental-
ly. Complication of the state siructure begins at low excitation ener-
gles. .
The existing theories and computer technique does not allow,a
correct description of the structure of each level at the excitation
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energy above 3 MeV, apart from light and magic nuclei. This is caused
by the necessity of diagonalizing matrices of an order of 1014-1020.
Moreover, one should take into consideration a rough description of
nuclear forces and an approximate solution of the nuclear many-body
problem. The main reason is that there is no need in calculating each
of many millions of components of the wave function of each state sin-
ce the quantitative data on nuclear siructure are available for few-
quasiparticle configurations of the wave functions. The most exact ex-
perimental data follow from the fragmentation of one-quasiparticle,
one-phonon and quasiparticle € phonon states. The only exception is
the high-spin states. At intermediate excitation energies the fragmen-
tation of one~quasiparticle states appears as local maxims or sub-
structures in the cross sections of the one-nucleon transfer reactions.
The fragmentation of the subshells Bysar Pqy2 and py@ determines s-
and p-wave neutron stirength functions. The giant resonances -are de-
fined by the position of collective one-phonon states and the widths
of giant resonances are due to their fragmentation. The few-quasipar-
ticle components reveal the effects of the shell structure. The prob-
lem of the nuclear theory is not so much a more exact solution of the
many-body problem in the general form as a more exact description of
those nuclear characteristics which are being measured in experiment
at present time and would be measured in the nearest future. In de-~
scribing the fragmentation, an important role is played by the cou-
Pllug 0i wle BiNgle—purviGle wivu wollcLvive vawiasisndl
to the interaction of quasiparticles with phonons; this fact has been
pointed out in refs./1' / in 1968-1971. Just the results of these in-
vestigations made the basis of the QFNM.

The QFNM was formulated to describe few-quasiparticle components
of the wave functions at low, intermediate and high excitation ener-
gies/4'7'11/. The fragmentation of one-quasiparticle, one-phonon and
quasiparticle ® phonon states over many nuclear levels is described
in the framework of the model. Those characteristics of complex nuc-
lei that are defined by these components are calculated.

How we present the general scheme of solving the many-body nuc-
lear problem (fig. 1) preceding the formmlation of the QPNM. The nuc-
lear Hamiltonian in the general form is expressed through the opera-
tora of creation q; and absorption q; of neutrons and protons and
the system of equations is introduced. The Hartiree-Fock-Bogolubov ap-
proximation (HFB) is used for deriving the closed sysitem of equations.
Many equations turn out to be rejected within this approximation. It
is assumed that the influence of rejected equations is insignificant;
moreover, they can partially be compensated by the effective forces
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with constants fixed from the experimental data. The HFB method and
the condition under which the density matrix is diagonal allow one to
separate an average field and interactions leading to superconducting
pairing correlations. Then,using the canonical Bogolubov tranaforma-
tion one is led to the model of independent quasiparticles.
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Fig. 1. Nuclear many-body problem

An approximate solution of the nuclear many-body problem symbo-
lically represented in fig. 1, is used to construct the QPNM Hamiltio-
nian., The QPNM Hamiltonian includes an average nuclear field as the
Saxon-Woods potential and the superconducting pairing interactions.
It also contains the multipole and spin-gultipole isoscalar and iso-
vector including charge-exchange interactions in the particle-hole
and particle-particle channels as well as the tensor isovector interac-
tion,

The parameters of the Saxon-Woods potential are fixed soas to ob-
tain a correct description of the low-lying states in odd-A nuclei
teking account of the quasiparticle-phonon interaction. Undoubtédly,
one can use another form of the average field potential or to calcu-
late the energies and wave functions of single-particle states within
the Hartree-Pock method and to use them in the calculations within
the QFNM; this arbitrariness is of no fundamental importance. The ap-



plication of the Hertree-Fock method imlies an eerly stage of parame-
trization, i.e. the parametrization of an effective interaction, for
instance, in terms of the Skyrme forces. In the interactions leading
to pairing, instead of the functions one uses the constants G, and G,
whose values are determined from the difference of nuclear masses.
This approximation does not reduce the accuracy of calculations within
the QPM.

The effective interactions between quasiparticles are expressed
as the series of multipoles and spin-multipoles. The effective inte-
ractions as though compensate equations rejected within the HFB me-
thod. They are also related to nucleon-nucleon interactions in the
nuclear matter and some terms correspond to the exchange by one or two
mesons, For the calculations within the QPNM it is essential that the
interaction between quasiparticles is represented in a separable {fac-
torized) form. As is known 12,13 separable potentials ére—'idely used
in describing nucleon-nucleon interactions and in studying three-body
nuclear systems and lightest nuclei, i.e. separable potentials are
used in the cases where the results of calculations are more sensitive
to the form of radial dependence of forces in comparison with the cal-
culations of the properties of complex nuclei within the QPNM. It is
to be noted that the matrix elements of effective interactions are
used in the calculations. The single-particle wave functions truncate
a smell part of interactions. One can construct'separable interac-
tions whose metrix elements are similar to those of more complex for-
ces/14/. It may be assumed that appropriately chosen interactions bet-
ween quasiparticles in a separable form do not limit the accuracy of

calculations. .

There is a certain arbitrariness in the radial dependence of se-
parable interactions. The existence of collective vibrational quadru-
pole and octupole states indicates e maximum on the nuclear surface
in the radial dependence of multipole forces. Therefore, for multipo-
le forces A, (%) is taken in the form of Ry(Z)=2*or Ry(7)= ‘Z—ZI-Z)'here
Y(z) is the central part of the Saxon-Woods potential. Such a type of
radial dependence is also used for spin-multipole forces. The ambi-
guity of radial dependence of the separable spin-multipole interac-
tion is especially large due to the absence of clearly seen collecti-
ve states of the magnetic type.

Since the role ef the one-pion (j)-meaon) exchange process at
large nucleon~nucleon separations is very high, the QFPNM Hamiltonian
presented in refs. /1-11/ should be added by the isovector tensor in-

teraction in the form
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The effective separable interactions between qua51partlcles inthe
QPNM with the constents fixed from the experimental data and phenome-
nological estimates are thought to be not wesker thaen more complex ef-
fective interactions used in other papers. They are more advantageous
than the Landeu-Migdal density-dependent zero range force that is wi-
dely used in calculating the structure of closed shell nuclei.

One should not attach great importance to the self-consistency
between an average field and effective interactions, since a great
number of equations isrejected within the HFB method. The self-consis-
tent calculations are very important by a qualitative description of
nuclear characteristics rather than by their detailed descripiion of ex-
periment. They showed that in solving the nuclear many-body problem
the B¥B method may serve as a good basis for constructing nuclear mo-
dels.

The scheme of calculations within the QPNM is shown in fig. 2.
The eXxplicit form of the model Hamiltonian is giveninrefa./7’8/for de-
formed nuclei and in ref./9/ for spherical nuclei. Transforming the

madz) Hamildamian by +ha sanamisel Rasalubav trenafarmation onoe meao
miltoni hy abida a2

ses from the nucleon operators to the quasiparticle c?* ando&n,opera-
tors. The pairs of operatorscxh,cﬁvn, and oay"m%m,are expressed thro-
ugh the phonon operators and the quasiparticle operators remain only
in the form O‘f c$@”u Such an inclusion of phonon operators overcomes
difficulties 'ith double counting of some diagrams that take place
in the nuclear field 1;heo:r7/15 + Then, the RPA equations are solved
to determine the energies and wave functions of one-phonon states.
All the model parameters are fixed at this stage. By using the expe~
rimental date to fix the constants of pairing, mwltipole and spin-
multipole isoscalar and isovector interactions, one as if takes into
account the effect of a chain of equations rejected within the HFB
method.

The specific feature and advantage of the QPEM is the use of one-
phonon states as a basis. This is possible due to the fact that the
RPA provides a unique description of collective, weakly collective
and two-quasiparticle states. Within the RPA the secular equations of
the model Hamiltonian are transformed to the form

Haonnm _Z & K Sy * Hyy * Husg (2)
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Fige 2. Scheme of calculations within the QFNK

containing free quasiparticles and phonons and the quasiparticle~pho-
non interaction Ay, . Pormula (1) includes also the np phonon opera-
tors describing charge-exchange giant resonances and T, excited sta-
tes. This is the first specific feature of the QPNM.

The phonon space corresponds to a full space of two-quasiparticle
states of the particle-hole-type and some states of the particle-par-
ticle-type. A full space of two-quasiparticle states is used when the
interactions in the particle-particle chanmel are taken into account.
The multipole forces are used to construct a phonon basis in deformed
nuclei for K"7 = 0:, 11, Zi,.;. 7i. In spherical nuclei the multipole
forces are used to construct one-phonon states with I s 17, 2%, 3T,...
7" and spin-multipole forces for the states with J7 = R R L o
For each value of Kﬁ or g7 geveral hundreds of roots of the secular
equations and relevant wave functions are calculated. The calculations
of the state density/16/ indicate the completeness of the phonon space.
As a result of calculations of the phonon space all the QFNM constants
turned out to be fixed.

Ihe second specific feature of the model 1s: the quasiparticle-
phonon interaction is fesponsible for the fragmentation of quasipar-
ticle and collective motion and thus for the complication of the nuc-
lear state structure with increasing excitetion energy.

The excited state wave functions are represented as a series in
a number of Dhanan aneratare  in ~dd. A mwmeolcd coch Yorm Lo wallipliled

by & quasiparticle operator. The approximation consists in the cut-off
of this series, that is the third specific feature of the model. The
cut-off of the series is the approximation similar to the cut-off of
the chain of equations in the HFB approximation. At present our expan-
sion is limited to two phonons, that is demonstrated in the scheme
(fig. 2). To elucidate the influence of many-phonon %erms of the wave
functions on the calculated effects is as difficult as to evaluate the
role of neglected in the HFB approximation chains of equations of the
many-body problem. It is stated in both the cases that approximate
equations describe correctly the properties of nuclear excitations

and the terms neglected are partially taken into account by using con-
stants fixed from the experimental data. In the calculations the Pau~
1i principle is taken into account by using exact commutation rela-
tions between the phonon and quasiparticle operators.

The fourth specific feature of the model is the use of the
strength function method. By using a version of the strength function
method developed in refs./7'17/ one can directly calculate the redu-
ced transition probabilities, spectroscopic factors, transition den-



sities, cross sections and other nuclear characteristics without sol~
ving the relevant secular equations. The application of the strength
function method reduces the computer time by 10” times and makes it
possible to calculate the fragmentation of one~-quasiparticle, quasi-
particle ® phonon and one-~phonon states for many nuclei. The cha-
racteristics of highly excited states are calculated for spherical
nuclei with closed and open shells and for deformed nuclei,

The general scheme of calculations within the QPNM is the follo-
wing. The wave functions of the excited states of odd-A, doubly even
and doubly odd spherical nuclei are written as
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where QJ is the ground state wave function of a doubly even nucleus
(phonorn vacuum); o(zn ’Cg;i ,S?,Pi are the quasiparticle and phonon
creation operators. Then, we find an average value of Hpp,yp (2) over
(3) or (4) or (5). Using the variatlonal Principle &ud LeELLy iuso o=
count the normalizetion of the wave function (3) or (4) or (5), we get
the secular equation for the energies of excited states and write it

down as

$(3,)=0. (6)

We also get the systems of equations for the coefficients of the wave

functions (3) or (4) or (5).
The following nuclear characteristics are calculated within the

QPNM:
1) Low=lying nonrotational states of deformed nuclei/18'21/,

2) fragmentation of one-quasiparticle and two-quasiparticle sta-

tes in deformed nuclei/ﬂ-ze/,

3) fragmentation of one-quasiparticle states in spherical nuc-
/23-25/’

4) fragmentation of two-quasiparticle states in spherical nuc-
/10~26/

’

5) neutron s-, p-, d-wave strength functions in spherical and de-

formed nuclei/1o’17'25'27/,
6) radiative E1-, E2- and M1-strength functions for transitions

lei

lei

from neutron resonances to the ground states of spherical and defor-
med nuclei/28-30/,

7) photoabsorption cross sections in the region of the giant di-
Pole resonance tail in spherical nuclei/1o'25’28’31 ,

8) positions, widths and transition densities for EXA~ and MA -
giant resonances in spherical and deformed nuclei/a’10’25’28’32’33/,

9) strength distribution of the charge-exchange Gamow-Teller and
spin-dipole resonances in spherical and deformed nuclei/34’35/,

10) description of the scattering of photons, electrons and pro-
tons with excitetion of giant £A - and MA-mesonances/Bs/ and others.

A rather good description of the relevant experimental data is
obtained. Some predictions are made. The calculations are performed
¥ith the same model parameters for each group of nuclei. After fixa-~
tion of the phonon space the model has no any free parameters.

In these lectures the application of the QPNM is given for two
cases for the description of the fragmentation of charge-exchange re-
sonances in spherical nuclei and for the description of vibrational
low-lying states in doubly even deformed nuclei and comparison of the
QFRM results with the interacting boson model (IBM). Part of the re-
sults obtained within the QPNM will be presented in the lectures by
ch.Stoyanov’/ 37/

2. Fragmentation of charge-exchange collective gtates

In recent years much attention has been paid to the study of gi-
ant charge-exhange resonances. Only part of the charge-exchange reso-
nance strength is observed experimentally as compared to the relevant
sum rules. The fragmentation of these states due to the coupling with
2p-2h configurations and to the mixing with 4 -isobar-nucleon hole
configurations is the reason for the quenching of strength in the re-
gion of waximum. The influence of admixtures of 2p-2h configurations
has been studied in refs./38“41/ and other papers. The fragmentation
of charge-exchange phonons is studied within the QPNM. A general me-
thod of introducing charge-exchange phonons in the QPNM is expounded
in ref./42 - The fragmentation of the Gamow-Teller resonance in some
spherical nuclei has been described in refs./34’41/.

It is assumed in some papers, for instance in ref./39/, that the
inclusion of iensor forces in calculating the fragmentation of the Ga-
mow-Teller resonance leads to @ shift of a considerable part of its
strength towards high excitation energies. Within the QPNM the influ-~
ence of tensor forces cam be studied if the model Hamiltonian is added
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Assuming that X: =0 one gets an equation for spin-multipole forces
with A=L!{. Rejecting also the components with A= [+{ one arrives
at the RPA equations that are used for the study of the Gamow-Teller
resonance, The calculations have shown that the inclusion of tensor
forces somewhat changes the RPA solutions.

In describing the fragmentation of charge-exchange phonons the
wave function is writted in the form (5) and the variational princip-
le is used to find the secular equation and equations for iﬁﬂfv)and
f;:}:’.Then, the strength functions of (p,n) and (n,p) reactions are
calculated.Fig. 3 shows the results of calculations of (p,n) reaction
with excitation of the Gamow-Teller resonance in 140Ce/34/. In compa-
rison with the RFA calculations the quasiparticle-phonon interaction
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leads to the decrease of strength in the region of resonance meximum
from 81% to 46% of 3(N-Z), to the increase of strength in the low-
energy region from 12% to 30% and to its increase in the regions above
the resonance maximum from 7% to 24%. The strength shifted to the re-
gion above the resonance maximum is insufficient to explain the rele-
vant experimental data. A similar picture takes place for other sphe-
rical nuclei.

b(p,n:1*E) Mev™”

01

5 10 15 20 25 30
E,MeVv

Fig. 3. Fragmentation of the Gamow-Teller resonance in 1400

e

The quasiparticle~phonon interaction causes a strong fragmenta-
/34/. The strength of these sta-

+too io noneidewahly wmedictwilmted within tha rogion of +ho BDA anln.

tion of spin-~dipole one-phonon states

tions though the strength of spin-dipole states is not greatly shif-
ted from the resonance region towards high excitation energies.

A further study of the fragmentation of charge-exchange one-pho-
non states within the QPNM will be performed along the following li-
nes: 1) improvement of the description of the fragmentation taking
into account a part of three-phonon terms of the wave functions by
/43/; 2) for the states of the magnetic type
and first of all for the Gamow-Teller resonance the inclusion of the
tensor force together with the spin-multipole forces with A= L-{ana
A=L+1; 3) elucidation of the influence of the radial dependence of
effective interactions.

formulae given in ref.

3. Confrontation between the QPNM and IBM in describing

deformed nuclei

The phenomenological interacting boson model (IBM) has been for-

mulated by Arima and Iachello/44/

on the basis of the group theory
method. They introduced two types of bosons; s~bosons with J =0 and

quadrupole d-bosons (dy , M =0, 1, 12) and assumed that 0% ana 2%

11
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collective nucleon pairs play a dominating role for the description
of quadrupole collective states. They used a finite boson expansion
of the Schwinger-type and the SU(6) approximation. Bosons are expres-~
sed through correlated nucleon pairs, therefore the IBM is related
with the shell model. However, the IBM is based on a very small part
of the shell model fermion space. The IBM is widely used for analysing
the experimental data of the energies and E2 transition probabilities
for a large number of sgpherical, trangitional and deformed nuclei.,

The IBM allowed one to describe the spectra of transitional nuclei
that could not be reproduced in other models. However, a good descrip-
tion of the energies and E? transitions does not imply a correct de~-
scription of the structure of these collective states. Apart from the
integral characteristics there are also differential ones of vibrati-
onal states which are exhibited in the one-nucleon transfer reactions
and 3 - and ) -transitions to these states. The calculations within
the IBM were enormous that in some cases they fall outside the range
of its applicability. The anharmonic corrections are thought to be

not very large in deformed nuclei, therefore each wave function of an
excited state has one dominating component.

Doubly even deformed nuclei possess low—lylng two-qu351partlcle
and vibrational states. The collective K —21 { -vibrational, K" = 0

p-vibrational and K = 07, 17 21 and 37 octupole states and B(EA)-
val&is gf1§9e1r excitation are well descrlbed as the one-phonon sta-
tes’ “*°""*'“*, The one-phonon wave functions are the superpositions of
two-quasiparticle components. The experimental data available for some
nuclei confirm that the largest components of the wave functions of
the first one-phonon states are correctly describgd.

According to the generally accepted treatment there should exist
one-, two- and three-phonon states in doubly even spherical and defor-
med nuclei, In refs./21’45 the effect of the Pauli primciple on exci-
ted states in two-phonon components of the wave functions has been
studied within the QPNM taking into consideration many complex dia-
grams. It was concluded in ref./21/ that the collective two-phonon
states should not exist in deformed doubly even nuclei. It should be
emphasized that A.Bohr and B.lottelson/46/ try to uphold the general-
ly accepted treatment assuming the existence of collective two-phonon
states in deformed nuclei.

For the description of doubly even deformed nuclei within the
QPEM the wave function (4) is usually taken as a sum of 5-10 one-pho-
non terms and a great number (102 103) of two-phonon terms. Accor-
ding to the calculations performed the co-ponentsjﬂi-221 and 201 con-
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tribute more than 80% to J‘—v1brat10nal K —2* and B -vibrational K7=
= 0; states. The states 22, ;, 24, 0;, 04, 05, 4: and 4; have domi-
nating components Mi =222, 223, 224, 202, 203, 204, 441, 442. Up to
the excitation energy of 2 MeV an admixture of two-phonon collectlve
components does not exceed 10%. The states with K = 31 and 32 are as
a rule two-quasiparticle. It can be stated that up to the energies
(2.0-2.3) MeV the wave functions of nonrotational states have one do-
minating one-phonon component; they are shown in fig. 4.

Now we shall compare the description of g - and §* -vibrational
astates within the QPNM and IBM. Since the one-phonon components
= 201 and 221 are dominating, the QPNM does not provide a considerab-~
1y better description of 02 and 21 gtates in comparison with the RPA
calculations. The wave functions of 02 and 21 atates are the superpo-
gsition of a large number of two-quasiparticle components of the par-
ticle-hole type. Note, that for the description of 01 and 21 states
only a small part of the space of two-quasiparticle states is taken
into account. In the IBM the one-boson components Ng =1 and Ny =1 do-
minate in the wave functions of O2 and 21 states. The particle-par-
ticle components in the wave functions of these states dominate at
the beginning of the region of deformed nuclei, whereas the hole~hole
components at the end. Due to the particle-particle structure of nr =1
operator at the beginning of the region of deformed nuclei the 21 sta-
tas may he waell aveited in resctiona of the tvpe (d.p) or (He.d) and
should not be excited (or slightly excited) in the reactions of the
type (d,t) or (d, 3He) The success of the IBM in describing the in-
tegral characteristics of O2 and 2 states is obvious, especially Aas
concerns the E2 tranzitions to the ground state tand and between the
bands constructed on O; and 2+ states. Thege states are treated dif-
ferently within the QFNM and IBM.

Compare the description of K O; o, o 3, ::. 2:, 2; 40 on
gtates. In the QYNM the states 03, OZ, 05 have lurae (80-;E)m one-pho-
non components Aui = 202, 203, 204 and the states ;j, ‘3’ 24 lurge one-
phonon components Auc =222, 223, 224. In some cases a mixture of one-
phonon components is observed. It is to be noted that in describing
these states the space of two~quasiparticle states became broader in
comparison with that determining 201 and 221 phonons. These states
should not have large collective two-phonon components and first of
all those constructed of 201 and 221 phonons. The available experimen-
tal data/4 7,48/ do not contradict this conc1u51on. Moreover, according
to the new experlmental data/49/ the state K" =4¥ with an energy of
2.03 MeV in 8Er which has been thought to be K=4 and treated in

ref /46 50/ 8s the two-phonon state has K=0 and is not two-phonon.

13



In the IBM the dominating components of the wave functions are:
Np =1, qﬂ=1 for 2; states,nf =3 for 2;,nr =2 for 0; and/% =2 for Oz
states. The main part of the strength of one-boson statesr? =1, /g =1
is concentrated in 2; and O; states and only a small fraction of their
strength is attributed to 2%, 2;, 0’5 and ojr stetes. This means theat
the dominating components of the wave functions of 2;, 2;, 0; and Oz
states are the two- and three-boson ones and the contribution of one-~
boson and thereby two-quasiparticle components is very small. These
components are shown in fig. 4. From the microscopic point of view,
within the IBM only a small part of the space of two-quasiparticle
states entering into the wave functions ﬂ-(qﬁ=t)and r(nr=/) ~vibra~-
tional states is taken into consideration. With y -boson the space of
two-quasipartiicle states becomes broader. However, according to the
caloulations’ > for 1°BEr the weight of 4 -boson in 23, 2;, o; and
OZ states does not exceed 30% and the two- and three~boson components
are still dominating. :

As a result we state that the wave functions of 2;, 2;, 22, 0;,
OZ, 0; states in the IBM have large two- and three-boson components
and in the QPNM they have large one-phonon components with ( = 2,3,4
and have no pronounced two-phonon collective components., In the QPRM
the structure of these states is mainly determined by the set of two-~
quasiparticle components that is not available in the IBM. As it has
been mentioned in ref.’ "
bing these states within the QFNM and the IBM.

We shall consider Kﬂ'= 4: and 4; states. According to the calcu~
lations within the QPNM the one-phonon components @ui =441 and 442 do-
minate in the wave functions of 4% and 4; states; the contribution of
two-phonon components { 221,221} does not exceed (1-5)%. In the IBM
the 4+ state is treated as the two-boson Ny =2 gtate. According to
the calculations of ref./51/ for 168Er the weight of’ ~boson in the
wave functions of 3;, 4: and 4; states does not exceed 30%. This
means that the two-boson . =2 components are domineting. There is an
egsential difference in describing 4; as well as 3;, 3; and 4; sta-
tes within the QPNM and IBM. The wave functions of these states sho-
uld contain large two-quasiparticle components or large two-phonon
components.

Summing up the above discussion we may state that in describing
nonrotationsl states with K7 = 0%, 2%, 3* and 4% of deformed doubly
even nuclei with excitation energies in the range of 1.5-2.5 MeV
three basic models are confronted: the Bohr-Mottelson model with its
microscopic analogue, the QPNM and the IBM. According to the QPNM the
collective two-phonon states should not exist in doubly even deformed

there is fundamentesl Adifferennce in doaswi-
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.

nuclei, though their existence is predicted by the Bohr-Mottelson mo-
del and in the IBM they are treated as iwo-boson components. Moreover,
according to the QFPNM the wave functions of each of the states with
k"= 2}, 23, 23, 03}, 0,, Og, 4] and 4} (K - projection of momentum
onto the nuclear symmetry exis, { = 1, 2,...) has one dominating one-
phonon component, whereas the IBM predicts a two- and three-boson com-
ponent as dominating. Thus the treatment of these states differs qua-
litatively within the QFPNM and IBM. It should be emphasized that the-
re are no reliable experimental datia on collective two-phonon states
in deformed nuclei. The recent experimental data indicate that they
are correctly described within the QPNM. Further experimental inves-
tigations are necessary to elucidate the structure of nonrotational
states of deformed nuclei and to settle contradiction between three
models.

Conclusion

Within the quasiparticle-phonon nuclear model one can calculate
many properties of complex nuclei at low, intermediate and high exci-
tation energies. Part of these calculations has already been perfor-
med. The fact that within the QPNM one can get a good description of
many nuclear characteristics in a sufficiently wide emergy interval
using one set of parameters indicates that it correctly reproduces
the basic features of the nuclear many-body probl;m. The model makes
it possible to calculate many nuclear characteristics and cross sec-
tions ofa large number of reactions for spherical nuclei with A>50. It
is obvious that for further calculations more complicated versions of
the model will be used by including new terms in the functions and by
teking account eof new forces. The study of fragmentation of quasipar-
ticle ® phénon states and the calculation of yp -decay of deep hole
states and relative strength functions are the problems to be solved
in the nearest future.

In should be noted that the mein contribution to the wave func-
tions of highly excited states comes from many-quasiparticle and many-
phonon components. At present there is no information on the values
and distributions of many-quasiparticle components of the wave func-
tions of highly excited states. Certainly we shall witness in future
the manifestation of new properties of highly excited states defined
by many-quasiparticle components.
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B 06vegnMHeHHOM MHCTUTYTE AAEPHBIX MCCAEQOBAHMK Hauan
BuxoauTb cbopHuk "Hpamxue coobyenus OHAH!", B Hem
6yayT NOMeWaTbCA CTaTbu, COAepwalMe OPUIMHaNbHHE HayuYHue,
HayuHO-TEeXHUUECKMEe, MEeTOAMUYEeCKMe M NpuKnagHse pesynbTaTl,
Tpebyoume cpouHoi nybnukaumu. Byayum dacTeo ''CoobueHun
OMAK", ctaTtbu, Bowepwue B cO6OPHUK, MMEDT, KaK ¥ apyrue
uaganma OUAHK, ctatyc oduuymanbHox nNybGnuxkaywi .

C6opHuk "'KpaTkue coobuennn OUAKN'' GygeT BuxoguTh
perynapHo.

The Joint Institute for Nuclear Research begins publi-
shing a collection of papers entitled JINR Rapid Communi-
cations which is a section of the JINR Communications
and is intended for the accelerated publication of impor-
tant results on the following subjects:

Physics of elementary particles and atomic nuclei.
Theoretical physics.

Experimental techniques and methods,

ALLEIETALUTS .

Cryogenics.

Computing mathematics and methods,

Solid state physics. Liquids.

Theory of condensad matter.

Applied researches.

Being a part of the JINR Communications, the articles
of new collection like all other publications of
the Joint Institute for Nuclear Research have the status
of official publications.

JINR Rapid Communications will be issued regularly.
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ConosbeB B.T. E4-85-706
KBasuvuacTHYHO—-DOHOHHAsT MOOems agpa

H3nmoxeHn OCHOBHBIE MOMOKEHHS KBa3H4Yac THYHO—HOHOHHOH MOpesM
agpa /KOMA/ u pmaHm gBa ee npuMeHeRus. OMMUCaHO BBegeHHE TEH30p-
HuX cHn B KOMA u nmpuBemeHnl pesynmbpTaTh M3ydeHHs dparMeHTauHH 3a-
PAXOBO—OOMEHHBIX DE30HAHCOB B cdhepHUYeCKHX agpax. [lado onucaHme
Hn3xkonexamux K70+ 2+ , 3* 4 4+ COCTOAHHI B YeTHO-4YeTHHX He-
$OPMHPOBAHHKIX AApPAaX H BHIIONHEHO COMNOCTABJeHHE pe3ynpTaToB, pacH
cuHTaHHuX B KOMA, c pesymbraTamu, nOMYy4YeHHbBMH B MOJENIH B3aHMO-
pefcTByiomHX G030HOB.

Pa6ora BunonseHa B JlabopaTopuH TeopeTHueckoit dusmkm OUSH.

Npenpunt OGbeMMHEHHOrO MHCTHTYTA AQEpHMX Hcciaegosamn#t. [dyGaa 1985

Soloviev V.G. E4-85-706
Quasiparticle-—Phonon Nuclear Model

Basic assumption of the quasiparticle-phonon nuclear model
(QPNM) ‘and it§ two applications are presented. The introduc-
tion of tensor forces in the QPNM is described and the results
of studying the fragmentation of charge-exchange resonances
in spherical nuclei are given. The low-lying K¥= 0t , 2%, 3+
and 4* states in doubly even deformed nuclei are described.
The results calculated in the QPNM are compared with those
obtained in the interacting boson model.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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