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SHELL CORRECTION AND STABILITY
OF HEAVY AND SUPERHEAVY NUCLEI

P. Rozmej %%, R. Smolariczuk % ¢ and A. Sobiczewski ¢

@ Institut of Physics, M.Curie-SKlodowska University, PL-20-031 Lublin, Poland
b Gesellschaft fir Schwerionenforschung, D-64291 Darmstadt, Germany
€ Soltan Institute for Nuclear Studies, Hoza 69, PL-00-681 Warsaw, Poland

Shell effects in the properties of heaviest nuclei are discussed. Such quantities as
mass, shape, potential energy surface, fission barrier, a-decay and spontaneous-fission
half-lives are examined. Even-even nuclei with atomic number Z = 90 — 114 are
considered.

A quantitative analysis of already measured properties shows that shell effects
decrease masses of heaviest nuclei by up to about 5 MeV. They elongate the a-decay
half-lives by up to about 5 orders of magnitude and the spontaneous-fission half-lives
by up to about 15 orders of magnitude. This shows a particularly important role of
shell effects for heaviest nuclei. Many of these nuclei would simply not exist without
shell effects.

Examples of theoretical results are presented. These are the results for shell-
correction euergy at small {ground-state) deformations of a nucleus and also at large
deformations, when fission fragments are already, to large extent, formed. The results
for half-lives are also given. They predict i-elatively long half-lives for nuclei close to
the nucleus 27°108 (*"°Hs), whicli is expected to be a doubly magic deformed nucleus.
Recent measurements seem to support these expectations.

All these results are obtained with the use of the Vilen Strutinski shell-correction
method, which is commonly used in the calculations of nuclear mass and its dependence

on deformation for nearly 30 years.



VOLUME EFFECTS ON NUCLEAR SHAPE
TRANSFORMATIONS

Granddon D. Yen

Institute of Physics, Academia Sinica, Nankang, Taipei 11529, Taiwan

Hank G. Miller
Department of Physics, University of Pretoria, Pretoria 0002, South Africa

The dependence of nuclear shape transition on changes in the nuclear volume in Mg
has been studied within the framework of the constrained finite temperature Hartree-Fock
approximation. The deformation parameters § and ¥ are very sensitive to changes in the
nuclear volume. A first-order shape transition in Mg takes place at the temperature of
1 MeV and at the volume of V; = 1.025 Vg, where V is the zero teﬁperature unconstrained
volume of the system. We also show that a 2.5 % compression of the system causes the critical
temperature of the deformed-to-spherical shape transition to shift downward by 0.7 MeV.
Similarly a 2.5% expansion of the system also yields a decrease in Lhe critical temperature
of 0.3 MeV. Meanwhile a compression of the system leads to a corresponding reduction in

the magnitude of the level density, while an expansion increases its value only slightly.



NUCLEI AS MUIIISKYRMIONS

Yu.M.Malyuta

Institute for Nuclear Research

Ratlonel Academy of Sciences of Ukraine

Abstraot. Last time, thanks to works of Atiyah end Menton, the
Skyrme model was given rise to the new development. llaking use
of the instanton theory, Atiyah and Manton postulated the ansatz
expressed the Skyrme field in the form of the holonomy operator.
This ensatz allowed the biskyrmiou Hemiltonian to be minimized
end the deuteron binding energy calculatede.

The present lecture is dedicated to the Atiyash - lsuton
theory review as well as to the original part including the
multiskyrmion Hemiltonian quantization by quantum group theory
methods. The Hamiltonien eigenvalues lead to the nonlinear maas

formula for nuclel
MeMy = (Ma+1+ MB-—1) M,

( B is a varyon number). This formula is in well agreement with

the experimental data.
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Semiclassical periodic orbit theory for the equilibrium
deformatiens and collective dynamics in nuclei

A.G. Magner

Institute for Nuclear Research, 252028 Kiev,Ukraine

Numerous calculations of the nuclear masses and deformation energies by the Strutin-
sky shell correction method show the gross shell structure in deformed nuclei and metallic
clusters. The filled shell in nucleon spectrum for the certain nuclear shapes is related to
the magic deformed nuclei with increased stability. The explanation of the origin of such
phenomena in nuclei can be found in a general semiclassical pcriodic orbit theory (SPOT)
{1-3]. This theory is based on the Feynmann's path-integral method and Gutzwiller’s results
for the single-particle level density obtained iu terms of the periodic orbits in potential well.

We generalised the SPOT to the case of hamiltonians with a symmetry in phase space
where continuous families of the classical orbits appear [2]. This approact: was applied then
to the spheroidal square well potential and deformed harmonic escillator |3]. In this line an
interpretation of nuclear ground state deformations and isomer intermidiate states in fission
of nuciei has been done in ref.[3] in terms of the characteristics of classical periodic orbits
like their rotation period, degree of the degeneracy and stability. We have found that the
first minimum in the double-humped deformation energy is related to the shortest and most
degenerate orbits in the plane of the symmetry axis in spheroidal potential well. It has been
shown also that the second minimum for large deformations is due to an appearance of the
simplest 3-dimensional orbits.

Another application of the SPOT is concerning a study of the gross shell effects in a collec-
tive dynamical problem considered within the linear response theory [4]. For the quadrupole
vibrations near the spherical shape of nucleus we have obtained the semiclassical shell cor-
rection to the uuclear strength function in terms of the classical periodic orbits in potential
well. An interference of their contributions to the strength function leads to the two maxima
in dependence on the excitation energy which are associated with the giant resonance and
low-lying quadrupole state.

The SPOT can be applied for calculations of tlie quantum shell corrections to macro-
scopic hydrodynamic-like characteristics of the nuclear large scale dynamics like in the shell
correction method. This semiclassical theory is successful for interpretations of the metallic
cluster deformations, see [3], and many new pheromena considered in the quantum chaos
physics.

References

[1] M.Gutzwiller: J.Math.Phys. 8 (1967) 1979; 12 (1971) 343.

[2] V.M.Strutinsky, A.G.Magner: Sov.J.Part.Nucl. 7 (1976) 138.

[3] V.M.Strutinsky et.al.: Z.Fiz. A283 (1977) 269.

{4] A.G.Magner, S.M.Vydrug-Vlasenko, H.Hofmann: Nucl.Phys. A524 (1991) 31.
{5] S.M.Reimann,M.Brack: preprint TPR-93-18, 1993.
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ON THE INFLUENCE OF SHELL STRUCTURE IN DEEP INELASTIC
HEAVY ION COLLISIONS

G.G.Adamian*, R.V.Jolos, A.K.Nasirov*
Bogolubov Theoretical Laboratory, Joint Institute for Nuclear Research,
141980 Dubna, Russia
* Institute for Nuclear Physics of Uzbekistan Academy of Sciences,
Ulugbek, 702132 Tashkent, Uzbekistan

In the microscopical approach [1] a partition of the internal excitation energy be-
tween the primary fragments of the binary reactions 4**3Ca(280 MeV)+ ?*°Cm [2] and
19Ca(340 Mev)+?3U (3], *Ca(425 MeV)+ 23U [4] and between their proton and neutron
subsystems are considered. The contributions of the particle-hole excitation and nucleon
exchange mechanisms in the transformation of the relative kinetic energy into the internal
excitation energy of the dinuclear system are evaluated. Results of the calculation are
shown in the Table.

Table 1. Results of calculation of ratios R*/**= E;®PM/Eres) pZIN_p~(2)/p~N), RPIT=
E}/EY and centroid of the charge distributions < Z7 > in the heavy fragment and its dispersion
o2 for the reactions *48Ca+28Cm and **46Ca+238U. E!*M and E;(**) (i=Projectile, Target)
are the intrinsic energy being caused by particle-hole excitation and nucleon exchange mech-
anisms; E*(%) and E*\¥) are excitation energies of proton and neutron components of nuclei,
respectively. ng) and < Z7 >(cqp) are taken from [3.4).

Reaction | ©Ca+:%Cm | ¥Ca+28Cm | OCa+:3U Cat+ 250
Ejy (MeV 285 285 340 425
] 3 63 6 61 5 35 4 64

Ry 1004 ]016]023]039[019]009]019]017
RMe 1911 ] 015009 ] 018 009 ] 006 ] 006 ] 0.07
RN 17016 | 021 | 0.82 | 0.63 | 0.40 | 0.30 | 0.99 | 0.94
RPIT | 097 | 1.56 | 0.98 | 1.55 | 0.86 | 0.85 | 0.83 | 0.84

Ry | ~33:50 [ ~33+50
< Zr> | 96.46 | 96.14 | 95.86 | 95.75 | 93.38 | 93.26 | 92.12 | 92.04
< 21 >(cep) 98.0 96.0 945 92.3
ol 301 | 1.82 | 5.66 | 3.72 | 463 | 443 | 6.29 | 6.16

Neutron number is one of main nuclear quantities which causes a change in shell structure,
i.e. proton and neutron binding energies. A change of the mass number of projectile
causes strong alteration of the excitation energy distribution between fragments but also
between their proton and neutron subsystems. The direction and magnitude of charge
centroids shift depends on shell structure and neutron number of nuclei. A nucleon
transfer is strongly coupled with dissipation of energy. The thermodynamic equilibrium
is not reached in considered reactions.

1. G.G. Adamian, R.V. Jolos, A.K. Nasirov Z. Physik A347 (1994) 203
2. A. Tiirler, et al. Phys.Rev. C46 (1992) 1364

3. R.T. de Souza, et al. Phys. Rew. C37 (1988) 1901

4. R.T. de Souza, et al. Phys. Rew. C39 (1989) 114
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COLLECTIVE MOTION DAMPING IN THE SECOND POTENTIAL
WELL OF FISSIONABLE NUCLEI

D.O.Eremenko, S.Yu.Platonov, O.A.Yuminov
Institute of Nuclear Physics, Moscow State University,
Moscow 119899, Russia

As is known that in the energy surface of heavy nuclei the second
potential well exists, where the second class of excited states is realized
[1). The second well states may be populated because of dissipation of
fission mode kinetic energy. Taking into account of the probability of
the second well state population is necessary to analyze a great body of
experimental data on fission of nuclei with double-humped barrier (for
example, fission probability [2] and fission time [3] etc.).

The dependencies of this probability on the parameters of fission bar-
rier, excitation energy and magnitude of nuclear dissipation were inves-
tigated in the framework of the diffusion model of fission. It was shown
that even with the shallow second well and the comparatively high excita-
tion energy the probability of these state population remains sufficiently
high ( more than 0.6 ) for all actinide nuclei. Such result is evidence that
the second well states can influence greatly the fission dynamics (conse-
quently, fission cross section, fission time, particle multiplicity etc.) even
with energy considerably higher than fission barrier. In particular, con-
sideration of the second well state population turns out useful to overcome
the "chronic” difficulty in the description of fission probability in the lead
region [2].

For further advancement of the concept on fission dynamics it is de-
sirable to measure this probability, namely, the fraction of fission events
without population of the second well states. It will be practically direct
way to gain information on the magnitude of nuclear dissipation.

References

[1] V.M. Strutinsky, Nucl.Phys., A95 (1967) 420; A122 (1968) 1

[2] E. M. Rastopchin, G. N. Smirenkin and V. V. Pashkevich, Z. Phys.,
© A333 (1989) 389

(3] D.O. Eremenko et al., Nucl. Instr. Meth., B48 (1988) 216
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LEVEL DENSITY OF THE SUPERDEFORMED STATES OF HEAVY NUCLEI

D.O.Eremenko, O.V.Fotina, S.Yu.Platonov, and O.A.Yuminov
Institute of Nuclear Physics, Moscow State University,
Moscow 119898 Russia

The transient states of heavy nuclei influence on the many characteristics of the fission
procesz, for example the quasistationary states in the second potential well can influence
greatly the fission dynamics and cause increased decay time via the fission channel (7;)
compared with any other ( with emission of neutrons, protons. e-particles and y-quanta }
decay channels (7;) [1]. The delay time- A7 = 7;—7; in the fission channel connected with
the finite lifetimes of transient excited states in the second potential well is determined
by the characteristics of the second well states: Ar =~ ri = ’nf);-?- where T, is the total
decay width of the second well states and p, is the fevel density and N is the effective
number of decay channels for the second well states. Information on the decay time
characteristics of heavy fissionable nuclei can be obtained by the blocking technique (2].

A new method of extraction of information on p; for heavy fissionable nuclei frorn the
Ar-values was suggested in ref. [3]. This method is used to extract the py({’. J) values
for nuclei 33328 Pq, B[ and HSBEIBIB N, in excitation energy range from 3 to 12 MeV.
Comparison of the level density in the second potential well with one in the first well
that was measured in experiment and calculated in the Fermi-gas model. shows that the
p2(U, 0) are considerable more than the py({’.0) values for the all investigated nnclei.

The energy dependence of p,({/.0) was analyzed in the generalized superfluid model
with allowance for the corielation effects of superconducting type and the coherent effects
of a collective nature [4]. Comparison of the calculated data with the experimental values
of level density for the all nuclei in question permits one to attribute the observed increase
of pz(U,0) related to py(l7,0) to the increased contribution of tlie effects of a collective
nature. These effects arise from the symmetry breakdown of the nuciear shape at large
values of deformation. A satisfactory description of the p,({’,0) values for the all investi-
gated nuclei is achieved if the axial and reflection symmetry of the nucleus is assumed to
be broken in the excited states of the second potential well.

References

[1] O.A.Yuminov Proc. 14th All-Union Meeting on The Interaction of Charged Particles
with Single Crystals, 1:d.MGU, 1985, p.63

(2] V.0.Kordyukevich et al., Nucl.Phys., A492 (1989) 447
{3] S.Yu.Platonov, O.V.Fotina, O.A.Yuminov, Nucl.Phys., A503 (1939) 461
[4] A.V.Ignatyuk, G.N.Smireunkin, A.S.Tishin, Sov.J.Nucl.Phys., 42 (1985) 569
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STATIC AND TRANSITION CHARGE DENSITIES OF THE ISOTOPES OF NEODYMIUM

LS. Gul'karov and B.P. Nigam
Department Of Physics and Astronomy Arizona State University, USA

T.S. Kosmas
Division of Theoretical Physics University of loannina, Greece

The charge densities of the "*21“6150Nq are calcutated on the basis of a modified shell model
using the formula

_x2
il -

r)=
P(r) 33 xo

where x = 1/b, b is oscillator parameter. The coefficients £, arc obtained by allowing fractional
occupation numbers of the states 2s, 2p and 1h. We have obuained very good agreement with
experimental data {1] with the occupation probabilities of the states 25, 2p and 1h equal t0 0.7,

0.4 and 0.2 respectively. Deformation of the nucleus and contribution of the first 2 - states to
charge densities were taken into account on the basis of the simple collective Bohr-Mottelson

model. Our calculations for *Nd and 150N describe experiment better than calculations on the
basis of DDHFB model. For **>Nd these calculations have been conducted for the first time.
Transition charge densities of dipole states of the "**Nd (17) and "*Nd (1 and 13) are
calculated on the basis of the schematic mode! {2]

aln= )\{[(3r’ -%0- <rt >)£%’(_r! ~5rp+ 3 Ap(r)] 2)

202
4m @y

where - b2. The microscopic model satisfactorily describes all oscillations of the model-
independent transition densities. At the same time hydrodynamic (Bohr-Tassie and Steinwedel-
Jensen), scaling approximation and quasi particle phonon model contradict experimental data [1].

We find that the contribution of the low lying dipole states in the energy weighted sum
rule is less than 1%.

[1) R.K.]. Sandor, Shape Transition in the Nd-Isotopes (thesis). Verdhoven, 1991.
{2} G. Orlandini, 8. Stringeri, and M. Traini. Phys. Lett. B119, 21, 1982,



THOMAS-FERMI TREATMENT OF NUCLEAR MASSES,
DEFORMATIONS AND DENSITY DISTRIBUTIONS

W.D. Myers and W.J. Swiatecki

Nuclear Science Division
Lawrence Berkeley Laboratory
1 Cyclatron Road
Berkeley, California 94720
USA

Abstract

A recently completed Thomas-Fermi mode! of nuclei is described. Six adjustable parameters
of the effective nucleon-nucleon interaction were fitted to the shell-corrected binding energies
of 1654 nuclei and to the diffuseness of the nuclear surface. The model is then successful in
reproducing nuclear sizes, and only small deviations are found between calculated and
measured fission barriers of 36 nuclei. The model is then applicd to the prediction of fission
barriers of light elements, to drip-linc nuclei like 82Sn and 1708n, to the properties of nuclear
and neutron matter and to nuclear bubble configurations with Z2/A = 100. The relation of a
Thomas-Fermi theory to the Droplet and Liquid Drop models is illustrated.
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NUCLEAR LEVEL DENSITY IN HOT NUCLEI

S. Shlomo and J. B. Natowitz

Cyclotron Institute, Tezas AGM Unsversity, College Station, Texas 77843, USA

To investigate the variation of the nuclear level density parameter, a, with temperature
we have developed a model which simultaneously includes, in a realistic way, many important
effects: surface diffuseness, the continuum, the space variation of the momentum and the
frequency dependent effective masses, and shell effects. The temperature dependence of
these effects and of the mean field is also accounted for by the model. The main ingredient
in determining the parameter, a, is the single particle level density, g{ E), calculated for the
finite mean field using a semi-classica! method. The semi-classical method for calculating
g(E) was tested by comparing the semi-classical values of g{E) with the smooth quantum
mechanical values of g(E), obtained by applying the Strutinsky smoothing procedure to the
exact quantum mechanical results for g(E). Using this model we have calculated the mass
and the temperature dependence of the parameter, a, and compared the results with recent

experimental data.
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Space Parity Violation as a Probe of
Mass Asymmetric Deformations in the
Process of Slow Neutron Induced Fission.

GUENNADI A. PETROV
Petersburg Nuclear Physics Institute of RAS. Gatchina.
Leningrad District.
188350, Russia

Space parity nonconservation effect in neutron induced fission!'i ( PNC-effect )
consists in existence of an angular distribution asymmetry of fragment separation relative
to the direction of neutron polarization.

One of the main suppositions of the modern PNC-effect theoryl2® involve the specific
role of the Bohr's transition states near the top of external fission barrier. Here the
correlation of pear-shaped deformed nucieus axis and the fissioning nucleus spin is formed
for a short time. If the descent process is adiabatic and the pear-shaped deformation
axis is conserved along the way to the scission point the PN(C-correlation neutron spin
and light ( heavy ) fragment momentum will be observed and the proper asymmertry
coefficient ( ~ 10~* ) is expected to be independent on the main fragment characteristics
(~10")

All known experimental data about PNC-effect in fission are discussed in this lecture
as a new way to study low exitation energy fission.

References

1. G.V.Danilian, Sov. Phys. Usp 28 (1950) 323.
2. 0.P.Sushkov and V.V.Flambaum, Sov. Phys. Usp 25 (1982) I.
3. V.E.Bunakov and V.P.Gudkov, Nucl.Phys. A401 (1933) 93.
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TERNARY FISSION DYNAMICS
V.A.RUBCHENYA , S.G. YAVSHITS, A.S. ROSCHIN

V.G. Khlopin Radium Institute, St. Petersburg - 194021, Russia

The study of the light charge particle ( LCP ) accompanied fission
process or ternary fission is closely connected with common problems
of large scale collective motion of nuclear matter. Investigations of
ternary fission give possibility to measure the most short time intervals
and determine the dynamic parameters at the descent from saddle point
and near scission point configuration. Connections between dynamic
properties of fissioning nucleus and characteristics of ternary fission are
analysed in the framework of dynamical model of ternary fission [1-3].
The mechanism of LCP formation at the late stage of fission is governed
by the fission dynamics at the descent from the saddle to scission point.
Near the scission point the ternary nuclear system (TNS) is formed.
The mass and charge distributions of L.CP are determined at the initial
stage of TNS evolution. Classical consideration of three body dynam-
ics at the late stage of TNS evolution is used to calculate kinematic
characteristics of LCP and obtain important information about scis-
sion point configuration. Results of theoretical calculations of mass,
charge, energy and angular distributicns distributions of LCP are in a
good agreement with experimental data. The further irnprovement of
theoretical model is connected with consideration of quantum effects
and fluctuations de to fission modes and channels.
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FISSION RATE OVER A MULTIPLE-HUMPED BARRIER:
LANGEVIN APPROACH

I.1.Gontchar® and P.Frobrich**
*) Railway Engineering Institute, 644046 Omsk, Prospect Marxa 35, Russian Federation
**) Hahn-Meitner Institut Berlin, 14109 Berlin, Glienicker Strafie 100. Germany

The problem of the fission probability in presence of double-humped barrier seems first
had been considered by Bjornholm and Strutinsky in vef. '). Their solution formed :%.
basis of the statistical model approach to the anaiysis of the data. Recent experiments on
prescission light particle multiplicities 2) revealed that the traditional statistical modelling
of the fission process is insufficient. The standard statistical model has to be modified by
incorporating dynarical ingredients. Some progress in ihis direction has been obtained
recently by matching a dynamical (Langevin-Monte-Carlo) description with a properly
modified statistical model ?). A dynamical model is unavoidable in the initial stage of the
fission process until a quasistationary flow over the barrier is established: then a regime
is reached when a statistical description makes sense. The crucial quantity for matching
the dynamical approach with the statistical model is the quasistationary fission rate. In
order to make sure that this matching is performed in a consistent way one has to show
that the longtime limit of the decay rate calculated dynamically is in agreement with
the decay constant used in the statistical model description of the process. Recently the
solution of the problem has been obtained for the situation. where the fission process of
hot nuclei is governed by the entropy which has a single-humped barrier *).

The problem of consistency between LFDD aud the statistical mode] in describing the
decay from a multiple-humped barrier occurs in particular for fission of actinide nuclei at
moderale excitation energies (10-40 MeV), when shell effects still play a significant role
and multichance fission is of importance. Multiple-huraped barriers also appear for other
regions of Z and A if the temperature is not too high. so the single-humped barrier should
be considered rather as an exception *). Using the collective rotational enhancement
factor of the level density in constructing the entropy gives in addition to shell effects rise
to multiple-humped structures of the fission barriers ®).

In the present contribution we derive an analytical formula for the quasistationary
decay rate over a multiple-humped barrier and present the comparisen between the statis-
tical and dynamical decay rates in the case of a double-humped barrier with and without
competing decay modes. The results obtained with the analytical formulas are shown
to be in good agreement with the longtime limit of the dynamical decay rate obtained
by means of Langevin-Monte-Carlo simulation. The agreement is jrroved explicitly for
double-humped barriers of different shapes.
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ON DISTRIBUTION OF EMISSION TIMES IN
EVAPORATION-FISSION REACTIONS

V.P.Aleshin
Institute for Nuclear Research 252028 Kiev, Ukraine

It is known for some time /1,2/ that calculations involving particle separation energies
from spherical composite nuclei strongly overestimate the multiplicities of protons and a-
particles emitted in (quasi)fission reactions. In order to remove this discrepancy Lestone
/2/ has proposed to take into consideration the shape dependence of separation energies.
With an additional assumption that particle emission is most intensive in configurations
close to the scission point he has obtained a good description of the data on light particle
multiplicities for the composite nuclei with A = 200.

In the present work the shape-dependent separation energies were introduced in the par-
ticle emission calculation for the system °Ni 4% Mo at E < 10MeV/A studied in /3/.
The shape of the system as a function of time was calculated by the model of dissipative
collisions /4/. New separation energics have lead to somewhat better description of particle
yields but the extent of the disagreement remains still very large. The reason of this weak
influence has been traced back to the fact that shape corrections to separation energies are
only significant at the very beginning of the collision (¢ < 10~%'s) and toward the moment of
the neck rapture ( 4 x 10-2%s ) while particle emission takes place mainly within the interval
1072! — 10-%3, that is between these two extremes,
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GROUND STATE CORRELATIONS AND CHARGE TRANSITION
DENSITIES

D.Karadjov*. V.V.Voronov® and F.Catara®
*nstitute for Nuclear Research and Nuclear Energy,
boul. Tzarigradsko Chaussee 72, 1784 Sofia, Bulgaria
Y Bogoliubov Laboratory of Theoretical Physics, JINR,
141980 Dubna, Moscow Region, Russian Federation
<} Dipartimento di Fisica dell’ Universita’ and INFN, Sezione di Catania,
57, Corso ltalia - 1 95129 Catania. Italy

It is well known that many basic features of the nuclear vibrational states can be
described within the Random Phase Approximation (RPA). which enables one to treat
some correlations in the ground state. Being the spatial overlap between the ground state
wave function and the excited state wave function the charge transition density provides
a good test for nuclear models. Recent experimental and theoretical (based on the RPA))
studies {1] of the charge transition densities to investigate the interplay between single-
particle and collective degrees of freedom in the excitation of the low-lying states in some
spherical nuclei are in reasonable agreement, but the theory gives fluctuations of the
transition densities in the interior region. In RPA, as in the Hartri-Fock approach. the
theoretical fluctuations are too large in the nuclear interior, which indicates a systematic
problem of a more fundamental nature.

The effect of ground state correlations on the charge transition densities uf vibrational
states in spherical nuclei hae been studied in our recent paper [2]. The problem for the
ground state correlations (GSC) beyond RPA leads to a non-linear system of equations.
which is solved numerically. The influence of the correlations on the pairing is taken
into account too. The selfconsistent inclusion of GSC beyond RPA results in an essential
supression of the charge transition density in the nuclear interior in comparison with the

RPA calculations and enables one to reproduce the experimental data.

{1) R.J.K. Sandor et al., Nucl. Phys. A535 (1991) 664
{2] D. Karadjov, V.V. Voronov and F. Catara, Phys. Lett. B306 (1993) 197
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NEW APPROACH TO PARAMETRISATION
OF FISSION FRAGMENT MASS DISTRIBUTION

Yu.V.Kibkalo, A.1.Ustinov
Institute for Nuclear Research, Kiev, Ukraine

The simple quasiphenomenological model for description mass distribution fragments
of fission heavy nuclei is suggested in which the process of fission has two independent
stages.

A nucleus when moving to the saddle point is possessing of consecutively a series of
configurations at the first stage.

The formation of fragments and breaking away when the nucleus is sloping from the
saddle point to the scission point takes place at the second stage.

Taking into account the above suppositions and that the mass-asymmetrical deforma-
tion can be taken as a value which is connected with ratio of volumes of the right and
left fragments the mass distribution can be described as a product of two probabilities
corresponding to the first P4 and the second Tz processes

Y(A) = PaTr.

In the frames of this approach it was carried out the analysis of mass distributions
of spontaneously fissioning nuclei 252C f, 53, *#4356,258 . compound nuclei formed in
reactions with thermal neutrons ®0Th, 2433 3M0p, SEg 266,258 fyy. apnd 339,240 py
nuclei formed in reactions with a-particles of various energy.

The expressions for P4 and T probabilities were obtained and the dependence of its
parameters on excitation energy was found for some nuclei.

A good fit with experimental data is obtained, when describing mass distributions
of fission fragments, some discrepancies are mainly based on pairing effects which is net
accounted in this simple approach.

The comparative analyses of theoretical descriptions using five Gaussians and our
descriptions showed that the fit with experimental data is approximately equal (in limits
of statistical errors).

One can note that the used expression is based on some suppositions about processes
taking place in the fissioning systems and influencing on formation of fragments mass
distribution and has twice less number of variable parameters. The good agreement with
experimental data shows that the method of description of fragments mass distributions
of heavy fissioning nuclei is valued.

-23 -



ACTINIDE NUCLEI FISSION AT MEDIUM EXCITATION ENERGIES
N.I.Zaika, Yu.V.Kibkalo, V.P.Tokarev

Institute for Nuclear Research, Riev, {krainc

The fission of actinide nuclei at medium excitation energy has a number of peculiaritics.
Even at low excitation energy there is an appreciable contribution from einission fission.
i.e. from the fission following the emission of one or several peutrons. This fact complicates
the interpretation of observed anguiar distributions. Apart from this, in the interaction of
charged particies of medium energy with heavy nuclei there is a noticeable contribution of
direct processes into the total reaction cross-section o, which depends upon the encrgy
and type of bombarding particles.

Is the present paper the results of the analysis of energy dependence of fission cross-
sections, mass distributions and the ratio of symmetrical and asymmetric fission vields
are presented for the interaction of He and *He ions with some actinide nuclei in the wide
energy ranges. The particular attention in this analysis was directed to the contribution of
processes preceding the formation of fissioning system. An account of the emission fission
and inelastic process contribution into fissile nucleus production cross section enabled to
extract from experimental data an energy dependence of A? values well consistent with
theoretical calculation results on the basis of superfluid model. 1t was shown. that at
excitation energies above 45 MeV the influence of shell model effects is suppresed and the
nuclear fission is determined by liquid-diop barrier.

One of interesting and insufficiently explored problems in the fission physics is con-
nected with the investigation of a role played by shell effects in the formation of fragment
mass distributions during a nuclei fission. The asymmetry of fragment mass distributions
in the spontaneous and low energy fission of actinide nuclei is usually associated with
exhibition of fragment shell structure duriug the nucleus motion from saddle to scission
point. Experimental data on fission product mass distributions of the same fissionable
nuclei indicate that at excitation energies above 45 MeV the ratio of symumetric and asym-
metric fission yields is almost equal and this equality practically does not change with
energy increase. Statistic model analysis of these data show a difference disappearance
of fission barrier values for symmetric and asymmetric fission modes at this excitation
range.

There is a spectrum of transition states at fission barrier which basic characteristic are
the collective energy and the total angular moment. Dependence of integral and differen-
tial cross sections on total angular moment was well-known but its influence on description
of fission fragment mass distributions was not taken into account. A simple method of
description of fisston {ragment mass distributions with a dependence from total angular
moment of a fissioning nucleus was proposed. The measurements and analysis of large
number of experimental data for fission of some actinide nuclei formed in reactions with
neutrons, deutrons, c-particles an 4-rays with the same excitation energy but different
total angular moment was carried out. The energy dependence of the dispersion of fission
fragment mass cistributions on temperature and total angular moment of fissioning nu-
cleus was obtained. A good description of studied experimental data was achieved within
framework of this method and with comnon set of parameters. Obtained results testifs
that taking into account the influence of total angular moment for description of fragment
mass distribution for fission of heavy nuclei is necessary.
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ON THE MACROSCOPIC LIMIT OF COLLECTIVE MOTION

by

Helmut Hofmann
Physik Department, TUM, D-85747 Garching

Fedor A. Ivanyuk
Institute for Nuclear Research, 252028, Kiev-28
Physik Department, TUM, D-85747 Garching

and

Shuhei Yamaji
Cyclotron Lab, Riken, Wako, Saitama, 351-01, Japan

We study nuclear collective dynamics within linear response theory. Strength distributions
of isoscalar modes will be shown at different temperatures, both for "adiabatic” as well
as for "diabatic” conditions, but taking into account the effects of collisional broadening.
It will be demonstrated that vibrations about thermal equilibrium have the very charac-
teristic feature of the strength being concentrated in a low frequency mcde, provided the
temperature exceeds some critical value. Such a behaviour can be simulated by applying
?Strutinsky-smoothings” to response functions. The resuits can be analyzed in terms of
the transport coeflicients for average motion, namely effective stiffness, inertia and friction.
The latter is examined in detail. It will be shown how Strutinsky smoothing may simu-
late the macroscopic limit. Depending on details uf treating collisions, for friction such a
limit may either resemble the wall formula or the hydrodynamic case. An important issue
is the temperature dependence, in particular the question to which extent conventional

Strutinsky smoothing becomes equivalent to ”temperature smoothing”.
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THOMAS FERMI APPROXIMATION TO THE LINEAR
RESPONSE FUNCTION

P. Schuk

Institut des Sciences Nucléares, Grenoble, France

The linear response and density-density correlation functions are given in
Thomas-Fermi approximation. It is shown that this is valid at intermediate
and high momentum transfers. The equivalence to a Strutinsky averaged
response function is demonstrated. Applications to inelastic electron-nucleus
and proton-nucleus scatterings are presented. Inclusion of 2p-2h states in TF
approximation is discussed.

In a somewhat different context, in a hot finite Fermi system the statis-
tical fluctuations of one body observables are of importance. They will be
calculated from a TF approximation to the mairix of variance-covariance of
the fluctuating phase space distribution. The relevance with respect to heavy
ion collisions is indicated.
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NUCLEAR FERMI-LIQUID DROP MODEL
V.M. Kolomietz
Institate for Nuclear Research, 252028 Kiev,Ukraine

The essential peculiarity of the nuclear liquid is the Fermi motion of the nucleons. This
aspect plays an important role in the consistent description of the equilibrium and dynamic
properties of the nuclear liquid drop.

The equilibrium ground state of the Fermi-liquid drop (FLD) is described in the extended
Thomas-Fermi approximation using the effective Skyrme forces. The Fermi surface defor-
mation is not essential in that static case and the theory leads to quite good values for the
ground state energy and equilibrium space density of nucleons [1}.

The dynamic properties of the nuclear FLD depend in many aspects on the Fermi surface
distortion in the phase space. This manifests itself as an increase of the deformation potential
energy when the shape of the nucleus varies in time and should be taken into consideratior
in the fission of the nuclei or during collision of heavy ions. The allowance for the dynamical
Fermi surface distortion gives rise to the possibility of the excitation in a nuclear Fermi
liquid of the transverse wave which is absent in the simple liquid drop model of nucleus.
This means specifically that the nucleus behaves as an elastic, isotropic solid body during
collective motion [2].

The dynamical distortion of Fermi surface leads to some features of damping mechanism
at the FLD collective motion. The damping contains the retardation effects which depend
on the nuclear temperature. The theory gives a reasonable description of the nuclear vis-
cosity and describes the transition from zero sound (collisionless) regime to the first sound
(hydrodynamic) regime in hot nuclei [3].

The deformation of Fermi surface may play an appreciable role in the formation of particle
emission spectra. The direct non-statistical emission (splashing) of nucleons is passible due to
the dynamical deformation of Fermi surface accompanying the collective motion of nucleus.
The FLD model gives the relative contributions of the evaporation and cold emission of
particles dependently upon the magnitude of nuclear friction coefficient.
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LARGE AMPLITUDE MOTION-COUPLED
QUADRUPOLE AND MONOPOLE VIBRATIONS

E.B. Balbutsev, 1.V. Molodtsova
JINR, Dubna, Russia
P. Schuck
ISN, Grenoble, France

The set of nonlinear dynamical equations for gquadrupole (@23} and monopole (Qua)
moments of nuclei is derived from the equation for Wigner function f(r,p.t) with the help
of the method of Wigner function moments [1]. We use the simple model Hamiltonian:

2

=

H =

+ Zwtr? 4+ Aq(1) Q(r).

-]

m
where ¢(t) = /dr /dp Q(r) fr.p.1). Q(r) =13+ 42— 222 The system is:

m?Qoo + 2m*w* Qoo + 1A m Q%) — 2Tlge = 0,

m*Q 0 + 2m*u Qo + 4Am (2 Qo0 Q20 — Q2,) — 2Tz = 0.
Tlos + m2w? Qoo + 22 m QGag Qoo = ©

120 + m*w?Qo0 + 221 (2 Qoo Q20 — Q20 Q-Au) = 0.

where ng = nn + nzz —2[133, noo = Eﬂ.-,', n,‘,‘(t) = /dr/dppf f(l‘.p.i).
i=1

3
Qu=Ju+Jz—2J33, Qu= ZJii, Jii(t) = /dr/dp x} f(r.p.1).

These equations are solved r;;;nerically for ®Pb. It turns out that the functions
Q20, Qoos 20 and Mgy oscillate irregulary, the oscillation amplitudes being strongly de-
pendent on the initial conditions. Their Fourier analysis yields about 30 eigenfrequencies
with different strengths. The low-lying 2% states, the giant quadrupole and moncpole

resonances and the corresponding two-phonon states are repraduced very well. The most

of high-lying states have the multiphonon nature.

[1] Balbutsev E.B. Particles and Nuclei, v.22(2), p.159, 1991.
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Configuration Dependent Fluctuation Analysis
Tested on 'Er

P. Bosetti®, A. Bracco®, R. A. Brogiia?, T. Dassing®. B. Herskind®, S. Leoni®®, E, Vigessi¥,
G. B. Hagemann’, R. Bark", A. Brocksted, P. Eksttdm®, H. Carlsson”, A. Nordlund®, H.
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The decay of high spin rotational nuclei can be studied by a Fluctuation Analysis Method
{F.A.M.) recently developed and applied so far to y-y coincidence spectra of normally de-
formed nuclei in the rare earth region. The method allows us to obtain information on the
average properties of the nuclear rotational motlon, related to the number of paths the pucleus
effectively follows decaying through different decay modes to the ground state.

With the new generation of multi-detector arrays it is now possible to collect extremely high
statistic triples and higher fold 7 coincidences. This offers the possibility of selecting specific
single particle configurations, like for example super-deformed states or discrete rotational
bands built on high K orbitals. The measurement of the fluctuations associated to these
configurations s expected to give information on the coupling of the single particie states to the
quasi-continuum. This type of analysis has been applied to a rich data set on $'Er displaying
discrete rotational bands with high K values very weakly populated (x 8% of yrast intensity)
at an excltation energy of more than 1 MeV above yrast, i.e. in & region where the damping
of the rotational motion is expected to play an important role, and where the nuclear residual
interaction is strong encugh to mix the nuclear single particle states.

The dats have been collected with the multidetector array GA.SP (Legnaro, Italy) in the
standard configuration. The reaction used was 0 on '%/Nd with a 87 MeV heam energy and
a 700 ug/cm? target. A total of more than 8 x 10° triple events was collected.

The Fluctuation Analysis Method was applied to the '57-163164Fy y.y ypectra both for
the analysis of the ridges and of the central valley. A number of paths in the order of 30
has been extracted from the first ridge, in addition to those used for constructing the level
scherae (subtracted out), suggesting that 30 unresolved two-step rotational bands have siil!
te be found in the energy region below Uy =~ 800 KeV. Above 800 KeV the number of two
step rotational bands, extracted from the valley, is much higher (Ng‘),. = 10%) , in agreement
with the rotational damping picture and with the results previously obtained applying the
F.A.M. on nuclel in the same mass region and with comparable deformations (‘#8Yb 1%Hf
and '3Tm ). The number of paths in the vallay from y-v spectra gated on tiiecrate transitions
belonging to the high-K bands K1, K2 and on the newly found band K4 was also extracted
and found to be an order of magnitude amaller. This shows for the first time that the intensity
of the fluctuations is strongly dependent on the single particle configuration selected, and it
will be demonstrated how it is possible to select weakly populated high K states out from a
backgronnd of the stroagly populated normally states, by meant of the Fluctuation Analysis
Method.
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MACROSCOPIC PROPERTIES
OF SURFACE EXCITATIONS IN A FERMI LIQUID

V.I.Abrosimov and V.M.Kolomietz

Institute for Nuclear Research, 252022 Kiev, Ukraine

The surface excitations in a semi-infinite Fermi liquid are studied
within a semiclassical approach. The Landau-Vlasov equation for a
Fermi system with a moving free surface is used [1]. It is found that
the inertial and dissipative properties of the surface excitations in
a Fermi ligquid are related to anisotropic dynamic distortions of the
Fermi sphere [2]. The velocity field shows the vortex behaviour. The
expression for the friction coefficient is the same as found within the
one-body dissipation theory (the wall formula). It is also found that
the hydrodynamical pressure comes from the momentum-dependent
interaction [3]. This interaction gives rise to an essential contribution
to the inertial parameter. To take into account the two-body interac-
tions a collisional integral is included within the improved relaxation
time approximation. An interplay, due to the self-consistency, be-
tween one-body damping and the collisional one results in decreasing
of the friction coefficient.
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CRITERIA OF QUADRUPOLE VIBRATIONAL INSTABILITY
OF NUCLEUS FROM E];Q\}JNATI{JONS OF NUCLEAR FLUID
AMICS

Bastrukov S.I. and Molodtsova I.V.

Laboratory of Theoretical Physics,
Joint Institute for Nuclear Research, 141980 Dubna, Russia

Based on equations of the nuclear fluid dynamics taking into account elastic-like behavior
of nuclear response we obtain the following formula for eigenfrequencies of electro-capillary
nuclear vibrations [1}:

CL

2 — T i ——————
Wl =g =mm R3(L 2L +1) -

87rqzno (L-1)(3L+1)
(2L +1)

(1)

2
From (1) it follows the critical ratio -ZZ- = 35 against 49 predicting the standard Liquid Drop
Model (LDM) with parameters entered in eq.(1) taken from [2]. Fig.1 displays a comparison
of Fluid Dynamical Model (FDM) and LDM. It is seen that the FDM predicts the lost of
stability of quadrupole vibration (the start point of fission) for nuclei with 4 > 230, whereas
the standard LDM for nuclei with A > 380.
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Fig. 1. Energy of fission quadrupole mode vs mass number.
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THE GIANT MULTIPOLE RESONANCE WIDTHS
IN HEATED NUCLEI BASED ON THE
VLASOV-LANDAU KINETIC EQUATION

V.M.Kolomietz, V.A.Plujko

Institute for Nuclear Research, Kiev, Ukraine

Damping of nuclear collective vibration is studied within
the framework of the Vlasov-Landau equation including re-
tardation (memory) effects in the collision integral. The ex-
pressions for the nuclear viscosity and the width of the giant
multipole resonances in a heated nucleus are obtained by
taking into account quadrupole dynamic distortion of the
Fermi surface. These expressions allow for a transition be-
tween the regimes of rare and frequent two-body collisions.
An interpolation formula for the width is proposed in which
‘allowance for all multipolarities of the distortion of the Fermi
sphere is made. The width of the giant dipole resonance as a
function of excitation energy is calculated using this formula
for the S» nuclei region. The results for the width variation
with temperature are in a qualitative agreement with the
experimental data. They show a smoother behavior with
increasing temperature compared to that of the zero sound
model.
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On the Specific Features of Fluid Dynamic Model of Heavy Ion
Collisions and Emission of the Light Particles at Intermediate
Energies
A. T. D'yachenko

V. G. Khlopin Radium Institute, Shvernik 28, 194021 St. Petersburg, Russia
E-mail: ARK@RI.SPB.SU

As is known the light particles emission gives impertant information of the mechanism
of interaction of compiex nuclei. For the description of this reaction some different models
were suggested: cascade, thermodynamic, direct reaction models and so on. Our approach
deals with the idea hot spot, advanced by H.A. Bethe in 1938 [l).

At present the methods of computation of various processes of nucleus- -nucleus interac-
tion have reached a considerably high level [2,3]. However, for the complete understanding
of the phisical picture of nucleus-nucleus interactions in the energy region, some additional
research is necessary. An example is the fast particles source with the velocity equal to one
half of projectile velocity.

It is of interest, that integration variable averaging results in the form [4]

d*c/dOdE ~ VEexp(—(E — v/EEq cos 8)/T), (1)

which corresponds to availability the source of the fast particles moving with the velocity
equal to one half of projectile beam according to experimental data.

The Fermi liquid effects are described by simplified equations within the framework of
the long mean free path fluid dynamics {5]. Further natural development of this approach
was the combining of two models: "non-collisional” fluid dynamics [6] and conventional local
equilibrium fluid dynamics [7], derived in [8] according to Berish’s parametrization [9).

Satisfactory agreement with experimental double differential cross sections o /dQdE of
secondary particles (nucleons and fragments) emission for small and large angles have been
obtained.
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SURFACE RESPONSE IN THE FERMI-LIQUID DROP
A.G. Magner*?, H. Hofinunn?, V.M. Kolomiciz=% and 8. Shlomo®

Hnstitute for Nuclear Research, 252828 Kiev. Ukraine
?Physik-Departinent TU Munchen, 85747 Garching, Germany
3Cyclotron Institute, Texas A&M University, College Station.
Texas T7843-3366, USA

Isoscalar quadrupole vibratious at finite temperature have been discussed iu [i]. There
the nucleonic dynaniics has been described with a shell model but taking into account the
effects of collisions. It was found that with increasing temperature the collective dvnamics
seems to reach a "macroscopic” limit. In the present work this limit is studied within the
Fermi-Liquid model. This mode} foliows the phiase-space approach put forward in [2}: A
Landau-Vlasov egnation with collision term is used to describe the motion of the nucleons
in the interior, supplemented Ly appropriate boundary conditions on the deformed nuclear
edge within a sharp surface approximation. The collision term was treated in relaxation
time approximation but retardation effects were accounted for by letting the relaxation time
7 depend both ou frequency w as well as on temperature 7

7= Y (T + 3(ha)?/40%) (”

with 74 being constant.
For quadrupole vibrations around a spherical shape we have abtained a collective response
function veu{w) of the form:

2
N

\r«z“(wv T) =- B(w‘ T)*J + iu)Z(u,', T) - (“(w‘- T)

Here, B{w.T).C{w,T) and Z{w, 7'} are functions of frequency and temperature. If evalu-
ated near the poles they correspond to the mass parameter, stiffness and friction coeflicient
respectively. The & is a coupling constant related 1o static properties of the selfconsisten
mean field. For zero temperature the form (2) represents one giant quadrnpole resonance
corresponding to the collisionless regime of the zero sound: wr >> 1. With increasing
temperature the strength of this resonance shifis to lower frequencies. For temperatures
larger than about 3 — 4 eV the hydrodynamic, collision doninated regime is reached with
wr << | and only one peak of the strength distribution survives, like in [1]. For any tem-
peratures T # 0 the two poles of the response funclion (2) appear as two different excitation
modes. One of them is on the imaginary axis of the complex plaue of w and corvesponds
to an overdamped motion. Other pole belongs to the path in the w -plane which connects
the giant resonance pole with the liydrodynamic low frequency one for underdamped exci-
tations. The transparent description of these two modes has heen suggested in terms of the
macroscopic transport cofficients.

References

[1] H.Hofmann, 5.Yamaji, A.8.Jensen. Phys. Lett. B286 (1992) 1.

{2 V.M Kolomictz, A.G.Magner and V.A Phujko. Z.Phys. A345 (1993) 131.
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ON THE DECAY OF THE COMPOUND NUCLEUS

K.Dietrich
Physik-Department, T30, TUM, D-8574{7 Garching, Germany

A highly excited compound nucleus decays mainly by emission of n,p
and a and by nuclear fission. A detailed understanding of the competi-
tion between the different decay modes implies that the dependence of the
evaporation probability on the deformation of the compound nucleus and its
angular momentum is carefully studied.

We present a new approach to the evaporation theory which is based
on the Thomas-Fermi approximation. First numerical results show that
the average transmission coefficient depends rather strongly on the nuclear
deformation and rather weakly on the rotational ‘frequency.
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Coulomb Excitation of the odd-odd nucleus '¥Ta

J. de Boer, A. Levon’, M. Loewe, H.). Maier, M. Wiirkner, H.). Wollersheim?
Sektion Physik, Unwversitdt Minchen.
Am Couvlombwall 1, D-85748 Garching, Germany

Ch. Schlegel, P. von Neuvmann-Cosel, A. Richter
Iustitut fiir Kernphysik, TH Darmstadi,
Schlossgartensir. 9. D-64289 Dermstadt, Germany

T. Czosnyka
Heavy lon Laboratory, Warsaw University.
Banarha 4, Pl-02-997 Warszawa. Poland

The level structure of the rare odd-odd nucleus §°Tayg7, surviving in nature in
an excited isomeric 9~ state is important for an assessment of its astrophysical
relevance. Excitation of the isomer with real photons {photoabsorption) and with
virtual photons {Cculomb-excitation) indicate the presence of excited levels that
decay by an appreciable fraction to the 8 h ground state. Both experirents used
activation techniques. We here report on matrix elements in the rotational band
built ou the 9~ isomer measured by in-beam Coulomb excitation of an enriched
target.

Work supported by DFG grant Bo 1109/1
' Volkswagen Foundation Professor. Permanent address: Institute for Nuclear

Reseatch, Kiev, Ukraine
2 On leave from GSI, D-64220 Darmstadt, Germany
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EXCITED COLLECTIVE STATES IN THE NUCLEY
AROUND Z~50 CLOSED PROTON SHELL

Vishnevsky I.N., Trishin V.V., Kiev, Ukraine

Low energy excitation states of odd nuclel with the number of
miclaons close to magic one are a classic example of
quasi-particle levels in nuclei. Excitation of vibration states in
even-aven nuclei is usual at these energies. However, such a clear
picture disappears at high excitation energies and at large angu-
lar moments introduced. The observed quasi-rotation bands in
112,114,316, 1185, (1) which indicate on a considerable deformation
of "spherical” nuclei at high excitations are a good illustration
to this fact. .

A rather complicated interconnection of quasi-particle,
vihration and rotation modes is chserved. Such a situation has
~vgked a considerable interest of theoreficians and experimenters
fur investigatien of nuclei jin this region.

A 1ot of works devoted io this problem appeared. In one of
the last investigations {21 an aitention was paid to measurements
of the probability of transitions beiween levels which gives a
rossibiiity to investigate in details the nature of levels in a
large range of excitalion energies.

The results of analysis of excited coilective states in
miclel with 7250, as well as its interpretation using different
theoretical models, including non-iraditional apprrach of the
dvnamic coollective model (DCM) (31, are given in this paper. Tt
was shown that a large volume of experimantal data can be
described by a single manner within DCM frames.

1. S.Bron et al. Nucl. Phys., A318(1979)325;

2. I.N.Vishnevsky et al. Izv. AN. Kaz. SSR, ser.fiz., 2(1989)54;
Ukr. Fiz. Jurn., 36(1991)1132; Ukr.fiz.Jurn. ,36 (1991 )982;
Tzv. AN SSSR, ser. fiz., 55{1991)216€.

3. G.B.Krygin, V.E.Mitroshin. Thes.rep. of the Meeting on nuclear
spectroscopy and atomic nucleus structure, Teningrad, Nauka,
1991, p.125.
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THE MICROSCOPIC DESCRIPTION OF GIANT RESONANCES
IN STABLE AND UNSTABLE NUCLEL

S.Kamerdzhiev'® and J.Speth!)

VIKP(Theorie), Forschungszentrum Jiilich, D-52428 Jiilich, Germany
Institute of Physics and Power Engeneering, 249020 Obninsk, Russia

The main (and rather old!) problems of the microscopic theory of giant resonances in
cold nuclei are the description of their widths, fine structure and decay characteristics. It
is clear that one can not solve the last two problems reliably without solving the widths
problem.

Such a microscopic approach which takes into account, in addition to the RPA config-
urations, the single particle continuum and complex 1plh4phonon configurations has been
developed for magic nuclei [1]. It is based on the consistent use of the Green function method
and uses the well known Landau-Migdal phenomenological interaction with the same param-
eters for all the nuclei under consideration. To account of the rest of the configurations and
the experimental resolution, a constant smearing parameter equal to this resolution has
been used. The-calculations for isoscalar and isovector E0, E1, E2, M1 resonances in “°Ca,
48Ca, 2%8 Pb gave reasonable agreement with experiment for integral characteristics, including
widths, and also for the fine structure of the isoscalar E2 resonance in 2%8Pb {1.2,3].

The approach has been applied to giant resonances in unstable magic nuclei. Thus we
have predicted characteristics of the above-mentioned resonances in 6Ni, ®Ni, '%Sn and
1826,

The consistent treatment of the ground state correlations caused by 1plh+phonon con-
figurations explains the following experimental results: 1) the large strength below 14 MeV
and splitting of the isoscalar E2 strength in °Ca; 2) the M1 resonances in ®0 and ‘°Ca
which are absent in the RPA approach {4}; and 3} the characteristics of the low-lying 1+levels
in the (3602-4132) keV interval for ®Zr. These correlations also give a noticeable additional
isoscalar EO strength in *™Pb at (6-12) MeV and in *°Ca at (7-14) Mev [2] and some other
effects.

We have obtained the first results of the generalization of this approach applied to: 1)
non-magic nuclei; 2) hot magic and non-magic nuclei; and 3) fine structure of giant resonances
via a "refined” optical potential. The last improvement will allow one to calculate the fine
structure more consistently than with the use of the smearing parameter. The calculations
are now in progress.

1. S.Kamerdzhiev, J.Speth, G.Tertychny and V.Tselyaev, Nucl.Phys. A555, 90 (1993).
2. S.Kamerdzhiev, G.Tertychny and J.Speth, Nucl.Phys. A569, 313c (1994).

3. S.Kamerdzhiev, J.Speth, G.Tertychny and J.Wambach ,Z.Phys. A346.353 (1993).

4. S.Kamerdzhiev and V.Tkachev, Phys.Lett. B142, 225 (1984); Z.Phys. 334, 19 (1989).
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The v- decay of highly rotating nuclei: From discrete bands
to damped rotational motion

A. Braceo?, S. Frattini®, P. Bosetti®, S. Leoni®®?, T. Dy¢ssing®, B. Herskind®, M. Matsuo®
and E. Vigezzi®.

a) Dipartimenio di Fisica, Universitd di Milane and INFN sez. Milano, via Celoria, 16
20189 Milano, Haly.

b) The Niels Bohr Institute, Unsversity of Copenhagen, Denmark.
c) Yukawa Institute of Theoretical Physics, Kyoto, Japan.

Information on the nuclear structure of rotating nuclei is usually obtained identifying
the E2 transitions in rotational bands near "yrast”, while the y-rays emitted from levels
at higher excitation energy form the so called "quasi-continuum” spectra, in which the
individual transitions are not distinguished because of the high level density and finite
detector resclution. Ridge and valley structures characterise 2-dimensional energy spectra
of resolved and unresolved y-rays. The firsts are due to the v-transitions of rather cold
rotational bands, the seconds are due to v transitions originating at higher excitation
energies. .

At high excitation energy, rotational bands become very closely spaced and any single
band can be viewed as a collective sequence of related states imbedded in a dence bhack-
ground of other, more or less complicated states, to which it will couple by residual inter-
action. This coupling leads to the stationary states of the system, the compound states,
which are cornplicated mixtures of the available unperturbed configurations. The rota-
tional degree of frredom is damped in these compound states, in the sensc that the electric
gnadrupnie decay of a single state with angular momentum I will not go to a unique final
state witi: ang.lar momentum I-2, but to a set of states described by a strength function.
The shupe of the strength function depends on the strength of the residual interaction.

A sutisfactory connection between theory and experiment needs a simulation of the
decay cascades folluwed by the application ofthe same analysis.procedures to the calculated
and measured spectra. Experimental and simulated spectra of the nucleus 1%8Yb are
presented and discussed to point the important role of the residual interaction acting
armong the rotational bands. The results, although prelimminary, indicate that it should
Le possible to describe quantitatively the transition between the domain of discrete and
statistical 3- spectroscopy.
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EXCITATION OF A QUANTAL AND A CLASSICAL GAS IN
A TIME-DEPENDENT POTENTIAL

J.BlockiV, F.Brut?, J.Skalski® and W.J.Swiatecki?

D Institute for Nuclear Studies, 05-400 Swicrk. Poland
) Institut des Sciences Nucleaires, Grenoble, France
3} Institute for Nuclear Studics, Warsaw, Poland
) Lawrence Berkeley Laboratory, Berkelcy CA94720. USA

The computer simulations of oscillating Woods-Saxon or cavity potentials
filled with either a classical or a quantal gas of independent particles have
been done. We have now available of the order of 600 excitation histories
of such gases undergoing usually one period of oscillation (but sometimes
several), classified according to frequency and multipolarity of the oscillation
and the degree of diffuseness of the potential. We are still in the process of
displaying and interpreting some of the results, but certain important fea-
tures are already apparent. A notable finding is that contrary to concerns
so.netimes voiced in the literature the classical wall forinula does not fail
catastrophically when confronted with quantal calrulations. This is true even
for relatively small systems - in our case 112 neutrons in doubly degenerate
eigenstates. On the contrary, the wall formula, in addition to reproducing
accurately the classical computer simulations, gives also an approximate ac-
count of the quantal results in the regime where it is expected to be valid,
namely for not too small oscillation frequencies and not too large surface
diffuseness.

- 40 -



Coupling Between Slow and Fast Degrees of Freedom in
Systems with Complex Spectra

A. Bulgac®, Giu Do Dang® and D. Kusnezov*

® Department of Physies, FM-15, University of Washington, Seattle, WA
98195, USA

b Laboratoire de Physique Théorique el Hautes Energies, Université de
Paris-5ud Bat. 211, 91405 Orsey, FRANCE

*Center for Theoretical Physics, Sloane Physics Leboratory, Yale
University, New Haven, CT 06511, USA

We consider 1nany-body systems which display slow modes and have
complex spectra of intrinsic states, such as atomic nuclei, atomic clusters,
deformable cavities, and so forth. The effects of the coupling between the
intrinsic and the slow degrees of freedom is analyzed, by assuming random
matrix properties for the intrinsic degrees of freedom, and that the time
evolution of the slow degrees of freedom modifies the intrinsic configuration of
the system. By neglecting the reaction of the intrinsic degrees of freedom on
the slow modes, we derive (2nd solve) evolution equations for intrinsic state
populaiion probabilities, the average excitation energy and its fluciuations.
These evolution equations are characterized by strong memory effects, and
only in the long time limit the dynamics becomes Markovian.
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INTERACTION OF COLLECTIVE AND NON-COLLECTIVE MODES
1N STRONGLY INTERACTING FERMIONIC SYSTEMS

D. Kusnezov

Center for Theoretical Physics, Sloane Physics Lab, 217 Prospect St.,
Yale University, New Haven, CT 06520-8120

Transport properties of strongly interacting fermionic theories are investigated in
order to understand the microscopic basis of diffusion, dissipation and decorrelations
of states. One of the purposes is to establish the conditions of complexity under
which one can replace the interactions of collective and non-collective modes with
a stochastic heat bath. In formulating the problem of the interaction of collective
and non-collective degrees of freedom, we have found that there are surprising and
new phenomena which can arise due to these interactions. Just beyond the adiabatic
limit is a regime which is characterized by anomalous diffusion. This is a class of
diffusion processes which are not described by the standard Fokker-Plank equation,
and is seen both in semi-quantum and full coupled channel quantum calculations.
We attempt to classify different transport limits of collective dynamics in terms of
the spectral properties of the many-body Hamiltonian. Using new extensions of
random matrix theory, as well as semi-quantum and fully quantum treatments of the
collective dynamics, we are able to suggest new phenomena which exist just beyond
the conventional adiabatic limit. A relation between chaos, and different transport
limits is suggested.
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Microscopic theory
of nuclear giant resonances

G. _Cold, N. Van Giai
Division de Physique Théorique, Insitut de Physique Nucléaire,
91406 Orsay Cedex, France

P.F. Bortignon
Dipartimento di Fisica, Universita degli Studi,
and INFN, Sezione di Milano, Via Celoria 16, 20133 Milano, Italy

R.A. Broglia
Dipartimento di Fisica, Universita degli Studi,
and INFN, Sezione di Milano, Via Celoria 16, 20133 Milano, ltaly,
and Niels Bohr Institute, University of Copenhagen, 2100 Copenhagen, Denmark

While the gencral properties of nuclear giant resonances are rather well established,
much more uncertainties exist about their microscopic structure. What is the role played
by single nucleons in building up the nuclear collective motion? To answer this questiun, a
unique tool is the study of particle decay of giant resonances. Experimental measurements
of such decay are now available and can provide severe tests for theoretical models.

We have developed a fully microscopic theory of the excitation and damping of giant
resonances.  Self-consistency is one of the characteristics of the model, which has as
only phenomenological input an effective nucleon-nucleon interaction. The aim is to
understand up to what degree of accuracy these effective interactions are able to reproduce
detailed .roperties of the collective motion. A number of results for both isoscalar and
chargr-exchange excitations of the nucleus *®*Pb will be discussed.
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EXTENSION OF THE QPM TO T # 0 BASED ON THE FORMALISM OF THE
THERMO FIELD DYNAMICS

A.L.Vdovin, D.S.Kosov

Bogoliubov Laboratory of Theoretical Physics
Joint Institute for Nuclear Research, Dubna, Russia

We formulate an approach to the problem of a width of a giant dipole resonance in hot
nucleus based on the extension of the quasiparticle — phonon nuclear model (the QPM)
[1] to T # 0 using the formalism of the thermo field dynamics [2,3]. According to the:
prescriptions of the TFD one has firstly to double formally the number of nuclear de-
grees of {reedom by introducing the so-called tilde states in addition to the ordinary Fock
states and then making the thermal Bogoliubov transformation to the thermal yuasi-
particles B}, B}, Bim, Bjm. The coefficients of the thermal Bogoliubov transformation
coincide with the thermal Fermi occupation numbers of the usual Bogoliubov quasipar-
ticles. Knowing the coefficients one derives the thermal Hamiltonian H of the QPM
expressed in terms of thermal quasiparticles and thermal RPA-phonons Q}'m.. @i Which
consist of forward going and backward going thermal biquasiparticle components.

H=) wril@%iQui — Q3i@u) — Haq

Aus

Here wj; is the energy of the thermal phonon state. The structure of Hgg in terms of
thermal quasiparticles and phonons is quite similar to that of the quasiparticle -~ phonon
interaction at T = 0 [1]. It mixes the states with different numbers of phonons and to
diagonalize H, one has to include both one- and two- thermal phonon components in
the trial wave function. Then using the variational principle one can derive the following
equation for the energies n;, of these complex states

Lo UNhU )
detl(wsi — na )by = 5 ‘ '
Hws — ma0 )85 2 Z Wagiy + Wagi ~ Yy

|=0

Mirdaiz

The quantity U ,{‘;"" (J4) stands for the coupling matrix element of one- and two- thermal
phonon states and depends only on the phonon structure and Fermi thermal occupation
numbers. The above equation is very similar to that for T = 0 [1]. Ia contrast with
the approach of [4] Bose thermal occupation numbers can not appear in this formal-
ism naturally. In other words, although our thermal phonons are built from "thermal”
quasiparticles, the system of interacting phonons isn’t heated itself.

1. Soloviev V.G. "Theory of atomic nuclei: quasiparticles and phonons” (Institute of
Physics Publishing, Bristol and Philadelphia, 1992)
2. Tanabe K., Phys.Rev. C., 1988, 37, 2802; Hatsuda T., Nucl.Phys., 1989, A492, 187
3. Vdovin A L, Kosov D.S., JINR, Preprint E4-93-417, Dubna, 1993;
Kosov D.S., Vdovin A.L, JINR, Preprint E4-94-106, Dubna, 1994
4. Bortignon R.A. et al., Nucl.Phys., 1986, A460, 149;
Kamerdziev S.P. Preprint FEI-1860, Obninsk, 1987
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DIRECT NEUTRON DECAY OF GIANT RESONANCES
M.H.Urin

Moscow Engineering Physics Institute, 115409 Moscow, Russia

The theoretical description of partial nucleon escape widths of vari-
ous giant resonances (GR) seems to be a serious test of nuclear structure
models. The particle-hole basis is apparently best suited for the de-
scription, because most of final states populated after the GR direct nu-
cleon decay can be simply described by using this basis. Therefore, the
continuum-RPA can be used for the description of particle-hole states
(doorway states) corresponding to a given GR. A method for calculating
the GR strength function, i.e. for calculating the energy, total nucleon
escape width, fraction of the relevant sum rule, transition density of the
doorway states has been long formulated within the continuum-RPA [1,2].
The method for calculating the S-matrix of nucleon scattering via virtual
excitation of GR has been formulated recently [3). In particular, this
method allows one to calculate the partial nucleon escape widths of the
doorway states. The nuclear mean field and particle-hole interaction are
input data for the methods mentioned above. The doorway-state con-
pling to many-particle configurations can be phenomenologically taken
into account in calculations of energy-averaged reaction amplitudes on
the basis of reasonable statistical assumptious [3]. Thus, the calculated
partial nucleon escape widths of the GR can be directly compared with
the relevant experimental data.

Bearing in mind the known (and expected) experimental data, we
calculated the partial neutron escape widths of the isoscalar monopole
and isovector dipole GR's [3}], the partial proton widths of the isobaric
analog [4] and Gamov-Teller [3] resonances for several medium and heavy
nuclei. A phenorenological (shell-model) mean field of the Saxon-Woods
type and a Landau-Migdal particle-hole interaction have been used in
mentioned calculations. A special attention is given for the description of
partial cross sections of the semidirect photonucleon reactions [5]. A pe-
culiarity of this description lies in the fact that an essential gross structure
appears in any RPA calculations of the strength function of the isovector
dipole giant resonance. In particular, this method allows one to calculate
the partial nucleon escape widths of the doorway states.

[1]S.Shlomo and G.Bertsch. Nucl.Phys. A243(1975)507

[2]F.A.Garcev et al. Sov.J.Nucl.Phys.33(1981)337

[3])S.E.Muraviev and M.H.Urin. Nucl.Phys.A569(1994)267c;
A572(1994)No.2

[4]0.A.Rumyantsev and M.H.Urin. Phys.Rev.C49(1994)537

[5]M.H.Urin and G.A.Chekomazov, Izv.RAN (ser.fiz.) to be published
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GIANT RESONANCE FINE STRUCTURE

V.Yu. Ponomarev and V.V. Voronov

Bogolubov Laboratory of Theoretical Physics,
Joint Institute for Nuclear Research, 141 980 Dubna, Russia

Microscopic calculations of the fine structure of giant resonances for spherical nuclei
will be presented. Excited siates are treated by wave function that takes into accoumt
coupling of simple one-phonon configurations with more complex ones {1}. Nuclear struc-
ture calculations are applied to description of the «-decay of resonances into low-lying
states and the relativistic Coulomb excitation of the double resonances.

As an example, we consider y-decay properties of the High Energy Octupole Resorance
(HEOR) in *Zr [2]. In our calculation, the HEOR has the energy centroid E, = 22.4 MeV
and the total width I' = 4.4 MeV. The total width ThpoRr-2t at, I8 equal to 3 keV or
about 10% of the GDR ~-decay width into the ground state. It opens a new possibility
to investigate the HEOR.

For the first time the relativistic Coulomb excitation of the double giant resonance
in 138Xe is calculated based on the microscopic structure of the GDR [3]. Second order
perturbation theory is used to describe the excitation process. It is found that the two-
phonon cross section is essentially equal to that of the non-interacting phonon model and
that the associated width is 1.5 times the width of the one-phonon resonance. Calculated
and experimental [4] cross section {in mb) for the excitation of the single GDR, GQR,, and
GQR., and the double [GDR®GDR]g+ o+ resonances are presented in table. The results
of calculations are strongly dependent on the minimal value of the impact parameter
Runin = 7o{AY® + AY®) used and the ones in table are obtained with r, = 1.5fm. While
the predictions associated with the one-phonon siates provide an overall account of the
experimental findings, the calculated cross section for the two-phonon states is much
smaller than that extracted by the involved analysis of the data.

GDR | GQRi, | GQR:, | GDR+GQR;,+GQR:, | [E(DR®GDR)os 42+

1480 110 60 1650 50
1024 £+ 100 - - 1485 + 100 215 + 50

[1] V V. Voronov and V.G. Soloviev, Sov. J. Part. Nucl., 14 (1983) 583
i2) V.Yu. Ponomarev and V.V.Voronov, JINR E4-93-334, Dubua, 1993
[3] V.Yn. Ponomarev et al., Phys. Rev. Lett. 72 (1994) 1168

{2} R. Schmidt et al., Phys. Rev. Lett. 70 (1993) 1767
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THREE-CLUSTER APPROACH TO THE *Li NUCLEUS STRUCTURE

G.F.Filippor
Institute for Theoretical Physics, 252130, Kiev-130,Ukraina
Yu.A.Posdnyakov, V.P.Verbitsky
Institute for Nuclear Research, 252028, Kiev-28,Ukraina

The recent years progress achieved in the experimental techniques made it possible
far from the drip linc nuclei investigation [1]. This stimulates further development of the
theoretical notions of theiz properties and, in particular, of neutron-rich light nucles ones.

Duc to itn extraordinary features, of special intcrest now is the ' L nuclevs. Ususlly
it is regarded as a three-cluster system °Li + .+ n. Therewith it is wesumed that the *Li
nucleus may be described in the framework of the psual shell mode) which feasibility is
not apparent in this case. Therefore it is worthwhile to study the “L3 nucleus siructure
on the basis of more generul, than the standard shell model, cluster approach.

In this work the ?L{ praopertics were studied in the resonating group method frame-
work [2] under assuinption that this nuclcus has a three-cluster siructure a + ¢ + ?n.
Varialional calculations of the ground state energy Enin bave been performed. In cal-
culations nucleon-rucleon interaction potentials Vy.y of Hasegava - Nagata (H-N) (3]
and Volkov (second set, V2) [4¢] have been vsed. In each of the cases ascillator radiua »,
was chosen to reproduce binding energies of free o-particle E, and triton E;. At such
choice of rg di-pevtron turnes ont nobound up to 2-2.5MeV due 0 excess of the internal
kinetic energy. This excess has been subtracted from the internal di-neutron energy B,
lowering it ap to ~0, and has included into the cluster relative motion kinetic energy. In
the casc of Volkov polential mixture parameter m was 0.53 to obtain the two-neutron

scpacalion encrgy Som.

Vven 7o, Em Eh E’l: s?na Eoiny Ta=t; | Ta~tn) | Tiatny )

fin {MeV [ MeV [MeV | MeV | MeV | fm | fm | f | MeV
H-N 147 |-28.1| 684| 0.0 | 536 | -386 | 2.18 | 0.15 | 2.17 | -36.5
vz 11.50)-28.0]-7.06} 0.0 {615} -443 | 276 | 2.22 | 2.04 | -38.9

Results of culculations are presented in the Table, where, spart from ulready
mentioned values, the shell model limit of the °/i ground state energy £, and the
most probable distances between a-particle and triton 74y, belween o-particls and di-
veutron r,_:, sad between triton and di-neuiron 1.1, are indicated f0o. In spile of the
fact that resulta for two potentials are somewbat different, it is obviowsly that the *Li
ground state is pot adequate 10 the shell model fimit and has pronounced three-cluster

atructure.
REFERENCES

1.Detanz C., Vicira D.J. Annu.Rev.Nucl. Part.Sci., 1989,v.39, p.407.
2. Filippov G.F. Riv.Nuovo Cim.,1989,v.12,p.1.

4.Hasegawa A. Nagata S. Prog. Theor.Phys.,1971,v.45, p.1786.
4.Valkov A.B.Nucl.Phys.,1965,v.74, p.33.

- 47 -



VARIATIONAL CALCULATION OF THE *He GROUND STATE IN THE
THREE-CLUSTER RESONATING GROUP METHOD APPROXIMATION.

Yu.A Posdnyskov, K.O.Terenetsky, V.P.Verbitsky
Institute for Nuclear Research, 252028, Kiev-28,Ukraina

The wndecn three-particle models, which are applied to the nentron-rich nuclei (*He)
irvonigation, offer two basic shoricomings: using the effective core-N interactions and
approximate ways of the Pauli principle treatment.

In this work tbe ®He cluster structure was studied in the algebraic version of the
resonating group method fremework [1] under assumption that this nucleus has a
structure a + n + n. At first we carried out the simplest (variational) calcalation of
SHe ground state energy Enia and corresponding geometric configuration but with the
correct explicit Pauli exclusion principle taking into account.

In calculations nucleon-pucleon interaction potential of Volkov (second set, V2) [2]
have been used. The cecillator radius ry was chosen to reproduce the binding energy of
free a-particle. Since the oscillator radius was fixed according to the compact particle
binding energy, then the di-neuiron (if it 1o form) is uncerbinding up to 2-2.5 MeV.
Therefore its internal energy forced to modify as well as in work [3].

The calculations show that at any choice of mixture parameter m the sbeolute
minimum of the total *He energy is reached for the binary configuration a 42 n. Finally,
n = 0.62 have been chosen to reproduce the expesimental value of two-neutron separation
energy S = 0.975 £ 0.040MeV.

Vi-w | 7o, Eay | Bomy | Somy | Emins | Taetne Ta-ny Tn-n, 5?..6‘}:"_
fm | MeV | MeV | MeV | MeV | fm fm fm | MeV
0.07 [ 0.98 | -28.9 | 3.37 - -
V2 }1.38]-28.0 -11.7
- 0.56 | -28.5 - 2.30-3.05 | 4.61

Resulis of calculations are presented in the Table, where, apart {rom alrcady mentioned
values, the shell model limit of the %fle ground state cnergy E,(f,),, and the most probable
distancea between a-cluster and di-neutron r,_3, for the binary configuration (upper
line), and between a-cluster and each of the neutronw 7., and between newtrons rp.n
for the linear three-cluster confignration (lower line) are indicated too.

From the presented resuMs it in seen that the comparatively simple calcnlatitin with
precise Pauli priuciple treatment and smtable choice of the N-N interaction potential
permits to describe the main properties of the *He nucleun and that the cluster config-
uration in this nucleys is more profitable by the energy than the shell model one (Eonn
is considerable lower then Ef,?.-),,). The existence of the total internal energy two mini-
mums, motc deep one corresponds to the binary case and the lese deep one corresponds
to the three-cluster configuration, indicates that the probability of the first configuration
is greater than the second one and this resull is in a good agrecment with the conciusions
of the other authors (Zbukov et al.)

RFEFERENCES
1.Filippor GQ.F. Riv.Nuovo (im.,1989,v.12,p. 1.
2.Volkov A.B.Nucl.Phys.,1965,v.74, p.33.
3.Filippov G.F. Posdnyakov Yu.A, Verbitsky V.P. previous page
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Collective States of Even-Even and Odd
Nuclei with 3, 83, B4, ..., By Deformations

V.Yu. Denisov and A.Ya. Dzyublik
Institute for Nuclear Research, Kiev, Ukraine

A macroscopic model [1] is developed for description of energy levels
belonging to even and odd rotational bands together with reduced prob-
abilities of dipole crossband and quadrupole interband transitions in soft
even-even and odd nuclei with 3;, 35, 84, ..., B¢ deformation. This model is
a generalization of the Davydov-Chaban model [2] taking into account only
quadrupole deformation of nuclei and of our previous model [3,4] consid-
ering only nuclei with both quadrupole and octupole deformations to the
case of nuclei with 35, 33, 34, .., By deformations.

Simple expressions for the energy levels of even and odd rotatioral bands
in even-even and odd nuclei are obtained in 11,3-4]. The influence of shape
stretching due to rotation of the nucleus on energy levels and reduced prob-
abilities is considered. _

Different macroscopic calculations of polarized electric dipole moment
are ciscussed [5]. It is shown that this dipole moment depends on the
posttion of the center of mass of nucleus with quadrupole and octupole de-
formations. The ronditions of consistency of the radii of the proton and
neutron surfaces and potentials are discussed. These conditions must be
incorporated in a shell-correction calculation of dipole moment [5]. Strong
dependence of the polarized electric dipole moment on the angular depen-
dence of ueutron skin thickness is discussed.

The comparison of experimental and theoretical energy levels and ra-
tios of reduced probabilities for isotopes Ra,Th, Ac, Rn, Sm, Pm, Ba,Ce is
performed. The agreement hetween calculated and experimental values are
good.

REFEREN<CES
1)? V.Yu. Denisov and A.Ya. Dzyublik , Submitted for publication.
2). A.S. Davydov and A.A. Chaban, Nucl. Phys. 20 (1960) 499.
3). A.Ya. Dzynblik and V.Yu. Denisov, Phys. At. Nucl. 56 (1993) 303.
4). V.Yu. Dewnisov and A.Ya. Dzyublik, Phys. At. Nucl. 56 (1993) 477.
5). V.Yu. Denisov, Sov. J. Nucl. Phys., 55 (1992) 1478.
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POLARIZATION EFFECTS IN NUCLEI

F.F.Karpeshin

Institute 21" Physics, St. Petersburg University I, Ulianovskaya, SU-198904
St. Petersburg, Russia

We consider some electrumagnetic processes caused by the nuclear po-
larizability. Firstly, this is well-known appearance of the induced electrical
dipole moments in quadrupole-octupole deformed nuclei. As a consequence,
electrical dipole radiation becomes possible with the energy which is the sum
of the energies of the quadrupole and octupole nuclear phonons. This predic-
tion agrees well-with the experimental data concerning hard non-statistical
gamma rays from fission fragments.

Secondly, the condition of the fixity of the c.in. of the nucleus gives rise to
the electrical dipole moments in the nuclei of the condenser type. That man-
ifests itself in anomalous conversion of the E1 type. In usual atoms contri-
bution of the condenser moments to internal conversion happens to be lower
than from the electrical polarization moments because of small probability to
find an electron inside the nucleus. But in muonic atoms their contribution
becomes predominant. Qur calculation agrees with the experimental data
concerning muon shake effect in the fragments from muon-induced prompt
fission, giving the shake probability around 0.5 percent.

Then, nuclear polarization in the nucleus-nucleus collisions lowers the
tusion barriers and enlarges the curvature of the potential barrier. Use of the
Goldhaber-Teller model of the giaut dipole resonance allows the anaiytical
solution within the multidimensional approach. The calculated lowering of
the fusion barrier e.g. in the case of the **Cm + “*Ca fusion reaction is about
0.5 MeV. Taken together with the change of the curvature of the barrier, that
makes the cross-section several times higher.

Finally, the role of the low-lying collective states is illustrated by the
example of the pygmy-resonances. Although they exhaust only 2 small part
of the energy-weighted sum rule, their moments turn out to be comparatively
high, as the calculation within the Steinwedel-Jersen model shows.



NOTE ABOUT EFFECT OF INDEPENDENT PARTICLE MOTION AND
COLLECTIVE NUCLEAR DYNAMICS ON INELASTIC FORMFACTORS
IN 180° ELECTRON SCATTERING

Pursayev A.V., Tartakovsky V.K.
Kiev University, 252601 Kiev {7, Ukraine

Alternative concepts about a nuclear dynamics can lead to
similar results. In particular, when describing the E1 transi-
tions in nuclel the close relationship between the Goldhaber-
Teller (GT) model of the oscillating proton and neutron spheres
and the shell model 15 established {1]. However, the calcula-
tion of the formfactor of the giant resonance (FGR) in the nuc-
leus '°0 in electron scattering at 180° for the excited confi-

guration (1p)*(14,28)' (the hole is in 1p-

s e shell) shows the q dependence (1) of FGR
+| whick is opposite to the predictions (2) of
i 1 ¢ model for the momentum transfer q>G.2
! | ™ [21. This contrariety stimulated our
calculation (3) in the independent-particle
1 model with three-shell wave fNimctions of
/| the excited mixed contigurations {3]. Just
the same physical situation (the transition
of a nucleon Ifrom 1p- to (1d,2s)-shell) in
the two calculations leads to the alterna-
tive resulte. The character of the q depen-
dence (3) of FGR 1s in agreement with (1]
also for the scatiering angles 6<180°. Thus
the account of the electron scattering data
. (2] much more likely will require further

0.1 0.5 efforts perhaps at the cost of taking into
q, fm? consideration the meson-exchange currents.

3
w

6]

[e )]

I<f 1T @le>1? 103

~

n

(1] D.M.Brink. Fucl.Phys., 4, 215 (1957).

{21 G.J.Vanpraet. Ibid., 74, 219 (1965) and references therein.

{31 A.V.Pursayev, V.K.Tartakovsky. Physice 1In Ukraine Internm.
Conf.:Proc. (Nucl.Phys.), Kiev, June 22-27, 1993.-~ Kiev: Bo-
golyubov ITP, 1993.-P.54-57.
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THE INTERNAL CONVERSION AND e*e™-PAIRS
CREATION FROM THE HEATED NUCLEI

S.N.Fedotkin and V.M.Kolomietz

Institute for Nuclear Research, Kiev, Ukraine

At the sufficiently high nuclear excitation energies the processes of the
interaction of nuclei with the electromagnetic field can be considered
statistically. The rate of these processes is determined by the probabil-
ity of y-radiation from the heated nuclei. This enables to investigate
the dynamics of the heated nuclei through detecting of the y-quanta,
ete™-pairs and internal conversion electron. The general expressions for
the probabilities of the last two processes are found for an arbitrary
multipolarity A > 0 of the «-transitions. The probabilities of the ete -
pair creation W+.- (T) and K-shell ionization W, (T) are calculated in
the statistical Weisskopf model as a function of the nuclear temperature
T. The temperature dependent conversion coeficient for the internal
pair creation Bet+e-(T) = Wero-(T)/W,(T),where W,(T) is the E1 -
transition probability in the Weisskopf model, increases with increasing
T. This coefficient is of the order of 10~% at 7 >> m (m is the elec-
tron mass). The analogous quantity for the K-shell ionization process
B. = W.(T)/W,(T) increases with decreasing T and has the form

3
B(T) = 2o s eap(@)le(3Kie) = K@) + (1~ 20)Ko(a)]
where 2z = m/T, a is the fine-structure constant, Z is the nuclear charge,

K,(z) is the Macdonald function.The quantity /3.(T) is equal to 102 at
T=0.2 MeV for heavy nuclei with Z ~ 100.
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[3-DECAY in HOT SOLIDS
Vladimir N. Kondratyev !
Laboratorio Nasionale del Sud, INFN, v.S.Sofia 44, 95185 Catania-lialy

The brilliant Strutinsky’s approach has been applied recently to study varions prop-
erties of the electrons in mesoscopic systems and solids. We consider in this contribution
the valence electron excitetions accompanying G-decay. These phenomena result in some
decreasing of the F-radioactivity rate {€s) due to shifting of the S-spectrum end-point.
Neglecting Coulomb effects in decay process we can estimate with semiclassical accuracy
the reduction factor a 88! a = ?E" & (1=~ < € > [Ey)®, where £ and Ep are the
B-redioactivity rate and the S-transition energy for the bare nucleus; and < ¢ > is the
mean excitetion energy of election gas. Some various theoretical spproaches here are
usually based on the Hartree method, neglecting the correlation effects in the electron
dynamics. Thesc wethods are ressonable In the low temperature limit and give very
amall reduction effect: (1 —a)} < 10-%. However, for systems at finite temperature the
corzelations, reflecting the inexactness of the Hartree method and associsted with the
deviation of the true interaction from the self-consiatent one, become very important.

The powerful physical framework to include these effects is provided by utilization
Strutinsky’s smoothing concept for the description of the 2xcitation process [1]. Then
the correlation as well as thermodynamic fluctuation effects can be taken intc account in
phenomnenological way by using the Langevin equation of motior fur semiclassical electron
dynamicc. This approach gives surprise of the resonent behaviour of the excitation
procem [2] at » function of temperature (T'), which results in curiously strong encmalous
reduction effect (22> fig.).

Fig. Temperature dependence of the
f-radionctivity rate reduction factor a
(ree text) of tritium absorbed in tita-
pium. Full line represents the data [8],
deshed linea are the results of calcu-
lations according to uniform distribu.

R tion of valence electrons in matter, and
" N dashed-dotted line is the Local Deasity
o Approximation with model [4] for elec-
L Lot . tron density.

Bt

REDUCTION FACTOR
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{2] V.N.Kondratyev Freprint INFN.LNS, 23.02.94; and Phys.Lett. A (1094) in press
(3] O.Reinfenschweiler Phys.Lett. A184 (1994) 149
4] ll‘id:l:i.!(lbuhxﬁk, V.N.Kondratyev, O.V.Chumanova Phys.Stat.Sol, (b) 145 (1988)
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PROBABILITIES OF B~TRANSITIONS IN DYNAMIC
COLLECTIVE MODEL

I.¥.vishnevsky, G.B3.Krygin, A.A.Kurteva, V.E.Mitroshin'
Institute of Nuclear Research, Kiev, Ukraine

The expressions for the reduced matrix elements of
Hamiltonian of weak interaction for the U-mode decay (8 -decay
of odd-neutron nuclei and B+-decay of odd-proton nuclei) and
V-mode decay (B -decay of odd-proton nuclei and B+-decay of
odd-neutron nuclei) have been obtained in the framework of
dynamic collective model [1}. The influence of the zero
vibrations of the nuclear shape as well as the different
effects of noncommutativity of one-quasiparticle and
collective modes to the probabilities of pg-transitions is
taken into account.

g'-decay of the Stk is considered. It has been
found that the dependences of log ft on the number of diagrams
accounted for are the same for all Sn isotopes although the
component compositions of the wave functions of populated
states vary significantly with the change of mass number.

111,113,115

1.G.B.Krygin, V.E.Mitroshin // Fiz. Elem. Chastits At. Yadra.
-1985.-V.16.-P.927.

Ugharkov State University, Kharkov, Ukraine
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REFRACTIVE EFFECTS IN ELASTIC SCATTERING OF !:Li

BY LIGHT DEFORMED NUCLE! AT 29 MeV/NUCLEON
A.V.Kuznichenko, A.S. Molev, G.M. Onyshchenko

Kharkov State University, KXharkov 310077, Ukraine

At present there exist very recent data for elastic scattering of exo-
tic ''Li nuclei on light deformed nuclei at 29 MeV /nucleon. The elas-
tic differential cross section exhibit the pronounced smooth structure
and no diffractive oscillations within angular range § = 8 — 21°. The
available data were analyzed by means of scattering matrix formalism,
- using a parametric form of the partial-wave S-matrix [1]: S(L{Q})) =
exp|-260( L(2))+ 238 (L(W)], 26(L) = nj2LA (L) + AZpHL)1/2
P ¥ UL, Ly a5), @) = ~f7 (L, L), Aj) 1)1 = (L, Lj, Aj)), where
2 is the solid angle, j = 0,1; f(ZL, LJ—,Aj) is the two-parameter Fermi
function. 2Si nuclei were treated as rigid rotors and scattering ampli-
tudes of Ref.[1], including terms of order (ﬁ2)2, were used. The vaiues
ot Lg = 37.799, Ly = 31.218, Ag = 9.689, A; = 22.860, yg = 0.225 and
p1 = 1.875 were derived for 1'Li + 28i system at 319 MeV. Deformation
parameter was taken to be f9 = —0.24 [1]. The parameter values should
be regarded with caution, because the experimental data is available only
for arather limited angular range, excluding the exporential-like decrease
of cross section. We also analyze elastic scattering data for ®Li + 2*Si at
25.7 and 35 MeV/nucleon and extrapolate the resulting S-matrix para-
meters to 20 MeV /nucleon, thereby providing comparison with !Li+ #Si
system and consideration of the effects associated with the presence of
neutron excess.

Certain features seem to be established: (1) Strong absorption radius
R = 7.4 fm for HLi - %8;j is of comparable magnitude to that for ®Li+ 3%Sj
at the same energy per nucleon. (2) The diffuseness d; = Ay /k = 2.4
fm (k is the wave number) for "'Li + 2%Si js about 70% larger than that
for ®Li + 2%Sj syetem. This may be attributed to the manifestation of
neutron halo. (3, The decrease of transparency parameter with increasing
neutron excess is more than 30%. (4) The strength of refraction is larger
for neutron-rich !Li nuclei than for ®Li projectiles mainly due to increase
of refraction parameter 41 by about 12% with neutron excess.
1. A.V.Kuznichenko, a.S. Molev, G.M.Onyshchenko. Izv. Acad. Sci.of

Russia 57 (1993) 152 55 -



DAMPING OF GIANT MONOPOLE RESONANCES
S TEHIN A LINEARIZED LANDAU-VLASOV DYNAMICS

V.Abrosimov)®), M.Di Toro') and A.Smerzil)

1) Dipartimento di Fisice, Universita’ di Catania and
INFN,Laboratorio Nazionale del Sud, Catania, Italy
2) Institute for Nuclear Research, 252022 Kiev, Ukraine

Isoscalar monopole vibrations in spherical nuclei are studied within
the Landau-Vlasov dynamics [1,2]. Energy and strength of the giant
monopole resonance (GMR) are well reproduced. The Landau damp-
ing of the monopole vibrations is analyzed [3]. It is found that the
local Fermi surface corresponding to the GMR is deformed. The col-
lision integral is included within the relaxation time approximation.
The found total width is too small to explain the observed one in
heavy nuclei. Because the Landau damping is sensitive to the effec-
tive nuclear force the missing part of the width can be connected to
certain properties of the latter.

References
1) D.M.Brink, A.Dellafiore, and M.Di Toro, Nucl. Phys. A456 (1986)

205.
2) V.Abrosimov, M.Di Toro, and A.Smerzi, Z. Phys. A347 (1994) 161.
3} V.Abrosimov, M.Di Toro, and V.Strutinsky, Nucl. Phys. A562
(1993) 41.
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283v decay and SU(4) symmetry violation in
nuclei

0O.A Rumyantsev, M.H.Urin

To present time the calculations of 2320 decay rates have been performed by
different author for a great many of nuclei {l]. The main shortcomings of mentioned
calculations are: (i) essensial dependence of calculated values on model parameters
and. as a consequence, significant distinction of results obtained by different author
{11: (ii) the usec in calculations a large basis of states and complex residual interaction,
that needlessly hinders the calculations and limits the area of application of the
method oniy by rather light nuclei [2).

In this counection the approaches hased on the use of approximate conservation
of the spin-isospin symmetry at an analysis Gamow-Teller excitations {3] and free
from the mensioned shortcomings are of interest. However, in ref.[3] the interaction
which violates the SU(4) symmetry was chosen uncorrectly. The work [4] seems to
be more realistic as compared with ref.[3]. in this work the 232v decay rate of the
8C'a agreeing with experimental data and conclusions of other works is evaluated.

[n present work the approach is extended to the case of nuclei having strong
nucleon pairing. The calculations of the 232» decay rate was performed for a number
of nuciei. There a. no any free (varvablej parameters. The all inodel parameters are
taken frani independent data. The calculation results are in satisfactory agreement
{within the factor 2 - 3) with relevant experimental data.

References

{11 Haxton W.C. Talk presented at XV luternational Conference on Neutrino
Physics and Astrophysics (NEUTRINO'92) Granada, Andalucia, Spain, June
1992, Preprint CERN 40427-21-N92.

[2] Brown B.A.. Zhao L. Phys.Rev. C42(1990)1120.
[3] Bernabeu . ct.al Z.Phys. C46(1990)323.
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COMPETITION BETWEEN STATISTICAL AND
DYNAMICAL PROCESSES IN THE DECAY OF HOT
NUCLEI

R. Wada, K. Hagel, R. Tezkratt, F. Haddad, Y. Lou D. Utley, B. Xjao, J. Li,
N. Mdeiwayeh and J. B. Natowitz

Cyclotron Institute, Tezas AGM University, College Station, Tezas 77843

The decay propertie: of hot nuclei are studied in the reactions of Xe+*8Ti at 18.5A
MeV, “©°Ar+232Th at 40A MeV and %*Cu--Au at 35 A MeV. In the **®Xe+**Ti reaction, the
time scale of the fission process is evaluated for the different mass asymmetries of fission
fragiments. The extracted time scales to the scission point are 1.0x10~?sec for a symmetric
fission and 1.0x10™?'sec for a very asymmetric fission. Thus, at the excitation energy above
1 MeV/u, the time scale for the light particle emission becomes shorter than that of the
fission process. This may drastically change the decay process of hot heavy nuclei from
that predicted by statistical model calculations. The Texas A&M 4r neutron ball has been
used to probe the decay of highly excited heavy nuclei produced in the **Ar and %Cu
induced reactions. For both systems significant cross sections of heavy residues are observed
in coincidence with a high neutron multiplicity. Model simulations suggest that {hese are
the evaporation residues from primary compound nuclei with mass A ~ 230 — 260 and
excitation: energy E; ~ T00 McV to 1.5 GeV. It is suggested that, by taking into account
the competition between the dynamical and statistical decay processes extracted from the

136X e+45Ti reaction, the observed residue cross sections can be reproduced.
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PREEQUILIBRIUM AND DISSIPATIVE REACTIONS

Hermann H.Wolter, Universitaet Muenchen, Germeny

We describe nucleon-induced pre-equilibrium reactions as well as heavy
ion-induced dissipative reactions in the unified framework of a statistical
multistep direct reaction approach. We apply it to inelastic excitation and
to transfer to the continuum. In this approach the appropriate strength
functions {inelastic or single particle) are calculated microscopically in the
QRPA approach, while the reaction amplitudes are determined from mul-
tistep DWBA calculations with averaged form factors which are consistent
with the strength functions used. The approach is compared io represen-
tative examples of continuum reactions (i.e. (n,n’) reactions at low encrgy
and '?C induced reactions at Fermi energies) and is found to give very good
descriptions of experimental continuumn spectra and angular distributions.
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FORMATION OF RESIDUAL NUCLEI FROM HIGLY FISSILE
NUCLEI

G. Giardina

£.7 ~uto Nazionale di Fisica Nucleare and Dipartimento di Fisica dell'Universita, Messina,
lialy.

The observation of the evaporation residues (ER) of nucki far from f§-stability line
allows one to study the different decay channels (xn and oxn) of higly excited compound
nuclei for which the fission channel becomes a dominant mode of the de-excitation. In this case
the ER production only amounts to 2 small fraction of the fusion cross section but becomes a
higly sensitive probe for the fission dynamics and therefore it may also be used for the analysis
of the nuclear dissipation. In this region of neutron deficient nuclei, that are also at the ground
state o-cmitter, the calculated values of the shell correction for nuclides with the number of
neutrons close io the magic number N=126 are practically equal to the calculated values of the
liquid drop barrier. This gives onc a good opportunity to investigate the influence of the shell
effects on the characteristic of the compound-nucleus decay and on the fission channel
probebility. The xn and axn channels are analyzed and we study the characteristics of the
excitation functions, comparing the results with refined statistical model calculations which
account for the time-dependent dynamical effects through the transient time needed to establish
a constant flow over the fission barrier. The available experimental data show a steep decrease
of the xn-reaction cross sections at the transition from the Ac-Th to U-Np compound nuclei.
The oxn-reaction cross-sections also have a sudden decrease but at the transition from U to Pu
compound nuclei. A diffused barrier model that accounts for sub-barrier fusion is used.
Morcover an appropriate description of the ER production may serve to study the foanation of
the super-heavy nuclei in heavy-ion relcmns

Refereneces
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RECENT DEVELOPMENT IN STUDY OF TIME AND ENERGY
PROPERTIES OF COMPOUND NUCLEI AT THE RANGE OF
UNRESOLVED RESONANCES

V. S. OLKHOVSKY
Institute for Nuclear Research, Kiev-252028, Ukraina

A vast realistical program of research mean values of
resonance and time compound - nucleus characteristics is
presented basing on

(i.) the general relations (sum rules)

<€, CE, e)>-j§n<rﬁ°(Js"’cs)xaﬂccis"’ci:,e)>/<aﬂcci:,e)> , €1
cCjsn) cCisn) sn_jsn
Z Cupy ISTEINCay SIS EY>m 2nhCdSmIST ()
2 g, SUSMEN2y¢o,, COISTED) =
fi
= drhlCISTLIST (1, 00Sn 4 poism gisnyist €3)

(derived ir ihe author’s earlier articles -(1) and (3)- and by
Lyuboshitz =-(2)- in 1977-1993) for nuclear reactions at the
range of unrssolved resonances.

(i1.) the statistical and optical-statistical approaches to
evaluating the mean compound-nucleus differetial,partial diffe-
rential and partial cross sections <op;“(E,©)), (aﬂc(jsn)(g'e»
and <a“°(js")(8)> supporting on the measured cross sections,

(i1i.) the methods of obtaining the mean compound-nucleus
Lotal Lime delay <ry;°(E,8) together with the variances Dry,C«

s P = <92 level dencities  IS" and
total widths TIS"  from known  and proposed
experiments with wutilizing the blocking effect , the double
collisions and the macroscopic neutron penetration through
targets with variable widths and for variable neutron
energies.
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TIME RESONANCES IN HIGH~ENERGY NUCLEAR REACTIONS
V.8.0lkhoveky and S.A.Omelchenko

Institute for Nuclear Research of the National Ukrainian
Academy of Sciences, Kiev -252828, Ukraine

{t is shown that the exponential decrease of the inclu—
sive energy spectra with the final-particie eunergy in high-
energy nuclear reactions, independent of fragments, fargets,
projectiles and projectile energies, can be explained by new
phenomena of time resonances formed by accumulations of strong—

17 overlapped energy resonances. A time rasonance doeg physica-
lly correspond to the formation of a high—-excited leng-living
and non—-exponentially decaying nuclear clot (nucleon bunch,
consisting of & relatively small part of target and projectile
nucleons) at the background of a spectator, consisting of the

rest of nucleons.

For 200 and more target and progectile nucleons and
projectile energies near lGev/mici the widtns of time resonanc-
es are batwean 2.9-107%3 sec and 4.2-10"%3zec.

The proposed aperoach is based on selfconsistent guant-
umtime analysis of nuclear reactions being an alternative way
of interpreting the experimental dats in comparison with the
firebalil- model descripvtion and alsc diff=rent from the [zumo-
Araseki time compound- nucleus approach.

i
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DYNAMICAL EFFECTS IN THE FORMATION CROSS-SECTIONS OF
NEUTRON DEFICIENT NUCLEL

A. D'Amigo, G. Giardina, M. Herman, M. Sacchi and R. Sturiale

Istituto Nazionale di Fisica Nucleare and Dipartimento di Fisica dell'Universitd, Messina,
Italy

We investigate the sensitivity of statistical model calculations of individual evaporation
residue (ER) production on the nuclear shape evolution and viscosity. To this aim we analyze
the de-excitation of the 27Ac and *°Po compound nuclei formed at the excitation energies
between 34 and 90 MeV. We find a strong dependence of the calculated results on the nuclear
dissipation and shape evolution, which make evaporation residues a useful tool for
investigating dynamical effects. To this end, we use the refined statistical mode! which
accounts for the time-dependent dynamical effects through the transient time needed to
establish a constant flow over the fission barrier. We study the influence of the nuclear shape
evolution and viscosity on the individual ER excitation functions and observe an
interdependence among the parameters used to describe the dynamical effects. The statistical
modei used in the present study was described in detail in refs. 1-3. It accounts exactly for the
angular musnentum and parity coupling, allows for the neutren, proton, and a-particle multiple
emission as well 25 for a fission chanmi and full y-cascade in residual nuclei, Particular
attention i devoted to the determination of the level densities. These are calculated in the non-
adiabatic approach allowing for the rotational and vibrational enhancements. These collective
effects are gradually removed above a certain energy. In the case of the rotational enhancement
this energy is related to the Coriolis force which couples intrinsic and collective motions. The
results of our calculations and the experimental data for the individual ER cross sections are
presenied. We indicate a new method of estimating the nuclear viscosity and claim that the
statistical model interpretation of the ER’s does not exclude high values for the viscosity
parameter {4].
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POLARIZATION AND RESCATTERING EFFECTS
IN NUCLEAR COLLISIONS WITH EXOTIC NEUTRON-HALO
PROJECTILES AT MEDIUM ENERGIES

M.V.EVLANOV and A.M.SOKOLODV
iretitute for Nuclear Research, Academy of Sciences
of Ukraine, 252028 Kiev, Ukraine
and
V. K. TARTAKOVSKY
Taras Shevchenko Kiev University, 252022 Kiev, Ukraine

The diffraction method developed for describing fragmenta-
tion processes of composite stable light ions on spherical and
nonspherical atomic nuclei [(1-4] is extended to the case of
radiocactive neutron—-reach weakly-bound ion collisions with
complex nuclei at intermediate and high energies [{5-41. The
spin-orbit interaction of the projectile and the clusters
forming it with the target nucleus, as well as the effects of
cluster rescattering are taking into account.

The developed formalism is used to calculate in the impul-
se approximation and with allowance for double scattering the
craoss sections for elastic scattering and dissociation of *Li
and **Be ions by *2C nuclei at incident particle energies of
30MeV/A [7] and 3I3MeV/A [B]) respectively, as well as the
vector and tensor polarizations of the *Li and **Be ions and
emitted 9Li and neutron as a function of the paraneter charac-
terising the intensity of spin-orbit interaction.

The great sensitivity of the angular dependences of pola-
rizations of the scattered !!Li and 'Be ions and escaping ®Li
and neutron to the intensity of spin—orbit interaction of the
°_i and neutron clusters with nuclear target is established.

The strong dependence of polarizations of the final parti-
cles on cluster rescattering processes in the elastic scatte-
ring and two cluster dissociation of *'Li and 'Be ions on 2C
nuclei is also revealed. It is shown that the allowance for
cluster rescattering of the incident *Li and *Be nuclei
leads to the appearence in the polarization angular dependen-
ces of sharp maxima and minima that are absent in the impulse
approximation.

Thus, the realization of polarization experiments with ra-
diocactive beams would be desirable for more precise determina-
tion of the parameters connected with the interaction and
structure of exotic neutron-rich nuclei.
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Semi-microscopic Multidimensional Mbdel of
Subbarrier Fusion of Heavy Ions

V.Yu. Denisov and S.V. Reshitko
Institute for Nuclear Research, prospect Nauki 47, 252028 - Kiev, Ukraine

A multidimensional [1-4] model for subbarrier fusion of heavy ions which takes
into account deformations of ions during fusion process is presented.

A new parametrization of the shapes of colliding nuclei is proposed. In it, the
separate shapes can be either oblate or prolate ellipsoid of rotation that go smoothly
into fused shape. For this parametrization the energy of heavy ions interaction is
calculated and trajectories of their fusion are determined. The rotation energy of the
heavy ions is calculated for the finite sizes of the ions. The shell correction energy
is take into account at calculation of interaction energy between ions. The adiabatic
cranking mass parameters calculated for Saxon-Woods potential and connected with
the ions shape deformation is use at calculation of trajectory of minimal action.

In the case of subbarrier fusion within the proposed model, the distance between
the centers of mass of the ions at initial and final points of trajectory which describes
the motion below the barrier, changes little, while the shape of the ions vary from
somewhat oblate to strongly prolate.

The energy dissipation during the collision connected with the energy transfer to
another degree of freedom is taken into account.

The competition between fission and particle evaporation after the formation of
compound nucleus is taken into account for calculation of evaporation residne cross
section.

The calculated fusion and evaporation residue cross sections, mean angular mo-
mentum and partial wave cross sections for colliding heavy systems of ions agrees
satisfactory with experimental data. The values of mean angular momentum near
and below harrier obtained in multidimensional are approximately twice larger then
calculated in one-dimensional WKB approach. The partial wave cross section has a
large width and long tail.

References
[1] V.Yu. Denisov, Sov. J. Nucl. Phys. 54 (1991) 952.

{2] V.Yu. Denisov and G. Royer, Preprint LPN-Nantes-93-14; J. Phys. G. to be pub-
lished.

[3] V.Yu. Denisov and G. Royer, Preprint LPN-Nantes-93-05; Submitted to Phys. At.
Nucl.

[4] V.Yu. Denisov, S.V. Reshitko and G. Royer, Preprint LPN-Nantes-94; In: Proc.
Int. Workshop on Heavy lon Fusion, Padova, May 1994, World Sci. Publ. Co.

- 65 =



PREEQUILIBRIUM DECAY IN THE EXCITON MODEL
FOR NUCLEAR POTENTIAL WITH A FINITE DEPTH

Ye.A. Bogila', V.M. Kolomietz?!, A.I. Sanzhur' and S. Shlomo?

t Institute for Nuclear Réscamh, Kiev 252028, Ukraine
2Cyclotron Institute, Tezas AEM University, College Station, Tezas 77843, USA

For a realistic finite depth potential well the value of single-particle level density g(c) de-
creases with the single-particle energy £ in continuum region [1]. This leads to the reduction
in the particle-hole level density w,4( E) when the high value of excitation energy is shared
between a small number of excitons [2]. To clarify how the finitness of the potential depth
influences the preequilibrium decay rates, we calculate the emission rates for neutron

Wpnlen) = 2:ﬁ “’;“ ;‘g;) 3 @+ 1)T{en) -

Here ¢, is the energy of emitted neutroe, wp_; ,.(U ) is the particle-hole level density for
residual nucleus, 7y stands for the neutron transmission coefficients. Symbols p and A denote
the numbers of excited particles and holes. Excitation energy U of residual nucleus is related
to that of initial nucleus through the epergy conservation law. Calculations for 2Pb at
excitation energy E = 50 Mev have been performed . Particle-hole level densities were
determined using g(c) for trapezoidal potential. The parametrization of this potential has
been taken from [1). Figure shows that the effect of finite depth of potential well is in
evidence for 2plh configuration.

T 1E20f E
! k
% 4 Partial dacay rates for preequilibrium
= 1 neutron emission from **Pb. PDashed

. 1 line represents the calculation for infinite
3 trapezoidal potential. Solid line corre-
E 1E19 F/ 3 sponds to trapezoidal potential without
> : ‘\  free-gas spectrum contribution. Particle-
8 *l \ 4 hole configuration is inserted
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DECAY TIME CHARACTERISTICS OF HEAVY EXCITED NUCLE!

D.O.Eremenko, O.V.Fotina, S.Yu.Platonov, and O.A.Yumigov
Institute of Nuclear Physics, Moscow State University,
Moscow 119899, Russia

Analysis of the time characteristics of the decay of heavy fissionable ex-
cited nuclei in the framework of the double-humped fission barrier model
and statistical theory of nuclear reaction revealed that the quasistation-
ary states in the second potential well have influence upon decay low
and yield of decay products [1]. The present coatribution is a review of
the series of the experimental and theoretical investigations of the decay
time characteristics and statistical, dynamical and statical properties of
the strongly deformed states in the second potential well of the excited
heavy nuclei. The mean decay times in the fission channel of the Pa, U,
Np and Pu isotopes excited to a few MeV above the fission barrier have
been measured by the blocking technique [2, 3]. The fission lifetime val-
ues for the investigated nuclei are in the range from 10~ sec to 10~ sec
at excitation energies from 6 MeV to 12 MeV respectively. The lifetimes
of the excited states in the second potential well - 7 were extracted from
the experimental data. It was demonstrated that 7; is the considerable
part of the total decay time in the fission chanael. The observed values 7,
contain information on 4he level density in the second potential well and
parameters of the fission barriers. It was shown, that the level densities
in the second potential well are considerable more than the level densities
in the first well at the same internal excitation energy. The nature of this
distinction is a consequence of violation of axial and reflection symme-
try of the nuclear shape in the excited states of the second potential well.
The decay law of the nuclei with two classes of excited states is discussed.
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THE INTERFERENCE PHENOMENON IN THE EMISSION OF
BREMSSTRAHLUNG QUAI;;S é\ECS%OEgﬂPANYING THE NUCLEAR

N.V.Eremin, G.Gtardina®, T.Klochko, V.5.0lkhovsky*

Institute of Nuclear Physics, Moscow State University,
Moscow 119899, Russia
*) Dipartimento di Fisica and INFN, Messina, Italy
=) Institute for Nuclear Research, Kiev, Ukraina

The dynamics of formation and decay of the excited nuclear states is an
acute problem in the modern nuclear physics. The investigations of the
interplay between atomic and nuclear processes give us a new information
about the different mechanisms of nuclear reactions. The method based
on the time-interference effects of bremsstrahlung quanta accompanying
the nuclear interactions is enable to measure the lifetimes of excited states
of compound nuclei in the limits from 102 to 10~!% s.

The usefulness of this method is demonstrated for the cases of 12C(p, py)
and '%0(p, py) reactions in the regions of overlapping and isolated res-
onances. It is shown that the lifetime of nuclear excited state near the
isolated resonance level is depended from the resonance parameters and
correlatinns between the direct reaction amplitude and amplitude of com-
pound nucleus formation. If the time-reversibility violation in nuclear re-
action is connected with complex nature of the reduced width amplitudes,
therefore there is the possibility to observe the time-reversibility violation
effects by means of bremsstrahlung method. We show the possibility of
this method for the case of 2’ Al(p, py) reaction.

One more example of the space-interference effects is the high energy
bremsstrahlung emission in the fission process. Qur experimental data
and theoretical calculations to the case of spontaneous fission of 252C §-
nucleus show that the shape of the energy spectrum of photons is sensitive
to the dynamics of fission.



EFFECTS REVEALED IN THE BREMSSTRAHLUNG EMISSION AND
INFLUENCE OF THE COMPOUND-NUCLEUS MOTION ON THE
INTERFERENCE PROCESSES IN CROSS-SECTIONS

N.L. Doroshko?, N.V. Eremin®, G. Fazio?, G. Giardina?, V.§. Olkhovsky” and S.A.
Omekchenko®

Dnstitute for Nuclear Research, Ukrainian Academy. of Sciences, Kiev, Ukraine.

b) Institute of Nuclear Physics, Moscow State University, Moscow, Russia.
cNIstituto Nazionale di Fisica Nucleare and Dipartimento di Fisica dell'Universitd, Messina,
Haly.

Detailed researchs of proton-nucleus collisions accompained by the bremsstrahlung
emission established that delay-advance effects are connected with the interference between
one or two resonances and the non-resonant background [1, 2]. The 10 (p, p) and '2C (p, p)
reactions at beam energies included in the 1.5 2.7 MeV range are considered when an

isolated resonance (3.105 MeV, 172" of the 7R compound nucleus) and two superinposed

resonances states (3.511 MeV, 3/2° and 3.547 MeV, 5/);+ of the 3N compound nucleus) are
involved, respectively. Here we present the further development of the theory of delay-advar.ce
effects taldng into account the motion of the compound nucleus before its decay in the
laboratory system and also spins and spin-orbital splitting.

Moreover & self-consistent space-time analysis (made in the laboratory system) of the
interference between non-resonant (prompt) and resonant (delayed) processes in nucicar
reactions with two-particle channels, leads to a generalization of the expressions obtained (in
the center - mass system) in the framework of an almost stationary formalism. The role of a
new phase parameter ¢, which describes the space-time shifts between the saurces of the final-
particke emission caused by the motion in the laboratory system of the decaying
compound-nucleus, is analysed. We find that in many realistic cases (when @ ~1) the effect
related to this motion produces noticeable changes in the cross sections [3].
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LEVEL DENSITY OF HOT NUCLEI
S. R. Ofengenden
Institute for Nuclear Research, Kiev

, Racently, there has been a renewed interest on the
veilpeidture dependence of the nuclear level density garameter.
This 1nterest 1s stimulated by new experimental data. An
agreement with the experimental data was obtalned by taking into
account the effecis oY finite size of nucleus.

We calculate the smoothed s e-particle level density
based on semiclassicai calculations of bound and unbound states
in a Woods-Saxon potential well using the Strutinsky smoothing
procedure. The accuracy of this approach is enough to obtain a
Teasonable agreement with the experimental data.

We also tried to derive the semiclassical expression for
shell corrections with inclusion of continuum states based on our
earlier paper /1/ and some results of paper by M. Gutzwiller /2/.

1. Strutinsky V.M., T A.G., Ofengenden S.R., Dossing T.

Z.Phys.A. 1977. V.283. P.269-285.
2. Gutzwiller M.C. Chaos. 1993. V.3. N.4. P.591-599.
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ROTATIONAL BANDS OF DEFORMED NUCLEI AND
SL(3,IR) SYMMETRY

T.V.Obikhod
Institute for Nucleur Research, National Academy of Sciences of Ukraine

The work is dedicated to the application of the noncompact group theory
in nuclear spectroscopy. By the method of induced representations the prin-
cipal series of representations of SL(3,IR) group is constructed. The results
obtained are applied to the description of E2-transition probabilities in even
- even deformed nuclei (with mass number 150 < A < 194).
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V.STRUTINSKY AT THE KURCHATOV INSTITUTE DURING THE
CREATION OF THE SHELL METHOD

V.I.Mostovoi

F.sesiun Research Center "Kurchatov Institute”, Moscow, Russia

V.Strutinsky began his scientific activities at Kurchatov’s Institute after graduat-
ing the Kharkov University at 1953.

Discovery of nonspherical form of heavy nuclei attracted his attention and influ-
enced his further scientific interests. He performed the work concerning the angular
correlation during alpha decay and developed the theory of angular anysotropy of fis-
sion fragments. Afterwards the fundamental works were performed on investigating
the process of fission of heavy nuclei. They based on Nils Bors's drop model: equi-
librium nucieus form, stability of nucleus form including on condition of changing
the surface tension. These works and reports at Conference ”Physics and Chemistry
in Fission” (1964) "Effect nucleon pairing in nuclear fission” and On fission of de-
formed nucleon™ have led Strutinsky to publishing his fundamental work "Shell effects
in energy of the nucleus” performed at Kurchatov’s Institute (Preprint Kurchatov’s
Institute, IAE-879, Moscow, 1965). Afterwards this work was printed in "Nuclear
Physics” at 1967. It became Strutinsky's most known publication being cited widely.

At 1967 V.Strutinsky was directed by Kurchatov’' Institute to Denmark, to N.
Bohr’s Institute for developing the shell corrected method to calculate energy of heavy
nuclei deformed. This method was elaborated by Strutinsky. Successful activities at
Bohis's Institute was finishes at 1970. Then he leaves to Kiev for work at Institute
of Nuclear Investigations of Ukrainian Academy of Science.

The development of shell corrected method led him to discovery of fission through
two hump barrier. It stimulated the vigor development of experimental works at
many laboratories over all the world. Their aim was to detect and to investigate
effects of the second (and third one) potential well in fission process.

After Bohr and Wheeler works the new stage of understanding the fission process
is connected with V.Strutinsky activities. With time the Science History will take
him well-deserved place. Unfortunately, by my opinion, the Strutinsky’s contribution
to Fission Physics was not understood by many scientists of the former Soviet Union.
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ON ACCELERATION OF POLARIZED IONS UP TO
INTERMEDIATE ENERGY AT NEW FACILITY

N.1.Zaika
Institute for Nuclear Research, Kicv, Ukraine

Main topics of polarization phenomena investigation at meddle and inter-
mediate energies and contemporary metheds of production and acceleration
of various polarized ions are described. Problems of a polarized ions acceler-
ation at the isochronous cyclotron U-240 and storage ring for A=1-40 ions
are studied: i) depolarization resonances and means to overcome their action;
ii) optimal conditions to conserve maximal beam polarization after passing
of a transport beam line; iii} possibilities to accumulate polarized radioactive
ions in the storage ring.

Perspectives of shell structure investigation with polarized beams are con-
sidered.
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The Role of Statistical Fluctuations in Heavy Ions Collisions
and Fission of Compound Nuclei!

Knynld‘ Pomoreki
Zaklad Fisyki Teoretycanej, Uniwersytet M.C.S., Lublin, Poland

Abstract

Statistical fluctuations play an important role in nucleus-nucleus callisions and in:
the decay of hot nuclei. Nevertheless we have impression that the role of the fiuctuations
is overestimated in some theoretical models. The spin distribution of a fused nucleus is
not only goversed by the resction dynamics and the fluctuating force but also by the
enirance channel effocts. We intend to estimate the effect of the deformation of colliding
nucle on the spin distribution of the fused system. Also the outcome of the fission
process accompenying by light particles emission is strongly correlated with the initial
spin distribution and the excitation energy of the compound system.

In order to work out the fusion cross sections and their dependence on angular
monenium we bave developed a simple model besed on transport concepts. The multi-
dimensional Langevin equation similar as in Ref. (1] is used for description of heavy ions
collisions. The liquid drop potential energy, the hydrodynamical ineriia and the one body
dissipation with a standard set of parameters taken from (2] are used. We have aleo used
the standard Eirstein relation in order to estimate the diffusion tensor.

We have reproduced relatively well the partial fusion crose section as a function of
the angular momentum. Conirary to our previous estimates made without taking effects
of jon deformations into account (3], we bave obiained a better agreement also for higher
angular momenta. There is no more need to increase the magniiude of the diffusion tensor
or the surface friction. Additioually we bave found that even with the simple model (2,4]
without fluctuating force, the taking into account the influence of the ion deformations
on the beight of the Coulomb barrier allows to reproduce the experimental value of the
average angular momentum of the fused system and its variance.
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