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THEORY AT UNISOR AND JIHIR
(A Historical Overview)

W.NAZAREWICZ
Joint Institute for Heavy-Ion Research
Hoiifield Heavy Ion Research Facility

P.O. Box SOOS, Oak Ridge, Tennessee S78S1, U.S.A.

ABSTRACT

Theoretical effort at UNISOR and JIHIR is reviewed. First part covers the
period of Georg Leander's appointment as a theorist at UNISOR. In the second
part, a nuclear structure theory program at the Joint Institute is outlined.

1. Theory at UNISOR

The theory position at UNISOR was created in 1982. According to the job description,
the specific duties of this post included:

• Select and survey timely directions of research,

• Initiate, contact, and complete theoretical investigations,

• Communicate daily with experimental users and staff to enhance tLe innovative
scientific enviroment,

• Evaluate, discuss, and help to interpret experimental results,

• Enhance collaboration with theorists at other institutions and universities,

• Spread infonnation on the advances made in nuclear physics through seminars,
lectures at national and international conferences and within the traveling lec-
ture program.

The first person who was appointed as the UNISOR theorist was Georg Leander,
until his tragic decease in 1983. His successor at this post was Ragnar Bengtsson,
who came to Oak Ridge in 1990. Since my talk is rather related to the past than to
the present and future (see contribution by Ragnar Bengtsson) in the following I shall
concentrate on the contribution of Georg to the theoretical enviroment at UNISOR,
HHIRF, and JIHIR.



I.I. How theorist for UNISQR

One of the most important duties of a theorist at UNISOR is to provide theoretical
guidance to UNISOR and other experimentalists in choosing significant experiments
and in evaluating results. During his stay at Oak Ridge Georg contributed to a
number of low-energy UNISOR projects. Let me mention some of them.

Shape coexistence effects in t88Hg were studied by J.D. Cole et ai. - by means
of the decay of the isotope 188T1. In order to describe the structure of coexisting
weil-deformed (prolate) and weakly deformed (oblate) configurations the calculations
based on the collective Bohr Hamiltonian model were carried out. The simple collec-
tive model involving two dynamical variables /3j and 7 was able to fit the experimental
energy spectrum and reproduce the B(E2) branching ratios.

In the work by J.A. Bounds et ai. * the hyperfine structure and isotope shifts
of the 9/2" isomers in i89"19^9*!! were observed. Deduced deformations for the 9/2"
isomers turned out to be larger than for the 1/2* ground states and increase with
decreasing neutron number. On the other hand, despite different deformations, ro-
tational properties of isomeric states are nearly identical in t M- l 9 9Tl. Calculations
based on the Nilsson-Strutinsky approach were able to reproduce both the energy of
ths 9 2~ isoroer and quadrupcle deformations. T^e moments of inertia in the iso-
meric bands were calculated within the RPA formalism. The first excited state of the
rotational high-K band was shown to stay almost as constant in theory as in experi-
ment, despite the changing deformation. The underlying microscopic mechanism was
explained in terms of changing neutron pairing correlations: "when the number of
valence neutron holes increases, both the deformation and the neutron-patting com-
lotions increase with, opposite and compensating effects on the moment of inertia"*.
In GeorgJs opinion this result was his "best effort as house theorist for UNISOR". In-
terestingly, the subject of identical rotational bands is now in the centre of interest of
nuclear structure physicists. Contrary to the common wisdom, there is an abundance
of identical rotational bands, both at superdeformations, and at normal deformations,
and there have been several theoretical attempts to explain this phenomenon in terms
of the cancellation mechanism.

As a third example, I would like to mention the beta decay work of B.D. Kern
et ai. . in which the samarium isotopes 136-138vi-togm ^^^ mTe»tigated through the
decay of lae.iw.i-wg,^ j^e majn objective of this work was to analyse the transition
through triaxial shapes around N=74. Calculations were made using the triaxial
rotor model, with all parameters derived microscopically from Nilsson-Strutinsky
approach based on a Woods-Saxon deformed average potential. The calculations
predicted triaxial intrinsic shapes specifically for the N<83 transitional Sm isotopes,
and this was supported by observed spectra. Specifically, the triaxial rotor model was
able to reproduce the observed energy levels and B(E2) rates.



1.2. Theoretical Works

Of course, during his stay at Oak Ridge, Georg continued his interest in other branches
of nuclear structure, such as high spins, reflection asymmetric shapes, nuclear qua-
siconthiuum, etc. Many of us, such as those from the Copenhagen-Lund area, or
the JIHIR visitors, had the pleasure to collaborate with Georg - who was so good
in finding problems of current interest and giving them a simple but deeply physical
explanation.

1.2.1. High Spin Structure

As a former member of Lund group by S.G. Nilsison, Georg was the leading expert in
physics of fast rotating nuclei. From the long list of his high-spin papers at UNISOR,
I selected three works which, in my opinion, arc moat interesting.

In the work by P. Arve, Y.S. Chen and G. Leander* the microscopic analysis
of nuclear wobbling rotation has been made. They considered two microscopic models
of wobbling (i.e. collective rotation of high-K bands). The first one WM the valence
shell plus K=s=0 rotor model. The other was RPA with the field [H,J+\. Both models
of wobbling '-ere found to give compatible results. The authors reproduced data for
high-K bands in 17?>\V without parameter fitting.

The unusual yrast spectrum of ls3Yb, obtained by C. Baktash and collab-
orators from HHIRF, was discussed by I. Ragnarsson et aJ. in terms of a band
termination. Band terminations are well known in nuclei from the id »hell, like '"Ne.
The actual observation of a band termination in a heavy nucleus is usually not fea-
sible because in mc«t cases the highest spin of the terminating bands lie far above
the yrast line. However, in some cases, with 8-12 valence particles outside the spher-
ical core, the terminating states can become rather favoured in energy. Ragnarsson
et ai. performed deformation-seifconsistent Nilsson-Strutinsky cranking calculations
for ! "sYb and predicted a band termination around J=36 - thus confirming the first
experimental evidence of band termination in heavy nuclei.

Last bat not least, there is a story on high-spin shape coexistence in 131La.
The Stonv Brook-Stockholm collaboration observed several rotational bands in the
7-sofi nucleus I3tLa. In the work by E.S. Paul et aJ. evidence was presented for
a collective oblate rotational band based on a ^hi: f2®{vftii,ri):i configuration. This
band coexists with a prolate band thas contains a p-'iir of aligned &n/2 protous, i.e. a
(x&n/j)3 configuration. This was the first observation of a pair of particles from the
upper middle part of a high-j shell driving a prolate nucleus to a collective oblate
shape.

1.2.2. High-Spin Quasicanttnuzim

Nuclei formed at very high spin in heavy-ion fusion reactions are usually "hot", i.e.
they axe well above the yrast line where the level density is quite high. In the early



paper on ^Collective transitions at high level density"' Georg pointed out for the first
time that the in-band decay of any given state may be spread over a broad spectrum,
due to the residual interaction between many dose-lying collective bands forming
the so-called high-spin quaskontinuura. To discuss the spread in the B(E2)'s he
applied the simple model based on the random matrix techniques. The bands were
defined as eigenstate trajectories generated by the continuous and coherent motion
of a matrix within the Gaussian orthogonal ensemble. This study has been extended
in the further work , where it was concluded that in the limit of strong residual
interaction the peak of the B(E2) distribution has a Breit-Wigner shape whilst the
lower P(E2) tail should give a collective contribution to the statistical spectrum of
collective quadrupole transitions.

In 1987 Georg published a paper describing a Monte Carlo code for simulation
of gamma-ray spectra from evaporation residues of heavy-ion reactions*. The code
GAMBLE provides a flexible framework for the modeling of nuclear structure at high
spins and finite temperature. This powerful program enable* the user to model the
yrast Ene, the level density, the entry distribution, and the structure of collective
bands near the yrast line. It takes into account the band mixing through rotational
dumping and band crossings, and provides improved line shapes for the giant El
and rotational E2 strenght functions. The simulated data are then analysed by the
code GAM AN A, that can combine several simulation "experiments", and accounts
for the gamma-ray detector response (a single gamma-ray detector, or a multidetector
array}. The block of simulation codes described in ref.' will certainly be very useful
when combined with one of the large statistical codes, like CASCADE, that describe
the complete heavy-ion reaction process. Another straightforward application of
GAMBLE will be the analysis of new-generation quasicontinuum data that will soon
be available thanks to EUROGAM or GAMMASPHERE.

In ref.10 Georg applied GAMBLE to discuss statistical El and Ml gamma
strength functions from heavy-ion data. In particular, he emphasized the importance
of the Ml strength at £ , < 1 MeV.

1.5.5. Low-Energy Octupole and Dipole Modes

During his stay at UNISOR Georg continued his early involvement in the physics of
reflection-asymmetric shapes. A review on "Intrinsic reflection asymmetry in odd-A
nuclei" by Georg and R.K. Sheline** contained not only the discussion of various
spectroscopic evidences for rigid octupole deformations in add-A nuclei but also the
first formulation of the reflection-asymmetric non-adiabatic rotor-plus-quasipartide
model that turned out to be one of the best tools to interpret properties of odd-A
nuclei with octupoie deformation.

Nudei from the regions of low-energy octupole collectivity exhibit very en-
hanced £1 transitions. Dipoh momenta extracted from measured B(El) rates are
unusually large, of the order of 0.1-0.3 efm. In the presence of low-lying octupole



excitations a large El moment may arise in the intrinsic frame due to a shift be-
tween the centre of charge and the centre of mass. Such a dipole moment manifest!
itself by very enhanced electric dipole transitions between opposite parity members
of quasi-molecular rotational bands. As pointed out in the mid-fifties by Strutin-
sky and Bohr and Mottdson, the El moment results from an interplay between the
strongly attractive proton-neutron force represented by the symmetry-energy term
and the Coulomb force. In his pioneer work " Georg formulated the shell correction
approach to the isoveccor dipole moment for octupole-unstable systems. Within this
theory the intrinsic dipole moment can be written as:

Dx = Dr{° -r D\h'M

where D\° is a macroscopic term given by the liquid drop (or: droplet) model and
B'k~i: is a shell correction contribution. The latter term h given by:

where \ is the El polarizability coefficient and (*) is the Strutiniky renormalized
displacement of the centre of mass. Georg demonttrated that \*/ ihowi a imooth
oscillatory behaviour as a function of particle number. The shell-correction approach
to the intrinsic dipole moment has been applied to actinide nuclei *** and provided an.
overall agreement with experimental data.

During 1987-88 he was finishing, together with Y.S. Chen, global calculations
for odd-A actinide nuclei using the reflection-asymmetric particle-rotor model . The
resulting review paper" is an '^dispensable source of information oa various aspects
of low-spin spectroscopy of u-tr. aole-deformed systems. Besides, Georg contributed
sienificantlv to numerous research naoers dealing with octupole deformation, see e.g.

I6iri8 - - &

1.2.4- For From Stability

Nuclei far from stability have never been as close as they are now - due to several
Radioactive Beam Facilities, either existing or in progress (Oak Ridge Radioactive
Beam Initiative, the IsoSpin Laboratory, etc.). At this point let me recall the early
paper1" on single-particle levels of doubly magic I0"Sn. Using three different mean-
field based models, the proton binding energy of this extremely proton rich nucleus
has been estimated to be about 3 MeV. i.e. liJIJSn has been predicted to be stable.
In another study, ref. , ground-state properties of the transeinsteinium elements
were studied. The most stable superheavy elements, Z=110, A=188,190, have been
calculated to have half-iifes of around 200 davs.



2, Theory *t JIHIR

The Joint Institute for Heavy Ion Physics is a collaborative venture between ORNL,
the University of Tennessee, and Vanderbilt University. The primary purpose of
JIHIR is to promote and support the physics programs of the Holifield Heavy Ion Re-
search Facility by providing an intellectual center and physical support for researchers
who work at the HHIRF. JIHIR also regularly supports conferences in order to ad-
diess nev* directions of nuclear and atomic physics. (For more details see contribution
by Lee Riedinger.) In particular, a considerable effort has been made to develop a
nuclear structure theory program, which makes JIHIR a very unique place for nu-
clear structure and reaction theorists. In fact, there are not many institutions in
the world like JIHIR, with a specific nuclear structure theory program, with such a
concentration of nuclear structure theorists.

The range of theoretical research carried out at JIHIR is very wide. There
have been projects and publications on nuclear physics methods in condensed matter
physics , on ion-atom collisions , on nuclear structure (see sect. 2.1.), nuclear
reactions (see sect. 2.2.), and intermediate energies . Below the short overview of
the nuclear structure theory effort at JIHIR is given. It is impossible to undertake a
detailed and complete discussion of theoretical works at JIHIR. Therefore, I use a few
selected (representative) cases for illustration. It does not mean, of course, that the
works which are not mentioned are not as interesting and important as the examples
presented.

S.I. Nuclear Structure

Theoretical nuclear structure works at JIHIR can be divided into several groups, ac-
cording to the subject and range of physics discussed. Generally, theoretical papers
with the JIHIR affiliation address important and timely issues of low-energy nuclear
physics. Eke super- and hyperdeformation, large-amplitude nuclear collective mo-
tion, exotic nuclear shapes, properties of nuclei far from stability line, or physics of
quasicorttinuum.

2.1.1. Joint papers: experiment and theory

Since one of the main goal of JIHIR is to support research program at HHIRF there
has been a significant theoretical effort to stimulate new experiments and interpret
their results.

• The siructxire of high spin states in lB41seHg. This work by W.C. Ma et a/.24

(Vanderbilt, LSU. UNISOR, and JIHIR) addressed important issue of high-
spin shape coexistence phenomena in the neutron-deficient mercury isotopes.
The theoretical discussion has been carried out using cranked shell model. The
"superband" in IS6Hg has been given a new interpretation in terms of a well
deformed prolate shape configuration.



Shape coexistence and alignment processes in the light Pt and Au region. J.A.
Larabee et al . 2 5 (UT, McMuter, JIHIR, Lund, UNISOR) investigated the
shape coexistence of both prolate and oblate structure* in l83Au. The complex
alignment process involving IVVJ neutrons and 69/2, *i3/2> fr/2 protons has been
discussed within the Nilsson-Strutinsky approach.

• ,4%nment processes and shape variation in ie*Pl This work by M.P. Carpen-
ter et al .2 6 (UTT JIEIR, McMaster, ORNL, Stockholm, Montreal, Washington
University. Texas A&M) is a model example of a mutuaily-stimnlatinc interac-
tion between experiment and thsory. Experimentally, high-spin bands in l84Pt
were studied and their characteristics were compared to adjacent nuclei. On the
theoretical side, the detailed analysis involved the cranked shell model and the
large-scale total routhian surface (TRS) calculations, see sect. 2.1.7. The TRS
calculations indicated variations of the nuclear shape in different bands, as a
result of the angular momentum alignment process. The competition between
low-frequency viri 2 and T&9/2 band crossings was discussed. This paper is a
basic reference to the problem of shape coexistence and shape changes at low
and high spins in the Pt-Au region.

• Low-frequency anomaly i n l T - Q s m o m e n t of i n e r t i a . J . C . W e l l s e t tl.1 ( O R N L ,
Tenn. Tech., UT, Vanderbilt, JIHIR, UNISOR) investigated a low-frequency
change in structure in t7"0s. The TRS calculations and three-band-mixing
calculations were performed.

• High spin spectroscopy and lifetime measurements in ls9Hf by W.B. Gao et ai. *°
(Vanderbilt, ORNL, JIHIR, MIT, UT). Another interesting piece of high-spin
spectroscopy. The 7-ray spectroscopy and lifetimes of the high-spin states
of I69Hf were studied. Nuclear deformation change was studied through TRS
calculations. In particular, the calculated transition quadrupole moments agree
well with the values derived from measured lifetimes.

2.1.2. Lew-Energy High-Spin Nuclear Structure

A very solid block of theoretical works at JIHIR is related to properties of nuclei
at high angular momentum. There have been works on properties of electromag-
netic tran. itions in rotating nuclei (see, e.g.. I. Hamamoto and B. Mottelson^), on
octupoie shapes and shape changes at high spins (see, e.g., W. Nazarewicz, G. Le-
ander and J. Dudek^), on structure of superdeformed states (see, e.g., W. Satuia
et al . 3 1) , R. Wyss and S. Pilotte32). hyperdeformed states (see, e.g., J. Dudek, T.
Werner, and L.L. Riedinger ), and on many other topics. Some of those works give
interesting predictions for future experiments, either at HHIRF or at other places.
For instance, the predicted hyperdefornwd states at high spins will certainly be
looked for by means of the new-generation multidetector arrays, like EUROGAM or
GAMMASPHERE currentlv under construction.



S.l.S. Nuclear Dynamics

For transitional systems with shallow potential energy surfaces and small equilibrium
deformations the mean field description is questionable since dynamical effects due to
missing many-body correlations play a major role. Again, there haa been a significant
theoretical activity at the Joint Institute related to the description of fluctuations.

0 . Bes and collaborators** reviewed dynamical eifccts in the pairing field of
rapidly rotating nuclei using RPA. Corrections beyond RPA were worked out in the
framework of the nuclear field theory. Importance of dynamical pairing correlations
in description of super deformed rotational bands was emphasised in ref. .

A convenient way of treating nuclear fluctuations it offered by the Gener-
ator Coordinate Method (GCM). This method has become particularly attractive
nowadays due to the progress in computational techniques and methods. The main
numerical difficulty of the GCM is to compute the Hamiltonian kernels and the norm
matrix with a good accuracy. F. Donau with collaborators^" developed a "horizontal
expansion" approximation (HEX), which can be viewed as an attempt to marry the
GCM with the Nilsson-Struthsky scheme. Neglecting four quaripartick terms, the
kernels are expressed in terms of the static potential energy, the overlap between the
generator states, and a cranking-like coupling In practical applications for realis-
tic nuclear systems Donau, Zhang, and Riedenger demonstrated, that the collective
subspace has a rather small dimension compared to the space spanned by the multi-
quasiparticle excitations.

Another example of collective model calculations at JIHIR is discussion of
shape coexistence effects in Ru and Hg isotopes ̂  within the generalised collective
model.

2.1.4. High- T Nuclear Structure

The properties of nuclei at very high excitation energy can be investigated by means
of heavy ion induced fission reactions. The 7-decay of hot nuclei, including the
quasicontinuum studies, She studies of giant resonances, etc., has been given a new
push after invention of multidetector 7-arrays. Needles* to say, there have been
theoretical studies carried out at JIHIR addressing physics of highly excited nuclei.

The damping of nuclear excitations at finite temperature was discussed by
P.F. Bortignon et ai . 3 5 . They applied the finite temperature Matsubara formalism to
discuss single-particle states in heavy nuclei, and the giant dipole and quadrupole vi-
brations. The issue of the damping widths of vibrational states at finite temperatures
was also discussed by S. Ayik^" who used the Mori formalism to study the nuclear
response function at finite temperatures. J. Dudek, T. Werner and L.L. Riedenger™
investigated the dependence of the first saddle-point energy on temperature and spin
of super deformed nuclei and discussed the consequences for observability of superde-
formed states (see also ref. *).

One of the most timely problems in physics is the question of chaos and or-



der. Highly excited atomic nuclei are ideal tools for investigating the question of
transition from chaotic to ordered regime. S. Aberg** studied the onset of chaos
for excited, rotating nuclei using the cranking Nilsson Hamiltonian with a schematic
two-body residual interaction. He found that the onset of chaos is connected to a
saturation of the average standard deviation of the rotational strength function. Still,
the rotational-damping width may exhibit motional narrowing in the chaotic regime.
For other quasicontinuum studies, see sect. 1.2.2.

2.1.5. Algebraic Approaches

An important group of theoretical models of nuclear structure are approaches based
on group theory. For instance, in several works various aspects of the Interacting
Boson Approximation (IBA) were discussed and the IBA was then applied to low-
energy collective spectra**. However, amongst the models based on group theory it
is the Fermion Dynamical Symmetry Model (FDSM), which has been most present
at JIHIR. The FDSM is a symmetry-dictated truncation of the spherical shell model
which provides a variety of dynamical symmetry limits as a starting point for a micro-
scopic description of nuclear structure. The FDSM was developed by C.-L. Wu, D.H.
Feng, M.W. Guidry, and collaborators"** and then applied tt *uany aspects of nuclear
structure, like nuclear masses, electromagnetic transition rates, band terminations,
etc. In contrast to the IBA the FDSM obeys Pauli principle rigorously, which allows
for a meaningful comparison with another fermionic-based model, e.g. the mean field
approach .

S.I.5. Far From Stability

In the series of papers the properties of giant nuclear systems (e.g. U/U or U/Th,
A=476) have been studied within the Hartree-Fock and shell model approaches ,
as well as within the density functional model '. Strong magic shells were found,
but they cannot contribute significantly to a stabilization of these exotic systems -
the total binding energy is in good agreement with liquid drop model extrapolations.

Nuclei far from stability are ideal testing grounds for theoretical models, since
their spectroscopy is essential for model's extrapolating properties. C.-L. Wu et ai. **
derived a mass formula for actinide nuclei based on the fermion dynamical symmetry
model. The mass formula fits the masses of 322 nuclei with an RMS deviation of 0.34
MeV. It also offers predictions for masses of elements not accessible nowadays, but
important from he astrophysical point of view.

The verv neutron deficient N=Z isotope 64Ge has been recently investigated
by the Yale-Daresbury-Liverpool collaboration'*'. According to calculations47 this
nucleus appears to have a structure consistent with a7~5c>ft, octupole-soft shape. The
higher negative parity states appear to arise from weak coupling of quasipartides to
the ground state.



2,1.7. Total Routhian Surface Calculations

A Urge numerical effort was undertaken at JIHIR during 1985-1987 to calculate equi-
librium shape* of many-quasiparticle configurations in rotating nude*.. In contrast
to many prerious calculations, in the total routhian surface (TRS) project the pair-
ing channel was taken into account. The nuclear mean field was parameterized by
a Woods-Saxon single-particle potential and a BCS pair field. The surface deforma-
tions were treated as variations! parameters. At each deformation point the HFBC
Hsmiltonian was diagonaliced with w-dependent values of pairing fields AB(j), and
the chemical potential X was adjusted at each deformation and rotational frequency
separately so as to solve the particle number equation.

Cranking implies that the system is constrained to rotate around a fixed axis
(the x-axis) at a given frequency m, which is equivalent to minimising the routhian
H^ = 8 - mlx, instead of the hamiltonian H, with respect to variations of the mean
field. The energy of the non-rotating state as a function of deformation was obtained
by the Strutinsky method. The total routhian at frequency u> and deformation 0 was
then computed. The calculations were carried out on a lattice in deformation space,
and the results at fixed m were interpolated between the lattice points. The absolute
minimum of the routhian at fixed w corresponds to the solution for an yrast state.
Secondary minima correspond to other solutions, which may be yrast if they have
higher angular momentum.

First large-scale TRS calculations were carried out at the Joint Institute by
W. Nasarewicz "™ in 1985 on the array processor at ORNL. The main objective was to
describe high-spin states of reflection-asymmetric actinide nuclei. The deformation
space consisted of two axial deformations #j and #j . Soon afterwards (1985-1986) the
TRS set of codes was extended to cover triaxial shapes. The first three-dimensional
mesh (&,7,£4) was created at JIHIR by J.-y. Zhang and collaborators for the Pt-Hg
nuclei. In 1986-1987 the codes were vectorized by W. Nasarewics (Cyber-205) and R.
Wyss (Cray-Xl) and then applied to several mass regions. Representative examples
of calculations can be found in, e.g., ref. *® (Pt-Au nuclei), ref. ** (snperdeformed
Au-Ra nuclei), ref.48 (Xe-Ba nuclei), or ref.47 (A«s70-80 nuclei).

From the time perspective, one has to admit that the TRS project, which
undoubtedly had its roots at the Joint Institute, turned out to be a success. It
allowed for a global analysis of large amount of experimental high spin data and still
remains as a crucial starting point for more sofisticated theoretical high spin studies.

£.2. Nuclear Reactions

A significant group of works by the Joint Institute visitors is related to nuclear reac-
tions theory. Again, the scientific spectrum within this group is fairly wide. There are
publications on, e.g., bremsstrahlung spectra for intermediate energy heavy ion col-
lisions by C.-M. Ko, G. Bertsch and J. Aichelin (modelling the collisions with the
intranuclear cascade), geometrical interpretation of the adiabatic model for heavy-ion



fusion by M.A. Nagarajan, A.B. Balantekin, and N. Takigawa**, nticleon transport
induced by two-body collision* by S. Ayik (Fermi gas model calculation! for the
colliding nuclei), And the hydrodynamical model of heavy-ion collisions. For more
details concerning this part of the JIHIR's activity I would like to refer the reader to
the contributions by J.A. Maruhn and M.A. Nagarajan.

2.8. Conferences and Aftetinga

One of the main goals of the Joint Institute is to support conferences at the Institute
in order to address new directions of nuclear or atomic physics. In fact, on the average,
the JIHIR supports 6-7 conferences, workshops, symposia, schools, or meetings per
year. Let me just mention some of those that were more-or-less directly related to
theory:

• October 1984: Symposium on Directions in Nuclear Structure Research ("-120
participants)

• September 1985: Workshop on Intermediate Energy Heavy Ion Physics (*-140
participants)

• October 1988: Workshop on Microscopic Models in Nuclear Structure Physics
(--75 participants)

• July 1989: Summer School of Computational Atomic and Nuclear Physics (—75
participants)

• April 1990: Conference on Nuclear Structure in the Nineties (~210 participants)

• August 1991: Hands on Nuclear Structure Theory Workshop (~50 partici-
pants).

Let me point out the last meeting, a Hands on Nuclear Structure Theory
Workshop, which was designed and organized by theorists from JIHIR and ORAU
especially for experimentalists. It consisted of basic lectures introducing mean field
theory, the cranking model and the particle-rotor model, lectures on the interpre-
tation of results using numerical codes, and practical training in the actual use of
the computer codes. This rather unique initiative was certainly helpful in enlarging
interface between experimentalists and theorists.

3. Summary

So much about the past. I tried to covince you. that the theory at UNISOR and
JIHIR has always been excellent, broad, and timely. I am convinced that the future
will be even more exciting.



4. Acknowledgements

The author would like to thank all those, who initiated, built, and made JIHIR run-
ning so auccesfolly. Special credit should be given to J.H. Hamilton, L.L. Riedinger,
and R.L. Robinson - the Members of the Policy Council in 1982-1991. The Joint
Institute for Heavy Ion Research has ma member institutions the University of Ten-
nessee, Vanderbilt University, and the Oak Ridge National Laboratory; it is supported
by the members and by the Department of Energy through Contract Number DE-
FGG5-87ER40361 with the University of Tennessee.

5. References

1. J.D. Cole, J.H. Hamilton, A.V. Ramayya, W. Loorens, B. van Nooijea, H
Ka-wakami, L.A. Mink, E.H. Spejewslri, H.K. Carter, R.L. Mlekodaj, G.A. Lean-
der, L.L. Riedinger, CR. Bingham, E.F. Zganjar, J.L. Wood, R.W. Fink, K.S.
Toth, B.D. Kern and K.S.R. Sastry, Phya. Rev. C30 (1984) 1267.

2. J.A. Bounds, CR. Bingham, P. Juncar, H.K. Carter, G.A. Leander, R.L. Mleko-
daj, E.H. Spejewski, and W.M. Fairbank, Jr., Phys. Rev. Lett. 55 (1985) 22«9.

3. B.D. Kern, R.L. Mlekodaj, G.A. Leander, M.O. Korteiahti, E.F. Zganjar, R.A.
Braga, R.W. Fink. C.P. Perex, W. Naiarewicx and P.B. Semmet, Phya. Rev.
C M (1987) 1514.

4. P. Arve, Y.S. Chen, *nd G.A. Leander, Phys. Scr. T5 (1983) 157.

a. I. Ragnarsscn. T. Bengtsson, W. Nazarewicx, J. Dudek, and G.A. Leander, Phya.
Rev. Lett 54 (1985) 982.

5. E.S. Paul. C.W. Beausang, D.B. Fossan, R. Ma, W.F. Piel, Jr., N. Xu, L. Hild-
ingsson, and G.A. Leander, Phya. Rev. Lett. M (1987) 984.

7. G.A. Leander, Phya. Rev. C25 (1982) 2780.

S. G.A. Leander. P. Arve and B. Lauritzei, Phya. Rev. C37 (1988) 328.

9. G.A. Leander, Camp. Phya. Comm. 47 (1987) 311.

10. G.A. Leander, Phya. Rev. C38 (1988) 728.

11. G.A. Leaader and R.K. SheHne, NucL Phya. A413 (1984) 375.

12. G.A. Leander. AIP Conf. Proc. 125 (American Institute of Physics, New York,
1985) 125.

13. G.A. Leander. W. Nazarewicz. G.F. Bertsch and J. Dudek, NxtcL Phya. A453
(1986; 58.



14. G.A. Leander and Y.S. Chen, Phya. Rev. C35 (1987) 1145.

15. G.A. leander and Y.S. Chen, Phya. Rev. C37 (1988) 2744.

16. G.A. Leander, W. Nazarewicz, P. Glanders, I. Ragnarsson and J. Dudek, Phya.
Lett. 152B (1985) 284.

IT. W. Nazarewicz, P. Glanders, I. Ragnarsson, J. Dudek and G.A. Leander, Phya.
Rev. Lett. 52 (1984) 1272; 53 (1984) 2060.

IS. C.W. Reich, I. Ahmad and G.A. Leander, Phya. Lett 168B (1986) 148.

19. G.A. Leander, J. Dudek, W. Nazarewicz, J.R. Nix, and Ph. Quentin, Phya. Rev.
C30 (1984) 416.

20. P. Moller, G.A. Leander and J.R. Nix, Z. Phya. A323 (1986) 41.

21. C. Yannouleaa, J.M. Pacheco and R.A. Broglia, Phya. Rev. B41 (1990) 6088.

22. J. Burgdorfer and K. Taulbjerg, Phya. Rev. 33A (1986) 2959.

23. C.-M. Ko, G. Bertsch and J. Aichelin, Phya. Rev. CSi (1985) 2324.

24 W.C. Ma, A.V. Ramayya, J.H. Hamilton, S.J. Robinson, J.D. Cole, E.F. Zganjar,
E.H. Spejewsld, R. Bengtsson, W. Nazarewicz and J.-y. Zhang, Phya. Lett. 1U7B
(1986) 277.

25. J.A. Larabee, M.P. Carpenter, L.L. Riedinger, L.H. Courtney, J.C. Waddington,
V.P. Janzen, W. Nazarewicz, J.Y. Zhang, R. Bengtsson and G.A. Leander, Phya.
Lett. 188B (1986) 21.

26. M.P. Carpenter C.R. Bingham, L.E. Courtney, V.P. Janzen, AJ . Larabee, Z.-M.
Liu, L.L. Riedinger, W. Schmitz, R. Bengtsson, T. Bengtsson, W. Naiarewicz,
J.-Y. Zhang, J.K. Johansson, D.G. Popescu, J.C. Waddington, C. Baktaih, M.L.
Halbert, N.R. Johnson, I.Y. Lee, Y.S. Schutz, K.J. Nyberg, R. Wyss, A. Johnson,
J. Debuc, G. Kajrys, S. Monaro. S. Pilotte, K. Honkanen, D.G. Sarantities and
D.R. Haenni, Nucl. Phya. A513 (1990) 125.

27. J.C. Wells, N.R. Johnson, C. Baktash, I.Y. Lee, F.K. McGowan, M.N. Rao,
L.L. Riedinger, V. Janzen, W.C. Ma, S. Wen, Z.-M. Chen, P.B. Semmes, G.A.
Leander, and Y.-S. Chen, Phys. Rev. C36 (1987) 431.

28. W.B. Gao, I.Y. Lee, C. Baktash.. R. Wyss. J.H. Hamilton, CM. Steele, C.H. Yu,
N.R. Johnson, and F.K. McGowan. Phys. Rev. C (1991), in press.

29. I. Hamamoto and B. Mottelson. Phys. Lett. 167B (1986) 370.

30. W. Nazarewicz, G.A. Leander and J. Dudek, Nucl. Phya. A467 (1987) 437.



31. W. Satuia, S. Cwiok, W. Nazarewicz, R. Wys« and A. Johnion, NucL Phys.
A520 (1991) 289.

32. R.Wyss and S. PUotte, Phya. Rev. C44 (1991) R602.

33. J. Dudek, T. Werner, and L.L. Riedinger, Phys. Lett. 211B (1988) 252.

34. D.R. Bes, R.A. Broglia, J. Dudek, W. Naaarewicz and Z. Ssyman«ld, Ann. Phya.
182 (1988) 237.

35. J. Dudek, B. Herslrind, W. Nazarewicz, Z. Ssymariski and T. Werner, Phya. Rev.
C38 (1988) 940.

36. F. Donau, J.-y. Zhang, and L.L. Riedinger, NucL Phya. A496 (1989) 333.

37. D. Troitenier, J.A. Maruhn, W. Greiner, V. Velaaque* Aguilar, P.O. Hew and
J.H. Hamilton, Z. Phya. A338 (1991) 261.

38. P.F. Bortignon, R.A. Broglia, G.F. Bertact, and J. Pacheco, NucL Phys. A4«0

(1986) 149.

39. S. Ayik, Phya. Rev. Lett. 5« (1986) 38.

40. J. Dudek, T. Werner, and L.L. Riedinger, Phya. Lett. 213B (1988) 120.

41. S. Aberg, Phya. Rev. Lett. «4 (1990) 3119.
42. C.-L. Wu, D.H. Feng, X.-G. Chen, J.-Q. Chen, and M.W. Guidry, Phya. Lett.

1MB (1990) 313.

43- H. Wu, C.-L. Wu, D.H. Feng, and M.W. Guidry, Phya. Rev. C37 (1988) 1739.

44. L.W. Neise, J. Maruhn, and W. Greiner, Z. Phya. A323 (1986) 195.

45. J. Fink, U. Heinz, J.A. Maruhn, and W. Greiner, Z. Pkya. A323 (1986) 189.

46. C.-L. Wu, X.-L. Han, Z.-P- Li, M.W. Guidry, and D.H. Feng, Phya. Lett. 194B
(1987) 447.

47. P.J. Ennis, C.J. Lister, W. Gelletly, H.G. Price, B.J. Varley, P.A. Butler, T.
Hoare, S. Cwiok and W. Nazarewicz, NucL Phya. A (1991), in press.

48. J. Sirapson, H. Timmers, M.A. Riley, T. Bengtsson, M.A. Bentley, F. Hanna,
S.M. Mullins, J.F. Sharpey-Schafer, and R. Wysa, Pnya. Lett. 262B (1991) 388.

49. M.A. Nagarajan, A.B. Balantekin, and N. Takigawa, Phya. Rev. C34 (1986) 894.

50. S. Ayik, Phya. Rev. C35 (1987) 2086.


