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ON THE EXISTENCE OF INTRINSIC REFLECTION
ASYMMETRY Ш Z~62,N~90 REGION.

A.V.Afanasiev1'2, S.MJzutori* and LRagnarssonl

1 Department of Mathematical Physics, Lund Institute of Technology,
Ю Box 118, S-22100, Lund, Sweden

2 Nuclear Research Center, Latvian Academy of Sciences
LV-2169, Salaspils, Miera str.31, Latvia

The structure of odd- and odd-odd nuclei of the Z ~ 62, N ~ 90 region attracts
great attention at present time, mainly, in connection with the problem of the existence
of intrinsic reflection asymmetry (ША) 1"3).

However, as follow from results of our investigation, the magnetic moments of
low-tying states and decoupling parameters of K=l/2 rotational bands in odd-proton
1 5 1 P m , !53,155EU ^ odd-neutron nuclei 1 5 3 S m , ^ S Q ^ previously suggested as
octupole deformed 1»2), can be explained without introducing intrinsic reflection asym-
metry. This result agrees with the calculation of polarisation energies of octupole-driving
orbitals, since there is not any octupole-driving orbital which has a polarisation energy
being sufficient for stabilization of octupole deformed shapes. The calculation of pola-
rization energies of unpaired nucléons in two-quasiparticle states of odd-odd
152,154,156j7u nuclei also do not support the existence of IRA shapes for experimen-
tally observed states. As a result, the small energy splitting between the levels of different
bands with equal К but opposite parity might instead be understood as an accidental near-
degeneracy of the two Nilsson orbitals.

While the low-spin experimental data can be explained assuming reflection
symmetric shapes of nuclei under study, middle-spin spectra show some features inherent
to octupole deformed nuclear system 3). At present, it is not clear aie these features
connected with static octupole deformation or can be explained by dynamical octupole
deformation. The study of this problem is in progress.
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SYMMETRY-BREAKING
IN SIMPLE ONE AND TWO LEVEL MODELS.
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and
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Simple models, especially if they can be exactly solved, serve as meaningful
tools for the testing of various many-body approximations. We present here results
obtained in the framework of (i) the pairing-plus-quadrupole model including in
addition the octupole-octupole interaction (Extended Baranger-Kumar model -
EBKM) and (ii) the Lipkin model (LM).

The EBKM is applied to two opposite-parity j-orbitals. In the HF(HFB)-
treatment in the Baranger-Kumar approximation, ' ^ a phase transition from the
spherical or quadrupole-deformed to the octupole-deformed mean field is found.
The broken parity symmetry is restored by the variation-before-projection method
(VBP). For two nucléons in the j-orbitals, the energy splittings of the lowest pos-
itive and negative parity states obtained (i) by the VBP and (ii) from the exact
eigenvalues of the model Hamiltonian are compared.

For the octupole-octupole interaction only, namely УзоУзсь more detailed anal-
ysis was performed. For degenerate orbitals, the value of the octupole moment
obtained in the HF-treaiment does not depend on the interaction strength and is
non-zero. The VBP energy splitting is zero, in spite of the non-zero exact value.
For non degenerate orbitals, the phase transition occurs for a defined value of the
interaction strength. For infinitely strong interaction, the results are the same as in
the degenerate case.

The LM3*'4 ) l 5 ' '6 ' for both degenerate and non-degenerate cases gives similar re-
sults as the EBKM. For both the models, the VBP gives more advantageous results
with respect to those effects which are expected to stem from the symmetry-breaking
ansatz (the VBP energy splitting is lower than the exact value).

Supported by DFG Bo 1109/1; + DFG guest professor.
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ELASTIC PROTON SCATTERING ON NEUTRON RICH

III GLAUBER APPROACH

He ISOTOPES

G.D.Alkhazov and A.A.Lobodenko

Petersburg Nuclear Physics Institute, Russian Academy

of Sciences, 18S350, Gatchina, Russia.

Recently nuclei with a neutron halo have been discovered. An
outstanding example is 11-Li. Heavy He isotopes have also some neu-
tron halos. Expérimental study of these exotic nuclei is of parti-
cular interest. As we have shown in our previous paper 1), the sizes
of the core and the halo in 11-Li may be determined rather accura-
tely making use of intermediate energy proton elastic scattering in
inverse kinematics. Since the halos in '6-Ee and 8-He are not so ex-
tended as that in 11-Li, it is not clear apriori whether the sensi-
tivity of the method is enough to tell between the sizes of the core
and the halo in these isotopes. To answer this question, we have
performed calculations of differential cross sections for proton
elastic scattering on 6-He and 8-He at 0.7 GeV using the Glauber
multiple scattering theory.

Pig.1 presents calculated cross sections for the models with
the neutron halo (curve 1) and without the halo in 8-He (curve 2),
the root mean square matter radii of 8-He nucleus being the same in
both cases. Curve 3 demonstrates the sensitivity of the cross sec-
tions to the size of the halo. It is seen that the difference bet-
ween curves 1 and 2 is not very significant, nevertheless it may
be concluded that accurate measurements of the cross sections at re-
latively small momentum transfers v/ould allow to tell between these
two situations and would permit to determine the size of the halo
as well as that of the core.
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?ig.1. Calculated differential He-p elastic cross sections
as a function of the proton recoil energy.
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THE TRIAXIAL ASYMMETRY OF THE GROUND STATES OF
EVEN-EVEN NUCLEI WITH A<192

W.Aadrejtgcfaeff and P.Petkov
Bulgarian Academy of Sciences, Institute for Nuclear Research and Nuclear Energy,
1784 Sofia, Bulgaria

The basic nuclear shape parameters are the symmetric quadrupole deformation
0 and the angle of triaxial asymmetry 7. Values of the parameter 7 have been
derived so far mainly using model assumptions, e.g. the validity of the asymmetric-
rotor model for low-lying states. An approach for a model-independent determi-
nation of /?„„„ and 6efj (closely related to /? and 7) is offered*"*) by the sum-rule
method. However, the latter has been applied so far to a limited number of nuclei
where a large amount of E2 matrix elements was extracted*) by advanced CE stud-
ies. We have found that with reasonable approximations* the shape parameters
of 0+ ground states can be determined using only four widely known E2 matrix
elements. In this way. we have estimated flrmt and 6ef/ for nearly seventy nuclei
with A < 192.

In the studied cases, a correlation between both shape parameters emerges:
the asymmetry is generally increasing from 6ejj < 15° in strongly deformed nuclei
(fim, > 0.3) to l>ef] ss 30° at weak deformation. As a measure of the deviation
from axial symmetry at arbitrary values of /3 rm, and 6e// we propose to consider the
eccentricity e=(15/7r)l/2^rni,sin6e// at 6ej/ < 30°. Surprisingly, the eccentricity of
the overhelming majority of investigated nuclei turns out to fluctuate only weakly
around 0.16. Observed deviations to larger values can be considered as strong
candidates for pronounced triaxiality.

The new results can be compared to model calculations of potential-energy
surfaces in the (/3,7) plane, e.g. according to Hartree-Fock and Nilsson-Strutinsky
methods as well as to the Generalized Collective Model.

Shapes of isotopic chains (e.g. Ba, Ru) are discussed.
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STRONGLY ENHANCED El TRANSITIONS IN THE И211 NUCLEUS

П. Ardissnn*, M. Hussonnois*, J.F. Le Du*, D. Trubert* and C.M. Lederer*
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Physique Nucléaire, 91406 Orsay Cedex France. "University of California Energy Institute, Berkeley, ÇA
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Since 15 years, a renewed interest was focused on the study of nuclei

belonging to the mass region 220<A<230, because the prediction, by Chasman [1], of a static

octupolar deformation related to the occurence of alternating parity bands connected by

enhanced E1 transitions.The present study of ^ U low-energy levels fed in 236Pu a-decay

(Т1П= 2 .87 y), although placed on the borderline, comes up to this interest.

A strong ̂ P u source has been prepared by several irradiations of uranium targets

with the proton beam of the Orléans cyclotron.The reaction 238U(p,3n) led to 236Npm which

decays to 236Pu with a 50% branching ratio. The radiochemical isolation of 236Pu, from

uranium, neptunium and fission products, has been performed from ten uranium targets by

ion exchange chromatographic techniques[2], over a period of one year.

The 236Pu electroplated source (2.1 mCi) was measured with a 40% coaxial HPGe

detector; y-y-t coincidences were also performed with three HPGe coaxial detectors of 17%

and a 20 cm2 area planar detector.

We report the energy and intensity (ЮЛЮ* %) of 26 y-lines, which are

unambiguously attributed to 236Pu decay, among them 20 are new with respect to the

previous study of Lederer [3].

A revised 232U level scheme was built from our y-y-t coincidence results and sum

relationships, as well as from 232Pa (3-decay data [4] and heavy ion reactions data [5].This

level scheme allows the interpretation of 25 y-transitions between 13 excited levels, of

which 8 are reported for the first time, ot-hindrance factors (HF) were calculated from the

one-body spin-independant model of Preston [6].

The Kl"= 08* member of the g.s. rotational band is observed at 540.7 keV. The K"=

0" band is found to be fed up to l= 5. In the so-called p-band, the l"= 2* and 4* states were

observed at respective energies of 734.6 and 833.6 keV. The КГ= 22* state, at 867.1

keV, is also fed in this decay.

Moreover, two levels, never observed earlier, are evidenced at 927.3 and 967.7 keV,

and interpreted as the two lower states of a new second excited K" = 0*2 band. From

B(E1)/B(E2) ratios of the y-transitions deexciting these levels to states of the К" = 0" and

K" = 0* bands, we deduced a mean E1 transition strength of =10'3 W.u.. These strongly

enhanced E1 transitions compare well to the rates of the one-phonon - zero-phonon

octupole-band transitions in lighter thorium nuclei and faster than the rates in nuclei heavier

than 228Th [7].
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ANALYSIS OF THE (n,e~) SPECTRUM OF 1 8 4 W
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ABSTRACT

The internal coeffecient spectrum of W was obtained from a thermal
neutron capture experiment carried out at the high flux reactor at the Insitut
Laue-Langevin. This spectrum was studied and a very strong, previously
unknown, EO transition from the Oj -» 0+ was seen.

A comparision is made with predictions from the Interacting Boson Model.



TWO PROTON HIGH-SPIN EXCITATIONS
AND OBLATE DIPOLE BANDS IN 192HG
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The 1 9 2Hg nucleus has been populated via the 3 6 S( 1 6 0 G d , 4n) reaction at
159 MeV with the beam being provided by the MP Tamdem of the Daresbury
Nuclear Structure Facility. The 7 - rays have been detected with the 45 Ge multi-
detector array EUROGAM phase 1. A total of 6.5 x 108 events have been written
to tape with an unsuppressed fold > 5. These data have been sorted into 7-7 corre-
lation matrices, some of them gated on the 2+-+ 0 + or 4+—» 2 + 7 - ray transitions
select unambiguously the 1 9 2Hg nucleus and angular distribution informations have
been extracted from coincidence data.

The level scheme of 1 9 2Hg, known previously1', has been extended up to
10.4 MeV excitation energy and spin 34ft2'. Two new structures, composed of
competing AI = 1 and Л I = 2 transitions, have been observed and their links with
the known low-lying levels established. These two bands are based on states lo-
cated at 6.305 MeV (I = 22+) and 6.879 MeV (I = 23~) excitation energy. The
second band is more regular than the first one and shows a regular behaviour for
the transition probabilities B(M1)/B(E2) ratios with a mean value of 5.5(цм/eb)2.

This experimental result has been discussed in terms of mean-field Hartree-
Fock calculations3'4'. The two bands could be interpreted as two high-K quasi-
proton excitations, 7r(zj3/2 *^9/2)A"=ii a n d тг(/19/2)д-_8 coupled to rotation-aligned
"(Zi3/2)n quasi-neutron and ""(/гц/з)2 quasi-proton excitations.
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Hgt : The 6 seconds spectrum.

Alpha-decay of 180T£ studied with the SARA/IGISOL facility
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V, IN2P3-CNRS/Unn. Joseph Fourier, F-38026 Grenoble, France.
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EC-delayed fission was observed and assigned to 1 8 0 Tl precursor by Laiarev et al.1' but until now, very
scarce data exist on the g.s. decay properties of the lightest Tt isotopes (A < 184). The aim of the present
work was to extend our knowledge on the structure and decay modes of very n-deficient nuclei in the Eg -Pb
region. By using a new version of the ISIGOL technique2' we have mass-separated at SARA products of the
1 4 4 S m + 4 0 Ca (215 MeV) reaction. To avoid the plasma effect in the ion guide Яе-pressurized chamber, we
took advantage of the huge difference between the angular distribution of 40Ca beam and that of evaporation
residues after passing a 2-3 mg/cm2 thick target and thus applied the shadow method. The overall efficiency
of the system was determined to be 1.4 10~3 with a mass-resolving power M/AAf ~ 375 for stable W2Hg+.

The a-particle energy spectra obtained at A = 180
are shown in fig.l and 2.

Fig. 1 presents a 6 seconds collection, followed by
a rapid tape-transportation of the activity in front of
a Si surface-barrier detector and 6 seconds counting.
This timing is adapted for the detection of the 6.12
MeV a-line of l8OHg(Tlf3 = 2.56 «)3> and daughters.
In this figure we can notice the presence of a very
weak a-line at 6.07 MeV irhich has not been observed
in previous works on ls°Hg and isobars of lower Z.

In fig. 2 is presented a 2s collection and 2s conn-
ting spectrum. This timing is adapted for a better
observation of shorter half-life a-activities. The 6.07
MeV a-line is clearly seen, its area is ~ 30% that of
the 6.12 MeV a-line of lt°Hg.

By comparing the relative intensities of these two
lines in the two timings, the half-life of the 6.07 MeV
can be estimated to : Ti/2 = 1.0 ± 0.2 a.

We can ascribe this 6.07 MeV a-line to the decay
of 180T£ on the basis of following considerations :

1/ A careful verification on the neighbouring mas-
ses indicates that this line is not seen in another
mass-chain.

2/ This line was not observed in the 144Sm+40 Ar
reaction3-4) where 1 8 0 Яд is produced, indicating that
it arises from a nnclide with Z > 80 and Z < 82.

3/ For a variety of reasons it cannot be associated
to the decay of I S OP6 and its daughters :

i) The yield of 1 8 0 Pb produced via the 4n-evaporation channel is severely decreased as compared to that
of 18°7Y produced via the p3n-channel.

ii) From systematics of the decay properties of the lightest Pb isotopes, the still unknown 1 8 0 Pb is expected
to be a very short-lived a-decayiag nucleus with a half-life certainly well below 100 me and a-energy above
7 MeV.

iii) The decay products of 1 8 0Pb are well-known and there is no possibility to indicate among these a
6.07 MeV a activity except for the very improbable 2p decay.
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STRONG DEPENDENCE OF A NUCLEAR LIFETIME
ON THE IONIC CHARGE STATE
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For a long time, the electronic environment of a nucleus, has been regarded as
having little influence on the nuclear decay processes1'2). Using a 1 2 5Te beam,
accelerated at 27 MeV/amu by the GANIL facility, we show for the first time that the
K-shell internal conversion coefficient can strongly depends on the number of
electrons in the outer shells. As a direct consequence, the lifetime of some nuclear
excited states presents a large variation with the ionic charge state when the energy
of the nuclear transition is slightly larger than the binding energy of the K-shell
electrons in the neutral atom. Due to the changes in the mean electric field viewed
by the inner electrons for different outer shells electronic configurations, the binding
energy of the K-shell electron (EK) increases as the charge state increases. Hence
for a specific charge Qc, EK becomes larger than the available transition energy. The
K-shell internal conversion becomes energetically forbidden in spite of the presence
of the two K-shell electrons and the nuclear lifetime increases by a factor of the
order of (1 - ГК/ГТ) where Г к and Г т are respectively the К conversion partial width
and the total level width in the neutral atom. For a charge state larger than Qc, the
nucleus can only decay by gamma emission or by internal conversion on the
remaining L-shell electrons. The experimental technique is based on the detection of
the change of the trajectory of the ions inside a magnetic spectrometer when the
charge state changes after a decay by internal conversion. The 1 2 5Te beam
extracted from the CSS in the 38+ charge state is sent on a 1 mg/cm2 2 3 2Th target
and scattered at 2°5. When exiting the target, the charge state distribution follows a
distribution caracterized by a mean charge state value Q = 47* (fwhm = 2). A
fraction of the 1 2 5Te nuclei are excited in the first 3/2+ state by Coulomb interaction
with the target. The actual detection of the ion in the detection system plane
depends on the location where the decay has taken place and consequently on the
mean lifetime of the nuclear excited state. Based on the code Turtle a simulation
program has been developped to achieve a quantitative interpretation of the data. In
a neutral atom of 1 2 5Te the half-life of the excited state is equal to 1.5 ns.

Up to Q = 45, the half-life of the first 3/2+ excited state of the 1 2 5 T e nucleus
do not show, as expected, significant variations when compared to that of the
neutral atom. Beyond the 46+ charge state, the lifetime of the level is found to be
strongly enhanced and for the 48+ charge state the lifetime is already increased up
to a factor 15.

The implication of the present effect to astrophysical processes3) and to
fundamental physics will be discussed.
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Low-energy band structures in light odd-A

La and Pr isotopes
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Low-spin states were studied in 127-129La a nd щ 129,131pr by radioactive P+/EC

decays. Cerium and neodynium isotope precursors were produced using 5-6 MeV/nucleon
4 0 C a or 3 5C1 beams from the SARA accelerator in Grenoble on thin enriched targets of
9 4 Mo and 9 6 Mo. The mass identifications in a given A chain were insured with the SARA

on-line isotope separator working with a coupled He-jet ion source system1) or with an ion-

guide2). The He-jet system was used to thermalize and transport the radioactive recoiling

products to a low background detection station. Prompt and delayed y-x, y-y and y-e

measurements, in addition to multipolarity assignments deduced from experimental internal

conversion electron coefficients have allowed to built low energy odd-A La and Pr level

schemes.

In addition to the large amount of data previously established in the odd-A prolate

isotopes (P2 ~ 0.22-0.25) of this A -130 region, new low lying positive parity states were

identified in the present results. By comparing these new informations with the in-beam

data 3'4>5) which contain a few band connections and with the predicted quasiparticle

configurations, systematics of the low members of both positive and negative parity bands

can be extended for odd-A La and Pr isotopes. The application of the IBFM-1 model for

these odd-Z nuclei, as previously made for odd-A even-Z isotopes6), will be presented and

discussed.
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REALISTIC EFFECTIVE INTERACTIONS FOR
SHELL-MODEL CALCULATIONS
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In the usual theory the perturbation expansion for the shell-model effective inter-
action suffers from the difficulty that it diverges in the model space due to intruder
states1^. This problem might be overcome by performing the shell-model calculation
in a large no-core model space2'3), in which all A nucléons are active, so all core-
polarization processes are eliminated4'. The effective interaction for A=1 is simply
the Brueckner G-matrix5'. For A > 2, exact results for the eigenvalues are obtained,
if the generalized, A-nucleon G-matrix and associated folded diagrams4'6'7' can be
constructed. For sufficiently large model spaces the perturbation expansion for the
effective interaction may be reasonably expressed in terms of only the Brueckner
reaction matrix G in the no-core space plus all folded diagrams computed from it8'.

We have developed a simple relationship for determining the starting energy of
the two-nucleon G-matrix, so as to yield a good approximation to the starting-energy-
independent G-matrix (i.e., the G-matrix plus the sum of all folded diagrams). This
approach has been applied to the calculation of the properties of light nuclei (.4=2
to 6).
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LIFETIMES FROM (n,n'y) REACTION

T. Belgya. B. Fazekas, G. Moinar
Institute of Isotopes of the Hungarian Academy of Sciences,
Budapest H-1525, Hungary

D. P. DiPrete, E. L. Johnson, E. M. Baum, D. Wang and S. W. Yates
Department of Chemistry and Physics & Astronomy, University of
Kentucky, Lexington, Kentucky 40506-0055 USA.

In recent years at the University of Kentucky, the (n,n'y) reaction with
accelerator-produced monoenergetic neutrons has been coupled with the Doppler-shift
attenuation method (DSAM) to measure nuclear lifetimes. At extremely low (v/c< 0.001)
initial velocities, a number of tests of the DSAM are required because of the various
uncertainties ') associated with the stopping theory required to convert shifts into
lifetimes. We have shown that the influence of kinematics of the scattering process on
the DSA is minimal at neutron energies near the threshold for population of a level.
While the large size of the scanning samples used is also important, the effect is in the
opposite direction.

Here we present results for 48Ti that has been chosen as a test case. In addition
to the metallic target, TiC was also used to test the influence of chemical composition
on the deduced lifetimes. A through comparison is made with the literature data ~).

The DSAM has also been used to study heavier nuclei, e.g., the stable Sm nuclei.
Transition rates obtained for y-rays de-exciting low-energy negative-parity states in the
even Sm nuclei have been compared with GRID and (7,7') results. The reduced transition
probabilities have been successfully described by sdf-ЮМ calculations using an effective
El operator 3).

A final example is provided by 146Nd nucleus, where mixed-symmetry states has
been sought. In this nucleus, a number of observed Г and 2+ states seem to share mixed-
symmetry character. The low-energy negative-parity states exhibit similar to that
observed in even Sm nuclei4).

REFERENCES

1) J. Keinonen, in Capture Gamma-Ray Spectroscopy, ed. R. W. Hoff (AIP, New
York 1991) p. 383

2) T. W. Burrows, Nucl. Data Sheets, 68 (1993) 1
3) A. Jungclaus et al. Phys. Rev. C48 (1993) 1005
4) D. P. DiPrete et al., in Capture Gamma-Ray Spectroscopy, 20-24 Sept. 1993,

Fribourg, Switzerland, (World Scientific, Singapore), to be published
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THE STRUCTURE OF EXOTIC OR HIGHLY ROTATING NUCLEI
AND THE SPIN-ISOSPIN DEPENDENCE OF LDM PARAMETERS

K. Bencheikha '6), P. Quentin6 ' ' ) , J . Barteld>, E. Chabanate> and J . Meyere)

°) Physics Dept., Univ. Setif, Algeria; *> CENBG, IN2P3/CNRS and Univ. Bordeaux 1,
France; c> Inst. Nucl. Theor., Univ. Washington HN12, Seattle, WA 98195, USA; d> CRN
Strasbourg, IN2P3/CNRS and Univ. L. Pasteur, France. e> IPN Lyon, IN2P3/CNRS and
Univ. C. Bernard, France;

In recent years important progresses have been made in the investigation of nuclear
structure at very high spin as well as at the limits of stability by particle emission. The
related most currently developped theoretical descriptions are the so-called macroscopic-
microscopic approaches using the Liquid Drop Model (LDM) with quantal shell corrections
û la Strutmtky1). More microscopic approaches on the other hand are now available which
are both тогч theoretically grounded and numerically heavier. The aim of this contribution
is to take stock of the basic ingredients of the latter approaches to assess the validity of
the Strutinsky type calculations in such extreme context. More specifically, we calculate
self-consistently average energies and densities within the semi-classical Extended Thomas
Fermi approach 2 ) at zero and finite ш values. These quantities are then used as a database
to check the validity of LDM assumptions.

Indeed in relation with the problems of high spin nuclear states and near drip line
Nuclear Structure, we aim to answer two types of questions :

i) is the LDM parametrization totally adequate at finite angular velocity ш and if yes,
are its parameters «-independent ?

ii) is the LDM parametrization with respect to the isospin parameter / = (N - Z}/A
adequate ?

To the first question, the answer is qualitatively yes for slow rotations 3 ) . For higher ш
values, systematic discrepancies show up reflected by the variation of microscopic nuclear
liquid drop energies with ш as shown in Table 1.

As for the second questkm the current LDM parametrization is badly deficient far
from the drip line due to the lack of any /-dependence of the Coulomb energy. A simple
yet accurate approximate parametrization of the latter will be given *'.

Table 1: Semiclassical nuclear energies (in MeV) for various nuclei as functions
of the angular velocity given by the energy /ш.

йш [MeV]
« C a
9 0Zr

M°Ce
208pb

0.0
-419.93

-1029.11
-1623.39
-2421.71

0.4
-419.94
-1029.40
-1623.60
-2422.13

0.8
-419.99

-1029.42
-1624.09
-2423.36

1.2
-420.04
-102Э.80
-1624.84
-2425.15

REFERENCES

a> V.M. Strutinsky, Nucl. Phys. A95 (1967) 420; A122 (1968) 1.
2> M. Brack et al., Phys. Rep. 123 (1985) 275.
3 ' E. Chabanat, J. Meyer, P. Quentin and J. Bartel, to be published.
4 ' K. Benchoikh and P. Quentin, to be published.
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Shape coexistence in neutron-deficient even-even Po isotopes,
studied by P+/EC decay.

N. Bijnens, M. Huyse, H.-Y. Hwang.*, G. Reusen, J. Schwarzenberg, P. Van Duppen+

and J. Wauters.
LISOL, Instituât voor Kern- en Stralingsfysica, K.U. Leuven
Celestijnenlaan 200 D, B-3001 Leuven, Belgium

Low-lying 0+ states in even-even nuclei near closed shells can be a manifestation of
coexistence of different shapes in the same nucleus. Deformed band structures, coexisting with
the groundstate band, have been observed in several regions of the nuclear chart. Such
structures have been found in the neutron-deficient Pt, Hg and Pb isotopes [1]. Evidence for a
deformed band at low energy has been found in 196Po en 198Po using in-beam studies [2].
Furthermore the a. decay of 202'200Rn studied at ISOLDE revealed feeding to 0+ states at 816
keV in 198Po [3] and at 558 keV in 196Po. These 0+ states are interpreted as the bandhead of
the deformed band of which the 2+ and 4+ members were already observed [2].

Measurements have been performed on low-lying 0+ states in 200,202po yja t n e p+/£C
decay of 200,202дг a t LISOL. The energy positions of the 0+ states in function of neutron
numbe- seem to fit the parabolic behavior as expected for intruder states. Intruder states in the
Pb region are often characterized by a strong EO component in their decay to normal states [1].
Therefore we concentrate the analysis to the search of strong electron lines. Using coincidence
data, we obtain more detailed level schemes at low energy for 2 0 0 Po and 2 0 2 Po.

REFERENCES

[1] J.L. Wood et al., PhysRep. 215, 101 (1992) .
[2] D. Alber et al., Z.Phys. A339, 225 (1991)
[3] J. Wauters et al., Z. Phys. A344, 29 (1992) and to be published in Phys. Rev. Lett.
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STUDY OF NUCLEAR ISOMERISM
BY HEAVY IONS TRANSFER REACTION

J. Blons, D. Goutte, A. Lepretre, R. Lucas, V. Mrot, D. Paya and X.H. Phan
DAPNIA / SPhN, CE Saclay, 91191 Gif-^r-Yvette, FRANCE

G. Barreau, T.P. Doan and G. Pedemay
CENBG, Domaine du Haut Vigneau, 33175 Gradignan, FRANCE

Ph. Dessagne and Ch. Miehé
CRN Strasbourg

23 rue du Loess, BP 20 CR, 67037 Strasbourg, FRANCE

J.A. Becker
LLNL, Livermore ÇA 94550, USA

We have undertaken h 1990, at SACLAY an experimental program aiming to observe
and study nuclear isomerism taking advantage of the high selectivity of the transfer
reactions associated with high resolution gamma detection.
The experimental procedure consist in bombarding a target with a heavy ion beam
delivered by the Saclay Superconducting Postaccelerated Tandem, detect and
identify the ejectile in a QDDD spectrometer and observe the gamma decays in a
Germanium array composed of six triple-telescopes BGO Compton suppressed
surrounding the target.

The measure of the particle-gamma delay allows a very precise determination of the
isomers half lives in a range of 10 to 500 ns.
This technique was user! to characterize new isomeric states. In 65Ni for instance, the
transition from the known 9/2+ state at 1013 keV to the ground state was seen for the
first time. This state is an 26.5 +/- 0.5 ns half live isomer.

Search for so-called shape isomer was also addressed. Both, light nuclei (66Ni) and
heavier systems like 194Hg or 210Po were studied.
All the middle and high spin super deformed states observed up to now in non fissile
nuclei, have been populated by HI fusion-evaporation reactions, which means that the
nucleus is formed at high excitation energy, typically 50 MeV, and at high spin (>30 h).
The idea is here to use few nucléons transfer reactions to feed the SD band at much
lower spin and lower excitation energy to reach the shape isomer.

In Ni isotopes, no firm experimental evidence for shape isomerism was observed even
if a good candidate was found in 68Ni.
In our study of the 64Ni(18O,16O)66Ni reaction a delayed 1020 keV gamma ray was
observed which could correspond to the transition from the O* predicted shape isomer
to the first excited 2* state. The lack of statistics does not allow any firm conclusion
about the existence of this isomer in this Ni isotope. Additional data taking is planned
before summer.
The 192Pt(16O,14C)194Hg reaction has been used to populate the lowest transitions of
the well known SD band and to reach so the shape isomer. Two transitions of this
band seem to show up in our results.
For 210Po we used a slightly different technique namely the measurement of a high
energy (6 to 8 MeV) delayed gamma ray between second and first well. Here also
some possible candidates were observed.

Results on these three different regions will be presented.
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NUCLEAR MOMENTS AND CHARGE RADIUS OF THE HIGH-SPIN

ISOMER 1 7 8 m 2Hf

FROM LASER SPECTROSCOPY

N. Boos1-2. F. Le Blanc2, M. Krieg1, J. Pinard3, G. Huber1, M. D. Lunney2, D. Le
Du4, R. Meunier4, M. Hussonnois2, О. Constantinescu2, J. В. Kim2, Ch. Briançon4,
J. E. Crawford7, H. T. Duong3, Y. P. Gangrski6, T. Kiihl5, B. N. Markov6, Yu. Ts.
Oganessian6, P. Quentin4, В. Roussière2 and J. Sauvage2

1 Institut fur Physik, Uni Mainz, 2 IPN, Orsay, 3 Lab. Aime Cotton, Orsay, 4 CSNSM, Orsay, 3 GSI,
Darmstadt, 6 JINR, Dubna, ~ FRL, Montréal

Among all spin isomers found between the гаге earth and the refractory elements the
isotope b 8 H f is very interesting because it possesses the four quasi-particle yrast trap
state 178m2Hf, which has high spin (Г=16 + ) , large half-life (T 1 / 2 =31 y) and a moderate
excitation energy of E=2446keV.

The complete hyperfine spectrum of ' ' 8 m 2 Hf has been recorded in the optical
transition 5d 2 6s 2 3 P 2 —» 5d6s26p'Pi by high-resolution collinear laser spectroscopy.
The experiment was performed at the P.A.R.I.S.-separator of the CSNSM at Orsay
using two samples containing about 2-1013 (or 6ng) atoms of 1 7 8 m 2 Hf and -as deduced
from the optical signals- a roughly 30 times larger amount of 178sHf. The production of
the isomer was achieved by irradiation of highly enriched 176Yb with a 36MeV a-beam
provided by the U-200 cyclotron at Dubna [1].

The magnetic moment of /*/ = +8.16(4)n.m., which is extracted from the hyper-
fine A-factor can be explained from the contributions of the four valence nucléons, the
collective motion of the core and the application of additivity rules for these moments.
From the hyperfine B-factor a spectroscopic quadrupole moment of Q, = +6.00(7)6
has been evaluated. Assuming a strong coupling of the four quasi-particles to the
core, we obtain an intrinsic quadrupole moment of Qu = +7.2(1)6 which is slightly
higher than the corresponding value for the ground state as derived from B(E2)-values
[2]. Moreover, the moment Qu(178m2Hf) obtained in the present work is in agreement
with self-consistent calculations [3j. The isomer shift £(r2}i78g.i78m2 _ -0.059(9)/m2

is large compared to the (normal) odd-even effect of —0.014(5)/m2 for the stable odd
mass nuclei '"Hf and 1<9Hf which is obtained from a parabolic fit procedure [4].

REFERENCES
[1] Yu. Oganessian et al.; J. Phys. G18 (1992), 393
[2] S. Raman et al.; At. Data and Nucl. Tables 36 (1987), 1
[3] P. Quentin et al.; in Nuclear shapes and Nuclear structure at low excitation

energies, eds. M. Vergnes et al., NATO ASI Series B289 (1992), 163
J. P. Delaroche; private communication (1993)

[4] I. Talmi; Nucl. Phys. A423 (1984), 189
J. Eberz et al.; Nucl. Phys. A464 (1987), 9

16



g-factor of the low-lying SD band in 133Nd

Brandolini F.1'2, Medina N.H.2", Bazzacco D.2, Burch R.2,
Menegazzo R.2, Pavan P.1'2, Ribas R.V.2, Rossi-Alvarez C.2,

lonescu-Bujor M.2 and De Poli M.3

1 ) Dipartimento di Fisica Galileo Galilei, Université di Padova - Italy.
2) INFN, Sezione di Padova - Italy.
3) INFN, Laboratory Nazionali di Legnaro - Italy.
" Supported by CNPq - Brazil

A mean g-factor has been measured in the superdeformed (SD) band in 133Nd. This
nucleus has been selected since it has been studied extensively very recently, using
GASP [1] and SD band spins, decay scheme and lifetimes [2] are well known; the
lowest observed member is the 17/2+ at 2024 keV. Owing to the short lifetime the
Transient Field (TF) technique has been used. The excited states in 133Nd have been
populated by the 1CMPd(32S,2pn)I33Nd reaction at 135 MeV bombarding energy, with
about 9% intensity of the entire exit channel. The target consisted of a 0.8 ing/cm2

layer of enriched 1(MPd sticked onto a 2.3 mg/cm2 natural Gd foil and then to a gold
stopper. The target was kept at liquid nitrogen temperature and the polarizing field was
periodically reversed. The experiment was carried out with the GASP detector array
at the Legnaro National Laboratory XTU Tandem accelerator, employing 40 Compton
suppressed HPGe detectors. About one giga two-fold events were collected. The GASP
geometry has twelve detectors sensitive to small angular distribution precession: four
in the plane perpendicular to the the field direction and four in each plane в = 120° and
в = 60°. These detectors are placed at ф % ±70° and ф % ±110°. The 7 - 7 coincidences
between each of these twelve detectors and all the others have been analysed gating on
the SD band 7 transitions. The accumulated precession occurred during the transit time
in the ferromagnetic foil was deduced using two SD probe states (25/2+ and 29/2+).
In order to extract the mean g-factor of the SD band the experimental sidefeeding has
been taken into account. The preliminary experimental value g= 0.28(8) agrees with a
band based on a i/[660]l/2+ Nilsson intruder orbital. The result obtained so far give us
confidence to apply the same technique to measure less intense SD bands.

References

[1] D.Bazzacco et al. Phys. Lett. B309 (1993) 235 and to be published.

[2] S.M.Mullins et al. Phys. Rev. C45 (1992) 2683
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Gamow-Teller Beta Decay near 100Sn

B.A. Brown1'2 and K. Rykaczewski2'3

'NSCL and MSU,East Lansing,Michigan 48824-1321,US A
2GSI Darmstadt, 64220 Darmstadt, Planckstr 1, Germany
3Warsaw University, Pl-00681 Warszawa, Hoza 69, Poland

The doubly-magic nucleus IOOSn is far off the beta stability line. It has not been
reach yet experimentally (January 1994) - but the identification experiments based on
the fragmentation of the relativistic heavy ions are already scheduled at GSI Darmstadt
and GANIL Caen for March/April 1994.

In the last years the region of nuclei near IOOSn has attracted the interest of many
experimental and theoretical groups. The studies were mostly focused on the nuclear
structure of the systems close to the magic numbers N=Z=50 and on the related decay
modes of these nuclei. The latter are governed by the Gamow-Teller (GT) transforma-
tion 5:59/2 —» vg7/2-

Complex shell-model model calculations describing the beta decay properties of
nuclei near 100Sn have recently been performed [1]. The resulting GT-strength distri-
butions for the decays of even-even nuclei are in a good agreement with the available
experimental data. For the decay of 100Sn, a dominant feeding (over 98% of the total
strength) to one level at 1.8MeV excitation energy in 100In has been predicted. This
means that according to this calculations proton emission following beta decay of 100Sn
has negligible probability - in contrast to the previous predictions [2].

For the first time the GT-distribution for the decays of the "non even-even" nuclei
close to 100Sn have been obtained. The resulting predictions for the beta half-lives and
beta-delayed proton branching ratios are in remarkable agreement with experiment [3]
when the calculated decay energies are slightly corrected to fit measured values [4].

1 B.A. Brown and K. Rykaczewski, "Gamow-Teller Strength in the Region of 100Sn",
to be published

2 K.Ogawa, G.Momoki and I.Tonozuka, Proc. NFFS6/AMC09 Conf., Bernkastel-
Kues 1992, IOP Conf. Ser. 132, p.533

3 H. Keller et al., contribution to this conference
4 G.Audi and A.H.Wapstra, Nucl. Phys. A565 (1993) 1
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Laser Spectroscopy of
Neutron Deficient Bismuth Isotopes in a Gas Cell

P.Campbell0, J. Behr6, J. Billowes", G. Gwinner6, G.D. Sprouse6 and F. Xu6

a Schuster Laboratory, University of Manchester, Manchester , UK.
b Department of Physics, SUNY at Stony Brook, NY, USA.

Ground state moments and changes iu charge distributions of the neu-
tron deficient A=202, 203 and 204 bismuth isotopes have been measured
by laser-induced fluorescence spectroscopy in a gas cell (a description of the
spectroscopy and dimensions of the cell used are given in ref [1]). The ac-
curacy of the isotope shift measurements exceeds by an order of magnitude
those reported for 205, 206 and 208 [2]. These measurements have for the
first time enabled a detailed comparison of isotonic behaviour in the Pb,
Po and the odd-Z Bi systems. The near-identical behaviour of the charge-
radii and quadrupole moments of isotonns just beyond the Z=82 closure (this
includes the Qs of high spin isomers) clearly resolves the roles of differing
proton and neutron configurations in driving the deformation.

Property

IS ^-209Bi(MHz)
/f(n.m.)

Qs (barns)

202

10207(58)
+4.259(14)
-0.720(77)

203

8o03(54)
+4.017(13)
-0.068(49)

204

7681(85)
+4.322(15)

-0.486(150)

Isotope shifts (306.7nm 4S3/2~4Pi/2) and nuclear moments.

The measurements have been made with sar. pies of 109~10 atoms. The
bismuth samples, daughter products of the 1°'Au(11B,xn)208~:rPo reaction,
were produced at the tandem-linac accelerator at SUNY, Stony Brook, and
studied off-line in a cooled cell filled with 2-6 Torr of argon. The bismuth
was released from the ?;old targets by baking in vacuum at ~900°C and the
vaporized products were allowed to condense on the inner surface of a cold
tantalum tube. Surface evaporation from this tube could be achieved at
far lower temperatures (~500°C) and it formed the primary element of the
sample oven inside the gas cell. The increased laser-atom interaction time
in the buffer gas resulted in a high fluorescence yield (photons per atom) be-
ing observed on resonance. The 306.7nm 6p3-6p27s transition was pumped
using l-2mW of frequency doubled light from a Spectra Physics 380D dye
laser (intra-cavity harmonic generation using AR coated LilOs). The reso-
nance was observed on a 6% intercombination branch (472nm) allowing the
otherwise crippling Rayloigh scattered background to be filtered out.

References

[1] Sprouse G. D. et al Physical R.eview Letters 63 14 1463 (1989)

[2] Aufmuth P. et al Atomic & Nuclear data sheets 37 455 (1987)
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NUCLEAR SHAPES AND SHAPE CHANGES: MAGNETIC DIPOLE SUM
RULES AS A NEW SIGNATURE

C.De Coster and K.Heyde
Institute for Theoretical Physics, Vakgroep Subatomaire en Stralingsfysica
Proeftuinstraat,86 B-9000 Gent ( Belgium)

Nuclear sum rules provide a useful tool in order to measure in a quantitative way
the degree of collectiveness for a given nuclear state, in particular, since only the ground-
state expectation value for certain operators needs to be evaluated 1). For the non-energy
weighted Ml sum rule ( NEWSR), this operator is the square of the Ml operator; for the
linear energy-weighted Ml sum rule (EWSR), the operator turns out to be the double
commutator of the Ml operator with the nuclear Hamiltonian.

Quite some controversy has occurred about the nature of low-lying 1+ excitations
in deformed nuclei and, in particular, of the degree of collectivity as a consequence of the
observed 1+ fragmentation in (e,e') and (y,y') reactions. The above magnetic sum rules can
give new insight in some of these questions.

We have studied both the NEWSR and the EWSR for the Ml operator and this for
rare-earth nuclei ranging from almost spherical, over vibrational and transitional into the
region of strong deformation. It could be shown that, even for rather realistic Hamiltonians
and using the Interacting Boson model framework, the NEWSR is related to the nuclear
monopole ( EO) properties and thus is connected to the nuclear radius 2). Thereby, the
NEWSR can act as a probe for nuclear shapes and shape changes. This is illustrated in
particular for the rare-earth region. In evaluating the linear EWSR for the Ml transition
strength, a relation to the summed E2 strength shows up and so connects to nuclear
deformation properties in a slightly different way compared with the results as obtained
using the NEWSR. Similar results have been obtained recently using a deformed harmonic
oscillator potential and even using the spherical shell model 3,4).

Finally, we shortly discuss some new results concerning sum rules as derived for the
EO,E2 and M3 operators as well as the sum rule results in the limiting situation that good
F-spin holds and this for the U(5), O(6) and SU(3) dynamical symmetries.

REFERENCES
1) K.Heyde,C.De Coster and D.Ooms, Phys.Rev.C (1994), to be publ.
2) K.Heyde, C.De Coster,D.Ooms and A.Ricther, Phys.Lett.B312(1993),267
3) L.Zamick and D.C.Zheng, Phys.Rev.C46(1992),2106
4) E.Moya de Guerra and L.Zamick, Phys.Rev.C47(1993),2604
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Mean field description of the F=16+ isomer in
178H f

M. Girod, J.F. Berger, J.P. Delaroche
Commissariat à l'Energie Atomique,

Service de Physique et Techniques Nucléaires,
Boite Postale 12, 91680 Bruyères-le-Châtel, France

The structure properties of the long-life 178m2Hf (Г=16 + , Т 1 / 2=31у) spin iso-

mer are studied through Hartree-Fock-Bogoliubov (HFB) calculations based on the

Gogny force. In this description, the isomeric state is treated as a four quasiparticle

(4qp) excitation built upon the qp vacuum. Radius and multipole moments of the

radial charge distribution are calculated using a blocking procedure in which time

reversal symmetry is either preserved or broken. These predictions are compared

with the radius and moments for the ground state.

Cranking HFB calculations are also performed to predict the moment of inertia

of the rotational band built upon the F = 1 6 + isomeric state. Comparisons with

measurements are discussed.
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Self-consistent cranking HFB calculations with
the Gogny force for superdeformed bands in
nuclei of the A=150 and 190 mass regions

M. Girod, J.P. Delaroche. J.F. Berger
Commissariat à l'Energie Atomique,

Service de Physique et Techniques Nucléaires,
Boite Postale 12, 91680 Bruyères-le-Châtel, France

J. Libert
Institut National de Physique Nucléaire et de Physique des Particules,

Centre National de la Recherche Scientifique,

Université de Bordeaux I,
Centre Etudes Nucléaires de Bordeaux Gradignan

B.P.120 Le Haut Vigneau 33175 Gradignan Cedex, France

The Gogny force is used in self-consistent cranking Hartree-Fock-Bogoliubov cal-

culations of superdeformed (SD) rotational states in various nuclei of the A=150 and

190 mass regions. Several properties including moments of inertia, antistretching

effects and pairing correlations are presented and discussed for yrast bands. The

good overall agreement found between present predictions and available experimen-

tal results shows that Gogny force is well behaved when time reversal symmetry is

broken.

Our predictions are also extended to excited bands built on quasiparticle exci-

tations, and compared with the results obtained from configuration mixing calcula-

tions. A discussion is made on the nature of these excited SD bands.
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Hartree-Fock-Bogoliubov and configuration
mixing calculations of isotope shifts for Kr, Sr,

Zr and Hg isotopes

.7.P. Delaroche. M. Girod
Commissariat à l'Energie Atomique,

Service de Physique et Techniques Nucléaires,
Boite Postale 12, 91680 Bruyères-le-Châtel, France

Isotope shift measurements have been a powerful tool in the investigation of

ground state properties of many nuclei in the vicinity of, and far away from the /3 -

stability line. Such measurements have played a key role in the discovery of snape

coexistence phenomena (for instance in the neutron-deficient Hg isotopes). They

have often been interpreted within the droplet model and Hartree-Fock theory, that

is ignoring ground state correlations.

In this work, charge radii are calculated using correlated wave functions. These

wave functions are deduced from configuration mixing as follows. In the first step,

potential energy surfaces and tensors of inertia are calculated within the Hartree-

Fock-Bogoliubov theory including constraints on quadrupole moments. Then, the

Hill and Wheeler equation is solved in the Gaussian Overlap Approximation to

obtain the collective wave functions. These calculations are performed using Gogny

force. Comparisons are made with measurements available for various Kr,Sr, Zr and

Hg isotopes in which shape coexistence phenomena have been observed.
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Production of a pure ^Scm isomeric beam*
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February 28, 1994

Abstract

The availability of the last generation of heavy ion accelerators and their sophisticated
equipments opens new ways to produce and study Radioactive Nuclear Beams (RNBs). In
particular, secondary beams of nuclei in metastable states can be produced. Such isomeric
beams are of great interest in order to investigate the nuclear structure of nuclei in an excited
slate.The most classical method to produce RNBs is the projectile fragmentation. Recent
investigations at RIKEN and MSU using this mechanism have been performed to obtain
secondary isomeric beams. We present an alternate method based on transfer reactions,
to produce isomeric heavy ion beams. The selectivity of transfer reactions should lead to
extremely pure isomeric beams and using one or two nucléon transfer reactions, one can
expect reasonable RNB intensities.

A 4 2Scm isomeric beam was produced for the first time at GANIL. In its ground state,
42Sc has a lifetime of 681ms and J' = 0+ , whereas its isomeric state has a high spin
J* = 7+ , a longer lifetime of т = 61.8 s and an excitation energy £ r=0.617 MeV. The
12C(40Ca,42 Sc m ) ' °5 transfer reaction at 30 MeV/A was used and yielded an isomeric purity
of 98 ±5%. The secondary beam, separated with the LISE3 on line spectrometer, was
however contaminated by 30 % of residual 40Ca nuclei. A 4 2Scm secondary beam intensity
of 114 pps was obtained with a 5 pnA 40Ca incident beam bombarding a 5 mg/cm2 12C
target.

'Experiment performed at GANIL,Caen,France
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A microscopic description of the deformation
properties in even-A platinum isotopes

I. Deloncle1', F. Ibrahim2', F. Le Blanc2», J. Libert3) and P. Quentin3».

1) CSNSM, Orsay, FRANCE
2) IPN, Orsay, FRANCE

3) CENBG, Bordeaux, FRANCE

R e s u m e : Les états collectifs de basse énergie liés à la dynamique quadrupo-
laire ont été étudiés pour les isotopes de platine dans un modèle purement mi-
croscopique. L'évolution des rayons moyens de charge statique et dynamique est
comparée aux résultats expérimentaux.

In the framework of a purely microscopic approach, using a Nucléon-Nucléon
effective interaction of the Skyrme type (the SK* parametrization) and with a
seniority force for the pairing correlations taken into account at the BCS approx-
imation, we determine in the quadrupole deformation space (five indépendant
collective degrees of freedom) the seven scalar functions defining the most general
Bohr Hamiltonian (i.e. without any a priori dynamical restriction) for adiabatic
dynamics.
Starting from a semi-classical expansion of the nuclear density matrix and using
the so-called Expectation Value Method of ref [1], we yield Potential Energy Sur-
faces, individual energies and associated wave functions. The latter are then used
to compute in the Inglis Cranking limit the inertia tensor at each point of the
deformation space and then, the Bohr Hamiltonian obtained is requantized and
diagonalized (by projection on an ad hoc basis).
It has been shown (ref [2]) that PES and the collective dynamics so-obtained are
very much affected (in particular the static and dynamic deformation) by the global
pairing strength. The study of the collective excitation modes provides therefore
a very stringent constraint in the evaluation of the latter. In this present work
a unique set of Gp and Gn has been used for the calculation of all the platinum
isotopes.
The evolutions of the calculated root mean square static and dynamic charge radii
are compared with data extracted from isotopic shift measurements performed
using resonant ionization spectroscopy of laser desorbed radioactive atoms (ref
[3]).

[1] M. Brack, Phys. Lett. B71 (1977) 239
& M. Brack, C. Guet, H. B. Hâkansson, Phys. Rep. 123 (1985) 275

[2] I. Deloncle, Thèse de Doctorat de l'Université Paris 6 (1989)
[3] H. T. Duong et al., Phys. Lett. 217 (1989) 401
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Collective States and Transitions in Nuclei with
Quadrupole and О et up oie Déformations

V. Yu. Denisou and A.Ya. Dzyublik

Institute for Nuclear Research, Kiev, Ukraine

A transparent macroscopic model for description of energy levels belonging to even and
odd rotational bands as well as reduced probabilities of dipole crossband and quadrupole
interbands transitions in the soft even-even [1] and odd [2] nuclei with quadrupole and
octupole is proposed. This model is generalization of the Davydov-Chaban model [3], which
described rotational spectra of soft nuclei with the quadrupole deformation only, on the case
of nuclei with both the quadrupole and the octupole deformations.

Three parameters expression for energy levels with angular momentum / of even and odd
rotational bands is obtained in [1]

Here parameter Нша is energetic parameter of spectra. This parameter in our theory has the
same sense as Нш0 in the Davydov-Chaban model [3]. The parameters are Д * = /t~4 Т f
determined the relative position of levels in main even and odd parities rotational bands
correspondingly, where // is generalized quadrupole and octupole nuclear softness and e is
connected with the split energy, arisen as result of tunneling transitions between nuclear
shape with opposite value of octupole deformations, with ^ and with other parameter^ of
potential surface in the space /?2 and /33, see in detail in [1,2,4]. Note that the quadrupole
softness of nucleus /< was introduced in the Davydov-Chaban model also. The influence of
shape variations due to rotation of nucleus with different rotational velocities on ratio of
reduced probabilities is described with the help of these parameters. The similar expressions
for energy levels and transition probabilities are obtained for odd nuclei in Réf. [2].

Different macroscopic calculations of polarized electric dipole moment are discussed in
detail. It is shown that this dipole moment depends on the position of the center of mass of
nuclear shape with quadrupole and octupole deformations [4]. The conditions of consistency
of the radii of the proton and neutron surfaces, respectively, are discussed. These conditions
must be incorporated in a shell-correction of this dipole moment. The correct shell correction
calculation of dipole moment has been presented [4].

The strong dependence of polarized electric dipole moment from angular dependence of
neutron skin thickness is discussed.

The agreement between calculated and experimental values of the energy levels and the
reduced probabilities are good.

1. Dzyublik A.Ya. and Deuisov V.Yu. Phys. At. Nucl. 1993, v. 56, p. 303.
2. Deuisov V.Yu. and Dzyublik A.Ya. Phys. At. Nucl. 1993, v. 56, p. 477.
3. Davydov A.S. and Chaban A. A. Nucl. Phys. 1960, v.20, p. 499.
4. Denisov V.Yu. Sov. J. Nucl. Phys., 1992, v. 55, p. 1478.
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Simple Model of Giant Isoscalar Resonances
in Nucleus with Neutron Halo

V.Yu. Denisov

Institute for Nuclear Research, Kiev, Ukraine

We propose that the radial dependence of density distribution in nucleus
with neutron halo is similar to two sharp steps. The inner part is connected
with core of nucleus and the outer part is corresponded to halo.

The density vibrations of two steps system are considered in hydrody-
namic approach. The density vibration in the core volume is dynamically
connected both with the oscillation of core surface and with the density vi-
bration in the volume of halo. The vibration in halo volume is connected
with the oscillation of inner and outer surfaces of halo. The nucléon motions
in the core and halo volumes are described by hydrodynamic equations witli
the different compressibility modulus. The density oscillations in the volume
of both core and halo are satisfied special boundary conditions o r the core
and halo surfaces.

The expressions for excitation energies, transition densities, reduced prob-
abilities of transitions, mass and stiffness parameters, contributions to sum
rules of monopole and dipole resonances are obtained in framework of this
simple model [1]. The excitations can be roughly classified on volume (core)
and halo types. The first halo excitation has low energy, but the energy of
the first core excitation is close to the energy of ordinary giant resonances
on nucleus without halo. The reduced probabilities of transitions have com-
parable values for both excitations. The dependencies of excitation energies
from halo compressibility modulus, thickness of halo and surface tensions are
discussed.

1. Denisov V.Yu. Phys. At. Nucl., 1993, v. 56, p. 1016.
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SEARCH FOR SHAPE ISOMERIC STATES IN EVEN EVEN
NUCLEI WITH MASSES A < 100

Ph. Dessagne. Ch. Miehé
Centre de Recherche Nucléaires BP 20 CR Strasbourg Cedex France

M. Bernas, S. Portier, J.M. Maison
Institut de Physique Nucléaire 9/406 Orsay France

A. Leprêtre, R. Lucas, D. Paya, X.M. Phan
DAPNIAI SPhN CEN Saclay 91191 Gif s/Yvette France

Open questions about low spin states in superdeforrned bands and agreement

between the several theoritical predictions 1-4 ) for low spin shape isomers make

worthwhile experimental investigations in that field.

The capability of the cluster and particles transfert mechanisms to populate such

states has been explored with the help of a large angular acceptance supraconducting

solenoid SOLENO, coupled to a set of 80% efficiency germanium detectors at the MP

Tandem Orsay laboratory. The spectrometer with its associated focal plane detection

offers an unambigous identification of the ejectile and a determination of the excitation

energy in the residual nucleus.

Search for well deformed states in ^ C r and 52pe j j a s been carried out with the

(12c, a ) and ('^O, a) reactions on a ^Ca target. The two protons stripping reaction

induced by ^ O beam on ^ N i target is nowadays studied to search for isomeric state in

the N=Z nucleus 6®2a. For this isotope a second minimum in the calculated potential

energy curve occurs at p=0.5 around 5 MeV excitation energy •*). In our experimental

conditions several nuclei with 59 <A <65 are formed in an excitation energy range of

10 MeV. The cross section leading to the population of levels in the second well is

estimated from our data.

REFERENCES

1) M. Girod et ai. Phys. Rew. C37, №6, (1988), 2600.

2) P. Bonche et a). Nucl. Phys. A500, ( 1989), 308.

3) M. Girod, J.P. Dclaroche, D. Gogny and J.F. Berger. Phys. Rev. Lett vol 62 n° 21 (1989) 2452.

4) D.C. Zheng. L. Zamick and D. Berdichevsky. Phys. Rev. C42,1004 ( 1990).
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SHAPE COEXISTENCE IN Z = 65 NUCLEI
EVOLUTION OF THE DEFORMATION

ALONG THE HIGH SPIN STATES OF !46-i49Tb

J.S. Dionisio, C. Schiick, Ch. Vieu and D.G. Popescu
C.S.N.S.M.,IN2P3-CNRS, F-91405 Orsay (France)
Z. Méliani, N. Alioui, N. Amzal and N. Bendjaballah

U.S.T.H.B., Just. Phys. Bab E::unar, BP 32 EI-Alia, Alger (Algérie)
G. Duchêne, J.C. Merdinger

C.R.N. IN2P3-CNRS, F-67037 Strasbourg (France)

The high spin levels of i^-i-^Tb have been extensively studied with two complementary
experimental devices : the Château de Cristal and the e'-y spectrometer (operating with the MP
Tandem accelerators at Strasbourg and Orsay). In all different experiments, the reactions
Ш . Ш З П ^ Р ^ П . З П ) | i a v e been used at beam energies varying between 140 and 150 MeV. The
magnetic lens was oriented in the forward geometry (0°) relative to the beam direction in order
to minimize the Doppler broadening.

These nuclei are in the vicinity of the 14664Gd82 semi-magic core. Therefore, as expected, a
competition between different shapes is observed through the interplay between collective and
individual modes for carrying angular momentum, involving at higher spins the breaking of
proton and neutron cores.

Most excited levels have been interpeted in the frame of a Deformed Indépendant Particle
Model ( l ) with a Nilsson Hamiltonian and including the Strutinsky prescription. The calculated
quadrupole deformation evolves from quasi-spherical at the lower states to sizeable oblate
deformation (P2 ~ -0.2) at the highest spins.

There is a close analogy between the high excited levels of the odd-A Tb and the
corresponding levels of the even-even Gd and Dy cores which differ essentially by an h n / 2

proton. In particular, there is evidence in l47Tb for a new octupole multiplet built upon the
л112ц/2 g'!7/2 27/2+ two-particle one hole state which can be directly related to the 10+ x 3-
multipiet in '4XDy(2>. The highest member (I" = (33/2-), E = 5.718 MeV) of the 1 4 7Tb multiplet
is assigned as the maximally aligned state and would therefore be the first such a fully aligned
octupole state observed to date.

A new level sequence, decaying through cascades of prompt transitions, has been assigned to
1 4 6

6 8 Tb 8 1 . This sequence is probably built on the 10+ (T 1 / 2 = 1.18 ms) isomeK3).

References :

1. T.Dossing el a/., Phys. Scr 24 ( 1981 ) 258 and T.Dossing, private communication
2.1\J. Daly et al., Z. Phys. 298 (1980) 173
3. R. BmJa el at., Z. Phys; 316 (1984) 125.
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MAGNETIC PROPERTIES OF SUPERDEFORMED NUCLEI AROUND
192HG AND THEIR NEUTRON AND PROTON SINGLE PARTICLE

CONFIGURATIONS

J. Duprata). M. Aicheb). A. Astier0), F. Azaiez3), G. Bastinb>, C.W. Beausangh), C. Bourgeois3),
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One of the more intriguing aspects to come out of the study of superdeformed
SD nuclei is the observation of rotational bands with identical or related transition
energies in neighbouring nuclei. For the A = 190 region, it has been shown *) that
many SD bands can be related to the one of the "doubly magic" SD nucleus
192Hg. In order to understand the mecanism underlying the occurence of identical
bands, it is of great importance to identify and caracterize as fully as possible the
active single-particle orbitals in SD nuclei.

For this purpose detailed properties of the SD bands in 193Hg, 194T1 and I95T1
have been measured using EUROGAM spectrometer. Dipole transitions linking
signature partner SD bands have been observed for the three different nuclei.
Measurements of the photon decay branching ratios, together with the average SD
quadrupole moment measured in neighbouring nuclei, enable the Ml strength to
be determined. Using this branching ratio method, it has been shown that the two
of the three pairs of SD bands in 193Hg involve a single neutron in the [512]5/2-

and the [624]9/2+ orbitals 2>, and the pair of SD bands in 19$Т1 correspond to a
configuration where the single proton is occupying the intruder [642]5/2+

orbital3). Theoretical calculations based on the mean field approximation (Woods-
Saxon or self-consistent-Hartree -Fock) give the mentionned neutron and proton
orbitals as being the first available configuration above the N=112 and Z=80 shell
gaps. The three pairs of SD bands in 1 9 4T1 (odd-odd nucleus) were found to
exhibit a small Ml strength, in agreement with a configuration where the neutron-
proton interaction is favoring the triplet spin state (Gallagher-Moskowski rule)

References
1) F.S. Stephens, Nucl. Phys. A520 ( 1990) 91c.
2) MJ. Joyce et al. Phys.Rev.LeH 71 (1993) 2176..
3) J. Duprat et al., to be published
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High-spin yreit isomers in the odd-odd,
N=85, '"Ho nucleus

C.Foin1, S.André1, D.Santos1, D.Barneoud1, J.Genevey1,

Ch.Vieu2, J.S.Dionisio2, M.Pautrat3, C.Schuck2, Z.Meliani2

1 ISN, IN2P3-CNRS/Univ. Joseph Fourier, F-38026 Grenoble, France
2 CSNSM, IN2P3-CNRS, Bat 104, F-91405 Campus-Oreay, France
3 IPN, IN2P3-CNRS/Unir. Para-Sud, F-91406 Orsay-Cedex, France

Several isomers have been identified in the | 5 2 Но nucleus using the catcher recoil method. The level

structure below a 47 ns isomer located at 5.84 MeV has been established.

M v The gamma ray experiments were carried out at

Grenoble with the beams of the cyclotron of SARA, while

the electron measurement! were performed on the MP

tandem at Orsay. The 1 5 2Ho nucleus was produced in

the ll"Sn(^Cl, 5n) and l"Sm(nB, 3n) reactions for the

gamma-ray studies, and in the H 1 P r ( 1 6 0 , 5 n ) reaction

for the electron measurements.

Prompt and delayed 7 — 7, 7 - X coincidence ex-

periments and half-lives measurements have allowed to

locate three yrast isomers at 2.86 MeV (I ' = 19~), 4.72

MeV (24+,5n«) and 5.84 MeV (28-,47n«). The con-

version electron measurements lead to reliable spin and

parity assignments for the yrast levels.

The B(E3) value of 0.92 ±0.03 W.U., obtained for

the 734 keV, БЗ transition deexciting the 19" isomer is

typical of a single particle transition. Its interpretation

involves the j-1 state (9/2~) of the (*Л3

1 / г) multiplet

coupled to the aligned state of the three valence neutrons.

The 47 ns isomer appears as the expected fully

aligned state of the six valence particles.

The third isomer of 5 ns can be interpreted as due

13'

6.0

„-»» 5»
•T.,,-1621

Proposed level scheme for 1 5 2Яо below the 47

ns isomer. The transition intensities shown are to the coupling of the aligned state of the three protons

measured on the catcher after recoil following ( я Л 3

| / 2 ) 2 7 / 2 - with the fc9/j/2

/2 neutron component of

maximum spin 21/2~.

Finally, configuration! are proposed for most of ob-

served structures.

the l 2"Sn + л т Cl reaction at 178 MeV.
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SEARCH FOR DEFORMATION EFFECTS IN HEAVY NUCLEI,
N<126, Z>82.
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In the N<126, Z>82 region there have been many long standing calculations
indicating the presence of deformation effects in nuclei away from stability (for
example, [1-3]). One striking prediction is the calculation of an extended region of
deformed nuclei lying "north west" of 208Pb, in isotopes with Z>86 and N<116.
Certain models indicate the possiblity of oblate ground-state shapes and, if veri-
fied, it would be unusual in constituting an extended region of oblate rotors. In
addition, shape-coexisting minima are predicted, including superdeformation, at
low spin and excitation, in the nuclei at the periphery of the predicted deformed
region. There has been little experimental evidence with which to substantiate
these calculations [4], and most translead nuclei remain relatively unstudied.

Experimental investigations using 7-ray spectrosccpy is hampered by severe
fission competition resulting in small cross sections and high 7-ray backgrounds.
The Fragment Mass Analyser (FMA) at Argonne National Laboratory has been
use to separate heavy residues from beam particles and s-sed to tag 7-rays in ten
Compton-suppressed germanium detectors surrounding 'he target. Preliminary
studies were undertaken to assess the performance of the system, using the light
Rn isotopes prepared by bombarding a thin natTa target with 27A1 beams. The
FMA enabled excellent rejection of backgrounds and achieved a mass resolution
approaching 1 in 300. Low-lying transitions were observed in 204Rn, confirming
results of a previous study with a lighter beam [5]. Transitions were seen for
the first time in 203)202Rn, for which, the latter is consistent with systematics for
the heavier Rn isotopes. No evidence for charged-particle evaporation from the
compound system was observed.

A beam of 28Si was used to bombard a thin target of 182W ariEl DatTa to
produce isotopes of Ra and Fr. In both cases a range of masses was observed,
from 4 to 8 mass units below the compound nucleus. Analysis of the coincident
radiation indicated that, in contrast to previous experience with radon isotopes,
charged-particle channels predominate (at levels of tens of /ibarns in the na tTa
reaction and a few дЬагпз with the 1 8 2W target). The results for the neutron
evaporation channels remain inconclusive due to lack of statistics.

E. Marshelek et al., Rev. Mod. Phys. 35 (1963) 108
P. Môller and J.R. Nix, At. Nucl. Data Tables 26 (1981) 165
T. Lonroth, R. Bengtsson and P. Môller, preprint 1993
J. Wauters et al., Z. Phys. 344 (1992) 29
D. Horn et al., Phys. Rev. 24C (1981) 2136
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Beta decay study of the very neutron-deficient 127Pr nucleus

Systematics of low-energy states of odd-A Ce

J. Genevey1, A. Gizon1, J. Inchaouh1, D. Barnéoud1, R. Béraud2, D. Bucurescu3,
G. Cata-DaniP, A. Emsallem2, T. von Egidy1-4, C. Foin1, J. Gizon1, C. F. Liang5, P. Paris5,
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A detailed level scheme of the extremely neutron deficient 1 2 7Ce isotope has been obtained from the
radioactive decay study of 127Pr. Rotational band structures and their connections at very low-energy have been
observed and the systematics of the quasipartide configuration energies in odd-A Ce nuclei extended.

r-; The izTpr nuclei were produced using 240 MeV 4OCa
beams from the SARA facility at Grenoble on thin enriched
targets of 94Mo. The SARA/IGISOL technique1) newly
developed for heavy-ion induced fusion-evaporation
reactions has been successfully applied. From the spectra
recorded with various collecting times and presented in
fig.l, the main y-lines have been assigned to 1 2 7 Ce and
^ 7 L a . After on-line mass identifications, measurements
have been undertaken, at high collection efficiency, by
using the He-jet system to transport the recoiling products.
Gamma-ray, X-ray and conversion electron spectroscopy in
singles, multiscaling and coincidence modes were used to
study the radioactive decays of the A = 127 chain.

From these measurements, the half-lives previously
reported2) for l 2 7 Pr (4±ls) and 1 2 7Ce (31±2s) have been
confirmed. The 1 2 7 Ce level scheme established in the
p+/EC decay of 1 2 7Pr exhibits clearly the bottom of the
two collective structures observed by in-beam
spectroscopy3), namely the vhll/2 negative parity band
based on a 7/2" state and the positive parity band very likely
built on a dS/2 neutron-hole configuration. In addition, a
new set of levels which receives -60% of the beta strength
is established. By analogy with similar band structures
already identified by beta decay in light odd-A Xe and Ba
nuclei, a 1/2+, 3/2+, 5/2+, 7/2+ spin sequence can be very
likely assigned to this set of levels. As a 5/2"*" spin
assignment to the 1 2 7 Ce ground state agrees with the

2e —»127La decay, the low-energy level systematics in
odd-A Ce can be extended down to A = 127 and compared
with multishell Interacting Boson-Fermion model
calculations, as previously done for odd-A Ba nuclei4).

ш à ~

JtAto^rtli^iUMrtOu.

500 ' 750 iOOO

CHANNEL NUMBER

Fig.I - fi-gated spectra measured atA=127 with
various collection times to select y-fines in

127Ce (Aft) and in 127La (C).
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Gamma-ray and electron spectroscopy of vibrational states

in even-even cerium isotopes
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Low-spin states of 128Ce, 130Ce and 132Ce were investigated from both the P-decay of
isomeric and ground states in odd-odd Pr nuclei. The radioactive isotopes were produced at the
Grenoble SARA facility with the 94-96Mo (40Ca, apxn) reactions, transported and collected using
a He-jet plus tape driver system. X-y-t and y-y-t coincidences were recorded with three Ge
detectors. In addition, conversion electron and gamma singles spectra have been simultaneously
measured, using a mini-orange magnetic filter or an electron magnetic spectrometer!) equipped
with a Si (Li) detector.

The present investigations complement the preliminary level scheme previously reported on
130ce2) Several new low-spin states are found in the A = 128,130,132 even-even Ce isotopes, up
to a maximum spin of 6 or 8 fi. Here, among the states fed by P-decay, we want to underline the
new low lying states, not observed in extensive in-beam high spin experiments, and their y-decay
modes. Indeed, in addition to the ground state bands and to the even-spin members of the y-bands,
the analysis of the data reveals new "K = 0" bands in both 128Ce and 130Ce. The oj bandheads at
1053 keV in 128Ce and at 1025 keV in 1 3 0 Се deexcite to the ground-band levels and very weak
°2 ~* ° t EO transitions were observed by conversion electrons. These "K = 0" bands exhibit
characteristics similar to the one previously observed in 1 2 4 Ba 1 ) for a band based upon a o | state
at 828 keV. In contrary, they desagree with the "K = 0" band populated by (<x,n) in 1 2 6Xe 3) or by
p-decay in 1 3 0 Ba 4 ) and interpreted with the 0(6) symmetry of the Interacting Boson Model.
In addition to several unfavored states in even-even Ce y-bands, we have also identified two new
states at 1671.7 and 2115 keV in 1 3 0 Ce. These levels, strongly fed by p-decay (5-6%), deexcite
mainly to the y-band. They have been compared with the "K = 4" anharmonic vibrational levels
predicted in the multiphonon model5). Experimental level energies and y-branching ratios are well
reproduced in the framework of the IBA-1 model.
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A high-spin isomer beam was developed by using heavy ion beams such as 136Xe of 7 - 10 MeV/u

which were provided by RIKEN Ring Cyclotron. The high-spin isomer of 1 4 5Sm^ of which a spin

and parity is (49/2+) was produced by the 16O(136Xe, 7n)145Sm reaction. A SiO, foil of about 2 - 3

mg/cm2 was used as a primary target. The primary beam intensity was 20 -100 nA which

corresponds to 6 - 30 x 109 particles per second. The isomer yields was obtained to be about 5 x 104

sec 1 by measuring the known y-ray yields. The isomer ratio in this case is estimated to be 0.6 by

using the calculated cross section of 300 mb. The kinetic energies of the recoiled 145Sm of isomeric

states range from 4.72 to 5.68 MeV/u depending on the position in the target where the fusion

reactions take place. The isomer beam produced in such a way has to be separated from the primary

beam whose energy is 6.35 MeV after passing through the target.

In the first step of developments, a dipole and a air of quadrupole magnets were used to separate

them. A helium or nitrogen gas of a few Torr was filled in the beam line to equilibrate the charge state

distribution. However the secondary beam spot obtained was so large as 3 x 4 cm. This was caused

by the scattering of beams by the filled gas and the foil used to separate the beam line vacuum. The

transmission of the system was 10%.

In the improved version, another pair of quadrupole magnets was added to have additional focus

point. Much improvement of the secondary beam spot size was attained to less than 1 cm)) by using

the system without the filling gas. Although charge state distributions are broad for both of the

primary and the secondary beams, three charge states of the reaction products could be selected at the

first focus point stopping most of the primary beam. By setting the magnetic fields to select the

charge states of 47,48 and 49 of 145Sm ions, nearly 30% of the 145Sm produced in the primary target

could be focussed at the secondary target position by a pair of quadrupole magnets. This magnetic

rigidity corresponds to a higher value than that of the 54+ state of the primary beam 136Xe.

Coulomb excitation and fusion reaction experiments using the high-spin isomer beams are planned.

REFERENCE
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THE DECAYS OF THE T.=-l NUCLEI "V AND SICo.

E. Hagberg. V.T. Koslowsky, G. Savard, J.C. Hardy and I.S. Towner
AECL Research, Chalk Hiver Laboratories, Chalk River, Ontario, Canada KOJ 1JO.

Weak beta-delayed particle branches are all that is currently known about the
decays of 44V and "Co. The observed particles originate from levels at very high
excitation energies in the beta-decay daughters, 44Ti and "Fe. However, large, but as
yet unobserved, beta branches are expected to populate lower lying levels, including the
isobaric analogue states (IAS). The allowed Gamow Teller (GT) branches as well as
the superallowed branches result in beta-delayed y rays.

We have produced 44V and "Co by bombarding a stack of calcium targets with
6Li and 14N beams, respectively, from the TASCC facility. The reaction products were
transported with a helium-jet transfer system and deposited on the tape of a fast tape-
transport system. The samples were moved periodically to a counting location where
the decays were recorded with plastic scintillator (p) and HPGe (y) detectors. We also
coupled the helium-jet system to our on-line isotope separator (ISOL) ion source and
were thus able to observe the decays of mass-separated samples.

In the case of 44V, four strong y rays were observed in the ISOL experiment
and unambiguously assigned to the decay of this nuclide. The gas-jet, y-y coincidence
experiment revealed additional y rays and also showed that our decay data originate
from both the 2+ ground state of 44V and a 6+ isomeric state (see figure; spin
assignments based on the mirror nuclide 44Sc). For both cases, we identified the
superallowed beta-decay branch and obtained a precise value for the excitation energy
of the isobaric analogue state. Three allowed GT branches were observed from "V and
one from 44mV.

In the case of "Co, our data are more sparse. Our decay scheme of 52Co is
similar to that of 44mV (6+). The mirror nucleus of "Co, "Mn, has a 6+ ground state and
a 2+ isomeric state. We do not see any evidence for the latter state in "Co.

The experiments, the results and some theoretical comparisons will be
described.

Decay schemes of 44V
and 44mV. In both
cases the parent state
has been lined up with
the corresponding IAS
in the daughter.
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PROJECTED MEAN FIELD DESCRIPTION OF NUCLEAR SHAPES,
MOMENTS AND COMPLEX SPECTRA

E. Hammarena), A. Petrovici6), K.W. Schmid and A. Faessler
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a) Department of Physics, University of Jyvâskylâ,
P.O.Box 35, SF-40351, Jyvâskylâ, Finland

b) Institut for Physics and Nuclear Engineering, Bucharest, Romania

We will present an overview of the nuclear structure calculations and predictions per-
formed during recent years with the projected mean-field MONSTER-VAMPIR model-
family [1]. Results obtained with models related to the all four levels of approximations
dicdated by the general theory will be compared to experiment. Possible future experi-
ments related especially to the predictions of electromagnetic moments will be discussed.

In particular we will demonstrate the flexibility of the models to be able to describe
the richness in structure of nuclei at various mass regions with close to spherical, stably
deformed or coexisting shapes.

Examples of predictions for nuclei witht stable deformation will be taken from the
rare earths. We will compare calculated excitation spectra to experiment for doubly even,
odd-even and odd-odd nuclei.

Predictions [2] for transitional and near to spherical nuclei will be shown at mass
A=130 region. Among other results the origin of the highly anharmonic behaviour of
the moment of inertias is shown not to be related to an increase of the static quadrupole
moment (deformation) but rather to the amount of microscopic quasiparticle correlations.
Predicted quadrupole moments furthermore correlate with the effective K-quantum num-
bers of exited bands in a manner which allowes an experimental method to determine the
K-values of the band heads.

While the calculations in the above mass regions were done with models built on pro-
jected mean fields with real transformations only, the examples discussed for the mass
A=70 region are predicted [3] solely with models using essentially complex transforma-
tions. The complex mean fields are crucial for a proper description of proton neutron
correlations and states with unnatural parity. In addition to this we will demonstrate
that coexisting shapes are needed to explain the complex level structures obtained in this
mass region.
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ROTATIONAL BANDS IN 77Rb AT VERY HIGH SPINS*

A. HARDER1. M.K. KABADIYSKI1, K.P. LIEB1, D. RUDOLPH1, C.J. GROSS2,
W. NAZAREWICZ2, B. CUNNINGHAM3, F. HANNACHI3, J. SIMPSON3, D.D.
WARNER3, H.A. ROTH4, 0. SKEPPSTEDT", W. GELLETLY5, B.J.VARLEY6

^niversitât Gôttingen, D-37073 Gôttingen, 20ak Ridge National Laboratory,
3SERC Daresbury Laboratory, 4Chalmers University of Technology, 5University of
Surrey, 6University of Manchester

The neutron deficient A=80 region is unique in the chart of the nuclides. Due to
large deformed shell gaps in the single particle spectrum [1], nuclei in this area
show a high ground-state deformation up to \/3j\ « 0.4 in the lightest known Sr
[2] and Zr [3] isotopes. High spin states of T7Rb were populated with the reaction
40Ca(40Ca,3p) at a beam energy of 128 MeV. The EUROGAM array consisting of 45
Compton-suppressed Ge detectors was coupled with the Daresbury recoil separator:
Recoil-7, 77 and 777 coincidence events were taken. The previously known level
scheme [4] was extended to twice the excitation energy and spin (Ex и 18.4 MeV,
p _ ( ^ щ-у^ a n d f o u r n e w b a n d s w e r e identified. Both the yrast [431]| and
the [422]| yrare (IT = +, a = +|)-bands show nearly constant moments of inertia
over the full frequency range (see fig. 1). In the reaction 40Ca(40Ca,2pn)77Sr also
studied in this experiment by Gross et al. [5] states up to /* = ( y ) were observed.
These are the hitherto highest spins in a Tz = | nucleus. The level scheme of 78Sr
was extended to I" = (22+). The 77>78Sr data show a property which is new in this
mass region: The a = | , 09 band and both signature partners of the negative parity
band in 77Sr were found to be identical to the yrast band in 78Sr.

Fig. 1: Kinematic moments
of inertia of the (тг = +,
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Anomaly in O(6)

M. K. Harder (a) and B. Krusche 0>)
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(b) Institute Laue-Langevin, F-38042 Grenoble, France

A strong EO transition linking the first and second excited
0 + states in 196pt has been found using the (n,e-) reaction. This
transition is forbidden in the O(6) limit of the IBM, yet is over 20
times stronger than an allowed EO transition depopulating the
same level. This clean test of the wavefunctions of these 0+ states
indicates that one or both may not fall within an O(6) description.
It appears that: a) the 0+(1402keV) state lies outside the IBM
space, or b) the IBM cannot predict EO transitions well, or c) core
interactions have affected the predicted EO transition strength
predicted by the IBM from this level or d) 196pt j s not an O(6), or
SU(5) nucleus.

This is an interesting case where a nucleus has been shown
to have many clear characteristics of O(6) symmetry, yet the
apparently clean test of the wavefunctions using the EO operator
gives anomolous results. The question of whether the IBM, based
on quadrupole interactions, can be expected to predict EO
transitions is explored.
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Decay Characteristics of Mixed-Symmetry States in 158Gd

MK Harder, KT Tang
Department of Mathematical Sciences, University of Brighton,

Brighton, BN24GJ, UK

A Williams, S Judge
Insitut Laue-Langevin,38042 Grenoble, France.

ABSTRACT

The conversion electrons from the 157Gd(n,e-)158Gd reaction were

detected with the high-resolution spectrometer BILL at the Institute Laue-

Langevin (ILL), Grenoble. Multiscans were performed to try to resolve the

subshells of transitions from the 1+ mixed-symmetry states at 3192 and

3201keV to the ground state and the first three 2+ states.

The ratio of the subshell intensities in the electron spectrum could yield

mixing ratios of these decays, but the high density of states at these energies

made positive identification difficult. More work has now been done with

(n,g) studies at the ILL to identify the secondary gamma-transitions in the

previously unmapped region of 2.7-3.8MeV. This gamma work is now

completed and several new levels and placings have been made. These will

be summarised at the conference.

Attention can now be turned back to the complex electron spectrum.

With the gamma-transitions now known, it is expected that we will be able to

present results of the mixing ratios of transitions depopulating the 1+ mixed-

symmetry states. The predicted ratios for these transitions vary with

different nuclear models. The preliminary results will be discussed.
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"SHEARS BANDS" IN Pb NUCLEI -
A NEW NUCLEAR STRUCTURE EFFECT

H. Hiibel. G. Baldsiefen, S. Chmel, W. Korten, M. Neffgen, W. Pohler,
U.J. van Severen, P. Willsau

Institut für Strahlen- und Kernphysik, Universität Bonn, Germany

S. Frauendorf
Forschungszentrum Rossendorf, Dresden, Germany

H. Grawe, J. Heese, H. Kluge, HJ. Maier, R. Schubart, K. Spohr
Hahn-Meitner-Institut für Kernforschung, Berlin, Germany

Regular sequences of strong Ml transitions with week E2 crossovers have recently
been found in several Pb isotopes (see e.g. 1-5). They have been interpreted as
rotational bands built on oblate high-spin proton and neutron excitations. Several of
the observed features, however, differ from those of normal collective bands. In order
to investigate their structure, we have performed a detailed experimental and theoreti-
cal investigation of the dipole sequences in l97"201Pb.

For the regular dipole bands we propose a structure which contains high-K proton
h9/2 and/or i13/2 particle excitations that are aligned along the symmetry axis of the
oblate nucleus and low-K neutron i13/2 holes that are aligned perpendicular to that axis.
The resulting total angular momentum does not coincide with one of the principal axes
of the nucleus. This is the typical situation for the application of the tilted-axis (TAC)
cranking model6'. Within the framework of that model we calculate that the proton
and neutron spins gradually align with the total spin for increasing rotational frequen-
cy. The continuous alignment of the proton and neutron spins may be viewed as the
closing of the two blades of a pair of shears and we suggest to call these structures
"shears bands". This mechanism is a new way to generate angular momentum with in-
creasing frequency and to build regular bands in nuclei with small quadrupole collec-
tivity.
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IS A SHAPE COEXISTENCE PRESENT IN
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The existence, in 184Au, of a ground state with spin value 5 or 6 and an isomer
with spin value 2 or 3 linked by an M3 isomeric transition is very puzzling1-2). From
results known in this mass region, the configuration of the ground state of an odd-odd
nucleus usually corresponds to the coupling of the proton state with the neutron state
observed respectively in the neighbouring odd-p and odd-n nuclei.
Thus, a Jt h9/2 <8> v 1/2- [521] configuration is expected for the 184Au ground state but
the level lying at the lowest energy for such a configuration cannot have a spin value 5 or
6. At this stage, one can wonder whether shape coexistence phenomenon could explain
this mystery since a shape coexistence is present in three of the neighbouring odd-A
nuclei, namely 183,185 ̂ u an<j I85fjg \n order to answer the question "Is the mystery of
184Au due to shape coexistence phenomenon ?", low-spin states have been investigated
from the ß+/EC decay of 184Hg using the He jet facility at SARA. A level scheme has
been established allowing us to determine unambiguously the spin and parity values as 2+

and 5+ for the isomeric and ground states respectively. Moreover, the decay-mode of a
second isomer (F = 3") located at 228.6 keV has been defined.

The levels obtained will be compared to those calculated for a prolate and an
oblate shape in the framework of the rotor + two quasiparticle model3). Furthermore, the
reduced transition probabilities B (El) and B (M3) values obtained from the decay of the
two isomers will be compared firstly with those known for the neighbouring odd-A and
doubly-odd nuclei and secondly with the values calculated using the Nilsson model.

From these results added to those previously obtained from in-beam
experiments2) we can answer the question that the 184Au isomeric and ground states very
likely correspond to a prolate nuclear shape.

1) R. Eder et al., Hyp. Int. 60 (1990) 83.
2) F. Ibrahim et al., Proc. of INFFS6 and AMCO9 Bernkastel Kues 1992, Inst.

Phys. Conf. Ser. N°132 (1993) 731.
3) L. Bennour et al., Nucl. Phys. A 465 (1987) 35.



NON-STATISTICAL EFFECTS IN NUCLEI

I.N.Izosimov

V.G.Khlopin Radium Institute, 194O21 St.-Petersburg

Shvernik st.28, RUSSIA

The non-statistical effects connected with the proton

-particle and neutron-hole coupled to angular momentum i

(p,n ) + and (n,p ) + configurations can be manifested in
1 2

Gamow-Teller /?-decays ), in (p,/) reactions ), in

charge-exchange reactions, ect.

From the phenomenological point of view, the

non-statistical effects at the excitation energy E>5-1O MeV

in the medium and heavy nuclei indicate conservation of

some symmetry ).

In present paper , questions associated with the

investigation of the non-statistical effects for p-decay

are considered. Me plan to apply the total-absorption gamma

-spectrometer °) in the investigation of the spin-isospin

SU(4) symmetry in nuclei.
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RESIDUAL INTERACTIONS AND BLOCKED PAIRING
IN NORMAL HIGH-K STATES AND IN t-BANDS

Kiran Jain a , P.M. Walker " and N. Rowley a'b

a Department of Physics, University of Surrey,
Guildford, Surrey GU2 5XH, UK

ь Department of Physics, University of Manchester,
Manchester M13 9PL, UK

Recently we have shown that spin-dependent residual interactions play an
important role in the study of high-K multi-quasiparticle (MQP) states 1 ) . Their
explicit inclusion in 176Hf removed a long-standing anomoly in the ordering of
the three observed 6-quasiparticle states in that nucleus. The excitation of MQP
states also provides useful information on the blocking of pairing correlations 2 ) .
Pairing has been treated in a self-consistent manner using the blocked BCS theory
and shows significant quenching of the pair gap for MQP states in this mass
region.

Residual interactions and blocking are also important in the understanding
of t-bands, i.e. bigh-K bands that can cause backbending 3 ) . Exact calculations
for many particles in a single-j shell and also for the two-quasiparticle-plus-rotor
model give complementary descriptions of these bands and show how the high-К
coupling of two ij3/2 neutrons can become energetically favoured.
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ASYMPTOTIC PROPERTIES AND EFIMOV STATES
OF HALO NUCLEI.

D.V. Fedorov, A.S. Jensen and K. Riisager
Institute of Physics and Astronomy, Aarhus Universitet, DK-8000 Aarhus C.

Loosely bound halo nuclei are often described as two- or three-body systems
consisting of the core nucleus and one or two nucléons i ) . All radial moments
of the system remain finite for all energies, when the particles are charged. The
non-normalized n'th radial moment of a neutron-core two-body system diverges as
(-Я)*2 '-1-")/2 with vanishing energy for n > 21 — 1 (1 is the angular momentum)
and diverges logarithmically for n = 21 — 1. For two neutrons around a core, where
no binary subsystem is bound, the n'th radial moment diverges as (—.E)(2K+2-n)/2

for n > IK + 2 (K is the quantum number called the hypermoment) and diverges
logarithmically for n = 2K + 2. Thus the second radial moment diverges logarith-
mically with energy when the neutrons are in s-states around the core and remains
finite otherwise. Divergencies in two-body systems are stronger and more abundant
than in three-body systems.

When binary subsystems are bound the two-body asymptotics (two particles in
the bound state and the third particle far away) will dominate at very low binding
energy. The actual transition and the proper mixture of two and three-body be-
haviour has not been studied in detail before. This is, however, necessary for real
halo nuclei as for example demonstrated by the astrophysically interesting nucleus
SB (*He + 3 He + p). A practical three-body method are developed to treat such
cases and numerical examples will be shown.

A special halo structure, called an Efimov state, occurs when at least two of
the binary subsystems have a bound state at (or close to) zero energy 2 ) . We shall
discuss the possibility of occurrence in two-neutron halo nuclei. When the neutron-
core potential leads to a ground state binding energy in an interval of width around
200 keV at about 1 MeV, then the first excited (Efimov) state appears at an energy
of up to about 10 keV. Its spatial extention is typically about 100 times the radius
of the core nucleus and is divergent at thresholds. For realistic cases, where the
core nuclear degrees of freedom including the Pauli principle is taken into account,
the ground state binding energy is presumably reduced whereas the excited and
spatially extended state is less sensitive. One could therefore hope to find Efimov
states in halo nuclei.
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BETA DECAY OF MEDIUM-HEAVY NEUTRON-RICH NUCLEI*

A. Jokinen
Department of Physics and Accelerator Laboratory, University ofJyvâskylà

FIN-40351 Jyvàskylâ, Finland

The gross properties of allowed Gamow Teller decay in the neutron-rich Zr-to-
Pd-region have been studied by applying IGISOL-technique and proton induced fission
of 238U 1). Results on Pd 2-3) and Ru-isotopes 4«5) have been published and the analysis
of the decay properties of even-even 106-1 Юмо and I02,l04zr is in progress.

Region of interest provides decay data from soft Pd-isotopes to deformed Zr-
region region, where quadrupole deformation reaches a value of p=0.4. In the single
particle picture this means transformation from the shell model states to the Nilsson
states characterized by the asymptotic quantum numbers [NNZAZ]. Selection rules for
the asymptotic quantum numbers in allowed unhindered transitions were derived by
Alaga 6 ) and for allowed fast transitions by Fujita et al. 7). Due to the selectivity of beta
decay it provides strong basis for the identification of participating single-particle states.
Experimental beta decay properties and underlying nuclear structure will be discussed in
the framework of the macroscopic-microscopic model8).

We have extended the half-life systematics to very neutron-rich nuclei by
measuring over twenty new or improved half-lives. Recent r-process calculations have
underproduced the abundance of isotopes 9 ) . This is related to poor half-life and atomic
mass predictions. The failures of the half-life predictions are related to uncertainties in
mass predictions. With this in mind we have done a series of decay energy
measurements for n-rich even-even Pd, Ru, Mo and Zr isotopes. First results for Ru-
isotopes showed that the recent mass models underestimate decay energies of Ru-
isotopes 4 > 5 ) . In the case of 106,108^0 situation seems to be opposite. When this is
taken into account, the excellent agreement between half-life predictions and
experiment can be achieved. Comparison of the experimental and predicted half-lives
and decay energies will be presented.
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A Silicon Array for Conversion Electron Detection

P.M. Jones, P.A. Butler and G.D. Jones.

Oliver Lodge Laboratory, University of Liverpool, Liverpool L69 SBX, UK.

Abstract

A 25 element multi-detector array has been designed and con-
structed. Final tests are undergoing at Liverpool. This device will
be used in conjunction with a superconducting solenoid for low
energy conversion electron studies at the University of Jyvâskylâ,
Finland. Electron-electron coincidences will be of main interest.

The array, manufactured by Hamamatsu Photonics, consists
of 25 individual PiN diode elements, each of 5mm pitch. Tests
have been carried out using the array with photons and conversion
electrons for resolution measurements, and to study the effects of
electron multiplicity and the efficiency of the array. Studies of
the behaviour of the detectors under cooled conditions have been
performed and results will be presented.

The performance of the multi-element array for in-beam exper-
iments has been simulated by Monte Carlo techniques.

47

NEW NUCLIDES NEAR THE DEFORMED SHELLS N=162 AND Z=108



LEVELS IN 168Er ABOVE 2 MeV AND THE
ONSET OF CHAOS*
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Abstract : 1 6 8 Er is probably the best studied heavy deformed nucleus. On the basis
of 7 and electron spectroscopy using the neutron capture reaction together with particle
transfer and decay data a complex level scheme of this nucleus up to an excitation energy
of fa 2.2 MeV has been established1'. This richness of spectroscopic knowledge made 1 6 8 Er
an ideal experimentally-based testing ground for the predicting power of different compe-
ting theoretical descriptions of its collective behaviour (e.g. the geometrical model of Bohr
and Mottelson2', the IBM3' and the quasiparticle-phonon nuclear model (QPNM)4 )). In a
recent publication5' an attempt has been made to extend the level scheme to even higher
excitation energies. 17 additional rotational bands have been proposed in the region of
rapidly increasing level density above 2.1 MeV where the increase of both the number of
random energy combinations and the line density in ARC and thermal primary spectra
make definite level assignments more and more difficult. Additional 7 — 7-coincidence
data, on the other hand, could give direct evidence for the existence of states proposed
by the Ritz combination method.

We performed a 3 detector 7 — 7-coincidence experiment at the HFBR of the BNL
using thermal neutron capture to populate 1 6 8Er. Altogether w 1.6 109 coincidence events
were recorded event by event on magnetic tape and in an off-line analysis и 4.6 108 of
them were sorted into coincidence matrices. The many 7-rays with E-, > 1.2 MeV ob-
served in the gates on transitions depopulating the 2+- 5 + members of the 7 band allowed
us to check some of the assignments made in ref.5. We use these new data to illustrate
the danger in defining states above 2 MeV essentially based on energy combinations by
means of some detailed examples. Furthermore, we will present evidence for the existence
of many additional states supported by the coincidence data which question at least some
of the arguments used to arrange levels into bands in ref.5. Since the complete level
scheme proposed in ref.5 has recently played an important role in the discussion of chaos
in nuclei and especially the goodness of the К quantum number6' these results may have
a wider interest beyond the detailed level assignments of a particular nucleus.

* Supported by the USDOE under contract DE-AC02-76CH00016
1) W.F. Davidson et al., J. Phys. G7 (1981) 455 and references therein
2) A. Bohr and B.R. Mottelson, Nuclear Structure vol.2, 1975
3) A. Arima and F. lachello, Ann. Phys. NY 111 (1978) 201
4) V.G. Soloviev, Z. Phys. A324 (1986) 393; Sov. J. Nucl. Phys. 47 (1988) 209
5) W.F. Davidson and W.R. Dixon, J. Phys. G17 (1991) 1683
6) J. Rekstad et al., Phys. Rev. Lett. 65 (1990) 2122; Phys. Rev. C47 (1993) 2621.

B. R. Barrett et al., Phys. Rev. C45 (1992) R1417
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Electromagnetic aoaents of seniority v=4,6 states in 90Mo*

M. K. Kabadiyski1, M. Weiszflog1, J. Billowes1'2, A. Harder1,
K.P. Lieb1, D. Rudolph1, J. Altmann3, T. Burkard3, A. Dewald3,
J. Eberth3, T. Mylaeus3, H. Grawe4, J. Heese4, K.-H. Maier4,

1II. Physikalisches Institut, Univ. Göttingen, D-37073 Göttingen, Germany
2Schuster Laboratory, University of Manchester, Manchester M13 9PL, UK

Institut für Kernphysik, Universität zu Köln, D-50937 Köln, Germany
4Hahn-Meitner-Institut Berlin, D-14109 Berlin, Germany

The recently identified high spin states in 90Mo [1,2] have been interpreted
With the spherical shell model in a truncated (2p,lgg/2> single-particle
space. A 1:1 correspondence between all experimental levels and the theoreti-
cal ones within a simple seniority classification was established. We report
here on the measurement of lifetimes and magnetic moments of the presumed
seniority v=4,6 states in the spin ranges I7r=10+-20+ and 7"-17~ which
sensitively test the calculated wavefunctions.- The reactions studied were
58Ni(36Ar,4p) at 140-149 MeV beam energy (VICKSI accelerator/Berlin) and
58Nif35Cl,3p) at 110-120 MeV (Cologne tandem accelerator). Lifetimes in the
10~13-10~9 s range were obtained via the DSA and RDDS techniques. The g-
factors of the 4556 keV 12+ state, g=+0.50(6), and of the 4842 keV 11" state,
g=+0.42(13), were deduced from the integral rotations of these states in
polarized Fe and Ni foils, by means of the IMPAD method; for details see
[3,4]. E2/M1 mixing ratios of the Al=0,l transitions were deduced from
singles' angular distributions and DCO ratios, the latter values measured
with the OSIRIS array [4,5]. Fig. 1 compares experimental B(E2) values with
shell model predictions obtained with the code RITSSCHIL within the (9g/2/
Pl/2> space, the Gross Frenkel parameters and e^l.72 e and e^l.44 e [7].
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NEET REVISITED IN CONNECTION WITH THE
RESONANCE RADIATIVE PUMPING OF TH-229m

F. F. Karpeshin ', I.M.Band ' and M.B.Trzhaskovskaya '

1) Institute of Physics, St. Petersburg University
2) St. Petersburg Nuclear Physics Institute

Revival of interest in tho process of non-radiative nuclear
excitation by electronic transition (NEET) is noted for the
last years (e.g. £l,2j). Tho process should have a relatively
large probability if tho nuclear and electronic transitions
have nearly equal energies. Such cases wore studied both theo-
retically and experimentally in tho atoms of Os-189, Au-197,
Np-237 and others. A possibility to use tho resonance interac-
tion for laser studies of tho 3.5-oV isomeric state in nuclei
of Th-229 is of great interest £l,2j. In spito of apparent
simplicity and well over two decades research, no satisfactory
description of the process has been achieved.
We consecutively treat the process in terms of internal con-

version theory £1]. Main results which develop or correct the
previous researches are as follows.
(1) Multiple interactions are brought to a factor which is

the same for the NEET and the radiative widths, and therefore
cancells out in the branching ratio for the NEET probability.
(2) Our results go over the corresponding formulae for the

non-radiative nuclear excitation in muonic atoms.
(3) No isomers can be produced by NEET, except in the subse-

quent deexcitation cascade, like in Os-189. This is because
the nuclear state excited by NEET decays with the total width
of the atomic and nuclear levels, and not only the nuclear one.
This is in obvious accordance with the general principle, na-
mely, that in every channel tho decay width is the same, being
the sum of tho partial widths. Specifically, for this reason
the experiment as proposed in réf. £2] for the resonance radi-
ative pumping of the 3«5-eV isomeric state in Th-229 is not
correct. This result also has to be taken into account when
considering the Hoitler chain of equations for the NEET proba-
bility»
(k) We used term-dependent Hartroe-Fock-Dirac method with a

definite angular momentum of the atomic states. Accuracy of
tho method used is espetially important in the case of Th-229
where outer shells are involved.
(5) We propose threo possible schemes of radiative pumping of

the 3'5-oV level in Th-229 via resonance interaction with the
electron shell: (i) By a laser tuned at tho frequency of the
nuclear transition, (ii) By populating the resonant atomic le-
vel in a cascade, like in muonic atoms, induced by excitation
of higher electronic states, (iii) By a laser tunod at the
frequency of the electronic transition, whilst compensating
the detuning between the atomic and nuclear transitions by
means of a second laser, as proposed in réf.

£13 F. F. Karpeshin et a l . Phys. Lett . D232 (1992) 26?;
Can. J . Phys. 7_0 (1992) 623.

[2] E.V.Tkalya. Nucl. Phys. A339 (1992) 209; J. Nucl. Phys.
5£ (1992) 2881.
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HEXADECAPOLE MOMENTS OF THE NUCLEI AND
TERNARY FISSION AT LOV,r ENERGIES

1 ) 2)
F.F.Karpeshin and G.Ye.Solyakin '

'Institute of Physics, St.-Petersburg University
Petrodvorets, SU-19800^ St. Petersburg, Russia

Petersburg Nuclear Physics Institute)
SU-188350 Leningrad district, Russia

Low-lying collective multipole vibrations can be used as a
basis for description of fission at low excitation energies.
This possibility is of great interest. It vas specifically shown
in réf. [_lj that overcoming the fission barrier can be viewed
as stcp-by-step excitation of many-phonon quadrupole vibrational
states, with the number of phonons n = 8 - 10. Such low-lying
quadrupole collective states with the energy of about O.S MeV
are known in heavy nuclei. Л superposition of n phonons assures
that the vibration will occure with sufficiently large amplitude
and close to the barrier total collective energy of about 6 MeV.
Such n-phonon states serve as doorway states for fission.

In the case of ternary fission the hexadecapole vibrations
are relevant (e.g. Ц2Ц). However, there is no evidence of exis-
tence of strong collective hexadecapole states at low excitati-
on energies, in contrast with the quadrupole vibrations (e.g.
[33). This has a simple physical explanation that the number
of possible combinations of quasiparticle-quasihole states with
the total momentum I = ̂  is less than in the case of 1 = 2 .
A relative suppression of the low-lying collective hoxadecapole
states is also reflected in smallness of the hexadecapole mo-
ments in the equilibrium states, which are several times lower
than the quadrupole ones.

The reason may be qualitativel3
r
 explained by the liquid-drop

model which results for the nuclei in the uranium region in the
values CO.̂  = 1.2 and U)^ = 6 MeV for the quadrupole and hexade-
capole phonons, respectively. Therefore, creation of the hexa-
decapole vibrations is statistically suppressed due to much
smaller level density. Concerning fission, this leads in turn
to the structural supnression of ternary fission into comparable
fragments. Analysis of the experimental data affirms this sug-
gestion.

REFERENCES
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High spin states in many light Nb, Mo, Tc and Ru isotopes have
been explained by the spherical shell model making use of the
effective parameters derived by Gross and Frenkel [1]. The fact
that a large number of proton particles and neutron holes in the
g

9
/2 shell can be angular momentum aligned leads to high spin

values, without the need of collective rotations. In order to
test our previous shell model calculations in

 8 9
Nb,

 8 9
Mo and

9 1
Tc [2-4], we measured the lifetimes of the 21/2

+
 and 17/2~

yrast states in these nuclei. Previous RODS experiments had
indicated some lifetimes to be in the range 0.7-2.7 ns [2,4].

The experiment was performed at the VICKSI accelerator by bombar-
ding a 19.8 mg/cm

2 5 8
Ni foil with the 149 MeV pulsed

 3 6
Ar beam.

The residual nuclei of interest are formed in the reactions
5 8
Ni+

3 6
Ar -»

 89
Nb+5p,

 89
Mo+4pn and

 91
Tc+3p, respectively. The y-

radiation was recorded in 11 Compton suppressed Ge detectors of
the OSIRIS spectrometer, while neutrons were registered in seven
segments of the HMI NE213 neutron array. Three energy-time
matrices were sorted from the data: one with only the Ge-
detector having the best time resolution, one with the full
OSIRIS array and a third one with neutron triggers set in the
NE213 detectors. A consistent set of lifetimes for all 7~ray
decay branches was found (see Table 1). Note the good agreement
between the electronic timing and RODS results. Also listed are
the experimental and theoretical Д1 =-2 E2 strengths, based on
the Gross Frenkel TBME [1] and effective E2 charges of 6^=1.72
e, e^=1.44 e previously used throughout this mass region [5].

Table 1; Lifetimes and B(E2) values in
 8 9
Nb,

 8 9
Mo und

 9 1
Tc

Nucleus State Lifetime т (ns) В(Е2,Д1=-2) (WU)

E
x
(keV), I

v
 Electronic RODS Experim. Shell model

89

89

91

Nb

Mo

Te

2193,

2152,

2584,

2271,

2137,

2153,

21/2
+

17/2"

21/2+

17/2"
21/2+

17/2"

19

< 1

13

1

2

1

.9(5)

.0

.9(5)

.4(4)

.7(1)

.5(4)

0

2

1

_ _ —

.74(7)

.67(6)

.57(9)

[2]

[4]

[4]

1.47(4)

0.050(2)

6.8(3)

7(2)

3.9(1)

22(1)

2.

2.

5.

10.

6.

16

3

2
a)

jb)

7

4

a )
 487 keV 21/2-»17/2

1
 yrast

 b
> 168 keV 21/2-»17/2

2
 yrare
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New Experimental Beta Decay Studies in the
Region of 100Sn
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ner5, A. Plochocki5, G. Reusen6, E. Roeckl1, K. Rykaczewski5, F. Scheerer7, K. Schmidt1,
J. von Schwarzenberg6, J. Szerypo5, N. Trautmann7, P. Van Duppen6, V. Wittmann3 and
J. Zylicz5

•GSI, Darmstadt, 2Inst. für Physik, Univ. Mainz, 3PNPI, St. Petersburg, 4Inst. of Spec-
troscopy, Troitzk, 5Inst of Exp. Physics, Univ. of Warsaw, 6IKS, Univ. of Leuven, 7Inst. für
Kernchemie, Univ. Mainz

The nucleus 100Sn is an exotic nucleus of great experimental and theoretical interest
because of its double-magic shell-closures, its isospin symmetry and since it is close to
the proton drip-line. 100Sn itself has yet not been reached experimentally. However, the
/3-decay of nuclei near N=Z=50, which is goverened by a fast Gamow-Teller-transition
between 7079/2 —* vgif2 spin-orbit partners, has been extensively studied. At the on-line
mass separator of GSI Darmstadt the /3-delayed proton and 7 emission following the de-
cays of neutron-deficient isotopes in the vicinity of 100Sn was investigated. These isotopes
were produced in fusions-evaporation reactions like 58Ni+50Cr. Chemical selectivity of
short-lived tin isotopes was achieved by stepwise resonant ionization in a LASER ion
source [l] or FEBIAD ion sources operated partly in the bunched-beam release mode [2].
101 Sn was identified for the first time due to its /3-delayed proton emission, and decay
properties of i,he new isotopes 94Ag (Ti/2 ~ 0.6 s) and 95Ag ( T ^ ~ 2 s) were measured,
94Ag being the heaviest N=Z nucleus identified until now. These results, together with
the decay properties measured for neighbouring nuclei, are compared to shell-model pre-
dictions [3]. Besides the results of high-resolution spectroscopy experiments for the decay
of even-odd nuclei (101Sn, 103Sn, 105Sn) and odd-odd nuclei (100In, 102In, 104In), data from
measurements with a total-absorption gamma spectrometer (TAGS) were obtained for
100Ag and 104In [4]. The latter are showing clearly for the first time that the major part
of the beta strength is located at 5 to 6 MeV excitation energy. Finally, we present an
outlook on future measurements using an improved TAGS setup and on experiments that
are planned for unambigiously identifying the decay of 101Sn and for searching for proton
and cluster radioactivity near 100Sn.

[1] V. N. Fedoseyev et al., GSI Scientific Report 1993, GSI-94-01.
[2] R. Kirchner, Nucl. Instrum. and Meth. in Phys. Res. A247, (1986) 265.
[3] B. A. Brown and K. Rykaczewski, contribution to this conference.
[4] L. Batist et al., GSI Scientific Report 1992, GSI-93-01, p. 82.
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DO THERE EXIST "TRUE" SU(5) NUCLEI ?

J. Kern. Physics Department of the University, Pérolles, CH-1700
Fribourg, Switzerland.

Some of the difficulties in evincing the existence of good SD(5) nuclei
are anharmonicities, configuration mixing, mainly with intruder states, and
similarities between the SU(5) and 0(6) spectra. In their review on IBM-1,
Casten and Warner1) write (p.434): "It is therefore a little difficult to discuss
whether or not true U(5) nuclei have indeed been observed". It is thus necessary
to identify first distinctive features of SU(5) nuclei and to develop a method of
selection. Our analysis is performed in the framework of IBM-1 and is an
extension of a work2) performed on * 12Cd. It requires the knowledge of rather
extended level schemes and the identification of particular states. A review of
possible good candidates will be presented. All the necessary information is not
always available for the possibly interesting nuclei. This points to isotopes for
which there is a need for more extensive investigations.
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Seniority-inverted Yrast States in N=84 Nuclei above Gadolinium

C.T. Zhang, P. Kleinheinz, and R. Collatz
Institut fur Kernphysik, Forschungszentrum Julich, D-5eJ25 Julich (Germany)

M. Piiparinen and G. Sletten
The Niels Bohr Institute, Tandem Accelerator Laboratory, DK-JOOO Roskilde (Denmark)

In in-beam experiments using the Y-spectrometers Nordball at the Niels Bohr Insti-
tute and OSIRIS at the Hahn-Meitner-Institute we populated the four N=84 isoto-
nes 151Ho, 1S2Er, 153Tm and 154Yb through compound evaporation reactions induced
with medium HI beams of masses ranging from 28 to 56. All observed y-transitions
with intensities ai >ove 1% (5% in 154Yb) of the respective exit channel were placed in
the level schemes, with spins established up to 10 MeV (8 MeV for 154Yb) and parities
up to between 5 and 7 MeV.

We have found that in these N=84 nuclei the multi-valenceparticle configurations
TCh£,2vf^2 and 7th°1,2vf7,2h9/2 are strongly populated in the yrast cascades, and we
have observed them up to their maximum aligned spins of 43/2" in Ho (at 4.8 MeV),
24+ in Er (7.5 MeV), 51/2" in Tm (6.9 MeV), and only up to 24+ in Yb, 0.5 MeV below
the fully aligned 26+ state expected at 9.1 MeV. The TCh"j,2vf7,2 configuration forms
smooth sections of the yrast line, while the more irregular yrast line of n:h"1,2vf7,2h9,2
character reflects the strong (vf7/2hg,2)g+ two-body attraction which gives rise to
pronounced yrast line dips.

We have also carried out full shell model calculations of these yrast lines, which are
in excellent agreement with the experimental data. Since we take all dynamic input
values, i.e. the two-body matrix elements and the single particle energies, from expe-
riment, these calculations are parameter-free, where the theory exculsively employs
the symmetry of angular-momentum-coupled multiparticle configurations.

An interesting new result is the systematic identification in the th"j;2vf7,2h9/2 confi-
guration of yrast states formed by specific proton couplings, where the strongly at-
tractive (кЪ.п,2\>Ъ.9,2\+ interaction is selectively activated. As a consequence these

states drop down to the yrast line and occur in energy below the maximum aligned

state of the next lower proton seniotity. These seniority inverted yrast states were

systematically identified in the four N=84 nuclei, including two such states in 1 5 3Tm,

the first N=84 nucleus where a second seniority inverted yrast state can be formed.
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RDDS lifetime measurement for the lowest SD-levels in 194Pb
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flnstitut für Kernphysik, Universität Köln, Köln, Germany

*Dipartimento di Fisica, Universita and INFN Sezione Padova, Italy

I, Laboratori Nationali di Legnaro, Italy

In the A=190 region many superdeformed (SD) bands have been observed in
the last years. In this region the SD bands feed the normal deformed states at
spins of about 10 h. Lifetime measurements employing the DSAM technique give
quite constant Q\ values within the SD bands in this region of nuclei e.g. for 192Hg
Q\ « 20ei2. Due to the relatively low transition energies inside the SD-band the
lifetimes of the lower levels are in the picosecond range and can be measured with
the RDDS method. Recently we could measure the lifetimes of the two lowest levels
of the SD band in 192Hg with a coincidence RDDS experiment ^ using the GASP
spectrometer2^ at Legnaro. These lifetimes helped considerably to obtain a better
understanding of the decay out of the SD-bands. Later they were measured also with
the EUROGAM spectrometer at Daresbury 3K

We want to report on a RDDS experiment for 194Pb employing the GASP spec-
trometer. In total we collected about 3 • 109 events at 5 different target to stopper
distances. We used the 162Dy(36S,4n)194Pb reaction at a beam energy of 168 MeV.
The target consisted of a 0.9 mg/cm? 162Dy layer evaporated onto i 1.4 mg/crn2

thick tantalum foil. The recoils were stopped in a 10 mg/cm? gold foil. The plunger
apparatus used was especially constructed for 77-coincidence measurements and was
adapted to fit into the GASP spectrometer. It was possible to measure the lifetimes
of the three lowest SD levels. The results obtained allow a detailed discussion of
quantities like mixing amplitudes and statistical El transition probabilities which de-
termine the decay out of the SD band.

References:
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SHAPE TRANSITIONS IN PROTON-NEUTRON SYSTEMS

Serdar Kuyucak

Department of Theoretical Physics, Research School of Physical Sciences,
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Studies of shape transitions at low excitation energies have mostly been based
on coexistence of different shell model configurations ' ) . There is another possibil-
ity which results from the competition between two shape variables, and thus has
purely collective origins. An example of such a shape transition, arising from the
competition between the quadrupole and hexadecapole shapes, was recently given
in the sdg boson model 2).

Recent measurements of neutron deformation using pion beams 3) indicate
that there could be sizable differences between the proton and neutron deforma-
tions. There are also indirect evidence from g-factor measurements 4) that the
quadrupole operators for protons and neutrons could be rather different, especially
in transitional nuclei 5) . In this contribution, we investigate, in the framework of the
proton-neutron inteacting boson model (IBM-2), whether such differences could also
drive a shape transition in proton-neutron systems. For this purpose, we employ
the angular momentum projected mean field theory which leads to analytic expres-
sions 6 ) , hence allowing a global study of the parameter space without much effort.
We study the general conditions for shape transitions to occur in proton-neutron
systems and show that the transitional region is the most favorable. For the Os
isotopes, the calculations predict a prolate to oblate shape transition around spin
10. An opposite (oblate to prolate) shape transition is predicted for the Pt isotopes.
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CONSTANTS OF USUAL PAIRING FORCE FOR NUCLEI
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Two ways of finding the constant G
T
 Ст=п,р) of the

usual pairing force as a function of the nucléon numbers
N,Z have been considered. First, we have calculated G T from
empirical pairing energies P T for nuclei with 60<A<240 on
the basis of the well known expression for P T

PT=2S expC-l/GTpT)
where р

т
 is the single-particle level density inside of a

range of 2S centered about the Fermi energy (£p±S). pTCfip)
has been obtained by the Strutinsky method with Saxon-Woods
single-particle spectra. The parameter of averaging S is
taken to be equal to ho>o. Experimentally unknown values of
masses of nuclei far removed from the valley of /3-stability
have been calculated by the Garvey-Kelson method. Results
of the calculations of GT can be represented as

Gr=9TA"
1 + «Ч + Я,"-1st)

where I=CN-Z)/A, I
s t
=CN

s t
-Z

s t
)/A and N

s t
, Z

s t
 are the

nucléon numbers of the most stable nuclei. Parameters
Cgn=26.3 MeV, g=26.9 MeV, a^-0.019 MeV, a=0.024 MeV,
/3n=-0.375 MeV, /3 =0.346 MeV) have been determined by a
least-squares adjustment to empirical pairing energies.

The second way consists of the calculation of G T as
the averages over the matrix elements of the
particle-particle density dependent interaction1). The
values G T calculated in this way give gT, c^ and 0 T closed
to the ones obtained by the first way.
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ANOMALOUS ISOTOPE SHIFTS IN Pb NUCLEI IN RELATIVISTIC
MEAN FIELD THEORY

G.A. Lalazissis1, M.M. Sharma2 and P. Ring1

'Physik Department, Technische Universitàt Munchen, D-85747 Garching, Germany
2 Max Planck Institut fur Astrophysik, D-85740 Garching, Germany

Relativistic mean field (RMF) theory has recently achieved considerable success
in describing the ground-state properties of nuclei at and far away from stability.
It has been received as a viable alternative to the phenomenological density depen-
dent Skyrme forces. In the latter, however, the spin-orbit interaction is added only
phenomenologically. In the RMF theory the saturation and the density dependence
of the nuclear interaction is provided by a balance between large attractive scalar a
meson and large repulsive vector ш meson. The asymetry component is provided by
the isovector p meson. Recently, the important role played by p-meson strength for
the correct description of the asymmetry energy was demonstrated and a new force
(NL-SH) was proposed which reproduces nuclear ground state properties at and away
from stability1* very well.

The anomalous kink in the empirical isotope shifts of the Pb nuclei2* about shell
closure has remained a long-standing problem hitherto. This kink in the experimental
data implies that placement of extra neutrons in a new shell brings about major
changes in the mean field of protons. Attempts to reproduce this kink within the
density-dependent Skyrme forces have been discussed recently. However, all the
known Skyrme forces fail to reproduce the observed kink3*. RMF theory, on the
other hand, has now been able to provide an excellent description4* of the anomalous
kink in isotopic shifts about 2 0 8 P b . It has been shown that the kink originates from
the collective contribution of many single-particle orbitals to the proton rms radius.
The contrasting feature of the RMF theory is the density-dependence of the spin-orbit
interaction as compared to the Skyrme theory. The spin-orbit splitting is responsible
for putting various orbitals in space and thus determining the structure of a nucleus.
Thus, a difference in the spin-orbit splitting in the two methods lies partly at the
origin of difference in the isotope shifts of the two approaches.
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Measurement of the Isotope Shift of the 242/Am Fission Isomer*)

H.Backe, R.R.Baum, O.Curtze, D.Habs2, K.Hellmann, M.Hies, H.Kunz, W.Lauth.
P.Schwamb, P.Thörle1, N.Trautmann1

Institut für Physik and 1Institut für Kernchemie der Universität Mainz,
D-55099 Mainz, Germany

2 MPI für Kernphysik, Postfach 103980, D-69029 Heidelberg, Germany

The optical hyperfine spectroscopy of fission isomers has been a challenge since Bemis et
al.1 measured the isomer shift on 240^Am. An ultrasensitive laser spectroscopic method is
required for such experiments because the production rates of fission isomers are very low
(a few per second), and the half-lives are very short (< 14 ms). We have developed such a
method which is based on resonance ionization spectroscopy (RIS) in a buffer gas cell and
radioactive decay detection of the ionization process (RADRIS)2'3.
In this contribution we report on RADRIS measurements at 242^Am fission isomers. The
M2 'Am fission isomers with a half-life of 14 ms have been produced via the 242Pu(d,2n)242' Am
reaction (cr=8 ± 3/tb) at the MP tandem accelerator of the MPI für Kernphysik in Heidel-
berg. The recoil ions are transported into a buffer gas cell filled with 35 mbar argon. About
13 % of the ions neutralize during the slowing down process. The resulting atoms are re-
sonantly ionized using an excimer dye laser combination with a repetition rate of 100 Hz
and transported with a suitable electric field in front of a fission fragment detector. The
first resonant step proceeds through terms which correspond to wavelengths of 468 nm,
499 nm, or 500 nm. The second non resonant step is achieved with the 351 nm radiation of
the excimer laser itself, running with XeF. Fig. 1 shows the frequency scan of the tuneable
dye laser at 500 nm. The resonance ionization signal exhibit a large isotope shift between
242/Am and 243Am of 6»^-™ = (10.14 ± 0.20) cm"1. For the purpose of a precise nor-
malization with respect to the isotope shift 6i/243~241 between the 243i241Am isotopes, we
performed measurements in a reference cell yielding Svloon™1 = (0.248 ± 0.005) cm"1. The
ratio of the isotope shift X50Qnm = a//242'-241/*!/243"241 amounts to A"Soo»m = (41.9 ± 1.0). A
preliminary model analysis based on the deformed Fermi-charge distribution yields Q2o

 =

(33.7 ± 0.2ßxp. ± 4.6mode/) eb.

Fig.l: Resonance ionization signal for the
242/Am fission isomer (a) and for 243Am (b). The
background of the 242^Am fission isomer signal
originates exclusively from a quasi resonant io-
nization with the excimer laser alone through a
level at 28481 cm"1.

1 C.E. Bemis et al., Phys. Rev. Letters 43,,
1854 (1979).
2 W. Lauth et al., Phys. Rev. Lett. 68, 1675
(1992).
3 H. Backe et al., Hyp. Int., 78, 35 (1993).
*) Work supported by the BMFT under con-
tract 06 MZ 188 I
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NEW NUCLIDES NEAR THE DEFORMED SHELLS N=162 AND Z=108

Yu.A.LAZAREV

Joint Institute for Nuclear Research, 141980 Dubna, Russia

Recent experiments [1] performed in the framework of the Dubna-Livermore collaboration have
led us to the discovery of the three new heaviest nuclides, 266106, 265106, and 262104, that were
produced in the 2 4 8Cm+2 2Ne reaction by employing the Dubna gas-filled recoil separator [2].
The identification of the new species was based on establishing genetic links between a decays of
the mother nuclides and subsequent a or spontaneous-fission (SF) decays of their descendants.

Nuclide

266106
2651Q6

262 104

Principal decay mode

a

a

SF

Alpha-particle energy
Me V

8.63±0.05

8.71 to 8.S1

Half-life
s

10-30

2-30
1 0+1-0
*-£-0.5

The ground-state decay properties that we established for the new nuclides (see the Table
and Ref.[l]) indicate a large enhancement in their SF stability and thus confirm the existence
of the predicted deformed shells N=162 and Z=108 [3,4]. Our data clearly show that the SF
stability at Z=106 and N=160 is not reduced by the destabilizing effect of the new fission valley
which was predicted by theory to develop close to the fragment magic numbers N=2x82 and
Z=2x50, to present up to Z=110, and to lead, with a low collective inertia, to very compact
scission shapes and very short SF half-lives in the sub-ms range [5]. The discovery of the
significant nuclear stability near N=162 and Z=108 creates new opportunities for many further
explorations at the edge of the nuclear domain.

During February, March, and April of 1994 we are performing further experiments to explore
properties of unusually stable nuclei near N=162 and Z=108. In this series of experiments,
targets of 238U are bombarded with high-intensity beams of 34S accelerated by the Dubna U400
cyclotron. The aim of these long-term bombardments is to produce 267108 and 268108. The
experiments will be finished by April 30 with an expected total beam dose of about 2xl019

particles 34S. Findings of these experiments will be presented.
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PRODUCTION OF NUCLEI CLOSE TO lW>Sn IN
THE FRAGMENTATION OF U 2 s n AT 58 MeV/nucleon

M.Lewitowicz0. R.Anne", G.Auger*, D.Bazin0, C.Borceaè, V.BorreF, A.Fomichov^,
R.Grzywacz«, D.Guillemaud-Muellerc, M.Huyse/", ZJanas£*>, H.Kellerc, S.Lukyanov^,
A.C.Muellerc, Yu.Penionzhkevichd, M.Pfiitznere, T.Pluym/", F.Pougheonc,
K.Rykaczewskie, M.G.Saint-Laurent0, K.Schmidt«, O.Sorlinc, J.Szeryp</*\
O.Tarasov**, LWauters/1, J.Zylicz«

aGANIL BP 5027, 14021 Caen, France; *IAP Bucharest; CIPN Orsay; dFLNR, JINR
Dubna; eWarsaw University, Warsaw;/KU Leuven; #GSI Darmstadt

Studies of doubly-closed-shell and neighboring nuclei are obviously important
for testing and further development of nuclear models . Such studies on nuclei far from
stability1) have additionally an astrophysical context. Reliable predictions of nuclear
structure and disintegration rates, especially for the Gamow-Teller (GT) beta decay, are
crucial for understanding the nucleosynthesis scenarios under stellar conditions.

These remarks may be considered as a general motivation for our interest in the
10^Sn region. We proposed studies of the nuclei near 1()0Sn using the fragmentation
reactions and LISE3 projectile fragment separator at the GANIL facility. It was expected
that, relative to earlier experiments, production yields of the most neutron deficient
nuclides will be increased, and the limit for detectable half-lives will be essentially
improved. These two improvements offer an opportunity to reach 100Sn. The expected
increase of the production yields is mainly due to the use of! 12Sn as a projectile.

In the experiment performed recently at GANIL we used 112Sn beam at 58
MeV/nucleon impinging on a natNi target. The mean intensity of the primary beam was
about 130enA. Fragmentation reactions analyzed by means of the projectile fragment
separator LISE32) were exploited to enable the nuclei in the closest neighborhood of
1 0 0 Sn to be identified by means of the time-of-flight and AE-E measurements.
Preliminary results of the data analysis confirm the first identification of 102Sn and the
recent observation of 101Sn3) and 105Sb4). These results and further technical
improvements open new possibilities in the study of nuclei close to ^ S n .
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Interplay between rotation and vibrations in
shape transition and coexistence phenomena

M. Girod, J.P. Delaroche, J.F. Berger
Commissariat à l'Energie Atomique,

Service de Physique et Techniques Nucléaires,
Boite Postale 12, 91680 Bruyères-le-Châtel, France

J. Libert
Institut National de Physique Nucléaire et de Physique des Particules,

Centre National de la Recherche Scientifique,

Université de Bordeaux I,
Centre Etudes Nucléaires de Bordeaux Gradignan

B.P.120 Le Haut Vigneau 33175 Gradignan Cedex, France

It is generally accepted that rotational states and bands may exist depending

upon the existence of secondary minima in the collective potential energy surface

at various deformations. Such a picture is often adopted for nuclei showing shape

coexistence phenomena.

In this work we discuss the coexistence and shape transition phenomena as fol-

lows. First, we address the question of the influence that have vibrational modes

on the formation or demize of rotational bands and, second, we investigate the pos-

sibility that secondary potential minima take place under the influence of rotation.

These studies are performed using Gogny force within i) the Generator Coordinate

Method (GCM) treated in the Gaussian Overlap Approximation and, ii) the crank-

ing Hartree-Fock-Bogoliubov formalism. Illustrations are given at low and moderate

spins for 152Dy, nucleus for which it is shown that i) the yrast superdeformed band

does not exist at angular momentum I<18, and ii) a prolate band appears at inter-

mediate deformation for I>10 giving rise to shape backbending in its yrast, normally

deformed collective band.

Examples of strong rotation-vibration interplay are also presented for other

medium mass nuclei.
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STUDIES OF OCTUPOLE DEFORMATION IN 227Ra;
LIFETIME MEASUREMENT OF THE 90-KEV 3/2[76l] LEVEL.
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' Dept. of Physics, Dartmouth College, Hanover, NH 03755, USA
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Previous experiments have demonstrated clear evidence for stable octupole
deformation in several Ra and Fr nuclei. It is of particular importance to study
the transitional region and to demonstrate experimentally the sudden disappear-
ance of the octupole deformation in the presence of a well developed quadrupole
field. We have studied the ß~ decays of 227Rn->227Fr and of 227Fr->227Ra at PSB
ISOLDE/CERN. We report results on the transitional 227Ra.

Two-fold 7-coincidence events were accumulated in the TARDIS array, which
consists of 12 Compton-suppressed Ge detectors and a LEPS detector: this is
the first time such an array has been used at ISOLDE. The main features of the
previous coincidence results in 227Fr decay * ) are confirmed. Two-dimensional peak
fitting has been carried out on the coincidence matrix, allowing many additional
weak cascades to be identified even from the rather weak source of «103 atoms/s.

The lifetime of the 90-keV 3/2(761] level has been measured using the fast
timing ßi"f{t) method 2) . It represents the first use of this complex technique
at ISOLDE and requires specialized procedures to combine ISOLDE results with
prompt calibrations of timing detectors at the OSIRIS separator at Studsvik. The
measured T1 / 2 of 262 ± 50 ps indicated a slow B(El) rate of 5.7(12)xlO"4 W.u.
for the 3/2(761] to 3/2(631] transition between parity doublet bands. The deduced
dipole moment of Do=0.098(ll) e/m is consistent with the transitional character
of 227Ra, although its value is higher than expected 3 ) . This could be attributed
to the influence of octupole vibrations.

1) M.J.G. Borge et al., Nucl.Phys. A464 (1987) 189
2) H. Mach et al., Nucl. Instr. Meth. A280 (1989) 49
3) P.A. Butler and W. Nazarewicz, Nucl. Phys. A533 (1991) 249
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Theoretical calculation of B(E3) transition probabilities in
the Lead region.

J.L. Egido, V. Martin. L.M. Robledo and Y. Sun. Departamento de Fi'sica
Teorica C-XI, Universidad Autônoma de Madrid, E-28049 Madrid, Spain

Recent measurements of the B(E3) transition probabilities in several Mercury
isotopes [1] have opened a new problem in nuclear structure. The B(E3) transition
probabilities of the ™-™Pb, l9S~wHg and ™-™*Pt nuclei are roughly constant
within each isotope chain changing rather abruptly from chain to chain - 35 W.u for
Pb, 22 W.u. for Hg and 8 W.u. for Pt.

There have been several attempts to explain this behavior using the IBM model
[2] without success. On the other hand we calculated the B(E3) transition proba-
bilities using the collective hamiltonian method for the octupole degree of freedom
with collective parameters extracted from a mean field calculation using the Gogny
force. The B(E3) obtained were roughly constant for all the nuclei considered with
a mean value of around 7 W.u. The strong disagreement was associated with the
use of the rotational formula to relate intrinsic octupole deformations with B(E3)
values. The rotational formula is based on the assumption that the intrinsic state
is well deformed and this is not precisely the case in the nuclei considered here be-
cause we are too close to the double shell closure in Z=82 and N=126. To overcome
this deficiency we carried out calculations in which the intrinsic wave functions for
each parity were projected onto the proper angular momentum in order to compute
transition probabilities. This procedure was applied to the nuclei 14~160 and 14C'
with great success [3].

In this paper we report on the results we have obtained by using the angular
momentum projected transition probabilities in the Pb, Hg and Pt isotopes men-
tioned before. In our calculations we are able to reproduce satisfactory the jump in
B(E3) in going from the Pt chain to the Hg one. However, some problems with the
values obtained for the Pb chain still remain but they are probably associated to
the proton shell closure.
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DYNASP : A NEW METHOD TO MEASURE ELECTROMAGNETIC MOMENTS

OF UNSTABLE NUCLEI BY POLARIZING AFTER IMPLANTATION

INTO A SEMICONDUCTOR InP

S.Nakamura, I.Ogawa, T.Takimoto, K-Okano1), and S.Matsuki

Nuclear Science Division, Institute for Chemical Research, Kyoto University, Uji, Kyoto, Japan

1) Research Reactor Institute, Kyoto University, Kumatori, Osaka, Japan

Determination of electromagnetic moments of the low-lying states in unstable nuclei is a crucial

issue for the study of the nuclear structure of unstable nuclei far from the stability line. Various

techniques to polarize unstable nuclei for measuring electromagnetic moments have been proposed

and used before1'2), yet no universal and versatile method to polarize short-lived nuclei with

appreciable degree of polarization (say, larger than 10 %) has been developed.

We propose here to utilize a dynamic nuclear self-polarization phenomenon (DYNASP) for getting

appreciable nuclear polarization of implanted unstable nuclei in InP semiconductors: in compound

semiconductors Шее GaAs, InSb and InP, the magnetic field produced by polarized lattice nuclei is so

profound that the electrons in conduction band and also in donor sites are appreciably polarized by

this internal field and the polarized electrons can affect in turn strongly the lattice nuclei, resulting thus

a kind of positive feedback in polarizations between the lattice nuclei and the conduction (and also

donor ) electrons. When the conduction electrons are depolarized artificially by exciting electrons

from the valence band to the conduction band (Overhauser effect), for example, the electron

polarization they have in thermal equilibrium is transferred to the lattice nuclei via the contact

hyperfine interactions, so that by cooling the crystal down to some critical temperature (Tc), all the

lattice nuclei (at least the nuclei near the donor sites) are fully polarized via a first or second order

phase transition. This phenomenon, originally proposed by Dyakonov and Perel3) already some 20

years ago, has never been observed before, but recently we have confirmed the onset of this

DYNASP phenomenon in InP by cooling the bulk material down to about 2K while irradiating the

crystal with linearly polarized laser light. Appreciable nuclear polarizations of both the lattice 1 1 5 I n

nuclei (about 25 % with pulsed NMR technique) and unstable 1 1 4 I n (about 7 % with beta-ray

asymmetry measurements ) produced by neutron irradiations were found to be produced by the

DYNASP effect at about 2K, thus indicating profound applicability of the method for the

measurement of electromagnetic moments of short-lived unstable nuclei: the unstable nuclei are

polarized shortly after implanted into a polarized InP crystal due to the spin-spin interactions between

the polarized lattice nuclei and the implanted nuclei. Implications of the obtained results on DYNASP

and possible ways to apply the method for the study of unstable nuclei are presented and discussed.
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THE DELAYED PROTON EMISSION
IN THE A = 65 - 77 MASS REGION

STATISTICAL ASPECTS AND STRUCTURE EFFECTS
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Centre de Recherches Nucléaires IIN2P3 et Université Louis Pasteur,
67037 Strasbourg, France
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M. J. G. Borge, Institute de Estructura de la Materia, E 28006 Madrid, Spain

В. Jonson, Chalmers University of Technology, Gôteborg, Sweden

and the ISOLDE Collaboration.

The process of P+-EC delayed proton emission, that becomes part of the
radioactive decay mode when going far off stability, offers an unparalleled access to the
low spin states characterization in proton rich nuclei, in the 3 - 1 0 MeV excitation
energy range. Particularly it allows the level density and the proton widths to be
estimated in the N = Z region close to the proton drip-line.

In the nuclei under study 1-3), well resolved proton spectroscopy has been
explored, and proton- X coincidence measurements have been performed. The aim of
these investigations is to obtain information on level density, to determine the statistical
behaviour of this decay mode, and to search for the well deformed low spin states
predicted in the QEC - Sp window4). To this purpose, experimental data are compared
to calculations carried out in order to establish the influence of the different parameters
involved in the delayed particle emission. These calculations include the beta strength
function and the analytical expressions for gamma and proton width They take into
account fluctuation phenomena on the level spacing and on the beta and particle
transition matrix elements.This type of analysis, when developped for several nuclei
presenting similar features in their decay, requires a consistent adjustement of the
physical quantities involved in the process ie density parameter, pairing energy and
penetrability.

A survey of the experimental data obtained from the decay of ^ G e , 69$e, 73кг
and 77sr T z=l/2 precursors is presented and discussed in the light of the computed
results.
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NUCLEAR PHYSICS AT BUDAPEST NEUTRON CENTRE

G. Molnâr. T. Belgya, I. Dioszegi, F. Fazekas, Zs. Révay and A. Veres
Institute of Isotopes of the Hungarian Academy of Sciences
Budapest H-1525, Hungary

After major reconstruction and upgrading the 10 MW nuclear research
reactor at KFKI Budapest was opened to users on 15 November 1993. Based
on the research reactor, the new Budapest Neutron Centre (BNC) is intended
to become a national and international centre for neutron-based research in
the fields of physics, chemistry, biology and engineering. Thermal neutron
fluxes averaging over 1014 n cm'V1 in the core and 2xl09 n cm'V1 at the
exterior of radial beam ports, as well as the neutron guide system and
planned cold neutron source will provide unique possibilities also for nuclear
physics and applications.

The nuclear physics research program will focus on neutron capture
physics, with special emphasis on measurements of nuclear level lifetimes
using novel fast ynyy(t) coincidence and Doppler-shift timing techniques. The
(n,y) station and the Compton-suppression/pair spectrometer will alternatively
be used for neutron-capture prompt-gamma activation analysis (PGAA). Joint
development of an ultra-fast rabbit tube system for activation analysis on
very short-lived nuclides is also envisaged.

For nuclear astrophysics, s-process capture cross section measurements
are planned using a filtered beam, to be constructed at one of the radial beam
ports. A fundamental physics programme, such as tests of fundamental
symmetries with polarized neutrons, as well as activities in nuclear solid
state physics are also envisaged as soon as a polarized neutron guide becomes
available.
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STATES I N 7 6 - 7 8 K r

M.G.J. Borge, Л. Giannatiempo, A. Nannini. A. Perego, P. Sona, O.Tengblad
Istituto Nazionale di Fisica Nucleare, Largo E. Fermi 2, 50125, Firenze, Italy.

The interpretation of the nature of low-lying 0 + states in even-even nuclei in
the A ~ 80 region is still a matter of debate 1 ) . The investigations carried out
in the framework of the IBM model on krypton isotopes offer a clear example of
different theoretical interpretations of such states. On one hand the Oj states
have been considered as "intruder" states, i.e. as lying outside the IBM-2 model
space2 \ on the other hand their properties have been reasonably reproduced in
the frame of the IBM-1 model 3 ) .

In a recent paper 4 ' , based on our experimental study of the EO and El decay
of the Oj state in 8 0 Kr, we performed a new analysis of the low-lying levels in
7 8 ' 8 0 ' 8 2 K r by applying the IBM-2 model. Quite satisfactory agreement was found
between theory and experiment, also for the Oj states in 8 0* 8 2Kr, the only ones
experimentally investigated in detail at that time.

In the present work we extend to 7 6 - 7 8 Kr isotopes the study of the 0̂ " decay.
For the investigation of the electric monopole transitions low-lying levels were
populated via the /3+ decay of 7 6 > 7 8 Rb isotopes collected at the ISOLDE separator
(CERN). The conversion electrons were analysed by means of a compact magnetic
spectrometer coupled to a 5cm 2 x 6mm silicon detector cooled down to liquid
nitrogen temperature.

From the experimental value of the ratio 1к(0% —» 0*)/1к(02 —» 2 "̂) of the
K-conversion electron intensities we deduced the ratio X of the corresponding EO
to E2 reduced transition probability in 7 6 i 7 8 K r .

The lifetime т of the Oj state in 7 8 K r has been determined by means of
the Doppler shift attenuation method in gases. The measurements have been
performed at Laboratori Nazionali di Legnaro (Padova), exciting the Oj level via
inelastic scattering of 6 MeV protons on an 90% enriched gas sample of 7 8 Kr.

From the values of X and т we deduced the electric monopole strength
р2(0з" —» 0+) = 0.047 ± 0.013 which is in good agreement with the prediction
of the IBM-2 calculations. It is to be stressed that the value of />2(0j —» Oj~)
increases by about a factor 6 in going from 8 2 K r to 7 8 Kr.

1 } J.H. Hamilton: Nucl. Phys. A520, 377C (1990)
2 ) U. Каир, A. Gelberg: Z. Phys. A293, 311 (1979).
3 ) K.I. Erokhina et al.: Izv. Akad. Nauk. SSSR. Ser. Fiz 48. 328 (1984).
4 ) A. Giannatiempo et al.: Phys. Rev. С 47. 521 (1993)
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GENERALIZED VIBRATING POTENTIAL MODEL FOR
COLLECTIVE EXCITATIONS IN DEFORMED NUCLEI

V.O.Nesterenko
Laboratory of Theoretical Physics, Joint Institute fcr Nuclear Research

141980 Dubna, Moscow region, Russia

The vibrating potential model (VPM) 1-3) has recently been generalized ^ for
description of E\ collective excitations in atomic nuclei with practically any kind of
deformation. The model is convenient for the qualitative analysis and provides the
RPA accuracy of numerical calculations (the dispersion equation of the model is of the
same form as in the case of the RPA with schematic separable forces). The expressions
for the residual interaction and the strength constant are derived in a self-consistent
way. Any single-particle potentials and ground state densities, for which the coefficients
of the multipole expansion are known, can be used within thir> iTodel. As a result, the
model has much wider field of application as compared to the "stretcned" coordinate
method (see, for example 5^) and many others which are effective for systems with
quadrupole deformation only.

The numerical calculations to check the generalized VPM ^ for the case of ax-
ial quadnipole and hexadecapole deformations are presented. The RPA equations for
collective excitations in nuclei with quadrupole and octupole deformations are consid-
ered as a particular case of the model. The estimations for the splitting of EX giant
resonances in these nuclei are proposed.

The new versions of the VPM for collective excitations of magnetic (orbital) type
are discussed.
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THE STATIC QUADRUPOLE MOMENT OF HIGH-SPIN
ISOMERS IN 211RN AND 214FR MEASURED WITH LEMS.

G. Neyens, R. Nouwen, /. Van Ashroeck, G. S'Heeren, M. Van Den Bergh and
R. Coussement

K.U. Leuven, Instituât voor Kern- en Stralingsfysica, Celestijnenlaan 200D,
B-3001 Heverlee, BELGIUM

The Level Mixing Spectroscopy (LEMS) method ' ^ is an in-beam, time
integrated perturbed angular distribution technique. A nuclear reaction, for example
(HI,xn), is used to produce isomers in an oriented way. Perturbation of the initial
orientation is due to a combined electric quadrupole and magnetic dipole interaction.
From a LEMS-curve (anisotropy as a function of the external magnetic field strenght)
the ratio of the nuclear quadrupole interaction frequency to the g-factor can be extracted.
Other parameters involved are the initial orientation (alignment in our case), the radiation
parameter characterising the investigated 7-transition and the relative efficiency of the
Ge-detectors.

In a recent paper by Byrne et al * the level scheme of Fr has been extended
up to very high spin states Isomers with spins up to 33h have been discovered. We
have been able to extract the quadrupole moment of one of these high spin isomers from
a former LEMS - measurement that had been optimised to measure the quadrupole
moment of high-spin isomers in 2 b F r 4 ) In a heavy-ion reaction on a thick Tl target
both Fr and Fr are produced Analysis of the Fr ^-transitions is still in
progress, but we have already a strong indication that we will be able to extract the
quadrupole moment of the 33^ isomer.

Another series of experiments has been performed to determine the quadrupole
moment of high-spin isomers in neutron-deficient Rn isotopes. The Rn nuclei are
produced in a Tl( B,xn) reaction at the CYCLONE cyclotron at Louvain-la-Neuve. As
in the Fr(Tl)-expdriments 4 ) a defect quadrupole interaction frequency is found in the
data. This defect frequency indicates that not all Rn-nuclei are produced on a
substitutional lattice position A LEMS-measurement on a Tl single crystal with its c-
axis parallel to the initial orientation axis shows the effect of the defect-associated nuclei.
By using the known quadrupole moment 5) of the 17+ isomer in 210Rn, the defect field
gradient as well as the substitutional electric field gradient of Rn in Tl can be determined.
With this result, the quadrupole moment of the 49/2" isomer 6 ) h] 2 l l Rn can be derived
from the data Analysis is also still in progress

[1] F Hardeman et al., Phys Rev C43 (1991) 130
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EXTENTION OF THE LEVEL MIXING RESONANCE METHOD
TO STUDY ^-DECAYING LIGHT EXOTIC NUCLEI.

(j. Neyens, R. Nouwen, I. Van Asbroeck and R. Coassement
К. U. Leuven, Instituât voor Kern- en Stralingsfysica, Celestijnenlaan 200D,

3001 Heverlee, BELGIUM

The Level Mixing Resonance (LMR) method is proposed as a tool to study some
features such as the initial alignment and the static quadrupole moment of light exotic
nuclei produced in a projectile fragmentation reaction Especially the quadrupole
moment of neutron rich nuclei is of particular interest because it gives direct information
on the deformation of these "neutron-halo" nuclei.

The LMR (and the LEMS) method have both proven to be very useful methods
to determine the quadrupole moment of long lived isomeric statesH'2] Until now, the
methods have been applied in the study of gamma-decaying isomeric states produced in a
fusion-evaporation reaction at low beam energies (5 MeV/amu). In this type of nuclear
reaction the produced isomers are aligned with the beam axis as a symmetry axis. The
initial alignment of the nuclear spin system is perturbed by a combined magnetic dipole
and electric quadrupole interaction which is reflected in the angular distribution of the
gamma rays. The time integrated angular distribution displays a resonant change of the
alignment as a function of the magnetic field strength B. The position of the resonance
(as a function of B) gives information on the quadrupole interaction strength while the
amplitude of the resonance gives information on the initiai alignment of the reaction.

For the study of /3 -decaying neutron-rich nuclei, /3 -radiation instead of 7-
radiation is detected. Therefore, the angular distribution reflects the transfer of initial
alignment to polarization as the magnetic field goes trough a resonance. Simulations
about this transfer of alignment to polarization have been made and effects as large as
5% for even small initial alignments are expected^].

However, not much is known about the initial alignment of the reaction products
in a high-energy projectile fragmentation reaction^]. A way to study this initial
alignment is by the application of the LMR-method to a well-known nuclear system. The
amplitude of the level mixing resonance is determined by the initial alignment, the /3-
radiation parameter A] and the angle between the static interaction axes. If the
secondary fragments of a fragmentation reaction show an appreciable amount of initial
orientation the LMR method can be applied to extract the quadrupole interaction
frequency and hence the quadrupole moment of a nuclear state.

[1] G. Scheveneels, F. Hardeman, G Neyens, R. Coussement, Hyp. Int. 52 (1989) 179
[2] F. Hardeman, G. Scheveneels, G Neyens, R. Nouwen, R. Coussement, Hyp. Int. 59

(1990)13-30
[3] G. Neyens, R. Nouwen, R Coussement, accepted for publication in NTM
[4] K. Asahi et al., Phys. Rev С 43 ( 1991 ) 456
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EMPIRICAL PARAMETERS OF THE RESIDUAL P-N INTERACTION
IN ODD-ODD DEFORMED NUCLEI

D. NOSEK. J. KVASIL, R.K. SHELINE
Department of Nuclear Physics, Charles University,

V Holesovickâch 2, Prague 8, Czech Republic
and

Departments of Chemistry and Physics, Florida State University
Tallahassee, Florida 32306, U.S.A.

The residual p-n interaction between the valence proton and neutron in doubly
odd deformed nuclei is examined in the framework of the unified model.1' Extensive
experimental information about the Gallagher-Moszkowski (GM) splitting energies
and the New by (N) shifts in the rare-earth and actinide regions is used to deduced
empirical parameters of the residual p-n interaction.

Experimental information about doubly odd nuclei is critically analyzed and em-
pirical values of 164 GM splitting energies and 48 N shifts are extracted. Empirical
parameters of the residual p-n interaction are deduced for two radial potentials, the
contact (6) and Gaussian-like potentials, in the framework of the two-particle-rotor
model. For the first time, attention is given to significances of individual parame-
ters. It turns out that both GM splitting energies and N shifts are well described by
two empirical parameters. As expected, the GM splitting energies are well described
by spin-spin (5p5n) and space-exchange-tensor forces (РмЗгг). The space-exchange
(PM) and spin-spin-space-exchange (0р(гпРм) forces are well determined by our ex-
perimental set of the N shifts. Also intrinsic spin polarization effects2' are found
to be significant for both GM splitting energies and N shifts. Deduced parameters
are compared to those parameters obtained in previous fits.2'3'4' Our results argue
against a commonly accepted opinion2'3' that the tensor forces give the most sig-
nificant contributions to the N shifts. Finally, it is shown that, in some cases, the
GM splitting energies as well as N shifts are strongly dependent on the shape of the
average nuclear field.
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MICROSCOPIC DESCRIPTION OF OCTUPOLE DEGREES OF FREEDOM
IN ODD-ODD DEFORMED NUCLEI
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Department oj Nuclear Physics, Charles University,
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and

Departments of Chemistry and Physics, Florida State University
Tallahassee, Florida 32306, U.S.A.

The microscopic approach for the description of low-lying intrinsic states in de-
formed odd-odd nuclei is formulated as a generalization of the Quasiparticle-Phonon
Model.1'2*3' The model treats vibrational quadrupole and octupole degrees of free-
dom of deformed doubly even core, their coupling to quasiparticle degrees of freedom
and the p-n interaction between the valence proton and neutron on the same micro-
scopical footing.

In this approach both the quadrupole and the octupole degrees of freedom are
treated as dynamical variables. The quadrupole and/or octupole correlations be-
tween intrinsic states, if they exist, are interpreted as dynamical deformations. We
focus our attention on revealing the microscopic composition of, and particularly the
contribution of octupole correlations in, the intrinsic states for the nucleus.2'3' Our
treatments aims at the validity of its description as an octupole deformed structure
by seeking connections between intrinsic states, and also in evaluating the E3 tran-
sition strengths the same К states with opposite parities, to justify their pairing as
parity doublets.

Microscopic structures of the low-lying non-rotational (intrinsic) states in the
doubly odd езЕи isotopes with A=152-156 are investigated.2'3' Parity doublets sug-
gested in earlier phenomological studies4'5' as signatures of octupole deformed shapes
are examined to conclude that, contrary to some recent suggestions,5' the low-energy
1 5 6 Eu spectrum does not contain parity doublets characteristic of reflection asym-
metric shapes, in contrast with the structures seen in 1 5 2 Eu and 1 5 4 Eu.
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ISOMERIC TARGETS AND BEAMS

Yu.Ts.Oganessian, S.A.Karamian, FLNR JINR, 141980 Dubna, Russia

One of the main topics of modern nuclear physics is the investigation of exotic nuclei
including hyper-nuclei, transfermium elements, proton and neutron rich isotopes near
drip lines as well as high-spin excited states and states with anomalous deformation.
The isomerism of nuclei is closely related with such phenomena as the alignment of
single-particle orbitals, the coexistence of various deformations and the manifestation of
intruder-levels from neighboring shells. The investigation of electromagnetic and nuclear
interactions of isomers could give important information on their shell structure and its
role in the mechanism of nuclear reactions. For such experiments with sufficiently long-
lived isomers (Tj/з >10 days) one can either make isomeric targets or use the method of
direct acceleration of isomeric nuclei.

During the last few years there was developed at the FLNR JINR a highly efficient
method of producing the isomer 1 7 8Hf"2 (T 1 / 2 =31 year) on the beam of the U-200 cy-
clotron in the reaction 176Yb(4He,2n). To date there have been produced over 1.5xl015

nuclei of the isomer and have been developed precision methods of chemical extraction,
purification, mass separation and implantation of hafnium. An international collabora-
tion was established with the aim of investigating the structure and interactions of this
exotic nuclear state of an aligned four:quasi particle configuration with quantum num-
bers I, K'=16,16+. By using our isomeric targets there have been observed the reactions
(n,7). (P,p')> (<М'), (p,t) and the Coulomb excitation on the isomer ^ H f 2 . The direct
acceleration of 1 7 8Hf"2 nuclei has not been performed, since it would have required to
spend practically the whole stock of accumulated material during a 24 hour run of ac-
celeration. This problem can be solved by using an up-dated ECR ion source with low
consumption of the working material. The specific difficulty of work with isomers is the
presence of both ground state and isomeric nuclei in the isomeric material.

The production of secondary beams of isomeric nuclei (including short-lived ones) will
allow to approach the solution of the problem of separating the isomer from the ground
state. Modern accelerator facilities such as the SIS-FRS-ESR complex built in Darmstadt
and the K4-K10 heavy ion storage facility being designed presently at the FLNR JINR
make it possible to produce the radioactive nuclide, separate and accumulate it in the
storage ring. After cooling the beam to a higher momentum resolution it is possible to
separate a pure isomeric beam by using the difference in the masses of the isomer and the
ground state. The table presents some examples of isomers and gives the mass difference
ДМ=М;-Ма to M9. It is evident that for certain nuclei the ДМ/МЯ value exceeds 2x 10~5

and thus they are most promising for separation in the storage ring. Besides, isomers
with a high ДМ being structurally exotic nuclei are of the greatest interest.

Isomer

Tl/2

Г
ДМ/М в ,
1ГГ5

2 4 N a m

0.02s
1+

2.1

38C,m

0.72s

5-
1.9

" 2 S c m

62s
7 +

1.6

90Z rm

0.81s

5~

2.8

9 3 M o m

6.9h

21/2+

2.8

1 7 7 Hf m 2

0.85h
37/2-

1.7

178iirm2

31y
16+

1.5

212p0m

45s

18+
1.5

The studies with Hf71 target completed, some new proposals of future experiments
and possibilities to produce isomeric beams are described in this talk.
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ROTATIONAL MOTION
IN SPHERICAL SHELL MODEL CONFIGURATIONS

E. CAURIER, A. ZUKER, Groupe de Physique Théorique, CRN, Strasbourg (France).
A..POVES and J. RETAMOSA, Departamento de Fisica Teorica, UAM. Madrid (Spain).

We discuss a class of shell model configurations that give rise to rotational spectra using
realistic interactions. They are made up of spherical shell model orbits, belonging to the
same major oscillator shell, and following a Aj = 2 sequence based upon the largest
j orbit, for instance 1*79/2.2</5/2,3sj/2. The Aj = 2 scheme favours prolate shapes via
the quadrupole interaction which is a very important component of any realistic effective
interaction. Using the interaction of Lee Kahanna and Scott with single particle energies
t(j) = -~j (in MeV), we obtain very convincing rotors. We present here some results for
the (l<79/2.2</5/2,3si/2)8 T=0 configuration. These states may be important to understand
(lie deformation region around 80Zr and may also describe superdeformed excited bands
in *8Cr. In the table below, we list the ratios of the excitation energies of the Yrast states
to the 2+ excitation energy and the ratios of the intrinsic quadrupole moments to that of
the 2+ and compare them to the rigid rotor predictions.

J
4
6
8
10
12

(lflg/2.24 /2,3.s1/2)8

E(2+) Qo(2+)
3.32 1
7.13 1
12.66 0.995
20.56 0.984
30.57 0.947

Rigid Rotor
Ж < ? о ( - / )

, . Qo(2+)

3.33 1
7 1
12 1

18.33 1
26 1

The agreement is extremely good. Notice especially the neat signature of an intrinsic
structure given by the almost constant value of the intrinsic quadrupole moment. What
happens at higher spins in shown in the figures below. In the left side we have represented
the gamma energies of the Yrast cascade versus the spin of the initial state. Backbending
is evident for J > 14. In the right side we represent the intrinsic quadrupole moment as
a function of J. In coincidence with the region of backbending we can see how the large,
constant, prolate quadrupole moment changes to another constant but smaller prolate
value. Looking to the wave functions -in the laboratory frame- we conclude that the
.second region corresponds to the mixing of prolate and oblate shapes. This behaviour is
common to all the Aj = 2 blocks that we have studied.
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Prolate Collectivity in 187T1 and 189T1.
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Light mercury nuclei exhibit a variety of shapes, ranging from a slightly oblate
ground state (|£2| » 0.14) to a prolate intruder band of rotational states with rather
strong deformation (|e2| « 0.22), and even to a superdeformed prolate structure (|e2|
« 0.45) 1 '. Understanding this variety of shapes in nuclei with an almost closed
proton shell (Z = 80 for Hg) has been a challenge for some years. Recently, co-
existing prolate bands have even been found at Z = 82, in e.g. 186Pb and 188Pb 2'3'.
The purpose of our recent experiments has been to explore the microscopic structure
of this low-lying prolate minimum ( e.g. E(Q%) = 523 keV in 186Hg J> and E(Q%) к 720
keV in 1 8 8 Pb 2 i3)) by searching for the occurrence of prolate /i9/2 and t'i3/2 rotational
bands in an odd-Z neighbor, 1 8 7T1, an isotone of both 186Hg and 1 8 8 Pb, and in the
heavier isotope, 1 8 9T1.

Both the /гэ/2 and iï3/2 proton orbitals are strongly downsloping in energy with
increasing deformation. Thus, they are expected to play a major role in the formation
of the excited prolate minimum in light Hg and Pb nuclei. In fact, based on the
observation of a prolate тгг'13/2 band in 1 8 9T1, and the apparent lack of feeding of a
prolate 7r/i9/2 structure, Porquet et al. 4 ' argued that the prolate Hg core could be
largely of (тт/г9/2)

2 character. Our measurement and calculations on 187T1 further
test this "blocking" hypothesis in a case where the prolate minimum is even lower in
energy in the core nuclei, 1 8 6Hg and 1 8 8 Pb. We find that prolate bands based on both
7T/i9/2 and 7rii3/2 orbitals are present in 1 8 7T1, as a result of an experiment performed
at the ATLAS accelerator with the 156Gd(3SCl,4n) reaction.

These new bands are assigned to 7rz'i3/2, К = 1/2 and тг/19/2, К = 3/2 configu-
rations, both associated with similarly deformed prolate shapes of e2 tz 0.23. This
is the first time that a prolate /i9/2 level structure has been found in an odd-Л Tl
nucleus. Bandhead calculations of the Nilsson-Strutinsky type have been performed
supporting these assignments. The lack of evidence for a prolate /i9/2 configuration
in 189T1 is explained, alternatively to réf. 4, by the fact that the deformation of
the expected /z9/2 band is small compared to that for the z'i3/2 structure, so that
the latter will be populated much more strongly at high spins. To test this idea,
we have also performed a recent measurement on 189T1 at GAMMASPHERE, utilizing
the 156Gd(37Cl,4n) reaction. Preliminary results from the analysis of this large data
set (3 x 108 triple coincidences) will provide information on the prolate bands in 189T1.
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NUCLEAR HALOS AND THEIR EXCITATION MODES

K. Riisager, Institute of Physics and Astronomy, Aarhus University, DK-8000
Aarhus C, Denmark.

Nuclear halo states appear when the last one or two added nucléons have a
separation energy so small that they have an appreciable probability of tunneling
out from the nuclear potential. This can happen if there are no confining barriers,
i.e. if the angular momenta (and the charges in case of proton halos) involved are
sufficiently small.

There are several existing reviews of halos, their structure and how they are
probed in experiments l i 2 '3 '4). I shall here not dwell on the structural detailes, but
rather give a brief overview of what the characteristic features are of halos. The main
part of the talk will concentrate on the interpretation of the various experiments
used for probing halo states. An important group of experiments is the nuclear
reactions made at high beam energy. Both nuclear and Coulomb break-up occur,
the latter one being closely related to the electric dipole strength function. Beta
decay experiments can also give valuable information on the halo structure and will
also be treated in some detail.
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QUADRUPOLE-OCTUPOLE COUPLED STATES IN J^Nd AND THE INFLUENCE

OF THE v( 1 i i3/2) ORBITAL.

S. J. Robinson3. H. G. Borner, J. Jolie, P. Schillebeeckx
Institut Laue Langevin, 156X, 38042 Grenoble Cedex 9, France
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The N = 84 isotones have long been a testing ground for the description of
collective vibrations in spherical nuclei. In particular, 144Nd has been studied extensively
because it can be accessed in a number of different reactions. Attempts have been made to
describe the low lying positive parity states in these nuclei in terms of purely collective
models, such as the Interacting Boson Model. However, it has been shown, using particle-
core coupling models 1>2) that the restricted neutron configuration space hinders the
development of multi-phonon quadrupole collectivity and introduces significant (and in
some cases dominant) neutron single-particle components into the wave functions of the
low lying positive parity states.

Much less attention has been paid to the study of states arising from the possible
coupling of the collective quadrupole and octupole phonon excitations, which (in a weak
coupling picture) produces a quintuplet of negative parity states ( Г to 5"). Though Г (2185
keV) and 5' (2093 keV) states have been interpreted as members of this quadrupole-
octupole coupled (QOC) quintuplet 3 '4 > 5) no other members have been identified. However,
the results of a recent a (p,p') study 6> of the 5" state in 1 4 4 N d showed it to have an
enhanced ground-state transition, which was interpreted as evidence for significant single-
particle influence.

In order to further examine these excitations detailed studies of levels in 1 4 4 Nd have
been carried out at the Institut Laue-Langevin (ILL) in Grenoble, France using the neutron
capture reaction. This paper reports on the identification of a 4* level at 2204 keV and
lifetime measurements of the 3j\5^ and 1," states in 1 4 4 Nd. The lifetimes were measured
using the Gamma-Ray Induced Doppler Broadening (GRID) technique 7 ) .

The structure of these states can be explained based on an anharmonic splitting of
the quadrupole-octupole quintuplet 8 ), together with significant neutron single-particle

components of the form v(2f 7/2, Н 1 3 / 2)' in the QOC quintuplet states with J" > 3 . This

picture also explains the absence of 2" and 3~ states in this energy region.
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Study of the properties of shape isomers as a function of
. spin with the Gogny force.

J.L. Egido, and L.M. Robledo. Departamento de Fisica Teôrica C-XI, Universi-
dad Autônoma de Madrid, E-28049 Madrid, Spain

Since the discovery in 1985 of a superdeformed band in l52Dy the interest on
exotic shapes at high spins has increased enormously due to the striking properties
associated with them. The properties observed involve different aspects of nuclear
structure, such as the behavior of the nucleus with increasing angular velocity (re-
sponsible for the evolution of the moment of inertia) and with deformation (the
unexpectedly strong population of superdeformed bands at high spins and the lack
of a link between the superdeformed states and the yrast levels up to very low spins
is strongly related to the energy landscape as a function of deformation and spin)
[1]

There have been many calculations of energy surfaces as a function of deforma-
tion and for different spins focussing on superdeformed states. At high spins all of
them have been carried out using the Strutinsky shell correction method [2] while
for low spins there are also some calculations with realistic forces mainly in the
Mercury region [3].

The purpose of this paper is to analyze the results of the energy surface calcula-
tions we have carried out at low and high spins in the superdeformed nuclei l92Hg,
1S2£)j/ and 8SRu using the cranking mean field approximation with the Gogny force.
A careful analysis allows us to determine the role played by different orbitale in
different deformation regions. The evolution with spin of the energy barrier be-
tween the normal deformed and superdeformed states is also analyzed. Comparison
of our results for the superdeformed barrier height at high spin with the available
experimental data [4] shows a remarkable agreement.

Predictions on the behavior of the superdeformed band in BSRu as a function of
angular momentum ure also made.

^
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QUASI-MOLECULAR STATES IN 48(> AT HIGH SPINS
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Laboratoire de Physique Nucléaire de Nantes, CNRS/IN2P3 et Université de NANTES,

2 rue de la Houssinière, 44072 Nantes, France

The binary and ternary 1-dependent fission of the 48Q- nucleus has been investigated
within the finite-range liquid drop model and compact and creviced shape sequences leading
rapidly to two or three touching spherical fragments. In the two figures the deformation
barriers for the binary and ternary symmetric fission are displayed as a function of the angular
momentum. The dashed and dotted curves correspond to the rupture of the neck between the
nascent spherical fragments. With increasing angular momenta the minimum moves and for
high spins large deformed and stable configurations appear at the foot of the external scission
barrier. Their shapes correspond to two or three spherical fragments still connected by a small
bridge of matter. These quasi-molecular states in ^°Cr might explain the existence of some
structures recently observed 1). Let us recall that such hyperdeformed configurations seem
compatible^) with the first data on hyperdeformed 152j)y nucleus at very high spins.

Such hyperdeformed states have been also predicted^) within the cranked cluster model
of alpha particles for the Збдг and ̂ Ci nuclei.
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Superallowed 0+ —>• 0+ branching ratio in the decay of 1 0C
using the 8тг spectrometer

G. Savard, A. Galindo-Uribarri, J.C. Hardy, E. Hagberg, V.T. Koslowsky and D.C.

Radford
AECL Research, Chalk River Laboratories, Chalk River, Ontario, Canada.

The nucleus is a valuable laboratory to test fundamental physics to high pre-
cision. A particularly successful example is the test of the CVC hypothesis from
precision measurements of a series of superallowed 0+ —» 0+ /3-decay emitters. Such
measurements also provide the most precise value of Vud, the up quark-down quark
matrix element of the Kobayashi-Maskawa matrix, which dominates the unitarity
tests that a three-generation standard model must satisfy. While the experimental
results available are now in very good agreement, they suggest a small systematic
Z-dependent shift whose existence could be best ascertained (or constrained) by a
precision measurement on the lighest of the superallowed 0+ —> 0+ emitters, I OC.
This measurement is particularly difficult since the superallowed branch involves
only 1.5% of the 1 0 C decays. In addition, the superallowed branch feeds a level
which is deexcited by emission of a 1022 keV gamma ray, a signature easily con-
taminated by piling up of annihilation gamma rays. Hence we selected to perform
this measurement using a large gamma-ray detector array ( the Sir spectrometer)
where the total efficiency is obtained from many detectors, each with small solid
angle. The relative contamination of the 1022 keV gamma ray peak by summed
annihilation quanta is therefore much reduced.

In the simple decay scheme of 1 0C a 718 keV gamma ray is emitted in all decays
while a 1022 keV gamma ray is emitted only in the sup«-rallowed decay to the
isobaric analogue state. The branching ratio can therefore be obtained from the
ratio of the number of 1022 keV to 718 keV gamma rays emitted in the decay of
1 0 C. The experiment contains two parts: first a measurement of the relative yield of
the two characteristic gamma rays in the decay of 1 0 C, followed by a measurement
of the relative efficiency of the detector array for these two energies. This second
part is performed by populating the state at 2.154 MeV excitation energy in l°B
by (p,p') reactions, and looking in-beam at 7-7 coincidences. Since a deexcitation
pattern of ihis state is 3 consecutive 7-rays (414,1022 and 718 keV), the ratio of
414-718 coincidences to 414-1022 coincidences is the sought efficiency ratio.

Preliminary results of an experiment performed on the Sir spectrometer using
this novel approach will be presented. The implications of finally adding 1 0 C to the
set of precisely known superallowed 0+ —» 0+ /3-emitters for the CVC test and the
additional constraints it brings to the unitarity test will be discussed.



SEARCH FOR OCTUPOLE DEFORMATION IN NEUTRON RICH
Xe ISOTOPES.

M. Bentaleb », E. Lubkiewicz ' , N. Schulz1. J.L. Durell 2, F. Lidén 2, C.J. Pear-
son 2, W.R. Phillips 2, J. Shannon 2, B J . Varley 2, C.J. Lister 3, I. Ahmad 4,
L.R. Morss 4, K.L. Nash 4 and C.W. Williams 4.
1 CRN Strasbourg, France, 2 University of Manchester, U.K., 3 Yale University,
U.S.A., 4 Argonne National Laboratory, U.S.A.

The knowledge of the properties at high angular momentum in the neutron-
rich nuclei in the Z ~ 58 region is limited since the high-spin states in such nuclei
cannot be produced by the usual in-beam reactions. They are however accessible
through the spontaneous fission of several nuclei and the advent of large and high-
resolution 7-ray multidetector arrays made possible the study of high-spin states in
primary fragments. A special interest in that region arises from the prediction that
octupole correlations may occur in some nuclei and indeed level patterns consistent
with octupole deformation have been observed in the neutron-rich Ba isotopes 1) .
But there is no experimental indication of octupole deformation so far in the even-
even heavy Xe isotopes 2).

The present contribution reports on the study of neutron-rich Xe isotopes.
Of particular interest is the investigation of odd-A isotopes since their asymmetry
energy is predicted to be larger than in the neighbouring even-even cores 3 ) .

Xe isotopes with masses ranging from 136 to 143 were obtained as primary
fragments in the spontaneous fission of 248Cm. The source was placed in the center of
the Eurogam spectrometer which in its phase 1 was located at the Daresbury Nuclear
Structure Laboratory. In the present experiment the Eurogam array, constituted of
43 Compton-suppressed large volume Germanium detectors, was supplemented by
the addition of 4 LEPS detectors.

The analysis of the extremely complex 7-spectra required the employment of
double-, triple- or even quadruple-coincidence techniques. Spin values were inferred
from 7-7 angular correlation data. The new experimental results consist mainly
in yrast structures ( up to J ~ 16 ) and weakly populated yrare bands. For two
odd-mass nuclei, the level schemes follow from the first observation of their excited
states. These results will be compared to the data from heavier isotones and will be
discussed in the framework of nuclear models which assume octupole deformations.
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Anisotropie alpha emission from deformed Pa nuclei.

P. Schuurmans1, J. Camps1, P. De Moor1, K. Freitag2, P. Herzog2, M. Huyse1-
R. Paulsen2, P. Sevenich2, N. Severijns1, W. Vanderpoorten1, P. Van Duppen3,
L. Vanneste1 and B. Will2

^nstituut voor Kern- en Stralingsfysica, K.U. Leuven, Celestijnenlaan 200D, B-3001
Leuven, Belgium.
2Institut fur Strahlen- und Kernphysik, Universität Bonn, Nussallee 14-16, D-53115
Bonn, Germany.
3CERN, PPE division (Isolde), CH-1211 Genève 23, Switzerland.

A study of the angular distributions of alpha particles from the favoured
transitions in the decay of the deformed nuclei 227Pa (t,/2=38.3 m) and 229Pa
(t1/2=1.50 d). is presented. The 227Pa experiment was performed on-line in the KOOL
dilution refrigerator that is coupled to the LISOL separator in Louvain-la-neuve. The
229PaFe source was made at the Bonn isotope separator and subsequently oriented in
the KOOL refrigerator. In these experiments, ion implantation and high-resolution
detection of alpha particles at low temperatures were combined for the first time in an
anisotropy measurement on deformed nuclei. The experimentally found alpha
anisotropies from these Pa nuclei are the largest ever observed in a nuclear orientation
experiment with W(0)/W(90) exceeding a value of 3. The results are discussed in the
framework of different models. One is a microscopic model in which tunnelling
through the deformed Coulomb barrier plays an important role1'. The data are also
compared with calculations from alpha-core models in which the quadrupole
interaction between a structureless alpha particle and the core is diagonalised2-3).
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Alpha anisotropy measurements on on-line separated
At and Rn isotopes.

P. Schuurmans1.1. Berkes4, J. Camps1, M. De Jesus4, P. De Moor1,
P. Herzog2, M. Lindroos3, R. Paulsen2, P. Sevenich2, N. Severijns1, A. Van Geert1,
P. Van Duppen3, L. Vanneste1, B. Will2 and the NICOLE and ISOLDE collaborations
'Instituut voor Kern- en Stralingsfysica, K.U. Leuven, Celestijnenlaan 200D, B-3001
Leuven, Belgium.
2Institut fur Strahlen- und Kernphysik, Universitàt Bonn, Nussallee 14-16, D-53115
Bonn, Germany.
3CERN, PPE division (Isolde), CH-1211 Geneve 23, Switzerland.
4Institut de Physique Nucléaire, Université Lyon I, 43, Boulevard du 11 Novembre,
F-69621 Villeurbanne, France.

We report on a systematic study of the alpha anisotropies from favoured
transitions in the decay of nearly spherical At and Rn isotopes by means of on-line
nuclear orientation. The experiments were performed in the NICOLE refrigerator on-
line to the ISOLDE separator at CERN. The anisotropies from the decay of
205,207,209,211 At and of 205,207,209Rn w e r e observed. For the At isotopes a very
profound increase of the anisotropy with increasing neutron number is found, the
largest value being observed at the N=126 shell closure. This trend follows that
observed earlier in experiments with 199,201,203д̂ ). The results for the whole series of
At isotopes are compared to theoretical calculations in different models2-3'4). The fully
quantum mechanical calculations by Berggren reproduce the observed trend but not
the magnitude of the anisotropies2). However, this model is still being improved. Shell
model calculations including the p-n interaction between the valence neutron holes and
the core protons as well as the pairing interaction were performed to reproduce the
trend of the experimental data. Furthermore, a pure configuration calculation on 2 I 1At
yielded an anisotropy W(0)/W(90) of 2.0 for this nucleus which is within 10% of the
experimental value. In the microscopic model of Delion et al. it is concluded that the
alpha anisotropy is mainly due to the deformation of the decaying nucleus and that a
prolate deformation gives rise to a positive anisotropy. Combined with our
experimental data, this conclusion would imply that the deformation of the At isotopes
increases when going towards the N=126 shell closure which seems rather unlikely.
For the Rn isotopes, the variations of the anisotropies are much less pronounced. The
results are compared with theoretical calculations2-4).
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SYMMETRY BREAKING IN THE SPECTRA OF THE ODD-A Ac NUCLIDES

Raymond K. Sheline, Chemistry and Physics Departments, Florida State University,
Tallahassee, Florida 32306

and

C.F. Liang and P. Paris, Centre de Spectrométrie Nucléaire et de Spectrométrie de
Masse, Bâtiment 104,91405, Campus Orsay, France

The remarkable features of the spectra of the odd-A Ac isotopes from 2 l 5Ac (with 126
neutrons) through 23 IAc (with 142 neutrons) serve as a sequence of examples for the
application of a variety of nuclear models. As the shapes vary in this sequence from spherical
to spherical with strong octupole correlations to octupole deformed, the corresponding
symmetry breaking leads to increasingly complex spectra. The spectrum of 2 l 5Ac can be
described in terms of the shell model configurations 7t(h9/2)"3. Tti^nY^in and 7t(hy/2) îi3/2-
However, even in mis 126 neutron nucleus there is already a strongly enhanced E3
transition^ 1 ) The spectra of 217Ac and 219Ac can be interpreted in terms of the weak
coupling of the 119/2 proton to the 2 l6Ra and 2>KRa cores, respectively. However, the
existence of parity doublet bands (same spins but opposite parities) in 219At and the
interleaving of positive and negative states in 21xRa clearly demonstrate the increasing
importance of octupole deformation. Parity doublet bands are also present in the spectra of
221 Ac. However in both 2 l9Ac and 221 Ac the positive parity members of the parity doublets
appear to cut off before reaching the low spin values expected from the negative parity
bands.(2) In 223Ac, 225Ac and 227Ac the experimental spectra clearly show the existence of
parity doublet bands built on the parity mixed configurations 5I2±(0.0;-0.2) and
3/2±(0.0;-0.3).(3) The fact that the ordering of these two configurations changes for 223Ac
results from decreasing quadrupole deformation. Other spectroscopic properties also confirm
octupole deformation in these three isotopes. In 229Ac and 231Ac the only detailed but
limited spectroscopic information comes from the (t, a ) reaction on 23()Th and 232Th.(4)
While it is consistent with the presence of parity doublets, much more detailed spectroscopic
studies could give information about the possible coexistence of reflection asymmetry and
reflection symmetry in these nuclei.
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D E F O R M A T I O N A L I G N E D YRAST STATES IN 182W

T. Shizuma, G. Sletten, N.L. Gj0rup, H.J. Jensen, R.A. Bark,

J. Wrzesinski, M. Piiparinen and S. Mitarai
Niels Bohr Institute, Ris0, DK-4000 Roskilde, Denmark

and
Department of Physics, Kyushu University, Fukuoka 812, Japan

High spin states in 182W have been populated by the reaction l76Yb(l3C,a3n)
at a beam energy of 65 MeV using a 4тг array of Silicon detectors mounted inside
the NORDBALL escape-suppression spectrometer. Only events in coincidence
with a PID signal from the SiBall were recorded on tape for off-line sorting.
About 13 million such events were collected. This is about 3% of the total fusion
cross section.

Six new bands at high spins are characterized as quasi-particle configurations
with K" values of 11+, 12+, 15+, 16+, 17~ and 18~. The first five have seniority
4 while the 18~ state probably has a 6 q.p. configuration. Near I=16A the
deformation aligned 4 q.p. states become yrast with the K*=17~ band at 4039.7
keV below the g.s.b. yrare line. The ground state band which is measured up to
the 20+ level backbends strongly at hw=OA MeV and gains more than 6 units of
angular momentum, probably caused by a i13/2 quasi-neutron crossing.

Half lives of the K*=15+ and 17~ levels at excitation energies of 3754.0 and
4039.7 keV were determined to be 37(2) and 20(1) ns, respectively. Transitions
of the 15+ state into the K*=1Q+ band are hindered by factors of 13(1) and
19(1) per degree of K-forbiddenness for the E2 and Ml transitions. These val-
ues lie on the systematics of K-forbiddenness in deformed nuclei, but larger than
those of the K-forbidden transition of the 10+ state into the ground state band,
which have been measured as Л,=5(1) and 6(1) for the 1086 keV E2 and the
519 keV Ml transitions1). The ratio of the intensity of the E2 crossover to the
M1+E2 cascade transition within the band can be used in the asymptotic limit
to deduce the |g#-gfl|/Qo values2). Compared with the expected values of gK,
quasi-particle configurations were assigned to the bands, considering the two-
quasi-particle states3) previously found in 1B2W and the Nilsson orbitals near the
Fermi surface in this nuclei.
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PROLATE-OBLATE SHAPE COEXISTENCE AT Z,N % 36,38 +

S. Skoda*. J. Eberth, S. Freund, T. Mylaeus and M. Wiosna
Institut fur Kernphysik der Universitât zu Kôln, D-50937 Kôln, Germany

*)present address: Forschungszentrum Rossendorf, Institut fiir Kern- und Hadronenphysik,
Postfach 51 01 19, D-01314 Dresden, Germany

Stabilized by the large gap between the single particle energies at large prolate
deformation for Z,N=38 many nuclei in the mass region Ass70-80 show bands on
prolate deformed intrinsic states with /32 > 0.3. In recent years we studied the N=Z-
region at Ass70 with respect to oblate deformation induced by the gap for Z,N=36.
But no stable oblate deformation reaching up to high spins of about Wh has been
found until now. We discuss the systematics obtained in the da.ta of the four even-
odd Se and Kr isotopes with respect to the competing influence of the magic nucléon
numbers Z,N=36 for oblate and Z,N=38 for the favoured prolate deformation.

For 69>71Se positive sign of mixing ratio and strongly coupled band pattern of the
g9/2 band could be reproduced by model calculations only with oblate deformation
l). From 69Se (Z=34, N=35) to 71Se (N=37) triaxiality rises and oblate deformation
decreases due to the rising influence of the N=38 prolate single particle energy gap.

We were able to identify 73Kr (Z=36, N=37) by crossbombardement, neutron
coincidence and population characteristics 2). The strongly coupled negative parity
band starts at an excited state with a spin compatible only with prolate deformation.
The weakly deformed band in 73Kr might be built on an oblate deformed g9/2 state.

In comparison, 75Kr (N=39) has two strongly coupled major bands (gg/2, K=5/2
ground state and рз/г, К=3/2 excited state) of very large prolate deformation
(02 » 0.4 derived from lifetimes) 3 ) . Each major band is accompanied by sidebands
unexplainable by triaxiality. AI=0-transitions from side to major band point at a
change in deformation. The sidebands are interpreted to be built on oblate states
in agreement with Cranking Model calculations showing a second minimum in the
Total Routhian Surface at oblate deformation and appropriate excitation energy.

Compared to the strong influence of the Z,N=38 single particle energy gap the
Z,N=36 magic number is easily obstructed by rotation. In 71Br (Z=35, N=36) no
clear evidence for oblate deformation has been found. Thus, in this mass region as
a last candidate for an undisturbed strongly coupled rotational band on an oblate
state remains 71Kr, which can be investigated only with radioactive beam or large
detector arrays as EUROBALL.
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A SIMPLIFIED a + 4n MODEL FOR 8He NUCLEUS

M.V. Zhukov1, A.A. Korsheninnikov2 and M.H. Smedberg1

^ysiska Institutionen, Chalmers Tekniska Hôgskola, S-412 96 Gôteborg, Sweden
2 Kurchatov Institute, 123182 Moscow, Russia

In studies of light nuclei far from the stability line, besides the famous example of the
11 Li neutron halo nucleus [1], the neutron rich 6He and 8He isotopes are known to have
extended valence neutron distributions, called neutron halos or "thick neutron skins" [2].
For the cases of nLi and 6He, microscopic calculations in different three-body (core + 2n)
approaches predict exotic correlations in the neutron halos (see [3] and references therein).
The 8He nucleus is a complex five body (a+4n) quantum system. Still it is possible to
construct a simple theoretical model, which provides the opportunity to calculate the
correlations and particle momentum distribution for this nucleus.
A simple five-body cluster orbital shell model approximation (COSMA), based on réf. [4],
will be presented in order to describe the ground state wave function of the 8He neutron
halo nucleus. The COSMA use translaticmally invariant coordinates, it treats the Pauli
principle between valence neutrons strictly and it combines the advantages of the shell
and cluster models. A single free parameter of the model is fitted to reproduce the exper-
imental r.m.s. matter radius of 8He. The spatial angular correlations and the geometry
of the system together with one-particle density distribution will be presented. Also the
Q-particle and the valence neutron momentum distributions have been calculated analyti-
cally. Comparison with 6He [5] shows that halo correlations give an essential contribution
to the shape and the width of the a-particle momentum distribution.

References

[1] I.Tanihata et al., Phys.Lett. B160 (1985) 380

[2] I.Tanihata et al., Phys.Lett. B289 (1992) 380

[3] M.V.Zhukov et al., Phys.Rep. 231 (1993) 151

[4] Y.Suzuki and K.Ikeda, Phys.Rev. C38 (1988) 410

[5] M.V. Zhukov and D.V. Fedorov, Sov.Jour.Nucl.Phys. 53 (1991) 351

89



IDENTIFICATION OF THREE- AND FOUR-PARTICLE STRUCTURES IN DEFORMED
NUCLEI FROM BETA TRASITION RATES

P.C.Sood, Physics Department,Banaras Hindu University, Varanasi-221005,India
and R.K.Sheline, Florida State University .Tallahassee FL 32306, USA.

Over the past few years we have extensively investigated £l-3] the

use of fast beta transition rates as a viable tool for deducing the configu-

rational assignments of beta connected states in deformed nuclei. Using

the data base of 122 identified decays in nuclei with 147 < A ^ 190, we

established ^ l ] the 'strong1 rule that all beta transitions with log

5.2 in the rare earth region connect an up-spin proton and a down-spin

neutron, both having the same asymptotic quantum numbers (Мп^Д) with

N=ns+A =5. This rule was used (2] to deduce the two-quasiparticle (2qp)

configurations for 42 levels in odd-odd, and 32 connected levels in even-

even nuclei. Recently we extended £з} this approach to the actinide region

wherein no confirmed instance of allowed unhindered transition had been

reported so far; a modified asymptotic quantum number selection rule was

suggested £sj for fast beta transitions of this region. Now this approach

is further extended to systematically search for 3qp and 4qp structures

in deformed nuclei by scanning the domain of fast beta transitions over

the excitation energy range upto 4 MeV. In view of the expected configura-

tion admixtures, and consequently of the distribution of multi—quasiparticle

strength over a number of states, we analyse all transitions with log ft 4^

6.0 to look for the dominant 3qp and 4qp components. In particular, it

is shown that this procedure offers the only means for identifying the

4qp structures of high-energy low-spin states in even mass deformed nuclei.
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ß-decay studies of far from stability nuclei near N = 28.
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R. Anne, D. Bazin, M. Lewitowicz, M.G. Saint-Laurent
Grand Accélérateur National d'Ions Lourds (GANIL), CAEN, France

Beta-decay half-lives and ß-delayed neutron-emission probabilities of the very neutron-

rich nuclei 43P, 44.45s, 45-48C1, 48-50Ar n a v e been recently measured. Some of them

have been studied in a previous experiment •). These isotopes, which lie at or close to

the N = 28 magic shell were produced at reasonable rates (betwen 0.1 and 10/sec) in

interactions of a 63 MeV/u 48ca beam from GANIL accelerator with a ^Ni target.

They were separated by the doubly achromatic spectrometer LISE3 2) which drastically

reduced the number of contaminants. The nuclei then transmitted have been identified

on-line in a telescope composed with three silicon detectors. The two first detectors

gave a redundant determination of energy-loss and time-of-flight, whereas the third one

served for the implantation of the nuclei and for the determination of their total energy.

Beta-decay events, correlated with each precursor nucleus were also detected in this

implantation detector. A neutron counter, composed with 36 3He gas filled tubes

surrounded the telescope and allowed to determine the number of ß-neutron

coincidences. With this triple coïncidence between the nuclei implanted and their

corresponding ß-neutron decay, the determination of half-lives and Pn have been

performed with a very low background. The results, compared to recent model

predictions, seems to indicate a rapid weakening of the N = 28 shell effect below

2
4
0
8Cfl2g. These nuclear structure effects reflected in the decay properties of these exotic

nuclei, may furthermore be the clue for the understanding of the striking ^Ca/^Ca

abundance ratio measured in the solar system as well as correlated Ca-Ti-Cr anomalies

observed in inclusions of the Allende meteorite.

REFERENCES :

1) O. Sorlin et al. Phys. Rev. C 47,6,2941-2953 (1993).

2) R. Anne, A. C. Mueller: Nucl. Instrum. Methods. B70:276-285 (1992).

91



Half-lives for two neutrino double-beta decay
transitions to first 2+ excited states

S. Stoica
Institute of Atomic Physics, Department of Theoretical Physics,

Bucharest, P.O. Box MG-6, Romania

April 22, 1994

Abstract

Two neutrino double-beta decay half-lives for transitions to the first "2^ excited
states have been calculated in the framework of a second-QRPA procedure for the
following nuclei: 76Ge, S2Se, u°Pd, ]16Cd, 128'130Te and l36Xe. It was found that
the corresponding decay rates are only weakly dependent on the gpp parameter.
Our calculations indicate as the most favorable cases 825e, 116CM and l3GXe for
which these half-lives are of the order of 1023 years.

Phys. Rev. C, April 1994, in press.
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DOUBLE BETA DECAY TO EXCITED FINAL STATES

Jouni Suhonen

Department of Physics, University of Jyvâskylà, P.O. Box 35, SF-40351 Jyvâskylâ,
Finland

A method for the calculation of beta-decay transitions of odd-odd nuclei to
the ground state or excited states of an even-even daughter nucleus has been
developed in *). In this framework the even-even daughter nucleus is treated
using the spherical QRPA (quasi-particle random phase approximation) model in
its pp+nn mode and the states of the odd-odd parent nucleus are described by
using the proton-neutron QRPA model (pnQRPA).

An intriguing application of the above-described formalism concerns nuclei
decaying through two-neutrino double-beta-decay (2i//?/3) transitions. The 2i//?/3
mode can occur in the standard theory of electro-weak interactions and a consid-
erable amount of experimental data on the decay half lives of the ground-state-to-
ground-state (g.s.-*g.s.) transitions is available. Contrary to this, only in recent
years more and more experimental effort has been dedicated to searches for decays
to excited states.

Experimental studies of 2z//3/3 transitions are complemented by theoretical
studies using the QRPA approach or the nuclear shell model (for light nuclei). Very
recently the first theoretical attempts were made to describe the 2i//3{3 transitions
to the first excited 2+ state 2) or the two-phonon 0+ state 3 ) . In réf. 4) a complete
description of the 2i//3/3 transitions to one- and two-QRPA-phonon states is devised
and applied to the decays of 76Ge and 136Xe. An interesting feature of the excited-
state transitions is that they seem not to depend upon fine-tuning of the nucléon-
nucléon interaction in the particle-particle channel contrary to the behaviour found
in the calculations 5~"7) of the g.s.—*g.s. transitions. This feature enables a more
direct comparison with experimental data, like in the case of 100Mo 3 ' 8 ) . In the
light of this the experimentalists are urged to study these decays, especially in the
promising cases of 96Zr, 116Cd and 150Nd.
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FREEZING-OUT OF NUCLEAR POLARIZATION IN CORK IONS
OF MICRO-CLUSTERS "SNOWBALLS" IN SUPERFLUID HELIUM

N. Takahashi, Т Shimoda, H. Miyatake. H. Kobayashi, Y. Mizoi, M. Sasaki and
T. Shirakura
Osaka University, College of General Education, Toyonaka/Osaka, 560 Japan
S. Mitsuoka and S. Morinobu
Kyushu University, Faculty of Science, Higashi-Ku, Fukuoka, 812 Japan
H. Ueno, K. Asahi
Tokyo Institute of Technology, Faculty of Science, Meguro-Ku, Tokyo, 152
Japan

12

An alien ion introduced in liquid helium exerts an electric field around
itself and attracts helium atoms in the surrounding by means of électro-
striction. A micro-cluster is thus formed and as such is called "snowball".

Polarization in the product nuclei 12B in the heavy-ion г-eactiori 9Be(H.\",
В) was measured quite recently at 40 Mev/u by incorporating the beta-NMR

method1' and the polarization P attained a maximal value -35 +. 3 % for the
highest momentum of 12B at an reaction angle of 5 degrees2 ', the sign of
polarization being in accord with the Base! convention.

Such polarized I2B were electromagneticaily separated and shaped a
polarized nuclear beam through the exotic nuclear beam course of the RCNP
at Osaka University. A 12B beam sustaining an average polarization of -25 %
was implanted into suuerfluid helium at 1.4 K.

After transportation through a static electric field, asymmetry in beta
decay of 12B was measured and the polarization obtained after its lifetime (T1 / 2

= 20.4 ms) for 12B trapped as a core of snowball was -2] ± 1.6 %. Application
of rf magnetic field at, off-resonance produced asymmetry zero within 2 %.
Further it was found that the beta-ray counting rate was suppressed
appreciably at zero electric field. As the electric field was increased, the
beta-ray counting rate increased and poiarization saturated. If the electric
field exceeded certain value, the polarization was destroyed, as most of the
snowballs ended onto the chamber wall.

This fact consolidates that the nuclear spin polarization is frozen-out
in snowballs and the mechanism is independent of atomic species.

The results of this experiment shed lights on the physics of nuclear
moments of exotic nuclei and further structure of micro-clusters e.g., by-
observing tha resonance width of beta-NMR processes.
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A DEVELOPMENT OF THE DECAY SCHEME OF i58 G d FROM (и,# DATA

К. Т. Tang and M. K. Harder
Department of Mathematical Sciences, University of Brighton,

Brighton, BN2 4GJ, UK.

A. Williams
Institut Laue-Langevin, 156X, F -38042 Grenoble, Cedex, France.

ABSTRACT

The 157Gd(w,/,,y)158Gd reaction was used to obtain a y-ray spectrum and to build upon
the existing decay scheme, y-ycoincidences were taken at the Institut Laue-Langevin
to cover the energy range of roughly 511 keV to 5.5 MeV.

The extremely high cross-section of the capture nucleus 1 5 7 Gd of 2.55X105 bams
presented many difficulties. Although a full matrix of coincidences was recorded a
double-escape spectrum was also obtained from the Pair Spectrometer1. This
instrument took a singles spectrum of y-rays right up to the neutron binding energy of
7.9 MeV. As it only records triple coincident events, an improved peak-to-background
ratio was obtained. The high resolution of the Pair Spectrometer allows the use of the
Ritz Combination principle to extend the decay scheme of 1 5 8Gd.

The experimental data is compared with the predictions of the Interacting Boson
Model.

1 D. Heck and U. Fanger, Kernforschungszentrum Karlsruche Report KFK (1972)
p. 1604
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FAST RELEASES AND OTHER NEW FEATURES AT
THE PS BOOSTER ISOLDE.

O. Tengblad, R. Catherall, P. Drumm. P. Van Duppen, O.C. Jonsson, J. Lettry
H.L. Ravn, E. Hageb06 P. Hoff6, K. Steffensen6, and the ISOLDE Collaboration.

PPE Div. ISOLDE, CERN, CH-1211 Geneva 23, Switzerland
6 Dept. of Chemistry, Univ.of Oslo, P.O.Box 1033, Blindern, N-0315 Oslo, Norway

The first 18 months of ISOLDE running at the PS Booster have seen great
success, surprises and disappointment. One of the attractive features of the new
ISOLDE is the fast release of the radioactivity produced in the target by the 1
GeV pulsed proton beam delivered by the Booster. Once the proton beam has
smashed its way into the target nuclei, and as a result of spallation, fragmentation
or fission has produced a diversity of exotic nuclei, these nuclei must escape from
the target matrix. The further from stability we do our experiments the shorter
half lives we have to work with. If such an exotic nucleus dwell around in the
target ion-source system too-long it will decay and we have lost the oportunity
of doing spectroscopy on it. In this way. the fast release of the PSB ISOLDE1 )
facility has paid dividens with, for example, the release of the celebrated halo-
nucleus 11Li from a Ta target of several thousands atoms per proton pulse: The
half-life of "Li is 8.7ms.

The performance of the Thorium-Carbide and Uranium-Carbide targets is
particularity gratifying. The production of exotic-Radon nuclei was extended
to mass 19S, which is one mass further away than had earlier been achieved at
ISOLDE2/3. The yields for Rn. Xe, Kr are in some cases as much as two orders
of magnitude above their earlier results. The same applies for Na, Fr, Ra and К
from the UC target.

These gains in yield are due to several factors: Firstly the increase from 600
MeV to the 1 GeV protons delivered from the Booster, leading to higher production
far from stability. Secondly the pulsed beam of the booster imparts a rather fierce
shock to the targets. This shock is both thermal and mechanical combined with
a radiation shower. Although we do not claim to fully understand the processes
involved, they do give rise to an extraordinarily fast release from the targets. In
the case of the light К from the Titanium target in the presence of CF4 gas the
release time is in the order of 30 ms. The use of molecular side-bands from the very
same target made possible the first observation of pure 3 8 Ca activity (IS308). In
the case of 3 7 CaF the beam contained 50% of the total amount of 3 7 C a produced
with essentially no impurities (IS326).

The pulsed beam together with the "spiked" release has other advantages; in
the case of short lived nuclei ( < 200 ms) the instantaneous activity can be orders
of magnitude over that produced by a DC proton beam, producing the same
total yield, but in a much shorter time improving the peak to background ratio
tremendously (IS316). With the 1.2 s repetion rate of the p-beam the background
is also conveniently measured before next proton pulse hits the target.

1) B. W. Allardyce et. al., Proc. 2nd European Particle Accelerator Conf.
PEPAC, Nice, June 1990, Eds. P. Martin, P. Mandrillion, Editions Frontières,
Gif-sur-Yvette, 1990, p583

96



Gamow-Teller Strength in the /3+-Decay of 37Ca and its
Implications for the Detection of the Solar Neutrino Flux

W. Trindera>. E. G. Adelbergerb), Z. Janas0 ', H. Keller0', K. Krumbholz<", V. Kunze<",
P. Magnus6', F. Meissner"1', A. Piechaczek0', M. Pfiitzner*', E. Roeckla', K. Rykaczewski0',
W.-D. Schmidt-Ottd', M. Weber"'

"' GSI, Darmstadt, 6) Dept. of Physics, Univ. of Washington, Seattle, c) Inst of Exp.
Physics, Univ. of Warsaw, **' II. Phys. Inst., Univ. Gôttingen

For the measurement of the solar neutrino flux by means of the Homestake mine 37C1
detector1 the Gamow-Teller strength function B(GT) of the 37Cl(i'e,e-)37Ar-reaction
is needed. This distribution can be extracted from 37Cl(p,n)37Ar charge-exchange
reactions2 or, assuming good isospin symmetry, by measuring the B(GT) function for
the /3-decay of 37Ca. The ̂ -delayed proton- and the /3-delayed 7-emission of 37Ca was
studied at the projectile fragment separator FRS3 at GSI. A preliminary analysis of the
experimental results, especially concerning the deduced B(GT) function, is discussed
and compared to previous 37Ca /3-decay experiments and to 37Cl(p,n)37Ar reaction
data. The 7-deexcitation of the first three excited states of 37K fed by allowed /3-decay
of 37Ca with excitation energies of 1370.9, 2750.4 and 3239.3 keV has been observed for
the first time. Taking into account the measured 7-intensities, a value of Г7/Гр=0.64
for the state at 2750.4 keV and the remarkably high value Г7/ГР=25 for the 3239.3
keV state was obtained. With the new results, the B(GT) function extracted from the
/3-decay of 3 7Ca agrees fairly well with the one obtained from 37Cl(p,n)37Ar reactions.

1 R. Davis et al., Phys. Rev. Lett. 20, 1205 (1968)
2 J. Rapaport et al., Phys. Rev. Lett. 47, 1518 (1980)
3 H. Geissel et al., Nucl. Instr. Meth. ВГО, 286 (1992)
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PARITY NONCONSERVATION MEASUREMENTS
IN RADIOACTIVE ATOMS: AN EXPERIMENTAL PERSPECTIVE*

D.J. Vieira. Y. Bai, J.D. Bowman, V.D. Sandberg, D. Tupa, D.H. White, J.M. Wouters
Los Alamos National Laboratory, Los Alamos, NM 87545

M. Stephens and C. Wieman
University of Colorado, Boulder, CO 80309

Progress towards making high precision measurements of parity nonconserving
(PNC) atomic transition rates in Cs (and possibly Fr) isotopes are highlighted here as an
important test of electroweak interactions in nuclei. By taking a suitable ratio of these
PNC transition rates for several isotopes, the atomic structure uncertainties associated
with extracting the weak interaction part of this process can be effectively eliminated.
However, these ratios are sensitive to small changes in the neutron and proton radial
distributions that occur from isotope to isotope. Although the rms charge radii have
been measured in several isotopes of Cs 1 ) and Fr 2), the neutron radial distributions
remain undetermined. Recent theoretical calculations by Chen and Vogel 3) indicate
that, at least in the case of Cs isotopes, the influence of changing neutron radial
distributions should not be a major problem in interpreting future PNC results.

To date such PNC experiments have been limited to measurements in ^^Cs 4), the
only stable isotope of cesium. However, plans to use magnetic optical traps to
concentrate, polarize, and cool radioactive species are seen as a way of undertaking
such measurements. Several preparatory steps in undertaking such a PNC experiment
with radioactive atoms have recently been made. The first is the high-intensity
demonstration of a thin-target He-jet gas transport system operating at 700 uA of
incident protons as a durable source of short-lived radioactive Cs isotopes. The second
is the high efficiency trapping of Cs atoms directly out of the vapor state 5). And third
is the first trapping of radioactive species in a magnetic optical trap 6,7). These and
other developments related to undertaking PNC measurements with radioactive atoms
will be discussed.
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DECAY MODES OF LIGHT NElTfRON-RICH NUCLEI:
AN EXPERIMENTAL SURVEY USING ÏHE TOFI SPECTROMETER*

D. J. Vieira. H. L. Seifert, J. M. Wouters, Z. Y. Zhou
Los Alamos National Laboratory, Los Alamos, NM 87545

Y. Kim, P. L. Reeder, W. K. Hensley, H. S. Miley and R. A. Warner
Pacific Northwest Laboratory, Richland, WA 99352

A survey exploring the p-delayed neutron and charged panicle decay modes of
light neutron-rich nuclei has been performed using the time-of-flight isochronous
(TOFI) spectrometer. Beyond the initial experiment 1) where the power of this recoil
tagging, time-correlated decay method was demonstrated, extensive new half-life,
delayed-neutron emission probability, average delayed-neutron energy, and delayed-
charged-particle emission probability measurements have been obtained for some 30
nuclei including such exotic nuclides as ^ L i , l^Be, 1?B, 20c, ... up to 28jyje. д
comparison of delayed-neutron emission probabilities measured in this work that uses a
moderated ^He neutron counter array to other measurements using scintillators
suggests, in several cases, a sizable fraction of low-energy delayed neutrons that were
not registered in scintillator-based experiments. These data are contrasted with
improved gross theory, macroscopic-microscopic, QRPA, and shell model calculations
where possible.

REFERENCES
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SHAPE COEXISTENCE AND DEFORMATIONS ABOVE Z=50: THE STUDY
OF THE DECAY OF I20*+mCs TO LEVELS OF 120Xe/

P.P. Mantica, UNISOR, Oak Ridge Institute for Science and Education, Oak
Ridge, TN USA, W.B. Walters and J. Rikovska, Department of Chemistry and
Biochemistry, University of Maryland, College Park, MD USA.

The regions of the chart of the nuclides where the proton number is nearly at a
closed shell, and the neutron number approaches the middle of a major shell have proven
to be rich in structures having coexisting shapes. This is most evident in the region Z
~ 82 and N — 104 (mid-shell neutron number), where, for example, the level structures of
the Hg isotopes exhibit coexistence bands having quite different shape, with the deformed
configuration minimized in energy near 184Hg104. In this region it is the odd-parity эгЬ9/2

orbital, which crosses the Fermi surface at a deformation value /32 - 0.25, that strongly
influences ') the low-energy level structure of the Hg isotopes at mid-shell. In the region
around Z = 50, shape coexisting structures have also been observed at and around mid-
shell in the Sn nuclei, along with the closed-shell ± 2 nucléon mid-shell isotopes of Cd
and Te. These cases of shape coexistence, as well as other documented cases of
coexistence in even mass nuclei, including the Hg isotopes described above, have
recently been reviewed by Wood et al. 2)

For the odd-Z nuclides above the Z = 50 closed shell there are well established
bands 3) associated with the 7rg9/2 hole intruder structure, whereas the features of the
intruder configurations in the even-even Те and Xe nuclides are less well defined. We
have undertaken a study of the level structure of the mid-shell nucleus I20Xe following
the decay of 120g+mCs at the UNISOR isotope separator facility, for the purpose of
investigating the role intruding 2p-4h states may play in determining the low energy
structure of the Xe isotopes around N = 66. The collection of 7-ray and conversion
electron singles, along with 7-7 and j-t coincidence data has resulted in the identification
of a number of new levels in 120Xe, including several levels which depopulate by
transitions having EO multipolarity components. Lifetime measurements in the
picosecond range have been made for several of the lower-spin states, and a new value
for the B(E2; О*, -» 2+,) has been extracted, which indicates that there is a large increase
in B(E2) strength in the even-even Xe isotopes as mid-shell is approached. The
appearance of EO transitions in the low-energy portion of the level structure of 120Xe and
the jump observed in the B(E2) value for the transition between the first 2+ state and the
ground state both suggest that the low energy level structure of 120Xe may be influenced
by the crossing of the irg9/2 orbital over the Z=50 shell closure and/or a change in the
occupancy of the odd-parity Th11/2 orbital.
*Work supported by US Department of Energy under Contract Nos. DE-AC05-
76OR00033 and DE-FG05-88ER40418.
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Fine structure in the a decay of neutron-deficient even-even nuclei in the Z=82 region:
Study of low-lying 0+ states in even-even Ft, Hg, Pb and Po isotopes

J. Wauters, N. Bijnens, P. Dendooven#, M. Huyse, Han Yull Hwang*, G. Reusen,
J. von Schwarzenberg
LISOL, Instituut voor Kern- en Stralingsfysica, K. U. Leuven
Celestijnenlaan 200 D, B-3001 Leuven, Belgium
G. Correia, P. Van Duppen+ and the ISOLDE Collaboration
CERN, CH-1211 Genève 23, Switzerland
R. Kirchner and E. Roeckl
G.S.I. Darmstadt, Postfach 110541, 6100 Darmstadt, Germany

The observation of fine structure in the a decay of several nuclei in the lead region has
led to the identification and characterization of low-lying 0+ states in the daughter nuclei [1-4].
These 0+ excited states can be a manifestation of the coexistence of different shapes in the
nucleus [5]. Due to its high selectivity in spin and parity change, a decay on mass-separated
sources is very well suited to study low-lying 0+ states in even-even nuclei far from stability.
Using ot-e-t coincidence techniques results in essentially backgroundfree spectra. Furthermore,
it enables to extract the half life of the intermediate (0+) state, giving information about the
degree of mixing between intruder and normal state. This mixing can also very often be
determined from the energy-level systematics of an isotopic chain combined with the low-spin
behaviour of the rotationallike band built on top of the excited 0+ state. A third way to
determine the mixing is by comparing the reduced width of the s-wave a decay of the parent
nucleus to the groundstate with the reduced width of the s-wave a decay to the excited 0+

state.
Alpha-decay studies of 200-202Rn, 194,196,198PO) !86,l88Pb md l80,l82,l84Hg to the

excited 0+ state in 196,198PO) 190,l92,194Pb5 182.184Hfe wd i76,178,l80Pt h a v e b e e n performed
at the LISOL, GSI and ISOLDE mass separators. The observation of large variations in the
hindrance factor of the a decay to the excited state, relative to the groundstate decay [1-4], is
a proof of the persistence of the Z=82 shell closure at the neutron-deficient side. The
hindrance of the a decay to the excited 0+ state compared to the a decay to the groundstate
can be used to probe the proton particle-hole character of the 0+ states in the lead region
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SELF-CONSISTENT CALCULATION OF NUCLEAR SHAPES AND RADII
IN SPHERICAL AND NONSPHERICAL NUCLEI

E. Krômer and D. Zawischa
Institut fur Theoretische Physik, Universitat Hannover

Appelstrafie 2, D-30167 Hannover, Germany

The odd-even staggering of nuclear charge radii has long been an unsolved puzzle for
nuclear structure theory. After some hints in that direction l l2) it has been demonstrated
that this effect is connected with effective three-body forces (or more-body forces, in
general) 3 '4). Proper inclusion of these not only allowed to calculate the odd-even effect
of charge radii, but also an other feature could be qualitatively reproduced which hitherto
had not been well described, namely the kinks in the general trend of charge radii at magic
neutron numbers.

The calculations of refs. 3>4) have been performed in the spirit of the Landau-Migdal
theory of finite Fermi systems: only differences with respect to a reference nucleus have
been computed employing the HFB method with effective forces.

In the meantime the feasibility of fully selfconsistent calculations with the so-called
density functional method has been demonstrated 5~7) . This method is an alternative
to HF calculations and can be considered as an extension of the Landau-Migdal theory.
In order to apply it to nonmagic nuclei, pairing has to be included, and the ansatz for
the pairing part of the energy functional must be such as to include three- or more-body
forces. Then, for spherical nuclei, results very similar to the previous ones are obtained,
but including also the absolute values.

With some changes in the numerical procedures, we have implemented the method
also for nonspherical nuclei, making use of an existing code which had been developped
by Damgaard et al. 8'9) and has originally been used in connection with the Strutinski
method. Deformation effects are very important in a complete discussion of isotopic shifts,
particularly when dealing with long chains of isotopes which in recent years have been
measured. First results obtained in the Pb region will be presented.
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INVESTIGATION OF COLLECTIVE EXCITATIONS
IN PHOTON SCATTERING EXPERIMENTS

A. Zilges, P. von Brentano, R.-D. Herzberg, and N. Pietralla
Institut fur Kernphysik, Universitât zu Kôln, D-50937 Kôln, Germany

I. Bauske, W. Geiger, R. D. Heil, U. Kneissl, J. Margraf, H. Maser, and H. H. Pitz
Institut fur Strahlenphysik, Universitât Stuttgart, D-70569 Stuttgart, Germany

In photon scattering or Nuclear Resonance Fluorescence (NRF) experiments using
a bremsstrahlung source, the examined isotope is irraditated with an intense, con-
tinuous photon beam. The detection of the scatterered 7~rays with Ge-detectors
results in a very high energy resolution. Due to the well known electromagnetic
excitation mechanism, it is possible to determine the absolute transition strengths
of the populated states independent of a model. The spin and strength selectiv-
ity of the method makes it an outstanding tool for the investigation of collective
excitations, even in an energy region where the level density is already very high.

One of the most exciting findings in nuclear physics in the last decade was the ob-
servation of a new isovector collective magnetic dipole mode called "Scissors Mode"
in electron scattering experiments by A. Richter and coworkers l \ Subsequent stud-
ies on a number of rare earth and actinides nuclei using electron 2) and photon3)
scattering yielded systematic information on the energetic position, fragmentation
and strength of the Ml excitations. Very recently the coupling of an additional
neutron to the "Scissors Mode" has been observed in the nucleus 163Dy4). A report
on the latest photon scattering experiments on other odd nuclei will be given.

Another very rich field of interest studied in photon scattering experiments are
electric dipole excitations. It was possible to show that the lowest 1~-states are oc-
tupole excitations both in spherical and in deformed nuclei. In the spherical nuclei
the octupole vibration couples to the quadrupole vibration leading to two phonon
states. Recently a multiplet of the structure (2+ ® 3~ ® j') has been identified in dif-
ferent N=82 and N=83 nuclei 5>. In the well deformed nuclei the octupole vibration
can couple to the quadrupole deformed core leading to octupole vibrational bands.
These excitations are well understood, whereas the structure of strongly populated
1 "-states at higher energies needs to be clarified 6).
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