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FOREWORD 

It has been a pleasure to host the first workshop on 
high-spin physics in the Western Hemisphere. We have 
observed for a number of years the stimulus provided by 
the Copenhagen workshops to the European community of 
high-spin physicists. This October seemed like a good 
time for such a workshop, coinciding with a number of 
large arrays of Compton-suppressed germanium detectors 
coming into operation and beginning to produce new and 
interesting physics. In our view the discussions and 
interactions provided by such workshops are important for 
the vitality of our field. We hope you have enjoyed this 
experience as much as we have. 

M.A. Deleplanque R.M. Diamond F.S. Stephens 
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M.A. Deleplanque 
M. Piiparinen 
K.H. Maier 
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MONDAY 

I . SUPERDEFORHATIONS 

P. Twin 

H. de V o i g t 

S. Xberg 

Shape co-existence and shape changes in 152, Dy 
Y-ray correlations and conversion electrons of 

152 superdeformed states 1n Dy 
Feeding, spectroscopy and decay of superdeformed 
states 

II. :iEAVV RARE EARTHS 
H. Hiibel 
R. Lieder 
E. Marshalek 

High-spin structure of light Hf isotopes 
Study of high-spin isomers in 1 8 0 0 s with OSIRIS 
Mixed alignment in the Os region 

III. SIHGLE-PARTICLES CONFIGURATIONS 
H.A. Oeleplanque 
H. Piiparinen 
K.H. Maier 

150, Dy Particle-hole states 1n 
Structure of 1 4 B G d 
Spectroscopy and moments of Po isotopes with 
114 < N < 126 

IV. BAND TERMINATION 
H. Quader 
D. Headly 

I. Ragnarsson 

High-spin states in 1 5 4 0 y 
Comparison of experiment and theory for high spin 
states in Z 4Mg and Z 5Mg 
Spectroscopic consequences of shape changes and shape 
co-existence at high angular momenta 

106c 
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TUESDAY 

CONTINUUM PROPERTIES 
I. Y. Lee High-spin nuclear structure studies using the spin 

spectrometer 
F. Stephens Correlations in the y-ray continuum 
G. Leander Rotational E2 strength function 

Damping of rotational motion 
152„ 

CONTINUUM PROPERTIES 
Th. Dossing 
R. Holzmann Continuum lifetimes in , J t 0 y 
C. Baktash Energetic Ml transitions: a probe of nuclear 

collectivity at high temperatures 

LIGHT RARE-EARTHS 
P. Nolan Study of nuclei near A = 130 at very high spin 
D. F "ssan Band structure in A = 130 - 140 y-soft nuclei 

lis. 
E.M. Beck 

135 Spectroscopy of Nd 

NEW TECHNIQUES 
Th. Lindblad 

D. Ward 
J. Saladin 
Th. Byrski 

Analysis of multidimensional y-ray coincidence 
spectra 
The 8ir spectrometer 
Results from the Pittsburgh multidetector array 
y-ray spectroscopic studies at the French crystal 
castle 
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WEDNESDAY 

IX. HIGH TEMPERATURES 
R. Janssens Suppression of neutron emission in heavy-ion induced 

fusion reactions: entrance channel effect and/or 
superdeformed shapes 

A. Goodman Finite-temperature HFB calculations in rare-earth 
nuclei 

C. Gossett Nuclear structure of heated nuclei from the 
statistical decay of the giant dipole resonance 

X. TRANSFER REACTIONS 
0. Cline Heavy-ion induced one and two neutron transfer 

reactions as a probe of high-spin collective states 
J. Gerl Nuclear reactions at the Coulomb barrier 
P. Ring Diabolic pair transfer and oscillating behavior of 

backbending in rotating nuclei 

XI. TRANSITION REGION 
L. Riedinger The systematic occurrence of i-,-,,7 neutron and 

h q._ proton crossings in light Ir, Pt, Au nuclei 
J. Wood New results on shape coexistence in the light gold 

isotopes 
M. Guidry Microscopic calculations for high-spin properties 

using Fermion dynamical symmetries 

XII. SHAPES 
144 T.L. Khoo Indications of octupole shapes around Ba 

N. Koller Extension of transient field measurement of magnetic 
moments to higher spin states 

T. Czosnyka E2 properties of the nuclei studied via heavy-ion 
Coulomb excitation 

106c 
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THURSDAY 

XIII. LIFETIMES 
J. Bacelar 
N. Johnson 

Y. Chen 

Collectivity at high spins 
Studies of collective behavior of nuclei at high spin 
from lifetime measurements 
E2 properties of high-spin states—multiband mixing 
model 

XIV. MOMENTS 
G. Hagemann 
M. Hass 

H. Emling 

Al = 1 transition rates 
Nuclear polarization and the sign of nuclear 
deformation at high spin 
High-spin g-factors and lifetimes in N ~ 90 rare 
earth isotopes 

106c 
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M. de Voigt y-ray correlations and conversion electrons of 
superdeformed states in 1 5 2 D y 
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H.A. Deleplanque 
L.6.L. 

Particle-hole states 1n 150, Dy 

-15"oo-i 
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Dou\A gafe - O ^ 
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E r(4l/J 

1000 1300 

Fi«aft 1 . 

ISO 114 40 
The nucleus Dy was produced by the reaction Cd + Ar at ]75 MeV. In the 
spectrum shown, u ";.Tig/cm lead-backed target was usedPproducing 230 million events. 
The figure shows a triple coincidence spectrum with a double gate on the (new) 
353 keV line(45%). The energies of the new lines are written in bigger characters. 
Thus, there were sufficient statistics to select and separate the many parallel 
decay pathways of this nucleus. 
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f?«ure. 2 . 
Level scheme of , W D y . It can be interpreted with the Deformed Independent Particle 
Model (DIPM) of Dossing et al. which is successful in predicting the aligned states 
There are three regions: up to spins 20-22, valence particle configurations; up to 
spin 32,one and two particle-hole (p-h) configurations( above, higher number of 
p-h configurations. 
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»W„ The s... , dj/<, neutron hole orbitals drive the nucleus Dy towards large oblate 

(ft"-0,2) in the states which contain these holes. This nucleus is deformable because 
it has already four valence nucleons in the equatorial plane, Dy, with identical 
particle configuration (no holes), is much less deformed and still shows a multiplet 
structure. 
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fi'qure. A-

Assigned configurations above spin 20, The numbers in parentheses are the calculated 
(DIPH) energy values for the aligned state of each configuration. The small numbers 
above each level are the number of neutron and proton particle-holes respectively. 
The most important feature in that nucleus is the breaking of the proton core (e.g. 
leftmost thick cascade in fig.2) and of the neutron core (e.g. rightmost thick 
cascade in fig.2) at the same energy and spin in parallel cascades. This is probably 
a result of both deformation effects and of the higher number of available high-spin 
neutron orbitals. 
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H. P i ipar inen 14S 
Structure of Gd 
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Spectroscopy and moments of Fo isotopes with 114 ̂  N { 126 
K. H. Haier, HHX Berlin and LLNL Livermore 
Quadrupole moments have been measured by perturbed angular ^-stribution 
in a Bi single crystal, following pulsed beam excitation, for the 
isomers in neutron magic 210Po: (77h9/2*,8+), firh9/2 il3/2 ,11-), 
(208Pb 5-71 h9/2S13-) and (208Pb 5-Th9/2 il3/2,16+). We used the 
209Bi{t,2n)210Po reaction with the LLNL spectroscopy setup at the 
LANL tandem except for the 11- level measured by 209Bi(15N,14C) at 
HHI. Q(8+) —57.9(18) fm is derived from B(E2,8+-»6+) and serves 
as calibration of the electric field gradient. The experimental results 
Q(ll-)—99(11) fm2- , Q(13-) — 94(8) and Q(16+)—136(S) allow to extract 
Q( TTil3/2)—56(12) fm- in agreement with theoretical predictions. 
QU3-) - 0(8+) - Q(1S+) - Q(ll-) - Q(208Pb 5-) follows from the 
structure of these isomers and gives Q(5-)»-36(9) rsp. -37(13). 
This agrees with the main comoonent of the. 5- level, namely 
Q W g 9 / 2 pl/2"1 )-Q(Vg9/2)- -29(2) fm* from B(E2, 210Pb 8+^6+) 
but might indicate a small softening of the core due to the 
pl/2 hole. 
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Measured and fitted theoretical quadruDole modulation patterns 
1(0 ,t)/l(90 ,t) in a Bi single crystal. 
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Spectroscopy of 198,200Po with the 182,184W(20Ne,4n) reaction at 
Vicksi shows 8+ and 11- isomers with the same two proton structure 
as in 210PO, which is clear from their g factors. Also (Vil3/2'z'12+) 
isomers are found that agree in excitation energy g factor and 
B(E2) value with the corresponding states in Pb isotones. 
The B(E3, 11--* 8+) values increase sharply with falling neutron 
number reaching a collective value of 25 Wu. in 198PO. This is 
surprisingly large, considering that the (il3/2-?h9/2) spin flip 
transition is hindered by a factor 20. 
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0. Headly Comparison of experiment and theory for high spin 

states in 2 4Hg and 2 5Mg 
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SPIN ALIGNMENT AND SAND TERMINATIONS AT VERY HIGH. ANfiUIAR.. MOMENTA -

Ingemar Ragnarsson 
Qjased on .work, in cooperation 
with Tord Bengtsson) 
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If neutrons and protons- are. exchanged and if the N=82 gap is exchanged By 
the Z=50 gap, the nuclei around Ba can Be characterized as having «d0 
valence particles outside the H4sn core in the same way as the nuclei 
around ^-^Er a r e characterized By having ~-*10 valence nucleons outside 
the 146Gd core, This indicates the possiBility of Band terminations also 
in the former region. The lower part of the figure illustrates the high-̂ j 
shells availaBle for the valence nucleons in Both cases, 
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f2ZR COLLECTIVE BftHos-. t\~0.zr-Oto 

Team>(f)TitiG STATES. 'Ss^TV 

lO 20 x/t 30 

3t" * 

Calculated collective Bands in Ba having at least five neutrons 
in the h shell (i»e^ at least three holes in the N=64 core) 
and down-sloping terminating bands with three or four h., / 9 valence 
neutrons. The six encircled terminating states indicated have the 
proton configurations TTT „ combined with the neutron configurations 
2,3 ,4" 
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The upper part of the figure indicates that v:ith the Ferr.i level in the 
niddle of a shell, an apprc::.ir.ate ;[!+!) band is ferried (no pairing) . Ir. 
the lower _~art, the Land which results fror. a crossing single-particle 
orbital is added. It is also indicated that on the average, the energy 
increases by the rigid body —orient of inertia i.e. v-ith no band-crossings 
present, we will in ,7.any cases find ? " » ^ ( 2 ) * 7 r i c « Furthemore, at low 
spins, the pairing will change the band structure but as these band-
crossings largely occur because of pairing, they are not relevant at higher 
spins where pairing is ssall' or vanishing. 



53 

In the extreme case of band terminations, it is indicated how 
the nucleus finds its way through the deformation plane to avoid 
band crossings. Thus, the "N-90" gap is present from the collec­
tive rotation at low spins all the way to the aligned state when 
the 8 valence neutrons contribute with 30 spin units . Such shape 
changes is one important factor leading to large values of J 
Particle numbers are encircled while approximate spin contribu­
tions are given in squares, 
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High-spin nuclear structure studies using the spin 
spectrometer 
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Table I. The Y-ray spreading width determined froa double 
correlation spectra 

ar fE-rMKeV) 

k -

H<15 

15-17 

H>15 

k » 13-20 

HKia H>18 

1c » 21-24 

ET 

k -

H<15 

15-17 

H>15 

k » 13-20 

HKia H>18 H<21 H>21(KeV) 

1.0 30(3) 33(4) 37C*1 30(4) 33(4) 34(6) 

1.2 - 35(15) 43(11) 43(11) 43(11) 43(6) 

1.4 - - 43(20) 56(17) 

Table II. Ratio of the experimental valley depth to the 
calculated value 

6 

k - 15-17 

H<15 H>15 

k - 18-20 

H<18 H>18 

k - 21-24 

ET 

k - 15-17 

H<15 H>15 

k - 18-20 

H<18 H>18 H<21 H>21(HeV) 

1.0 0.13(1) 0.16(1) 0.12(1) 0.15(2} 0.10(1) 0.11(2) 

1.2 - 0.06(2) a.aeci) QLOSCZJ 0.06(2) o.is(2) 

1.4 - - a.a«cij o.os(2) 
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Conclusions 

1) Gania ray lith narroe spreading wiith has intensity < 15 x 

2) The intensity is irrctepent cf CH-rk:X 

3) The double and triple ccrrelitiarr properties are siiilar 

47; It is possible ta study up ta five fold correlation 
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F. Stephens Correlations In the Y-ray continuum 

Fig. 1, Gated spectrum from the systemi Ti + 468 Hf >, The gate energies are 
indicated, and the dip areas run from about 30% of one transition at 0.8 MeV to no 
measurable dip at 1.2 MeV. 
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Fig. 2. a ,b . Detailed dip shapes for the systemi Ar + Mo- t136„ Nd+ . The channel 
widths and effective gate width are 4 keV, and individual gated spectra have been 
shifted and added over the indicated energy regions. For each gated spectrum a normaliz> 
full-projection spectrum was subtracted to remove large scale variations. c,d. Single-
gated ( dark line) and double-gated (light line) spectra for the indicated systems. The 
effective gate width is 8 keV, and spectra have been shifted and added over the indicatec 
regions. 
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Fig. 4. Damping width, !,•»£< calculated by Lauritzen.Dossing, and Broglia, superposed 
on some schematic cascades. Those cascades below the onset of the major damping give 
rise to the resolved lines and the narrow dip. The observed broad width corresponds 
to the large lr»< calculated above <vl MeV excitation energy. The experimental values 
for the broad width,»*300 keV, seem larger than the calculated values,~100-200 keV. 
Also there is no evidence for the narrow width <100 keV) predicted at high excitation 
energies due to the motional narrowing. Such narrowing would produce dips at the 
highest /-ray energies, which are not observed. 
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Band structure in A = 130 - 140 v-soft nuclei 
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THE BIT SPECTROMETER 
P. TARAS 
Universite de Montreal 
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' ^ M a s t e r University 
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Chalk River Nuclear Laboratories 
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CANADIAK 8. SPECTROMETER 

INNER BALL 72 BGO Detectors (60 Hexagonal, 12 Pentagonal) 
equal solid angles covering 951 of 4i forms a 
spherical shell 6.7 cm thickness of BGO. 
"inner cavity takes a 22 cm diameter chamber. 

OUTER ARRAY 20 HPGe Detectors (24% efficiency) suppressed by 
axial BGO Detector Systems. 
Total collimated solid angle is 51. 
Front face to target is 22.5 cm. 

MECHANICAL Weight of Detectors supported is 1720 lbs. 
HPGe Detectors view the target through 20 holes 
in the inner ball. 

The instrument is spherically symmetric 
eg. Phototubes emanate radially from ball 
detectors. 

CONSTRUCTION Funded at K$ 4995 on 1984 J«ly 01. 
Scheduled completion 1986 Oct. 31. 
Shared funding between Canadian Universities and 
Atomic Energy of Canada (Chalk River). 
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Results from the Pittsburgh multidetector array 
57a. 

Fig. Il-la. Horizontal section of detector assembly. 
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R. Janssens Suppression of neutron emission in heavy-ion induced 
fusion reactions: entrance channel effect and/or 
superdeformed shapes 
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Gossett Nuclear structure of heated nuclei from the 
statistical decay of the giant dipoie resonance 
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Heavy-ion Induced One and Two Neutron Transfer Reactions as a Probe of 
High-Spin Collective States 

DOUGLAS CLINE 
* 

Nuclear Structure Research Laboratory 
University of Rochester 

Strong collective excitation inherent to heavy-ion reactions implies that one 
and two nucleon transfer can be induced between states carrying many quanta of 
collective excitation. This opens the possibility of probing the dependence of 
single-particle and pairing degrees of freedom on collective excitation. One 
and two-neutron transfer reactions have been studied at the Holifield Heavy 
I^n Research Facility using 5MeV/nucleon ! 8Ni and 1 I 6 S n projectiles and 
Hin«2iH3iutDy targets" 2. In addition one-neutron transfer has been 
studied3 for 325MeV "Ni on a 2 3 5 U target. The target-like and projectile-like 
fragments were observed in kinematic coincidence using position-sensitive 
parallel plate avalanche detectors in coincidence with the deexcitation gamma 
rays observed using the Spin Spectrometer which comprised up to 14 Corapton-
suppressed Ge detectors and «6Q Hal detectors. The Spin Spectrometer was us^d 
to measure the total energy and the multiplicity of the deexcitation gamma 
rays from the reaction products. 

At the grazing angle the coincident gamma-ray spectra are dominated by the 
inelastic, one and two-neutron reaction channels. For these channels the 
reaction selectively excites states adjacent to the yrast sequence, such as ( 

rotationally-aligned two quasi-particle states, up to spin 30 with large cross 
sections which is consistent with a. direct process for the transfer. -That is, 
this reaction populates a distinctly different region of spin and excitation 
energy compared with other reactions. Moreover the deexcitation spectra are 
clean even for transfer on I 3 5 U opening the prospect of studying high spin 
states to spin 40 in the actinide nuclei unimpeded by the fission channel. It 
is shown that the exponential radial dependence of the two-particle transfer 
form factors at large separation distances for very heavy ion collisions is 
anomalous leading to large cross sections for distant collisions. It is 
demonstrated that this effect depends on the angular momentum of the states 
excited and is not due to intrinsic excitation of reaction fragments. 

The results of this work and related studies were reviewed and the 
implications of using such reactions as a spectroscopic probe of selected 
states near the yrast sequence was discussed. 

* Supported by the National Science Foundation. 
1 M.W. Guidry, S. Juutinen, X.T. Liu, C.R. Bingham, A.J. Larabee, L.L. 
Riedinger, C. Baktash, I.Y. Lee, M.L. Halbert, D. Cline, B. Kotlinski, W.J. 
Kernan, T.M, Semkow, D.G. Sarantites, K. Honkanen, M. Rajagopalan, Phys. 
Letts. 163B (1985) 79. 
2 S. Juutinen et al, To be published 1986 
3 C.Y. wu et al, To be published 1986 
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EXPERIMENTAL SETUP 
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J - G e r 1 Nuclear reactions at the Coulomb barrier 
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Oiabolic Pair Transfer and Oscillating Behavior 

of Backbending 

P. Ring and R.S. Nikam 

Physik-Department, Technisch Universitat Munchen 

and L.T. Canto 

Inst i tuto de Fisica, Univ. Federal do Rio de Janeiro 

Fig. 1 Pair transfer matrix elements <A+2,I |S+|A,I> as a function of the angular 
velocity for various pairing parameter a in the nucleus °Hf. An 
osci l la t ing behavior is found, which is in close analogy to the 
DC-Josephson effect in solid superconductors in a magnetic f i e l d , where 
the amplitude of the current osci l lates with the strength of the flux 
going through the junction. We call the regions, where the matrix ele­
ments vanish, regions of "Diabolic Pair Transfer". 
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A=Q 

0.2 0.4 0.6 
U/K 

a -» 
Fig 2. The same osci l lat ions occur in a deformed single j=13/2 shel l . The 

number of osci l lat ions depends on the orbits (v~v) to which the pair is 
transfered. v = 1,2... are ordered with respect to the energy, i .e . for 
small ("-values v = 1,2,. . . corresponds to K = 1/2, 3/2, 5 / 2 , . . . The 
qual i tat ive pattern depends l i t t l e on the gap parameter A. 
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Fig. 3 The osci l lat ions can be understood easily for A = 0, where the transfer 
matrix element is just the spatial overlap ^ [ T F * of the two singlepar-
t l c le wavefunctions obtained from the diagonalization of h i wjx. For the 
large K-values K = 13/2, 11/2, . . . these wavefunctions are represented in 
a basis quantized along the x-axis. In this basis they behave l ike 
wavefunctions of an harmonic osci l lator shifted in momentum space. For 
K = 13/2 the overlap is decreasing with a, but i t stays always posit ive. 
For K = 11/2 i t has one node, for K = 9/2 i t has two nodes etc. For the 
small K-values early alignment gives vanishing overlaps and reduces the 
number of nodes. 
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The osci l lat ing behavior of the interaction matrix element between the gs 
band and the s-band as a function of the chemical potent ial . The fu l l 
l ines are the exact results obtained by Hamamoto e t . a l . The dashed 
l ines correspond to the approximation where the off diagonal matrix ele­
ments of the pairing tensor in the rotating frame are neglected. The 
c r i t i c a l "diabol ical" points, where this matrix element vanishes are in 
th is approximation identical to the points, where the pair transfer 
matrix-element OJ|T|V> vanishes, i .e . to the regions of "diabolic" pair 
transfer 

i (hi * 

The probability to excite a deformed target nucleus 1 6 0 Dy by coulomb 
excitat ion up to spin I with simultaneous transfer of a Cooper pair in 
sudden approximation at 180°. 
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J. Wood New results on shape coexistence in the light gold 

isotopes 
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N. Roller Extension of transient field measurement of magnetic 
moments to higher spin states 
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E2 PROPERTIES OF THE IUCLEI STUDIED f IA KaTT-ION COULOMB EXCITATION 

T.Csoanyka, WSRL* The University of aocheater, lochester , W 10627 

A major progress, stimulated by the avai labi l i ty of the heavy-ion beams. 
has occured over the l a s t few years in the f i e l d of heavy-ion Coulomb 
excitat ion. Recently developped experimental techniques - such as the 
posit ion-sensit ive part ic le detectors and the Compton-suppressed Y-
deteetors - made possible 'to perform the multiple Coulomb excitation 
experiments yielding a large amount of high quality data which can be 
acquired during a re la t ive ly short accelerator run. The data collected 
using these techniques uniquely determine the f u l l se t s of the E2 aatr lx 
elements coupling the accesible l eve l s , thus providing the complete 
description of the dominating electromagnetic properties of the nucle i . The 
avai labi l i ty of the extensive experimental data has, in turn, iproapted the 
developpment of the sophlstist icated computer software, capable of handling 
the whole information resulting from a given experimental prograa to Bodel-
lndepenuentiy determine the electromagnetic properties of an investigated 
nucleus. The sample results shown were obtained using the Coulomb 
excitation data analysis code GOSIA, developped at the Nuclear Structure 
Research Laboratory of The University of Rochester as the result of the 
Roehester-Uppsala-Warsaw collaboration. The experimental work has been 
carried out at NSRL, LBL, BNL and TLU (Uppsala). 

* Supported by the National Science Foundation. 
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J. Bacelar Collectivity at high spins 
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N. Johnson Studies of collective behavior of nuclei at high spin 
from lifetime measurements 
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M- Hass Nuclear polarization and the sign of nuclear 

deformation at high spin 

Q Moments of isomeric states 

• Sign unknown 
ESS Sign known (other techniques) 

• Sign known (TMF/TDPAD) 
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Table I 

..Summary of Q-moment measurements: the values of Ti / a , g and |Q| are from previous 

experiments (see text); sign.of Q determinations and Pi values are from the measure-

ments reviewed here. 

State L»/al' Pi Q[e.fmJ] 

G> 

0 

M F e l O + ) 357 +0.728 0.18(5) +29.7(4) 

8 8 Zr(8+) 1700 -0.18 0.06(2) f 5 l ( 3 ) 

1 3 "Ce(10+) 

120 

308 

+1.36 
. 0 . 1 8 
-0.187 

0.05(1) 

0.12(3) 

-51(3) 
• 4 * 
+132(12) 

, < 2 S m ( 7 - ) 170 •0.06 — •112(27) 

' " G d ( 1 0 + ) 130 +1.276 0.10(3) •146(6) 

" r G d ( l 3 / 2 + ) 22.2 -0.037 - •73(7) 

, " r G d ( 2 7 / 2 - ) 26.8 +0.840 0.11(2) •126(8) 

" 7 Gd(49 /2+) 510 +0.446 0.16(3) •324(18) 

A . -

3 -
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