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TO THE 30th ANNIVERSARY OF THE FOUNDATION OF ATOMKI

Three decades are a rather short period on a historical
scale. For a research institute and thus for the Institute of
Nuclear Research of the Hungarian Academy of Sciences (ATOMKI),
however, it is a real epoch. It is especially a long period
for us who have been working here since the foundation of this
Institute.

As is well known, ATOMKI developed out of the Chair for
Experimental Physics of the L. Kossuth University of Debrecen.
The traditions of physics, however, are much older 1in Debrecen.
The work in experimental physics was started in this city 1in
the nearly four and a half centuries old Debrecen Calvinist
(Reformed) College at the end of the 17th and in the first half
of the 18th centuries. The names of Hatvani, Marothy and Segner
(the later professor at Jena University) characterize this
period of physics education and research in Debrecen. The old
experimental equipment can be seen even now in the present
building of the College. Our Institute is a successor of these
traditions, it continues the work started by our predecessors
here.

In addition to the traditions of physics in Debrecen,
there 1is another important factor which has a significant
in the life of the Institute. Namely, the founder of this
institution, Professor Szalay worked for half a year at
Rutherford in Cambridge 1in the mid-thirties, and this relatively
short period was decisive for his scientific career and also
for this Institute.

It is not the proper place to report on all the different
scientific and applied results obtained in ATOMKI during the 30
years of its existence. It should be mentioned here only that
the activity and results of the Institute are distributed in
the field of fundamental nuclear and atomic physics; applied
research in geology, biology, medicine, etc.; and in the field
of real practical applications on the basis of research
contracts with industrial enterprises and institutions in about
equal percentage. The 1inter- and multidisciplinary interest 1in
research 1is a special characteristic of this Institute as well
as the development of research equipments and methods.

role



The institute is in very good connection not only with a
number of institutes abroad, but also with the universities 1in
Debrecen, as well as with many secondary school teachers, even
with secondary school pupils, 1in many various ways. In general,
ATOMKI has an important role in the cultural, scientific and
technical life of the city and of this region of the country.

We strongly hope that the past thirty years mean only the
beginning of the useful activity of ATOMKI in research for the
good of our country and society.

The International Symposium on In-Beam Nuclear bpectroscopy
is being organized on the occasion of the 30th anniversary of
the Institute. We warmly greet the distinguished colleagues
participating in this Symposium, and in this way taking part
in our jubilee celebration. We wish all participants a very
pleasant and successful time in Debrecen during the Symposium.

D. Berenyi
Director of the Institute
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MEASUREMENT OF SHORT LIFETIMES IN SD SHELL NUCLEI

J. Keinonen, A. Anttila, R. Lappalainen
Department of Physics, University of Helsinki,
SF-00170 Helsinki 17, Finland
and
A.Z. Kiss, E. Somorjai
Institute of Nuclear Research of the Hung.Acad,
of Sciences, H-4001 Debrecen, Pf. 51. Hungary

The use of targets implanted into heavy backing material
such as tantalum has an essential advantage 1in comparison with
previous lifetime measurements, namely it has the high stopping
power needed in the determination of short nuclear lifetimes
with the Doppler shift attenuation method.

The use of experimentally known stopping power in the
Monte Carlo analysis of the DSA measurements permits the
determination of lifetimes to an accuracy which 1is sufficient
to deduce nuclear parameters (like e.g. the isoscalar and
isovector matrix elements of analogus levels).

The application of the above mentioned technique on some
nuclei 1in the sd shell is discussed.



NUCLEAR LEVEL STRUCTURE IN THE A=54 TO 94 MASS REGION

|I.D.Fedorets, V.E.Storizhko, I.l1.Zalyubovskii
Kharkov State University,harkov

The low-lying states of 54Mn,64Cu,73»76As,77»80»82Br and
94Nb have been investigated by the (p,n” ) reaction with pro-
ton beam in the energy range from threshold energies to 3.0
MeV. The level schemes of the nuclei were determined from the
measurements of ray excitation functions, N and n-~ coin-
cidence spectra. The angular distributions and linear polari-
zation of the de-excitation J-rays as well as the (p,n) cross
sections corresponding to the individual residual states and
n-~ angular correlations have been measured. Comparison of
the data with the predictions of the compound nuclear statis-
tical model yielded the following for levels(level ener-
gies in keV) 1in 54Mn:155.7,4+ ;in 64Cu:159.3,2+ ;278.2,2+ ;343.9,
1+ ;in73As:254.0,3/2~;393.3,1/2",(3/2") ;427 .9,9/2*;577 .5,5/2 ;
655.3,3/2 ;769.7 ,5/2 ;850.4,5/2 ;860.5,7/2;993.5,7/2,(5/2);
1037.0,7/2, (13/2); 1078.5,3/2, (5/2); 1087.1 ,5/2, (3/2);1178.1 ,7/2;
(5/2);1221.3,5/2,7/2 ;1274.9,5/2,(7/2) ;1293.4,9/2-13/2;1302.4,
(1/2),3/2 ;1324.3,1/2,3/2 ;1344.1 ,5/2,(7/2);1489.2,5/2;in 76As:
121.1,(D+,2+,3+;165.0,3",(4)";264.6,3+;300.7,(3,4);308.1 ,
(3,4) ;321.5, ~2;352.7,3+ ,4+ ;362.7,4",(3r;402.3,(1-3)+ ;447 .7,
3+,(4) ;471.9,47” (3)";499.9,3(2);517.5,1+,2+ ;544_.3,3;550.5,
1-3 ;669.9,3Jin 77Br:105.8, 9/2+;129.7 ,5/2+ ;162.1 ,5/2*<5167 .0,
1/2 ;226.6,(3/2*",5/2**) ;276.3,5/2+ ;336.9,3/2*";418.0,7/2+ ;425.1 ,
5/2<<,471 .1 ,3/2~,5/2~;in80Br:256.4,3"*;in 82Br:290.6,3~;362.1,
1,2;419.1,1 ,2;475.0, M;540.7, "4 ;640.4,3 ;763.0,1,2,(3) ;1022.
1,3,(4) ;1232.5,2,3,(4);1277.4,3,(4);in 94Nb:140.4,2~;301.8,2]
334.2,3+ ;396.3,3“%,450.2,3+ ;63i.2,(4)+ ;666.0(3+);785.0,3(+);
792.7,3+ ,4+ ;817,4,(31"),4+ ;923.3,(2+),3;972.8,3+;979.3,2+.
Multipole mixing ratios and branching ratios for most of the
transitions have also been determined. Systematics of the le-
vel structures of the nuclei,which belong to this mass region
have been discussed in terms of shell model configurations
and collective models.



ENERGY LEVELS OF NUCLEI
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VIA THE (n,n"y ) REACTION
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All measurements were carried out using the 7 MV Van de
Graaff accelerator of the Laboratori Nazionali di Legnaro (LNL,
adua, étaly). The neutrons were produced by means of the
H(p,n) He reaction on a Tritium-Titanium target. The measure-
ments were performed at incident neutron energies ranging ti-

pically from
flight technique
Ge(Li) detector.

for the

1.3 MeV to 3.9 MeV,

using the pulsed-beam
neutron-gamma discrimination

time-of-
in the

The nuclei selected for the investigation were 75As D,
~"eCo (2), V. (3). Some results were also obtained on the de-
cay schemes of ~~Nb (4) and ~®~Dy (5). In all those cases, an
accurate determination of the decay schemes was achieved, im-
proving the Vr edge of branching ratios of the ~-decays and
of the energies of the investigated levels, and obtaining also
some new information on the spins of the studied levels.

(1) U. Abbondanno, F. Demanins, M.R. Malisan and G. Nardelli
Nucl. Phys. A305 (1978) 117

(2) U. Abbondanno, A. Boiti, F. Demanins, C. Tuniz and G. Nar-
delli - Nucl. Phys. A345 (1980) 174

(3) U.Abbondanno, A. Boiti, F. Demanins, C. Omet and C. Tuniz
Nuovo Cimento 72A (1982) 138

(4) VU.Abbondanno, F. Demanins, A. Giletti, M.R. Malisan, C.
Tuniz and G. Nardelli - Nuovo Cim. Lett. 21 (1978) 409

(5) U.Abbondanno, A. Boiti, F. Demanins, C. Omet and C. Tuniz
Nuovo Cim. Lett. 29 (1980) 339.



SHELL MODEL STATES IN THE ODD-ODD NUCLEUS 64GA+

N. Schmal, L. Cleemann, J. Eberth, P.W.M. Glaudemans’?, D. Zwarts”tc
Institut fur Kernphysik der Universitat zu Koln, FRG
Fysisch Laboratorium Rijksuniversiteit Utrecht, NL

As a part of our systematic studies of neutron deficient nuclei in the

A = 60 - 80 mass region we investigated excited states in 6ltGa by the
54Fe( 12C,pny) and the 6l+Zn(p,ny) reactions. The p-induced reaction was
used to populate selectively low spin states in a y-ray excitation funct-
ion measurement. In the heavy ion induced reaction we measured excitation
functions, yy-coincidences, y-angular distributions, conversion electrons
and lifetimes in coincidence with the evaporated neutrons in order to
suppress the competing reaction channels [1]. We found 17 previously un-
known states above 1 MeV and made spin-parity assignments for most of the
new and all lower lying states.

In order to understand the complicated structure of 6l#Ga, we per-
formed a shell-model calculation with the code RITSSHIL [2], using the
2p3/2, 1f5/2, 2pl/2 and 1g9/2 configuration space and the MSDI effective
interaction for 3 active protons and 5 active neutrons outside the 56Ni
core. A comparison of the calculated positive parity states with the ex-
periment is given in figure 1. The single particle energies are e(p3/2)=0,
r(f5/2)=0.76, r(pi/?)=1.1 and r(0q/?"=i.6 MeV, where the fp values are

57Ni data. All shell-model states
Mev ) below 1.5 MeV are shown and to
9%. 3574 0 9 -
each of them the experimental
Sm counterpart could be identified.
The ordering of levels and the
excitation energies are in
excellent agreement. At higher
spins we find some deviations,
but the 9+ 3.574 MeV state again
Tm fits very well.
The calculation shows, that this
is the fully aligned 7ig9/2 x vg9/2
1040 6 6 state, which is also known in the
1905 1 0¥ heavier odd-odd Ga isotopes.

1798 7 5*

References :
1357.2 5* _
1279 9 ¢ rlj J. Roth et al., 1981 Proc.Int.
Conf. on Nuclei far from Stab-
1020.9 5 ility (CERN 81-08) 680

[2] D. Zwarts et al., Proc. Int.
Conf. on Nucl. Structure,
Amsterdam 1982

+work supported by BMFT

Fig.l GGa, partial level scheme
of positive parity states.



EXCITED STATES OF THE 70Ga NUCLEUS

T. Fenyes, J. Gulyas, T. Kibedi, A.
J. Timar
Institute of Nuclear Research of the Hungarian Academy
of Sciences, 4001 Debrecen, Hungary
S. Brant and V. Paar
Prirodoslovno-matemati6ki fakultet, University of Zagreb,
41000 Zagreb, Yugoslavia

Krasznahorkay and

The y-spectrum of the 70Zn(p,ny)70Ga reaction was
with Ge(Li) spectrometers at 3, 3.5 and 4 MeV bombarding proton
energies. 47 y-rays were assigned to 70Ga and the energies
(Ey) and relative intensities (I ) of y-rays were determined.
The electron spectrum of the reaction was measured with high
transmission superconducting magnet transporter Si(Li) and
mini-orange Si(Li) spectrometers. |Internal conversion electron
coefficients were determined for eight 70Ga transitions. The
level scheme of 70G6a, y-branching ratios, multipolarity of
transitions, level spins and parities were deduced. The energies
of low-lying 70Ga levels were calculated on the basis of the
parabolic rule derived from the cluster-vibration model. This

calculation provided a simple classification of several multiplet
states in 70Ga for the first time (Fig. 1).

HO

measured

Z

S-tMgrdl

?JVEn~ju)”~2aSsa
e<p.n

N , 2"(PROBABLY

345 6170123 < 5]

0123 4 5 6
-PARITY +PARITY 1 ¢ PARITY

-PARITY -PARITY LEVELS

Fig. 1. Proton-neutron quasi-particle multiplet states in 706Ga.
a/ Experimental level energies and configurations of the lowest
three states of the 71Ga and 69Zn nuclei,

b/ The zeroth-order classification of the low-lying 70Ga states.
I is the spin of the nuclear state,
¢/ The splitting of some states of Fig. Ib due to quadrupole and

spin vibrational phonon exchange. N means normalization point,
d/ Experimental levels of 70Ga below ~1300 KkeV.



QUASIPARTICLE AND COLLECTIVE EXCITATIONS IN NUCLEI
OF THE MASS 80 REGION

L. Funke, J. Doring, P. Kemnitz and G. Winter
Zentralinstitut fur Kernforschung Rossendorf,
8051 Dresden, DDR

On the basis of extensive experimental results on se-
veral Kr and Br isotopes the collective and few-particle
aspects of excitations in these transitional nuclei have been
investigated. Similar to well-deformed nuclei band crossing
phenomena, such as interaction matrix elements fluctuating
with the nucleon numbers, fast ai=0 ML transitions between
mixed states and reduced E2 transition rates near the cross-
ing point have been observed. Due to softness of the core the
’\degree of freedom plays obviously an important role in
these transitional nuclei.

As an example, 1in 81‘83Kr non-axial deformations were
found 1in connection with the occupation of Quasineutron
orbitals. On the other hand, 3 quasiparticle (3gqp) excita-
tions 1In 81 33Kr which contain gg/2 dQuasibrotons indicate a
behaviour similar to an axial-symmetric rotor.

Calculations in the cranked shell model show a very
different dependence of the gp energy on the ~ deformation
for the lowest ggy2 QuasiProton and auasineutron orbitals
with minima at **+30< and ~**-30<, respectively. This
behaviour may lead to configuration dependent polarization
effects caused by the unpaired quasiparticles and explains

o -j Q 1

the shape coexistence found in ~ Kr.



IN BEAM STUDY OF ?8SE

R.Schwengner, E.Will, J.Doring, L.Funke, P.Kemnitz and G.Winter
Zentralinstitut fUr Kernforschung Rossendorf, 8051 Dresden, DDR
A_E.Sobov, M.F_Kudojarov, 1.Kh._.Lemberg, A.S.Mishin, A.A_.Pasternak,
L.A.Rassadin and I.N.Chugunov
Physico-technical Institute "A.F_Joffe"™, K-21 Leningrad, USSR
o0
Levels in Se have been studied at the cyclotrons in Rossendorf
and Leningrad using the ~Ge(ci,2ny) reaction. High-resolution singles
spectra, relative excitation functions, angular distributions, the
linear polarization and coincidence relations of the y-rays were mea-
sured at bombarding energies of 21-2? MeV. The lifetimes of 28 levels
were determined using Doppler shift and pulsed beam timing methods.
As a result of these experiments the level scheme shown in fig.1l
has been established. The spin and parity assignments of the 2742.4,
294-9e 3» 3306.7, 4047.9, 3013.8, 3550.0 and 4-121.1 keV levels differ
from those proposed in a recent (% 2n) study /1/ and are mainly based
on our lifetime measurements. Moreover, several additional transitions
were found. The three 8 and the two 10+ states are suggested to in-
volve collective and g9/2 two proton and two neutron excitations. Their
mixing reflected by the M1 transitions between the states with equal
spin is treated in three band mixing calculations.

References:
/1/ T.Matsuzaki and H.Taketani, Nucl. Phys. A390 (1983) 413

(12%)___ 5761.0
5669.1

509t 7

® _ «H.0

3705.0

0.0

2736.0

2190.4

30@Se

Fig.-1: Preliminary level scheme of Se
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EVIDENCE FOR SHAPE COEXISTENCE IN 83Kr

P. Kemnitz, J. Doring, L. Funke and G. Winter
Zentralinstitut fur Kernforschung Rossendorf, 8051 Dresden, DDR
L. Hildingsson, D. Jerrestam, A. Johnson and Th. Lindblad
Research Insg(i)tute of Physics, 10405 Stockholm, Sweden

Excitations 1in Kr were studied in-beam at the Stockholm and Ros-
sendorf cyclotrons via the («<,3n) reaction. Coincidence relations, the
polarization and angular distributions of the y-rays were measured at
Eh=42 MeV. Lifetime measurements (DSA method) were performed at E,=42
and 2? MeV. The level scheme deduced from our experiments 1is shown in
fig. 1. Its extension towards higher spins compared with recent (o<,n)
data /V reveals 3 band like sequences. The spacings in the /jl=2 sequen-
ce on top of the 17/2°““yrast state and those of the <”Kr yrast band are
very similar. Low collectivity of the 1327.6 and 896.6 keV transitions,
B(E2)=4(1) and -7.5 W.u., respectively, point also to properties of the
heavier even-mass neighbour. In contrast the ~1=1 sequence, | =21/2 to
(29/2+), resembles a 3gp band in Kr [2.J. The M1 intraband transitions
are fast in both nuclides, for the 518.1 and 690 keV transitions we
determined limits of B(M1)70.4 W.u. Similarly as discussed for <7Kr,
the rather regular level separations are assumed to reflect a deforma-
tion stabilyzing effect of two rotation-aligned g9/2 protons.

References: /1/ C.M. Cartwright et al., J. Phys. G7 (1981) 65
P. Eskola et al., Phys. Scripta 5. (1982) 15
[?] L. Funke et al., Phys. Lett. 120B (1983) 301

778.4 .. (2972 i 5736.0
(27/21— }--—— r
2

4869.9
4694.6

4218.4

3603.1
21/2- 3367.0

13/2-  2S10.0

11/720L312F1

13/2- 17213
712- '170.5

5/2 - 690.1

Fig. 1: Level scheme of <XKr

11



SHAPE COEXISTENCE IN SE AND KR ISOTOPES INVESTIGATED BY NEUTRON  (
MULTIPLICITY GATED y-SPECTROSCOPY+

J. Eberth, L. Cleemann, N. Schmal
Institut fur Kernphysik der Universitat zu Koln, FRG

For nuclei with Z=38,40 (Sr,Zr) and N~O0 large quadrupole deformations
were found experimentally |1]. First hints for strongly deformed shapes

in this mass region were deduced from the anomalous behaviour of the yrast
band in 72Se |2,3]. which was interpreted as mixing of a band built+on

the near spherical ground state with a band based on the deformed 02 -
state. To study the development and origin of deformation we investigated
the isotone 74Kr and the odd neighbouring nuclei 71Se and 75Kr as the odd
neutron is expected to be a sensitive probe of the quadrupole field of the
core nuclei. As these neutron deficient nuclei are only weakly populated
by fusion-evaporation reactions - too low for standard in-beam Y-spectro-
scopy- informations were restricted so far to a few low-lying states. The
recently developed neutron multiplicity - y coincidence technique 14|
allowed the observation of y-transitions up to high spins. Using ~F, 160,
and 32S beams of the FN Tandem at the University of Kbln we measured
n-gated "-coincidences, yield functions, angular distributions, lifetimes
with the Recoil-Distance method and conversion coefficients with a Mini-
Orange spectrometer.

In 74Kr the yrast band was established up to spin 20+. A two band
mixing analysis gave a large deformation of the ground state and an
unperturbed 2+ - 0+ energy of about 200 keV |5]. The B(E2,2 - 0+)=1400
e2” corresponds to a deformation of 3-0.35 of a symmetric rotor.

In 75Kr one positive parity band based on the 5/2 422 | Nilsson state
and one negative parity band on the 3/2~ |301] state were found. Comparing
the level energies with a triaxial rotor plus Nilsson model and the absence
of additional states below 500 keV leads to the conclusion that the
deformation parameters must be restricted to 6-0.36 and y - 15 in
accordance with the values found for the core nucleus 7HKr.

For 71Se a decoupled gg/2 band and a strongly coupled fr/?, Pv? -
band was observed. From the measured B(E2) values and a comparison (nth the
triaxial rotor piys particle model deformation parameters of B-0.2 and
Y~30= for the 9/2 * band and 6-0.38 and y-28= for the negative parity
band were derived. This result strongly supports the shape coexistence
picture proposed for 72Se : the gg” hole is coupled to the near spherical
ground state of the core while the large collectivity of the negative
parity band arises from coupling of a fs/2, P3/2 hole to the deformed
02 - state.

The rapidity of change of deformation in this mass region has to be
correlated to the strong competition between spherical and strongly de-
formed shapes arising from the gaps in the Nilsson levels at N=7Z=40 for
spherical shapes and N=Z=38 for well deformed shapes.

+work supported by BMFT

1 C.J. Lister et al., Phys. Rev. Lett. 49 (1982) 308

2 J.H. Hamilton et al., Phys. Rev. Lett. 32 (1974) 239

3 K.P. Lieb and J.J. Kolata, Phys. Rev. C, Vol. 15, No. 3(1977) 939
4

J. Roth et al., 1981 Proc. 4th Int. Conf. on Nuclei far from
Stability (CERN 81-08) 680

5 R.B. Piercey et al., Phys. Rev. Lett. 47 (1981) 1514
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SUBSHELL GAPS AT N = 40 AND Z = 40 AND SHAPE
COEXISTENCE IN THE fpg SHELL

John L. Wood
School of Physics, Georgia Tech, Atlanta, Ga. 30332, USA

Deformation in nuclei is approached from the viewpoint of the number
of protons and neutrons in the active or valence space and their inter-
action through a proton-neutron force [1]. |In certain situations the
number of active protons and/or neutrons can be increased by their promo-
tion across shell or subshell gaps. The resulting configurations, called
(shell model) intruder states, generally give rise to shape coexistence
phenomena [2]. The occurrence of these configurations is especially drama-
tic at and near closed shells, where well-defined rotational bands are
sometimes found in regions of low level density (below the pairing gap).

The occurrence of these intruding configurations and the associated
shape coexistence can be understood simply as the interplay of two energy
factors: (a) the cost in energy of promoting nucleons across shell and
subshell gaps and, (b) the "return" in energy gained due to the residual
pairing force between like nucleons and a residual quadrupole force between
protons and neutrons. This picture suggests that shape coexistence in-
evitably occurs, provided that the intruder configurations are not severely
fragmented. Further, the proton-neutron residual force will favor mid-
shell regions for unusually low-lying coexisting shapes.

In the present investigation, shape coexistence in the fpg shell is
considered. The empirical evidence for shape coexistence is reviewed and
the role of subshell gaps at Z = 40 and N = 40, in producing this coexis-
tence, 1is studied. It is especially important to subject this picture to
experimental scrutiny since, e.g., "deformed shells™ have been invoked also
to explain the shape coexistence in 7Kr [3].

*

Work supported in part by U. S. DOE Contract No. DE-AS05-80ER10599.

[1] A. de Shalit and M. Goldhaber, Phys. Rev. 92 (1953) 1211;
P. Federman and S. Pittel, Phys. Rev. C20 (1979) 820.

[2] K. Heyde, P. van lIsacker, M. Waroquier, J. L. Wood and R. A. Meyer,
Physics Reports (in press).

[31 R- B. Piercey, et al., Phys. Rev. Lett. 47 (1981) 1514.
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EXCITED STATES OF 96Nb FROM 96Zr(p,ny)96Nb REACTION

B. D. Kern
Department of Physics and Astronomy, University of Kentucky,
Lexington, KY, 40506, USA

T. Fenyes, A. Krasznahorkay and Zs. Dombradi
Institute of Nuclear Research of the Hungarian Academy of
Sciences, 4001 Debrecen, Hungary

S. Brant and V. Paar
Prirodoslovno-matemati<*ki Tfakultet, University of Zagreb,
41000 Zagreb, Yugoslavia

The y-ray spectra of the 96Zr(p ,ny)96Nb reaction have been
measured with Ge(Li) detectors at different bombarding proton
energies between 1.3 and 5.1 MeV. yy-coincidences were observed
at Ep=4.7 and 5.0 MeV. On the basis of experimental results a
level scheme of 96Nb was deduced (see fig.), y-threshold energies
and y-branching ratios were determined. Computed Hauser-Feshbach
(p,n™ cross sections have been compared with experimental data
obtained from the y-ray measurements, and level spins and
parities have been determined. The energies of 96Nb levels were
calculated on the basis of the parabolic rule, derived from the
cluster-vibration model. The Racah multipole decomposition

method was used also for the theoretical interpretation of
several 96Nb multiplet states.

Fig. The energy level diagram of 96Nb
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STUDY OF QUASI-MAGIC 96Zr

B. Fazekas, T. Belgya, G. Molnar and A. Veres
Institute of Isotopes, Budapest H-1525

The e6Zr nucleus, suspected of being lagic, has been stu-
died in the (n,n"y) reaction of reactor fast, neutrons. Spins
and decay properties of most of the twelve lowest levels are
obtained for the first time.

Early shell model calculations for the Zr isotopes were
restricted to the d&/2 neutron shell which is closed at N=56.
Hence a simple spectrum, reminiscent of that of magic 90Zr, has
been predicted - in clear disagreement with present experimental
knowledge. Even so the influence of the subshell closure is
obvious and more detailed theoretical analysis is called for.
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THE 9umo VIBRATIONAL NUCLEUS

T. Belgya, B. Fazekas, G. Molnar and A. Veres
Institute of Isotopes, Budapest H-1525

The 9*W nucleus is adjacent to the N=50 closed neutron
shell. 1t has a vibrational spectrum with the remarkable feat-
ure that the energy of the two-phonon G+ state is exactly twice
the energy of the one-phonon 2+ state.

The level and decay schemes of 9UMo were studied using the
(n,n"Y) reaction induced by reactor fast neutrons. The obtained
spins, branchings and mixing ratios have increased considerably
the experimental knowledge of this nucleus.

In order to see whether shell model calculations can acc-
ount for the experimental data entirely or coupling of vibra-

tional and particle degrees of freedom is necessary, more ext-
ended calculations are required.
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(n,n"y) SPECTROSCOPY OF TRANSITIONAL AIT100 NUCLEI

G. Molnar and A. Veres
Institute of Isotopes, Budapest H-1525

The region of deformation around A“100 has been an excit-
ing subject since the discovery of neutron-rich deformed Zr, Mo
and Ru isotopes off the stability line. The (n,n"y) reaction,
induced by reactor fast neutrons, was used to obtain new levels,
spins and B(E2) ratios in vibrational 9t*Mo and in 98Mo and

Mo transitional nuclei.

Although both shell model and cluster vibrational model
calculations were available for 9itMo, only recently has a descrip-
tion of the transitional Mo nuclei become possible in the
framework of the proton-neutron interacting boson model with
configuration mixing [1]. The mixing between vibrational and y-
unstable features, the latter being typical for the heavy iso-
topes, accounts well for the observed level structures.

The (n,n"y) method has also been applied to Zr isotopes.
Spins, branching and mixing ratios for most of the twelve
lowest states of 96Zr were obtained. In order to understand to
what extent this nucleus 1is magic a comparison is drawn between
96Zr, the isotone of transitional 98Mo, and truly magic 90Zr.

General conclusions are made with respect to experimental
knowledge and theoretical interpretations in the Zr-Mo region.

[IJ M. Sambataro and G. Molnar, Nucl. Phys. A376 (1982) 201
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ROTATIONAL STRUCTURES AT A = 100

K. Sistemich

Institut fUr Kernphysik, Kernforschungsanlage Jlilich, D-5170 Julich, F.R.G.

In 1970 it has been shown [I] that neutron-rich even-even nuclei with
masses around 100 have rotational level patterns with strongly enhanced
B(E2: 2+ »»0+) values. Since then intensive investigations have been per-
formed on the detailed nuclear structures in this new region of deforma-
tions. The studies were based on the spectroscopy of fission products and
on reactions in which neutron-rich nuclei are produced as (n,y) or (t.p).
Theoretical studies were performed in the frame of the shell model [2] or
of the IBA (e.g. ref. [3]).

The results for the even-even nuclei indicate that the isotones 100Sr
and 102Zr are symmetric rotators while more complex shapes exist for N < 62
and Z * 42.

Very recently rotational behaviour has also been observed in odd-mass
nuclei at A ~ 100 which provides interesting insight into the individual
Nilsson configurations of the levels of isotopes of Sr through Mo. Well

developed rotational bands have been found here already at N = 60 (for
example in "Y [4]).

[1] E. Cheifetz et al., Phys. Rev. Lett. 25 (1970) 38

12J P. Federman and S. Pittel, Phys. Rev. C20 (1979) 820

[3] M. Sambataro and G. Molnar, Nucl. Phys. A376 (1982) 201

[4] E. Monnand et al., Z. Physik A - Atoms and Nuclei 306 (1982) 18?



BETA-STRENG6TH FUNCTION PHENOMENA
OF EXOTIC NUCLEI IN THE A = 100 MASS REGION

K.-L. Kratz, H. Ohm, A. Schroder, H. Gabelmann, W. Ziegert
Institut fur Kernchemie, Universitat Mainz, D-6500 Mainz,
Federal Republic of Germany

B. Pfei ffer
Institut Max von Laue - Paul Langevin, F-38042 Grenoble,
France

E. Monnand
D8&partement de Recherche Fondamentale, Centre d"Etudes
Nucleaires de Grenoble, F-38041 Grenoble, France

J. Krumli nde, P. Moller
Department of Physics and Mathematical Physics,
Lund University, S-220 07 Lund, Sweden

In recent years, the investigation of the 6-strength func-
tion, SEB(E), of nuclei far away from the line of 6-stability
has received considerable attention because the knowledge of
S3(E) is of importance for various problems 1in nuclear physics,
astrophysics and for nuclear reactor applications [1,2].

With regard to nuclear physics, S@B(E) of far-unstable nuc-
lei can provide new insight into nuclear structure since such
nuclides have exotic neutron-to-proton combinations which con-
sequently have symmetries different from those found 1in near-
stable systems. With this, nuclei far off stability may have
6-decay modes and quantum numbers different from those occur-
ing near stability; e.g. 6-delayed particle emission and ano-
malies in the 6-strength function behaviour related to the 1in-
terplay between new shells and deformations.

By comparison of experimental S@B(E)Of neutron-rich Br to
Sr isotopes in the transitional region around A=100 with theo-
retical GT strength functions from recent shell model calcula-
tions in the RPA [3], nuclear structure effectsrelated tode-
formation and to the subshell <closures atN=56, 60 andZ=38 are
examined. With the presently existing systematics of S@B(E) of
neutron-rich 1isotopes 1in the A=80-110 mass range, the reliabi-
lity of nuclear models to predict global 6-decay properties (e.
9- T1/2, Pn) and spectral distributions (e.g. the anti neutrino
spectra) of unknown nuclei will be discussed. First results
on the "quenching"™ of the low-lying GT strength accessible to
6-decay of exotic nuclei will be presented.

[1] H.v. Klapdor, Progr. Part. Nucl. Phys. 10 (1983) 131

[2] K.-L. Kratz, Nucl. Phys. A242 (1984)
[31 J. Krumlinde, P. Moller, Nucl. Phys. A242 (1984)
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100 102
CONVERSION ELECTRON MEASUREMENTS IN Rh AND Rh

A.M. Bizzeti-Sona, P. Blasi, P.A. Mando", A. Passeri, A.A. Stefanini
Dipartimento di Fisica - Universita di Firenze
I.N.F.N. - Sezione di Firenze - L.go E. Fermi n. 2 - 1 50125 Firenze

100 102
In a recent rggear™h on Rh  and Rh

performed with the
Ru(p,ny) ” Rh reactions, the level scheme of these two nu-

clei and the y-decay of their levels up to about 600 keV have been
ported (1,2)

In both cases the level scheme can be divided in two parts with weak
or no y -transitions between them; only for very few levels the assignement
to one of the two classes is uncertain. In analogy to previously investiga-
ted odd-odd Tc isotopes, the two groups of levels have been assumed to have
opposite parity.

In order to test the above assumption,
ties (concerning a few low-lying levels of
fficients have been measured.

re-

and to resolve residual ambigui
Rh) electron conversion coe-
Measurements have been performed at the CN
188 102 Graaff <q ~j?oratori Nazionali di Legnaro, with the vreactions
Ru(p,ny ) ” Rh at E =6MeV and E =4.5 MeV. Spectra of prompt y-

rays and conversion electrons have beenP recorded with a Ge hyperpure
counter and a small electron spectrometer. The latter (3 )consists of a
broad acceptance magnetic analyzer followed by a Si detector cooled to li-
quid nitrogen temperature” Preliminary measurements cover ~t”e region
120keViEe 350 keV for Rh and 100kev ™~ E_~ 200 keV for Rh.
in this 1%egion, conversion coefficients for ElI and MI transitions differ
by about a factor 2, it is possible to distinguish between the two multipo-

larities also with moderate statistical accuracy. Due to the
and short

Since

low energy
lifetimes of the transitions considered, higher multipolarities

can in fact be neglectgd (apart, perhaps, from some very weak E2 branches).

Measurements in Rh confirm up to now, the parity attributions assu-
med on the only base of the decay scheme. Also in Rh all parity attribu-
tions which could be tested until now, have been confirmed and, in addition,
definite evidence of positive parity of the level at 178 keV has been obtai”
ned due to the El character of the 178.6 ->41.9 keV transition. The parity
attribution to these two levels can be extended (with the decay-scheme cri-

terion) to higher levels decaying predominantly to them, as the 206.9,263.8
302.2, 431.5, 545.9 and 645.8 keV states.

1) A.M. Bizzeti-Sona, P. Blasi, P.A. Mandol, Z. Phys. A311, 163 (1983).

2) A_M. Bizzeti-Sona, P. Blasi, P.A. Mando", A.A. Stefanini, Z. Phys. (in
press).

3) T. Fazzini, A. Giannatiempo, A. Perego, Nucl_Instr.Meth. 211, 125 (1983)
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MULTIPOLARITY OF SOME 102Rh TRANSITIONS

Zs. Dombradi, A. Krasznahorkay, T. Kibedi and S. Laszlo

Institute of Nuclear Research of the Hungarian Academy of
Sciences, 4001 Debrecen, Hungary

In our earlier work [1] we have measured the gamma and
gamma-gamma coincidence spectra of the 102Ru(p,ny) 2Rh
reaction and a level scheme has been proposed for the Rh nucleus.
The aim of the present work was the measurement of the
conversion electron spectra of the 102Ru(p,ny) reaction and the
determination of the multipolarity of the 1 Rh transitions in
order to obtain information on spins and parities of the levels
of the 102Rh nucleus.

Isotopically enriched (to 98.7 %), 1 mg/cm thick 102Ru
powder target prepared on a 200 yg/cm2 Al foil was used for the
experiments. The measurements were performed at the Van de
Graaff accelerator of our institute with a proton beam of
4.0 MeV energy and 10-20 nA intensity. The spectrum of the
conversion electrons was studied with a superconducting magnet
transporter Si(Li) spectrometer.

The conversion electron line intensities were normalized so
that the internal conversion coefficient of the 475 keV
transition from the 102Ru(p,p ™ reaction should correspond to
the theoretical E2 value. Using this procedure the multi-
polarity of 12 102Rh transitions has been determined. Prelimi-
nary results are shown in Table 1.

[1] Zs. Dombradi, A. Krasznahorkay and J. Gulyas, Z. Phys.
A 313 (1983) 207

Table 1. Multipolarity of 102Rh transitions

y-ray energy [keV] Multipolarity* Y-ray energy [keV] Multipolarity*

123.78 Ml 259.69 El
136.72 El 270.52 El
146.01 M1 291.57 El
167.14 El 304.50 El
182.10 El 338.91 Ml
243 .53 Ml 343.78 Ml

*Smair admixtures of E2 radiation are not indicated.
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PROTON-NEUTRON MULTIPLET STATES IN 1141In

T. Fenyes, T. Kibedi and J. Timar
Institute of Nuclear Research of the Hungarian

Academy of Sciences, 4001 Debrecen, Hungary

A. Passoja, M. Luontama and W. Trzaska
University of Jyvaskyla, Department of Physics,
40100 Jyvaskyla 10, Finl"and

V. Paar
Prirodoslovno-matematicki fakultet, University
of Zagreb, 41000 Zagreb, Yugoslavia

The y-spectrum of the 114Cd(p ,ny)1llkln reaction was

measured with Ge(Li) and hyperpure Ge spectrometers at 4.8,

5.3 and 7 MeV bombarding proton energies. The energies (Ey)

of *170 y-rays assigned to 11€n

The electron spectrum of the reaction was
measured with a combined magnetic plus Si(L1)

and relative intensities (ly)
were determined.

spectrometer.

Internal conversion electron coefficients were determined for

about 20 I11**In transitions. The level scheme of 11 "1n,

y-branching ratios, multipolarity of transitions,

level spins
and parities were deduced.

The energies of several 11€In proton-neutron multiplets

were calculated on the basis of the parabolic rule derived

from the cluster-vibration model. This calculation provided a

simple classification of various multiplet states in ~ €n.
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PROTON - NEUTRON MULTIPLET STATES IN MEDIUM
HEAVY ODD-0DD TRANSITIONAL NUCLEI

T. Fenyes
Institute of Nuclear Research of the Hungarian Academy
of Sciences, 4001 Debrecen, Hungary

I. Introduction

Il. Experimental technique. Van de Graaff and isochronous
cyclotron accelerators. (p,ny) reactions.

In-beam hard and soft y-spectrum, excitation
function, y-angular anisotropy, internal conversion
electron, 1internal e~e+-pair, and scattered proton
spectrum measurements, yy-, e+e--, and beam pulse-y-
coincidence spectra. Ge(Li), and hyperpure Ge
y-spectrometers, superconducting transporter Si(Li1),
mini-orange Si(Li) and combined magnetic plus Si(Li)
electron spectrometers, surface barrier Si proton
spectrometer. Different reaction chambers. Enriched
targets

I11. Survey of experimental results on IllI*In, 102Rh, 100Tc,
98Tc, 96Nb , 9°fNb, 02Br, 76As, and 70Ga nuclei

IV. Theoretical interpretation of the level schemes.
Shell model, parabolic rule (derived from the clus-
ter-vibration model), and Racah multipole decomposition
calculations

V. p-n rnultiplet states in odd-odd nuclei. Examples:
11¥In, 96Nb, 82Br, and 70Ga

V1. Conelus ions
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UNIFIED DESCRIPTION OF INTRUDER STATES IN EVEN-EVEN NUCLEI

K .Heyde,P .Van Isacker,J .Moreau,M Waroauier,
Institute for Nuclear Physics,Proeftuinstraat,42 B-9000 Gent,Belgium

We give a unified description of low-lying "intruder"™ states in
even-even nuclei.lt is shown that the proton-neutron quadrupole-quadrupole
interaction which is causing deformed shapes when many valence protons and
neutrons outside closed shells are present,also causes particle-hole "in-
truder™ states to occur at very low excitation energy.Results for such

"intruder"states ,especially around the single-closed shell at Z=50 are
shown.
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NUCLEAR STRUCTURE STUDIES THROUGH THE COMBINED USE OF
THE (n,n") AND (n,n"y) REACTIONS

B.D. Kern, M.T. McEllistrem, J.L. Weil, and S.W. Yates
University of Kentucky, Lexington, KY 40506, U.S.A.

Studies of the nuclear structure of medium-mass and heavy nuclei have
been conducted with excited states being produced by incident neutrons in
the energy range from 0.5 to A.0 MeV. Both neutron and y-ray detection
have been employed in many experiments to exploit the separate advantages
of observing these reaction products. The incident neutrons were produced
at the University of Kentucky 6.5-MV electrostatic accelerator.

Certain refinements in technique and recent experimental results will
be described:

A. Improved shielding of large Ge detectors, utilizing a massive copper
collimator and a boron-loaded polyethylene shield.

B. The use ofaccurately measured thresholds for y-ray production in the
placing ofy-rays into complex decay schemes. The use of the curvature
of y-ray excitation functions near threshold to limit spin assignments
in nuclei with A>150.

C. Complementary use of (n,n") and (n,n"y) cross sections to confirm the
placement of y rays and alternatively to enable the extraction of
(n,n") individual level cross sections from unresolved neutron
multiplets.

D. The sensitivity of neutron angular distributions to spin 0 and spin
1 levels, which has enabled otherwise difficult spin 0 assignments to
be made in 91f>100Mo, and 198Pt, for example. Neutron angular
distributions are sharply anisotropic for low-spin final states. On
the other hand, y-ray angular distributions have large anisotropies for
higher-spin final states.

E. Recent results which were obtained through use of these methods in the
study of spherical, deformed, and transitional nuclei will be
discussed, including those on 12kSn, 1&8Er, and 198Pt.
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HALF-LIVES OF 109Sn AND SHELL-410EEL CALCULATIONS

L. K&ubler, W, Enghardt, H.J, Keller, L# Koatov| H, Prade and F, Stary
Zentralinstitut flir Kernforechtmg Rossendorf, DDR-8051 Dresden, GDR

In a recent comparison of experimental data with shell-model predic-
tions for T"11Sn a remarkable agreement could be stated [1] .An extension
of this investigation to further tin nuclei enables us to test the vali-
dity of the shell-model Hamiltonian used [2] .

Half-lives of positive-parity states in <% have been determined by
means of the J-RF method using the 1<=”Cd(oc, n) reaction (E*- 20 MeV)*
The half-lives summarized in Fig, 1 have been deduced from the slopes or
centroid shifts of the measured time distributions*

In the shell-model predictions presented In Fig. 1 the higher lying

states are quite well reproduced* The calculated half-lives are in rather
good agreement with the experimental values*

GAMMA-TIME DISTRIBUTIONS _aa:

,06Cd («,n)'09Sn,  J--RF METHOD *0 r
1A 1W E Jty.1-2076 5keV).7(1)ns~]|
25e
Z *orere o K A *
< Er - 1243.8 keV * .
. ' . LXK
Kad 1, om |
- - -inr
g' Via: il
cL i i
% 6T30
§i04 xQI*

Ey-832 7 keV Ey-887,6 keV
" *Sn

30Sn59

0 360ns/CHANNEL

A) UNRESOLVED CONTRIBUTION FROM THE 834 8keV 2*-0*
TRANSITION IN ACr (T"-82ps) UH
1 | L L-
20 i0 60 80 100 1
CHANNEL NUMBER

EXPERIMENT SHELL MODEL

Fig* 11 Time distributions for transitions deexclting the 15/2+ Isomer
as well as a comparison of experimental [3, 4] and theoretical

(7t« +1) energy spectra and half-lives in 1<9%n* For each spin value only

the two lowest calculated states are shown. The Hamiltonian applied is

identical with that of Refs. [1, 2} . The half-lives have been calculated
with experimental transition energies.

References
tl] H. Prade et al., submitted to Nucl. Phys. A

[2] H. Prade et al., INS Int. Symp. on dynamics of nuolear collective
motion, Mt. Fuji 1982, p. 30

[3] 0. Hashimoto et al., Nucl. Phys. A318 (1979) 145
[4] G. Ch. Madueme et al., Physica Scripta (1976) 17

+Permanent adress: Inst, for Nucl. Research and Nucl. Energy Sofia
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COMPARISON OF LOW LYING LEVELS IN 128XE WITH I1BM-2+

H. Harter, A. Dewald, A. Gelberg, U. Kaup,
W. Lieberz, K.O0.Zell, P. von Brentano
Institut flir Kernphysik der Universitat zu Kdln, FRG

Using an extensive set of data of energies and branching ratios obtained
for the nucleus 128Xe in a 125Te(a,n) 128Xe experiment, we have done

an IBM-2 calculation. As a starting point we used the parameters of the
systematic fit of Xe, Ba and Ce isotopes by Puddu and Scholten. Two
essential changes had to be made: 1) A relatively large Cu coefficient

was introduced to reproduce the excited O+ states. 2) The M(l) transitions
and a g-factor were reproduced using the M(l) operator of the form

t(mi) =V5 7 (o.s-Yiol (d+ d)~1* + 0.15-YTo* (d+ d)v (1))
Reasonable fits of branching ratios and g(2*) were obtained by use of
different energies for proton and neutron bosons. The obtained fit is
satisfactory although the B(E2) values from the y-band to the g-band are
too weak and the number of parameters is rather high.

A. Dewald et al., Z. Phys. A 315 (1984) 77-79
M. Sambataro et al., Phys. Lett. Vol 107B, No. 4, 249

supported by BMFT

g(2j) = 0.30 exp: 0.3? . 0.01
Branching _ / o 128y o

Transitions ~ B(E2)-ratio

EXP IBA

0247
2(27—o(1) 021 L
2(21- 2(1) 00125 00122 ’6
3(1)- 2(1 016053 0491
.010 v
3(1)— 2(2) 0bg 0012
3(1)_ 4(1 0198 0284
3()— 2(1) 2940
5(11— 4(2) 0.145 (7) 0.221
5—=3(1) _1 o049 Lo
0(2— 2(1) 317 651
=1.U5MeV, f,,=0.645MeV
0(2- 2(2) 0150(5) 0.294 o170 e
X>-10 ,Xy=02
03— 2(1) 467 6.53 y
0B3)- 2(2) ou4s 4) 070 o'; =0.5MeV, cig)=-0.23 MeV
c'?- -0.1 MeV

42— 4(1) 2.29 97.94 ji=lz=-#J= 0.18MeV
42)— 2() 2963. 0.0

EXP 1BA EXP 1BA EXP 1BA
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STUDY OF BAND CROSSINGS IN 130Xe
T. Lonnroth, J. Hattula, H. Helppi, S. Juutinen, K. Honkanenl and A. Kerelf

Department of Physics, University of Jyvaskyla, Finland

Excited states in "X e were populated in the reaction ~"Te(a,4n)
and the subsequent y-radiation was studied with in-beam spectroscopic
methods. High-spin bands were observed to a spin of 19 and an excitation
energy of 7 MeV. The ground-state band was followed up to spin (14+). A
sharp backbend at JI = 10+ gives rise to the yrast positive-parity band
and it was followed up to spin (18+). A complex negative-parity band
structure, which ultimately merges into the ground-state band mostly via
a 5““ 4 El transition, was observed up to spin (19). The negative-parity
bands backbend at spins 12" and 137~

The backbends are treated as band crossings within the framework of
the triaxial Cranked Shell Model [1,2]. The first crossing is correctly
(the g-factor is known [3]) reproduced as an ABn neutron crossing of the
hn/2 quasiparticles, whereas the second crossing in the ground band is
attributed to the ABp h-]-]/2 configuration. The crossings in the negative-
parity bands are interpreted to be BFJUL and BEnAD™ for the signatures
a = -1 and 0, respectively. The E and F orbitals”’Yefer to the orbi-
tals. The calculated crossing frequencies and the gains in aligned angular
momenta agree well with the experimental values.

Bengtsson and S. Frauendorf, Nucl.Phys. A314, 27 (1979); A327, 139

Frauendorf and F.R. May, Phys. Lett. 125B, 245 (1983)
I. Gorbachev et al., Sov.J.Nucl. Phys. 37, 153 (1983)

“Present address: Washington University, St. Louis, MO 63130, USA
"Research Institute of Physics, Stockholm, Sweden
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COLLECTIVE MOMENT OF INERTIA OF %%ngQXe AND 128;308a

s s se : < +
H. EI-Samman , V.Barci , T. Bengtsson , A. Gizon , J. Gizon , L. Hildingsson ,

D. Jerrestam+, W. Klamra+, R. Kossakowski"™, G.A. Leander++, Th. Lindblad+

“1SN Grenoble, [Inst.of Technology Lund, AFIl Stockholm, UNISOR Oak Ridge

In order to study collective properties of transitional nuclei, the dy-
namic moment of inertia , of 1187122Xe and 128»130Ba has been investi-
gated by measuring y-Y energy correlations. These nuclei were produced by
bombardment of 11 1 1 Sn, 1 3Sb and 122Sn enriched targets, respectively,with
12C ions from the Grenoble variable energy cyclotron. The y-y coincidence
events were obtained by means of six 8" x 6" hexagonal Nal(Tl) detectors
which were strongly collimated.

The results extracted from the width of the valley in the correlation

matrices are presented below. They indicate a major difference between the
Xe and the Ba : of the former decreases after the first band-crossing
and remains small an& almost constant while it increases in the latter with
the frequency.

Such a qualitative difference could reflect changes in the high-spin
collective properties. Calculations made using the method of ref[]J show, for
example, that bands built withh protonst ATFNK/2 VAG |/ in Z2Xe can have
Y - 33“corresponding to only moderately collective rotatdon and J*~nAd smal-
ler than 301i2/14eV whereas the hn ,2 bands [(Tijx/2 V h ,) and (TTh3n
vhg/2)] in 128Ba exhibit y-values (y - 0°) corresfponding to collective rota-
tion and J12L - 35 ti2/MeV.

The posfible existence of a secondary minimum at larger deformation in
the potential-energy surfaces [2] could also account for the continued in-
crease of/g/(Z) in 128il130Ba. This minimum at £ = 0.34, y - 0 in 128Ba
Cor s"®orands with a pair of aligned Rgn_ RBOEFBAS. TR the 22Xe tata
there is no evidence of influence
<f(Th M, , Vh \X/2) bands at
e-0.28, y=8°

[1] T- Bengtsson and 1 .Ragnarsson,
Phys. Lett. 115B (1982) 431.

[2] S. Aberg
Phys. Scripta 25 (1982) 23.

f12Q Z(MeV2) fi2u 2 (MeV2)
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MEASUREMENT OF IN 123 Cs
. > band .

J. Gizon , V. Barci’, H. El-Samman , A. Gizon , Y. Gono

, T. Bengtsson++

ISN Grenoble France, RIKEN Saitama Japan, |Inst, of Technology Lund Sweden

N 2) As shown in a preceding paper [1] the collective moments of inertia
band anch nucZ” behave differently. This can be interpreted con-
sidering the collectivity (Ba) or non-collectivity (Xe) of these nuclei and/
or the existence of a strongly deformed secondary minimum in the potential-
energy surfaces of the bariums. Experimental data were collected on 123Csin
order to bring some insight on the behaviour of nuclei in this transitional
region.
115 An exPer: m@n,: was performed with the Grenoble cyclotron by bombarding
a In target with 80 MeV C ions. The y-y energy correlations were measu-
red using six 8 x6 hexagonal Nal(Tl) detectors. At this beam energy, the

correlation matrix is mainly generated by 123Cs since the 4n channel repre-
sents more than 60 % of the total cross-section.

N 2F N efrS N s* * that, up to = 0.16 MeV2, the moment of iner-
Cs increases and follows the N relation where jfO and 7
® ndS ed the discrete lines. 123Cs and 122Xe behave similarly up to

0.30 MeV and then the moment of inertia increases rapidly in 123Cs while

it stays a most constant in the xenon. This effect observed in the cesium is
directly related to the addition of a proton to the 122Xe core

Indeed, calculations as in ref.[1] show that the (irh2./2 ¥h6,,y.)band

with a Prolate deformation (J V) = 35 - 40 ti2 MeV-1)is low”r than Le

band with the same configuration at y - 30< above spin 20 for 123Cs, whereas
or Xe, they are calculated to have almost the same energy. The experi-
mental results of ref.[1] indicate that 122Xe tends to favour the triaxial

bands. It is thus tempting to interpret the rise of ft2)J in 123Cs as a
change of deformation fromy =30 toy ~ 0° band

[1] H. El-Samman et al., Communication to this conference

Fig.] : Comparison of the collec-

tive moments of inertia of 122vp
and 123Cs.

0.1 0.2 0.3 0.4 0.5

fi2cj2 (MeV2)
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THE EFFECTIVE MOMENT OF INERTIA OF "18Xe AND ,3<Ba

V. Barci, H. EIl-Samman, A. Gizon, J. Gizon, R. Kossakowski, Th. Lindblad+

Institut des Sciences Nucleaires, (IN2P3) Grenoble, France

Experiments were performed with the Grenoble cyclotron accelerating
112 and 80 MeV 12C ions on 112Sn and 122Sn enriched targets, respectively.
The total y energy was recorded in a sum-spectrometer made of 12 hexagonal
cross-section (20 cm long, 15 cm outer diameter) Nal(Tl) detectors arranged
in a cylinder along the beam axis. The y-ray spectra were obtained by means
of another hexagonal crystal which was placed at 5= to the beam, strongly
collimated and in coincidence with the sum-spectrometer. The raw y-spectra
were unfolded and normalized to the multiplicity extracted from the fold
distribution in the 12 pieces sum-spectrometer. The subtraction of the sta-
tistical component E3 exp(- E /T) was made using a nuclear temperature of
0.50 MeV for both ca”es presented here. A correction for feeding was applied
following the method employed by Deleplanque et al. [1]. The final nuclei
produced in the reactions were identified by a Ge detector in coincidence
with the sum-crystal.

Results relative to the moment of inertia of 118Xe are shown in fig. 1.

increases rapidly with the frequency up to the first band crossing

(h~i/2 neutrons and/or protons) at -fib = 0.39 MeV and has approximately the
same amplitude as Two bumps show up at 0.53 and 0.62 MeV. They appear
at the same frequencies as bridges in the y-y energy correlation matrix [2]
and are very likely due to particle alignments. Then continues to in-
crease while , remains constant. This 1is not in favor of a good collec-
tive behavior and suggests a triaxial shape with large y values (y * 30°)e

In the case of Ba, the data indicate that behaves similarly with
a peak at fibo = 0.55 MeV which corresponds to a strong bridge 1in the corre-
lation matrix [2]. Taking into account the variations of and it
appears that the collectivity is larger in 13nBa than in ~ “Xe.

+Research Institute of Physics, Stockholm, Sweden

fito (MeV)
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MULTIPARTICLE EXCITATIONS IN THE SINGLE CLOSED SHELL NUCLEUS 1$jjCe82

J. Kownacki, J. JastrzQbski, P. Koczori and W. Skulski
Institute of Nuclear Studies, Swierk, Poland

J. Wrzesiriski, J. Sieniawski, J. Styczen and W. Walus
Institute of Nuclear Physics, Krakow, Poland

A. Celler, University of Warsaw, Poland

E. Liukkonen, A. Lukko and A. Pakkanen

University of Jyvaskyla, Finland

Th. Lindblad and S. Elfstrftm

Research Institute of Physics, Stockholm, Sweden

The 138Ba(oC, 2n) reactions have been used to study the level structure in the semi—ma-

gic M Ceg?2 nucleus with filled ~ 7/2 proton orbit. The experiments ~ included measurements
of It —ay angular distributions, excitation functions, and ~-"-t—coincidences as well as two-
parameter timing measurements ( y—tRp) and (e——tpp).
Conversion electron data obtained at the Jyvaskyla University with combined intermediate—ima-
ge magnetic plus Si(Li) electron spectrometer ~ provided oC” values for the strong transitions
from 130 up to 1900 keV. Supplementary lifetime and three-parameter jj'-y' —eoincidence
experiments with higher energy —particles have been performed at the Stockholm and Kra-
kow cyclotrons.

The results establish the “®Ce partial level scheme; giving spin and in most cases parity
assignments for the levels up to about 4 MeV. Our experiment confirms and gives the location
of the earlier proposed ~ isomer at 3716 keV. The present measurement gave its half-life as
T§/2 = 26+2 ns. The observed levels are in agreement in relevant parts with decay data
Two—particle (hole) excitations within the TT d”f2 ard IT*97/2 shells provide spins up to 6.
The negative parity states are interpreted as particle—hole excitations of the Tf ~11/2

'fif d5/2_1 and hi11/2 Tf97/2" 1 configurﬁigns. The 10+ isomer at 3716 keV is expected
to have the configuration TT(h-|i/2ho+ ~

The positive parity levels located between 3 and 4 MeV may be ascribed to the coupling of the
JT 97/2 Tfd5/2 excitations and the known 2+, 4+ and 6+ states in ~®Ba.

REFERENCES:

1 J. Kownacki et al., Jyvaskyla Ann. Rep. 1977, pp. 45 and 47.
. M. Luontama et al., Univ. of Jyvaskyla Res. Rep. No. 5 /1978/.

2
3. G. L. Smith and J. E. Draper, Phys. Rev. C1, /1970/ 1548.
4. H. W. Beer etal., Nucl. Phys. A113 /1968/ 33.
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STUMTCE TOR CORE COUPIZD STATES OP HEGATITE PARITY IH 138Ba AID UOCe

1. En*hardt, H.U. JBger, L, Kgubler, H.J. Keller, H. Prad# and P. Stary
Z«ntralinatitut fUr Kernforschung Rossendorf, DDR-8051 Dresden, GDR

legative-parity states in an odd-mass N - 82 nucleus (137" A £ 145)
ean be aaarmed te arise from coupling a proton occupying the 1hii/2 intru-
der orbit to low-lying tt - +1 states of the (A - 1) oron-mass isotone,
which s considered as the core 11],

In order to teat the validity of this coupling scheme for negative-
parity states of "”®Ba and 1+"Ce observed in /"-spectroscopic experiments
at the Roaaenderf cyclotron using the reactions (k , 2n) and 13@Ba
(¢, 2n)v we applied a particle-core coupling picture [2] to these states.
Iﬁ%ﬂ and the 139ka ceres hare been deacribed by 30 and 35 low-lying

+1 states, respectively, which were obtained from a shell-model des-
cription using Wildenthal®s approach [3J e Pig* 1 shows a rather good theo-
retioal reproduction for all 7T« -1 levels by such a description as well as
for tt> +1 states by our shell model calculations for J > 6 based on the
Hamiltonian given in ref* [3I]*

DOMINATING DOMINATING

CONFIGURATIONS M.FMEHS{BP Coﬁg’gmmgm DO:\NN/?/ILNFG
— L] S.h., o
=T ipiips M. )
- m .K_l_ ir7/2*.h,v7lir>
2 >
1y N | pd

% s

=AW hw.D
1 -t -ITh,
~.7/2%. h,.,.7->
r 172~ h,w ,9->
9- nfc -1— 17/r,h1VJI6->
35
w7
o
10
-1 BBag B e®
2v (9,vdv?)
Gy
20%
-
I - SHE DEL EXP -
SHELi.(ﬂOOEL EXP RARTICLE C_CERE COUPLING w PARTICLE ﬁ)_R:EL COUPLING

Pig, 1J Comparison between experimental and theoretical spectra of "Ba
and "@Ce, For each value JX only the three lowest states [Ex (Ba)<
5*7 MeV, Ex(Ce) < 5.5 Mev, J =6 ]Jare displayed. Information on the
structure is given for the lowest levels and for higher excited states
observed in the experiment*
References: C13 H, Prado et al,, Nucl, Phys, A370 (1981) 47
C2 3W, Enghardt and H.U. JBger, ZfK-485 (1982)
C3] B.H. Wildenthal, Phya. Rev. Lett 22 (1969) 1118
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(n,n"Y) REACTION AND SHELL MODEL STUDY OF 14°Ce

. .V XX
I. Dioszegi , A. Veres

MW
, W. Enghardt and H. Prade

x Institute of Isotopes of the Hungarian Academy of Sciences,
Budapest, Hungary

xxZentralinstitut fur Kernforschung Rossendorf, Dresden, GDR

Continuing the systematic study of the stable N=82
nuclei [1] the 140Ce (n,n"y)reaction was investigated using
the fast neutron beam of the WWR-SM reactor 1in Budapest.

From the measured singles Y-spectra and Y-ray angular
distributions precise Y-ray transition energy and intensity
values, furthermore branching and E2/M1 multipole mixing
ratios were extracted. Excited levels up to 3.5 MeV level
energy were observed by their Y-decay. The level structure
and spin-parity values obtained from the present experiment
are generally in good agreement with the earlier investiga-
tions [2]. New excited states were observed, however, at
3001.3 keV and 3473.9 keV excitation energies.

The electromagnetic properties of -""Ce were calculated
in Dresden within the framework of the shell model. The
configuration space, the Hamiltonian and the parameters used
in the calculations were the same as in ref.[3]. The com-
parison of the experimental and shell model data, especially
concerning the multipole mixing ratios (Table 1) shows the

reliability of the applied shell model picture for the
-*-4<=Ce nucleus.

Table 1 Comparison of the multipole mixing ratios obtained

from the present experiment and shell model
calculation

6 (rrJf) 6(22-2%)  6(5+-4+) 6(576+) 6(3**29) ¢4 41y
EXp. 0.31 (34) -0.04(4) -0.04 (6) -0.06(3) -0.18(6)

S M 0. 31 e, 0 =o. 3 o, 08 -0.05

References

[1] 1. Dioszegi, A. Veres, W. Enghardt and H.
published in J. Phys. G.

[2] L.K. Peker, Nucl. Data Sheets 28, 267 (1979)
[3] B.H. Wildenthal, Phys. Lett. 29B 274 (1969)

Prade, to be
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DECAY OF 0Oj STATES IN EVEN-EVEN N=82 NUCLEI

R. Julin, M. Luontama, A. Passoja, W. Trzaska

Department od Physics, University of Jyvaskyla, 40100 Jyvaskyla, Finland

Decay properties of the Op state and the froton EO effective charge
in the doubly closed shell *g4Gd82 nucleus has been discussed in ref. 1.
As a continuation.Qf this.worR we have carried out a comprehensive study
of O£ states in 62Sm82» 6QNd82 and 58Ce82* The E</E2 branching ratios
were“bbtained from the singles conversion-electron and Y-r|Y sPectrin
following the e+ decay of the 1 ground states of I14"Eu, *®Pm and *40Pr.
In lifetime measurements a centroid-shift method with the JYFL conversion-
electron spectrometer (2) was used and the Of states were populated in the
"ASm(p,p"), "4"Ce(a,2n) and 138Ba(a,2n) reactions. Preliminary results
summarized in Table 1 will be discussed.

E(0J) T1/2(03)  p2 (0£-0}) B(E2,0J-2])
Nucleus keV ps 10-3 W.u.
2165 375240 11 42 2010
I "Hsm 2478 <50 >3 >0.7
:Nd 2217 80-£30 1746 1,240.5
17uCp 1903 400+30 144 6.31.7

58

1) R. Julin, J. Kantele, M. Luontama, A. Passoja, P. Kleinheinz and
J. Blomgvist, PL 94B (1980) 123

2) J. Kantele, R. Julin, M. Luontama and A. Passoja, Nucl.lnstr. and
Meth. 200 (1982) 253
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Tab « 1 i

LOW AND MEDIUM SPIN STATES IN 1H3ND FROM THE (cx-ny) REACTION
NEAR THE COULOMB BARRIER

A. Clauberg, J. Wrzesinski+, L. Trache++, C. Wesselborg, A. Dewald,
K.0. Zell, P. von Brentano

+Insti tut fur Kernphysik, Universitat zu Koln, West-Germany
++Institute for Nuclear Physics, Krakow, Poland
Institute for Nucl. Physics and Nucl. Engineering, Bucharest, Romania

Low and medium spin states in 11+#3Nd were populated via the I1+0Ce (a,ny)
reaction at energies near the coulomb barrier. This reaction is a useful
tool for the detailed study of low lying configurations as for example
multiplets arising from particle core coupling. Standard y-ray
spectroscopy methods have been used, that is yy - coincidences,

y - excitation functions

(Ea =14-20 MeV) and y -
Y A pssignnent angular distributions. Core
coupled configurations

191.0 -0.107 1799.4 3/2* - 1608.4

243.6 +0.201 1799.4 372+ - 1555.5 (/2 (54-+ XX f*7'/2)! ;r%2+ob*se1:’7v{a%l ~and
493.3 1608.4 172+ - 1306.0 1/2- around B= 2 MeV, where a
535.0 0.273 o1 o - 1ssss U2-  high level density is expected
6839 0,203 0,06 0011 osor - 1a0ra " for a nucleus with a semi-magic
55 4 core. The complete particle-

2242.6 11/2* - 1407.2

"2 octupole (37 x f7/?) . multiplet
¥ (Fig. 1) recently identified

282 32 in a (p,p") experiment (1) is
1228.2 +0.505 +0.043 1228.2 13/2+ - g.a. in~ populated_ The angular

1555.5 +0.035 1555.5 7/2° -

866.3 -0.128 +0.01 1608.4  1/2+ - 742.1

1014.4 contaalnated with 27A1 2242.6 1172+ -

grer W distributions of its members
1996.4 1w9%6.4 s2x - g /2 (Tab. 1) show that they decay
2011.4 -0.163 0.025 20114 772+ - ga. /2 mainly through fast El trans-
2001.1 20911 9/2" - g.a. 72- itions: the 5/2+, 7/2+ and

the 9/2 directly to the
groundstate, the others to

tt = -1 levels with known

(2 x f7/0) 1- components. In
addition two MI intramultiplet
transitions (11/2+->13/2+ Ey =
1014.4 KeV and 3/2+-»1/2+ Ey =
191.0 KeV) are observed. All
spins of the multiplet are
uniquely determined.

+ work supported by BMFT

Ref.: (1) L. Trache et al., Phys. Lett. B 131 (1983) 285-288, 46



STRUCTURE OF EVEN-EVEN AND ODD-ODD TRANSITIONAL NUCLIDES
WITH 50<Z<64 AND 82<N<92*

William B. Walters
Department of Chemistry
University of Maryland
College Park, Maryland 20742 USA

The gradual transition from the closed shell structure at N=82 to the
deformed structure beyond N=90 may be contrasted with the much sharper
transition that is observed for deformed nuclides near A=100. The source
of these differences can be attributed to the effects of the Z=64 subshell
[1] as well as the strength of the interaction between neutrons and
protons in spin-orbit partner orbitals [2], The character of the neutron-
proton interaction can be observed in the splitting of p-n multiplets in
odd-odd nuclides. In light nuclides where neutrons and protons are fill-
ing the same orbitals a strong short-range interaction, often approximated
by a 6 function, can be used to describe this splitting [3], In contrast,
the splitting of low-lying proton neutron multiplets in odd-odd N=83
nuclides can be described almost completely by a quadrupole p-n interation
[4,5], Another feature of the proton-neutron interaction is the 1+ state
formed from the spin orbit partner orbitals. Recent studies in odd-odd La
nuclides indicate the presence of significant *R0)/2711 /2 character in
three low-lying 1+ levels. The positions of these 1+ levels are found to
drop as N increases from N=82 to N=90 in parallel with the drop in posi-
tion of the collective states in the adjacent even-even nuclides [6]-

. *Work supported by the U.S. Department of Energy.

[1] R. L. Gill et al., Phys. Lett. 1188 (1982) 251.

[2] P. Federman and S. Pittel, Phys. Rev. C20 (1979) 820.
[3] J. P. Schiffer, Ann. Phys. 6 (1971) 798.

[4] V. Paar, Nucl. Phys. A331 (1979) 16.

[5] W. B. Walters et al., Phys. Lett. 125B (1983) 351.
[61 C. Chung et al”” Phys. Rev. C29 (1984) 342.

38



STUDY OF NEUTRON-POOR NUCLEI IN THE SM-GD REGION

S.Lunardi, S.Beghini, M.Morando, C.Signorini
Dipartimento di Fisica, Universita* di Padova
and INFN-Sezione di Padova,ltaly
G.Fortuna, W.Meczynski*, W.Starzecki*, A_M.Stefanini
INFN-Laboratori Nazionali di Legnaro, Legnaro(Padova), ltaly

An experimental study of nuclei far from stability in the proximity
of the proton number Z=64 has been undertaken at the Tandem XTU
accelerator in Legnaro. A new vregion of strong nuclear deformation 1is
expected for Z=64 centered around mass 130, well far away from current
experimental accessibility. Recent calculations |1] , however, predict the
existence of a promontory of very deformed nuclei with quadrupole
deformation £2>0.3) which extends into the region where nuclei can be
populated following H.l. compound nucleus reactions. Nothing is presently
known about excited states for 2764, A~138 nuclei; therefore we have
started our study from the less neutron deficient N = 78 and N = 76

nuclei, with 4 and 6 neutrons less than the N=82 closed shell
respectively.

Targets of 108Pd, 10%Ag,x08 1V 12cd were bombarded with a 32S beam in
the energy range 126rl170Mev. Excitation function, y-ray angular
distribution and y-y-t coincidence measurements were performed. 1nll4=an
the previous level scheme known up to a 10+ isomer P has been extended up
to spin 14+ and a new long-lived state has been identified. From the
angular distribution vresults and from the transition probabilities
involved, a 10+ value is proposed for the new isomer, which lies only 39
kev above the known 10+ level. A 10+ state is observed 1in all N=78
isotones with smaller proton number,at an excitation energy almost
constant in all those nuclei, suggesting a (hn”) “2 structure. In the
Z=62 nucleus 14 (Sn the existence of a second 10+ isomer at approximately
the same energy can only be explained with the promotion of two protons
into the hivw shell.

The N=76 nuclei 1?”m and139%u were also strongly populated in the
reactions mentioned above and their high spin states identified up to spin

14+ and 31/2 , respectively. I n138Sm a number of states based on the
2+ y vibration was also observed. In this nucleus the yrast band shows
an irregularity at spin 10+, due to the alignement of two nucleons in

the hii/£ shell. Responsible of this behaviour can be either protons or
neutrons since we see from the ~ “Sm level scheme that the 10+ excitation
of (vhn”)-2 and (Trhi”")2 character occur at about the same energy. The
observation of a similar irregularity also in 139Eu (one proton more)
where the band built on the hn~ proton state is observed, indicates that
two hi neutrons are the cause of the irregularity of the ground state
band in the case of 138Sm.

Lifetimes measurements are 1in progress to test the degree of
collectivity in these nuclei as a function of spin and of neutron number.

*

On leave from Institute of Nuclear Physics, Cracow, Poland.

IL | G.Leander and P.Moller, Phys.Lett. 110B, 17 (1982).
|2 |M.Muller Veggian et al., Z. Physik A290, 43 (1979).
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MEDIUM AND LOW-SPIN STATES IN N = 82 =1 NUCLEI NEAR 146Gd
A. Pakkanen, T. Komppa, R. Komu, M. Kortelahti and M. Piiparinen
Department of Physics, University of Jyvaskyla, Finland

The ~Gd nucleus has many properties characteristic of doubly closed
nuclei and therefore the neighbouring nuclei are of special interest. We
have studied the N = 81 nuclei I”Sm anc] ~"Gd and the N = 83 nucleus
N 7Gd using (3He,xn) and (a,n) reactions. In-beam y-ray and conversion
electron spectroscopic methods were employed in these investigations.

About 15 new medium-spin states were observed in every nucleus studied.

The N = 81 nuclei "43Sm and 145Gd have very similar level structures
below 2 MeV. In addition to neutron ~2/2* sl/2» hll/2» d5/2 (and possibly
97/2) hole states and a group of hole a(3" or 2+) levels, an interesting
one-particle, two-hole vf7/2J52.72/2_ state was identified at low energy
in both nuclei (at 1310 kev in "43Sm and 12Z3 keV in 145Gd). An octupole
excitation of this state was observed in 14bGd, the 13/2+ level at 2200
keV being isomeric with T-J/2 = 20.4 ns [1]. ,A corresponding isomer was
not found in 143Sm; probably because some hJ4/2 a (3- od 2 ) states with
J = 13/2, 15/2 canbe below the vf7/230 *3””level. The decay of the
23/2" 30-ms isomer in 43Sm was observed to be more complex than proposed
earlier [2].

Low-lying excitations in the N = 83 nucleus 1 "Gd can be classified
in to four groups: single-neutron states, hole-jg states, a neutron
coupled to a ™" <=Gd excitation, and a hole coupled to a"4<CG excitation.
Although the neutron single-particle gap is large (3-4MeV), the vs”ALj D
and vd312.jp states were observed at low energy, 1292 and 1412 keV,
respectively [31. The f7/2 neutron coupled to the 1579 keV octupole
excitation of Gd gives a septuplet of states with |17 from 1/2+ to 13/2+.
The 13/2+ member at 997 keV was known earlier and we found five new
members: 11/2+ at 1702 keV, 9/2+ at 1643 keV, 7/2+ at 1628 keV, 3/2+ at
1699 keV and (1/2+) at 1759 keV. About 20 levels were observed between
2.3 and 3.6 MeV and,many of them can be interpreted interms of an fy?
neutron coupled to Gd core excitations. These higher-spin J =17/2-25/2
states are discussed on the basis of the spherical shell model.

[13 A. Pakkanen et al. Nucl.Phys. A373 (1982) 237

[2] J.K. Tuli, Nucl.Data Sheets 25 (1978) 603

[3] M. Piiparinen et al., Z_.Phys. A309 (1982) 87;T. Komppa et al.,
Z.Phys. A314 (1983) 33
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SPECTROSCOPY OF N=81,82,83 NUCLEI NEAR THE PROTON DRIP LINE*

Patrick J. Daly
Chemistry Dept., Purdue University, W. Lafayette, IN 47907, U.S._A.

The Z=64, N=82 nucleus 146Gd has many properties of a doubly closed
shell system [1], and the yrast states of neighboring nuclei

scribed [2] as shell model configurations
146
outside the Gd core. Since s~/2~73/2 7 anch ~11/2 are

orbitals between Z=64 and Z=82, rather pure (irh

are well de-

involving a few valence nucleons

Proton
n excitations are found
11/ )

[3] to figure prominently in the yrast spectroscopy of N=82 nuclei with n

valence protons. We are investigating the structure of very proton rich

nuclei above Gd using heavy-ion beams from the Argonne superconducting

Linac. Thin targets located within a large Nal sum-spectrometer are

bombarded with 220-260 MeV "™ "™ Ni beams to form compound nuclei at low

excitation energy, favoring the production of the nuclei of interest by

two or three nucleon evaporation. Recoiling residual nuclei are stopped in

a Pb catcher downstream, where comprehensive Yy-ray measurements are per-

formed. Isotopic assignments are based on separate Z and A identification

for the observed Y-ray families.

In this talk, we present detailed spectroscopic results for some ten

previously unstudied nuclei with 7z>64 and N=81,82,83, and discuss their

interpretation mainly in terms of seniority 2, 3,
figurations .

and 4 shell model con-

References

[1] P. Kleinheinz, R. Broda, P. J. Daly, S. Lunardi, M. Ogawa, J.
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ANOMALOUS SIGNATURE SPLITTING IN THE [i 13/2]n [h 11/2]D
BAND OF THE 0ODD-0DD NUCLEI K

J.A. Pinston+ and D. Barneoud++

+ DRF/CPN, Centre d"Etudes NuclSaires, 85 X,38041 Grenoble Cedex, France.
++ Institut des Sciences Nuclfiaires (IN2P3), 38042 Grenoble Cedex, France.

We have experimentally studied the high spin states in ten odd-odd
nuclei at the beginning of the deformed rare earth region : 150,152Eu,
152»15*»i se” isoHo and 158 ,160»162 716itTm. The common feature in all this
nuclei is the presence of the decoupled [i 13/2]n [h 11/2]n band always
strongly fed in the heavy ion reactions. We have shown that the considered
configuration carries an aligned angular momentum comparable with the va-
lues measured in the S-band of the neighbouring even-even nuclei which
fully explains the strong feeding of this band and the simplicity of the
level schemes of these odd-odd nuclei. But the most striking feature of
[i 13/2]n [h 11/2]p band is that the experimental Routhians, corresponding
to the two signatures observed (a = 0 and a = 1), are crossing each other
at a rotational frequency, hwc, characteristic of the considered nucleus.
This anomalous signature splitting, present in all the studied nuclei, can
be reproduced theoretically if we assume a positive triaxial deformation
of the core. By fitting the theoretical Routhians to the experimentally
observed signature splitting for N > 89 y values in the range 5° <y < %<
were found (ref.[I] and fig.1).

Fig.l - Deformations of the
rm/2]n [h 11/2] bands.

[1] R. Bengtsson, H. Frisk, F.R. May and J.A. Pinston,
Report Lund - MPh - 83/10 (1983).



NUCLEI FAR FROM 3-STABILITY LINE. SOME RESULTS OF THE
IRIS-YASNAPP COLLABORATION

K.Ya.Gromov

Joint Institute for Nuclear Research, Dubna, USSR

Spectra of y-rays, positrons, X-rays and conversion electrons at the
decay of neutron deficient isotopes of rare earth elements was investigated
at the ISOL-facility IRIS. In course of measuring and making more precise
the energies of a-decays in long a-decay chains, using our values of ("-de-
cay energies of nuclei in the ends of these chains and the results of pre-
vious papers, masses of about 40 nuclides were determined.

Analysis of the obtained data on nuclear masses allowed us to draw the
following conclusions: 175’176’f77A

- earlier known a-decay nucler 169’170Tr, 16g’166ﬁe

, and

probably 172jrj 161xa, ~"~Lu and ~-~Tm must be also proton emitters;
- location of an extent part of the proton drip line was established

for the first time. It goes through 167r6> ANLU o an<j

15*Tm in this region of nuclei;

- values of proton pairing energy for isotones with N=92,90,88,86,84
near proton drip line are -50% larger than those in the region of 6-sta-
bility line;

- residual (n,p)-interaction increases by more than two times for
isotones with N=87,85 as compared with nuclei near stability;

- from the data on two neutron separation energy it follows that *”"Er,
156,158Yb, 162,160jjf an(j probably belongs to the transition region of
nuclei.

Some pure Gamov-Teller 0+ + 1+ and 11/2°““m9/2”” g-transitions with
unusually small values of Igft = 4.21-3.6 were identified. Precise experi-
mental values of Igft allowed us to determine renormalisation of ratio of

the weak axial-vector and vector current constants - jgA/gyleff heavy
nuclei. The mean value is equal to |g~/gy]|=0.63.
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PROPERTIES OF HEAVY-ION PRODUCED NUCLEI FAR FROM STABILITY

E. Roeckl, D. Schardt
GSI Darmstadt, Postfach 110541, D-6100 Darmstadt,
Federal Republic of Germany

At the GSI On-line Mass Separator, nuclei far from stability are pro-
duced using heavy-ion beams from the UNILAC between 160 and 23,U with
energies between 4 and 12 MeV/u. The reaction products are caught in an
ion source and, after re-ionization and mass separation, investigated
on-line by decay spectroscopy. The advantages and limitations of this
technique, and examples of complementary in-beam experiments, are dis-
cussed .

Neutron -rich isotopes are reached through multi-nucleon transfer
reactions: The new isotopes 17,Yb and 1,1_1*3Lu were identified [1] using
9 MeV/u 13sXe induced break-up reactions of tantalum/tungsten targets;
projectile break-up reactions between a 9 MeV/u 76Ge-beam and such a
target yielded the new isotopes 62Mn and 71-73Cu [2] around the semimagic
nucleus ‘*Ni. Recent results obtained for beta-decay half-lives and partial
level schemes will be discussed. Of astrophysical interest is the ft- decay
of 5.7 min 1,0Lu: Due to the 3“ branch of its decay into 18°Hf'T measured
to be 0.4(2) %, only a fraction of the very small solar abundance of
1,0Ta,nis due to r-process formation.

Neutron-deficient isotopes from fusion-evaporation reactions were
investigated in the regions around 100Sn and Ifc6Gd, extending systematic
proton, alpha and beta decay measurements towards and across the proton
drip line [3,4]. In reviewing the resulting nuclear structure information,
particular emphasis will be put on this borderline of nuclear stability and
the proton-radioactive nucleus 1<7Tm.

As a novel application for heavy-ion produced nuclei, collinear laser
spectroscopy was performed in a pilot experiment [5] for neutron-deficient
indium isotopes. The resulting magnetic moments, quadrupole moments and

isotope shifts of 107 _IlllIn are presented.

1. R. Kirchner et al., Nucl. Phys. A378 (1982) 549
2. E. Runte et al., Nucl. Phys. A399 (1983) 163
3. W. Kurzewicz et al., Z. Phys. A308 (1982) 21
4. P.O. Larsson et al., Z. Phys. A314 (1983) 9

5. G. Ulm et al., Laser Spectroscopy IV, Springer, Berlin (1983)
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PROTON ALIGNMENTS AT HIGH SPINS IN RARE EARTH NUCLEI

M. A. Deleplanque, R. M. Diamond, F. S. Stephens, LBL, Berkeley CA
A. 0. Macchiavelli, CNEA, Buenos-Aires, Argentina
E. L. Dines and J. E. Draper, U.C. Davis, CA

The cranking model calculations predict that, as the nucleus
rotates, single-particle high-j orbitals align and come down in energy.
Fig. 1 shows the behavior of proton orbitals in the rare-earth region,
for the deformation parameters b = 0.2, y = 4=, calculated with a
Wood-Saxon potential by Dudek. The aligned h 9/2 and i 13/2 orbitals,
coming down from the empty N = 5 shell, will be populated as they reach
the Fermi level. This will happen at different frequencies in Er(o),
Yb(o), Hf(*) and W(*) nuclei. At that "crossing” frequency a lot of
angular momentum 1is generated and the dynamic effective moment of inertia

3"%2: dl/doj increases. The y-ray spectra are unresolved in that fre-

quency region (v = = 0.5 MeV), but since the nuclei are rotational, the
- - - <* -

height of the spectra is proportional t o 52% c e they are normalized

to the Y-ray multiplicity, and properly corrected for incomplete feeding.
Bumps, which could be due to the above orbitals, are indeed observed at
high frequencies, and experimental results for nuclei of the region
mentioned above will be discussed.

Rotational Frequency (MeV)

Fig. 1
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IN BEAM GAMMA-RAY SPECTROSCOPY ON Re ISOTOPES

J.Rikevska, D.Navakava
Technical University, Prague, CSSR

N.J.Stana
Clarendan Laboratary, Oxfard, U.K.

The recent development of interacting bason models and the idea
af dynamical supersymmetries in nuclei [1] give a great support for
an extensive study af transitianal even-even and odd heavy nuclei in
U-Os-Pt region, very suitable for the testing of various nuclear mo-
dels. Great interest is dedicated not only to precise knowledge of
spins and parities of nuclear excited states but also to branching
and mixing ratios of gamma-transitions. A combined method of gamma-
ray angular distribution and linear polarization measurements |2]
reported recently in low temperature nuclear orientation experiments,
can yield information comparable with a theoretical calculation also
for in-beam experiments.

The experiment has been performed on natural Ta target using
(alpha, 2n gamma) reaction induced by 30 Mel/ alphas from 120-M
cyclotran at Rez near Prague. A precise analysis of very complex
gamma-ray spectra gives angular distribution anisotropies for many
transitions below 600 keé/ in 183Re.

The results confirm and extend the previous data [3] and are
discussed in terms of IBFR model together with the known data on ex-

cited states of 181,185 Ra.

1) F.lachello and S.Kuyucak, Ann.Phys.(N.Y.) 136(1981)19
2) J.Rikovska, D.Novakova, J.FerBncei and M.Finger, Z.Phys. A311

(1983)185
3) P.P.Singh, L.D.Medsker, G.T.Emery, L.A.Beach and C.R.Gosset,

Phys.Rev. 010(1974)656
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STUDY OF SIDE BANDS AND BAND CROSSINGS IN THE Os REGION

R.M. Lieder
Institut fur Kernphysik, Kernforschungsanlage Jlilich
D-5170 Jlilich, W. Germany

The field of high-spin states is in a phase of rapid progress related
to the development of advanced experimental equipment. A state-of-the-art
y-y coincidence spectrometer consists of a large number of anti-Compton
spectrometers and a y-ray calorimete”-. In this way the detection efficiency
is considerably increased and the background in the y-ray spectra is strong-
ly reduced. The reinvestigation of deformed rare earth nuclei allowed to
extend previously known bands to angular momenta of about 40 ti and to
establish a large number of additional side bands. The features of these
bands and their crossings contain information about (i) their configura-
tions, (ii) residual interactions, and (iii) the shape of the excited nuc-
lei. The experimental data are generally interpreted in terms of the cran-
ked shell model.

The nuclei ~ *70s and ~ ~Re have been investigated in Jlilich,
Copenhagen and Daresbury using a-, *®0- and ~S-induced reactions, respec-
tively. The following features have been established: (i) three crossings,
due to the rotation-al ignment of a pair of 173/2 quasineutrons, hg” quasi-
protons and probably hquasiprotons, respectively, (ii) a shift in fre-
quency of the second crossing between certain bands caused by residual
interactions related to the 7/2 |514] quasineutron configuration, (iii) a
signature splitting caused by y deformation, (iv) a change of parity of the
yrast states at spin 1=19 related to different gains in aligned angular mo-

mentum of the involved bands.

The subject will be introduced generally and the results for the Os and
Re nuclei will be discussed in detail.



PERTURBED SUPERSYMMETRY IN IRIDIUM AND GOLD NUCLEI*
jol le A. Clzevskl

A.W. Wright Nuclear Structure Laboratory
Yale University, New Haven, Connecticut 06511 USA

The dynamical U(6/4) supersymmetry') in the Interacting Boson-
Fermion model arises from the coupling of a j=3/2 fermion to
the 0(6) boson core which characterizes the even Os and Pt
nuclei. The ground states of the |Ir and Au nuclei are 3/2+.
The possibility of a supers™“mmetry in the A=190 region has
motivated the study of the (t,a) reactions ' on the even

194-198pt and? Hg nuclei.

In Ilr the dw/2 transfer strength is a fragmented strength
into two components; this fragmentation and the ratio R of
excited to ground state strengths is well-reproduced by the
supers ymme try predictions. However, the distribution of d372

strength in the other |Ir and Au isotopes is markedly different
fromthepredictions oftheU(6/74)

scheme. In addition, the

Sj,2 strength is also r N7
relatively strong. (6] s Spin (6) -»"Wbok"Coupfcng

The u(ers4) supersymmetry os

requires a good 0(6) boson -~

core, a single j=3/2 fermion 1| 06

and a particular strength, ] O

T, of a quadrupole type

boson —fermion interaction. @

The figure presents results v

of schematic IBFA calcula- rae
tions in which the magnitude

of Twas changed. As a

function of decreasing T values, the j=3/2 strength appears
lower in the spectrum, reproducing the trends in j=3/2
strength observed in Ir, corresponding to r~0.09,and
ANN | r, corresponding to T~0.

In contrast to the rapid variatlon in the Ir nuclei, the
structure of the odd-mass “ Au nuclei is relatively
constant with the <3/2 and *1/2 stren8ths concentrated in the
ground and first excited state$ , respectively. This structure
is similar to that observed in Ir, that is, characteristic
of a weak coupling between the particle and core. The struc-
ture of the Au nuclei may also be an example of a pseudo-spin
symmetry ' which reproduces the observed doublet structure of
the Au isotopes and the absence of excited *1/2 or d3/2
strength.

1. A.B. Balantekin, et al. Nucl. Phys. A370 (1981) 284.

2. J.A. CizewsKki, D.G. Burke, E.R. Flynn, R.E. Brown J.W.

Sunier, Phys. Rev. (€27 (1983) 1040; E.R. Flynn, et al.
Phys. Lett. 105B (1981) 125; to be published.
3. 0. SchOlten, Phys. Lett. BIOS (1982) 155.
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SUPERSYMMETRIC MULTIPLETS 1IN TRANSITIONAL NUCLEI
FROM (n,n"y) REACTION STUDIES*

S. W. Yates and E. W. Kleppinger
University of Kentucky, Lexington, KY 40506 USA

Dynamical symmetries, such as those of the IBA, have proven effective
in describing complex transitional nuclei. Success in interpreting the
structure of even-mass Os and Pt nuclei as displaying deviations from an
0(6) limiting symmetry is well-documented [1] and has stimulated experiment-
al and theoretical studies of odd-mass nuclei in an interacting boson-
fermion (IBFA) formalism, with the odd-A nuclei characterized by coupling
a fermion to the 0(6) core. Nuclei near the end of major shells, parti-
cularly those in the Os-Ir-Pt region, have been grouped into supersymmetric
multiplets which include both even-A and odd-A nuclei described within a
single framework [2]. Experimental evidence for supersymmetry has been
obtained for several odd-Z nuclei in this region. The nuclei 191 Ir and
193Ir belong to supermultiplets which also include 1900s & 192Pt and 1920s
& 191+Pt, respectively, and provide a prime testing ground for supersymmetric
representations.

Using the (n,n"y) reaction, we have studied five of these six nuclei;
only 192Pt was unavailable for study. Excitation functions have permitted
the placement of many new levels (e.g. 17 in 1920s and 33 in 193Ir), while
excitation function shapes, angular distribution measurements,
decay systematics have aided in spin-parity assignments.
the level schemes of the Ir isotopes studied are quite complex yet very
comparable. This abundance of new spectroscopic data permits meaningful
evaluation of the j=3/2 X 0(6) or U(6/4) supersymmetry scheme, and reason-
able success is obtained for both supermultiplets. Interestingly enough,

each of these supermultiplets spans a nuclear shape transition, with 193Ir
appearing nearly triaxial

and y-ray
As shown in Fig. 1,

9/2% 1L/1*
*Work supported kev (125010
by the National -
Science Founda- 1

tion. 800

R .F. Casten and
J.A. Cizewski,

Nucl. Phys. A309 600 - (11,3121
(1978) 477. 1511

2)F. lachello,
Phys. Rev. Lett.

44 (1980) 772. 400
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Fig. 1 Comparison 50
of levels 1in
1911r and 193Ir. vz
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LOW-SPIN STATES OF 185Pt

B. Roussiere, C. Bourgeois*, P. Kilcher, J. Sauvage
IPN - BP n© 1 - 91406 Orsay (France)

M.G. Porquet C.S.N.S.M. - 91406 Orsay (France)
+ and Universite Paris VII

The platinum nuclei are good tools to test the nuclear models since
their level schemes show great differenceswhen the mass number decreases.
In this way, the 185Pt nucleus is the first odd - A platinum isotope which
is prolate-shaped in its high spin statesl). In order to find the shar>e
of the nucleus in its low spin states, we have studied the 18,;AuR+/ 5Pt
decay online from mass-separated sources, with the Isocele faci-
lity. Toproduce gold nuclei, a Pt -B alloy target placed inside the
ion source of the separator was irradiated by the 200 MeV proton beam
from the Orsay synchrocyclotron. Classical measurements of y-spectroscopy
were performed and conversion electron lines were detected precisely by
means of a semi-circular magnetic spectrograph. The 185pt level scheme
has been built ; it exhibits several states deexciting both to the states
built on the ground state and on the isomeric state, which have allowed
us to locate firmly at 103.2 keV the isomeric state with respect to the
ground state, contrary to the first position previously proposed2) from
preliminary results. Most of states can be interpreted as rotational
states built on the Nilsson states (Fig. 1), which indicates a prolate
shape for the 185Pt nucleus in its low-spin states. Yet, some levels
located up to 700 keV could not be identified : among them, the two states
deexciting by abnormally converted transition. Such conversion anomalies
have already been pointed out in the 187Pt nucleus and are not understood
up to now. Two questions remain to be solved : the first one is to deter-
mine the nature of these peculiar states and to know if they correspond
to a different deformation of the nucleus ; the second one is to explain
the presence of the abnormally converted transitions.

Fig. 1 : Experimental levels
of 185Pt as quasi-
rotational bands
built on Nilsson
states.

vffc) 7/fsu] wf503) v r fstf

M.A. Deleplanque et al - J. de Phys. 05(1975)97

2 5 . -
) C. Bourgeois et al 3th Int. Conf. on nuclei far from stability,
Cargese (1976), CERN 76-13,456.
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THEORETICAL DESCRIPTION OF 185Pt

C. Bourgeois+, P. Kilcher, B. Roussiere, J. Sauvage

I.P.N. BP n= 1 - 91406 Orsay (France)
M.G. Porquet - CSNSM 91406 Orsay (France)
M. Meyer, I1.P.N., Universite Lyon | - 69622 Villeurbanne Cedex (France)

P. Quentin, Lab. Phys. Theo. Le Haut Vigneau 33 170 Gradi”“nan (France)
+ and Universite Paris VII

Recently, an "clxajAL Koto\. + gp" model has been applied with success
to transitional nuclei, to deformed nuclei and even to fission isomersl?™
The typical features of this model developed by M. Meyer et al are : 1)
the core is approximated by using an axial-symetric rotor, ii) the wave-
functions of the quasi-particles are determined from HF + BCS calculations
with the SIIl Skyrme effective force in a self consistent way, iii) the
deformation of the odd nucleus is settled by the minimum of the deforma-
tion energy curve calculated for the core, and iv) the Coriolis interac-
tion between the quasi-particles and the core is exactly solved. In this
model, no projection onto a good number of particles is worked out,
which means that the A-1 and A+l odd nuclei are simultaneously described
with the even-even core A. The 185Pt nucleus has been calculated with
186Pt and 10"™Pt prolate cores : the experimental 9/2 + 16241, 5/2 - [5121
and 7/2 - 151A| bandheads lie between the theoretical location found
with the two cores. We present here the results obtained using the 18I4Pt
prolate core (Fig. 1). Although the relative location of the bandhpadc

1 : Comparison between experimental quasi
rotational bands of 185Pt and theore-
tical results obtained from the cou-
pling of one neutron quasiparticle
with the 18uPt prolate core (62=0.27).
The main component of the wave function
has been used to label the theoretical
band. Spin values have been multi-
plied by 2.

o /ol & R V-R N 1”8 \2GJ 52[ 3a82L

are not exactly reproduced theoretically, we can notice that,especially
for the 9/2 + 16241 and 1/2 - 1521 J bands, the energy differences between
the states are in good agreement with those found experimentally. One has
to remark that there is no adjustable parameter in this model. However,
other NT = 3/2 5/2 -, 7/2 - experimental states have not been

found in these calculations. They could correspond to states with a
different deformation or to vibration-coupled states. Nevertheless,

the deexcitation modes of these levels seem to infirm an oblate shape of
the nucleus in these states. It would be fruitful to calculate the 85Pt
levels in the frame of the IBFM model3) which takes into account vibra-
tional excitations of the core. But two conditions have to be fulfilled
to allow these calculations : first, to calculate the boson matrix element
of the boson fermion interaction with a large number of bosons (2 proton
bosons + 9 neutron bosons), second to take into account five single-

particle orbits to describe the negative parity states.

J. Libert, Thesis, Univ. of Paris VIl (19S1) - M.G. Desthuilliers-Porquet et al, 4th Int. Conf. on nuclei far from
stability, Helsingor (1981), CERN 81-09, p. 623 - J. Libert et al. Phys. Rev. 025(1982)586 ; Phys. Lett. 958(1980)175
. Meyer et al. Nucl. Phys. A316(1979)93

. lachello in Interacting Bose-Femii systems in nuclei, ed. F. lachello (Plenum, Nev-York, 1981)

R. Bijker and A.E.L. Dieperink Nucl. Phys. A379(1982)221
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1/2-1521] QUASIROTATIONAL BAND IN NEUTRON DEFICIENT PLATINUM ISOTOPES

C. Bourgeois*, P. Kilcher, B. Roussiere, J. Sauvage
IPN BP n© 1 - 91406 Orsay (France)

M.G. Porquet CSNSM - 91406 Orsay (France)
+ and Universite Paris VII

The 177~181pt nuclei are accounted to be well deformed prolate nuclei
since E. Hagberg et all) have studied them from a-decay and identified
the 1/2 - 1521 | state and the3/2 - and 5/2 - rotational levels built on
it. Recently, we have studiedthe 18x»183»185Pt isotopes from the B+/EC
decay of gold nuclei, using the Isocele facility. The band built on the
1/2 - 1521 | state has been observed in these three isotopes of platinum.
For 181Pt , the results obtained support the previous attribution of the
1/2 -, 3/2 - and 5/2 - states andallow us to locate the 7/2 - 1/2 - 1521 |
level. The rotationall/2 - |521] band has been found to be built on the
groundstate in 183Pt and on the isomeric state in 185Pt. Figure 1 shows the

Fig. 1 : Quasi-rotational band built on the 1/2 - [521 | state.

systematic of the 1/2—521|] band through the platinum isotopes. We also
drew on this figure the states of the same band for 18iw and 172Hf, which
are the nearest isotones of 185pt and 177Pt where the 1/2 - |521] band is
known. We can notice the anology between the deexcitation mode of the

5/2 - state in 185Pt and 181W : particularly, we have observed a 20 keV

M1 transition (5/2 —m3/2 -) in 185pt analogous to the 38.1 keV M1 line
in 181W. The systematic through the platinum isotopes shows clearly that
all 177-185pt nuclei correspond to prolate shaped nuclei. It indicates also
that the decoupling parameter, accountable for the relative location of the
3/2 - and 5/2 - states, is maximum for 183pt the neutron number of which
corresponds to the middle of the shell.

E. Hagberg, P.G. Hansen, P. Hornshoj, B. Jonson, S. Mattson,

P. Tidemand-Petersson,The Isolde collaboration - Nucl. Phys.
A318 (1979)29.
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ON LINE NUCLEAR ORIENTATION OF AU ISOTOPES

E. van Walle, D. Vandeplassche, J. Wouters, N. Severijns and L. Vanneste
K.U.-Leuven, Instituut voor Kern- en Stralingsfysika, B-3030 Leuven, Belgium

Since 1981 research with the KOOL facility demonstrates that the on-line
nuclear orientation technique [1] is a reliable method for determining nu-
clear moments and decay scheme parameters [2,3]. Moreover, important infor-
mation on low temperature implantation behaviour has been published [*]-

Making use of this method we started a systematical study of the nuclear
moments of ground- and isomeric states of Au isotopes, as well as of their
decay properties to the Pt daughter nuclei. On-line production, separation
and orientation of the very neutron-deficient Au isotopes are compulsory due
to the short lifetimes involved.

The chain of Au isotopes, situated in a region of shape transition,
is an attractive probe to study shape coexistence and phase transitions.
Spectroscopic studies revealed that the isomeric 11/2““states in the odd-mass
isotopes 1s85-197au have a small variation in energy with changing neutron
number and have an oblate deformation. Experimentally this “"stability* of
the 11/2““states is reflected in the constancy of the magnetic moments of
197m, 195m, 193m~u However, for ~"~rdu a 30% lower moment value
was deduced [6]. Here we report the measurement of the magnetic moment of
the 4.6 min 11/2-isomer in *89mAu and a preliminary result on the same
state in "9/mAu (t~/2=<9sec). An experiment on ~85Au(t” .3 min) has

been carried out as well. In the odd-odd Au nuclei we measured the moment of

the 186Au groundstate (tl1/2=1-0*7 min). This gives an important test for the
supposed 3-{(ity [532] vy [624])} configuration [7].

Our data lead, simultaneously, tospin (parity) assignments and allow to
extract 6 values of transitions in the excited states of the Ptdaughters.
This information gives indications of the shape of the Pt nuclei.

References

[1] D. Vandeplassche, L. Vanneste, H. Pattyn, J. Geenen, C. Nuytten and
E. van Walle, Nucl. Instr. and Meth. 186, 211 (1981)
[2] D. Vandeplassche, E. van Walle, C. Nuytten and L. Vanneste,

Phys. Rev. Lett. 49, 1390 (1982) & Nucl. Phys. A396,
[3] L. Vanneste, C. Nuytten, D. Vandeplassche, E. van Walle and J. Wouters,
"Nuclear Orientation, New Developments™, Groningen Conference 1983,
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Anomalous low lying O+ state in the 198-192pb isotopes

P. Van Duppen, E. Coenen, K. Deneffe and M. Huyse
L.1.S.0.L., Instituut voor Kern- en Stralingsfysika, K.U.Leuven, Belgium.

In a recent article K. Heyde et al. [*] gave an overview of the experi-
mental and theoretical work concerning intruder states and shape coexis-
tence. A great variety of experimental data, proving the existence of
these Intruder states, is already available. However, in the even-even Pb
nuclei no evidence was found for these states although they were clearly
observed in the neighbouring odd Bi and odd T1 isotopes.

We started at the LISOL-facility f2] a systematic study (e“5 y, x singles
and y—y, x-y coincidences) on the PT/EC decay of the neutron-deficient
198-192g~ 1isotopes, produced in the ™0 (natRe,xn) fusion reaction. Al-
though in a heavy 1ion reaction the high spin states are favoured, we found
evidence for a strong feeding, by means of internal transitions, of a low
spin fI/EC decaying state in 196Bi. This made it possible to detect an EO
transition occuring in *96Pb. On the basis of e~-y and y-y coincidences,
this transition gives evidence for an exited 0+ state at 1143.4(2)keV
above the ground state. Due to the fact that this 0* state deexites almost
completely to the ground state, giving a strong e- signal in an almost
background free region, we searched for similar states in the neighbouring
Pb isotopes although the low spin p~/EC decaying state in Bi was poorly
fed. Indeed, these states were found at an exitation energy of
1392.0(2)keV in 198Pb, 930.1(2)keV in 19*Pb and 768.5(2)keV in 192Pb

(see fig. 1). In the 196Pb nucleus we found a 2 and 4~ state (besides

the normal ones) of which the B(E2:22-902)/B(E2:2ij-+0"")=377 ratio

and the absence of competing transitions with the 442§ transition,

shows the strong enhancement of these transitions (fig. 1). These two
states are probably two members of a collective band built on top of this
Jn - 0't state. Further experiments on the neighbouring Pb nuclei are
planned in the near future to reveal the nature of the other (H states and
to search for analogue enhanced interband transitions.
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1 1K. Heyde et al., Physics Reports (in print)
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The p+/EC decay of ~97,*95,793Bi isotopes

E. Coenen, K. Deneffe, M. Huyse and P. Van Duppen
L.1.S.0.L., Instituut voor Kern- en Stralingsfysika, K.U.Leuven, Belgium.

The light odd Pb isotopes are characterised by the coupling of single
neutron states (p3/2, f5/2, il3/2, pl/2, f7/2) to an even even Pb core.
In beam studies [*-2Jon the 201-193p" isotopes show bandstructures re-
sulting from the coupling of the 113/2 single neutron states to excita-
tions of the even-even Pbcore. From our experiments, 1in which we feed
the Pb isotopes via the fJYEC decay of the Bi isotopes, complementary
information on the low spin part of the level schemes is expected. Untill
now the decay of the light odd 797,797, "93Bi isotopes was only studied by
their a-emission [3]. Except for the *97Bi isotope, for which only one
lifetime was observed, two half lifes were found in the other Bi isoto-
pes, probably belonging to a 9/2““proton particle state and to a 1/2+
proton hole intruder state. The Bi isotopes were produced in the reac-
tions 170 MeV 160 on (14,7 mg/cm2)natRe and 137 MeV 20Ne on (4,15 mg/cm2)
184a at the Cyclone cyclotron at Louvain-La-Neuve. After mass separa-
tion, production rates of 103 nuclei/sec were obtained. For each isotope
x and y ray singles and a total of 2x106(y,y,t) and (X,y,t) coincidence
events were collected. Very recently e~ singles are (e-,y,t) coincidence
measurements were performed on the *97Bi fr*/EC decay. Similar experiments
are planned for *9% I 93Bi.

On the basis of lifetimes and x-v coincidence measurements about 60 y-
rays could be assigned to the 19"Bi decay. A half life of 539 9 sec was
found which agrees well with the.~10 min. of Y. Le Beyec et al. [3]. In
the mass chain 195 a total of 73 y-rays exhibit a 187 =44 sec lifetime,
corresponding with the 170 =20 sec half life of the 79”Bi ground state
[3]- No evidence however was found for the feeding of the 90 =5 sec
isomeric state in 197Bi. We assigned the 134.1 keV to the 5/2<“% 3/2““or
3/2<< % 5/2““groundstate transition. To determine whether the groundstate
spin of 195Pb is a 5/2““or 3/2““state, we studied the a-decay of 199Po by
the reaction 170 MeV on natlr. Due to the fact that the a-decay pro-
ceeds most likely between states in which the odd nucleon®"wave function
remains unchanged, the 199Po(3/2-) mm 195Pbh(3/2“%) transition will be fa-
voured. By comparing the intensity of the p~/EC decay of 199P0 -m 199Bi
(88%) with the 134.1 keV intensity, we could conclude that the groundsta-
te spin of 17Pb most likely 3/2~. Preliminary decay schemes which are
constructed for 197Bi and 195Bi show that about 60%of the total y-inten-
sity comes down to the low spin groundstate and 30%to the 13/2+ {# de-
caying 195Pb state, indicating that the (3+/EC decaying Bi states fed in
our reactions are most probably the 9/2““states. The half lifes of ~93Bi
and 193mBi are 64 +4 sec and 3.5 =+£.2 sec respectively [3]. From a

first analysis we can identify 21 y-rays with a 65 +4 sec lifetime. The
analysis of the data 1is in progress.

References.

1. H. Helppi et al. Phys. Rev. C23(4) 1446 (1981)
2. H. Richel et al. Z. Phys. A284, 425 (1978)
3. Y. Le Beyec et al. Phys. Rev. C9(3) 1091 (1974)
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THE LEVEL STRUCTURE OF 215Fr*
M.W. Drigert, J.A. Cizewski and M.S. Rosenthal

A.W. Wright Nuclear Structure Laboratory
Yale University, New Haven, Connecticut 06511 USA

One of the most exciting recent developments in nuclear
structure studies has been the investigation of the interplay
between single particle and collective degrees of freedom near

the doubly magic ”"~4<*Gd nucleus. A similar competition between
the single particle and collective deirees of freedom is ex-
pected to occur in the region above Pb.

To further probe the structure as a function of angular
momentum in this region, we have studied
Fr using the Yale MP Tandem Van de

Grjjgff ~1 accelerator via the gg :78;2
Pb( B,4n y) reaction at 61 MeV with
. 20(230 nsK5Q9
standard y-ray techniques. Our
level scheme for Fr for spin up to
J=41/2 is shown in the figure.
Concurrently, this system is also being 17 3740
studied at the Hahn-Me itner Institute 16(95rs)3485 an 3405
and a similar decay scheme has been 4 3304
obtained. The results of ref. 1 1B 3004 39/q_
indicate isomers at 1573, 2016 2251 and 1z 2727 35/2 2805
3068 keV.
In ~ Fr thee valence nucleons in-
elude five protons in the hg:j subshell (P 2 32 2250
; 29/2 2015
N B D P et e cpaw 22w
n ¢core studied”; the level &* Ons) 165
schemes of the isotones are compared in 6+ 1442 2%,32/‘2' MM%
tihe Fiigure. The low-lying states of T 192- 143
215E;, afe Wwell-described by coupliing the 4 140 1;’22 HSZ
he /2 proton to the 4 states Of 132 835
2% 694 1i/i:
214 pal £ which are mainly 13/2" 670
v(9:9/2>0,2,4 _ with 0Q70ns)0 9/2"120ns)0
9/2' 0 The 6 state and 8 isomer 214pn o 2!5Fr128
of the <core also have a sizeable proton
component , which is confirmed in the

odd-Z isotone where the maximally align—
ed state is no longer the lowest-lying state in the multiplet,

. the 23/2¢ statg becomes the isomer. The 11- state 1in
ri ; ;

RN is proposed to arise from the ~eh cc on-
figuration. If the additional hQ.: proton ééz %%elr{z%]é%pm(je t0
this configuration, the maxi mum angular mome ntum s 29/2+
suggesting positive parity for the 29/2 state in /I3Fr. We
are in the process of doing shell model calculations to test

these qualitative <conclusions
eWork supported by USDOE contract number DE-AC02-76ER03074

1. D.J. Decman et al., to be published.
2. T. Lonnroth, et al., Phys. Rev. C27, 180 (1983).
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GAMMA-RAY SPECTROSCOPY IN THE REGION OF OCTUPOLE DEFORMATION NEAR Z = 90

P.A. Butler*"1\ D. Burrows”, K. ConnellA. El-Lawindy”\
AN. James”™\ G.D. Jones™"\ T.P. Morrison”, J. Simpson” and

R. Wadsworth”"~

(1) University of Liverpool, U.K.
(2) Daresbury Laboratory, U.K.
(3 University of Bradford, U.K.

We have carried out an experimental programme to study the structure
of nuclei with Z ~ 90 and N % 132. These nuclei are of theoretical
interest in that their ground states are predicted to have stable
octupole deformation Qj . One consequence of such a shape is that the
ground state band should have the spin parity sequence 0 , 1°7 2+, 3
with stopover EI & competing strongly with the crossover E2"s. Such a
seguence has been observed recently in 218Ra [Y] and the more deformed
22 Th QfJ . In addition, it is expected that the odd mass nuclei should
have degenerate bands with sequences K+, (K+ 1)77 (K+ 2)*, and
K, (KtI)+,(K+2) , ... as observed recently in 227Ac (4]. In this
work we report the results of y-y measurements on 220Ra and 223Th,
populated by the reactions 208Pb(180,a2n) and 208Pb(180,3n) respectively.
In these experiments evaporation residues were selected using a fast
avalanche counter system, in order to suppress the strong fission back-
ground. The 83 MeV *80 beam was supplied by The Nuclear Structure
Facility, Daresbury.

Preliminary analysis of the data indicates that 220Ra has a
structure similar to *18Ra and 222Th, with enhanced El transitions
connecting a sequence of negative parity states to the positive parity
states built on the ground state. The structure of+223Th is more complex,
but appears consistent with picture of degenerate K~ bands.

03 .A. Leander et al, Nucl. Phys. A388 (1982) 452.

G
Qf] J. Fernandes-Niello et al, Nucl. Phys. A391 (1982) 221.
Qr] D. Ward et al, Nucl. Phys. A406 (1983) 591.

R

[4] R.K. Sheline and G.A. Leander, Phys. Rev. Lett. 5] (1983) 359.
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GAMMA BRANCH FROM THE 238U SHAPE [ISOMER

J. Kantele*, W. Stoffl, L. E. Ussery**, D. J. Decman, E. A. Henry,
R. J. Estep**, R. W. Hoff and L. G. Mann

Nuclear Chemistry Division
Lawrence Livermore National Laboratory
Livermore, CA 94550

0QQ
The y-ray decay of the U shape isomer has been reinvestigated

using the 238U(d,pn)238Um reaction with a new two-detector technique.

The new technique is especially designed for in-beam studies of actinide
nuclei involving radiations from several different origins. One of the
detectors is shielded against direct target radiations, so that the other
one offers a particularly sensitive means of the identification of lines
due to nuclei in the actinide region. A number of transitions were found
to belong to 238U; a line at 2512.7(5) and another possible one at 1877.6
keV are attributed to the isomer. The cross section for production of the
2512.7-keV y ray by 18-MeV deuteron bombardment of pOOU is 42(12) pb,
consistent with our earlier conversion-electron workl) on 238um.

1) J. Kantele et a_h, Phys. Rev. Lett. 5, 91 (1983)

#Present address: University of Jyvaskyla, Finland
<eoFlorida State University, Tallahassee, FL 32306
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GYROMAGNETIO RATIOS AND MODIFIED SCHMIDT*S FORMULA

M_.P. Avotina

The report presents some experimental regularities and
an empirical formula for the description of gyromagnetio
ratios.

Some of the main regularities are:

1. Experimental g-factors (geX”) are split into groups*
For even-even nuclei this is Z:Zma X N:Nma,jZ-N 4 7

Nmag' For odd-A nuclei such splitting is the function of

nudeon number in the last shell (either less or more
than half-filled).

nyrv

2. @ values are independent of sphericity or defor-
mation for the majority of nuclei. As a rule, they are not
dependent on level parity.

3. The orbital g-factors for coupled protons,gM@ff>>“

be equal to unity or zero.

4. Gyromagnetio ratios of nuclear levels (gCa”™°) may be
described by using modified Schmidt’s formula and such ef-
fective g-factors as: Spj “* aum of calculated by classi-

cal Sohmidt’s formula g-factors of protons (heutrons) in (i)
or (J) subshell and

ay

gLgff:____'g,l P P pl_n n

= ANy — - N =
Here i-subshell has 'p{n§ 1 + 1I/2p j-subshell has 1p6%>

=1 - 1/2j gP -g-factor off?ucleons. The sign of
their sum in ¥Eg'formula for © depends on sign of

~(n) = @+1/2) or 1p~) = U-1/2)* Kp(A™ 1s number of

nucleons on the subshell) > 1f Jllev= 1/2.
fre Pvn / n ~ev .
gp(n§ g-factors of free protons (neutrons), J is spin of
IevelsA . ovt

g ““fit well with g )for several hundreds nuclear

levels (A= 3 - 250 .



THE PROSPECTS TO PRODUCE THE SUPERHEAVY ELEMENTS IN HEAVY-10N ACCELERATORS
BASED ON THE SECONDARY REACTION EXPERIMENTS IN CERN W TARGETS.

A. MARINOV(a), J.L. WEIL(b), and D. KOLB(c)
a) Racah Institute of Physics, The Hebrew University, Jerusalem, Israel.
b) Department of Physics,University of Kentuchy,Lexington,Kentuchy,40506,USA
c) Department of Physics, Kassel University, 35 Kassel, West Germany.

Previously some evidences were presented(1-6) for the possible produc-
tion of superheavy elements(SHE) in W targets that were irradiated with
24 GeV protons. These results can consistently be interpreted if one assumes
that, like in the actinide region(7,8), the production of neutron-deficient
superheavy nuclei 1is not impossible. The measured energy spectra (2,6) of
the fission fragments can be interpreted in terms of fission to four frag-
ments with a total kinetic energy of about 320 MeV. The position of the fis-
sion fragments as observed in the focal plane of a mass seperator(3,9) are
given in the figure for two ploycarbonate exposures. (The points on the left
hand side are due to edge effect). In the table the observed masses (from
all the exposures) were arranged according to various possible molecules of
element 112. (Number of fission tracks are given in parentheses). Five dif-
ferent molecules, with 11 events total,can be related to element 112 with
160-161 neutrons. Under these conditions quite a unique situation, namely
the radiative capture process of for instance 86Sr + 186W  ?72X or 88Sr +
18"  ?7?X, 1is possible. According to this interpretation there is no con-
tradiction with any other data. It will be argued that, based on these re-
sults, the prospects to produce SHE using such reactions are reasonable.

1) A. Marinov et al.,Nature 229 (1971 ) 464.

2) A. Marinov et al., Nature 234 (1971 ) 212.

3) A. Marinov in "Third International Transplutonium Element Symposium",
1971, Argonne, 111. U.S_A., ZAED No. 3,A340892(1972), CONF-711078.

4) A. Marinov et al., Proc. Int. Symp. on SHE, Lubbock, Texas (1978) p. 81.
5) D. Kolb et al., Proc. Int. Con. Nucl. Phys., Florence 1 (1983) 776.

6) A. Marinov and D. Kolb.,Proc. Int. Con. Nucl. Phys. Florence 1 (1983) 600.
7) A. Marinov et al., Proc. Int. Symp. on SHE,Lubbock, Texas (1978)p. 72.
8) A. Marinov et al., Proc. Int. Con. Nucl. Phys.,Florence! (1983)p. 295.
9) J.H. Freeman et al., Nucl. Inst, Meth., 145 (1977) 473.

015 Days Exposure
<57 Days Exposure

i i i i i i i Mass Scale
270 280 290 300 310 320
A+ albo+ a3bcit al2c14n16o+ aldnl6o; N
A14Nj
269(1) 157
272(1) 288(1) 308(3)* 315(2) 317-318(4) 160-161
276(1) 292(1) 311(1) 164

* Mass 308 may also be interpreted as 276A0j.
b Mass 311 may also be interpreted as 269ANj or 269A12C14Ni6 oT
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OH THE EXCITATION OP RESONANCES IN THE LIGHT
ATOMIC NUCLEI INTERACTION

V.S.Vasilevsky
Institute for Theoretical Physics, Kiev-130, USSR

Vo determine the resonance states and their nature 1in
light atomic nuclei a microscopic model 1is proposed in which
collective and cluster degrees of freedom are considered si-
multaneouly. This model is based on the assumption that the
energy of colliding nuclei at the moment of their interaction
iIs transferred on one or several collective modes of a com-
pound nucleus and, consequently, is uniformly distributed in
all nucleons. Thus in a compound nucleus collective resonan-
ces characterised by a large amplitude of collective motion
are excited. The greater is the lifetime of such resonances,
the less 1s the connection between collective and cluster
modes.

These assumptions are confirmed by the calculations of
the resonance states in nuclei “He (~Li), ~Li, ~Li ("Be).”Be
which are formed when nucleons, deuterons, % (“He) and He
collide with oi- particles. The wave function of resonance
states W_1is represented by a sum of two sets of oscillator
functions* The first set i1~ suitable to the description of
collective (quadrupole) excitations of compound nuclei, the
second describes the motion of colliding nuclei. The expan-
sion coefficients of W in oscillator functions as well as
the energy E and widths Tof these states are obtained when
solving the set of algebraic equations.NN - interaction is
simulated by the Brink-Boeker potential. The calculated va-
lues of E andr are given in the table.

A ILi, 7Be
rm 2+ O+ 2+ 3" 17T 3 1”7 37"

E.MeV 3.62 22.24 24.94 5.27 26.15 29.80 35.33 38.15
T.MeV 0.92 0.28 0.52 2.36 0.58 0.73 0.51 0.84
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INVESTIGATION OF RESONANCE STATES IN ELASTIC SCATTERING
AND RADIATIVE CAPTURE PROCESSES

J. Cseh, E. Koltay, Z. Mate, E. Somorjai, L. Zolnai
Institute of Nuclear Research of the Hung.Acad, of Sciences,
Debrecen, Hungary

The possibilities of getting resonance data from simul-
taneously measured a-particle elastic scattering and radiative
capture processes (Ea<5 MeV) are discussed.

In general, resonance strengths, decay schemes and angular
distributions are determined from studying the (a,y) process on
one hand and on the other hand spin values, total and partial
a-widths of resonance levels can be deduced from the R-matrix
analysis of the elastic scattering cross sections measured at
several angles [1,2]- However, additional results can be
deduced from the combination of the (a,y) and (a,a) data of
some resonances, namely it was possible to resolve ambiguities
regarding spin values and to determine radiative partial widths.

For the usefulness of the above mentioned simultaneous
measurements, examples are given for the 28Si and 23Na nuclei.

In addition, the applicability of the vibron model for
tfte description of resonance level scheme is shown for the
21|[Mg +a system [3,4].

[1] J. Cseh, E. Koltay, Z. Mate, E. Somorjai and L. Zolnai,
Nucl. Phys. A385 (1982) 43.

[2] J. Cseh, E. Koltay, Z. Mate, E. Somorjai and L. Zolnai,
Nucl. Phys. A413 (1984) 311.

[3] J. Cseh, E. Koltay, Z. Mf£te,E. Somorjai and L. Zolnai,
ATOMKI Kozlemenyek 23 (1982) 173.

[4] J. Cseh, Contribution to this Symposium.
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INTERMEDIATE STRUCTURE®"! OP RESONANCES 1IN
(p X ) REACTIONS ON TIICKSL 1SOTOPES
1.V. Sizov

Laboratory of Neutron Physics,JINR

A new method of determination of intermediate structu-
res based on the analysis of o0 - multipoles mixtures value
signs for the T -decay resonances is proposed ["J]

Thevalue and sign of < are determined from the ana-
lysis of angular distributions of -transitions in (/~,%4)
reactions of a compound nucleus resonance, the spin of which

iIs known at the level of given spins. o _
In nuclear (P ,T ) reactions on * e« ¥ Ni-isotopes an in-

termediate structure of proton resonances is discovered ex-
perimentally, relative signs of the multipoles mixture are

equal. i .
“ The intermediate structure is interpreted as a distri-

bution of the strength of the giant Gamov-Teller resonance
over the resonance states of a more complicated form.

1. A.A.Bykov et al. 1lzv. Akad.Nauk 333R, Phys. Ser.45
(1981) 822
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TRANSFER REACTION SPECTROSCOPY REVISITED

K.F. Pcil and R.G. Lovas
Inst, of Nucl. Res., Debrecen, P.0. Box 51, H-4001, Hungary

The object of the spectroscopy of transfer reactions is to determine
to what extent nuclei tend to behave like compositions of a single particle
(or cluster) and an inert core. The conventional technique relies on the
validity of a direct reaction approach that excludes antisymmetrization
between the reaction partners. In this picture the transition amplitude of
the A+ b (<=x*b+x, B=A+x) transfer contains a product of the overlaps [1]

where 8 are wave functions in the centre-of-mass frames, ~ are relative
coordinates and Vbx is the interaction between the constituents of b and x.
When x is a nucleon transferred between large nuclei, it is convenient to
apply the shell model to nuclei a, and B, whereby $ are approximated by
wave functions that are given in the external frame. Then it is still not
a gross error to regard as a relative orbit and its norm square, the
so-called spectroscopic factor, as a measure of its being occupied in
nucleus B . For a single particle outside a closed shell the spectroscopic
factor is just an occupation probability in this picture.

For cluster transfer or when the transferred particle is not much
smaller than the other participants, the internal wave functions must not
be substituted by external ones. Therefore, cannot be interpreted as a

probability amplitude. Indeed, in a normalized two-cluster state 1]
instead, the normalization
@

holds, where

with o being the intercluster antisymmetrizer.

Recently, however, the reaction theory has been reformulated with the
application of an apparently fully antisymmetrized treatment [2]. This non-
conventional theory involves a 3 in place of iij, and a similar quantity
to replace &E. As eq. (1) shows, A" /xZB is normalized in the ordinary sense,
and hence may be viewed as a probability amplitude.

In this contribution we give a critical comparison of the non-conven-
tional model with the conventional one both in theoretical terms and by
means of numerical examples. We use the orthogonality-condition model (OCM)
to describe both the cubtxand H-A+x subsystems. We have shewn that the
version of the OCM we use [3] gives an excellent approximation to the
overlaps produced by the microscopic cluster models. As a specific example,
we consider the 160(7Li,t)2“Ne process.

[1] K.F. PH, R.G. Lovas, M.A. Nagarajan, B. Gyarmati and T. Vertse,
Nucl. Phys. A402 (1983) 114

[2] T. Fliessbach, Z. PhysiJdc A278 (1976) 353
[3] H- Friedrich, Phys. Reports 74 (1981) 209
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EMISSION OF PROMPT X-RAYS FOLLOWING THE FUSION OF 35CL AND 59CO NUCLEI

I.M. SzBghy
Universite Laval, Quebec P.Q. Canada G1K 7P4, and

G.J. Costa, C. Gerardin, Ch. Heitz and R. Seitz
Centre de Recherches Nucleaires et Universite Louis Pasteur
67037 Strasbourg, France

In heavy-ion reactions the fusion-evaporation process is usually domi-
nant but the identification of the residues, emerging near 0= from the tar-
get, is particularly difficult. Even their direct observation - after a
long flight time and in hindrance with the slightly diffused beam - offers
no information on the first nanoseconds. The prompt y-rays from highly
excited residues are mainly statistical and structureless, thus providing

information only on their multiplicity. S A
As a result, the prompt X-rays - partly 1200
from vacancy production during the fusion : a i
process and partly from internal conver- * ; I Moa
sion of prompt y-rays - represent a va- £
luable information: the production yield %iSOO X*
of residual elements.

Figure 1 illustrates prompt X-rays é% J 1 Noyg /g J
following the fusion of 35C1 and 59Co nu- X
clei at 100 MeV c.m. energy and the sub- 400
sequent evaporation of particles from I N R T B R
9*Ru. The X-ray spectrum was collected © 16 20 E(keV)
by a 5mm thick Si(Li) detector in coinci-
dence with statistical y-rays from a 50ccm Figure 1. Prompt X-rays.

Ge(Li) detector. The various elements reached by particle evaporation and
their relative intensities are represented in the figure by the correspon-
ding monoenergetic Ka-rays. The unusual broadening of the KB lines indica-
tes that the X-rays were emitted from highly
disturbed atoms less than Ins after fusion.

Figure 2 permits to compare the above
Ka-ray yields with the theoretical cross sec- Q
tions which were calculated by the ALICE fusion- 0) -
evaporation code using standard parameters. The
yield and the cross section for molybdenum are % 0
normalized to unity. At this energy, there is a e
good agreement between expected and measured va- D -
lues. o ) \o < « X-ray yield ~

The target has to be sufficiently thin 0
(~Img/cm2) to permit the escape of the residues. OAUCE code :
In a (Li,xn) reaction with A~200 nuclei, Karwow-
ski et al. used much thicker targets resulting Sr Y Zr Nb Mo
in monoenergetic K|3 lines. Their high KX-ray
multiplicities are thus partly due to radioacti- Figure 2. Relative yields.
ve atoms embedded in the target.

The observation of prompt X-rays and their distinction from radiogenic
ones - due to the onset of fast beta decay - is discussed indetail. To be
useful, the X—ray yield has to vary smoothly with excitation energy and
mass of the reaction products. In this respect, the trend of KX-rayyields
from primary fission products is most supportive.

1) H.J. Karwowski, S.F. Vigdor, W.W. Jacobs, S. Kailas, P.P. Singh, F.
Soga, T.G. Throve, T.E. Ward, ".L. Wark & J. Wig. ,Phys.Rev. C25 (1982) 1355.
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ANGULAR MOMENTUM TRANSFER IN PARTIAL FUSION REACTIONS
INDUCED BY ItfN ON 15ItSm

J. Nyberg,”A. Johnson, S.A. Hjorth and A. Kerek
Research Institute of Physics, S-10405 Stockholm, Sweden
and
S.E. Arnell, S. Mattsson, H.A. Roth and 0. Skeppstedt
Chalmers University of Technology, S-41296 Gothenburg, Sweden

1 + 15ttSm collisions at 154
MeV bombarding energy have been
studied at the Stockholm cyclotron.
The angular momentum input in col-
lisions leading to partial fusion
reactions has been determined by
measuring the y-ray multiplicity
in coincidence with forward di-
rected charged particles. Fig.l
shows the results for y-transitions
in 158Er detected in coincidence
with H-ejectiles (protons domina-
ting). From the observed approx-
imately constant multiplicity,
< MY >«18, the average input an-
gular momentum for collisions lea-
ding to H-ejectiles in massive
transfer reactions can be deduced Fig.l. Average y-ray multiplicity
to be < I >ss38f). This value is for yrast transitions in 158Er.
determined by assuming that y-
emission removes 2(< MY > - 4)
units of angular momentum and that
the neutrons take away one unit
each.

The deduced angular momentum

is in very good agreement with
predictions from the Wilczynski
sum-rule model [1]. See fig.2.
For the proton channel the model
predicts < |1 >x41 fi. (Note the
long tail towards lower angular
momentum for protons.)

The measured multiplicity is
far below the value < MY >«31,

Input Angular Momentum. l tv
which has earlier been reported

[2] for a bombarding energy of Fig.2. Predictions from the sum-
167 MeV. rule model.

1. J. Wilczynski et al., Nucl. Phys. A373 (1982) 109.

2. H. Yamada et al., Phys. Rev. C24 (1981) 2565.

+) On leave from Abo Academy, Finland.



DYNAMICAL DEFORMATIONS AND CORIOLIS COUPLING EFFECTS ON GIANT DIPOLE
RESONANCES

M.Di Toro,U.Lombardo and G.Russo

Istituto Dipartimentale di Fisica,Universita di Catania 57,Corso ltalia
95129 Catania.ltaly

In this contribution we are able to show the effects of dynamical de-
formations and Coriolis coupling on the frequencies and strengths of Giant
Dipole resonances, built on high spin states. In particular we obtain two
main features that have been observed in the first available experimental
data[l]: a shift of the centroid of the resonances to lower energies with
higher angular momenta and a larger overall width. The key point of our
fluid-dynamical approach is to assume that for a giant collective state all
the strength is concentrated on only one level. This ansatz, largely justly
fied from RPA calculations, corresponds to take into account only the low-
est multipole distorsions of the momentum distribution during the vibration,

which is described as a scaling mode
The dynamical equations are derived from the Vlasov equation in a ro-

tating frame

3f  (r.p,t) _
D) 3t h~(r,p,t)-w*L,fq (r,p,tj

which can be obtained as a semiclassical limit of the cranked TDHF equation
for the Wigner transform f(r,p,t) of the one-body density matrix[2] .
Isovector dipole resonances are described as out of phase small ampli-
tude oscillations 6f (r,p,t) of the neutron/proton distribution function
around the stationary value fs™ which is solution of the cranked equation

{hSt-(M»i,fSt}=0. Assuming thg nucleus to undergo rigid rotations, for an
irrotationll scaling mode we can exactly close the fluid-dynamical chain of
equations derived from eq.(l) at the lowest two v-fmoments, continuity and
Euler equation”] . Choosing as real scaling fields

€ = r Yio 4 = /2 rReYn , <M =- /2 rim YX1,

the Euler eq. becomes a set of equations with the modes 1,1 coupled through
the Coriolis term. We get three frequencies in the intrinsic frame (axial-

ly symmetric nucleus along the z-axis).

+C
p J  Vfo Q
R v M
0 1 M * " VSt M
where M=m d3r St collective mass, b=XijZz and c=-mw2Z Coriolis
I+ 0 7 wp st
and centrifugal terms, d = > d rx3 P_~ kinetic energy contribution
0,1 zZ,X (
and
f d3r {(a-a’)pst+ (3-6") V2t + (v _ “)(pSt)a+1)32 . OF
0,1 ’ CT+1 Z,X
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interaction contribution with t+,a,aJB ,6jY,Yjcr directly related to the
used Skyrme force.

In this contribution we show some preliminary, not fully self-consi-
stent, results obtained from a stationary cranked density constructed with
the Virial tensor method[4] and by imposing an oblate Wood-Saxon shape and
with a SKM force. The exp-ected effects are shown in the figure for (Ca.
We predict a clear increasing ofthe width mainly due to a splitting of
the giant level. The reduced e.m. transition strengths, easily compu-
ted in our approach, are used asweights in order to get the average dipole
energy.

We obtain a small shift of the centroid of the resonance to lower ener
gies. This effect is enhanced in the laboratory frame, but still the maxi®
mum shift is of the order of 1.5 MeV for rv20fi.

These results with a classically rotating nucleus correspond to a maxjl
mum collectivity condition for the rotation. We are improving our approach
using fully self-consistent calculations with a finite temperature cranked
HF code to get the stationary solution[5].

References
[1] K.A_.Snover, in Proc.HESANS Conf., Orsay 1983 and references therein.
[2] D.M.Brink and M.Di Toro, Nucl.Phys. A372(1981) 151.

[3] M.Di Nardo et al., Phys.Rev. £28(1983)929, Phys.Lett. B125(1983) 240
and Phys.Lett. B132(1983)11.

[4] E .B.Balbutsev et al., Journ. of Nucl.Phys. (USSR) 357(1982) 836.

tsj Work in collaboration with U.Mosel,E.Wust and D.Berdichevsky of
Giessen University (W.Germany).
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TECHNIQUE OF IN-BEAM NUCLEAR
SPECTROSCOPY



METHODS OF EXPERIMENTAL INVESTIGATION OF NUCLEAR
HIGH-SPIN STATES WITH HEAVY 10NS

Muminov A.Il.,Kuldjanov 1.K., Artemov S.A., Islamov B.I.

Institute of Nuclear Physics , Academy of Sciences
of UzSSR, Tashkent, USSR

For the last 10-15 years fast development of investiga-
tions on heavy 1ion beams /HI/ has been taking place in nucle-
ar physics. Nowadays, the must promising investigations are
those of nuclear high-spin states /HSS/. The report contains a
number of trends of experimental investigations of HSS:

1/ The traditional y- /and conversional/ in-beam spect-
roscopy. In so doing, y-deexcitation of the high-excited resi-
dual nucleus 1is investigated after particle emission, 1i.e.,
beginning from some "entry line" by yy-angular correlation
methods, "particle-y-quantum"™ correlations, by various polari-
zation measurements. As a rule, /HIl,xny/,/HIl ,xpy/, /HIl,xay/
reactions; more seldom /HI,Hly/ reaction and radiative captu-
re are used. It is important, that in some experimental situa-
tions predominant 1is the excitation of HSS/1/ /f.i., at small
overlap of the projectile angular momentum distribution with
the yrastline of the compound nucleus/, that allows to obtain
more reliable information about their spectroscopic charac-
teristics .

2/ The levels with 1 20ft usually lay in the y-ray conti-
nuum, while the largest spin value is expected to be possible
here, and row methods, allowing to obtain spectroscopic data
from several averaged measured values /f.i., mean y-mu!l tiplici-
ty My, mean energy of y-transition E etc./ are being develo-
ped. The measurement methods separately for light and heavy
fragment of two-body reactions /2/ are also developed. The basi-
cal methodics of measurements are “particle-y-quantum™ many-
fold coincidences. The most powerful instruments in such inves-
tigation are multidetector sets of "crystal ball” type with
geometry, close to 43T in combination with high resolvent de-
tectors of y and x-irradiations -and identification of charged
particles /3/.

3/ In the light nucleus region in continuum, separated
HSS of "doorway states"™ may be found, in the d.ca”” oi Hfi*"h
*aligned configuration”™ component dominates. For determini-tirnj
of their spin the alignement measurements of concrete states
of the residual nucleus, which are realized by study of y-
guantum correlation asymmetry /*4/ are carried out. a-cluster
and quasimolecular HSS, 1investigated via "particle-particle”
correlation and excitation function measurements are also of
great interest. The advantages and handicaps of each of the
considered trends are demonstrated in the report through the
examples of original works.

REFERENTCES
1. H.V.Klapdor, Nucleonika 21_ /1976/ 763
2. M .Berlanger,B .Borderic,D.Chapoulard, Nucl .Phys_A388 /1982/,
187
3. R.S. Simon, J. Phys. /Paris/ HI,C10/1980/281
4. N.Kato, Nucl.Instr.Meth. 204 /1982/ 117
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A method to study neutron-deficient nuclei produced 1in Hl reactions.

J. Nyberg, S.A. Hjorth, A. Johnson, A. Kerek and A.Nilsson,
Research Institute of Physics, S-104 05 Stockholm, Sweden.

As one departs to the left from the line of stability in compound nuclear
reactions, the yield of channels emitting solely neutrons rapidly becomes
very small. In order to emphasize this narrow channel with respect to the
immense background of reactions which also emit charged particles, a 4 «
charged particle anticoincidence system has been developed at the 225 cm

Stockholm cyclotron.

The device consists of a 45 cm long, 40 mm diam. and 3 mm thick NE 102
plastic scintillator tube, into which the target isinserted througha nar-
row slit. The scintillator covers 96 % of 4 it"Solidangle and its signals,
originating from charged particles (i.e. p,d,t,a, etc.) are used to veto
out the gamma pulses recorded in four germanium detectors arranged in a
coincidence set-up. The background radiation from activities, unrelated in
time to the charged particles, tends to dominate the remaining spectrum
although a coincidence is required with the RF-signal. This is especially
serious in the region far from the line of stability. Therefore the radio-
activity is further suppressed and neutron channels further enhanced by
introducing large neutron detectors in coincidence with the germanium de-

tectors.

The final set-up is displayed in fig. 1. The method is limited by the ex-
tremely high count rate in the scintillator tube from elastically scatter-
ed beam-particles. This count-rate has to be kept well below the rate of

the beam pulses from the cyclotron, usually 7-8 MHz; we have found 2 mill-
ion counts per sec to be a suitable limit.

In fig. 2 the effect of the method is illustrated for the 1185n(12C,6n)12uBa

reaction. The 6n channel, which constitutes less than 10 % of the total
cross-section, is here enhanced by a factor of 20 relative to the channels

involving charged particles. URSSH.CRT 14-Ati-83
2£>1ieSN - IfiMTv | .PMP1 IN IN N-CC*

2+0+

|T' | -|>G| Ice 12-10
! 8-6
, 10-f

Fig. 1. Set-up for suppression of

~~~ charged outgoing particles
<10

and induced activities. *p
AM
Fig. 2. Bottom: singles gamma ray W Ji n
: . . : /
spectrum; Top: coinc. with A
n and RF, anticoinc. with o) . _I_
charged particles. J Ju
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RECENT PROGRESS OF IN-BEAM INTERNAL-PAIR SPECTROSCOPY
IN CONNECTION WITH LIGHT-10N ACCELERATORS

A. Passoja
Department of Physics, University of Jyvaskyla,
40100 Jyvaskyla, Finland

Introduction

A method for high-resolution in-beam studies of internal-pair
transitions 11]

A combination magnetic plus Si(Li)-Si(Li) sum-coincidence
technique [2]

IV A superconducting-solenoid-transporter Si(Li)-Si(Li) spectro-
meter [3]

% Proposal for a new method for multipolarity determinations: an
application of the electron-positron angular correlation in
internal-pair transitions [4]

Vi Concluding remarks

References:

[1] A. Passoja, J. Kantele, M. Luontama and R. Julin, Nucl. Instr.
and Meth. J57 (1978) 513.

[2] A. Passoja, J. Kantele, R. Julin and M. Luontama, Nucl. Instr.
and Meth. J66 (1979) 203;

A. Passoja, R. Julin, J. Kantele and M. Luontama, Nucl. Phys.
A363 (1981) 399.

[3] A. Passoja, P. Tikkanen, A.Krasznahorkay, Z. Gacsi, T. Kibedi
and T. Fenyes,Nucl. Instr. and Meth.,in press.

[4] A. Passoja, to be published.



ADAPTATION OF A SUPERCONDUCTING SOLENOID TRANSPORTER
Si(Li)-Si(Li) SPECTROMETER FOR IN-BEAM STUDIES
OF INTERNAL-PAIR TRANSITIONS

A. Passoja and P. Tikkanen
Department of Physics, University of Jyvaskyla, SF-40100
Jyvaskyla, Finland

A. Krasznahorkay, Z. Gacsi, T. Kibedi and T. Fenyes
Institute of Nuclear Research of the Hungarian Academy
of Sciences, H-4001 Debrecen, Hungary

The Debrecen superconducting magnetic spectrometer (SMS)
has been adapted for in-beam internal-pair studies. Test
measurements have been carried out using a 207Bi radioactive
source and the 19F(p,ay)160, 23Na(p,ay) <Ne, 27Al(p.,p ¥)27A1,
and If2Ca(p,p ¥) *2Ca reactions (at bombarding energies
Ep=3.5-4.0 MeV). Convenient spectrometer parameters and back-
scattering of electrons and positrons from one detector to the
other have been investigated. Experimental values of (14=%3)%,
(12+3)%, and (14=x2)% for the one detector pair-line efficiences
were determined for the 20Ne(E2; 163*4 keV) , ¥2Ca(EO0; 1836 keV),
and 27A1(M1+E2; 2211 keV) transitions, respectively. The ob-
served pair-line detection efficiences for two detectors operated
in sum-coincidence mode were (35x7)% and (34=%x6)% for the
42Ca(EO; 1836 keV) and 27A1(M1+E2; 2211 keV) transitions, respec-
tively. The energy resolution of the sepctrometer was ~,0.5% 1in
singles and~»0.6% 1in sum-coincidence measurements for the 2211
keV M1+E2 pair line of 27A1. Effective pair-formation coefficients
for one-detector and opposite two-detector geometries have been
calculated theoretically for various multipoles.

Different methods for the determination of the multipolarity of
internal-pair transitions have been investigated. Optimum multi-
pole discrimination effects have been discussed. The experiments
show that a good multipole discriminating power can be achieved

with the SMS. See fig.

Fig. The transition
energy dependence of
effective pair formation
coefficients in one-detec-
tor (Hi) and opposite-
detector (H2) geometries.
Curves: results calculated
in zero order Born approx-
imation. Poins with
error bars: experimental
data.

k CmQC2! k CmQCZ]
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A SIMPLE METHOD FOR TIME ANALYSIS

based on commercial mga
I .Penav, Ch.Protochristov, V.Kolev

INRNE - BAS

The large application of multichannel analyzer
(MCA) i1n nuclear spectroscopy research stimulated our
efforts to find a compromise solution for time ana -
lysis.

The memory gf MCA, with. (U-16).103 channels and
capacity up to 10 counts per channel, has a conside -
rable volume and can be divided by sectors with an
external device.This idea is very attractive especi -
ally for life-time measurements, considering that only
100-200 channels are needed to store one time distri-
bution.

This method was realized with a device iIn stan -
dard GAMAC, which operates with commercial MCA (ICA.-70,
CANEERRA-"0) and single channel analyzers or digital win-
dows.All spectra in memory of MCA can be controled du -
ring the experiment.With the constructed device it is
possible to make all sorts of time measurements, n r -
coincedence, delayed coincedence and life-time measure-
ments.

The supplement of the j~.P-technics offers new
possibility depending on the volume of the MGA memory
and over 100 time-spectra can be measured.

Measurements in '““La and 2 !Pb decay demonstra-
te the possible application of the system for investi-
gation of isomeric nuclear states.



LINE-SHAPE ANALYSIS OF DOPPLER-BROADENED y-LINES
FOR DERIVING THE ANGULAR DISTRIBUTION OF THE LIGHT
REACTION PRODUCT

J. Cseh, A.Z. Kiss, E. Koltay, B. Nyako and t. Pintye
Institute of Nuclear Research of the Hungarian Acad, of Sci.
H-4001 Debrecen, Pf. 51, Hungary

A method of determining the angular distribution of par-
ticles b from the reaction A(a,by)B by studying the shape of
the Doppler-broadened y-ray line was proposed by Tryti et al.

According to the procedure the energy distribution of y-
rays in a spectrum observed with a Ge(Li) detector at 0 rela-
tive to the beam direction is given by an integral formula
N(Ey) which contains the angular distribution of particles b
preceding the observed y in terms of the Legendre polynomials.
The experimentally measured y-ray line shape has to be fitted
by the distribution N(Ey) applying the method of least squares
with adjustable parameters Al . The A1l values belonging to the
best fit give the Legendre coefficients of the derived angular
distribution.

This line-shape method offers the possibility to deduce
the b angular distribution in such cases where the direct obser-
vation of the b particles is difficult or impossible because
of the disturbing effect of background peaks appearing in the
particle spectra.

The A1l values with their errors determined by the above
procedure from a series of measurements as a function of bom-
barding energy are regarded as experimental data for a
multi-level R-matrix code which 1is used for the analysis to
extract resonance parameters [2] [3].

The possible applicability and practical limits of the
line-shape method for determining nuclear resonance parameters

will be given.

[1] S. Tryti, T. Holtebekk and F. Ugletveit, Nucl. Phys. A251

(1957) 206
[2] A.Z. Kiss, E. Koltay, Gy. Szabo and L. Vegh, Nucl. Phys.

A282 (1977) 44
[3] J. Cseh, A.Z. Kiss, E. Koitay, B. Nyako and £. Pintye,

Nucl. Phys. A410 (1983) 147.
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NEW DEVELOPMENTS IN COULOMB EXCITATION

A. Backlin, Nuclear Physics Department,
Uppsala University, Sweden

The use of heavy-ion beams and newly developed computer
codes [1] in Coulomb excitation makes it possible to extend
considerably the available information on E2 matrix elements
in stable nuclei. Large solid angle gas-counters allow measure-
ments of gamma-ray yields as a function of the projectile
scattering angle with a good efficiency. The experimental
techniques will be discussed and results from "transitional"”
nuclei in the region around A=100 will be shown.

Reference

[1] T. Czosnyka, D.Cline and C.Y. Wu, to be published
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CHARGED PARTICLE SPECTROSCOPY
WITH SOLID STATE NUCLEAR TRACK DETECTORS

l. Hunyadi, G. Somogyi
Institute of Nuclear Research of the Hungarian
Academy of Sciences, H-4001 Debrecen, Hungary

For studies 1in nuclear spectroscopy it is required to
detect the particles and to determine their energy and type
simultaneously, frequently in the presence of high background
due to various radiations. 1In addition, especially in studying
low-yield nuclear processes, high efficiency and long-term
stability of the spectroscopical method is highly desired. 1In
such situations various nuclear track methods may be used very
advantageously and successfully.

The purpose of our paper is to overlook some of earlier
and recent methods for differentiation of charged particles ac-
cording to their energy and charge, based on the use of poly-
meric etch-track detectors (namelly CN, CA, PC and CR-39).

The principle of three track methods suitable for nuclear
spectroscopy is discussed in some detail. These are based on
the analysis of the diameter, surface size or shape of etch-
-track "cones" produced by charged particles in polymers after
shorter or longer chemical etching processes.

Examples will be presented from our results had been
achieved in the last decade in ATOMKI, concerning the appli-
cation of nuclear track spectroscopy to different low-energy
nuclear reaction studies, angular distribution and excitation
function measurements. These involve the investigation of (d,a)
reactions on 1<, 19F and 27Al1 nuclei, (3He,a) reactions on 1SN
and 14N nuclei, (p,a) reaction on 27A1 and the study of the
process 12C(12C,8Be)160. Finally, the possibility of the use of
track method for spectroscopy related to naturally occurring
a-emitters in environmental samples and for proton-spectroscopy
with high—sensitivity CR-39 track detectors will be discussed.
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ATOMIC AND TARGET EFFECTS ON THE IN-BEAM CONVERSION
LINES DUE TO THE RECOIL I0ONISATION

L. Vegh
Institute of Nuclear Research of the Hung. Acad, of Sci.
Debrecen P.0.Box 51, Hungary, H-M-001

In in-beam experiments the investigated nuclei are produced in violent
nuclear collisions where they can obtain quite large kinetic energies. For
the majority of the interesting reactions we can assume that the momentum
of the projectile is transferred completely to the residual nucleus. Due to m
the large recoil of the nucleus the atom becomes strongly ionised [1]. If
the projectile velocity is comparable to that of the inner shell electrons
the recoil is the main source of ionisation of the outer shell electrons.

The values of the conversion electron energies and conversion
coefficients depend on the atcmic state. Ifva, which is the time needed to
reach the ground state of the neutral atom, is comparable to the life-time
% of the investigated nuclear level we can observe the effect of the atomic
deexcitations and electron captures from the target.

The effect on the K or L shell conversion coefficients can be studied
if\ \ or tLwhere x«k and *i_are the life times of the K-shell and
L-shell vacancies, respectively [2]. Since the conversion coefficient is
proportional to the number of electrons in the given shell, the conversion
coefficient for a shell with hole has a decreased value. For"t* "arid \ we
have to use the values which correspond to multiple ionised outer shells.
The life-time of an inner-shell vacancy in a multiple charged ion is much
higher than that of in an atom with intact shells [3]. The effect is
stronger for the L-shell then for the K-shell since the recoil ionisation
probability strongly increases with the decrease of the binding energy.

The energy of the conversion line decreases with the increase of the
ionic charge since the binding energy of the K- and L-shell electrons in-
crease with the increasing number of vacancies in the atomic shells. For
the case of strong multiple ionisation of an atom with medium Z the shift of
the K-shell binding energy can reach a few KeV. The probability of the
nuclear decay at a given ionic charge depends on the initial recoil
ionisation and on the time scale of the decrease of the ionic charge due to
the subsequent electron capture from the material of the target. If the
neutralisation time "ta of the atom is comparable to then the conversion
line, independently from the experimental resolution, shows an asymmetrical
line shape. The line-width is determined by the degree of the recoil ionisa-
tion which we can give in a good approximation. The line shape depends on
the electron capture cross sections from the target atom. This dependence
gives an interesting possibility to study the electron capture process at
projectile and target atoms with nearly equal mass.

1 T- Vegh, J. Phys- RR (1983) 417~
2 A. Krasznahorkay, this proceeuxn>"s
3 C.P. Bhalla, N.O. Folland and K. Hein, Phys. Rev. A8 (1973) 649



SEARCH FOR ANOMALOUS INTERNAL CONVERSION COEFFICIENT
OF 18F IN 160(3He,p)18F REACTION

A. Krasznahorkay, A. Foldes, T. Kibedi and Zs. Dombradi

Institute of Nuclear Research of the Hungarian Academy of
Sciences, 4001 Debrecen, Hungary

The electron shells of the 18F atom produced in the
160( 3He ,p)18F (E[3He] »3 MeV) reaction are heavily ionized.
The 1idonization probability (Pj<) f=r the K shell can reach 20 %.
Using the SCA model calculation [1] we can have an estimation
for the direct ionization probability Pk ~ 15 %, and the
contribution of the recoil ionization according to the model
[2] 1is about 5 %. Since the life-time of the 1041 keV excited
state of the 18F is shorter than the life-time of the atomic K
shell vacancy, the internal conversion of the 1041 keV EI
transition takes place before the complete Tfilling of the K
electron shell by atomic transitions.

As the 1internal conversion coefficient (ICC) 1is proportional
to the number of electrons in the given shell, the ICC will be
reduced with about 10 % in this case according to the above
values of the 1ionization probabilities.

The existence of this small deviation can be demonstrated
studying the 180(3He,p)18F reaction. There is a group of
resonances 1in the excitation function of the 1041 keV level of
the 18F at E[3He] s»2.95 MeV. At this bombarding energy the
feeding of the 1041 keV level by y radiations is small, so one
can measure the reduced ICC of the transition. There is an
another way of excitation of the 1041 keV level. At 5=3.1 MeV
3He energy this level is fed mainly by a y transition from the
1701 keV state. The life-time of this state is so long that
the 1041 keV transition occurs in the ground state of the
neutral 18F atom. Therefore one can measure the normal ICC in
this case. The effect can be investigated by measuring the
deviation of the two ICC-s at the two bombarding energies,
given above.

Up to now we have recorded y and conversion electron
spectra from the 160(3He,p)18F reaction, but the background was
rather high in the electron spectra due to 20F 6““activity.

In order to reduce the background we are going to repeat the

experiments using pulsed beam.

[1] J.M. Hansteen, O.M. Johnsen and L. Kocbach, Atomic Data
and Nucl. Data Tables 15 (1975) 305
[2] L. Vegh, J. Phys. B6 (1983) 4175
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WHAT A PHYSICIST SHOULD KNOW ABOUT NUCLEAR SPECTRUM DECOMPOSI-
TION

Gabor Pernecki
KFKI, Budapest, Hungary
Let yi be the number of counts in the i-th channel of the
total spectrum of a nuclear measurement /having Poisson distri-
bution/. The activity at the background in each channel is B”.
Let A~ be the net activity in the i-th channel of £-th radia-
tion source /standard, also result of measurement/. Let us con-

sider

f = [ X C=C0 x A..) + B.]xT
1=1 X u 1
as a model function to the maximum likelihood or least squares
method, where T is the counting time, <cf£ is the ratio of the
activity of the standard to that of the sample. 1t will be
proved by theoretical approximation that when introducing and

considering two functions to be optimized /where Z~=y~+1/
- ="\mi - 1
1. iE (Z.1 lfi)2/Z.i min 2. E (y,i 2%J2€y, min

the first is almost unbiased /about 0.1/ whereas the bias of
the second /that is widely used/ 1is one count in each channel.
An example is shown where a Gaussian curve, a horizontal
straight line and a sloping straight line were fitted by Monte
Carlo method with the following results: <yi-""fi>=-0.112770.0135
and <¥1'2§'>=0'977t9'012'

/An average of 2025 simulated spectra and thus an average of 40
channels./

By theoretical proof <Yi—1fA>:O and <Yi“fﬂ>3 1* The proof
is based on the approximation 1/<y~+1>ge1 /<Yi> /introduced by
L. Janossy/. As a verification we could prove by Monte Carlo
method the null hypothesis: <fi“< f 0.00 + 0.01.

Of the five different methods mentioned for linear equa-
tions the above suggested first method has the smallest bias.

If the model function itself is not linear the maximum likeli-
hood method is proposed using the first of the two above func-
tions as the first step.
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PROJECT OF THE BULGARIAN ACCELERATOR

A_H. Angelov, V.A. Angelov, 1.B. Enchevich, G.K. Radonov,
Zh.T. Zhelev, Institute of Nuclear Research and Nuclear

Energy, Sofia

This report considers some problems that have emerged in
connection with the forthcoming establishment of a National
Accelerator Laboratory in Bulgaria the basic equipment of which
will be a multi-purpose 1isochronous <cyclotron U-250. Some pro-
ject parameters of this cyclotron intended for accelerating
ions to maximum energy W = 204 z2 are given. The programme
which is to be accomplished by means of particle beams accele-
rated by the cyclotron is stated. This programme includes the
fundamental researches as well as the operation for practical
purposes. A scheme 1is suggested for disposing the equipment
and distributing the beams in the experimental room. Some
assessments are summarized concerning the parameters of the de-
vices used in the accelerator bearr deviation systems when
using extraction by deflection and extraction through recharging
which show that in case of extraction through recharging the
deviation systems will be realized easier. The necessity for
the establishment of a modern system for- acceleration control
is shown making use of modern computers as well as the basic
problems that must be solved. The configuration of a computers
control system is given. The report also states the prospects

for U-250 operation by its improvement.
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CYCLOTRON LABORATORY IN THE INSTITUTE
OP NUCLEAR RESEARCH, DEBRECEN

A_.Valek, G.Bibok and A.Paal
Institute of Nuclear Research of the
Hungarian Academy of Sciences, Debrecen

A new cyclotron laboratory is under construction at the
Institute of Nuclear Research of the Hungarian Academy of
Sciences, Debrecen. The laboratory will be equipped with a
small size compact isochronous cyclotron type MGC, designed
and manufactured by the D.Jefremov Scientific Research Insti-
tute of Electrophysical Apparatures, Leningrad. The project
of the laboratory initiated in 1978, the construction work of
the building began in 1982 and the first beam is expected in
summer 1985.

The cyclotron MGC has been designed for the acceleration
of protons, deuterons, ~He and 4-He 2+ ions in the energy
range E=(5+20)Z2/A MeV [I] . The intensities of the extracted
beam at the maximum energies are 50 /JUA for protons and deute-
rons and 25/UA for 3ne- and 4-He-ions. The planned beam trans-
port system"transmits the accelerated particles to five tar-
get rooms.

Data acquisition and analysis will be based on a compu-
ter network system with a host computer TPA 11440. The satel-
lite stations consist of a small number of components:
LS1-11/23 computer including processor and memory, CAMAC
crate controller, terminal, display board, network interface.

Basic researches in nuclear and atomic physics, inter-
disciplinary researches, industrial and medical applications
are programmed at the cyclotron. Researchers from other
institutions collaborate in these activities, too. The reali-
sation of these programmes also started and designing and ma-
nufacturing of experimental appartures are in progress.

The cyclotron project of the Institute is partly suppor-
ted by the International Atomic Energy Agency in Vienna.

Reference:

[ . A.N. Galaev, A.V. Galcsuk, L.A. Rjadova, A.V. Sztyepa-
nov, J.l. Sztogov, NIIEFA preprint V-0347(1978)
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SHELL MODEL CALCULATIONS OF 90Zr AND 88Zr*

J. A. Becker and S. D, Bloom
Lawrence Livermore National Laboratory

Conventional spherical shell model calculations have been undertaken
to describe 90Zr and 88Zr. This work was motivated by recent experimental
results on these nuclei [1], extending the nuclear spectroscopy to Ex % 11
MeV and J N 20. Valence orbitals included the 1f5/2, 2p3/2, 2pj”~2, and
lgg/2* For 90Zr, the number of lgg/2 protons was < 2; for high-spin
positive parity states, however, excitation to the 2d5/2 orbital of 2
lgg/2 neutrons was also allowed. For 88Zr states, the number of gg/2
protons was £ 2, except that for high spin states the number of gg” protons
was <.3. A realistic two-body interaction [2] and single particle energies
which account for the properties of single particle states in this mass
region were employed in this calculation. As one illustration of results,
the calculation predicts (in Weisskopf units) B(E2; 10™~+-8~ = 0.03 and
B(E2; 101 81+) = 4.56, in accord with the observed experimental branching

ratio. Effective charges en = 0.5e and ep = 1.5e were used to calculate
E2 transition rates.

«
This work was performed under the auspices of the U.S. Department of

Energy by Lawrence Livermore National Laboratory under contract No.
W-7405-Eng-48.

[1] E.K. Warburton, J.W. Olness, J.A. Becker, C.J. Lister, and R.W.
Zurmuhle, to be published.

[2] F. Petrovich, H. McManus, V_.A. Madsen, and J. Atkinson, Phys. Rev.
Lett. 22, 895 (1969).
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MULTISTEP SHELL-MODEL METHOD

R.J. Liotta
Research Institute of Physics, S-10405 Stockholm 50
and
C. Pomar
Dep. de Fisica, C.N.E.A., Av. del Lib. 8250, 1429 Buenos Aires

The many-body shell-model equations are solved in several
steps. First one chooses a single-particle representation
which defines the shell-model space. Then one proceeds to cal-
culate the two-particle system. In this step, one assumes that
the two-body interaction 1is well known or, alternatively, the
interaction matrix elements are taken from experiment. These
two first steps are actually the way in which standard shell-
model calculations are performed Li3 In later steps one cal-
culates a system <T(with s particles) 1in terms of a correlated
basis consisting of the tensorial product of two subsystems
and V (with m and n particles, respectively, such that s=m+n).
Such a basis usually violates thp Pauli principle. As a result
the number of basis elements is larger than the number of physi-
cal states, 1i. e. the basis becomes overcomplete. To overcome
this problem one nss to evaluate the overlap matrix among the
basis vectors also. Within the multistep shell-model method
(MSM) [2] the overlap and dynamic matrices resulting from the
correlated MSM basis can be written in terms of quantities
related to the subsystems that form this basis. This property
greatly simplifies the formalism, sinceall the recoupling
coefficients contained in the equations of a given step are not
passed to later steps.

One important feature of che MSM basis 1is that it allows
drastic truncations of the original shell-model "basis. As an
example, let us consider the ground states of spherical nuclei.
Written the s-particle wave function in terms of the two- and
n-particle wave functions (s=2+n) as

lg.s.; s> = NP"(g-.s.;2)P (g.s.;n)l0> )
where N is a normalization constant, the MSM gives for the
ground state energy of the s-particle system the value

W(s)=2Ww(n)-W(n-2)+W(4)-2W(2) @)
where W(p) 1is the p-particle energy. For neutron holes 1in 208Pb
oneobtains (energies in MeV) the values shownin Table 1

S 202 200 198 196 194 192 190

Wfs exp.-) 44.25 60.17 76.57 93.47 110.95 128.61 146 .82

W(s "the.) 44.46 60.28 76.81 93.68 111.08 129.14 146.98
Table 1

References
1 P.J. Brusaard and P.Glaudemans. Shell applications 1in nuclear

spectroscopy (North—-Hoiland, 1977)
2 R.J. Liotta and C. Pomar, Nucl. Phys. A382 (1982) 1
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a-CLUSTERING AND ABSOLUTE ct-DECAY WIDTHS IN 212Po
Gordana Dodig-Crnkovic+,F.A_Janouch and R.J.Liotta
Research Institute for Physics,S-104 05 Stockholm

High lying configurations are important to describe processes (such as a-
decay) that take place in the nuclear surface region. The a-decays widths
are also strongly enhanced by the same effect[l]. Moreover, the inclusion
of high lying configurations gives the proper tail of the a-cluster wave-
function and the a-width may be written in the classical form

(1)
where is the a-particle formation amplitude and P~ is the Coulomb pene-
tration factor.

A proper description of the a-cluster would require either the inclusion

of all 210Pb and 210Po states or the inclusion of correlated states in

21OBi. If there is a state in %%OBi which shows to be clustered in the

nuclear surface then one would expect that neutrons and protons in the
a-particle may also be clustered through the same mechanism. In this case

|212Po(gs)> = A|219Po(gsrglpb(gs) + Bl210BHENX))ZBI(X)> . (@
In general, the wavefunction amplitudes A and B can be calculated using
e.g. the multi-step shell-model[2].Since the state ~"®Bi(0]) has a strong
clustering feature and assigning to it the excitation energy of 5 MeV we
obtain, using MSM A=0.98,B=0.1. In Fig.l we show, that the a-particle
Q is indeed clustered in the nuclear surface.

The calculation of the a—width for 212Po requires the

computation of a 9-dimensional integral which was done
using the code DO1FCF [3] .The cal-
culated widths are practically in-
dependent upon the distance be-
tween the daughter nucleus and
the a-particle around the nuclear
surface as shown in Tab_.l. The
calculated halflife for 2~Po at

Fig.l. r=8.7fm for B=0.1 is

Square of a-wavefunction moving around _ -
- . R-T1/2(th)/T1/2(exp)=31.1t is
the 208Pb core.The clustering effect is worthwhile to note that the value

clearly seen around x=8fm. B can be much more important in

D . . . . .. our case and Bhat the value of
K is quitesensitive with respect to B as seen from Tab.2.

r(fm) 7.5 8.0 8.5 8.6 8. 8.8 8.9 9.0 9.5 B oo 0.1 0.2 0.4 0.6 1.0
R 94 39 29 31 31 35 36 39 70 R 76 31 20 8 5 3

Tab. 1. Tab.2.

References

1.F.A_Janouch and R.J.Liotta,Phys.Rev.C27(1983)896.
2.R.J.Liotta and C.Pomar,Nucl.Phys.A382(1982)1.
3.NAG Library Manual, Oxford,1982.

+ Permanent address: Institute Ruder Boskovic, Zagreb,Yugoslavia.
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ODD-J-EVEN-J STRAGGLING OR SMOOTH PARABOLAS?

Zs. Dombradi
Institute of Nuclear Research of the Hungarian Academy of
Sciences, 4001 Debrecen, Hungary

Zs. Schram
Institute of Experimental Physics, Kossuth University,
Debrecen, Hungary

The structure of odd-odd nuclei adjacent to a double-magic
one is well described using a 6 force, which .causes a strong
odd-J—even-J straggling. At the same time, the splitting of
p-n multipletts e.g. in 100Tc or utEu are nicely fitted with
help of a dipole plus quadrupole interaction, from which a
smooth parabolic dependence of E(J) on J(J+1 arises [1].

To search for the limits of validity of the two
approximations and to understand the transition between them
the splitting of the TTgg/2 vds/2 multiplet has been calculated
using an effective interaction built up from a 5 force with a
spin exchange term and a core polarization interaction. The
strength of the short range component was taken from the
systematics of Daehnick [2], and the strength of the long range
part was calculated according to Bohr and Mottelson [3].

It can be shown that the straggling is smoothed out when
the quadrupole core polarization component becomes the dominant

one.

[1] V. Paar, Nucl. Phys. A311(1979)16

[2] W.W. Daehnick, Physics Reports 96 (1983) 317

[3] A. Bohr and B.R. Mottelson, Nuclear Structure vol. 2.
(W.A. Benjamin Inc. New York, Amsterdam, 1975)
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DESCRIPTION OP THE LOW-LYING STATES IN DEFORMED NUCLEI
WITHIN THE QUASIPARTICLE-PHONQN NUCLEAR MODEL

S.1.Bastrukov*, V.0._.Nesterenko++

Saratov State University, Saratov, USSR
Joint Institute for Nuolear Research, Dubna, USSR

Electrical transitions between low-lying states of odd-
mass nuclei are considered within the quasiparticle-phonon
model [1-2]. The Hamiltonian contains_the average Saxon-Woods
field, pairing and multipole interactions, the last one in-
cludes the quasiparticle-phonon interaction. The wave func-
tion consists of one-quasiparticle and quasiparticle-plus-
phonon components. Using the exact commutation relations bet-
ween quasiparticle and Ehonon operators the Pauli principle
Is taken into account[3J.

Reduced probabilities B(E2,aK*2) are calculated for nuc-
lei of the rare-earth region with 1557A£175. Single-particle
levels are taken from the bottom of the potential well up to
5 MeV. Neutron and proton effective charges equal 0.1 and
1.1, respectively. Our results are compared with the Coriolis
coupling calculations and experimental data.Sane ofour results
are presented in the table(hindrance factors).

We have shown that except for the region A~173 the % -
vibrational components of the wave function are not less im-
portant for the description of B(E2,ak=2) than the Coriolis
interaction. In N-odd nuclei even very small vibrational com-
ponents (~1%), as a rule, give a larger contribution to B(E2,
&K«2) than the single-particle transition. The reason for
this is the Iar?e collectivity of 2+-phonon in the even-even_
core and the values of the effective charges. In Z-odd nuclei
the situation is more tangled. When the Pauli principle is
taken into account the wave function structure may change due
to the quenching of its components forbidden by the Pauli
principle.

Nucl. Initial st. Pinal st.
1K Structure 1*K Structure P

1/2 _1/2 5214 88% 5231-Q22110% 5/2°5/2 523196% 1.2

3/2~3/2 541" 4% 523t-Q22195% 7/2"7/2 523t98% 2.0
11/2711/2 523t+Q221100% 7/2<7/2 523t98% 1.7

References!

1. V.G.Soloviev, Theory of complex nuclei (Nauka, Moscow,
1971, Transl. Pergamon Press, 1977).

2. V.G.Soloviev, Part.Nucl., 9 (1978) 580.

3. V.G.Soloviev, V.0.Nesterenko, S.l.Bastrukov, Z.Phys.A -
Atoms and Nuclei, 309 (1983) 353.
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MICROSCOPIC CALCULATIONS OF IBM PARAMETERS

** ++ ** %k

+
B_.R. Barrett S. Pittel ° P.D. Duval and C.H. Druce

* Department of Physics, Bldg. 81, University of Arizona, Tucson,
Az 85721, USA

** Bartol Research Foundation of the Franklin Institute, University
of Delaware, Newark, DE 19711, USA

***Department of Physics, Carnegie-Mellon University, Pittsburgh
PA 15213, USA

The Interacting Boson Model (IBM) of Arima and lachello [1] has
been quite successful in correlating and describing a wide variety of
experimental data regarding the collective properties of medium-to-heavy
mass nuclei. The development of the proton-neutron IBM (the so-called
IBM-2) has allowed a connection to be established with the microscopic
nuclear Shell Model [2]. We use the generalized seniority scheme of
Talmi [3] to truncate the fermion Shell Model space to configurations
made up of pair states of identical nucleons coupled to angular momentum
0 or 2+. Configurations with generalized seniority v < 2 are mapped
into the boson space. We are then able to calculate the parameters of
the 1BM-2 Hamiltonian by equating equivalent matrix elements in the fer-
mion and boson spaces.Our calculations are carried out for non-degene-
rate single-particle orbits in the fermion space and also include the
renormalization effects due to the excluded g bosons (i.e. the J = 4
pair)[4]- Our results for the IBM-2 parameters show a definite relation-
ship to the underlying subshell structure of each major shell, in agree-
ment with the phenomenological results. However, only part of the ob-
served renormalization is obtained. Possible sources of further renor-

malizations are discussed.

[1] A. Arima and F. lachello, Ann. Rev.Nucl.Part.Sci. 3L (1981) 75;
B.R. Barrett, Rev.Mex.Fis. 27 (1981) 533.

[2] A. Arima, T. Otsuka, F. lacfiello and 1. Talmi, Phys.Lett. B 66
(1977) 205; T. Otsuka, A. Arima, F. lachello and 1. Talmi, PTiys.
Lett. B 76 (1978) 139.

I. Talmi, Nucl.Phys. A 172 (1971) 1

S. Pittel, P.D. Duval and B.R. Barrett, Ann.Phys. (NY) J44 (1982)
E3¥; P.D. Duval, S. Pittel, B.R. Barrett and C.H. Druce, Phys.
4Jt. B 129 (1983) 289.

+ Supported inpart by NSF Grant No. PHY-81-00141.

++ Supported inpart by NSF Grant No. PHY-82-16209.
+++Supported inpart by NSF Grant No. PHY-81-08380.
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LIGHT ION RESONANCES AND THE VIBRON MODEL

J. Cseh
Institute of Nuclear Research, Debrecen Pf.51. Hungary-4001

The vibron model [1] was suggested to describe the nucle-
ar quasimolecules on the basis of their dipole type collectivity.
At present there are two kinds of its applications in nuclear
physics, i) Low-lying®"levels of some nuclei show evidence of
the dipole collectivity [2]. Their interpretation 1is given by
the hybrid model, in which the dipole degrees of freedom of
the vibron model are combined with the quadrupole degrees of
freedom of the IBM. 1ii) Some high-lying resonance levels of
light nuclei are known, for a long time, as examples of quasi-
molecular states. The vibron model has been used for their
description, too [3-5]. In this contribution this latter Kkind
of application is discussed briefly.

In the vibron model the collective excitations of a nucle-
ar molecule are generated by a fixed number of bosons which
are in two-body interaction with each other. The Hamiltonian
has U(4) group structure, and the model has two dynamical sym-
metries labeled by 0(4) and U(3).

The 0(4) limit has been applied in Ref. [3] for the de-
scription of the 12C+12C system, and in Ref. [4] to the case of
some core+a-particle states. These letter ones are compared
with the spectra of both dynamical symmetries in Ref. [5]. Ob-
viously, however, analyses based on the general case of the
model are also needed in order to explore its applicability.
Using the ROTVIB code [6] in a parameter searching mode, we
performed calculations on the data of Ref. [3], and on some
core+a-particle states, recently.

The analyses, performed till now, are far from being com-
plete. Only energies have been calculated, and no partial
widths, for instance. Yet the vibron model seems to be a useful
tool of the analysis. It may be applied more generally than
most of the previous models of the quasimolecular states; and
on this way a great number of states can be simply parametrized.

[11] F. lachello, Phys.Rev. (€23 (1981) 2778

[2] F. lachello, A.D. Jackson, Phys.Lett. 108B (1982) 151
H. Daley, F. lachello, Phys.Lett. 131B (1983) 281

M. Gai et. al., Phys.Rev.Lett. 50 (1983) 239

M. Gai et. al., Phys.Rev.Lett. 51 (1983) 646

W. Bonin et. al., Z.Phys. A310 (1983) 249

[3] K.A. Erb, D.A. Bromley, Phys.Rev. (€23 (1981) 2781

[4] J. Cseh, 1lzv.Akad. Nauk SSSR, Ser.Fiz. 47 (1983) 80

(Bull _Acad.Sci. SSSR, Ser.Fiz. 47 (1983) 78)
[5] J. Cseh, Phys.Rev. (€27 (1983) 2991

[6] 0.S. van Roosmalen, Comp. Program ROTVIB, Univ. Groningen,
1981
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IBA CALCULATIONS OF MULTIPOLE MIXING RATIOS

P. 0. Lipas
University of Jyvaskyla, SF-40100 Jyvaskyla, Finland

The interacting-boson approximation (IBA) can be used to calculate
multipole mixing ratios in terms of a number of parameters. Of notable
practical interest are the E2/M1 mixing ratio 5, or the corresponding re-
duced quantity A, and the EO/E2 ratio X.

The 1IBA version not distinguishing between proton and neutron bosons
(I1BA-1) gives MI transitions only in second order of the operator since
the first-order Ml operator is proportional to the angular momentum. There
are three second-order terms, each with a free parameter [1,2]. For a
given nucleus, an IBA-1 calculation of A(E2/M1), which is the ratio of the
reduced matrix elements, proceeds as follows. First the six Hamiltonian
parameters are determined by a fit to all well-established levels en-
compassed by the model. With the wave functions thus obtained, the two E2
parameters are fixed by fitting two experimental B(E2) values, usually
those for 2> 0* and 2+* 0+. Then finally the three Ml parameters are
fitted to the best three experimental A(E2/M1) values. All other A values
are then predicted and may be compared with the experimental ones.

The nuclei 1%6-152Sm, 151*Gd, 162Dy, *62-i68f£r and i72yb haye been cal_
culated according to the above prescription. They are about the only ones
with enough data [3,4] to warrant such calculations. The calculated A
values generally agree in sign and rough magnitude with the experimental
ones. However, the fitted Ml parameters fail to conform to smooth system-
atic trends. It should be noted that all three MI parameters are needed
when both signs are found among the A(J-*J*1). Nevertheless, Warner's
simple two-parameter model [5] for deformed nuclei is quite successful.

It is compared in ref. [6] with the complete IBA-1 calculation for 151*Gd.
Ref. [6] also discusses the one-parameter A formula resulting from any of
the IBA-1 dynamic symmetries [1] or from the geometric model.

The quantity X(EO/E2) 1is readily obtained within IBA-1 once the energy
and E2 parameters have been fixed. The EO operator contains only a nor-
malization parameter, which can be fitted to one transition. Beyond that,
the predictions are rigid. Agreement with experiment is generally poor
[4], and an improvement constitutes a theoretical challenge.

The neutron-proton IBA (IBA-2) contains little freedom of adjustment
for the E2/M1 mixing ratios because its first-order Ml operator does give
transitions [7]. The parameters of the Majorana operator embodied in the
model, however, allow some leeway worth exploring. Such studies are under
way, with a view to comparison with IBA-1.

This work has been supported by the Academy of Finland.

[1] A. Arima and F. lachello, Ann. of Phys. 99 (1976) 253; 111 (1978) 201.
[2] 0. Scholten, F. lachello and A. Arima, Ann. of Phys. 115 (1978) 325.
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[5] D. D. Warner, Phys. Rev. Lett. 47 (1981) 1819.
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AN ANALYSIS OF MAGNETIC DIPOLE PROPERTIES IN IBA-2

M.Sambataro, INFN,Sez.di Catania,Corso ltalia 57,Catania,ltaly
0.Scholten,National Supercond. Cyclotron Lab.,MSU,East Leansing,USA
A_E.L.Dieperink,KVI.Groningen,The Netherlands
G.Piccitto,Istituto di Fisica,Corso ltalia 57,Catania,ltaly

Stimulated by recent accurate measurements,we have analyzed magnetic
dipole properties of even-even nuclei with 54*Z*78 within the framework of
the Neutron-Proton Interacting Boson Model (1BA-2).

At a first+stage,a phenomenological analysis of the g-factors of the

first excited 2 |”ates has been performed.The magnetic dipole operator
used has the form

= r@ * T
EERLORFIYO

The parameters g and g have been allowed to varysflfGQthly as functions of
the number of protons and neutrons,respectively.Where available,IBA-2 wave
functions for the 2 states have been used.In the other cases,the approxi-
mate expression

N N
n

p
St21) = g MNXMN + gn N
p N p N

has been emploied,where N and N are the numbers of proton and neutron
bosons. A

Values of g and g close to unity and zero,respectively,have provided
a good fit to thi experimental data.Iln terms of these values,g-factors are
predicted to decrease(increase) in the first half of a major shell with
N (N ) while the opposite happens in the upper half of the shell.Deviations
from Ihis average behaviour are observed only in the lighter isotopes of
kgNd, Sm and ,,Gd and they seem related to a subshell closure at Z=64.

At a second stage,the microscopic theory of the IBA-2 has been applied
to calculate g and g on a shell model basis.These have been derived by
equating bosonPand fePmfon MI matrix elements in the case of generalized se-
niority v=2,for protons and neutrons separately.These calculations have
provided a qualitative understanding of the values g and g used in the
phenomenological analysis. A

Finally,some E2/M1 mixing ratios have been analyzed together with the
MI excitation of the K =1 band in deformed nuclei.A calculation of the
B(M1) value and of the collective form factor for the transition O 1 in
NGd™ is presented.

1) M.Sambataro and A.E.L.Dieperink,Phys.Lett.107B(1981)249
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DESCRIPTION OP GD ISOTOPES us IBA
Z ARVAY ,B .ALIKOV,J .KVASIL.R .NAZMITDINOV, I .SHARONOV
JINR ,DUBNA USSR

Enerw levels of odd parity and reduced probabilities of
E2-and Ml-transitions in ~”~Gd have been determined bv )
means of IBFMV. The optimal parameters of cores of both nuclei
have been calculated using program PHINT 3/:HBAR=854keY r -
67.92 keV.C, =409.4-4 keVjC"s-27.14 keV,F=446.83 keV,G=83.43keV
N=8 for "~Gd*,HBAR=738 keV,Ce=-355 keV,07=409.448 kev C =3q 1?
keV,P=446.83 KeV,G=73.43 keV,H-9 for lie N
boson-fermion interaction are/assignment as in 3) s« T T-
0.358MeV, « =-YT/2, a =2.4 MeV.A"sO, %-=0 MeV,V*/-«0738 =p--
0.39 for /*Gd; N=9, 0W=0.403 MeV, | Lff/2, \o"2?2MeV a V
0.1 MeV,87=0 MeV, %=0.38 MeV, =009/”~-~ 39 Sr <"Gd

E/za®”"/Ve charSes fo/E2—tranositiofn£B ar% ;b%G. v, £r=0.4/for
ratioes for Wi-transitions afe o190 & By CYropagngtic

Results are summarised 1in tab. ~2id fig.: N ~ 3.8256.
L 1S16d
ta&or lot . (W )LM. Wt
Mao-2- t.3sn-2

12 :3/i %52 Shjo3  2.2340J 2-5<0'3 4.03
E2:3/1-+?22 A aol 2-4,0~2 «5-340-3 1-0 jo-3
ML'5/2 -*7/2  2-2 40 3 2-0 ao-3 2-2 40'3 1-0 -to-3
M1:3/2+52  4-5jg-3 5-6 t0~2 3-3(0~3 40 jo-3

EfMeV]
th
25 U9, 151,
AL e 21/2 exp A-or
20 1 “ter /8" . P
5 theor e ﬂe&——
15 B B .
oM — theory" 12— . —15;2—\\ - theor
1.0 " o o
oo 1/2 ex\"
05 e ]/2._ 1 W 32 e<P theor
22—/ |92 P
00 5/2———= w 5T
' 1/2——— 1/2— —

3-B-8hBHST BhogelhesErpniversity of Groviggen oAy
3.0.5holten. Program ODDA-1.
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STATISTICAL MODEL FOR CALCULATING THE CHARACTERISTICS OF
HEAVY 10N NUCLEAR REACTIONS BASED ON THE MONTE-CARLO METHOD

£ .A.Cherepanov

Laboratory of Nuclear Reactions, Joint Institute for Nuclear
Research, Dubna

and
A.S.1ljinov

Institute for Nuclear Research of the USSR Academy of Sciences,
Troitsk, USSR

The statistical theory of nuclear reactions is used to describe the
decay of an excited compound nucleus with large angular momentum, produced
by a heavy ion-induced reaction. In describing such reactions we used an
approach ™ which allows one to take into account fairly correctly the
large angular momentum effect at each stage of the sequential particle
emission by the nucleus. The probability of particle emiss[gg from a com-
pound nucleus with an energy E, orbital angular momentum 2 in the direc-
tion n was calculated according to the Ericson-Strutinsky quasiclas-
sical approximation 2)
Carlo method was used, the mathematical nature of which exactly reflects
the stochastic character of the process of particle evaporation from a
"heated" nucleus,and this makes it possible to avoid the use of common
approximations. In the calculations account has been made of the effect

. For calculating the evaporation cascade a Monte-

of shell smearing out in the level density of the competition of n,
p, d, t, e, c¢* and 'ft -ray emission with fission, and of changes in
nuclear characteristics at each stage of the evaporation cascade.

The analysis of the energy spectra of emitted particles, the angular
distributions of reaction products and excitation functions show a fairly
good agreement with experimental data for a large set of nuclei in a wide

range of excitation energies.

References
1) A.S.Iljinov and V.D.Toneev, Yad. Fiz. 9(1968)48
2) T.Ericson and V.M.Strutinsky, Nucl. Phys. 8(1958)284
3) A.S.11jinov and E.A.Cherepanov, Preprint INR of the USSR Academy of
Sciences, 11-0064, Moscow, 1977.
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DETERMINATION OF ANGULAR MOMENTA IN INCOMPLETE-FUSION REACTIONS
V.V_Kamanin, A.Kugler, Yu.E_Penionzhkevich and J.RUdiger

Laboratory of Nuclear Reactions, Joint Institute for Nuclear Research,
Dubna, USSR

At present a large amount of experimental data have been accumulated
on the inclusive spectra of light charged particles, e.g. hydrogen, helium,
lithium and other isotopes produced by heavy ion reactions. We have establ-
ished that the end-point energies of these particles are close to the
kinematic limit equal to the energy release in a given reaction under the
assumption of the two-body character of the interaction process ” . The
understanding of the mechanism of fast particle formation is substantially
connected with the determination of the input angular momenta of their
formation reaction. Such studies have been carried out using the technique*
of gamma-ray multiplicity measurements in reactions involving light charged
particle emission for nuclei with A*70 and A7160 (ref.z)). However these
data are not related to particle energies. In the present paper the average
values of the input angular momenta were determined for the channels of
alpha-particle and Li-particle emission in the reaction Ta -t and alpha-
particle emission in the reaction Ir +C, which, in the case of an incomplete
fusion reaction with alpha-particle emission, was expected to lead to the
same residual nuclei (TI). The angular momenta were determined as a function
of the energy of the emitted particles in both reactions. The incomplete
fusion channel was identified by means of the characteristic KX-ray emission
of the residual nuclei, which were registered in coincidence with charged
particle and gamma-ray folding distributions.

References
1) C.Borcea, E.Gierlik, A_M_Kalinin, R.Kalpakchieva, Yu.Ts.Oganessian,
T.Pawlat, Yu.E.Penionzhkevich and A.V.Rykhlyuk, Nucl. Phys.A391(1982)520
2) K.Siwek-Wilczynska, E.H.du Marchie van Voorthuysen, J.van Popta,
R_H.Siemssen and J.Wilczynski, Phys. Rev. Lett. 42(1979)1599
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GAMMA-GAMMA ENERGY CORRELATION STUDY OF 158 716 <Er NUCLEI

B.M. Nyak6,1/ J. F. Sharpey-Schafer, R. Aryaeinejad,2/ J.R. Cresswell,
p.D. Forsyth, D. Howe, P.J. Nolan, M.A. Riley, J. Simpson
Oliver Lodge Laboratory, The University of Liverpool, Liverpool, L69 3BX,

and

P.J. Twin
Daresbury Laboratory, Daresbury, Warrington, WA4 4AD, UK

and

J. Bacelar, J.D. Garrett, G.B. Hagemann, B. Herskind and A. Holm
Niels Bohr Institute, University of Copenhagen, DK 2100, Copenhagen,

Denmark

Gamma-gamrra energy correlation technique became widely used in
studying nuclear motion at very high spins. The presence of ridges in the
correlation spectrum indicates collective rotation. From the distance of
the ridges the characteristics of the rotational bands can be deduced.

The gamma-gamma energy correlation study of 150,160Er nuclei is a
part of the systematic investigation on very high spin states of Er-isotopes.
High statistic Ey-E” correlation spectra for 1ss5i6€Er, nucxef were ge-
nerated with high energy resolution, using the y-y coincidence events from
the escape supressed Ge detectors of the sum energy array TESSA2 at the
Nuclear Structure Facility, Daresbury. The reactions used were
11 *5116Cd( *8Ca,4n)158 "L60Er at bombarding energies of 205 and 210 MeV,
respectively. The selection of these reaction channels from the other open
ones was done by requiring high multiplicity and high sum energy events in
the BGO detectors of the array. A simple method has been developed to un-
fold the uncorrelated events related to coincidences with Compton scat-
tered y-rays. The 2-dimensional spectra of real correlated events were
corrected for the efficency of the Ge detectors. The ridge structure has
been observed for both nuclei up to the highest spins, and dynamical mo-
ments of inertia “b”m(vs. Ey have been determined from the distances of
the ridges on perpendicular cuts to the equal energy diagonal of the
spectra. Deformation parameters have been deduced with the assumption of
rigidity. A comparison with the predictions of the cranked shell model

is in progress.

1/ Institute of Nuclear Research of the Hungarian Academy of Sciences,
H-4001 Debrecen, Pf. 51., Hungary
2/ Cyclotron Laboratory, University of Manitoba, Winnipeg, Manitoba,

Canada
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ALPHA DECAY 0? FISSION ISOMERS

Norma MankoS Boritnik

Faculty of Natural Sciences and Technology,J.Stefan

Institute,University E.Kardelj, Ljubljana

The theory of oC-decay in the first order of perturbation
Is presented*lt is designed for nucleus in an isomeric
state which i1s strongly deformed and which changes its
deformation dynawicaly through decay from the very de-
formed to an almost spherical shape.lt is shown that other
channels are not coupled to the oi-channel in the first
order of perturbation. The collective degrees of freedom

of the daughter nucleus are described by the shape vibrati-
onal states, eigen states of the Hamiltonian whose potenti-
al has two minima. The parent nucleus 1s described by dyna-
mically coupling the vibrational degrees of freedom to the
ot - particle motion and also taking iInto account the rota-

tions.

The theory is applied to the gL- decay of the isomeric
state of Am.
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RELATIONS BETWEEN COLLECTIVE AND MICROSCOPIC PROPERTIES

P.W.M. Glaudemans

Fysisch Laboratorium, Rijksuniversiteit, Utrecht, The Netherlands

There are experimental indications that nuclei around A = 56 may exhibit
collective properties. The doubly magic 28Ni28 core it feasible to study these
nuclei also microscopically since not too many active particles are involved. In
this way one can Investigate the interesting relation between a largely independent-
particle behaviour and collective properties of nucleons. Therefore, an extensive
shell-model study of the A = 52-60 nuclei has been undertaken. It was found that
the experimental data could be very well reproduced by the shell model [1].

With the shell model the excitation energies, electromagnetic moments and
transition rates are calculated for all lower-lying states with J < 16. These
observable quantities are considered to be the "experimental® data for an
interpretation in terms of an axially symmetric rotor. In this way about twenty
good rotor bands could be localized in the A = 52-60 nuclei.

In order to illustrate the close relationship between the shell-model and rotor
description, we compare the observables of a "shell-model® band in 53Fe with the
corresponding rotor values for a K = 1/2 band. It is seen from fig. 1 that both
models produce almost identical results. One should realize that for a rotor only
one single parameter, i.e. the value of the intrinsic quadrupole moment Qg is needed
to reproduce all quadrupole moments and E2 transition rates derived from the shell

model. Various microscopic aspects of these rotor bands will be discussed.

23, E2 E2 Q 2
-=r 9 Fig. 1. Comparison between the
1 St * 1 sheli model and rotor model
K U tt t t'r a K = 1/2 band in 53Fe.
Presented are energies, E2
U f% st rengths in W.u. and Q-pole
21 2 niL'ments (e.fm2).
LV 1 1%r- 1L %
V

shell model rotor

[1] R.B.M. Mooy and P.W.M. Glaudemans, Z. Phys. A312 (1983) 59.
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Principles for New Uses of Fast (MeV)
Molecular lons*

K. 0. Groeneveld

Institut fiir Kernphysik J. W. Goethe Universitat
D 6000 Frankfurt am Main 90, GERMANY

Abstract ) ) )
Molecular ions and cluster ions become available 1in many

accelerator systems. The principles of demonstrated and of
possible uses of these ions are discussed. Applications in
diverse fields of science are indicated.

Introduction
Most particle accelerators have be”n and are used with mono -

atomic particles such as e.g. e",H or U+¥4 . lon sources,
however, provide molecular ions in large quantities and with a
large variety of species [1] e.g. H3+, NeH+ or CHi|]+. Studies
and results with energetic (MeV) molecular ions up to now have
been published in recent conference proceedings [1, 2, 3].

It is the aim of the present communication to point out
principles of new uses of molecular ions. For simplicity these
principles will be discussed with diatomic molecular ions
predominantly; however, most phenomena can be studied with much

more complex systems as well.

Molecular lon sources and beam preparation

Standard high - frequency or Penning 1ion sources produce
molecular ions of many types and of many internal excitation
stages [4]- Recently, also cluster ions have been generated e.g.
by inert gas condensation of metal vapors; thus, clusters of

Sbi through Sb500 or Pbi through Pbi+too have been used to test
the transition of typical properties of the atom to typical
properties of the solid as e.g. magnetism [5].

It should be noted that also ion-induced desorption of macro-
molecules from solid surfaces, Tfirst studied by Macfarlane [6],
could serve as a source of more exotic molecular 1ions such as
involatile, thermally unstable biomolecules (e.g. palytoxin =
C129 HO093 N3 05A+r
Generally, molecular ions are only single charged particles;
consequently, their mass times-energy over charge -square-
values (MpEp/q2) are unusually high. Bending, analysing,
steering, and focusing requires extremely high magnetic -or
electric- fields or bending radii which can cause technological
and financial problems. Also, the separation of molecular ions
from particles with other isotopes or other molecular ions but
the same MpEp/g2-value (e.g. H3+ versus HD+ or CO+ versus N2+)

*Supported by BMFT /Bonn, DFG/ Bonn
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I |
must be carefully controlled [7,8]. For many classes of expe-
riments it is desirable to have molecular ions with their inter-
inuclear axis aligned in a chosen direction; so far, no studies
|0f this type have become known, except by cumbersome indirect
jpostcollision coincidence techniques [1,4].

Care must be taken to provide molecular ion beams at the target
location with adequate incident energy spread and adequate
incident divergence [1].

Kinematics

The collision -induced dissociation- (or Coulombexplosion-)
energy Ecb <f molecular 1ions with kinetic energy Ej*in 1is
transformed from the projectile frame of reference (Ecb) into
the laboratory frame of reference by

AE = HcEq By

Here c containes essentially the masses of the molecular
fragments and the molecular 1ion [9]. If, e.g., the molecular
ion has a fixed kinetic energy of EJkin=lo6 eV and a dissociation
energy of typically Ecb=1 eV, then the dissociation energy
observed in the laboratory system is in the order of AE=1 keV:
The accelerator acts like an amplifier which transforms small
ECb~energies into large AE-energies which are measurable with
high precision with accelerator-based detection techniques.
Thus, an E”b - resolution of <20 meV could be achieved and
allows one to study physicochemical reaction processes of
molecular 1ions (e.g. Franck-Condon factors) [10].

The 1large energy separation of the dissociating molecular
fragments in the laboratory frame of reference and, conse-
guently, also their large spatial separation provides new
techniques to study bond lengths and stereo structures of
molecular 1ions not easily accessible by other means [2,4].
Thus, only recently the stereo structure of such a simple
molecular ion as H3+ could be determined experimentally by
these techniques [11].

Furthermore, Auger electrons and characteristic X-rays suffer
a Doppler shift or Doppler broadening [12] when emitted from
coulombexploding molecular ions. The same kinematic transformation
makes accessible also Auger electrons from beamfoil- or beam-gas
excited extremely low energy electronic transitions including

transitions in highly excited Rydberg states or '"cusp electrons”
[14,15].

Penetration of correlated particles through solids

After interaction with matter single charged particles of
typical specific energy Elcin/M=IMeV/n generally have a much
higher electron loss than electron capture probability. Highly
excited and highly 1ionized, positively charged (@ q2...)
molecular fragments are generated in the collision [12]. After
the molecular ion break-up in the entrance layer of the solid,
the molecular fragments move under their mutual Coulomb force
or under other forces associated with the process. The motion
is not the one of independent fragments but of particles
correlated in space and time. 1In addition to their mutual
correlation they also modify the medium they penetrate: a non-
spherical distribution of the target electrons around each fast
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moving ion is created. The cylindrical symmetric potential

the "wake"™ potential [13], associated with this non-equilibrium,
charge distribution oscillates along the ion trajectory. |Its
amplitude qw and wave length Aw depend on the 1ionic carge q,
the ion velocity Vp, on the dielectric response of the solid
with plasmon frequency Up and on the damping of the plasmon
oscillations. Under typical experimental conditions

(Ep/Mp=0.1 MeV/n) with plasmon energy hu)p=20 eV one Tfinds Aw
in the order of several 10A and 9w in the order of several 10V.
The wake potentials of each of the correlated fragments
penetrating the solid are superimposed, they can modify
dramatically many observable quantities such as the transmission
and reconstitution probabilities of molecular ions through
solids [7], the electron loss or capture 1in continuum states
[15,16,17], the stopping power [18], the joint centre of mass,
angular and energy distribution of fragments [*+,19], quantum
beat amplitudes of beam foil excited molecular ions [20],
nuclear track formation and radiation - (here: heavy ion)
damage of biological samples [21].

The penetration of positively charged, correlated ions is
associated with the penetration of correlated electrons [16].
Their transmission probability depends strongly on the correla-
tion and spatial orientation of the penetrating, clustered

particles. In this context it is of interest to study the
interaction and penetration of neutral beams such as H<. The
production probability of neutral beams at MeV energies 1is

extremely low because of the high electron loss cross sections.
The dissociation of molecular ions

(H2 +=—=p»H<= +H+ or H2+-——»2 H+ +e-) in soft collisions,

however, present a good possibility to produce neutral beams
with reasonable intensity [7].

The double collision
The bond lenght or internuclear separation of molecular ions

is in the order of r=10-8 cm; particles of E/M=IMeV/n specific
energy have velocities in the order of v=10" cm/s. The time of
flight t of such a particle through a thin solid target
(thickness, say, x=10-~ cm), 1i.e., its transient - or dwell -
time, 1is in the order of t=x/v=10“"~s. This transient time t
is around typical inner shell vacancy life times of low-Z
elements and makes possible life time measurements in the 10~15s
- time regime with the beam - in-foil - technique [12]. Suppose
now, the internuclear axis of the molecular ion is oriented in
the beam direction. The time interval between the first and
the second collision of the constituents of a diatomic
molecular ion with a target atom or nucleus is in the order

of t=r/v=10°“17s. This time 1is short compared to many atomic or
nuclear life times. A comparison of signals (e.g. X-rays,
ionisation electrons, y-rays, nuclear reaction products...)
generated by a diatomic projectile 1ion with signals produced
by an isotachic monoatomic projectile would give access to the
study of atomic or nuclear reactions with short life time
(t=10“*~"s) targets. Extrapolating the term coincidence one
deals here with a "physical coincidence"” resolution in the
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prder of 10~"-7s.

The above arguments use an atomistic concept of two sequential
single collisions with a defined and controlled spatial or
temporal separation. As in the times of Thales of Milete,
Leukippos, Newton or Goethe the dualistic approach calls for a
continuum concept as well. These two concepts are physically
manifest e.g. in the mechanisms of bremsstrahlung production
and Cerenkov radiation production. 1In the present context the
atom can be treated in a Thomas-Fermi-like approach [22], or
the target as whole be described by its dielectric function;
the excitation of the target medium is here represented
statically by the excitation of plasmons, dynamically by the
wake potential trailing the projectile [13, 22, 23]. This type
of collective excitation of a solid has been studied with
diatomic molecular ions [24]: The damped periodic fluctuations
of the wake potential <" created by the leading ionic fragment
of coulombexploding molecular ions penetrating a solid effects
the trailing fragment and its wake potential 42« Interference
effects of the superimposed wake potentials <M and <2 of the
two fragments at the surface can lead to a pronounced change of
the total electron yield if the internuclear separation r of
the two fragments at the surface is controlled [24]. The
molecular ion serves here as a new tool to probe dynamic
properties of the solid with a 10"8 cm spatial resolution of a
fraction of an Angstrom. Experiments should be performed to
show whether or not such electron density interference effects
can also influence other phenomena. Such phenomena may be:
convoy electrons [15, 16], charge distribution [8], ion induced
molecular desorption from solid surfaces [6], energy loss [18],
nuclear track formation and radiation damage of molecules,
macromolecules, in particular biological objects [21], channeling,
sandwich target - or tilted foil-arrangements shock electron
production [22, 23], sputtering [25].

Charge density

The double collision time interval mentioned in the preceeding
chapter was typically in the order of 10~ s. The charge of a
single proton is in the order of 1019 Cb. Extrapolating the
term "current" to a single event, we can formally calculate the
current of a, say, H2+ (Ep/Mp=l MeV/n) to be
i=q/t=10_-*-~Ch/10-17s=10~2A 126], The cross section of a
molecular 1ion is in the order of F=(10“®)” cm2 which leads to
an extrapolated "current density" of j=i/F=101& A/cm2, a truely
exorbitant value. It signalizes, however, that locally, quite
unusual, probably non-linear, non-equilibrium phenomena occur.
Areas, where these arguments apply have been mentioned in the
preceeding chapters already. One can speculate on other areas
such as 1ion implantation, 1ion beam materials modification,
fusion etc. The application of cluster ions or channeling
conditions may further intensify these exotic effects.

Conclusions

It has been argued that fast molecular ions are a new and, up
to now, only partially explored tool fo. experiments. The
consequences of their kinematic properties, the motion of
correlated particles through matter, the consequences of the
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short but experimentally well controlled time interval between
successive collisions of molecular fragments, and the consequences
of the extrapolated current density are essential ingrediences.
Experiments relate to such diverse fields as physical chemistry,
stereo chemistry, solid state physics, surface physics, atomic
physics and more. |If cluster ions become available 1in accelerators
[7] the principles compiled in this communication can open up
new frontiers in basic and in applied research.

D. Hofmann > and H.J. Frischkorn™ critical comments to the
manuscript are much appreciated.
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DECAY OP HIGH-SPIN YRAST-1SOMERS AND DELAYED
AUTOIONIZATION OP HI FUSION RECOIL IONS

V.Z_Maidikov

Institute for Nuclear Research of the Ukrainian
Academy of Sciences, Kiev, USSR

When heavy-ion fusion recoil atoms leave the target and
move into the vacuum, their ionization degree with high pro-
bability may sufficiently exceed the value of equilibrium
ionic charge distribution ClJ e The dominant mechanism of
heavy nuclear reaction products enhanced ionization is consi-
dered as inner-shell electron vacancy creation due to inter-
nal conversion of nuclear transitions followed by Auger-cas-
cades. In free recoil atoms this process may result in loss
up to the half of orbital electron number [23 -

The direct experimental evidence for existence of such
mechanism was achieved 1In our experiments on ionization time
measurement of fusion products from reaction 6ci(22N\ie,xn)
D] « Experiment shows the prominent isotopic dependence of
the ionization time of ISI~*S30n recoil 1ions (these nuclei
belong to the high-spin yrast-isomers island near the quasi-
doble-magic nucleus 1H6G-d ). Time intervals in which enhan-
ced 1onization occures are correspond to the life-times of
high-spin isomeric states of these nuclei.

Observed in this way delayed nuclear-induced autoioniza-
tion as a result of the influence of isomeric state decay on
the free recoil atomic electron cloud may be a good tool for:

1) nuclear influence on atomic electron cloud and inver-
se influence of electron shell structure on nuclear processes
study;

y2) nuclear features study from electron shell perturba-
tion;

3) spectroscopy of highly-ionized atoms with inner-shell
vacancy;

the nature of hiperfine interaction study in free re-

coil atoms#

1. V.Z.Maidikov, N.T.Surovitskaya, N.K.Skobelev,
0.P.Nemets, Yad. Phys. 36 (1982) 1103

2. N.K.Skobelev, V.Z.Maidikov, N.T.Surovitskaya,
Z. Phys. A314 (1983) 5

3. V.Z_Maidikov, N.T.Surovitskaya, O.F.Nemets,
Physics of atomic nuclei and elementary
particles, p.2.
TSNII-atominform, Moscow (1983) 236.



LEVEL MIXING RESONANCES ON ORIENTED NUCLEI

R. Coussement, P. Put, G. Scheveneels and F. Hardeman
University of Leuven, 1.K.S., Celestijnenlaan 200 D, B-3030 Belgium

In atomic spectroscopy crossings and anticrossings of electronic
levels are well studied, and have been a source of a considerable
amount of information. Also, in the hyperfine splitting of nuclear
levels, such crossings and anticrossings can occur. Until recently,
these fenomena have been used for hyperfine investigations only in a
few cases.

We study anticrossings (we call them level mixings) which occur in
the hyperfine energy level scheme of nuclei experiencing an axially
symmetric quadrupole interaction and a magnetic dipole interaction, the
axes of which are slightly misaligned by an angle p. In an angular
distribution experiment, 1in which the initial orientation can be pro-
duced by any means (very low temperature, 1in beam nuclear reactions,
beam-foil interaction, eee) the angular distribution of vradiation
emitted by such nuclei shows resonances under influence of these
mixings.

The observation of these resonances allows very accurate measure-
ments of hyperfine parameters, especially of the quadrupole frequency.
Furthermore, by this method hyperfine parameters of nuclei with life-
times shorter than the spin-lattice relaxation time can be studied.

The less accessible lifetime range between microseconds and minutes is
covered by this method.

Reference

R. Coussement, P. Put, L. Hermans, M. Rots, 1. Berkes, R. Brenier,
G. Marest, Phys. Lett. 97A (1983) 301, and references therein.



HIGH-SPIN STATES IN THE ODD-EVEN 135'137Pr AND ODD-DDD

136Pr NUCLEI

E.Dragulescu, M.lvascu, R.Mihu*, C.Petrache, D.Popescu,
G.Semenescu

Institute for Physics and Nuclear Engineering, P.0.Box

MG-6, Bucharest, Romania
* University of Bucharest, Faculty of Physics

The transitional nuclei with 50 < Z, N < 82 exhibit collec
tive structure Ch"~/2 Proton” having a similar behaviour to the
one already observed ~'\A/2 anc* "9/2 Pro”on” heavier transi-
tional nuclei with proton number below and close to Z = 82 magic
number (1-3).

The neutron deficient praseodyum nuclei have been studied
using in-beam gamma-ray spectroscopic methods by means of the
125, 126Te xn~ and 122, 124Sn (19F> xny) reactiOns at
energies of 45-72 MeV obtained from FN Bucharest Tandem.

The building of level schemes was carried out from y -y
coincidences, excitation functions, intensity balance arguments
and populations in different reactions. The spins of the levels
are based on the gamma-ray angular distributions.

One observes that the lighter odd-A praseodyum nuclei
presents the negative-parity decoupled bands based on the
coupling of h~"~~ proton orbital. The coupling of d~”~ and S7/2
proton orbital with even cogecproduces the positive-parity state
Also the states in odd-odd Pr nucleus can be explained within

the shell-model.

1) F.S.Stephens et al. Phys.Lett. 29 (1972) 438.
2) P.O.Tjom et al. Nucl.Phys. A231 (1974) 397
3) S.Andre et al. Nuc..Phys. A243 (1975) 229.



THERMAL NEUTRON CAPTURE IN sd-SHELL NUCLEIl*

B. Krusche, K. P. Lieb,
I1. Physikalisches Institut, Universitat GSttingen,
D-3400 Gottingen, FR Germany

T. von Egidy, P. Hungerford, H. H. Schmidt,
Physik Department, TU Munchen, D-8046 Garching, FR Germany

H. G. BSrner, S. A. Kerr,
Institut Laue Langevin, F-38042 Grenoble, France

We have used the curved crystal Bragg, Ge(Li) and pair
spectrometers at the high flux reactor of ILL for a systematic
study of the (n,y) reaction on odd-A nuclei in the sd-shell
ml-71 . In each of the final nuclei 20F, 2HNa, 2®Al, 36¢i axcj
1+0,U1,"2k , some 30 - 130 levels have been identified, many
with spin-parity assignments, and some 150 - 500 y-ray trans-
itions have been located, by the Ritz combination principle.
Level and neutron binding energies have been determined with
a precision better than 10 ppm relative to the 19 Au standard
I8] (see Table 1).

A survey will be given on the deduced level densities,
Y-ray multiplicities and distributions of E1l and ML primary
transitions. Non statistical effects iIn the population of
particle-hole states near the ~°Ca shell closure and iIn the
distribution of the ML strength will be discussed.

Table I: Survey on (n,y) reactions in the sd-shell

Capture state Final Number of primary  Ref.
Nucleus IT B (keV) states transitions
n observed total E1l ML

2°f 1+ 6601.33(4) 26 20 6 11 111
2UNa 1+.,2+ 6959.73(7) 45 42 15 18 |
28ai 2+ .3+ 7725.18(9) 50 46 8 a3
36¢ci 2+ 8579.68(9) 75 67 26 26 14|
UOK 1+/2+  7799.55(8) 53 50 23 9 15|
WK 1+/2+  7533.82(8) 132 108 ? ? Bl
m k 7/2" 10095.25(10) 107 95 25 7 17 |

*Supported by the German BMFT
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T. von Egidy, et al., J. Phys. G10 (1984) 221
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B. Krusche, et al., in preparation
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Extended parabolic rules for odd-odd nuclei

V.Paar
Prirodoslovno-matematifiki fakultet, Marulidev trg 19,

University of Zagreb, Zagreb, Yugoslavia -,

Content:

1. Parabolic rule for proton-neutron and proton-neutron-
phonon multiplets. Illlustrations.

2. Extension of the parabolic rules for cluster states

3. Extension of the parabolic rules with inclusion of
surface-delta, surface-spin and tensor interactions

4. Computer code OTQM for odd-odd nuclei with inclusion
of particle-phonon interaction, particle-phonon exchange (Pauli

principle), surface delta interaction, surface spin interaction
and tensor iInteraction.

I1lustrations.
5 New SU@) limit for odd-odd nucleir-analytic solution

for the supersymmetric J = jp + jn band

— computed supersSymmetric — and signature-bands

- illustrative calculations in SU(3) Ilimit for configura-

tions "TiP/2vVd5/2 and wil3/2ird5/2.






Az ATOMKI KGzlemenyek a Magyar Tudomanyos Akademia Atommag-
kutato Intezetfnek riportjait gylijti egybe, es negyedevenkent
jelenik meg. Terjeszti az ATOMKI KOnyvtara (Debrecen, Posta-
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kar, Berenyi Denes, Cseh J6zsef, Csikai Gyula, Gyarmati Borba-

la es Medveczky Laszlo.

Kiadja a
Magyar Tudomanyos Akademia
Atommagkutato Intezete
A kiadasert. es szerkesztesert felelos
dr._.Berenyi Denes, az int"zet igazgatoja
Kesziilt a Kinizsl SzakszQvetkezet
Nyomdajaban

TbrzsszéEm 65754

Debrecen, 1984 mdrcius



CONTENTS

KOZLERENYEK

Volume 26/ Number 1

Abstracts of the contributions to the International
Symposium on In-beam Nuclear Spectroscopy
K.0. Groeneveld: Principles for new uses of fast
(MeV) molecular ions

539
HU ISSN 0004-7155



