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THE SPIN POLARIZATION OF ROTATING NUCLEAR MATTER* 
3 .Frauendorf 
Zentralinstitut fur Kernforschung Rossendorf, Dresden, DDR 
K.îîeergârd 
Justus-Li ebig-Universitât Giessor. fiessen, BRD 
Rotating nuclear matter can be 

dinary nuclear matter as a system of 
the forces that would destabilize s-, 
density are switched off. In a rotat 
forces are (i) the Coulomb interacti 
force. We have studied the structure 
an effective Hartree-Fock model, v.r.L 
two-nucleon interaction Sprung's and 
tion 1' 2 to a Brueckner reaction matr 
soft core potential. The shortest ra 
force was adjusted, in accordance wi 
that the model gives the empirical v 
symmetry energies and saturation den 

•lifi-ed in analogy with the or-
iuV:oitely many nucléons where 
; ;' w.th a finite, homogeneous 
:;g "-p;;c of reference, these 
n, ard (ii) the centrifugal 
of rotating nuclear matter in 
ng for the density dependent 
Banerjee's local approxima-
ix calculated from the Reid 
nge part of the Sprung-Banerjee 
th the authors' suggestion, so 
alues for the binding and 
sity of nuclear matter. 

It is assumed that the reaction matrix, and therefore the 
effective interaction, is unaffected by a local spin polarization. 
This assumption is supported by a consideration of the relative 
weights of s- and d-waves in the intermediate steps of the virtual 
scattering of two nucléons starting in the 3S channel. The transi
tion to an intermediate d-state shifts the direction of the total 
intrinsic spin. Taking into account the quantal fluctuations, and 
using the values for the respective defect integrals given by 
Siemens3, one finds that the average effect of the spin polariza
tion felt by the two interacting nucléons is practically zero. 
Under the assumption that the effective interaction is independent 
of the local spin polarization, we get the results for the iso-
scalar and isovector spin symmetry energies shown in the table. For 
comparison are shown also the corresponding numbers derived from 
the phenomenological spin-spin force of Bauer et al. ** 

Spin symmetry energy (MeV) 
isoscalar isovector 

Present work 
Bauer et al. 

2U.U 
31 .h 

35.1 
36.2 

For a given type of particles, the spin density in rotating 
nuclear matter is roughly proportional to the Fermi momentum. Due 
to the non-central spin-orbit and tensor forces, the spin polari
zation is anisotropically distributed on the Fermi sphere. The 
figure shows the distribution calculated in the case of normal 
density and equal numbers of neutrons and protons. 

The spin polarization is induced by the spin part of the 
Coriolis field, - w s , and the spin-orbit interaction between the 
single particle spin and the local curl of the momentum density. 
The last-named contribution is roughly proportional to the density. 
The restoring force is composed of the usual Fermi gas term modi
fied by the factor M/M , which equals 0.7 _ 1 for our effective 
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Figure. The arrows indicate the 
relative magnitude and direction 
of the spin polarization for 
different directions of the Fermi 
momentum. The z-axis is parallel 
to the axis of rotation. 

interaction, and a term arising from the spin-spin forces. At nor
mal density, the enhancements of both the driving and the restoring 
force amount to about a factor 2 with the net result that the spin 
density is given very closely by the Fermi gas estimate. This cor
responds to a spin ("Pauli") contribution to the moment of inertia 
of finite nuclei equal to 3A/8e , or O.8A" 2/3 times the rigid 
sphere value. 

The "Landau" contribution5, which for the non-interacting nu-
cleonic gas equals -A/2ej-, is modified by the factor M*/M * 0.7. 
Thus, due to the interactions, we get a practically exact cancel
lation between the "Pauli" and the "Landau" term. This entails 
that, apart of shell effects, the nuclear moment of inertia is 
given, with a very high accuracy, as that of a rigid body with the 
same distribution of masses. 

Work partly supported by the BMFT and GSI Darmstadt 
1. D.W.L.Sprung and P.K.Banerjee, Nucl. Phys. A168, 273 (1971) 
2. D.W.L.Sprung, Nucl. Phys. A182, 97 (1972) 
3. P.J.Siemens, Nucl. Phys. AlUl, 225 (1970) 
1*. R.Bauer et al. Nucl. Phys. A209, 535 (1973) 
5. J.Dabrowski, Phys. Lett. 59B, 132 (1975) 
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A SEMI-CLASSICAL MODEL FOR HEAVY ION POTENTIALS AT HIGH SPIN 

B. Grammaticos, T. Sami 
Laboratoire de Physique Théorique, C.R.N. Strasbourg, France 

In a recent work we have presented an application of the Thomas-
Fermi approximation to rotating nuclei. It was actually shown that under the 
effect of the rotation the Fermi sea preserves its sphericity although its cen
ter is shifted by a quantity proportional to the rotational frequency. In a sub-

2 sequent work we have developed systematic quantal corrections for the lowest 
order Thomas-Fermi. However these smooth quantal corrections, surface peaked, 

do not contribute appreciably to the moment of inertia of the nucleus. 
Once the calculation of the kinetic euargy is performed the potential energy is 
obtained by means of a simple functional depending only en the density p of the 
nucleus and its derivatives. We have thus : 

E = / d 3 r ( | ^ + a p2 + b p 7 / 3 + c I V p ) _ ) + E ( „ 

where 
2/3 

3f3ir2-> 5/3 ^ m2.-* -K2 T 
2 

as given by the Thomas-Fermi approximation and where —=-(<» x r) p is the rota-
3 n tional energy. The analogy with the liquid droplet approach can be expli-
4 

cited once one performs the leptodermous expansion in(J). In ref. (1) this 
model has been used for the investigation of shape transition of nuclei at 
high spins. In this contribution we wish to report a recent application of the 
model to the computation of heavy-ion potentials. This is done in the framework 

5 6 of the two- sphere model ' . In the figure such a potential is shown for the 
I ID lift 9^6 

system of Pd + Pd (which leads to U for a compound system). The calcu
lation of heavy-ion potentials for asymmetric systems is equally feasible. 
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Collective potential E(0) for Pd - Pd for 
various values of angular momentum L. 

References. 
1. B. Grammaticos, Phys. Rev. CJ_7 (1978) 1244. 
2. B. Grammaticos, A. Voros, Ann. of Phys. \23 (1979) 359. 
3. S. Cohen, F. Plasil and W.J. Swiatecki, Ann. of Phys. 82_ (1974) 557. 
4. W.D. Myers, Nucl. Phys. A204 (1973) 465. 
5. M. Gaudin, Journ. de Phys. 35 (1979) 885. 
6. B. Gratsmaticos, Phys. Lett. 44B (1973) 343. 
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g-FACTOR OF THE FIRST EXCITED 4 + STATE IN BACKBENDING20Ne 
K.H. Speidel, G.J. Kumbartzki, W. Knauer, V. Mertens, P.N. Tandon-1-, 
N. Ayres de Campos'"" 
Inst i tut fur Strahlen- und Kernphysik, Uni. Bonn, W. Germany. 
J . Gerber 
Centre de Recherches Nucléaires, Strasbourg, France 
M.B. Goldberg 
Weizmann Institute of Science, Rehovot, Israel. 

20 22 The backbending behaviour is not unique to heavy nuclei. Indeed ' N e not 
only exhibit a clear rotational band structure but also show strong backbending 
at relatively low angular momentum ' . In many cases measurement of magnetic 
moments of states in the backbending region can distinguish between the roles 
of neutrons and protons in this process. We report here the measurement of the 
g-factor of the first excited 4 + state in 2 0 N e which is two units of angular 
momentum lower than the backbending state. The large transient magnetic field 
experienced by Ne nuclei recoiling at 0.057c through polarized iron has been 
utilized2 . The field was calibrated with the known g-factor of the 2 + state. 

The 2 + ( T = ].05 D S ) and the 4 + ( T = 93 fs) states in 2 0 N e were populated 
in the reaction I2r,(12c gj 2 0 N 6 . Targets consisted of 200 yg /cm 2 thick layers 
of carbon deposited on discharge cleaned 2 ym thick iron foils which were magneti
zed in an external magnetic field of 0.015 T. The perturbed angular correlation 
technique was used to measure the spin precession 2 . i n view of the large difference in the- lifetime of the 2+ and the 4 + states, and hence the uncertain
ties involved in the velocity dependence of the transient field, the precession 
of the 2+ state was restricted to 150 fs which was provided by populating 
this state directly and also by observing it via the 4 + state. The precessions, 
corrected for decay and feeding, are summarized in the table below. With the 
known value of g(2+) = + 0.54 (4) 3, 

obtain : g{4 +) = - 0.10 (19). 
TABLE 

STATE $ mrad 
Direct 2 + 

2 + via 4 + 

3.70 ±1.29 } 4 2 2 ± 0 > 9 8 

4.95 + 1.54 +' + + 

4 + -0.55 ± 1.04 
+ corresponding to the transit time of 150 fs 
++ corrected for the 4+ precession. 

4 In the shell model basis. Arima et al have explained most of the properties 
of the ground state band in 2 0Ne. However, their prediction for the 4+ state 
g(4 +) = + 0.5 is in contradiction to the present result. The fact that the g-
factor of the 4+ state is very much reduced compared to the 2 + state is surprising 
for a T = 0 state in a self conjugate nucleus. This strong reduction however, can 
be understood if rotationally aligned d5/2 neutrons contribute to the g-factor. 

1. E.M. Szanto, A. Szanto de Toledo, H.V. Klapdor, M. Diebel, J. Fleckner and 
U. Mosel, Phvs. Rev. Lett. 42 , 622 (1979). 
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HIGH SPIN STATES OF 3 4C1 

C.J. van der Foel 
Fysisch Laboratorium, Rijksuniversiteit, Utrecht, The Netherlands 

High-spin states of 31*C1 have been studied with the 21,Mg(12C,pnY)3'*Cl re
action at E( 1 2C) = 35 MeV and with the 31P(a,ny)31*Cl reaction at a-energies 
between 11.7 and 16.3 MeV. Gamma-gamma coincidences and y-ray angular distri
butions are measured in the 21*Mg + 1 2 C reaction with a Compton suppression 
spectrometer. 

Generally, a y-y coincidence measurement is not sufficient to give the 
relative order of the y-rays in the decay scheme. Therefore, the 31P(a,ny)31,Cl 
reaction (Q = -5.65 MeV) was used at various a-energies to obtain approximate 
excitation energies of the levels of interest from threshold measurements. 
In combination with accurate Ey-values, these measurements result in a firmly 
established level scheme and accurate excitation energies. Results obtained 
involve levels at excitation energies of E x = 4743.2 +_ 0.2, 4824.2 ̂  0.3, 
5315.0 ± 0.3, 7250.1 +_ 0.6 and 7802.4 +_ 1.0 keV. The latter two (not observed 
previously) exclusively decay to the Ĵ  = 7 + level at 5.32 MeV. 

The (a,n) reaction is also used to eliminate unwanted y-ray feeding in 
the lifetime measurements. Lifetimes are obtained of 450 +_ 200, 200 +_ 70 and 
100 +_ 70 fs for the levels at E = 4.82, 7.25 and 7.80 MeV, respectively. 

The absence of side feeding to the 4.82 MeV level in the 2l*Mg + 1 2 C re
action at E( 1 2C) = 

1000 b" ' - P '. ^ \j ' * / ' ^ 35 MeV makes it possi-. 
ble to obtain the J" 
values of the lowest 
three states listed 
above from angular 
distributions alone. 
With the alignment pa
rameters as free para
meters a x2-search re
sults in unambiguous 
J* assignments of 6", 
5 + and 7 + for the 
levels at 4.74, 4.82 
and 5.32 MeV, respec
tively (see figure for 
the 5.32 MeV level). 
These assignments 
agree with the work of 
ref.l. Angular corre
lations will be measur
ed to obtain informati
on on the J values of 
the new levels at E x = 
7.25 and E x = 7.80 MeV 
which are speculated 
to have J* = 9 +. 

•voo 

10-

i A 
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5* 
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Ref. : P. Baumann et a l . , Phys. Rev. C18, 247 (1978). 
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DECAY MODES OF HIGH SPIN STATES IN LIGHT NUCLEI 
P.A.Butler, R.Daniel, A.D.Irving, P.J.Nolan, J.F.Sharpey-Schafer 
University of Liverpool, Liverpool L69 3BX, United Kingdom 

In this experiment the decay properties of high spin states in nuclei 
near A = 40, populated by the reaction z 8Si + 1 6 0 , were studied using a Si 
AE-E telescope to detect charged particles emitted in the reaction. The 
emitted particles passed through a thin (250 ym) AE detector, positioned at 
0° to the beam direction, and were then stopped in a thicker (5 mm) detector 
placed ^ 1 cm behind the AE counter. The angle subtended by the telescope at 
the target was -v 25°. The high geometry of this system ensured that the 
probability of detecting two charged particles simultaneously in the forward 
direction was -v- 10% of the detection probability for one of the particles. 
Analysis of the energy deposited in each detector enabled the 2p channel in 
this reaction, leading to ^Ca, to be clearly distinguished from the ap 
channel, leading to 3*K. In both cases the total kinetic energy removed by 
the evaporated particles could be measured. 

By demanding coincidences between the particle telescope and a Ge(Li) 
detector, also placed at 0°, the Doppler broadening of the Y-ray line shapes 
in the Ge(Li) spectrum was reduced because of the restriction of the range 
of linear momentum of the residual nuclei. In this way, it was possible to 
observe fast (T < 1 ps) -y-ray transitions from high spin states in these 
nuclei not previously observed in heavy-ion reactions. 

M the same time the variation of angular momentum left in the nucleus 
a: particle emission with the total energy removed by the particles was 
studied. Preliminary measurements for "*2Ca indicate that the Y-i"ay de-
e.-witation pattern via the yrast states observed in this nucleus : does no1; 
change with total two proton energy. This behaviour is consistent with the 
constancy observed for the -y-ray multiplicity as a function of 2p energy, 
which was measured at the same time using a 3" x 3" Nal detector. The data 
suggests that for states of high angular momentum (J > 10) a-particle emission 
is the dominant mode of decay. 

1. Cggenhuisen et al Nucl.PVys. A305, 245-2G1 (1373). 
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HIGH SFItl STATES IN 
U0„ U 2Ca, 5 5Fe AND 5 6Fe 

P. Kofahl, H. Fromm, H.V. Klapdor, T. Oda 
Max-Planck-Institut fiir Kernphysik, Heidelberg, W. Germany 

3b 37 1) 
In extension of our recent work on high spin states in ' CI we have 

investigated high spin states in ̂ K , 4 2Ca, ^Fe, 5°ye by the reactions
 2<A±( 1 QF, 

xyzy) and ^6^113c,xyzy) at the Heidelberg MP-Tandem. Using an Anticompton spec
trometer device 2 YY-coincidences and angular distributions have been measured 
at Eiab = 72 MeV and kg-53 MeV, respectively. An excitation function has been 
measured for the reaction 2?Aliï19F,xyzf) between Ei a D=50 and 110 MeV. The bombar
ding energies, at which the coincidence measurements have been performed, were 
expected, on the basis of CASCADE calculations, to give the highest selectivity 
for the excitation of high spin states (see, e.g. ref. 3). 

bo 
For the level scheme of K a new state (in addition to the work of ref. k) 

has been found at E* = 7-1*8 MeV (J=9) (fig. l). Spin J=8 has been assigned to 
the È*= 6.23 MeV state. In U 2Ca up to the J=9~ state at E* = 6.55 MeV the results 
of recent investigations 5,olhave been confirmed. Hew states have been found at 
E* = 8.52 MeV (J=10) and 8.68 MeV (J=10) (fig. 3). To the states at E*= 7.37 and 
7.75 MeV we assign ^=10" and 11", respectively. The coincidence spectra show 
that the Ey = 929 keV transition has to be placed upon the 11" state. In 55,56pe 

up to now two new states at E* = 7.60 MeV (decaying to the 6.52 MeV (j=21/2) 
state) and E* = 7.08 MeV (decaying to the 6.11 MeV state), respectively, have 
been identified. 

The restriction of the possible spin values according to the AJ determined 
from the angular~distributions was possible on the basis of the excitation func
tion measurements like shown in fig. 2. With increasing bombarding energy the 
feeding of the states "inside" of the yrast line decreases when the primary po
pulation in the E*-J plane shifts to much higher spins while at the same time 

the yflux through the yrast states in
creases relative to low-lying yrast tran
sitions. This occurs in our case of 4 2Ca, 

at bombarding energies Ej_a^ g 80 MeV. 
The angular distributions give AJ=1 for 
all observed transitions above E* = 6.55 
MeV in ^ 2Ca and E* = 1+ .88 MeV in M 0 K . The 
above argument about the excitation func-

T 

Fig. 1 : Level 
scheme of **°K. 

Fig. 2: Excita
tion functions 
of 4°K norma
lized to the Ey= 
891 keV transi
tion. 
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Fig. 4: Level scheme of Ca ex
pected from weak-coupling calcula 
tions. 

tions leads to the spin values given in 
figs. 1,3. 

That experimentally higher-lying 
states in ^°K and ^ 2Ca are not seen might 
he understood as follows. Fig. 4 shows 
predictions of simple weak coupling calcu
lations for 4 2Ca. The parameters are taken 

from Sherr et al. ". Multiplets from one nucléon excitation generating spins 
less than 9 are dropped. The lowest J^IS" state in this configuration is expec
ted at E* 5= 14.4 MeV. Three nucléon excitations are lying about 3 MeV higher 
than the corresponding one nucléon excitations. The lowest-lying J 7^^* state 
which is produced by the (ïïd3/2~2)0+ <g> 4l*Ti( 12+) configuration is expected at 
E* ~ 10.4 MeV. However, the matrix element for an E1 transition to the 11~ state 
vanishes. Fig. 2 shows that the J 1 I=9 + yrast state in ^°K at Elsib = 100 MeV is 

42 Fig. 3: Level scheme of Ca. j.ne 
dashed lines shea» predictions of 
weak-coupling calculations. 

1) 
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STRUCTURE ABOVE AND FEEDING OF THE YRAST LINE IN H O T i * 
F. Glatz, P. Betz, J . Siefert and H. Rbpke 
Fakultat f i ir Physik der Universitat Freiburg, Freiburg/Brsg., West-Gernany 

The yrast states of Ti ar ise, up to F = 12+, from the (f7/2) configura
t i on . The complete level scheme from this configuration has been calculated in 
r e f . l . Vie have recently observed and investigated 2 the majority of the predic
ted levels by p -y coincidence measurements in the 45sc(a,py) reaction. I t be
came evident that in addition to the ( f7 /2 ) 8 configuration the {fl/Z)^^/! c o n " 
f iguration is playing a role in the structure of high-spin states. Two levels at 
7427 and 8323 keV were interpreted as the lowest I 1 1 = 9+ and 10 + levels, respec
t i ve l y , of this configuration. 

In the present work a search for further (fj/2) P3/2 levels was performed 
with the 45SC(CI,PY) reaction at Ea = 14 MeV. Good resolution in the proton and 
Y-ray spectra allowed the ident i f icat ion of high-spin ( I >7) states on the basis 
of their Y-decay modes up to Ex = 11 MeV. A sample of 36 such levels was ob
served while the ( f7 /2 ) 8 configuration provides only 19. Thus the presence of 
the (f7/2)7 P3/2 configuration is def in i te ly established without the need for 
rigorous spin-assignments. The experiment yielded in addition unambigious can
didates for the lowest I 1 1 = 1 1 + , 12+and 13+ levels of the configuration. These 
levels, which are displayed in f i g . 1, are connected with the 7427 keV and8323 
keV levels by a cascade of low energy y-ray transitions which is the basis of 
the i r ident i f icat ion. A weak coupling calculation which equalizes the positions 
of the theoretical and experimental 9+ states, reproduces ( f i g . 1) the observed 
sequence of levels very wel l . 

The present work gives insight into the feeding mechanism of yrast states 
from higher excited states. While the I l t =8 + and 10+ levels are fed quite f re
quently, the I 1 1 = 11 + and 12 + levels are fed only once via the 10911 keV level. 
This explains the fa i lure to observe these levels 3 in the 4 4 C a ( ' L i , p2n) and 
27Al(24Mg, 3p) reactions with Y-Y coincidence techniques. 

The present work also yielded new levels which, from their Y-decay, are sus
pect to have negative par i ty. I t appears that the proposed' K11 = 5 _ band-ean be 
extended ( f i g . 1) from 1^ = 9" towards I* = 13". 

* Work supported by Deutsche Forschungsgemeinschaft 

1. W. Kutschera, B.A. Brown, K. Ogawa; Rivista Nuov. Cim. 1 no. 12,1 (1978) 
2. F. Glatz et a l . , Z. Physik A 293, 57 (1978) 
3. G. Fortuna et a l . , Nuovo Cim. 34 A, 321 (1976) 

Fig. 1. From l e f t to r igh t : Feeding of the 8 + yrast state, feeding of the 
10+ yrast state, the ( f7 /2 ) 8 yrast states (0 + and 2 + omitted), the lowest 
(f7/2)7p3/2 states, thei r predicted energies from weak coupling, the proposed 
k~ = 5" band. 
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MEASUREMENT OF GROUND-STATE SIDE FEEDING BY MEANS OF IN-BEAM 
AND RADIOACTIVITY y-RAY SPECTROMETRY 

F. Terrasi , M.G. Saint-Laurent, A. D'Onofrio , H. Dumont and J. Delaunay 
D?h-N/BE, CEN Saclay, BP 2, 91190 Gif-sur-Yvette, France 

In the last few years in-beam y-ray spectrometry following fusion-evapora
tion reactions induced by "light-heavy" ions on medium and heavy mass nuclei has 
been extensively utilized in order to study the spectroscopy of high-spin states. 

More recently, it has become evident that the possibility of both atomic and 
mass number identification of residual nuclei yields a powerful tool for detailed 
absolute reaction cross section measurements as an aid in the reaction mechanism 
understanding1. For this reason an extensive program of absolute residual nuclei 
cross section measurements in the f-p shell region has been undertaken at the Van 
de Graaff tandem accelerator in Saclay2. By comparing several independent norma
lization methods,a precision of a few percent has been obtained, at least in the 
most favourable cases3. It has been realized that the major limitation in this 
kind of measurements arises from the so-called ground state side feeding (GSSF), 
i.e. the statistical y-ray or particle feeding of residual ground states. 

An attempt to evaluate the importance of such contribution is currently un
derway at Saclay : residual cross sections are measured by in-beam detection at 
55° of discrete y-ray transitions feeding ground states. Spectrum accumulation is 
then switched by the beam stopper insertion to another detector in close geometry 
and radioactivity measured. Beam intensity instabilities are corrected by numeri
cal integration. The comparison of the two measurements yields directly the GSSF. 

Preliminary results concerning 6 ZZn and 6 3Zn residual nuclei produced both 
in 5 zCr + 1 3C and **9Ti + 1 B 0 reactions and 5 3Fe produced in 2 8Si + 2 8Si reaction 
show that extrapolation procedures usually employed to evaluate GSSF in heavier 
mass investigations may conduct to misleading results in our mass region. 

Even if a systematic study is not possible in this region, due to the rela
tively small percentage of suitable radioactive residual nuclei, we intend to 
continue this kind of investigation in order to check possible regular behaviours 
of GSSF versus entrance channel and incident energy for given residual and com
pound nuclei. 

REFERENCE 

1. J. Delaunay et al., XVIII Int. Conf. Winter Meeting on Nuclear Physics in 
Bormio (January 1980). 

2. A. D'Onofrio, Thesis, Orsay 1979 and A, D'Onofrio et al., to be published. 
3. F. Terrasi et al., to be published. 

On leave of absence from Istituto di Fisica Sperimentale dell'Université, 
Via A. Tari 3, Napoli. Italy. 
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HIGH SPIN STATES FOR 5 5Fe VIA HEAVY ION INDUCED FUSION EVAPORATION REACTIONS 

M.G. Saint-Laurent, H. Dumont, B. Delaunay and J. Delaunay 
DPh-N/BE, CEN Saclay, BP 2, 91190 Gif-sur-Yvette, France 

Nuclei near closed shells can give valuable information on the interaction 
matrix elements of the residual forces and are sensitive to the configurations 
involved in the nuclear structure. 5 5Fe, near the double closed shell nucleus 
5 6Ni, is very interesting from this point of view ; extensive shell model calcu
lations have been performed recently1 for this nucleus. The authors demonstrated 
that the shell model is able to reproduce correctly many properties of this nu
cleus but more information is required - in particular high spin states - to test 
their predictions. 

5 5Fe has been investigated at the Saclay tandem Van de Graaff by y spectros
copic methods with an intrinsic Ge detector (for the singles),with an efficiency 
of "̂  15% and a one-line resolution s 2 keV at 1.33 MeV. Information on 5 5Fe were 
gathered through the different studies : 

3 0Si( 2 8Si,2pn) 5 5Fe : an excitation function was performed from 67.5 MeV to 
82.5 MeV by 2.5 MeV step ; 

4 6Ti( 1 3C,2p2n) 5 5Fe : at 36, 46, 56 MeV where this channel is dominant in the 
reaction ; 

"*8Ti(13C,a2n)55Fe : a) an excitation function from 25 MeV to 60 MeV by 2.5 
MeV step ; b) at~46 MeV y angular distribut ion ; c) at the same energy yy coinci
dences both prompt and delayed were performed with two Ge(Li), 15% efficiency, and 
= 2 keV resolution at 1.33 MeV ; d) at 46 MeV also, particles-y coincidences3. 

An extensive study of this reaction at this 
energy2 shows that the a2n channel represents a 
large cross section of the order of 250 mb. 

From all these data, not yet fully reduced, 
it is nevertheless possible to build the level 
scheme shown in Fig. 1 ; we have a good agree
ment with the level scheme obtained previously 
by Poletti et al.1* with the 5 1V( 7Li,3n) 5 5Fe re
action. In addition we obtained two new transi
tions above the 6.258 MeV level. The prelimina
ry results of the excitation function for the 
reaction 3 0Si( 2 8Si,2pn) 5 5Fe and the y angular 
distribution with the reaction 1*8Ti(13C,o2n)55Fe 
show that the spins of these two new states are 
rather high. At present, these spin determina
tions are only tentative ; analysis is in pro
gress to ascertain these spin assignments. 

Figure 1 - Partial level scheme of 5 5Fe. The in
tensity of the observed y rays was determined 
from the 2 8Si( 3 0S :i,2pn) 5 5Fe reaction at77.5MeV; 
for the transitions 1428 keV, 1078 keV and 1388 
keV, the Doppler effect does not permit to ex
tract their intensity. Notice the important side 
feeding for the 2.813 MeV level. 
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A MICROSCOPIC CLASSIFICATION OF HIGH-SPIN STATES IN Fe 

P.W.M. Glaudemans 
Fysisch Laboratorium, Rijksuniversiteit, Utrecht, The Netherlands 

Recent large-scale shell-model calculations on nuclei in the middle of the 
fp-shell indicate that a microscopic description works very well for most pro
perties of low-lying states. Presently I would like to discuss some remarkable 
properties of positive-parity high-spin states (J = 8-15) in 6Fe which have 
been obtained with the same interactions (KB and SDI) and model space as used 
in the reference. 

The calculated excitation energies obtained with KB for the ten lowest ei-
genstates of each J are presented in the figure. The excitation energies obtain
ed with the very different SDI matrix elements show a nearly identical behaviour. 
It is seen that the yrast and yrast-plus-one states for J 4 6 follow a collecti
ve pattern, with the typical oscillatory behaviour. For J > 6 the excitation 
energies increase almost linearly with J. Moving away from the yrast line one 
finds a smooth behaviour of the excitation energies as a function of J with a 

Excitation energies of the lowest ten states with 
positive parity of each J obtained with the KB in
teraction for "Fe. The vertically placed numbers 
represent the total number of states for each J in 
the present model space. 
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dip at about J»3 (see figure). The level density as a function of J turns out 
:o be largely independent of the dimensions of the matrices which are also 
shown in the figure. One should note also that the yrast and yrast-plus-one 
states are sometimes barely depressed with respect to the other states. 

A detailed investigation of the electromagnetic properties of the lowest 
four states of each J reveals that the states can de divided into two groups 
(i) those connected by rather large Ml and/or E2 transition strengths and 
(ii) states not fed or deexcited by strong transitions. The first group con
tains nearly all yrast states and many yrast-plus-one states. These states 
are also interesting since they are described by typical wave functions, which 
distinguish them clearly from all other states. Although the number of compo
nents for each wave function is rather large (in general several hundreds; see 
figure) the main intensity, i.e. more than 50%, is concentrated in at most ten 
components. Moreover states in one group all have the same structure. 

Except for the J » 0, 2, 4 and 6 states of the ground-state band the holes 
are always coupled to maximum spin Jhole which is constant within each group. 
The particles are coupled to Jparticle which increases with J. Where possible 
one has J » Jhole + Jparticle in a stretched coupling scheme. 

Experimental investigations on 5 6Fe as a test of the present predictions 
would be most interesting for a better understanding of the relation between 
microscopic and •collective-type properties. 

I would like to thank drs. 7. van Hees, B.C. Metsch, R. Vennink and D. 
Zwarts for their assistance with the calculations. 
Reference: R. Vennink and P.W.M. Glaudemans, Z. Physik, to be published. 
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TWO-NUCLEON HIGH-SPIN STATES IN ODD-ODD COPPER : THE CU CASE 
+ + 

Tsan Ung Chan, J.F. Bruandet, B. Chambon , A. Dauchy, D. Drain , A. Giorni, 
F. Glasser and C. Morand 
Institut des Sciences Nucléaires, 53 Avenue des Martyrs, 38026 - Grenoble Cedex 

"""Institut de Physique Nucléaire, 43 Boulevard du 11 novembre, 69621 Villeurbanne 

From the high selectivity of the (a,d) reaction, C.C. Lu et al 'have located (Tgq/, V gg/2^9 + s t a t e "* several isotopes of Cu and Ga. In fact, the (irgq/9 

Vg_/2)q+ states are not the only states strongly excited by the (a,d) reac
tion. Particularly, the (npo^ V8Q/2^6" s t a t e s a r e a l s o strongly excited. These 
high-spin states which correspond to a maximum coupling of two nucléons, are 
often yrast stales so they are sometimes also excited in fusion-evaporation reac
tion and it is possible to observe their y decay. 

2) We have proposed a very simple calculation (based on the crudest shell 
model picture) of the excitation energies of two nucléon high-spin states, the 
two nucléons being coupled to their maximum spin value : the energy of such a 
two-nucleon state is simply equal to the sum of the two individual single parti
cle energies plus a pairing energy when the two nucléons are identical.Such a sim
ple shell-model description has been satisfactorily applied to many two-nucleon 
high-spin states in various nuclei. In °°Cu, this model predicts the (wp-j/̂  
v g g / 2 ) 6 - at 1.013 MeV and the (Trgq/2 Vg 9 / 2) g+ at 3.544 MeV. 

We have performed the Ni(a,d) Cu reaction at E = 50 MeV, Two peaks are 
strongly excited pone is the (irp,.- v8q/o)fi~ state at 1.154 MeV, known from pre
vious work by (d,p) reaction ^) tas expected it is selectively excited), the 
other one located at 3.7 MeV is probably the (irgqij v^g/2^* state (see Fig. 1). 
Fig. 2 shows the striking correlation between the excitation energies of the S~ 
and 9 + states and the gq/o single particle energies in odd-odd copper. 

64 64 64 7 
The Ni(a,dY), Ni(a,pn"y) and Ni( Li,any) reactions have also been per

formed. The low cross-section of the 9 state prevents us to determine directly 
the y decay of the 9 state from d-y coincidences,Delayed YY coincidences show 
that the following Y lines feed the isomeric 6 state (T • 860 ns) J 597, 1098, 
972, 1377, 584 keV, these Y~rays a*e also seen in particle - Y coincidence in the 
6 4Ni + a reaction at E_ - 50 MeV. 

1. C.C. Lu et al, Phys. Rev. 186 (1969) 1086. 
2. Tsan Ung Chan et al, Phys. Rev. C 19 (1979) 244. 
3. W.W. Dachnick et al, Phys. Rev 180 (1969) 1062. 
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oAt'.KA-oPECTROSCOPIC INVESTIGATIONS ON 67 GE 
V.Zobel, L.Cleemann, J.Eberth, T.Heck and W.Neumann 
Institut fur Kernphysik, Kôln, Germany 

By /'-coincidence measurements following the Fet C 
reaction at E „ =42 MeV several new states above 1.5 MeV excita-

. 6 7 
tion energy in Ge could be established. Spin and parity assign
ments on the basis of angular distribution, linear polarization 
and a -ray yield function indicate very similar structures of 
6 7 ' 6 9 G e . 

The significant role of the Ig,.,, orbital among the degrees 
of freedom of high spin states in the mass region around A=70 
as found in all neighbouring nuclei is apparent also in the 
level scheme of Ge. Based on the 9/2 -single particle state 
at 751.7 keV, a similar structure as in Ge is observed as seen 
in the figure. Recent results of Al-Naser et al. on low energy 
excitations up to E =2.8 MeV carry on the correspondence bet^e^n 
both odd Ge—isotopes if the five levels around 1.5 MeV excitation 
energy were identified with the one phonon multiplet. Our spin 
and parity assignments to the levels at 1612 and 2421 keV of 
11/2 and 13/2 , respectively, support this assumption as well as 
the fact that the other three levels with expected spins of 9/2 , 
7/2 5/2 have not been excited in our heavy-ion induced reaction. 

Ex[MeVl 

4 

3 • 

2 -

0 J 

(41-

4 * -

2* -

0*-

.(23/2") 
•(21/2") 

• 119/2") 

• (Is/., i 

•(17/2*) 

• «13/2*) 

. 13/2* 
11/2* 

9/2* 
66, 
32' iGe * • 

I23/2 -)-

121/2-) • 

(19/2-)-

(17/2*). 
(15/2V 
(17/2*). 
17/2* >, 
15 /2° 

13/2* 

. ^ 

-3" 

•4* 

-2* 



- 24 -

6 6 6 7 
Although the energy levels obviously correspond in ' Ge 

and ' Ge (see the figure), a simple description in terns of the 
weak coupling picture is too restrictive when data on transition 2) probabilities are considered . Recent CVH (Cluster-Vibration-Ho-

3\ 6 6 70 
del) calculations for ' Ge where a two-proton-cluster was 
coupled to quadrupole vibrations of the respective even Zn-cores 
provided good overall agreement in the energy spectra as well as 
in transition probabilities. Consequently, mixed two-proton-one-
neutron cluster in the 2plf .„lg ..-orbitals should be used for 
describing the odd Ge isotopes in this model. The assumption of 
mixed configurations seems to be necessary since at least the 
23/2~ state cannot be built of a three particle excitation of 
identical type because of the Fauli exclusion principle while the 

— — 69 
strongly retarded 23/2 —* 19/2 transition in Ge with a tran-2) sition probability of B(E2)=0.3 W.u. indicates strong particle 
admixtures to the configuration of the initial state. 

1. A.M. ""Al-Naser, A ,H .Behbehani , P.A.Butler, L.L.Green, A.N. 
James, C.J.Lister, F.J.Nolan, N.R.F.Rammo, J.F.Sharpey-
Schafei-, H.M.Sheppard, L.H.Zybert and R.Zybart, J. Phys. G5, 
*23 (197 9) 

2. V.Zobel, L.Cleemann, J.Eberth, W.Neumann and N.Wiehl, Phys. 
Rev. C19, 811 (1979) 

3. L.Cleemann, J.Eberth, W.Neumann, N.Wiehl and V.Zobel, Nucl. 
Phys,, in print 
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A NEUTRON MULTIPLICITY TECHNIQUE FOR STUDYING WEAK REACTION 
CHANNELS IN IN-BEAH f-RAY SPECTROSCOPY AND ITS APPLICATION TO 71*KR. 

J.Roth, L.Cleemann, J.Eberth, W.Neumann, 
University of KbIn, Germany 
R.B.Piercey, A.V.Ramayya, J.H.Hamilton, 
Vanderbilt University, Nashville, USA. 

A neutron deficient compound nucleus produced in a heavy ion 
induced reaction mainly will evaporate charged particles which 
leads to residual nuclei near the line of stability. Consequently, 

19 5 8 in the reaction F on Ni the major cross-section is for the 
74 74 

evaporation of three protons ( Se), while the 2pn channel to Br 74 and p2n to Kr are rather weak. At the 9 MV FN Tandem in Kôln we 
studied these weak reaction channels by detecting the jf-rays in 
coincidence with the evaporated neutrons. The detector was a large 
liquid scintillator (35 cm diameter, 10 cm thick) divided into 4 
independently working segments. The experimental setup is shown in 
fig. 1. The measurement of 1 to 4 fold n coincidences by a multi
plicity logic leads to a good identification of the residual nuclei. 

Fig, 2 shows a comparison of 
^-singles, n-jf- and n-n-jf-
coincidences of the reaction 
± 3F on a o N i . The ratio of Kr 

74 to Se was enhanced by a factor 
of > 200 in the n-n-fl"-coincidence 
compared t o the s i n g l e s . A 
p r e v i o u s l y unass igned f-ray group 
i s now unambiguously p l a c e d i n 
74 l . . 

Br and many unknown t r a n s i t i o n s 74 in Kr cou ld be i d e n t i f i e d . From 
TL-f and n-n-|jr y i e l d f u n c t i o n 
measured from E ( 1 9 F ) = 58 MeV to 

F ig , 1: Experimental s e t u p . 
68 MeV and n-^-^"-coincidences a 

74 preliminary level sceme of Kr 
was constructed which is shown in 
74„ fig. 3. So far, 10 new levels in ' Kr could be identified. The 

experimental results are in excellent agreement with the predictions 

Supported in part by the German BMFT. 
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58Ni.,9F(665MéV)-7W42pn-,'Br ï_ 
lp2n-*Kr > 

2*-(!, *Kr 

•pzn--Kf l . l f-f \ 

r-r 6*-4* n-n-f 
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JU 
Fig. 2: Comparison of ^-singles, n-iC- and n-n-,T-coincidences 

of the reaction F on Ni. 

of the Interacting Boson Model 

(IBM) calculated by Kaup and 
2 

Gelberg which supports the 

interpretation that the lighter 

Kr-isotopes change their 

character form an axial 
74 

symmetric rotator in 

triaxial or f-instable 
82 

Kr to a 

structure in •Kr. 

The first application of 
74 the system to Kr has shown 

that the neutron multiplicity 

technique is an excellent tool 

to study very neutron deficient 

nuclei produced by heavy ion 

induced fusion-evaporation 

reactions and can complement 

the fl decay investigations with 

on line separators. 
74 , 

F i g . 3 : L e v e l s c e m e o f 'Kr, 

1 . R . B . P i e r c e y e t a l . , B u l l . Am. P h y s . S o c . 2 2 , 4 8 8 ( 1 9 7 7 ) 

2 . U. Kaup , A . G e i b e r g , 7.. P h y s i k A 2 9 3 , 311 ( 1 9 7 9 ) 
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CALCULATION OF CONTINUUM FEEDING TIMES IN HEAVY ION FUSION REACTIONS 

H. P. Hellmeister and K. P. Lieb, 
II. Physikalisch.es Institut der Universitât Gôttingen, 3WO Gôttingen, FRG 
and Institut fur Kernphysik der Universitât zu Kôln, 5000 Kôln m, FRG 

In recent years, a detailed investigation of the "continuum" y-radiation 
in heavy ion fusion reactions preceding the population of discrete yrast states 
has been undertaken. In many cases, the spectral shapes, multipolarities and 
multiplicity distributions of the continuum y-rays have been measured, as well 
as angular and energy correlations. All these available data were found in re
markably good agreement with the assumed statistical nature of the deexitation 
process, as has been shown by several authors 1 - 3 . 

A further essential parameter of the continuum radiation is the feeding 
time T p , defined as the average delay time between the compound nucleus forma
tion and the population of the discrete state in consideration. In the present 
work we used a Hauser-Feshbach code to compute the population of the entry 
states, and a newly developed Monte Carlo program (SPHINX) to calculate the 
flux and time development of the subsequent y-deexcitation. Obviously, the fee
ding time depends mostly on 

(a) the level density (p), calculated with the back-shifted Fermi gas for
mula and a variable moment of inertia: 

9(E) = e o (1 + a 0 exp(-bE)) 

Cb) the y-say t r ans i t i on strengths in the continuum: 

9T +1 
T Y ( i + f) - C £ L ( E i - E f r Pf/pi-

Only El and E2 transitions have been considered in the calculation. As irt 
ref. 2, "statistical" E2-transitions feeding the yrast region, and "collective" 
E2-transitions along or parallel to the yrast line have been incorporated. 

Fig. 1 shows as an example the calculated distribution of feeding times 
for some members of the ground state band in 7 8Kr populated in the reaction 
6 8Zn( 1 2C,2n) at 36 MeV bombarding energy. The parameters a D = 0.716, 
b = 0.168 MeV - 1 and 8 0 = 9rigid were fixed as to reproduce the energies of the 
gsb. The strengths of the continuum El transitions (0.5 mWu) and collective E2 
transitions (20 Wu) were taken from the compilation of Endt 6 , whereas the sta
tistical E2 transitions were assumed to proceed with single particle strength. 
The arrows in Fig. 1 indicate the centers of gravity, i.e. the average feeding 
times, which as function of the spin are illustrated in Fig. 2. It is note
worthy that these values of <xp> are in all cases considerably lower than the 
measured lifetimes 5 . The area under each distribution in Fig. 1 is proportional 
to the side feeding intensity, whereas the dashed line indicates the experimen
tal limit of the feeding time of the highest observable states of the gsb 3' 5 

(feeding time: xp S 0,1 ps). 

Further calculations for heavier systems are in progress. 

http://Physikalisch.es
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DECOUPLED g . PROTON BAND IN 7 9Rb 

J. Panqueva, H. P. Hellmeister, F. J. Bergmeister, and K. P. Lieb 
Institut fur Kernphysik der Universitât zu Kôln, 5000 Koln 41, FRG and 
II. Physikalisches Institut der Universitat Gôttingen, 3400 Gôttingen, FRG 

Ekstrôm et al. l and Liptak and Kristiak2recently assigned l" - 5/2+ to 
the ground state of 7 9Rb. Clements et al. 3proposed a decoupled gg/2 band ex
tending up to 21/2+. By using the Kôln FN tandem accelerator, we studied high 
spin states in 7 9Rb via the reactions 6 3Cu( 1 9F,p2n), 6 5Cu( 1 60,2n) and 
6 6Zn( 1 60,p2n) at 40-58 MeV beam energy. On the basis of YY _ c°i n ci (iences, angu
lar distributions and excitation functions we were able to extend the level 
sequence up to the probable 29/2+ state (Fig. 1). However, no conclusive evi
dence fcr the presumed 97 keV 9/2+-v5/2+ transition has been obtained, neither 
in the singles, YY-coi^cidence nor a pulsed beam experiment. Recoil distance 
and DSA measurements gave the following lifetimes: 

T(13/2+) = 12.2(7) ps 
x(17/2+) = 1.2(2) ps 
x(21/2+) = 0.5(1) ps 
T(25/2+) = 0.4(2) ps. 

and 

In Table 1, the t r ans i t i on energies and B(E2) values in 7 9 Rb are compared 
with the corresponding core t rans i t ions in 7 8 K r **. The experimental r a t i o s 

, B(E2, 13/2 + 9/2) 
1 B(E2, 2 + 0) 

1.62(14); R 2 

B(E2, 17/2->-13/2) _ 
B(E2,13/2 •* 9/2) 1.30(23) 

agree well with "^he predictions Rj = 1.5, R 2 = 1.23 of the Coriolis coupling 
model 5with a triaxial core (Y = 250). The B(E2) values of the high transitions, 
however, tend to be lower than predicted by this model. The Interacting Boson 
Model 6 , on the other hand, relates such lowering of the transition strengths 
to the cut-off in boson number. Preliminary IBA-1 calculations in the SU(3) and 
0(6) limits with N = 8 are in agreement with the data, as shown in Fig. 2. 

Table 1: 
Transition energies and B(E2) values in 7 9Rb and 7 8Kr. 

7 8 Kr 7 9 Rb 
Transition E y (keV) B(E2) (e2fm4] 1 Transition E Y (keV) B(E2) ( e 2 ^ : 

2 + + 0 + 

4+ •* 2+ 
6+ -* 4+ 

81" - 6 T 

10 + H. 8 + 

455 
665 
859 

1016 
1112 

1309(82) 
1760(160) 

>960 

13/2 + ->• 9/2+ 

17/2 + ->• 13/2+ 

21/2 + •+ 17/2+ 

25/2 + -* 21/2+ 

29/2 + •+ 25/2+ 

501 
756 
962 

1142 
1316 

2120(120) 
2760(460) 

^ 3 2 
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Fig. 2: 
Experimental B(E2) values and model 
predictions (see text) 
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IIFETIME MEASUREMENTS FOR HIGH-SPIN STATES E J 6 3 , 6 5 S r 

D.Bucurescu , G . C o n s t a n t i n e s c u , M.Ivas,cu, N.V.Zamfir 
and M.Avrigeanu 

C e n t r a l I n s t i t u t e of P h y s i c s , P.O.Box MG-6, B u c h a r e s t 
Romania 

The neu t ron d e f i c i e n t Sr i s o t o p e s s t u d i e d so fa r are t r a n s i t i o n a l n u c l e i , 
t h e i r c o l l e c t i v i t y i n c r e a s i n g with d e c r e a s i n g N 1 . Very l i t t l e i s known about how 
t h i s , e v o l u t i o n towards s t a b l e (?) deformat ion mani fes t s i t s e l f i n the s t r u c t u r e 
of t he odd i s o t o p e s , e . g . , i n the i n t e r p l a y between the s i n g l e p a r t i c l e and t h e 
c o l l e c t i v e a s p e c t s . E l e c t r o m a g n e t i c t r a n s i t i o n p r o b a b i l i t i e s would b r i n g va luab le 
informat ion i n t h i s r e s p e c t . 

We r e p o r t he r e l i f e t i m e measurements fo r s e v e r a l p o s i t i v e p a r i t y h i g h - s p i n 
y r a s t s t a t e s i n 8 3 S r and ° 'S r , wi th t h e r e c o i l - d i s t a n c e method. The r e a c t i o n s 
used were T**ibGe ( C, Si-y) a t 1*3 and Uo MeV, r e s p e c t i v e l y , performed a t the 
Bucharest FN tandem a c c e l e r a t o r . R e s u l t s fo r t h e l i f e t i m e s of t h e s t a t e s farming 
t h e main gamma r a y ca scades popula ted i n t h e two n u c l e i are shown i n the f i g u r e . 

23/2* 36U 

21/2* 
H*2 
3116 
<1 

>435 

17/2* 1987 
|1.0±0.3 

551 ±166 

13/2* 910 
5±1 

311+65 
9/2* 1 35 
IFF 

6 3 . 

6* 2808 

<.+ 1768 

2* 793 
1 

353 ±50 
Q* I 0 

84, Sr 

21/2* 3080 
TOT 

78±11 
17/2* i 2L0Û 

3.7+05 

61 ±9 

13/2* 1111 
4X1*09 

118*27 

9/2* 1 
85 Sr 

6* 2857 

U* 2230 

2* 1076 

236±32 

0* I 0 
•*, Sr 

2-k 
The p a r t i a l decay schemes and the s p i n - p a r i t y values a re from r e f s . . The mea
sured l i f e t i m e s a r e given ( i n ps ) under e a c h l e v e l , and t h e E2 t r a n s i t i o n s are 
l a b e l l e d wi th t h e i r B va lues ( i n e 2 fm^J .oThe f i r s t y r a s t l e v e l s and the 
B(S2, 2 + -»0 + ) va lues ( f r o m N . D . S . ) i n ' Sr a re a l s o shown f o r comparison. The 
va lue s (no t shown) fo r t h e 23 /2 + -»21/2 + t r a n s i t i o n in 8 % r a re B(M1) = 0 .027C0 
n . m . 2 and B(E2) = 27(16) e fin*. 

The B(E2) v a l u e s i n 5 S r are r a t h e r l i t t l e enhanced ( 3 t o 5 W.u) , i n d i c a t i n g 
a reduced c o n t r i b u t i o n of c o l l e c t i v e d e g r e e s „ p f freedom. The 13/2 "*9/2" t r a n s i 
t i o n i s s lower than the 2 + * 0 + t r a n s i t i o n i n ^ S r . I t i s a l s o a f a c t o r of 7 slower 
than the p r e d i c t i o n of t h r e e - h o l e c l u s t e r - v i b r a t i o n c o u p l i n g model c a l c u l a t i o n s ' . 
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îne 3(E2) v a l u e s in Sr are more enhenced and sugges t t h a t t he band 
21/2 - 17/2 - 13/2 r e s u l t s from the c o u p l i n g o f r t h e gq/p n e u t r o n hole t o 
the almost c o l l e c t i v e 6 + , k* and 2 + s t a t e s of the '' Sr c a r e . P r e l i m i n a r y r e s u l t . . 
-jf . - a lcu la t ions based on coupl ing a g^/p o r b i t a l t o an asymmetric r o t o r wi th VM1 
' t h e ir.odel„qf r e f . ° ) account reasonably w e l l for the p o s i t i v e p a r i t y h igh sp in 
^eve l s in Sr observed so far , as w e l l as for the B(E2) v a l u e s f iven in the 
abov<=- f i g u r e . 

'.• - f:- rence s 
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IN BEAM GAMMA-RAY SPECTROSCOPY OF 8l*Sr+ 

A. Dewald, W. Gast, A. Gelberg, H.-W. Schuh, K. 0. Zell, P. von Brentano, 
Institut fur Kernphysik der Universitât zu Kôln, D-5000 Kôln, W-Germany 

Excited levels in fll*Sr were populated in the reaction 7 6Ge( 1 2C,4n) and 
8 1Br( 6Li,3n). The particle energies were 35-60 MeV for the 12C-beam and 19-32 
MeV for the 6Li-beam, respectively. Singles and coincidence gamma spectra as 
well as angular distributions were measured. Lifetime measurements by the recoil 
distance method were carried out using the 7 6Ge( 1 2C,4n) 8 l ,Sr reaction. Lifetimes 
and B(E2)'s are given in Tab. 1. 

The level scheme already known *J2,3 w a s completed by adding 22 new levels 
and is shown in Fig. 1. The yrast cascade goes along the ground state band (gsb) 
up to 6 +. The strong backbending points out to a band crossing. We assume that 
the isomeric level 8 + is a quasiparticle (gg/2)~ Z state; the low value of 
B(E2, 8+ + 6+) of only a few WU favours this assumption. Similar states are known 
in 86»88 Z r j 8 6 S r > 8 4 ^ The io+ state should also belong to the two-quasipartic-
le band although it is probably strongly mixed. The yrast band undergoes a new 
crossing and goes along a third positive parity band down to an 8+ state. If we 
assume that the band continues over 6+ and 4+ down to the already known 2 + v-
band, we could identify the 2+- 14+ cascade with the y-band. We also identified 
the odd-spin members of the f-band up to 9+. 

The negative parity band was extended up to an 11" state. We also popula
ted in the 81Br(6Li,3n)81*Sr reaction a 6" and 8" state as well as a second 5" 
and 7" state. In order to describe this structure we have to assume the existence 
of two negative parity bands, possibly one with W = 0" and the other with 
K11 = 1~. 

The large B(E2) values point out the collective nature of most levels. In 
order to understand the appearence of a rather large number of positive parity 
states we have to use- a more sophisticated classification than that provided by 
the B-Y~band scheme. 

The structure observed is very similar to that predicted by the Interacting 
Boson Model ^t-1, as a matter of fact it is indermediate between the 0(6) and the 
SU(5) limits of the model. 

Table 1: 

E (keV) Ii I f T (psec) B(E2) (̂ firf») B(E2) WU 

524.0 8 + •* 6 + 226.0 + 7.0 92 ± 3 4.2 ± 0.14 
718.8 7" + 5" 6.3 ± 0.7 678 ± 75 31.0 ± 3.4 
793.2 2+ * 0+ 4.6 + 0.5 568 ± 62 26.0 ± 2.8 
808.3 11" -*- 9" 10.8 ± 1.4 220 ± 29 10.1 ± 1.3 
854.1 10+ * 8+ 2.4 ± 0.2 751 ± 63 34.4 ± 2.9 
872.0 8+ + 6+ 4.8 + 0.2 339 ± 14 15.5 + 0.6 
974.5 4+ + 2+ 2.5 ± 0.3 373 ± 45 17.1 + 2.1 
1040.1 6+ - 4+ 1.5 + 0.3 449 ± 90 20.5 ± 4.2 
1115.7 10+ - 8+ 3.2 + 0.5 148'± 23 6.8 + 1.1 
1119.0 12+ + 10+ 1.2 ± 0.4 389 *• 130 17.8 + 6.0 
1148.1 9" -* 7" 3.6 + 0.6 114 ± 19 5.2 ± 0.8 
1001.3 5" + 4+ 13.7 ± 0.8 - -
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The presence of the isomeric 8+ state as well as the irregularities of 
some energy intervals and branching ratios indicate a pertubation of the collec-

j tive structure, possibly through mixing with two-quasiparticle states. 

6069.2 

Fig, l: 
Level scheme of 81*Sr 

1. R. L. Auble, Nucl. Data Sheets B5_, 109 (1971) 
2. J. B. Ball, J. J. Ponajian, J. S. Larsen, and A. C. Rester, Phys. Rev. C8_, 

1438 (1973) 
3. N. Yoshikawa, Y. Shida, 0. Hashimoto, and M. Sakai, Nucl. Phys. A327, t77 

(1979) 
4. A. Arima, F. Iachello, Annals of Physics, Vol. 99, No. 2, 253 (1976) 
5. A. Arima, F. Iachello, Phys. Rev. Lett. Vol. 35, No. 16, 1069 (1975) 
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THREE-QUASIPARTICIE STATES OF THE NUCLEI 8 5 Y AND 8 7 Y . 

S.E. Arnell*, A. Hilsaon**, 8 Skeppstedt*, E, Wallander+ 

+ Chaînera University of Technology, Gothenburg, Sweden 
++ Research Institute of Physics, Stockholm, Sveden 

In our current program for investigating neutron-deficient odd nuclei in 
the 80 < A < 90 region we have obtained information on 8 5 Y and 8 7 Y . In the spin 
region (11/2 < J < 25/2) the structure of these nuclei is dominated by the gene
ralized seniority-three states of the configuration wg.,, ^Zaf^ a n d wSg/2 U 8 9 / 2 2 ' 
respectively, which makes it amenable to relatively simple shell-model calcula
tions. 

The two yttrium nucleides were produced by the 8 l t« 8 6Sr(a,p2n) 8 5« 3 7Y re
actions at E =51 MeV. Identification of the yttrium -y-rays was performed by 
studying coincidences between the Ge(Li) detector and an annular detector that 
recorded outgoing charged particles. Almost half of the total reaction yield 
from the 8 6Sr target went into the (a,p2n) channel, whereas for the 8**Sr target 
the corresponding figure was above 80 %. 

t-

I'

ll 

-tut 

-17/1* 

tit . _ « • 
tit- ' 

— f 
—r 

— 4* 

— « " 

iiSr- »Y„ nZr„ 'JSr* . ^ 

Fig. 1. Yrast cascades of Y and Y. The two lowest levels of 
these nuclei are taken fron rets, k and 5» Pertinent levels 
of neighbouring even nuclei are also shown. 
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Standard in-beam y-ray spectroscopy was used to obtain the two level 
schemes shown in Fig. 1. It is seen that the 13/2 and 17/2 levels lie close 
to the 2 and 4 levels of the neighbouring even-even nuclei. The 21/2 levels 
(which are probably mostly irgq .,(ug„#52^a+> i R analogy with the structure of the 
corresponding level of 9 1Mo as derived from g-factor measurements 1') follow the 
pronounced rising of the 8 level that occurs when passing from N = 48 to N = 46. 
The 25/2 levels - which represent maximal alignment of the three gq;, orbitals -
on the other hand fall at about the same excitation energy. The 23/2 and 25/2 
levels are both very short-lived (T. ,„ < 1 ps), in analogy with what is found 
experimentally 1/ and theoretically 2' for the corresponding generalized-
seniority-three levels of 9 1Mo. 
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EVIDENCE OF A BAND STRUCTURE IN ODD-ODD 104 
Ag 

R. Béraud, A. Charvet, R. Duff ait, M. Meyer, 
Institut de Physique Nucléaire (and IN2F3), Université Claude-Bernard 
Lyon-I, 43, Bd du 11 Novembre 1918, 69622 Villeurbanne Cedex (France) 

J. Genevey, J. Tréherne, 
Institut des Sciences Nucléaires de Grenoble, 53, Avenue des Martyrs, 
38026 Grenoble Cedex (France) 

F . Beck, T. Byrski, 
Centre de Recherches Nucléaires de Strasbourg, 23, rue du L o e s s , 
Cronenbourg, 67037 Strasbourg Cedex (France) 

,4900.4 

3210.1 

2803.6 

2436.2 

1954.9 

1510.6 

1066.3 

733.5 

4 7 * 5 57 

In the framework of our systematic 
study of neutron-deficient nuclei of the In-
Cd-Ag region, we have reinvestigated at 
the CEV of the Grenoble Institute the odd-
odd '•'"Ag, already studied by J. Ludzie-
jewski * et al. via ^SRhJa , 3n) reaction 
by means of the heavy-ion 94Mo (12c,pn) 
!04Ag reaction. A level scheme has been 
established up to 5 MeV excitation energy 
from excitation functions and y - v coinci
dence resul t s . Spins and parities have been 
assigned with tEêTjêlp of angular distribu
tions 'Y(S), electron conversion (with the 
Orange spectrometer of Grenoble -ISN) and 
linear polarization measurements (by means 
of the 5- intrinsic Ge detectors Compton 
polarimeter z of the CRN Strasbourg}". 

A strongly populated cascade of AI = 1 
transitions based on the ground state 5+ 
i s observed up to 15 + state at 3210.1 keV. 
The E l nature of the 865.1 keV transi
tion allows to identify unambiguously a se -
quence of negative parity states from the 
3301. 3 keV state. Fig. 1 shows a partial 
level scheme of *"* Ag involving the stron
gest transitions observed in this reaction. 

The existence of a strong positive pari
ty cascade in 1 0 4 A B in contrast of a nega
tive one in 106Ag 3 C O u l d be explained by 
the different neutron configurations invol
ved.: if the proton configuration i s clear 
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( Ù = ifl, 9fl of g 9/l), the neutron one gives rise to a strong negative decou
pled band ÛI = 2, based on a 11/2 " state, in 1 0 7 c d ( n = V2. 3/2 of h 11/2), 
while the dominant cascade in 1 0 3 C J i s a positive one, based on the l/l + sta
te and interpreted as a (Cl= l/l, 3/fe of g 7/2. and d 5/2) decoupled band 4 . So 
in the slightly deformed rotor plus particle model including coriol is interaction, 
it i s possible to interpret the structure of *"TAg . t h e preliminary results of 
the calculation indicates that the band built in fact on the 6 + state i s mainly 
composed of K = 6 bands ( f l v = 3/Z d S(l H Q^ = 9/2 g 9/2), ( n = 3/2 g 7/2 H 
£}„ = 9/2 g 9/2) and K = 5 band (fî = 1^ g l/l fit Ĉ  = 9/2 g 9/2). The presence 
of AI = 2 transitions suggests a collective nature for the excited levels obser
ved here and supports our interpretation in terms of bands. More complete 
results will be soon published. 
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Rapport Annuel CRN Strasbourg, 1979. 

3. L . E . Samuelson, R.A. Emigh, D . E . Prull , R .E . Anderson, J . J . Kraus-
haar, R.A. Ristinen and B. M. Kluger-Bell , 
Rapport NPL-845 Nov 1, 1979, University of Colorado, Boulder Col 
80309. 

4 . M.Meyer, J. Danière, J. Letessier and P. Quentin, 
Nucl. Phys. A 316 (1979) 93. 
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HIGH SPIN STATES OF THE ODD-ODD 110In NUCLEUS 

R. Béraud, A. Charvet, R. Duffait, M. Meyer 
Institut de Physique Nucléaire (and IN2P3), Univ. CI. Bernard Lyon-1, 
43 , Bd du 11 Novembre 1918, 69622 Villeurbanne Cedex (France) 

J. Genevey, J. Tréherne, 
Institut des Sciences Nucléaires de Grenoble, 
53, Avenue des Martyrs, 38026 Grenoble Cedex (France) 

F . Beck, T. Byrski , 
Centre de Recherches Nucléaires de Strasbourg, 
23, rue du Loess , Cronenbourg, 67037 Strasbourg Cedex (France) 

This investigation is the continuation of a previous study of high spin 
states in 1 0**ln. In odd -A nuclei of 48 Cd and 4 9 In adjacent to odd-odd 
indium, two different bands built on high j orbitals are excited : one pertur
bed on rrg 9/2 (n = 9/2 , 7/2) and the other decoupled (AI = 2) based on 
vh 11/2 (0= 1/2, 3/2). The aim of the high-spin study of odd-odd indium is to 
investigate the resulting structure of such a conflicting case. 

The level scheme of U^In has been established from Y-ray spectroscopy 
and "y - y coincidence experiments using the 100 Mo ( ^ N , 4 n )H0 ln reaction 
at 65 MeV and all carried out at the Grenoble Cyclotron. Spin and parities 
have been assigned from excitation functions, v- angular distributions, conver-
tion electron (with the Grenoble Orange Spectrometer) and v - ray linear po
larization (with the five detectors Gompton polarime ter ^ of the CRN Stras -
boug) measurements. 

A partial level scheme of In is presented in fig. 1 where different 
level sequences are displayed. Above the ground state and the firs': positive 
parity states, (involving the Trg 9/2. and vg 7/2, vd 5/2 orbitals) an intense cas 
cade i s observed from 7" to 14". This sequence has been previously repor
ted only up to 10" and interpreted in the frame of quadrupole neutron-proton 
interaction as TT g 9/2 H v h ll/2. multiplet states 3. From the 11" state, the
se states cannot be interpreted with this configuration. In the present work, 
negative parity levels have been compared to the results of a slightly deformed 
rotor + two quasi-particle calculation using H. F. self consistent wave functions. 
Preliminary results of this calculation show that the experimental sequence is 
wel l reproduced, especial ly the nearness of the 7" and 8~ s tates . Moreover, 
the coexistence of E2 and Ml transitions supports this sequence looks like 
a rotational band based on the 8* level composed of K = 6, 7, 8 band-mixing 
aris ing from vh 11/2 (C^ = 3/2, 5/2, 7/2) B n g 9/2 (n = 9/2) s tates . Other se 
quences located much higher in the scheme cannot be easi ly interpreted with a 
two quasi-particle description. 
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GAMMA-GAMMA CORRELATIONS FOLLOWING 
COMPOUND NUCLEUS REACTIONS WITH 118 MeV 1 2 C-I0NS 

C . J . H e r r l a n d e r , L. H i l d i n g s s o n , A. J o h n s o n , A. Kerek, W. ELamra, 
A. Kâllberg, Th. Lindblad, C.G. Linden, J . Starker and K. WikstrBm 
Research I n s t i t u t e of Physics, S-lOfc 05 Stockholm, Sweden 

J . Bialkovski and J . Kownacki 
Swierk, Warsaw, Poland 

B. Fant 
University of Helsinki, Finland 

T. Lônnroth 
University of Jyvâskylâ, Finland 

ABSTRACT. Investigations of correlations between y-ray transitions follow
ing 1 2 C induced reactions on 116,118,120,l22Sn> 124 T e j 16lDy, 17&Yb ^ a 197 A u 

have been performed using 118 MeV 12C-ions from the Stockholm cyclotron. From 
these data the collective moments of inertia are deduced in spin regions above 
what is known from conventional y~ray spectroscopy. Band-crossing structures 
are evidenced in the correlation spectra. 

EXPERIMENTAL PROCEDURE AND RESULTS. The yy-correlation technique allows 
studies of rotational properties of nuclei to very high values of spin. In these 
measurements, individual bands are not isolated but the technique reveals gener
al properties of "yrast-like" cascades in unresolved "E 2-bumps", familiar from 
multiplicity and multipolarity measurements. In a previous experiments,a target 
of l2lfSn was bombarded with 118 MeV 12C-ions to produce mainly 128-130^ gjĵ  
1 2 5 X e . There, a rotational-like structure was observed up to transition energies 
of about 1300 keV, corresponding to a collective spin of about 32 fi, whereas 
the information on discrete lines stops around 900 keV. A "bridge" in the corre
lation spectrum at about 1120 keV indicates a so far unknown band-crossing. 

In the present experiments a systematic study of Ba- and Xe-isotopes, po
pulated in ( 1 2C, xn) and ( 1 2C, axn) reactions on Sn-isotopes, is performed. No 
direct separation of final channels is performed in these experiments but the 
systematic study from the chain of stable Sn-isotopes and the fragmentation of 
angular momentum, will partly allow us to ascribe certain structures to definite 
final nuclei. The additional ta-gets were tested mainly to find out if the reso
lution of the Nal-detectors is sufficient to resolve the structures in heavier 
nuclei where the larger moments of inertia cause compressed rotational spectra. 

The experimental setup consisted of six 7,5x7»5 cm Nal(TJl)-detectors and 
one Ge(Li)-detector. The two and higher fold Nal-coincidence events, including 
the times relative to the beam bursts of the cyclotron, were stored on magnetic 
tape. The Ge(Li)-events were recorded whenever in coincidence with two or more 
Nal(Tt)-deteetors in order to identify the final products and to get the multi
plicities. For each target 80-250 million events were recorded. 

The analysis of the data, which mainly consists of separating the correlat
ed photopeak - photopeak events from all other possible events, is still in pro
gress. Some preliminary results, concerning energy correlations are already 
available. As an example the results from about half of the data from 118 MeV 
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1 2 C on 1 1 6Sn can be mentioned. The main channels here lead to 118,120,122x5 
and 1 2 2Ba. The 1*5° valley in the correlation spectrum is here observed up to 
about 1100 keV and several pronounced bridges across the valley are observed 
giving indications on band-crossing structures. 

1. 0. Andersen, J.D. Garrett, G.B. Hagemann, B. Herskind, D.L. Hillis, 
L.L. Riedinger, Phys.Eev.Lett. U3, 687 (1979). 

2. 0. Andersen, M.A. Deleplanque, J.D. Garrett, B. Herskind, F.S. Stephens, 
S.A. Hjorth, A. Johnson and Th. Lindblad, to be published. 
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MULTIPLICITY OF THE STATISTICAL Y-RAYS FOLLOWING (Hl.xn) REACTIONS 
S.H. Sie, R.M. Diamond*, J.O. Newton, J.R. Leigh 
Department of Nuclear Physics, Australian National university, Canberra, 
Australia 

We have studied the quasi-continuum y-rays following the reactions 
1 2 2Sn( 1 60,4n) 1 3 1*Ce, u o P d ( 1 6 0 , 4 n ) 1 2 2 X e at 65 and 83 MeV and the reactions 
l l t 9Sm( 1 60,3n) 1 6 2Yb, 1 5 0Sm( 1 6O,4n) 1 6 2Yb and 1 5 1*Sm( 1 60,4n) 1 6 6Yb at 73 and 85 MeV 
bombarding energies. The continuum gamma rays were detected in a 7.6 * 7.6 cm 
Nal detector in coincidence with the discrete lines from the residual nuclei, 
detected in a Ge(Li) detector. Contributions to the. spectra due to neutrons 
in the Nal were removed utilizing time of flight effects. Analysis of the data 
is similar to and described in more detail in ref.l. 

A systematic variation of the number of y-rays above 2 MeV, well beyond 
the range of the yrast cascade and discrete lines, was observed. Assuming that 
the statistical spectra follow the distribution N(E ) = E3, e-^/T, the total 
number of the statistical y--ays M5 can be derived. This! shown plotted in fig. 
1 against the total multiplicity Mr, clearly increases with increasing Mr. If 
the remaining continuum gamma rays and the discrete lines are stretched E2 and 
the statistical gamma rays carry no angular momentum, the quantity 4 Y = 2(Mj-Ms) 
should be the average input angular momentum T. In Table 1 Ty is compared with 
£, calculated with the IWB Bass model2, and the method, of partitioning into 
various xn channels due to Sikkeland3. It can be seen that the usual fixed 
value of 4 for Mg 4 would give poorer agreement, again suggesting that Mg varies 
with M?. This effect may be related to an increase (decrease) in the average 
excitation energy above the yrast line with increasing (decreasing) bombarding 
energy relative to the optimum bombarding energy for the particular reaction. 

TABLE 1 

E l a b 
(MeV) 

4 
y MS 

1 2 2 S n ( 1 6 0 , 4 n ) 1 3 1 » C e 65 
83 

10.6 
24 .3 

12 
23 

2 .7 
6 .2 

H O p d ( 1 6 0 4 n ) i 2 2 X e 65 
83 

12 .6 
25 .2 

16 
27 

2 .4 
6 .8 

1 1 , 9 S m ( 1 6 0 , 3 n ) 1 6 2 Y b 73 
85 

10.7 
23.8 

16 
26 

4 . 9 
7.2 

1 5 0 S m ( 1 G O , 4 n ) 1 6 2 Y b 73 
85 

9 .1 
19 .3 

11 
20 

2 .7 
4 .5 

m S m ( 1 6 0 , 4 n ) 1 6 6 Y b 

1 
73 
85 

11.0 
22.6 

14 
21 

4 .1 
5 .6 

Fig. 1. 
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BAND CROSSING IN THE INTERACTING BOSON MODEL 

A. Gelberg, Institut fiir Kernphysik, Universitët zu Kôln, Kôln, W-Germany 
A. Zemel, Physics Department, Weizmann Institute, Rehovot, Israel 

In the Interacting Boson Model (IBM)1 the total number of s- and d-bosons 
with angular momentum 0 and 2 respectively is a finite number N = n s + nd ; it is 
roughly equal to half the number of nucléons outside closed shells. 

The main aim of this investigation was to study the way in which this bo
son cutoff manifests itself in the case of band crossing, as well as to extend 
IBM energy calculations to the backbending region. Energies, B(E2)'s and g-fac-
tors were calculated in the SU(3) limit of IBM1. 

A two-particle state is described by the boson-like operator 

b. = L <jmijm-)|jm> a. a. (1) 
Jim m 1m 2

 l z | ^mj jm 2 

where a. is the creation operator for a particle in the state (j,m). 

The core plus two particle hamiltonian is: 

H = oL(L+i) + *t + yC(bJb l)
( 1 ) ( d + d ) ( 1 ) ) ( 0 ) 

+ Z{<bV) ( 2 )[(d +s + s +d) ( 2' ) - (/F)/2(d+d)(2)ï} + H 

(2) 

where L is the core angular momentum, d (d) and s Cs) are the creation (annihi
lation) operators of the d- and s-boson respectively, and ej is the energy of 
the two-particle state. Hj,^, which mixes different two-particle states, has 
been approximated by the constant Ba. We consider only two two-particle states 
with I - 0 (e 0 = 0) and 4 = J. 

Energies and B(E2)'s were calculated for several transition nuclei which 
display backbending. The results for 1 2 6Ba are shown as an example in figs. 1 
and 2. We assumed J = 10, corresponding to adi^-j/Q) 2 configuration. This assign
ment is supported by the existence of decoupled bands based on 11/2" states 
in adjacent odd-even nuclei. 

Although the SU(3) limit is very simple, since it considers a constant 
inertial parameter, and the Hamiltonian (2) can mix only core states belonging 
to the ground state band 1 , the main trends of the excitation energies are 
correctly reproduced. In particular, the energy intervals in the two-particle 
band are larger than the corresponding ones in the ground state band, e.g. 
E(12+) - E(10+) = 3.1E(2+). This is due to the mixing of the core states by 
the quadrupole operator present in (2). 

As can be seen in fig. 2, the drop in B(E2), compared to the rotational 
value, starts already at low spins, contrary to the predictions based on the 
Nilsson model 3 . A similar trend can be observed in 130,132,13'tQe •*. 

The overall agreement with our calculations allows us to ascribe this be
haviour to the boson cutoff effect predicted by IBM. The extension of our cal
culations to the 0(6) limit of IBM is under way. 
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Fig. 1: 
a) Energies2 and 
b) Energy intervals. 
Solid curve, experiment; 
dashed line, theory. 

8 f a 12 ,16 

Fig. 2: 
Normalized B(E2)'s for 1 2 6 B a 
B . B(E2;I+2-»-I)/B(E2;2-»0) 
" [B(E2-,I+2+I)/B(E2;2-K))l ^ 

•» ''rot 
closed squares, experiment2; 
solid curve, IBM calculations; 
crosses, calculation Ref. 3. 
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GAMMA TRANSITION-ENERGY CORRELATIONS IN BARIUM NUCLEI 

M.A.Deleplanque, O.Andersen, J.D.Garrett, B.Herskind and F.S.Stephens 
The Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark 

C.G.Linden, S.A.Hjorth, A.Johnson and Th.Lindfalad 
The Research Institute of Physics, Stockholm, Sweden 

The two-dimensional "correlated"1 spectrum (fig.l) obtained (with Nal 
detectors) after subtraction of an uncorrelated background from an Ey-Ey co
incidence matrix, has been studied for the reaction C+12l*Sn at 118 MeV per
formed at the Stockholm cyclotron. The maximum angular momentum Imax

 a t t n e 

top of the Y-cascade is estimated2 to be R#0 ti. Four residual nuclei are 
produced: I 2 8 . 1 2 9 , l 3 0 B a and 1 2 6Xe. Projections of the channels along the 
valley (open circles) and along the ridge (closed squares), shown in fig.2, 
indicate that these features are statistically significant. 

A valley is clearly observed from about 500 keV up to the top of the 
yrast bump (M.300 keV), reflecting the rotational (or quasirotational) proper
ties of these nuclei. The width of the valley decreases up to a transition-
energy of 800 keV, corresponding to an increasing moment of inertia in the 
known ground band of these nuclei. These moments of inertia (I/u, where w 
is the frequency) can be fitted by the Harris formula I/us = 3~Q + (i)

2^ (fig.3). 
The width of the valley, directly related to d(i)/dl agrees with the calculated 
values, although the nucleus probably decays through many different paths in 
that frequency region. 

Both in the 800-1050 keV and in the 1200-1300 keV regions the half-width 
of the valley, W, (defined as half the energy separating the first ridge on 
either side of the valley) remains nearly constant and corresponds to collec
tive moments of inertia3 , 2tfcon/tl

2 = 80 and 95 MeV~l, respectively. The 
«̂ coll obtained from W (i.e. the consecutive intraband transitions) corre
sponds to the moment of inertia of the core. In contrast, an effective mo
ment of inertia, 2Jeff/ti

2 % 115 MeV~l is indicated by the maximum energy of 
the correlated pattern seen on fig.l, Ey=1400, and the estimated Ijnax- I f 

j a is the "aligned angular momentum", ^coll = «^eff(I'ia^1, Therefore, at 
the maximum angular momentum ja%7 1ï units. One decay path then is visualized 
as a succession of several bands with different values of j a and <^coll"

 T n e 

crossings of a large number of these bands at a specific 1uu = 1/2 Ey appear 
as bridges (see figs.l and 2). Of particular interest in the present case is 
the bridge at around 1120 keV which collects a large intensity, suggesting 
that many band crossings occur at 1K0 = 560 keV. 

Such crossings, which probably correspond to a specific alignment along 
the rotational axis , are consistent with the observed difference between 
<̂ eff a n d ^coll* Cranking model calculations indicate that the aligned angular 
momentum near Imax may be the result of the occupation of hçj/2 or il3/2 neu
tron orbitals. 

1. O.Andersen et al., Phys.Rev.Lett. 43, 687 (1979). 
2. K.Siwek-Wilczyfiska et al., Phys.Rev.Lett. 42, 1599 (1979). 
3. M.A.Deleplanque et al., submitted to Phys.Rev.Lett. 
4. L.L.Riedinger et al., Phys.Rev.Lett, (in press). 
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Fig.3. Moment ot inertia (I/o)) for 
the ground band of 1 2 8 B a (circles) 
and T 3 0 B a (squares) and their fit 
by IA»>=^ + m2f-, (dashed lines). 
dl/du) (full lines) compared to 8:W 
(triangles). 
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MAGNETIC MOMENTS OF 1 3 4 C e LEVELS AT BACKBENDING 

M.B. Goldberg, C. Broude, A. Zemel 
Weizmann Institute, Rehovot, Israel 

J. Gerber 
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G.J. Kumbartzki, K.H. Speidel 
Institut fUr Strahlen-und Kernphysik, Bonn, Germany. 
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Ce is in the middle of the h l l /2 neutron shell and exhibits strong 
backbending above the 8+ state ') the backbending mechanism is sensitively probed 
by magnetic moment measurements, since negative values unambiguously imply de
coupled neutron pairs in j= l+ l /2 orb i ts . I t is also of interest to relate the 
structure at backbending to that of the isomeric 10+ state at comparable excita
t i o n , since the corresponding isomers in 136,138Qe have been assigned to the 
same neutron configuration 2 » 3 ) . The spin-parity of the 1 3 4 Ce isomer was tenta
t i ve prior to the present work. 

. , . We report here on internal (external) f i e l d gamma-ray PAC measurements on 
Ce levels on recoil in magnetized Fe, Gd (Pb) backings respectively. Ground-

state-band members up to 16+ were populated via ' " S n ^ O ^ n ) with 62-80 MeV 
beams from the Strasbourg MP tandem and Rehovot Pelletron accelerators. 

For a better understanding of the 1 3 4 Ce yrast l ine feeding pattern, the 
precession data were supplemented by precision gamma angular d ist r ibut ions, 
recoil-distance time spectra and gamma-gamma coincidence runs. These confirmed 
most previous spectroscopic assignments 1 » 2 > * ) , an exception being the 397.5 keV 
t rans i t ion , which i s contaminated by an adjacent Tine with strong negative aniso-
tropy, probably from 1 3 3 C e . We obtain A2(397.5) = + 0.20(4), substantiating the 
10+ assignment to the isomeric 3209 ksV leve l . 

We f ind : - 0.4 < g(10 + isomer)< 0 

The lower bound ref lect ing the l i fet ime l i m i t T > 300 ns ' 

In addition, the rudiments of a negative pari ty band bu i l t on a 5" state at 
E x = 2174 keV have been observed. 

The feeding times to the G.S.B. members below the 14+ state are long compared 
to the ion stopping times of approx. 1 ps. Thus, the transient f i e l d precessionfTF) 
is inherited from the predominantly col lect ive s tat is t ica l states above. The 
precession contribution from the G.S.B. levels themselves is ent i re ly due to the 
s tat ic hyperfine f i e l d . Values for g(10 + backbend) and the stat ic and transient 
f ie lds in Fe, Gd have been extracted by minimizing y£ for a l l in terna l - f ie ld 
precession data simultaneously, using the measured spectroscopic quantities 
wherever available and assuming g = + 0.3 for a l l other levels. This procedure 
yielded TF precessions of 30, 50 mrad/g and stat ic HF f ie lds of -350, -310 KG in 
Fe, Gd respectively. Moreover, we obtain 

g(10 + backbend) = - 0.20(20) 

which deviates s igni f icant ly from the col lect ive value. Assuming a smooth varia
t ion of g-factors over the states around backbending does not appreciably change 
th is resul t , since the sensi t iv i ty to the g-factors of the neighbouring levels is 
low. 
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The magnetic moments of both 10+ states support the hypothesis that 
decoupled hn/2 neutron pairs play a major role in the structure at 3-4 MeV 
excitation...ID contrast, backbending of nuclei at the beginning of the neutron 
shell ( , Z 5» 1 Z BBa and 128,13u C e) has been attributed to decoupled protons b''K 
This transition is possibly related to the observed reduction in 10+ to 8 + E2 
rates 1) from 1 3 0 C e to 1 3 4 C e and to the weakening of band structure for the 
heavier isotopes ' » z ) . Further measurements are in progress. 
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THE g-FACTOR OF THE I1" = 10 + ISOMERS IN 1 3 8 C e AND 1 4 0 N d 
Vivien J.C. Merdinger, F.A. Beck, T. Byrski, C. Gehringer, Y.Schutz, J.P. 

Centre de Recherches Nucléaires et Université Louis Pasteur, 
Strasbourg, France. 
E. Bozek 
Institute of Nuclear Physics, Cracow, Poland. 
There is much interest in the study of the detailed structure of the numerous 

high spin yrast isomers identified in nuclei near the shell closure at N = 82. 
The features of the yrast level spectra can be understood in a picture where, 
for oblate nuclei, a number of quasi-partiel es have their angular momenta aligned 
along the axis of rotation. Shell-model treatment.-, using 14bGd as a doubly clo
sed core, led also to a satisfactory description. 

144, 142P Ian I s o m e r i c states were recently found in tha N = 80 isotones '""Gd, ," t tSm, 
1 4 UNd and I38ce. In part icular z,n V = 10(+) isomer was observed in a l l these 
nuclei. The recent g-factor measurement 1 of th is isomeric state -in i 4 4 Gd is in 
complete disagreement with a (vhn/2)-2 description expected so far for these 
states. We have measured the g-fac'tors for the 10+ isomers in ' 3 8 Ce and 140,^ 
with the aim of obtaining information about the main configuration of these 
states. 

The levels in 1 3 8 Ce were populated via the 1 3 0 T e ( 1 2 C , 4n) reaction using a 
pulsed beam of 60 MeV energy. The 1 mg cm"2 thick target was evaporated onto a 
thick lead backing serving as an implantation medium. Angular d ist r ibut ion and 
Y-linear polarisation measurements with a f ive Ge Compton polarimeter assigned 
def in i t i ve ly I = 10+ to the previously reported isomeric state at E x = 3538.1 keV. 
For the g-factor measurement an external f i e l d B = 1.175 ± 0.020 T was applied 
perpendicular to the reaction plane and reversed every minute. The time d is t r ibu
tions of delayed y-rays re lat ive to the beam bursts were observed with a 1 cm 
thick planar detector and a 22 cm3 coaxial detector set at angles e = ± 45° to 
the beam direction. The yields N(t) of the 430 keV (3538 keV, 10+ •>• 3108 keV, 8+) 
and 815 keV (3108 keV, 8+ * 2293 keV, 6+) y-rays were recorded. The usual ratios 
R(t)=(N+-N-)/(N++N-), where N ± = N(±H,t), were formed. In f i g . l the ra t io R(t 
for the 430 keV transit ion is displayed. 

fiauto ) 
Tixt-iiiltKwtiat- pat
tern Kit] Qijdit 430kelT 
Y-«o#t in ,J*Ce. 
The imooth cufcut i* a 
Itttit-tqiuuitÀ yut ta 
Ha. data. 

The reaction 1 2 8 T e ( 1 6 0 , 4n'l 1 4 0Nd at a bombarding energy of 70 MeV was used to 
populate high spin levels in 1 4 0 N d . A spin of I = 10 was unambiguously determined 
for the isomeric state z located at Ex = 3621.4 keV. The small energy of the 
10 + 9- transit ion (E 7 = 167 keV) did not allow a rel iable linear polarization 
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measurement for the parity determination of this state. Comparison with ^4Gd 
and 1 3 8 Ce however favors strongly thé I = 10+ assignment. For the g-factor 
determination the same experimental technique as for ^^Ze was used. Here the 
yields of the 167 keV (3621 keV, 10(+) •* 3454 keV, 9") and 215 keV (3454 keV, 
9" •* 3239 keV, 8") y-rays were recorded. The ratio R(t) for the 215 keV transi
tion is displayed in Fig.2. 

Tim-diife/iottùU paX-
tiAn «It) li.Hu. ÎISfeV 
y-iuu/i in '*°Md. 

138-measured g-factors for the 10+ isomers, g = -0.176(4) in '"'"Ce and 
.185(7) in 1 4 0 Nd, are almost identical si 

The 
g = - 0.185(7) in | I f UNd, are almost identical suggesting similar configurations 
for both states. The observed values are very close to the effective g-factor 
value (g - -0.2) for a hn/2 neutron configuration deduced from experimental 
data in Sn, If,and Xe isotopes. This gives strong evidence that the 10+ isomers 
in 138ce and '™Nd are rather pure two hn/2 neutron-holes states. 

1. 0. Hà'usser, P. Taras, W. Trautmann, D. Ward, T.K. Alexander, H.R. Andrews, 
B. Haas and D. Horn, Phys. Rev. Lett. 42 , 1451 (1979). 
F.A. Beck, T. Byrski, C. Gehringer, A.77 Hrynkiewicz, J.C. Merdinger, 
Y. Schutz and O.P. Vivien, Proc. Int. Conf. on Structure of Medium-Heavy 
Nuclei, Rhodos (1979) p.114. 
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HIGH SPIN LEVEL STRUCTURE OF 147 Sn 

M. Piiparinen, Y. Nagai, J . Styczen, P. Kleinheinz 
Ins t i tu t fur Kernphysik, KFA Jul ich, D-5170 Jul ich, F.R. Germany 

we have continued our investigations of N=85 isotones studying the level 
structure of the l v / Sm nucleus which has three neutrons and two proton holes 
compared to the closed i^Gd core using (a,3n) and (a,5n) reactions with a-par-
t i c l e beams between 35 and 57 MeV from the cyclotron, y-ray angular distr ibutions 
and four parameter YY coincidences were measured. 

The 1 , , 7Sm level scheme resulting from these studies is shown in f i g . 1. To 
a large extend this scheme strongly resembles that of 1 ' * 9 Gd 1 . Most of the levels 
up to 2.6 MeV excitation can be characterized with similar spherical shell model 
configurations. The 7/2" ground state together with the 5/2", 11/2" and 15/2" 
levels are formed from the vff/^configuration. The 809 keV 9/2" level is clearly 
analogous to the 796 keV 9/2" level in x l*9Gd which was characterized as 
single neutron state. 

h 3 / 2 

In 11<7Sm this interpretation is further supported by trans
fer reaction data 2 . Above the v h 9 / 2 state we have the characteristic ( v f 7 / 2 ) 0 + , 
2 + , 4+ and 6 + pattern of the two remaining valence neutrons in f-,/2 forming 
9/2", 13/2", 17/2" and 21/2" levels between O.S and 2.6 MeV excitat ion. 

5 - MeV 

U-

3 -

2 -

0 -

lnhii/2 45/2)3 
V f 7?2 

Fig. 1: High spin levels and shell model configurations of 1 1 ( 7Sm. Gamma ray 
intensities as observed with 57 MeV a particles in (a,5n) reactions are 
shown. 
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Similar as in 1 1 , 9 Gd, we interprète the 13/2+ level at 1030 keV in 11 ,7Sm as 
(\>f7/z x 3 " ) 1 3 / 2 configuration rather than v i 1 3 / 2 single part ic le state. The 
parity of the 11/2 state at 932 keV is not unambiguously clear from our data, 
but positive parity is s l igh t ly prefered ( in contrast to an ear l ie r 3 negative 
pari ty assignment). In analogy to 1 1 , 9 Gd, we interprète that level as the ( j 3 ) j - i 
member of the f | / 2 mult iplet which in combination with the octupole is lowered 
below the (v fy / 2 x 3 _ ) 1 3 / 2 + level. The 15/2 level at 1762 keV probably also 
belongs to the same mult ip let with the ( v f f / 2 ) 9 / 2 * 3" configuration. 

The states shown to the right in the l l r / Sm level scheme has no analogous 
levels in 1 % 3 Gd. Most l i ke ly they have contributions from the two proton holes. 
However, the level scheme of the neighbouring N=84 11 ,6Sm nucleus in this energy 
range is highly complex, which prevents detailed interpretations of the corres
ponding levels in 1" 7Sm. 

1. M. Piiparinen, R. Pengo, Y. Nagai, P. Kleinheinz, N. Roy, L. Carlen, H. Ryde, 
Th. Lindblad, A. Johnson, S.A. Hjorth, separate contribution on l l , 9 Gd to this 
conference 

2. B. Hannatz, W.B. Ewbank, Nucl. Data Sheets 25 (1978) 113 
3. J . Kownacki, Z. Sujkowski, E. Hammaren, E. Liukkonen, M. Piiparinen, Th. 

Lindblad, H. Ryde, V. Paar, Nucl. Phys. A in press 
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DEFORMATION OF A HIGH-SPIN YRAST ISOMER IN 1 4 ?GD 

H.-E. Mahnke+, 0. Hausser, T.K. Alexander, H.R. Andrews, 
J.F. Sharpey-Schafer , M. Swanson, P. Taras , D. Ward 
Atomic Energy of Canada Limited, Chalk River Nuclear La
boratories, Chalk River, Ontario, Canada KOJ 1J0 

The recently discovered discrete high-spin states in the neutron deficient 
rare-earth nuclei "^Dy 1 and Er are believed to exhibit a new kind of col
lective motion: many individual particles align their angular momenta along the 
symmetry axis, thereby producing an oblate deformation. So far experimental evi
dence for such a deformation stems only from the effective moment of inertia in 
1->2Dy which exceeds the rigid-body value by about 10 % . The occurrence of iso
meric states along the yrast line allows the determination of the deformation 
of discrete states at various spin values by measuring the static quadrupole 
moments. 

We have now observed the static quadrupole interaction of three isomers 
along the yrast line in Gd, the 500-ns isomer with a spin of I ̂  49/2, the 
27/2~-isomer and the 13/2 -isomer. The isomeric nuclei populated and aligned by 
the Sn ( Si, xn)-reaction were recoil-implanted into Gd single crystals. The 
quadrupole interaction with the axially symmetric electric field gradient of the 
hexagonal Gd metal was measured using the standard time differential perturbed 
angular distribution technique • Figure 1 displays the quadrupole modulation 
patterns obtained for the 500-ns isomer. The symmetry axis of the electric 
field gradient (i.e. the crystal c axis) was at 45 to the beam direction in 
the plane of the two Ge(Li)-detectors to maximize the modulation effect (top 
and center panel) ; the quadrupole modulation disappears when the symmetry axis 
coincides with the beam direction (lower panel) demonstrating that the recoils 
substitute in the Gd lattice and are subject to a well-defined axially symmetric 
field gradient, eq. 

The electric field gradient previously known only in the ferromagnetic 
phase at 4K was calibrated at a temperature above the Curie point in a separa
te PAD experiment by using Coulomb excitation of the 2 states of the rotation
al nuclei 1 5 b ' 1 °'160Gd, and additionally the temperature dependence of the 
field gradient was measured in the paramagnetic region with the 10 -isomer of 
1 4 4Gd as the probe nucleus . 

The quadrupole moments |p. e x D| deduced from the quadrupole coupling con
stants are shown in Table 1. They are compared with shell-model calculations for 
the most likely quasiparticle structure assuming charges of 1.53 and 1.0 for 
protons and neutrons, respectively. Obviously unrealistic high effective charges 
would be needed to reproduce the experimental values. Alternatively the quadru
pole moments can be explained with bare nucléon charges if the aligned guasi-
particles producing the spin move outside a deformed core. The deformation pa
rameters 0 inferred from the experimental quadrupole moments are given in the 
last column of Table 1. The deformation increases with spin. acquiring a sub
stantial value of 131 '̂  0.2 for the 500-ns yrast isomer in Gd. Since the spin 
is produced by aligning mainly valence particles rather than holes, the oblate 
solution with the negative sign is strongly favored over the prolate solution 
given in square brackets. 
+ summer visitor, from Hahn-Meitner-Institut, Berlin, W. Germany 
+ + summer visitor, from University of Liverpool, Liverpool, U.K. 
+ + + permanent address: Université de Montréal, Québec, Canada 
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TABLE I. Quadrupole moments in 1 4 7Gd (lb = 10" 2 8m 2) 

TV2 

(ns) 
Quas ipar t i c l e 
Structure 

expi 
(b) 

QSH 
(b) 

22 1 3 / 2 + 
v i 1 3 / 2 

i r 3 _ v f 7 / 2 

0.73(7) 

27 27/2" trlo+vf^,- 1.26 

500 / 4 9 / 2 + 
1 T l 0 + V f I Î / 2 f 7 / 2 i l 3 / 2 

3.14(17) 

49/2+ T f l O + v f 7 / 2 i i 3 / 2 h 9 / 2 

w 59/2" l f l 5 - v f 7 / 2 i 1 3 / 2 h g / 2 

0 . 7 3 ( 7 ) -0 .36 - 0 . 0 5 [0 .05 ] 

- 0 . 7 8 - 0 . 0 6 [0 .10 ] 

- 0 . 8 4 - 0 . 1 8 [0 .20 ] 

-1.36 

3 .80(20) - 1 . 4 0 - 0 . 2 2 [0 .23 ] 

R(t) 0 -

-0.1 
0.2 

339 keV C AT 45 TO BEAM 

w 
254 keV C AT 45* TO BEAM 

R(t> o^ïlilii' 1 1''' 1 

254 keV C AT 0* TO BEAM 

-O-ll- ' i 
800 600 400 200 

«—t(ns) 

F i g . 1: Quadrupole modulations for the 
5CO-ns y r a s t trap o f * 4 7 G d in Gd a t 
413 K. 

1. T.L. i.oo et al., Phys-Rev .Lett. 41, 1027 (1978). 
2. C. Baktash et al., Phys.Rev.Lett. 42^ 637 (1979). 
3. H. Frauenfelder and R.H. Steffen, in Alpha-, Beta- and Gamma-Ray 

Spectroscopy, Vol. II, ed. K. Siegbahn, North Holland Publishing Co. 
Amsterdam, 1965 

4. E.R. Bauminger et al., Phys.Rev.Lett. 3£, 962 (1975). 
5. o. Hausser et al., to be published. 
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ON THE STRUCTURE OF THE HIGH SPIN ISOMERS IN 1 4 7 G d + 

T. Dossing 
NORDITA, Copenhagen, Denmark 

K. Neergârd 
J u s t u s - L i e b i g - U n i v e r s i t a t , Giessen, West Germany 

H. Sagawa 
Niels Bohr Institute, Copenhagen, Denmark 

Recently, we reported calculations of yrast states of 
146,147Gd in a deformed independent partie

1^ model with empirical 
spherical single particle energies. 

The calculated configurations in the lower part of the yrast 
line agree with the result of a shell model analysis2. Additional
ly, the calculations suggest the configurations 

of the 4.1 ns isomer in l^6Gd and the 51Ô\Asomer in i^Gcl, 
respectively. 

Since then," g factors and electric quadritpole moments of 
several isomeric states in l 4 Gd have been measured-*»4. The tzhle 
shows, along with the empirical values, the results for these 
quantities given by the model of ref. 1. The electromagnetic 
moments were obtained by summation of the single particle contri
butions. For the effective single particle charge and gyromagnetic 
ratios we used, respectively, e e f f = e f r e e , 9 l f e f f = 9 l f f r e e

 a n d 

g ,,=0.6g , . A Strutinsky renormalisation of the independent 
S f €11 S / £ 2TS6 

particle quadrupole moment was performed, but is insignificant 
within the experimental accuracy. 

The table displays an increase of the quadrupole deformation 
(Î with the number of particle-hole pairs excited across the Z=64 
and the N=82 gaps in the single particle spectrum. This is due 
to a mechanism discussed in detail in ref. 5 for nuclei close to 
208pb. The resulting equlibrium deformation of a particular con
figuration is rather insensitive to the details of the single 
particle spectrum. 

The agreement between the empirical and theoretical results 
supports an interpretation of the observed isomeric states in terms 
of the configurations given in the table. (The discrepancy for the 
gyromagnetic ratio of the 'Va* level is explained^ by the admixture 
of the configuration {|B>3~ in the observed state.) The configu-

ration 3' 4 [ f f f ^ f t P U vf^'"' tf)„ # ] „ • l i e s i n t h i s m o d e l ^ 4 

MeV above the yrast line , has Q= -1.59 eb, g=0.36, and is not 
a trap. (Cfr the discussion of similar states in ref. 5.) 

Work supported in part by BMFT, GSI Darmstadt, and the Danish 
Scientific Research Council. 
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1. K. Neergârd e_t al. 
to be published 

2. R. Broda et al^, Z. Phys. A290, 279 (1979) 
3. o. Hausser et al., Phys. Rev. Lett. £2, 1451 (1979) 
4. O. Hausser et al., Phys. Rev. Lett. 4±, 132 (1980) 
5. K. Matsuyanagi et al^, Nucl. Phys. A307, 253 (1978) 

Table 

Isomeric states in 
147 Gd 

I" E 
(MeV) 

C a l c u l a t i o n Experiment ' 

.gurat ion ft Q b Q C g E H IQI 
(eb) (eb) (MeV) (ns) (eb) 

3 ,4 

i 

IÏ + 0 . 8 

- 0 . 5 2 Vf| 0.03 

vi£ 0.04 

r 4.2 irl(dn0(hf),0} yjl 0.06 

•p 8.1 7{ ( i rVh ï \} v K y l i ^ flïl 0.19 -3.14 -3.35 0.47 
Ç" 11.2 Trf fdni^V v(fea"Uii!|hli 0-20 -3.30 -3.57 0.6O 

0.45 -0.33 0 

0.69 -0.61 -0.18 0.997 22.2(5) 0.73(7) -0.04(1) 

1.02 -1.45 0.61 3.582 26.8(7) 1.26(8) 0.84(2) 

510(20) 3.14(17) 0.45(1) 

a The configuration develops continously into this state for(î-»0. 
b Quadrnpole moment of a homogenously charged ellipsoid with the deformation (i. 
c Quadrupole moment calculated from our model. 
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i: \<TIFICATION OF HIGH SPIN ISOMERS NEAR N - 82 

S. Andrei J. Genevey, A. Gizon, J. Gizon 
Institut des Sciences Nucléaires, IN2P3, Grenoble, France 

J. Jastrzebski, J. tukasiak, M. Moszynski, Z. Preibisz 
Institute for Nuclear Research, Swierk, Poland 

2 141 144 147 Targets of 10-20 mg/cm Pr, Sm and Sm were bombarded with 
70-130 MeV 1 ZC, 1 N and ^ O beams from the Grenoble variable energy cyclotron. 
The Ge(Li) gamma ray spectra were recorded between the beam bursts in coincidence 
with Y~rays detected by a multiplicity filter consisting of 14 Nal(Ti) detectors. 

The unambiguous identification of many high spin isomers near N = 82 was 
achieved through excitation function measurements, cross bombardments and y-y 
coincidence data. 

Short half-lives (up to *v> 20 ns) were measured in Ge(Li)-RF coincidence 
experiments and long ones (from "\< 20 ns to t lus) deduced from Ge(Li)-NaI coin
cidences. The very long half-lives in *5lEr a n (j 1 4"oy were obtained from y decay 
using a mechanical beam chopper. The average delayed multiplicities are deduced 
from the ratios of ^-intensities in the x-fold coincidence spectra. 

The table given in the following page precises and extends informations 
partly reported previously . The excitation energy of the compound nucleus 
(listed in column 4 and calculated at the half-thickness of the target) corres
ponds to the maximum cross-section for the formation of the isomer. Spins in 
column 7 are estimated from the expression I< = 1.7 M, + I where I is the 
spin of the ground state or of a lower isomeric state ; values in parenthesis 
are taken from the littérature or deduced from systematics. 

References to parallel search of high spin isomers in this region by other 
groups are given in reference 1 or quoted below 2~6. 

1. J. Jastrzebski et al., Proc. Conf. on Large Amplitude Collective Nuclear 
Motions, Balaton, June 1979, p. 71. 

2. T.L. Khoo, Proc. Symp. on High Spin Phenomena in Nuclei, Argonne, 
March 1979, p. 95. 

3. P. Kleinheinz, ibid. p. 125. 
4. D. Hageman et al., Phys. Lett. 84B, 301 (1979). 
5. L. Carlen et al., Nordic Symposium on Nucl. Phys., Lysekil, Sweden, (1979). 
6. J. Borggreen et al., to be published. 
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Table of identified isomers 

Final 

Nucleus Tl/2 

Identified 

transitions (keV, 

C.N. and peak 

ex. en. (MeV) d (MeV) l s 

l 5 3 „ 
Er 

450 ± 50 ns 300, 340, S8S 
712, B12 

, 5 6Er ,47, 5.6 t 1.0 i. 2.75 25/2 
l 5 3 „ 

Er 350 ± 50 ns 349, 356, 363, 
418, 746, 910 

1 5 6 H r ,57, 8.6 ± 1.0 * 5 37/2 

1 5 2Er 

3.5 ± 1.0 ns 280, 423, 554, 
673, 764, 787, 
808 

1 5 6 E r (59, 9 ± 2 ( a ' Ï 4.29 14 

1 5 2Er 
35 ± lO ns previous and 175, 

230, 330, S18, 
561, 564, 730, 
940, 1052, 1210 

1 5 6 E r (65, 14 ± 2 ( W } 7 24 

, 5 lEr 

6 ± 2 ns 1141 1 5 6 E r (*>» 1.14 113/2, 
, 5 lEr 

0.62 * 0.02 s 289, HOO, 1141 

1 5 6 E r (*>» 

3.0 ± 0.5 > 2.5 (27/2, 

153„ 
Ho 

40 ± 10 ns 
240 ± 20 ns 
340 ± 20 ns 

533, 557, 576, 
632 

1 5 6Er ,50, 

t 5 7Ho «59, 
Ï 4.8 >(27/2) 

1S2„ 
Ho 

10 ± 3 ns 143 1 5 6 E r ,59) 

1 5 7Bo 1S2„ 
Ho 

55 ± lO ns 143, 198, 451, 
511, 704, 865 

1 5 6 E r ,59) 

1 5 7Bo 6.5 ± 1.0 •>, 2.87 20 1S2„ 
Ho 

70 * lO ns 
2 £ T 1 / 2 $ 200US 

604, 712, 734, 
759 

1 5 6Er (64) 
1 5 7Ho 

4.5 ± 0.5 >. 2.8 16 

1S1„ 
Ho 

3 i lis 129, 246, 297 
309, 414, 456, 
486, 597, 789, 
1024, 1397 

l 5 6 E r (>75) 

J57„ Ho 

12 ± 1 > 6.14 Î 51/2 

1S1„ 
Ho 

5 '•* T l / 2 * 2 0 O u s 

129, 246, 297 
309, 414, 456, 
486, 597, 789, 
1024, 1397 

l 5 6 E r (>75) 

J57„ Ho 11 ± 1 > 6.14 > 49/2 

150„ Ho 

20 ± lO ns 1097 l 5 6Er <>75) 

1 5 7Ho 

(11, 
150„ Ho 

80 ± 15 ns 226, 264, 280, 
313, 629, 1097 

l 5 6Er <>75) 

1 5 7Ho 
7 ± 2 Ï 2.5 23 

Dy 

0.51 ± O.Ol s 110, 29B, 1073, 
1178 

I 5 6Er (75, 2.7 t 0.5 2.66 ,27/2) 

Dy 
25 ± 5 ns 200, 240, 255, 

270, 430, 490, 
742, 985, 1336, 
1393 

1 5 6 E r ( i75, 8 ± 1 > 6.1 53/2 

lb 

20 ± 2 ns 1006 

1 5 3Tb (72, 

,11) 

lb 1.3 1 0.5 lis 140, 214, 240, 
284, 340, 351, 
427, 454, 522, 
621, 634, 743, 
780, 803, 628, 
930, 1006, 1334 

1 5 3Tb (72, 

11.8 ± 1.0 > 6.6 29 

(a) The delayed multiplicity H. is measured at E, - 74 MeV 

,b, M d measured at i" l a t = 90 MeV 
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HOW PARTICLE-OCTUPOLE EXCHANGE COUPLING AFFECTS THE YRAST LINES 
OF DYSPROSIUM NUCLEI 

P.J. ûaly + , P. Kleinheinz, R. Broda, S. Lunardi, H. Backe*, J . Blomqvist** 
Ins t i tu t fl ir Kernphysik, KFA Ji i l ich, D-5170 JUlich, F.R. Germany 

Iving two h j i /2 valence protons have been ident i f ied 1 » 2 

î i l C 8 Dy and " 9 D y . A f ina l analysis of the in-beam 
Isomeric states involvir 

in the N=82 and N=83 nuclei 
data showed that in both cases these yrast isomers are doininantly fed through 
El transit ions of about 1 MeV. The next higher yrast transit ion in l l t 8 Dy is of 
Ml character, whereas only J = 1 is known for the corresponding yrast transit ion 
i:-. 1 1 < 9Dy (cf. f i g . 1). 

3'n 
29/2* KhnavlTa'T 

. n i O E i jr- 21/2; W7(i"7 

. 2 9 3 * " _ 17ft- - „ . 5 " 

0 5 m - . Witt -3" 

7/2" »'in "° ' 

l D y M 

Fig. 1: Yrast states in 1 1 , 8Dy and 1 1 , 9Dy. Intensit ies from (a,xn) experiments; 
mult ipolarit ies from conversion electron data. 

At I = 10 the 1 1 , 8Dy valence spin is exhausted, and higher yrast states 
must involve breaking of the l l ( 6 Gd core. Since the 3" octupole state is the 
lowest core excitation, one would expect the yrast l ine to continue by excita
tions of the type 10+ x 3", and we interprète the 3980 keV 11" level as the 
lowest lying member of an octupole multiplet bu i l t on the ( i rh 1 1 / 2 )10 + state. 
Since the (irhn/2d5^ 2)3- configuration provides the dominant amplitude of the 
core 3" excitat ion, one expects that the energies of the i r h n / 2 par t ic le plus 
octupole multiplet members w i l l be strongly affected by the Pauli pr inc ip le. 

The figure 2 shows the particle-phonon exchange diagram appropriate to the 
1 4 8 Dy case. The corresponding diagram3 for the Z=65 nucleus 1 1 , 7 Tb, which has 
one h n / 2 proton in i t s ground state, is included for comparison. The equations 
giving the energy shif ts SE for the individual par t ic le plus octupole mult iplet 
members are also given, where W denotes a Racah coeff icient and X is a 9j 
symbol. The crucial point here is that the energy factor containing the inter
action matrix element is the same as in the 1 1 , 7Tb case, and this makes i t 
possible to use that empirical energy factor from one particle-phonon coupling 
to describe the exchange interaction of two particles with the phonon. The 
measured3 772 keV 15/2+ to 17/2+ energy sp l i t t i ng in 1 M 7 Tb gives for that factor 
a value of < |H|> Z /AE = 856 keV which we have used to calculate the expected 
energy shi f ts for the four highest spin members of the Trh z j / 2 x 3" octupole 
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multiplet in 11 ,8Dy as shown to the right. The irhn/ 2 couplings I' = 10 and 
I' = 8 both contribute to the 11" and 10" states and the theoretical energies 
shown are the lower energy solutions from diagonalizing the interaction in this 
two dimensional basis. The good agreement gives strong support for the identifi
cation of the observed 3.980 HeV 11" and 4.476 MeV 12" states in 1 1 , 8Dy with the 
calculated uhn/2 x 3" multiplet members. 

"Tb JDy 

Fig. 2: One particle-phonon and 
two particle-phonon exchange 
coupling and observed irh i : l/2 x 3" 
and whij/2 x 3" particle-phonon 
multiplet members in l l ( 7Tb and 
l u 8 Dy. 

TteoRT Eimr THEORT EXfMT 

nh*>»3" -£ li4i«3" " * H ^ -

3" Ihnn 

&• 
hw, S 

3 

Ithfcj. 

tlHtf 1 

<in»»aii3iHir>', „ l k a v , „„ •.,,„ 
Eflwil-Eldi/il- E r 

The interpretation of the 11 ,9Dy 29/2+ level at 3.645 MeV is quite analogous, 
and we note that such Ai = 1 octupole excitations also occur in the yrast lines 
of the heavier Dysprosium isotopes. E.g. an El transition of 742 keV in isony 
connects1* the 5.813 MeV 19" yrast state to the (ithfj/2 vf7/2h9/2)18+ level, and 
in 1 5 1 Dy the (irhjj/z vh 9 / 2 f7/ 2)41/2" state is feds by an 839 keV El y-ray from 
the (41/2- x 3")43/2+ yrast state at 5.744 MeV. In all cases these AI = 1 octu
pole excitations are built upon yrast states where all valence nucléons are 
aligned and where the ivhn/2. ^7/2» a"d vh g / 2 valence spin is exhausted. The 
fact that octupole core excitation competes with lifting of a neutron into the 
i 1 3 / z single particle state reemphasizes the rather high7 single particle energy 
of that orbital. 

1. 
2. 
3. 
4. 
5. 
6. 

7. 

P.J. Daly et a l . , Z. Physik A288 (1978) 103 
A.M. Stefanini et a l . , Nucl. Phys. A258 (1976) 34, and Phys. Lett.62B(1976)405 
R. Broda et a l . , Z. Physik A293 (1979) 135 
S. Lunardi et a l . , Proc. ASHPIN, ANL/PHY-79-4, p. 403 
M. Piiparinen et a l . , Z. Physik A290 (1979) 337 
our recent aK measurement gave El for the 839 keV transition, contrary to 
the earlier adopted Ml multipolarity and in accord with the results of T.L. 
Khoo, Proc. ASHPIN, ANL/PHY-79-4, p. 95 
S. Lunardi et a l . , Proc. ASHPIN, ANL/PHY-79-4, p. 393 

Visitor from Dept. of Chemistry, Purdue University, Lafayette, Ind., USA 
* TH Darmstadt, F.B. Germany 
** Research Institute for Physics, Stockholm, Sweden 
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HIGH SPIN SHELL MODEL EXCITATIONS IN 149 Gd 

M. Piiparinen, R. Pengo, Y. Nagai, P. Kleinheinz, N. Roy*, L. Carlen*. 
H. Ryde*. Th. Lindblad+, A. Johnson+, S.A. Hjorth+, E. Hammarên++, 
Ins t i tu t fur Kernphysik, KFA Jl i l ich, D-5170 J l i l i ch , F.R. Germany 

We have studied the high spin level structure of the 1 1 ( 9Gd nucleus which 
has three neutrons outside the doubly closed 1 4 6 Gd core using standard in-beam 
Y ray spectroscopy methods. With a-particle beams between 38 and 69 MeV from the 
IKP or AFI cyclotrons the (o,3n), (a,4n), and (a,5n) reactions leading to 1 1 , 9Gd 
were investigated; the experiments included excitat ion function-, angular d i s t r i 
but ion-, l inear polar izat ion-, and two parameter (E Y , tyRF) timing measurements 
as well as extensive four-parameter YY-coincidence studies. 

The 1 4 9Gd level scheme resulting from these experiments is shown in f i g . 1. 
The l i fet ime measurements have located a T i / 2 = 6.2 ± 0.3 ns isomeric level at 
3.39 MeV which has I * = 27/2". Another, shorter half l i f e of 1.6 ± 0.5 ns could 
be attr ibuted to the 11/2+ level at 0.87 MeV. 

MeV 

2 -

0 -

(Rhii/2d5/2)3 
xvf7/2 

64Gd8$ 

Fig. 1 : High spin levels and shell model configurations of 1 1 , 9 Gd. Gamma ray 
intensit ies as observed with 66 MeV a particles in (a,5n) are shown. 

Most of the l l t 9 Gd levels up to 2.8 MeV excitat ion can be characterized 
within the spherical shell model. The (measured1 1=7/2) ground state together 
with the strongly fed 11/2" and 15/2" levels are formed by the three f 7 / 2 

valence neutrons. This characteristic v f 7 / 2 yrast t r i p l e t occurs repeatedly in 
N=85 isotones. The low-lying 5/2" level is interpreted as the ( v f 7 / 2 ) 5 / 2 c o n f i 9 u " 
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ration. Its low excitation is due to the large negative quadrupole moment of the 
(j3)j-l configuration which gives rise to a lowering of the energy through the 
quadrupole interaction. 

Beta decay data 2 characterize the 796 keV level as h<j/2 single neutron state. The two remaining valence neutrons in f 7/ z form the characteristic (f7/2)0+, 2 + , 4 +, and 6+ levels known from the N=84 isotones. Combined with the 
796 keV vh 9/ 2 state levels with spins 9/2, 13/2, 17/2 and 21/2 are formed which are all observed. The 17/2 member lies irregularly low in energy, apparently 
due to interaction with the (so far not interpreted) second 17/2" state at 2.21 
MeV. 

The lowest 13/2+ level of odd N nuclei in this region is usually attributed 
to the expected ii 3/ 2 neutron single particle state. However it has recently been shown3»1* that the 1 I t 6Gd core octupole state lies lower than the unperturbed 
v i 1 3 / 2 single particle state at N=83, which suggests that the <\, 1 MeV 13/2+ states in N=83 and 85 are predominantly (vf 7/ 2 x 3") 1 3/ 2+ excitations rather than vii3/2 single particle states, although one of course expects the two configura
tions to be strongly admixed. This interpretation is further supported by the 
present results for l l , 9Gd» where the characteristic vf 7/ 2 yrast states are combined with the 13/2+ level, forming the 11/2+, 13/2+, 17/2+, and 21/2+ states in 
the energy range from 0.8 to 2.4 MeV. The (^7/2)5/2 state, which lies at 165 
keV, in combination with the predominant proton particle hole octupole excitation 
is further lowered through the quadrupole interaction and occurs here 83 keV 
below the (vf7/2)?/2 x 3~ state, an effect which is repeatedly found in the N=85 isotones. The levels above 2.8 MeV could so far not be interpreted in detail. 
One knows3 however from the neighbouring 1 I t 8Gd nucleus that proton particle 
hole excitations play a dominant role in the yrast states at these energies, and 
one therefore should expect rather complex structure for the 1 1 ( 9Gd yrast levels 
above 2.8 MeV. 

The f 7/ 2 and h 9/ 2f7/ 2 yrast configurations observed in 1 1 < aGd strongly resemble 
those in the other N=85 ™ 7 S m 5 and isiQye isotones as well as of the odd-odd 
nucleus 1 5 0 T b 7 . The occurance of these characteristic three-neutron multiplets 
proved to be a valuable tool in determining shell model configurations. In parti
cular the observation of an (ff/2)0+, 2 + , 4 + , 6+ sequence indicates the removal 
of one valence neutron from the' f,/2 shell, whereas f 7/ 2 level sequences are associated with e.g. proton excitations in the N=85 isotones. 

1. G.E. Holland, Nucl. Data Sheets 19 (1976) 337 
2. K.S. Toth, E. Newman, C.R. Bingham, A.E. Rainis, W.-D. Schmidt-Ott, Phys. 

Rev. Cll (1975) 1370 
3. S. Lunardi, M. Ogawa, M.R. Maier, P. Kleinheinz, Contr. to ASHPIN, Argonne, 

March 1979, p. 393 
4. P.J. Daly, P. Kleinheinz, R. Broda, S. Lunardi, H. Backe, and J. Blomqvist, 

Z. f. Physik, in press 
5. M. Piiparinen, Y. Nagai, J. Styczen, P. Kleinheinz, separate contribution on 

^ S m to this conference 
6. M. Piiparinen, S. Lunardi, P. Kleinheinz, H. Backe, J. Blomqvist, Z. f. Physik 

A290 (1979) 337 
7. R. Broda, M. Ogawa, P. Kleinheinz, R.K. Sheline, L. Richter, Contr. to ASHPIN, 

Argonne, March 1979, p. 401, and IKP, KFA Julien Annual Report 1978, p. 29 
* University of Lund, Sweden 
+ AFI Stockholm, Sweden 
++ University of Jyvaskyla, Finland 



- 65 -

A STUDY OF THE y-RAY CONTINUUM FEEDING HIGH SPIN STATES IN i5i,i52 D y 

J.F.Sharpey-Schafer+, A.J.Ferguson, H.R.Andrews, 0.Hausser, 
H-E.Mahnke\ D.Ward 
Chalk River Nuclear Laboratories, Chalk River, Ontario, Canada 

Previous experimental data l on y-ray continuum feeding in I5i,i52n.y 
indicated that these nuclei may undergo a shape change from weakly oblate 2 

to strongly prolate deformations at spins greater than 40n. The purpose of 
the present experiment was to try to distinguish experimentally between this 
proposed shape change and the continuum radiation that would be produced by 
decay to the yrast line down oblate binds based on the yrast states as band 
heads. 

The reactions used were 1 2 1*Sn( 3 2S;5,4n) 1 5 1' 1 5 2Dy the 3 2 S beam being pulsed 
in bunches less than 5 ns wide with 400 ns between bunches. Gamma rays were 
detected in two GeLi detector:, at 0° and 55° to the beam direction and in an 
array of four 12.5 cm by 15 cm Nal detectors at angles 90°, 120°, 135° and 150°. 
Only y-rays prompt with the beam were accepted in the large Nal detectors, 
neutrons being excluded by time-of-flight over the 50 cm distance between target 
and Nal. A further array of four smaller Nal detectors (7.5 cm by 7.5 cm) were 
used to detect delayed y-rays from the higher spin isomers at 5035 keV (J » 15) 
with mean-life ^60 ns in 1 5 2 D y and at 6033 keV (J = 49/2) with mean-life M 3 ns 
in 1 5 1Dy. These delayed pulses were used to trigger the large Nal detectors 
and the GeLi detectors, which were also required to observe y-rays that were 
prompt with the beam pulse, so that the GeLi spectra consisted mainly of y-rays 
from levels above the high spin isomers 3. By requiring different delays on 
the trigger pulse, GeLi spectra could be obtained containing different amounts 
of 1 5 1 D y and 1 5 2 D y y-rays. Linear combinations of these spectra were then made 
so that both GeLi and Nal spectra could be obtained which contained either only 
1 5 1 D y j y-rays or only 1 5 2 D y y-rays. 

y-y coincidences between GeLi detectors and the large Nal detectors were 
recorded at 155 MeV beam energy, and the multiplicity was measured of the 
y-rays in coincidence with the discrete yrast y-rays above the high spin 
isomers. At 135 MeV y-y coincidences were measured where the trigger was now 
prompt with the beam so that the angular distribution of the continuum 
radiation directly feeding levels below the high spin isomers could be measured. 
An excitation function was measured over the range 135(10)165 MeV with only 
coincidences required between the delayed trigger and either a GeLi or a Nal 
detector. 

The discrete transitions have been subtracted from the Nal spectra which 
have then been unfolded. These sDectra show a maximum intensity at about 1.3 
MeV and a sharp drop below about 0.9 MeV. Preliminary indications are that 
these y-rays are.directly feeding the yrast line and do not arise from a shape 
change above 40Ti. 

1. W.Trautmann et al P.R.L. 43 991 (1979). 
2. 0.Hausser et al P.R.L. M 132 (1980). 
3. T.L.Khoo et al P.R.L. TT 1027 (1978). 
t Summer v is i to r from the University of Liverpool, U.K. 
it Summer v is i to r from the Hahn-Meitner-Institut, 3fcrlin, F.R.G. 
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HIGH SPIN YRAST STATES IN 
151 

Ho 

J. Gizon, A. Gizon, S. André, J. Genevey 
Institut des Sciences Nucléaires, IN2P3, Grenoble, France 

J. Jastrzgbski, J. iukasiak, M. Moszynski, Z. Preibisz 
Institute for Nuclear Research, Swierk, Poland 

T 1 / 2 »3ns 

Levels in Ho have been popu l a t ed in C and O induced r e a c t i o n s on 
144 141 

Sm and Pr targets, respectively, with beams delivered by the Grenoble va

riable energy cyclotron. The nucleus Ho has been identified by excitation 

function measurements and cross bombardments. 

The partial level scheme shown in the figure is obtained from st-jdies of 

in-beam and out-of-beam singles spectra, angular distribution and linear polari

zation of y-rays and four dimensions (Y-Y-t - t ) coincidence events. 
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the ll/2~, 15/2~, 19/2" and the lower 23/2" levels correspond to the coupling 
of a fully aligned *>..._ proton with two f 7, 2 neutrons. The 27/2 and 25/2 
levels, which are de-excited by transitions having strongly negative A-, angu
lar distribution coefficients typical of HI + E2 admixtures, and a second 23/2~ 
state are very likely the result of the coupling between 8 , 7 , 6 core sta
tes (vf?,, 0 v ng/2' a n d a n h11/2 P r o t o n -

A second cascade of three stretched E2 transitions gives rise to 31/2 , 
35/2 and 39/2 levels which could be members of the multiplet resulting in the 

9 2 
coupling of a third h.. ._ neutron with the ("hj. ,,* in ® v f7/2 s t a t e s - A 1-4 MeV 
gap exists between the 39/2 and 43/2 levels. This 43/2 state whose energy is 
similar to the one of the 18 core level has very likely a îrh i/28'vf7/2vh9/2'8 
configuration. Such an assignment is also very well supported by the energy dif
ference (2584 kev) • between the 43/2" and 27/2~ levels which fits perfectly the 
difference in excitation (2669 keV) between the 18 and 8 levels in Dy. The 
Yrast sequence is established up to a I = 47/2 level at 6.1 MeV excitation 
energy. 

In conclusion, it appears that the low energy part of the Ho level struc
ture has similarities with those of neighbouring odd-A nuclei (isotones and 

Tb) and that the observed levels are qualitatively understood in terms of 150 coupling of an h ., proton to the cora nucleus Dy. 

1. P. Kleinheinz, Proc. Symp. on High-Spin Phenomena in Nuclei, Argonne, 
1979, p. 125. 
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ROTATION-ALIGNED BAND IN THE ODD-ODD lscZu NUCLEUS. 

J.A.Pinston, R.Bengtsson, D.Barneoud", A.Monnand, F.Schussler 
Centre d'Etudes Nucléaires - DRF/CPN, 85 X, 38041 Grenoble Cedex, France 
-Institut des Sciences Nucléaires (IN2P3), 38044 Grenoble Cedex, France 
The rotational bands in the odd-odd 1 5 2 E u have been studied by means of the 

1 5 0 N d (7Li, 5n) reaction. The experiments were performed at the Grenoble cyclo
tron and conventional in beam y-spectroscopic methods were used. The complicated 
low energy part (E < 200 keV) of 1 5 2 E u level scheme was earlier investigated by 
(n,y) reaction! and it was then possible to make the connection between these 
known levels and the rotational structures fed by 7Li reaction. Two rotational 
bands have been evidenced in this work : i) a strongly coupled band based on the 
isomeric state 8" ( T 1 / 2 = 96 m) of configuration (v 11/2" [505], v 5/2 + [413]) 
and populated up to trie spin value I = 16, ii) a decoupled system starting on a 
286 keV level (Ti/o = 3- 5 ns) of spin and parity F = 7", populated up to the 
spin I = 17 and belonging to the configuration (n h 11/2, -o i 13/2). The more 
interesting case, namely the system based on the two unique parity states is 
discussed. 

In ref.2 a method was described for calculating the aligned angular momen
tum of excited configurations, using the experimental rotational bands. By in
troducing a reference configuration with angular momentum I-j(w) = fQta + / 1 u 3 the 
aligned angular momentum can be calculated as ix((o) = I x(w) - IjKwJ. 

For light rare earth nuclei the same method cannot be used, since the po
tential energy surface is here relatively flat, and the presence of excited 
quasiparticles has a non-negligible influence on the quasiparticle vacuum, and 
a unique reference configuration cannot be determined. However, for such confi
gurations where the excited quasiparticles are in the hi ̂ -proton or i^^-neu-
tron shell, theoretical calculations predict a praticalty constant value of 
ix(o0 over a quite large interval in ta. Making the ansatz Ix(u))^J^ai+#1u3+ i x 

then allows to fit ̂  a n d ^ , necessary for describing the reference configura
tion, as well as an average value of the aligned angular momentum, i x, of each 
configuration. 

The corresponding moment of inertia •'efffw) = Ix(u)/w = * 0 + # ju2 + ix/oj 
goes to infinity when u goes to zero. This should be a characteristic property 
of all configurations, having a finite aligned angular momentum, and it is well 
confirmed by experiment as seen in Fig.l. Fig.2 shows ix(w)= I x(u)-^ 0u - r ^ . 
Note especially that i x(u) for the odd-odd nucleus 1 S 2 E u can be satisfactory 
explained as the sur.; of a neutron contribution (estimated to be approximately 
the same as in l 5 3 G d ) and a proton contribution (taken from 1 5 3 E u ) . The neutron 
is always placed in the t"> 13/2 ; a = */2] while the proton may be placed either 
in the [h^y 2 > a = " 1/2] giving a = 0 (even spin) in 1 5 2 E u or in the 
^ nll/2 » a = ^ ] 1 e v e l giving a = 1 (odd spin) in l 5 2Eu. 

1. T.Von Egidy et al. Z. Physik A286 (1978) 341. 
2. R. Bengtsson, S. Frauendorf, Nucl. Phys. A327 (1979) 139. 
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Fig.l - The effective moment of inertia as a function of ou2 for e-e, o-e, 
e-o and o-o nuclei in the mass region A «\- 152. The strong increase o f f 
when ai goes to zero is a characteristic property of all configurations having 
i x= 0,and follows directly from the relation $ eff • ' o * *l * 1 X/ U. 
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Fig-2 - The experimental aligned angular momentum as a function of u> for 
e-e, o-e, e-o and o-o nuclei in the mass region A "v. 152. 
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THE X- (OR A) TRANSITION IN 1 0 t D y 

Y. Nagai, J . Styczen, M. Piiparinen, P. Kleinheinz 
Ins t i tu t f i i r Kernphysik, KFA Jl i l ich, D-5170 J i i l ich, F.R. Germany 

The 1 5 2 Dy nucleus has attracted great interest since some time ago1 i t s 
yrast levels up to 12.7 MeV excitation have been observed. More recently, T i / 2 

and polarization measurements have established relat ive spins and pari t ies for 
the states above 5 MeV. However, the data from dif ferent groups1!3»1* on the low-
lying levels so far are incomplete or contradictory. In part icular, disagreement'' 
exists about the occurance of a low energy isomeric transit ion ( x 3 , or A 1 ) 
feeding the 5035 keV state. Since furthermore the mult ipolarity of the lower 
lying 604 keV transit ion is not c l ea r 1 ' 3 the presently available data would allow 
I = 15, 15, 17 or 18 for the 50 ns isomer in l 5 2 D y , with equal uncertainties for 
a l l higher lying yrast states. These short comings have greatly impeded compari
son with experiment of several 5 yrast level calculations for 1 5 2 Dy. 

We have reinvestigated 1 5 2 Dy with the (a,4n) reaction at 60 HeV using a 
200 pg/cm2 > 99 % enriched 1 5 2 Gd metal target on a * 50 ug/cm2 C f o i l backing. 
In a four parameter yy coincidence experiment one detector (1 cm3 Ge) was 
optimized for detection of low energy y-radiat ion. In order to eliminate the 
very intense Gd K and L X-rays arising from target ionization the 1 cm3 detec
tor was shielded from the target by a .5 mm thick Pd absorber, whereas the y 
radiation coming from the recoil catcher .7 cm behind the target was observed 
unattenuated. With this technique reliable in-beam coincidence data could be 
obtained for low energy y-rays down to * 5 keV. 

The coincidence data reveal a previously unknown 53.3 ± 0.2 keV transit ion 
which can be shown to be the 50 ns isomeric t ransi t ion in 1 5 2 Dy. The transit ion 
is not resolved from the Dy Kg2 X-ray at 53.5 keV which however can be estimated 
to contribute l i t t l e to the 53.3 keV peak from comparison with the observed Dy 
K B 1 intensi ty. 

The multipolarity of the 53.3 keV isomeric transit ion must be extracted from 
the coincidence data since in the singles spectra the transit ion cannot be 
resolved from the 53.4 keV (Tw 2 = .5 s) t ransi t ion in 7 3Ge. Our data give three 
independent intensity ratios wnich determine that mult ipolar i ty. The Dy Ka to 
53 keV intensity rat io can be extracted from spectrum where due to recoil shadow 
and tyRF timing conditions only Ka X-rays originating from K-conversion of post 
50 ns isomeric transitions are recorded. From a coincidence spectrum extending 
to energies up to 700 keV the 604 + 610 to 53 keV intensity rat io can be deter
mined. Final ly, a recoil shadow coincidence spectrum including the Dy L X-rays 
gives the Dy L X-ray to 53 keV intensity ra t io . The results are compiled in the 
Table and compared with ratios calculated from our measured y- intensi t ies in the 
decay of the 50 ns isomer assuming dif ferent mult ipolar i t ies for the 53 keV tran
s i t i on . Al l three results give E2 for the 53 keV isomeric t rans i t ion. 

From the present work the spins of the 1 5 2 Dy yrast states above 5 MeV are 
now determined i f one accepts X = ' for the 604 keV transit ion suggested in Ref . l , 
which makes comparison with calcula .J yrast levels more at t ract ive. However, 
s t i l l only relative par i t ies are known for the 1 5 2 Dy yrast states above 4.5 MeV. 
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Table 1: Measured intensity ratios compared to values calculated for different 
multipolarities of the 53 keV transition 

El Ml E2 M2 Expmt. 
Dy KX/53 14 5.3 .56 .21 .48(16) 
1/2 (604+610)753 1.0 2.7 26 67 21(6) 
Dy LX/53 .04 .26 3.2 9.1 1.5(6) 

i. T.L. Khoo et al. Phys. Rev. Lett. 41 (1978) 1027 
L. B. Haas et al. Phys. Lett. 84B (1979) 178 
3. J.F.W. Jansen et al. Nucl. Phys. A321 (1979) 365 
<*. J.C. Merdinger et al. Phys. Rev. Lett. 42 (1979) 23 
b. C.G. Andersson et al. Nucl. Phys. A309 (1978) 141; 

M. Cerkaski et al. Nucl. Phys. A315 (1979) 269; 
A. Faessler et al. Proc. ASHPIN, Argonne, March 1979, p. 551 and to be publ. 
in Z. Phys. A; 
G. Leander et al. Proc. ASHPIN, Argonne, March 1979, p. 197 and references 
given therein 



CONTINUUM y-RAY SPECTRi AND EXCITATION FUNCTIONS 
I CO £ 

OF YRAST STATES IN Dy 
I. Ahmad, J. Borggreen, P. Chowdhury, T. L. Khoo, R. K. Smither 
Argonne National Laboratory, Argonne, Illinois 60439, U.S.A. 

S. R. Faber, C. L. Dors, J. Wilson, P. J. Daly 
Purdue University, W. Lafayette, Indiana 47907, U.S.A. 

Beams of 3 ''S from the Argonne superconducting linac booster have been 
utilized to populate states in 1 5 2Dy in an attempt to study the nature of the 
y-ray transitions connecting the entry region with the yrast line and to 
understand in detail the population process of the yrast line.1 

Two series of experiments have been done. In one, the population 
intensities of yrast state" tn 1 5 2Dy were studied as a function of bombarding 
energy with 144 1 Eg 1 184 v. In the other, continuum y spectra were measured 
at Eg = 150 and 162 MeV witr» a 25 cm diam. x 30 cm Nal crystal with a 7.5 cm 
diam. central collimator. The y rays in both experiments were observed in 
coincidence with a sum-spectrometer consisting of two 33 cm x 15 cm Nal 
crystals; enhancement of high-H events was obtained by selecting higher sum 
energies. 

For bombarding energies il60 MeV, corresponding to Umax * 57 -fi, states 
with spins of up to 29-n receive close to 100% of the (3 l*S,4n)152Dy cross 
section, indicating little or no side-feeding below this spin. The population 
of states with higher spin does not increase even at higher bombarding energies 
(corresponding to higher angular momentum input). In contrast, a monotonie 
decrease in yrast population with spin is usually observed in studies on 
prolate deformed nuclei. 

The Nal spectra exhibit an enhanced yield between 1.2 and 1.6 MeV, well 
separated from any known discrete lines. Anisotropy measurements of this 
energy region suggest that it consists of many unresolved stretched quadrupole 
transitions. 

These results imply that the deexcitation of high-S. events (SL >\, 35 *) is 
not feeding the yrast line directly via statistical transitions, but is 
diverted by continuum cascades of E2 character, and only reaches the yrast 
line at H ^ 29-37 -fi. The fact that the high energy edge of the "bump" remains 
fairly constant over a large range of incoming i-values implies a moment of 
inertia which seems to increase with spin. 

Supported by the U. S. Department of Energy. 
**Supported by the Danish National Science Research Council. 

1. B. Haas, H. R. Andrews, 0. Hausser, D. Horn, J. F. Sharpey-Scbafer, 
P. Taras, W. Trautman, D. Ward, T. L, Khoo and R. K. Smither, Phys. Lett. 
84B, 178 (1979). 
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40 
K-SHELL IONIZATION YIELDS FOR ( Ar,4n) REACTIONS LEADING TO THE NUCLEI 
152Dy AND I62Yb 

t * t * t 
K. Cornells , R. Holzmagn , M. Huyse ,R. Janssens G. Lhersonneau , 
J. Lukasiafc , C. Michel , Z. Sujkowski , M.A. Van Hove*, J. Verplancke , 
J. Vervier 
+ I.K.S., Katholieke Universiteit te Leuven, Leuven (Belgium) 
* I.P.C., Université Catholique de Louvain, Louvain-la-Neuve (Belgium) 
* K.V.I., Groningen (The Netherlands) 
**I,B.J., Swierk-Harsaw \Poland) 

There is a long-standing interest in the possible existence of a strong 
low-energy magnetic-dipole component in the quasi-continuum y-ray spectrum 
following (heavy ion, xny) reactions. This has triggered several experimental 
(e.g.1-4)) and theoretical (e.g. I'5'6)) works. Rather accurate limits on 
the intensity of such a component can be obtained from the K-shell ionization 
yield per reaction- 3^ . The subject of the present work is to determine this 
yield for two nuclei of different structure, l$2Dy and iS2Yb, studied with 
(40Ar,4n) reactions. The nucleus i52Dy was chosen because of its well studied 
yrast line7', and of recent linear polarization experiments on the quasi-
continuum2). It has a typical vibrational spectrum at low spins and the yrast 
line at high spins is determined by single-particle rather than collective 
properties. The nucleus iè2Yb seems to rotate collectively up to very higrh 
angular momenta8). 

The experiment consisted in recording coincidences between a large Ge(Li) 
spectrometer and a high-resolution hyperpure Ge detector. The intensity 
ratios of the K X-rays to the low-energry f-rags in the hyperpure detector 
spectra, gated with discrete y-transitions in the Ge(Li) spectrometer, are 
then a measure of the K-shell ionization yields, provided the level scheme 
and the relative y-ray intensities are known. Any excess of the measured 
ionization yields, compared to that expected from the conversion of the 
observed discrete y-transitions, can then be attributed, partly or totally, 
to the internal conversion of the quasi-continuum. 

152 
Partial analysis of the data yields a value of this excess for Dy 

consistent with zero for the reactions populating states above 6076 +bkev 
excitation energy : X e x c e s s = (0.07 ±0.15) K-shell ionization per reaction. 
Here A is the energy of the unobserved transition depopulating the 60-ns 
isomeric state ) . There is a sizeable excess found for the state at 5299 + A 
kev depopulated by the 253.6 keV transition7' . This might indicate that 

there is a strongly converted side-feeding to this state. Such a conclusion 
seems however premature, especially in view of the observed self-coincidence 
254-254 keV, too strong to be explained on the basis of the known level 
scheme7) and of the experimental condi t ions . 

162 
Preliminary analysis of the Yb data indicates slight ionization 

excess. A more thorough analysis is in progress. 
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PATHS OF Y-DECAYS FROM HIGHLY EXCITED STATES AND THE EFFECT OF THE K-QUANTUM 
NUMBER 

M. Wakai and M. Sano 

Department of Physics, Osaka University, Toyonaka, Osaka 560, Japan 

A. Faessler 

Institut fur Theoretishe Physik, Universitât Tubingen, W-Germany 

One of the main subjects of analyses of Y-rays from a highly excited 
compound nucleus is the competition between the statistical and the collective 
Y-ti-ansitions. Band structures are expected to be held even in highly excited 
region and the Y-transitions (especially E2) along a rotational band play an 
important role in the decay process. Such collective transitions pass through 
two different types of paths depending on shapes of the nucleus. When the 
nucleus is deformed prolate, yrast states are produced by rotations around 
the axis perpendigular to the symmetry axis and the paths are roughly pararel 
to the yrast line (fig. 1(a)). But in the case of oblately deformed nuclei, 
rotations around the symmetry axis produce yrast states and paths along a 
collective band are steeper than the yrast line with a smaller moment of inertia 
than that of the yrast band (fig. 1(b)). 

In the previous works, we analyzed the distribution of emitted Y-rays and 
population intensities to the yrast states of 1-' Dy accompanied by the reaction 
l^SnP S, 'in)152Dy) E = lU5 MeV2«3. The steeper paths of collective transitions 
than that of the yrast line result a bump of the collective E2 transitions at 
larger Y-energy with a somewhat reduced height. 

The above results are, however, obtained by neglecting the K-quantum number. 
Yrast states have large values of K, projection of spin I on the symmetry axis, 
in the cases of nuclei with oblate deformation, and states with large K are 
distributed densely near the yrast line. The expression of B(E2) between two 
states (AI = 2) in the same band contains a factor (l-K2/l ) , which reduces the 
strength of collective E2 transition at large K, 

C E U * ^ ( O M I - K 2 / ! 2 ) 2 , I » 0 . (1) 

To investigate this effect we did analysis considering the K-quantum number. 
The level density formula adopted^ is 

p(E, I, K) = ̂ -( ? 5i 5-) 1 / 2a 1 / 2(u ,+t)- 2exp(2Au T) , 
2W2<y±3ff (?) 

u' = E - E { 0 )(I, K) . 

where E (I,K) is the minimum value of energies of states with spin I and K, 
assumed here to be 

E ( 0 )(I, K) = r^-Kl+l) + (5V " P T - ^ 2 + c o n s t • ( 3 ) 

The values of moments of ine r t i a are taken 2 ^ / h 2 = 107 KeV" 23 a/ti = l1»? 
so as to reproduce almost same paths and the yrast l ine in f i g . l ( b ) . 

, r - ' 

The results 
results of the c 

of calculations are plotted in fig. 2(a), compared with the 
alculations1 with paths in fig. l(b) neglecting the K-quantum 
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number fig. 2(h)). The effect of the K-quantum number is clearly seen as the 
decrease of the ratio of Y-rays emitted in the intraband transitions (E2). The 
collective transition is much hindered also in high spin region and the collec
tive Y-rays are emitted in comparably low spin region near the yrast states. 
This effect causes the shift of the bump of the intraband transition to the 
lower Y-energy as seen in fig. 2(a). 
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Fig. 1: Schematic representacion 
of the yrast line and 
paths of collective E2 
transitions in 1 5 2 D V > 

(a) The paths are 
pararel to the yrast 
line (2^/t!2 = lU2 Mef). 
(b) The paths are 
steeper than the yrast 
line, with smaller moment 
of inertia (2^/tt2 = 
10T MeV5 than that of 
the yrast band. 

10 2.0 3.0 
Energy E, [MeVj 

Fig. 2: Theoretical distributions 
of Ey from 152]3y e x cited 
by K9sn(32S, i*n)152Dy, 
Elab = - ^ MeV, obtained 
(a? by considering K-
quantum number and (b) by 
neglecting. In both cases, 
path of intraband transi
tions (E2) are same to 
those in fig. 1(b). 
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HIGH SPIN ISOMERIC STATES IH THE N = 84 NUCLEUS Er 

R. Holzmann, Y. El Masri, C. Michel, M.A. Van Hove and J. Vervier 
Institut de Physique Corpusculaire, B - 1348 Louvain-la-Neuve, Belgium 

In the trend of our investigation of high spin isomers in light erbium 
nuclides *) and the study of the detailed properties of their level scheme, we 
have investigated high-spin states in i52Er using the reaction lièSn(40Ar, 
4n)152Er. The experiments were performed with 170 MeV 4oAr beams accelerated 
at the CYCLONE isochronous cyclotron of Louvain-la-Neuve. Self-supporting en
riched ii6Sn foils of 1 mg/cm2 and 10 mg/cm2 thicknesses were used as targets. 
A multiplicity-filter consisting of six 7.5 cm x 7.5 cm Nal(Tl) detectors moun
ted in a "halo" set-up around the beam axis was used, coupled either to a 
66 cc Ge(Li) detector positionned at 0" relative to this axis, or to two 66 cc 
Ge(Li) detectors in y - y coincidences placed at ± 30° with respect to the beam 
direction. The data were recorded event by event in a multiparameter procedure, 
allowing the definition of prompt and delayed events (singles or coincidences) 
with respect to the beam burst ; the timing properties restricted the observa
tion of isomers to those with 5 ns £ T\/2 - 6 5 n s - T n e experimental set-up 
also allows to record the y-ray energies, the time signals and up to seven 
fold coincidences (0-fold scaled down) between the Ge(Li) and the Nal(Tl) de
tectors. By gating en delayed or prompt y-rays observed in the Ge(Li) energy 
spectra, time spectra could be obtained for each transition. 

Figure 1 shows the one-, two- and three-fold y-spectra delayed with res
pect to the beam burst (t £ 10 ns), the Ge(Li) counter being positionned at 0° 
relative to the incident beam direction. The assignment of the delayed 
y-transitions shown in this figure is in agreement with references 2 and 3, and 
is confirmed by the concordance of their mean delayed multiplicity shown in 
table 1. In this table, we show the multiplicity values associated with some 
delayed y-tra,:sitions observed in our spectra. These values take into account 
the contributions of the multiple angular correlations *) to the different folds. 
The time spectra of these delayed y-rays assigned to ^2Er display the existen
ce of an isomeric state, with a half lifetime 20ns < T},2 - 3° ns> a n d with a 
multiplicity of 16 units, in good agreement with the results of reference 2, 
and in contradiction with previously reported results 5re). The multiplicity 
data also show a set of unassigned delayed y-ray transitions, with distinct 
mean multiplicity of 21 ± 1 units, suggesting a possible higher spin isomeric 
state in i52Er. We could not confirm the existence of the 10 ns possible hi
gher spin isomeric state also reported in reference 2. These findings suggest 
a strong dependence of the cross section to populate these isomers on the reac
tion mechanism and on the feeding patterns. 

The complete analysis of these data, i.e. the prompt singles y-spectra and 
they- y coincidence measurements, is in progress. 
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HIGH SPIN ISOMERS IN 1 5 3 E r 

D. Horn, G.R. Young , C.J. Lister, C. Baktash 
Brookhaven National Laboratory, Opton, New York 11973 

The N=85 isotones have provided striking examples of shell 
structure at high spins. For example, the signature of valence 
neutron states and their coupling to aligned proton configura
tions in 1 5 1 D y has been discussed by Kleinheinz.l Such coupling 
frequently gives rise to isomeric states. Several survey experi
ments have reported evidence of high spin isomers in 3Er. 2.3 
Our investigation of l s 3 E r confirmed two long lived high spin iso-

and established their positions and decays. 

An array of 4 Nal detectors in delayed coincidence with a 
Ge(Li) detector served to isolate those transitions associated 
with lifetimes 210ns. Identification of the delayed transitions 
was obtained from excitation functions and cross bombardments us
ing 12C+1'*'lSro, nB+ l l , l fSm, and 3 2S+ 1 2 1*Te. Measurements of angular 
distributions, halflives (pulsed beam), and y-Y coincidences were 
all obtained using the l u l ,Sm( 1 2C,3n) 1 5 3Er reaction at 82 MeV. 

143/2,45/Z) V j ' " 5 * 3 0 " 

(11/2) 
5 1 2 . 0 (37/21 

27/2" 
25/2" 

•170 
±«Mt 

404.0 
M.S: 

135/21 _ 

489.1 
133/21-

The level ordering is based on coincidence timing, intensi
ties at 82 MeV (A. from angular distribution), and relative in
tensities from the excitation functions. Due, in part, to the 
number of different re
action channels open, 
uncertainties remain '"E< ENERGIES (»,VI 
and the level scheme (47/2,49/21 1 3 i n , 6126,4 *a 
shown at right should. (45/2,47/2)-
be considered tenta
tive. The energy of 
the unobserved tran
sition deexciting the 
T]/2*170*60ns isomer 
is deduced to be 7.5 
keV from crossovers 
which feed the isomer 
from the main cascade. 
Comparing this isomer 
with the analogous 
isomeric state in 
151pyl yieidg a simi
lar transition rate, 
indicating Ml charac
ter. The near-Yrast 
states are established 
up to an excitation 
energy of 5183.o keV. 
Transitions deexciting 
this state show a half 
life of 225*30ns. 
Since tentative assign
ments do not suggest 
M2 or E3 character for 
the 362.9 keV f-ray, 
the isomerism may 

428.4 
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arise from an unobserved low-energy transition. Bjtfrnholm et al. 
have reported an isomer at 5.2±0.25 MeV, but with a longer half-
life than observed here. 

Levels up to 2039.6 keV may be described in analogy with the 
other N»85 isotones as: (i) a v(f7/ 2

3) ground state configuration 
with two excited states, and (ii) a v(hg/2f7/22) sequence with 
J =9/2" to 21/2-. The 27/2" and 25/2" states may be interpreted 
as i(h]iy22) • v ^ f 7 / 2 ^ 3 w i t h t h e 5 ^ 2 projection of (*j/2^ falling 
below the 7/2 projection as discussed in ref. 1. The pattern 
above the isomer certainly resembles that below, but further con
figuration assignments should await determination of level pari
ties from our planned linear polarization measurements. The ex
istence of a long-lived isomer of spin -22ft, the complex feeding 
pattern, and the irregular energy spacings in this nucleus all 
favor the aligned single-particle picture for l s 3 E r at high spin. 
* 
Summer visitor. Permanent address: Oak Ridge National Labora

tory, Oak Ridge, Tennessee 37830 
1. P. Kleinheinz, Proc. Symp. on High-Spin Phenomena in Nuclei, 

Argonne, 111. (1979) 125. 
2. D.J.CM. Hageman, M.J.A. de Voight, and J.F.W. Jansen, Phys. 

Lett. 84B (1979) 301. 
3. S. Bj*rnholm, J. Borggreen, 0. Christensen, A. DelZoppo, B. 
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NATURE OF HIGH SPIN STATES IN NEUTRON 
DEFICIENT ERBIUM ISOTOPES 

P. Aguer , G. Bas tin , A. Pêghaire , J.P. Thibaud , N. Perrin 
H. SergoUe + +, Ph. Hubert . 

- 91406 Campus ORSAY- FRANCE 

91406 Campus ORSAT- FRANCE 

C.S.N.S.M. Bât. 104 
+ + I.P.N. - Bât. 100 -

CE.N.B.G. - Le Haut Vigneau 33170 GRADIGNAN- FRANCE. 

In an earlier experiment, neutron deficient erbium isotopes (N ̂  86) . 
have been explored at very high spin, using the multiplicity filter technique . 
The continuum y ray spectra, observed with a 7.6x7.6cm Hal showed out two bumps. 
The upper energy one, centered around 1.4 MaV, and mainly composed of stretched 
E2 transitions, strongly suggested a collective structure. The multiplicity 
spectrum also exhibits two peaks at the corresponding bump energies and support 
the conclusion that such a structure comes out at spin above 40 ti for these 
nuclei lying in the transitional region. 

Recently, it has been pointed out that the sum spectrometer method is 
a powerful tool to select the high angular momentum nuclei produced in a (HI,xn) 
reaction ' '. The method has been successfully applied in the study of good 
rotor nuclei like 'G^Er 3). We have applied that method to the case of erbium 
isotopes in the N ̂  86 region in order to observe the behaviour of this high 
spin bump with increasing angular momentum. 

The experiments were run at the Alice accelerator at Orsay using a 
185 MeV 40Ar beam on a ''^Sn target. The total y ray energy spectra were recor
ded with a Nal sum spectrometer (31 cm diameter, 31 cm length) of 0.8 efficiency. 
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- lu Lirthi, 

liStHiA ' Oi^eAcncw bttuitm the. adjacent ipzctna. 
V l oi ilguAe. Je. 

lii~ This spectrometer is optically divided in four 
sectors. A Ge(Li) detector placed in a hole in the sum 
spectrometer at 90° with respect to the beam allows a 
selection of the outgoing channels. Spectra of indivi
dual y rays were recorded with a 7.6 cm x 7.6 cm Nal 
located at 0°, 60 cm fmm the target. 

b c 
Figures I ' show the unfolded 0° Nal spec

tra for the 1 1 B S n + *°Ar system, in coincidence with 
successive adjacent 3 MeV slices in the sum spectrum 
(fig. l d ) . The spectra of the 1 2 4 S n + *°Ar system are 
displayed for comparison (fig. l a) : our results for 
that system are in agreement with the one previously 
obtained in ref.3. All the spectra are normalised to 
the multiplicity for each slice and multiplicities 
values have been deduced from an analysis of the coun
ting rates of each sector of the sum spectrometer used 
as an efficient multifold spectrometer (fig. I e)• 

The first salient feature of these results is 
that the low energy bump (at 650 keV) is connected 
with the higher slices in the sum spectrum and thus 
with the higher multiplicities in the nuclei. 

Preliminary angular distribution results are 
consistent with an intense dipole component in this 
low energy bump. Mi Y rays have already been observed 
in other systems 4 ) > g^ s ome theoretical explanations 
have already been proposed 5,6). 

Moreover, the high energy bump (Ey 1^ 1-4 Me v) 
starts developing at about 35 h suggesting at such a 
spin a change in the nuclear structure. But the ave
rage energy of the bump remains constant when increa-

El"«) sing the sum energy (i.e. when increasing the spin). 
This appears clearly in the Nal spectra differences 
displayed in fig.2 and is in a sharp contrast with the 
behaviour of the î2*Sn + *°Ar system " . 

The constant energy of the upper bump observed in the l'8Sn + *°Ar system 
might lead, in the framework of the rotational model, to the conclusion of the 
existence of an effective moment of inertia uncorrected with the rotational 
frequency • this trend recalls a vibrational behaviour- Another explanation 
could arise from successive particle pairing break up. This last point of 
view could be in agreement with the strong correlation observed between the 
two bumps (gee Ph. Hubert et al, this conference). 
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CALCULATIONS OF THE CONTINUUM ,-RAY SPECTP». IN (HI ,xn) REACTIONS 

Ph. Hubert, F. Leccia, R. L io t ta" , P. Mennrath, M.M. Vil lard 
Centre d'Etudes Nucléaires de Bordeaux-Gradignan, Gradignan, France 

Recent (HI,xn) experiments have shown the rich variety of phenomena occu-
ring at high spin in di t f trent nuc le i . Thus, in ref, the gamma-ray spectrum 
of l ight Er nucle i shows two bumps. The low energy bump corresponds mainly to 
low spin (below spin 37) t rans i t ions . The higher energy bump seems to be the by 
now c lass ica l bump produced by c o l l e c t i v e (rotational) transi t ions at high 
spin. However, the edge of this bump does not move with increasing entry-state 
energy 2 ( i . e . increasing spin) as would be expected if the corresponding ganrna-
rays were produced by rotational t rans i t i ons . On the other hand, in r e f . 3 i t i s 
shown that rotational nuclei decaying at high spin produced also two bumps , but 
in this case i t seems that the low energy bump consists mainly of Ml transition! 
while the high energy bump consists of E2 transi t ions . In a l l cases , the high 
energy part.of the spectra decays exponential ly , in disagreement with theoretical 
predictions . 

To study these somehow contradictory features we analysed the high-energy 
part of these spectra including only s t a t i s t i c a l El t rans i t i ons . The understan
ding of these transit ions is fundamental not only to elucidate the above mentio
ned disagreement between theory and experiment but also , from an experimental 
point of view, to be able to separate the background s t a t i s t i c a l gamma-ray at 
low energies from the gamma-ray produced by co l l ec t ive trans i t ions (both Ml and 
E2).To carry out this analysis we have assumed that the s t a t i s t i c a l cascade 
proceeds at random but al l AL(=;1,0) trans i t ions were allowed to occur. U t i l i 
zing a Monte-Carlo method we obtained the spectrum of f i g . 1 corresponding to 
nuclei with A "- 150. In general, we have so far found that th i s spectrum is 
sensit ive to changes in the densicy of s t a t e s . 

Statistical r-ray spectrum (full line) calculated for • nucleus with A •<• 150 and 
the partial component* (numbera) associated with different -r-ray multiplicities 
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Regarding the high-energy bump we found that it is very dependent upon 
the structure of the yrast line. For instance, the fact that the edge of this 
burp does not move with increasing energy seeirs to indicate that a series or" 
backbendings occurs beyond spin 40 (fig. 2), although we are not yet sure 
wether or not there are other possible explanations. 

i 4 

Finally, we analysed the low energy bump of ref . J using the wobbling model 
but including both E2 and Ml collective transitions among different high spins 
tracks. We then obtained, using reasonable g-values, spectra which have the 
same feature than the experimental ones as shown in fig. 3. 

Calculations of the >-ray spectrum for a quasi spherical Total gamma-ray spectrum of the collective 
nucleus around A ̂  150 using a Monce-Carlo method. The transitions (E2+H1) in 1 0 l Yb calculated in 
backbending plot associated to the yrast line used in the wobbling model for different g-factors. 
the calculation is shovn in the insert. No other collec
tive band is included in the calculation. 
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IRREGULARITIES IN THE YRAST LINE OF 1 5 6 E r 

T.Byrskl, F.A.Beck, C.Gehringer, J.C.Herdinger, Y.Schutz and J.P.Vivien 
Centre de Recherches Nucléaires et Université Louis Pasteur, 

67037 STRASBOURG Cedex 

1600-1-

In the present work, we have carried on our research of second backbending 
in the yrast spectra of rare earth nuclei. The second i r regular i ty 1 observed in 
loOyb f i t s well within the framework of a Z oscil latory behaviour of the 
interaction between two specific bands (no backbending 2 in 156Dy, upbending 3 

in 158Er). Our purpose was to study the effect of the variation of the neutron 
number and for this we have investigated the 156Er nucleus. 

The heavy ion reaction Pr( F,4ny 6 Er was used to populate high spin 
states in 15oEr. Following the results of an excitation curve run betv/een 85 
and 110 MeV, a bombarding energy of 95 MeV was chosen to avoid too strong conta
minations from the 3n and 5n channels. The lmg/cm2 metallic target was rolled 
onto a 0.1 mm lead f o i l . The y-y coincidences were measured with a three Ge(Li) 
array so as to increase the counting rate. Detectors were set at +90° , - 90°, 
and 0°, with respect to the beam direction, each detector being in coincidence 
with each other. 

From a large amount of coinciden
ce, the yrast level scheme, found to 
be in agreement with that reported in 
Ref.4, has been extented up to I =26 "h 
and tentatively up to I = 28 "h ( f ig.2). 
Special care has been taken for the 
assignment of the 766 keV -f-ray line 
since a transition of 765 keV ' 
(21" •*- 19") is more strongly populated 
in the negative parity side band of 
156Er and a transition of 765 keV 
also exists in 1 5 7 E r . The five coinci
dence spectra obtained with windows 
set on the transitions decaying the 
14+, 18+, 20+, 22+ and 24+ states 
respectively each exhibit clearly a 
766 keV Y-ray line without any signi
f icant presence of transitions or ig i 
nating from the negative parity side 
band of 1 5 6 Er or from 157Er ( f i g . l ) . 
This 766 keV y-ray l ine is also in 
coincidence with i t se l f . Relative in
tensities and energies extracted from 
the coincidence spectra favour the 
attr ibution of the second 766 keV 
transition to the yrast level band. 
DCO ratios obtained from the relative 
coincidence intensities at 0° and 90° 
are a l l near 1 for the transitions of 
the yrast level band indicating that 
a l l transitions have the same E2 
multi pole character. 
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Fig.2 shows a plot of the moment of inertia versus the square of the rota
tional frequency ; the two 
discontinuities lead to 
rapid increase of the moment 
of inertia at J* a 12+ and 
J" a 24+. It should be em-
phazised that the second 
discontinuity appears at 
soin value lower than in 
158Er or 1 6 0 Y b and is more 
pronounced than in these 
two nuclei : in fact, it is 
the first time that it 
appears as a strong back-
bending. Preliminary results 
of calculations, done by 
the Warsaw group 5), in the 
cranked HFB framework, in
dicate that the second ano
maly in 156Er cannot be 
reproduced by the alignment 
of a proton pair like in 
160vb, but is rather due 
to a neutron effect. 

» i 

26 

71 S 

It' 
v* 

1012 

M* 7316 

i l * MIS 

JO* *» 
5717 

«* »>• 
5006 

IB' 
is* 

(391 

1»' £ M17 

!?• S 3315 

IP* 
s 

2633 

9* 
t -

. 1959 

5' 

6.9 

13(0 

«• 

C« 797 

r •n 3U 
g4 3 ? 

156 Er 
0,1 

Fig.2 

1) F.A.Beck, E.Bozek, T.Byrskl, C.Gehringer, J.C.Merdinger, Y.Schutz, 
J.Styczen, and J.P.Vivien, Phys.Rev.Lett. 42 (1979) 493. 

2) D.Ward, 0.Hausser, H.R.Andrews, B.Haas, P.Skenved and M.Maynard, 
Proc. of the I n t . Conf. on Nucl. In terac t . , Canberra 1978. 

3) I.Y.Lee, M.M.Aleonard, M.A.Delaplanque, Y.El-Masri, J.D.Newton, 
R.S.Simon, R.H.Diamond, and F.S.Stephens, Phys.Rev.Lett. 38 (1977) 1454. 

4) A.W.Sunyar, E.de Mateossian, O.C.Kistner, A.Johnson, A.H.Lumpkin, and 
P.Thieberger, Phys.Lett.62B (1976) 283. 

5) J.Dudek, private communication. 

http://Phys.Lett.62B


- 89 -

GAMMA-RAY TRANSITION ENERGY CORRELATIONS IN l s , ?Er and l w Y b 
J.P. Vivien, Y. Schutz, F.A. Beck, T. Byrski, C. Gehringer and J.C. Merdinger 
Centre de Recherches Nucléaires, Strasbourg, France. 
Studies of the rotational nuclei 1 5 6 E r and 1 6 0 Y b 1 , z show that their yrast 

and side bands exhibit discontinuities. In particular, in both nuclei j second 
backbend is observed in the yrast band. Gamma transition energy correlation have 
been measured for these nuclei produced respectively in the heavy ion fusion 
reactions 141p r + 19p at Einc = 100 MeV, and 1 4 8 ^ + 16 0 a t E i n c = 105 MeV. To record the Y-Y correlation matrix a set of three Ge(Li) detectors with characte
ristics and gain properly matched has been used. 

The two dimensional correlated spectra AN-H were obtained via a method which 
separates correlated events from the uncorrelated background 3. In these spectra 
the rotational behaviour of the nucleus shows up as a valley along the diagonal. 
The width of the valley W = 16 n 2/2 3- (1) depends on the collective moment of 
inertia which in a rotational band is given by ?3yfiz = 4( I-ja)/Ey(2) where Ey is the transition energy and ja the aligned single particle angular momentum. 

Figures 1 and 2 display the b>dimensional correlated spectra. The valley can 
be followed up to 860 keV for 160yb and to 925 keV for 156Er. These values 
correspond to the high energy edge of the yrast bump as observed in the direct 
Ge(Li) spectra. The right-band part of each figure shows the results obtained 
for different slices perpendicular to the 45° diagonal. For low energy transitions 
up to =500 keV, the observed narrowing of the valley for 1 6 0 Y b with increasing 
energy reflects the behaviour of the ground band moment of inertia below the first 
backbending. Beyond the first backbending up to 750 keV, the width of the valley 
remains almost constant. The ridge which is narrow below the first backbending 
becomes wider, indicating a spread in the moment of inertia. Onecan then repre
sent the yrast-like decay by several collective bands with different moments of 
inertia corresponding to various degrees of alignement of the single particles. A 
few of these bands are expected to experience crossings at specific frequencies. 
This phenomenon should be seen as a filling in of the valley. Such a multiband 
crossing could correspond in theytterbiurn data to the disappearance of the 
valley observed between 750 keV and the second backbending and to the strong 
necking of the ridge at tioi = EY/2 = 0.40 MeV. The same features are observed in 
1 5 6 E r , but slightly shiffted in energy : the necking appears at-fuo = 0.38 MeV. 

After the second backbending, the end point of the valley is related to the 
energy of transitions de-exciting the highest spin collective states fed in the 
reaction. The corresponding moments of inertia deduced from the width are 
136 ± 18 (MeV) _ 1 for 1 6 0 Y b and 111 ± 22 (MeV) - 1 for 156 E r. T n e maximum angular momentum at the top of the yrast cascade is evaluated to be I = 44 "Ti for both 
nuclei. Using relation 2, the corresponding single particle aligned angular momen
tum is found to be « 15 fi forytterbium and - 17 "R for erbium. These values are in 
good agreement with the alignment obtained for the yrast band after the second 
crossing 2. 
1. F.A. Beck, E. Bozek, T. Byrski, C. Gehringer, J.C. Merdinger, Y. Schutz, 

J. Styczen and J.P. Vivien, Phys. Rev. Lett. 42 (1979) 493, and contribution 
to this conference. 

2. L.L. Siedinger, 0. Andersen, S. Frauendorf, J.D. Garrett, J.J. Paardhoje, 
G.B. Hageman, B. Herskind, Y.V. Makovetzky, J.C. Waddington, M. Guttormsen, 
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B(E2) - VALUES OF HIGH SPIN STATES IN Oy-ISOTOPES 

S ' i ^ i 1 ? ? ' P l ^ C h S ' E l G r 0 S S e ' R " K u l e s s a + * D - Schwalm, R.S. Simon and n . j . wo I lersneini 
GSI Darmstadt, Germany 

A i ! ( ! 2 ) " v a l u e s o f h 1 9 " s P 1 n states in the three isotopes l 5 6 D y 1 5 B Dv 
and Dy were determined by two independent methods, i . e . mul t ip le Coulomb 
excitat ion and l i f e t ime measurements fo l lowing (Hl.xn) reactions 

^ • n i ^ ! C I + 1

h ? t u e m p * S w e ^ ! . " ' a d e ( 1 ) ^ investigate the ro ta t ion-v ibra t ion 
coupling at high spins, ( n ) to study the interact ion between the g-band 

D?ooerties o f 1 t h p 1 c a i 1 9 H e d

h

b a n d i S " b a n d ) a n d ( i i i ) t 0 t e r m i n e the col lect ive 
properties of the s-band above i t s crossing with the g-band. The three 
isotopes were selected with respect to the d i f ferent behaviour of the yrast 

Dy). 

i , • . — — : — "•-• l " i m ' L «•« l- | ic u i n e r e n i oenaviour OT tne vras 
? ' « • „ e ? e * 9 i e S S D a n n l n 9 frvm pronounced backbending ( l s ' D y ) over upbending 
( uy) to an only smooth var iat ion of the apparent moment of i ne r t i a ( 1 ? * 

h ^ h i I h ! n ^ ! ! l » ! ! b

+

e X C i î a t i 0 ! l f * D e r i m e n t s we1"* performed at the UNILAC using 
highly enriched targets and 20aPb-beams of 4.7 MeV/A. The use of a special 
particle-Y-coincidence setup consisting of up to four Ge-Li detectors and 
î ï ï f ? ° r « ^ 0 n t " n S i r ï S P a r a l l e l p l a t e c o u n t e r s allowed a fast online Doppler 
sh i f t correction of the Y-spectra. B(E2)-values up to F . 20 + were obtained 

»nor^?™i?Sn ?i,° - 7 e - i n t f s i t i e s t 0 t h o s e « I cu la ted in the semi das si cal 
approx mation. The wide impact parameter region covered by the large area 
par t ic le detectors was necessary to determine B(E2)-values a t low as well 
as at nign spins. 

The isotopes 1 5 6 Dy and 1 5 8 Dy were addi t ional ly investigated usinq the 
recoil distance metnud in the inverse 2 5Mg ( 1 3 6 Xe,5n) and 2 ?Mg ( 1 3 6 X e 4n) 
reactions. Due to the high recoil ve loc i ty of the compound nucleus (v/c = 081 
lnet imes down to <\- .3 ps could be measured with an absolute accuracy of ' 
* 1 i S - , D e c ? y , i ^ V 6 s U f \ S ° I 1 ! = 2 6 + a n d l ' = 3 0 + w e r e obtained wi th in the 
yrasu^ands of "«Dy and l î e D y respect ively. By introducing a th in Au-fo i l 
(^ i.o urn) instead of a thick stopper we were able to avoid the strong Doppler 
spread of the stopped components of t rans i t ions from short l ived (< 1 psl hiqh 
spin states. A nearly complete suppression of Y - rays from the Coutomb excited 
AU-TOI1 was achieved by a Nal m u l t i p l i c i t y f i l t e r . 

F ig . 1 Normalized 8(E2)-values 
of the yrastband in 1 5 8 Dy 
obtained from Coulomb 
exci tat ion (x) and 
l i fe t ime measurements ( • ) . 
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The low spin B(E2)-values of I 5 e 0 y exceed the rotat ional model predictions 
probably due to centr i fugal stretching which seems to tbP saturated at I 1 7 = B + . 
A s imi lar behaviour was also found for the g-band of ' i 6 D y * . In the spin 
region ( I i r > 14 +) above the upbending however the E2-transit ion probabi l i t ies 
are s ign i f icant ly reduced compared to the rotat ional model ( f i g . 1). This 
reduction corresponds to the in t r i ns i c quadrupolemoment Q0 in the s-band 
being 10 % smaller than the one in the g-band. This value agrees to the 
Q 0 (2 + ) of 1 5 6 Dy consistent with the assumption of an aligned neutron configu
rat ion in the 1 5 s D y s-band. By analyzing feeding mu l t i p l i c i t i e s and feeding 
times we also found an average B(E2)-value fo r the pre-yrast continuum 
which showed a s imi lar retardat ion. 

Fig. 2 Normalized B(E2)-values 
of the yrastband in 
1 6 l , 0y obtained from 
Coulomb exc i ta t ion . 
( } see re f . 4) 

ea a i le agi eetient w ! t t r- otat" . a i -
a detai led study OT the coupling betweer g-bano anc -bard was poss-.o.e ain^e 
states up to F = 22 + (g-band) and I ' = 18 + (r-band) were populated by 
Coulomb exc i ta t ion. The observed in tens i t ies of t ransi t ions in the y-band 
and between y-band and g-band require a spin-dependent coupling between both 
bands deviating at I 1 7 > 6 + from a f i r s t order perturbation treatment using an 
ef fect ice Ale = 2 in teract ion 2.- A consistent descript ion of the experimental 
data could be found in the frame of the RV-model 3 , however i t was necessary 
to introduce a renormalization of the RV in terac t ion Hanriltonian. With a 
reduction factor of 2.7 and Q 0 y=i . iQ o a a reasonable f i t to the measured 
y ie lds was obtained. ^og" 

+ on leave from Dept. of Nucl. Phys. Jagiellonian University, Cracow, Poland 
1. D. ward et al., Nucl. Phys. A332, 433 (1979). 
2. A. Bohr and B.R. Mottelson, 'NUcTear Structure, Vol. 
3. A. Faessler et al., Nucl. Phys. 70, 33 (1965). 
4. R.O. Sayer et al., Phys. Rev. 6177 1026 (1978). 

II, 158 ff (1975). 
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DISCRETE Y-RAYS ABOVE 1-MeV IN Er NUCLEI 

H.Yamada*. D.C.Hensley+, A.V.Ramayya*, C.F.Maguire* 
J.H.Hamilton*, and A.Ahmed* 

JVanderbilt Universi ty, Nashvi l le, Tennessee, USA 
'Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA 

Bumps consist ing of mult iple Y-rays above 1-MeV for Er nuclei ha 
been observed fo r the f i r s t time. The observation was made wi th a wel; 
collimated 12.7xl2.7-cm Nal detector in coincidence with fas t forward 
protons from the 1 5 '*Sm( 1 ' fN, p x n ) 1 6 7 " Er reactions. The nitrogen beam 
at 167-MêV from the Oak Ridge Isochronous Cyclotron was chosen to favor 
the (p9n) leading to 1 5 8 E r . In ear l ie r work by Yamada et aj_. l such fast 
forward protons were at t r ibuted to a massive transfer reaction for which 
a simple part ic le-Y coincidence experiment turned out to be a very 
useful probe to investigate high spin states. 

In the present work, a technique combining part icle-Y coincidence 
and Y-ray m u l t i p l i c i t y was used to select high spin t rans i t ions . The 
proton telescopes were placed at forward angles of 22° on each side of 
the beam. The Nal was positioned at 145° and 50 cm from target to 
discriminate against neutrons by time of f l i g h t and to reduce coincident 
summing. 

Two of the Nal spectra associated wi th d i f ferent numbers of coincident 
detectors in the Y-mul t ip l i c i t y array and gated on high energy protons 
are shown in F ig. 1 . No unfolding was appl ied. The so l id l i ne under 
the 5-fold spectrum was obtained by smoothing the structure in the 1-
fo ld spectrum and normalizing the heiqht by the ra t io C5/CL where C- is 
the integral of the counts above 1-MeV in the j - f o l d spectrum. This 
estimate of the continuum background should give an upper l i m i t since 
the rat io was calculated including the bumps. 

There are bumps at 0.33, 0 .61 , 0.87, 1.2 and 1.7-MeV in the 5-fold 
spectrum, while indications of these bumps exist even in the 1-fold 
spectrum. The 0.33-MeV bump corresponds to the 4-2 t rans i t ion in 1 5 8 E r . 
Bunching of discrete y-rays at the turning points of the f i r s t and 
second backbendings of the moment of i n e r t i a in 1 5 e E r give the correct 
energies to account for the second and t h i r d bumps at 0.61 and 0.87-MeV, 
respectively. The analysis of the Ge(Li) spectra taken simultaneously 
in coincidence wi th the fast protons shows that the t ransi t ions in 1 5 °E r 
are dominant and are observed up to spin 28R. The remaining Y-rays were 
assigned mainly to 1 5 7 E r and ' " E r , each wi th one half of the Y-yield of 
1 5 3 E r (the in tens i t ies drop down quickly with spin and the highest spin 
observed was 41/2"h"). I t seems unl ike ly that the high energy bumps 
originate from neutrons or from quasi-e last ic reactions, because such 
Y-rays should not have high y - m u l t i p l i c i t y . 
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In analogy to the lower energy bumps, 1t Is possible that the 1.2 
and 1.7-MeV bumps may be associated with third and fourth backbending in 
Er nuclei. I f this interpretation 1s correct, these additional back-
bendings would occur around spin 4011 and 56h on the assumption that the 
moment of inert ia is 130 MeV"1. Spin 56f> Is consistent with the average 
angular momentum transferred into the fused system as estimated from the 
Y-ray multipl icity of about 30 obtained for the discrete lines of 1 5 8 E r 
in the Ge(Li) spectrum. The observation of backbends at high spin 
suggests that some Mgh-j orbitals might not yet be fu l ly aligned up to 
spin 561i,from the point of view that the lower backbends of l g 8 E r are 
produced by the alignment of \>(i 13 /2) 2 and ir(h 11/2) 2 o rb i ts . 2 I f so, 
a prolate shape may be expected even at such high spin, and an oblate 
shape may occur above spin 56fi\ In any case these data suggest that the 
high j -orbitals may maintain the character and influence at much higher 
spin than previously thought possible. Further experiments with improved 
techniques are planned to verify the existence of the bumps. 
*H. Yamada, et a l . , Phys. Rev. Lett. 43_, 60S (1979). 
Z F. S. StephensTkevlews of Modern Physics, Vol. 47, No. 1 (1975). 

omL-pwc ao-HttR 
T 1 1 1 

Z 1 . ' "S* . ! 1 4 ». ,»». ) '" - * 

Fig. 1 
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ALIGNMENT OF PARTICLE ANGULAR MOMENTUM IN DEFORMED NUCLEI 

L.K. Feker, NNDC, Brookhaven National Laborabory, Upton, LI, New York 

J.H. Hamilton, Physics Department, Vanderbilt University, Nashvi l le , TN 

J.O. Rasmussen, Lawrence Berkeley Laboratory, Chemistry Department, 
University of California, Berkeley, California 

The sudden changes in the moment of i n e r t i a , backbending in yrast cascades in 
even-even rare earth n u c l e i , are understood in terms of the crossing of the ground 
rotat ional band (GRB) with a rotational aligned band bui l t on a (j >_ 9 / 2 ) 2 configur
ation-Stockholm band (SB). An important character i s t i c of the SB band i s the magni
tude of the alignment I 0 — the projection of the in tr ins i c angular momentum of both 
unpaired aligned par t i c l e s on the axis of r o t a t i o n 1 . Recently Bohr and Mottelson 2 

proposed a way to extract the information on I 0 from an analysis of experimental 
data on thé function I = I(oi), where the angular frequency Km % E r ( I + 1 + 1 - l ) / 2 . 
In the approximation, E r o t = Ai R(R + 1) , where R = I - I 0 , and I i s the to ta l angu
lar momentum of the rotat ional s t a t e , the function I = I(u) for a given rotational 
band is I = l/4Al E-y + const, and is described by a straight l ine with a slope pro
portional to the moment of inert ia &= -fi2/2A^. For the GRB and SB, these l ines would 
be displaced by a quantity ia(<i>) = Igg(u) - Ig^gCa)). Bohr and Mottelson c a l l i a(ui) 
the "aligned angular momentum" and propose to consider i t as a measure of the al ign
ment of the SB. 

Because of the importance of the effect of Coriol is alignment for the under
standing of the nature of high spin c o l l e c t i v e s t a t e s , we have analysed the ir pro- • 
posed interpretat ion 2 of i a ( u ) in more d e t a i l . The function Ia(<i>) depends not only 
on the properties of the SB (including alignment) ref lected in the function 155(0)) , 
but as we shal l see by de f in i t ion depends on the properties of the GRB and the strength I 
of coupling of these two bands, Mi/AE(I). The GRB and the SB have very different depen- ! 
dençes on I . To i l l u s t r a t e , consider the next approximation E r o t = Ai Ql(R+l)3-
A 2 i R ( R + 1 ? 2 ( e Q. 1) where A2 characterises the nuclear softness . From eq. 1, the two 
leading terms of E T (I ) are E y ( I ) = 4A]_R - 8A 2R

3 + . . . With A 2 Ml % 1 0 - 2 - 10-3 , the 
influence of the f i r s t term i s dominant at low R. But with increasing R, the influence 
of the second term on E Y increases very fas t . For s ta te s with the same I , RQJJJ » RgB 

s ince RQRB = I and RSB " I - Io- Therefore, the energies of the GRB at a given I are 
much more strongly affected by the second and higher order terms in equation 1 than 
are the energies in the SB at the same I . Thus, we can expect that in the GRB as I 
increases Ey increases not as fast as in the SB, and the I = IGRB(">) curve up bends 
fas ter than the I = Igg(u)) curve. Our conclusions are the same for a more r e a l i s t i c 
expansion E r o t = Eja.jJ'i. Therefore i a(ui) which r e f l e c t s the difference in the behav
ior of the SB and the GRB, at large I i s expected to decrease with increasing I , inde
pendent of the magnitude of the real alignment I 0 of the SB. This e f f ec t i s i l l u s t r a 
ted for the GRB and the SB in 1 6 "Er and T 5 8 D y ( inser t in Fig. 1, r e f s . 3 - 6 ) . 

Now consider the e f f e c t s of the mixing of the GRB and SB on the magnitude of 
i a (m) . If only the Coriol is e f fec t i s responsible for i a(io) in the aligned bands in 
odd-A and even-even A nuc l e i , then according to Bohr and Mottelson 2 i & ~ e ( u ) ) c a i c -

i a f 0 ^ ) + ^ f M where io~°(uj) » I A I ° ( ^ "" IGRB^"1) • a n d iof a n d ^ f a r e alignments 

for the favored and unfavored parts of the ii.3/2 band. We calculated the values of 
i e - e ( u ) c a j i c from 1 5 9 Dy, 1 6 1 E r and 1 6 5 E r . We emphasize that calculated in t h i s way values 
of ig - e (u) ) do not include the e f fect of mining GRB - SB. The values of Ai„ = 

i„" e(<j) - ia" e((u)exp a r e 4 - 2 > ° - 7 a n d °-1 f o r 1 5 8 l ) y > l 6 ° E r a n d 1 6 1 *Er, respect ive ly . 
It i s known that the ba^kbending in ^fDy ( r e f s . 3 , 6) i s much smaller than in ^jJEr 
( r e f s . 3, 7) and 1 6 1*Er (Fig . 1 ) . So in 1 5 8 D y , J> S B i s c lose to 4>GRB> EC->SBi i s 

close to E(I)GRB, ÛE(I) i s small, and the mixing of the SB^ and GRB is strong. This 
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can lead to a strong decrease of la(u) in
 1 5 8 D y in comparison with the strong back-

bender l 6 l ,Er (where the GKB-SBi mixing is weak). So the large difference between 
i| _ e(u) e xp and i!" eMcalc c a n b f t considered as an effect of the mixing of the GRB 
and SB^. Also the configuration (j >_9/2) 2 can produce many aligned bands with even 
and odd spins with different degrees of rotational alignment I 0. The band with max
imal alignment I™3*, SBj, and with strongest Coriolis effect has the largest moment 
of inertia «9 D a x and is the lowest. The bands with smaller degrees of alignment SB 2, 
SB j have by definition smaller I 0 and larger energies. Because of weaker Coriolis 
coupling, they also have a smaller moment of inertia. If the SBi - GRB mixing is 
sufficiently strong, the observed ig-e(u) for SB^ can be smaller than i a(u) for SB2 
(with even I) which are higher and therefore have larger AE(I) = Egg,(I) - EGRB(I) and 
weaker mixing. The same is true for i a(u) for SB3 (with odd I) and tor the aligned 
negative parity bands (HPB). Thus in 'fil*Er( where the GRB - SBj mixing is weak, wc 
can expect that i^SB^) > ia(SB2, SB3 or NPB) , whereas in

 1 5 8 D y with strong GRB - S3i 
mixing IQCSB^) can be smaller than i a(SB 2, SB3 or NPB). As seen in Fig. 1, the ob
served properties of the side bands in these nuclei 16"*Er and 1 5 8Dy completely support 
these predictions and therefore demonstrate the influence of the mixing of the GRB and 
SBj on I B(u). 

Thus, we have shown that the magnitude of the "aligned angular momentum", i|~e(ai), 
introduced by Bohr and Mottelson2 reflects not only the real alignment in SB^ but also 
the properties of the GRB and the strength of the mixing of the GRB and SB^. Thus, 
i a is not a measure of the real alignment of the SB. The research at Brookhaven and 
Lawrence Berkeley Laboratories and in part at Vanderbilt University are supported by 
the Department of Energy. 

Figure 1: The functions of I » I(u) for GRB 

and observed aligned bands SBx, SB2 and EB3 

in 1|gEr 9 6 end
 1 H n y 9 2 -

 F o r 16l*Er we also 

present data on i a(u) for the two even spin 

aligned bands SB^ and SB 2- Note that 

i a ^ S B i * M<»)SB2 f o r 1 6 1* E r a n d 

ia(")sBi * ia( u>SB2 f o r 1 5 8Dy- It is 

possible that the SB, and/or SB3 shown may 

have negative parity. This change would not 

alter any of the conclusions we presented. 

E 7(I*1— I-l) = 2CÛ(keV) 
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YRAST SPECTRUM AND g-FACTOR FOR 1 5 8 D y * 

M.Diehel, A.N.Mantri and U.Mosel 
Institut fur Theoretische Physik, 
Universitât Giessen, 6300 Giessen, West Germany. 

Inclusion of pairing correlations in Strutinsky-cranking cal
culations is desirable to get realistic results for energies in 
the spin region (I f, 20) where most of the experimental informa
tions are available. To achieve this we have recently suggested1 a 
prescription in which the total energy of a nucleus consists of 
three terms: 1) the energy of a rotating classical liquid drop, 
2) the shell correction energy for the unpaired system as given in 
the Strutinsky approach, and 3) the pairing energy defined as the 
difference of HFB and shell energies. We performed a HFB calcula
tion in which a fully selfconsistent treatment of pairing was done 
and the single particle potential was replaced by a trixial 
Kilsson potential. The results for 1 5 8 D y are presented in this 
paper. Fig. (1) gives the calculated yrast energies along with the 
experimental energies. It is seen clearly that the pairing term 
contributes significantly and with its inclusion an excellent 
agreement with experiments is obtained. 

Using the cranked HFB wavefunctions we have also calculated 
the gyromagnetic factors g(l) as a function of spin. Experiments 2 

give a constant g-factor (g = 0-36 ± 0'06) for states up to 
1 = 8 and a tendency to decrease for I = 10 state. Fig. (2) 
shows the calculated spin variation of g(l). We also give therein 
the ratio of proton spin to total spin as a function of spin. The 
two quantities have the similar trend and decrease with spin. It 
is clear that the experimental uncertainties are to be reduced to 
test this variation for I <. 8 . However, making use of the enhan
ced transient field effect 3 it should be possible to verify the 
predicted large decrease in g-factors for spin states I = 10—1U . 

The spin variation of g-factors is found to be very sensitive 
on the occupation of valence nucléons. Calculations for 1 6 1*Dy 
which has a slightly bigger deformation, for example, do not show 
any appreciable variation. The decrease of g(l) for 1 5 8 D y is a ro
tational alignment effect. Using cranked HFB wavefunctions we de
termined the spin carried out by the i 13/2 neutrons of which 
there are two pairs in 1 5 8 D y (deformation E = 0.25). The decoup
ling of these neutron pairs is found to be complete at spin I = 1 h 
where the g-factor and the spin ratio reaches a minimum. Further
more, the difference between these two quantities comes mainly 

* Work supported by GSI Darmstadt and BMFT. 
+ Fellow of the A.V.Humboldt Foundation and on leave of absence 

from Department of Physics, Banaras Hindu University, 
Varanasi 221005, India. 
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from the spin contribution of the aligning neutrons. As higher 
spin states are reached the alignment of h 11/2 protons starts and 
causes a rise in the g-factor. However, a significant measurable 
rise will take place only at much higher spins (I •*> 30). 

1) M.Diebel and U.Mosel, Z. Physik A293. 53 (1979)-
2) R.Kalish, B.Herskind and G.B.Hagemann, Phys. Rev. JJ, 757 (1973). 
3) D.Ward, 0.Hausser, H.R.Andrews, P.Taras, P.Skensved, N.Rud and 

C.Broude, Nucl. Phys. A330. 225 (1979)-

Figure '1 

Fig. 1. Yrast spectrum of 1 5 8Dy. The re
sults of Strutinsky calculations with in
clusion of pairing effects are denoted by 
STR(A). For comparison we also show the LD 
energy and the energy of Strutinsky calcu
lations without pairing STR(A=0). The de
formation of the nucleus is E = 0.25- The 
pairing interaction strengths G for neu
trons and protons are 0.12U MeV and 0.101 
MeV respectively. 

Fig. 2. Spin variation of gyromagnetic 
factor (points on full line) for 1 5 8Dy. 
For comparison, the variation of the 
ratio of proton spin to total spin is 
also shown (points on dashed line). 

Figure 2 
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HIGH SPIN STATES IN NEUTRON RICH DEFORMED NUCLEI 

H.Bohn, T.Faestermann, F.v.Feilitzsch, and P.Kienle 
Physik-Departmsnt, TO - MUnchen, D-8046 Garching, F.R. Germany 

H.Emling, P.Fuchs, E.Grosse, D.Schwalm, and H.J.Wbllersheim 
GSI, D-6100 Darmstadt, F.R. Germany 

Information on the high spin structure in neutron rich deformed rare 
earth nuclei is scarce mainly because these nuclei cannot be excited by the 
usually applied fusion type reactions. On the other hand an extension of 
the existing knowledge about the behaviour at high spin from the neutron de
ficient to the more neutron rich nuclei is highly desirable for a more com
plete microscopic understanding of the underlying structural effects. 

In continuing our study of high spin states in the most neutron rich 
stable nuclei throughout the rare earth region we investigated Gd and 
1 7 6Yb. 1 ̂ °Gd is located in a region were the deformation at low angular mo
mentum still increases with increasing neutron nimber. This is not true for 

1*7fi 
the Yb isotopes in that for the most neutron rich stable isotope, Yb, the 
deformation already drops. 

The nuclei have been excited via inelastic scattering «ploying a ^^t> 
beam frcm the UNHAC. Thin, highly enriched Gd and Yb targets were 
bombarded at beam energies between 4.7 and 5.1 MeV/A. Particle - Y coinci
dences were measured in a set-up similar to the one described previously . 

Fig. la shows as an example a Dopplershift corrected Ge(Li) spectrum 
for Gd, coincident to recoil nuclei detected in the whole angular range 
covered by the particle detectors. In Gd accurate energy information on 
the ground state band (g.s.b.) was known before only up to the 4 state. We 
observe excitation of the g.s.b. up to I™ = 22 + at E = 5186 keV. The two 
highest lying transitions are much more clearly visible in T - spectra (not 
shown) coincident to recoils scattered at small impact parameters. In ad-
dition, excitation of the y - band is observed up to the 12 level at 
E* = 2584 keV. 



- 100 -

Fig. 1b shows an analogous Y - spectrum for ¥b. Levels in Yb up 

to l n = 18 have been investigated before employing Kr and 1 3 6 X e beams 

He extend the g.s.b. up to i" = 22 + at E = 5502 keV. For the first time we 
+ * 

also observe excitation of the Y - band up to the 10 level at E = 2478 keV. 

Work supported by the Bundesministerium fiir Forschung und Technologie. 
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HIGH FREQUENCY BAND CROSSING IN l D i Y b 

J.J.Gaardh0je, O.Andersen, J.D.Garrett, G.B.Hagemann, B.Herskind and 
L.L.Riedinger 
The Niels Bohr Institute, University of Copenhagen, DK-2100 Copenhagen, 
Denmark 
P.O.Tj0m 
Institute of Physics, University of Oslo, Oslo, Norway 

The systematica of the crossing between the ground-state rotational band 
and a band with a large particle angular momentum aligned along the rotational 
axis1 ("backbending") are well studied. In I 5 8 E r (ref.2) and T 6 0 Y b (refs.3»") 
two band crossings are known in the yrast sequence. The present contribution 
reports a band crossing in Tb at the same rotational frequency, 1Uift0.42 MeV, 
as the known higher frequency crossings in 1 S 8 E r and l S 0 Y b . 

The level scheme shown in fig.l was established from y-y coincidence and 
Y-ray angular distribution data obtained using the , l , sSm( 1 60,3n) reaction and 
experimental techniques similar to those described in ref.*1. Both signatures 
of the ground-state configuration (a1* = +J~, band 2, and = -J", band 3) and the 
two signatures of the yrast configuration (alr = +{*, yrast band, and « - } + , 
band 1) as well as a third a" = +J~ band (band 4) extend to large values of 
1*K)(T33 /2) . A sharp "backbend" is observed in the ground-state band (see fig.2) 
at the-no) of the first band crossing of the yrast band in 1 S 0 Y b . A "backbend", 
however, is not observed at this frequency for the two positive parity bands. 
The alignment of the quasiparticle pair AB (see fig.3) which would be respon
sible for such a "backbend", is "blocked" by unpaired particles A and B in the 
yrast band and band 1, respectively. These two bands, however, upbend at a 
larger •nu, which corresponds ".o the alignment of quasiparticles BC and AD re
spectively. 

Only the ai" = -J~, band 3, which is associated with the three-quasipartic-
le configuration FAB after the first band crossing, is established to the flu of 
the second "backbend" in 1 5 e E r and 1 E°Yb. An upbend is observed in this band 
at nu=0.42 MeV. If the identification of this band with the configuration FAB 
is correct, alignments involving neutron quasiparticles F, A and B are "blocked" 
for this crossing. Therefore alignments BC, AD, EF and FG are blocked, and the 
remaining allowed neutron quasiparticles, e.g. CD, EH and GH, would be expected 
to align at much higher frequency fnii&).55 MeV). Calculations indicate that 
the first proton alignment (hi 1/2 particles) should occur at W&).41 MeV, re
sulting in a 5-q.p. configuration FAB(2p) which crosses the FAB band. Such a 
proton alignment also would cause an upbend in all observed bands at the same 
frequency. The band crossing at this Tfa> in the yrast sequence of l 5 8 E r and 

Yb previously has been associated with the alignment of proton quasipartic
les from theoretical considerations5. The present data, the first in which a 
high frequency "backbend" is observed in an odd neutron system, are the first, 
however, to experimentally support such an identification. 

1. F.S.Stephens and R.S.Simon, Nucl.Phys. A183, 257 (1972). 
2. I.Y.Lee et al., Phys.Rev.Lett. 38, 1454 (1977). 
3. F.A.Beck et al., Phys.Rev.Lett. 42, 493 (1979). 
4. L.L.Riedinger et al., Phys.Rev.Lett. (in press). 
5. See e.g. A.Faessler and M.Ploszajczak, Phys.Lett. 76B, 1 (1978). 
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16k 
THE MICROSCOPIC STRUCTURE OF THE VIBRATIONAL LEVELS IB Er AT LARGE 

ANGULAR MOMEHTA 

J.L.Egido, H.J.Hang, P.Ring 
Physik-Department, Techn. Univ. Mûnchen, D-80U6 Garching, W-Germany 

. . . 16U 
Rotational bands in the vicinity of the yrast line of Er, which have 

been recently measured up to rather high angular momenta, were studied in the 
framework of the mean-field approximation with projection on part icle number and 
angular momentum. Starting from a time-dependent generalized Slater determinant 
in the intr insic frame, one ends up in the limit of small amplitudes and appro
ximate axial symmetry with the random-phase approximation in the rotating system. 
I t has several advantages: 

( i ) For low angular momenta i t goes over into the well-known deformed RPA 
which has been used with great success for the calculation of vibrational states 
in deformed nuclei. 

( i i ) The self-consistency of the underlying single-particle basis guarantees 
the spurious solutions arising from the violation of symmetries to decouple 
completely from the other excitations, 

( i i i ) The so-called rotation-vibrational coupling is fully taken into 
account because for each angular momentum a new basis is used for the calcula
t ion of the vibrational levels . 

For a residual interaction of pairing plus quadrupole type, whose para
meters have been adjusted to the ground-state propert ies, the RPA-equations were 
solved. For low angular momenta we find the well-known quadrupole osci l lat ions 
(B,y), the pairing vibrations for protons and neutrons and several non-collect
ive twoquasiparticle bands. In the high-spin region additional aligned bands 
develop. They are dramatically lowered in energy by the Coriolis interaction and 
several band crossings with other collective bands and with the ground-state 
band ("backbending") occur. The calculated spectrum is in fair agreement with 
experimental data. 

164 c "Er 

E 

IM*1 

S 

Experiment Theory 

m ;= „± m ;= 
t= 

g.s. negpQt jj.5. rag. par 
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ANALYSIS OF ANGULAR DISTRIBUTIONS IN (PARTICLE, XN) REACTIONS 

V.A. Ionescu, J . Kern, CI . Nordmann, S. Olbrich 
Physics Department, Universi ty of Fribourg, Switzerland 

I t is well known that gamma ray emission fol lowing (pa r t i c le , xn) reac

t ions is strongly anisotropic: W(e) = 1 + [A x P x (cose) . A special experimental 

e f f o r t was made inourwork on ' 6 5 Ho(a , 2n) 1 6 7 Tm reaction in order to obtain 

precise values for the A4 coeff icients . I t was then possible, fo r quadrupole 

stretched t rans i t ions , to experimentally determine the s t a t i s t i c a l tensors 

P x ( J i ) = A x * P I M ^ f J i 1 - 5 = °) o f t n e i n i t i a l leve ls . In th is case, the geo

metrical Bx coef f ic ients are simply the well known F coef f ic ients . The s t a t i s 

t i c a l tensors describe the i n i t i a l level o r i en ta t i on : 

(1) p x ( j . ) = (2J. + l ) V 2 £ ( - l ) J i + m < J 1 - m J i m | x o > g(m) / \ g(m) 
1 ' m ' m 

where g(m is the distribution of the magnetic substate population. It has 
2 2 

become cuscomary to assume a Gaussian distribution g(m) = exp(-m /2 0 ). Before 
completion of the present work th is Gaussian hypothesis has been found not to 2 3 be correct in experiments with low 1 targets ' . Figure 1 shows that also 
fo r our heavy target the Gaussian hypothesis is not sat is factory. The same 

conclusion can be drawn from f i g . 2,curve A.where the best values of o±Aa is 

searched by the minimisation of 
v 2 - v ... r«exp . . , , _ ! B , , , , , _ «i2 

(2) I * , [«•*P - p x (O f c ) B x(O fJ.Lfi = 0 ] ' 

The x L n is 5 which corresponds to a confidence level of only 5%. 
*min 

> ' r - r T i 1 1 1 
0.1 0.3 0.5 0.7 0 0 1.1 P, 

F ig . 1 Experimental p* p».sta-
t i s t i c a l tensors and re la t i on 
corresponding to the Gaussian 
hypothesis (sol id curve) 

FSg. 2 F i t of x 2(<*)- Curve A: Gaussian 
hypothesis ; Curve B: present proposit ion 
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To resolve this problem we assume that the side feeding contributes effec
tively a Gaussian distribution g.(m), but that the discrete transitions 
bring in the initial level different populations gAm). Then 
9*(m) = g . M + I 9j( m)- Using (1), the statistical tensor of the initial 
level is given by 
(3) p x(J i a)=p*(o) (I S/I T) + I P W IHJ^.L/j) (I d/I T) 
where the P X tensor is computed using the Gaussian hypothesis. I is the side 
feeding intensity, I- the total (angle averaged and including conversion) inten-

P3 the sity of the transition j , 1. = I + J l . the total level population, p£ 
experimental statistical tensor of the j - t h parent state, and IHG^ihL.S.) the 
corresponding desorientation coefficient. The value of x 2 obtained by repla
cing (3) in ( 2 ) , is much improved (f ig 2, curve B) and the A coefficients are 
now reproduced within their experimental errors. Note that o,mn differs conspi
cuously from that obtained previously. Similar results are obtained for a l l the 
observed quadrupole transitions. 

The obtained o ^ ACT values are then used to f i t the mixing ratios of the 

dipole transitions originating from the same leve l . 

Our results for Tm show that no general trend concerning o values 
can be found. For instance, in the 1/2 (541) band, cr is roughly constant but 
in the 1/2 (411) band the ratio o/J is only approximately constant. Moreover 
the range of o values is very large. We therefore find levels with very di f fe
rent degrees of spin orientation. This explains why the population of a given 
level cannot be described by a single Gaussian distribution, since a relatively 
small number of discrete transitions contribute populations of qui te different widths. 

1 . S. Olbrich, V.A. Ionescu, J . tern, CI . Nordmann, V! Reichart, 
Nucl. Phys. (in press) 

2. L.P. Ekstr'dm, A.M. Al-Nascr, P.R.G. Lornie, P.J. Twin, Nucl. Instr. 
Meth. 158 (1979) 243 

3. G.A. Engelbertink, L.P. EkstrBm, D.E.C. Scherpenzeel, H.H. Eggenhuisen, 
Nucl. Instr. Meth. 143 (1977) 161 
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Y PAIRING AND THE PARTICLE-ROTOR DESCRIPTION OF 7ER 

J. Almbergera, I. Hamamoto and G. Leander 
NORDITA, Copenhagen, Denmark 
aAFI, Stockholm, bMIT, Cambridge, USA, cLund University, Lund 

If the pairing interaction is a short-range two-body force, then its 
multipole expansion contains more terms than the monopole, with coefficients 
depending on the range and other characteristics of the force. These terms would 
give rise to higher multipole components of the pair field. In particular, a Yji 
pair field would be expected in rotating nuclei with quadrupole deformation, with 
consequences for the rotational properties of the nucleus depending on the 
strength of the field. A discussion and results from cranking model calculations 
can be found in ref. '. 

Currently we are investigating the effect of the YJT pair field in the 
particle-rotor model, and here we report on an analysis of the positive-parity 
rotational bands in 1°7Er. From the analogy between the frequency u in the 
cranking Hamiltonian and the operator 6 - 1R in the Hamiltonian 2 

H = 6 R + Y. , (E.-X)ata. + jA(aîa-+a-a.) 'valence 1 1 1 * 1 1 1 1 space 
an additional term corresponding to a Ygi pair field in the latter takes the form 

-8" 1(HR_,F +} i J{R+,F_}) 

where F is well-defined apart from a strength parameter D. The Ygi pair field 
enhances the contribution to the moment of inertia from the valence space, 
especially for high-j shells. A reasonable contribution from the i-|3/2 neutrons 
is at most ~50% of the total inertia. In the present calculations, where the 
single-particle energies E . correspond to the 113/2 shell at deformation e=0.26 
and the monopole gap parameter A is 0.7 MeV, this sets an upper limit of 0.15 
on D. Calculations are made for D=0 and 0.15, with a valence space including all 
one- and three-BCS-quasiparticle states in the 113/2 shell, or alternatively only 
the 1-qp states. The corresponding even system, intermediate between 1°"Er and 
1"°Er, is considered to be the rotor plus 0-qp state in the latter case, and the 
result of diagona.'.ization in the valence space of 0- and 2-qp states in the 
former. The inertia parameter 9~' and the Fermi level X is determined for each 
calculation by requiring a 2* excitation energy of 80.2 keV in the even system, 
and a separation of 811 keV between the 7/2 + and 5/2* band heads in the odd 
system. 

The results for D=0 in the 1-qp space, for D=0.15 in the 1+3-qp space and 
for experiment 3 are compared in the figure and tables below. Actually, the 1-qp 
and 1+3-o.p results for D=0 are very similar. The apparent moment of inertia in 
the ground band is seen to exceed the experimental value by a factor of two and 
the value in the even system by a factor of three, due to Coriolis couplings. The 
Ygi pair field attenuates couplings between 1-qp states on opposite sides of the 
Fermi level 1, but with the present parameters the effect is modest. However, 
there is a large effect from taking the Y21 couplings to the 3-qp states into 
account explicitly, and the apparent inertia in the ground band then cooes close 
to the experimental value. Nevertheless, the overall description of 167ET does 
not improve. The interband E2 transitions are not sufficiently attenuated, and 
the level spacing increases in the higher bands where it is too large already for 
D«0. It may be mentioned that all the experimental data are well reproduced by a 
conventional particle-rotor calculation in the 1-qp space, if the Coriolis matrix 
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elements across the Permi surface are attenuated phenomenologically by rais ing 
the uu+w factors t o an ad hoc power of n-3 .5 . 

In conclusion, the Y 2 i pair f i e l d may influence the coupling of an odd 
nucléon t o a rotat ional core , but when several bands are considered i t i s seen 
that t h i s ef fect alone cannot be used to remove the discrepancy between theory 
and experiment in l67Er. 

I . Hamamoto, Hucl. Phys. A232 (1971») UU5-
J. Almberger, I . Hamamoto and G. Leander, Nucl. Phys. A333 (19Ô0) 18U. 
G.B. Hagemann e t a l . , t o be published. 
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ON THE YRAST-YRARE INTERACTION IN THE CRANKED HFB MODEL 

H.-B. Hakansson 
Dept. of Mathematical Physics, Lund Institute of Technology, Lund, Sweden 

1 2 It has been demonstrated by Bengtsson et al, ' that the magnitude of the 
yrast-yrare interaction in the cranked HFB model is an oscillating function of 
the chemical potential. This character of the model has been much discussed 
lately, see e.g. the review by Faessler at al. 3. Also in the particle-rotor 
model *i5,6 this oscillating behaviour exists and furthermore there may be some 
indications of experimental verification (see e.g. the Yb isotopes ''^) giving it 
additional status. 

7 Using Hamamoto's 113/2 cranking model we have investigated the interaction 
matrix elements between the 0 q.p. (g)-configuration and the lowest 2 q.p. (s)-
configuration. The Hamiltonian reads 

H=H -uj -A(P++P) where H =K ^"A[\V ) + e 
s.p. "x s.p. JU+1) o 

and the parameters K, A, e Q are in units of tfu>0 0.392, 0.12, 6.655 respectively. 
In the figure we have plotted the interaction matrix elements of H (solid), H 8.p. 
(dashed) and A(P++P) (dotted) between the non-interacting g and s configurations 
as a function of X at the frequency u=ioc(A) which is defined as the crossing 
frequency for the non-interacting levels. The procedure for establishing these 
sharply crossing levels will be presented in a forthcoming publication °. 

From the figure we see that it is Hs.p. that carries most of the strength, 
while iiijx is almost zero for all X-values and thus not depicted. The total 
interaction is just the sum of H s.p p and iCP'i'+P) with proper signs chosen. We 
define the non-interacting levels as those forming strictly straight lines in a 
quasi-particle energy diagram >" and at the same time having constant 
expectation value of j x through the crossing °. This is, we believe, the most 
natural definition of the non-interacting levels in the cranking model. In ref. ' 
it is stated that the interaction matrix element is proportional to j x , a 
statement which is not consistent with the definition above. 

The fact that our non-interacting q.p. levels are almost eigenfunctions to 
j x is not surprising if one examines a q.p. energy diagram where the interaction 
between some of the levels are eliminated °. The levels there form straight lines 
which approximately can be established by a diagonalization of j x in the basis of 
eigenfunétions to H. 

In the exact solution of the 113/2 model by Andersson and Krumlinde it is 
demonstrated how sharp crossing arises if all the single-particle energies are 
set equal. Consequently, in that model, the yrast-yrare interaction is mainly due 
to Hg.p.. On the other hand, in the representation of Grûmmer et al. 5 the 
interaction is attributed to the ~'nearized pairing force active between states 
of partitde numbers differing ;.,, two units. It is interesting to note, that in 
the limit A=0 in the CHFB model the 2 q.p. state goes into a state that differs 
in particle number by two units to the 0 q.p. vacuum and thus canno. interact by 
H with the 0 q.p. state. On the other hand, when L-fO we see how the interaction 
is dominated by Hs,p, which indicates the connection with the results of ref.

 1 0. 
So we see that the mechanism behind the interaction in the different model is 
highly dependent on the representation chosen and what is defined as interaction-
free levels. 

In the lower part of the figure we have depicted the distribution over 
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different particlenumber (0, 2, l|, ...) for the 0 q.p. vacuum (solid line) and 
the 2 q.p. configurations (dashed line). 
1. R. Eengtsson, I. Hamamoto and B. Mottelson, Phys. Lett. 73B (1978) 259. 
2. R. Bengtsson and S. Frauendorf, Bucl. Phys. A327 (1979) 139. 
3- A. Faessler, H. Floszajczak and K.W. Schmid, preprint, Tubingen, 1980. 
I». J. Almberger, I. Hamamoto and Q. Leander, Phys. Lett. BOB (1979) 153. 
5. F. Griinmer, K.W. Schmid and A. Faessler, Nucl. Phys. A326 (1979) 1 and 

Nucl. Phys. A317 (1979) 287. 
6. C.G. Andersson, to be published in Z. Physik, 
7. I. Hamamoto, Nucl. Phys. A271 (1976) 15. 
8. H.-B. Hâkansson, to be published. 
9. R. Bengtsson and H.-B. Hâkansson, Lund preprint 1980. 
10. C.G. Andersson and J. Krumlinde, Hucl. Phys. in press. 
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STUDY OF BAND CROSSINGS IN l s z O s 

R.M.Lieder*, G.Sletten, O.Bakander, S.Bj«rnholm, J.Borggreen, J.Pedersen 
The Niels Bohr Institute, University of Copenhagen, Denmark 

Side bands in l e z O s have been studied at the Niels Bohr Institute FN 
tandem accelerator using the (180,4n) reaction, E( 1 80) = 81 MeV. The stu
dies comprised a Y"Tf coincidence experiment and an angular distribution mea
surement. Three-fold and higher order Y"Tf coincidences have been measured 
with a set-up consisting of 4 Ge(Li) and 3 Nal(TA) detectors. This coinci
dence set-up has a large detection efficiency and enhances detection of high 
multiplicity events. A partial level scheme of 1 B 2 0 s as resulting from this 
study is shown in fig.l. 

Fig.l. Partial level scheme of 1 8 2 0 s 

Spin and parity assignments result from the angular distribution experi
ments. Complementary conversion electron measurements are planned. The 5(~) 
and 6(~) bands are of special interest in connection with the backbending be
haviour of the Os nuclei. An analysis of the data in terms of independent par
ticle motion in a rotating deformed potential1 yields that the 6(~) band shows • 
a strong increase of the aligned angular momentum, i, at a rotational fre
quency of -fiu = 0.29 MeV. The ii3/2 band in 1 8 l O s , ref. 2, of signature a = 1/2 
aligns at nearly the same frequency, whereas the yrast band in Os aligns 
already at the lower frequency of Oui = 0.25 MeV. 

A comparison with cranking model calculations3 in the framework of the 
above mentioned model indicates that the backbending effect in the yrast band 
of Os is due to the crossing of the ground band with an ii3/2 two-quasi-
neutron band. In the i]3/2 °and in l e l 0 s this crossing is blocked. However, 
the crossing with an 113/2 three-quasineutron band occurs already at a fre
quency % 10Z higher. Accordingly, the backbending in the 6(~) band results 
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from the same crossing assuming that the additional neutron has a configura
tion of opposite parity Which does not influence the bacfcbending behaviour 
of the band. The observation of a backbending effect in the 6(~) band of 
, , 2 0 s , therefore, provides a proof that also in the Os nuclei the irregu
larity in the yrast band is caused by 113/2 neutrons. 

* On leave of absence from Institut fur Kernphysik, KFA Jûlich, D-5170 
Jûlich, Heat Germany. 

1. R.Bengtsson and S.Frauendorf, Hucl.Fhys. A327, 139 (1979). 
2. A.Nesfcakis, R.M.Lieder, M.Muller-Veggian, H.Beuscher, W.F.Davidson and 

CHayer-Bôricfce, Nucl.Fhys. A261, 189 (1976). 
3. S.Frauendorf, V.K.May and V.V.Pashkevich, preprint, 1979. 
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ALIGNED Q0ASIPARTICLES IN EVEN " *°HG ISOTOPES 

M. Guttormsen and H. Httbel 
Institut fur Strahlen- und Kernphysik, Dniversitat Bonn 
The level bunching observed around I* = 1 0 + in the even 

190-198Hg isotopes has been interpreted^"4 to result from a decoup
ling of high-j quasiparticles. It was argued that the alignment of 
angular momentum to i«»10n in 190-196Hg can be explained by a 
(trhi i/2)~ 2 structure whereas the higher alignment to i«*12ft in 
1 9 8 H g could be due to a (Vii3/2)~ 2 configuration. However, the pro
ton Fermi surface lies well above the Trh-j -j /2 orbitals in all Hg iso
topes. Thus, it is rather surprising that these proton orbitals 
should play an important role in the aligned structure when going 
from 198Hg to the lighter isotopes. 

In order to pin down the structure of the positive parity high 
spin states we have performed calculations within a model 5 of 
guasiparticles in a rotating Nilsson potential. As an example of 
our calculations the eigenvalues e* of the Routian 5 h'gp = hqp -
ajx are compared to experimental data for 1 9 2 H g and 19oHg in fig.1. 
The Fermi energies were determined consistent with the number of 
protons and neutrons in the system. The experimental Routhians in 
fig. 1 were deduced as prescribed in ref.5. The upper curve repre
sents e' for an aligned pair of h n / 2 protons outside an oblate 
core. This corresponds to the previous interpretation of the yrast 
states in 190~196Hg. Although this structure exhibits the correct 
alignment of i = ^e'/dcoelOli, it is definitly excluded due to the 
very high excitation energy. We note that this band is situated 
2 MeV above the 1 9 2 H g yrast line and produces backbending first 
at hu e « 0.43 MeV. 

Fig. 1: 
Experimental (triangles and 
circles) and theoretical 
(solid curves) Routhians 
for 1 9 2 H g and 198Hg. The 
experimental values were 
derived relative to the 
VMI-core: Jo = 3.6 MeV-Th 2 

and % = 88 MeV~ 3h 4. The cal
culations were performed for 
oblate (e = -0.08) and pro
late (£ = 0.08) shapes. The 
pairing gaps were deduced 
from the even-odd mass diffe 
rences. Other parameters: 
hwo = 41A~ 1/ 3 M e V , X n = 
0.0636, f*n = 0.390, 
X p = 0.0620 and l̂p = 0.605. 

Tiu [MeV] 
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The calculations for neutrons show much better agreement with 
the experimental data (see fig. 1). For prolate shape the Fermi 
surface is located near the high A members of the I13/2 states. 
Thus, the alignment is effectively hindered which results in an 
aligned angular momentum of i»10n. For oblate shape we obtain the 
full alignement of i«12n. 

1 98 
The oblate shape for Hg has been determined experimentally 

in Coulomb excitation experiments6, unfortunately there exist no 
experimental data on the sign of the deformation for the lighter 
even Hg isotopes. A study' of B(E2) ratios8 between in-band and 
out-of-band transitions in 1 8 8Hg indicates that the guadrupole 
moment of the ground band has the same sign as that for the strong
ly deformed side band. Since the latter band is expected to be 
prolate, the ground band is also most probably prolate in 1 8 8Hg. On 
the other hand, theoretical studies9 predict oblate deformations 
for 1 9° - 196Hg. Thus, the sign of the deformation is not uniquely 
determined for the light Hg isotopes. 

In summary, we predict the s-bands of even Hg isotopes to be 
built on a decoupled Wii3/2) - 2 structure. The attenuated spin 
alignment i and the critical frequency hcjç in 190-196Hg seems to 
favour prolate shape of the ground bands. 

NTNF fellow, permanent address: Institut of Physic, University of 
Oslo, Norwegen 

1. D. Proetel et al., Hucl. Phys. A231, 301 (1974) 
2. R.H. Lieder et al., Hucl. Phys. A248, 317 (1975) 
3. C. Gûnther et al., Phys. Rev. Ç15_, 1298 (1977) 
4. H.L. Yadav et al-, Phys. Rev. Lett. 39_, 1128 (1977) 
5. R. Bengtsson and S. Frauendorf, Nucl. Phys. A327, 139 (1979) 
6. A. Bockisch et al., Z. Physik A291, 245 (1979); 

M.T. Esat et al., Phys. Lett. 72B, 49 (1977) 
7. M. Guttormsen and H. Hilbel, to be published 
8. J.H. Hamilton et al., Phys. Rev. Lett. 3_5_, 562 (1975) 
9. For references see ref.3,6 
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HIGH SPIN STATES AND E2 TRANSITION STRENGTHS IN 1 9 4 » 1 9 6 p t

+ 

J. Idzko, K. Stelzer, Th.W. Elze, H. Ower 
Institut fur Kernphysik, Universitat Frankfurt am Main 
H.J. Wollersheim, H. Emling, P. Fuchs, E. Grosse, R. Piercey, D. Schwa1m 
Gesellschaft fiir Schwerionenforschung, Darmstadt 

The level structures of the shape transitional nuclei î s s ^ P t have been 
investigated by multiple Coulomb excitation with 2"8pD projectiles at the 
UNILAC of GSI. The measurements Included y-ray singles and Y»Y-coincidences 
at a bombarding energy of 5.38 MeV/u and particle-Y-coincidences at 4.74 MeV/u, 
using the coincidence set-up developed at GSI *. With this apparatus an almost 
complete Doppler correction was achieved for y-rays in coincidence with the 
recoil nuclei, detected at laboratory angles of 15° - e s 60 , corresponding 
to center of mass scattering angles of 150 s 9C,M * 60°. For the Y.y-coincidence 
measurements targets of 1 mg/airon thick lead backing were used to reduce the 
Doppler broadening of the y-lines. 

We observe the excitation of the ground state and y-bands in the two 
nuclei up to 10 + and 6*' respectively. Excitation of levels in the negative 
parity bands was also identified. Figure 1 shows the positive parity levels 
observed in our investigations. 

«Pt 
IO* za63 keV 
ÎÔ*T ^«03 

196p t 

10* 29s keV 

»• 2255 

6*' 201» 

£_ 1527 

«- 1294 

^V 1015 
0- *2 Sij 

]L* 3 f r ^ 
!>• 0 

Figure 1. 
Positive parity levels as 
observed in the Coulomb 
excitation of "'• . isspt 
with 2 0 B Pb ions. 

In l 9 l , P t the ground state band is excited with collective strength to a 10 
state at 2863 keV, which is 424 keV above the yrast 10 + state known from 
(a.xn)-experiments *. In the Y,y-experiments performed at the high bombarding 
energy we also observe the 10*-8+ yrast transition and a transition of 704 keV 
in coincidence with the lines y of the ground state band. This transition shows 
a 00/90°-asymmetry in the coincidence intensities characteristic for a stretched 
E2-transition. We therefore postulats a third 10 + level at 2803 keV. From the 
intensity of the 704 keV line the transition can be estimated to be non-
collective with an E2 strength of approximately 1 s.p.u.. The situation i s shown 
in the spin-transition energy-plot of figure 2. 

B(E2) values for inter- and intra-band transitions were determined from 
a comparison of the experimental gamma yields abserved in particle—r-coincidence 
at the "safe" energy for Coulomb excitation of 4.74 MeV/u with semi-classical 
Coulomb excitation calculations. Starting with a preliminary set , the E2 
matrix elements were systematically varied to achieve a best f i t to the 
experimentally observed yields, and especially their impact parameter dependence. 

+ This work was supported by the Bundesministerium fur Forschung und Technologie 
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Figure 2: 
Spin-transition energy-plot 
for the ground state and 
yrast transitions in 1 6 1 *Pt. 
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Figure 3 shows the results for tne B(E2) values in the ground state bands. The 
experimental values are compared with predictions of different models: the 
rigid symmetric rotor (SRM), the asymétrie r igid rotor with Y 0 = 30° (ARM), the 
Interacting Boson Approximation in the 0(6) l imit and two calculations » on 
the basis of the Greiner-Gneuss model (GGM) starting from a general potential 
energy surface. 

19tp t 19Spt 

}GGM 
ARM 

Figure 3: 
Experimental and theoretical 
B(E2) values for transitions 
in the ground state bands. The 
upper of the curves labelled 
GGM is for a t r iaxia l ( Y O = 3 0 ° ) 
V s t i f f nucleus 3 , and the 
lower corresponds to an oblate 
Y-soft nucleus "*. 

20 U M K M 4-2 W 8-6 10-8 

The "geometrical" collective models can explain the experimentally observed 
B(E2) values within their errors. Because of the size of these errors and the 
small differences in the predictions of especially the more real ist ic models 
(GGM and ARM) a distinction between these models is not possible. On the 
other hand, the reduction of the B(E2) values for the transitions between 
states of higher spin as predicted by the IBA is not observed. 

The analysis of the transitions in the gamma band and between the gamma and 
ground state band depends more sensitively on the inclusion of additional bands 
and the sign s of interband E2 matrix elements. Calculations for the f-band are 
in progress. 

1 . P. Fuchs et a l . , GSI Annual Report 1977, p. 195 
2. M. Piiparinen et a l . , Phys. Rev. Lett . 3A. (1975), l i l t ) , 

S.A.Hjorth et a l . , Nucl. Phys. A 262 (1976), 328 
3. G. Leander, private communication 
4 . P. Hess, private communication 
5. F.T. Baker et a l . , Phys. Rev. Lett. 21 (1976), 193. 
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MULTI-STEP SHELL MODEL METHOD 

C. Pomar 
Dep. de F i s i c a , C.N.E.A. , Buenos A i r e s , Argentine 
and R. L i o t t a 
Laboratoire de Physique Théorique, Université de Bordeaux I and 
Reasearch Instituxe for Physics, Stokholm, Suède 

A method to solve the shell-model equations within a basis that 
contai.is correlated pairs of particles was recently presented 1. This 
method was found to be very suitable to make drastic truncations of the 
basis at low spin. In this contribution we extended the method given in 
ref. * to analyse four- and six-particle systems outside closed-shell 
cores. The basic idea here is to use the two-particle spectrum components 
as building blocks to describe the four-particle system. Once the four-
particle spectrum is obtained, we use this spectrum and that of the two-
particle system as building blocks to describe the six-particle system. 
The formalism turns out to be very simple. We applied it to analyse the 
(p,t) reactions 2 leading to low-spin states in 2 0*Pb and 2 0 6 P b and to 
calculate the high-spin states in 2 0*Fb. A complete calculation in the 
low-spin region would be impossible. There would be, for instance, several 
hundred 2 + states in 2°^Pb and several thousand in 2 0 2Pb. Still, we expect 
that the lowest states in both nuclei, i.e. states close to the yrast line, 
are contained in a rather small subspace of the total space spanned by the 
corresponding correlated basis (which also spans the shell-model space). 

Ve took the two-particle energies and wave-functions from the calcu
lation by J. Blomqvist which, including six single-particle levels, fits 
well most of the experimental data in 2 0°Pb. To calculate 

204 P b 

we chose 
for each spin and parity the first 50 states with lowest zeroth order 
energy. We took this rather large basis because we wanted to have a good 
description of 2 0*Pb to calculate s 0 2Pb. To describe 2 0 2 P b we proceeded 
in the same fashion, but the basis was reduced to 20 elements. The 
calculated quantities in 2 0*Pb agree well with the experimental data. For 
2 Pb the agreement is not as good but still reasonable, as seen in 
Table 1 where only a ,(theor) > 0.03 are given. The theoretical 

208„ 
(experimental) ground state energies, relative to the Pb core, are 
28.883 (28.925) MeV for 2 0 4 f b and 43.983 (44.112) MeV for 2 0 2 P b . In table 
2 we give tne calculated Pb high-spin states. 
1. R. Liotta,C. Pomar and B. Silvestre-Brac, Nuov.Cim. 27 (1980) 100. 

J.P. Boisson et al., Nucl.Phys. A330 (1979) 307. 
2. W.A. Lanford, Phys.Rev. _l6C (1977) 988. 
3. J. Blomqvist, unpublished. 
4. Nucl.Data Sheet 27 (1979) 581. 
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Table 1 

Sta te 2 l " 20" 2 0 + 19" 17<-> 17" 

Exp. • 6.098 6.073 5.664 

Theor. 8.781 8.672 7.707 6.095 6.074 5.669 

State 16 + 16* 15 + 1 4 + 12 + 

4 Exp. 5-348 4.88? 4.302 4.135 3.516 

Theor. 5.239 4.849 4.306 4.075 3.436 

Table 2 
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HIGH SPIN STATES IN 2 3 2 T h , 2 3 4 U and Z 3 6 U * 
H. Ower, Th. W. Elze, J. Idzko, K. Stelzer, 
Institut fur Kernphysik, Universita*t Frankfurt am Main, 
H. Emling, P. Fuchs, E. Grosse, D. Schwalm, H. J. Wollersheira, 
Gesellschaft fur Schwerionenforschung, Darmstadt, 
N. Kaffrell, N. Trautmann, 
Institut fu'r Kernchemie, Università't Mainz 

232 234 23fi 
The actinide nuclei Th, U and U have been studied using multiple 

Coulomb excitation by 5.3 MeV/u Z 0 8 P b ions obtained from the UNILAC at GSI. 
De-excitation gamma rays were observed with Ge(Li) detectors in coincidence 
with both the scattered projectile and recoil nucleus. These particles were 
detected by two position sensitive parallel plate counters developed at GSI . 
By measuring time of flight and scattering angle of both particles it was 
possible to correct for the large Doppler shifts of the gamma rays and to de
termine the impact parameter dependence of the gamma yields. A representative 
corrected spectrum of 232Th is shown in Figure 1. Transition energies were 
determined to an accuracy of typically 0.5 keV for stronger lines and 1 keV in 
the higher spin region. 

! \" 
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Fig.l: Doppler corrected gamma 
spectrum of z3'Th Coulomb 
excited by 208p D ions 

1 

+ 232 234 The ground state bands are observed up to spin 28 in Th and U and 
30 + in 236u. Levels of the K = 0"octupole vibrational band were also identi
fied. Fa-tial level schemes of the three nuclei are shown in Figure 2. Levels 
not deduced from our experiment, in particular the low spin members of the 
various bands, were taken from Nuclear Data Sheets 2. From the apparent up-
bending in the ground state bands above spin 14 a rotation aligned angular 
momentum of 4 to 5 fi at I = 26 can be deduced. 

The experimentally determined gamma yields of the transitions within the 
ground state band are compared with results of semi-classical Coulomb excit
ation calculations based on the following nuclear models: rigid rotor, inter
acting boson model 3, and extended rotation vibration model *. Although this 
analysis has not been completed, preliminary results can be given. If only 
ground band levels are included in the calculation, the gamma yields are re
produced by the rigid rotor model. The excitation of side bands, in particular 
the octupole vibrational band, cannot be neglected, however. Taking these side 
bands into account, the calculated gamma yields are found to become smaller 
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Fig.2: Partial level schemes of 2 3 2 T h , Z 3 4 U and 2 3 6 U showing spins and energies (in MeV) as deduced from the present study 

than the measured values. The experimental uncertainties, however, make it difficult to decide to what extent the rigid rotor model has to be modified The interacting boson model predicts a cut-off in the ground state rotational band at spin 24+, 26 + and 28* for 2 3 2 T h , 234y and 236u, respectively, and a strong reduction of the gamma yields in the high spin region. This is in contrast to our data. Calculations employing the extended rotation vibration model, which predicts larger gamma yields with increasing spin, are still in progress. 
* This work was supported by the Bundesministerium fiir Forschung und Technologie 
1. P. Fuchs et al., GSI Annual Report 1977, p. 195 
2. Nuclear Data Sheets, Vols. 20 and 21 (1977) 
3. A. Arima and F. Iachello, Ann. Phys. (N.Y.) Ill (1978) 201 
4. M. Seiwert and P. Hess, private communication 
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A COMPTON SUPPRESSION SPECTROMETER FOR COINCIDENCE MEASUREMENTS; 
LARGE SOLID ANGLE AND GOOD SUPPRESSION 

H.J.M. Aarts 
Fysisch Laboratorium, Rijksuniversiteit, Utrecht, The Netherlands 

For y-y coincidence measurements a Compton suppression spectrometer 
with large solid angle and good suppression has been designed. The dimen
sions of the Nal anticoincidence shield have been optimized by means of 
Monte Carlo calculations. The Nal shield*5 has a length of 35 cm and a dia
meter of 30 cm. The solid angle of the central detector is 120 msr. The 
latter is a 20% efficient HPGe crystal*) with a dead layer of 0.22 mm and 
a hollow core. The influence of the dead layer of the central Ge detector 
on the performance of a Compton suppression spectrometer is discussed in 
ref.1. For Co, the average suppression pf the Compton background between 
100 and 1100 keV amounts to 11.8 with a photo-peak loss of less than 5%. 
The area's of the 1173 and 1332 keV peaks taken together amount to 60% of 
the total number of registered counts for the suppressed spectrum and to 
15% for the non-suppressed spectrum. Tests of the spectrometer with the in-
beam reaction 2Tlg + (45 MeV) 1 60 show that its maximum count rate is limited 
by the maximum count rate of the central HPGe detector. 

J Manufactured by Harshaw Chemie BV, de ideern, The Netherlands. 

Ref.': H.J.M. Aarts et al., to be published in Nucl. Instr. & Methods. 



- 123 -

SPIN POLARIZATION OF LIGHT FRAGMENTS FROM 0+ Ni REACTIONS 
W. Trautmann/ W. Dahme.- W. Diinnweber, W. Hering, 
C. Lauterbach, H. Puchta 
Sektion Physik, Universitât Mtinchen, D-8046 Garching 
W. KUhn, J. P. Wurm 
Max-Planck-Institut fur Kernphysik, D-6900 Heidelberg 
Using the transmission method 1 we have measured the circular 

polarization of Y-rays from the excited projectile-like fragments 
in the reaction 1 60+* eNi at 100 MeV. This reaction has been the 
subject of Y-ray multiplicity 2 and circular polarization •* studies 
which have determined amount and orientation of the spin transferred 
to the target like reaction product. From the present investigation 
we obtain the spin polarization of the light fragment which allows 
(i) to compare the spin orientation of both fragments individually 
with the prediction of the friction model and (ii) to study the 
mechanism of projectile excitation in the quasi-elastic and deep-in
elastic regime. The data also yield information on the polarization 
of the statistical Y-ray continuum deexciting high-spin states in 
the target-like fragment. 

As in former experiments * we have used a double-symmetric 
detector setup consisting of two heavy-ion telescopes at ±35° in the 
reaction plane and two Y-ray polarimeters perpendicular to the reac
tion plane (Fig. 1). Gamma-rays which had passed through about 7 cm 
of magnetized iron were accepted at angles 6520° relative to the 
reaction normal and recorded by two 27 cm x 34 cm Nal detectors. In 
the Y-ray spectra (Fig. 2) we have defined the photopeak regions of 
discrete lines from excited ejectiles, and thr continuum regions, 
and have determined their respective polarization. Corrections were 
made for the continuum part underlying the discrete lines. 

In;. Fig. 3 the results are given for the two strongest channels 
with ejectile atomic number Z=6 and Z=8. For the discrete lines we 
find large polarizations, with values of ]Py) up to 100 % in the 
l 60,3 --O +, case. The sign of the polarization is the same as for 
the heavy fragment for l 60(3-), and for Q<-40 MeV in the 12C,2+-K>+, 
case, as expected assuming a tangential friction force. The heavy-
fragment polarization is reflected by the polarization of the 
continuum (Fig. 3d) which nicely correlates with,the results ob
tained for the energy-integrated Y-ray spectra. 

TARGET I HI TELESCOPE 

Fig. i Detector arrangement.The beam direction 
points into the drawing plane. 
Fig. 2 Recorded Y-ray spectra. An electronic 
threshold was set at E Y=2 MeV 
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Fig. 3 (a) Free particle spectra, 
(b) spectra of particles coinci
dent with y-rays of E Y>2 MeV, 
(c) circular polarization of the 
4.44 MeV ( 1 2C,2+0) and 6.13 MeV 
(16O,3-»-0) transition on the left 
and right, respectively, and 
(d) polarization of the continuum 
with E Y>3 MeV. 
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The 1 ZC(2 +) polarization decreases from P Y=40% at Qs-15 MeV to 
small negative values at Qs-30 MeV. (Q o p t=-24 MeV in the semiclassi-
cal model * ) . A similar Q dependence has been found for the 1 2 B 
ground state polarization in ( 1*N, 1 2B) transfer reactions 5 , a n a 
seems to be a general phenomenon associated with quasi-elastic trans
fer reactions. The increase of Pv towards positive values with 
further increasing energy loss is not correlated, however, with the 
transition from positive to negative scattering angles. In fact, the 
l 2 C ( 2 + ) polarization is still small near the maximum of the deep-in
elastic component associated with negative scattering angles near 
Q=-35 MeV. For a tentative explanation of this structure one might 
assume that the correlation of polarization and Q-value established 
in the quasi-elastic region still holds in the deep-inelastic region. 
A picture assuming a-transfer after the 1 6 0 + 5 e N i system has reached 
a sticking configuration (and assuming negative scattering angles) 
would predict P Y=0 at the most probable Q=-39 MeV and P Y>>0 (P Y«0) 
at Q=-4 5 MeV (Q=-33 MeV). 

The P Y values given for the statistical Y~ray continuum repre
sent a lower limit since the continuum contains about 20% of events 
which have undergone Compton scattering in the magnetized iron of 
the polarimeter and for which, consequently, the polarization sen
sitivity has the opposite sign ' . We estimate that a correction of 
this effect would lead to P Ys70% for the statistical continuum (EY> 
3 MeV) in the deep-inelastic region, averaged over Z. This shows that 
the statistical Y -ray cascades carry away spin on a rate of 0.5 h 
(1.4 n) per transition if we assume dipole (quadrupole) radiation. In 
a purely statistical picture, P Y~70% corresponds to a spin dependence 
of the level density of p(I)/p(1+1)=2.5 in the populated spin/exci
tation region. 
1. H. Schopper, Nucl. Instr. 3_» 1 5 8 (1958) 
2. R. Albrecht et al., Phys. Rev. Lett. 3_4, 1400 (1975) 
3. C. Lauterbach et al., Phys. Rev. Lett. A±, 1774 (1978) 
4. D. M. Brink, Phys. Lett. 40B, 37 (1972) 
5. K. Sugimoto et al., Phys. Rev. Lett. 3JÎ, 323 (1977) 
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ALPHA EMISSION WITH 10 MeV/A ^ N PROJECTILES 

t +t 
R.K.Bhowmik , E.C.Pollacco , J.B.A.England, N.E.Sanderson* and 
G.C. Morrison 
Department of Physics, University of Birmingham, Birmingham BIS 2TT, England 
tK.V.I., Gronigen, The Netherlands. t+New University, Hsida, Malta. 
*Daresbury Laboratory, .S.R.C., Warrington, England. 

We have performed an extensive set of alpha-heavy ion correlation 
measurements on 1 2 C , Z 7 A 1 and 5 BNi targets with a 148 MeV 1'*N beam. The heavy 
ejectiles (Z = 3-8) were detected at 9 H I=13°, the grazing angle for the reaction 
11*N + 5 BNi and also at 9,,-. = 26°. Coincident alpha particles were detected in 
coplanar geometry in a second telescope moved in the range 9 a = ±70° about the 
beam axis. Singles energy and angular distributions and some out-of-plane 
correlations have also been measured. The differential alpha-multiplicities, 
obtained by dividing the coincidence cross-sections by the singles deep 
inelastic cross sections, are shown in Fig.l. 

«a . 1 
The results from the Ni target have been reported previously . For 

ejectiles with Z < 6 they can be summarised as: (i) the a-HI angular 
correlations are similar in shape to the singles a angular distributions, being 
symmetric about the beam axis (FWHM^O 0); (ii) the a and HI projected energy 
spectra are similar in shape to the corresponding singles data; (iii) no 
appreciable dependence of the projected a energy spectra on either the ejectile 
type or ejectile energy is observed. 

These features suggest that the two-dimensional energy-correlation data can 
be factorised according tos 

d"a(E H I,E a,e H I,e a) a d'aa^.e^) . d'o-(Ea,ea) , 
where the terms on the R.H. side are simply the independent cross sections for 
HI and a emission, respectively. A quantitative fit to the measured energy and 
angular correlation data can be obtained from this parametrisation (see e.g. 
Fig.l). The angle-integrated a multiplicities corrected for out-of-plane 
anisotropy are estimated to be in the range 0.4-0.8. 

The same analysis has been carried through for the data from the 1 2 C and 
2 7 A 1 targets and many of the same features found. The integral a 
multiplicities from the 1 2 C target are in the range 1.0-2.0 and for the 2 7A1 
target in the range 0.6-1.0. A reasonable description of the energy 
correlation data can be obtained from the factorisation prescription, but the 
angular correlation peak shows a systematic shift away from the HI direction 
with increasing Z > 6 (Fig.l). 

For the 1 2 C target such a shift can be understood from reaction kinematics 
A Monte-Carlo simulation of the reaction 1 2C( 1*N, 1 I*Na) has been performed 
assuming that a compound nucleus 2 SA1 is first formed from which three a 
particles are successively evaporated2. For a fixed HI direction , the 
calculated a angular correlation is peaked on the other side of the beam. 
Similar results could also be obtained by assuming that the l l ,N fragment is 
emitted first and that the recoiling 1 2 C fragment subsequently breaks up into 
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Fig.l. Differential a multiplicities for 1 Z C , 2 7A1 and 5 BNi targets 
for the reaction (ll,N,HIa) at 148 MeV. The solid curves are 
obtained from the singles a angular distributions (interpolated 
at forward angles). 

three o particles. However, the shape of the a angular correlation is not very 
sensitive to the reaction mechanism and is determined mainly by the momentum 
constraints imposed by the reaction kinematics. It would be instructive to 
test to what extent the backward shift is a general feature of the a-HT 
correlation data for heavy ejectiles. 

References: 

1. R.K. Bhowmik, E.C. Follacco, N.E. Sanderson, J.B.A. England and 
G.C. Morrison, Phys. Rev. Letts ̂ 3, 619 (1979). 

2. J. Gomez de Campo, R.G. Stokstad, J.A. Biggerstaff, R.A. Dayras, A.H. Snell 
and P.H. Stelson, Phys. Rev. C. 19, 2170 (1979). 
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HOW FAST a PARTICLES ARE EMITTED IN "MASSIVE TRANSFER" REACTIONS •> 

".. Gerschel, N. Perrin, L. Valentin, H. Tricoire and B. Ader, 
IPN, B.P. n° 1, 91406 Orsay, France 

D. Paya, 
"!EN, Saclay, DPhN/MF, BP n° 2, 91190 Gif-sur-Yvette, France 

It is known that when a projectile lighter than Ar hits a target, at ener
gies where compound nucleus formation should be the dominant process, a strong 
emission of p and a particles is observed in the forward direction 1 ; these 
are assumed to originate from a direct interaction. More recently 2'^, new in
formations have been obtained about the nature of these reactions in the rare 
earth region : the direct particles observed are emitted by the projectile 
without ever being absorbed by the target nucleus. The remainder of the projec
tile then fuses with the target and leads to compound nucleus. This occurs for 
the highest impact parameters (just above 1 critical), the residual nuclei rea
ching then a high angular momentum. We have shown that these conclusions are 
not general but depend on the angular momentum carried away by the direct 
particle. Moreover, we think that it is not a special property of light projec
tiles due to their specific structure but mainly a question of energy involved 
in the reaction. 

132 
We have studied the compound nucleus Ce at the same excitation energy by 

the two reactions : 9 2 3 r + 4 0 A r at 193 MeV, 1 1 6 S n + 1 6 0 at 125 MeV. In each system 
we measured the multiplicity of y rays associated with charged particles detec
ted with a E-4E telescope. The channel reactions were identified by known lines 
in a Ge detector in coïncidence with the telescope. With 1°0 projectile the 
telescope was set at three angles 15°, 45° and 128° in the laboratory and 
only at 128" for 4 0 A r . On fig. 1, we have drawn the a particle spectra detected 
at 15° in coïncidence with specific lines in the Ge detector. Each spectrum 
exhibits two components : a first one peaked at an energy close to that of the 
coulomb barrier of the compound nucleus, and another component peaked at an 
energy close to that of an a particle emitted with a velocity close to that of 
the incoming projectile. The difference observed with results of ref. >3 is 
that the multiplicity associated with the high energy a component is rather 
low : My = 8 for 25 MeV (center of mass I a particles at 15°. This has to be 
compared with the value My=23 for the same energy evaporation o particles de
tected at 128°, and to My=23 for 20.5 MeV a particles in the Ar+Z r system, 
'"ontrary to ref 2<3 we reach much lower spin states with direct particles than 
with evaporation particles. 

We propose a very simple model to account for these experimental facts : 
the incoming projectile is slowed down by the coulomb field of the target to a 
velocity vi. The o particle has then an energy Ej-2vi . To allow it to be emit
ted by the projectile, this energy El must be higher than the coulomb field 
value B o p between the o particle and the remainder of the projectile. For

 1 5 0 , 
E1-14MeV and B o p=3.2 MeV but for

 4 0 A r Ei = 4.4 MeV and B o p=6.5MeV. With pro
jectiles with masses A » 40, at the energy usually necessary to produce 
'Hl.axni reactions with x of the order of some units, the E^ value is never 
high enough to exceed the Bap value and that is why direct components are never 
observed with heavy projectiles. If the a particle is emitted by the projec
tile, it is reaccelerated by the composite coulomb field due to the target and 
the remainder of the projectile. This field is different wether the particle 
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is emitted by the periphery of the projectile or by the neck between the 
target and projectile, BO that the final energy of the a particle will be 
different in both cases. For 1 1 6 S n + 1 6 0 we calculated a value of 33 MeV if 
the particle is emitted by the neck and 26 MeV if emitted by the periphery 

to be compared to the experimental value of 24-28 MeV. Moreover if the a 
particle is emitted by the periphery it can carry away more angular momentum. 
That is why in our case we don't reach high spin states in the residual nucleus. 
In the case of ref. 3, the a particle energies measured are all consistent with 
an emission by the neck of the system, the angular momentum carried away by 
the a particle is then low and explains the high spins reached in the residual 
nuclei. 

1. H.C. Britt and A.R. Quinton, Phys. Rev. 124, 877 (1961) 
2. T. Inamura, M. Ishihara, T. Fukuda, T. Shimoda, Phys. Lett. 68B (1977) 51 
3. D.R. Zolnowski, H. Yamada, S.E. Cola, A.C. Kahler, and T.T. Sugihara, 

Phys. Rev. Lett. 41 (1978) 92 
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Fig. 1 : o particle spectra in coïncidence with discrete y lines in the Ge 
detector, for 116sn + 1 6 0 system. The particle telescope was set at 15". 
Reaction channel is indicated for each spectrum. The arrow E^ shows the 
energy o particles should have if emitted by the periphery of 1 6 0 . The 
arrow Bo indicates the coulomb barrier of the compound nucleus 132ce. 
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EMITTED PARTICLES AND GAMMA DEEXCITATION 
IN THE REACTION 1 2 C + 5 5Mn AT E ( 1 2C) - 55 MeV 

F. Azgui, J.F. Bruandet, F. Glasser, B- Chambon, A. Dauchy, D. Drain, 
A. Giorni ( +J.P. Longequeue, C. Morand, C. Pastor, Tsan Ung Chan, 
J.C. Wells , B. Dumont. 

Institut des Sciences Nucléaires, Grenoble, France 
+ Institut de Physique Nucléaire, Lyon, France 
++ Oak Ridge National Laboratory, Oak Ridge, Tennessee,U.S.A. 
& D.P.N.B.E., C.E.N. Saclay, France 
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A set of experiments has been 
undertaken on the system 1 2 c + 5 5Mn, 
at an incident energy of SS MeV, in 
order to make an intimate investiga
tion of the fusion-evaporation pro
cess by means of gamma and particles 
detection (singles and coincidences): 
competition between different chan
nels, complex particle evaporation, 
access to the upper part of yrast 
lines, are some of the principal 
subjects of interest. 

A few of preliminary results 
are presented here : 
a/Fig. 1 : Neutrons energy spectra 
(Lab Syst) recorded by using time of 
flight method (cyclotron HF and 
NE 213 signals) 
b/Fig. 2a - 2b : Mass identification 
spectra of charged particles (using 
a three solid-state detector-teles
cope AE1 - AE2 - E3) 
c/Fig. 3a - 3b : Energy spectra (45° 
Lab Syst) of charged particles detec
ted in coincidence with Y - rays. 

Fig. 2a Fig. 2b 
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Some of the most striking features of the present, investigations can be summari
zed in the following way : 

• Maxwellian shapes are observed for energy spectra of light particles (p, i, 
t, a) anialso for 6Li, but not for rLi, Be and B, that point out an evolutior of 
the reaction mechanism with the detected particles. A detailed analysis of coin
cident y - rays and of angular distribution of particles is needed to give more 
precise conclusions (this work is in progress). 

X-ISo 

• The behaviour of the various evaporation channels appears to be strongly 
governed by the Q values of the reactions. That is specially obvious for the mi
nor channels which are, in this experiment, the 4-particles-p3nY and 2p2nY -
and the 2-particles - any - channels (the 3 - particles channels p2nY and 2pny 
being dominant at the CN excitation energy considered). For instance, the y--rays 
in coincidence with the d are exclusively the A = 63 residual nuclei Y-rays 
(competition p3n - d2n and 2p2n - dpn) ; on other way the high energy a select 
drastically the an channel. So they are some limits for entry states in the 
(Ex, J) diagramm which ,in particular, do not allow to feed substantially the 
upper part of the yrast lines. 

., w 
• The energy spread of neutrons emitted from Ga (CN) -» xnypztx is very much 

narrow than that observed in the evaporation process (a or HI, xnY) from heavier 
nuclei. In the deexcitation of a medium-light nucleus such as 6 7Ga* (CN) the 
energy dissipation is essentially due to charged particles, and for an eneigy 
balance in the (E, J) diagramm a neutron kinetic energy mean value of 
<En> = 2 HeV may be use in a first approximation. 

It will be mentioned that in the Y - identified charged particles coinci
dences experiment (three days data recording) a quantitative analysis of the 
Y rays (Ge-Li) is practicable for Y-p and y-0t coincidences but not for the 
Y - "complex particles" because of their relative small cress section. 
Analysis of the angular distributions (single spectra) for charged particles 
(7 Lab angles) and for neutrons (3 Lab angles only) are in progress. A gamma-
rays multiplicity measurement (with a 6NaI - counter) is foreseen in the next 
experimental programm in order to study angular momentum distribution in the 
different reaction channels. 

1 - Rapport annuel 1978 a 1979 I.S.N. Grenoble. 
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MEASUREMENT OF CHARGED PARTICLE MULTIPLICITIES BY PARTICLE-Y COINCIDENCES : 
, THEIR POSSIBLE ROLE FOR SPECTROSCOPY AND MECHANISM STUDIES 
- * 

M.G. Saint-Laurent, H. Dumont, H. Yoshikawa and J. Delaunay 
DPh-N/BE, CEN Saclay, BP 2, 91190 Gif-sur-Yvette, France 
When a target (A t< 50) is hitten by a light-heavy ion (C,N,0), at energy bet

ween once and twice the Coulomb barrier, the resulting y spectrum is usually ra-
' ther complex, because at each energy more than 10 channels are open simultaneous-
4 ly (2pn, 3n, o2n, apn, etc.). The isotope assignment is therefore a difficult task 
j and the charged particle multiplicity (CPM) of each y line can help for such as-
1 signment. These CPM, M a, M p, for each y line can be deduced by comparison of a Y 
; (singles) spectrum and the Y spectrum gated by the p or the a particles. 

, We performed such measurements by coincidence between a Ge(Li) detector, 15% 
efficiency, 2.5 keV resolution at 1.33 MeV, placed at 90° and a Si detector, 0 = 
2 cm, 250 pm thick, placed at 150° to the beam. The reaction was I , 8Ti + 1 3 C at 46 

;, MeV using the I 3 C beam of the Saclay tandem accelerator. In this reaction, more 
than 10 channels are open1 and we try, as much as the statistics was sufficient, 
to determine the CPM for ^ 100 Y lines. We use, as normalization between the Y 
spectra, single and gated by particles, the 308 keV Y line from 5 5Mn (channel apn). 

Our present conclusions are the following : 
. For spectroscopy studies : 

- these CPM confirm the results obtained already by standard Y spectroscopy 
! methods, namely the known lines of the dominant nuclei have the correct CPM : 
; M p •>. 1 and M a T- 0 for the 321, 332, 433, 707 keV etc. for 5 8Co (channel p2n) ; 
Mp *• 0, M a -v. 1 for the lines at 385, 477, 605 keV, etc. of 5 5Fe (channel a2n) ; 

- for a Y line whose energy is common in two residuals, we have the possibi
lity to determine the proportion in each nucleus. For example, the Y line at 1223 
keV belongs to 5 7Co and 5 5 F e ; we measure MQ I» 0.8 and Mn *• 0.5. This can be very 
helpful in determining multipolarities of the transitions by Y angular distribu
tions ; 

i 

i - certain Y lines gave results not yet fully understood : they can be the 
starting point for more "exotic" channels. 

J . For mechanism studies : 

I - the Y lines of 5 7Fe have M p <v 2 and M a i» 0, hence, this nucleus is produ-
U ced in the channel (2n2p) and not (a) ; 

" - the Y line at 1381 keV which "signed" the presence of 1 , 9Ti (7/2" •* 3/2" gs) 
. disappears in coincidence with the a gated spectrum. I , 9Ti is produced in the chan-
r nel ( l 3C, 1 2C) and not (3a) : this was confirmed by the particle angular distribu

tion that we performed with two telescopes2. 

We intend, in a near future, to do such measurements with a telescope to ha
ve a complete p-a separation. With only one thin Si detector, like in the present 

1 experiment, this separation is quite good but not complete (i 95%). This kind of 

ISN Tokyo, Japan 
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measurement can be particularly interesting for reactions Hke 2 BSi on the Si iso
topes that we start to study3, where the CFM is very larg.*. 

REFERENCE 

1. A. D'Onofrio, Thesis Orsay 1979 ; A. D'onofrio et al., to be published. 
2. H. Dumont et al., to be published. 
3. M.6. Saint-Laurent et al., to be published. 
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THE 0 + 1 2 C FBSION-EVAPORATION REACTION 

B. Heusch, C. Beck, J.P. Coffin, R.M. Freeman, A. Gallmann, F. Haas, 
F. Rami, P. Wagner and D.E. Alburger*. 
Centre de Recherches Nucléaires et Université Louis Pasteur, Strasbourg, 
France. 

The 0 + C reaction is one of the few heavy-ion systems where oscilla
tions have been found in the energy dependence of the total fusion cross-
section . A similar oscillation appears in the inelastic excitation of the 
loo + '2c reaction 2 though the total fusion reaction cross-section shows the 
expected smooth variation with bombarding energy 3, i n addition the maximum of 
the fusion cross-section for 1 8 0 + 1 2 C is about 20 % greater than for l 6 0 + , 2C. 
To better understand these differences we have made a more detailed study of the 
18Q + 12 c reaction in which the elemental distributions of the evaporation 
residues have been measured for E c . m . ranging from 12 to 40 MeV which includes 
our preceding study at E C - I I U = 40 MeV *. 

Ec.m< M e V> 
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A time of flight technique has been used with Z identification. The expe
rimental set-up has been described previously . Cross-sections have been 
obtained by integration of the angular distributions measured at least at 
8lab = 5°> 1 0°> 1 5 ° a n d 2 Q ° - w e used , 8 ° a n d 1 6 ° beams from the Strasbourg MP 
tandem accelerator. The '^0 + , 2C reaction has been studied for 32SE l a b('8o) 
< 100 MeV and one point at Eiab('^O) = 50 MeV has also been included for the 
loo + I*c reaction which leads to the same compound nucleus -'Osi. Self suppor
ting , 2 C targets of 80 yg/cm 2 have been used. The ' C target contained about 
20 % l 2 C ; it was self-supporting (80 ug/cm 2). The , 2 C contamination could be 
correctly estimated using the elastic scattering data of the , 6 0 beam on l 2 C and 
, 4 C which were separated for 6 l a^ a 15°. The 1 6 0 + , 2 C fusion evaporation cross-
sections have been independently measured at Ei ab ( 1 60) = 50 MeV, using a l 2 C 
self-supporting target, and, by appropriate normalization, have been substracted 
from the 1 6 0 + 1 4 C data. 

On the left hand side of fig. 1 are presented the cross sections summed 
for each element over the corresponding isotopes. This representation has been 
chosen for simplicity and also because it is directly comparable to the results 
obtained for other light-heavy systems '. The point for the ' 0 + '*C reaccion 
has been included, corrected to the same excitation energy of the compound nu
cleus. The agreement with the '8() + 1 2C data demonstrates that the results are 
not measureably dependent on the way in which the compound nucleus is formed. 

On the right hand side of fig. 1 ara presented the corresponding predictions 
of the evaporation calculation code L1LITA b : it calculates the statistical 
Hauser Feschbach cross-sections by a Monte-Carlo technique. The critical angular 
momenta introduced in these calculations are extracted from the total fusion 
cross-section data from Sperr et al. •* using the sharp-cut-off approximation. 
An overall satisfactory agreement with the data is found especially if one con
siders that with the same set of parameters we could reproduce, with the same 
quality, the results for about 10 systems ranging from ' 2C + 1 2 C up to , 6 0 + 1 6 0 
for energies 10 £ E c - m _ < 40 MeV. 

12 18 
In this experiment, it has been shown that for the C + 0 reaction the 

production of Mg isotopes (aam), which follows closely the energy dependence of 
the total fusion cross section 2, dominates the fusion-evaporation process up 
to E c m _ = 30 MeV. This is not the case for the 1 2 C + , 6 0 reaction where the 
2"Ne(2otj channel, the most able chanel to carry away angular momenta, is the 
dominant channel for the same energy range ->. In this range, the number of open 
channels able to evacuate the grazing angular momenta are lower by a factor of 
100 for 1 2 C + ">0 compared to ' 2C + ' 8 0 . This explains the absence of resonant 
structure in the ' 2C + "*0 fusion channels. 

1. D.G. Kovar et al., Phys. Rev. Ç20, 1305 (1979) 
2. R.M. Freeman and F. Haas, Phys. R^v. Lett. 40, 927 (1978) 
3. P. Sperr et al., Phys. Rev. Lett. 3_7, 321 (1976) 
It. J.P. Coffin et al., Phys. Rev. CL7. <&07 (1978) 
5. J.J. Kolata et al., Phys. Rev. C19, 408 (1979) 
6. Code LILITA, J. Gomez del Campo and R.G. Stokstad, unpublished 

Brookhaven National Laboratory, Upton, New York 
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STUDY OF THE DOMINANT CHANNELS IN THE REACTIONS INDUCED BY LIGHT-HEAVY 
IONS ON irr^'IM-MASS (A-vSO) TARGETS 

A. D'Onofrio , H. Dumont, M.G. Saint-Laurent, F. Terrasi , B. Delaunay, 
J. Delaunay and D. Rizzo** 
DPh-N/BE, CEN Saclay, BP 2, 91190 Gif-sur-Yvette, France 

In order to study the spectroscopy of high-spin states for neutron deficient 
i nuclei like 5 6Ni, 5 7Ni, S 2Fe, 5 3Fe, it is necessary to produce them with a reaso-
| nable yield. How reliable are the evaporation codes based on the statistical mo-
\ del to predict these yields ? It is generally assumed that, in our experimental 
4 conditions (C,N,0 projectiles, A i< 50 targets, incident energy between "W and -\>2 
• coulomb barriers) the fusion cross section Of is very close to the reaction cross 
. section o r and the formation of compound nucleus and successive emission of par
ticles are believed to be well described by the statistical model of nuclear reac-

' tions. 

To perform this study we have first to obtain experimental results to compa
re with the calculated ones and if the agreement is good this gives confidence to 
predict cross sections for other systems. So our study had two parts : 

a) measurement of absolute cross sections for the dominant channels for a 
group of reactions, namely 1 3 C + Ti (46,47,48,49,50) at 36, 46, 56 MeV, and a com
plete excitation function was performed in the case of 1 ( 8Ti + 1 3 C between 18 and 
60 MeV by 2.5 MeV steps. We used y spectroscopic methods 1' 2 and the Saclay Van de 
Graaff accelerator facilities. 

I 
b) He compared the sets of results with different evaporation codes 1, all 

based on the statistical model of Hauser-Feshbach. The parameters were taken from 
systematica1 and we try - as much as it was possible - to use the same parameters 
in all these calculations. No effort was made to improve the fit. 

Our present conclusions are following (Fig. 1) : in general, the code CASCA
DE 3 gives an acceptable agreement (but it is very costly ! ) . For the other codes1 

strong and unexpected discrepancies appear ; attempts with the authors of these 
codes to amend these discrepancies are underway, in particular for the Monte-Carlo 
codes, much faster and hence much cheaper than CASCADE and very well suited for 
studying complex reactions. 

•i 

' On leave of absence from Istituto di Fisica Sperimentale dell'Universita, 
Via A. Tari 3, Napoli, Italy. 

On leave of absence from Universidade Catolica, Sao Faulo, Brazil. 
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Figure 1 - Experimental and calculated cross sect ions for different residual nu
c l e i in the 5*Ti + 1 3 C react ion at 56 MeV. (a) r e f . 1 . 
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EVAPORATION RESIDUE AND FISSION CROSS-SECTIONS FOR THE SYSTEM , " 1 Ar+ 1 1 0 Pd. 

C.Cabot, H.GauvIn, Y .Le Beyec 
Institut de Physique Nucléaire, BP n°l , 91406 Orsay, France 
H.Delagrange, J.P.Dufour, A.Fleury, Y.Llabador 
CENBG, AIlëe du Haut Vigneau, 33170 Bordeaux-Gradignan, France 

J.M.Alerander 
State University of New York at Stony Brook, Stony Brook, New York 11794 USA 

I t 1s of great Interest to obtain,for a given compound nucleus formed by 
heavy ions,maximal informations on the production and deexcitation processes. 
Measurements of each ex i t channel cross-section (xn.pxn.axn) as well as total 
evaporation residue and fission cross-sections in the energy range between the 
Coulomb barrier (B c ) and about 2 times B c are a f i r s t approach in the investiga
tion of these processes. We present here results of such measurements performed 
for the system "°Ar+ l l l , Pd* 1 5 0 Gd.Partial results have also been obtained for the 
systems l B 0+ 1 3 , , Ba * and s*Zn+ , 2Se 2 giving the same CN . Gamma multiplicity 
measurements,which would complete the present investigation,are planned for the 
near future. 

In f i g . l , the sum of the cross-sections (xn+pxn+axn) measured through the 
stack foi l method 1 is in agreement, in the overlapping energy region, with the 
direct E.R. cross sections obtained by the well known AE-E telescope counter 
technique. In this latest experiment, angular distributions were measured between 
3° and 12° and absolute cross-sections have been deduced from Rutherford scatte-
rinq cross-sections and from absolute beam monitoring with a calibrated Faraday 
cup' The beam energies and the 0° beam axis were carefully determined. During the 
course of the E.R. experiment, a second telescope was positioned at 90°CM to de
tect fission fragments which, in the AE-E plane, were separated from deep inelas
t i c events. Therefore, fission cross-sections have been obtained assuming a 

Eiab CeV) 
140 160 180 ZOO 220 240 260 

- I 1-

Figure 1 : 

Results for 1 , 0 Ar+ 1 I I I PaV I 5 »Gd*. 

Black star tyr) = a e Vaporation 
residues. 

Open circle (o) = o-fission 
Open star £ ) = acomplete fusion 

Black point (•) = evaporation 
residues from * . 

60 60 70 80 90 100 110 120 130 140 150 
E'fMiVJ 

1/sinë angular distribution. The results are given in Table I . In the right part 
of this table we also Indicate additional results on o-fisslon for the system Art 
1 3 ° T e . Based on the assumption that a l l fission events come from compound nuclei. 
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Table I 

one can write trcF^ER^fission ^ "** £CF • Values of JlçF, given in Table I, are 
in agreement with calculated values from the semi empirical model of Ngô 3 , even 
for the highest energies where the concept of critical radius is used in the model. 
A good agreement with St, values calculated with the Vaz and Alexander approach * 
was also found for E-|ah<210 MeV, and the corresponding fusion excitation func
tion is given by the solid line in f i g . l . In addition, i t is noisd that above 225 
MeV.AcF exp. exceeds * B f = 0 =9Ifi calculated from the rotating liquid drop model 6. 

These experimental results on individual residual nuclei, E.R. and fission 
are now used to obtain restrictive conditions on the choice of the parameters 
which are involved in statistical evaporation calculations, in the case of com
petition between particle evaporation, fission and gamma deexcitation. For that 
purpose, the Grogi F code i s used 5. As a f i r s t step, in order to reproduce the 
ns ing part of the fission excitation function, we determined values of af/a n ^ 
1.2 and Bf * 0.80 Bf|.D (Bf|.D being the rotating liquid drop fission barrier 6) . 
We recall that Beckermann and Blann ' using the MB-II code, determined af/a n = 
1.05 and a low value of Bf (0.60 x Bfin) to reproduce ac and CTER reported for 
the "«Ar+^'Ag system by Britt et a l . 8. Complete calculations for the Ar+Pd 
system are being performed. 

1. S.Delia Negra, H.Gauvin, H.Jungclas, Y.Le Beyec and M.Lefort, Z. flir Phys. 
A282, 65-73 and 75-84 (1977). 
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3 . C.Ngô, B.Tamain, J .Gal in, M.Beiner and R.J .Lombard, Nucl. Phys. A240, 353 
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4. L.C.Vaz and J.M.Alexander, Phys. Rev. C18, 2152 (1978). 
5. J.R.Grover and J.Gilat, Phys. Rev. 157TS02 (1967) 

H.Delagrange, Report CENBG 7707 (197BT. 
6. S.Cohen, F.Plasil and W.J.Swiatecki, Ann. Phys. (N.Y.) 82, 557 (1974). 
7. M.Beckermann and M .Blann, Phys. Rev. C17, 5, 1615 (19757. 
8. H.C.Britt, B.H.Erkkila, R.H.Stokes, H.H.GutFrod, F.Plasil, R.L.Ferguson and 
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CROSS SECTION DISTRIBUTION IN NUCLEAR REACTIONS 

INDUCED BY * 2C, 1 4 N AND 1 6 0 IONS ON TARGETS NEAR N = 62 

J . Jastrzgbski, R. Kossakowski, J . £ukasiak, H. Moszynski, 
Z. Preibisz , P. Rymuza 
Ins t i tu te for Nuclear Research, Swierk, Poland 

S. André, J . Genevey, A. Gizon,-J. Gizon 
I n s t i t u t des Sciences Nucléaires , IN2P3, Grenoble, France 

12 14 The cross sections for the production o f f i n a l nuclei in C, N and 16_ 
induced reactions on 1 4 1 P r , * 4 4Sm and Sm targets were investigated. The expe
rimental method is based on the determination of the gamma ray intensities ob
served during the cyclotron beam bursts, between bursts and immediately after the 
beam shut-off. The observed gamma rays are normalized to the target X X-rays. 
Details of the experimental techniques were reported previously *. 
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Figure 1 

81 82 83 84 

Figure 1 shows the cross section distribution on final products of the 
1 2 C + l 4 4Sm reaction at 90 MeV (in mb, assuming that the cross section for the 
excitation of the target K X-rays is reproduced by the calculation using the 
Plane Have Born Approximation 2 ) . As shown in figure 2, the reaction channels 
in which one or more charged particles are emitted dominate the decay of the 

Er compound nucleus in the whole energy range studied. This is not the case 
for e.g. Ï 2 C + 1 4 1Pr •+ 1 S 3 T D * reaction (figure 3) . Up to about 70 MeV excitation 
energy the xn channel represents more than 50% of the observed cross section 
and the pxn channel becomes comparable to the xn and axn channels only at about 
85 MeV excitation energy. From the studies of other target-projectile combina
tions it is concluded that in this region, far from the stability line, the 



- 140 -

charged particle emission depends strongly not only on the effective binding 
energies 3 but also on other factors as e.g. level density of final products 
(p emission to even-even and odd-even vs. odd-even and odd-odd nuclei). The 
cross section data obtained during the present investigation were crucial for 
the identification of high spin isomers reported in another communication 4 . 

1. J. Jastrzebski et al., Proc. Conf. on Large Amplitude Collective Nuclear 
Motions, Balaton, June 1979, p. 71. 

2. G.S. Khandenwal et al.. Atomic Data 1, 103 (1969). 
3. F.S. Stephens et al., Nucl. Phys. A170, 321 (1971). 
4. S. André et al., Contribution to this Conference. 
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Figure 2 Figure 3 
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NEW RESULTS ON ANGULAR MOMENTUM TRANSFER FROM SEQUENTIAL FISSION 
IN 255 MeV Ar+Bi AND 435 MeV Ni+Pb DEEP INELASTIC COLLISIONS 

C. te Brun, J.F. Lecolley, P. Lefèbvres, M. L'Haridon, J.P. 
J.C. Steckmeyer and R. Chechik* 

Patry 

Laboratoire de Physique Corpusculaire, ISMRÎL 
Université de Caen, France 

The first experiments on angular momentum transfer in deep inelas
tic collisions from sequential fission agree with the fact that the target li
ke fragment spin is aligned along the normal to the reaction plane and its va
lue reaches a limit compatible with the sticking hypothesis for deformed nu
clei. Nevertheless they disagree on the depolarisation mechanism since an ani-
sotropy in the in plane angular distribution of the fission fragments is ob
served only in the experiment of Dyer et al ' '. 

We present new data obtained at ALICE (Orsay) on angular momentum trans
fer in deep inelastic collisions from sequential fission. The light fragment 
was identified in a solid state AE.E telescope, the coincidence fragments were 
detected in a position sensitive parallel plate detector which measured its 
|^. and time of flight. With these informations, we can separate without ambi
guity the deep inelastic events followed by a sequential fission of the target 
like reaction products from the other mechanisms. The fission fragment veloci
ty distributions in the center of mass of the target like Pb, Bi are in good 
agreement with the published results(l). j they show clearly the existence of 
an intermediate system which behaves like.a resonance decaying by fission. 

From the out of plane angular distributions peaked in the reaction plane, 
we confirm that the target like Bi, Fb intrinsic angular momenta are aligned 
along the normal to the reaction plane and reach a limit compatible with the 
sticking condition for the deformed nuclei coming from the composite system 
created in the initial reaction. 

The in plane angular distributions 
W(t C M) shown in figure 1, are clearly 
anisotropic. These results are fully 
compatible with the Dyer et al published 
experiment'2' and are in disagreement 
with the 7.5 MeV/A Pb+Ni experiment<1) 
(same energy in the CMS as our experi
ment) that has found an isotropic in 
plane angular distribution. Neverthe
less we can remark that this last expe
riment presents its in plane angular 
distribution integrated over a large 
angular domain of the Ni like reaction 
product, whereas in our experiment and 
Dyer's et al one the projectile like 
reaction fragment was detected in a 
narrow angular domain. 
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+ Present adress : Weizmann Institute of Science, Rehovot, Israël 
1 - D.v. Harrach et al, Phys. Rev. Lett. 42 (1979) 1728 
2 - P. Dyer et al, Nucl. Phys. A322 (1979) 205 
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COMPETITION BETWEEN FISSION AND NEUTRON EMISSION OF 2 1 0Po AT HIGH 
SPINS AND EXCITATION-ENERGIES 

M. Ploszajczak 
Institute of Nuclear Physics, 31-342 Krakow, Poland 
M. Faber 
Institut fur Kemphysik, S170 Julien, W. Germany 

In the fusion reaction between heavy ions it is possi
ble to bring the large angular momentum to the compound system. Cooling of 
the high spin nucleus is then provided mainly by the emission of neutrons. The 
competition between the processes of particle emission and fission depends on 
the appropriate level densities and gives important informations about the nuc
lear shape changes far above the yrast line. Here we study Tf/Tn in the frame
work of the statistical theory for the near spherical nucleus 2H>Po. The defor
mation of the saddle and of the equilibrium configuration were obtained mini
mizing the free energy surface F with respect to the deformation B(Y=0°) and 
the neck parameter for all angular momenta and excitation energies above the 
yrast line. The surfaces F were constructed in the framework of the Strutinsky 
approach generalized for finite spins and temperatures. The shell corrections 
were calculated using the energy and spin eigenvalues of the WS potential. The 
intrinsic level density was approximated by the formula of the back-shifted 
Fermi gas model. The shift parameter was set equal to the shell correction 6F. 
The neutron separation energy and the fission barrier were calculated from F for 
each considered state. Absence of the y-déformation in F explains the excess of 
the theoretical barrier (V_~25MeV) above the experimental one for 1=0 
(V_~2lMeV). To improve the agreement with the data the calculated microscopi
cally barriers were decreased by 4 MeV for all spins and excitation energies. 
Finally the total level densities in r.,r for a given spin were obtained by 
summing over the intrinsic densities with |K|< I. The theoretical values of 
r./r are compared with the experimental values1' (dashed line) for I=0. At the 
excitation energy of ~50 HeV (1=0) the slopes of both experimental and theoreti
cal curves change. This effect can be interpreted2' as the shape transition from 
the ground state minimum to the fission isomeric minimum. For angular momenta 
I< 30 IT this critical excitation energy is almost unchanged. For higher spins 
transition energy from the spherical to the strongly deformed configurations is 
significantly lowered (E*-30MeV). At I>40B and E >25 MeV the fission process 
dominates the neutron emission and the probability to form the nucleus 2 1 0 P o 
at still higher spins and excitation energies is strongly reduced. 

1. A. Khodai - Joopari, DCRL - 16489 (1966), unpublished 
2. P.A. Gottschalk, T. Ledergerber, Nucl. Phys. A278, 16 (1977) 
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FAST FISSION PHENOMENA IN HEAVY ION REACTIONS 

C. Grégoire, R. Lucas, C. Ngô, H. NgS and B. Schumann 
DPh-N/MF, CEN Saclay, BP 2, 91190 Gif-sur-Yvette, France 

Until recently the classification, at low bombarding energy, of heavy ion 
nuclear reactions into 3 categories : quasi elastic, deep inelastic (DI) and com
pound nucleus (CN) reactions was quite satisfactory. However some experimental 
data which are associated to the de-excitation of the CN cannot be fully under
stood within this framework. A CN has completely forgotten about its formation 
and will de-excite by emitting light particles and y rays (leading to evaporation 
residues) or by fissioning into two fragments (symmetric fragmentation compo
nent) . The effective barrier against fission decreases with increasing angular 
momentum and for some value îp- vanishes1. Consequently, according to this pictu
re a real CN cannot be formel. What is usually called fusion cross section is the 
sum of the evaporation r .csidues and of the symmetric fragmentation cross sections. 
This latter is usually associated to the fission of the CN. From the fusion 
cross section one can deduce, within the sharp cut off approximation, a critical 
angular momentum £ c rj.f If t n e fusion cross section is the same as the CN cross 
section formation £ c rit should be bound by Hjr. This seems not to be the case 
for medium systems2. The symmetric fragmentation cross section is too large to be 
.entirely associated to the fission of a CN. This is likely to indicate that a 
'new mechanism intermediate between DI and CN formation exists. We can call it 
fast fission phenomenon (FFP) because the fragments have properties which are si
milar to those of the CN fission fragments. It turns out that one property seems 
to be different : the FWHM of the mass distribution seems to be larger for 
FFP than for ordinary fission3»1*. This is illustrated in Fig. 1 where the FWHM of 
the symmetric fragmentation component of a system 28§At increases quite a lot for 
H c rit > S-Bf a u e to the appearance of FFP. We have developed a simple static model 
to try to understand such an evolution5. The collision is assumed to be pictured 
as follows : 

1. The entrance channel is assumed to be dominated by a sudden interaction 
potential. For a given I value, the trajectory can either be scattered after a 
loss of kinetic energy (DI) or it can be trapped in the pocket of the potential. 
In this latter case we will have either CN formation or FFP. Due to the Coulomb 
field it should be noted that the pocket only exists if ZJZJ < 2500-3000. 

2. When the system is trapped in the pocket it will drift along the mass 
asymmetry coordinate. This drift will lead to a symmetric quasimolecular system 
if it is not too asymmetric. Indeed it is only if the system is initially not too 
asymmetric that FFP will be observed. 

3. In the last step it is assumed that a reorganization of the densities ta
kes place (transition from a sudden to an adiabatic potential). If H < £]}f a real 
CN is formed which will forget about its formation : the FWHM of the fission mass 
distribution will be given by the statistical fluctuations in the adiabatic po
tential. On the contrary for 8. > ig. no real compound nucleus is formed and the 
memory of the sudden potential will be kept as far as mass asymmetry is concerned. 
The FWHM will arise from the statistical fluctuations in the sudden potential. In 
Fig. 1 the full curve shows the result of a simple calculation based on the pre-

IPN, Laboratoire de Physique Théorique, BP 1, 91406 Orsay. 

Present address : TU Miinchen, D-8046 Garching. 
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ceding assumptions. For £crj,t < *Bf
 a FWHM o £ 2 9 w a s taken as an input and for 

*crit > *Bf the calculation «as performed using a sudden potential. This calcula
tion predicts that t c cit saturates around 130 which seems to be experimentally 
observed. 

Figure 1 - The FWHM of the mass distribution of the symmetric products is shown 
as a function of critical angular momentum for the Ar + Ho (•), Ne + Re (A), 
p + Bi, a + Pb, C + Pt (1) systems. The full curve corresponds to the fast fission 
model. 
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PRE-EQUILIBRIUM EMISSION IN PROTON-INDU CED REACTIONS ON COBALT AND NICKEL IN 
THE ENERGY RANGE 18-84 MeV 

S.J. Mills and F.J. Uaasbroek 
National Accelerator Centre, CSIR, Pretoria, South Africa 

Absolute cross-sections for the production of 5 5Fe, 5 5 ~ 5 e C o and 5 6' 5'Ni in 
proton bombardment of cobalt and for the production of 5 5 _ 5 8 C o and 5 6 , b 7 N i in 
proton bombardment of nickel have been derived from radioactivity yield data 1 

obtained in the energy range 18-84 MeV by means of the stacked-foil technique. 
The results are shown in fig. 1. The cross-sections for 5 5Fe and 5 6 , 5 7 C o have 
been corrected for precursor decay and, as in the case of 5 8Co, refer to the 
independent formation of the nuclide; those for 5 5Co and 5 6 , 5 7 N i could not be 
corrected for contributions of their (short-lived) precursors, but according 
to our theoretical calculations (see below) the production of all the precursors 
in question should be negligible. Except for a few points at low energies, 
the excitation functions obtained are in good general agreement with relevant 
earlier results 2 - 1 4 reported in the literature. 

The experimental results were compared with calculations performed by means 
of the computer program OVERLAID ALICE 5 for all reactions possibly contributing 
to the observed radionuclides. As could be expected, pure equilibrium calcula
tions according to Weisskopf-Ewing theory completely failed to yield agreement 
with the experiment, demonstrating the need for considering pre-equilibrium re
actions in calculating the excitation functions. The calculations have conse
quently been performed within the framework of the geometry-dependent hybrid 
model for the pre-equilibrium emission of the first neutron or proton (initial 
ccr;f;: -̂.irstion: 1p-1n-1h), in combination with the Weisskopf-Ewing formalism 
for the subsequent equilibrium emission of neutrons, protons, deuterons and 
alpha-particles. Binding energies were taken from the compilation of Wapstra 
and Bos 6 and the intranuclear transition rates used were based on nucléon mean 
free paths calculated from free nucleon-nucleon scattering cross-sections. 

Theoretical results obtained with standard Fermi-gas level densities (with 
a level-density parameter of A/8 MeV - 1) were found to be in very poor agreement 
with the experimental data, especially for those radionuclides situated around 
the closure of the lf 7/ 2 neutron and/or proton shells (fig. 1, dashed curves). 
Satisfactory overall agreement could, however, be obtained by introducing a 
pairing-energy shift7 as well as a shell-correction shift 8' 9 of the ground 
state in the calculation of the level densities (fig. 1, solid curves). 
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8. N. Rosenzweig, Phys. Rev. H)5, 950 (1957); Phys. Rev. J08, 817 (1957). 
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Fig. I. Comparison between experimental cross-sections and the results of 
theoretical calculations within the framework of the geometry-depen
dent hybrid model, in combination with Weisskopf-Ewing theory. The 
dashed curves and solid curves respectively represent the results 
obtained with standard Fermi-gas level densities and with level densi
ties calculated with respect to a shifted ground state to account for 
pairing and shell corrections. The overall uncertainties in the ex
perimental points were, with a few exceptions, estimated1 to be 
between 6% and 9%. 
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FORMATION AND DEEXCITATION OF THE , 7 R b COMPOUND NUCLEUS 

J. Barreto , M. Lange vin and C. Détraz 
Institut de Physique Nucléa ire , 91406, Orsay , France 

The measurement of the excitation functions of many evaporation channels 
for the 7 ^ R b formed by the l 6 0 + 6 3 C u * and 3 4 S + 4 5 S c * compound 
nucleus react ions has given evidence for an angular momentum population inde
pendent of the entrance channel. Indeed, d i r e c t comparison of a l arge number 
of individual evaporation channels from both s y s t e m s shows that the c o r r e s p o n 
ding par t i c l e s come from the same region of the (E*-J)plane for the two s y s t e m s . 

The fusion barrier have been determined f rom the threshold of the f i r s t 
observed evaporation channels . The values thus obtained (table I) are compared 
to s o m e theoretical pred ic t ions ; it r e s o r t s that although the l^O + ° 3 C u fusion 
barr ier i s correct ly predict , the 3 4 S + 4 5 S c one i s largely overes t imated by 
the m o d e l s predict ions by about ten MeV. 

The variation of the complete fusii c r o s s sec t ion (Fig. 1-2) are compared 
to the predict ions of model without ant • i t h f r i c t ions 3 ' 4 . The c r i t i c a l d i s 
tance model 3 cannot reproduce the exper imental r e s u l t s . The c l a s s i c a l ca l 
culations 4 with fr ict ion reproduce correc t ly the 1 6 0 + ° 'Cu r e s u l t s but not 
the 3 4 S + 4 5 S c ones . This i s probably due to a bad determination of the i n t e r 
action barr ier for the lat ter s y s t e m . Indeed, an increas ing of AR = 1 ,4 F e r m i 
enables good agreement with experimental r e s u l t s . This i s certainly due to a 
large deformation for these nuclei at the contact point. 

Stat ist ical model ana lys i s have been per formed with codes Al ice and Julian 
for both s y s t e m s . F r o m the global comparison the code Julian c o r r e c t l y p r e 
d ic t s the shapes and magnitudes for a lmost a l l the experimental exc i tat ion func
t ions . The comparison with the predict ions of the Code Al ice shows that a c r i 
t ica l angular momentum parameter must be introduced in the calculat ions for 
the *"0 + " 3 C u s y s t e m * and an additionnai preequi l ibr ium assumpt ion i s 
n e c e s s a r y for the S + 4 ^ S c reaction 5 i n order to obtain a g r e e m e n t between 
predict ions and calculat ions . 

T a b l e 1 

Sys t ème B f c 
(MeV) 

coul. 
(MeV) 

B a s s 
(MeV) 

B 3. 
V A 2 et al. 

(MeV) 

B a 
NGO et a l . 

(MeV) 

B a 
NGO-NGO 

(MeV) 

1 6 0 +

 6 3 C u 

3 4 S +

4 5 S c 

27 ,5 ±2,0 

36 + 4 . 0 

3 5 , 5 

4 7 , 5 

3 0 , 0 

4 3 , 8 

3 2 , 3 

4 6 , 1 

32 ,9 

4 6 , 8 

3 2 , 6 

4 6 , 5 

a - s e e Ref. 3 
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Fig. 1 : Experimental 
variation of the complete 
fusion cross section (full 
points) for the 1 6 0 + 6 3 C u 
system as a function of the 
inverse center of Mass 
energy. The solid and 
dashed line curves are the 
predictions of Ref. 3 ; the 
dashed dotted line curve are 
the predictions of ref. 4. The 
dotted line curve represen
ting the beat fit Glas and 
Mosel parametrizat ion of 
the experimental resul t s . 

T- • " I "" ' i 

> ^ J 
1000 

5 0 0 \ \ \ 
vOV 

a i i i \ \ \ 
0.010 0.015 ao2o 

l /E c m (M^-') 

Fie. 2 : Experimental va
riation of the complete fu
sion cross section (full 
points) for the 3 4 S + 4 5 S c 
system (see fig. 1 caption). 
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ANGULAR MOMENTUM PROJECTION OF TWO QUASIPARTICLE STATES* 

F. Grûmmer, K.W. Schmid, A. Faessler 
Institut fur Theoretische Physik, Oniversitât Tubingen. Germany 

The aim of the present work is to investigate the method of angular momentum 
projection1''2' of two quasiparticle states3' built on a Hartree-Fock-Bogo-
liubov vacuum state. In order to learn something about the important features 
of this method and the numerical problems connected with it we first did some 
model calculations in the i 1 "-shell, where we can compare our results to the 
exact solutions. We start from a deformed BCS-state 

with the desired expectation value of the particle number <<J0 |N|4 >=N.. In 
terms of the quasiparticle creation operators (1) can be written as 

l*o> = <£V '0> (2) 

In addition we construct all two quasiparticle states with the K-quantumnumber 
K=0 

|K> = £ $ • „ > (3) 

so that we have a bas i s space of 8 (=1+7) HFB-wavefunctions for the case of the 
i ' - s h e l l . All these wavefunctions are neither eigenfunctions of the angular 
momentum operator nor of the part ic le number operator, so that we have to apply 
the corresponding project ion operators. We have t o calculate now the projected 
matrixelements 

' • 4 
„i 

HKK'I 
<K 

NKK' 

Hi 
P .F„ |K'> (4) 

I 1 

where we have to include |K=O>=|+ 0> , and to solve the matrixeguation 

£ \*k> " EvNL-j £v"° t5) 

which yields the final solution for the energies E and the wavefunctions 

i+v> - E 4 v > J K > <6) 

The matrixelements (4) are calculated in the framework introduced already in 
ref. 2 using the surface delte hamiltonian for H and adopting the angular mo
mentum projection method by Kelemen and Dreizler4' in order to perform this 
projection exactly. The resulting energies and wavefunctions can be compared 
to the exact solutions for N« particles in the i 1 3/ 2-shell. It can be easily 
shown that for N "2 the angular momentum projection of |(J> > alone gives al
ready the exact spectrum provided the particle number projection is done 
exactly. 



For N =4 It turns out that the diagonalisation of (5) yields also the exact 
spectrum of the ( l 1 3 / 2 ) -configuration, which is already quite complex. For 
N =6 the results are no longer exact as can be seen in table 1, where some 
exact energy levels are compared to the ones obtained with pur model. Never
theless our model seems to exhaust the space of the (l 1 3/ 2) -configurations 
so well, that the results of a coupling calculation, where the exact and the 
approximate valence solutions are coupled to a rigid rotor are in extreme 
agreement. Thus in the case of a single j-shell our model is very well com
parable to an exact shellmodel-diagonalisation, a fact, which encourages us to 
apply it also in more realistic configuration spaces. 

1) F. Grummet, K.W. Schmid, A. Faessler, Nucl. Phys. A239 (1975) 289 
2) R. Beck, B.J. Hang, P. Ring, Z. Phys. 231 (1970) 26 
3) K.H. Schmid, H. Muther, K. Goeke, A. Faessler, F. Grimmer, Phys. Lett. 63B 

(197S) 399 
4) A. Kelemen, R.M. Dreizler, Z. Phys. 278_ (1976) 269 
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I E 1 

"g.p. E 1 . exact 

0 -21.00 -21.00 
2 -15.72 -15.72 
4 -14.51 -14.93 
6 -13.78 -14.61 
8 -14.12 -14.42 
10 -14.12 -14.28 
12 -14.09 -14.16 
14 -10.00 -10.03 
16 - 9.10 - 9.12 
18 - 8.65 -'8.65 
20 - 8.33 - 8.33 
22 - 5.29 - 5.29 
24 - 4.33 - 4.33 

13/2 j 
Table 1: For 6 particles in the i -shell the approximate energies E 

and the exact ones E 1 ^ in units of the SDI-strength A are 8 
. exact 

compared. 
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ON THE STRUCTURE OF THE LOWEST BANDS IN 1 8 8Hg 

S.B. Khadkikar, University of Tubingen, 7400 Tubingen 

Detailed band mixing calculations for 1 8 8Hg based on particle-hole exci
tations on Hartree-Fock state have been already reported'' . The purpose of the 
present note is to reinterprete these results so that a new scheme to obtain 
these bands in other nuclei could be made feasible, and possible improvements 
can be made. 

The microscopic description of the ground and first'excited band-structure 
is given best in terms of the occupancy level of the last pair of neutrons:1' 
(1) (7/2+) , (2) (5/2-) , (3) (¥ 2-) z and (4) (V> for the four intrinsic 
single determinants. The band mixing coefficients for 0 + and 14 + states of the 
two bands are given in the table (1). From these numbers it is quite clear 
that the ground band has coherent hooper-pair of neutrons while the excited 
band this coherence is broken for ( 7 4 + ) 

pair only. This exactly corresponds to 
number and angular momentum projected HF-BCS state as the intrinsic state for 
ground state while the excited 0 state is obtainable from two quasi particle 
states in ( £ +) ortho-normalised to ground intrinsic state. At the angular 
momentum 14 however the occupancy in the ground band of ( 4 +) becomes large 
and the coherence is reduced which vanishes by complete occupancy of ('2+) 
state at I^lB+.Tor the excited band however severse thing happens i.e. the 
occupancy of (fa+) -belonging to ij3/2" becomes as small as the angular momen
tum increases. That is to say the Cooper-pair transforms in to (ija/o) con
figuration at high angular momentum for ground band. An alternate description 
in terms of aligned pair may then accrueI 

Thus it is seen that the band mixing calculation involving several bands 
would be equivalent'to a model in which zero and two quasiparticle states are 
mixed with number projection and angular momentum projection restricting the 
quasiparticle states to the "intruder"-i13 , 2 in this case-state. 

Table 1; 
Coef f ic ien t s of band mixing 

J* 

1 

1 r 
2 

3 4 

0+ .45 - .52 - . 5 2 - .52 
0 ' + .eg '.25 .24 .29 

1 4 + 0.38 - . 13 - . 1 0 - . 10 
141 + .19 0.71 .46 .<? 

1) C.R. Praharaj and S.B. Khadkikar, J . Phys. G: Nucl. Phys. 6 (1980) 241. 
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