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tractor, to the extent that such empioyee or contractor of the Administration,
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any infurmation pursuant to his emp10yment or contract with the Administration,
or his employment with such contractor.



ABSTRACT
Nuclear structure studies in the A ~ 150 region by y-ray spectroscopy
following heavy ion induced reactions are summarized. Yrast states of N=82
nuclei close to the proton drip 1ine have been identified as rather pure
("h11/2)n excitations of seniority 2 and 3. The high-spin level structure

of 154 ]24Sn(34s,4ny) reaction. Both

Dy has been determined through the
the structure and the level lifetimes indicate a transition at I ~ 32 from
collective to few-particle character, with possible shape changes from

prolate-to-triaxial-to-oblate.



I. Research Activities

We have continued our nuclear structure investigations in the A~ 150
region using heavy fon beanms from the Argonne Tandem-Linac. During 1981
we were involved in experiments reaquiring 22 days of bDeam time. The research
performed followed the 1ines proposed,with rather more emphasis on the
spectroscopy of discrete high-spin nuciear states than on studies of the .

continuum. Progress is summarized in the following sections.

Spectroscopy of very proton-rich N=82 nuclei.

1466d.w1th 7=64, N=82,has many properties of a doubly closed shell
nuc]eus]), and in the two-proton nucleus 1480y a complete (ﬂh]1/2)2 spectrum
has been 1dent1f1ed2), furnishing the two-body interaction matrix elements
for h11/2 protons. With this knowledge one can caicu?ateB) the (“hlllé)n
excitations which are expected to dominate the yrast spectroscopy of N=82
nuclei with n valence protons. Recently we performed the first studies
of the N=82,83 %o and '5%o nuclet with three valence protons. The
yrast states in M9Ho were found4) to be in excellent agreement with the
predictions for (wh1]/2)3, but in ]5°Ho a large effective neutron charge
of ~ 4.0e was neededs) to reproduce the data, indicating considerable
polarization of the core by the valence neutron.

We have now extended the investigations to the very proton rich N=82
nucled 150¢,. and 111m, with four and five valence protons, respectively,
outside the ]466d core., Oné of the points of interest here is that for
n > 3, a state of given angular momentum can usually be mude in more than
one way, and thus the residual interaction could give rise to states of
mixed senfority. However, Lawson [3] has shown , using the effective‘two~; :

148

body interactions from the '~ Dy spectrum, that for (nh11/2)" configurations .
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there should be 1ittle senfority mixing. When senfority is conserved,
the dependence on occupation number n of the E2 transition rates between

(whn,z)n states of the same senfority, v, is given by

, no n
BEEZi(hy 17201 v = (Mz2) 1)
6-n,2 M
=(z=9)° B(E2;(h N

v
n72l > g2y
Accordingly, the E2 rates between ("h11/2)n states of the same seniority
are predicted to decrease sharply with increasing n, and to become identi-
cally zero when the h”/2 subshell is half-filled at nx6. B(E2) determinations
in the series of N=82 nuclei can thus provide strinaent tests of the

configuration assignments.

150 151

Nothing was previously known about Er and Tm, which 1ie close
to the proton drip line,in a region where charged particle evaporation
from excited compound nuclei competes strongly with neutron evaporation.
In bombardments of proton-rich targets with proton rich Ni beams we were
able to form appropriate compound nuclei at low excitation energies,
favéuring two or three nucleon evaporation to the residual nuclei of interest.
By means of a novel combination of sum spectrometer and recoil catching
techniques, clean y-ray spectra from the residual nucle? of interest could
be extracted. Isotopic identifications were based on a) excitation
function and cross bombardment results b) coincidences with characteristic
X-rays c) energy distributions of coincident sum-spectra.

To 11lustrate the exit channel selectivity that can be attained
using the sum spectrometer, the y-ray spectra observed in cnincidence with

low-, medium-, and high-enerqgy slices of the sum spectrum for the reaction
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92 60

system “"Mo + 225 MeV + 152

Ni Yo' (E, =32 MeV) are shown in Fig. 1.

149

In the topmost spectrum, known Ho v-rays, corresponding to 3p emission,

are amoeng the strongest lines; the only strong 1ines in the middle spectrum

150 15OEr

are the y-rays here assigned to Er, formed by 2p emission; the

y-rays are again the strongest in the bottommost spectrum, but, in addition,

weak lines with energies 140, 339, 699, and (off-scale) 1478 keV appear.
Subsequent experiments showed that these four lines belong to 191
152

Tm, formed

here by the emission of a single nroton from the
150

Yb compound nucleus.
Detailed measurements established the Er level scheme shown in

Fig. 2 along with the theoretical ("h11/2)4 yrast levels. The 2.55 us

isomeric state at 2797 keV is interpreted as the expected (nh”/z)4 senfority 2,
I" = 19* isomer. Since configurations other than (nh”/z)4 undoubtedly

contribute substantially to the 150

Er ground state, the 119 keVY discrepancy
in the calculated ot energy is unsurprising. On the other hand, the
calculated and experimental energies for the 8+, 6+, and even the 2* states
agree within < 18 keV, in line with the view that effects of 0 pair
admixtures should be approximately the same for states of the same senjority.
Mureover,the E2 transition probability obtained from the 10+ helf-11fe

")

= 12.140.7 e2fm?

+
B(E2; 10" + 8 exp

1s close to the predicted factor of 4 smaller than the B(E2) determined

1480y.

for the corresponding transition in For the transitiun between

(nhnlz)4 v=2 10" and 8* states, eqn. (1) gives

B(E2; 107 » 8%) . = 10.8:0.8 e?fn’

cale
in excellent agreement with the experimental result. Indeed, the agreement

is rather better than one might have anticinated, since the probability of
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0+ pairs being scattered across the Z=64 gap is not negligible. The simplest

150

explanation would be that in these Er v=2 states, the number of 97/2 and

d5/2 hole pairs 1s about equal to the number of $1/2 and d3/2 particle pairs,
leaving on average close to four protons in the h”/2 orbital,

The 140, 339, 699 and 1478 keV y-rays noted in Fig, 1{c) appeared much

58Ni + QSMO L 1583, * d 60 93 153Tm*_

more strongly in the reactions Yb and " Ni + “°Nb -

Since in addition t¥~ lines were found to be coincident with Tm X-rays, they

i 151 151

are assigned to the N=82 nucle Tm., The pronosed Tm level scheme is

149

shown in Fig. 3, together with the Ho scheme, and the calculated yrast.

levels for (wh11,2)3 and (““!1/2)5 configurations. The 27,/2" » 23/2°
transition probability in 151Tm

2. 4

B(E2; 140 keV) = 11.7+1.3 e“fm

is much smaller than the value 88:6 ezfm4 obtained for the corresponding

144 keV transition in ]49Ho. According to eqn. (1) the ratio of these
B(E2) values would be 1:9 for pure ("h11/2)5 and ("h1]/2)3 v= states,
Again, the agreement between experiment and theory is remarkable, and is
moreover consistent with the lsoEr findings, since the number of 0+ pairs
is the same in v=3 states of '9'Tm as in v=2 states of 150gy.,

These spectroscopic studies of N=82 nuclei very near the proton drip
1ine were possible because suitable proton-rich comoound nuclei could
be produced at low excitation energies in 58?60N1 induced reactions, and
clean y-ray spectra from the residual nuclei of-interest could be obtained
by the combinatibn‘of sum spectrometer and recoil catching techniques. We
“plan further to investigate the higher seniority (whn/z)n yrast states |
above the ]soEr 10" and 1S]Tm 27/2° isomers, and to search for the very

'long-Hved(vrh”/z)s V=2_ 10+ {somer expected in 152Yb.
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Transition from follective to Aligned-Particle Nature at High-Spin

6)

Bohr and Mottelson have pointed out™’ that rapid rotation of nuclei

may induce a transition to oblate shapes,manifested inter alia by the

7) of an 1s]énd _

occurrence of high spin isomers. The subsequent discovery
of isomers around A v 150 has generated considerable research on nuclei
in this mass region. For 7=64-68, N=83-86 nuclei, which are spherical in
their ground states, the high-spin yrast configurations have been shown
to be of few-particle character, with the spins of the individual nucleons
aligned along a symmetry axis. The oblate mass distribution of these
aligned particles, together with the resultant core polarization, leads
to an overall oblate shape. However, nuclei which are prolate in the
ground state (such as those with N > 90) contain no high-soin isomers
and appear not to become oblate.

One might hope to observe the predicted prolate-to-oblate shape
change in N=87 and 88 nuclei, where the nrolate-driving shell effects
- might be overcome at high spins by the oblate-driving effects associated
with particle alignment. Since the yrast configurations of Dy isotopes
with N=82-86 are of aligned pérticle characterz’e), while those of N > 89
are collective, we chose to investigate the high-spin structure»of 1540y
(N=88) . | |

We have employed the '2%sn(%4s,an)!54Dy reaction, with 145-175 Mev
beams. A very extensive set of in-beam experimehts were performed,
including y-y coincidence, angular distribution, excitation function, and

lifetime measurements. A large Nal detector was used, either as a sum
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15455 1ines. The

spectrometer or as a multiplicity filter, to enhance
resutting level scheme, determined up to spin 34 or 35, is shown in Fig. 4,
Since electronic timing measurements with resnect to the pulsed beam

revealed no ns isomers 1n154Dy,

additional experiments, using the recoil
distance technique, were performed to determine the state 1ifetimes.

Up to spin 32 the positive parity yrast levels are typical of a
weakly deformed prolate rotor. The yrast transition energies increase
monotonirally {except near the I=14 and =28 backbends) and the levels
are connected by stretched E2 transitions which are enhanced (60-300
Weisskopf units). However, above spin 32 a transition to few-particle
structures occurs. The transition energies cease to increase smoothly
and some predominantly dipole transitions appear, terminatiang the hitherto
uninterrupted cascade of stretched E2 gamma rays. Finally,the combined
state-plus-feeding times of the 11.0 and 12.3 MeV levels (6 and 5ps) are
significantly slower thaﬁ the values typically observed at high-spin in

158 8) in 152

collective rotors like Dy, but are similar to those measured Dy.

It is 1ikely that aligpedfparticIe configurations such as those in
152

Dy are involved, since only these would 1ie at sufficiently
152

neighboring
low energy. As in Dy, these configurations would lead to an oblate mass
distribution,

From the measured 1ifetimes, we have deduced that the effective
quadrupole moment Qo(eff) decreases gradually between =14 and 1226,
reflecting the steady decrease in cotlectivity. This decrease in Qo(eff)
may be due to an-increased axial asymmetry, and we speculate that the
prolate-to-oblate transition may oécur gradually through a series of

triaxial shapes. The evolution from prolate to oblate shapes v1&-
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rotation-aligned structures is envisaged to be smooth. For the prolate
grounid band the angular momentum has only a collective component, which
is perpendicular to the symmetry axis; in the rotation-aligned bands the
angular momentum is generated by'both aligned particle and collective
spins along an axis perpendicular to the original symmetry axis; this
perpendicular axis becomes the symmetry axis along which the particle spins
align in the oblate limit,

In summary, the level structure and 1ifetimes in the transitional

nucleus 154

Dy suggest a change from collective to few-particle character
with increasing spin. This is probably accompanied by a prolate-to-
triaxial-to-oblate shape change, which is the outcome of the delicate
interplay of prolate-driving shell effects (which dominate for N > 90) and

oblate-driving effects (which prevail for N < 86).

Other Projects

Building on the results described in the preceding sections, we have
made a start on studying the ISOEr v=4 levels above the 10% isomer, and on
@ detailed spectroscopic study of the N=87 nucleus ]53Dy. The Purdue group
has also participated in Linac investigations of continuum y-ray properties
and of yrast-fegding patterns in A ~ 150 nuclei; in these cases, much of
the'data analysis remains to be done.

Our Argonne NL collaborators are T. L. Khoo, I. Ahmad, P. Chowdhury,
R. Janssens, and R. D. Lawson, while G. Sletten and J. Borgreen (Niels

Bohr Institute) -are leading the yrast feeding pattern study.
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Figure Cantions
Gamma-ray spectra recorded in coincidence with a) Jow b) medium
c) high energy slices of the prompt y-ray sum spectrum in the

reaction %Mo + 225 Mev 5Oni.

150

The Er level spectrum up to the 10* isomer and the calculated

)4 yrast levels.
149

(mhy1/2

The level spectra of 151

Ho and Tm up to the 27/2° isomers,

3
and the calculated (ﬂh]]/z) and (Trh”/z)5 yrast levels.

e 164 124Sn(34

Th Dy level scheme established using the S.4ny)

reaction.
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