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Abstracts

The Coulomb excitetion of high-lying ievels in heavy nuclei have been
: v 0238 232
studied by v~ end P-ray techniques. In and Th evidence is found for
ectupole excitation of negative parity bands and for guadrupole excitation of
B~ and v-vibraticonal bands, Preliminary results for several other even-even and

odd-mass nuclei have been obtained,
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The Coulomb excitation process offers interesting possibilities for
the study of nuclear vibrational levels.l This peper reﬁorts m@asuremeﬁts
recently cerried out by means of oxygen ions from the Hilac at an energy
corresponding tb epproximately half the Coulomb barrier. Gamma rays from
thick metallic targets were detected by a 3x3=in. Nal crystal and recorded
either in singles or in coincidence with back-scatbered projectiles.’ The
coinéidence spectra were generally much cleaner than the singles spectra, and
were preferred for eyaluation of the reduced transition probebilities by
means of the classical Coulomb excitation thgory.l

In nearly all cases hitherto studied the Coulomb excitation has heen
of eleciric guedrupole type. However, electric dipole or electric octupole
excitatione can be expected vhere states of the proper spin and parity are
found, It was natural to look for these excitations in the hea&y element
region, where low-lying states of negative parity systematicelly occur in

even-even nuclei. Gamme-ray studies on a Th232

target showed two major

groups at 760 and 10hO kev., The width of the groups clearly indicated these

as being complex. This was to be expected, as the multiple Coulomb excitation

process populates seversl states in the rotetional band connected with each

vibrational state and these states, furthermore, decay tc several of the

states in the ground-state band, However, the total transition probabilities

to a specific rotaﬁional band is not affected by the multiple excitation, as

it only gives rise {0 e redistribution of the intensity in the upper band.3-
These considerations in mind, we foﬁnd it worth while to invesiigate

the character of the excitations by studies of the excitetion functions for
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the unresolved peaks. Figure 1 showe the excitation functions for the Th232
groups recorded in coincidence with particles gcattered through an average
angle of 140 deg; The experimental points are in good agreement with the
theoretical excitation functions for EZ in the case of the T60-kev group.
Indeed, it is known from the work of Durhem et al.h that this group corresponds
to excitation of a 2+ B-vibrational state at T75 kev end a 2+ y-vibrational
state at 788 kev, The excitation function for the 10k0«kev group appears to
be too steep to be an E2, whereas the agreement with an B3 excitation function
is good, The theoretical curve for an assumed El excitation would be more
flat than that for the E2,

With U238 we observed composite peaks at 660 and 1060 kev, The
excitation functions indicated thet the lower energy group was due to an E3
excitation,vhoress the.higher group was in agreement with an E2 assignment,
This assumption was supported by studies of the relative yields of the two
peaks when recorded in cﬁincidence with forward scattered projectiles. In
agreement with the theory,l a decrease of the yield of the 660-kev group
relative to the 10kO-kev group was observed,

These data indicate that we obuerve octupole excitation of negative-

parity bands in U230

end Th232. The excitation can take plece to the 3=~
rotational states of these bands or can, for example, proceed vie an E2
excitﬁtion to the first rotational state followed by an E3 excitation to the
1- state., Our date are best accounted for if we assume about equal population
of the l- and 3~ states, in agreement with the estimated intensity of multiple
Coulomd excitation, The resolution of the Y-ray spectrometer is not sufe
ficient to allow & detailed investigation of the excited states. In order

to get improved resolution we have constructed a wedge-gap Bospectrometers

for the detection of conversion electrons. Figure 2 shows a part of the eleciron
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spectrun from U238 vhen bomberded with 016 ions, The pronounced peaks are
the K and the L lines due to monopole transitions from the B-vibrationa.l‘
states. The satellite pesk on the L line could perhaps be due to t.b,e T
vibration, bringing these two states close together, as for Tth 2. The
smaller peaks at lower energy are interpreted as K-conversion lines from
trangitions proceédiﬁg from the l- and 3~ states to the ground state and
the first rotational state. The electron intensitlies are in good agreement

with an El assigment for these trancitions. Preliminery results for the

energies and transition probebilities in these and other nuclei are collected

in Teble I,
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TABLS 1

Gammé ray energies and reduced transition probebilities for excitation
observed with 016 ions. It has in all ceases been assumed, that the tran~
ition energy equels the energy of the y~ray. Where the isotope responsible
for a transition is not known the sbundance is assumed to be 100%. Except
for the U dnd Th levels discussed in the text the multipolarity of the
excitation is assumed to be B2, The single particle units used ave 33:10"5
43 2 .,-b8 kb 10-Ta%e? 510°T2 o 1
A e x10 cm for EZ and b,2%10 'A7e™ x10 cm for B3,

Nucleus Y~energy kev B(%Z)/ei 3(32)/3(32)3.9_
10
Bo 07 520 & 15 0.016 0.59
- 575 ¢ 15 0.010 0.37
.- 705 # 15 0.027 1.00
gt | 780 % 20 0.010 0.33
-2 1230 ¢ 40° 0.15 b9
- 2 1400 £ 40 vo.ll 3.6
% 645 + 15 0.053 1.67
- 780 ¢ 15 0.16 5.0
Re 1854187 875 £ 20 0.018 0.57
- 1010 * 20 0.008 | 0.25
- 525 % 15 0.015 0,47
-- 650 ¢ 15° 0.025 0.79
a7 550 + 10 0.39 1.2
n?3° 760 + 20% 0.25 5.7
y?3 650 £ 30 0.11 2.5
— 900 ¢ k0% 0.11 2.5
ye38 1060 & 30® 0.22 4.9
s(ﬁg%/ez B(E3)/B(E3),

232 1040 & 30* ;?29 - 13.0

y?38 650 + 20 0.49 21.0
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