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having real and imaginary parts. The complexity of the
analysis has been mitigated by the cooperation of the
electronic computig. g section at the University s Liver-
more laboratory.

Work is continuing in order to extend the distribu-
tions to wider angles, and other targets will be bom-
barded in order to determine the possible eGects of
shell structure on the interaction.
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TABLE I. Comparative results of lifetime measurements by reso-
nance Quorescence and delayed coincidence methods.

Nucleus

Prl41
Hg198
Tl203

Level
(kev)

145
411
279

Lifetime r& in 10 1o sec units
Res. fluor. Del. caine.

35 &10'
0.33~ 0.03C

10 ~ 40

39 &4b
0.15~0.25d
2.2 ~0.6

a See reference 10.
b See reference 7.
e See reference 9.
d See reference 11.

HALF —LIFE of (1.2&0.3)X10 " sec was found
for the 279-kev level of Tl"' from measurements

of delayed coincidences between betas announcing this
level and gammas de-exciting it.

For these measurements, an automatically recording
"fast-slow" coincidence arrangement was used, in the
fast section of which a unit with helical delay line of
the type described by Bell et a/. ' had been incorporated.
Samples of Hg"', mounted on aluminum backings
which absorb the electrons, were sandwiched between
two stilbene crystals of equal thickness (0.5 cm) and
area (1.5 cm'), each attached to a 1P21 photomultiplier.
The crystal at the absorber side detects the gammas in
coincidence with betas accepted by the other crystal.
Pulse-height selectors in both channels transmit pulses
corresponding to electron energies roughly between 75
and 150 kev.

For such low energies, the accuracy of measurements
of very short lifetimes is often seriously impaired by
instrumental imperfections. In order to reduce the
inhuence of such eGects as much as possible, a "self-
comparison-comparison" method was adopted in which
the centroid shifts of self-comparison pairs of delayed

coincidence plots obtained with samples of Hg"' were
compared with those of a suitable reference source.
The self-comparison pairs are obtained by recording
first one run and then, after turning the source plus
absorber assembly around, another run.

In the present case, thorium B is very suitable as a
reference source because the energies of its strongest
coincident radiations are not too much diGerent from
those of mercury (for Hg"': Ett, ——215 kev, E„=279
kev; for ThB: Ett,„=340 kev, E~=238 kev) and
because the lifetime of the 238-kev level excited in the
decay of ThB is known to be very short: Graham and
Belp set an upper limit of 2X10 " sec; Knowles' even
gives the upper limit as 2&&10 " sec. This means that
the centroid shift of self-comparison pairs obtained with
this source is almost exclusively caused by instru-
mental eGects. The experimental half-life of the 279-
kev level of TP" is therefore given as 0.346 times the
diGerence of the centroid shifts of self-comparison
pairs obtained with samples of Hg and ThB.

In the experiments with mercury, unwanted prompt
coincidences may occur between x-rays emitted by
Tl203 nuclei after conversion processes and gammas or
conversion electrons. They may also be caused by two
successive Compton scatterings. Such coincidences
would reduce the centroid shift to a value smaller than
the lifetime of the investigated level. From measure-
ments with suitable x-ray or electron absorbers at the
appropriate side of the sample it was found, however,
that the total contribution of prompt coincidences
amounts to only about 8% of the total coincidence
counting rate. To account for this eGect the measured
half-life was increased by 8%.

Combining the measured half-life with experimental
conversion data, e.g. , those found by Marty, ' a lifetime
r~= (2.2&0.6)X 10 "sec for decay by gamma-emission
results, There is an appreciable difference between the
present result for the lifetime and the value
= (5.5&1.8)X10 " sec obtained by Barloutaud et al. s

from a measurement of the cross section for Coulomb
excitation.

If we assume that the 279-kev transition is 30%
magnetic dipole and 70% electric quadrupole, which
is in agreement with most measurements, " partial
lifetimes r, (F1)=(7.2&1.3)X10 " sec and r„(E2)
= (3.1&0,6)X10 " sec result for these modes of de-

cay. A comparison with Weisskopf's formula shows
that the 3II1 transition is retarded by a factor f=480.
This value of f is of the same magnitude as that found

by Graham and Bell' and by de Waard and Gerholm'
for a number of 3fi transitions which according to the
shell-model should be J-forbidden (61=2). In this way,
the shell model assignments dg and sy for the 279-kev
level and the ground state are con6rmed. The E2
transition on the other hand is sped up by a factor
F=10 compared with Weisskopf's estimate. This en-
hancement is a measure of the part played by collective
phenomena. For a nucleus with only one hole in the


