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TaBLE I. Isomeric magnetic dipole transitions.s

Energy Conversion, Lifetime Refer-

Nucleus (kev) coefficient = Assignment (sec) ences
Snit? 162 0.10 =0.03 dj—sy <10-¢ b
Snite 242 73 1.7 dj—sy <10-¢ c
Tet 213 0.085 4-0.035 dj—si <3 X10™? d
Telz 159 0.18 +0.08 d3 —vq <4 X10™* e
Tel2s 35.4 ~15 a3 —sy <4 X10™* f
Xeldt 80 ~0.7 s} —»d; (5£1) X10710 g
Ba® 11.7 130430 d3—sy <5 X10-7 h

e See references 10, 11, and 13.
f See references 13, 14, and 15.
€ See references 16, 17, and 18.
b See reference 19.

a See reference 5.

b See reference 6.

¢ See references 7, 8, and 9.

d See references 10, 11, and 12.

Very striking evidence for a non-additivity effect is provided by
the observation of magnetic dipole transitions in a number of
nuclear isomers. The isomers in question are listed with relevant
data in Table I;519 these and other data fit very well with the
predications of the spin-orbit coupled shell model.2* On the basis
of this model the magnetic dipole transitions are ascribed to
one-particle transitions with

Al=2. 1)

If the states were pure, the transition would be strictly forbidden
for ordinary magnetic dipole effects.

Such transitions are allowed for certain forms of the interaction
moment. Forms*2! of magnetic moment operator that have been
considered in connection with H3, He? are:

AM:E,,V(U,—O'V)@(’”)X{; (22’;
AM= Er, v([cr_ cl‘]' ) I ®(rey) X {; (<33I§

where the labels = and » refer to protons and neutrons, respec-
tively, ® is a scalar function of distance, and Py, is the Majorana
exchange operator. In addition to these terms, which are here
interpreted as modifications of the intrinsic moments produced by
interactions between pairs, one must also consider the exchange
term®

AM= (ie/ZhC)zf,v(r‘rer)J‘l'vpfl’) 4

where J, is the neutron-proton exchange potential.

If, in accordance with the shell model, it is assumed that all
nucleons except the single odd one are coupled to total angular
momentum zero, it can be shown that neither Eq. (2) nor Eq. (4)
can lead to the transition (1). Furthermore Eq. (3) leads to a
transition matrix element, u, of the same order as the magnetic
moment anomaly in H?® and He?, i.e.,, 1 nm. Since the magnetic
dipole transition probability is

w=8.5X 10" (hw/mc?)3| | 2(1+B) sec?,

where B is the conversion coefficient, this value of u is too small
to account for some of the lifetime values. It seems likely that
either Eq. (2') or Eq. (3’) can lead to sufficiently short lifetimes.
This point is being investigated in detail.

An investigation of the non-additivity effect on the static nu-
clear moments has led to the conclusion that Egs. (2) and (3)
produce a correction to the moment of only i to § nm. This is
much too small to account for the deviations from the Schmidt
lines. Contributions to static moments from Eq. (4) have been
estimated by Spruch? but no reliable estimates were obtained for
the heavy nuclei. Equations (2’) and (3’) may yield larger con-
tributions to the static moments, but the calculation of these terms
has still to be completed.

In summary, it can be said that the isomeric transitions give
strong evidence for a departure from additivity of the intrinsic
nucleon moments, and they impose certain restrictions on the
possible forms of the interaction moment. However, it must be
kept in mind that these conclusions depend on the assumption
that the states are rather pure shell model states.

In order to investigate further the validity of these ideas, more
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precise determinations of lifetimes and of conversion coefficients
for the listed transitions and other similar transitions are required.
Lifetimes may provide information concerning the mixing of states
or concerning the magnitude of the interaction moment. Conver-
sion coefficients are needed to fix the magnetic dipole character
of the transitions. At present this property has been established
in some cases by means of the K/L conversion ratio.2

This work was stimulated by conversations with Professor R. D.
Hill and Dr. M. Goldhaber and by the Isomer Conference of 1951
at Brookhaven. One of the authors (R.G.S.) also had the advantage
of the hospitality and pleasant surroundings of the Brookhaven
National Laboratory.
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HE delayed coincidence techniques described previously!

have been used to measure the half-lives of the 158-kev
excited state of Hg!%, the 80-kev excited state of Xe!¥! and the
411-kev excited state of Hg!%, using sources of Au!®®, I3 and
Au!®8, respectively. In all cases thin radioactive sources were
mounted at the center of a pair of lens beta-ray spectrometers
placed end to end, so that the radiations falling on both stilbene
counters of the coincidence circuit were magnetically selected.
Resolving times 270 ranged from 2 to 6XX 1079 second.

When the 145-kev L-conversion peak of the 158-kev gamma-ray
of Hg!® was focused in the north spectrometer, while the south
spectrometer was focused on a point of the beta-continuum of
Au'®, the delayed resolution curve F(x) of Fig. 1 was obtained.
The prompt resolution curve P(x) was obtained by replacing the
source of Au!®® by a source of ThB and using the 147-kev F-line,
shown separately to have a half-life less than 10710 second. A least-
squares fit of the part of F(x) lying to the right of x=4X10"°
second yields T3=(2.2620.12)X10~® second, while the shift
of the centroid? of F(x) to the right of that of P(x) yields
T3=(2.4330.12) X107 second. Making an allowance for sys-
tematic errors, we quote for the half-life of the 158-kev excited
state of Hg!%,

Ty=(2.3520.20) X 107? second,

consistent with the theoretical expectation for electric quadrupole
radiation.?

Figure 2 shows a similar pair of curves for the 45-kev K-conver-
sion line of the 80-kev gamma-ray of Xe®!. The prompt curve P(x)
in this case was obtained from the same source using the 364-kev
gamma-ray of Xe®, shown separately to have a half-life less than
10710 second. The centroid-shift analysis yields T3=(4.840.8)
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FiG. 1. De]ayed resolution curve F(x) showing the half-life of the 158-
kev gamma-transition of Hg!%, with a prompt resolution curve P(x) for
comparison.

X 10710 second. In view of the extreme shortness of this half-life,
the standard deviation should be increased, and we quote for the
half-life of the 80-kev excited state of Xe!3!

Ty=(4.842.0)X 1071 second,

consistent with the theoretical expectation for magnetic dipole
radiation.?
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F16. 2. Delayed resolution curve F(x) for the 80-kev gamma-transition
of Xel, with a prompt resolution curve P(x) for comparison.
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F1G. 3. Delayed resolution curve F(x) and its experimental inverse
F(—x) for the 411-kev gamma-transition of Hg19%,

For the case of the 411-kev excited state of Hg!®® the more
sensitive “self-comparison” method was used, in which the de-
layed-coincidence resolution curve is compared with its own in-
verse. The delayed curve is obtained with the north spectrometer
focused on the 328-kev K-conversion line of the 411-kev gamma-
ray, and the south spectrometer focused on the beta-continuum
just below the line. To obtain the inverse curve, the current in
both spectrometers is increased by the same small amount, so
that the north spectrometer is on the beta-continuum just above
the line, and the south is on the line. Spurious shifts in the resolu-
tion curves are canceled by this procedure, and the true effect is
doubled. The results are shown in Fig. 3, the centroid analysis
yielding T3=(1.041.7) X107 second. This result means that the
half-life of the 411-kev state is less than, say, 3)X10™! second;
Moon,* however, has shown by a resonant nuclear scattering
experiment that it is not much less than a few times 10~ second.
The combination of the two results means that the half-life is near
101 second, consistent with the theoretical expectation for elec-
tric quadrupole radiation.?

Similar self-comparison experiments have established upper
limits of 107 second for the half-lives of the F-line of ThB and
the 364-kev gamma-ray of Xe®!, and 2X1071° second for the
207-kev gamma-ray of Hg!%®. The apparatus and procedure of
these measurements are described more fully elsewhere.5
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HE disintegration scheme! of Te!? (100 days) consists of an
88.5-kev gamma-ray followed by a 159-kev line. The shell
model predicts an s3 ground state with d3 and Ay as the first



