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/Since the experiment was accepted in 1976 the Collaboration has had beam
time in the muon chanﬁél (beam YJ1) for a total of about 100 shifts (shared time).
After some test runs during‘the latter part of 1976, production runs were started
after the January 1977 éhutdownvof the SC. We should like to report here on the

results obtained so far in the studies of fission induced by muons in 2°°U.

As stated in our proposal (CERN/SCC/76-1) b the main physics interest of

the experiment can be summarized as.a study of the nature of some fission isomers.
If one is concerned with shape isomerism, the presence of the muon would certainly
introduce measurable changes in both the level energy and the half life of the
isomerz’s). Such changes would be due to the fact that the muon, after cascading
down to the lowest atomic orbits, comes very close to the nucleus. In fact, when
in the two lowest orbits, 2p and ls, the muon spends an appreciable fraction of
its time iﬁsi&e the nucleus. Thus the nuclear potential energy is affected by

the muon, and thereby also the properties of a possible shape isomer.

Another iﬂteresting possibility would be to obtain results on the fate of
the muon after prompt fission. The time distribution of the decay electrons
following'muon—induced prompt fission could be compared with calculations using
formulae which have never been tested for nuclei with the somewhat exotic proper-

ties of fission fragments, e.g. a relatively large neutron excess.

The equipment used in the experiment is shown in Fig. 1. It consists of a
muon telescope, and an electron detector surrounding the target which in turn is
contained in an ioniéétion chaﬁbéf used as fiséipn detector.

The two—dimensi§n31 time correlation between the appearance of the fission
frégment and the electron is measured relative to the time of a muon stop. 1In
addifion, the time distributions for double events (pu-fission without the elec-
tron,‘etc.) are recorded, as histograms collected during a run. The triple events

are written out event by event on a magnetic tape (see Fig. 2).

‘A collection of triple events recorded during a run can be represented in a
two—dimensional plot as shown in Fig. 3. Along the axes A and B are plotted the time
differences between u-stop and electron (A) and between u-stop and fission (B).

The graph is characterized by the fact that most events fall on the two axes A
and B described above and along the line C which corresponds to such events, where

the electron and the fission fragment appear simultaneously.

The analysis of the time distributions has given the following preliminary
results concerning events along A and C (see Figs. 4 to 6).
1) The events along A are prompt-fission events whose bound-muon decay distribu-

tion is composed of two mean lifetimes: (134 * 4) nsec and (1.9 * 0.6) psec.

The short one corresponds to the mean lifetime for a muon captured on the fission
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fragments. The second one must correspond to a muon captured on light elements,
such as H, C, or Al after having been converted from highly excited fission frag-
ments. This constitutes the first direct experimental observation of such a reac-
tion, and confirms the interpretation of the prompt fission of a muonic atom as
being due to the radiationless transitions of the muon from the 2p to the ls orbit.
There are reasons to believe that the muon would preferentially be carried away

by the heavy fragment and that consequently the muon mean life is determined by
the Z- and A-values of this nucleus. In such a case our result can be used to
test the Primakoff theoryu) for a type of nucleus which is otherwise not easily
attainable, namely one with a very large neutron excess. Figure 5 shows the cal-
culated results for the disappearance rates of muons on various possible fragments
in the fission of 23%U, both for the light and the heavy fragments. It is quite
clear that our result for the mean life of the muons following prompt fission con-

firms the validity of the formula even for very neutron-rich nuclei.

Conversely, if one would believe the Primakoff theory to give a good descrip-
tion of the muon disappearance rate for all nuclei, our results would give strong

indications that the muon really prefers to go with the heavy fragment.

2) The events along C are characterized by the simultaneous appearance of the
electron and the fission fragment. The time distribution in this case turmns out
to consist of two parts, one short-lived component, T; = (8.9 * 0.6) nsec, and one

longer one, T, = (85 * 6) nsec.

The interpretation of the long-lived component seems clear: it corresponds
to the mean life expected for a muon disappearing from the normal 238 ground
state. This quantity has been determined in several experiments on muonic uranium
nuclei, either detecting the electron or the fission fragments. A recent value
for the mean life is (76.1 * 1.0) nsec 5). In principle, our experiment could
also give a very precise value for the muon mean life on 2°®U using the histogram
containing u-fission double events. However, owing to some leak-through of radio-
frequency signals from the SC, the p-fission time distribution shows systematic

excursions from the smooth exponential curve. Therefore it is quite difficult to

use the overwhelming statistics collected during a run to full advantage.

The short-lived component is more difficult to interpret, but tentatively
it is assumed to be related to fission from the shape isomer. Thus the presence
of the muon causes such changes in the barrier conditions of the nucleus that the
fission isomer lifetime decreases by about a factor of 20. The decrease in itself
can be understood by the fact that the back-tunnelling channel is speeded up con-
siderably. However, it is more difficult to find an explanation for the high
population of the isomeric state in the radiationless transition as well as the

high probability for fission, once this second well is reached.
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In an experiment performed at Dubna ° where the gamma radiation was detected,

there were indications for such a short mean life for the shape isomer in muonic

23au.

Finally, we think that the events along ridge B are due to the registration
in the electronvdeﬁecfof inthe é@scéde X-rays as the muon falls down to the
lowest orbit.”.fhére will be a‘triple event of a muon stop and such a false elec-
tron if, as is very frequently the case, the muon is then captured and causes the
nucleus to fiééion. The lifetime along this line is found to be that expected

for muonic 2°%U; our value is (77 * 1) nsec.

As an auxiliary expefiment, we have devoted some shifts to a study of (uey)
triple coincidences, using two:Ge(Li) detectors and a *°°Bi target. Our aim was
to obtain an estimate of the‘probability for nuclear excitation induced by the
muon beta-decay. Within the accuracy ofithe data collected during this short
run and without bptimiéingtthe detectors used for registering electrons and gamma
radiation, we can only set an upper limit of a few per cent per stopped muon for
this probability. Since positive identification of nuclear gamma-rays in coinci-
dence with the electrons from muon decay would be an important input in our in-
terpretation of the results of the fission experiment, we intend to repeat this

experiment under improved conditions and with different targets.

In view of the fact that we have obtained new and somewhat surprising results
on the process under study, we are anxious to continue the experiment using a new
target. A chamber containing thorium has come from Dubna and would be used for
future runs. Thorium is interesting as a target because the lifetime of its shape
ispmer apparently must be much shorter than the observed 9 nsec in the case of
muonic uranium. It could thus serve as an essential check of the interpretation
for 238U, 1In order to find out the background level in the measured 80 nsec
component coming from gammas and neutrons triggering our electron counter, we are

aligo testing with a chamber containing a 252¢f source, off line.

Our request is for 40 shifts of beam time, which can be shared, up to the
end of 1977. During this time we hope to finish the thorium run. So far our
preliminary results have been published as an abstract submitted to the 7th

International Conference on High-Energy Physics and Nuclear Structure (Zurich,

August 1977).
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