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Direct experimental proof of the existence of muon conversion in
nonradiative fission of uranium nuclei is obtained. Some of the
quantitative characteristics of this fission are estimated.

PACS numbers: 25.85.Ge

The possibility of fission of heavy nuclei by muons, via the energy released in
nonradiative mesic-atom transitions, was considered in"’. In this method of fission
(“prompt fission’’) the muons remain on one of the fission fragments and are subse-
quently either absorbed by the fragments or dumped via internal conversion into the
continuum.

An experimental observation of conversion muons was undertaken in?'. A total of
738 fissions of **U was abserved in an emulsion filled with uranium nuclei and bom-
barded by slow muons. None of these fissions revealed muon conversion, whereas
according to'" about 8 conversion events should have been observed. This result indi-
cated only that the conversion probability was overestimated in'"’. The question of the
existence of the muon-conversion process remained open.

In recent years more intense muon beams were obtained at JINR. This has made
it advisable to repeat the experiments on the direct observation of the muon-conver-
sion process. We present below the preliminary results of these experiments.

NIKFI-K emulsions of 200 um thickness, filled with uranium nuclei, were ex-
posed for 4 hours to a beam of slow muons at the Nuclear-Problems Laboratory of
JINR (the 7 contamination of the muon beam was ~ 1%).

The emulsions were scanned under a microscope with a total magnification
900 (60% 1.5 10x). Muon-induced fission accompanied by emission of a third
triply charged particle, with a range larger than 5 um, was investigated. The conver-
sion-muon tracks were selected by measuring the ionization and the scattering, as well
as by using the kinematics of the elastic collisions.

The detection of conversion muons with energy larger than 1.5 MeV was made
complicated by pion-induced fission accompanied by fast-proton emission,*! and the
detection of muons with energy less than 0.4 MeV was made complicated by the recoil
nuclei, (H,C,N,0) produced in the course of motion of the fragment in the emulsion.

In view of the limited accuracy of the angle and range measurements, tracks of
length smaller than 5 gum (muon energy less than 0.2 MeV) were not analyzed.

Among the ~ 10* fissions of the uranium nuclei by muons, we identified 16 fission
events accompanied by emission of conversion muons (12 reliable and 4 probable).
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FIG. 1. Micrograms of fission of uranium nuclei by slow muons (M), accompanied by emission of conver-
sion muons (M,).

Micrograms of two reliable events are shown in Fig. 1. These conversion muons
are emitted from the fission point (within a time less than 10 sec) and are stopped in
the emulsion. These ranges are 29 and 35 um, and the l.s. energies are 0.73 and 0.80
MeV, respectively. The energies of the remaining conversion muons emitted from the
fission point lies in the interval 0.30-2.0 MeV. The energy of 6 muons emitted from
moving fragments is smaller and lies in the interval 0.2-0.4 MeV. All but one of these
muons are emitted from the light fragment within a time (0.7-7.0) X 10" sec.

A rough estimate (accurate to a factor of three) of the conversion-muon emission
probability W, yields a value ~0.02 per nonradiative fission event.

The conversion probabilities were calculated in*' under the assumption that
muon capture by light and heavy fragments is equally probable. In this case W.=0.09
(for E1 transitions), which differs noticeably from our estimate. If it is assumed that
the muon is captured in ~90% of the cases by the heavy fragment, then W _=0.023.
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This value agrees better with our estimate and points to predominant capture of the
muon by the heavy fragment.”’ Muon conversion was directly observed earlier'®” by
another procedure that made it possible to determine only the order of magnitude of
the conversion probability.

For a complete study of the fate of the muon after nonradiative fission it is
necessary to increase substantially the statistics of the muon-conversion events.

This will uncover a possibility of obtaining both new qualitative and quantitative
characteristics of the muon-conversion process.
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