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A muon captured by a heavy atom caninduce fission of
the nucleus excited due to radiationless muonic transi-
tions and to the absorption process (Z,N) + p~ - (7Z-LN+D.
Both kinds of fission have been observed in a number
of works 1-4/ for several nuclei. However, as far
the relative yields of prompt and delayed fission were
measured. It is only recently that the absolute yields
of prompt and delayed fission per ;- ca})ture for 2327},
2381, and 235y were published/5 . In the present
work we continue to build up the systematics of the
absolute yields for three additional isotopes, two of
which  ?3'Np and 242p, . have not yet been studied.

The experimental set-up, the order of measurements
and analysis were identical as in ref./5/. The measure-
ments were made using the ;= and -~ separate
beams of the Dubna 680 MeV synchrocyclotron. The
fission events were registered in the fast many-plate
methane filled ionization chamber. The ;- stop events
were registered by a counter telescope consisting of four
plastic scintillators operating in the usual 1234 coinci-
dence mode.

The widths of the prompt fission events distribution
was 2.5 ns and 5.8 ns for a moderate (about 106 o /sec)
and high (about 10 8 ,/sec) alpha-activity background in
the chamber, respectively.

The chamber contained (111:6) mg of 237 Np ,
(7.70:0.85) mg of  2%%Pu and 125 mg of ?39py,

The detection efficiency was (95-100)% in measure-
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The time distributions of the fission events with
regard to the ;— stop moment have been measured si-

multaneously for the following pairs of isotopes: 237 Np
and 38y, 23y,  and 2By, 22p; and
239p, ., In this way by measuring the relative yields
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Fig. I. Time distribution of the fission events in ,
induced by .~ (the background

242 Py , and
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has been subtracted).
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the efficiency was defined

239p,

relatively to the fission yield in (125 :2) mg of 2By,
contained in the second half of the chamber.
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and analyse the response curve of prompt coincidence
for every run independently.

The measured spectra summed over every 16 chan-
nels are presented in fig. 1. The mean time of the expo-
nential decay was found by the least squares method
with a confidence level of 0.05.

The primary spectra were fitted with the sum dis-
tributions: (1) the prompt coincidence curve defined in
the measurements with 7", (2) its convolution with the
exponentially decaying curve, and (3) the constant back-
ground.

Having as the result of the procedure the relative
yields of both kinds of fission and the relations of the
fission probabilities of the nuclei ux}(sifr study, normali-
zation to the values quoted in ref. was made and
the absolute yields per p;~ capture were found. In this

analysis the assumption was made that the energy spectra
of fragments are the same for prompt and delayed
fission. The results are shown in fig. 2 together with the
photofission probability for the photon energy corres-
ponding to the energy of the 2p - 1s muonic transition
in those nuclei. The yields of prompt fission normalized
to the radiationless transition probabilities taken from /6/
are shown in fig. 3. Two facts are quite evident here.
Primarily, the yield of prompt fission is much lower
than the photofission probability and shows a pronounced
variation with the fissility parameter x . These trends
can hardly be compensated by taking into account diffe-
rent radiationless transition probabilities as shown in
fig. 3.

Secondly, as it is seen in fig. 2, the probabilities of
fission induced by the captured muon (delayed fission)
are several times lower than it could be predicted from
the I, /T ; systematics for the 15-20 MeV nuclear
excitation characteristic of u -capture. For uranium
isotopes the fission probability should be about 0.3 for
the first chance fission and 0.5 for the first plus second
chance fission. For neptunium isotopes these values are
0.5 and 0.8, respectively /7.8/, Therefore, the evident
decrease of the delayed fission probability for 239p,



can hardly be discussed in terms of the decay of the

compound nucleus, viz, in I'  /I"; terms.
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+ Fig. 2. The absolute yield of prompt and delayed fis-
sions induced by p— capture as a function of the fis-
sility parameter x/9/ . The probability of photofission

for the photon energy corresponding to K, transitions
is also given (the cross sections o4 (y) are taken from
refs. /10 ,11/ ) and o4 (y) from ref. /12/, The

errors, except for photofission probability values, re-
present uncertainty in the relative yields only and do
not provide for the 25% uncertainty of the scale on the
axis of ordinates.
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Fig. 3. Comparison of the photofission and radiationless-
transition fission probabilities. The radiationless tran-
sition probabilities were taken as 0.15 for 232Th,, 0.20
and 0.30 for uranium isotopes, and 0.50 for neptunium
and plutonium isotopes according to ref. 76/ where
the values for 2327y, , 235,238y and 239 py are
given.

The decrease of the prompt fission probability of
39py seems to be quite natural in view of the difference
in the fission barrier heights. According toref. /13/ the
first fission barrier for 23%Py is about 1 MeV higher
than that for 2?%Pu and 23"Np. As the excitation
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energy in the radiationless transition 2p- Is is about
6.5 MeV for these isotopes, it means that the influence
of the muon binding energy in the 1s orbit on the
fission barrier penetrability is much more pronounced
in the case of 23%y. Besides, the effects connected
with the channel structure of the fission barrier may
cause additional fluctuations in the promyt fission pro-
babilities, as it has been discussed in ref. 5/.
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