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Abstract

Nonradiative nuclear excitation resulting in muon-induced prompt
fission was studied by measuring fissions in coincidence with muonic
X-rays. Both 2+| and 3~ nonradiative transitions appear to contribute
significantly to prompt fission. |In contradiction to recently reported
results, it was found that at least 60% of the prompt fissions are
induced by dipole transitions.
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A negative muon captured into an atomic orbit of an actinide nucleus

-2 -

cascades eventually to the muonic ls state either by emission of an X-ray
or by the nonradiative transfer of a virtual photon to the nucleus. In
uranium, such nuclear excitation is sufficiently energetic to lead to
fission in prompt time with the muon stop. The theory of the nonradia-
tive excitation process, and its relationship to photoabsorption, was
developed by Zaretski and Novikov [1], who considered the prompt nuclear
excitation only through the dipole interaction between the atomic muon
and the nucleus. It has been suggested more recently [2] that, in addi-
tion to the 2p+1s dipole, the 3d-+ls quadrupole and 3p~+ls dipole transi-
tions might make some contribution to the prompt fission yield. The pre-
sent experiment was undertaken to investigate the role of specific non-
radiative transitions in inducing prompt fission.

The measurement was made using the velocity-separated cloud muon
beam from the TRIUMF M9 channel. The signal for a muon stopping in the
multiplate fission chamber was obtained from a conventional four-scin-
tillator telescope, and a time-of-flight gate was used to identify muons
in the beam from the small pion and electron contaminations. The multi-
plate fission chambers each consisted of a stacked sandwich of propane-
filled parallel-plate avalanche chambers and aluminum foils on which UF,
had been evaporated [3,4].

The complete time correlation of the muon stop, fission and muonic
X-rays detected with three NaI(T¢) detectors (15.2 cm x 12.7 cm diam)
was measured. Typical fission time distributions with and without X-ray
conicidences are shown in fig. 1. In the fission X-ray coincidence data
there is, of course, a background from nuclear gamma qr<m. It is reason-
able to suppose that this gamma spectrum is independent of whether the
fission is prompt or delayed. Therefore, we have applied a background
correction to the prompt fission X-ray spectrum derived from the gamma
rays in coincidence with delayed fissions.

Following a Ky X-ray, the muon reaches the 1s state and only delayed
fissions are possible from nuclear muon capture. As expected, the yields
of prompt fissions [(0+14)% for 235y and (9:9)% for 238U] observed in co-
incidence with Ky X-rays were consistent with zero. The yield of prompt
fissions in coincidence with 3d»2p (Ly) X-rays was considered to be pro-

duced via the 2p-+1s nonradiative El transition. It was observed that
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Table 1

Results of fission yields and liferimes of 235U and 238y,

Figure caption.

Fig. 1. Muon induced fission time distributions in 238y;

(a) with Ly X-ray coincidence

235 238 ]
Measurements v v (b) with Ky X-ray coincidence
Mean lifetime (ns) 71.6 £ 0.6 77.2  + 0.4 (c) without X-ray coincidence.
Prompt _ fission yield 0.133 + 0.006 0.093 + 0.005
Delayed
Absolute fission yield . oooo
per muon stop (%) 1h.8  *2.6 7.5+ 1.0 100} oo ®%e,% o ° |
°® [ e — .
Delayed fission yield . oe®
per muon stop (%) 13.1 £ 2.6 6.9 *1.0 50 dooooo . “ .
Prompt fission yield .74 £ 0.36 0.64 +0.10 20} a 1
per muon stop (%) : - * 10 — .
Prompt fission * Ky X-ray
Prompt fission (%) 0 x4 9 %9 Sh 1 ] “ . Kl
Prompt fission * Ly X-ray i d
Prompt fission (%) 60 =+ 13 60 10 ® ae i
50 . e 00 ® ®%%c® o%%00 .
Prompt fission * 2*Inr (%) n et et " e, .
Muon s top 1.04 + 0.31 0.38 + 0.09 — 20} Il .
where 2*lnr = [2p+1s(E1)] = 10k U | .
Prompt fission * 3*Inr (%) w sl | :
Muon stop 0.70 + 0.27 0.26 + 0.08 O |
where 3*Inr = un.v“mmmw 2k
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