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An experiment has been performed to measure the spontaneous fission branch of ' 'Am and to
search for decay events by emission of "Si nuclei. Lexan polycarbonate foils were used for the
detection of decay fragments. Tracks produced in the foils by 81 MeV "Si ions from an accelerator
and fission fragments from a 2~'Cm source were compared with those produced by particles emitted
from a 0.5 mCi 'Am source. %e identified 33 fission fragments corresponding to a fission/alpha
branching ratio of (2.4+0.5}X10 ', in fair agreement with previous measurements. No ' Si tracks
were observed which results in an upper limit of 4.2&(10 "for the 3 Si/alpha ratio at the 90% con-
fidence level. Two theoretical calculations predict values of 4, 0X10 " and 1.1X10 " for this
branching.

It is now well established that certain heavy nuclides
have a very weak decay branch in which nuclei emit parti-
cles heavier than alpha particles but lighter than fission
fragments. The most thoroughly studied case' of such
a radioactivity is that of Ra, emitting C nuclei with a
'"C/alpha branching ratio of 5.9 X 10 ' . Since the
discovery of this new form of radioactivity by Rose and
Jones, ' several other cases of cluster decay '6 have been
observed. These decays are limited, at present, to the
emission of ' C and Ne nuclei. It was pointed out by
Barwick et al. that there are several weak spontaneous
fission branches known in heavy elements whose strength
is comparable to expected cluster decay branches. Some
of these fission measurements including the one on 'Am
did not discriminate between the fission fragment and
cluster particle and therefore it is possible that the ob-
served events belonged to cluster decay.

Different techniques have been utilized for the identifi-
cation of the emitted particles. Rose and Jones' and Alex-
androv et ai. i have used telescopes of surface barrier
detectors to identify the emitted particles by energy loss
(bE) and total energy (E) measurements. A more elegant
method, used by Gales et al. and Kutschera et al. , uti-
hzes a magnetic device to separate the heavy particle from
the large amount of accompanying a particles. The emit-
ted fragments are then identified by magnetic analysis and
hE-E measurements. However, these devices have limit-
ed solid angles and hence cannot be effectively used for
very small branching ratios. Much larger solid angles (as
large as 2~) can be achieved by using solid state track
detectors. Furthermore, these detectors are insensitive to
a particles. Several cases of cluster decays 6 have been
studied using this technique.

Simple barrier penetration calculations indicate that the
rate of decay by cluster emission depends very strongly on
the decay energy. This was the criterion used by Rose and
Jones to select Ra for their investigation. ' Such calcu-
lations indicate that, among transplutonium elements, the
emission of Si ions by 'Am (Q value =93.84 MeV) is
a favorable case. Theoretical calculations, based on a
model of highly asymmetric fission, give Si/alpha
branching ratios of 4.0&&10 'i (Ref. 10) and 1.1X10
(Ref. 11). On the other hand, spontaneous fission branch-
ing in the range of 10 ' has been observed' ' in 2 'Am.
Since in these experiments no attempt was made to distin-
guish between fission and Si events, it was interesting to
search specifically for the cluster decay. While this work
was in progress, the results by Hourani et aI. '" were pub-
lished. They used a magnetic solenoid spectrometer to
search for Si ions emitted by a 7 mCi 'Am source.
They did not observe any Si particle and obtained an
upper limit of 3)& 10 '2 for the s Si/alpha branching ra-
tio. Their experiment was not designed for the detection
of fission fragments. In the present work we have made a
definite identification of the fission fragments and obtain
a fission branching ratio in fair agreement with the previ-
ously measured values. %e did not observe any Si ion
and obtain an upper limit an order of magnitude lower
than the value reported by Hourani et al. '

In order to identify the emitted particles, we used Lex-
an polycarbonate foils. It has been shown by Price et al.
that by measuring the detailed dimensions and shapes of
the tracks in different materials one can determine charge,
mass, and energy of the particles. For the calibration of
tracks heavy-ion beams from accelerators can be used. In
our experiment, a beam of 93.5 MeV Si particles from
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the Argonne National Laboratory FN tandem accelerator
was used to calibrate 250 pm thick Lexan foils for the
detection of Si ions. Foils exposed to 81 MeV Si ions,
which were obtained from the scattering of 93.5 MeV Si
ions from a gold target, were placed in the dark for a day
or more and then etched with a 6.25% KOH solution at
55 C for 20 to 60 min. Part of the foils were exposed also
to a Cm source and, using the same etching procedure,
it was observed that tracks from Cm spontaneous fis-
sion fragments are easily differentiated from Si tracks
by their length and shape [Fig. 1(a)]. The foils were also

exposed to an intense dose of a particles from a Cf
source and it was found that doses of up to about 10' a
particles/cm can be tolerated. The detection and identifi-
cation of fragments is ultimately limited by a background
of short tracks produced by low energy nuclei recoiling by
elastic scattering of a particles.

The 'Am source used in the present experiment was
prepared by electrodeposition on a 125 pm thick Pt disk
covering an area of about 2 cm . The source was of ex-
tremely high purity; mass spectrometric analysis and al-
pha and gamma measurements sho~ed that the source
had no heavy element impurity which could interfere with
the present measurement. The total amount of 'Am in
the source was determined by a and y spectrometry. The
y-ray spix:trum of the source was measured with a 5
cm )&1 cm Ge detector; the source to detector distance
was 75 cm. The activity in this source was determined by
comparing its spectrum (59.5 keV y ray) with that from a
calibrated 'Am source. The gamma counting yielded a
value of (0.49+0.01) mCi. The alpha spectrum of the
source was measured with a 25 mm Si detector; the
source was placed at a distance of 12 cm from the detec-
tor with a 0.5 mm diameter aperture. The detector effi-
ciency was measured with a calibrated Cf source. This
method gave the activity of the source as (0.48+0.01)
mCi. The average of the two measurements is
(0.485+0.008) mCi.

A Lexan polycarbonate foil was shaped into a cylinder
of 38 mm diameter and 30 mm height and was placed
around the "'Am source. The top part of the cylinder
was covered with a cone-shaped Lexan foil. The 'Am
source was covered with a 180 pg/cm~ Ni foil in order to
stop nuclei recoiling from alpha decay. The source along
with the foils was placed in a vacuum chamber at a pres-
sure of —10 Torr. The foil was exposed to the source
for a period of 38 d. Exposed foils were etched as
described above and one half of the exposed area (corre-
sponding to a solid angle of approximately 1.5 sr) was
scanned under a microscope. We found 33 tracks whose
lengths and shapes were consistent with fission fragments,
and no candidate for a decay by Si emission was ob-
served (Fig. 2). The overall efficiency (geometrical and
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FIG. 1. Photographs of particle tracks in Lexan polycar-

bonate foils. Part (a) shows three long tracks due to 81 MeV
Si ions and three short tracks produced by fission fragments

from Cm. The two large irregular spots are due to accidental
foil impurity. Part (b) shows a single fission track due to '&m.
The area shown in (b) is approximately 1.3& 10 cm and was
exposed to a total of 5&(10"o. particles. The background made
of short tracks is attributed to nuclei of the foil material recoil-
ing by the scattering of impinging a particles.
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FIG. 2. Length spectrum of tracks produced by 81 MeV Si
ions, spontaneous fission fragments from a Cm source, and
fragments emitted from the 'Am source. All tracks produced
by the 'Am source are consistent with fission tracks. No
tracks attributable to decay by ' Si emission were observed.
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optical) of the measurement was determined by exposing a
Lexan foil in the same setup toe calibrated Cm source.
We obtain for the spontaneous fission to alpha branching
ratio of 'Am a value of (2.4+0.5) X 10 ' . This branch-
ing ratio is in agreement with the value of
(1.9+0.7) X 10 ' measured by Druin, Mikheev, and Sko-
belev' but slightly lower than the ratio of
(3.77+0.08) X 10 ' obtained by Gold, Armani, and
Roberts. ' The present measurements also give an upper
limit of 4.2X10 ' for the Si/alpha branching at the
90% confidence level. Theoretical values for this branch-
ing ratio are 4.0X10 ' (Ref. 10) and 1.1X10 ' (Ref.
11).

In conclusion, our experiment confirms the spontaneous
fission branch of 'Am observed previously and estab-

lishes that the ' Si emission is at least an order of magni-
tude smaller than the fission branch. It would, however,
be interesting to pursue the search for a case where the
three hadronic decay modes (alpha, heavy fragment, and
fission) coexist.

The authors wish to thank Dr. R. J. Armani for provid-
ing us with the 'Am source and Dr. W. G. Oltman for
the Lexan foils. This research was supported by the U.S.
Department of Energy under Contract W-31-109-Eng-38.

Note added. After the submission of our article, we
learned about two other measurements on the Si ion
emission from 'Am. These measurements give an upper
limit of 5 X 10 ' (Ref. 15) and 3 X 10 ' (Ref. 16).
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