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TABLE II. Abundance distribution of products. Each element has been normalized to 100 percent for the number of particles found per unit solid
angle per unit radius of curvature interval. The actu'al number of tracks found are in brackets and are listed below the percentages in each case.
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of ranges so that separation could only be made by groups in the
42-46 cm position and the -29-32.5 cm position. Carbon was the
highest atomic number considered because the range-energy rela-
tions have not been verified for higher atomic number. However,
higher atomic number could possibly fall into groups II and III
in the 42—46 cm position and into groups I and II in the 29—32.5
cm. position.

The minimum range accepted was 9 microns. All tracks that
had a range greater than 9 rnicrons but still too short to fall on a
calculated locus were put in the "not classi6ed" group. The resolu-
tion for the separation of the heavy isotopes decreases with energy
so that in the 21—24.5 cm position only Li' and Be~ couM be
separated, while all the rest fall into the "not classi6ed" position.
The 9-micron criterion eliminated very little information for the
light elements, but for Au and U there were many tracks that
were shorter. These doubtless included 6ssion fragments.

The analysis of the results of this experiment are still in a pre-
liminary stage. Similar experiments are being done with the same
targets, but high energy protons and deuterons are being used
as the bombarding particles. An angular distribution measure-
ment using high energy alphas is also being made in order to
separate the instantaneous emission of particles from the struck
nucleus from the slow boiling oG process.

The results of this experiment and reference 1 indicate that
fragments of A'&4 are emitted from nuclei with high momenta.
Dr. L. Alvarez has suggested as a possible mechanism that these
heavy fragments are not created in the initial bombardment but
are subsequently formed by the fission of resultant nuclei left in
excited states.

I am particularly indebted to Dr. W. Barkas for his aid in
guiding this entire program. I wish to thank Esther Jacobson for
having scanned most of the plates.

' W. Barkas and H. Tyren, Phys. Rev. 89, 1 (1953).

change~ and two radioactive species were found with the dys-
prosium fraction. There was an 8.2~0.1-hour activity from the
(p, 3n) reaction and a 134-day activity from the (p, n) reaction
on Tb'5'. The 134-day activity is Dy"', as previously reported, s

and decays by pure electron capture.
A rough excitation function was run to aid in establishing the

reaction and mass assignment for the 8.2-hour activity. This was
done by wrapping a number of 5-mg samples of Tb203 in thin
aluminum foil and making a stack of these with aluminum ab-
sorbers interspaced to adjust the proton energy. The method
proved to be suScient to differentiate between (p, n), (p, 2n), and
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highly purified terbium oxide with 24-Mev protons in the
ORNL 86-inch cyclotron. ' Separations were made by ion ex-
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FIG. 2. Gamma-spectrum of Dy'5~.

(p, 3N) reactions. From Fig. 1 the high threshold of 19&1 Mev
indicates a {p,3n} reaction, thus assigning the 8.2-hour activity
to Dy'JJ . The ratio of Dy'5 to Dy'59 activity is approximately
700, if one assumes equal counting efFiciencies. This indicates a
cross-section ratio of about 1.8, which agrees reasonably with

what might be expected from the (p, 3g) and (p, I) reactions. It
completely excludes the possibility that the 8.2-hour activity
might be due to an impurity or any reaction other than (p, e),
(p, 2e), or (p, 3e).

The gamma-spectrum of Dy'5', Fig. 2, shows a photopeak and
a Compton scattering peak of a 325-kev gamma-ray and a 42.5-
kev peak corresponding to Tb or Dy x-rays. Decay of these peaks
was followed. The 325- and 177-kev peaks decayed with an 8.2-
hour half-life while the 42.5-kev peak decayed into two com-
ponents, 8.2-hour activity and 134-day activity, Dy" . No betas
or electrons were detected on running a beta-spectrum.

The Dy'5 8.2-hour activity was allowed to decay and another
spectrum obtained, showing the presence of only the Tb x-rays
of Dy"'. Decay of this long-lived activity, followed for 120 days,
has a slope corresponding to a 134-day half-life of Dy'".

One radioactive species was found with the Tb fraction from
the ion exchange separation; this was identi6ed as 74-day Tb",
formed by (e, y) on Tb'". Previous experiments have shown
that a neutron Qux adequate for this reaction is readily obtained
from proton bombardment of the metal foils in which the Tb203
was wrapped. Decay of this species has also been followed for
120 days. If the half-life of Tb'~ is 4.7 days as previously re-
ported, 4 its decay would have been observed. Also the 1.4-Mev
gamma associated with the reported 4.7-day activity was not
observed. The half-life of Tb'~7, daughter of Dy'~7, is either short,
(30minutes, or greater than 100 years. If it is assumed that Tb'"
is in equilibrium with Dy'" when the separation is begun, calcula-
tions show that an upper limit of 30 minutes may be placed on
Tb'". The Dy'" 8.2-hour activity of the order of 10' cpm was
allowed to decay and another separation was made by ion ex-
change. From counting rates obtained for the Tb and Dy frac-
tions, a lower limit of 100 years can be placed on the half-life of
Tb157
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