
PH YSICAL REVI EW VOLUM E 76, NUMBER 9 MOVE M BER 1, 1949

: etters to tee ."citor

p UBJICATIOX of brief reports of important discoveries in
physics may be secured by addressing them to this department.

The closing date for this department is ftve weeks prior to the date of
issue. Xo proof vill be sent to the authors. The Board of Editors does
not hold itself responsible for the opinions expressed by the corre-
spondents. Communications should not exceed 600 words in length.

Alpha-Decay in Isotopes of Atomic
Number Less Than 83

S. G. THOMPSON, A. GHIORSO, J. O. RASMUSSEN, AND G. T. SEA BORG

Department of Chemistry and Radiation Laboratory,
Universiy of California, Berkeley, California

September 12, 1949

S OME time ago v e started work in an attempt to observe alpha-
particle decay in isotopes of atomic number less than 83. In

the 6rst experiments, thin targets of gold leaf were bombarded
with 190-Mev deuterons in the 184-inch cyclotron. Two alpha-
decay periods were observed in these targets; one of 0.7 minute
half-life and another of 4.3 minutes half-life. The alpha-particle
energies were 5.7 and 5.2 Mev, respectively. Chemical separations
proved that the 4.3-minute period is due to a gold isotope and
suggested that the 0.7-minute period is due to a mercury isotope.
The mass numbers of these new isotopes have not been determined.
However, the results of excitation functions in the production of
the gold isotope by bombarding gold and platinum with protons
suggest that its mass number lies in the range 185 to 188. The
work on this isotope indicates that the alpha to electron capture
branching ratio is of the order of magnitude of 10 ', and that
positron activity accompanies the 4.3-minute alpha-period.

Very recently Sm203, Gd203 and Dy~O3 tagets were bombarded
similarly with 200-Mev protons. Several new alpha-decay periods
were observed in the gadolinium and dysprosium targets, but
signi6cant alpha-activity was absent in the samarium target.

In the gadolinium bombardment there was present an a]pha-
decay period of approximately 7 minutes half-life and another of
about 4 hours half-life, the alpha-particle energies being approxi-
mately 4.2 and 4.0 Mev, respectively, as determined with a pulse
analyzer apparatus.

In the dysprosium bombardment, three alpha-decay periods
were observed, namely ~7 minutes, ~20 minutes, and 4 hours
with alpha-particle energies of 4.2, 4.1, and 4.0 Mev, respectively.
Present also was some electromagnetic radiation and a smaller
amount of positron activity. With rough assumptions as to count-
ing e%ciency and geometry in the counting of the electromagnetic
radiation with a Geiger counter, it appears that a minimum value
for the ratio of alpha to electron capture is approximately 1 per-
cent for the 4-hour activity.

The relationship between the alpha-particle energies and the
half-lifes of these new isotopes places them in a new class. The
energies are approximately the same as the alpha-particle energy
of Th"2 which has a halWife of 1,4&10IO years. These facts in
themselves are proof that these new periods could not have been
due to heavy isotope contamination.

Chemical identification of these rare earths has not been com-
pleted as yet. However, since the 4.0-hour and 7-minute activities
were produced in gadolinium and dysprosium targets and not in
samarium, they would appear to be associated with gadolinium
or terbium isotopes. Since the 20-minute period was produced
only in the dysprosium target it would appear to be an isotope
of dysprosium or holmium.

Although it is probably premature to attempt now to interpret
these rather limited data, it is tempting to suggest a difference
between the alpha-emitting isotopes of the gold region and those

of the rare earths. As has been pointed out on numerous occasions'
it should be possible to observe arti6cial alpha-activity in suS-
ciently neutron deficient isotopes in the region between the rare
earths and lead. The a1pha-emitting isotopes of the gold region
might be "normal" examples of this since they are observed to
decay with short electron capture half-lives, and with small
alpha to electron capture branching ratios. In this case alpha-
particle decay would be largely the consequence of considerable
neutron deficiency. The higher alpha to electron capture branching
ratio of the new rare earth isotopes is probably due to (a) a more
moderate degree of neutron deficiency giving rise to longer elec-
tron capture half-lives, and (b) exceptionally high alpha-particle
energies giving rise to shorter alpha-half-lives. These new rare
earth periods might, therefore, be correlated with the stable con-
figuration of 82 neutrons' in such a way as to acquire the necessary
extra alpha-disintegration energy. Just as the isotopes having
neutron numbers in the range 127—130 of the region above lead
(«r example s4PO'" s4Po'~, s4Po"' or ssAt"') decay by unusually
high energy alpha-particle emission as a consequence of their
decay to or near the stable con6guration of 126 neutrons, ' so
might isotopes such as 6&Tb"' or «Dy'~ and those differing by a
few neutrons (such as 6&Tb'4s, 6&Tb' 66Dy'R, or 6&HOI~3 etc.)
decay by relatively high energy alpha-particle emission as a
consequence of their decay to or near the stable configuration of 82
neutrons. Such isotopes would, therefore, be attractive possibili-
ties for the assignment of these new rare earth periods. It would be
more consistent with this view to assign the long-known natural
radioactivity of samarium to 62Sm"7 (and jor 62Srn"') rather than
to 62Srn'" (present best tentative assignment), 4 but, on the other
hand, other stable con6gurations with a larger number of neu-
trons~ may also he important.

In view of these new data it can be seen that alpha-decay in the
lighter elements is more prevalent than hitherto recognized, and
therefore these investigations are being continued. This letter is
intended only as a very preliminary report and more complete
results will be reported at some future date.

We wish to thank James Vale and the crew of the 184-inch
cyclotron for their assistance in carrying out the work.

This work was performed under the auspices of the U. S. Atomic
Energy Commission.
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'HIN metallic foils have been activated, employing a probe
technique, by bombardment with a 22-Mev betatron.

Speci6c activities in excess of 5 millicuries of Cu@ positron activity
per gram have been obtained with 2-mm strips of half-mil copper
foil (approximately 11 mg/cm~). These sources were employed to
measure the positron spectrum by means of a 180-degree type
magnetic spectrometer. The technique of activation is shown in
Fig. 1. The electron beam, of small cross section, was caused to
strike a lead converter, the resulting beam of x-rays in turn ac-
tivating the folded foil. The presence of the converter greatly
enhanced the strength of the activity since gamma-cross sections
are of the order of 400 times larger than electron cross sections. '
The speci6c activities thus obtained were more than a thousand
times greater than those realized when the betatron is employed
in the conventional manner with an x-ray donut. The procedure

1406


