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ABSTRACT - The'research conducted during the period 1965“f 1975 was
concerned with two areas: 1) high energy proton interactions, and 2)
nuclear reactions in nature. The systematics of high energy proton
produced rare gas nuclides from Cu, Ag, Au, and U targets were investigated.
It was found that the lower méss'nuciides up to A o 30 were prodﬁced
mainly by fragment emission, while thé higher mass nuclides were produced
mainly by spallation gxcep£ for U targets for which fission dominates.

The existence of BB decay was firmly established for the first time on
éxperimental grounds. 'The half-lifg of the BBvdecéy 130Te - 130Xe was

measured to be 2.2 x lO21 years. The meteorites St. Severin, Lost City,

M

and Suchy Dul were investigated for cosmic ray proton produced vaie gases.
Cosmic ray exposure ages of 11, 8, and 23 million years respectively were
determined. At the same time, the K - Ar ages were found to be 4.4, 4.1,
and 1.9 billion years respectively. A model was proposed which allows a
tektite strewn field to be at least 100 km from the impact crater. The
model removes one of the major constraints on the terrestrial origins of

. ' 228 . .
tektites. It was found that Ra diffuses from sea sediments and as

such is a good tracer for studying bottom currents and diffusion processes

in the sea.
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The research conducted during the period 1965 - 1975 concernea itself
with two areas: 1) high energy proton interactions, and 2) nuclear re-
actions in nature. Hiéh enexrgy proton interactiqns were conducted in
collaboration with scientists at the Brookhaven National Laboratory and
concerned mainly the systematics of spallation reactions at GeV energies.
The nuclear interactions in natufe'were concerned\ﬁithtthe observations
of reactions for their physical propertieé, sﬁch'as the ‘double~beta decay,
and the use of nuclear reactions for understanding nétural processes,

such as dating of meteorites and circulation of ocean water.

Higﬁ Energy Nuclear Reactions

- The stable and radioactive raré gaé isotopgs formed by 3- and 29-GeV
protons on Cu,'Ag, Au, and U were investigated. - It was found that spalla-
tion processes can account for Ne yields from Cu, Ar, and Kr from Ag and
Xe from Au, while fission and spallationlmechanisms account for Kr from

Au and Kr and Xe from‘U, On the other hand, Ne and Ar from Au and U do

- not seem to be formed by either spallation or fission but appear to re-

sult from a process with high yield of light fragments previously observed

for radioactive products. It appears that by including stable rare gases

_to the radioactive elements measured that one can account for observed

proton yields up to A A 20 to 30 for Cu and Ag targets as fragment
emission while spallation accounts for yields between this mass region
and the target. -The yleld of light fragments from Au extends to A

approximately 40. BRetween A 40 to 140, the observed yields are mainly
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spallation. For U, the fragment emission extends to A = 40, but the
major contribﬁtion in the 40 to 140 mass region is now chiefly fission.
The work on high energy interactions in space were summarized by

Kirsten and Schaeffer and publlshed in a book titled, INTERACTIONS QF

ELEMENTARY PARTICLE RESEARCH IN SCIENCE AND TECHNOLOGY. This summary_'

includes an extensive literature survey of proton production CToss’
sections from 50-MeV to 30-GeV for targets ‘up to Ni which are the tar-—

gets mainly of concern for the bombardment of meteorites and the moon

by cosmic rays.

Double-Beta Decay

'The theoretical possibility of eouble—beta decay was under experi-—
mental investigation for a number of years. Early results looking for
the production of'130Xe from the double-beta decay of 130fe by mass
spectrometric analysis of Xe in old Te minerals were not conclusive as
the Xe was contaminated with eizeable amounts of fission -Xe and of proton
,prpdueed Xe. We repeated the experiment with an extremely pure sample
of native Te which contained only trace amounts of U. The results of
this experiment conclusively demonstrated the exietence of double—beté
decay and permitted the measurement of a half-life of 2.2 x 1021 years.

This number has been accepted by the physics community and has.formed

the basis of a number of theoretical investigations.

Meteorites and Tektites

" The rere gases were stﬁdied in the St. Severin meteorite which fell
near Bordeaux, France in June, 1966. The exposure was found to be 11
million years while the K - Ar age was found to be 4.4 G.y. |

The rare gases were also investigated in the Lost Cit& and Sechy

Dul metecorites. These two meteorites were found to have exposure ages




-3 -

of 8 and 23 million years respectively. The K - Ar age of the Lost City
meteorite was found to be 4.1 G.y.; however, the Suchy Dul K - Ar age
was only 1.9 G.y. It is ppssible that the Suchy Dul meteorite has suffered
a collisional or metamorphic event 2 billion years ago.

| A method fon\determiningv36C1 was developed by chemically converting
the Cl in fhe meteorite to methyl chloride, which is a suitable counting
gas. The methyl chloride can then be counted in very small low level
counters so that one can have the' same sensitivitj for detecting‘36Cl
that one has for 39Ar. This allows the exposure ages of metebrites to
bé determined with several grams of sampies rather than 30 to 50.. The
vmgthod was applied to high energy proton reactionslon Ni and Fe targets.

In the 1960's, there was a grea; deal of concefn about tﬁe origin

of tektites. There was a debate whether tektites came from bombardmént
of the moon, the ejecta coming to the earth, or whether tektites were
formed by ﬁeteoritic bombardment of the earth. One of the major argu—
ments against the terfestrial origin was .that éerodynamicaily it was
impossible to throw tektites as far as required. A theoretical study
by Remo and Skalafuris showed that‘it was possible to create a model
which éould account for a tektite strewn field as beiﬁg far removed.from

the meteorite impact crater.

Dating of Fossil Carbqnétes

| The U - He method of ‘dating fossil carbonates which was developed

af Brookhaven National Laboratory by Fanale énd Séhaeffer was‘extended

.by MichaeliBender and applied to Pleistocene corals from Barbados. Thé
method was put on a very quantitative basis by investigation of the effect
- of the size of tﬁe coral carbonate masses and the effect of voids in the

coral structure. As far as the geology is concerned, the investigations
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of corals determined the time sequence of the terraces at Barbados.

Oceanic Circulation and Deep Sea Basalts

Wiilard Moore studied the uranium, thorium, and radium isotopes in
rivers and oceans of the world.  The resulté of this work indicated that
228Ra is apparently diffusing from the sediments by a chemical process.
The evidence is that 228Ra is more abundant in surface waters near land
masses. In addition, the 228Ra in the deép waters, less than 100 meters

from the sea floor, have significant radium concentrations, which is not

9 _
the case for the other deep waters. As a result, 28Ra can serve as a

tracer for deep water.:

Excess Ar was found in deep sea rocks. The excess Ar was found to
relate to the glass content of the samples. This work in 1968 was' one

of the first investigations of rare gases in deep sea rocks.
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