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FIG. 1. Relative stored energy as measured by the
diminution in the Eu2+ paramagnetic spectrum versus
exciting wavelength.

following way. The sample was first brought to
its exhausted state by irradiating with 970-mp,
light for four minutes. The light was removed
and the paramagnetic spectrum of Eu'+ in the
exhausted sample was plotted. The sample was
then irradiated with the particular wavelength of
exciting light for four minutes. The light was
removed. The Eu~+ paramagnetic spectrum was
replotted, the diminution in its intensity being
proportional to the stored energy in the phosphor.
The sample was then once again exhausted with
970-my. light before a second exciting wavelength
was used. The results are given in Fig. 1. The
heights have been corrected for constant number
of exciting photons. The graph of Fig. 1 agrees
favorably with that found by Keller, Mapes, and
Cheroff' who used as a measure of the stored
energy the intensity of the light emitted by the

sample when 970-mp, light was incident on it.
As a measure of the efficiency of optical ex-

citation it is noted that at the point of maximum
optical excitation, 475 mp. , the Eu~ paramag-
netic spectrum decreased by 13% in magnitude.
This should be taken as a lower limit of the
efficiency as the light abscrption is not uniform
throughout the sample, decreasing exponentially
from the surface inward. We plan to measure
the variation of efficiency as a function of the
relative europium and samarium concentrations.
The experiment will also be repeated at liquid
helium temperatures looking for a change in the
Sm paramagnetic spectrum.

It may be added that 590-m p, light was found
to be equally as effective as 970-mp, light in ex-
hausting the phosphor, which agrees with the
results of Keller and Pettit. '

In conclusion the use of paramagnetic reso-
nance absorption to detect the optical excitation
provides an independent verification of the sim-
plified band-theory model proposed by Kellers
for this phosphor.

The author wishes to acknowledge the encour-
agement and interest of Dr. S. P. Keller and Dr.
W. V. Smith, and wishes to thank Mr. J. Kucza
for material preparation.
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Evidence is described that indicates that the
triton is a previously unrecognized fission prod-
uct. Tritium was shown to be present in a ratio
of one triton per (1—2)x10' fissions in samples
of irradiated natural and enriched uranium and
in an irradiated mixture of transuranium iso-
topes. The triton-to-fission ratio was within a
factor of two for these samples even though the
concentrations of tritium per gram of irradiated
material ranged over a factor of one thousand.

The lithium content of the irradiated uranium was
proved not to be the source of the tritium; nei-
ther was the tritium present as the result of dif-
fusion from the tritiated heavy water moderator
of the Savannah River piles. Confirmation of
the triton as a product of fission may contribute
to the understanding of ternary fission and may
have a practical application to burnup analysis.

A search of the literature of ternary fission
showed that the formation of the triton in fission
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had not been observed or postulated, although
ejection of an alpha particle for approximately
each 300 fissions had been well established. '~'

Proton emission had also been suspected although
this appeared unlikely from a theoretical stand-
point. '~'

Recent data collected at the Savannah River
Laboratory suggest that a direct correlation
exists between triton formation and the number
of fissions. These data were taken on irradiated
samples of natural and enriched uranium and on
an irradiated sample of fissionable transuranium
nuclides. In each case, aliquots of nitric acid
solutions of the irradiated material were made
alkaline with sodium hydroxide, distilled, diluted,
and analyzed for tritium with a Packard "Tri-
Carb" liquid scintillation spectrometer. For
these three cases, the observed frequency of
formation was one triton per (1—2)x10' fissions.

Three experiments were carried out to pro-
vide proof that the radioactive species being
measured was tritium, that the presence of trit-
ium was not due to irradiation of a lithium im-
purity in the uranium fuel, and that the tritium
did not come from the heavy water moderator
system of the piles:

(1) A sample of water from the acid solution
in which irradiated natural uranium had been
dissolved was converted to hydrogen and the gas
was diffused through a palladium barrier. The
diffusate was reoxidized to water and the ex-
pected activity was verified by means of liquid
scintillation counting.

(2) The lithium content of the uranium fuel was
determined. A 100-gram sample of natural
uranium from a typical fuel element was dis-
solved in nitric acid and the uranium was pre-
cipitated by means of pyridine as UO, 2H,O.
The supernate, which contained any possible
lithium impurity in solution, was evaporated to
dryness and the residue analyzed by emission
spectrography. The lithium content of the urani-
um was found to be 0.01 ppm, less than 6% of
the amount required to produce the levels of
tritium observed in irradiated natural uranium.

(3) The third experiment was more qualitative.

A sample of enriched uranium as U,O„with a
lithium content of & 0.2 ppm, was irradiated in a
graphite-moderated experimental reactor which
contained no heavy water. The sample was dis-
solved in nitric acid and the water was separated
by distillation from alkaline solution. The water
was then reacted with hot zinc to produce hydro-
gen that was diffused through a palladium bar-
rier. The diffusate was reoxidized to water and
counted in the liquid scintillation counter. An
estimated 10"fissions in the. original sample
were found to produce about 2 x10 ' pC of trit-
ium, a ratio of about one triton per 3 ~10 fis-
sions. Less than 4 /p of the observed activity
could be attributed to the irradiation of lithium-6.

It is postulated on the basis of these findings
that like the alpha particle, the triton is pro-
duced by direct emission in ternary fission.

Further experiments are planned to establish
the frequency of formation with a greater degree
of accuracy over a wide range of exposure for
a variety of fissionable nuclides and to investi-
gate, as a possible application, tritium analysis
as an index of fuel "burnup. "

The author wishes to acknowledge the interest
of H. M. Kelley, G. Dessauer, and D. S. St. John,
whose guidance and suggestions greatly encour-
aged this study, the diligent efforts of R. 8.
Ondrejcin and R. C. Milham in development of
the key laboratory data, the assistance of F. E.
Kinard in sample irradiation, and the cooperation
of several members of the Health Physics Sec-
tion of the Savannah River Plant, including %. 8.
Curlee, R. 8. Denham, J. H. Horton, and L. D.
Martin, in cross-checking data and in providing
the counting service for the samples.

The information contained in this article was devel-
oped during the course of work under a contract with
the U. 8. Atomic Energy Commission.
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