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The method and results of an investigation of y rays from the short-lived fission fragment
cs!40 (Ty/, = 66 sec) are described. A ‘‘gas loop’’ at the reactor was used to transport Xe
and Kr to the measurement site and to enrich the mixture of decay products with the inves-

tigated fragment. Rapid chemical extraction of cesium was employed to investigate Cs
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of which the following y lines were observed: 0.59 + 0.01, 0.88, 1.14, 1.62, 1.85, 2.06, 2.32,

2.72, and 3.15 MeV.
PROCEDURE

A. stainless steel foil bearing an electrolytic
layer of uranium was introduced into the core 3
(Fig. 1) of an atomic reactor by an electromag-
netic mechanism. A stream of gas from the tank 1
carried fission fragments to the purifying filter 4,
through which only Kr and Xe isotopes passed, to
the accumulating tank 5, and to the measuring filter
6. The products of Kr and Xe decay in the tank 5
were stopped by the measuring filter 6.. The gas
moved in 5 seconds from the reactor core to the
accumulating tank, through which it passed in 6
sec. In some runs the time required for the trans-
port of gases and the accumulation of their decay
products was increased, the rate of flow being re-
duced to one-half.

The optimum time of fragment motion from the
reactor core to the measuring filter was calculated
subject to the requirement of a maximum ratio of
the Cs!? activity to the Cs!® activity (which
caused the most interference) while retaining suf-
ficient Cs!? activity for measurement in the meas-
uring filter. The calculation was confirmed ex-
perimentally.

After accumulating Kr and Xe decay products
for two minutes the measuring filter was placed in
hot acetic acid containing Ba, Sr, Cs, and Rb car-
riers. After 30 sec a solution of bismuth potassium
iodide was added. The Cs3Biyly precipitate was
separated in a centrifuge and was washed with
acetic acid. The entire chemical separation of
Cs required 3—3.5 min.

A test tube containing the Cs3Biyly precipitate
was placed on the crystal of a NaI(T1l) scintilla-
tion v spectrometer (of 40-mm diameter and 40-
mm height) used in conjunction with a FEU-13
photomultiplier and an AI-100 (100-channel ) ana-
lyzer. An aluminum plate 0.5 cm thick was placed
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FIG. 1. Schematic drawing of ‘‘gas loop.’”’ 1—CO, tank,
2 —reducer, 3 —reactor core, 4 —purifying filter, 5 — accumu-
lating tank, 6 —measuring filter, 7 — exit filter, 8 —flow meter.

between the test tube and the crystal to absorb B
particles from the cesium. The time required to
measure the spectrum was not longer than 30 sec.
In order to discriminate other Cs isotopes ac-
cording to their half-lives we also recorded a few
spectra in the shortest possible time intervals
(4—5 min) required to accumulate pulses and ob-
tain information from the analyzer. Whenever
necessary, an analyzer having a single broad
channel was used simultaneously to record a de-
cay curve for a particular region of the y spectrum.

RESULTS

Figure 2 shows the pulse distribution of the vy
spectrum up to 1.5 MeV. In this and the following
figures T denotes the time from the conclusion of
gas flow to the recording of the spectrum; ty de-
notes the time required to record the spectrum;
the precipitating time was 2 min.

Curve 1 has a distinct peak at 0.59 MeV, which
is greatly reduced after 5 min 34 sec (the time
elapsing between the first and second measure-
ments ). In order to identify this line a narrow
segment of the spectrum in this region was re-
corded with shorter time intervals between the
measurements. The measurements showed that
the 0.59-MeV peak contains a contribution of a
longer-lived component than Cs!*’ (66 sec). A
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FIG. 2. Spectrograms of softer Cs y rays
(1.5MeV). 1-T = 4 min 49 sec, tp = 20 sec;
2—T = 10 min 23 sec, ty, = 23 sec. N is the
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number of pulses in a single analyzer channel;
T is the time from the conclusion of gas flow
to the recording of the spectrum; -ty is the
time required to record the spectrum.
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differential analyzer was used to determine the
half-life of the latter component. Intensity meas-
urements about the 0.59-MeV peak required 10 sec
each and were separated by a 20-sec interval. Fig-
ure 3 shows one of the decay curves of the compo-
nents forming the 0.59-MeV peak. The cs*? ac-
tivity (exhibiting a 63-sec half-life) was accom-
panied by Cs!® activity (with 9.48-min half-life).
The 0.59-MeV peak is thus seen to consist mainly
of Cs! y rays. The Cs!¥® activity in the given
energy interval is associated with Compton elec-
trons from Cs!3 vy rays of higher-energy and with
the existence of the corresponding vy line.in this
region.

Figure 2 also reveals a 0.88-MeV peak. In all
runs (> 10) the shape of this peak indicates its
complex composition; Cs!® v radiation is evi-
dently present. From the character of its decay
the 0.88-MeV v line can be assigned to Cs!40,

In all measurements a rapidly disappearing
peak was noted at 1.14 MeV. This peak was not
identified by a thorough analysis, but a compari-
son with the decay of the 0.59-MeV peak indicates
that it can be assigned to Cs!4? y radiation.

In some runs the rate of gas flow was reduced
one-half. Figure 4 shows one of the spectra re-
corded when the time of gas transport was dou-
bled. A comparison of the spectra recorded for
different fragment transport times is an addi-
tional means of identifying the 7y lines in these
spectra. This comparison performed in the region
up to 1.5 MeV confirms all Cs!*’ y lines observed
in this region and also indicates that Cs! has a
1.2-MeV and possibly a 1.06-MeV 7y line. The
peaks of these lines were observed in all runs and
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the character of their decay is similar to that of
the precisely determined Cs!4’ lines. These peaks
can result from pair production by harder Csi4?
rays; the cross sections for pair production and
the photoelectric effect in a NaI(Tl) crystal are
approximately equal at ~2 MeV, and correspond-
ing high-energy peaks are observed in the harder
spectra.

Figures 5 and 6 show the distributions of pulses
for the harder vy-ray region. The diminishing ef-
ficiency of the y spectrometer with increasing
energy and the occurrence of pair production make
it very difficult to identify vy lines in this region.

From an examination of the experimental curves
(keeping in mind the possibility of the photoelectric
effect and pair production and taking the intensities
of the peaks into account) we obtain the result that
the hard Cs!*? spectrum contains y lines at 1.62,
1.85, 2.06, 2.32, 2.72, and 3.15 MeV. The soft y
lines at 0.59 and 1.14 MeV were determined within
+0.01 MeV.
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FIG. 3. Cs decay curve recorded with a single-channel
analyzer for the 0.5-0.7-MeV region; nis the channel count
during 10 sec.
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FIG. 4. Spectrograms of softer Cs y rays
recorded when the time of fragment transport Zﬂﬂﬂu
was doubled. 1—-T = 4 min 35 sec; 2—-T =10 %
min; 3—T = 13 min 55 sec. In all cases
tm = 21.5 sec. The notation is the same as in
Fig. 2.
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FIG. 5. Spectrograms of harder Cs**® y rays (to 2.5
MeV). 1—T = 4 min 36 sec; 2— T = 8 min 24 sec; 3—
T = 11 min 40 sec. In all cases t; = 20 sec.
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Since almost all Cs!? y lines contain a consid-

erable admixture of Cs!%® lines whose relative in-
tensities are unknown, and since we at present lack
sufficient statistics for the hard region, it is still
too difficult to determine the relative intensities of
Cs!*? lines reliably.

DISCUSSION OF RESULTS

Beta decay transforms the ;;Cs? nucleus into
ssBal%’. G. Scharff-Goldhaber(!]) studied the de-
pendence of the low excited levels of even-even
nuclei on the number of neutrons. Here graphs
show that, as a rule, as the number of neutrons
or protons departs increasingly from the nearest
magic number the energy of the first excited

level decreases; a minimum appears for nuclei
in which the numbers of neutrons and protons are
halfway between two successive magic numbers.
The value obtained by us in the present work for
the first excited state of ;;Ba!4? agrees very well
with a graph in [, where the first excited level
of this nucleus at 0.59 MeV lies exactly on the
curve for 84 neutrons. This agreement indicates
that the first Bal? level is located at 0.59 MeV.
An analysis of the spins and parities of the ex-
cited levels of even-even nuclei indicates that the
first excited levels of these nuclei almost always
have spin 2 and positive parity.[2] Therefore the
first excited Ba!? level should be identified as 2*.
Extrapolation on a Cameron grid [3] for the total
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FIG. 6. Spectrograms of harder Cs!* rays (to 3.5 MeV).
1-T=>5min 15 sec; 2—T =9 min 15 sec; 3—T = 12 min
45 sec. In all cases t; = 30 sec.

decay energy of even-even nuclei having atomic
weights from 128 to 208 indicates that the total de-
cay energy of 5;Cs!4® should be at least 5 MeV. By
analogy with ;5Cs!3 (in which the shell structure
is similar to that of Cs!?) we should expect in-
tense B decay to 0.59 MeV; therefore the 8 end-
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point energy should be at least 4.4 MeV. In a pri-
vate communication E. A, Tamanov states that
Cs!*" exhibits B radiation having high energy of
this order.
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A. G. Dudoladov, E. A. Gershanov, and A. V.
Morozov for direct participation in the experi-
mental work,
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