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INTRODUCTION

The purpose of this work was to investigate the hsavy isotopes

235 ynduced by

of Krypton and Xenon produced in the fission of
thermal neutrons. ' In the empirical approach to the phenomsnon of
fission, the study of fission products is a tool for a better
understanding of this highly complicated process, espe:ially in its
last stages. The various models of the fissioning nucleus like the
Liquid Drop Model (LDM), the Shell Model or Strutinsky's Hybrid,
Model, give only partial solutions to the phenomena of fission. For
example the LDM may be applicable to high aneargy fission since it
predicts a symmetric distribution of the yields of fission products
and the shell model describes pretty well fission of nuclei with

Z < B4, For low energy fission of uranium Strutinsky's semiempirical
model is the best, but still it gives only an approximate solution to
a problem like the yields of fission products. Therefore, precise

experimental data is required in order to improve the existing semi-

ampirical models.

-Several techniques were developed in order to investigate the
properties and yields of the various fission products. Those tech=
niques include very rapid chemical separations, which enable a good
definition of the element, while the mass of the separated isotope may
be evaluated from the systematics of half lives. The physical methods

are based mainly on collection of fission fragments recoiling from a
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target of fissile material. In order to identify thoss fragments,
the preservation of the momentum is assumed thus by messuring the
snergy or velocity oxsbesh of the recoils, their-mass may be calculated.
The-evaluation-of ‘fhe atomic charge of the recoils is- done-either by
X~ray measurements or by measuring the total number of beta decays in

a photographic emulsion or in a proportional counter.

Experimental set-up
The—investigation ef Krypton and Xenon produced in fission was

doné by electromagnetic separation of chemically pure ncble gases
emanated from a target containing uranium Oxide and Barium stearate,
or uranyl stearate. In-this way separated isotopes of known A and 2
were obtained at the collector with relatively low contamination by
adjacent masses (up to 5%) and by the volatile precursors Br and I
(up to 1%). The SOLIS (Soreq On-Line Isotope Separator) was operated
at 60 Kv, with a Nielsen type plasmatron ion source. The target
irradiated by thermal neutrons was swept by Hellium containing ~3%

Kr or Xe which served as markers and maintained a steady ion current.
The separated isotopes were beta-counted, with the aid of a telescopic
device (thin and thick plastic scintillators opperating in coinci-
dence) and the rate of beta counts recorded as a function of time.by-
a multichannel analyzer operating in the multiscale mode. The Solis
was operated in cycles of ilrradiation and counting with the time

for each function adjusted according to the expected half life of

the geparated isotope. The operation wgs automatic, controlled by

electronic programmer. Simultan.eousl}' with the beta-counting it was
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possible to measure the gasms-ray spectrum and follow the decay of
characteristic gasma peaks. In that way it was possible to discerm
between the separated isotope and its radfocactive daughter. Another
way of separating between the noble gas and its decay product was

by means of a moving tape on which ths separated isotopes were
collected. By changing the velocity of the tape the count rate of
the radioactive daughter could be reduced to minimum. The tape
could also be operated stepwise according to the irradiation/decay
cycle, t?us reducing the background caused by accumulated long-lived

activities.

Results

94

Two new isotopes ~ Kr and 143

Xe were detected and characterized
by their half-lives (0.2+0.02 and 0.340.03 sec. respectively) by
analyzing their beta decay curves. The o:her\half—lives measured
(masses 90-93 and 139-142) were in good agreement with previous
publications. In gamma-ray measurements, the prominent gamma peaks

of 93Kr and 93Rb where identified and their relative intensities were

calculated. The gamma-ray measurements in masses 143, 94 did not

give any conclusive results due to very low peak/background ratio.

Relative, independent fission yields of the heavy lsotopes of
Krypton and Xenon were obtained by analyzing the beta decay curves
obtained at similar operating conditions. For the lighter isotopes
e.ge 87Kr, 139Xe, absolute yields were obtained by calculating the

ratio of cumulative yileld of the halogen pracursor to the independent
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yield of the noble gas, from curves describing the growth of bata
activity as a function of irradiation time. In those calculations
known transfer function and half-lives were assumed as well as steady
ion current. The ratio could ba translated to absolute fission yields
since in the mass chaing considered, the noble gas and its precursors
constitute more than 957 of the chain yield and the chain yields

are known with good precision. The following table summarizes the

fission yields obtained in this work:

Krypton figsion yield Xenon fission yield
isotope mass number b4 isotope mass number %
87 0.507:0:06 137 1.73%0-24
-0.01 -0.10
+0.22 +0.28
a8 1.16 -0.16 138 5'39-0.16
89 3.40 +0.5 139 4.67+0.08
90 4,48 +0.26 140 3.8040.65
91 3.60 H0.5 141 0.99+0.22
92 1.98 +0.46 142 0.44+0.24
93 0.58 40,13 143 0.14+0.05

The fission ylelds obtained in this work are higher than those
predicted by the "normal" Gaussian distribution suggested by Wahl.
Since both Krypton and Xenon have even numbers of protons it was

suggested that the high yilelds are due to preservation of proton
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pairs in the fission of evsn Z nucleus. Consequantly all the
published fission yields were compared with the "normal" distri tion
and an average enhancement of 22(+7)Z was found in the yields of even
Z isotopes with a corresponding decrease in the yields of the odd

Z ones. A.similar odd-even effect was found also in the thermal

233!1. The work concerning the odd-even aeffect was

neutron fission of
published. The dependence of the odd-even effect on the excitation
energy at the saddle and the atomic number of the fissioning nucleus
shows a significant decrease of the o-e effect both with increasing

excitation energy and with iIncreasing 2. The work is summarized in

an article sent for publication.
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