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PREFACE

The increasing interest in the application of substantial quantities of radioisotopes for
propulsion, energy conversion, and various other thermal concepts emphasizes a need for
the most recent and most accurate information available describing the nuclear, chemical,
and physical properties of these isotopes. A substantial amount of progress has been
achieved in recent years in refining old and developing new techniques of measurement of
the properties quoted, and isotope processing. This has resulted in a broad technological
base from which both the material and information about the material is available. Un-
fortunately, it has also resulted in a multiplicity of sources so that information and data
are either untimely or present properties without adequately identifying the measurement
techniques or describing the quality of material used.

The purpose of this document is to make available, in a single reference, an annotated
bibliography and sets of properties for nine of the more attractive isotopes available for
use in power production. Part I contains all the unclassified information that was available
in the literature surveyed. Part II is the classified counterpart to Part I.
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FOREWORD

The best available information on the nuclear, chemical and physical properties of nine
isotopes has been prepared.

The isotopes reviewed are: Sr-90, Cs-134, Cs-137, Ce-144, Pm-147, Po-210, Pu-238,
Cm-242, Cm-244. The properties reyiewed are (1) Half Life; (2) Neutrons/Spontaneous
Fission; (3) Neutrons from Spontaneous Fission; (4) Other Sources of Radiation;
(5) Energy Levels and Decay Schemes; (6) Fuel Forms; (7) Material Compatibility;
(8) Effects of Impurities; (9) Thermal Conductivity; (10) Power Density; (11) Specific
Power; (12) Heat Capacity; (13) Heat of Fusion; (14) Weight Density; (15) Melting
Point; (16) Boiling Point; (17) Specific Activity; (18) Isotope Production, Availability,
and Cost. At the end of each isotope section an annotated bibliography pertaining to that
‘isotope is presented.
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INTRODUCTION

This report has been prepared by the Advanced Power Sources Section, Goddard
Space Flight Center, Greenbelt, Maryland. Sections describing the nuclear, chemical
and physical characteristics, isotope production methods, and costs of nine isotopes
are presented. These isotopes are:

Strontium-90
Cesium-134
Cesium-137
Cerium-144
Promethium-147
Polonium-210
Plutonium-238
Curium-242
Curium-244

At the end of each section, a bibliography for that isotope is presented. The bibli-
ographies for all sections except Ce-144 cover the period from 1 January 1948 to 31
August 1965. The bibliography for Ce-144 begins with 1958.
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DESCRIPTION OF THE REPORT

\

REFERENCE SOURCES
Two general sources of information were used in the compilation of the report. These were:

(1) A review of unclassified government reports and scientific periodicals.
(2) Letters of inquiry and personal visits to recognized authorities in the various fields.

VERIFICATION OF DATA ACCURACY

After the completion of the various sections, a rough draft of each section was submitted for review to an authority
in that particular field. Alist of these persons and their field of interest is as follows:

Strontium-90 Dr. Thomas Bustard
Hittman Associates, Inc.
Baltimore, Maryland

Cesium-134, 137 Dr. R. E. McHenry
Dr. S. J. Rimshaw
Oak Ridge National Laboratories
Oak Ridge, Tennessee

Cerium-144 Dr. R. E. McHenry
Oak Ridge National Laboratory
Oak Ridge, Tennessee

Promethium-147 Dr. R. L. Moore
Dr. E. J. Wheelwright
H. H. Van Tuyl
Battelle Northwest
Pacific Northwest Laboratory
Richland, Washington

Polonium-210 Dr. C. J. Kershner
Mound Laboratories
Miamisburg, Ohio

Curium-242, 244 Dr. Butler

Dr. S.J. Rimshaw
Oak Ridge National Laboratory
Oak Ridge, Tennessee

REPORT FORMAT

The nine radioisotopes studied are arranged somewhat arbitrarily in order of ascending atomic weight. The data
presented in each section are considered to be the best available in the unclassified literature.

In some cases where no unclassified information was available for an element or compound, properties for a similar
material were substituted. This is perhaps notable for Pu-238. Because of the necessity of these substitutions the
reader is cautioned that these values are, at best, approximations, and should be used with that fact in mind. In these
cases, if an exact value is needed it is mandatory that the classified literature be reviewed.



Articles and reports presented in the annotated bibliography of each section are arranged in chronological order
beginning with the most recent. In some cases brackets have been placed around various comments not present in
the original article or report but added for clarification or explanation.

EXPLANATION OF TERMS

Neutron Radiation

Neutrons from spontaneous fission: A continuous spectrum of neutrons varying in energy from approximately 0.1
to 18 Mev is emitted in the spontaneous-fission process. An average of two to four neutrons are emitted per fission,
depending'on the fissioning isotopes.

a-neutrons: Neutrons are produced from mixtures of alpha emitters and certain elements, including most of the
light elements. The energy spectrum of the neutrons is a continuous distribution extending from very low energies
up to a maximum energy that is slightly less than the sum of the alpha energy and the energy liberated in the reaction.
The yield of neutrons varies with the target elements and the composition of the mixture. Beryllium produces the
most heutrons per alpha. Aluminum, carbon and oxygen produce progressively fewer neutrons.

It is conservative to use the maximum neutron energy to calculate shielding and radiation levels if the spectrum is
not known. Approximately S X 10° neutrons/sec per curie with neutron energy up to 11 Mev are emitted from mix-
tures of beryllium and alpha emitters. The yields and energy increase with alpha energy. Yields and maximum neu-
tron energies are lower for aluminum, oxygen, and carbon.

Photoneutrons: A photon (see below) can eject a neutron when its energy exceeds the neutron binding energy. A
photon energy greater than 7 Mev is required for all isotopes except deuterium, Be-9, C-14 and Li-6. Cross sections
for the reaction are of the order of 1 mb and the neutrons generally have-energy of 0.1 - 1 Mev.

n-2n neutrons: If the bombarding neutron has sufficient energy, it is possible for the compound nucleus to emit
two neutrons. The threshold energy is relatively high for all isotopes except deuterium and Be-9. Thus, beryllium,
which may be used as a heat shield in space, may serve to multiply the neutron flux though, usually, only to a slight
degree.

Neutron scattering and attenuation: Most materials elastically and inelastically scatter neutrons through relatively
large angles. In general, neutrons scatter more readily than gamma rays. Scattering at large angles is most predominant
with heavier elements.

Gamma Radiation

Prompt gammas from spontaneous fission: A continuous spectrum of gamma rays, varying in energy from 0.1 to
8 Mev, is emitted in the process of spontaneous fission. Approximately 7.5 Mev per fission are emitted in this fashion.

Fission-product decay gammas: Products formed in spontaneous fission ultimately emit a total of ~ 5.5 Mev in
gamma rays per fission. These gamma rays generally have lower energy than the prompt gammas from spontaneous
fission. The fission-product gammas approach a steady state decay rate within a few hours after a spontaneously
fissioning nuclide is isolated.

Inelastic gammas: Inelastic scattering of neutrons, the predominant process of :slowing down in the heavier ele-
ments, is accompanied by the emission of photons. The total photon energy is less than the incident neutron energy.
Ordinarily the energy absorbed from the neutron is emitted as several photons.

Neutron-capture gammas: Essentially all isotopes, with the exception of Li-6 and B-10, emit energetic gamma rays
upon the capture of a neutron. This gamma radiation is especially important for those elements with high neutron



.capture cross sections since these elements compete most strongly for the available neutrons and are therefore
strong gamma ray emitters.

One must know the neutron flux and spectrum in a shield to calculate inelastic.and capture gammas.

Decay gammas: Characteristic gamma rays are emitted in the decay of most radioisotopes; alpha, beta and positron
decay and electron capture generally leave the product nucleus in an excited state, which subsequently decays to the
ground state with the emission\of one or more photons. These gamma rays vary widely in energy and abundance from
one isotope to another. For example, abundant 1 to 2 Mev gamma rays accompany decay of Co-60 or Ce-144, while
there is little gamma accompanying the decay of Pm-147.

Bremsstrahlung: Continuous X-rays, or bremsstrahlung, are produced when high-energy charged particles de-
celerate in the atomic electric field. The order of 1 to 50% of the electron energy may be emitted as photons through
this process. The gamma energy and differential spectrum increase approximately as the product of the electron
energy and the average atomic number of the absorber. A few of the photons approach the energy of the incident
electron with the majority having lower energy. The energy release and yield of photons in a given energy range for
an alpha particle incident on a target!are of the order of a million less than for a beta particle of comparable energy.
For this reason, bremsstrahlung from alpha emitters,ordinarily: is not significant. For the isotopes of interest, brems-
strahlung is most abundant and energetic when energetic beta particles, such as those accompanying decay of Sr-Y-90,
interact with heavy elements.

Characteristic X-rays: Produced following photoelectric interaction of gamma rays, or other processes in which
the atomic electrons are disturbed. These X-rays are, in general, very soft and are of negligible consequence in shield
design.

Gamma scattering and attenuation: Of the three main ways in which gamma rays interact with matter (photo-
electric effect, pair production, and Compton scattering), two always result in secondary gammas. In pair production
the dominant effect for high-energy photons and elements of high atomic number, the subsequent annihilation of the
positron yields two 0.5 Mev photons. In the Compton-effect the scattering of the photon by the electron merely de-
creases the photon’s energy and changes its directions. This effect causes build-up of low-energy photons in shields
and is most important for shielding materials of low atomic number.

3

Example of Decay Scheme Notation (Figure 1)

Isotope = At. Wt. (excited state)

Energy Level
N . . .
o (ne) Figure 1a. Isotope decay scheme diagram, showing
Beta (or alpha) Spin typical transition processes.
Gamma

Transition Transition Energy
Energy in kev
in Mev

Ground State
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STRONTIUM-90, YTTRIUM-90

NUCLEAR CHARACTERISTICS

Atomic Number Sr-90
; 38
Atomic Weight 90
Half Life
27.7 years Reference 1

Energy Levels and Decay Scheme (Figure 2)

Other Sources of Radiation-Bremsstrahlung

Although the gamma yield from Sr-Y-90 is neg-
ligible, considerable shielding is required to absorb
the bremsstrahlung produced as the high energy
betas are slowed down. Most of the bremsstrahlung
are generated when the beta particles are slowed
down in the compound or mixture of which the
fuel pellet is made. A smaller number are generated
by the betas which escape the pellet and are slowed
down in the cladding material.

To allow accurate evaluation, a bremsstrahlung
spectrum for Sr-Y-90 has been calculated (Reference
5) and is given in Table 1. This spectrum was used
to calculate dose rates which were then compared
with results measured (Reference 6) by Oak Ridge
National Laboratories. The comparison of the
calculated and measured results is extremely good.
A complete description of this comparison is given in
Reference 5.

Y-90
39
90

$t=90 ——B = v_o50
B, 0.54 Mev ( 100%)

Sr-90

Y-90

Y-90———— 7(-90
B, 0.446 Mev (0.02%)
2.18 Mev{99.9+ %)

Y, 1.734 Mev

1.734

Zr=90

Figure 2a, Decay scheme of Sr-Y-90.

Table 1 (Ref. 5)
Grouped Bremsstrahlung Spectral Distribution of Sr-Y-90

Number of Gammas per
Energy Group (Mev) Disintegration
22 -1.98 7.42x 1077
1.98-1.76 6.75x 10°¢
1.76 - 1.54 2.89x10°°
1.54-1.32 8.51x107°
1.32-1.10 2.09x107*
1.10-0.88 437x10™
0.88 - 0.66 8.87x 107
0.66 - 0.44 1.82x 1073
0.44-0.22 4.19x 1073
0.22-0 1.65x 1072




CHEMICAL CHARACTERISTICS
Fuel Forms
Possible strontium fuel forms* are listed in Table 2. Where possible the melting points of the compounds are

listed. Because the power density and specific power for the various compounds depend on the compound density
and the percentage of strontium to the total compound weight, these figures are included for each fuel form.

Table 2*
Strontium Compounds

Specific Power

. densit Meltin,

Molecular Wt. % Density power, Ys ng
Compound A 3’ watts/g, watts/ point,
weight metal g/cm of cm?, of T
compound compound

Sr 87.62 100.0 2.6 0.536 1.39

S0 103.62 84.56 470 0.453 2.13 2430
StF, 125.62 69.75 4.24 0.374 1.59
SiTiO, 183.52 47.74 5.12 0.256 1.31
SiB, 152.49 57.46 342 0.308 1.05
SiC, 111.64 78.48 3.26 0.421 1.37
SrSi, 143.79 60.94 3.20 0.327 1.05
SrSi 115.71 75.72 3.47 0.406 141

It should be kept in mind that the specific power and power density figures are based on theoretical maximums
for density.

Material Compatibility

Since the low power density of Sr-90 limits its use to comparatively low temperature heat source applications,
usually less than 1000°C, the likelihood of chemical reaction between a strontium compound and container is small.
In general, the simple salts such as the chloride and nitrate are more chemically corrosive than compounds such as the

titanate, molybdate, and zirconate. The oxide is the anhydride of Sr(OH), and very readily dissolves in water as do

the chloride and nitrate.
No difficulty is anticipated as a result of valence change. The intermediate element, yttrium, has a normal

valence of 3 which might result in a small excess of yttrium. The final decay element, zirconium, is identical in
valence with strontium.

Effects of Impurities on Nuclear Characteristics

The amount of Sr-90 in the fuel compound is relatively small. Reference 7 indicates a value of 50%. In addi-
tion to the other isotopes of strontium, a normal Sr-90 fuel slug contains trace quantities of various fission prod-
ucts which cannot be removed during processing. The following values were obtained from Reference 7.

*Private communication: S.J. Rémshaw, Oak Ridge National Laboratories, September, 1965.



Cerium-144 3x 1073 C/C* of Sr-90

Ruthenium-106 6 x 107% C/C of S1-90 -
Zirconium and Niobium-95 8 x 10™* C/C of Sr-90
Yttrium-91 4 x 1072 C/C of Sr-90

Not only are these quantities small, but their radiation intensity as compared to the bremsstrahlung radiation pro-
duced by Sr-90 and its daughter product Y-90 is negligible and is not considered in the shielding calculations. The
radiation from other isotopes of strontium, namely Sr-89, need not be considered either since the concentration
should be quite small after storage for several half lives.

THERMAL AND PHYSICAL PROPERTIES

The physical propertiesT of the S1-90 fuel forms vary widely depending on the amount of impurities within the
source, the attainable density of the fuel form, the “age” of the source material, and the energy of the beta particles.
Because of the possible variations with some of the aforementioned quantities, a set of values will be presented as the
“best” values for the weight density, energy of beta particles, “age” of the source, and estimated isotope purity for
the two fuel forms of interest, and the power density and specific power will be calculated. If other information is
available for the weight density, energy of the beta particles, or the purity of the isotope, the power density and the
specific power can be easily calculated by following the set of calculations presented below. The following assump-
tions were made for the calculation of specific power and power density.

1. The strontium and yttrium are in equilibrium, i.e., for every beta emitted by S1-90, there is a beta emitted by
Y-90.

2. The initial S1-90 source purity is 50%.
3. The strontium source is sufficiently “aged” so that the only radioactive sources are Sr-90 and daughter products.

4. The attainable densities of the fuel compounds are 3.7 gm/cm® for SrO and 3.93 gm/cm?® for StTiO,. (The
theoretical values are higher).

5. The maximum energy of the beta particles is 0.54 Mev for Sr-90 and 2.26 Mev for Y-90. The average beta
energy per disintegration for Sr-90 is 0.17 Mev and for Y-90 is 0.925 (Ref. 8, page 698). The remaining energy
given off per disintegration (0.37 Mev for Sr-90 and 1.335 Mev for Y-90) appears as highly penetrating particles
(Ref. 9, page 539-540).

6. The half life of Sr-90 is 27.7 years.

Using the above assumptions, the number of curies per gram of pure Sr-90 (not including the Y-90) is

693 602 x 1024 i
02x - 142 curies

The power density of the SrO is

277x3.16x100° " 90 gm (S1-90)
curies Mev Mev
142 | ———— A7 |———— +.925
l:gm Sr—901| * { |:dis Sr-90:| |:dis Y-90:| }
*C/C = curies of contaminant per curie of Sr-90.

_TI.A:tters from Warren Eister (AEC) to J. Bloom (Martin Company), November 27, 1962,




dis | watt
x3.7x10'° | sec | x1.603 x 1073 | Mev
curie | sec

purity of 90 gm Sr 3.7 gm SrOQ - 145 watts
X5 [Sr source:| X _106ngr0 X2 cm? 7 em?® Sr0

dis
Mev Mev 10 |~
{.17 [&s Sr-90:\ +.925 [dis Y-90:|} x3.7x10 sec

curie

&tt watt
x1.603x 10** | Mev | =6.5x 1072 [_] or 6.5 [Watt]

s curie K curie
.. . . . . watts
By a similar calculation the power density for SrTiO, is 0.88 —.
cm

A complete listing of the thermal and physical properties of Sr-90, SrO, and StTiO, is presented in Table 3.

ISOTOPE PRODUCTION, AVAILABILITY AND COST

Production Method

Sr-90 is produced by the fission of heavy elements, i.e., those elements heavier than lead. The fission may result
from neutron bombardment or spontaneous decomposition of the nucleus. A typical fission reaction is:

235, 1 90 144 1
92U 74 on” 2 Sr +54Xe +2,n

Sr-90 is recovered by processing spent fuel elements from nuclear reactors. The fission products are separated from
the acid solution containing the dissolved fuel elements after the unused fuel is recovered for recycling into the re-
actor. The various elements are separated from the fission product mixture. The strontium fraction contains the
isotopes Sr-86, and Sr-88 (both of which are stable), Sr-89 (which has a half life of 50 days and is an emitter of very
hard beta energy) and Sr-90. As recovered, the mixture of strontium isotopes.should contain about 50% Sr-90 (Ref.
7). A cooling period is generally allowed before final processing to permit the decay of the comparatively short-lived
Sr-89. The Sr-88 is inert and remains with the active isotope as a diluent.

The breakdown of the strontium fraction of the fission product mixture thirty days after reactor discharge is (Ref.
18):

Sr-90 49.6%

Sr-89 13.4%

Sr-88 37.0%
Availability and Cost

The prospective production level of Sr-90 as published by the Division of Isotope Development, USAEC, in Jan-
uary 1963 is presented below:

10



Table 3
Thermal and Physical Properties

Sr S10 StTiO,
iy cal cm 0.024 (a) 0.017 (b) 0.0128
Thermal Conductivity soc °C om? (Ref. 10) (Ref. 11) (Ref. 12)
Specific Powe watts 0.95 0.80 0.23
pecti r gm (Ref. 13) (Ref. 10) (Ref. 13)
watts 6.5 (d) 6.5 (d) 6.5 (d)
Thermal Qutput Kilo curie (Ref. 4) (Ref. 4) (Ref. 4)
. cal 0.176 (e) 0.0847 (f) 0.165 (g)
Heat Capacity m °C (Ref. 10) (Ref. 14) (Ref. 15)
Heat of Fusion % (2ligf 16) - —

. . gm 2.63 3.7 3.93 (c)
Weight Density o (Ref. 10) (Ref. 17) (Ref. 17)
. 0 771+ 1 2430 1660
Melting Point ¢ (Ref. 10) (Ref. 10) (Ref. 10)
Boiling Point °C 1380 — -

. kilo curies 0.142 (h) 0.142 (h) 0.142 (h)
Specific Activity om 590 (Ref. 13) (Ref. 13) (Ref. 13)
Key to Table 3

(a) Value for Y-90.

(b) The values states are those for CaO since none could be found for SrO. The value stated is that at 970°C.

Other values are 0.0185 at 560°C and 0.0265 at 140°C.

(c) The percentage of active isotope in the compound is 24%.

(d) Calculated value. See text preceding the table of physical properties.

(e) Value at 20°C.

®

The value at 1727°C. Other values of the spec1ﬁc heat (C;,) maybe obtained by using the formula given in
Ref. 15 and given here in units of calories/mole °C. To convert to calories/gm °C divide by the atomic weight.

Cp=8.69+0.16x 10° T-0.76 x 10° T2
where
298°K < T < 2000°K

() The value at 1115°C. Other values are .158 at 560°C and .143 at 140°C.

(h) Pure isotope.

11



FISCAL YEAR

1964 1965 1966 1967 1968 1969 1970 1980

Megacuries 5 5 5 5 10 10 10 10
Kw(t) 325 325 325 325 65 65 65 65

The present cost of Sr-90 is approximately $1.00 per curie and is expected to decrease to $0.123 per curie at the
Hanford plant at a yearly production rate of 10 Mc. The above production rates are based on government facilities
only. Itis expected that by the year 1970 private power will make available 94 Kw(t) per year, and by 1980, close
to 630 Kw (t) per year will be available (Reference 19). ‘

12
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of a possible b/W term turned out to be 0.5 * 2.2 x 1072 mc?. The unique first-forbidden spectra of K-42, Rb-86,
Sr-90, and Y-90 were found to show very small but definite deviations from the simple unique shape.

BREMSSTRAHLUNG FROM Sr-90, Y-90 IN THIN ABSORBERS. Thomas S. Bustard (Martian Marietta Corp.,
Baltimore, Maryland), Joseph Silverman (University of Maryland, College Park, Maryland). Paper presented at the
Symposium on Low Energy and Gamma Sources and Applications. Oct. 20, 21, 1964, Chicago, Illinois. Sponsored
by AEC.
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The bremsstrahlung yields obtained from targets ranging in atomic number from 13 to 73 using a thin, point source
of Sr-90, Y-90 are presented. A novel method of obtaining these yields is used in that the bremsstrahlung spectra
are measured as they are built up and attenuated through targets whose mass thicknesses are less than the range of
the Y-90 maximum energy beta particle. The resulting bremsstrahlung yields are then compared to those calculable
from the Evans* approximation to thick target theory.

ISOTOPIC POWER DATA SHEETS. Compiled by S. J. Rimshaw (Oak Ridge National Laboratory, Oak Ridge,
Tennessee). For presentation at Industry Information Meeting on Isotopic Power Development and Applications,
Washington, D.C. May 18-19, 1964.

INTRODUCTION

Nuclear and physical properties of some radioactive materials having potential application to terrestrial, marine,
and aerospace power requirements are listed. The data here are limited to unclassified source materials of Co-60,
Sr-90, Cs-137, Ce-144, Pm-147, Cm-242, and Cm-244. It will be obvious from reviewing the data sheets that ex-
perimental information on the properties of radioactive materials is very incomplete. Where such information is
not available, literature values derived from the inactive materials or related materials have been used to indicate
the probable order of magnitude of the vatue.

Future data compilations will include more isotopes and materials. The information will be presented in the form
of a manual or handbook in order to increase the space available for presenting and evaluating the data that are
available. Provisions will be made for additions or deletions of data to keep the information current and meaning-

ful.

Source Material
Half-life

Decay and Radiation
Properties

Isotopic Composition
Activity Concentration

Radiochemical Purity

Chemical Purity
Specific Power
Thermal Energy
Density

Power Density

S1Ti0,
Sr-90-27.7 years (Y-90-64.2 hrs)

Sr-90+ Y-90
100% beta-0.54 Mev
Y-90 + Z1-90 (stable)
100% beta-2.26 Mev

55% Sr-90, 43.9% Sr-88, and 1.1% Sr-86
33 curies of Sr-90 per gram of fission product SrTiO,

>99.9% S1-90 + Sr-89. Sr-89 is present in concentrations dependent on length
of time since discharge from the reactor and is usually <5%of the Sr-90 ac-
tivity at time of fabrication of source pellets. Other radiochemical impurities
such as Ce-144 can be neglected.

>95% strontium. Major impurities are Ca and Ba.
0.223 watts per gram of StTiO,, or 6.772 watts per kilocurie of Sr-90.
148 curies Sr-90 per thermal watt. ‘

~3.7 glem®. The theoretical density is 5.0 g/cm®. Production values vary
from 3.2 to 4.2 g/cm?, averaging about 3.7 g/cm?.

0.825 watts/cm® from Sr-90 at a density of 3.7 g/cm>. Sr-89 will contribute
in proportion to its concentration at a rate of 3.4 watts/1000 curies of Sr-89.

*The Atomic Nucleus, R. D. Evans, McGraw Hill, 1955.
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Thermal Conductivity

Coefficient of Expansion

Values reported for inactive SrTiO, vary from 0.0132 to 0.0173 cal/sec cm °C
at room temperature, depending on the density.

1.12x 1075 °C?

Melting Point ~1900°C
Mechanical Strength Fair
Thermal and Radiation The thermal stability is good. The radiation stability is good as exhibited in
Stability two-year old samples.
Radiation Attenuation Dose Rate,  Shielding in Centimeters of
rads/hrat Uranium for a Sr-90
Source Strength of
100 cm 100 w 1000 w 10,000 w
100 0.07 0.7 2.0
10 1.0 23 3.8
1 2.6 4.3 5.8
0.1 44 6.2 8.0
Gas Evolution Due to None
Radioactive Decay
Processes
Leach Rate Inactive SrTiO, leaches at a rate of 1 microgram/day cm? in sea water. Tests
on 18-month old pellets of fission product SrTiO; indicate a leach rate of 1
mg/day cm?.
Vapor Pressure No data available
Resistance to Thermal No data available
Shock
Burnup Characteristics Dispersibility poor
Capsule Compatibility Excellent with usual capsule materials such as stainless steel and Hastelloy “C”.

[This reference is reproduced in its entirety] .

K VOPROSU OB OTNOSITEL'NYKH IZMERENIYAKH AKTIVNOST! ISTOCHNIKOV BETA-IZLUCHENIYA.
(Relative Measurements of Beta-Source Activities.) A. I Denisikov (Gosurdarstvennyi Komitet po Ispol’zovaniyu
Atomnoi Energii SSSR). NP-14698, (1963) 4 p. ’

Beta source activity or specific beta activity of solutions were measured by a relative measurement method
(method of comparing the source activity with the standard activity of the same isotopic content). Curves of
the counting rate as a function of aluminum filter thickness for thin sources, including Co-60 and Sr-90 + Y-90
sources, were evaluated.

ISOTOPES DIVISION QUARTERLY REPORT, OCTOBER-DECEMBER 1961. J. H. Gillette (Oak Ridge National
Laboratories, Tennessee). (ORNL-TM-198) June 5, 1962. Contract (W-7405-eng-26). 39 p.

Progress is reported on developments in the preparation, properties, and measurements of radioisotopes, radioactive
sources, calutrons, and thermal diffusion studies in radioactive gases (B. O. G). The feasibility of preparing a Sr-90
heat source containing 8 x 10° curies was studied. Information concerning the status and progress of engineering
development is given. .
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MESURE DES RAYONS PAR L’EMPLOI DES COMPOSES ORGANIQUES FLUORESCENTS. I. MESURE DU
SPECTRE DE § A L'AIDE DES MONOCRISTAUX D'ANTHRACENE. (Measurement of Beta Rays by Use of
Fluorescent Organic Compounds. 1. Measurement of § Spectra Using Anthracene Monocrystals.) T. Watanabe. Trans-
lated into French from Oyo Butsuri, 28: 377-80 (1959). (CEA-tr-X-355) 12 p. .

It has been reported that the light pulse produced by mono-energetic electrons impinging on anthracene crystals
is proportional to the electron energy within its limited range. In the present work, the response of a large single
crystal of anthracene to impinging beta rays emitted by radioactive substances is discussed. The crystal used is of
cylindrical syape, approximately 2.5 cm in diameter and 3.0 cm in height. [t is glued with silicon grease to the
photocathode of the Dumont 6292 photomultiplier tube. Output signals are proportionally amplified by an A-1
type linear amplifier and are analysed by a single channel pulse analyzer. Beta spectra from pure beta emitting
substances, such as S-35, RaD, RaE, RaF, or S1-90 + Y-90, are observed and compared with spectra obtained by a
lens type magnetic beta spectrometer. The result is that the two spectra are similar except in the low energy part
where the intensity of the former is higher. This seems attributable to both the beta bremsstrahlung and the im-
perfection of the crystal which was colored and opaque. The relation between the maximum energy of the beta
rays and the pulse height is of good linearity from 0.16 to 2.2 Mev electron energy.

ON THE BETA SPECTRUM AND DISINTEGRATION ENERGY OF Sr-90 AND Y-90. Vaino Hovi Annales
Academiae Scientiarum Fennical Ser. A VI, No. 21,1-12 (1959).

Values for the mean energy, Ey .. of the beta particles of the isotopes Sr-90 and Y-90 were determined by
using different approximations of the shape correction factor and available spectroscopic data. It is shown that in
the case of Sr-90 the theoretical mean energies corresponding to different approximations of the shape correction
factor differ so much from each other that by using modern microcalorimetric techniques at low temperatures it
would be possible to get an independent verification of the shape factor. This might be important for clearing up
the actual form of the-interaction in beta-decay. In the case of Y-90, because of the small relative differences be-
tween the values of Ep, , independent calorimetric verification could hardly lead to as significant results. [Detailed
information on decay energy was obtained from Mr. T. Bustard, Hittman Associates, Baltimore, Maryland.]

NACHWEIS DER POLARISATION DER BETA TEILCHEN VON Sr-90 + Y-90 by Joachim Heintze, Zeitschrift
Fiir Physik 148, 560-3, 1957. [The entire article is in German and no attempt at translation has been made.]

STRONTIUM-90 BIBLIOGRAPHY. C. H. Braden, L. Slack, and F. B. Spull, M6472, Dec. 31,1957, 10 p.

The following sources were checked for references relating to Sr-90: Chemical Abstracts, Nuclear Science Abstracts,
and Library files. [All applicable references obtained in this document are contained elsewhere in this section.]

DESIGN AND PERFORMANCE OF A THIN MAGNETIC LENS BETA RAY SPECTROMETER. T. D. Nainan,

H. E. Deware, and Ambui Mukerji Tata Institute of Fundamental Research, Bombay, India. Proceedings of the
Indian Academy of Science 44A, 111-122, 1956.

Construction of a thin magnetic lens beta ray spectrometer is described. A baffle system which takes advantage of
the ring focus has been designed on the basis of the calculations of electron projectory limited to an angle of accept-
ance of 9-10.5°. The results of the studies of the beta ray spectra of Sr-90 and Y-90, Pm-147, Tm-170, are presented.

[Source purity: Mixture of Sr-89, 90. Sr-89 was allowed to die down to negligible intensity. The sample was
measured on a thin backing of mica. The measured beta spectrum is as follows: Epeta max = 0-541 £ 0.008 Mev.]

FORBIDDEN BETA SPECTRA OF Rb-86, Sr-90, Y-90, AND TI-204. E. E.-Berlovick, D. M. Kahai, and A. V.
Savateev. lzvestiya Akademii Nauk SSSR. 20-275-88, March 1956.

In solving the problem of beta interaction an important part is played by elucidation of the forbidden beta spectra.
Such investigations are also of interest in connection with the study of the nuclear shell model. In the present work
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% we studied the shape of the forbidden spectra of R-86, S1-90, and TI-204. All these nuclei have an even mass
| number and for them the transitions to the ground state of the daughter nucleus occur between even-even and odd-
| odd nuclei, or vice-versa.

The radioactive isotope S1-90 with a half life of 19.9 years* is one of the members of the radioactive chain beginning
with Br-90 that is produced by the bombardment of U-235 with slow neutrons. Sr-90 is separated chemically from
the disintegration products together with Sr-89 (half-life = 54.5 days) after decay of the latter, Sr-90 can be ob-

| tained together with its daughter Y-90 which is formed in the ground state. Y-20 with a half life of 2.54 days de-
cays to the stable nucleus Z-90 in the ground state. In our measurements we use samples of Sr-90 with a very high

| . specific activity separated from the uranium disintegration produce and cooled for a sufficient time to insure Sr-89

i content under 1a. The source material was applied in the form of an ultra thin layer on a strip of aluminum foil

one micron thick.

[Cited as best value for decay energy in Rev. Mod. Phys. Vol. 30, #2Pt. 11, April 1958.]

THERMAL NEUTRON FISSION YIELDS AT MASSES 90 AND 91. George W. Reed (Argonne National Lab-
oratories, Lemont, Illinois). Physical Review 98, 1327-9, June 1955.

Thermal neutron fission yields in U-235 have been determined for Sr-90 and Y-90. The fission yield at Sr-90 is
4.02 percent based on a half-life of 20 years. The yield for Y-91, 5.35%, agrees (with experimental error) with that
previously reported for Y-91. The apparent low yield at mass 90 is discussed. [The discussion of the fission yield
at $1-90 is based on a 19.9 year half life. The presently accepted value is 27.7 years.]

THE HALF LIFE OF STRONTIUM-90. D. M. Wiles and R. H. Tomlinson (McMaster University, Hamilton, Ontario,
Canada). Canadian Journal of Physics 33, 133-7, March to April 1955.

Thie value of 27.7 £ 0.4 years has been obtained for the half life of Sr-90 from the absolute disintegration rate of a
| known numner of atoms. The disintegration rate was measured with a 4 pi proportional counter and the number
| of atoms was determined with a mass spectrometer using isotope dilution.
‘ .

[The half life determined by these workers is the currently accepted value.]

‘ FISSION YIELDS OF STABLE AND LONG LIVED ISOTOPES OF CESIUM, RUBIDIUM, AND STRONTIUM
1 IN NUCLEAR SHELL THEORY. Canadian Joumal of Physics 31, 419, 1953.

The relative yields of the isotopes of cesium, rubidium, and strontium from thermal neutron fission of U-235 have
been determined mass spectrometrically. The cesium isotope yields are combined with those obtained previously
for. the xenon isotopes to give high precision yields for the mass change from 131 to 137. In this work, neutron
capture reactions have been considered and corrections made where these take place to an appreciable extent. The

‘ results give further evidence of abnormal yields in the 82 neutron shell region. The half life of Cs-137 was determined
| and found to be 33 * 2 years. Cesium has been reported to have a half life from 33 to 37 years. The Cs-133 to 137
‘ ratio will therefore increase with time. The data of Table 4 [not shown] may be used to calculate the half life of
Cs-137. The results of these calculations are given in Table 5. It should be pointed out that some variation in the
133 mass yield may occur owing to neutron capture reaction, etc., which would introduce an error in the half life
determination particularly for samples radiated at high flux values. [A condensation of Table 5 is presented as
follows.]

S sample runs: results; 31, 31, 35, 35 years;
average value = 33 + 2 years,

FURTHER STUDIES ON Sr-90 AND Y-90. L. E. Glenderin and C. D. Coryell, Unclassified. National Nuclear
Energy Series, Division IV, Volume 9, Book 2, 687-91, Auth 1951, ANL.

*The currently accepted value for the half life of Sr-90 is 27.7 years.
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Absorption curves of the Sr-90 and Y-90 radiations in aluminum indicate maximum beta energies of 0.6 Mev for
Sr-90 and 2.2 Mev for Y-90. The half life of Sr-90 has been estimated from fission-yield considerations to be 24 to
30 years. The best values taken at 25 years. Based on Reports CC-529 and CC-1112 of 1943,

IDENTIFICATION OF Sr-90 AND Y-90 IN URANIUM FISSION. R. W. Nottorf, Unclassified National Nuclear
Energy Series, Division 1V, Volume 9, NNES (IV) 9 Book 2, 682-6, 1951.

The discovery of a long lived strontium activity and its shorter-lived yttrium daughter is reported. The yttrium
isotope was identified with the known 60 hour Y-90 and its half life was shown to be 65 hours. Decay measure-
ments of Sr-90 over 30 months indicated a period of 23 £ 3 years. Based on reports CC-521 and CC-725 of 1943.

FIRST-FORBIDDEN-BETA-SPECTRA AND THE BETA SPECTRUM OF STRONTIUM-90-YTTRIUM-90. A/
Jackson Laslett, E. N. Jensen, and A. Paskin (Institute for Atomic Research and Department of Physics, Iowa State
College, Ames, Iowa). Physical Reivew 79, 412, 1950.

[Author states] that a more adequately separated source of S1-90 was obtained since our first work on this activity*,
Upper limit of 0.54 Mev (kinetic energy) is obtained for the Sr-90 beta spectrum [the half life of S1-90 is taken at
19.9 years in this article. Presently accepted half life for Sr-90 is 27.7 years].

THE HALF LIFE OF STRONTIUM:90. Ruth I Powers and A. F. Voigt (Institute for Atomic Research and Chem-
istry Department, Iowa State College, Ames, Iowa). Physical Review 79, 175, 1950.%

The two samples used, after separation from cyclotron bombarded Uranyl nitrate, were purified by repeated
carbonate precipitations and mounted as Strontium carbonate. In order not to measure any of the 55 day Sr-89
which was originally present, sample one was read with 746 mg/cm? of aluminum absorber while sample two was
read with 714 mg/cm?®. The decay of several samples which were prepared has now been followed for seven years
by means of a Lauritsen electroscope and the half life resulting from these measurements is sufficiently different
from that currently used to warrant its publication at this time. The method of least squares was used to draw the
best possible straight line through each set of data. From this a half life of 20,0 years was obtained with sample
one while sample two gave 19.7 years. Therefore, the half life of Sr-90 may be taken as 19.9 + 0.3 years. [This
was the original experiment in which the half life of Sr-90 was determined to be 19.9 years. The presently ac-
cepted half life of Sr-90 is 27.7 years.]

THE FORBIDDEN BETA DECAY OF STRONTIUM-90 AND YTTRIUM-90. Charles H. Braden, Louis Slack,
and Franklin D. Shull. (Washington University, St. Louis, Missouri, ) Physical Review 75, 1964-5 June 1949.

The isotope Sr-90 is a fission product which decays by beta emission to Y-90. The half life is 8 x 10® seconds
[25.4 years] and the energy release including rest mass is 2.04 mc? (kinetic energy 5.71 kev). The daughter
product Y-90 decays by beta emission to Zr-90. The half life of this transition is 2.25 x 10° seconds and the
energy release is 5.40 mc? (kinetic energy 2.25 Mev). No gamma radiation is observed.

A carrier free sample of Sr-90 was obtained from Qak Ridge. This sample had been aged to permit an associated
55 day activity of Sr-89 to die out. Three spectrum were measured. One, Sr-90 and Y-90 in equilibrium together;
two S1-90 alone; and three, Y-90 alone. For the latter two runs, the isotopes were chemically separated by a
method due to Kurbatov and Kurbatov. Samples were prepared for the spectrometer by evaporation from solution
on thin zapon films following the insulin technique of Langer. The spectra were measured in the double focusing
spectrometer described by Kuri, Osoba, and Slack.

*Phys. Rev. 75, 1949,
“TAlso published as government report No. AECU 840, 1 May 1950.

19



| SHAPE OF THE BETA-SPECTRA OF STRONTIUM-90 AND YTTRIUM-90. E. N. Jensen and L. Jackson Laslett.
(Institute for Atomic Research and Department of Physics, Iowa State College, Ames, lowa.) Physical Review 75,
1949-1949.

The beta spectra of Sr-90 and Y-90 have been examined in this laboratory using the magnetic lens spectrometer
previously described, and were found to exhibit a shape similar to that recently reported by Langer and Price for
‘ the forbidden transition of Y-91. The upper limits found for the Sr-90 and Y-90 spectra are 2.05 mc? (0.53 Mev
: kinetic energy) and 5.37 mc? (2.23 Mev kinetic energy), respectively. These values determined in light of the

‘ special form found for the spectra differed not inappreciably from those reported by Meyerhoff* whose data also
give some indication of the same type of departure from the conventional spectral shape as that reported here.

ANGULAR CORRELATION OF SUCCESSIVE GAMMA-RAY-QUANTA Il. Edward L. Brady and Martin Deutsch.
(Massachusetts Institute of Technology, Cambridge, Massachusetts.) Physical Review 74, 1541-2, November 1948.

[Article is concerned with the angular correlation observed by an improved method using scintillation counters
for six radioactive substances. These substances were nickel, yttrium, magnesium, barium, strontium, ‘and

‘ paladium.]

NOTES ON THE BETA-SPECTRA OF YTTRIUM-90 AND STRONTIUM-90. Walter E. Meyerhoff. (Department
of Physics, University of lllinois, Urbana, Illinois.) Physical Review, 74, 621-2, September 1948.

The rather wide discrepancies in the literature values of the beta end point energy of Y-90 made it desirable to re-
peat the measurement of this energy. Since the Y-90 (60 hours), can be obtained in secular equilibrium with Sr-90
(25 years) in a practically carrier free form, the value for the beta end point energy of Sr-90 was obtained also.

Sources of the order of 1 mg/cm? thickness were deposited on 0.02 mg/cm? thick zapon film and mounted in a
conventional 180° type spectrometer with a Neary slit type system. An end window geiger counter carrying a
fixed slit which was covered with a 0.8 mg/cm? mica window served as a detector. The resolution of the spectrom-
eter was 3%. Curie plots of the beta spectra gave 2.35 £ 0.03 Mev for the Y-90 end point and 0.61 £ 0.01 for the

Sr-90 end point.

*Phys. Rev. 74, 621-2, Sept. 1948.
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CESIUM-134

NUCLEAR CHARACTERISTICS

Atomic Number 55

Atomic Weight 134

Half Life
2.050 £ 0.004 years Reference 1
(2.1 years on latest GE chart
of the nuclides)

(Cs-134m) 2.93 £ 0.05 hours  Reference 2

Energy Levels and Decay Scheme (Figure 3)

beta

Cs-134 Ba-134

0.662 Mev (71%)
Beta 0.410 Mev (1%)
0.089 Mev (28%)

1.368, 1.168, 1.036 Reference 3
Gamma 0.803, 0.796, 0.605,

0.570, 0.563, 0.475 Mev
Qbeta 2.059 Mev

Other Sources of Radiation

Since Cs-134 is produced by irradiation of Cs-133, the resultant product can be expected to be virtually free of any
contaminants except the Cs-133 fraction which is inert. Therefore, no other source of radiation except that associated
with the cesium-barium decay chain would be expected.

CHEMICAL CHARACTERISTICS
Fuel Forms

Cs-134 fuel forms would be identical to those of Cs-137 shown on page 61. Again, the polyglass would be the most
probable form to be used as a heat source. ’

Material Compatibility

For details on cesium fuel form compatibility refer to the section concerning Cs-137 on page 61.
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134 Effects of Impurities on Nuclear Characteristics

+
455Cs

N our Because Cs-134 is produced by neutron irradiation
in a reactor of stable Cs-133, the resultant Cs-134 frac-

4+ 1970 28% 31.4%
570 803 | 1368 tion will be free of any contaminants other than the
17.3 10.5 3.6 stable Cs-133 isotope.
0 2% 6.0 1643 1-2%  1.3% Thermal and Physical Properties of Cs-134
v 1475 1036 .
i h The thermal and physical properties of Cs-134 glass
s i 1402 88%  90% are found in Table 4.
4101-2%10.0 =% '
|
* ! The specific power, specific activity and power
o1 71% 8.8 ¥ 1168 1% 11.8% densities listed in the table as the best available values
P are calculated on the basis of the following assumptions.
(2) The density of the cesium glass is 3.2 gm/cm®.
2+ 605 103%  97.7% (b) There is 0.16 gm of Cs-134 per gm of cobalt
J50 glass. This figure may be too high. Experiments*
' are NOw in progress.
(c) The half life of Cs-134 is 2.05 years.
o R (d) There is 1.7 Mev per disintegration consisting
56778 _ of 1.58 Mev due to gammas and 0.12 Mev due

Figure 3a. Decay scheme of Cs-134. to betas.

ISOTOPE PRODUCTION, AVAILABILITY AND COST

Production Method

Cs-134 is produced by the neutron irradiation of Cs-133, a natural occurring stable -isotope of the alkali
metals. The reaction. is:

55Csl‘:\S + onl - 5Scslaﬂ, +y
Production of Cs-134 is accomplished by reactor neutron bombardment of Cs-133 atoms. The rate of conversion
is dependent upon the flux level of the reactor, length of time of irradiation and other factors. Table 5 presents data

for reactor conversion of Cs-133 to Cs-134 for various times and fluxes (Reference 6).

Availability and Cost

Cs-134 has been little considered as a heat source because of its high gamma radiation and low power output. For
this reason, essentially no data is available on possible production quantities and cost. Both the AEC and Oak Ridge
have been contacted to obtain information in this regard, but to no avail. Since it is a material produced by the neutron
irradiation of a target material (Cs-133), its availability will depend a good deal on the availability of reactor space.
However, probable costs have been suggested by Hittman (Reference 8). He estimates that based on 2 large scale ir-
radiation program, the probable range for Cs-134 will be between $1.00 and $2.00 per curie of isotope.

#Private communication: S. ]J. Remshaw, Oak Ridge National Laboratories, December 6, 1965.
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Table 4

Thermal and Physical Properties of Cs-134 Glass

Thermal Conductivity L’“z .0025 (a) (Ref. 4)
sec CCm
Power Density Jatts 2.036 (b) (Ref. 5)
gm . see above
Specific Power watts 10.1 (b) (Ref. 5)
(Pure Cs-134) kilocurie ’ see above
Heat Capaci cal 0.44 (¢) (Ref. 5)
P CIty gm oC 5 C el.
Heat of Fusion cal -
mole
. . gm 3.2
Weight Density p 31 (Ref. 6)
Melting Point °C ~1275 (d) (Ref. 4)
Boiling Point °C _
Specific Activity kilocurie
(Theoretical) gm Cs-134 0.190 (Ref. 7)
Key to Table 4:

(a) This value holds between 1000°C and 2000°C by analogy to sodium borosilicate glass. Thermal conduc-
tivity varies with heat treatment. The value at room temperature is 0.0015,

(b) Calculated value, See comments preceding table of thermal and physical properties.
(c) This is the value for Boron oxide glass between 1750°F and 3250°R.
(d) Softening point.

Specific Activity of Cs-134 as a function of Irradiation Time and Neutron Fluxes.
under Irradiation Times are in curies per gram of Cs-133 target material. Abundance

Table 5

activation cross section = 32.6 barns.)

(Specific Activities given
of target material = 100%;

Neutron Irradiation Time in Half Life Units Activity at
Flux : Tiax max
(@/em* sec)| 001 003| 005 | 0.10 [ 030| 050] 1.0] 30 5.0 | (429 | curies/gram)
2x10" 1 055| 164 270 | 529 | 145 | 22 | 36 |s37 52.8 [ 2806 54.1

2x10" | 545 159 [ 257 (479 108 (139 152 |722 30.1| 658 153
2x 10 (493 |[118 159 190 102 43.2 481 0.0008| - 79 190
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STUDY OF THE DECAY OF Cs134 WITH A HIGH RESOLUTION Ge(Li) GAMMA-RAY SPECTROMETER.
R. A. Brown and G. T. Ewan (Atomic Energy of Canada, Ltd., Chalk River, Ontario). Nuclear Physics, 68:325-36,
June 1965. i

The gamma-ray spectrum of Cs-134 was studied with a 3.5 mm deep by 18 mm diameter Ge(Li) gamma-ray
spectrometer. The conversion line spectrum was also studied in a high resolution beta-ray spectrometer and the
K conversion coefficients of the transitions measured using a mixed source of Cs-134 and Cs-137. The energies
in kev, relative intensities in percent per disintegration, and dominant multipolarities of the gamma-transitions
are: 475.26 (1.5%, E2); 563.11 (8.3%, E2); 569.24 (14.3%, M1); 604.64 (98.0%, E2); 795.80 (88.0%, E2); 801.80
(8.8%, E2); 1038.46 (1.0%, M1 + E2); 1167.65 (2.0%, E2); 1364.97 (3.4%, E2). The data are consistent with levels
in Ba-134 at 0(0%), 604.6(2%), 1167.7(2%), 1400.4(4%), 1643.0(3%), and 1969.6 kev (4%). There is no evidence for
previously reported levels at 1570 and 1773 kev.

HIGH-RESOLUTION STUDIES OF GAMMA-RAY SPECTRA USING LITHIUM-DRIFT GERMANIUM GAMMA.-
RAY SPECTROMETERS. G. T. Ewan and A. J. Tavendale (Atomic Energy of Canada Ltd., Chalk River, Ontario).
Canadian Journal of Physics, 42: 2286-2331, November 1964.

The use of germanium lithium-drift p-i-n diodes as high-resolution gamma-ray spectrometers is described. With

these spectrometers gamma-ray resolutions of 2.05 kev at 122 kev, 4.0 kev at 1333 kev, and 5.5 kev at 2614 kev
were obtained. Using the detectors as pair spectrometers for high-energy gamma rays, a resolution of 9.8 kev on a
7.6 Mev gamma ray was obtained. The factors affecting the resolution of the detectors are discussed. Fano factors
of 0.4 were observed. Efficiency curves are given for a 2.5 cm? x 3.5 mm detector and for a 5 cm? x 8 mm de-
tector. The detectors were used to make high-resolution studies of the complex gamma spectra from sources of
Cs-134,Pm-151, Gd-153, Eu-156, Gd-159, Yb-177, and Ra-226. Results are reported for the energies and intensities
of the gamma rays observed in these studies.

[Also published as Canadian Atomic Energy Commission Report AECL-2079]

DECAY OF Cs-134m. J. Frana, I. Rezanka, and A. Spalek (Ceskoslovenska Akademie Ved. Ustav Jaderneho Vyzkumu,
Rez). (UJV-1018/64) 1964, 10 p.

The decay of the isomeric state of Cs-134 was studied. The half life (2.93 % 0.05 hours) was determined. From
measurements carried out by means of a spectrometer with short lens, scintillation measurements, and chemical
separations, the non-existence of the weak decay beta of this state was proved, contrary to statements found pre-
viously in literature (maximum possible intensity 0.02%, against the value of 1% found in literature). The spectrum
of conversion electrons was measured by a double-focusing spectrometer, and the following transition energies
were determined: 127.3 + 0.3 kev (E3) and 138.4 + 0.4 kev (M4) (K:L:M + N is 92:100:27 for the 127.3 kev
transition, and 206:100:31 for the 138.4 kev transition). The K conversion coefficient of the 127 kev transition
was measured, resulting in a value of 2.55 £ 0.4. The ratio of transition intensities is Iy38:1797 = 5.7:1000.

THE PERFORMANCE OF Au-Si SURFACE BARRIER DIODE AS A BETA RAY DETECTOR. S. K. Sen
(University of Manitoba, Winnipeg), Nuclear Instruments and Methods, 27:74-6 (Apr. 1964).

Pulse height spectra for Cs-134 and Th (B + C + C”) were obtained. The conversion line energies were determined
and compared with other determinations. The results indicate linear response of the detector from 150 to 1300
kev. The internal conversion coefficients of Cs-134 were also obtained and compared with theoretical values.
(DLCW)

THE BETA DECAY OF CESIUM-134. W. Van Wijrgaarden and R. D. Connor (Physics Department, University of
Manitoba, Winnipeg, Manitoba). Canadian Journal of Physics 42, 504-18, March 1964.

Magnetic spectrometer studies have revealed that the beta decay of Cs-134 proceeds via three partial spectra whose
end point energies, intensities, and log, , ft. values are as follows:
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Energy Intensity (%) Log,, ft

662 71 8.8
410 1 10.0
89 28 6.4

No evidence is found for beta transitions of intermediate energies. Upper limits have been placed on two pre-
viously reported beta transitions of higher energy as follows:

Previously Reported Energy Present Work, Upper
and Intensity Limit Intensity
1.453 Mev, 0.2% 0.005%
0.892 Mev, 1.5% 0.045%

These beta intensities to a revised level scheme produce a good balance with the gamma ray intensities depopulat-
ing the levels. The Q beta-value is 2.059 Mev.

Source Material — Cesium Chloride
Activity Concentration — 30 curies per gram
Chemical Purity — vacuum sublimate onto aluminum

foil at low temperature .

BETA AND GAMMA RAY SPECTRUM OBSERVED IN THE DECAY OF Cs-134. P. N. Trehan (Punjab Uni-
versity, Chandigarh, India). (NP-13020 (p. 53-7).

The decay of 2.19 year Cs-134 leads to the excited levels of Ba-134 by beta emission. This was extensively studied
by various workers, but disparity is found in their results. An effort to clarify the situation is presented. Gamma
rays from the decay of Cs-134 were measured using a Nal(TI) crystal mounted on a photomultiplier tube and a
20-channel analyzer. A double-focusing magnetic spectrometer was used to analyze the beta spectrum of Cs-134
using a plastic phosphor as a detecting device.

INVESTIGATION OF THE DECAY OF Ba-133 AND Cs-134 BY GAMMA-GAMMA DIRECTIONAL COR-
RELATION MEASUREMENTS. F. Muennich, K. Fricke, and U. Wellner ( Technische Hochschule, Braunschweig,
Germany). Zeitschrift fiirPhysik, 174: 68-90 (1963) (In German).

The directional correlations of the gamma-gamma cascades following the decay of Ba-133 were measured: 355-81,
302-81, 79-81, and 276-160 kev. The results of these measurements together with results of other authors yielded
the following well-defined values for the spin of the levels of Cs-133: 7/2+ (ground state), 5/2+ (81 kev level),
5/2+ (160 kev level), 3/2+ (383 kev level), and 1/2+ (436 kev level). The results are discussed in the frame of the
shell model. The decay of Cs-134 was investigated by measurement of the gagmma-gamma directional correlations:
800-600 kev, 600-600 kev, 1.04-Mev-605 kev. A discussion of these results yeilded for the mixing proportion

(8) of the gamma radiation from the transition of the second to first 2+ state in Ba-134 a value § =-0.50 * 0.05

in contradiction to the theory of Davydov and Eilippon. Spin 2 was obtained for the 1.64 Mev level of Ba-134;
the parity of this state is probably negative.

LEVEL SCHEME OF BARIUM-134. S. O. Schriber, and B. G. Hogg (Allen Physics Laboratory, the University of
Manitoba, Canada). Nuclear Physics 48, 647-651, 1963.

The gamma ray cascades following the decay of Cs-134 have been examined in using a sum coincidence spectrom-
eter. Compton summing peaks have been substracted using a method developed by the authors. No evidence for
the existence of levels at 1846, 1773, and 1570 kev has been found.
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All source material was in liquid solution. A small drop of this solution was located at the tip of the 0.5 millimeter
wall thickness, 4 millimeter outside diameter glass tube. The source to crystal distance was always 6 centimeters,
and the angle between the detectors was maintained at 135° to avoid back scattering. Appropriate shielding was
placed so that no part of one crystal could see any part of the other crystal.

DECAY SCHEME AND MATRIX ELEMENTS FOR THE TRANSITION Cs-134 » Ba-134. H. Daniel, J. Huefner,
and O. Mehling (Max-Planck-Inst. fur Kemphysik, Heidelberg). Annalen der Physik 7, 12:106-12 October 1963 (In
German).

The decay Cs-134 » Ba-134 was investigated with a double focusing spectrometer and a beta-gamma circular-
polarization correlation setup. The asymmetry parameter (A) of the correlation between the 656 kev group and

the following gamma cascade was measured to be A =-0.13 + 0.02, in good agreement with a value of Mann, Bloom,
and Nagel.* This (A) value implies a ratio (X) between Fermi and Gamow-Teller contributions to the decay of X =

0.30 j(())g; and thus results in a definitely non-vanishing Fermi matrix element.

The breakdown of the isotopic spin selection rule at an atomic number as large as that of Cs (Z = 55) is not sur-
prising. The transition is qualitatively discussed in shell model terms. Additional information is given for the dis-
integration scheme of Cs-134. The level scheme of Ba-134 is discussed in terms of the vibrational model.

HALF LIVES OF CESIUM-137 AND CESIUM-134 AS MEASURED BY MASS SPECTROMETRY. L. A. Dietz,
C. F. Pachucki and G. A. Land (General Electric Company, Knolls Atomic Power Laboratories, Schenectady, New
York). Analytical Chemistry 7, 797-799, June 1963.

Mass spectrometric measurements of radioactive decay rates over a period of 1.5 years indicate a half life of 30.35
+ 0.38 years for Cs-137 and 2.046 + 0.004 years for Cs-134.1 Precisions quoted as standard deviations are con-
sidered to be preliminary values because the experiment will be continued.

[Table 3, not shown here, presents published values for the half life of Cs-137 from 1951 to 1963. References
total ten in number.] For the cesium experiment, a batch of six chemically untreated tungsten V filaments was
prepared by outgassing at about 2000°C for more than one hour in an auxiliary vacuum system. Each filament
was then loaded with about 1 x 1072 gram total of the radioactive cesium isotopes in the form of Cs,SO,. The
same procedure was followed for loading filaments with the Cs-134 stock solution. [Table 5, not shown here, pre-
sents the published values for the half life of Cs-134. These values total seven in number.]

CIRCULAR POLARIZATION MEASUREMENTS IN THE BETA DECAY OF V-48, Co-56, Fe-59, AND Cs-134.
Lloyd G. Mann, Stewart D. Bloom and R. J. Nagel ( Lawrence Radiation Laboratory, University of California, Liver-
more, California). Physical Review 127, 2134-2137, September 1962.

The beta-gamma circular polarization angular correlation has been measured for V48, Co-56, Fe-59 and Cs-134,
using the Livermore apparatus described previously. Since all of these decays (with one exception) are character-
ized by J=0,J # 0,and T ~ 0, they possess the necessary elements for testing isospin conservation in allowed
beta decay. The measured asymmetry parameters are -0.066 * 0.035 for V48, 0.00 + 0.03 for C-56, -0.074 +
0.022 for Cs-134 and -0.23 + 0.05 and 0.01 * 0.10, respectively, for the 462 kev and 271 kev beta branches in Fe-
59. These results are consistent in all cases with a very small Fermi matrix element and therefore support the
validity of isospin conservation with the doubtful exception of the 271 kev beta decay branch of Fe-59. However,
in this case, the extreme difficulty of disentangling the 271 kev branch from the 462 kev branch which is pure
Gamow-Teller [3/2-(beta) 5/2-(gamma) 7/2] renders this exception rather uncertain. In the case of V-48, our

*Phys. Rev. 127, 2134-2137, 1962.
T{ The values stated above were revised as a result of a telephone call to L. A. Dietz on 16 October 1964 to the following values. ]

Cs-134..... 2.050 £ 0.004 years
Cs-137..... 30.0 *0.38 years.
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result is in disagreement with that of Boehm and Wapstra who found evidence for sizable interference, but
is in better agreement with the result of Daniel and Kuntze who find evidence for small interference. Our
Co-56 result is in excellent agreement with the work of Daniel and Kuntze. Our result for the low energy’
branch of the Fe-59 decay (AJ = 0) is in accord with the work of Foster and Sanders, the accuracy being, how-
ever, very poor in both measurements. With regard to the high energy branch (AJ = 1) our result is lower by a
factor of 2 than that of Forster and Sanders. Our Cs-134 result shows definite interference but because of the
large ft value, the Fermi matrix element is still very small in keeping with the other findings at this laboratory.

[Article mentions only that cesium sources were purchased from commercial suppliers. All sources were mounted
on uncoated mylar films of 1 mg/cm? by solution evaporation.]

LOW-LYING ENERGY LEVELS OF CESIUM-134. I V. Estulin, A. S. Melioransky and L. F. Kalinkin (Research
Institute of Nuclear Physics, Moscow State University, Moscow.) Nuclear Physics 16, 168-74, April 1960.

A study is made of the cascade gamma transitions following thermal-neutron capture in cesium nuclei. Energy
and quantum characteristics of low lying excited states of Cs-134 with excitation energy up to 320 kev are de-
termined.

[A luminescent coincidence spectrometer worked out by one of the authors of the present paper was used for
measuring cascade gamma quanta. The spectrometer consists of the governing and the main channels with a Nal
(T1) crystals and a photomultiplier as gamma ray detectors.]

DECAY OF CESIUM-134. John D. French, and Max Goodrich (Louisiana State University). American Physical
Society Bulletin 4, 391, 1959.

The gamma rays in the decay of Cs-134 (2.2 years half life) have been studied with a scintillation spectrometer em-
ploying a cylindrical (3 inch by 3 inch) crystal of Nal (T1) and with a coincidence spectrometer using two such
crystals in the spectrometers. The pulse spectrum in coincidence with the peak corresponding to each of the
gamma rays was obtained. The data indicate that at least 15 gamma rays were present, all of which occur in the
nucleus of Ba-134 following negatron decay, and none occur in the nucleus Xe-134 following positron decay. Pre-
viously unreported cross-over transitions of 1640 and 1970 kev, confirming these energy levels were observed. A
decay scheme with energy levels in Ba-134 at 605, 1038, 1168, 1367, 1401, 1640, and 1970 kev were presented.

THE LEVEL SCHEME OF BARIUM-134. SOME FEATURES OF THE SODIUM IODIDE SUMMING SPEC-
TROMETER. R. K. Girgis and R. Van Lieshout, Nuclear Physics 12, 672-688. September 1959.

A detailed analysis of the gamma ray spectrum from Cs-134 was performed. The results are in agreement with
previous measurements but two additional weak gamma rays of 960 and 1570 kev were found. Summing peaks
of 1.17, 1.40, 1.57, 1.64, 1.77, and 1.97 Mev were observed, establishing the presence of levels of these energies

in Ba-134. The gamma ray spectrum from the decay of Ba-134 was also examined. Only one gamma ray of 605
kev was observed, thus confirming that the first 2+ level in Ba-134 has this energy. Some features on the Nal sum-
ming spectrometer are demonstrated and discussed in an appendix to this report.

[Figure 6 of the article presents the proposed level of Ba-134.] The energy values written on the left-hand side of
the various transitions represent the gamma rays following the decay of Cs-134. The numbers in brackets represent
their relative intensities in percentage per disintegration/assuming all disintegrations to go through either the 605

or the 1170 kev transitions. The uncertain 605 kev transition de-exciting the level at 1170 kev is drawn in as a
dashed line. The characteristics of the beta branches following the decay of Cs-134 in those following the decay of
Ba-134 are shown on the graph in the following order: Energy of the Branch, Intensity and Percentages per Dis-
integration, and the Log ft value. These values are calculated from the various gamma ray populating and de-exciting
levels.
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GAMMA RADIATION FROM CESIUM-134. B. S. Dzhelepov, V. P. Prikhodtseva and Yu. V. Hhol'nov. lzvestiya
Akademii Nauk SSSR.

[Article references the energies and relative intensities of the gamma rays from Cs-134 measured during the experi-
ments described in the article.] Energy of the gamma rays in kev 475, 567, (565 of 571), 606, 663, 797, 1038,
1168, 1368. Relative intensity of the gamma 2.5 £ 0.5,28.0+ 3,10+ 3 or 18.0£ 3, 100, 0.5 £ 0.3, 101 £ 4.3,
1.16 £ 0.04,2.26 £ 0.08, 3.79 £ 0.15.

INVESTIGATION OF CESIUM-134 BY THE COINCIDENCE METHOD. Ju. A. Leleksandrov. lzvestiya Akademii
Nauk SSSR. 827-30, July 1958.

This investigation was undertaken for the purpose of investigation of the gamma-gamma and beta-gamma coinci-
dences for the purpose of refining the decay scheme. Our measurements substantiate the existence of the 605-797,
605-1370, 605-570, 797-570 and 1170-802 (797) kev cascade transitions. Our results also indicate the existence

of the following cascades: 605-1040 and 1170475 kev. We also investigated the high-energy region of the Cs-134
gamma spectrum. We observed photo peaks from gamma rays of 1640, 1750, 1870, 1960, and 2040 kev energy.
The intensity of all these gamma rays is of the order of 107 photons per disintegration. All our experimental data
on beta-gamma coincidences and the hard part of the Cs-134 gamma spectrum are consistent with the decay scheme
proposed by Foster and Wiggins.* (The relative intensities of the cascade transitions according to our evaluations
are as follows: 605-797 kev, 100%. 605-570 kev, 10%. 605-1370 kev, 3%. 605-1040 kev, 3%. 797-570 kev, 10%.
1170-805 kev (797), 3%. 1170475 kev, 2%.

THE CROSS SECTION OF THE REACTION CESIUM-134 (NEUTRON, GAMMA) CESIUM-135, AND THE
HALF LIFE OF CESIUM-134. J. G. Bayly and F. Brown (Atomic Energy of Canada, Ltd., Chalk River, Ontario),
and G. R. Hall and A. J. Walter (Atomic Energy Research Establishment, Harwell Didcot, Berks). Journal of Inorganic
and Nuclear Chemistry 5, 259-263, 1958.

The isotopic composition of cesium samples which have been subject to intense reactor neutron radiation was meas-
ured with a 6-inch radius 60° sector field, mass spectrometer fitted with a triple filament thermal ionization source.
The cross section of the reaction Cs-134 (n, gamma) Cs-135 was calculated from the observed isotopic composition
and found to be 134 + 12 bamnes. By measuring the change with time of the Cs-134/(Cs-134 + Cs-135) ratio using
the mass spectrometer, the half life of Cs-134 was found to be 2.15 + 0.08 - 0.04 years. In a subsidiary experiment
the cross section of the reaction Cs-133 (n, gamma) Cs-134 was found by activation to be 30.4 + 1.7 barnes.

Two long irradiations were carried out. The first was approximately 10 milligrams of spectroscopically pure

Cs, CO, in the M. T. R., Idaho for 140 days. The second was of approximately 10 milligrams of CsNO, in the NRX
reactor Chalk River for 356 days. Two short irradiations were made, each of 16 hours, using a posmon of NRX
similar to that used for the long irradiations. For these irradiations the cesium compounds which were of spectro-
scopic purity were dried at 110°C weighed into silica tubes which were then sealed. CsC,, 36.8 milligrams was used
in the first irradiation, and Cs, CO,, 32.1 milligrams in the second.

Results: The half life of Cs-134. The decay of Cs-134 is shown by the data of Table I [Table I is not shown]. The
error shown for the Cs-134 percentages are based on the standard deviation between spectrograms. The half life of
Cs-134 obtained from these data is 2.15 + 0.08 - 0.04 years. The value obtained by Merritt, et alt using a 4 pi
proportional beta counter over a period of 5 years is 2.19 £ 0.02 years. This latter value was used in our calcula-
tion because owing to the longer period over which decay was studied it should be more accurate. Our value of
2.15 years is a useful confirmation of Merritt’s result since the mass spectrometer value is not affected by the
problem of radiochemical purity.

*Nuovo Cimento 2, 854, 7155,
+Canadian Journal of Ph, atcs 35, 16, 1957.
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HALF-LIFE DETERMINATION OF SOME RADIO NUCLIDES. W. F. Merritt, P. J. Campion and R. C. Hawkings,
Canadian Journal of Physics, 35, 16-20, 1957.

The half lives of the following nuclides have been determined by absolute counting techniques using a pi beta pro-
portional counter. The period over which the observations were made is indicated by brackets. The errors quoted
are the statistical counting errors. Na-22,2.58 + 0.03 years (2 years); Ru-106, 1.02 % 0.01 years (5 years); Cs-134,
2.19 % 0.02 years (5 years); Ce-144, 285 + 2 days (4 years); Pm-147. 2.64 + 0.02 (4 years); T1-204, 3.56 * 0.05
years (4 years).

[A review of previous determinations is included in the. article. ]

} RAPID ANALYSIS OF GAMMA EMITTERS USING A GAMMA RAY SCINTILLATION SPECTROMETER 1I.
| QUANTITATIVE ANALYSIS OF CESIUM-134-CESIUM-137 MIXTURE. Fumio Aoki, Toshio Kurosawa and
3 Seishi Yajima. Chemical Society of Japan (Bulletin) 30, 583-5 Sept. 1957.

Rapid determination of individual species in a mixture of radio nuclides will be required in many cases such as
processing of fission products, activation analysis, and chemical, biological, or metallurgical experiments with
several kinds of radio nuclides. The authors have been investigating the possibility of quantitative determination of
two nuclides which cannot be resolved by the spectrometer. This report is a result of the study on Cs-134-Cs-137
mixture.

[The chemical form of cesium was cesium chloride in aqueous solution. It was diluted to about 0.1 microcuries/
milliliter with demineralized water.]

THE FEASIBILITY OF PRODUCING POWER FROM RADIOISOTOPES. F. Hittman. Presented at American
Nuclear Society Annual Meeting. Pittsburg, Pennsylvania. June 10-14, 1957.

HALF LIVES OF Sc-46, Co-60, Zn-6s, Ag-110m, Cs-134, AND Eu-152, 194. K. W. Geiger (Division of Applied
Physics, National Research Council, Ottawa, Canada). Physical Review, 105, 1539-40, March 1957.

The half lives of six gamma emitting nuclides were determined by comparison with radium standards using a lead
shielded ionization chamber. The following results were obtained: Sc-46, 83.89 + 0.12 days; Co-60, 5.24 £ 0.03
years; Zn-65, 243.5 £ 0.8 days; Ag-110m, 252.5 £ 0.5 days; Cs-134, 2.07  0.02 years; Eu-152, 154, 12.2 £ 0.2
years. The errors quoted are twice the standard deviation calculated from a least squares analysis.

The investigated nuclides were produced by neutron radiation of the Chalk River NRX reactor. The initial activities
of the samples were between 100 and 300 millicuries. Details on composition and purity are given in Table I [pre-
sented in part below]. The gamma radiation was measured with a one-atmosphere air-filled parallel plate ionization
chamber made of aluminum and shielded by a 0.6 centimeter of lead. Saturation properties were studied by the
two-source method but no effects within the experimental errors of 0.0 + 0.15% could be found. [Contents of
Table 1. Half lives of several gamma emitting nuclides] . Nuclide, Cesium-134; sample, spec-pure. Cs, AlF;; decay
followed over half lives, 0.8; half life, 2.07 £ 0.02 years; previous measurements 2.3 + 0.3 years; 1.7 £ 0.1 years.
{End of Table].

[Note on Table I. Cs-134. Although the decay of Cs-134 has not been followed for a full half life, the present value
is much more accurate than the figures published previously.] [Cited as best value in Rev. Mod. Phys. Vol. 30,
#2.Pt. 11, April 1958.]

| STUDIES WITH SCINTILLATION COINCIDENCE SPECTROMETER: Cs-134. Girish Chaudra (Tata Institute of
1 Fundamental Research, Bombay, India). Proceedings of the Indian Academy of Science Ad4, 194-200, 1956.

The set-up of a slow fast coincidence scintillation spectrometer is described. Gamma-gamma coincidences in Cs-134
have been studied. The 604-kev gamma transition is found to be in cascade with 460 + 20, 555 + 15,794 + 15 and
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1349 * 30 kev gamma transitions. The 794-kev gamma transition is found to be in cascade with 604 * 10 and 555
* 15 kev gamma transitions. The results are consistent with the decay scheme of Cs-134 proposed by Forster.*

HIGH ENERGY FORBIDDEN BETA RAY TRANSITIONS FROM Cs-134 (2.3 YEARS), Co-60 (5.3 YEARS),
Sc-46 (84 DAYS), AND Hg-203 (47.9 DAYS). J. L. Wolfson, Canadian Journal 6f Physics, 34, 256-64, March 1956.

Beta ray transitions of energies 1478 + 6 kev from Co-60 (5.3 years) and 1475 * 6 kev from Sc-46 (84 days) were
observed with intensities of (1.0 £ 0.2) 107* and (3.6 £ 0.7) 10°° beta rays per disintegration, respectively. For-
bidden spectrum shapes were obtained for both transitions. No evidence was obtained for the beta ray transition
of energy 1451 kev from Cs-134 (2.3 years) nor for the transition of energy 473 kev from He-203 (47.9 days) and
upper limits of 5 x 107° and 3 x 107 beta rays per disintegration, respectively, are placed upon the intensities of
these transitions. The log ft values are greater than 14.5, 14.0 £ 0.1, 13.0 + 0.1 and greater than 11.3 for the
transitions referred to from Cs-134, Co-60, Sc-46, and Hg-203, respectively.

The sources were all prepared by neutron irradiation in the NRX reactor. In general, the sources were prepared by
evaporation of salts from nitric acid solution on backings of 2.3 milligrams/cm? aluminum foil. The sources were

all approximately 2 millimeters in diameter. The Cs-134 source was about 9 milligrams/cm? thick and about 0.75
millicuries in activity.

INTERNAL CONVERSION COEFFICIENTS OF Ba-134, V-51, AND T1-203. Z. O’Friel and A. H. Weber (St.
Louis University, St. Louis, Missouri). Physical Review 101, 1076-8. February 1956.

The internal conversion coefficients of Ba-134 (Parent — Cs-134), V-51 (Parent — Cr-51) and T1-203 (Parent —
Hg-203) have been measured by the determination of the gamma ray yields from the Compton electron spectra
produced in an external converter employing the analysis of R. G. Thomas and T. Lauritsen and a single magnetic
lens beta ray spectrometer. The Ba-134 results involve the extension of the method to several gamma ray con-
versions measured simultaneously. V-51 represents the application of the method to K capture type of decay for
which the direct area under curves method cannot be used. TI-203 required the correction of the measured con-
version spectrum for photoelectric.conversions to obtain the pure Compton events. The values obtained for the
total internal conversion coefficients are Ba-134: 569 kev gamma ray, (9.2 + 1.2) 107%; 605 kev gamma ray, (5.3
+0.5) 107%; 796 kev gamma ray, (2.4 + 0.3) 10°3; 1.367 kev gamma ray, (0.49 £ 0.05) 1073; V-51: 3.25 kev
gamma ray, (1.5 + 0.2) 107>; TI-203: 279 kev gamma ray for K shell (1.5 + 0.1) 107! and (4.9 % 0.2) 10™* for the
L shell. In all cases, the precision is the standard deviation. The results are in satisfactory agreement with other
experimental values and with predictions of Rose’s Tables. [All samples obtained from Oak Ridge.]

GAMMA-GAMMA DIRECTIONAL CORRELATIONS IN CESIUM-134. A. E. Everett and J. J. Glaubman (Prince-
ton University). Physical Review 100, 955, 1955.

We have found the directional correlations of the 1.37 - 0.605, 1.17 - 0.801, and 0.796 - 0.605 Mev cascades in the
decay of Cs-134 to be given by: A-2=0.107, 0.095,and 0.111, £ 0.015; A, = 0.015, 0.006, and 0.016, + 0.02,
respectively. All of these values are consistent with 4-2-0 cascades and agree with the decay scheme suggested by
Cork, et al. In this case, the five observed gamma rays are E2, the excited state of Ba-134 are at 0.602 (2+), 1.17
(2+), 1.40 (4+), and 1.97 (4+), Mev, and the 0.563 Mev E-2 transition is between the second and first excited states
and is speeded up by a factor of 15 comparative cross over. All this is very typical to even-even niuclei in this
region. However, the decay scheme of the Washington group can not be completely excluded since a 4-2-0 di-
rectional correlation can also be interpreted as due to a 3-2-0, 3-1-0, or 2-2-0 cascade, in which the first transition
is mixed.

*Nuovo Cimento 2, 854, 1955.
FPhys. Rev. 90, 444-7, 1953.
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DECAY OF CESIUM-134. H. H. Forster, and J. S. Wiggins (Department of Physics, University of Southern California,
Los Angeles, California). Nuovo Cimento, Vol. 2, No. 4, October 1955.

The beta spectrum and internal conversion electrons of Cs-134 were obtained with a double thin lens beta ray
spectrometer. The detector was a conventional type geiger-mueller counter with a replaceable end window. Thin
nylon films, 10-50 micrograms/cm? thick were used as counter windows. The radioactive source material was
cesium chloride in hydrochloric acid solution obtained from Oak Ridge. Thin uniform sources, 10-25 micrograms/
cm? were deposited on nylon or tygon films by the usual eyaporation methods and the films were supported by a
lucite cylinder the sides of which had been cut so as to leave only a narrow range held by four thin strips. The
resolution of the instrument was varied between 1.5 and 2.3%, except in the investigation of the end point of the
highest energy beta component when-a resolution of 3.5% and a source up to 50 micrograms/cm® were used.

ANGULAR CORRELATION OF THE GAMMA RAYS OF BARIUM-134. M. G. Stewart, R. P. Scharenberg, and
M. L. Wied