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ABSTRACT

Recently, interest has been revived in two

198

aspects of the Au decay scheme. These are: (a) the

shape of the dominant B-transition from the ground

198 to the first excited state in Hgl98,

state of Au
and (b) the experimental values of the internal con-
version coefficients of the 412 kev. transition in

198

Hg , which is known to be pure ER.

The radioactive isotopes Aulgg and Aulgg are
investigated, with primary consideration being given
to the Au198 isotope. The Aulgg, which appears as a
contaminant in Rulgg, is investigated as a precursor
to the main work, in order to establish proper con-
taminant subtraction from the 4ul98 spectrum, The
experimentally determined properties of the Aut99
isotope are discussed in the Appendix and are compared
with the results of other workers.

The first part of the thesis discusseg some
theoretical aspects of beta decay, the instrumentation
used in the beta investigations, and the source pre-

paration technique developed for precise beta inves-

tigations., The second hart of the thesis is devoted



to analysis of the Aulgg data, and interpretation of
the results.

The Au198 continuum is found to exhibit the
allowed shape. At the same time, using the Peak to
Beta Spectrum technique, the conversion coefficients
for the 412 kev. transition in Hg198 are found to be
in complete agreement with theory. The results are
tabulated and compared with those of other investi-
gators: A possible explanation is given for the dis-
agreement between the predicted conversion coeffici-
ents and those obtained experimentally by other workers

who have used the P.B.S. technique. -
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Chapter I
THEORETICAL CONSIDERATIONS

Introduction:

The existence of beta (B ) and gamma (¥)
radiation emitted in the decay of radioactive elements,
became known very soon after the discovery of radio-
activity by Becquerel in 1896. The energy spectrum
of the B -radiation was found to contain both a
continuous component and discrete lines. The former was
completely unexplainable at first, whereas the line
spectra were found in 1920 to be due to atomic electrons
interacting with the excited nucleus. Because the
B-line "series" occurred at energies corresponding to
the difference in energy between the atomic shells, it
was concluded that the B~lines were photo electrons
expelled by monochromatic ¥y quanta emitted from the
nucleus. Later when conversion electron theory was de-
veloped, this simple explanation was abandoned. In-
stead, electron conversion must be considered an
additional mode by which excited nuclei decay. Thus
the excited state of a nucleus can de-excite by emission
of ¥ quanta or by direct interaction with the atomic

electrons.



Tn 1934 the first acceptable theory for the
continuous spectrum was presented by Fermi., It was
pased on the neutrino hypothesis first suggested by Pauli,
and peralleled Fermi's earlier work on photon emission.
The theory preserved the laws of Conservation of Energy
and Momentum which were put in jeopardy by the inter-
pretation of existing data at that time. The experi-
mental facts indicated that although the parent nucleus
was in a definite energy state, as was the daughter
nucleus, the energy of the emitted electron was not
necessarily equal to the difference between the energy
of the nucleus before and after emnission, but could
have any value between zero and the total disintegration
energy between the two states.

It seemed that momentum was not conserved
either, since from cloud chamber and photographic
emulsion experiments it was observed that the B~particle
was usually emitted at an angle other than 180° to the
track of the recoiling nucleus.

With the development of Wave Mechanics, the
property of intrinsic angular momentum or spin of the
particles became of interest. If the initial nucleus
A emits a @-particle leaving a product nucleus B, the

angular momentum of the system (B + §) consists of
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three partss; the angular momentum of B, its rotatiohal
angular momentun with that of B about their common
center of mass, and the spin of (. For the total an~-
gular momentum to be conserved, the resultant of these
three contributions must be equal to the angular momen-
tum of the initial nucleus A, Since the mass no. of B
equals that of A, ifs angular momentum must equal that
of A or differ from it by an integral multiple of h/2m
The second contribution due to rotational angular momen=-
tum, can only be zero or an integral multiple of h/2w
and finally, the spin of the B-particle (electron or
positron) is known to be 1/2(h/2m. When two or more
angular momenta are added, the resultant is elther equal
to the sum of the components or is less than the sum by
an integral multiple of h/2m However, when the three
contributions are added in accordance with this rule, it
is found that the total angular momentum of the system
(B + B) must differ from that of A by an odd multiple

of 1/2(h/21m).

Therefore, to preserve the laws of Conservation
of Energy, Momentum, and Angular Momentum, the neutrino
(¥ ) was postulated as being a third particle in the
process of beta decay. Each B -decay event is accom-

plished by the release of a total amount of energy equal



to the end point energy of the spectrum. This energy

is shared between the B-particle, the neutrino, and

the recoil nucleus, but the energy of recoll is usually
negligibly small relative to thzt ascribed to the  B-
particle and neutrino. The neutrino was postulated to
have spin 1/2(h/2m™, to be electrically neutral in order
to conserve charge during B-decay, and to have a van-
ishingly small rest mass. The neutrino has such a small
interaction cross-section with other matter that for 25
years it defied positive identification. Not until the

V)

recent (1956) reports of Reines and Cowan can the

pneutrino be said to have been detected experimentally.

Thus, for

B~ emission, gAqwéyg;%Bq + ¢~ 4 neutrino .+ . (I~ 1)

gf%cq + e + neutrino . . (I- 2)

where p is the number of protons in the parent nucleus,

p* emission, %Aqm»%

n the number of neutrons, g the atomic mass, e¥ the
emitted B -particle, and B or C the daughter nucleus.
The neutrino was assigned Fermi-Dirac statistics
as well, for without the neutrino the number of par-
ticles in the system before and after B -transformation
differs by one unit. This implies that the statistics
for the system would change either from Fermi-Dirac to

Bose-Einstein, or vice-versa. The heutron, proton, and
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electron are known to obey Fermi-Dirac statistics so
that the existence of the neutrino with Fermi~Dirac

' statistics, conserves the statistics of the system.

(1) Beta Decay:

I1llustrated ih fig. 1(a) is a typical B
transition. Fig. 1(b) illustrates the associated
momentum continuum. The end point and continuous mo-
memtum distribution both indicate the process is one in
which the totallavailable energy is shared by two par-
ticles, the g ~particle and the neutrino. The upper
energy end point corresponds to the case where the B~
particle receives all the available energy. It 1s
determined from a Fermi analysis (tobe discussed below)
and its determination yields a value of the total tran-
gition energy for the beta decay process.

In the analysis of the p-continuum it is
assumed thats

(1) the B-particle and neutrino are emitted
simultaneously,

(2) the particles are relativistic,

(3) the recoil energy of the nucleus is neg-
ligibly small.

The momenhtun distribution can then be represented
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by the relation

P(p)dp = T(p)iﬂ(z)
aF

i o o (T =23)

Here P(p)dp is the probability that a p-particle will

be enitted with momentum in the range p to p + dp,

T(p) is the nuclear transition probability and %%B is

the energy density of final states which represents the
possible nunber of ogcillatory modes per unit volume of
the p-particle radiation field. 1In order to calculate
%% , box normalization is used to obtain the gquantum
cogditions for the radiation field: A method devised
by Fermi<2) gives the energy density of final states as

dn = (L*'W)gpz(EmaX = EB)gdp o o o (L = L*‘)
:B C3h6

&

Here p = beta particle momentum, Ep y = maximua energy

" available for the transition, and Eg = the beta particle
energy. The nuclear transition probability T(p) can

be written as

TQW%fY%}@idﬁé

space
Here ¥; is the initial nuclear wave function, 4’f

is the final nuclear wavefunction and H is a Hamiltonian

for the systems
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Fermi chose H to be of the form

H = gPpf . e o (I -5)
Here g measures the strength of the interaction and 1is
thus a coupling constant while @B and 9 are time inde-
pendent wavefunctions of the beta particle and the
neutrino respectively. Since the interaction between the
neutrino and the B field is very weak, it is possible to
choose § a free particle plane wavefunction, ) =eig'£,
where g 1s the propagation vector for the neutrino and
r is the position vector with respect to the nucleus,
If Coulomb effects of the nucleus on the emitted B-par-
ticle are ignored then QB = eiz'ﬁ, where k is the pro-

pagation vector for the B-particle. So the momentum

distribution takes the form,
= o2l WiV . ~|2 dn .
P(p)dp = g< iVe exp.{i(k~ger|dtl EEB (I-6)
\ ~ )

An expansion of the exponential in a Taylor series yields
exp. (i(K + 9‘).2\) = 1 + j_(“ls + 9.)9_1: -{-(_l_{. +_(1)-£]2 d o - -
2. (I-7)

The wave functions\vi and“Pf vanish rapidly

outside the nucleus so that integration over r is taken
from zero to the nuclear radius. In this region (k+g)er

and succeeding terms are small for transition energies

less than 1 Mev. Using this approximation T(p) takes the

j\{’;t{/f dt‘z CL (1-8)

2T LR 2
—-ﬁg &M\

il

form T(p) gg g2

o T(p) .. . (I-9)
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where [Ml2 is a constant and B = h/2m. Substituting
(I ~4) and (I - 9) into (I - 3) gilves

P(p)dp = -&21MI2 (g - E,)%p2dp . . . (I-10)

2ﬁ303h7 max B
This is true only for high energies, since at low energies

where Coulomb effects arise, @B can no longer be approx-
imated by exp.(i ker). To comﬁensate for these Coulomb
effects the Fermi function f(z,p) is introduced so
(I - 10) becomes

P(p)dp = B2 M2 ig,p)p? (B, - Bg)%dp . (I-11)

Eﬁ?CBh max
Rewriting (I - 11)

P(p) 5 - | -
?ﬁ%ﬂ oL (B - Eg) e o o (I-12)

This is usually converted to the form

7_\2%(&5%\_)_ o (0 = o) . . . (I-13)

Here1\and ®» are momentum and energy in relativistic units,

i.e. = p_ s w=_§ ; My 1s the electron rest
moc mocz

mass, and ¢ is the velocity of light.
The plot of (I = 13) yields a straight line
where the left side and w are the variables and w, is

the intercept corresponding to the maximum energy
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available in the transition. The plot of (I-13) is
called a Fermi-Kurie plot and is illustrated in fig.l(c).

If a spectrum contains more than one beta feed,
the Fermi plot will reveal two or more straight line
segments. The end point of the most energetic feed is
found from the intercept on the energy axis. The total
feed can be reconstructed by extrapolating the line seg-
ment back to the vertical axis as shown by the dashed
line in fig.l(c). If +this contribution to the total
spectrum is subtracted, the end point energy of the sec~
ond most energetic45~feed can be determined and its
momentum distribution constructed. The process is4re-
peated until all the partial spectra are found. The
relative beta partial intensities can be determined
from the component parts so constructed.

If only the first term 1 is retained as an
- approximation to the exponential in the expansion of
exp.(i k°r), this corresponds to an "allowed™ transition.
If the resulting value of the matrix element ,M} be~
comes vanishingly small, higher orders in r must be
retained and then the resulting Fermi plot may be non-

linear. This corresponds to a ‘forbidden' transition and the
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highest retained order of r indicates the degree of
forbiddeness for the transition.

Teking forbidden transitions into account,
the right hand side of (I - 13) must include an energy
dependent factor (3n(w) known as the shape factor,
where n is the degree of forbiddeness. For an allowed
shape n=0 and Co(w)aLo. This is nearly constant, but
for precise work should be taken into account.

The orbital electrons surrounding the nucleus
affect the nuclear field so that the Fermi function must
be reduced for B~ emission and increased for B* emission,.
This screening correction S also appears on the fight
side of (I - 13). Both Ly(3) and s/ have been
extensively tabulated.

The final expression for the momentum distri-
bution, taking all the corrections into account, is of

the form

PnJan =138z ) o - wp) Cou) S g dn .. (T - 1)
Experimentally, the counting rate (C.R.) is a
measure of Ptﬂedn: In a fixed geometry counter like the one
used, the momentum interval accepted at the detector varies
directly with the momentum setting. Thus N, the normalized
counting rate (__C:Ro ), corresponds to a constant momen-
momentum

tun interval accepted by the detector. N replaces PVﬂ)d?\

in the analysis.
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(2) Internal Conversion

When a nucleus is in an excited state {the
excitation energy being insufficient for the emission
of‘nuclear particles), the de-excitation will proceed
predominantly by one of two competing mochanisms.
Bither a y-ray will be emitted or the nuclear excita-
tion energy will be transferred to one of the orbital
electrons resulting in the ejection from the atom of
this electron. The energy of the ejected electron is
equal to Ey - Eg, EV = ELl, By = ELll’ - = - egtc. de=
pending on whether it is emitted from the K, L,, L, .,
- - ovbit. The process is called internal conversion
cnd the branching ratio giving the number of conversion
electrons (Nce) to the number of photons (N, ) is the

internal conversion coefficient ¢« . That is

o = Nce
Ny
Depending whether the electron comes from the X, L.,
L,,, = = - etc. orbit, the conversion coefficient is
termed Qg s aLl, aLll ~ = - etc. Thus

a - humber of K-conversion electrons
K nunber of gamma rays

There are two exceptions to the de-excitation

modes described. In one, the nuclear transition is
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accompanied by an electron-positron pair. This vre-
quires an excitation energy greater than 2moc2(1,02 Mev. ).
The other exception arises when both initial and final
states have zero angular momentum. Then, due to a se-
lection rule govérning electromagnetic transitions, only
conversion electrons or pair production can occur. Photon
emission is absolutely forbidden.

The peak to beta spectrum (P.B.S.) technique of
determining the conversion coefficient involves the
determination of Ny in terms of the B-momentum continuum,
The ay conversion coefficient is obtained from the

following relation:-

it

a No. of K-conversion electrons
K No. of corresponding gamma rays

No. of K-conversion electrons
- Total no. Of transitions (I - 15)
No. of corresponding gamma rays
Total no. of transitions

But the denominator equals the absolute gamma ray
intensity, so
~area of K line

- area of @B-continuum
absolute y-ray intensity.

oK
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The gamma ray intensity is obtained from
measurements taken on a curved crystal spectrometer
or by gamma ray shape analysis of the spectrum ob-
tained using a scintillation counter. The present
work used this latter method. It will be described
in (V - 4).

The areas are determined from the momentum
spectrum obtained using the B-ray spectrometer. The
K-conversion coefficient depends, among other things,
on the multipolarity and the electric or magnetic
character of the transition. Thus a comparison of
the experimental conversion coefficient with tabu-

(5,6)

lated theoretical values serves to identify

the character of the transition.



Chapter II
THE INTERMEDIATE IMAGE SPECTROMETER

Introduction:

Since beta particles are charged, they are
deflected in a magnetic field. The trajectory of
each particle in this field is dependent on its mo-
mentum, so that an instrument with variable magnetié
field can be used to obtain the momentum distribution
of B ~particles emitted from a radiocactive source.

The magnetic analyzer is called a/g_rayv
spectrometer and was first designed and used by V.
Baeyer and Hahn(7). Their original unit was a flat
spectrograph and had no focusing ability. Since then
several different types of spectrometers have been
developed including the Intermediate~Image Spec-
trometer, so called because of its method of focusing.

The Siegbahn-Slatis spectrometer (fig.2) used
throughout this work and built commercially by LKB-
Produkter Fabriksaktiebolag of Sweden is the end
result of numerous rcfinements made on the original
intermediate-image instrument.

The magnet and pole pieces have been es-

pecially designed to give an axially non-symmetric
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magnetic field. The field is symmetric perpendicular
to the spectrometer axis fig.B(l), but varies in
strength along the axis from high at either end to
lower in the center. The field is non-uniform so that
electrons leaving the source reach the detector along
helical paths whose longitudinal cross-section 1is
shown in fig.3(2). The maximum g -particle energy
that can be focused in this way is about 7.2 Mev,

The field gradient set up in the spectrometer
by the coil placement is such as to give maximum
transmission. Transmission is defined as the percentage
of monokinetic electrons leaving a source which arrive
at the counter. If §p is the spread in momentum at
half-height of a conversion line profile for the mo-
mentum setting p, the resolution of the spectrometer
is the ratio $p/p expressed as a percentage.

The intermediate-image spectrometer has a
considerably larger transmission coefficient than most
other spectrometers, with a moderate 0.3 - 2.5 %
resolution as well. Thus it is ideally suited for
investigation of weak sources or for beta-gamma coinci-

dence work where high counting rates are essential.



A CROSS SECTION OF ﬂ«—PARTICLE ORBITS:
(1) PERPENDICULAR TO THE SPECTROMETER AXIS

(2) PARALLEL TO THE SPECTROMETER AXIS

Fig.3




- 16 -

(1) Spectrometer Chamber

The instrument is illustrated schematically
in fig.4. The cylindrically symmetric chambcr is
550 mm. from source to detector and about 260 mm. in
diameter. The magnet consists of a number of hollow
brass coils which are arranged coaxially within a
evlindrical jacket and appropriately positioned with
fiber spacers to produce the right focusing field
gradient. The electron trajectories are defined by an
annular slit located in front of the source, and a
baffle system located midway between the source and
detector. The slit nearest the source is referred to
as the entrance window while the central baffle is
called the exit slit.

The entrance window consists of a circular
aluminum ring, and a coaxial circular plate located
slightly further from the source. An angle of 359 is
bevelled on their transmitting edge, and they are both
attached to a shaft which projects outside the pole~
piece. The distance between the inner plate and the
outside ring can be varied from O to 30 mm. by rotating
the shaft which is equipped with a micrometer scale,

The whole ensembie can then be moved closer to or
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farther from the inner face of the pole piece, by
moving the supporting shaft parallel to the spectro-
meter axis. This position is again indicated by a
scale inscribed on the shaft.

The exit slit (central baffle) consists of an
outer circular aluminum ring of inner diameter 180 mm.,
and an inner circuler brass plate which is coaxial and
coplanar with the ring. The inner plate diamebter is
variable in much the same mannsr as a camera iris dia-
phragm and allows the annular slit width to vary fram
0 to 10 mm. This is accomplished by means of a shaft
equipred with a dial which projects through the pole=~
piece. The central baffle is held in place by means
of an aluminum and brass framework which supports it
along with a lead cylinder 10 cms, in diameter and
25 cms, in length.

The entrance window largely controls the
transmission of the instrument and once optimized is
then untouched. The central bafile determines the
momentum resolution and the lead cylinder, which is
coaxial with the spectrometer axis, prevents gamma

radiation from reaching the detector.



Sources are inserted into the spectrometer
chiamber through a hole drilled along the axis of the
pole-piece. The source holder fig.5(a) consists of a
stainless steel shaft attached to one end of a stainless
steel reinforced aluminum cylinder, whose open end 1is
machined to receive an aluminum source ring. The source
can be positioned along the spectrometer axis by varying
the distance it is inserted through the pole-piece. Once
the position is found where maximum counting rate at the
detector occurs, a locking screw is set on the shaft of

the holder to retain this position.

(2) The Vacuum System:

The chamber is evacuated by means of a conven-
tional rotary and oil diffusion pump combination as
shown in fig.5. The spectrometer chamber is evacuated
through Vy by the rotary pump during the roughing stage.
This pump then acts as backing for the diffusion pump
when valve V3 is open. During normal operating condi-

tions, V; is closed and V, and V, are locked in an open

3
position by means of energized relays. If for any
reason one of the several safety devices on the spec-

trometer proper is tripped, the relays are de~energized
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and the pump valves are closed by heavy springs in
order to protect the diffusion pumps in the event of a
vacuum leak.

To prevent oxidation of the hot diffusion pump
oil, valve V2 will not remain open unless a sufficiently
low vacuum pressure of 100 microns is reached. The
control panel contains a vacuum gauge which can be used
to indicate the pressure in the fore vacuum pump, the

diffusion pump, or the spectrometer tank.

(3) Current Regulation:

The current through the coils is measured by
the potential developed across a 0.0022+ water cooled
oil~immersed manganin resistor. A current of 1 ampere
through the resistor corresponds to 2 millivolts (mv.)
across it.

The voltage developed across the standard
resistor is fed to a precision potentiomecter where it
is compared against a continuously variable reference
source. The error between the two is amplified by a
D.C. amplifier and fed through the exciter windings of
the D.C. generator which supplies current to the

spectrometer coils. The generator output changes so
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that the error signal is reduced and a balanced condi-
tion is rapidly obtained. Thus the potential drop
across the standard resistor is constantly corrected to
equal that of the reference source. Error signals too
large to be handled by the D.C. amplifier activate a
motor driven potentiometer which in turn regulates the

generator output through a third exciter winding.

(L) Detection:

The control console is picbtured in fig.2., It
consists of the main spectrometer controls, plus recently
acquired automation equipment described by Konopasek

8)

and Connor( Particle detection is accomplished using
either a Geiger-Muller counter or a scintillation counter.
The spectrometer was originally provided with a Geiger
counter by the manufacturers but because of the long

dead time of the counter (approximately 25Qﬁseconds),

a scintillation counter (dead time approximately l/&~
second) was fitted during the process of automatiﬂg the

spectrometer. The scintillator is a piece of NE102"

scintillating plastic which is recessed into the face

+ Available from Nuclear Enterprises, 550 Berry St.,
Winnipeg, Manitoba.



of a lucite light pipe optically coupled with Dow
Corning Vacuum grease, to a low noise E.M.I. 10
photo-multiplier, type 9524SA. The light guide pro=~
Jects through the pole~piece and the scintillator is
located at the focal point of the spectrometer. The
photo-multiplier is completely enclosed in a mu-metal
lined brass cylinder in order to shield it from any
Stray magnetic field which could change the gain of the
photo-multiplier considerably. Power and output signal
connections are made through one end of the brass cylin-
der which shields the photo-multiplier, while the other
end is bolted to the outside of the spectrometer pole=
pigce and made light tight with plasticene. A block
diagram of the detection apparatus is illustrated in
fig.7. High tension to the photo-multiplier is supplied
by a Hamner model N4Ol high voltage power supply. Output
pulses from the photo-multiplier are fed via a transis-
torized preamplifier into a T.M.C. AL-2A linear ampli-
fier whose output is coupled to a Hewlett-Packard

scaler model 521 ER. The counter is coupled to a

Hewlett-Packard model 561 B digital printout recorder.
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(5) Automatic Data Recording:

The stepping potentiometer is connected to a
timer® which operates on 60 c.p.s. line voltage and can
be set for time intervals from 1 to 2000 seconds. At
the end of the chosen time a pulse from the timer triggers
the recording device which prints out the numbers
appcaring on the scaler and stepping potentiometer at
that instant. At the same time a pulse is fed to the
stepping potentiometer and advances it one unit initia-
ting the next cycle. After 10% of the selected time
period has passed the scaler receives a delayed pulse
from the timing mechanism which clears it to zero.

This 10% period is inserted so the generator and D.C.
amplifier will have had time to become stabilized on

the new current setting. This settling down time is of
the order of 1 second. In order to increase the stepping
rate by a factor of two, an auxilliary mechanism was
incorporated which allows the stepping potentiometer to
be advanced on the scaler clear pulse as well as the
print pulse. Since all of the runs taken throughout

this work were 500 seconds or more per point, the

+ Interscience Timer/Counter N.65



error due to the omission of the generator recovery
Time in this double-step position is negligible, The
main advantage of the double-step unit is that it
allows closer examination of conversion line spectra
without readjustmenf of initial conditions. The run
proceeds by double steps on the gross continuum until
the region possessing conversion line structure is
approached, The control is then switched to the
Tsingle-step™ position consequently allowing twice
as many observation points per selected momentum

interval to be taken.

(6) The Scanning Potentiometer:

The Inter-Science automatic scanning potentio-
meter, provides a steppable reference voltage from
zero to 1.5 volts. The voltage developed across the
. 002, standard resistor in series with the coils is
compared with this referemce., The 1.5 volt power
Supply for the potentiometer is stabilized by two
Zener diodes in parallel. These diodes are located
in a temperature controlled oven to ensure that no

thermal drifts in the diodes occur. . The stability
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is good to 1 part in 10%, Levels for the output
voltage are set with two helipots and are variable
between O and 1.5 volts. The voltage between the
two helipots is then divided into 9999 parts across
the scanning potentiometer. A reading of 5000 on
the scanning potentiometer digital meter indicates
that one half of the total difference between the
two helipots is being fed to the D.C. amplifier as a
reference. The figure on the meter is printed on
the recorder tape next to the number of counts which-
have accumulated, when the print command from the

timer is received.



Chapter IIT
SPECTROMETER PERFORMANCE

Introduction:

The.functioning of the automatic equipment
including the scintillation counter was tested to be
certain of proper performance. The well known con-
version lines in Thorium (B + C) were used to check
the linearity of the momentum spectrum. The momenta
of the strongly converted transitions in Thorium B
have been accurately determined. A plot of momentum
versus millivolts for the observed conversion lines
indicates the linearity of the instrument. At the
same time, the spectrometer is calibrated, thsa{ is,
since the millivolt reading is a constant times the
B =-particle momentum, the calibration of the spectro-
meter implies determination of this constant.

To detect any possible instrumental distortion
of the shape of a B -spectrum, the Sodium-2L (Na?k)
isotope, which is known to have a single high energy

allowed @ =~transition, was investigated.

(1) The Thorium F Line Calibration:

Thorium sources are obtained from a "pot”
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containing radio-thorium which decays with a 1.9 year
half-life by way of ThX to'gaseous Thoron. Thoron
decays by a-emission to ThA with a 5L second half-life
and the latter is a solid at room temperature. The
process of a-emission disturbs the extra nuclear
structure of the resulting ThA atoms by ionization
and produces both positively and negatively charged
ions which can be collected by electrostatic attrac-
tion. To prepare a calibration source, the ions are
collected on the tip of a rounded aluminum needle or
wire which is kept at a negative 300 volt potential.
The ThA collected in this way decays by o =-emission
with a 0.16 second half-life to ThB. ThB in turn
decays to ThC, ThC', and ThC". The ThB along with
ThC, ThC' and ThC" comprises the Thorium active de=-
posit which decays with an equilibrium half-life of
10.6 hours; that of ThB.

The source obtained in this way is only a few
atoms thick and source absorption effecté%are negli-
gible. Although electrons of the intense conversion
lines are strongly backscattered by the backing, this
does not affect their shapes or positions and hence

lines from such sources are sultable for calibration.
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The backscattering of electrons does however, render
such sources unsuitable for observations of the B -
continuum. The series of intense well separated con-
version lines found in the Th source made an excellent
calibration since the Bp values of these lines have
been determined by Siegbahn and Edvarson, and Lindstrom(10)
to within 1 part in 104,

The Thorium F-line is the most intense of the
many conversion lines and was used to test the function-
ing of the automatic equipment. Fig.(8) shows the ex-
perimental line shape of the F-line. Its momentum

value in units of Be is known and from the relation

3

P
170k oL

1t

Bp = P/e

\

= K x (mv.)

!
if

e
myC
where mve is the millivolt reading corresponding to a

given Bp value and K is the calibration constant. Fur-

ther lines in the spectrum allow a chack on the value of

K determined.

(2) Demagnetization Prozedure:

Demagnctization of the spectrometer prior to
any investigation is essential in order to remove any

possible residual magnetism in the spectrometer which
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could alter the momentum calibration. The current is
increased to 650 amperes in the forward direction and
then decreased to zero. The current is then increased
to 650 amperes in the reverse direction and again de-
creased to zero. The cycle is repeated for successively
smaller values of current until a current value of 10
amperes is reached. The process can be compared to
taking the spectrometer around hysteresis current loops

and in this way the demagnetization is accomplished.

(3) Distortion Investigations:

It is very important that the spectrometer does
not introduce any instrumental distortion into the =~
spectra. This distortion could be introduced by scatter-
ing inside the spectrometer or from source thickness or
source backing effects, most of which tend to increase
the number of low energy counts. In order to test for
spectrometer effects a source whose spectrum is long
and consists of one beta feed having the allowed shape
would be desirable, the source itself being as thin and
uniform as possible.

Nazl+ which decays with a half-life of 15.0
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hours was chosen to check the spectrometer. Its

activity is due to one beta feed which is known to

(11) o 21

yield a straight Fermi plot A shipment of Na
was obtained from Oak Ridge National Laboratories,
Oak Ridge Tennessee, in a solution of HCl. The mater-
ial received had a specific activity of ~ 1000 milli-
curies per gram of Na. The source was prepared by
subliming Na?t in vacuum onto a V.Y.N.S. backing (dis-
cussed in the next section). Visual observation showed
that the quality of the source was no better than that
of the Aul98 and Au199 sources used throughout the
experimental work. Since its spectrum is quite long,
in‘order to sublime sufficient activity to give rea-
sonably good statistics (~1%), enough Na®¥ material
had to be sublimed to make the source quite visible.
The analysis of the data obtained for the NaRh
yielded an end point of 1392 kev which is in good
agreement with the accepted value of 1391 kev (Nuclear
Data Sheets). Fig.{( 9 ) shows the Fermi plot of e,
The Fermi Plot is straight down to less than 150 kev.
The small upward curvature evidenced at energies lower
than this is believed to be due to source absorption.

The spectrum for Na?l is much longer than that of
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sither a9 (end point 960 kewv) or £ut9? (end point
L60 kev) so that absorption and scattering effects
would be much more noticeable in the case of Na2h°
The conclusion was that the spectrometer was reliable
198

for precise investigations of the spectra of Au

and Aul99°



Chapter IV
SOURCE PREPARATION

Introduction:

The method of source preparation used is next
in importance to absence of spectrometer distortion
for the precise investigation of B ~ray spectra. Ideally
the source should be strong enough so that the statis-
tical accuracy in the number of counts (AN ) is 1% or
better over the entire spectrum. The sodice should
be invisible (massless) and supported by a massless
conducting backing. Source thickness produces both
absorption and backscattering in varying degrees,
depending on the thickness of the source. Source
backings produce backscatter and for this reason are
usually made from thin materials with a low atomic
number. Both source absorption and backscattering
will distort the spectral shape by giving an excess
number of low energy particles such that an analysis

of this spectrum will yield erroneous results.

(1) Source Backing:

Since source backings are to be as thin and
weightless as possible, organic compounds and aluminum

foils are usually used. Organic compounds such as
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zapon, collodion, nylon, formvar, and V.Y.H.5. resin
find wide application. They have thicknesses corres-
nonding to surface densities less than or equal to

20 Mg/cmz° In the past, most workers used drop sources
deposited on one or another of these organic films.
Fach film is made conducting so as to prevent charging
of the source as the beta particles are emitted.

Douglas(lz)

reported shifts in energy of as much as

19 kev for the L6.9 kev conversion line in the spectrum
of Tul’7? by using an ungrounded nylon backed source.
Thus evaporation of gold or aluminum metal onto these
films is essential. V.Y.WN.S. has the most desirable
properties of all the organic compounds. It is strong,
has excellent chemical resistance, is easily handled,
and may be obtained in thicknesses varying from 1 to
lO;gg/sz.

Aluminum foil is also used for source backings
mainly because of its far superior tolerance to heat.
The thickness is much greater however, and varies from
about 200 p,g/cm2 to larger values. It has the advan-
tage that it is already conducting but work done in

this department indicates that when it is used, even

with the thickness mentioned, backscattering 1is
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always present. All the sources used in this investi-

gation were devposited on V.V.H.3. backings.

(2) Preparation of V.Y.N.S. Source Backings:

V.Y.N.S. resin (a polyvinylchloride acetate
copolymer) is commercially available from Shawinigan
Chemicals Ltd. (Montreal, Canada). Its mechanical
strength and chemical resistance make it a very good
source backing material. GCreen,{previously of this
department ); has devised a method for preparing very
thin V.Y.N.S. films and this method was used through-
out, V.Y.N.S. is dissolved in 2 to 3 times its volume
of cyclohexanone. A small amount of the solution is
spread evenly along the edge of a clean glass plate.
The coated edge is carefully brought in contact with
the surface of still water where surface tension
spreads the solution evenly over the water. The cyclo-
hexanone evaporates leaving a thin V.Y.N.S. film. This
is then mounted on one face of a circular source ring
after being removed from the water with a small wire
hoop. The hoop is allowed to pass under the film in
the water and is then raised until its circumference

is totally in contact with the film. A small paint
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brush is dipped into cyclohexanone and used to dissolve
a ring in the film outside the hoop's circumference.

By sliding and raising the hoop to one side, the V.Y.N.3,
film is 1lifted from the water. The hoop is then placed
concentrically over the source ring and brought down
until contact between the ring and film is made. The
paint brush is again employed to fcut? the film Ifree
from the hoop leaving it taut over the upper face of
the source ring. Any water which is clinging to the
film is allowed to evaporate. Then the ring and
film are ready to be coated with metallic gold to

render the film conducting.

(3) Gold Evaporation onto V.Y.N.S. Backings:

The vacuum evaporation of metallic gold onto
V.Y.N.S. is accomplished in the Edward "Speedivac®
model 12EA620 evaporation unit. The V.Y.N.S. coated
rings, described in the last section, are put inside
the bell jar of the unit at a height of about 5 inches
above a molybdenum filament.

A small piece of metallic gold is deposited on
the filament and when a preséure of 0.2 microns 1is

reached inside the jar, current is passed through the



filament by a variac control. Current is increased
until the metallic gold sublirmes. The process must
be carried out quickly as the V.Y.N.S. films are

easily destroyed by too much heat from the filament.

(L) Vacuum Deposition of Radioactive Source Material:
Work done in this department on cel3l (13)
showed that sources obtained by drying a small drop
of solution onto V.Y.N.S. backing were not of suffi-
ciently good quality for precise investigations. These
sources are very inhomogeneous and upon close examin-
ation were found to consist of aggregates of CsCl
micro-crystals. This crystalline structure causes a
strong absorption of low energy B -particles and a
loss of energy for 8 ~particles in general. Thus it
was decided that a vacuum sublimation process would
be very desirable since crystalline structure is
avoided and the sources are as uniform and as thin as
possible,

The evaporation chamber shown in Fig. 10
is evacuated by the usual rotary-diffusion pump
ensemble, the rotary pump acting as a backing pump

for the diffusion pump, as well as a separate roughing
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pump through an alternate valve inlet.

The 1id of the chamber consists of clear per-
spex which, when placed on top of an 0 -ring, forms
an airtight window for the chamber. The tantalum fil-
ament used in the evaporation process is clamped in
place across two studs projecting through and insulated
from the bottom of the chamber. The ring supporting
the V.Y.N.S. film is located over the filament by a
mask. The mask isolates the V.Y.N.S. from the fila-
ment except for a circular opening in its center. The
sublimed activity passes through this hole and is de-~
posited on the V.Y.N.S. film. The mask assembly is
supported by three rods which are screwed into the
chamber floor.

Power connections to the filament are made
outside the chamber on the two filament locating
studs. The filament supply is obtained from the
output of a 10 to 1 step~-down power transformer. The
transformer primary is fed from a variac, which de-
rives 115 volt, 60 cycle A.C. from a wall outlet
through a relay. The relay is controlled by a Schmitt
trigger circuit (Figz. 11) which allows both the ‘off"

and the "on® time at the filament to be varied
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depending on the settings chosen. he variac enables
the transformer to be varied from C - 130 volts A.C.
In preparing a typical source, the perspex
cover and the mask assembly are removed from the eva-
poration chamber. The filament is properly positioned
and a dimple, which has previously been formed in the
middle of it, is filled with radiocactive solution using
a hypodermic syringe. The solution is gently heated
with a heat lamp to speed the evaporation of the li-
quid. After several drops have been dried in the
dimple, the source holder is repositioned on its three
supporting studs. The dimple in the filament should
now be directly under the middlc of the V.Y.N.S5 sur-
face. The mask which shields the V.Y.N.5. from the
filament contains a central hole 2 mm. in dianmeter.
Once the source holder is positioned, the per-
spex cover is replaced and evacuation of the chamber
is begun using the rotary pump only. After most of
the air has been evacuated from the chamber, the dif-
fusion pump is inserted between the chamber and the
rotary pump by a valve arrangement. The rotary pump
now acts as backing for the diffusion pump. When the

chamber is evacuated sufficiently, the power to the



Sehritt trigger circuit is turned on, and the filament
is heated by increasing the variac reading from zero.
The filament supply is generally pulsed at a
repetition rate of about 1 second on, 1 second off,
since in this way more precise control of the filament
temperature is maintainable. TWhen the filament becomes
sufficiently hot to sublime the radiocactive source mater-
ial, part of the material is collected on the V.Y.N.3.
directly above the dimple. The collection efficiency
is not better than 2%, with most of the activity going
on the mask and a sigzable fraction of the whole re-
maining unsublimed. However, the source obtained in
this way is virtually unsurpassable with regards to

uniformity and thinness.



Chapter V
PRESENT INVESTIGATIONS

Introduction:

Both Aung and Aut9? have been investigated
many times and most of their characteristics are well
established. The main features of the decay schemes
are illustrated in Fig.l2. From the spins and parities
listed for the Aul98 it is evident that the intense
960 kev. @ ~feed is a lst forbidden transition (aI= 1,
and aAm=ves). As such, it may exhibit either an
allowed shape or non-allowed shape, depending on the
strengths of the various nucleon interactions.

For some time the transition was thought to
exhibit the allowed shape, but in the last decade as
instrumentation has become more precise, several in-
vestigators 14-17) nave reported deviations from
linearity. This non-linearity is most pronounced in
the low energy portion of the spectrum. Since there
seems to be some disagreement as to the extent of the
non-linearity, it was decided that a re-examination of
the spectrum might help resolve the situation.

The first excited state of the Aulgg daughter

nucleus (HngS) appears at 412 kev. It is populated
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by the 960 kev. B ~transition along with the majority
of the transitions from the upper excited level appear-
ing at 10388 kev. Thus its de-excitation represents
almost 100% of all the decay events. The spin and
parity of the L12 kev. level are known to be 27 and
the subsequent transition to the 0% ground state must
be pure electric quadrupole (E2).

Aulgg, with atomic number Z=280, occurs in a
region of the periodic table where the K-conversion
coefficient for ER radiation is in general agreement
with theoretical predictions. In the case of Aul98
however, the experimentally determined 412 kev. K-
conversion coefficient has varied from agreement with
theory to results which are as much as 30% low. The
majority of reported coefficients are about 15% low.

Many of the coefficient determinations were
made using the peak to beta spectrum (P.B.S.) technique.
Since this technique involves, among other things, a
precise determination of the beta continuum, the ques-
tion of the linearity of the 960 kev. B -feed again
arises. Thus the present determination of the spectrum
shape will allow the computation of the K-conversion

coefficient as well.
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Au19 is formed by neutron capture in stable

Au197. 20198 has an enormous cross~section for slow
neutron absoprtion (2.6 x 10% barns), Consequently,
Aul99 appears as a contaminant in the Aulgg, The
well-defined conversion lines in the Aul?9 decay
appear superposed on the Au198 beta spectrum and are
a means of deternining the total Aul99 contaminant.
A ratio of conversion line area to total beta con-
tinuum for the Aul”? enables a determination of the

percentage Aul?9 continuum in the Aul98

spectrum to
be made. In order to establish precisely the ratios
of line to continuum area for the several Aul99 con-
version lines, a separate examination of the isotope

was required.

(1) Experimental. Investisations:

The active materials were obtained in HC1
solution from Oak Ridge National Laboratories,
Oak Ridge, Tennessee. The specific activity of the
. A . ‘ | 198
solution was 35 Curies per gramn for the Aut~ and
10 Curies vper gram for the Aul?9, The sources were
prepared by vacuum sublimation of the activity onto

V.Y.N.S, films as described,in section (IV - L).

7




The sources examined were strong enough to give an
average statistical accuracy of 1% over the entire
spectrum and at the same time were virtually invisible.

An estimate of total source thickness including
backing was set at 20 pg/cm®. The V.Y.N.S. is known
to vary from 2 - 7 ug/cm? (18), the metallic gold
deposit was 5 ug/cmz, while the source deposit was
calculated to be from 5 - 10 pg/cm® (knowing the spe-
cific activity and counting rate at the detector).

Bach Aul98 source examined remained in the
spectrometer for about 60 hours, since the 220 nv.
long spectrum was scanned in 1/2 mv. steps at 500
seconds per setting. Thus after one complete run the
source material had decayed by almost one half-life so
that in order to acquire sufficient accuracy on another
run, without increase of source thickness, a new source
shipment was necessary. If a second source was pre-
pared from the old soluticn, too much stable salt
sublimed onto the V.Y.N.S. suggesting the possibility

198 and two

of source absorption effects. Four Au
Q - o -
Aul99 shipments produced sources of sufficiently good

quality to be analyzed.
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(2) Analysis of the Data:

The data was Fermi analyzed on the Bendix G-15
computer at the University of Manitoba. For radiocactive
decay processes, the well-known equation A = foe~ AR
applies. Here A is the number of radioactive atoms in

a sample at time t =t., and Ao is the number at t = 0.

1
In order to correct the observed counting rate for source
decay, normalization to constant Ao is accomplished by
multiplying observed values by ekt, where t increases

from point to point. At A= Ao/2,
42 - a,eNY | Tenalf-life. Taking natural

logarithms and cancelling Ao,
In 2= AT ie. .693 =AT

s0 A is determined in terms of the half-life [ for the
isotope in question. The 2ul98 work was corrected for
source decay using = 2.70 days, and for Au199,
= 3.15 days was used. |

In the Aul?8 work, the momentum calibration
constant {described in section III - 1) was obtained
by examining the intense L12 K-conversion line and

199

the contaminant Au 158 Leconversion line. . For Aut99

three of the intense conversion lines were useds
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In the analysis of the data, the Fermi plot was

obtained using the relation

a7 = 7\f5 0y = ©)%C (w w )z
85 described in section (I - 1). Here the normalized
counting rate N is a measure of P(T\ dw\, The computer
typed out values of millivolts (Constant X'q energy (w),
N/q?fs J:;;EEEWﬁand N for each point analyzed Table I
is a sample page.

Once the Fermi analysis was finished, the normal-
ized spectrum and the Fermi plot could be drawn using

g

N vs. mv., and ,|N/fRfS vs. respectively. A diagram
’ &

of the Au198 normalized spectrum show1ng the presence

of the Aut99 contaminant conversion lines is plotted

in Fig. 13. The corresponding Fermi plot is shown in

Fig. 1L(A), with @n end point energy of 950.7 kev. Run

no. 2 gave Qéo.é ev, To find the shape of the 960 kev.

g8 ~feed, the Aul99 contaminant and the low energy Aul98

g -feed must be subtracted from the original spectrum.
The shape of the Aut99 normalized beta spectrum

is shown in Fig. 15. The intense conversion lines are

labelled. In order to determine the ratio of conversion

line areas to total beta continuum for the Aul99, the



Millivolts

66 .1,000000000
66 .9000000000
67 .4,000000000
67 . 9000000000
684000000000
68, 9000000000
694000000000
69.9000000000
704100000000
704100000000
70. 9100000000
714100000000
71.9100000000
72«1, 100000000
72 9100000000
73 4100000000
73 . 9100000000
74 .4,100000000
74 . 9100000000
754200000000
75 4200000000
75 « 9200000000
76 .£4,200000000
76 + 9200000000
77 « 4200000000
77 « 9200000000
784200000000
789200000000
78 « 9200000000
79 4200000000
79. 9200000000
80,4200000000
80. 9200000000
81.4200000000
81.9200000000
82 .4,200000000
82 . 9200000000
83 .4,200000000
83, 9200000000

Energy

1.27977L96L71
1.283536L48534
1.28731510936
1,29111068660
1.29492306800
1.29875210557
1.30259765243
1.30645956279
131041541899
1.31041541899
L.31430994345
1.31822039785
1.32214664082
1.3260885321L
L.33004593267
1.33401870438
1.33800671036
1.34200981480
1.34602788298
1.35014158962
1,35014158962
L.35418947817
1.35825193035
1.3623288158.
1.36642000548
L.37052537115
L.374L6447858)
1.3787781236L
1.3787781236L
1.38292525970
1.38708607026
1.39126043263
1.395L4822519
139964932739
1.40386361975
1.40809098383
1.41233130225
1.41658L45869
1.42085033786

TABLE I

g

34.7337839060 5.893537L6964
35.8776007039 5.98979137399
31.5729942718 5.61898516387
26.8861966869 5.18519013026
24,.9284109150 L.99283595915
26.0223243245 5.10120616369
27 1489800034 5.239L77L1667
27.0565135531 5.20158759929
26.1303733830 5.11L178768955
25.5985195178 5.05949795116
24 .5842905230 4.95825478601
23.5793308583 4.85558553168
23 .574858L713 4.85539,78016
22,8776777930 L.78306155020
23.,0582499507 L4 .80190066023
23 ,12569L5667 1,.808918232.48
22,922793L61L 478777541885
22.9072899755 1.78615607513
22.76689049L L L. T71LL6628348
22, 7TL13954164 L.76879391632
22.6547125559 4.75969668738
22.2531445991 4.71732388109
22 .602475063L 1 .75420603922
224780548009 4 .74,11026988/
22.3664915879 L.729322529,48
22.0927543021 4.70029300173
22.3092965130 4.72327180L73
22, 1267873441 L.73569291067
22,31K0872150 4.7265L671126
22.2775608100 4.71991110192
22.002972418L 1.69073260998
21.0483901440 458785245447
21.0358205344 14.58659138515
20.8538685957 L.56660361710
20.6281638728 1,.5,81238,872
20.689656717L L.54858843131
20.80959686LL L.56175370493
20.4347912828 1,.52048573537
20.2716007082 1.50239943898

N

120. 977844339
126.123410024
112.026850355
96.1273237619
90.08621355L7
94 .8929976999
100.995995083
1006439554249
97 .87588946143
95.8837376737
92,8912661092
89.867577969L
90.6239182143
88.6944061503
90. 1509040257
91.,1732431588
91,1252983150
OL.8L5152944LL
92 ,0062459215
92 .7070049532
92.3536357680
914877250094
93,7071178600
93.9701912467
9L,.2788366708
93.89053748L6
95.5838628415
96 .8643788LL7T
96.9952634107
96.9918061079
96.5587482430
93.0989845237
93.7767744189
93.6838451333
93 .384,6927096
91 .3800072907
92 ,64,82879085
9L . 74,61392605
948923719754
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momentum spectrum must be reconstructed for the O - 55
mv. region where the detector efficiency is less than
100%. From the Fermi plot for the aut??, three line
segments occur indicating the presence of three beta
groups. In order to determine the relative intensities
of these groups, the method of separating the composite
Fermi plot into its component parts discussed in
section (I - 1) was employed.

Reconstructing the feeds, assﬁming an allowed
shape for each, and summing the three component spectra
gave a total continuum area of 2.78L5 in arbitrary
unite,. The relative beta transition intensities for
the three components were 6%, 71.4%, and 22.6% for
the 460 kev., the 296 kev., and the 250 kev. B -groups
respectively. The conversion line areas for the
158 L and M lines, and the 208 K line, are 0.515,
0.177, and 0.169, in the same units. OSince the areas
of the Au199 lines superposed on the Aulgg spectrum
were known, the total continuum area present could be
calculated. This method was employed in calculating
the percentage Aul99 in two Au198 runs. Values of
2.1% and 2.2% Aul99 contaminant were obtained.

The lOgTO ft values were determined for the par-

tial 8 -feeds in both isotopes. The values obt=ined were:

Q¢
Aut8: ggzr%y % % £t Aut99: E?grgy logdo
eV, AL GV.
960 kev. 7.3 206 kev., 5.8
1370 kev.  1l.L4 461 kev. 7.6



(3) Gamma Ray Investigations in Au198:

In the conversion coefficient calculations, the
relative gamma ray intensities for the Hg198 isotope
must be known. The intensity ratios were found by shape
analysis.

The gamma ray spectrum associated with the decay

SR of Au198 is pictured in Fig. 16. The intensity of the
high energy gamma ray is approximately 0.25% so a
precise determination of the spectrum is essential.

A circuit for removing pulses produced by two
coincident gamma rays entering the detector simultaneously
was built(lg). If these pulses are not removed, they
produce too many higher energy counts. In the case of
a spectrum with a weak high energy gamma ray component
like that found in Aulgg, the intensity of the high
energy gamma ray may be artificially increased.

Fig. 17 represents the block diagram of the
circuit. The detectors are integral line scintillation
detectors available commercially from Harshaw Manufac-
turing Co. Ltdt The linear amplifiers are manufactured

by Nuclear Enterprisegqénd have model number NE5202

+ Harshaw Manufacturing Co. Ltd., Cleveland, Ohio.

++Nuclear Enterprises, 550 Berry St., Winnipeg, Man.
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The kicksorter is a product of Computing Devices of
Coanada Ltd}, model AEP2230C while the slow coincidence
unit was built in the Department.

Consider the illustrations below.

i > TO KICKSORTER
(a) s ADDER

)
() ey ¥ 2 I
‘ DET. I | 2 % ‘DET T
2 i1
> ADDER <
N (" COINCIDENCE
~ = ~ UNIT <
\
| GATE O

KICKSORTER

In case (a), signals reaching the kicksorter are

due to the following possible detection combinations; -

(05055 (Yt N00)s (x21+-5i11); (f.+ §.)

it ¥yl Bnd

single ¥ events.
In case (b), where the coincident event is
employed, contributions to the output signals are due to
+ \ o
(N W) and (Vo7 ¥ o)

+ Computing Devices of Canada Ltd., Ottawa, Ontario.
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If both detectors are identical models and
equidistant from the gamma enitting source, the source
s0lid angle subtended by each detector is the same.

For two cascading y ~rays vy 1 and y the number of

2’
counts produced by both y-rays entering Detector I
simultaneously is proportional to (eIlU)Il)(elzw I2).
Here the e's represent efficiency of detection for
energies 1 and 2 by Detector I. The w 's are the
solid angles at Detector I for energies 1 and 2, and
are clearly equal since the solid angle is simply a
geometrical quantity. Thus the number of sum counts
. 2
is "“(eIleIZ) w7
In Detector II, the same argument gives the
number of pulses produced by vy 1 and y , entering
the detector simultaneously as ”"(eIIlUDIIl)(eIIZU)IIZ)
o]
I L] 4_" EN
or c&(eIIlelzz)u)II, But if the detectors are
identical, the efficiency of detecting energy 1l or

2 is the same in both. Thus eqq=¢€1pq~ €1, and
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€12 =€112= €3, So that the total number of pulses
produced by vy 1 and vy > entering Detector I or II
simultaneously is Q&Zelezcnz, the geometry being the
same for both,

For both detectors feeding the kicksorter as
shown, an output from Detector I can sum with an output
from Detector II, thus producing a sum pulse again.

For y , entering Detector I, and vy » entering Detector II,
the number of sum pulses produced by cascading Y

and y,, will be proportional to (eIlwIl)(eIIZwIIz)°
For y 1 entering Detector II and ¥, entering Detector I,

the number of sum pulses is proportional to

lerporp)lerpiwrp). But epp=erp, ey, op = e111” ©1o
and QJI1=:wI2=:wIIl=(DIIZ=w s0 that the combined

contribution is again@;Zelezwz° The total sum con-
tributions from both summing methods iséjghelezwz.
In determining the shape of the gamma ray
Spectrum, the two signal outputs are set to the same
energy level by examining a mono~-energetic gamma ray
source through each detector system separately. The
amplifier for each detector is set to locate the
photo-peak of this mono-energetic y -source in the

-same channel in the kicksorter. Once this has been



donc, the two outputs are fed into the kicksorter
through the adder circuit.

To remove the sum pulses, the kicksorter must
be set to the coincidence mode. This mode requires a
gating pulse before the input circuit to the kicksorter
can pass a signal. The output from the slow coincidence
unit can be used as a gating pulse so that signals
register in the kicksorter only when pulses from De~
tectors I and II are in coincidence. The resolving
time of the slow coincidence unit uscd was 1 micro-
second. Thus if Y1 entered Detector I and vy,
entered Detector II, or vice versa, within 1 micro=-
second of each other, the sum pulse produced in the
adder circuit was registered in the kicksorter. The
coincidence spectrum was run twice as long as the
singles spectrum in order to remove contributions due
to yq and vy , entering only one detector. These
could not produce a gating pulse from the coincidence
unit.

The spectra which were analyzed had the sum
pulses removed in this way. However, the contribution

to the total spectrum for the high energy gamma ray
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was found to be of the order of 1%, so as it turns
out the circuit was not necessary for this particu-
lar investigation, but this result could not De
arrived at in advance. The background counting rate

was determined by rerforming a run without a source.

L

(4)‘Gamma Ray Shape Analysis:

Once the gamma ray spectrum was obtained with
sum pulses and background pulses removed, the relative
component gamma ray intensities could be determined,

The Aul?®

spectrum as shown in Fig. 16 contained three
major gamma ray energies. Each gamma ray component
had its own photo-peak and. associated Compton distri-
bution. In dissecting the spectrum into its componeﬁt
parts, the highest energy gamma ray and its Conmpton
distribution were removed first. In doing this, a
mono-energetic y-ray, with approximately the same
photo-peak energy as the component being subtracted,
was run separately in order to determine the true
photo-peak to Compton relationship. Plotting the
spectra on a log scale allowed the calibration peak

to be fitted under the photo-peak and hence the whole

component contribution could be subtracted, The

1278 kev. y-ray in Na?® was used as a calibration
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05137 with a

source to ‘unpeel" the 1088 kev.y -ray.
single ye-ray of energy 662 kev., was used as a calibra-
tion in unpeeling the 676 kev. y-ray. The 412 kev.
y ~ray distribution then remained alone. The photo-peaks
for the three energies were then plotted on linear paper
and their relative areas were determined. Tabulated
values of crystal efficiency as a function of source

(20)

distance, crystal size, and y-ray energy , were then

consulted to determine the relative efficiencies for the
three different energy peaks. Then from a curve(21)
which gives the f“photo-peak to total intensity ratio*
for different energy vy -rays, the y -ray transition
intensities could be deduced. Thus

N = Peak area
y TOTAL Efficiency x Peak area to total intensity

Using this relation, the y -ray intensities relative to
the 412 kev. transition were calculated. The results

for +two runs are shown in Table 2 below.

TABLE 2
L12 kev. 676 kev. 1088 kev,
1 . 0097 .0025
1 L0106 .0032
Av, 1 . 0101 . 0028
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(5) Theoretical ¢ x Considerations:

In order to determine the intensity -of the low
energy Aulgg beta feed,-the.Aulgg'gamma ray spectrum
as well as the beta spectrum must be utilized. From
the y -ray spectrum, the relative intensities of the
three vy -rays with energies 412 kev., 676 kev., and
1088 kev. were obtained.

A method for determining simultaneously -the
low energy p~feed intensity-and the K-conversion
coefficient for -the 412 kev. .transition was deduced =
as follows. Let the intensity of the low.energy B-
feed be x and the 960 kev. B ~feed be (1 - x). (The

1370 kev. B—feedwiswknown'tOMbe.less-thaanLOB%(zzy
50 was dgnored-in. the -calculations.) If ayg, a;, and

ay are the K, L, and M conversion-line-areas for--the

. 412 kev. traansitiaon, _ then, since the-conversion lines

for the 676 kev. and 1088 kev. are negligibly small,
reference to Fig. 12(a) will show that
No. of L12 conversion electrons (NceulZ)‘ per
disintegration + No. of L12 vy-ray photons per
disintegration + No. of 1088 vy -ray photons
per disintegration = 1 A A

Or, in another form,
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(a.{: +. ?. + al\ﬂ'.), 2 " NOe.O:? &12 keYo J/YS
disintegration disintegration

No. of 1088 kev. ¥'s

disintegration = 1 -2
Ir p = No. of 1088 kev. ¥ 's .. (V- 3)
No. of L12 kev. ¥'s
then
No. of L12 kev, V?S(l+ p) =1 - i§¥+ ay * ani12

disintegration - disintegration
and finally
(ag + ag, + ay)yio
No. of L12 kev., ¥'s _ 1 - disintegration
disintegration 1+p

Also from Fig. 12(a)

No. of 1088 kev. ¥Y's No. of 676 kev, Y 's

X o= disintegration
I - x No.of 412 ¥ev. y's+ (ax* ar* aphia =No.of 676kevy's
disintegration )

o K (V bt 5)
But the K~conversion coefficient for the L12 kev.

transition is

it ag (1* p)
B disintegration = disintegration

9% ¥ "No.of L12 kev.y 's 1 legrar® ay)
disintegration disintegration

(V - 6)
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If A is the total area of the Aul98 beta spectrum,

then A represents the total number of disintegrations.

Thus,

ag(l +p)
- i ag(l+ p)
~F

L. (ﬂ»méLiﬁMlmz A= lagrap+ayl,iz
!

=

(V- 7)

The area Al of the 960 kev. beta feed can be given in

terms of the total continuum, namel
A
1"‘X ° ° ° (V"“g)

S0 in terms of the 960 kev. beta transition

A =

axg (1 + P)
°x T T__A_
T % -lag+ ag+ aylyiz
(V- 9)
Also X -~ __No,of 676 y's+ No.of 1038 y's
1l -x No.of L12 transitions - No.of 0706 ¥'s
B No.of 6756 y's + No.of 1088 y's
No.of L12 ¥'s NcehlZ ~ No.of 676 ¥'is
(V - 10)

The conversion electrons Noeri2 “ag * ay ¢+ 1
can be represented by

= + a
Neepiz2 = Wypp (o --—§-{-——M ax
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so (V - 10} takes the fornm

X - No.of 676 yis + No.of 1088 y's
L=% Ny, (I¥@p* ai* M @) - No.of 676 y's

ax

(V - 11)

From (V - 11) and (V - 9), ap and x can be

determined.

(6) Determination of the ax Conversion Coefficient:

Once the relative gamma ray intensities were
established, the only remaining quantity to be deter-
mined before (V - 9) and (V - 11) were solvable was Ay,
the area of the 960 kev. beta feed.

The Fermi plot for the complete AulggvspectrUm
was found to be linear from the end point of 960 kev.
down to approximately 300 kev. Below this value, the
low energy Aul98 feed starts to contribute to the Fermi
plot. As a first approximation, without any prejudice
to the final result, the 960 g ~feed was assumed
linear below 300 kev, SOWitS continuum could be con-
structed. The area of the contingum found in this way
was 11.6103 in arbitrary units for Run #1 and 1lk.L6kL
for Run #2. Using these values for Ay, along with

the relative y-ray intensities 1 :0.0101676:0.0028

L12 1088
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and conversion line areas =0.332, a ., . =0.162,

i L+

=0.422, a;,,,= 0.200 for Run #2,

for Run #1, and a L+l

K
Qg and x were computed.

For Run i#l, @K==O.02965 and x=0.0124 :
for Run #2, a, =0.03017 and. x=0,0124. The average

values are aI==O.0299 and x=0.,012,4. This determin-

7
A

ation of O is in exact agreement with theoretical
values of Rose, and Sliv and Band. The uncertainty

in oy was estimated to be 2% so that the final value
is & = 29976 x lO-Z‘L° Table 3 compares the value of
N

aF.to those of other workers.

TABLE 3
Value Author
4 280 =15 De Vries! -0 23)

I.E.C.7 Method 280%15 Hultberg et 2%( 3

280 =15 Frey et all? (25)

303 £ 5 Bergkvist and Hultberg
Other Methods 3053‘10 Pettersson ?B %1(26)

301 - 4.5 Lewin et al'~’/

300 £ 10 Hubert (28) (15)
P.B.S. Method 281%5 Wapstra et a%

2853-15 Newbolt et al %9>)

28210 Hamilton et alll?

302 %6 Present work

205+ 6
Theory 302 Rose(5) (6)

208 Sliv and Band

# Internal-Bxternal Conversion.
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The value of aL*M can be determined from the

relationship
a_
ag - No.of corresponding ¥ 's = _8r
CT,+1] ar+M ar+M

No.of correspeonding y's

Using this method, ey L6110 x 107 for Run #1, and
GL+M=IUM+t 3 x 10~% for Run #2. The average value,
GL+M==1451 3 X lO"LP agrees, within experimental erroy

with the theoretical value 146 X ]_O“LP determined by

Rose(5).

The average value of x calculated was x=0.012L.

From equation (V - 11) x can be computed as a function

of ag. For ap=0, substituting known values of ay,

IR and the ¥ -ray intensities, gives x = 0.0130.

For o =0.03, the theoretical value, x =0.0l24h. Thus

X is not critically dependent on the Gy used. Sub-

K
tracting x =1.24% from the total auto®

feed leaves

the resulting Fermi plot straight down to 100 kev.
This indicates the transition is allowed and also jus-
tifies the assumption that the Fermi plot could be
assumed straight in the ap determination. he contri-
bution is smeall enough that a determination of<1K

assuning x =0 gives a value o, =0.0296, i.e. a 1%

K
change. This still agrees with theory to within ex-

perimental error.



Chapter VI

THE SHAPE FACTCR FOR THE 960 KEV. B ~FEED

Introduction:

Although the Fermi plot of the 960 kev. B ~
feed looked straight after the 1.2.% low energy come
ponent was subtracted (see Fig. 14wB)vin order to
compare the result with that obtained by other workers,
it was decided that the observations would be fitted
to the two major shape factor rorms used in the analy-
sis of Aul9® so far. These shape factors are given by:

Clo) = k(1+ aw * bw? + C/w ) .. VT - 1)
k(l+g(wo~w))2 o . L (VI - 2)

@)
€
1

Equation (VI - 1) was introduced by Kobani (30) wnile
equation (VI - 2) was derived by Wapstra(Bl). The
theory, which is lengthy and involved, will not be
discussed here.

The points in the Fermi plot were converted

to the C(w) vs.w form using equation (I -~ 1l4). ie.

N =
Snff(w —wo)z KG(w) e . L (VI = 3)

A plot of C(w ) vs.w for one of the runs is shown
in Fig. 18(A} The "allowed” shape function L, is not

presupposed.
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(1) Least Squares Procedure:

In determining the curves of best fit through
the C{w ) vs.w distribution for forms (VI - 1) and
(VI - 2), the method of least squares was used. A
short description of this procedure is now given.

By definition, 8 =(C(w ) -k(1+ aw+ b Clv))*

is the square of the distance between one experimentally
determined point C{w ), and the corresponding curve,
fitting the point distribution at that energy value w .
For n points the total § is given by

n 5 2
tp= 2. (C(w) - k(l+an+ bo+ C/w ))° (VI = &)
i=l

or, in another form where k is multiplied inside the

bracket.

Eq?=

2
(VI - 5)

" M=

; (Clw) -(k-*alw+af@+agmﬂ)

In order that the curve fit is the best fit,
corresponding to a minimum &g, §p is differentiated

with respect to ksal, a5, and a_, and the equations

3

50 obtained are set equal to zero. Thus;

o

34% =€( Clo) - (k + ajo + agw? * az/w)) =0 (VI - 6)
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aqw * a2w2 + aB/w) Jo =0
21

a1

(VI - 7)

2 2

W+ a,w” + as/w))w =0
2 ’ (VI - 8)

2 1 =

W+ aw +a o)) =0
2 308 Ty - 9)

n
If C(w) is replaced by y, and lél is abbreviated

by S, the equations can be re-written in the form

<y = nk

2 yo = kfw
& yuP=kgw?

I = kst
Z ) kel

This can be

/,-n So z0? 5_1(5 ‘\\

+ ali_w + a2§_w2 + aé%

+ al'iwz + azéwB + a.n

* a2£w3 + azi,wi* t a

3

/
ALY
3

+agn ot oajzw + a3£%52

(VI

(VI

(VI

represented in matrix notation by

"

Tw. @wzéwB n
\ﬁwz swd gt o

& » =v izlﬁ/ \as

\

fA

i
/

" x

al

as

/
/"é.y
{

g yo,
Z’wa.

2%

~10)

-11)

-12)

-13)

- (VI-14)
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After the 4 x L matrix on the left hand side of
the equation has been diagonalized, (the right hand side
of the equation undergoing the same operation for each
step in the diagonalization process on the left), the
values k, aq aé, and aj can be equated to the corres-
ponding element in the same row on the right hand side.
Thus the coefficients corresponding to the curve of best
fit are then known.

In performing a least squares procedure on
equation (VI - 2), the approach is identical,only here
there are two coefficients to be determined and thus

a 2 x 2 matrix must be diagonalized.

(2) Statistical Weighting of the Points:

The statistical accuracy of the experimentally
obtained points varies, so that in determining the curve
of best fit through the C(w) vs., w distribution, those
points known to greater precision should be weighted
accordingly.

In the original determination of the momentum
distribution, the counting rate at increasing millivolt
settings was recorded. The statistical uncertainty in

the counting rate (C.R.) is given by 4/C.R. , and is
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referred to as the Standard Deviation from C.R. In

"Statisticgl AdJjustment of Data" by Deming, weight is

. N . o ¥
iven as ww 2, where o is the "standard deviation" of
2 g i

f
the function, and in this case is+/C.R. &

For the form C(w) however, since N= C:Re | the
mv.e

dependence on C.R. is given by

= __CeR.
C(w) - S?‘{é(mvco)f(w - wO)Z

The uncertainty in C(w) due to the uncertainty in the

C.R. is

G - VC.R‘

£ ﬁ?(mv.)f(w =Wl R

Therefore, the weighting factor for the ith point is

given by

6., = SPn(mv.)272(w - o )k |
+ " T.R. (VT -15)

(3) Determination of the Shape Factor Coefficients:

Using the weighting factor described above, the.
I.B.M. Computer at the University of Manitoba was pro=-
grammed to perform the least squares fit of the shape
factor to the experimentally determined C(w) vs.
distribution. The results for the coefficients are

tabulated in Table L.



TABLE 4

T4BLE OF SHAPE FACTOR COZFFICIENTS (Lo excluded)

(a) clw) = k(1 + aw + bwR + c/w)

[ k a b e
29879+ 1108157 "000606 OGOOL‘,S "OalOL];O
2,880 10.7232 -0.0043  =-0.0082  -0.0606
2,881 9,6022 0.0667  -0.,0061  -0.0062
20882 809383 001206 "000361 Oa296o
aWy= *0.0014 = the uncertainty in the end point.
RUN 2.

2.878  13.7863 ~0.2187  0.0347  -0.2417
0,879 11.3769  ~0.1448 0.0194  -0.1715
2,880 10.6838  -0.1129 0.0117 -0.1498
2,881 9.6031 -0.0578  -0,0007 -0.1061
aw= * 0.0015
Hamilton et alll7) 0,33 0.075 0
(b) clw) = k(1 + glog - w))?
RUN 1.
Wy k g

2.879 9.9174 0,00456

2,880 9.8735 0,00562

2,881 9, 8297 0.00669

2.882 9.,7866 0.0077L
RUN 2.

2.878 7.3862 00,0111

28797 78561 0,0122

20880 797857 00013/4,

2.881 7,7512 0.0144
Chabre et gl L&) K 0.034%0.004
Viapstra (15) k 0.065%0,0L:-
De Vries (16) k 0.083%0.01

+ Bnd point determined from
(1) wy = 2.880 Z 0.001%4
(ii) oy 2.879 t 0.0015

the Fermi Analysis.
960»7 i 097 keVo
960,2 ¥ 0.8 kev.

o
[



For the shape factor proposed by Kotani, the
values of the coefficients obtained vary considerably
with the choice of the end-point w,. For different wg,
values, all within the error limits on the eXperimental
end point, the coefficients can c¢ither be made small or
quite large depending on the choice of Wy e The con-

clusion drawn was that the presence of the term in 1
W

allows a sensitive curve fit to be made to the points,
but permits very little reliance to be given the coeffi-
cients thus determined. However, the coefficients
listed are gsmall in general, and in the case of the
coefficient of w, found to be significantly lower than
that proposed by Hamilton et al(l7) whose coefficients
were used in determining curve (B) in Fig. 18.

For the shape factor proposed by Wapstra, the
values of g determined for the two runs differ in
magnitude. The values of g are so small, however, that
slight differences in source quality are significant
enough to produce the difference. There is a slight
variation in g with the choice of w,, but the values in
general are at least three times smaller than any other
reported values-

The coefficients in the shape factor determin-
ation were also obtained with unit weighting of the

points. The values were essentially the same so that
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the same conclusion could be drawn from either weighted
or non-weighted valuess

The coefficienté for a shape factor of the
form C(w) = ap + ayw * aémz, were also determined using
the computer. The results were similar to those of
form (VI - 1) as would be expected since the two
equations are identical except for the missing % term
in the latter equation.

The shape factor coefficients were also deter-
mined when the point distribution was corrected for the
allowed shape factor L,. This was done in order to get
an estimate of the deviation from the allowed shape for

the ‘Aulgg Fermi plots The. L, values vary from
0.88 to 0.83 and this is the form of the shape factor
of Fig. 18 (A).

The coefficients determined for the case where
L, is included as a correction, are listed in Table 5.
In the shape factor form proposed by Wapstra, g 1s
now effectively zero, and the coefficients for the
form proposed by Kotani are reduced. Ihis is further

evidence that the spectrum is alloweds Here the shape

factor ecoefficients have no theorstiecal: signifiicance.



TABLE 5
TABLE OF SHAPE FACTOR COEFFICIENTS (L, included)

(a) clw) = k(1 + aw + bw? + c/w)

RUN 1.

Yo k a b L
2.8g9 13.30 0.054 -0.016 -0.1 39
2.880 12.69 ~0.017 . -0,001 - -0.095
2.881 10.10 0.130 ~-0.039 0.021
2.882 9.75 0.170 -0.039 0,039

=t .

LWy 0.001L

RUN 2.

20879 120010 "00107 00015 “03150
24880 9,022 0.057 =0,020 ~0.022
20881 8.735 0.079 -0,024 ~0,004
2&882 80 295 09115 "'OnOBZ 00024
AW =%0,0015

RUN 1.
Yo k &2
2.878 11.845 -0.0024
24879 11.754 -0,0020
20 880 . ) 110699 ’ "'On 0017
2@ 881 ll 0606 "O oOOll

RUN 2.

20878 9e 322 "0300029
2879 96277 0.00009
2.880 9,233 0.00049
2.881 9,145 000127



(L) Conclusions:

The final conclusion made with regard to the
13.11198 960 kev. Bp-feed, is that the shape is allowed
within experimental error. Also, the 412 kev. con-
version coefficients are in exact agreement with theo-
retical predictions. If a slight shape factor for the
960 kev. B-feed is included, the change in the 960 kev.
g-continuum area is less than 1%. This in turn would
change the ag conversion coefficient by approximately
1% because of its dependence on the B-continuum. The
resulting value of ayg would still agree with theory
within experimental error.

Several other investigators have measured ay

for the 412 transition in Hg198

using methods other
than the P.B.S. technique. Some have found that their
values agreed with theory (See Table 3, p. 56). Thus
it would seem reasonable to assume that source absorp-
tion and backing effects, coupled with possible in-
strumental distortion of the beta spectrum, could ex-
plain the shape factors proposed by other workers.
Further, it would explain subsequent disagreement be-

tween computed ay values and theoretical predictions,

wherever the P.B.S. technique was employeds
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APPENDIX

Properties of the Au199 Isotope

The Aut?? decay scheme pictured in Fige. 12(b)
has already been referred to but the main properties
found during the present investigation will be out-
lined in this Appendix.

The Aut99 beta continuum is shown in Fige 15.
The corresponding Fermi plot reveals three distinct
line segments corresponding to the three beta groupse.
Separgtion of'thesg feeds yiel@ed end points of
4,61 L2 keve, 296 T2 kev., and 249 13 kev. respectively,
with corresponding relative intensities of 6,0 «0¢3%,
71,4 2%, and 22.6 T2%., Both the end points and in-
tensities agree well with the results of other workers
indicating the proper functioning of the spectrometers

In order to determine the conversion coeffi-
cients for the de-excitation transitions in the daugh-

199

ter Hg nucleus, gamma ray work was performed in the

198

same manner as for the Au isotope. The gamma ray
spectrum for the Au199 isotope is illustrated in
Fig. 19.

In determining the conversion coefficients

the following method was used. From Fig, 12 (b) it



Fig.19 Au’°GAMMA RAY
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is apparent that
Intensity of 296 kev. B-group * Intensity of

250 kev., B-group = 0.94 of all transitions.
o -] I

This is so since 6% of the decay events are to the
ground-state in Hg199 with no subsequent de-excitations.

another relation can be given by

(No.of 208 kev. transitions per disintegration) +
(Nosof 158 kev. transitions per disintegration) = 0.94, or,

No.of 208 kev.transitions , No.of 158 kev.transitions

disintegration disintegration
= 0091..), ® -4 II
io Ce 3 R
No.of 208 keve y's , No.of 208 kev., conv.e's
disintegration disintegration

No.of 158 kev. y's ; No.of 158 kev. conv.e's _ 0.9l
disintegration disintegration e

o o III

The beta continuum and conversion line areas
were determined using a Beta Ray Spectrometer. The
gamma ray intensities were determined using Scintil-
lation apparatus, whose relative detection efficiency
is different from that of the B-Spectrometer. Equa-
ting II and III and allowing for differences in the
detector counting rates by introducing constants gl

and 52, gives
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Ez(no,of 208 y's + Nosof 158 y'g) + g1 (No.of 158
conv. e's + No.of 208 conv. e's) =g, (No. of

disintegrations in 300 kev. and 250 kev. B-groups)

Since &l and £, are relative, if we set &, = 1, then

go(No.of 158 y's + No.of 208 y's) = 0.94 (Total beta
continuum area) - (No.of 158 and 208 conv. e's).
Using the values obtained in arbitrary units from an area
measurement nade on the beta spectrum.
2,(No.of 158 y's + No.of 208 y's) = 1.4245
From the gamma ray work, shape analysis gives the ratio
of the 158 kevs gamma ray intensity to the 208 kev.
gamma ray intensity as 4.55:1, and No.of 158 y's +
No.,of 208 y's = 80.416 in -arbitrary gamma ‘ray._ﬁnitse'
ThuS”gé *is found. to be 0.018165.

In terms of the arbitrary beta continuum units

i

No.of 158 y's = 1.16117 or 41.9 % in terms of the

number of decay events.

Also,

0.26324 or 9.2 % in terms of the num-

No.of 208 y's
. ber of decay eventse.
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Since all the values are now 1in the same
units, the conversion coefficlents ag, Oy and oy can

thus be determined directly from the relations

_ Neek
N'y 3 QL———- s ° 3 °

The results are compared with those of other workers in

Table 6.

TABLE 6

Transition K-Conversion Relative Conversion

Energy Coefficient Electron Intensities®™ Author
ay K L M ND
————— 188 318 84 20 Cressman et al(Bz)‘
0.33 200 298 65 de Shalit et all33)
158 0.191:32 L7 245 83  Sherk et all3¥]
Oe 2L - - - Siegbahn(35)
0.25%,02 172 305 103  Present work
e 100 20 5.9 1.2 Cressman et al
0.78 100 18 %7 de Shalit et al
208 OESLQ% 100 18 5  Sherk et al
0.62, - - - - Siegbahn
0.66_.04 100 20 7 Present work

% The intensity of the 208 K-conversion line is arbitrarily
set equal to 100, ‘
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The 158 kev, transition‘is from the 5/2- state
to the 1/2- ground state. Thus the transition‘may be
either E2 or M3, The theoretical ax value is 0.29 for
a 158 kev. E2 transition, and 26.5 for a 158 kev. M3
transition. The experimental value obtained was ‘
0.25 L 0,02, indicating the transition is pure E2,
Although Ml, El, and M2 transitions would be forbidden
here with the present spin and parity assignments,
theoretical Valﬁes of ap were obtained for these
transitions at an energy of 158 kev. The theoretical
predictions are: ML, ap = 1.87, M2, dK = 9,70, and
El, ap = 0.10. Since the experimenfally determined oy
does not agree at all with the firsﬁ two, and the
theoretical value for the El case still differs sig-
nificantly from the experimental value, the assigned
spins ~and parities can be assumed correct. Thus a
pure E2 transition is predicted.

The 208 kev. transition is from the 3/2- state
to the 1/2~- ground state and can be either ML or B2
The 208 kev. E2 transition has a theoretical ay value
of 0.152, while the 208 kev. ML transition has a value

of 0.836. The experimentally determined a, was

K
0.66 £ 0.04. The percentage contributions made by the
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E2 and M1 transitions can be obtained from the
relation

0466 = x(0.152) + (1 - x)(0.836).
Solving for x yields

x = 26.5% E2, and x = 73.5% ML.
Hence the 208 kev. transition is 73.5% ML and 26.5% E2.

The absolute intensities for the 208 kev. and

158 kev. transitions were also determined. The 158 kev.
gamma ray represents 41.9% of the total.number of decay
events. The total number of 158 kev. conversion elec-
trons in beta continuum units is 0.981 or 35.2%. So
the 158 kev. transition represents 77.1% of all transi-
tions. Similarly the 208 kev. transition represents
9e2% + 7.7% = 16.9% of all transitions. The remaining
6% are ground-state ground-state transitions. These
vaiues'are in excellent agreement with the average

values of 77%, 16%, and 6.4% respectively, given by
the Nuclear Data Sheets.
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