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I. INTRODUCTION

The probability of emission of a particle or 
quantum of radiation from a single radioactive nucleus 
depends on the angle between the nuclear spin axis and 
the direction of emission. In a normal radioactive 
sample the nuclei are randomly oriented, and there is 
no overall preferred direction of emission. Hence, 
the radiation pattern is isotropic. However, in a 
sample in which the nuclei are not randomly oriented, 
there can be preferred directions for emission.

This work deals with one method for selecting 
ensembles of oriented nuclei which happen to lie in a 
certain direction at the time of measurement. If the 
nuclei decay through successive emission of radiations 

and R2, the radiation Rj can be detected in a spe
cified direction with one detector, and this mea
surement picks out an ensemble of similarly oriented 
nuclei. Then the subsequent measurement of R2 in the 
direction k^ will show a definite correlation with kj. 
In 0™/ angular correlation studies a radioisotope 
emits in rapid succession a p particle followed by a
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/ -ray. The relative probability that the /-ray Is 
emitted into the solid angle of a movable detector at 
an angle & with respect to a fixed ^ detector is de
scribed by the directional correlation function, W(©). 
Theoretical predictions for W(e) have been worked out 
for most cases of Interest. In an actual experimental 
situation (Figure 1 ), the ^-/coincidence counting 
rate, C(&), is measured as a function of 9  , the angle 
subtended by the axes of the two detectors. Since the 
detectors have a finite solid angle XL, these numbers 
C(e) are actually averages over angles within XL ,
This means that the C(S) must be suitably corrected 
for the finite extent of the detectors. The distri
bution C(<9) is compared to W(<&) to extract the desired 
nuclear structure information.

In general, the directional correlation func
tion for a I?-/ directional correlation is of the form

W(6)- £ Ak(^)Ak(/)Pk(cos e)= AqqH- A22i:,2(cos © ),

where the Ak(j$) and the A^(/) are the directional 
correlation factors for the ^ particle and /-ray re
spectively, Akk« Ak(^)Ak(/), and the Pk(cos <9) are the 
Legendre polynomials. The integer k has only the 
values 0 and 2. Usually, the / correlation is



Figure 1. Experimental Situation
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described in terms of the normalized parameter, Agg*

a 22A oo *
For allowed (*> transitions, Ag(^)= 0, and the 

distribution is isotropic. In first-forbidden ^ 
decay, however, the angular correlation may be aniso
tropic, with Ag(|3)^ 0. Experimentally, Agg can be 
obtained from the measured anisotropy, defined as

, 0(90* or 270°)-C(l80°),
A” 0(90° or 2706)

and can then be compared to predicted values obtained 
from various nuclear models. Theoretically, the ani
sotropy is given by

W(90* or 270°)-W(l80*).
A~ W( 90* or 2?0*)

Sine® Pg(cos 90*)= P2(cos 270*)= -•£ and Pg(cos 180*) =
1 ,

A= 3Agp/(Agg“^).

Thus,

A22= 2A/(A-3).

The basic purpose of this experimental work was
to construct a directional correlation spectrometer
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and to test it with cases of known anisotropy. In 
this way the accuracy of the spectrometer could be 
determined, and systematic errors discovered and eli
minated



II. THEORY

The directional correlation function can be 
derived from the transition probability in a variety 
of ways (St 6 3), and can be written as

w(e , p ~ t f )=  £  Ak k ( w ) p k ( c ° s  0 )

where k has the values 0 and 2, Fk(cos 9 ) are the Le
gendre polynomials, Akk(W) are the energy dependent 
correlation parameters, and W is the p particle 
energy. In units of m0c2, W= E+l, where E= T/m0c", 
and T is the f3 particle kinetic energy.

The correlation parameters are separable into a 
product of a ^ parameter and a y1 parameter :

Akk(W)= Ak(W)Ak.

Comparison of experiment and theory is made through 
the normalized parameter

a 2 2 ( w)
a 22 ( w) =a^ ( w)a£

Ajf(W)A2*

In terms of the normalized parameter, the directional
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correlation function becomes

N(e,w)= i -j-a22(w)p2(cose ).

Each of the transition parameters can be ex
pressed In the general form

Ik=2 ,Fk(LLtInD b k(L,L'),
LtU

where the F-coefflcient contains the geometrical as
pects of the transition, and the particle parameters, 
bk(L,L'), characterize the dynamical aspects of the 
transition; 1.e., the nuclear matrix elements. The 
Integers 1 and L 1 are the dominant multipole orders 
of a transition, which amounts to |ln~l| ^ L,L'^ Iv + I, 
with the subscript n referring to either the initial 
nuclear state or the final state In the cascade

(3 yiIf— » I— »If, as the case may be.
At most, only two nuclear matrix elements

contribute to the it transition, and has been worked
y 2

out as

F2(LLIfI)+2SFp(LI,,IrI) + S2F2(L'L'If,I)
2 i + f 2

where
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P _ < I | K L,|lf>
* " <I|ifL ||If>

Is called the mixing ratio (if ,tf' represent parities). 
It usually represents the ratio of electric quadrupole 
radiation to magnetic dipole radiation. The F-coeffl- 
cients have been tabulated (Fe 65)» and & is obtained 
experimentally. In the case of a pure transition,
S= 0, and Ag= F2 (LLIfI).

In general, the number of particles emitted 
into a certain angle per unit time depends upon the 
transition probability, which, In turn, involves the 
matrix elements of the interaction Hamiltonian. For 
allowed |3 transitions, the directional correlation 
is isotropic and A22(w)= 0. For first-forbidden 
transitions, however, there are, in general, six nu
clear matrix elements, neglecting finite-size correc
tions and higher order matrix elements. In the A I=±l 
cases, there are only four non-zero nuclear matrix ele
ments, while in the A I - ± 2  cases, there is only one. 
The magnitudes of all six matrix elements can be sepa
rately determined if the following are known: (1 ) /
directional correlations; (2) ^-circular-polarized-^ 
correlations; (3) ft particle spectra shapes; and (4) 
the comparative half-life of the G> decay.
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In these experiments, f t directional correla-
fiOtlon measurements were made for cascades In the Go 

and Tm3-̂ 3 decays, whose decay schemes are shown In 
Figures 2 and 3. The ^ transition from Go^° to the 
2.505 Mev level In Nl60 is of the allowed type, and 
the ^ transition from Tm170 to the 84.3 kev level In 
Ybl?0 ls of the first-forbidden type, with ¿1 1 = ¿ 1 .
Both measurements were performed in the integral mode; 
i.e., all ft energies were accepted.

Theoretically, the directional correlation mea-
\ ¿T A
surement for Co should be isotropic since no orbital
angular momentum is carried away by the ^-neutrino
pair in allowed decay. Thus, there is no preferred
direction for emission. However, in first-forbidden
f  decay, as for Tm3"^, orbital angular momentum is
carried away, and since angular momentum is conserved,
there is a preferred direction of emission. This
means it is possible that Agg/ °*

In 1950, Novey (No 50) obtained an integral
170correlation coefficient for Tm ' of a= -0.259±0.053. 

However, the directional correlation function to which 
he fit his data was ¥’(©)= l + a(cos2@). It can be 
shown that a= JAgg/i2-Agg), which means that Agg=
2a/(3-a) = -0.189^:0.030. It must be remembered that



Figure 2. Cobalt-60 decay scheme



Figur* 3. Thulium-170 decay scheme.
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Novey's experiment was not performed in a vacuum, and 
that he used a 3 mg/cm^ mica window over a Geiger- 
Muller detector to prevent the counting of conver
sion electrons. Therefore, he did not count most of 
the p particles of energy below about 150 kev, which 
would have been stopped by the window. Since this part 
of the spectrum is assumed to have an allowed spectrum 
shape, his directional correlation coefficient is pro
bably too large.

H. Rose (Ro 52), working in 1952, measured the 
directional correlation coefficient as a function of 
P energy. Assuming an allowed spectrum shape for the 
low energy transition, he calculated a value for a 
from his data, with the result a= -0.19±0.04, which 
in turn gives A22= -0.14±0.02. Both Novey's and Rose's 
experiments were crude and inaccurate by today’s stan
dards.

A more recent experiment performed by Dulaney, 
et.al. (Du 6 3)» in 1963 involved the measurement of 
Agg as a function of energy. Th® results ranged 
from A22= -0.0552±0.008 at a mean ^ energy of 334 kev 
"t-0 4gg= -0.0955*0.010 at a mean energy of 743 kev.
Using the data obtained in this experiment, an integral 
coefficient was calculated to be Agg= -0.074±0.002.
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Most recently, Khayyoom, et. al. (Kh 73), per
formed an Integral measurement and obtained the result

N(<9)= 1+ (-0.075 0.004)P2(Co s 6> )
+(0.0143 0.0172)F4(cos & ) .

In this measurement, p particles of energy 200 kev and 
above were accepted In the ^ channel.

The aim of the experimental work was to obtain 
A22 and 42(integral) and to compare with the results 
of others to determine the accuracy of the directional 
correlation spectrometer employed in the measurements.



III. THE EXPERIMENT

A. EQUIPMENT
The source, the vacuum chamber, and the detec

tors were located on the angular correlation table.
The table is a £ inch thick sheet of flat, rectangular 
aluminum, measuring approximately 36 inches by 48 
inches and supported on a sturdy wooden frame.
Attached to the table is a movable arm, onto which are 
fastened the source chamber and the ^ detector, which 
is therefore fixed with respect to the source. The 
arm is manually carried over the table by concentri
cally positioned roller bearings, and may be positioned 
at any angle between 90® and 270* with respect to the V  
detector, which is secured to the table at the 0® 
position. In order to keep the surface of the table 
as level as possible, there is a levelling bolt in 
each leg. After the table has been levelled, the 
equipment is placed on the surface, and a center sup
port beneath the table is used to counteract the sag 
produced by the weight of the equipment.

The source is mounted in a vacuum chamber in
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order to minimize scattering and absorption of the fZ 

particles in the medium betv/een the source and the p 

detector. A mechanical pump provides the vacuum, 

which is monitored with a mercury manometer. Except 

for the brass cover assembly, the vacuum chamber is 

constructed of lucite to diminish the external scat

tering of {3 particles and absorption of x-rays as they 

pass out of the chamber into the y  detector. The 

exterior of the lucite section was covered with black 

paint to prevent fluorescent room light from entering 

the chamber and affecting the detector.

The front end of the chamber, which rotates in 

front of the y detector, is cylindrical while the 

rear end, to which the fZ detector is joined, is rec

tangular. To accommodate the ^ detector there is on 

the rear face of the chamber a 1.75 inch diameter 

opening whose center is on line with the position of 

the source within the chamber. The ^ detector is in

serted into the chamber, and an O-ring engrooved 

around the aperture enables a vacuum seal between the 

fi detector holder and the chamber when the holder is 

pushed against the O-ring. Thus, the |J detector is 

in vacuum with the source. Figure 4 shows the f} detec

tor holder connected to the chamber and also gives the



lead shield

y=5.03 cm
Figure Experimental set-up.
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Important geometrical parameters.
A complete description of the chamber cover 

assembly, the chamber isolation valve, the source en
try shaft, and the source holder is given by Cipolla 
(Ci 69).

Two detectors were used in the experiments; a 
Barshaw 3Mx3H Nal(Tl) integral-line scintillation 
counter for the detection, and a Nuclear Diodes 
silicon surface barrier detector (100 mm2 area, 500/t 
depletion depth) for the ^ detection. The ^ detector 
was encased in a 1 inch thick lateral and frontal lead 
shield to diminish external background detection. The 
base of the shield is an aluminum plate that can be 
attached to the table at different positions to arrange 
different source-detector separations. A diagram of 
the experimental set-up appears in Figure 4.

B. EXPERIMENTAL METHOD
The coincidence unit used in the circuitry 

(Figure 5) was a time-to-amplltude converter (TAG).
The signal from the ft branch of the circuit is sent to 
the "start" input and that from the branch to the 
"stop" input. The height of the output pulse from the 
TAG is proportional to the time interval between the
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two signals. The signals from the TAG can then be 
sent to a multichannel analyzer (MCA) for pulse height 
analysis. A typical TAG spectrum is shown in Figure 6. 
The peak contains the true coincidences on a flat back
ground of chance coincidences.

Random or chance coincidences are unavoidably 
counted along with the true coincidences. They arise 
from unrelated events, such as particle emissions from 
different nuclei, and they are thus indistinguishable 
from true coincidences in the TAG peak. Two methods 
were employed to measure the total coincidences and the 
chance coincidences simultaneously.

In the first method, two single channel ana
lyzers (SCA) were used. The window of one SCA was set 
on the peak of total coincidences, and the equally wide 
window of the other SCA was set on the chance coinci
dences, as shown in Figure 7. The total coincidences 
can then be recorded in one scaler and the chance coin
cidences in another, so that the true coincidence count 
is simply the difference In the two scaler counts. An 
electromechanical timer was used to gate the two sca
lers simultaneously for a predetermined counting time.

In the second method, the signals from the TAG 
were sent directly to the MCA, and the subsequent
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analysis of the TAG spectrum was performed with the 
help of an IBM 1130 computer.

The readout devices available to permanently 
record the contents of the MCA memory were an IBM 
Selectric typewriter and Autofinger, a Tally 420 paper 
tape punch, and a Hewlett Packard 7004B point plotter. 
All three devices were used in the course of the ex
periments. The paper tape readout was especially use
ful, since the tape could be read by the IBM 1130 and 
transferred to computer cards for a more permanent 
hard copy.

The radioisotope Co^ was obtained from New
England Nuclear Corporation in the form of cobalt
chloride dissolved in 0.5N HNO^. The radioisotope 
_ 170Tm was obtained from Amersham-Searle in the form of 
thulium chloride with specific activity of 0.4 mCi/ml 
in a total quantity of 1 mCi.

The '’drop source” method was used in the pre
paration of both sources. First, the source backing 
was prepared by tautly stretching a sheet of 0.0005 
inch thick Mylar polyester over a flat surface and 
securing it with pieces of tape. In this way a flat 
backing was Insured without any wrinkles to distort 
the shape of the source. An aluminum ring (2” O.D..,
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1/16 wide, l/l6" thick) was cemented to the Mylar 
sheet with a light coat of nail hardener. A razor 
blade was then used to remove the excess Mylar from 
the outside edge of the ring. At the center of the 
backing a drop of insulin was deposited and dried 
under a heat lamp. Then, onto the insulin disk, a 
sufficient number of drops of the source solution was 
pipetted or dropped by hypodermic syringe. A Geiger 
counter at a fixed distance was used to monitor the 
source strength. The source solution was then dried 
under a heat lamp. The insulin disk defined the source 
area and promoted the uniform spreading of the source 
solution. Each source was then sealed with an acrylic 
laquer spray.

bine© drop sources” are inherently non-uni form, 
the source thickness correction is unspecified. How
ever, for the source activities that were used, little 
error is introduced in assuming a uniform disk—shaped 
source for the purpose of making the corrections to the 
directional correlation equation. The corrections for 
Unite extent of the source were also calculated and 
were found to be negligible.

The accurate centering of the source at the 
inter1 sect ion of the detector axes is important since
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Inaccuracies in centering will result in a systematic 
error in the counting rates and in the detector solid 
angle corrections. The centering in the case of Co^O 
was achieved by repeatedly measuring the y* singles 
counting rates at three different angles and manipula
ting the centering mechanisms accordingly. In this 
way, centering was achieved to within 2%. Special 
precautions had to be taken since rapid changes in 
pressure could damage the detector. Therefore, the 
adjustments were performed with the chamber at air
pressure, in case the seals were broken.

170In the case of Tm the connection to the 
source rod was so delicate because of a poor fit be
tween the source rod and the source ring that this 
source was only centered to within about 5%. Then the 
data was corrected by dividing the true coincidences 
at each angle e by the ratio N(<9)/N(180*), where N(<9) 
is the y singles counting rate at the angle <9. in 
this way, all the counting rates were normalized to 
the singles rate at 180°.

Vertical centering of the source was not care
fully checked. The source rods were constructed of a 
sufficient length to approximately place the center of 
the source in the horizontal plane of the detectors.
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While changing sources, a vacuum was maintained 
in the Incite chamber through the following method. 
First, the source was raised into the brass cover assem
bly. Then, the opening between the cover assembly and 
the source chamber was sealed. The cover assembly was 
let up to air pressure, and the source could then be 
removed. The new source was placed in the cover assem
bly, and the assembly was evacuated. The entrance to 
the source chamber was then unsealed and the new source 
lowered into place.

In order to determine the range of the ft ener
gies being detected and to set the TSCA window on the 
proper portion of the ft spectrum, the ft branch of the 
circuit had to be energy-calibrated. An energy cali
bration of the channel was also performed.

The calibration of the ft branch was done with a 
home-made set of standard calibration sources, charac
terized by decay products which are rich in mono- 
energetic conversion electrons. The conversion elec
tron sources used were Cs137 (Ek= 625 kev, EL= 656 kev) 

207 ,and 131 (Ek= 972.9 kev, Ejj= 1047.0 kev, E£= 479.1 kev,
E£" 553.2 kev). The calibration was found by linear 
least-squares fit to be

Energy* -39.9 kev+ (2.08 kev/Channel)x(Channel)
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with an average deviation of 1.44, a standard deviation 
in the intercept of 2.20, and a standard deviation in 
the slope of 0.0 1.

The sources used in the calibration of the y 
branch were Cŝ -̂ i' 662 kev), Bi20^ (Ey = 10b3 kev,
Ey,= 569.6 kev), and Co60 = 1173 kev, E/#= 1332 kev) „ 
The calibration curve was also determined by the least- 
squares method and was found to be

Energy« -3.33 kev+-(1.33 kev/Channel)x(Channel)

with an average deviation of 21.77, a standard devia
tion in the intercept of 14.74, and a standard devia
tion in the slope of 0.02.

The p spectra for Co60 ancj were recorded,
ana a Kurie plot was performed for each to determine 
the ^ end-point energy. In the case of Coo(J, the 
energy was found to be 305±12 kev. Values for this 
energy nad previously been measured, and were between 
306 and 319 kev (Le bd). Within the error limits, the 
calculated value falls within this range.

In acquiring the spectrum for Tm1?C, it was 
necessary to eliminate the ^ particles of higher ener
gy which were not in coincidence with the ^-ray. This 
was accomplished by using the circuit from Method I,
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except that a signal from, the ^ amplifier was sent to 
the KCA, and the ECLii was gated with the signal from 
the totals SCA. In this way, a signal from the ft de
tector was analyzed only if it was in coincidence with 
a jf-ray. After acquiring in this manner for a certain 
time, the KCA was swTitched to the subtract mode and 
gated with the chance SCA, acquiring for the same time 
interval. In this way, counts due to chance coinci
dences were deleted from the spectrum. In order to 
achieve proper timing of the energy and the gate sig
nals, it wa£ necessary to delay the energy signal with 
a delay amplifier and to widen the gate signal with a 
GDG, as required by the MCA.

The |3 end-point energy calculated from this 
spectrum was found to be 786*58 kev. Previously mea
sured values for this energy were 886 and 884 kev (Le 
68). Apparently, the |3 energies are being attenuated 
in some way. If this is true, it could be due to a 
combination of the thickness of the source and the 
overlying acrylic sealer, or to an insufficient bias 
on the p detector so that the more anisotropic, high 
energy ^ particles were lost in the analysis.
(See Chapter V.) On the other hand, the spectrum 
shape may not be of the allowed type, and thus
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the Kurie plot would be Inherently non-linear and lead 
to a different end-point energy than expected.

In directional correlation studies it is desir
able to select certain portions of the spectra for 
analysis. In the case of Co60 all of the ^ energy 
signals were accepted which were above the electronic 
noise of the system, while the energy window of the 
TSCA was fully set on the 1.173 Mev 'f peak. In the 
case of Tm170 the y TSCA window was set on the 84 kev 
Peak, eliminating the analysis of the interfering 

Yb x-ray. Since the ^  energy is partially converted 
to atomic electrons, it was necessary to eliminate 
these conversion electrons from the spectrum because 
they would also produce coincidences. Therefore, all 
signals corresponding to energies greater than 135 kev 
were accepted in the analysis.

In order to set each TSCA window on the proper 
portions of the ft and y* spectra, the circuit in Figure 
8 was set up for the ^ and y detectors in turn. The 
signal from the LA is delayed by the DA until it is in 
coincidence with the signal from the corresponding 
TSCA, which has been widened by the GDG. The TSCA sig
nal is then used to gate the MCA so that a pulse from 
the LA will be analyzed only when its energy lies
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between the lower and upper levels of the TSCA energy 
window. In this way It Is possible to quickly set the 
window on a particular peak or portion of the spectrum.

In using Method I, the SCA windows had to be 
properly set on the TAG spectrum. After a TAG spectrum 
had been acquired, the proper limits of the windows to 
be set on the spectrum were deduced, and the circuit 
In Figure 9 was set up. While the MCA was acquiring 
signals stemming from the pulser, the timing, between 
the signals reaching the TAG was adjusted by varying 
the delays in the f? or /  branches until the signals 
from the TAG were being stored In the channel chosen 
as the lower level of the totals SCA window. Then, 
the lower level of the totals SCA was adjusted until 
the associated scaler stopped counting. The remaining 
levels of the SCA's were set in a similar fashion.
When longer relative delays were required than could 
De obtained from the TSCA1s, It was necessary to 
send the positive logic signal from one TSCA to 
the GDG In order to get more delay. Since the TAG 
inputs need to be fast negative logic signals, this
type of output was taken from the GDG and sent to the 
TAG.

The data obtained from the directional
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correlation experiments had to be corrected for the 
Unite solid angles of the detectors. The corrected 
coefficient, A22» can be written as

T - T«xP/r 22 "22 /(*22’

where A®|P la the value of A22 obtained experimentally, 
and Q22 is the overall solid angle correction. For 
cylincrical detectors, this correction factor can be 
expressed as

c*22!= ^1^2»

where q| and are the corrections for the Individual 
detectors. For the 100# efficient circular £ detector 
of radius r at a distance h from the source, the 
correction factor is given by

PQ2= icOS e< (H-COS < ) ,
«v = tan_1 (r/h)

(ir 6 5). In the actual measurement, r= 0.564 cm and 
h= 5'°3 cm, which means that Q^= 0.991. The correction 
factor for the ^ detector has been worked out at cer
tain source-detector separations and certain energies 
(Ya 65). By a process of interpolation, the correction 
factor for the separation of 12 .3 cm, half-angle of
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14.5 and energy of 84 kev was found to be 0.949. 
The correction factor Q22 is then 0.940.

When the trials of the experiment extend over a 
period which Is on the order of the half-life Ti of 
the Isotope, the coincidence data must also be cor
rected for finite half-life. The equation describing, 
nuclear decay Is given by

where HQ Is the activity at time tQ, N Is the activity 
at a later time t, and ^ = In 2/T^ . The correction Is 
then accomplished by multiplying the data by e3(t.-t0 )̂  
where t Q is the starting time of the first trial, and 
t is the starting time of the trial of interest.



IV. DATA ANALYSIS AND RESULTS

Directional correlation measurements for the 
Co decay were made using the first method described 
in the previous section. Six ten-minute trials were 
taken for each of three angles: 90° , 180* , and 270* . 
ior each trial, the chance coincidences were subtracted 
from the total coincidences, and a weighted average 
oi the true coincidences was calculated for each angle 
(Table 1). The anisotropy between the weighted average 
of the true coincidences at 90* and 270°, and those at 
180° was determined to be A= 0.0021*0.0168. Since the 
 ̂decay in Coo(j is of the allowed type, the distri

bution is isotropic, which implies that A= 0. Within 
the statistical error limits, this Is the case.

Both methods of obtaining data were used In the 
measurements on Tm1^0. Twenty-seven ten-minute trials 
were taken at each angle over a period of twenty-four 
days. Then, an anisotropy was calculated for each 
day s trials (Table 2). A weighted average of the 
individual anisotropies was also calculated, along 
with A22P and A22= A®'P/Q22. Then A if could be



ANGLS AVERAGE
TRUES STANDARD

ERROR

90° 2910 40

180° 2842 40

270° 278? 39

A= 0.0C21±C.0168

Table 1. Cobalt-60 Fiesults



AVERAGE TRUES A

90# 180° 270"
335.6*14.8 331.3±14.5 315.1±14.9 -.0178 *.0553
329.5*12.7 289.1*12.1 329.8*12.9 .136±.043
308.7*12.4 282.1±12.0 330.9*12.9 .117±.045
291.8±]1.5 271.4=tll.5 302.3*11.8 ,0861±.0464
311.4±11.4 284.5^11.0 317.6*11.7 .0951±.0421
313.1±9.5 313.1*9.4 310.3*9.8 -.0044*.0374

A= 0.0696*0.0179

Table 2. Thulium-170 Results, Method I
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calculated (Table 4) since the / transition is pure E2 
(<f= 0), and therefore, A*= F2(LLIfI)= F2(2202)= -0.598.

Using the second method of sending the TAG out
put to the MCA, two trials of 40x10^ sec each were 
taken for each angle. This data was then corrected for 
the non-centered source and the finite half-life of 
the isotope as described in the previous section, and 
appears in Table 3• Note that the second measurement 
at 270* varies greatly from the rest of the trials 
at 90* and 270s . The problem here appears to be in 
the MCA. There is a loose connection in the pulse 
height analysis section that can sometimes prevent the 
MCA from acquiring. Since the trials were so long, it 
was impossible to monitor the system continuously. At 
any rate, the second trial at 270* was highly question
able and was eliminated from the analysis. A weighted
average of the trials at 9Cf and 270° was calculated,

_® xp   flalong with A22 , Ag2, and A2 (Table 4).
The value obtained in using Method I was sub

stantially lower than that obtained in using Method II. 
The standard error is also much higher, as is expected 
sine® the number of counts in a trial was very low and 
statistical fluctuations more evident.

From the results in Table 4, it is quite evident



TRUE COINCIDENCES

90* 180* 270°

250581285

250C1±278

22857±280

22732±275

250441274

22603±252

A= 0.0896±0.0093

Table 3• Thulium-170 Results, Method II



Method I 
Method II

Anisotropy

0.0696+0.0179
O.0896+O.OO93

■0.0505+0.0125 
■o.o655±o .0066

22 -ß
2

0,0845±0.0209 
0.110+0.011

Weighted Average
Novey
Rose
Dulaney, et. al. 
Khayyoom,et. al.

-0.0623+0.0058
-O.139+O.03O
-O.14+O.O2
-0.074+0.002
-0.07510.004

Table 4» final Results for Thulium-170 Measurements
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that the values obtained for A22 by Novey and Rose are 
probably much too large. Their experiments were, 
however, rather crude by today's standards.

ihe result obtained in this work is lower than 
those of Khayyoom, et. al., and Dulaney, et. al. How
ever, it must be remembered that in the work of 
Khayyoom, et. al., the lower limit on the energies 
was 200 kev, and in the work of Dulaney, et. al. , it 
was 334 kev. The lower limit in this work was 135 
kev. As mentioned earlier, Dulaney, et. al., found 
that the anisotropy increased as the mean j3 energy 
increased. At the lowest energy used (334 kev) the 
anisotropy was only -0.05521,0.008. The lower ener
gies are also more heavily weighted since there are 
many more ^particles at the low energies. Therefore, 
the smaller lower limit on energies set in this 
experiment should result in an overall smaller ani
sotropy, which is found in the results.



V. CONCLUSIONS

When a nucleus undergoes ¡6 decay of the allowed 
type, the ^-neutrino pair carries: away no orbital 
angular momentum. Consequently, conservation of orbi
tal angular momentum puts no restrictions on the 
direction of emission, and the distribution is isotro
pic. In first-forbidden & decay, however, orbital 

x «ngular momentum Is carried away by the 6-neutrino 
pair, and the conservation law dictates that there will 
be preferred directions of emission, resulting in an 
anisotropic distribution.

The radioisotope Co60 illustrates 0 decay of 
the allowed type, with an isotropic distribution. The 
method of obtaining data worked well for this sample 
because of its high activity and favorable coincidence 
efficiency.

In the case of Tm1?0, however, although the 
anisotropy is evident, several problems arise. The 
less energetic Q particles: can be lost or slowed down 
in a thick source or source covering, but this problem 

seem to oe a major one in either measurement.does: not
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Since it is known that the directional correlation 
is energy dependent here, and that the anisotropy 
decreases in magnitude with decreasing Q particle 
energy, source attenuation would push the measured 
anisotropy towards higher absolute values because of 
the greater depletion of the less anisotropic low 
energy (9 particles. Certainly this does not explain 
the difference between the result here and the more 
recent results of others, since this effect should 
cause the anisotropy value to be greater than the 
others, whereas it was measured to be less. The most 
sensible explanation for the discrepancies is hinted at 
by the smaller than expected £ end-point energy given 
by the Kurie plot. The operating bias on the detector 
was probably not great enough to enable the most ener
getic ^ particles to lose all their energy in the de
tector. In other words, an appreciable amount of the 
more anisotropic, higher energy @ particles were lost, 
and this affected the anisotropy by weighting it more 
to the less anisotropic, lower and medium energy Q par
ticles. Furthermore, this experiment accepted a wider 
range of low energy ft particles than did any of the 
other experiments.

In comparing the results here with those of
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Sovey and Rope, several facta muat be kept in mind. 
First, their experiments were performed in the early 
1950's when the state of the equipment was not as 
sophisticated as it is today. Secondly, in all the 
experiments the problem of attenuation of ^ energies 
ass present, which toes affect the anisotropy. Finally, 
TTnen nose calculated an integral A he assumed that 
the lower energies follow an allowed ^ spectrum shape, 
there are certainly several different values of 
which can be obtained in this way, using slightly 
different estimates for the shape.

the results are in good agreement with those of 
Khayyoom, et. al., and Dulaney, et. al., when the lower 
limit?; of the ^ energies and the insufficient 3  detector 
bias are taken into consideration.

-¡.n order uo us?e the result?: from directional 
correlation experiment?: In the determination of the 
nuclear matrix elements, these measurements mu?:t be 
performed a?: a function of the ^ energy. Therefore, 
the next step in this area would logically be to per
form the?:e measurements.

another point to be noted is the variation in 
the results: obtained from the two different methods.
~or Go , in which the ^-branching ratio is; greater



than 99*» the data is consistent with theory. However, 
when measurements were made with Tm1?0, in which the 
p-branching ratio is only about 23^, there was a tre
mendous variation in the calculated anisotropy from 
day to day. This was probably due to statistical 
fluctuations in the low counts obtained in the ten- 
minute runs. The answer to this problem, however, 
roes not lie in extremely long trials, since the pro
bability of variations due to drifting in the elec
tronics, power failures, and the like, is much higher.

The best method would be to collect a very 
large number of short trials using a strongly active 
source, provided that the pile-up of detector pulses 
roes not distort the energy information contained in 
the pulse heights. Practically speaking, this would 
be a tedious job. But if the system were automated, 
the task should be substantially easier.

dll things considered, the directional correla
tion spectrometer proved to be an accurate and useful 
to°-* m;iJor problems encountered were due to
difficulties in source preparation techniques and to 
low coincidence efficiencies, and also, lac' of auto
mation in the spectrometer. However, since the re
sults appear to be consistent with theory and the 
results of others using similar experimental tech-



niques-, it can be concluded that basically the spec
trometer has: been well designed and constructed to
perform its: tas;k.
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